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Introduction

This section provides an overview of operations, depth conven-
tions, core handling, curatorial procedures, and analyses performed
on the R/V JOIDES Resolution during International Ocean Discov-
ery Program (IODP) Expedition 382. This information applies only
to shipboard work described in the Expedition reports section of
the Expedition 382 Proceedings of the International Ocean Discov-
ery Program volume. Methods used by investigators for shore-based
analyses of Expedition 382 data will be described in separate indi-
vidual postcruise research publications.

Site locations

GPS coordinates (WGS84 datum) from precruise site surveys
were used to position the vessel at Expedition 382 sites. A SyQwest
Bathy 2010 CHIRP subbottom profiler was used to monitor seafloor
depth during the approach to each site and to confirm the seafloor
depth once on site. Once the vessel was positioned at a site, the
thrusters were lowered and a seafloor positioning beacon was pre-
pared for deployment in case it was needed. Dynamic positioning
control of the vessel primarily used navigational input from the GPS
(Figure F1); we deployed a seafloor beacon only at Site U1536,
which was the deepest penetration site, during this expedition. The
final hole position was the mean position calculated from the GPS
data collected over a significant portion of the time during which

the hole was occupied.

Drilling operations
The advanced piston corer (APC), half-length APC (HLAPC),
extended core barrel (XCB), and rotary core barrel (RCB) systems
were all used during Expedition 382 (Figures F2, F3, F4). These
tools and other drilling technology are documented in Graber et al.
(2002).

Figure F1.IODP convention for naming sites, holes, cores, sections, and sam-
ples. Ship positioning while coring was primarily accomplished with only
GPS data; seafloor beacons were only prepared and ready for deployment if

needed.

IODP Expedition 382 > Global Positioning System

Site U1534

— Top Section 382-U1534A-2H-5

ection 1 ,->_' Top (0.om)
/
= ol /
. | Void /
/ ~| Section 2 K
/
Water depth / //’
/ — K
/ = :
| |seafioor = Section 3 ,”
A TV !
/
Core 382-U1534A-1H ) - . !
100% recovery ) Section 4 h
| 3 /
************ R S OSampIe
382-U1534A-
Core 382-U1534A-2H | section 5 | 2H-5 80-85 cm
90% recovery & B g
I e N
Core 382-U1534A-3H . Section 6
50% recovery Penetration
Dh ore catcher (CC) \\\
Bottom of hole. L Bottom (150 em)
Hole U1534A

The APC and HLAPC systems cut soft-sediment cores with
minimal coring disturbance relative to other IODP coring systems.
After the APC/HLAPC core barrel is lowered through the drill pipe
and lands above the bit, the drill pipe is pressured up until the two
shear pins that hold the inner barrel attached to the outer barrel fail.
The inner barrel then advances into the formation and cuts the core
(Figure F2). The driller can detect a successful cut, or “full stroke,”
by observing the pressure gauge on the rig floor because the excess
pressure accumulated prior to the stroke drops rapidly.
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Figure F2. APC system used during Expedition 382 (see Graber et al., 2002).
ID = inside diameter.
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APC refusal is conventionally defined in one of two ways: (1) the
piston fails to achieve a complete stroke (as determined from the
pump pressure and recovery reading) because the formation is too
hard, or (2) excessive force (>60,000 Ib) is required to pull the core
barrel out of the formation. For APC cores that do not achieve a full
stroke, the next core can be taken after advancing to a depth deter-
mined by the recovery of the previous core (advance by recovery) or
to the depth of a full APC core (typically 9.5 m). When a full stroke
is not achieved, one or more additional attempts are typically made,
and each time the bit is advanced by the length of the core recov-
ered (note that for these cores, this results in a nominal recovery of
~100%). When a full or partial stroke is achieved but excessive force
is not able to retrieve the barrel, the core barrel can be “drilled over,”
meaning that after the inner core barrel is successfully shot into the
formation, the drill bit is advanced to total depth to free the APC
barrel.

The standard APC system uses a 9.5 m long core barrel, whereas
the HLAPC system uses a 4.7 m long core barrel. In most instances,
the HLAPC system is deployed after the standard APC system has
repeated partial strokes and/or the core liners are damaged. During
use of the HLAPC system, the same criteria are applied in terms of
refusal as for the APC system. Use of the HLAPC system allowed for
significantly greater APC sampling depths to be attained than
would have otherwise been possible.

The XCB system is typically used when the APC/HLAPC sys-
tem has difficulty penetrating the formation and/or damages the
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Figure F3. XCB system used during Expedition 382 (see Graber et al., 2002).
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core liner or core. The XCB system can also be used to either initiate
holes where the seafloor is not suitable for APC coring or be inter-
changed with the APC/HLAPC system when dictated by changing
formation conditions. The XCB system is used to advance the hole
when HLAPC refusal occurs before the target depth is reached or
when drilling conditions require it. The XCB system is a rotary sys-
tem with a small cutting shoe that extends below the large rotary
APC/XCB bit (Figure F3). The smaller bit can cut a semi-indurated
core with less torque and fluid circulation than the main bit, poten-
tially improving recovery. The XCB cutting shoe typically extends
~30.5 cm ahead of the main bit in soft sediments, but a spring al-
lows it to retract into the main bit when hard formations are en-
countered. Shorter XCB cutting shoes can also be used.

The bottom-hole assembly (BHA) used for APC and XCB cor-
ing is typically composed of an 11%s inch (~29.05 cm) roller cone
drill bit, a bit sub, a seal bore drill collar, a landing saver sub, a mod-
ified top sub, a modified head sub, 8% inch control length drill col-
lars, a tapered drill collar, two stands of 5% inch transition drill pipe,
and a crossover sub to the drill pipe that extends to the surface.

The RCB system is a rotary system designed to recover firm to
hard sediments and basement rocks. The BHA, including the bit
and outer core barrel, is rotated with the drill string while bearings
allow the inner core barrel to remain stationary (Figure F4).

A typical RCB BHA includes a 9% inch drill bit, a bit sub, an
outer core barrel, a modified top sub, a modified head sub, a vari-
able number of 8% inch control length drill collars, a tapered drill
collar, two stands of 5% inch drill pipe, and a crossover sub to the
drill pipe that extends to the surface.
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Figure F4. RCB system used during Expedition 382 (see Graber et al., 2002).
OD = outside diameter.
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Nonmagnetic core barrels were used for all APC, HLAPC, and
RCB coring. APC cores were oriented with the Icefield MI-5 core
orientation tool when coring conditions allowed. Formation tem-
perature measurements were taken with the advanced piston corer
temperature tool (APCT-3; see Downhole measurements). Infor-
mation on recovered cores, drilled intervals, downhole tool deploy-
ments, and related information are provided in the Operations,
Paleomagnetism, and Downhole measurements sections of each
site chapter.

IODP depth conventions

The primary depth scales used by IODP are based on the mea-
surement of the drill string length deployed beneath the rig floor
(drilling depth below rig floor [DRF] and drilling depth below sea-
floor [DSF]), the length of core recovered (core depth below sea-
floor [CSF] and core composite depth below seafloor [CCSF]), and
the length of logging wireline deployed (wireline log depth below rig
floor [WREF], wireline log depth below seafloor [WSF], and wireline
log matched depth below seafloor [WMSF]). All depths are in me-
ters. The relationship between scales is defined either by protocol,
such as the rules for computation of CSF depths from DSF depths,
or by combinations of protocols with user-defined correlations (e.g.,
CCSF scale). The distinction in nomenclature should keep the user
aware that a nominal depth value in two different depth scales usu-
ally does not refer to exactly the same stratigraphic interval (see Cu-
ratorial procedures and sample depth calculations). For more
information on depth scales, see IODP Depth Scales Terminology at
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http://www.iodp.org/policies-and-guidelines. To more easily
communicate shipboard results, core depth below seafloor, Method
A [CSF-A], depths in this volume are reported as meters below sea-
floor (mbsf) unless otherwise noted.

Depths of cored intervals are measured from the drill floor
based on the length of drill pipe deployed beneath the rig floor
(DRE scale; Figure F1). The depth of the cored interval is referenced
to the seafloor (DSF scale) by subtracting the seafloor depth of the
hole from the DRF depth of the interval. Standard depths of cores in
meters below the seafloor (CSF-A scale) are determined based on
the assumption that the top depth of a recovered core corresponds
to the top depth of its cored interval (DSF scale). Standard depths of
samples and associated measurements (CSF-A scale) are calculated
by adding the offset of the sample or measurement from the top of
its section and the lengths of all higher sections in the core to the
top depth of the core.

If a core has <100% recovery, for curation purposes all cored
material is assumed to originate from the top of the drilled interval
as a continuous section. In addition, voids in the core are closed by
pushing core segments together, if possible, during core handling. If
the core pieces cannot be pushed together to get rid of the voids,
then foam spacers are inserted and clearly labeled “void.” Therefore,
the true depth interval within the cored interval is only partially
constrained. This should be considered a sampling uncertainty in
age-depth analysis or correlation of core data with downhole log-
ging data.

When core recovery is >100% (the length of the recovered core
exceeds that of the cored interval), the CSF-A depth of a sample or
measurement taken from the bottom of a core will be deeper than
that of a sample or measurement taken from the top of the subse-
quent core (i.e., the data associated with the two core intervals over-
lap at the CSF-A scale). This overlap can happen when a soft to
semisoft sediment core recovered from a few hundred meters below
the seafloor expands upon recovery (typically by a few percent to as
much as 15%). Therefore, a stratigraphic interval may not have the
same nominal depth on the DSF and CSF-A scales in the same hole.

During Expedition 382, all core depths below seafloor were ini-
tially calculated according to the CSF-A depth scale. CCSF depth
scales are constructed for sites with two or more holes to create as
continuous a stratigraphic record as possible. It also helps mitigate
the CSF-A core overlap problem and the coring gap problem. Using
shipboard core logger—based physical property data verified with
core photos, core depths in adjacent holes at a site are vertically
shifted to correlate between cores recovered in adjacent holes. This
process produces the CCSF depth scale. The correlation process re-
sults in affine tables that indicate the vertical shift of cores on the
CCSF scale relative to the CSE-A scale. Once the CCSF scale is con-
structed, a splice can be defined that best represents the strati-
graphy of a site by utilizing and splicing the best portions of
individual sections and cores from each hole. Because of core ex-
pansion, the CCSF depths of stratigraphic intervals are typically
10%—15% deeper than their CSF-A depths. CCSF depth scale con-
struction also reveals that coring gaps on the order of 1.0-1.5 m
typically occur between two subsequent cores despite the apparent
>100% recovery. For more details on the construction of the CCSF
depth scale, see Stratigraphic correlation.

Curatorial procedures and sample depth
calculations

Numbering of sites, holes, cores, and samples followed standard
IODP procedure (Figure F1). A full curatorial identifier for a sample
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consists of the following information: expedition, site, hole, core
number, core type, section number, section half, piece number
(hard rocks only), and interval in centimeters measured from the
top of the core section. For example, a sample identification of “382-
U1534A-2H-5W, 80—-85 cm,” indicates a 5 cm sample removed from
the interval between 80 and 85 cm below the top of Section 5 (work-
ing half) of Core 2 (“H” designates that this core was taken with the
APC system) of Hole A at Site U1534 during Expedition 382 (Figure
F1). The “U” preceding the hole number indicates the hole was
drilled by the US IODP platform, JOIDES Resolution. The drilling
system used to obtain a core is designated in the sample identifiers
as follows: H = APC, F = HLAPC, R = RCB, and X = XCB. Integers
are used to denote the “core” type of drilled intervals (e.g., a drilled
interval between Cores 2H and 4H would be denoted by Core 31).

Core handling and analysis

The overall flow of cores, sections, analyses, and sampling im-
plemented during Expedition 382 is shown in Figure F5.

Sediment

When the core barrel reached the rig floor, the core catcher
from the bottom of the core was removed and taken to the core re-
ceiving platform (“catwalk”), and a sample was extracted for pale-
ontological (PAL) analysis. Next, the sediment core was extracted
from the core barrel in its plastic liner. The liner was carried from
the rig floor to the core processing area on the catwalk outside the
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core laboratory, where it was split into ~1.5 m sections. Blue (up-
hole direction) and clear (downhole direction) liner caps were glued
with acetone onto the cut liner sections.

Once the core was cut into sections, whole-round samples were
taken for interstitial water (IW) chemical analyses. When a whole-
round sample was removed, a yellow cap was used to indicate it was
taken. Syringe samples were taken for gas analyses according to the
IODP hydrocarbon safety monitoring protocol. Syringe and whole-
round samples were taken for microbiology contamination testing
and postcruise analyses. Toothpick samples for smear slides were
taken from some of the section ends for additional paleontological
analysis.

The core sections were placed in a core rack in the laboratory,
core information was entered into the database, and the sections
were labeled. When the core sections reached equilibrium with lab-
oratory temperature (typically after 4 h), they were run through the
Whole-Round Multisensor Logger (WRMSL) for P-wave velocity
(P-wave logger [PWL]), magnetic susceptibility (MS), and gamma
ray attenuation (GRA) bulk density (see Physical properties). The
core sections were also run through the Natural Gamma Radiation
Logger (NGRL), often prior to temperature equilibration because
that does not affect the natural gamma radiation (NGR) data, and
thermal conductivity measurements were taken once per core when
the material was suitable.

The core sections were then split lengthwise from bottom to top
into working and archive halves. Investigators should note that

Figure F5. Overall flow of cores, sections, analyses, and sampling implemented during Expedition 382.
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older material can be transported upward on the split face of each
section during splitting.

Discrete samples were then taken for moisture and density
(MAD) and paleomagnetic (PMAG) analyses and for remaining
shipboard analyses such as X-ray diffraction (XRD), carbonate
(CARB), and inductively coupled plasma—atomic emission spec-
troscopy (ICP-AES). Samples were not collected when the lithology
was a high-priority interval for expedition or postcruise research,
the core material was unsuitable, or the core was severely deformed.
During the expedition, samples for personal postcruise research
were taken when they concerned ephemeral properties (e.g., IW
and ancient DNA [aDNA] sampling). We also took a limited num-
ber of personal or shared “pilot” samples for two reasons: (1) to find
out whether an analytical method works and yields interpretable re-
sults and how much sample is needed to guide postcruise sampling
and (2) to generate low spatial resolution pilot data sets that can be
incorporated in proposals and potentially increase their chances of
being funded.

The archive half of each core was scanned on the Section Half
Imaging Logger (SHIL) to provide linescan images and then mea-
sured for point magnetic susceptibility (MSP) and reflectance spec-
troscopy and colorimetry (RSC) on the Section Half Multisensor
Logger (SHMSL). All of the archive halves were then X-ray imaged.
Labeled foam pieces were used to denote missing whole-round in-
tervals in the SHIL images. The archive halves were then described
visually and by means of smear slides for sedimentology. Finally, the
magnetization of archive halves and working-half discrete pieces
was measured with the cryogenic magnetometer and spinner
magnetometer.

When all steps were completed, cores were wrapped, sealed in
plastic tubes, and transferred to cold storage space aboard the ship.
At the end of the expedition, the working halves of the cores were
sent to the IODP Bremen Core Repository (Center for Marine Envi-
ronmental Sciences [MARUM], Bremen, Germany), where samples
for postcruise research were taken in November 2019. The archive
halves of the cores were first sent to the IODP Gulf Coast Reposi-
tory (Texas A&M University, College Station, Texas, USA), where a
subset was scanned for X-ray fluorescence (XRF) and U-channel
paleomagnetic samples were taken, before being forwarded to the
Bremen Core Repository for long-term archive.

Drilling and handling core disturbance

Cores may be significantly disturbed and contain extraneous
material as a result of the coring and core handling process (Jutzeler
et al,, 2014). For example, in formations with loose gravel- or peb-
ble-sized clasts, clasts from intervals higher in the hole may be
washed down by drilling circulation, accumulate at the bottom of
the hole, and be sampled with the next core. The uppermost 10-50
cm of each core must therefore be examined critically during de-
scription for potential “fall-in.” Common coring-induced deforma-
tion includes the concave-downward appearance of originally
horizontal bedding. Piston action can result in fluidization (“flow-
in”) at the bottom of APC cores. The rotation and fluid circulation
used during XCB and RCB coring can also cause core pieces to ro-
tate relative to each other as well as induce fluids into the core
and/or cause fluidization and remobilization of poorly consoli-
dated/cemented sediments. In addition, extending APC or HLAPC
coring into deeper, firmer formation can also induce core deforma-
tion. Retrieval from depth to the surface can result in elastic re-
bound. Gas that is in solution at depth may become free and drive
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apart core segments in the liner. When gas content is high, pressure
must be relieved for safety reasons before the cores are cut into seg-
ments. This is accomplished by drilling holes into the liner, which
forces some sediment as well as gas out of the liner. These distur-
bances are described in each site chapter and graphically indicated
on the visual core descriptions.

Lithostratigraphy

This section outlines the procedures for documenting the sedi-
mentology of cores recovered during Expedition 382, including core
description, smear slide description, color spectrophotometry, and
XRD of clay mineral preparations. Only general procedures are out-
lined. All observations and data were uploaded directly into the
IODP Laboratory Information Management System (LIMS) data-
base using the DESClogik application. DESClogik also includes a
graphic display mode for core data (e.g., digital images of section
halves and measurement data) that was used for quality control
(QC) of the uploaded data sets.

Visual core description and standard graphic
report

Information from macroscopic standard sedimentologic obser-
vations for each core was recorded directly into the Tabular data
capture mode of DESClogik. A template was constructed, and tabs
and columns were customized to include relevant descriptive infor-
mation categories (lithology, sedimentary structures, fossils, biotur-
bation, diagenesis, drilling disturbance, clast properties, and clast
abundance). A summary description was also entered for each core.

A simplified one-page graphical representation of each core
(standard graphic report or visual core description [VCD]) (Figure
F6) was generated using the LIMS2Excel application and a com-
mercial program (Strater, Golden Software). VCDs are presented
with a CSF depth scale, split-core photographs, graphic lithology,
and columns for core disturbance, clast abundance, sedimentary
structures, fossils, diagenesis, bioturbation, shipboard samples, MS,
color reflectance (b*), and GRA density. The graphic lithologies,
sedimentary structures, and other visual observations are repre-
sented on the VCDs by graphic patterns and symbols (Figure F7).
Each VCD also contains the summary description for the core. For
the summary figure for each chapter, only the major lithologies are
shown.

Smear slides

Smear slide microscopic analysis was used to determine bio-
genic and terrigenous constituents and abundance to aid in litho-
logic classification. Toothpick samples were taken in each lithology
and at a frequency of at least two samples per core. For these prepa-
rations, the sediment was mixed with distilled water on a glass cov-
erslip or glass slide and dried on a hot plate at 50°C. The dried
sample was then mounted in Norland optical adhesive Number 61
and fixed in a UV light box. Type and relative abundance of biogenic
and terrigenous components were estimated for each smear slide.
Data were first entered into the LIMS database using a custom tab-
ular template in DESClogik.

Lithologic classification scheme

Lithologic terminology for granular sediments and rocks was
modified from the classification systems used during Integrated
Ocean Drilling Program Expedition 318 (Expedition 318 Scientists,
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Figure F6. Example VCD, Expedition 382. cps = counts per second.
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2011) following the Wentworth (1922) scale

classes.

Principal terminology

The principal lithologic name was assigned on the basis of the

relative abundances of biogenic and terrigenous clastic grains.

IODP Proceedings

to define grain size

The principal name of a sediment/rock with <50% biogenic
grains was based on the grain size characteristics of the terrigenous
clastic fraction:

« If the sediment/rocks contain no gravel or minor amounts of
gravel (>2 mm), then the principal name was determined by the
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Figure F7.VCD legend used during Expedition 382.
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Nannofossil-bearing biosiliceous-rich

Silty, biosiliceous bearing
Clayey sandy

Volcaniclastic bearing

Gravel bearing

Spicule bearing

Glauconite

Nannofossil-rich foraminifer-rich
Carbonate rich

Folded

. Sandy muddy

zullo et al., 1988).

« If the sediment contains siliciclastic gravel, the principal name
was based on the relative abundance of gravel and the sand/mud

ratio of the clastic matrix.
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Clast-rich sandy diamict

Diatom ooze
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~
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Sedimentary structures

Lamination

Horizontal planar lamination
Tilted planar lamination
Planar bedding
Interlamination

Wavy laminae
Cross-bedding
Lenticular bedding
Normal grading
Reverse grading
Deformed

Disturbed

Massive

Postsedimentary microfault (normal)

Lens or pod

Lens of carbonitized ash
Clast cluster or nest
Intraclast

Synsedimentary microfault
Sand stringer

Mottling

Color banding

Shell fragment

Burrow
Gradational boundary

Sharp boundary

Undulating or wavy boundary

Chaotic boundary
Bioturbated boundary
Ash

Dropstone

Gradual transition
Convolute bedding

Diatom mat
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Drilling disturbance type

I R R

<

Soupy
Suck-in
Washed
Fall-in
Crack
Biscuit
Flow-in
Brecciated
Fractured
Up-arching
Void

Drilling disturbance intensity

H
X
3

Slight
Moderate

High

Shipboard samples

CARB
DIAT
FORAM
HS

W
MAD
MBIO
PAL
PALY
PFT
PMAG
RADS
SED
TS
TSB
XRD

Carbonate

Diatom

Foraminifer
Headspace gas
Interstitial water
Moisture and density
Microbiology
Paleontology
Palynomorphs
Perfluorocarbon tracer
Paleomagnetics
Radiolarian
Sedimentary smear slide
Thin section

Thin section billet

X-ray diffraction

« Unsorted or poorly sorted terrigenous sediments with a wide

range of grain sizes were identified with the nongenetic term

“diamict.”
» The term “cuttings” was used when the core was interpreted to

primarily comprise fall-in or broken rocks clearly created in the
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drilling process. In this situation, the pieces of rock were
counted in the clast counts.

The principal name of a sediment/rock with >50% biogenic
grains was “ooze,” and that name was modified by the most abun-
dant specific biogenic grain type that forms 50% or more of the sed-
iment/rock (e.g., if diatoms exceeded 50%, then the sediment was
classified as a “diatom ooze”). Additionally, biogenic components
were grouped together to exceed this 50% abundance threshold
(e.g., if diatoms are 40% of the sediment and sponge spicules are
20%, then the sediment was termed “biosiliceous ooze”) (Figure F9).

Major and minor modifiers were applied to any of the principal
granular sediment/rock names. The use of major and minor modifi-
ers followed the scheme of Expedition 318 (Expedition 318 Scien-
tists, 2011) (Figure F9):

+ Minor modifiers are used for components with abundances of
10% to <25%, which are indicated by the suffix “-bearing” (e.g.,
diatom-bearing).

« Major modifiers are used for components with abundances be-
tween 25% and 49%, which are indicated by the suffix “-rich”
(e.g., diatom-rich).

« Ifpossible, modifiers were assigned on the basis of the most abun-
dant specific grain type (e.g., diatom-rich versus biosilica-rich).

Clast abundance

For Sites U1534 and U1535, clast counts on the split-core sur-
face were recorded in two categories: the total number of clasts >2
mm and >2 cm in every core section. For Sites U1535-U1538, the
abundance of clasts between 2 mm and 2 cm and >2 ¢cm was esti-
mated for each section and assigned a category from 0 to 4:

¢ 0 = none.

o 1 =1%-5% of the split-core surface.
o 2 =>5%-20%.

¢ 3 =>20%-50%.

o 4 =>50%.

For Site U1538, in addition to the split-core clast estimates, esti-
mates of clasts >1 mm in the processed X-radiograph images were
recorded using the same abundance scale. For centimeter-scale
clasts, the lithology, rounding, and surface texture of the clasts were
commonly noted separately in DESClogik comments.

Bioturbation

Ichnofabric description analysis included evaluation of the ex-
tent of bioturbation and notation of distinctive biogenic structures.
To assess the degree of bioturbation semiquantitatively, the ichno-
fabric index from Droser and O’Connell (1992) (from 1 to 6) was
employed (e.g., 1 = bioturbation absent, 3 = moderate bioturbation
[10%—40% of the surface], and 6 = total biogenic homogenization of
sediment). This index is illustrated using the numerical scale in the
Relative bioturbation column of the VCDs. For Site U1538, in addi-
tion to the split-core bioturbation estimates, estimates of the per-
centage of burrows in the processed X-radiograph images were
recorded in DESClogik using the same abundance scale.

Core disturbance
Drilling disturbance was classified into four categories:

+ None.
« Slightly disturbed: bedding contacts are slightly bowed.
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Figure F8. Classification scheme for terrigenous clastic sediments without a
gravel component used during Expedition 382 (after Mazzullo et al., 1988).

0 A 100

Silty sand

Sandy silt

100
% Silt

Figure F9. Classification scheme for sediments that are mixtures of pelagic
biogenic and terrigenous clastic components used during Expedition 382
(Expedition 318 Scientists, 2011).

Terrigenous clastic (%)
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225 | bearing" rich" rich" bearing" | 295
<00 pelagic pelagic terrigenous  [terrigenous| 8% o
L OE| biogenic biogenic clastic clastic |£GE
ac name name name name | c

100 90 75 50 25 10 0

Biogenic (%)

--- Major/Minor modifier

» Moderately disturbed: bedding contacts are extremely bowed.

» Extremely disturbed: bedding is completely deformed and may
show diapiric or minor flow structures or be soupy to the degree
that the sediments are water saturated and show no traces of
original bedding or structure.

When a specific type of drilling disturbance was identified, the
nomenclature of Jutzeler et al. (2014) was used to characterize the
drilling disturbance:

« Biscuit,

+ Bowed,

« Brecciated,

o Crack,

« Fall-in,

o Flow-in,

o Fractured,

+ Gas expansion,
+ Soupy,

« Uparching,

+ Washed, and

+ Washed gravel.
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Digital color imaging

The SHIL captures continuous high-resolution images of the ar-
chive-half surface for analysis and description. The instrument was
used shortly after core splitting in an effort to avoid time-dependent
color changes resulting from sediment drying and oxidation. The
shipboard system uses a commercial linescan camera lens (AF Mi-
cro Nikon; 60 mm; 1:2.8 D) with a custom assembly of three pairs of
LED strip lights that provide constant illumination over a range of
surface elevations. Each pair of lights has a color temperature of
6,500 K and emits 90,000 lux at 3 inches. The resolution of the line-
scan camera was set at 10 pixels/mm. Users set a crop rectangle
around the core section for each image to remove extraneous infor-
mation. Images were saved as high-resolution TIFF files. Available
files include the original high-resolution image with gray scale and
ruler as well as reduced JPEG images cropped to show only the sec-
tion-half surfaces.

Spectrophotometry and colorimetry

The SHMSL employs multiple sensors for the measurement of
bulk physical properties, including RSC, MS, and a laser surface an-
alyzer. Reflectance spectroscopy (spectrophotometry) was carried
out using an Ocean Optics USB4000 spectrophotometer. This in-
strument measures the reflectance spectra of the split core from the
UV to near-infrared range. Colorimetric information from split
cores is also recorded by this instrument in the L*a*b* color space
system. The L*a*b* color space expresses color as a function of light-
ness (L*) and color values a* and b*; a* reflects the balance between
red (positive a*) and green (negative a*) and b* reflects the balance
between yellow (positive b*) and blue (negative b*). When a* and b*
are 0, there is no color and L* determines gray scale.

