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Background and objectives
Integrated Ocean Drilling Program (IODP) Site U1430 is ~300 km
southwest of IODP Site U1425 in the southwestern part of the
marginal sea at 37°54.16′N, 131°32.25′E and 1072 meters below
sea level (mbsl) (Fig. F1). The site is on the southern upper slope
of the eastern South Korean Plateau, which bounds the northern
margin of the Ulleung Basin. Studies of a piston core from a
nearby location suggest sedimentation rates of ~40 m/m.y. (Lee et
al., 2008), which are as slow as those observed at Site U1425. Seis-
mic studies suggest a sediment thickness of 285 m and a basal age
of ~10 Ma. If this is correct, the cores recovered at Site U1430 will
provide a continuous slow-sedimentation record that is ideal to
study the long-term history of dust provenance and flux changes
since 10 Ma.

Because of its strategic location and proximity to the Asian conti-
nent, the sedimentary record at Site U1430 may contain a rela-
tively pristine record of continental input. In addition, by com-
bining the results from this site with those from IODP Sites
U1423, U1425, and U1426 it will be possible to reconstruct
changes in the position of the atmospheric Westerly Jet axis, dry-
ness of the Gobi Desert, and the position and intensity of the
early spring storm track in midlatitude Asia during the last ~5
m.y.

Site U1430 is under the influence of the second branch of the Tsu-
shima Warm Current (TWC) but is only slightly south of the third
branch, which forms the Subpolar Front (Hase et al., 1999). There-
fore, the site may provide a good opportunity to monitor the be-
havior of the Subpolar Front and changes in intensity of the TWC
(Isoda, 2011). The site is also useful to reconstruct changes in
deepwater oxygenation and calcium carbonate compensation
depth during the last 4 m.y. by combining results from deeper
sites such as Sites U1424 and U1425 and shallower sites such as
Sites U1426 and U1427.

Operations
Three holes were cored at Site U1430 using the full and half ad-
vanced piston corer (APC) and the extended core barrel (XCB).
Oriented, nonmagnetic core barrels were used with the full APC
system in Hole U1430A. Half APC cores in Hole U1430A were not
oriented but used nonmagnetic barrels. A total of 29 APC cores
 doi:10.2204/iodp.proc.346.110.2015
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and 3 XCB cores penetrated to 274.4 m core depth
below seafloor (CSF-A) (see the “Methods” chapter
[Tada et al., 2015b]) in Hole U1430A, recovering
258.24 m (94%). In Hole U1430B, 29 APC cores and
8 XCB cores extended from the seafloor to 275 m
CSF-A, recovering 259.71 m (94%). In Hole U1430C,
33 APC cores and 1 XCB core penetrated to 250 m
CSF-A, recovering 257.02 m (103%). Total core re-
covery for Site U1430 was 775 m (Table T1; see also
Fig. F2 in the “Expedition 346 summary” chapter
[Tada et al., 2015a]).

Transit to Site U1430
The transit from Site U1428 to Site U1430 was
slowed somewhat by the effects of tropical storm
Man-yi, which passed ~300 nmi to the east of the R/V
JOIDES Resolution off the eastern side of Japan.
Strong winds (sustained at 36 kt and gusting to 48
kt) caused some heavy seas and reduced our transit
speed to 9.0 kt. The 430.5 nmi total distance was ul-
timately covered in 44.0 h at an average speed of 9.8
kt. The sea passage ended at 0018 h on 18 September
2013. The vessel was maneuvered over the location
coordinates, thrusters were lowered into position,
and the vessel was turned over to dynamic position-
ing control. By 0100 h, the ship was stabilized, and
rig floor operations began.

Hole U1430A
A Falmouth Scientific positioning beacon (model
BAP-547; SN1028W, 16 kHz, 206 dB) was deployed at
0123 h on 18 September 2013. A three-stand APC/
XCB bottom-hole assembly was assembled, and the
drill string was run to the bottom. The top drive was
picked up, and the bit was positioned at 1077.7 me-
ters below rig floor (mbrf), 3.0 m shallower than the
precision depth recorder depth. Hole U1430A was
spudded at 0445 h on 18 September. The first core
barrel recovered 3.58 m of sediment, establishing a
seafloor depth of 1083.6 mbrf. Oriented APC coring
continued using full-length nonmagnetic core bar-
rels through Core 346-U1430A-25H to 230.7 m CSF-
A. Half APC coring with nonmagnetic core barrels
continued through Core 29H to 249.5 m CSF-A,
where refusal was reached in acoustic basement. The
XCB was then used to advance the hole to 274.5 m
CSF-A (Cores 30X through 32X). XCB coring was
problematic because of the nature of the interbedded
hard/soft layering of the formation. Based on poor
recovery and slow penetration rates with the XCB,
the decision was made to stop coring in this hole.
Hole U1430A was circulated and displaced with 114
bbl of 10.5 ppg heavy mud, and the drill string was
pulled clear of the seafloor at 0220 h on 19 Septem-
ber, ending the hole. Total recovery for Hole U1430A
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was 258.24 m (94%); however, core recovery with
the XCB system was only 1.12 m of the 24.9 m ad-
vanced (4.5%). Four successful formation tempera-
ture measurements were taken using the advanced
piston corer temperature tool (APCT-3) temperature
shoe at 32.1, 60.6, 89.1, and 117.6 m CSF-A.

Hole U1430B
The ship was offset 15 m north of Hole U1430A. The
bit was positioned at 1081.7 mbrf. An APC core bar-
rel was deployed, and Hole U1430B was spudded at
0330 h on 19 September 2013. The 8.27 m of core re-
covered established a seafloor depth of 1082.9 mbrf.
APC coring with full-length core barrels continued
through Core 346-U1430B-25H to 234.6 m CSF-A.
This was followed by the half APC system for Cores
26H through 28H to 246.0 m CSF-A. At that point,
we switched to XCB and recovered Cores 29X
through 36X to 274.1 m CSF-A. One final half APC
core (37H) advanced the hole to a total depth of
275.0 m CSF-A. The hole was displaced with 114 bbl
of 10.5 ppg mud, the top drive was set back, and the
drill string was pulled up to a logging depth of 79.1
m WSF (see the “Methods” chapter [Tada et al.,
2015b]).

Rig-up for wireline logging began at 0215 h on 20
September. Because of the shallow hole depth and to
maximize the logging data acquired, the paleo
combo tool string was split into two shorter tool
strings. All logging runs reached within a few meters
of total hole depth, and all wireline logging runs
were considered successful. By 1530 h, the rig floor
was rigged down from logging, and the drill string
was pulled clear of the seafloor at 1550 h on 20 Sep-
tember, ending Hole U1430B. Total recovery for Hole
U1430B was 259.71 m (94%). A total of 25 full APC
cores and 4 half APC cores were recovered. As in
Hole U1430A, recovery with the XCB remained poor.
Eight XCB cores were attempted, penetrating 28.1 m
and recovering only 5.94 m (21%).

Hole U1430C
Hole U1430C began as the drill string cleared the
seafloor. The ship was offset 15 m south of Hole
U1430A. The bit was positioned at 1079.7 mbrf. An
APC core barrel was deployed, and Hole U1430C was
spudded at 1645 h on 20 September 2013. The
4.78 m of core recovered established a seafloor depth
of 1084.4 mbrf. Oriented APC coring continued us-
ing full-length nonmagnetic core barrels through
Core 346-U1430C-26H to 227.3 m CSF-A. A single
XCB barrel (Core 27X) was deployed to drill through
a hard layer, penetrating 1.5 m. This core recovered
0.05 m of dolomite fragments. Half APC coring with
nonmagnetic core barrels continued, recovering
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Cores 28H through 34H to 250.0 m CSF-A. The hole
was displaced with 100 bbl of 10.5 ppg weighted
mud, the top drive was set back, and the drill string
was pulled clear of the seafloor at 1215 h on 21 Sep-
tember. The bit was clear of the rotary table, the bit
and bit sub were removed, and the rig floor was se-
cured for transit by 1500 h. Thrusters and hydro-
phones were pulled, and the sea voyage to the next
site (a return to Site U1427) was initiated at 1518 h
on 21 September. Total recovery for Hole U1430C
was 257.02 m (103%). Of the 34 cores recovered, 26
were full APC cores, 7 were half APC cores, and 1 was
an XCB core.

Although Site U1430 was the last newly occupied
site during this expedition, because of the overall ex-
cellent coring and logistical successes to this point of
the expedition additional operations time was avail-
able to enable returning to Site U1427 and then to
Site U1425, as described in each of their site chap-
ters.

Lithostratigraphy
Drilling at Site U1430 penetrated to a subbottom
depth of 274.4 m CSF-A in Hole U1430A, recovering
a total of 258.2 m of sediment for a recovery rate of
94%. The shipboard lithostratigraphic program in-
volved detailed visual assessment of sediment com-
position, color, sedimentary structures, and biotur-
bation intensity, supplemented by petrographic
analysis of smear slides (98 from Hole U1430A and
22 from Hole U1430B), bulk mineralogic analysis by
X-ray diffraction (XRD) (39 samples), and thin sec-
tion analysis (1 sample). These objective criteria were
used to describe the sediment succession, to define
facies and facies associations, and to divide the strati-
graphic section into major lithologic units (Figs. F2,
F3, F4).