On the SHMSL, MS was measured with a Bartington MS2 me-
ter and MS2K contact probe. For instrument details, see Physical
properties.

Accurate spectrophotometry using the SHMSL demands a flush
contact between the instrument sensors and the split core. A built-
in laser surface analyzer aids the recognition of irregularities in the
split-core surface (e.g., cracks and voids), and data from this tool
were recorded to provide an independent check on the fidelity of
SHMSL measurements.

X-ray diffraction analysis

Selected samples for XRD analysis were obtained from the
working halves of the cores at an average spacing of one or two sam-
ples per core. When possible, the samples were taken adjacent to
MAD physical property samples. XRD analysis was performed on
the clay fraction in most samples. For these preparations, a ~2 g
sample was placed in a 50 mL centrifuge tube with 10% acetic acid,
sonicated for 15 min, and allowed to stand overnight to remove car-
bonate material. After centrifuging for 15 min at 1500 rpm, the ace-
tic acid was decanted, 25 mL of distilled water was added, the
sample was centrifuged again, and the water was decanted. This
washing procedure was repeated two more times to remove both
the acid and salts from the sample. After decanting the final wash,
25 mL of 1% sodium metaphosphate solution was added to the sam-
ple in a 50 mL beaker. The sample was then placed in an ultrasonic
bath for 5 min to suspend the clays using ultrasonic disaggregation
and then centrifuged for 5 min at 1000 rpm to settle the >2 pm par-
ticles. The clays that remained in suspension were removed from
the top ~1 cm of the centrifuge tube and pipetted onto two amor-
phous quartz sample discs. The sample discs were then left to air
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dry in a desiccator. After drying, one disc was analyzed and the
other was solvated with ethylene glycol for ~8 h at 65°C and reana-
lyzed to determine the presence of expandable clays.

The prepared samples were mounted onto a sample holder and
analyzed by XRD using a Bruker D-4 Endeavor diffractometer
mounted with a Vantec-1 detector using nickel-filtered CuKa radia-
tion. The standard locked-coupled scan was as follows:

» Voltage = 35 kV.

o Current = 40 mA.

+ Goniometer scan = 3.5°-30°20.
» Step size = ~0.0085°.

 Scan speed = 1 s/step.

« Divergence slit = 0.3°.

The diffractograms of single samples were evaluated with the
Bruker Diffrac-Plus EVA software package. Relative abundances of
the major clay mineral groups were established on the basis of max-
imum peak intensity, preferentially from the glycolated analysis.
Quantification of mineral contents was not possible because the
samples were not spiked with a defined amount of a mineral stan-
dard for calibration. Therefore, the shipboard results were inter-
preted qualitatively on the basis of relative occurrences and
abundances of the most common clay mineralogical components.

A small number of selected samples were freeze-dried, ground,
and mounted on aluminum holders for bulk XRD analysis. Scans of
these samples were performed with the same instrument settings as
the clay preparations and scanned over a goniometer range of 3.5°—
70°26.

X-ray imaging

Cores from all sites were X-ray imaged, resulting in a total col-
lection of 24,384 images: 3,677 images from Site U1534, 1,168 im-
ages from Site U1535, 8,166 images from Site U1536, 5,429 images
from Site U1537, and 5,944 images from Site U1538 (Table T1). For
Sites U1534 and U1535, most of the images were taken on whole-
round sections and only a few were imaged after splitting when
shattered liners impeded the whole-round sections being intro-
duced in the X-ray system. For Sites U1536-U1538, most of the X-
ray imaging was performed after SHIL imaging on archive-half sec-
tions and only a few images were taken on whole-round sections for
testing purposes. X-ray images were used for identification of core
quality/drilling disturbance, sedimentary structures, clast occur-
rence, and bioturbation.

The new IODP X-Ray Imager (XRI) is composed of a Teledyne
ICM CP120B X-ray generator and a detector unit (Figure F10). The
generator works with a maximum voltage of 120 kV and tube cur-
rent of 1 mA and has a 0.8 mm x 0.5 mm focal spot. The generator
produces a directional cone at a beam angle of 50° x 50°. The detec-
tor unit is 65 cm from the source and consists of a Go-Scan 1510 H
system composed of an array of CMOS sensors arranged to offer an
active area of 102 mm x 153 mm and a resolution of 99 um. Core
sections were run through the imaging area at 12 cm intervals, pro-
viding 15 cm images onto the detector and allowing an overlap of 3
cm.

During Expedition 382, tests were conducted on both whole-
round sections and section halves to obtain the best image resolu-
tion for determining the internal structure of cores. The XRI set-
tings were changed to adjust to the varying lithologies of the cores
(Table T1). The number of images stacked was 20, taken at expo-
sure times of 300—500 ms. The voltage ranged between 60 and 90
kV, and the current varied from 0.8 to 1 mA.
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Table T1. X-Ray Imager parameters used and images (whole round and section half) obtained, Expedition 382. Download table in CSV format.

Figure F10.10DP XRI.

Exposure Whole-round  Section-half
Voltage  Current time section images images
Hole, core (kv) (mA) (ms) Stack (N) (N)
382-

U1534A-1H through 47X 90 1 400 20 2080
U1534A-8H 90 1 400 20 14
U1534B-1H 90 1 400 20 11
U1534C-1H through 18H 90 1 400 20 1363
U1534C-18H through 19H 90 1 400 20 35
U1534D-1H through 3H 90 1 400 20 174
U1535A-1H through 16F 90 1 400 20 818
U1535A-1H through 8H, 10H through 14F, 16F 90 1 400 20 350
U1536A-1F through 3H, 5H, 22H, 23H, 34F 60 1 400 20 261
U1536A-1F through 53F 60 0.8 400 20 3138
U1536B-7H through 8H 60 0.8 400 20 26
U1536B-1H through 25H 60 0.8 400 20 2107
U1536C-1H through 40F 60 0.8 400 20 1568
U1536D-1H 60 0.8 350 20 49
U1536E-2R through 9R 60 0.8 400 20 1190
U1536E-10R through 19R 60 0.8 500 20
U1536E-19R through 29R, 32R, 33R 65 0.8 500 20
U1536E-29R through 31R 70 0.8 500 20
U1537A-1H through 16H 60 0.8 400 20 2297
U1537A-16H through 31F 60 0.8 350 20
U1537B-1H 60 0.8 350 20 75
U1537C-1H, 2H 60 0.8 350 20 100
U1537D-1H through 50F 60 0.8 350 20 2957
U1538A-1H through 75X 60 0.8 350 20 4051
U1538B-1H 60 0.8 350 20 73
U1538C-1H through 12H 60 0.8 350 20 842
U1538D-1H through 14H 60 0.8 350 20 978

Unload side of the shielding
looking to starboard.

The raw images were collected as 16-bit images and were pro-
cessed with the IODP in-house Processing Utility in the Integrated
Measurement System (IMS) software v. 10.3. The software applies
corrections for the detector (gain and offset corrections), compen-
sates for core shape and thickness, and adjusts the image contrast.
The Savitzky-Golay finite impulse response (FIR) filter was chosen
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Load side of the shielding

looking to port.

to smooth images. The resulting processed images include a
masked background, the depth scale in the section, and the acquisi-
tion parameters. The software applies a different processing to
APC/HLAPC and rotary cores. Some sections for which the Pro-
cessing Utility did not give good results were reprocessed, first with
the LeVay Processing software and later with the Processing Utility.
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Biostratigraphy

Diatoms, radiolarians, palynomorphs, foraminifers, and nanno-
fossils were utilized to derive preliminary shipboard biostrati-
graphic and paleoenvironmental constraints during Expedition 382.
Methods for individual fossil groups are presented below. Biostrati-
graphic models were based primarily on core catcher samples; how-
ever, additional samples were analyzed where appropriate, generally
where changes in lithology were observed in split cores or to refine
the placement of biostratigraphic datums.

Zonations were distinguished primarily based on first occur-
rence (FO) and last occurrence (LO) datums. Biostratigraphic
events and biozone boundaries were expressed relative to the geo-
logic timescale (GTS2012; Gradstein et al., 2012) and are given in
Figure F11. Specific ages assigned to each datum follow those of re-
cent IODP expeditions to the Southern Ocean (e.g., Expeditions 374
and 379 [McKay et al.,, 2019; Gohl et al., 2021]). These references
largely follow a constrained optimization (CONOP)-based synthe-
sis of Southern Hemisphere biostratigraphy (Cody et al., 2008). Ad-
ditional biostratigraphic data for diatoms were taken from Harwood
and Maruyama (1992), Censarek and Gersonde (2002), Iwai et al.
(2002), Winter and Iwai (2002), Zielinski and Gersonde (2002), Ol-
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ney et al. (2007), Tauxe et al. (2012), Cody et al. (2012), Winter et al.
(2012), and Armbrecht et al. (2018). Radiolarian biostratigraphy for
the middle Miocene to Pleistocene additionally follows Lazarus
(1990, 1992) and Florindo et al. (2013). Dinoflagellate cyst (dino-
cyst) biostratigraphy following Bijl et al. (2018) and references
therein was also utilized.

Reworking of older fossils is of particular concern in Southern
Ocean sediments, especially during glacial periods when ice sheet
advance and ice rafting increase the potential for noncontemporary
material to be introduced to the sediment column. Reworking com-
plicates data by introducing older species above their respective
LOs in the stratigraphic section. Reworking can be recognized by
the inclusion of notably anomalous fossils in sediments (e.g., a few
Oligocene diatom valves detected in an otherwise Pliocene-typical
assemblage). However, less extreme examples of reworking (e.g.,
late Pliocene diatoms in an early Pleistocene assemblage) are possi-
ble and not as easily recognized. As such, less emphasis was placed
on LOs than FOs. Site-specific reworking is discussed in the Bio-
stratigraphy section of each site chapter. FOs and LOs were used to
identify biohorizons in stratigraphic order that were further used to
define biostratigraphic zones and subzones following standard
schemes in the GTS2012.

Figure F11. Chronostratigraphic age framework used during Expedition 382 with diatoms, radiolarians, planktonic foraminifers, and dinocyst zones for 0-24
Ma. NZ = New Zealand. Polarity: black = normal, white = reversed. FAAD = first abundant appearance datum. LAAD = last abundant appearance datum, LAD =
last appearance datum. LCO = last common occurrence, FCO = first common occurrence. Upward-pointing triangles = first appearance datums, downward-
pointing triangles = LADs. Bold = species used to define zones or subzones. (Continued on next page.)
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Figure F11 (continued).

Neogene (GTS2012 age model)
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Data generated for each microfossil group are presented on tax-
onomic distribution charts that record occurrences and as qualita-
tive relative abundances for each sample. Preservation data were
also recorded. All micropaleontological data obtained on board
were entered into the LIMS database using the DESClogik software.
These data are available from the LIMS database in accordance with
IODP policy. Taxonomic occurrence charts also indicate instances
of suspected reworking of microfossils. These charts are a result of
shipboard work only and are biased toward biostratigraphic marker
species. A figure in the Biostratigraphy section of each site chapter
provides a summary of the biostratigraphy information from each
microfossil group. Age-depth plots that note shipboard estimates of
sedimentation rate and the locations of unconformities are also pro-
vided in each site chapter.

Diatoms

Diatom taxonomy

Diatoms were identified to the species level where possible. Tax-
onomic concepts for Neogene Antarctic diatoms, many of which
are endemic to the southern high latitudes, have developed largely
through the last 45 y of stratigraphic drilling in the Southern Ocean
and on the Antarctic shelf by the Deep Sea Drilling Project (DSDP),
Ocean Dirilling Program (ODP), Integrated Ocean Drilling Pro-
gram, and IODP (McCollum, 1975; Schrader, 1976; Gombos, 1976;
Ciesielski, 1983; Gersonde and Burckle, 1990; Gersonde, 1990,
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1991; Fenner, 1991; Baldauf and Barron, 1991; Harwood and
Maruyama, 1992; Mahood and Barron, 1996; Gersonde and
Bércena, 1998; Censarek and Gersonde, 2002; Iwai and Winter,
2002; Zielinski and Gersonde, 2002; Arney et al., 2003; Bohaty et al.,
2003; Whitehead and Bohaty, 2003). In parallel to these efforts, ice
platform drilling on the Antarctic margin recovered neritic diatom
flora that serve as useful taxonomic references on the Antarctic
shelf (Harwood, 1986, 1989; Winter and Harwood, 1997; Bohaty et
al., 1998; Harwood et al., 1998; Scherer et al., 2000; Sjunneskog and
Scherer, 2005; Olney et al., 2007, 2009; Sjunneskog et al., 2012; Win-
ter et al., 2012). Other useful taxonomic references for Neogene and
modern Antarctic marine diatoms include Fenner et al. (1976),
Akiba (1982), Johansen et al. (1985), Harwood et al. (1989), Yanagi-
sawa and Akiba (1990), Medlin and Priddle (1990), Cremer et al.
(2003), and Scott and Thomas (2005).

Diatom methodology

Smear slides were generated to evaluate diatom floras. A small
drop of deionized water was placed on a coverslip. A toothpick sam-
ple of sediment from the core catcher or any other interval deemed
interesting was then mixed with the water and smeared across the
coverslip. In some cases, sieved samples were utilized where
deemed necessary. Sediments were washed through a 20 pm sieve,
and dilute Borax solution was used to disaggregate clays. For all
slide types, the sediment was allowed to dry on the coverslip before
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being permanently affixed to a slide with Norland optical adhesive
Number 61 (refractive index = 1.56), which was cured under UV
light.

Strewn slides were also made to improve the visibility of diatom
frustules. A toothpick sample of sediment was disaggregated into
water via gentle repeated pipetting in a beaker. The resulting sedi-
ment slurry was then pipetted onto a coverslip, allowing diatoms to
settle out into a single plane with little overlap of valves, and dried.
Once dry, the coverslip was affixed to a slide in the same way as
smear slides.

Slides were examined using a Zeiss Axioskop or Zeiss Axiophot
transmitted-light microscope fitted with phase contrast. Diatoms
were generally identified under 630x magnification, but 1000x was
used when needed. Photomicrographs were taken using a SPOT
Flex 64 Mp digital camera (Diagnostic Instruments, Inc.) and up-
loaded to the LIMS database. Qualitative abundances, level of frag-
mentation, and level of dissolution were assessed using 630x
magnification. When needed, 1000x magnification was used to as-
sess preservation in greater detail. The relative abundance of dia-
toms was qualitatively estimated at 630x magnification using the
following codes:

¢ A = abundant (>5 complete valves per field of view [FOV]).
¢ C = common (2-5 complete valves per FOV).

o F = frequent (1 complete valve in 1-5 FOVs).

¢ R = rare (1 complete valve in 6-30 FOVs).

« Tr = trace (very rare valves or diatom fragments).

« B = barren (no diatom valves or fragments observed).

Relative abundances of individual diatom taxa were estimated at
630x magnification (one transect = 40 mm) using the following
codes:

¢ D = dominant (>10 valves per FOV).

o A = abundant (>5 and <10 valves per FOV).
¢ C = common (1-5 valves per FOV).

« F = frequent (1 valve in every 10 FOVs).

o R =rare (<5 valves per transect).

The degree of siliceous microfossil fragmentation often mirrors
dissolution, but the two factors are not always directly correlated.
Diatoms with well-preserved fine structures can be highly frag-
mented. Dissolution is a wholly chemical process (Warnock and
Scherer, 2015), but fragmentation can be dominantly or entirely due
to mechanical processes such as compaction or subglacial processes
(Scherer et al., 2004). Preservation of diatoms, therefore, was quali-
tatively assessed with regard to both the degree of dissolution and
fragmentation.

The degree of dissolution was qualitatively graded as follows:

« L =low (slight to no apparent dissolution [fine structures gener-
ally preserved]).

o L-M = low to medium (degree of dissolution between L and M).

+ M = moderate (moderate dissolution [fine structures may be
lost]).

+ M-H = moderate to high (degree of dissolution between M and
H).

« H = high (severe effects of dissolution, including widened areo-
lae, fusion of neighboring areolae, relatively abundant margins
and cingula compared with valves, and notably higher propor-
tions of heavily silicified forms).

The degree of fragmentation was graded as follows:
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o L = low (at least 50% of identifiable diatoms are intact).

o L-M = low to medium (degree of fragmentation between L and
M).

¢ M = moderate (more than 50% of diatom valves are broken, but
most are identifiable).

+ M-H = moderate to high (degree of fragmentation between M
and H).

« H = high (valves highly fragmented and very few complete valves
present, hampering identification).

Age assignment

Initial shipboard ages of individual Neogene samples were based
on identification of primary and secondary datum events. Biostrati-
graphic zones were also defined where possible utilizing schemes
derived from Southern Ocean sites by Harwood and Maruyama
(1992; Oligocene—recent), Zielinski and Gersonde (2002; Pliocene—
Pleistocene), and Censarek and Gersonde (2002; Miocene), as well
as the Antarctic continental shelf site scheme of Winter et al. (2012).
A wealth of biostratigraphic information is available from drill
core—based studies listed in Diatom taxonomy and the integrated
biochronological syntheses in the associated volumes for each
leg/expedition (e.g., Gersonde et al., 1990; Barron et al., 1991; Har-
wood et al., 1992; Iwai et al., 2002; Tauxe et al., 2012).

Ages applied to specific diatom events and zonal boundaries
were guided by successive iterations of the diatom biochronology
afforded by CONOP (Cody et al., 2008, 2012; Florindo et al., 2013).
These ages are in general agreement with ages of appearance and
extinction of Southern Ocean endemic diatoms presented in Barron
(2003), although some offset of latest Miocene—early Pliocene da-
tums were noted by Iwai et al. (2002) and Tauxe et al. (2012). Age
assignments for diatom datum levels used during Expedition 382
are presented in Figure F11 and Table T2. This data set was adapted
from the working data set of Expedition 374 in the Ross Sea (McKay
et al, 2019). Minor adjustments were made based on current
knowledge and recent observations and calibration. It is important
to note that data sets like this, although currently state-of-the-art,
are in continual revision as more data and analyses come available,
including from this expedition.

Radiolarians

Radiolarian taxonomy

Radiolarian biostratigraphy during Expedition 382 was based on
the taxonomic concepts for Neogene radiolarians by Popofsky
(1908), Riedel (1958), Petrushevskaya (1967, 1975), Lombari and
Lazarus (1988), Caulet (1991), Lazarus (1990, 1992), Abelmann
(1992), Nigrini and Sanfilippo (2001), Vigour and Lazarus (2002),
Lazarus et al. (2005), and Renaudie and Lazarus (2012, 2013, 2015,
2016). Primary datums from the Pleistocene to Miocene are listed in
Table T3.

Radiolarian methodology

A ~10 cm? sediment sample, generally from core catchers, was
taken for radiolarian analysis and directly washed through a 63 um
mesh sieve to minimize paleontological preparation time and pro-
vide sample residues that could be used for foraminifer analyses. If
the sample had substantial clay aggregation or high organic matter
content, it was disaggregated prior to sieving in a beaker to which 10
mL of 15% solution of hydrogen peroxide and the same volume of
diluted Borax was added. The beaker was then warmed on a hot
plate with a magnetic, automatic stirrer for 30 min to 1 h. Using a
pipette, a small quantity of the >63 pm residue was placed on two 25
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Table T2. Age estimates of diatom datum events, Expedition 382. LAD = last appearance datum, LAAD = last abundant appearance datum, FAD = first appear-
ance datum, FAAD = first abundant appearance datum. Bold = species considered particularly useful. (Continued on next three pages.) Download table in
CSV format.

Working diatom zonation for Expedition 382,

after Expedition 379 working zonation Datum Expedition 379
Winter et al. (2012) ANDRILL-1B zonation ~ Subzone (Gohl et al., 2021) Subzone Diatom species type age (Ma)
Rouxia leventerae LAD 0.14
Thalassiosira lentiginosa Zone Thalassiosira lentiginosa Zone Hem{dlscus qustenll LAD 02
Rouxia constricta LAD 03
Hemidiscus karstenii FAAD 0.42
Actinocyclus ingens LAD 0.6
Rhizosolenia harwoodii LAD 0.6
Thalassiosira antarctica FAD 0.65
Actinocyclus ingens Zone Thalassiosira elliptipora LAD 0.7
Thalassiosira fasciculata LAD 0.9
Navicula directa FAD 1
Actinocyclus ingens Zone Thalassiosira elliptipora FAAD 1.07
Porosira glacialis FAD 1.15
Fragilariopsis barronii LAD 1.3
Shionodiscus tetraoestrupii reimeri LAD 13
Fragilariopsis separanda FAD 14
Fragilariopsis rhombica FAD 1.4
Rouxia constricta FAD 14
Fragilariopsis kerguelensis Zone Rouxia antarctica LAD 1.5
Asteromphalus hyalinus FAD 1.6
b Fragilariopsis obliquecostata FAD 1.7
Rouxia antarctica Zone Proboscia barboi LAD 18
Fragilariopsis bohatyi LAD 1.9
Thalassiosira kolbei LAD 1.9
a Thalassiosira torokina LAD 1.9
Thalassiosira inura LAD 2.0-1.8
Actinocyclus fasciculatus LAD 2
- . Fragilariopsis matuyamae LAD 2.1
Thalassiosira kolbei Zone Actinocyclus karstenii LAD 2.1
Rouxia naviculoides LAD 2.2
Actinocyclus maccollumii LAD 2.2
b Thalassiosira vulnifica LAD 2.2
Thalassiosira lentiginosa obovatus LAD 23
Shionodiscus gracilis FAD 23
Porosira pseudodenticulata FAD 23
Fragilariopsis kerguelensis FAD 23
b Shionodiscus tetraoestrupii reimeri FAD 23
Actinocyclus maccollumii LAD 2.2
Actinocyclus fasciculatus/Actinocyclus Thalassiosira vulnifica Zone Fragilariopsis interfrigidaria LAD 24
maccollumii Zone Rouxia diploneides LAD 24
Fragilariopsis matuyamae FAAD 2.4
Rouxia leventerae FAD 25
R Asteromphalus hookeri FAD 2.5
Thalassiosira convexa group LAD 25
a Thalassiosira insigna LAD 2.6
Thalassiosira complicata LAD 25
Fragilariopsis weaveri LAD 25
Thalassiosira webbi LAD 2.7
b Actinocyclus fasciculatus FAD 2.7
Synedropsis creanii LAD 2.7
Actinocyclus actinochilus FAD 2.75
Actinocyclus maccollumii FAD 2.8
L i L Thalassiosira striata LAD 29
Thf:f;;’vfgofénp licata/Thalassiosira Fragilariopsis reinholdii LAD 3
Fragilariopsis bohatyi Zone Rouxia heteropolara LAD 3
Thalassiosira elliptipora FAD 33
R Fragilariopsis bohatyi FAD 3.1
Fragilariopsis fossilis LAD 3.5-2.8
Not formally zoned below Fragilariopsis ritscheri FAD 3.6-2.8
Fragilariopsis lacrima LAD 3
Alveus marinus LAD 3
Thalassiosira vulnifica FAD 3.2
Thalassiosira lentiginosa obovatus FAD 33
Thalassiosira insigna FAD 34
Fragilariopsis interfrigidaria Zone b Thalassiosira webbi FAD 34
Fragilariopsis praeinterfrigidaria LAD 35
Fragilariopsis weaveri FAD 35
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Table T2 (continued). (Continued on next page.)

Working diatom zonation for Expedition 382,

after Expedition 379 working zonation Datum Expedition 379

Winter et al. (2012) ANDRILL-1B zonation ~ Subzone (Gohl et al., 2021) Subzone Diatom species type age (Ma)
FAD Rhizosolenia harwoodii Rhizosolenia harwoodii FAD 3.6
Chaetoceros bulbosum FAD 37
Fragilariopsis interfrigidaria Zone a Thalassiosira jacksonii LAD 38
Navicula wisei LAD 3.8
Fragilariopsis interfrigidaria FAD 3.8
Thalassiosira lentiginosa FAD 4
Actinocyclus dimorphus LAD 3
FAD Thalassiosira kolbei b Thalassiosira kolbei FAD 4.1
Fragilariopsis praecurta LAD 42
Fragilariopsis barronii Zone Fragilariopsis aurica LAD 4.2
Rhizosolenia costata LAD 4.2
R Rouxia californica LAD 4.2
Fragilariopsis cylindrica LAD 43
Fragilariopsis barronii FAD 4.4
Thalassiosira tumida FAD 44
Denticulopsis delicata LAD 445
b Fragilariopsis curta FAD 4.7-3.7
Thalassiosira fasciculata FAD 4.5
FAD Thalassiosira striata Thalassiosira striata FAD 4.5
Actinocyclus dimorphus FAD 4.5
Fragilariopsis arcula LAD 4.5
Fragilariopsis clementia LAD 4.5
Asteromphalus parvulus FAD 4.5
Thalassiosira inura Zone Navicula wisei FAD 4.6
Rouxia peragalli LAD 4.6
Rouxia diploneides FAD 4.6
FAD Thalassiosira complicata a Thalassiosira complicata FAD 4.5
Rouxia heteropolara FAD 4.7
Rhizosolenia costata FAD 47
Fragilariopsis lacrima FAD 4.7
Thalassiosira nativa LAD 4.8
Denticulopsis simonsenii LAD 4.8
FAAD Thalassiosira inura Thalassiosira inura FAAD 4.85
Thalassiosira oliverana sparsa LAD 4.9
FAD Rouxia antarctica Rouxia antarctica FAD 5
Hemidiscus karstenii f. 1 LAD 4.7-5.1
Shionodiscus oestrupii Zone Nitzschia miocenica LAD 5.1
Fragilariopsis praeinterfrigidaria FAD 53
Hemidiscus triangularus LAD 54
Shionodiscus oestrupii FAD 5.5
Asteromphalus concavus LAD 5.5
FAD Thalassiosira inura Thalassiosira inura FAD 5.5
L . . Fragilariopsis donahuensis LAD 5.0-6.0
Thalassiosira miocenica Zone ) . .
Shionodiscus tetraoestrupii group FAD 57
Neobrunia mirabilis LAD 6.0-6.5
Thalassiosira miocenica FAD 6.4
Nitzschia sicula FAD 6.5
Thalassiosira miocenica LAD 5.0-7.0
Thalassiosira convexa group FAD
Actinocyclus ingens ovalis LAD 6.5
Thalassiosira convexa var. aspinosa FAD
Denticulopsis simonsenii LAAD 6.5
Nitzschia pseudokerguelensis LAD 6.6
Rouxia peragalli FAD 6.4-7.6
FAD Thalassiosira oliverana Thalassiosira oliverana FAD 6.5-7.5
Hemidiscus triangularus FAD 6.5-7.5
T " Thalassiosira jacksonii FAD
Fragilariopsis reinholdii Zone Asteromphalus kennettii LAD 6.0-7.0
FAD Rouxia naviculoides Rouxia naviculoides FAD 7.5-9.0
Fragilariopsis cylindrica FAD 7.7
Thalassiosira mahoodii LAD 7.7
Fragilariopsis clementia FAD 7.8
Hemidiscus karsteniif. 1 FAD
Denticulopsis crassa LAD 8.1
Lithodesmium minisculum LAD 8
Denticulopsis ovata LAD 84
Fragilariopsis aurica FAD 84
Fragilariopsis cylindrus FAD 8.5
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Table T2 (continued). (Continued on next page.)