The sedimentary succession recovered at Site U1430
extends from the middle Miocene to the Holocene
and is dominated by clayey silt, silty clay, nannofos-
sil ooze, diatom ooze, claystone, and sandstone. Nu-
merous discrete tephra (i.e., volcanic ash) layers oc-
cur throughout the sedimentary sequence, especially
within the upper 50 m (pumice more frequently)
(Fig. F5), and volcaniclastic material represents a mi-
nor component of the entire sediment succession.
The section is divided into four lithologic units (I, II,
III, and IV, similar to Site U1425 and Tada [1994]),
distinguished on the basis of sediment composition,
referring particularly to the relative abundance of
the biosiliceous and siliciclastic fractions. Units I–III
are further divided into two subunits. The character
of the sediment physical properties, including natu-
ral gamma radiation (NGR), magnetic susceptibility,
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and color reflectance parameters, also record down-
hole variations of the sediment components and
lithologies (see “Physical properties”). The major
characteristics of the sedimentary sequence at Site
U1430, together with some of these additional prop-
erties, are summarized in Figures F2, F3, and F4. Be-
tween-hole correlation of lithologic units for Site
U1430 is shown in Figure F6.

Unit I
Intervals: 346-U1430A-1H-1, 0 cm, to 7H-5, 0 cm;

346-U1430B-1H-0, 0 cm, to 7H-2, 140 cm; 346-
U1430C-1H-0, 0 cm, to 7H-4, 15 cm

Depths: Hole U1430A = 0–57.10 m CSF-A; Hole
U1430B = 0–58.70 m CSF-A; Hole U1430C = 0–
56.95 m CSF-A

Age: Holocene to late Pliocene (3.0 Ma) (see “Bio-
stratigraphy”)

Lithologies and structures
Unit I consists of alternating interbedded clayey silt
(greenish gray to dark olive-gray), silty clay (dark ol-
ive-gray to dark gray), foraminifer-rich diatom-bear-
ing clayey silt, nannofossil ooze (light greenish gray),
and tephra (white, gray, and black). Pyrite and volca-
niclastic materials represent minor components
throughout the sediment sequence. Numerous dis-
crete millimeter- to centimeter-thick pumice clasts
(~1–5.0 mm diameter) and tephra layers (vitric and
scoria) occur throughout Subunit IA (total of 71 te-
phra beds) (Fig. F5; Table T2).

The most distinguishing sedimentary feature of Unit
I sediment is the alternating, decimeter-scale color-
banded bedding that characterizes much of the se-
quence, with dark organic-rich silty clay intervals in-
terspersed with lighter colored organic-poor inter-
vals. The relative frequency of these color
alternations as well as the intensity of bioturbation
are used as criteria to divide Unit I into Subunits IA
and IB (Figs. F2, F3, F4). In comparison with Site
U1425, the siliciclastic grains of Unit I at this site are
much coarser (greater silt fraction) and have signifi-
cantly higher quantities of quartz as observed in
smear slides.

Bulk mineralogy
The results of XRD analyses are listed in Table T3. In
general, the sediment at this site is composed mainly
of quartz, plagioclase, and clay minerals (including
smectite, illite, and kaolinite and/or chlorite), as well
as biogenic opal-A and minor amounts of halite and
pyrite. Calcite is sparse throughout the upper 50 m
of Unit I (mostly in the form of nannofossils and for-
aminifers). Other minor minerals are observed in
3
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smear slides, but it was not possible to detect these
through XRD analysis of bulk samples.

Figure F7 shows the downcore variations in peak in-
tensity of the identified minerals in Hole U1430A. In
general, the peak intensities of quartz, plagioclase,
feldspar, and clay minerals (smectite, illite, and kao-
linite and/or chlorite) in Unit I are higher than in
other units except Unit IV, suggesting higher terrige-
nous input relative to biogenic material. The peak in-
tensity of calcite is also higher than in other units
but disappears abruptly downhole at 50 m CSF-A. In
contrast, the peak height of opal-A is generally much
lower in Unit I compared to other units.

Subunit IA
Intervals: 346-U1430A-1H-1, 0 cm, to 6H-2, 130

cm; 346-U1430B-1H-1, 0 cm, to 5H-6, 100 cm;
346-U1430C-1H-1, 0 cm, to 6H-1, 35 cm

Depths: Hole U1430A = 0–44.40 m CSF-A; Hole
U1430B = 0–45.30 m CSF-A; Hole U1430C = 0–
43.15 m CSF-A

Age: Holocene to Late Pleistocene (1.8 Ma) (see
“Biostratigraphy”)

Lithologies and structures

Subunit IA is dominated by silty clay with subordi-
nant amounts of foraminifers and/or nannofossil-
rich ooze and diatom-bearing clayey silt. The sub-
unit is characterized by decimeter-scale alternations
of light and dark sediment intervals (Fig. F8). These
alternations are also expressed in the L*, a*, and b*
records (see “Physical properties”). Light colored
sediment intervals are dominantly composed of light
greenish gray clayey silt or nannofossil ooze, occa-
sionally with minor amounts of diatoms. Within
these intervals, millimeter- to centimeter-scale layers
of gray, dark greenish gray, and very dark olive-gray
silty clay are observed that form distinct color band-
ing within the sediment. The lighter intervals tend
to be slightly bioturbated, though not enough to dis-
rupt preservation of the thin, darker banding. Some
prominent millimeter- to centimeter-scale olive-gray
layers are also observed throughout these light inter-
vals. Detailed examination of these layers shows
they are composed of quartz and clay minerals with
abundant amounts of pyrite and organic matter.

The contrasting dark layers, which dominate and
help define Subunit IA, correspond to dark grayish
brown silty clay intervals with more organic matter
and pyrite. Tephra layers are intercalated in the silty
clay sequence and form a minor but common com-
ponent (~5%–20%) of Subunit IA. Some of these in-
tervals show evidence of moderate to heavy biotur-
bation, but the dark layers are predominantly finely
laminated with no apparent bioturbation (interval
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346-U1430A-1H-2, 150–290 cm) (Fig. F8). Foramini-
fers (mostly planktonic) are generally restricted to
millimeter-scale, foraminifer-bearing yellowish lay-
ers (e.g., interval 3H-6, 206–221 cm). These yellow-
ish layers, however, are not present in all dark inter-
vals. The lower and upper contacts of the dark layers
with the lighter greenish gray intervals within Sub-
unit IA are normally subtle and gradual, suggesting
moderate to heavy bioturbation. This character is
different from the weak bioturbation observed in
dark layers at Site U1425.

A rather remarkable series of three very thin (0.5–1.0
cm) yellowish calcareous ooze–rich laminated inter-
vals (relatively more foraminifers, pyrite, and or-
ganic matter) are observed interbedded with three
light green nannofossil ooze layers (relatively fewer
foraminifers, less pyrite, and less organic matter) (in-
tervals 345-U1430A-3H-5, 90 cm, to 3H-6, 55 cm;
Fig. F9). Similar carbonate-rich/ooze sequences that
appear to be correlative are also observed in Sites
U1423 (Section 346-U1423B-4H-6), U1424 (346-
U1424A-2H-7), U1425 (346-U1425B-3H-1), and
U1426 (346-U1426C-6H-3), suggesting a basin-wide
event.

Tephra layers in Subunit IA are typically thicker than
1 cm and are interbedded within the light greenish
gray and dark brown/grayish brown silty clay inter-
vals. The number of tephras per core with a thick-
ness >0.5 cm is highest in Subunit IA (Fig. F5; Table
T2). Pyrite and volcaniclastic materials represent a
minor sediment component (~5%–10%) throughout
the succession. Discrete millimeter- to centimeter-
scale tephra layers (mostly pumice) are found
throughout Subunit IA (a total of 71 tephra beds
each with a thickness >1.0 cm), but only five pumice
layers are found in Subunit IB.

In contrast with the occasionally pumiceous tephra
found at other sites in the marginal sea (IODP Sites
U1422–U1427), the prominent feature of tephra lay-
ers at this site is the much higher frequency (47%
probability) of thicker (2–30 cm) and coarser sized
(~1–5.0 mm diameter) pumice. The pumice is usually
white to light gray in color, although the gray color
likely comes from mixing with gray-colored fine ash.
Tephra layers are mostly white and light gray in
color (i.e., vitric), but there are some very dark to
black ash layers (i.e., scoriaceous). A notably thick
(29 cm) pumice layer was identified in Hole U1430A
(interval 346-U1430A-5H-1, 0–29 cm), with its
equivalent found in interval 346-U1430B-4H-2, 108–
138 cm. This particular layer provides an especially
useful tie point between holes.

In Hole U1430C, the interval between Sections 346-
U1430C-4H-3, 83 cm (26.4 m CSF-A), and 5H-5, 40
cm (39.7 m CSF-A), showed inconsistent stratifica-
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tion that could not be correlated with the corre-
sponding intervals in Holes U1430A and U1430B.
Two slump structures found in intervals 346-
U1430C-4H-3, 83–109 cm, and 4H-3, 122–133 cm,
did not occur in either Holes U1430A or U1430B. A
chaotic mud underlain by an ash layer found in in-
terval 4H-5, 5–35 cm, and a light colored homoge-
neous mud layer found between Sections 4H-6, 66
cm, and 4H-7, 19 cm, also occur only in Hole
U1430C. At Section 5H-3, 81 cm, there is no appar-
ent sequence corresponding to the 60 cm thick inter-
val observed at 346-U1430A-5H-1, 40–100 cm. At
Section 346-U1430C-5H-5, 40 cm, there is also no
apparent sequence corresponding to the 170 cm
thick interval found between Sections 346-U1430A-
5H-3, 140 cm, and 5H-5, 10 cm.