Expedition 382 methods

Working diatom zonation for Expedition 382,
after Expedition 379 working zonation

Datum Expedition 379

Winter et al. (2012) ANDRILL-1B zonation ~ Subzone (Gohl et al., 2021) Subzone Diatom species type age (Ma)
Alveus marinus FAD 8.5
Fragilariopsis reinholdii Zone Fragilariopsis arcula FAD 8.5
Fragilariopsis reinholdii FAD 8.5
Rouxia californica FAD 8.5-9.0
Nitzschia miocenica FAD 8.6
FAD Thalassiosira oliverana sparsa Actinocyclus ingens var. ovalis Zone Thalassiosira oliverana var. sparsa  FAD 8.6
Fragilariopsis fossilis FAD 8.7
Actinocyclus ingens ovalis FAD 8.7
Thalassiosira mahoodii FAD 8.8
Fragilariopsis januaria LAD 8.8
Lo . Thalassiosira gersondei LAD 9
Thalassiosira torokina . ;
Rouxia isopolica FAD
Azpeitia endoi LAD 9
FAD Thalassiosira torokina Thalassiosira torokina FAD 9
Hemidiscus karstenii FAD 9.7
Fragilariopsis donahuensis FAD
Thalassiosira nativa FAD 10
Denticulopsis dimorpha areolata LAD 10
Hemidiscus cuneiformis FAD 10
Asteromphalus kennetti Lithodesmium minisculum FAD 10
Fragilariopsis claviceps LAD 10.2
FAD Denticulopsis crassa Denticulopsis crassa FAD 10.2
Thalassiosira gersondei FAD 103
Actinocyclus ellipticus FAD 10-11.0
Asteromphalus kennettii FAD 10.3
Denticulopsis dimorpha LAD 10.6
Denticulopsis dimorpha LAAD 10.7
FAD Fragilariopsis praecurta Fragilariopsis praecurta FAD 11
Eucampia antarctica FAD 1
Denticulopsis dimorpha Actinocyclus karstenii FAD 1
Actinocyclus fryxellae FAD 11.1
Fragilariopsis januaria FAD 1.1
Denticulopsis ovata FAD 1.1
Denticulopsis praedimorpha LAD 11.2
) ) o ) ) Nitzschia denticuloides LAD 11.75
Nitzschia denticuloides-Denticulopsis . o
' o praedimorpha Dent/.culopSIs' d/rr)orpha areolata FAD 12.2
FAD Denticulopsis dimorpha Denticulopsis dimorpha FAD 124
Fragilariopsis efferans LAD
Denticulopsis praedimorpha Crucidenticula nicobarica LAD 12.3-21.66
Actinocyclus ingens nodus LAD 126
Denticulopsis praedimorpha FAD 12.8
Fragilariopsis claviceps FAD 12.7-13.9
Denticulopsis lauta LAD 13
Proboscia barboi FAD
Nitzschia denticuloides Fragilariopsis efferans FAD 13
Denticulopsis hyalina LAD 13.1
Nitzschia grossepunctata LAD 13.2
Nitzschia denticuloides FAD 135
Nitzschia pseudokerguelensis FAD 13.9
Denticulopsis simonseni Denticulopsis delicata FAD ?
Nitzschia evenescens LAD 14
FAD Denticulopsis simonsenii Denticulopsis simonsenii FAD 14.2
Denticulopsis maccollumii LAD 14.3
Denticulopsis hyalina FAD 145
Actinocyclus ingens var. nodus Cavitatus jouseanus LAD 145
Azpeitia oligocenica LAD
Araniscus lewisianus LAD 14.4-15.0
FAD Actinocyclus ingens var. nodus Actinocyclus ingens nodus FAD 14.5
Cavitatus miocenicus LAD 14.6
Fragilariopsis pusilla LAD 14.9
Nitzschia grossepunctata Nitzschia 17 Schrader LAD 15.5
Azpeitia endoi FAD 15.5
FAD Nitzschia grossepunctata Nitzschia grossepunctata FAD 15.6
Raphidodiscus marylandicus LAD 15.6
Actinocyclus ingens Denticulopsis lauta FAD 15.7
FAAD Actinocyclus ingens Actinocyclus ingens FAAD 16-16.2
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Table T2 (continued).

Expedition 382 methods

Working diatom zonation for Expedition 382,

after Expedition 379 working zonation

Datum Expedition 379

Winter et al. (2012) ANDRILL-1B zonation ~ Subzone (Gohl et al., 2021) Subzone Diatom species type age (Ma)
Fragilariopsis maleinterpretaria LAD 16.5
Creania lacyae FAD
Denticulopsis maccollumii Crucidenticula kanayae LAD 16.5
Crucidenticula ikebei LAD 16.2
FAD Denticulopsis maccollumii Denticulopsis maccollumii FAD 16.7
Nitzschia evenescens FAD 16.9
Nitzschia 17 Schrader FAD 17
b Asteromphalus oligocenicus LAD 173
Neobrunia mirabilis FAD 175
Crucidenticula kanayae Araniscus lewisianus FAD 17.8
Thalassiosira praefraga LAD 17.4-17.7
R Crucidenticula nicobarica FAD 17.9
Coscinodiscus rhombicus LAD 17.9
Crucidenticula kanayae FAD 17.9
Crucidenticula ikebei FAD 18
Azpeitia tabularis FAD 18.1
Asteromphalus symmetricus LAD 18.1
Thalassiosira praefraga Rocella gelida LAD 223
Fragilariopsis pusilla FAD 18.5
Thalassiosira spumellaroides LAD 18.5
FAD Thalassiosira praefraga Thalassiosira praefraga FAD 18.6-20.8
b Rossiella symmetrica LAD 194
Fragilariopsis maleinterpretaria FAD 19.5
Azpeitia gombosi LAD 20
Hemiaulus taurus LAD 20.4
Bogorovia veniamini LAD
Thalassiosira spumellaroides Rouxia obesa LAD
a Thalassiosira primalabiata LAD 22
Raphidodiscus marylandicus FAD 22.7
Hemiaulus taurus LAD
Rocella gelida LAD
Thalassiosira spumellaroides FAD 22.7
Rocella schraderi LAD
Triceratium groningensis LAD
C Thalassiosira spinosa group FAD
Azpeitia gombosii FAD 23.6
Cavitatus miocenicus FAD 24
Rocellagelida b Lisitzinia ornata LAD 243
Rocella vigilans LAD 25.4
Hemiaulus incisus LAD
R Dactyliosolen antarcticus FAD
Triceratium groningensis FAD 27.2
Rocella schraderi FAD
Rocella gelida FAD 26.4

mm x 75 mm microscope slides and allowed to dry. Once dried, a
few drops of Norland optical adhesive Number 61 were added, cov-
ered by a 22 mm x 50 mm coverslip, and then placed under the UV
lamp to cure for 15 min.

Microscopy and identification

Radiolarian species were identified and their abundance was es-
timated using a Zeiss Axioplan microscope with bright-field illumi-
nation at 100x, 200x, and 630x magnification. Photomicrographs
were taken using a SPOT Flex 64 Mp digital camera and uploaded
to the LIMS database.

For each sample, the total abundance of radiolarians was quali-
tatively estimated by light-microscopic observations at 100x magni-
fication along one horizontal traverse of the slide using the
following codes:

¢ A = abundant (>100 specimens per traverse).
¢ C = common (51-100 specimens per traverse).
o F = frequent (11-50 specimens per traverse).
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¢ R = rare (1-10 specimens per traverse).
o Tr = trace (1-10 specimens per slide).
« B = barren (absent).

Qualitative estimates of individual species abundances were also
recorded by scanning the slide at 100x magnification according to
the following criteria:

¢ A = abundant (=2 specimens per FOV).

¢ C = common (1 specimen per FOV).

« F = frequent (1 specimen per 2—5 FOVs).
¢ R =rare (1 specimen per 5-30 FOVs).

o Tr = trace (<1 specimen per traverse).

Preservation of the radiolarian assemblages was recorded as fol-
lows:

+ G = good (most specimens complete; fine structures preserved).

+ M = moderate (minor dissolution and/or breakage).

» P = poor (common dissolution, recrystallization to opal-CT,
and/or breakage).
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Table T3. Age estimates of radiolarian datum events, Expedition 382.
* =from Florindo et al. (2013); all others from Lazarus (1992). LAD = last
appearance datum, FAD = first appearance datum, FCO = first common
occurrence, LCO = last common occurrence, ET = evolutionary transition.
GTS2012 = geologic timescale 2012. Download table in CSV format.

GTS2012 age

Datum (Ma)
LAD Stylatractus universus 043
LAD Antarctissa cylindrica 0.64
LAD Pterocanium trilobum 0.86
LAD Cycladophora pliocenica 1.81
FAD Phormospyris antarctica 1.88
LAD Eucyrtidium calvertense 1.92
LAD Helotholus vema 2.4
LAD Desmospyris spongiosa* 247
FAD Cycladophora davisiana 261
LAD Larcopyle polyacantha titan 3.48
LAD Lampromitra coronata 3.72
LAD Lychnocanium grande* 4.24-4.55
FAD Helotholus vema 459
LCO Lychnocanium grande 5.08
LAD Amphymenium challengerae 6.22
FAD Amphymenium challengerae 6.84
FAD Acrosphaera labrata 7.84
FAD Antarctissa cylindrica* 832
LAD Siphonosphaera vesuvius* 837
LAD Cycladophora spongothorax 9.2
FCO Stichocorys peregrina 9.3
FAD Siphonosphaera vesuvius* 10.07
ET Acrosphaera murrayana to A. australis 10.45
LAD Cycladophora humerus 10.62
FAD Eucyrtidium pseudoinflatum 10.7
LAD Actinomma golownini 10.87
FAD Cycladophora spongothorax 12.61
FAD Dendrospyris megalocephalis 12.73
FAD Actinomma golownini 13.55
FAD Cycladophora humerus 14.16
LAD Eucyrtidium punctatum* 14.9
LAD Cycladophora golli golli* 14.92
LAD Cycladophora golli regipileus* 14.94
FAD Eucyrtidium punctatum 17
FAD Eucyrtidium calvertense* 18
FAD Desmospyris rhodospyroides* 18.03
FAD Cycladophora golli regipileus 18.79
FAD Clinorhabdus longithorax 20.11
FAD Cycladophora antiqua 21.55

Zonation scheme

The Southern Ocean zonation used here is that of Lazarus
(1992; middle Miocene—Pleistocene). The original age estimates for
radiolarian datums for the early Miocene—Pleistocene were based
on their calibration to magnetostratigraphy according to Hays and
Opdyke (1967), Gersonde et al. (1990), Barron et al. (1991), Lazarus
(1990, 1992), Spief3 (1990), Caulet (1991), Harwood et al. (1992),
and Ramsay and Baldauf (1999). Some additional age estimates
from Florindo et al. (2013) were added as secondary datums for the
Miocene and Pliocene (Table T3) when appropriate and when con-
sistent with the stratigraphic ranges found in Renaudie (2012).

Palynology
Dinocyst taxonomy and age assignments
The most recent magnetostratigraphically calibrated dinocyst
stratigraphy for the Neogene, used here, is from Integrated Ocean
Drilling Program Expedition 318 Hole U1356A on the Wilkes Land
margin (Bijl et al., 2018). Dinocyst taxonomy follows that presented
in Williams et al. (2017), Clowes et al. (2016), and Bijl et al. (2018).
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The observations of Bijl et al. (2018) are supplemented by observa-
tions from circum-Antarctic palynological observations from DSDP
Leg 28 (Kemp, 1975), ODP Leg 188 Site 1165 (Hannah, 2006), Cape
Roberts Project drilling (Hannah et al., 2000), and ODP Leg 178
(Harland and Pudsey, 2002). No complete integrated stratigraphic
dinocyst framework exists for the Neogene of the southwest Atlan-
tic. Neogene dinocyst biostratigraphy is currently in development,
and placement of selected biostratigraphic datums are tentative. Re-
cent dinoflagellate species distribution has been documented in
southern high latitudes from core top samples (Esper and Zonne-
veld, 2007; Prebble et al., 2013). Antarctic miospores (terrestrial
pollen and spores) of Neogene age are generally of insufficient di-
versity and abundance to support biostratigraphic studies (Cantrill
and Poole, 2012).

The FOs and LOs for Neogene dinocyst taxa found in the South-
ern Hemisphere midlatitudes, Northern Hemisphere midlatitudes,
and Northern Hemisphere high latitudes calibrated to the GTS2012
are given in Table T4, as reported in Bijl et al. (2018) and references
therein. The dinocyst event data shown in Figure F11 are a selection
of those reported in Table T4. The selection was based on species
encountered during Expeditions 318 and 374.

Palynology methodology

Two sample processing methods were employed depending on
biogenic silica concentrations and whether conditions on the ship
were safe enough (e.g., not rough seas) to use hydrofluoric acid
(HF). The techniques are labeled as non-HF, both (if HF treatment
was carried out on the non-HF residues), and HF. The processing
technique applied to each sample is indicated in the relative abun-
dance table in each site chapter.

Non-HF method

Samples were processed using a disaggregation/sieving method
described in Riding and Kyffin-Hughes (2011). Sediment samples of
5-10 g were disaggregated by soaking and agitation in 1% Borax
solution followed by 10% sodium hexametaphosphate solution and
then sieved through a 10 pm mesh. The mesh with sample was put
in an ultrasonic bath for ~30 s to further disaggregate and remove
clays. The light (organic-rich) fraction was concentrated by placing
the sample in a porcelain bowl in the ultrasonic bath, letting the
heavy particles sink, and decanting the floating residue into vials. In
most cases, the silica content in the sample residue was still too high
after the non-HF method. To remove the excess silica, small
amounts of HF were added to the sample in 50 mL residue vials fol-
lowing the same procedure described for the HF method. In sam-
ples processed using both techniques, the remaining residue could
in some samples appear diluted; thus, relative abundance of assem-
blages might be underestimated. Processing a larger amount of sed-
iment reduces this risk.

HF method

Approximately 5-10 g of dry sediment was processed according
to standard palynological laboratory protocols (e.g., Brinkhuis et al.,
2003). Samples were digested with cold 48% HF to dissolve carbon-
ates and silicates followed by 30% HCI to remove silicate gels. Cen-
trifuging and decanting was carried out after each step. Residues
were sieved with nylon 250 and 10 pm sieves using an ultrasonic
bath.

All samples were mounted on glass microscope slides (22 mm x
50 mm or 22 mm x 40 mm) using Norland optical adhesive Number
61 (refractive index = 1.56) as the mounting medium.
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Table T4. Age estimates of dinocyst datum events, Expedition 382. FAD = first appearance datum, LAD = last appearance datum. ML = midlatitude, HNL = high
northern latitude, SH = Southern Hemisphere. ? = uncertain. Source: Bijl et al. (2018). GTS2012 = geologic timescale 2012. Download table in CSV format.

GTS2012
Datum age (Ma) Location
LAD Achomosphaera andalousiensis 0 ML
LAD Ataxiodinium choane 0 ML
LAD Filisphaera filifera 0 ML
LAD Impagidinium patulum 0 ML
LAD Operculodinium echigoense 0 ML
LAD Trinovantedinium applanatum 0 ML
LAD Amiculosphaera umbraculum 1.44 ML
LAD Habibacysta tectata 1.77 ML
LAD Barssidinium pliocenicum 1.8 ML
LAD Impagidinium japonicum 1.8 ML
FAD Impagidinium cantabrigiense 1.9 ML
LAD Selenopemphix dionaeacysta 1.92 ML
LAD Geonettia waltonensis 2.1 ML
LAD Operculodinium? eirikianum 2.34 ML
LAD Impagidinium multiplexum 235 ML
LAD Invertocysta tabulata 2.55 ML
LAD Sumatradinium druggii 2.55 ML
LAD Corrudinium harlandii 2.65?7 SH
LAD Invertocysta lacrymosa 272 ML
LAD Ataxiodinium confusum 2.73 ML
FAD Impagidinium multiplexum 2.8 ML
LAD Batiacasphaera micropapillata 3.74 ML
LAD Corrudinium devernaliae 3.9 ML
LAD Reticulatosphaera actinocoronata 4.2 ML
FAD Corrudinium devernaliae 5 ML
LAD Barssidinium evangelinae 533 ML
FAD Ataxiodinium choane 6.6 ML
LAD Labyrinthodinium truncatum 7.5 ML
LAD Hystrichosphaeropsis obscura 7.51 HNL
FAD Selenopemphix armageddonensis 7.6 ML
FAD Corrudinium harlandii 8? SH
FAD Barssidinium evangelinae 84 ML
FAD Operculodinium? eirikianum 8.4 ML
LAD Sumatradinium soucouyantiae 85 ML
LAD Palaeocystodinium golzowense 8.8 ML
LAD Gramocysta verricula 1 ML
LAD Cerebrocysta poulsenii 11.05 ML
LAD Cannosphaeropsis passio 1.4 ML
LAD Dapsilidinium pseudocolligerum 11.61 HNL
FAD Impagidinium japonicum 11.84 ML
LAD Apteodinium australiense 12.21 HNL
LAD Unipontidinium aquaeductus 124 ML
FAD Amiculosphaera umbraculum 125 ML
FAD Cannosphaeropsis passio 1273 ML

Species identification and data collection were carried out with
a Zeiss Axiophot microscope using bright-field illumination at
400x%, 630x (oil), and 1000x (oil) magnification. Photomicrography
was conducted using a SPOT Flex digital camera, and images were
uploaded to the LIMS database.

Palynomorph abundance and preservation
Palynofacies were grouped into the following broad categories:

» Marine organic-walled dinocysts in situ,

» Marine organic-walled dinocysts reworked,
» Foraminifer test linings,

o Prasinophytes,

o Acritarchs,

» Sporomorphs (pollen and spores) in situ,

« Sporomorphs (pollen and spores) reworked,
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GTS2012
Datum age (Ma) Location
LAD Achomosphaera alcicornu 13 ML
LAD Palaeocystodinium ventricosum 13 ML
FAD Gramocysta verricula 13.1 ML
FAD Selenopemphix dionaeacysta 13.2 ML
FAD Achomosphaera andalousiensis 13.3 ML
LAD Apteodinium spiridoides 1335 HNL
LAD Oligokolpoma tubulus 135 HNL
FAD Habibacysta tectata 14 ML
LAD Homotryblium tenuispinosum 14.5 ML
LAD Distatodinium paradoxum 14.9 ML
LAD Pyxidinopsis fairhavenensis 15 ML
FAD Operculodinium echigoense 15 ML
FAD Unipontidinium aquaeductus 15 ML
LAD Cousteaudinium aubryae 15.05 ML
FAD Labyrinthodinium truncatum 15.7 ML
FAD Impagidinium patulum 15.97 ML
LAD Hystrichokolpoma cinctum 17 ML
LAD Cordosphaeridium cantharellus 17.1 ML
FAD Cerebrocysta poulsenii 17.9 ML
LAD Exochosphaeridium insigne 18 ML
FAD Sumatradinium druggii 18.8 ML
FAD Exochosphaeridium insigne 20.4 ML
LAD Deflandrea phosphoritica 21.2 ML
FAD Pyxidinopsis fairhavenensis 21.2 ML
FAD Cousteaudinium aubryae 214 ML
FAD Sumatradinium soucouyantiae 214 ML
LAD Homotryblium plectilum 21.9 HNL
LAD Membranophoridium aspinatum 21.9 HNL
FAD Invertocysta tabulata 22.27 ML
LAD Hystrichokolpoma truncatum 22.83 HNL
LAD Chiropteridium galea 23 SH
FAD Trinovantedinium applanatum 23 ML
LAD Distatodinium biffii 23.8 ML
LAD Ectosphaeropsis burdigalensis 23.8 SH
LAD Edwardsiella sexispinosa 23.8 SH
LAD Saturnodinium pansum 238 ML
FAD Filisphaera filifera 23.95 ML
FAD Membranilarnacia picena 24.8 ML
FAD Chiropteridium galea 25.3 SH
FAD Ectosphaeropsis burdigalensis 26 SH
FAD Edwardsiella sexispinosa 26 SH
FAD Distatodinium biffii 27.7 ML
FAD Saturnodinium pansum 29.5 ML
FAD Reticulatosphaera actinocoronata 35.2 ML

Black phytoclasts,

Brown phytoclasts,

Fungal spores,

Amorphous organic matter, and
Pyritized microfossils.

cies groups used the following criteria:

¢ D = dominant (>90% of palynomorphs).

*

*

*

A = abundant (>50%-90% of palynomorphs).
C = common (>10%-50% of palynomorphs).
F = few (1%—10% of palynomorphs).
R = rare (<1% of palynomorphs).

BR = barren to rare (few specimens identified on slide).
B = barren (not present).

Semiquantitative estimates of the abundance of these palynofa-

Volume 382



M.E. Weber et al.

Dinocysts in each sample were identified at genus or species
level. A qualitative indication of their occurrence is given in the ta-
bles of each site chapter:

+ X = present.
¢ XX = common to abundant.

For biostratigraphic and paleoenvironmental purposes, ship-
board analysis of palynomorphs focused primarily on determining
the presence of age-diagnostic dinocyst taxa and characterizing the
palynological assemblage in terms of paleoenvironment. For each
sample, one 22 mm x 40 mm slide was scanned.

Terrestrial sporomorphs identified during these counts were
also quantitatively registered, attributing them to four broad cate-
gories:

« Saccate pollen,

» Nothofagus pollen,
¢ Other pollen, and
» Spores.

Palynomorph preservation was qualitatively classified as one of
the following levels:

+ G = good (little or no evidence of degradation or oxidation).
+ M = moderate (some evidence of degradation or oxidation).
» P = poor (major degradation or oxidation has occurred).

Palynology-based paleoenvironmental analysis

The use of palynomorphs, in particular dinocysts, as paleo-
environmental indicators derives from information on the present-
day global dinocyst distribution published in Zonneveld et al.
(2013). Esper and Zonneveld (2007) and Prebble et al. (2013) pro-
vided detailed ecological indications for dinocysts in the high
southern latitudes. These studies show that dinoflagellate distribu-
tion in the modern ocean is strongly influenced by sea-surface tem-
perature and surface productivity. Because many of the modern
species were apparently extant during the Neogene and Quaternary,
these observations may be used with caution (e.g., De Schepper et
al,, 2011) to infer surface ocean conditions during the Neogene. Pre-
vious investigations of circum-Antarctic Oligocene and Neogene
sedimentary sequences (Hannah et al., 2000 Hannah, 2006; Harland
and Pudsey, 2002; Warny et al., 2009; Houben et al., 2013; Clowes et
al., 2016) predominantly yielded protoperidinioid dinocysts (the
likely cyst of heterotrophic dinoflagellates) generally associated
with a high-productivity sea ice environment. More recent studies
of Oligocene and Miocene sediments from Expedition 318 also re-
vealed the presence of abundant phototrophic dinocysts (Bijl et al.,
2018; Sangiorgi et al., 2018). Based on this framework, the differen-
tial occurrence of taxa is used to reconstruct environmental param-
eters, namely surface water productivity, surface water temperature,
and the presence of sea ice. Other aquatic palynomorphs, in partic-
ular acritarchs and prasinophytes, were used to obtain information
on meltwater input/water stratification. Terrestrial miospores can
indicate environment and vegetation on adjacent land. Whether the
pollen and spores are reworked can be carefully determined by the
preservation and color of the miospores. Various factors such as
burial depth and geological age contribute to their thermal matura-
tion, and palynomorphs reflect the amount of heating by exine
(wall) color changes from light yellow through orange, red-brown,
and dark brown to black.
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Planktonic and benthic foraminifers

Given our southern high latitude location, the subantarctic
zonal scheme of Berggren (1992; ODP Leg 120, Kerguelen Plateau)
and austral temperate zonal scheme of Jenkins (1993) were utilized
with ages updated to the GTS2012, as well as planktonic foraminifer
biostratigraphic datums from Crundwell et al. (2016). Planktonic
foraminifer chronology is less applicable at the Scotia Sea sites be-
cause of the frequent absence or low abundance of foraminiferal
species in the sediments. In addition, high-latitude foraminiferal as-
semblages typically contain low-diversity and long-ranging species
that are of limited biostratigraphic use. Although benthic foramini-
fers provide limited biostratigraphic age constraints, the occurrence
of benthic foraminifers was noted, and most common species were
identified.

Planktonic and benthic foraminifer methodology

A 20 cm?® core catcher sample was used for shipboard identifica-
tion of planktonic and benthic foraminifers. The sediment was
soaked in reverse osmosis (RO) water, disaggregated and washed
over a 63 um sieve, and dried in an oven at ~45°C. When necessary,
several different methods were used for disaggregation of consoli-
dated sediments, including soaking for as long as 3 h in 15% hydro-
gen peroxide and dilute Borax solution. Well-indurated samples
were subjected to drying and rewetting to break up the sample. The
sieves were ultrasonicated and rinsed with RO water between suc-
cessive samples. Foraminifer species were identified from the >63
um fraction using a Zeiss Discovery V8 binocular light microscope.
Photomicrographs were taken using a SPOT Idea digital camera
and uploaded to the LIMS database. The abundance of planktonic
foraminifers as a group relative to the total sieved residue was cate-
gorized as follows:

¢ A = abundant (>50%).

¢ C = common (25%—50%).

o F = frequent (10%—25%).

¢ R = rare (<5% of the residue).

« B = barren (no specimens in sample).

Benthic foraminifer species abundances were recorded as fol-
lows:

+ D = dominant (>50% of total assemblage).

+ A = abundant (10%—50% of total assemblage).
« C=common (1%-10% of total assemblage).

o F = frequent (0.1%—1% of total assemblage).

» R =rare (<0.1% of total assemblage).

¢ B = barren (no specimens observed).

Foraminifer dissolution was categorized as follows:

o L = low (dissolution effects are rare).
¢ M = moderate (dissolution damage is common).
« H = high (a high degree of dissolution).

Foraminifer fragmentation was categorized as follows:

» L = low (fragmentation is observed in a minority of specimens).

+ M = moderate (partially broken tests or fragments are com-
mon).

« H = high (fragments are more common than whole tests).
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Marine sedimentary ancient DNA sampling

The shipboard program for marine sedimentary aDNA sam-
pling included collecting samples and applying chemical tracers to
assess potential core contamination. Most sample preparation and
analyses will be conducted on shore at the special facilities of the
Australian Centre for Ancient DNA (ACAD), Adelaide. The overar-
ching aim of this aDNA research is to characterize marine eukary-
otic paleocommunities over time, focusing on the Holocene and
providing a biological perspective to the scientific objectives of Ex-
pedition 382. This aim will be achieved by applying a metagenomics
approach after DNA has been extracted from the collected samples,
with bioinformatics pipelines specifically designed to achieve au-
thentic aDNA results through vigorous QC.