Composition

The principal lithology of Subunit IA consists of ter-
rigenous and biogenic grains and pumice or volcanic
glass (see Site U1430 smear slides in “Core descrip-
tions”). Terrigenous components in this subunit are
dominated by silt and clay fractions. In Subunit IA,
the light greenish gray intervals are mostly com-
posed of siliciclastic fine-grained material (up to
80%) dominated by quartz and clay minerals. How-
ever, sometimes the light greenish layers are domi-
nated by nannofossil ooze with only a few siliciclas-
tic grains. This subtle difference in color but distinct
change in lithology is difficult to identify by the na-
ked eye. Small pyrite framboids are distributed
mainly in the dark layers. Volcanic glass accounts for
nearly 100% of the ash layers, even though some-
times the volcanic material appears to be mixed with
a siliciclastic component.

Subunit IB
Intervals: 346-U1430A-6H-2, 130 cm, to 7H-5, 0

cm; 346-U1430B-5H-6, 100 cm, to 7H-2, 140
cm; 346-U1430C-6H-1, 35 cm, to 7H-4, 15 cm

Depths: Hole U1430A = 44.40–57.10 m CSF-A;
Hole U1430B = 45.30–58.70 m CSF-A; Hole
U1430C = 43.15–56.95 m CSF-A

Age: Late Pleistocene (1.3 Ma) to late Pliocene (3.0
Ma) (see “Biostratigraphy”)

Lithologies and structures

Subunit IB is a transitional sediment unit between
Subunit IA and Subunit IIA. It is identified by a de-
crease in the frequency of the dark and light color al-
ternations and by the increasing dominance of light
greenish gray and light gray clayey silt (Fig. F10). In
contrast with the ~48 m stratigraphic thickness of
Subunit IB at Site U1425, Subunit IB at Site U1430 is
very condensed (12.7 m), suggesting a much slower
Proc. IODP | Volume 346
sedimentation rate during deposition of this subunit
at this site, or even a possible hiatus. Heavy bioturba-
tion and large burrows (1–5 cm diameter) were ob-
served frequently in Core 346-U1430A-6H.

Tephra layers are intercalated in the silty clay se-
quence and form a minor but common (~5%–10%)
component of Subunit IB. As compared to Subunit
IA, tephra layers in Subunit IB are less frequently ob-
served. Some of the (light) tephra layers within the
dark gray intervals (346-U1430A-6H-2, 60–80 cm)
show distinct millimeter-scale gray and dark gray
laminations. In addition, green sediment with abun-
dant silt-size glauconite mixed with scattered pum-
ice was observed in interval 346-U1430A-6H-7A, 23–
59 cm. Glauconite occurs in Cores 346-U1430A-6H
and 9H (Fig. F11), corresponding to the interval of
very low sedimentation rate between 50 and 80 m
CSF-A (see “Biostratigraphy” and “Stratigraphic
correlation and sedimentation rates”).

Composition

The principal lithologic components in Subunit IB
are terrigenous, volcanic, and biogenic in origin (see
Site U1430 smear slides in “Core descriptions”). The
major difference between the lithologies of Subunits
IA and IB is the reduced occurrence of calcareous
microfossils downhole and the generally higher con-
tents of the biosiliceous fraction (mostly diatoms).
Terrigenous materials compose the bulk (>80%) of
Unit I sediment, which is dominated by quartz and
clay minerals. Volcanic glass usually occurs as a mi-
nor dispersed component (~5%–10%) throughout
the sediment. The biogenic fraction is generally low
(<30%) in Subunit IB and is dominated by diatoms
and sponge spicules, with a few calcareous microfos-
sils.

Unit II
Intervals: 346-U1430A-7H-5, 0 cm, to 11H-7, 0 cm;

346-U1430B-7H-2, 140 cm, to 11H-4, 140 cm;
346-U1430C-7H-4, 15 cm, to 11H-6, 0 cm

Depths: Hole U1430A = 57.10–98.10 m CSF-A;
Hole U1430B = 58.70–99.70 m CSF-A; Hole
U1430C = 56.95–97.81 m CSF-A

Age: late Pliocene (3.0 Ma) to late Miocene (7.9 Ma)
(see “Biostratigraphy”)

Lithologies and structures
Unit II consists of grayish green silty clay, olive-gray
diatom-rich silty clay, and dark olive-gray diatom
ooze (Figs. F2, F3, F4). Unit II is distinguished from
Unit I on the basis of sediment color and an increase
in overall diatom content relative to terrigenous sed-
iment. This lithologic change is supported by NGR
5
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measurements, which show lower values in Unit II
than in Unit I and are likely to be related to varia-
tions in the relative contents of the diatomaceous
and terrigenous fractions downhole (see “Physical
properties”). Furthermore, XRD analyses show a
large increase in opal-A content (see “Bulk mineral-
ogy”; Fig. F7). Unit II sediment is heavily biotur-
bated and is often mottled. The degree of bioturba-
tion changes vertically. The diatom content in bulk
sediment is the primary criterion used to further di-
vide Unit II into Subunits IIA and IIB.

Bulk mineralogy
The results of XRD analyses conducted on Hole
U1430A sediment are listed in Table T3. In general,
the character of the bulk mineral composition and
peak intensity of Unit II sediment is intermediate be-
tween Units I and III.

Figure F7 shows the downcore variations in peak in-
tensity of the identified minerals in Hole U1430A. In
general, the peak intensities of quartz, plagioclase,
feldspar, and clay minerals (smectite, illite, and kao-
linite and/or chlorite) decrease through Unit II. In
contrast, the peak height of opal-A increases through
Unit II. These characteristics are consistent with the
observed lithologic changes. Glauconite in this unit
is observed in smear slides at Samples 346-U1430A-
6H-CC, 2 cm, and 9H-4, 100 cm (Fig. F11). However,
it is difficult to detect glauconite by XRD because the
glauconite peak overlaps with the illite peak.

Subunit IIA
Intervals: 346-U1430A-7H-5, 0 cm, to 9H-3, 0 cm;

346-U1430B-7H-2, 140 cm, to 9H-1, 0 cm; 346-
U1430C-7H-4, 15 cm, to 9H-2, 0 cm

Depths: Hole U1430A = 57.10–73.10 m CSF-A;
Hole U1430B = 58.70–74.80 m CSF-A; Hole
U1430C = 56.95–72.80 m CSF-A

Age: early Pliocene (4.5 Ma) to late Pliocene (3.0
Ma) (see “Biostratigraphy”)

Lithologies and structures

Subunit IIA consists dominantly of meter-scale alter-
nating dark olive-gray, grayish green diatom-bearing
and diatom-rich silty clay and very dark gray diatom
ooze (Fig. F12). This subunit is considered transi-
tional from Subunit IB to the underlying Subunit IIB,
which is defined by the consistent appearance of dia-
tom ooze. In general, the sediments of this unit are
heavily bioturbated, leading to poor preservation of
original sedimentary structures, which inhibits their
recognition (e.g., color banding, laminae, etc.).
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Composition

Subunit IIA is predominantly composed of a mixture
of fine-grained material, mostly clay minerals,
quartz, and biosiliceous components (see Site U1430
smear slides in “Core descriptions”). The abun-
dance of these components varies throughout this
transitional unit, with alternations of silty clay, dia-
tom-bearing/rich silty clay, and diatom ooze.

Subunit IIB
Intervals: 346-U1430A-9H-3, 0 cm, to 11H-7, 0 cm;

346-U1430B-9H-1, 0 cm, to 11H-4, 140 cm; 346-
U1430C-9H-2, 0 cm, to 11H-6, 0 cm

Depths: Hole U1430A = 73.10–98.10 m CSF-A;
Hole U1430B = 74.80–99.70 m CSF-A; Hole
U1430C = 72.80–97.81 m CSF-A

Age: early Pliocene (4.5 Ma) to late Miocene (7.9
Ma) (see “Biostratigraphy”)

Lithologies and structures

Subunit IIB sediment is dominated by dark olive-
gray to very dark gray diatom ooze with a few dark
gray silty clay intervals. The color changes within
the unit are subtle. The abundance of diatoms and
other siliceous components (sponge spicules and ra-
diolarians) is key to the recognition of Subunit IIB
(Fig. F13) and typically composes >50% (mostly 90%
or more) of the sediment based on smear slides. A
significant decrease in NGR values from Subunit IIA
to Subunit IIB coincides with the increasing diatom
content of the sediment (see “Physical properties”).
Moderate to heavy bioturbation is also displayed in
some sections but is weaker in general than in Sub-
unit IIA. Only three pumiceous tephra layers were
observed in Subunit IIB (Table T2). The thickest
layer, with a maximum thickness of 30 cm (not con-
tinuous and mixed with normal sediment), occurs in
the lower part of Subunit IIB (interval 346-U1430A-
9H-5, 30–60 cm). The other two tephra layers are
very thin, ~1 cm.

Although very low sedimentation rates or the possi-
ble presence of a hiatus has been inferred for the up-
per part of Subunit IIB (see “Biostratigraphy” and
“Stratigraphic correlation and sedimentation
rates”), there is no clear visual evidence of an ero-
sional surface or lithologic change in the upper Sub-
unit IIB sediment except for a slightly coarser bed
containing glauconite grains (interval 346-U1430A-
9H-4A, 68–150 cm).

Well-lithified, pale gray dolomite beds and concre-
tions frequently occur in Subunit IIB sediment of
Site U1425. However, very few were observed at Site
U1430, which is consistent with only trace amounts
6
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of dolomite being observed in the normal sediment
by microscope and possibly indicating much weaker
diagenesis at this site. In addition, some intervals of
faint dark gray laminations (~60 cm thick, diatom
ooze) are found in Sections 346-U1430A-11H-3 and
11H-6, which can be compared with the very fine
laminations in Sections 346-U1425B-38H-2 and
38H-3 of the same age (~8 Ma).

Composition

The major lithologies in Subunit IIB are dominated
by biosiliceous (mostly diatom) components (>50%
and up to 95%) from Section 346-U1430A-9H-3 (i.e.,
the Subunit IIA/IIB transition) downhole (see Site
U1430 smear slides in “Core descriptions”). Dia-
toms dominate in the biosiliceous fraction, whereas
siliceous sponge spicules are common to rare (20%–
5%) and radiolarians and silicoflagellates occur only
in rare or trace amounts (1%–5%). These siliceous
fossil assemblages characterize both the dark olive-
gray and very dark gray sediment in the “diatom
ooze” category. Scattered glauconite crystals are oc-
casionally observed in the diatom ooze in the inter-
val 346-U1430A-9H-4, 68–150 cm. Observed in
smear slide, some glauconite grains (~50–120 µm)
show ovoid and lobate crystal forms and a very fresh
green color (Fig. F11). In some cases, glauconite is
observed growing within empty diatom frustules, re-
placing the biosiliceous composition and preserving
the original texture of the diatoms.

Unit III
Intervals: 346-U1430A-11H-7, 0 cm, to 32X-CC, 50

cm; 346-U1430B-11H-4, 140 cm, to 37H-1, 92
cm; 346-U1430C-11H-6, 0 cm, to 34H-1, 92 cm

Depths: Hole U1430A = 98.10–265.25 m CSF-A;
Hole U1430B = 99.70–275.02 m CSF-A; Hole
U1430C = 97.81–250.02 m CSF-A

Age: late Miocene (7.9 Ma) to middle Miocene
(13.1 Ma?) (see “Biostratigraphy”)

Lithologies and structures
Unit III consists of silty clay, diatom-rich/bearing
silty clay, and diatom ooze (Fig. F14), siliceous clay-
stone (Fig. F15), and sandstone (Fig. F16). Unit III is
distinguished from Unit II on the basis of a decrease
in diatom contents and an increase in the terrige-
nous content of the sediment; nonetheless, the up-
per part of Unit III still has a significant amount
(5%–90%) of diatoms. Unit III sediment is further di-
vided into two subunits (IIIA and IIIB), and the up-
per sediment is moderately to heavily bioturbated
and often mottled. Alternations between diatom
ooze and diatom-rich/bearing silty clay are difficult
to distinguish visually without smear slide observa-
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tions. The diatom content (i.e., biogenic silica com-
ponent) decreases near the base of Subunit IIIA, and
siliceous claystones and sandstones develop within
Subunit IIIB and Unit IV, respectively.

Bulk mineralogy
The results of XRD analyses are listed in Table T3. In
general, Unit III sediment is composed mainly of
quartz, K-feldspar, plagioclase, clay minerals (includ-
ing smectite, illite, and kaolinite and/or chlorite),
biogenic opal-A, and minor amounts of halite and
pyrite.

Figure F7 shows the downcore variations in peak in-
tensity of the identified minerals in Hole U1430A. In
Subunit IIIA, the peaks of quartz, K-feldspar, plagio-
clase, and clay minerals (including smectite, illite,
and kaolinite and/or chlorite) have lower intensities
and variation than in Unit I. In contrast, biogenic
opal-A has higher intensities and greater variability
than in Unit I. This character is the same as Subunit
IIIA sediment at Site U1425. As a minor lithology, a
concretion layer (Sample 346-U1430A-21H-6W,
43.0–44.0 cm) and two rock samples (346-U1430A-
22H-2W, 87.0–88.0 cm, and 346-U1430C-26H-CC,
11.0–12.0 cm) were analyzed by XRD. A hydroxyl-
apatite peak was detected in the concretion layer and
in one of the rocks analyzed (Sample 346-U1430A-
22H-2W, 87.0–88.0 cm). In the other rock (Sample
346-U1430C-26H-CC, 11.0–12.0 cm), a strong dolo-
mite peak was detected.

In Subunit IIIB, only one sample (Sample 346-
U1430A-30X-CC, 22.0–23.0 cm) was analyzed by
XRD, so it is difficult to characterize the subunit lith-
ology by this means. An important change is the ap-
pearance of opal-CT at 249.72 m CSF-A, which ap-
pears as a large peak in intensity centered at 22°
(Δ2θ) in the XRD diagram (Fig. F17). The appearance
of opal-CT is very close to the Subunit IIIB/Unit IV
boundary (249.5 m CSF-A).

Subunit IIIA
Intervals: 346-U1430A-11H-7, 0 cm, to 28H-2, 0

cm; 346-U1430B-11H-4, 140 cm, to 28H-1, 0
cm; 346-U1430C-11H-6, 0 cm, to 30H-3, 70 cm

Depths: Hole U1430A = 98.10–241.60 m CSF-A;
Hole U1430B = 99.70–244.00 m CSF-A; Hole
U1430C = 97.81–241.90 m CSF-A

Age: Miocene (7.9–11.7 Ma) (see “Biostratigra-
phy”)

Lithologies and structures

Subunit IIIA sediment is composed of alternating
layers of heavily bioturbated diatomaceous ooze and
diatom-rich/bearing silty clay (Fig. F14). These alter-
7
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nating layers show decimeter- to meter-scale cycles
of dark gray diatom ooze (relatively clay poor) and
very dark gray diatom-rich silty clay (relatively fewer
diatoms and more clay), although these color
changes can be subtle. Moderate to heavy bioturba-
tion is generally restricted to the light layers in Unit
III, but faint burrows (possibly Chondrites-type) are
evident in the dark layers, with a large vertical bur-
row (~2 cm diameter) observed near the top of Unit
III.

An important feature of Subunit IIIA is that some
(yet not all) diatom ooze sequences display very fine
laminations that range from ~5 to ~240 cm in thick-
ness and are observed in both Holes U1430A (Fig.
F18) and U1430B. These laminated intervals are not
observed in the diatom-rich silty clay sequences (Fig.
F14). The laminations (~225–232 m CSF-A; ~11.8
Ma) appear within a dark organic-rich layer in Sub-
unit IIIA that was not found at Site U1425, possibly a
result of poor recovery and greater diagenesis. An
unusual interval of yellowish concretion/clay-size
sediment occurs at 191.4 (Sample 346-U1430A-21H-
6A, 41–46 cm) and 195.35 m CSF-A (Sample 22H-2A,
86–92 cm) (Fig. F19). The sediment did not react
with 10% hydrochloric acid and goes nearly extinct
under cross-polarized light in the microscope, sug-
gesting no calcite is present. The composition resem-
bles hydroxyl-apatite based on XRD results, but the
exact classification and origin of these unusual yel-
lowish layers needs further onshore study.

Composition

The principal lithology of Subunit IIIA is character-
ized by varying diatom content (5%–75%, average =
40%) associated with the common occurrence of sili-
ceous sponge spicules (5%–25%) and increasing clay
mineral and quartz contents (5%–25%) compared to
Unit II. Other siliceous components such as radiolar-
ians remain rare (<5%), but organic matter based on
smear slides becomes more common. Toward the
bottom of Subunit IIIA, pyrite content also increases
to become a more important component of the lith-
ology. Overall, the biosiliceous and clay-size compo-
sition changes with the alternating color changes de-
scribed above. In order to further understand the
color and lithology change responsible for the fine
laminations in Subunit IIIA, four samples were
picked from the different color laminations (Samples
346-U1430A-24H-5, 25 cm, 24H-5, 26.5 cm, 24H-5,
33 cm, and 24H-5, 35 cm) to make smear slides (Fig.
F20). The normal dark gray sediment (25 cm) con-
sists of about 10% diatoms (centric), 90% siliciclastic
grains, and abundant organic matter. The very dark
gray layer sediment (26.5 cm) consists of 30% pyrite
and 70% diatoms (pennate), whereas the white layer
sediment (33 cm) has 50% centric and 50% pennate
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diatoms. In contrast, the light gray layer sediment
(35 cm) is rich in organic matter and pennate dia-
toms. The fine laminations thus reflect rapid eco-
logic and lithologic changes of the sediment.