Sampling for marine sedimentary aDNA was conducted imme-
diately after core recovery on sediments acquired using piston cor-
ing (APC system) at Sites U1534, U1536, U1537, and U1538 (Table
T5) to prevent DNA degradation due to sediment exposure to oxy-
gen, elevated temperatures, and/or irradiation. Sampling followed
either the catwalk sampling or high-resolution sampling procedures
described below.

Catwalk sampling

Throughout aDNA sampling on the catwalk, personal protec-
tive equipment (PPE) (lab coat, face mask, head cover [hairnet or
beanie], safety goggles, and two pairs of disposable gloves) were
worn by the analyst and technicians, and the outer pair of gloves
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was changed immediately if they were contaminated with any sedi-
ment material. Upon arrival of the core on the catwalk, core liners
were wiped clean twice with a bleached paper towel (3% bleach) at
each cutting point at which aDNA was anticipated to be sampled.
The core cutters were cleaned prior to each cut (3% bleach followed
by 80% ethanol). The first ~3 mm of surface material from the bot-
tom of each sampled section was removed using clean scrapers
prior to sampling (~4 cm wide; bleach and ethanol treated). A cylin-
drical sample was taken from the center of the core using a sterile
(autoclaved) 10 mL cut-tip syringe, providing ~5 cm? of sediment
material. The syringe was placed in a sterile plastic bag (Whirl-Pak)
and immediately frozen at —80°C. The mudline (sediment/seawater
interface) was transferred from the core liner into a clean (bleached)
bucket, and a sample (10 mL in a sterile 15 mL centrifuge tube) was
retained and frozen at —80°C. This sample is anticipated to provide
an overview about recent communities.

Samples were collected at various depth intervals depending on
the site to span the Holocene (according to our preliminary bio-
stratigraphic and physical property age estimates). Additional sam-
ples were collected from the bottom section of deeper cores (until
the APC system was changed to the XCB system) to investigate the
age to which aDNA is preserved in the sediments (Table T5). Three
additional samples were collected from Core 382-U1534C-1H to
test for the presence of aDNA after the core had been split and ex-
posed to irradiation (X-ray and gamma irradiation from shipboard
instruments) (Table T5). Also, Samples 1H-CC through 3H-CC

Table T5. Samples collected for marine sedimentary ancient DNA, Expedition 382. T = top, B = bottom, — = no sample taken. Download table in CSV format.

Hole, core, section Catwalk sampling

Working half sampling

382-
U1534B-1H Mudline sample; Section 1 (T, B); Sections 2—4 (B)
U1534B-2H, 3H, 4H, 5H Sections 2, 4, 6 (B)
U1534B-10H Core (B)
U1534B 3 air controls, 1 drilling fluid control
U1534D-1H-1 —
U1534D-1H-2 through 1H-6 —
U1534D-1H-7 —
U1534D —
U1536B-1H Mudline sample; Section 1 (T, B); Section 3 (B)

U1536B-2H through 6H
U1536B-7H through 12H,20H  Sections 2, 5, or 6 (B); or Sections 2, 6 (B) (11H)
U1536B 1 air control, 1 drilling fluid control
U1536C-1H-1 —

U1536C-1H-2 through 1H-6 —

U1536C-2H-1 through 2H-4 —

Every section (B)

U1536C-2H-5 —
U1536C-2H-6 —
U1536C-2H-7 —

U1536C —
U1537A-10H-CC —

U1537A —
U1537C-1H Section 1 (T, B); Sections 2, 3 (B)
U1537C-2H Section 3 (B)

U1538C 1 air control, 1 drilling fluid control
U1538C-1H Mudline; Section 1 (T, B)
U1538C-2H Sections 1-6 (B)

U1538C-3H Sections 2, 4 (B)

U1538C-4H Sections 1-3 (B)

U1538C-5H Sections 2,4, 5 (B)

U1538C-6F Sections 1,2 (B)

U1538C-7H Sections 1-6 (B)

U1538C-8H Sections 1-3 (B)

U1538C-10H Section 5 (B)

U1538D-14H Sections 1,5 (B)

U1538D 1 air control, 1 drilling fluid control

Sections 1-3 (B; postsplit and postirradiation exposure)

5 cm intervals from 0 to 10 cm, 20 cm intervals from 20 ¢cm to bottom of section
50 cm intervals from 20 cm

25cm

1 air control, 1 drilling fluid control

0 ¢cm, then 50 cm intervals from 20 cm

50 cm intervals from 20 cm

50 cm intervals from 20 cm

30,90,130cm

20,50,70cm

30cm

1 air control, 2 laboratory swab controls, 1 drilling fluid control
Organic fossil

Tap water control
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(three samples) were sieved under sterile conditions (under a
bleach- and ethanol-cleaned laminar flow hood with bleach- and
ethanol-treated tools and wearing the same PPE described above)
through 63 and 20 pum sieves (as routinely applied to microfossil
analyses). A sample of each fraction (~2 mL), including the flow
through, was transferred to a sterile 15 mL centrifuge tube and fro-
zen at —80°C. Microscope slides for each size fraction were prepared
to analyze diatoms, radiolarians, and foraminifers. These size-frac-
tioned samples will provide information on the source of aDNA
preservation in marine sediments.

High-resolution working-half sampling

Cores selected for high-resolution sampling were sectioned us-
ing the same decontamination procedures described above for
cores sampled on the catwalk. Prior to slicing, all working surfaces,
the core liners, and cutting wires were decontaminated using bleach
and ethanol while wearing PPE (gloves, hairnet, lab coat, safety gog-
gles, and face mask) at all times. The sections were split into halves
from bottom to top.

Subsampling was undertaken wearing the same PPE with two
pairs of gloves, and the outer pair was changed immediately if con-
taminated with any sediment material. To remove any contamina-
tion potentially introduced through the cutting procedure, the
surface layer (~3 mm) of the working half was scraped off perpen-
dicular to the length of the core at each anticipated sampling depth
using bleach- and ethanol-treated metal scrapers. A plunge sample
was taken using a sterile 15 mL centrifugation tube (~3 c¢cm?). The
outside of the plunge sample tube was cleaned with a paper towel,
and the tube was closed, placed in a sterile plastic bag, and stored at
-80°C. In most instances, the top, middle, and bottom of each sec-
tion were sampled (Table T5).

Contamination control

After sampling for aDNA from each hole, at least one air control
was taken on the catwalk or in the core splitting room to test for
potential airborne contamination (Table T5). For this control, an
empty syringe (catwalk sampling) or opened centrifuge tube (work-
ing-half sampling) was held for a few seconds in the sampling area
and then transferred into a sterile bag and frozen just like the sam-
ples. Additionally, laboratory swabs were collected in the core split-
ting room to further test for potential contamination from
laboratory working surfaces. The controls will be processed and an-
alyzed alongside the sediment samples to account for potential con-
tamination.

Piston coring unavoidably involves pumping seawater (drilling
fluid) into the borehole; therefore, seawater is a significant source of
sediment core contamination by modern DNA. However, of all the
coring systems available, this type of coring is the least susceptible
to contamination (House et al., 2003; Lever et al., 2006), which was
one of the reasons for limiting our aDNA sampling to cores ac-
quired by the APC system. To assess potential contamination, we
added the chemical tracer perfluoromethyl decaline (PFMD) to the
drilling fluid at a rate of ~0.55 mL/min for cores collected at Sites
U1534 and U1536 (Smith et al., 2000). Because PFMD concentra-
tions were below the detection limit, the infusion rate was doubled
prior to aDNA sampling at Sites U1537 and U1538 (to ensure low
PFMD concentrations represent low contamination rather than de-
livery failure of PFMD to the core). PFMD is smaller than our ex-
pected aDNA fragments (=25 base pairs); however, it is currently
the best-suited commonly available contamination tracer because
others are either extremely volatile (e.g., perfluoromethylcyclohex-
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ane [PFMCH]; MacLeod et al.,, 2017) or much bigger than DNA
fragments (e.g., particulate fluorescent microspheres; 0.5-1 mm)
and thus either difficult to measure or not informative. The tracer is
delivered with the drilling fluid into the borehole and to the core;
thus, sampling of sediments at the core periphery compared to the
center provides a measure of whether the tracer-infused drilling
fluid reached the core pipe and the core center at the tested depth.
We tested sediment samples from the periphery of the core by
transferring ~3 cm? of sediment using a disposable, autoclaved 5 mL
cut-tip syringe into a 20 mL headspace vial with metal caps and Tef-
lon seals prior to any scraping/cleaning of surface sediments. The
sample from the center was collected in the same way after scraping
and right next to the location of the aDNA sample to minimize dif-
ferences between material tested for aDNA and chemical tracers.
During catwalk sampling, samples were collected from the same
depths at which aDNA was sampled. During high-resolution sam-
pling, PEMD samples were collected in the middle of each section
(usually ~69-70 cm unless the section was shorter than 1.5 m).
Samples were analyzed using a Hewlett-Packard (HP) 6890 gas
chromatograph (GC) with an electron capture detector (HP
G1223A) using an injection volume of 2500 pL, a fill speed of 100
uL/s, a 500 ms pre- and postinjection delay, a 10 s flush time, an in-
cubation and syringe temperature of 70°C, and an incubation time
of 10 min (total GC run time = 60 min) (MacLeod et al., 2017). The
oven temperature program included a 3 min equilibration, a maxi-
mum temperature set to 260°C, an increase from an initial 50°C (6
min) in 15°C steps until reaching a final temperature of 200°C (21.5
min), and then a decrease to 100°C (total run time = 37.5 min). The
front inlet was used in “splitless” mode with an initial pressure of
28.1 psi and a total flow of 36.6 mL/min, a gas saver flow of 20.0
mL/min, and a saver time of 2.00 min, using helium. The front de-
tector was set to a constant makeup flow (20 mL/min) using nitro-
gen as makeup gas type and without applying temperature. A
capillary column with the following parameters was used: maxi-
mum temperature = 260°C, nominal length = 50.0 m, nominal di-
ameter = 530.00 um, nominal film thickness = 10.00 pum, constant
flow mode, initial flow = 33.8 mL/min, nominal initial pressure =
28.1 psi, average velocity = 142 cm/s, inlet at front, front detector as
outlet, and ambient outlet pressure. The GC was calibrated using 5,
10, 15, and 20 ng/pL PFMD (adapted from IODP Expedition 376).
The retention time of PFMD was 30 min, and that of other perfluo-
rocarbon tracers (PFTs) (~10% of our PFT mixture) was 21.6 min.
In addition to the sediment samples, we also collected a sample
of the tracer-infused drilling fluid by filling a sterile plastic bottle
with the fluid directly from the injection pipe on the rig floor (wear-
ing gloves). Approximately 10 mL of the drilling fluid was trans-
ferred to a 15 mL centrifuge tube, placed in a sterile plastic bag, and
stored at —80°C. The drilling fluid samples will be processed and an-
alyzed in the same way as the sediment samples. Any organisms de-
tected in both sediments and drilling fluid after sequencing and
data filtering will be carefully investigated and interpreted and then
either removed from our analysis (subtractive filtering) or pro-
cessed using bioinformatic software designed to differentiate sam-
ples and controls based on community structure (Davis et al., 2018).

Calcareous nannofossils

Slides for calcareous nannofossil analysis were generated as
needed. Smear slides were made following the procedure for dia-
toms (above). Identification followed Burns (1975), van Heck
(1981), and Wise (1983).
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Paleomagnetism

Paleomagnetic investigations during Expedition 382 focused on
measuring the natural remanent magnetization (NRM) and alter-
nating field (AF) demagnetization of the NRM on archive-half sec-
tions. In general, we used low peak fields (<20 mT) to remove the
drill string overprint and identify a direction of the characteristic
remanence that can be matched to the magnetic polarity intervals of
the geomagnetic polarity timescale (GPTS) (Gradstein et al., 2012).
Low AF values were selected to balance the competing goals of
timely core processing, identifying/removing any drilling over-
prints, and preserving the NRM for high-resolution measurements
using U-channel samples.

Discrete cube samples (~7 cm?) were taken from most working-
half sections recovered from the first hole at each site, avoiding sec-
tions and intervals that were visually disturbed. These cubes were
supplemented by select intervals from additional holes at each site
to complete coverage. All cube samples were measured and sub-
jected to low peak fields (5, 10, 15, and in some cases 20 mT) to re-
move the drill string overprint. Detailed AF demagnetization of the
NRM (up to 50 mT), rock magnetic properties, and magnetic fabric
were investigated using a subset of the discrete samples to evaluate
the fidelity of the archive-half measurements and assess the feasibil-
ity of shore-based studies (e.g., environmental magnetism and rela-
tive paleointensity).

Preoperations instrumentation tests

Prior to the start of coring operations, we used test samples to
cross-check sample coordinate schemes on the superconducting
rock magnetometer (SRM; see Coordinates), AGICO JR-6A spin-
ner magnetometer, and AGICO KLY 4S Kappabridge. This test also
allowed us to ensure that both the SRM and JR-6A yielded similar
directional and intensity data. To do this, we measured a standard
sample used for the JR-6A with a remanence vector directed along
the +z-axis and a nominal magnetization of 8.13 A/m on both in-
struments. The magnetization measured by the SRM was 8.0 A/m
with a declination of 11.3° and an inclination of 88.2°, whereas the
magnetization measured by the JR-6A (after calibration with an-
other standard with a magnetization of 7.62 A/m) was 7.92 A/m
with a declination of 276.6° and an inclination of 88.2°. The angular
difference between the two measurements is therefore 2.7°. The dif-
ference between intensity values was within 1%. We conclude that
the two magnetometers are comparable.

We noted an issue with the discrete sample orientation settings
during these initial tests; the direction of the magnetic vector re-
ported following rotations performed for many of the cube orienta-
tions by the SRM software did not match the expected magnetic
vector of the sample. In collaboration with the shipboard technical
staff, we ultimately discovered that this issue was the result of an
incorrect calibration constant for the Y superconducting quantum
interference device (SQUID) in the SRM software. This error im-
pacted the data collected at Sites U1534 and U1535 but was cor-
rected before starting measurements for Site U1536. Data presented
in figures in the Expedition reports section of the Expedition 382
Proceedings of the International Ocean Discovery Program volume
and data to be archived in the Magnetics Information Consortium
(MaglIC) database (http://earthref.org/MagIC) have been cor-
rected for this issue. Data archived in the LIMS database are the pri-
mary measurements as reported by the magnetometer. To correct
these data, the magnetic moment measured on the Y SQUID should
be multiplied by -1.
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Two AF demagnetizers were on board: a DTECH D-2000 and
the in-line 2G AF demagnetizer. To compare their performance, we
used two samples taken from a test core. First we measured the ar-
chive half of the test core on the SRM. Then we took discrete sam-
ples collected with side-by-side Natsuhara-Giken (“Japanese”)
cubes using the same depth interval. One of these was collected
with the Japanese extruder tube made for use with these cubes, and
the other we collected by gently pushing a cube into the split face of
the core. Although the up arrows are the same for both, the azimuth
of the x-directions are antipodal. To account for that, we affixed a
sticker with a hatched arrow on the stratigraphic top of the cube
with the arrow pointing in the direction of the double line on the
core barrel and the hatches pointing toward +y (see Coordinates).
The NRM of the two cubes was then measured on the JR-6A and on
the SRM in discrete sample mode (working half; top-away). The re-
manence vectors of the two cubes were within ~4° of each other, but
the data were consistently shallower on the SRM than the JR-6A by
a couple of degrees. The NRM of the two test cubes was demagne-
tized at 5 mT increments up to 80 mT using the SRM in-line AF
coils. We observed incremental demagnetization with increasing
AF steps and no indication of acquisition of a magnetization at any
peak AF, suggesting no bias field related to imperfect shielding near
the AF coils (Figure F12A).

Following demagnetization of the NRM, the samples were de-
magnetized using a 100 mT peak AF. An anhysteretic remanent
magnetization (ARM) was then imparted using a 100 mT peak AF
and a 50 pT biasing field. We measured the ARM and demagnetized
itat 5 mT increments to 80 mT using the SRM. This procedure was
repeated using the JR-6A and demagnetizing with the DTECH D-
2000 at 10 mT increments to 60 mT. In this test, SRM intensities
were lower than equivalent steps measured on the JR-6A although
no systematic linear relationship could be determined. The offset
could be related to slightly lower peak AFs generated by the SRM in-
line AF system relative to the DTECH D-2000 and/or the previously
observed lower intensities reported by the SRM (Figure F12B-
F12D).

Core collection and orientation

Cores were collected using nonmagnetic core barrels for the
APC, HLAPC, and RCB coring systems. These nonmagnetic core
barrels are more brittle than standard core barrels and cannot be
used in conjunction with the XCB system (see Drilling operations).
The BHA included a Monel (nonmagnetic) drill collar that was used
for all APC and XCB cores. This collar is required when the Icefield
MI-5 core orientation tool is used, but it was used for all APC/XCB
holes during Expedition 382 because it can potentially reduce the
magnetic field near where the core is cut and in the core barrel.

The Icefield MI-5 tool can only be used with (full-length) APC
core barrels. It uses three orthogonally mounted fluxgate magne-
tometers to record the orientation of the magnetic tool face (MTE),
which is colinear with the double line scribed on the core liner with
respect to magnetic north. The tool declination, inclination, total
magnetic field, and temperature are recorded internally at a regular
interval until the tool’s memory capacity is filled. For the measure-
ment interval of 10 s used during Expedition 382, the tool can typi-
cally be run for more than a day, but we aimed to switch tools more
frequently than that. Prior to firing the APC, the core barrel is held
stationary (along with the pipe and BHA) for several minutes.
During this time, data are recorded to constrain the core orienta-
tion. When the APC fires, the core barrel is assumed to maintain
the same orientation. An antispiral key keeps the core barrel from
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Figure F12. AF demagnetization of two test discrete samples measured
before Expedition 382. A. AF demagnetization of NRM displaying systematic
demagnetization and no acquisition at high AF steps. B. Comparison of AF
demagnetization of an ARM imparted on samples on SRM and JR-6A.
C. Comparison of intensities measured on SRM and JR-6A at comparable AF
steps. D. Residuals of SRM intensity relative to 1:1 line.
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rotating as it is fired. However, the core may rotate and/or the core
liner can twist as it penetrates the sediments.

The orientation correction that converts the observed declina-
tion (D) to a true declination (D) is given by

Dtrue = Dobs + MTF + Damb'

where MTF is the magnetic tool face angle from the Icefield MI-5
tool and D,,;, is the ambient geomagnetic field declination obtained
from geomagnetic field models. The 2018 International Geomag-
netic Reference Field (IGRF) declination values for the drill sites are
given in Table Té6.

Although polarity stratigraphy at high-latitude sites can gener-
ally be determined using only inclination, which does not require
core orientation, core orientation is useful for geomagnetic studies
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that require the full magnetic vector and for sedimentological stud-
ies that utilize magnetic fabric. Additionally, comparing magnetic
polarity derived from inclination and magnetic polarity derived
from Icefield MI-5 tool—oriented declination can help better under-
stand uncertainties associated with the Icefield MI-5 tool. Assessing
this uncertainty is useful for lower latitude IODP expeditions where
inclination alone cannot be used for polarity stratigraphy.

The field inclination expected from a geocentric axial dipole
(GAD) is quite steep at the latitudes drilled (-74° at the most south-
erly site), so one would expect the Icefield MI-5 tool (which relies on
the horizontal component) to have difficulty orienting the cores.
However, because of the so-called “South Atlantic Anomaly,” the ac-
tual field in this region (according to the 2018 IGRF) is quite a bit
shallower, ranging between approximately —50° and -56° at our
sites. Thus, collecting the Icefield MI-5 tool data was worth at-
tempting.

Ultimately, even after working with IODP technical staff and
communicating with Icefield technical support during Expedition
382, we were unable to derive consistent and meaningful results
from the Icefield MI-5 tools. In some cases, we found apparent sys-
tematic differences between the different tools. After using the tools
to measure controlled fields in the laboratory (see Paleomagne-
tism), we are confident that the tools themselves are faithfully mea-
suring the magnetic field (G. Messé, unpubl. data). Therefore, we
are left with the hypothesis that there must be an anomalous mag-
netic field present during the coring process that prevents the tools
from recording the geomagnetic field at the core site, rendering the
tool incapable of core orientation.

Samples and measurements

Archive sections

Remanence measurements on archive halves and discrete sam-
ples were made using a 2G Enterprises Model-760R-4K SRM
equipped with direct-current SQUIDs (DC-SQUIDs) and an in-line,
automated AF demagnetizer capable of peak fields of 80 mT. The
spatial resolution for archive-half measurements is a function of the
integrated response function (following Acton et al.,, 2017), with ef-
fective lengths of 7.30 cm for the X-axis, 7.30 cm for the Y-axis, and
9.00 cm for the Z-axis. The practical noise level of the SRM is ~2 x
10° Am? and is primarily controlled by the magnetization of the
core liner and the background magnetization of the measurement
tray.

We cleaned the sample tray with deionized water at the begin-
ning of every working shift (approximately every 12 h) or more of-
ten if deemed necessary. The sample tray was then AF
demagnetized with a peak field of 30 mT, and its remanence was
measured using the “section background” routine to update the
background correction values for the empty sample tray.

NRM measurements of the archive halves were made at 5 cm
intervals with a 15 cm trailer and leader to monitor the background
magnetic moment. We measured the initial NRM and the remanent
magnetization remaining after AF demagnetization steps of 10 and
15 mT peak fields, including extra steps (5 or 20 mT) when time per-
mitted.

Discrete samples

We collected one oriented discrete sample per section from the
working half of Hole A at each site and some additional samples
from other holes to fill in gaps as required. We sampled from the
center of each section away from disturbed sediments near the core
liner and at roughly evenly spaced intervals throughout the core,
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Table T6. 2018 International Geomagnetic Reference Field (IGRF) declination, inclination, and total field intensity values and geocentric axial dipole (GAD) incli-
nation values, Expedition 382 sites. Dec = declination, inc = inclination. Download table in CSV format.

Latitude Longitude IGRFdec. IGRFinc. IGRFintensity GADinc.
Site Study area (°) ) () ) (nT) )
U1534 Subantarctic Front -53.1896  -58.7608 4.36 -50.66 29096.86 -69.48
U1535 Subantarctic Front -53.1915  -58.6434 4.28 -50.68 29082.43 -69.49
U1536 Dove Basin -59.4410 -41.0610 358.84 -56.01 30982.52 -73.55
U1537 Dove Basin -59.1108  -40.9062 358.53 -55.95 30760.92 -73.35
U1538 Pirie Basin -57.4421 -43.3578 358.46 -55.14 29953.92 -72.29

modifying the exact location based on lithologic observations or
core disturbance observations. Discrete samples were collected by
pushing plastic Japanese cubes (2 cm external edge length and inter-
nal volume of ~7 cm?®) into working halves with the arrow marker
on the cube pointing toward the stratigraphic up direction. When
the sediment was more indurated, a hollow metal tube was pushed
into the working half and a plunger was used to extrude the sample
into the plastic cube. Care was taken to identify each sampling
method because they result in different orientations of the speci-
men +x- and —x-axes relative to the base and lid of the plastic box
(see Coordinates). An orange sticker was placed on the strati-
graphic top of the cube with a hatched arrow pointing toward the
double line on the outside of the working-half core liner. The
hatches extend in the +y-direction.

All discrete sample cubes were measured and subjected to de-
magnetization up to either 15 or 20 mT. To investigate the AF de-
magnetization behavior of the NRM, a subset of discrete samples
were AF demagnetized and measured on the SRM in 5-10 mT in-
crements from 0 to 50 mT, with the maximum peak field dependent
on sample behavior or the AF level at which the remanence inten-
sity remaining dropped below 10% of the NRM. Starting at Site
U1536, samples were measured three times at each AF demagneti-
zation step, including rotating the cubes to be measured in three
perpendicular directions for peak AFs of 10 mT and above (SRM
software orientations of top-away, top-right, and away-bottom). Be-
cause of the different sampling techniques (pushed or extruded),
care was taken to maintain a consistent orientation of the X-axis
(toward the core’s double line) for these different orientations.

In some cases, the JR-6A and DTECH D-2000 were used for
cube measurements and AF demagnetization. The sample measure-
ment protocol for the JR-6A spinner magnetometer (NRM, ARM,
and isothermal remanent magnetization [IRM]) was as follows. The
instrument was calibrated using the 7.99 A/m cube standard with
an 8 cm® volume. A holder correction was determined by measuring
an empty cube inside the rotating specimen holder. Data acquisition
settings were as follows:

» Holder = automatic (sample is automatically rotated around 3
mutually perpendicular axes).

« Specimen type = cube.

¢ Acquisition time = normal.

o Speed of rotation = low (16.7 rev/s) to avoid deforming water-
rich sediment.

¢ Specimen volume = 7 cm? for Japanese cubes.

« Orientation parameters P1-P4 = 12, 0, 12, and 0, respectively
(see Coordinates).

« Azimuth and dip = 0 and 90, respectively (see Coordinates).

The orientation parameters P1-P4, azimuth, and dip allow the
AGICO software to convert the declination and inclination mea-

I0ODP Proceedings

25

sured in the specimen coordinate system to geographic declination
and inclination, which are the data reported in this volume.

We initially used the JR-6A to implement a gyroremanent mag-
netization (GRM) protocol at Site U1534 in intervals where we sus-
pected the presence of iron sulfide greigite. The GRM protocol
(after Stephenson, 1993) was applied to a subset of cubes in an at-
tempt to separate the GRM from the primary detrital magnetiza-
tion. The GRM protocol consisted of the following sequence of
steps at each AF step:

o Three-axis AF demagnetization in the +x-, +y-, and —z-direc-
tions with the DTECH D-2000 followed by measurement using
the JR-6A.

« Single-axis AF demagnetization in the —x-direction with the
DTECH D-2000 followed by measurement using the JR-6A.

« Single-axis AF demagnetization in the —y-direction with the
DTECH D-2000 followed by measurement using the JR-6A.

The three measurements were then averaged to yield a GRM-
free vector. This protocol was later replaced by the three-position
measurement scheme on the SRM as described above.

Rock-magnetic analyses

Discrete samples were analyzed for bulk MS and anisotropy of
magnetic susceptibility (AMS) using a KLY 4S Kappabridge. AMS
characterizes the orientation of the paramagnetic (mainly phyllo-
silicates) and ferromagnetic minerals in sediments and can be inter-
preted in terms of depositional processes (e.g., Rees and Woodall,
1975; Ellwood, 1980; Taira, 1989; Schwehr and Tauxe, 2003). Set-
tling of particles produces an oblate magnetic fabric with the mini-
mum susceptibility clustered around the pole of the depositional
plane. Ideally, the maximum and intermediate susceptibility axes
are uniformly dispersed, defining a planar, near horizontal, gravity-
induced settling fabric. The magnetic fabric of sediments deposited
by flowing water is typified by current-oriented magnetic foliation
that can be either horizontal or tilted (imbricated) and/or by clus-
tering of the maximum susceptibility parallel to the flow direction.
Disturbance by slumping or other deformation generally yields tri-
axial fabrics. We used the Hext (1963) method to assess the degree
and type of anisotropy at the specimen level and the bootstrap
method to estimate confidence bounds on AMS eigenparameters
for multiple specimens (Constable and Tauxe, 1990; Tauxe, 2010).