Subunit IIIB
Intervals: 346-U1430-28H-2, 0 cm, to 30X-CC, 0

cm; 346-U1430B-28H-1, 0 cm, to 29X-CC, 45
cm; 346-U1430C-30H-3, 70 cm, to 33H-1, 0 cm

Depths: Hole U1430A = 241.60–249.50 m CSF-A;
Hole U1430B = 244.00–246.45 m CSF-A; Hole
U1430C = 241.90–248.60 m CSF-A

Age: Miocene (11.7–13.1 Ma) (see “Biostratigra-
phy”)

Lithologies and structures

Subunit IIIB sediment is characterized by dark gray
siliceous silty clay and claystone with few sedimen-
tary structures (Fig. F15). Subunit IIIB at Site U1430
covers a very short interval (7.9 m), in contrast to
the much thicker (63.1 m) Subunit IIIB sequence at
Site U1425. At this location it more likely represents
the transition from a shallower, coarse-grained ma-
rine glauconitic facies (Unit IV) to the fine-grained
and deeper hemipelagic diatomaceous sediment of
Subunit IIIA. Furthermore, the estimated age of Sub-
unit IIIB at Site U1430 appears to be somewhat older
than that of Subunit IIIB at Site U1425. In addition,
only two very thin (Samples 346-U1430A-28H-2,
144–152 cm, and 29H-1, 91–97 cm) claystones were
found interbedded with siliceous silty clay in Hole
U1430A.

The transition from Subunit IIIA to Subunit IIIB is
defined by the diagenetic loss of biosiliceous mate-
rial (Fig. F21) and the formation of siliceous clay-
stone. XRD results show that opal-CT first occurs be-
tween Subunit IIIB and the top of Unit IV (Fig. F17).
However, it is difficult to exactly define the first
downhole occurrence of opal-CT (top of Unit IV?), as
only two samples in the interval were analyzed by
XRD because of time limitations.

Composition

The principal lithology of Subunit IIIB is character-
ized by abundant clay minerals and quartz (i.e., fall-
ing within the category of 25%–75%, see the “Meth-
ods” chapter [Tada et al., 2015b]) and the common
occurrence of pyrite and organic matter (5%–25%).
All biosiliceous material is absent from smear slides
in this unit.

Unit IV
Intervals: 346-U1430-30X-CC, 0 cm, to 32X-CC,

50 cm; 346-U1430B-29X-CC, 45 cm, to 37H-1,
8
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92 cm; 346-U1430C-33H-1, 0 cm, to 34H-1, 92
cm

Depths: Hole U1430A = 249.50–265.25 m CSF-A;
Hole U1430B = 246.45–275.02 m CSF-A; Hole
U1430C = 248.60– 250.02 m CSF-A

Age: middle Miocene (>13.1 Ma) (see “Biostrati-
graphy”)

Lithologies and composition
Because of poor recovery and heavy disturbance
during drilling, a detailed description of lithologic
changes in Unit IV is difficult (Fig. F16). In general,
Unit IV is characterized by greenish black, hard glau-
conite-quartz-feldspar–rich sandstone (Fig. F22), and
light gray glauconite-rich dolomite-dominated sand-
stone (Fig. F23). A thin section of a glauconite sand-
stone clearly shows that glauconite occurs in the
form of pellets and infilling of siliceous microfossils
and coexists with pyrite, quartz, and feldspar (Fig.
F24), strongly suggesting its authigenic origin in the
marine environment. Moreover, the transverse sec-
tion of most glauconite minerals shows an internal
yellow core and a green outer crust.

The mineral compositions of Unit IV show high vari-
ability. Though based on only a few samples, XRD
data (Fig. F7) are divided into three types. The first
type is pure volcanic glass (Sample 346-U1430B-33X-
1W, 39.0–40.0 cm). The second type shows very high
peaks of quartz, plagioclase, and feldspar (Samples
346-U1430B-37H-1W, 28.0–29.0 cm, 346-U1430A-
30X-CCW, 22.0–23.0 cm, and 346-U1430B-32X-1W,
34.0–35.0 cm). The last type shows high peaks of do-
lomite, quartz, plagioclase, and feldspar (Sample
346-U1430A-32X-CCW, 16.0–18.0 cm). In Unit IV,
the intensities of plagioclase and feldspar peaks are
much higher than in the other units. This character
could be explained by grain size change or prove-
nance change of the siliciclastic material.

Thick tephra layers were observed in Hole U1430B. A
39 cm thick tephra layer (vitric) appears at the bot-
tom of Hole U1430B (interval 33X-1A, 5–44 cm).
Smear slide observations show that the volcanic glass
has undergone significant alteration, especially the
glass proximal to the adjoining sediment (Fig. F25).
The alteration products resemble clay minerals but
their mineralogy needs further confirmation.

Summary and discussion
The sedimentary sequence recovered from Site
U1430 records a nearly continuous history of terrige-
nous input and paleoceanographic evolution of the
Ulleung/Tsushima Basin since the middle Miocene,
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as well as the gradual diagenetic development of
claystones and sandstones with burial at deeper
depth. The dominant lithology at Site U1430 has
varied through time and is characterized by nanno-
fossil ooze and calcareous-rich silty clay in the late
Pliocene–Holocene and by diatom ooze and diatom-
rich silty clay from the middle Miocene to early Plio-
cene. Sedimentation is dominated by pelagic and/or
hemipelagic biogenic grains punctuated by periods
of volcanic (tephra layers) and terrigenous input
(silty clay or clayey silt layers), although both terrige-
nous and volcanic materials represent only minor
components of the sediment succession since the
Miocene.

Over the last 15 m.y., the changes in major lithology
at Site U1430 (and Site U1425) seem to have been
largely controlled by subsidence and local sea level
change in the marginal sea, which in turn was influ-
enced by regional tectonic evolution and global sea
level change. At present, the marginal sea is re-
stricted and semi-enclosed, only connected with
other seas by shallow, narrow straits, namely to the
East China Sea to the south through the Tsushima
Strait (130 m water depth), to the North Pacific to
the east through the Tsugaru Strait (130 m water
depth), and to the Okhotsk Sea to the north through
the Soya and Mamiya Straits (20–50 m water depth)
(Tada, 1994).

The regional tectonic setting is thought to have
switched from transtensional in the Miocene to
compressional in the Pliocene and to convergence in
the late Quaternary (Tada, 1994), which is well
demonstrated by the high-frequency occurrence of
tephra layers in Unit I at all sites in the marginal sea.
Correspondingly, paleogeographic reconstructions
suggest that the sill depths of the channels generally
became shallower, from ~500–1000 m in the middle
Miocene to ~130 m in the Pleistocene (Tada, 1994).
During the middle Miocene to the early Pliocene
(15–3.5 Ma), the deeper sill depths and the higher
global sea level (around +100 m) relative to the Qua-
ternary (between 0 and –130 m) suggests more open
paleoceanographic conditions in the pre-Quaternary.
The relatively unlimited inflow of the upper part of
Pacific Deep Water would provide more nutrients
such as silica that maintain the high productivity of
diatoms, which are dominant from Units III to II. In
contrast, the late Quaternary was significantly more
restricted because of the very shallow inlet sills.
During the glacial lowstands, the marginal sea was
almost disconnected from the East China Sea and Pa-
cific Ocean. The high-frequency climate and sea
level changes of the Late Pleistocene induced the
9
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variable contributions of biogenic grains and terrige-
nous materials, corresponding to the alternating
bands of light and dark layers observed in Unit I.

In general, terrigenous materials are not the domi-
nant component of sediment recovered in the mar-
ginal sea. There are no large/great rivers in the Japan
islands or draining the Korean mainland. Consider-
ing that >70% of the freshwater discharged from the
Yangtze River is carried into the marginal sea with
the TWC (Isobe et al., 2002), some very fine clay
minerals from the East China Sea are likely trans-
ported to the southern portion of the marginal sea.
In any case, a more important terrigenous source
may be dust transported by wind from the Asian in-
land. Previous studies have observed significant con-
tributions of eolian dust to the bulk Quaternary
hemipelagic sediment of the sea (Irino and Tada,
2000). Preliminary XRD results from analysis of bulk
minerals at Site U1430 clearly show that quartz
(mostly silt size) and clay mineral intensities have
generally increased since the late Pliocene (Unit I),
consistent with a strengthened East Asian winter
monsoon and Asian inland aridity (Sun and An,
2005).

Another important feature of the marginal sea’s sedi-
ment is the frequent occurrence of green layers and
of scattered green silt- to sand-size glauconite grains
within the sediment and dominant in the glauconite
sandstone. Well-developed glauconite crystals usu-
ally occur in tephra layer/patches (Fig. F11) and
sandstones (Fig. F24). Some glauconite seems to
have grown in diatoms and to have replaced the bio-
siliceous composition, only to keep the original tex-
ture of the diatoms. In the green sediment that
makes up much of the section, only a few (mostly
<2%) silt-size light green glauconite grains were ob-
served in smear slides; however, very light green ag-
gregates (sometimes ~5%–10% abundance) were of-
ten seen that are similar in appearance to glauconite.
Nonetheless, it was not possible to confirm their
mineralogy. Many theories on the origin of green
layers have been proposed, and the most common
one is to attribute their genesis to the diagenetic al-
teration of volcanic material. Gardner et al. (1986)
suggested that the pale green laminae found in sedi-
ment from the Lord Howe Rise east of Australia were
the product of alteration of volcanic material, as
their occurrence correlated with the distribution of
volcanic material and their mineralogy corre-
sponded to bentonitic material. Based on the distri-
bution of volcanic glass/pumice and the typical glau-
conite light green aggregates in the sediment of the
marginal sea, it seems that the formation of glauco-
nite may be closely linked to tephra alteration here
as well, with the light green aggregates in the green
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layer sediment representing the initial stage of glauc-
onitization. However, further onshore study is
needed to assess the authigenic origin and process of
glauconite formation.

In summary, the changes in sedimentation observed
at Site U1430 since the Miocene largely reflect local
and eustatic sea level changes, climate oscillations,
and volcanic and diagenetic processes in the mar-
ginal sea.

Biostratigraphy
At Site U1430, ~250–265 m of Miocene to Holocene
sedimentary section was recovered. Nannofossils are
generally absent with the exception of a few inter-
vals where nannofossils are rare and exhibit poor
preservation. One calcareous nannofossil datum, the
first occurrence (FO) of Emiliania huxleyi, is docu-
mented. Diatoms are generally common and well
preserved. Thirteen diatom datums are recorded.
High abundances of Chaetoceros spores are indicative
of a productive paleoenvironment. Laminations near
231 m CSF-A in Hole U1430A are found to contain
different diatom assemblages in the light and dark
colored layers. Radiolarians are generally abundant
throughout the entire succession and are mostly well
preserved. A total of 22 radiolarian datums are docu-
mented, including the last occurrence (LO) of Pen-
tactinosphaera hokurikuensis (15.0 Ma) near 256.3 m
CSF-A in Hole U1430B. The abundance of planktonic
foraminifers is variable through the succession, rang-
ing from rare to dominant; preservation is generally
poor to moderate. The planktonic foraminiferal as-
semblages are characteristic of temperate to subarctic
environments and primarily consist of Globigerina
bulloides, Neogloboquadrina pachyderma (sinistral and
dextral), and the Neogloboquadrina kagaensis group.
Two datums (LO of N. kagaensis group and coiling
change in N. pachyderma from dextral to sinistral) are
identified. Benthic foraminifers are generally moder-
ately to well preserved and abundant within the
Pleistocene interval (shallower than ~54 m CCSF-A,
as defined in the “Methods” chapter [Tada et al.,
2015b]). Alternating peak abundances in Cassidulina
and Uvigerina suggest elevated but fluctuating or-
ganic export fluxes to the seafloor through the Mid-
dle to Late Pleistocene. Deeper in the succession,
most samples are barren or rarely consist of an im-
poverished assemblage dominated by a few aggluti-
nated species. The overall composition of benthic
foraminifer assemblages at Site U1430 indicates mid-
dle bathyal paleodepths from the late Pliocene to the
Pleistocene. The integrated siliceous and calcareous
microfossil biozonation is shown in Figure F26 with
microfossil datums listed in Table T4. A biostrati-
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graphic age-depth plot is provided in Figure F27. See
“Stratigraphic correlation and sedimentation
rates” for a discussion of sedimentation rates at Site
U1430.

Calcareous nannofossils
Calcareous nannofossil biostratigraphy is based on
analysis of 55 core catcher and split-core section
samples from Holes U1430A (40 samples) and
U1430B (15 samples). Nannofossils are virtually ab-
sent throughout the entire succession. A few nanno-
fossil-bearing intervals are present between 3.5 and
137.0 m CSF-A (Samples 346-U1430A-1H-CC, 2H-
CC, 4H-CC, 6H-3W, 75 cm, 6H-CC, and 15H-CC) in
Hole U1430A and between 8.2 and 27.6 m CSF-A
(Samples 346-U1430B-1H-CC, 2H-CC, and 3H-CC)
in Hole U1430B (Table T5; Fig. F28). When nanno-
fossils are present, they are generally rare and poorly
preserved.

Nannofossil diversity at Site U1430 is lower than at
any other site drilled during IODP Expedition 346.
The nannofossil assemblage consists of only seven
taxa, including Braarudosphaera bigelowii, Calcidiscus
leptoporus, Coccolithus pelagicus, E. huxleyi, Gephyro-
capsa oceanica, small Gephyrocapsa spp. (<4 µm), and
Helicosphaera carteri.

The base of nannofossil Zones CN15/NN21 is recog-
nized (Fig. F26) based on the FO of E. huxleyi in Hole
U1430A. The underlying strata are included in nan-
nofossil Zones CN14b/NN20 based on the absence of
Pseudoemiliania lacunosa, but the base of these zones
(i.e., the LO of P. lacunosa) is not identified and their
zonal assignment is tentative because of the overall
scarcity of nannofossils.

Radiolarians
A total of 39 samples from Holes U1430A (33 sam-
ples), U1430B (2 samples), and U1430C (4 samples)
were prepared for radiolarian analyses (Table T6).

Hole U1430A
In Hole U1430A, radiolarians are generally common
to abundant in the sequence, although they are rare
or absent deeper than 249.7 m CSF-A (Sample 346-
U1430A-30X-CC) (Fig. F28). Twenty two radiolarian
datums included in the Eucyrtidium inflatum Zone
(middle Miocene) through the Botryostrobus aquilon-
aris Zone (Late Pleistocene) are found in this hole
(Table T4; Fig. F26).

Pleistocene

Although key species that define the base or top of
the Stylatractus universus and Eucyrtidium matuyamai
Zones are not observed, secondary datums include
Proc. IODP | Volume 346
the LO of Lychnocanoma sakaii (0.05 Ma) at 3.5 m
CSF-A (Sample 346-U1430A-1H-CC), Amphimelissa
setosa (0.08 Ma) at 13.3 m CSF-A (Sample 2H-CC),
Spongodiscus sp. (0.29 Ma) at 22.9 m CSF-A (Sample
3H-CC), and Axoprunum acquilonium (1.2–1.7 Ma) at
51.4 m CSF-A (Sample 6H-CC).

Pliocene

The Pleistocene/Pliocene boundary is close to the FO
of Cycladophora davisiana (2.7 Ma) and the LO of
Hexacontium parviakitaensis (2.7 Ma) at 51.4 m CSF-A
(Sample 346-U1430A-6H-CC) and 60.0 m CSF-A
(Sample 7H-CC), respectively. The FO of H. parviaki-
taensis (3.9–4.3 Ma) occurs at 70.4 m CSF-A (Sample
8H-CC). The LO of Lipmanella redondoensis (5.06 Ma)
and the FO of Larcopyle pylomaticus (base of the L. py-
lomaticus Zone; 5.3 Ma), which are close to the Plio-
cene/Miocene boundary, are at 79.9 m CSF-A (Sam-
ple 9H-CC). However, in the same sample,
Cycladophora nakasekoi (LO at 7.4 Ma) is also present,
suggesting reworking from Miocene strata or the
presence of a hiatus. In the absence of the A. acquilo-
nium to Lychnocanoma parallelipes Zones (5.3–7.4
Ma), a hiatus and/or very slow sedimentation inter-
val are interpreted between 79.9 and 89.5 m CSF-A
(Samples 9H-CC and 10H-CC).

Miocene

The last common occurrence of Lychnocanoma mag-
nacoronuta (9.0 Ma) occurs at 146.5 m CSF-A in Hole
U1430B (Sample 346-U1430B-16H-CC) correspond-
ing to the base of the L. redondoensis Zone and the
top of the L. magnacoronuta Zone. The FO of C. na-
kasekoi and the LO of Cyrtocapsella japonica (10.1 Ma)
are found at 175.0 m CSF-A and 183.5 m CSF-A in
Hole U1430B (Samples 19H-CC and 20H-CC), re-
spectively. Dendrospyris uruyaensis ranges from 11.8
to 10.1 Ma and is present between 202.2 and 240.4
m CSF-A (Samples 22H-CC and 27H-CC).

The FO of L. magnacoronuta marks the base of the L.
magnacoronuta Zone (11.8 Ma) at 230.7 m CSF-A in
Hole U1430A (Sample 346-U1430A-25H-CC). The
LO of Eucyrtidium inflata and Lithopera renzae (11.8
Ma) are in Sample 28H-CC (245.1 m CSF-A). The
rapid decrease (RD) of C. tetrapera (12.6 Ma), dividing
the E. inflata Zone, is observed at 249.5 m CSF-A
(Sample 29H-CC). The presence of Dendrospyris sakaii
at 255.1 m CSF-A (Sample 31X-CC) suggests an age
older than 14.8 Ma.

Hole U1430B
Radiolarians are abundant to common at the base of
Hole U1430B (251.1–256.3 m CSF-A; Samples 346-
U1430B-32X-1W, 111–113 cm, and 33X-1W, 59–61
cm). Sample 32X-1W, 111–113 cm (251.1 m CSF-A),
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lies between the LO of D. sakaii (14.8 Ma) and the FO
of Eucyrtidium asanoi (15.3 Ma). D. sakaii (14.8 to 16–
16.8 Ma) and P. hokurikuensis (older than 15.0 Ma)
are present in Sample 33X-1W, 59–61 cm (256.3 m
CSF-A); however, E. asanoi and E. inflata (FO at 15.3
Ma) are not present.

Hole U1430C
At the bottom of the succession in Hole U1430C, the
FO of D. uruyaensis and the LO of E. inflata (11.8 Ma)
are found at 238.5 and 243.0 m CSF-A (Samples 346-
U1430C-29H-CC and 30H-CC), respectively. The RD
of C. tetrapera (12.6 Ma) is at 244.4 m CSF-A (Sample
31H-CC).