For AMS measurements, the KLY 4S Kappabridge was cali-
brated prior to each session using the AGICO cylindrical standard,
which has maximum susceptibility along the axis of the cylinder and
minimum susceptibility in the transverse direction. Each analysis
consists of measuring the specimen in three orientations while it is
rotated within the applied field (Figure F13). The final step is a bulk
susceptibility measurement.

Additional rock magnetic investigations were used to character-
ize the remanence carriers of a subset of samples selected to be rep-
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Figure F13. Orientation of discrete cubes in KLY 4S Kappabridge during AMS
measurement, Expedition 382.
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resentative of a range of recovered lithologies and variations
observed during NRM investigation. ARMs were imparted using a
peak AF of 100 mT, a decay rate of 0.005 mT/half-cycle, and a direct
current (DC) bias field of 0.05 mT along the sample’s Y-direction us-
ing the DTECH D-2000. ARM samples were oriented using the top-
away orientation setting in the SRM software. IRM was imparted
using a range of DC fields in an ASC Scientific Model IM-10 im-
pulse magnetizer. IRM was imparted along the sample Y-axis with
the orange sticker’s arrow positioned on top of the cube and point-
ing to the right in the instrument. AF demagnetization of these lab-
oratory magnetizations was used to investigate the coercivity of the
remanence carriers.

ARM is commonly used to estimate the presence of fine-grained
(~0.03-0.1 pum), stable single domain (SSD) magnetite, whereas
IRM acquisition at 100 mT is more sensitive to the occurrence of
coarse-grained (>0.1 pm) multidomain (MD) magnetite (King et al.,
1982; Frederichs et al., 1999). Thus, assuming a consistent magnetic
mineralogy, the ARM/IRM, .1 ratio traces the grain size variation
of magnetite downcore. Contributions of high-coercivity minerals
(hematite + goethite) can be investigated by the difference between
a “saturating” IRM imparted at 1000 mT and a subsequent “back-
field” IRM imparted by a —300 mT field, which should only reflect
the contribution of remanence carriers with coercivities >300 mT.
This method can be used to track the relative contribution of high-
coercivity minerals using the S-ratio (IRM_3pomr/IRMggomr) OF the
concentration of the high-coercivity minerals as a hard IRM
(HIRM) (e.g., Liu et al., 2012):

HIRM = 0.5 x (IRMg00mr + IRM._300m17)-

Coordinates

All magnetic data are reported relative to IODP orientation con-
ventions: +x points into the face of the working half (toward the
double line), +y points toward the left side of the working half when
looking downcore, and +z is downcore. The relationship between
the SRM coordinates (X, Y, and Z) and the sample coordinates (x, y,
and z) is +X = +x, +Y = +y, and +Z = —z for archive halves and +X =
-x, +Y = —y, and +Z = -z for working halves (Figure F14). Note that
the orientation of the SRM axes form a left-handed coordinate sys-
tem that is converted to a right-handed system in the IMS software
by multiplying the calibration constant for the y-axis by -1.

Discrete sample labeling is shown in Figure F15. Positioning in
the SRM and the JR-6A spinner magnetometer depends on the col-
lection method used (extruder or push-in) to account for the 180°
difference in the x-axis relative to the base and lid of the cube. For
the SRM, we used the face = top and arrow = away settings when
placing the upcore arrow (-z) pointing away from the SRM entry
and the x arrow pointing down (Figure F16). Starting at Site U1536,
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Figure F14. Coordinate systems used for archive and working halves, coordi-
nate system used for SRM (SQUID) on JOIDES Resolution, and orientation of
discrete cube samples collected from working halves, Expedition 382.
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Figure F15. Coordinate system for samples collected using extruder and
push-in methods, Expedition 382. For both methods, sticker with hatched
arrow is placed on stratigraphic top of sample box with hatched arrow
pointing toward double line on core liner (+x-direction).
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Figure F16. Extruder and push-in sample orientations during discrete sam-
ple measurement on SRM using top-away setting in SRM software, Expedi-
tion 382.
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discrete samples were also measured following peak AF demagneti-
zation at 10 mT and above using the face = top and arrow = right
settings and the face = away and arrow = bottom settings and rotat-
ing the cube as indicated by the SRM software. For the JR-6A, we
used the azimuth = 0, dip =90, P1 =12,P2=0,P3=12,and P4 =0
settings with the —z arrow pointing to the northwest and the x ar-
row pointing away from the user (into the holder) (Figure F17).

Editing of archive measurements for coring
disturbance

Sediment disturbance due to coring or geological processes
(slumping, faulting, etc.) often leads to distorted and unreliable
paleomagnetic directional records and largely altered sediment fab-
ric. The paleomagnetic data were therefore filtered to remove these
intervals. Editing of the archive-half measurements was automated
using Jupyter notebooks. These data were systematically filtered:

+ We deleted all measurements within 10 cm of the section ends
to remove the edge effect inherent in all pass-through measure-
ment systems such as the SRM.

We deleted all measurements in the upper 80 cm of Section 1 of
all APC and HLAPC cores because they are the most susceptible
to the accumulation of fall-in material during coring. Addition-
ally, the strong vertical drilling overprint in these intervals often
appeared to be more difficult to remove.

We deleted all data from intervals that were assigned the “high”
drilling disturbance intensity code entered during visual core
description (see Lithostratigraphy) to remove data in intervals
affected by coring-induced disturbance such as fall-in and flow-
in. The site chapters include the DESClogik tables that record
these intervals (the tables are also available in DESC_WKB in
Supplementary material).

*

*

We next inspected core composite photographs and X-radio-
graphs for evidence of coring or sedimentary disturbance. We found
the new shipboard XRI to be the most useful tool for identifying
cored intervals suitable for magnetostratigraphic interpretation
through the assessment of sediment composition, character of the
deposit, and coring deformation. Observations of these X-ray im-
ages were carefully documented and used to filter the paleo-
magnetic data.

Core composite photographs were used to remove water-rich
“soupy” intervals and intervals in which the core liner is not com-
pletely full (Figure F18A). Soupy intervals are also apparent in the
X-radiographs as very light gray, structureless intervals with abun-
dant bubbles and high concentrations of gravel and pebbles (Figure
F18B). Beginning with Site U1536, X-radiographs for all APC and
HLAPC sections were used to identify additional features that
might adversely affect the NRM but may not be readily apparent
during visual description (e.g., large dropstones beneath the core
surface or centimeter-scale deformation of the sediment that would
not be considered “highly disturbed” in a macroscopic sense but is
sufficient to disrupt the microfabric of the NRM). Such features
could lead to false identification of geomagnetic excursions. X-ra-
diographs and paleomagnetic data were collected from the archive
halves, so features observed in X-radiographs are directly relevant
to paleomagnetic data.

Shipboard processing of X-radiographs rendered high-density
discrete objects such as dropstones with low (black) grayscale val-
ues and low-density objects such as air bubbles and water pockets
with high (light gray to white) values. Negative features such as
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Figure F17. Extruder and push-in sample orientations during discrete sam-
ple measurements on JR-6A, Expedition 382.

Extruder

voids, imprints where large rocks were removed from the sediment
or dragged by the cutting wire, and measurement probe and sam-
pling tool scars where sediment is compressed or removed manifest
as both high and low grayscale values. We therefore identified and
defined disturbances using a combination of grayscale values, fea-
ture shape, structural characteristics of the sediment, and overall
context of core handling and processing during Expedition 382. Ex-
amples of features identified in the core photographs and X-radio-
graphs are shown in Figure F18.

We use the term “uparching” to describe convex-upward layers
(after Jutzeler et al., 2014). These structures result from upward suc-
tion of originally horizontal layers during piston coring. Figure
F18C illustrates minor uparching for which the top of the convex
layer is <1 cm above the base of the layer. Intervals with minor up-
arching were retained in the NRM data because cube sampling from
minimally disturbed centers of the working halves allowed us to as-
sess the fidelity of archive-half measurements in such cases (Acton
et al,, 2002). The light-colored circular features in Figure F18C are
the footprints of the MSP sensor on the SHMSL where it comes in
contact with the split-core face. The measurement of one archive
half both before and after SHMSL analysis indicated that these foot-
prints do not adversely affect the NRM.

Figure F18D illustrates severe uparching in which the tops of
the convex layers are stretched 3 cm higher than their bases. Figure
F18E illustrates asymmetric uparching in which the peak of convex-
ity is offset from the center line of the core face. Layers on the right-
hand side of the image are steeply inclined to near vertical, which
distorts and biases both declination and inclination measurements.
In both cases, there is no segment of a stratigraphic horizon where a
paleomagnetic cube or U-channel could recover undisturbed sedi-
ment. Figure F18F illustrates a vertical fabric associated with flow-
in in which upward suction and liquefaction is so extreme that the
original stratigraphy is completely destroyed (McCoy, 1985; Buckley
et al, 1994). Flow-in was logged during visual core description
when macroscopic features such as diapirs were clearly present, but
it is difficult to detect such features in a homogeneous single litho-
logy that lacks sedimentary structures to monitor (e.g., laminations,
Buckley et al., 1994). In these cases, X-radiographs and computed
tomography scanning allowed the detection of deformation-related
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Figure F18. Identified features, Holes U1536A, U1536B, and U1538A. Scales are in centimeters. A, B. Soupy interval. Millimeter- to centimeter-scale black fea-
tures in B are granules and dropstones. C. Uparching of <1 cm. These intervals were retained in paleomagnetic data. D. Severe uparching. Tops of bowed layers
are 3 cm higher than bases of layers. E. Asymmetric uparching. F. Vertical fabric. Round white features are inferred to be air bubbles and/or water pockets in
water-rich sediment. (Continued on next page.)

382-U1536A-8H-1 382-U1536A-8H-1, 42 cm

- g

Soupy (core photograph) Soupy (x-radiograph) Up-arching ;

382-U1536A-37F-2, 90 cm 382-U1536A-28F-1, 66 cm 382-U1536A-2H-1, 30 cm
g i il N

o

Severe up-arching Asymmetric up-arching Vertical fabric

structures that are not easily recognizable from the core face de- were present; e.g., a pod of biosiliceous material encased in a

scription alone (e.g., Walczak et al., 2017). Intervals of >2 c¢cm up- clay-rich matrix; Figure F18]). These features resemble RCB bis-

arching, all intervals of asymmetric uparching, and all intervals with cuits in X-radiographs.

vertical fabrics were removed from the NRM data set. « Single large dropstones or clusters of dropstones spanning a >1
Other types of deformation or interference removed from the cm interval that coincided with an NRM measurement position

NRM data set include the following: (i.e., offsets of 0, 5, 10 cm, etc.) (Figure F18K).

-

Intervals in which a large dropstone was dragged several centi-
meters by the core splitting wire that manifest in X-radiographs
as a vertical feature with boundaries tangential to the dropstone
and extending several centimeters to several tens of centimeters
above and/or below the dropstone (Figure F18K).

Cracks and voids spanning a >1 cm interval and coinciding with
an NRM measurement position.

Foreign objects in the sediment (e.g., shear pins, pieces of cut-
ting wire, and core splitting blades). Where possible, these ob-

« Soft-sediment deformation (e.g., an upper layer sagging down-

ward into the underlying layer; Figure F18G).

Faulted sections of sediment (Figure F18H) in which >1 cm of

displacement occurs along the fault.

Folds that resemble anticlines or synclines (Figure F18I), includ-

ing recumbent folds (horizontal hinge planes) in slumped inter-

vals.

» “APC sediment pods” in which a pod or clot of material is en-
cased in the surrounding matrix (observed when two lithologies

*

*
-

-
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Figure F18 (continued). G. Soft-sediment deformation. H. Inclined layers cut by normal fault. I. Wavy layers. J. Two APC sediment pods. K. Dropstone. Vertical
lines from 52 to 58 cm delineate drag mark created when dropstone was pulled by core splitting wire. Narrow feature from 55 to 56 cm is a crack between two
pieces of stiff sediment. L. Syringe scar at top of core section sampled for microbiology/DNA. M. Concentric ring structures propagating into core at gas pres-

sure release drill holes.

382-U1536A-9H-1, 90 cm

[ < ,
Soft-sediment deformation
382-U1536A-16H-7, 54 cm

o

APC sediment pods Dropstone drag

jects were physically removed from the sediment core prior to
measurement on the SRM, but processed X-rays typically were
not yet available before it was time to measure archive halves on
the SRM.

An additional feature observed in X-rays but not filtered from
the NRM data set was concentric ring structures around drill holes
in the sides of core liners (Figure F18M). Small holes were drilled
along the sides of core lines prior to splitting in instances where
bulging end caps and liners indicated the buildup of exsolved gases
as the cores warmed up to room temperature. Upon splitting the
cores, we observed expansion cracks. Concentric ring structures
observed in X-rays suggest that sediment moves during the release
of gas pressure. However, we chose to retain data in these intervals
because we could not distinguish between the effects of the expan-
sion cracks, weakly magnetized lithologies, and drill holes, which
often occurred together. In some instances, there appeared to be
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382-U1536A-46F-1, 78 cm

Faulted and inclined layers

29

382-U1536A-43F-4, 6 cm

Folds

382-U1538A-5H-5, 6 cm 382-U1538A-21H-4, 30 cm

m [\

e

Syringe scar Gas pressure release

shallowing of inclinations at the horizon of the drill hole. In other
instances, we observed both expansion cracks and concentric ring
structures, and inclinations remained consistent with intact sedi-
ment in the surrounding horizons and consistent with those ex-
pected at our site latitude.

‘We also note that filtering 10 cm from the ends of each core sec-
tion also served to remove intervals of sediment disturbed by the
insertion of the temperature probe into the top of each section prior
to commencing physical property measurements of whole rounds
and “syringe scars” where a syringe was inserted into a section end
to extract sediment for headspace gas measurements or microbiol-
ogy/aDNA analysis (Figure F18L). The tables used to edit data
based on X-ray images are included in the Paleomagnetism section
of the chapters for Sites U1536-U1538. X-ray images were not
logged for Sites U1534 and U1535 on the ship but will be completed
postcruise.

Volume 382



M.E. Weber et al.

Magnetostratigraphy

Magnetic polarity zones were assigned based on changes in in-
clination after 15 mT peak AF demagnetization. After a polarity
stratigraphy was established for a given hole, we correlated the pat-
tern with the GPTS of the GTS2012 (Gradstein et al., 2012), sum-
marized in Table T7. Correlation to the GPTS was informed by
discussions with the shipboard biostratigraphy team when needed.
The GTS2012 includes orbitally tuned reversals between Chron
C1n and the base of Subchron C5r.2n (0-11.657 Ma) and between
the base of Chron C5ABn and Subchron C5Bn.1n (13.608-15.215
Ma). The intervals between Subchron C5r.2n and Chron C5ABn
and between Chrons C5Bn and C6Cn (11.657-13.608 and 15.215—
23.030 Ma, respectively) are calibrated by spline fitting of marine
magnetic anomaly profiles following Lourens et al. (2004) and
Hilgen et al. (2012). We follow the chron terminology of Gradstein
et al. (2012) listed in Table T7. Since the development of the
GTS2012, improvements have been made to the intercalibration of
the GPTS and the Pleistocene benthic §'80 timescale (e.g., Channell
et al,, 2016) that should be considered for future orbital resolution
chronostratigraphic work. Additionally, improved intercalibration
of Pliocene—Pleistocene diatom datums and the GPTS should also
be considered (Tauxe et al., 2012).

Table T7. Geomagnetic polarity timescale used during Expedition 382.
* = Integrated Ocean Drilling Program Site U1308 (Channell et al., 2016), t =
LRO4 (Lisiecki and Raymo, 2005). Age estimates from 2012 geologic time-
scale (GTS2012; Gradstein et al., 2012). Relative stratigraphic intervals associ-
ated with &0 marine isotope stage (MIS) timescale based on direct
paleomagnetic and benthic 6’0 from Site U1308 and estimates from glob-
ally distributed benthic §'80 records used in the LR04 benthic isotope stack.
Download table in CSV format.

Site
GTS2012  GTS2012  GTS2012  U1308/LR0O4
topage baseage duration baseage MIS

Chron (Ma) (Ma) (My) stage
C1n (Brunhes)* 0 0.781 0.781 19
C1r.1r (Matuyama)* 0.781 0.988 0.207 27
C1r.1n (Jaramillo)* 0.988 1.072 0.084 31
Clr.2r* 1.072 1173 0.101 35
C1r.2n (Cobb Mountain)* 1173 1.185 0.012 36
Clr3r* 1.185 1.778 0.593 63
C2n (Olduvai)* 1.778 1.945 0.167 73
Crar* 1.945 2.128 0.183 80
C2r.1n (Reunion)* 2.128 2.148 0.02 81
Cr.2r* 2.148 2.581 0.433 104
C2An.1n* 2.581 3.032 0.451 G21
C2An.1r (Kaena)* 3.032 3.116 0.084 K2
C2An.2n* 3.116 3.207 0.091 KMé6
C2An.2r (Mammoth)* 3.207 3.33 0.123 MG1
C2An.3n (Gauss)* 333 3.596 0.266 MG12
C2Ar (Gilbert)* 3.596 4.187 0.591 Gi27
C3n.1n (Cochiti)t 4.187 4.3 0.113 Co4
C3n.1rt 43 4493 0.193 N1
C3n.2n (Nunivak)* 4.493 4.631 0.138 N9
C3n.2rt 4.631 4.799 0.168 Si2
C3n.3n (Sidufjall)t 4.799 4.896 0.097 Si6
C3n3rt 4.896 4.997 0.101 T1
C3n.4n (Thvera)* 4.997 5.235 0.238 TG2
C3r (Gilbert) 5.235 6.033 0.798
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Geochemistry

A multitude of organic and inorganic geochemical parameters,
outlined below, were determined on JOIDES Resolution during Ex-
pedition 382 following JOIDES Resolution standard procedures, in-
cluding headspace gas content (hydrocarbons), IW composition,
and bulk sediment geochemical parameters. Furthermore, some I'W
samples will be shipped for further shore-based geochemical analy-
ses.

Volatile hydrocarbons

For safety and pollution prevention, concentrations and distri-
bution of light hydrocarbon gases, mainly methane (C,), ethane
(C,), and propane (Cs), were monitored upon retrieval of each core
as part of the routine IODP shipboard hydrocarbon monitoring
program. The standard method used was headspace sampling as de-
scribed by Kvenvolden and McDonald (1986). On deck, one sedi-
ment plug (~5 cm?®) was collected from Hole A at each site for
headspace gas analyses immediately after retrieval on deck using a
brass boring tool. The sample was placed in a 21.5 cm? glass serum
vial that was sealed with an aluminum crimp cap fitted with a Teflon
septum. Additional samples were collected from other holes when
depths surpassed those previously drilled. Headspace samples were
collected from the top of a section from the middle of the core im-
mediately adjacent to the IW sample when possible. Each vial was
labeled with the core, section, and interval the sample was taken
from. Before gas analyses, the vial was heated to 70°C for ~35 min to
evolve hydrocarbon gases from the sediment plug. When consoli-
dated or lithified samples were encountered, chips of rock (equaling
5 cm?) were arranged in the headspace vial, which was sealed and
processed as explained above.

To detect and quantify light hydrocarbons, including methane
(C,), ethane (C,), ethylene (C,_), propane (Cs), and propylene (C;_),
samples were extracted from the sealed sample vial using the sep-
tum with a gas-tight glass syringe and injected into and analyzed by
an Agilent/HP 6890 Series II GC equipped with a 2.4 m x 2.00 mm
stainless steel column packed with 80/100 mesh HayeSep “R” and a
flame ionization detector set to 250°C. Samples were introduced
into the GC through a 0.25 cm? sample loop connected to the Valco
valve. The valve can be switched automatically to back flush the col-
umn. The GC oven temperature was programmed to start at 80°C
for 8.25 min, increase to 150°C for 5 min at a rate of 40°C/min, and
then return to 100°C postrun for a total of 15 min. Helium was used
as a gas carrier. Initial helium flow in the column was 30 mL/min.
Flow was then ramped to 60 mL/min after 8.25 min to accelerate
elution of C; and C,_. The total run time was 15 min. The GC was
also equipped with an electronic pressure control module to moni-
tor the overall flow into the GC. Data were collected and evaluated
using the Agilent Chemstation software (2001-2006), and the chro-
matographic response was calibrated against different preanalyzed
gas standards with variable quantities of low—molecular weight hy-
drocarbons, as stipulated by Scott Specialty Gases (Air Liquide).
Concentrations of hydrocarbon gases are reported in parts per mil-
lion by volume (ppmv).
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Interstitial water chemistry

IW samples for shipboard determination of salinity, alkalinity,
pH, phosphate, and ammonium, as well as major and trace elemen-
tal concentrations, were processed by squeezing 5-10 cm whole-
round sections cut from cores immediately after core retrieval.
Whole-round samples were usually collected at a frequency of one
sample per core (<100 mbsf) or every third core (>120 mbsf) to the
bottom of the site, except for Site U1538. For Site U1538, we col-
lected samples at a frequency of one sample per core (<222 mbsf),
every two cores (222—300 mbsf), or every third core (<300 mbsf) to
the bottom of the site. Sampling frequency was reduced by half
when using the HLAPC system or when cutting half cores with ro-
tary coring systems. Sufficient quantities of IW for shipboard and
planned shore-based analyses were collected for every targeted site
during Expedition 382. Potentially present drilling fluid residues on
the exterior of the whole-round sample were carefully removed with
a spatula to exclusively target uncontaminated sediments. For two
depths at Site U1538, subtle amounts of drilling fluid may have been
recovered. Samples are highlighted in the respective chapter. For
XCB and RCB cores, the intruded drilling mud between biscuits
was also removed to avoid contamination from drilling fluid. After
arrival in the geochemistry laboratory, the cleaned sediment was
transferred into an 8 cm inner diameter titanium squeezer that was
then placed in a thoroughly cleaned Carver hydraulic press (Man-
heim and Sayles, 1974) and squeezed with slowly increasing pres-
sure to a maximum of 25,000 force pounds (1.112 x 10° N). The first
extracted milliliter of solution was discarded to avoid contamina-
tion, and the remaining squeezed IW was collected into a 60 mL de-
ionized water—washed (18 MQ/cm) high-density polyethylene
syringe attached to the squeezing assembly.

The priority list for shipboard analyses and shore-based samples
from IW (from highest to lowest priority) was as follows:

« Salinity (~100 uL) determined by optical refractometry immedi-

ately after squeezing;

pH and alkalinity (~3 mL) via titration also determined immedi-

ately after squeezing;

« Ammonium and phosphate concentrations (~200 pL each)

measured by spectrophotometry;

Selected anions and cations (~100 pL; Na*, K*, Ca?*, Mg*, Cl,

Br-, and SO,*) measured by ion chromatography;

» Major and trace elemental analyses (~2 mL; B, Ba, Ca, Fe, K, Li,
Mg, Mn, Na, S, Si, and Sr) obtained by ICP-AES;

« Shore-based analyses of various trace elements (e.g., rare earth

elements [REEs]) that are below the detection limit of the ship-

board ICP-AES (~3 mL) to be carried out via inductively cou-

pled plasma—mass spectrometry (ICP-MS) at the Helmholtz

Centre for Ocean Research Kiel (Germany);

Shore-based analyses of boron (8''B), silicon (8°°Si), strontium

(87Sr/%¢Sr), and barium (8'¥Ba) isotopic compositions to be car-

ried out at the Helmholtz Centre for Ocean Research Kiel;

« Shore-based analyses of Li isotopes (87Li), Mg isotopes (§*°Mg),

and K isotopes (§*'K) (~1 mL) by multicollector ICP-MS (MC-

ICP-MS) to be carried out at the Korea Basic Science Institute;

and

Shore-based analyses of §'*0, 8D, and §*Cp, ¢ (~2 mL) by ele-

mental analysis—isotope ratio mass spectrometry (EA-IRMS)

and/or cavity ring-down spectroscopy (CRDS) to be carried out

at the Korea Basic Science Institute.

*

*

-

-
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Prior to all above-mentioned analyses, IW was filtered through a
0.45 pum polysulfone disposable filter (Whatman) into one or two 15
mL centrifuge tubes (depending on the amount of IW). After the
assessment of sample volumes available, shore-based samples were
transferred into separate acid-cleaned vials, acidified or pretreated
as required, and stored for shipping. All other shipboard analyses
were carried out in batches if possible/feasible.

Shipboard analysis

IW samples were analyzed on board following the protocols in
Gieskes et al. (1991), Murray et al. (2000), and the IODP user manu-
als for shipboard instrumentation.

Alkalinity, pH, and salinity

I'W alkalinity and pH were measured using a Metrohm auto-
titrator (Model 794 Basic Titrino) equipped with a pH glass elec-
trode and a stirrer (Model 728). pH was obtained from the
LabVIEW alkalinity program provided on the ship. Alkalinity was
measured by titrating 3 mL of solution with 0.1 M HCl to reach an
end point of pH = 4.2. Calibration and standardization for pH and
alkalinity measurements were achieved using the International As-
sociation for the Physical Sciences of the Oceans (IAPSO) seawater
standard, which was analyzed repeatedly throughout the expedi-
tion. Salinity was analyzed with a Fisher Model S66366 refractome-
ter calibrated using 18 MQ Milli-Q grade deionized water to a
precision of 0.5. The IAPSO seawater was measured alongside sam-
ples for data QC.

lon chromatography (selected cations and anions)

Aliquots of IW were diluted at 1:100 with deionized water for
analysis of Na*, K*, Ca?*, Mg, Cl-, Br-, and SO,2~ using a Metrohm
85 Professional ion chromatograph (IC). The IAPSO seawater stan-
dard was used for standardization of measurements. Typical analy-
tical uncertainty based on reproducibility was <5% (2 standard
deviation [SD]) for each ion.

Spectrophotometry (ammonium and phosphate)

Ammonium concentrations were determined by spectrophoto-
metry using an Agilent Technologies Cary Series 100 UV-Vis
spectrophotometer with a sipper sample introduction system fol-
lowing the protocol of Gieskes et al. (1991). Sufficient standards
with a range of ammonium concentrations for calibration purposes
were prepared to allow for the accurate measurement of low to
highly elevated ammonium concentrations such as those seen at
Site U1536 (maximum = 2.78 mM). Because of these high concen-
trations, subsequent runs at Sites U1537 and U1538 were con-
ducted on more highly diluted samples. Replicate standard
concentration measurements carried out at every site confirmed
the accuracy of the obtained results. The solution was kept at room
temperature for ~6.5 h to develop color after the reagents were
added. Ammonium analyses were conducted by phenol diazotiza-
tion and subsequent oxidization by sodium hypochlorite to yield a
blue color measured spectrophotometrically at a wavelength of 640
nm. Ammonium chloride (NH,CI) was used for calibration and
standardization. Analytical uncertainty, assessed via repeated mea-
surements of ammonium chloride standard material, was better
than 4.0%.

Phosphate was measured using the ammonium molybdate
method described in Gieskes et al. (1991) with appropriate dilutions
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based on prior experience. Phosphate concentrations were deter-
mined at an absorbance of 885 nm wavelength ~30 min after adding
the mixed reagent solution. Analytical uncertainty, assessed via re-
peated measurements of a phosphate standard, was better than
2.0%.

Dissolved silica concentrations were measured at selected sites
by reacting samples with ammonium molybdate tetrahydrate solu-
tion acidified with hydrochloric acid to form molybdosilicic acid.
The complex was reduced by adding ascorbic acid to form molyb-
denum blue, which was measured at a wavelength of 812 nm. Solu-
tions of sodium silicofluoride (Na,SiFs) at 360 and 480 puM
concentrations were used as standards with a reproducibility of bet-
ter than 3%.

Inductively coupled plasma-atomic emission spectroscopy

Dissolved major (Ca, K, Mg, and Na) and minor (B, Ba, Fe, Li,
Mn, S, Si, and Sr) elemental concentrations were determined by an
Agilent 5110 inductively coupled plasma—-optical emission spec-
trometer (ICP-OES) with an SPS4 autosampler. Data produced on
the Agilent 5110 ICP-OES were collected in AES mode and are re-
ferred to as “ICP-AES” in the LIMS/LIMS Reports (LORE) database
and in this volume.

I'W samples were diluted 1:10 in 2% HNO; (v/v) and spiked with
an internal standard to correct for drift and atomic and ionic inter-
ferences. In detail, 100 pL of spike solution containing 100 ppm be-
ryllium (Be), indium (In), and scandium (Sc) and 200 ppm antimony
(Sb) was added to 500 uL of IW sample and 4.4 mL of 2% HNO;. For
calibration, serial dilutions of IAPSO standard seawater (0%, 1%,
5%, 10%, 25%, 50%, 75%, 100%, and 200%) were prepared to cover
IW concentrations smaller than or equal to normal seawater. Addi-
tional calibration solutions for major and minor element concentra-
tions exceeding that of seawater were prepared with 3.5% NaCl as a
matrix. Calibration solutions for B, Ba, Ca, Fe, K, Li, Mg, Mn, B, Si,
and Sr were spiked in the same way as IW samples.

During each ICP-AES batch run, a complete set of in-house and
IAPSO dilutions was analyzed at the beginning and the end, brack-
eting sample analyses. Known solutions of in-house standards were
analyzed every 8—10 samples to monitor instrumental drift, and the
IAPSO standard was analyzed at a similar frequency to monitor ac-
curacy. The elemental concentrations reported for each sample
were average values from three replicate integrations for each sam-
ple. Reproducibility was typically better than 5% for all elements
and mostly around 1%-3%. A few trace elements such as Co, Ni, or
Sc that reproduced less well are only displayed for general informa-
tion in the respective tables and not discussed in individual chap-
ters.

Comparability between ICP-AES and IC concentrations for IW
samples

Reproducibility between the shipboard ICP-AES and IC ap-
proaches was assessed for elements run via both approaches (i.e.,
Ca, Mg, K, Na, and S/SO,?"). For most IW samples, the IC data are
in good agreement with the ICP-AES results. Reproducibility be-
tween the IC and ICP-AES analyses was typically better than 10%
for K and Na and better than 15% for Ca and Mg. Total S (ICP-AES)
and SO,? (IC) from the I'W samples for all sites were also in very
good agreement, with reproducibility between the two techniques
typically better than 10%. Respective concentrations only differed
for samples close to the detection limit, for which only IC concen-
trations were used after an additional calibration for low-concentra-
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tion SO, samples. For consistency, only ICP-AES Ca, Mg, Na, and
K concentration data are shown in the figures in the individual site
chapters. Exceptions are the chapters for Sites U1537 and U1538,
where IC Na and K concentration data are shown in the respective
figures.

Sediment major and minor elemental analysis by ICP-AES

Major (Al Ca, Fe, K, Mg, Mn, Na, Si, and Ti) and several minor
(Ba, Sr, and Zr) elemental concentrations were determined by an
Agilent 5110 ICP-OES in AES mode with an SPS4 autosampler fol-
lowing the methods outlined in Murray et al. (2000). Because bulk
sediment analyses require reliable QC because of the unwanted in-
troduction of sample handling artifacts, five sediment reference ma-
terials were included alongside the sedimentary analyses (BCR-2,
BHVO-2, BCS-CRM 393, PACS-3, and MESS-4). Results for indi-
vidual standards are reported in Table T8.

Approximately 100 mg of homogenized ground sediment sam-
ple or reference material was weighed (100 + 0.5 mg) on the Cahn
C-31 microbalance and placed in a vial containing 400 mg of pre-
weighed lithium metaborate (LiBO,), aiming for a sample flux ratio
of 1:4. Following homogenization of sample and flux powders, the
mixture was poured into a Pt-Au crucible and 10 pL of 0.172 M LiBr
was added to prevent the cooled bead from sticking to the crucible.
Each sample was fused individually at 1050°C for ~12 min in an in-
ternal-rotating induction furnace (Bead Sampler NT-2100) and
subsequently left to cool to form a bead. At room temperature, the
bead was dissolved in 50 mL trace metal grade 10% HNO; (dilution
factor 1:500) in acid-washed high-density polypropylene Nalgene
wide-mouth bottles. These bottles were subsequently agitated on a
Burrell wrist-action bottle shaker for 1.5 h. Aliquots (500 pL) of the
filtered solution were mixed with 4.4 mL 2% HNO; and 100 uL of a
spike solution containing 100 ppm Be, In, and Sc and 200 ppm Sb.
Samples were then measured analogously to the I'W samples. Sedi-
mentary standards processed in this manner reproduced all ele-
mental concentrations typically better than 5% (2 SD) and mostly
around 1%-3%, which was almost as precisely as the IW samples.
Reproducibility (1 relative standard deviation [RSD]) for all major
and trace elements as determined during 21 repeat measurements
on rock standard material MESS-4 is displayed at the bottom of Ta-
ble T8. Various trace element concentrations falling closer to the
detection limit of the ICP-AES (e.g., Co, Cu, and Ni) shown in Table
T8 produced less well but are shown for completeness.

Sedimentary inorganic and organic carbon,
nitrogen, and carbonate content

Sediment samples (~5 cm? each) were collected from the work-
ing-half cores following identification of major lithologies by sedi-
mentologists for shipboard bulk sediment analyses. Each sample
was freeze-dried for ~12 h, crushed to a fine powder using a sol-
vent-cleaned agate pestle and mortar, and sampled for the individ-
ual analyses.

Total carbon (TC), total sulfur (TS), and total nitrogen (TN)
contents of the sediment samples were determined with a Thermo-
Electron Corporation FlashEA 1112 CHNS elemental analyzer
equipped with a ThermoElectron packed column CHNS/NCS GC
and a thermal conductivity detector (TCD). Approximately 15 mg
of freeze-dried ground sediment was weighed in a tin cup, and the
sample was combusted at 950°C in a stream of O,. Nitrogen oxides
were reduced to N,, and the mixture of N, and CO, gases were sep-
arated by the GC and measured by the TCD. All measurements
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Table T8. ICP-AES calibration and standards, Expedition 382. * = inductively coupled plasma-atomic emission spectroscopy (ICP-AES) measured result. RSD =
relative standard deviation. (Continued on next two pages.) Download table in CSV format.

Date of analysis Runnumber AlLO, 1RSD Ba 1RSD CaO 1RSD Co 1RSD Cr 1RSD Cu 1RSD Fe,0; 1RSD
Standard (2019) insequence  (Wt%)* (%) (ppm)* (%)  (Wt%)* (%) (ppm)* (%) (ppm)* (%)  (ppm)* (%)  (Wt%)* (%)
BCR-2 #2 Run 1-13 May 30 1386 0.83 680 137 785 240 353 6.70 10.7 13.24 18.0 17.04 13.95 2.84
BCR-2#2 Run 2 - 14 May 67 1385 1.18 660 1.72 797 182 369 755 197 241 128 1423  13.69 0.38
BCS-CRM 393 #2 Run 1-13 May 66 0.13 14.31 49 16.85 5433 047 0.1 2584.23 -4.7 94.79 20 50.58 0.01 174.05
BCS-CRM393#2  Run2- 14 May 52 0.13 497 45 3744 5506 038 1.6 57.46 51 39.03 6.7 47.88 0.04 91.12
BHVO-2 #2 Run 1-13 May 78 13.77 066 126 1.34 1234 0.88 41.2 595 2576 3.10 1117 2.99 12.40 0.70
BHVO-2 #2 Run 2 - 14 May 82 1348 033 122 338 1228 029 426 244 2656 086 1132 1.04 1215 1.12
PAC-3 #2 Run 1-13 May 42 12.31 0.57 834 1.74 288 222 1.7 10.99 89.0 527 386.1 1.91 5.77 1.99
PACS-3 #2 Run 2 - 14 May 21 1218 152 818  0.07 285 266 144 723 933 349 3539 203 5.69 1.04
MESS-4 #2 Run 1-13 May 54 1495 023 913 2.05 212 494 13.0 11.94 86.5 2.64 333 1096 5.44 1.91
MESS-4 #2 Run 2 - 14 May 37 1486 041 918 081 214 220 151 18.11 87.8 3.02 37.1 8.67 5.27 122
MESS-4 CHK Run 1-13 May 8 1526 116 936 137 209 3.62 83 23.27 943  2.04 28.9 7.90 543 1.29
MESS-4 CHK Run 1-13 May 20 1523 059 949 1.67 201 054 113 938 963 585 303 13.88 5.57 1.19
MESS-4 CHK Run 1-13 May 32 1540 0.97 942 0.84 206 6.28 1.1 21.47 90.7 339 311 1277 5.47 1.98
MESS-4 CHK Run 1-13 May 44 1511 134 959 085 210 133 113 1476 906 0.28 294 1191 5.49 1.66
MESS-4 CHK Run 1-13 May 56 1512 091 945 1.09 2.11 2.30 9.9 30.80 86.9 1.75 29.6 7.36 5.50 1.64
MESS-4 CHK Run 1-13 May 68 1511 070 948 1.91 214 142 8.8 3459 900 1.14 30.1 8.87 5.51 0.52
MESS-4 CHK Run 1-13 May 80 15.14 0.68 943 0.34 208 241 121 28.82 884 267 28.9 3.72 5.48 3.26
MESS-4 CHK Run 1-13 May 92 1515 052 944 076 211 362 107 1445 894 370 29.7 195 5.48 1.16
MESS-4 CHK Run 1-13 May 104 1524 110 936 2.02 209 0.50 11.4 30.99 90.3 1.88 28.8 4.50 5.52 1.1
MESS-4 CHK Run 1-13 May 116 1513  1.07 943 033 213 287 111 2812 887 687 303 11.66 5.48 0.39
MESS-4 CHK Run 1-13 May 128 1520 0.23 937 1.31 214 426 13.1 44.58 904 036 30.5 333 5.52 1.14
MESS-4 CHK Run 2 - 14 May 8 1521 0.80 948 1.75 2.09 521 11.5 1450 973 356 378 7.00 5.55 1.41
MESS-4 CHK Run 2 - 14 May 23 1542 1.04 955 0.86 215 3.05 14.3 33.21 929 2.08 34.2 8.12 5.50 3.08
MESS-4 CHK Run 2 - 14 May 39 1532 025 941 1.61 215 460 124 1546 973 357 383 163 5.44 0.53
MESS-4 CHK Run 2 - 14 May 54 1532 156 942 1.46 209 194 15.2 17.28 955 283 36.4 747 5.42 2.04
MESS-4 CHK Run 2 - 14 May 69 1520 1.08 947 1.82 215 375 8.2 3833 932 214 358 417 5.51 2.59
MESS-4 CHK Run 2 - 14 May 84 1543 118 945 1.27 220 3.29 14.2 17.15 96.7 1.29 38.6 7.7 5.49 2.55
MESS-4 CHK Run 2 - 14 May 98 1549 0.04 952 1.10 222 161 12.8 17.99 928 149 353 4.03 5.37 0.50
MESS-4 CHK Run 2 - 14 May 114 1530 0.76 960 1.09 216 127 13.0 9.67 93.0 1.93 36.6 4.89 5.46 3.49
Average elemental concentrations for all MESS-4  15.22 943 212 11.8 91.9 329 5.47
standards:
1 RSD for all MESS-4 standards (N=21):  0.15 1.3 0.047 2.01 343 3.59 0.065
1 RSD for all MESS-4 standards (%): 1.0 1.2 2.2 17.0 37 10.9 1.2

were calibrated to the National Institute of Standards and Technol-
ogy (NIST) 2704 Buffalo River Sediment standard material, which
was analyzed every 10 samples.

Inorganic and organic carbon contents

Inorganic carbon concentrations were determined using a UIC
5011 CO, coulometer. Approximately 5 mg of freeze-dried ground
sediment was weighed and reacted with 2 M HCl. The liberated
CO, was titrated, and the end point was determined by a photo-
detector cell. Calcium carbonate content (CaCO,;) expressed as
weight percent was calculated from the inorganic carbon content,
assuming that all evolved CO, was derived from dissolution of
CaCO;, by using the following equation:

CaCO; (Wt%) = inorganic carbon x 8.33 (wt%).

Standard CaCO; (>99.9% CaCO,; Fisher Scientific) was used
during individual batches of analyses to confirm accuracy and in-
strument performance before, during, and after each session (target
reproducibility is better than 2%). No correction was made for the
presence of other carbonate minerals.
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Total organic carbon (TOC) content was calculated as the dif-
ference between TC and inorganic carbon:

TOC (wt%) = TC (wt%) — inorganic carbon (wt%).

Rhizon interstitial water

Rhizon IW samples were taken following the IW sampling
guidelines from Andrén et al. (2015) and Dickens et al. (2007). The
samples were collected at a 20 cm resolution for the uppermost 3 m
and at a 50 cm resolution from 3 to 8 mbsf. Around 4 mm wide
holes were drilled in the untouched portions of the cores, Rhizon
soil moisture samplers (Rhizosphere Research Products, Wagenin-
gen, The Netherlands) with 0.15 um pore size and a porous length
of 10 cm were inserted, and IW was collected by creating a vacuum
in a connected 12 mL syringe. One aliquot of each IW sample was
filled in 5 mL polypropylene (PP) tubes and conditioned with 2%
HNO,, acidified with nitric acid to pH <2, and stored at 4°C. Shore-
based analyses of 80, 8D, 8'*Cp, Li isotopes (87Li), Mg isotopes
(6%*Mg), and K isotopes (§*'K) by MC-ICP-MS (~1 mL) will be car-
ried out at the Korea Basic Science Institute for all collected sam-
ples.
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Table T8 (continued). (Continued on next page.)

Date of analysis  Run number  K,O 1RSD La 1TRSD MgO 1RSD MnO 1RSD Na,0O 1RSD Ni 1RSD P,0; 1RSD
Standard (2019) in sequence  (wt%)* (%) (ppm)* (%) (Wt%)* (%)  (Wt%)* (%) (Wt%)* (%) (ppm)* (%) (Wt%)* (%)
BCR-2 #2 Run 1-13 May 30 1.78 041 271 6.63 3.66 1.67 0.20 259 323 1.44 6.80 50.39 038 2.76
BCR-2 #2 Run 2 - 14 May 67 1.84 096 248 411 361 244 0.19 123 327 133 9.17 96.37 032 4.50
BCS-CRM 393 #2 Run 1-13 May 66 0.00 1092.74 13 31496 0.14 0.83 0.01 1.29 -0.07 0.29 1.76  560.67 0.00 127.66
BCS-CRM 393 #2  Run 2-14 May 52 0.05 25.74 1.5 27712 0.5 1.79  0.01 1.61  0.01 3.27 -1.91 12725 0.00 19.02
BHVO-2 #2 Run 1-13 May 78 0.49 261 15.6 9.07 7.7 1.98 0.7 0.91 221 115  101.07 1026  0.29 0.93
BHVO-2 #2 Run 2 - 14 May 82 0.54 1.02 150 405 7.21 064 0.16 113 221 1.37 98.26 774 0.24 3.93
PAC-3 #2 Run 1-13 May 42 1.41 1.97 180 6.29 237 136 0.06 129 461 0.70 41.09 3128 0.23 3.50
PACS-3 #2 Run 2 - 14 May 21 1.45 1.24 151 5.04 233 139  0.05 165 4.62 2.66 33.55 2935 0.21 8.24
MESS-4 #2 Run 1-13 May 54 291 111 345 583 256 268 0.04 2.04 1.71 0.69 38.55 22.07 0.27 3.65
MESS-4 #2 Run 2 - 14 May 37 2.93 039 3741 181 256 027 004 067 173 1.17 47.00 6.45 0.22 3.09
MESS-4 CHK Run 1-13 May 8 2.99 1.02 355 231 264 1.31 0.04 0.95 1.75 1.50 38.44 1893 0.25 6.95
MESS-4 CHK Run 1-13 May 20 2.95 095 372 265 262 143 004 228 176 2.19 45.99 28.76 0.26 3.35
MESS-4 CHK Run 1-13 May 32 297 132 380 562 260 0.50 0.04 1.65 1.77 0.99 36.23 3149 0.28 3.53
MESS-4 CHK Run 1-13 May 44 2.92 1.80 36.6 250 262 113 0.04 122 171 212 49.29 1044 0.28 3.76
MESS-4 CHK Run 1-13 May 56 293 1.29 371 446 2.59 1.64 0.04 0.08 1.73 2.52 46.56 873 0.27 3.22
MESS-4 CHK Run 1-13 May 68 2.92 196 37.7 6.24 261 247  0.04 1.07 174 0.63 48.54 19.13  0.26 8.41
MESS-4 CHK Run 1-13 May 80 2.94 1.24 36.2 193 259 213 0.04 1.07 1.73 0.98 41.78 53.63 0.28 4.21
MESS-4 CHK Run 1-13 May 92 291 0.78 382 342 262 202 004 068 174 1.56 41.78 36.01 0.27 7.61
MESS-4 CHK Run 1-13 May 104 297 061 38.1 249 258 1.91 0.04 0.49 1.76 1.37 55.31 1208 0.28 3.44
MESS-4 CHK Run 1-13 May 116 2.92 152 377 509 255 185 004 082 176 2.35 38.13 63.27 0.28 0.78
MESS-4 CHK Run 1-13 May 128 295 094 383 030 257 239 0.04 1.62 1.77 1.23 38.87 2248 0.27 4.40
MESS-4 CHK Run 2 - 14 May 8 2.98 033 383 192 260 200 004 084 1.80 1.45 41.75 11.34  0.26 3.64
MESS-4 CHK Run 2 - 14 May 23 3.01 082 374 216 262 134 0.04 1.74 1.81 0.63 48.89 1149 0.24 3.07
MESS-4 CHK Run 2 - 14 May 39 3.00 051 363 412 259 126 004 093 1.80 0.47 56.92 8.08 0.23 5.97
MESS-4 CHK Run 2 - 14 May 54 3.00 192 372 411 257 1.97 0.04 1.59 1.82 2,67 51.22 1938 0.23 2.90
MESS-4 CHK Run 2 - 14 May 69 2.96 111 366 1.94 258 1.26  0.04 130 1.80 1.43 45.85 1418 0.23 1.81
MESS-4 CHK Run 2 - 14 May 84 3.03 131 376 130 261 117  0.04 1.95 1.82 3.02 45.63 2831 0.22 4.37
MESS-4 CHK Run 2 - 14 May 98 3.03 091 376 0.75 2.63 1.58 004 075 1.81 0.70 4235 4180 022 4.28
MESS-4 CHK Run 2 - 14 May 114 3.00 111 364 119 263 0.58 0.04 1.35 1.79 0.18 39.72 5356 0.22 345
Average elemental concentrations for all MESS-4  2.96 37.1 2.60 0.038 1.77 44.7 0.25
standards:
1 RSD for all MESS-4 standards (N=21): 0.039 0.97 0.026 0.001 0.036 571 0.024
1 RSD for all MESS-4 standards (%): 1.3 2.6 1.0 1.8 2.0 12.8 9.3
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Table T8 (continued).
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Date of analysis  Run number SiO, 1RSD Sr 1RSD TiO, 1RSD \Y 1RSD Y 1RSD  Zn 1RSD Zr 1RSD

Standard (2019) insequence (Wt%)* (%) (ppm)* (%) (Wt%)* (%) (ppm)* (%) (ppm)* (%) (ppm)* (%)  (ppm)* (%)
BCR-2 #2 Run 1-13 May 30 635 079 355 065 234 0.67 423 192 362 330 145 11.57 192 3.39
BCR-2 #2 Run 2 - 14 May 67 64.5 1.10 358 1.90 234 1.51 414 2.02 354 182 183 54.87 180 0.95
BCS-CRM 393 #2  Run1-13 May 66 08 1.09 155 1.10  0.01 8.49 6 83.15 28 2495 5 37.23 3 10.23
BCS-CRM 393 #2 Run 2 - 14 May 52 0.8 1.06 154 0.99 0.01 9.77 12 30.89 26 1.41 1 327.29 3 54.21
BHVO-2 #2 Run 1-13 May 78 57.7 046 406 2.31 2.79 223 328 1.59 253 0.86 96 577 168 0.88
BHVO-2 #2 Run 2 - 14 May 82 576 057 409 079 277 090 312 1.40 24.6 144 102 6.11 165 0.74
PAC-3 #2 Run 1-13 May 42 654 054 276 1.70 073 1.02 127 4,94 17.9 046 377 203 14 1.48
PACS-3 #2 Run 2 - 14 May 21 65.8 1.65 269 026 071 0.75 116 2.20 174 226 398 277 133 0.26
MESS-4 #2 Run 1-13 May 54 709 0.28 140 044 0.64 0.73 200 200 239 336 138 288 128 1.97
MESS-4 #2 Run 2 - 14 May 37 712 058 140 0.91 0.64 0.71 192 2.72 232 248 136 3.05 122 2.56
MESS-4 CHK Run 1-13 May 8 618 1.25 140 1.31 0.64 0.76 205 1.53 244 247 146 282 1M 1.42
MESS-4 CHK Run 1-13 May 20 613 028 142 0.21 0.64 0.19 210 417 24.9 450 142 396 145 2.76
MESS-4 CHK Run 1-13 May 32 61.7 074 142 130 0.64 191 207 1.70 248 360 137 214 144 1.68
MESS-4 CHK Run 1-13 May 44 60.6 1.37 142 0.57 0.64 1.07 209 1.61 25.0 3.74 139 0.84 145 1.18
MESS-4 CHK Run 1-13 May 56 609 1.14 140 065 0.64 048 207 113 245 313 139 410 141 1.24
MESS-4 CHK Run 1-13 May 68 605 0.84 143 1.15  0.65 136 205 3.29 25.1 0.74 147 229 142 1.34
MESS-4 CHK Run 1-13 May 80 608 076 143 053 0.65 0.80 202 125 243 258 132 497 141 2.03
MESS-4 CHK Run 1-13 May 92 608 0.19 142 135 065 0.38 205 4.05 247 238 137 458 143 2.15
MESS-4 CHK Run 1-13 May 104 613 125 141 143 064 1.04 207 045 244 213 139 289 142 0.67
MESS-4 CHK Run 1-13 May 116 60.5 1.20 141 1.05 0.64 124 208 0.38 24.5 217 134 1.84 142 2.18
MESS-4 CHK Run 1-13 May 128 60.8 062 142 141 0.64 137 210 417 252 140 136 156 142 2.06
MESS-4 CHK Run 2 - 14 May 8 62.4 1.10 139 044 0.64 1.09 203 347 241 0.74 148 1.22 140 0.56
MESS-4 CHK Run 2 - 14 May 23 628 080 143 0.14 0.64 040 198 456 244 1.84 144 245 138 1.27
MESS-4 CHK Run 2 - 14 May 39 624 0.06 143 1.31 0.64 1.20 195 1.14 243 224 145 242 138 0.80
MESS-4 CHK Run 2 - 14 May 54 62.1 1.64 141 1.09 064 090 202 232 242 1.1 141 141 140 0.78
MESS-4 CHK Run 2 - 14 May 69 62.0 1.00 143 030 0.64 099 198 2.82 24.2 3.03 140 3.68 138 1.35
MESS-4 CHK Run 2 - 14 May 84 629 086 145 122 065 222 202 203 247 483 144 285 140 0.80
MESS-4 CHK Run 2 - 14 May 98 632 0.13 143 046 0.64 0.85 200 1.34 243 3.13 141 054 138 1.78
MESS-4 CHK Run 2 - 14 May 114 62.1 057 144 0.88 0.65 062 199 1.1 243 364 14 1.21 139 0.96

Average elemental concentrations for all MESS-4  62.5 142 0.64 203 244 140 139

standards:
1RSD for all MESS-4 standards (N =21):  2.95 1.46 0.004 49 0.45 4.2 54
1 RSD for all MESS-4 standards (%): 4.7 1.0 0.7 24 1.8 3.0 3.9
P hys ical prope rties gies differ slightly and are explained in detail for each

During Expedition 382, physical property measurements were
made for lithostratigraphic characterization and stratigraphic cor-
relation and to tie core descriptions to downhole data and the main
seismic discontinuities. Physical property data were key to generat-
ing high-resolution and continuous data sets for hole-to-hole and
site-to-site stratigraphic correlation, detecting discontinuities and
inhomogeneities, obtaining information about differences in the
composition and texture of sediment, identifying major seismic dis-
continuities, and constructing synthetic seismic profiles. The ther-
mal conductivity of the recovered material was also measured and
combined with downhole temperature measurements to estimate
geothermal heat flow. Different techniques and methods were used
to characterize Expedition 382 cores on whole-round, split section-
half, and discrete samples.

General sampling and measurement sequence

Cores measuring ~9.5 m in length were collected and then split
into 1.5 m sections (see Drilling operations and Core handling
and analysis). A core with ~100% recovery thus yields six 1.5 m sec-
tions plus an additional shorter seventh section. The resolution of
physical property measurements made during Expedition 382 was
site dependent and was established to complete the core analyses
without impacting workflow in the different laboratories.

Different measuring procedures were considered for soft sedi-
ments versus semilithified and lithified sediments. The methodolo-
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instrument/property below. Whole-round core sections were equil-
ibrated to ambient room temperature (~19°-22°C) for at least 4 h to
ensure thermal and barometric homogeneity and minimize any ef-
fects of changing conditions on the physical property measure-
ments, especially for P-wave velocity, as well as to protect sensors
from damage. An exception was made for a few cores, noted in the
site chapters, so that their physical properties could be measured
before time-sensitive sampling took place.