Diatoms
Diatom biostratigraphy was based on smear slides
from core catcher and toothpick samples. A total of
32 core catcher and 17 toothpick samples were ex-
amined from Hole U1430A. In addition, three tooth-
pick samples from Hole U1430B were also observed
to constrain ages. Thirteen datums were identified
(Table T4, T7; Fig. F29) in Hole U1430A.

The LO of Proboscia curvirostris (0.3 Ma) in Sample
346-U1430A-3H-CC (22.93 m CSF-A) marks the
boundary between the base of Zone NPD 12 and the
top of Zone NPD 11 (Yanagisawa and Akiba, 1998).
The LO of Neodenticula koizumii (2.0 Ma) at 52.7 m
CSF-A (Sample 7H-1W, 100–101 cm) marks the
boundary between the base of Zone NPD 10 and the
top of Zone NPD 9, and the LO of Neodenticula kam-
tschatica (2.6–2.7 Ma) in Sample 346-U1430A-7H-CC
(61.0 m CSF-A) marks the boundary between the
base of Zone NPD 9 and the top of Zone NPD 8. The
FO of N. koizumii (3.4–3.9 Ma) at 62.9 m CSF-A (Sam-
ple 8H-2W, 75 cm) defines the boundary between
Zones NPD 8 and NPD 7Bb. The FO of N. kamtscha-
tica (6.57 Ma) is in Sample 346-U1430A-9H-3W, 14
cm, and the FO of Shionodiscus oestrupii (5.56 Ma) is
found in Sample 9H-CC (79.9 m CSF-A), marking the
boundary between Zones NPD 7Bb and NPD 7Ba.
The LO of Thalassionema schraderi (7.67 Ma) at 98.9
m CSF-A (Sample 11H-CC) separates Zones NPD 7A
(base) and NPD 6B (top). The FO of T. schraderi (8.5
Ma) occurs in Sample 13H-CC (118.0 m CSF-A). The
boundary between Zones NPD 6B and NPD 6A is
marked by the LO of Denticulopsis katayamae at 8.7
Ma (137.0 m CSF-A; Sample 15H-CC). The LO of Den-
ticulopsis dimorpha (9.3 Ma) marks the boundary be-
tween Zones NPD 6A and NPD 5D at 156.0 m CSF-A
(Sample 17H-CC). The LO of Denticulopsis hustedtii
(10.2 Ma) is in Sample 20H-CC (183.5 m CSF-A), and
the FO of this species (at 11.2 Ma) is in Sample 25H-
CC (230.7 m CSF-A). Finally, the FO of Denticulopsis
simonsenii (13.1 Ma) is found in Sample 27H-CC
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(240.4 m CSF-A), marking the boundary between
Zones NPD 5A and NPD 4Bb. In Sample 346-
U1430B-31X, 94 cm, Actinocyclus ingens var. nodus is
found. This species occurrence is placed within the
Denticulata lauta Zone NPD 4A (Baldauf and Barron,
1980; Yanagisawa and Akiba, 1998) between 14.4
and 15.9 Ma.

Diatom preservation is good throughout the succes-
sion, except for the upper 20 m and the bottom 50 m
(Fig. F28; Table T7). Overall, diatom abundances are
high (20% to >60%) through the succession. The
high abundance (20%–60%) of Chaetoceros spores in-
dicates a productive environment.

Dark and light colored laminations found in Sample
346-U1430A-25H-CC (Fig. F29) contain different
diatom assemblages. Both layers are defined as dia-
tom oozes (reflecting high productivity); however,
the light colored layers have larger centrics. This
may be due to an increase of nutrients from terres-
trial origin and/or an increase in upwelled water
flux. Further analysis, statistical and geochemical,
will help to assess this hypothesis. In order to better
investigate if any particular species assemblages have
a significant pattern, 22 toothpick samples from
light colored layers in Cores 346-U1430A-22H
through 25H were taken in order to perform post-
cruise multivariate statistical analysis.

Planktonic foraminifers
Planktonic foraminifers were examined in core
catcher samples from Holes U1430A (32 samples),
U1430B (7 samples), and U1430C (7 samples). Rela-
tive abundances of taxa and visual estimates of as-
semblage preservation are presented in Table T8.
Planktonic foraminifers are mainly confined to the
upper part of the succession (Sample 346-U1430A-
5H-CC and shallower, Sample 346-U1430B-6H-CC
and shallower, and Sample 346-U1430C-6H-CC and
shallower). Their abundances vary from rare to dom-
inant. Sample 346-U1430A-6H-CC (42.1 m CSF-A)
and deeper, Sample 346-U1430B-7H-CC (42.1 m
CSF-A) and deeper, and Sample 346-U1430C-7H-CC
(42.1 m CSF-A) and deeper are barren (Table T8; Fig.
F28). Preservation is moderate to poor because of fre-
quent fragmentation, except for Sample 346-
U1430C-4H-CC (33.6 m CSF-A), which contains
well-preserved tests. The frequent fragmentation
may indicate partial diagenetic dissolution.

Planktonic foraminiferal assemblages are characteris-
tic of temperate to subarctic environments, consist-
ing mainly of G. bulloides, N. pachyderma (sinistral
and dextral), and the N. kagaensis group (N. kagaensis
and Neogloboquadrina inglei) with rare occurrences of
Globigerina umbilicata, Globigerina quinqueloba, Glo-
boturborotalita woodi, and Neogloboquadrina dutertrei
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(= Neogloboquadrina himiensis). The LO of the N. ka-
gaensis group, which is observed at 0.7 Ma in the
North Pacific Ocean (Kucera and Kennett, 2000), is
recorded between Samples 346-U1430B-4H-CC and
3H-CC (36.9 and 27.5 m CSF-A) and between Sam-
ples 346-U1430C-4H-CC and 3H-CC (33.6 and 42.2
m CSF-A). The change in coiling direction of N. pach-
yderma (from dextral to sinistral) occurs between
Samples 346-U1430B-5H-CC (46.3 m CSF-A) and 4H-
CC (36.9 m CSF-A), indicating the boundary be-
tween Zones PF8 and PF7 in the regional zonation
for the marginal sea (Maiya, 1978).

Benthic foraminifers
Benthic foraminifers were examined in core catcher
samples from Holes U1430A (32 samples), U1430B (8
samples), and U1430C (6 samples). Samples with an
average volume of ~20 cm3 were processed from all
core catchers to obtain quantitative estimates of ben-
thic foraminiferal distribution patterns downhole.
The mudline samples recovered in Holes U1430A
and U1430B were also investigated. To assess assem-
blage composition and variability, all specimens
from the >150 µm fraction were picked and trans-
ferred to slides for identification and counting. The
presence and distribution of benthic foraminifers
was additionally checked in the 63–150 µm fraction
to ensure that assemblages in the >150 µm fraction
were representative and that small species such as
phytodetritus feeders or small infaunal taxa were not
overlooked. Core catcher samples were also exam-
ined for the presence of ostracods during shipboard
preparation of benthic foraminifer samples, but
none were found.

Benthic foraminifers vary substantially in abundance
and preservation throughout the ~280 m thick Mio-
cene to Pleistocene succession recovered in Holes
U1430A–U1430C (Figs. F28, F30; Table T9). Benthic
foraminifers are generally moderately to well pre-
served and abundant within the Pleistocene interval
shallower than Samples 346-U1430A-6H-CC, 346-
U1430B-6H-CC, and 346-U1430C-6H-CC (53.7,
55.6, and 57.8 m CCSF-A) (Fig. F28). Deeper in the
succession, most samples are barren or consist of im-
poverished assemblages dominated by a few aggluti-
nated species (Samples 346-U1430A-7H-CC though
32X-CC; 63.9–280.3 m CCSF-A). The overall compo-
sition of assemblages at Site U1430 indicates middle
bathyal paleodepths from the late Pliocene to Pleis-
tocene.

A total of 38 benthic foraminiferal taxa were identi-
fied. Table T9 summarizes the downcore distribution
of benthic foraminifers in core catcher samples from
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Holes U1430A–U1430C. Species commonly recorded
through the succession include Bolivina pacifica, Cas-
sidulina japonica, Cassidulina norcrossi, Epistominella
pulchella, Globobulimina pacifica, Trifarina angulosa,
and Uvigerina yabei, which typically indicate en-
hanced organic flux and/or dysoxic conditions at the
seafloor and within the uppermost few centimeters
of the sediment (Gooday, 1993; Jorissen et al., 1995,
2007; Jorissen, 1999). Peak abundances in Cassidu-
lina and Uvigerina alternate in the upper part of the
succession at Site U1430 (Fig. F30) suggesting ele-
vated but fluctuating food fluxes throughout the
Middle to Late Pleistocene. In contrast, the aggluti-
nated species Martinotiella communis and Miliammina
echigoensis dominate in the early Pleistocene to late
Pliocene (between ~68 and 83 m CCSF-A). Similar
distribution patterns are apparent at Sites U1422–
U1426 that may be related to pervasive carbonate
dissolution in the marginal sea and/or to unfavor-
able conditions for benthic foraminifers at the sea-
floor during this warmer climate period. As noted
previously, moderately to well-preserved diatoms
and radiolarians are common to abundant in resi-
dues >150 and >63 µm throughout the succession,
becoming dominant deeper than ~227 m CSF-A in
Hole U1430A.