Prior to splitting, whole-round sections were analyzed with
three whole-round physical property core logging systems: the
WRMSL, the NGRL, and the thermal conductivity instrument
(when possible). Previous IODP expeditions used the Special Task
Multisensor Logger (STMSL), but for Expedition 382 this track was
replaced by the new shipboard 2-D XRI (see Lithostratigraphy for
details). The WRMSL includes a GRA bulk densitometer, a loop
magnetic susceptibility (MSL) sensor, and a compressional PWL.
All whole-round sections from all holes were measured at a 1 or 2.5
cm resolution on the WRMSL depending on the site and hole. A
consistent and unbroken contact between the sediments and core
liner is required to make accurate and realistic measurements with
the PWL. This contact was generally found to be good when using
the APC and HLAPC systems; however, PWL data quality tended to
decrease with depth, and good contact was not observed for cores
recovered with the XCB and RCB systems. These cores are typically
characterized by gaps between recovered material and the core liner
because the cored material has a smaller diameter than the APC,
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leading to unrealistic measurements outside of the expected veloc-
ity range (1400-4500 m/s). Therefore, the PWL was not activated
for cores collected using the XCB and RCB systems.

All whole-round sections from all holes were also run on the
NGRL to collect spectral gamma ray data at a 10 cm resolution. Fol-
lowing NGR measurements, thermal conductivity was measured on
at least one whole-round section per core (when possible). A needle
probe was inserted into the section through a small hole drilled
along the split line of the plastic core liner near the central part of
the section. When the needle did not provide measurements or for
lithified sediments, the measurements were conducted using a con-
tact probe (see Thermal conductivity measurements).

After all whole-round measurements were completed, core sec-
tions were split longitudinally. One half was designated as an ar-
chive section; the other half was designated as a working section for
sampling and physical property purposes. Archive halves were used
for measuring MS, color reflectance, and colorimetry with the
SHMSL, a Bartington probe, and an Ocean Optics spectrophoto-
meter, respectively, at a 1, 2, or 2.5 cm resolution depending on the
site and hole. Working halves underwent P-wave velocity measure-
ments using the P-wave x-axis caliper on the Section Half Measure-
ment Gantry (SHMG). Measurements were made at a resolution of
generally three per core. Discrete samples were also taken for MAD
measurements (typically approximately three per core or more) to
quantify wet and dry mass, wet and dry bulk density, water content,
porosity, and grain density using the MADMax software. The goal
of the MAD sampling distribution was to obtain an unbiased repre-
sentation of all the different lithologies at various depths through-
out the entire hole.

When all sediment core descriptions were finalized, the archive
halves were taken back to the physical property laboratory, where
X-ray imaging was performed to determine the internal structure
(such as the presence of iceberg-rafted detritus, bioturbation,
slumping, coring disturbance, etc.) of the sediment cores.

Detailed descriptions of methodologies and procedures can be
found in Blum (1997) and Weber et al. (1997) as well as shipboard
user guides available online. An overview of the sampling strategies
for physical properties during Expedition 382 can be found in Table
T9. Detailed procedures for each physical property measurement
are described below.

Whole-Round Multisensor Logger measurements

The WRMSL (Figure F19) is a logging system for GRA densi-
tometry, MS, and compressional P-wave velocity. The selected sam-
pling intervals in the WRMSL were common denominators of the
distances between the participating sensors (30—50 c¢m) to allow se-
quential and simultaneous measurements.

WRMSL measurements were applied to all whole-round core
sections during Expedition 382. Before measuring, the cores were
equilibrated at room temperature, except for the first cores that
were used for stratigraphic correlation purposes and were run on
the WRMSL as soon they entered the laboratory and then measured
a second time after temperature equilibration. To optimize the mea-
surement procedure and provide consistency, sampling intervals
and measurement times were the same for all sensors on each in-
strument. In this way, all sensors measured simultaneously and idle
periods were avoided. A sampling resolution of 1 and 2.5 cm de-
pending on the site and hole was considered appropriate for strati-
graphic correlation and integration with seismic profiles and
allowed efficient core flow. After measurements were finalized for
the last section of the core, a deionized water standard was run
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Table T9. Typical physical property sampling strategy, Expedition 382.
WRMSL = Whole-Round Multisensor Logger, NGR = natural gamma radia-
tion, SHMG = Section Half Measurement Gantry, MAD = moisture and den-
sity, SHMSL = Section Half Multisensor Logger. APC = advanced piston corer.
Download table in CSV format.

Measurement Core Section Sampling frequency (cm)
WRMSL All All Sites U1534-U1537: 2.5 cm; Site
U1538:1cm
NGR All All 10
Thermal All Central section  Sites U1534-U1537: 1/core; Site
conductivity (TK) U1538: 3+/core
SHMG
Caliper x All Minimum of 3 ~75 cm or where sediments allow
per core (e.g., no change in lithology)
MAD All 1,3,5(APC) or ~75 cm or where sediments allow
more (e.g., no change in lithology)
SHMSL All All Sites U1534-U1537: 2.5 cm; Site

U1538 through Core 35F: 1 cm;
Site U1538 below Core 35F: 2cm

Figure F19. WRMSL. Water standard measured at end of each core is for
QA/QC purposes.
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through all instruments to keep the instruments calibrated and to
assure quality assurance (QA)/QC. The instruments underwent re-
calibration if the measured standard values deviated from the range
of published tolerances (Blum, 1997).

Gamma ray attenuation bulk density

The GRA bulk density instrument is used to measure a whole-
round core at discrete and equidistant intervals to provide an aver-
age density value. The GRA instrument measures the attenuation of
a directed gamma ray beam through the core. This beam is pro-
duced by a '¥Cs gamma ray source at 370 MBq radiation and 660
KeV energy levels. The source is mounted directly above the whole-
round core track within a lead shield with a 5 mm collimator at the
bottom. The beam is directed down toward the core section during
measurement. A scintillation detector with an integrated photo-
multiplier tube is mounted underneath the core track (and opposite
the 37Cs source) and measures the gamma radiation that passes
through the core sections. The GRA bulk density instrument oper-
ates with medium-energy gamma rays (0.1-1 MeV) that interact
with the material of a formation by Compton scattering. The mea-
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sured electron density of the scattering is then used to estimate the
bulk density of the material. For a known thickness of sample, the
density (p) is derived from the attenuation of gamma rays (lower in-
tensity gamma rays reaching the detector mean the sample is
denser):

p = In(Ly/D)/(pd),

where

I, = gamma ray source intensity,

I = measured intensity of gamma rays passing through the sam-
ple,

p = Compton attenuation coefficient, and

d = sample diameter.

p and I are constants, and p is then calculated from . The bulk den-
sity provided by the GRA instrument is related to the porosity, grain
size, consolidation state, mineral composition, and any disturbances
or contrasts present in a formation.

Generally, GRA bulk density measurements are most accurate
when the core liner is completely filled and has minimal drilling dis-
turbance, gaps, or double liners. Otherwise, measurements tend to
underestimate true values. The GRA instrument estimates bulk
density based on an internal core diameter of 66 mm, which is ap-
propriate for most sediment cores obtained using the APC and
HLAPC systems, whereas for material recovered using the XCB or
RCB systems, the core diameter is usually lower (<58 mm) and no
correction was applied. The GRA densitometer is calibrated with
specific calibration cores (one standard core liner filled with dis-
tilled water and aluminum cylinders of various diameters; Blum,
1997). The spatial resolution is less than +1 cm. The instrument was
recalibrated when the deionized water QA/QC standard deviated
significantly (>2%) from 1 g/cm?. As mentioned previously, the sam-
pling resolution was set at 1 or 2.5 cm depending on the site with an
integration time of 3 s. Additional postprocessing of the GRA bulk
density measurements was needed to remove edge effects at the
ends of core sections. Single data spikes caused by voids, cracks in
the core liner, and metal drill fragments, among other causes, were
removed, as well as any values <1 g/cm?.

Magnetic susceptibility

MS was acquired for all whole-round core sections using a pass-
through loop on the WRMSL. Magnetic susceptibility (x) is a di-
mensionless parameter in the metric system that indicates the de-
gree to which a material can be magnetized by an external magnetic
field.  is an indicator for the concentration of magnetic minerals, in
particular magnetite, in the formation, which can also be related to
paleoclimate-controlled depositional events or processes. MS is ac-
quired at very low fields generally not exceeding 0.5 mT. The vol-
ume susceptibility is defined as

X:M/Ht

where M is the magnetization induced in the material by the exter-
nal field of strength H. Accordingly, MS is most sensitive to forma-
tions containing high concentrations of ferromagnetic minerals
such as magnetite, pyrite, hematite, and various other iron oxides.
In addition, X can also be related to the origin of the materials in the
core and their subsequent diagenesis. Ferromagnetic minerals are
characterized by MS values several orders of magnitude higher than
their alteration products. Other minerals such as paramagnetic and
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diamagnetic (e.g., calcite, halite, water, and plastic) minerals present
very small or even negative values of MS. Therefore, calcareous and
siliceous biogenic deposits often have values close to the detection
limit of the instrument itself.

All MS measurements on the WRMSL were taken by a Barting-
ton MS2C loop sensor with a 90 mm diameter. An oscillator circuit
in the sensor operates at a frequency of 565 Hz to avoid any poten-
tial interference between instruments and uses an automatic soft-
ware correction factor of 1.174 and a ~140 A/m AF. This AF is
responsible for a low-intensity, nonsaturating alternating magnetic
field. Sediment core sections passing through the influence of this
field cause a change in oscillator frequency. Frequency information
is returned in pulse form to the susceptometer, and the MS value is
estimated. The spatial resolution of the sensor is 20 mm with an ac-
curacy of 2% (Blum, 1997). The output provided by the sensor is in
dimensionless instrument units (IU) and is equivalent to 10-> SI
units. The estimated values are computed as the mean of three dis-
crete measurements in the same location. MS values in the text and
figures of the site chapters are expressed in instrument units unless
otherwise noted. Instrument drift should be taken into account be-
cause it can occur during the period of a core section scan. The in-
strument was automatically zeroed at the beginning of each run,
and a zero-background measurement was taken at the end of a core
section to correct for this drift. The sampling resolution was set to 1
or 2.5 cm as for the GRA and PWL measurements. All acquired MS
data needed postprocessing to remove edge effects and single data
spikes caused by voids, cracks in the core liner, and metal drill frag-
ments, among other causes.

Compressional P-wave velocity

Compressional P-wave velocity was acquired for each whole-
round core section using the PWL. P-wave velocity depends on the
lithology, porosity, and bulk density of the formation as well as the
state of stress, lithostatic pressure, temperature, and/or fabric or de-
gree of fracturing within the material. The degree of consolidation
and lithification and the occurrence and abundance of free gas also
influence the velocity. The acoustic impedance and downhole re-
flection coefficients are obtained using the P-wave velocity values
together with the density values. These parameters can be used to
derive synthetic seismograms, which in turn can be used to estimate
the depth of the main reflectors observed in seismic profiles. P-
wave velocity (V;) is defined by the time required for a compres-
sional wave to travel a specific distance:

VP = d/ tcoref

where d is the length that the wave crosses (i.e., the section core)
and ¢, is the traveltime through the core.

For P-wave velocity measurements with the PWL, the core sec-
tion is placed between two piezoelectric transducers (a transmitter
and a receiver) mounted in stainless steel housings. Acoustic cou-
pling is through an epoxy resin surface and is enhanced by a water
film supplied by an automated drip system. A 500 kHz pulse (2 ps
wave period; 120 V) is produced at a frequency of 1 kHz and sent to
the transmitter transducer, which generates an ultrasonic compres-
sional pulse at about 500 kHz (pulse timing is measured with a res-
olution of 50 ns). Pressure is applied to the actuators to ensure
coupling between the transducers and the core liner, and the auto-
mated drip system maintains wet contacts on the transducers to en-
sure a reliable coupling is always established. The compressional P-
wave propagates horizontally through the core and is received by
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the receiver transducer on the opposite side. Velocity is amplified by
an automatic gain control amplifier to produce the received signal.
P-wave velocity transducers measure total traveltime of the com-
pressional wave between transducers. A calibration of the PWL ac-
counts for errors in the total distance (d,,) and the total traveltime
(tiora)- Errors in d,,, were assumed to be related to the laser dis-
tance. The obtained discrete data are the average of 100 discrete
measurements at the set interval.

A core liner of assumed thickness (L) covered each core section
for all measurements. The traveltime through the core liner (;,.,)
was determined by measuring the total traveltime through a core
liner filled with distilled water with a velocity of ~1480 m/s. A cor-
rection (f4,; System delay) was measured using the traveltime
through a standard block of aluminum with a known thickness and
a published velocity of 6295 m/s. Arrival time picks were chosen at
the inflection point of the second lobe of the waveform, giving a sec-
ond correction (£,,,) from the first arrival. Then ¢, and t44,, were
combined and named ., 4o+ Therefore, the velocity is computed
as

Vo = (diotat = 2L)/ (teotat = 2iiner —

ttotalidelay) ’

where

Vp = core velocity (km/s),

d,.q = measured diameter of the core and the liner (mm),

L = wall thickness of the liner (mm),

t.ora = total time for the pulse to travel through the core and liner
(ps),

tiner = traveltime through the liner (us), and

Liotal_delay = delay related to the combined transducer faces, elec-
tronic circuitry, and peak detection procedures (ys).

The V; equation above assumes that the core completely fills the
core liner and gaps or air are not present. P-wave velocity was not
measured for cores recovered with the XCB or RCB systems, which
generally do not completely fill the core liner and hence do not pro-
vide realistic data. Any measured P-wave signal can degenerate be-
cause of an incompletely filled core liner, any voids present, or
attenuation caused by microcracks that formed during core recov-
ery. This degeneration is partly reflected in the gain (signal
strength) factor applied to the original signal by the automated gain
control. However, signal strength also represents the grain size of
the sediment; therefore, low-strength signals cannot simply be in-
terpreted to be proportional to attenuation. As already mentioned
for previous WRMSL instruments, the sampling resolution was also
setat 1 or 2.5 cm for the PWL depending on the site.

Natural Gamma Radiation Logger measurements

The NGRL measures NGR on whole-round cores using a system
designed and built by the Integrated Ocean Drilling Program (Texas
A&M University, USA) (Vasiliev et al., 2011; Dunlea et al., 2013).
This instrument measures the cumulative radiation emitted during
natural decay of radioisotopes in three long-lived decay series, po-
tassium (*K), thorium (?*2Th), and uranium (***U), which have half-
lives of 1.3 x 10°, 1.4 x 10%, and 4.4 x 10°y, respectively. These iso-
topes and their daughter products emit gamma radiation at specific
energy levels unique to each isotope. NGR can be used to estimate
the abundance of each isotope based on the strength of the signal at
characteristic energies (Blum, 1997; Gilmore, 2008). In sediments
and sedimentary rocks, Th and K are usually associated with partic-
ular clay minerals, whereas U is often encountered in either clay
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minerals or organic-rich material. High counts generally reflect the
presence of clay-rich fine-grained deposits, and relative changes are
indicative of stratigraphic details that can aid in core-to-core, core-
to-wireline log data, and/or borehole correlations between holes.

The NGRL system consists of eight sodium iodide (Nal) detec-
tors arranged along the core measurement axis at 20 cm intervals
surrounding the lower half of the section (Figure F20). The detector
array is fit with both passive (layers of lead) and active (plastic scin-
tillators) shielding to reduce the background environmental and
cosmic radiation. The overlying plastic scintillators detect incoming
high-energy gamma and muon cosmic radiation above 3 MeV and
cancel this signal from the total counted by the Nal detectors.

The quality of the core measurements depends on the concen-
tration of radionuclides and the counting time. For Expedition 382,
measurements were made at two sample positions 10 cm apart us-
ing a counting period of 300 s. After 300 s, the position was ad-
vanced downcore by 10 cm and counted again for 300 s. This
method yielded a total of 16 measurements (10 cm apart) per 150
cm core section. Total acquisition times were ~5 min per measure-
ment cycle or ~10 min per core section. This measurement proce-
dure yielded statistically significant total counts. The collected data
were of very good quality but needed some postprocessing to re-
move single data spikes due to cracks in the core liner and metal
drill fragments among other causes.

Thermal conductivity measurements

Thermal conductivity is an intrinsic property of the core mate-
rial; hence, it depends on the chemical composition, porosity, den-
sity, structure, and fabric composing it (Jumikis, 1966). Thermal

Figure F20. Equipment used to measure NGR. A. NGRL. B. Interior of NGRL
with Nal detectors and photomultiplier tubes.

Nal
scintillometer

Photomultiplier tube
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conductivity is the capacity of the material to transfer heat by con-
duction. Measurements of this parameter in sediments and rock
sections combined with in situ temperature measurements (see
Downhole measurements) are used to estimate local geothermal
heat flow. Geothermal heat flow is an indicator of the type and age
of oceanic crust, which is in turn influenced by the geodynamics
and tectonic processes impacting the region (Martos et al., 2017,
2018, 2019).

Thermal conductivity was measured immediately after NGR
analysis in soft sediments (whole rounds) and when reliable mea-
surements were yielded by the probe. A single measurement per
core was generally taken in the central section using the TK04 (Teka
Bolin) system (Table T9). For whole-round cores, the needle probe
method in full-space configuration was used (Von Herzen and Max-
well, 1959). The needle probe was inserted into a 2 mm diameter
hole drilled through the core liner along the split line. The core was
placed in an enclosed box with insulating foam to avoid interference
with airflow in the laboratory (Figure F21).

For lithified sediments or rocks and soft sediments in which the
needle probe did not yield reliable results, a contact probe method
was used for half-space configurations on split cores. The probes
consist of a heater wire and a calibrated thermistor. The measure-
ment locations were chosen based on where the least amount of
fracturing and most homogeneous portions of core sections were
observed. The sections were prepared for a puck-style contact
probe by applying distilled water onto the sediment surface. This
procedure was applied to ensure good contact between the sedi-
ment and the probe. The puck probe was placed directly on the sed-
iment and secured in place with a rubber strap or wooden tool to
ensure proper contact pressure. Then the section half was placed in
the insulated box to stabilize thermal conditions during measure-
ments.

After either whole rounds or section halves were prepared for
measurements and placed in the insulated box, the calibrated heat
source of the probe was turned on and the increase in temperature
was recorded over 80 s for the needle probe (soft sediments) and 60
s for the contact probe (hard or lithified sediments). The heating
power ranged between 0.8 and 4 W/m for needle measurements
and between 0.8 and 3.5 W/m for contact probe measurements.
The heat equation solution for a line source of heat was then fit to
the temperature measurements to obtain the thermal conductivity.
The probe is assumed to be a perfect conductor because it conducts
heat more efficiently than sediment or hard rock. Following this as-
sumption, the linear relationship between the superconductive

Figure F21. Shipboard station for measuring thermal conductivity on whole
rounds and section halves.
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probe temperature and the natural logarithm of the time after initi-
ation of the heat is expressed as

T(t) = (q/4mk) x In(z) + C,

where

T = temperature (K),

q = heat input per unit length per unit time (J/m/s),
k = thermal conductivity (W/[m-K]),

t = time after the initiation of the heat (s), and

C = instrumental constant.

To calculate the average thermal conductivity, three measure-
ment cycles were performed separated by 10 min. A self-test, which
included a drift study, was carried out at the beginning of each mea-
surement cycle. The heater circuit was closed after the probe tem-
perature stabilized, and the temperature increase in the probe was
recorded. Thermal conductivity was estimated from the tempera-
ture increase rate while the heater current was flowing. Tempera-
tures measured during the first 80 s of the needle probe heating
cycle and 60 s of the contact probe heating cycle were fit to an ap-
proximate solution of a constantly heated line source (Kristiansen,
1982; Blum, 1997). Measurement errors were 5%—10%.

Section Half Multisensor Logger measurements

Color reflectance and MS were measured on archive halves us-
ing the SHMSL (Figure F22). Archive halves were covered with
plastic wrap and placed on the SHMSL track, above which an elec-
tronic platform moves along a track and records the height of the
core surface. The laser sensor detects the location of the bottom of
the archive half, and then the instrument progresses along core

Figure F22. SHMSL system.
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making measurements of MSP and color reflectance. Color reflec-
tance and MSP data were collected at a 1, 2, or 2.5 cm resolution
during Expedition 382 depending on the site and hole.

Color reflectance spectrometry

The color reflectance spectrometry of the archive halves was
measured using an Ocean Optics QE Pro detector integrating
sphere and associated light sources covering wavelengths from UV
through visible to near infrared. Each measurement was taken in 2
nm wide spectral bands from 390 to 732 nm. The data are reported
using the L*a*b* color system, where L* is lightness, a* is redness
(positive) versus greenness (negative), and b* is yellowness (posi-
tive) versus blueness (negative). Two spectra, pure white (reference)
and pure black (dark), were used to calibrate the color reflectance
spectrometer. Color calibration was conducted approximately once
every 6 h (twice per shift). Additional details regarding measure-
ment and interpretation of spectral data can be found in Balsam et
al. (1997), Weber (1998), Balsam and Damuth (2000), and Giosan et
al. (2002).

Point magnetic susceptibility

MSP was measured with a Bartington MS2 meter and an MS2K
contact probe with a flat 15 mm diameter round sensor with a field
of influence of 25 mm and an operation frequency of 930 Hz. The
instrument averages three measurements from the sensor for each
offset with an accuracy of ~5%. The spatial resolution of the MSP
sensor is ~3.8 mm, and it reports values in instrument units, which
can be converted to dimensionless SI units by multiplying by 10-°.
The instrument was calibrated by the manufacturer before installa-
tion on JOIDES Resolution and is quality checked every 6 h at the
same time as color reflectance sensor calibration.

Digital color imaging

The SHIL captures continuous high-resolution images of the ar-
chive-half surface for analysis and description. The instrument was
used shortly after core splitting in an effort to avoid time-dependent
color changes resulting from sediment drying and oxidation. The
shipboard system uses a commercial linescan camera lens (AF Mi-
cro Nikon; 60 mm; 1:2.8 D), and illumination is provided by a cus-
tom assembly of three pairs of LED strip lights that provide
constant illumination over a range of surface elevations. Each pair
of lights has a color temperature of 6,500 K and emits 90,000 lux at
3 inches. The resolution of the linescan camera was set at 10 pix-
els/mm. Users set a crop rectangle for each image to remove extra-
neous information. Images were saved as high-resolution TIFF files.
Available files include the original high-resolution image with gray
scale and ruler and reduced JPEG images cropped to show only the
section-half surfaces. Red, green, and blue (RGB) data were ex-
tracted from SHIL images every 0.5-2 cm depending on the site.

Section Half Measurement Gantry measurements

P-wave velocity measurements were performed on working
halves using the SHMG. Measurements were typically made with
the x-caliper on every section of each core (Table T9). The number
of x-caliper measurements was increased for XCB and RCB cores or
when the PWL on the WRMSL was not able to estimate accurate
velocity measurements (e.g., because of internal cracks in the cores).
Measurements were taken at varying section intervals to accommo-
date lithologic variations, drilling disturbance, fractures, larger
clasts, general core quality, and MAD samples.
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P-wave velocity

P-wave velocities were measured on working halves with the P-
wave caliper (PWC). The PWC measures the P-wave velocity verti-
cal to the sectional plane of the section (x-axis) (Figure F23). The
system uses Panametrics-NDT Microscan delay line transducers
that transmit at 500 kHz. During measurement, the signal transmit-
ted through the core was recorded by the attached computer sys-
tem, which then used an automated algorithm in the processing
software to choose the peak (P-wave) arrival. In cases of poor con-
tact or a weak signal, the instrument operator manually picked the
first arrival. The distance between transducers was measured with a
built-in linear voltage displacement transformer (LDVT). Calibra-
tions were performed with an acrylic standard with a known thick-
ness and a published velocity of 2730 m/s, whereas for the
compressional P-wave measurements on the WRMSL, an alumi-
num standard with a velocity of 6295 m/s was used. The system
time delay determined from the calibration was subtracted from the
chosen arrival time to calculate a P-wave traveltime through the
sample. Sample thickness (calculated by LDVT in meters) was di-
vided by the traveltime (in seconds) to calculate P-wave velocity (in
meters/second).

Moisture and density measurements

Discrete samples from working halves were selected to carry out
MAD measurements to determine wet and dry bulk density, grain
density, water content, and porosity. For soft-sediment cores, ~10
cm? samples were collected with a plastic syringe. Generally, three
samples were collected per core with the aim of representing the
complete core lithology. For harder sediments or rocks, samples
were taken adjacent to the samples that were cut and prepared for
other laboratories, such as paleomagnetism.

Sediment samples were placed in numbered, preweighed ~16
mL Wheaton glass vials to obtain wet and dry sediment mass and
dry volume measurements. Wet sample mass was first measured on
each vial before placing it in a convection oven for approximately 24

Figure F23. SHMG for measuring P-wave velocity.
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Figure F24. Equipment used for MAD analyses. A. Desiccator and dual balance system; drying oven is located below desiccator. B. Pycnometer used to measure

volume of dry samples.
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hat 105° + 5°C to dry. Once samples were dried, they were cooled in
a desiccator for at least 3 h before measuring dry mass and volume.
Wet and dry sample masses were determined to an accuracy of
0.005 g using two Mettler Toledo electronic balances, with one bal-
ance acting as a reference and the other acting as an unknown. A
standard mass of similar value to the sample mass was placed on the
reference balance to increase the accuracy of the unknown sample
measurement (Figure F24). An averaging algorithm in the MAD-
Max software was used to correct for the motion of the ship. The
default measurement setting of the two balances was 300 measure-
ments over an interval of ~1.5 min.

Dry sample volume was determined using a six-celled, custom-
configured Micrometrics AccuPyc 1330TC helium-displacement
pycnometer (Figure F24). The precision of each cell is 1% of the full-
scale volume. Volume measurements were preceded by three
purges of the sample chamber with helium warmed to ~28°C. Three
measurement cycles were run for each sample. A set of two calibra-
tion spheres was periodically placed in each chamber to check for
instrument drift and systematic error. The volumes occupied by the
numbered Wheaton vials were calculated before the expedition by
multiplying the weight of each vial against the average density of the
vial glass. The procedures for the determination of these physical
properties comply with the American Society for Testing and Mate-
rials (ASTM) designation 2216 (ASTM International, 1990). The re-
lationships and assumptions for calculations of physical property
parameters are discussed in detail in Blum (1997) and Weber et al.
(1997) and summarized below. The MADMax shipboard program
was used for computing the displayed MAD properties.

Mass and volume calculation

Wet mass (M), dry mass (M), and dry volume (V,,,) were
measured in the laboratory as detailed above. The mass ratio (r,,) is
a computational constant of 0.965 (i.e., 0.965 g of freshwater per 1 g
of seawater). Salt precipitated in sediment pores during the drying
process is included in the My, and V,,, values. The mass of the
evaporated water (M,,) and salt (M) in the sample are given by

Mwater = Mwet - Mdry and

Msalt = Mwater[s/(]- - S)],
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where s is the assumed saltwater salinity (0.035%) corresponding to
a pore water density (p,,) of 1.024 g/cm® (from experimental and
empirical relations between salinity and density at laboratory condi-
tions; Blum, 1997) and a salt density (p,,,) of 2.22 g/cm?®. The cor-
rected mass of pore water (M,,), volume of pore water (V,,,), mass
of solids excluding salt (M,,;q), volume of salt (V,,;,), volume of solids
excluding salt (V,.;4), and wet volume (V,,.,) are defined as

M, = (Mo = M) /Ty
Viw = Myl pprs
Moiia = Myer = My
Mg = Mpw = (Mo - Mdry)’
Viaie = Mo/ Paiv
Vet = Vary = Vaate + Vi and

v

wet

v

pw*

Violia =
Wet (or total) volume (V;), dry mass (M), and dry volume
(V) were measured in the laboratory. Total mass, including the
freshwater of the pore water, is calculated using a water density of 1
g/cm?® by
Mt = Mdry + (‘/t - Vdry) X Py-

Assuming a pore water density of 1.024 g/cm?, the volume of the
pore water is calculated as

pr = (‘/t - Vdry) X ppw'
Finally, the mass of the pore water is estimated as
Calculation of bulk properties

Water content (w) is expressed as the ratio of the mass of pore
water to wet sediment (total) mass:

Volume 382



M.E. Weber et al.

W= My /M.

Wet bulk density (py.), dry bulk density (pq,,), sediment grain
density (p,.;q), porosity (¢), and void ratio (VR) are calculated using
the following expressions:

Puet = Myer/ Viger
Pary = Miotia! Viger
Psotid = Miotia/ Visolias
¢ = V! Vieew and

VR = pr/‘/solid‘

Stratigraphic correlation

The Expedition 382 scientific objectives required the recovery
of complete stratigraphic sections to the best extent possible. A con-
tinuous sedimentary sequence cannot be recovered from a single
borehole because gaps in recovery exist between successive cores
even when recovery for individual cores exceeds 100% (Ruddiman
et al., 1987; Hagelberg et al., 1995). The magnitude of the gaps can-
not be known. A complete (synthetic) stratigraphic section, com-
monly referred to as a splice, is constructed by combining
stratigraphic sections from two or more holes recovered at the same
site to produce a composite and continuous record. To maximize
the probability of bridging gaps between cores from any given hole
(so as to document the magnitude of the gap and to recover “miss-
ing” sediment), each hole is correlated with the others using core
physical properties. One hole with a clear mudline is used as the
depth anchor, and the initially recorded core depths for each hole
are offset by amounts required to line the holes up at correlation tie
points. At least two holes, and in many cases three or more holes,
are needed to generate a complete (primary) splice from cores re-
covered using the APC system. Typically, four or more holes must
be recovered to permit the construction of a complete alternate
(e.g., secondary) splice, although the correlation of intervals with
the splice may allow some splice duplication.

Our methodology for developing splices attempted to follow a
basic strategy that is now common practice during all high-resolu-
tion paleoceanographic IODP expeditions within the constraints of
competing demands for time as well as weather and icebergs. We
used the initial analyses of core petrophysical data run on the
WRMSL to develop preliminary composite depths for the purposes
of making real-time drilling decisions following the strategy devel-
oped by the ODP Leg 202 Shipboard Scientific Party (2003). In most
cases, we were not able to change the drilling decisions because of
competing pressures, and in some cases, core gaps were subse-
quently lined up for long intervals.

Our goals for stratigraphic correlation, in priority order, were as
follows:

» To establish a composite depth scale,

« To define a sampling splice where possible, and

« To guide drilling in real time where possible to enhance the
chances of recovering a complete stratigraphic section.

In meeting these goals, several different depth scales were cre-
ated (Figure F25). A detailed discussion of the definitions of these
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Figure F25. Depth scales used during Expedition 382. A. Cores from three
holes on their drilled (CSF-A) depths (prior to postcoring expansion). B. Cor-
relative features used to align cores relative to mudline in, for instance, Hole
A postcoring expansion. C. Adjacent holes are used to create continuous
splice. Black section in individual cores reflects interval used to construct
continuous splice (black continuous sequence). Note the expansion in
depth (affine growth) in CCSF-A and CCSF-D depth scales. CCSF-B depth
scale corrects for this apparent expansion. See text for details. Modified from
Jaeger et al. (2014).
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depth scales and the processes by which they were created are out-
lined below.

Composite depth scale

The initial depth scale produced during IODP coring is the CSE-
A scale (Figure F25A). This depth scale is defined as the length the
drill string is advanced core by core. The CSF-A scale can be inaccu-
rate because of ship heave (which is beyond that compensated for
during APC coring), tidal variations in sea level, core expansion, and
other sources of error.

Before a splice can be constructed, cores from multiple holes
must be stratigraphically correlated with each other. Such correla-
tion transfers the CSF-A scale into a composite depth scale referred
to as core composite depth below seafloor, Method A (CCSF-A)
(Figure F25B). The splice that can be generated from a subset of
these correlations is built on a scale known as core composite depth
below seafloor, Method D (CCSE-D) (Figure F25C). Importantly,
differences between these depth scales occur because features may
be slightly offset between individual holes on their own CCSF-A
scales and the splice on the CCSF-D scale.
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The CCSE-A scale is built by assuming the uppermost sediment
(commonly referred to as the mudline) in the first core from one of
the holes is the sediment/water interface. This selected core be-
comes the anchor in the composite depth scale. From this anchor,
core petrophysical data are correlated among holes starting from
the top. Despite the potential for relative stretching or thinning, a
single depth offset or “affine” value is chosen for each core to best
align the observed physical property feature to the equivalent cores
in adjacent holes. The affine values are added to the CSF-A depth in
sequence down the holes.

During Expedition 382, affine ties were typically established us-
ing 2 or 1 cm resolution MS or GRA density data derived on the
WRMSL. These ties were then confirmed using core photographs
and other physical property data (most notably NGR intensity data).
Specific methods for WRMSL and SHMSL measurements are de-
scribed in Physical properties, and SHIL measurements are de-
scribed in Lithostratigraphy. Most WRMSL and SHMSL core
logging data were collected at 1 or 2.5 cm intervals depending on
time availability and core flow. SHIL data are pixel based and thus at
an even higher resolution.

Composite depth scale construction

The core logging data were imported into the specialized ship-
board software program Correlator (version 3; Mac). Correlator en-
ables the construction of a composite depth scale for each hole at a
given site by depth shifting individual cores to maximize the cor-
relation of reproducible features observed in the core petrophysical
data. For hole-to-hole correlations and for plotting results, data
were cropped to avoid incorporating anomalous data influenced by
edge effects at section boundaries, at core tops, or in voids where no
sediment was present. All original data are retained in the LIMS da-
tabase.

Correlations among cores from adjacent holes are evaluated
both visually and statistically (by windowed cross correlation). The
depth offsets for each core that are necessary to convert CSF-A
depths to the CCSF-A scale are recorded in an affine table for each
site. The CCSF-A depth for any point in a core equals the CSF-A
depth plus the affine offset. Correlation at a finer resolution be-
tween cores is not possible with Correlator because depth adjust-
ments are applied linearly to individual cores. At this stage, no
adjustments are made in the length of each core, such as numeri-
cally squeezing and stretching within cores. Finer scale adjustments
of individual depths within cores relative to splice depths (e.g.,
Hagelberg et al., 1995; Pilike et al., 2005) or relative to logging data
(e.g., Harris et al., 1995) can be done following the development of
the splice. Such finer scale adjustments are required to assign accu-
rate CCSE-D values to samples taken from cores that are not part of
a site’s main splice.

Owing to imperfect core recovery and/or disturbance, not all
cores can be tied into the CCSE-A scale. Therefore, the base of the
continuous CCSE-A scale does not always correspond to the bot-
tom of the deepest core recovered from the deepest hole. The CSF-
A depths of cores that cannot be tied directly into the overlying con-
tinuous CCSF-A scale are appended to it. CCSF-A depths for these
cores are determined by adding a constant offset to CSF-A, which is
usually determined by the average percent growth of the composite
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section given by the affine values used to establish the continuous
CCSEF-A for that site up to that point. An exception to this proce-
dure occurs when cores from two or more holes recovered from
depths greater than the base of the CCSF-A and CCSE-D splice can
be correlated with each other. In this scenario, it is possible to gen-
erate a “floating” CCSE-A scale and CCSE-D splice for an interval
deeper than the continuous CCSF-A scale.

Splice

The splice is a composite stratigraphic section that represents
the complete record at a site or through intervals at a site. It is com-
posed of core sections from adjacent holes such that coring gaps in
one hole are filled with core from an adjacent hole. An effort is also
made to minimize the inclusion of disturbed sections or intervals of
sediment fall-in (typically the top ~10—100 cm of a core) or flow-in.
Disturbed sections are identified by examining the cores, their pho-
tographs, and X-radiographs. The splice ultimately should guide
core sampling for high-resolution studies. Tables and figures in each
site chapter summarize the intervals from each hole used to con-
struct the splice if a splice could be constructed. The portion of the
CCSEF-A depth scale that is used to construct the splice is referred to
as the CCSF-D depth scale. Within the splice sections, CCSF-D
depths are identical to CCSF-A depths.

In generating a splice, depth intervals within cores are not
squeezed or stretched by Correlator. It is therefore not possible to
align all the correlative features in each core using affine values.
Depth differences between features in different holes on the CCSE-
A scale may reflect small-scale differences in sedimentation and/or
distortion caused by the coring and archiving processes. For exam-
ple, the tops of APC cores may be stretched and the bottoms may be
compressed, although this depends on lithology and the extent of
lithification. Even though all samples have CCSE-A depths, the final
composite depth scale (CCSF-D) is only formally defined within the
primary splice. Accordingly, affine values should not be used to as-
sign CCSF-D values to samples taken from cores not used to con-
struct the primary (or alternative) splice without further evaluation
of stratigraphic correlations (Figure F26).

To minimize subjectivity when generating splice tie points, we
followed four rules:

1. Tie points were defined, where possible, by a peak or trough in
these data. We prefer this approach because it removes the pos-
sibility that splice jumps occur during important climate transi-
tions recorded by paleodata subsequently generated from the re-
cord.

2. Where possible, we avoided using the first and last sections of
cores where disturbance due to drilling artifacts (even if not ap-
parent in core logging data) is most likely.

3. We attempted to incorporate those parts of the stratigraphic se-
quence that in our judgment were most representative of the
holes recovered and appeared to be the least disturbed.

4. To ensure that paleodata generated postcruise but prior to the
sampling party for Site U1534 can be robustly tied to the age
model developed for the CCSF-D depth scale for a site, we tried
to include intervals sampled during the expedition for pilot data
in its splice.
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Figure F26. Site U1534 MS data manipulated to illustrate how to assign splice depths to core sampled “out of the splice.” A. Data on CSF-A depth scale.
B. Transformation of CSF-A depths in A to CCSF-A depth scale. In this case, Hole U1534C forms the anchor (zero depth) for generation of CCSF-A depths (so
Hole U1534C CSF-A depths equal CCSF-A) and Hole U1534A depths are adjusted to CCSF-A depths using a constant offset established by connected Hole
U1534A MS data to Hole U1534C using an affine tie at 1.28 m (picked based on MS features in the depth domain). If this portion of Hole U1534C is then used in
the site splice, all its CCSF-A depths are equal to splice depths (CCSF-D). Distortion of the depth scale between cores (e.g., due to coring artifacts) means that
only the affine tie depth is equal to CCSF-D depth scale in both holes. C. Adjustment of Hole U1534A CCSF-A depths to match those for Hole U1534C achieved
by using an additional five ties (red arrows) between MS data for both holes. Only in C do all CCSF-A depths for this portion of Hole U1534A approximate well
to CCSF-D splice depths. See Figure F25.
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Downhole measurements Wireline logging

During wireline logging operations, logs are recorded with a va-
riety of Schlumberger logging tools that are combined into several
tool strings (Figure F27; Table T10) and lowered into the hole after
completion of coring operations. The tool strings are lowered
downhole on a seven-conductor wireline cable before being pulled
up at a constant speed, typically 250-550 m/h, to provide continu-
ous measurements of several properties simultaneously. One tool
string was used during Expedition 382. The modified triple combi-
nation (triple combo) included the Hostile Environment Litho-Den-
sity Sonde (HLDS), Hostile Environment Natural Gamma Ray
Sonde (HNGS), Enhanced Digital Telemetry Cartridge (EDTC-B),
High-Resolution Laterolog Array (HRLA), Magnetic Susceptibility
Sonde (MSS-B), and Dipole Sonic Imager (DSI). These tools mea-
sure gamma radiation, porosity, density, resistivity, MS, and P- and
S-wave velocity. Each tool string contains a telemetry cartridge for
communicating through the wireline to the Schlumberger data ac-
quisition system (MAXIS unit) on the ship. Total gamma ray is also
measured. During Expedition 382, a downhole log was collected in
Hole U1536E. We included the DSI tool on the triple combo be-
cause collecting downhole velocity data was a high priority together
with density.

Downhole logs are used to determine the physical, chemical,
and structural properties of the formations penetrated by a bore-
hole. The data are rapidly and continuously collected with depth
and measured in situ; they can be interpreted in terms of the strati-
graphy, lithology, mineralogy, and geochemical composition of the
penetrated formation. Where core recovery is incomplete or dis-
turbed, log data may provide the only characterization of the bore-
hole section. Where core recovery is good, downhole logging data
are complementary to core data and may be interpreted jointly.
Downhole logs measure formation properties on an intermediate
scale between geophysical surveys and laboratory measurements
obtained from core samples. They are useful in calibrating the inter-
pretation of geophysical survey data (e.g., downhole velocity values)
and provide a necessary link for the integrated understanding of
physical properties and seismic information. In addition, formation
temperature as a function of depth can be measured using the
APCT-3, which is deployed together with the APC coring system
for selected depths. The obtained temperature gradient combined
with thermal conductivity measurements allows us to estimate the
local geothermal heat flux, which is an indicator of the geology and
tectonic regime of a region.
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Figure F27. Quad combo downhole logging tool string used in Hole U1536E.
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Before logging, the borehole was flushed of debris by circulating
viscous drilling fluid and then filled with a seawater-based logging
gel (sepiolite mud mixed with seawater and weighted with barite;
approximate density = 10.5 1b/gal) to help stabilize the borehole
walls. The BHA was pulled up to ~83 m WSF to cover the upper
part of the open hole. Although heave was high during logging op-
erations, the wireline heave compensator (WHC) was not used be-
cause the software that controls the compensation did not receive
correct ship motion data, resulting in a fast drop of the upper pul-
leys to the lower end stop when it was switched on. During the log-
ging run, incoming data were recorded and monitored in real time
on the MCM MAXIS logging computer.
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Table T10. Acronyms and units used for downhole wireline tools and mea-
surements during Expedition 382. Download table in CSV format.

Tool Output Description Unit
EDTC Enhanced Digital Telemetry Cartridge
GR Total gamma ray gAPI
ECGR Environmentally corrected gammaray ~ gAPI
EHGR High-resolution environmentally gAPI
corrected gamma ray
HNGS Hostile Environment Gamma Ray Sonde
HSGR Standard (total) gamma ray gAPI
HCGR Computed gamma ray (HSGR minus gAPI
uranium contribution)
HFK Potassium wit%
HTHO Thorium ppm
HURA Uranium ppm
HLDS Hostile Environment Litho-Density Sonde
RHOM Bulk density g/cm?
PEFL Photoelectric effect barn/e
LCAL Caliper (measure of borehole diameter)  Inch
DRH Bulk density correction g/cm?
HRLA High-Resolution Laterolog Array
RLAT-RLA5  Apparent resistivity from computed Om
focusing mode. RLA1 = shallowest,
RLA5 = deepest.
RT True resistivity Om
MRES Borehole fluid resistivity Om
MSS Magnetic Susceptibility Sonde
LSUS Magnetic susceptibility, deep reading Uncalibrated units
DSI Dipole Sonic Imager
DTCO Compressional wave slowness ps/ft
DTSM Shear wave slowness ps/ft
DT1 Shear wave slowness, lower dipole ps/ft
DT2 Shear wave slowness, upper dipole ps/ft

Logged sediment properties and tool measurement principles

The logged properties and the principles used in the tools to
measure them are described below. More detailed information on
individual tools and their geological applications may be found in
Serra (1984, 1986, 1989), Schlumberger (1989, 1994), Rider (1996),
Goldberg (1997), Lovell et al. (1998), and Ellis and Singer (2007). A
complete online list of acronyms for the Schlumberger tools and
measurement curves is at http://www.apps.slb.com/cmd/in-
dex.aspx.

Natural gamma radiation

The HNGS uses two bismuth germanate scintillation detectors
and five-window spectroscopy to determine concentrations of po-
tassium (in weight percent), thorium, and uranium (both in parts
per million) from the characteristic gamma ray energies of isotopes
in the 9K, 232Th, and ?*®U radioactive decay series, which dominate
the natural radiation spectrum. The computation of the elemental
abundances uses a least-squares method of extracting U, Th, and K
elemental concentrations from the spectral measurements. The
HNGS filters out gamma ray energies below 500 keV, eliminating
sensitivity to bentonite or KCl in the drilling mud and improving
measurement accuracy. The HNGS also provides a measure of the
total spectral gamma ray (HSGR) emission and uranium-free or
computed gamma ray (HCGR), which are both measured in Ameri-
can Petroleum Institute units (gAPI). HNGS data are corrected for
borehole diameter variations during acquisition.

The EDTC, which is used primarily to communicate data to the
surface, also contains a gamma ray sensor. The sensor includes a so-
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dium iodide scintillation detector that measures the total natural
gamma ray emissions of the formation. It is not a spectral tool, but it
provides total gamma radiation for each pass. The inclusion of the
HNGS in the tool string allowed us to use the gamma ray data for
depth-match processing between the logging measurements and
core-log integration.

Density and photoelectric factor

Because the borehole was considered stable, formation density
was measured with the HLDS. The HLDS contains a cesium (**’Cs)
gamma ray source (662 keV) and far and near gamma ray detectors
mounted on a shielded skid that is pressed against the borehole wall
by a hydraulically activated decentralizing arm. Gamma rays emit-
ted by the source undergo Compton scattering, in which gamma
rays are scattered by electrons in the formation. The number of
scattered gamma rays that reach the detectors is proportional to the
density of electrons in the formation, which is in turn related to bulk
density. Porosity may also be derived from this bulk density if the
matrix (grain) density is known.

The HLDS also computes the photoelectric effect (PEF), a mea-
sure of the photoelectric absorption of low-energy gamma radia-
tion. Photoelectric absorption of gamma rays occurs when their
energy falls below 150 keV as a result of being repeatedly scattered
by electrons in the formation. PEF is determined by comparing the
counts from the far detector in the high-energy region, where only
Compton scattering occurs, with those in the low-energy region,
where count rates depend on both reactions. PEF varies according
to the chemical composition of the minerals present and can be
used to identify the overall mineral makeup of the formation (Serra,
1984; Schlumberger, 1989).

Good contact between the tool and borehole wall is essential for
good HLDS logs; poor contact results in underestimation of density
values. The density correction and caliper measurement of the hole
are used to check the contact quality. In the deeper parts of the hole,
the PEF log should be used with caution, especially in washouts, be-
cause barium in the logging mud swamps the signal despite a cor-
rection for the influence of mud.

Electrical resistivity

Resistivity can be used to evaluate porosity for a given salinity
and resistivity of IW.

The HRLA tool provides six resistivity measurements with dif-
ferent depths of investigation including the borehole (mud) resistiv-
ity and five measurements of formation resistivity with increasing
penetration into the formation. The tool sends a focused current
into the formation and measures the intensity necessary to maintain
a constant drop in voltage across a fixed interval, providing direct
resistivity measurements. The array has one central (source) elec-
trode and six electrodes above and below it that serve alternatively
as focusing and returning current electrodes. By rapidly changing
the roles of these electrodes, a simultaneous resistivity measure-
ment at six penetration depths is achieved. The tool is designed to
ensure that all signals are measured at exactly the same time and
tool position to reduce the sensitivity to “shoulder bed” effects when
crossing sharp beds thinner than the electrode spacing. The design
of the HRLA, which eliminates the need for a surface reference elec-
trode, improves formation resistivity evaluation compared to tradi-
tional dual induction and allows the full range of resistivity to be
measured from low (e.g., in high-porosity sediments) to high (e.g.,
in basalt). The HRLA needs to be run centralized in the borehole for
optimal results, so knuckle joints were used to centralize the HRLA
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while allowing the density and porosity tools to maintain good con-
tact with the borehole wall.

Magnetic susceptibility

The MSS was the only non-Schlumberger wireline tool run
during the expedition. It was designed and built by Lamont-
Doherty Earth Observatory (LDEO). It measures MS (the ease with
which formations are magnetized when subjected to a magnetic
field). MS is ultimately related to the concentration and composi-
tion (size, shape, and mineralogy) of magnetic minerals (principally
magnetite) in the formation. The MSS dual-coil sensor provides
~40 cm vertical resolution measurements with a ~20 cm depth of
horizontal investigation. The MSS was run as the lowermost tool in
the triple combo tool string using a specially developed data transla-
tion cartridge that enables the MSS to be run in combination with
the Schlumberger tools.

MS data are plotted as uncalibrated instrument units. The MSS
reading responses are affected by temperature and borehole size
(higher temperatures lead to higher susceptibility measurements).
When the MS signal in sediment is very low, the detection limits of
the tool may be reached. For QC and environmental correction, the
MSS also measures internal tool temperature, z-axis acceleration,
and low-resolution borehole conductivity.

Acoustic velocity

The sound velocity through formations is measured by the DSI,
which measures the transit times between sonic transmitters and an
array of eight receivers. The direct measurement is a combination of
replicate measurements and therefore is relatively free from the ef-
fects of formation damage and an enlarged borehole (Schlumberger,
1989). In addition to compressional wave velocity, the DSI has two
crossed-dipole transmitters that allow shear wave velocity measure-
ment. Dipole measurements are necessary to measure shear veloc-
ity in slow formations with shear velocity values below the sound
velocity values in the borehole fluid.

Wireline heave compensator

A WHC system compensates for the vertical motion of the ship
(heave) and maintains a steady motion of the logging tools to ensure
high-quality logging data acquisition (Liu et al., 2013; Iturrino et al.,
2013). The WHC uses a vertical accelerometer (motion reference
unit [MRU]) positioned under the rig floor near the ship’s center of
gravity to calculate the vertical motion of the ship with respect to
the seafloor. It then adjusts the length of the wireline by varying the
distance between two sets of pulleys through which the cable passes
to minimize downhole tool motion. Real-time measurements of up-
hole (surface) and downhole acceleration are made simultaneously
by the MRU and the EDTC, respectively. An LDEO-developed soft-
ware package allows these data to be analyzed and compared in real
time, displaying the actual motion of the logging tool string and en-
abling monitoring of the efficiency of the compensator. As men-
tioned previously, the WHC was not used during logging because of
issues in the software that controls the compensation, which did not
receive correct ship motion data.

Logging data flow, data quality, and log processing

Data for each wireline logging run were monitored in real time
and recorded using the Schlumberger MAXIS 500 system. Logging
measurement depth is determined from the length of the cable
payed out from the winch on the ship and is measured on the WRF
depth scale. The seafloor is usually identified on the HSGR log by
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the abrupt upward reduction in gamma ray count at the water/sedi-
ment interface (mudline), and the seafloor depth is subtracted to
give the WSF depth. Discrepancies between the DSF and WSF
depth scales may occur because of incomplete heave compensation,
incomplete correction for cable stretch, and cable slip. For Hole
U1536E, the seafloor was difficult to determine by the step in HSGR
because it was a low amplitude similar to the noise level because the
top ~10 m of the sediment column was very biogenic rich with low
contents of radioactive isotopes. Deeper, the correlation among dif-
ferent properties including MSS and HSGR was used to determined
the correct seafloor depth.

The most determining factor influencing the log data quality is
the condition of the borehole wall and the vertical movement of the
ship. Where the borehole diameter varies over short intervals be-
cause of washouts of softer material or ledges of harder material, the
logs from tools that require good contact with the borehole wall
may be degraded. “Bridged” sections, where borehole diameter is
significantly narrower than the bit size, also cause irregular log re-
sults. The quality of the borehole is improved by minimizing the cir-
culation of drilling fluid while drilling, flushing the borehole to
remove debris, and logging as soon as possible after drilling and
conditioning are completed.

The downhole log data were transferred on shore to LDEO for
standardized data processing. Schlumberger’s Techlog software
package is used for most of the processing, which mainly includes
depth matching that removes depth offsets between different log-
ging runs. The records are referred to the WMSF scale. Additional
processing includes corrections to certain tools and logs, log docu-
mentation including an assessment of log quality, and data format
conversion to ASCII and GIE.

The data were transferred back to the ship within a few days of
logging and made available to the science party.

Log-core-seismic integration

A depth-traveltime relationship must be determined at the site
to correlate log and core data acquired at depth with seismic reflec-
tion profiles in two-way traveltime. A calibrated depth-traveltime
relationship allows for correlation of the borehole stratigraphy with
seismic reflection features. Logging sonic data from the uphole and
downhole runs as well as core data (PWC measurements) were used
to convert to seismic traveltime and create synthetic seismograms
using the Petrel software package to select the best fit for the time-
depth model (see Physical properties and Core-log-seismic inte-
gration in the Site U1536 chapter [Weber et al., 2021a]).

Downhole formation temperature measurements

In situ temperature measurements were made with the APCT-3
(Heesemann et al., 2006) at all sites, specifically in Holes U1534A,
U1534C, U1535A, U1536A, U1536B, U1537A, U1537D, U1538A,
and U1538D. The APCT-3 is composed of a battery pack, data log-
ger, and platinum resistance-temperature device calibrated over a
temperature range of 0°-30°C. This instrument perfectly fits into
the coring shoe of the APC system. Once the APCT-3 is deployed, it
is first stopped to rest at the mudline for 5 min to thermally equili-
brate with bottom water before entering the borehole. Frictional
heating is created as the APCT-3 moves into the formation and
causes instantaneous temperature increases. This heat gradually
dissipates into the surrounding sediment as the APCT-3 equili-
brates to the temperature of the formation. Then the APCT-3 is
held in place for ~10 min while it acquires the temperature of the
cutting shoe every 1 s.
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The equilibrium temperature of the sediment is estimated by
applying a mathematical heat-conduction model to the temperature
decay record (Horai and Von Herzen, 1985). The synthetic thermal
decay curve for the APCT-3 is a function of the geometry and ther-
mal properties of the probe and the sediment (Bullard, 1954; Horai
and Von Herzen, 1985). Equilibrium temperature is estimated by
applying a fitting procedure (Pribnow et al., 2000). However, if the
APC does not achieve a full stroke or if the ship pulls the APC up
from full penetration, the temperature equilibration curve is dis-
turbed and the temperature determination is not accurate. The
nominal accuracy of APCT-3 temperature measurements under fa-
vorable conditions is +0.05°C.

APCT-3 downhole temperature data are combined with ther-
mal conductivity measurements (see Physical properties) obtained
from the sections. Heat flow is estimated according to the Bullard
method to be consistent with the synthesis of ODP heat flow data by
Pribnow et al. (2000).
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