Mudline samples

The mudline sample from Hole U1430A was gently
washed in order to preserve fragile, agglutinated for-
aminifer specimens with extremely low fossilization
potential. The mudline sample contains planktonic
foraminifers, including a few warm-water species
such as Globigerinoides ruber, Globorotalia inflata, Glo-
borotalia tumida, and Orbulina universa, reflecting the
modern influence of the TWC. The mudline assem-
blage is dominated by agglutinated taxa including
Cribrostomoides subglobosus, Haplophragmoides sub-
sphaericum, M. echigoensis, Paratrochammina chal-
lengeri, and Reophax scorpiurus. The mudline sample
also contains calcareous taxa including Amphycorina
scalaris, B. pacifica, Bolivina robusta, Cassidulina ja-
ponica, Cibicidoides mundulus, Nummoloculina sp.,
Pyrgo spp., Pyrgoella sp., Quinqueloculina spp., Roberti-
noides bradyi, T. angulosa, and Uvigerina peregrina
(Figs. F31, F32). Most of the agglutinated and calcar-
eous tests are stained with rose bengal. The high
abundance of agglutinated taxa and scarcity of high-
productivity calcareous indicators (bolivinids, buli-
minids, and uvigerinids) suggests reduced organic
export flux to the seafloor and more limited food re-
sources than at the shallower Site U1427 located in a
productive upper slope environment.
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Geochemistry
Site U1430 is located near two previously gathered
piston cores (05PC-21 and KH-77-3 M3). Core 05PC-
21 was collected from the Ulleung Basin during a
2005 cruise of the R/V Tamhae II. Radiocarbon data
and color coordination indicated fairly rapid sedi-
mentation rates (~4 cm/k.y.) for this core (Lee et al.,
2008). Core KH-77-3 M3 was collected from the Tsu-
shima Basin during a 1977 cruise of the R/V Hakuho
Maru. Interstitial water data showed a rapid increase
in alkalinity (to 30 mM) and fast decrease in SO4

2– (to
9 mM) over this 10 m core (Masuzawa and Kitano,
1983). The data from these other piston cores were
reminiscent of some of the previous Expedition 346
drill sites. For example, over the upper ~20 m at Site
U1422, sedimentation rates are ~7 cm/k.y., alkalinity
increases to 20 mM, and SO4

2– decreases to 9 mM
(see “Stratigraphic correlation and sedimentation
rates” and “Geochemistry” both in the “Site
U1422” chapter [Tada et al., 2015c]).

Sample summary
During operations at Site U1430, the geochemistry
group collected and analyzed a range of samples.
These included (Tables T10, T11, T12) the following:

• 2 mudline (ML) samples from bottom water
poured from the uppermost core liner in Holes
U1430A and U1430B.

• 24 interstitial water samples from whole-round
squeezing (IW-Sq) from Hole U1430A; all were
nominally 5 cm long. As at Sites U1428 and
U1429, IW-Sq samples were passed through 0.45
and 0.2 µm filters.

• 28 interstitial water samples from Rhizons (IW-Rh)
from the top of Hole U1430B.

• 37 sediment samples from the CARB samples.

• 30 headspace (HS) gas samples.

No Vacutainer samples were taken at this site.

Alkalinity, ammonium, and phosphate
Alkalinity, NH4

+, and PO4
3– exhibit similar profiles as

at other numerous locations with significant
amounts of organic matter degradation (Fig. F33).
Alkalinity increases from 2.4 mM in the mudline
sample to 26 mM at 24 m CSF-A. The value for the
seafloor is close to that measured for bottom water in
the region (2.4 mM) (Sudo, 1986), and the increase is
slightly steeper than at Site U1422. Below this rapid
rise, alkalinity greatly increases to 40 mM at 62 m
CSF-A and then remains close to this level until the
base of the drilled sequence.
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Ammonium concentrations increase gradually from
a very low value in the mudline sample (38 µM) to
>1440 µM at 34 m CSF-A (Fig. F33). The profile is
slightly concave downward, at least over this depth
range. At Site U1430, there is a prominent inflection
in the NH4

+ profile at ~30 m CSF-A, and the molar ra-
tio of alkalinity to NH4

+ is ~50:1 at 200 m CSF-A. Al-
ternatively, this inflection may be an analytical arti-
fact of the higher NH4

+ values, as the increase from
the seafloor may instead increase to an inferred max-
imum at ~60–70 m CSF-A before decreasing to the
bottom of the hole. However, the analyses were all
well within the calibration standards, which had a
maximum value of 5000 µM.

Phosphate concentrations increase rapidly from be-
low the detection limit in the mudline sample to 79
µM at ~15 m CSF-A (Fig. F33). The rise is greatest
over the uppermost 5 m below the seafloor. Deeper
than a prominent maximum at 15 m CSF-A, the
PO4

3– profile decreases gradually, with values below
20 µM at 157 m CSF-A.

The profiles reflect a combination of several pro-
cesses. As occurs at many locations, solid organic car-
bon, with a generic Redfield composition of
[(CH2O)106(NH3)16(H3PO4)], decomposes to release
HCO3

–, NH4
+, and PO4

3– (Froelich et al., 1979, Masu-
zawa and Kitano, 1983). Alkalinity often approxi-
mates HCO3

– concentrations in the marine environ-
ment. Therefore, there are downhole increases in the
three profiles. Both HCO3

– and PO4
3– can precipitate

into (or onto) authigenic minerals, so their concen-
trations can decrease with depth.

The two general reactions that may contribute signif-
icant alkalinity in clay-rich sediment are (above ref-
erences)

2CH2O + SO4
2– → HS– + 2HCO3

– + H+, (1)

and

2CH2O → CH4 + HCO3
– + H+. (2)

The alkalinity of 40 mM deeper than 80 m CSF-A
would predict that SO4

2– is <8 mM in the interstitial
water. This prediction is based upon three main
points: (1) the 1:2 stoichiometry in Reaction 1,
(2) the absence of H2S odor deeper than 80 m CSF-A,
and (3) Reaction 2 only proceeds at minimal SO4

2–

concentrations. Thus, for each 2 moles of HCO3
– (al-

kalinity) produced, at least 1 mole of SO4
2– has been

consumed. However, SO4
2– concentrations greatly

exceed the 8 mM prediction, and thus other pro-
cesses must be acting. This difference between the
14
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prediction and measured values will be discussed be-
low.

Calcium, magnesium, and strontium
At Site U1422 and most other sites drilled in the
marginal sea (Ingle, Suyehiro, von Breymann, et al.,
1990; Tamaki, Pisciotto, Allan, et al., 1990), profiles
of dissolved Ca, Mg, and Sr are broadly similar be-
tween sites. The profiles of these elements in intersti-
tial water at Site U1430 (Table T10; Fig. F34) con-
tinue this trend.

The dissolved Ca concentration in the mudline sam-
ple is 9.7 mM, which is slightly lower than the value
expected for theoretical Japan Sea Proper Water
(JSPW) (10.4 mM) (see “Geochemistry” in the
“Methods” chapter [Tada et al., 2015b]). As such, ei-
ther this sample is influenced by water from beneath
the seafloor during sampling or the actual seawater
value may be different. Nonetheless, from the sea-
floor values decrease to ~6 mM between 40 and 55 m
CSF-A. Ca concentrations then increase fairly
steadily with depth, reaching 13.2 mM at ~242 m
CSF-A. This is very similar to the Ca profile at Site
U1422, although the concentration at 200 m CSF-A
is higher at Site U1430 (11.8 mM) than at Site U1422
(9.2 mM).

The dissolved Mg concentration in the mudline sam-
ple is 52.0 mM, which is slightly lower than the
value expected for inferred JSPW (53.3 mM) (see
“Geochemistry” in the “Methods” chapter [Tada et
al., 2015b]). Between 1.45 and ~60 m CSF-A, Mg con-
centrations decrease to ~48 mM at 19 m CSF-A and
then increase to ~54 mM at 62 m CSF-A. At Site
U1422, Mg concentrations decreased to 40 mM in
the uppermost 30 m, most likely because of dolomite
precipitation or perhaps SO4

2– driven by removal
from interstitial water (Baker and Kastner, 1980). Mg
concentrations between ~70 and ~242 m CSF-A
show a slight decrease to ~49 mM at the base of the
cored hole.

The dissolved Sr concentration is 88 µM in the mud-
line sample, which is lower than the 92 µM that is
expected for JSPW (see “Geochemistry” in the
“Methods” chapter [Tada et al., 2015b]). Below the
seafloor, Sr generally increases, reaching 139 µM at
~242 m CSF-A. An inflection in dissolved Sr seems to
occur at 19.05 m CSF-A.

At previous sites drilled in the marginal sea, both
during Expedition 346 and during Ocean Drilling
Program Legs 127/128, two processes were invoked
to explain the primary features in dissolved Ca, Mg,
and Sr profiles. Authigenic carbonate formation re-
moves Ca and Mg and releases Sr in shallowly buried
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sediment. Reactions with ash and basalt remove Mg
and release Ca and Sr at depth.

Sulfate
Sulfate concentrations in the mudline are 28.4 mM
in Hole U1430A and 28.1 mM in Hole U1430B (Table
T10; Fig. F35). These values compare to 28.2 mM
expected for JSPW (Table T10 in the “Methods”
chapter [Tada et al., 2015b]). From the seafloor, SO4

2–

concentrations decline, expressing a smooth con-
cave downward profile that dips to 13.4 mM at 62 m
CSF-A. Deeper than this depth, SO4

2– concentrations
rise to ~17.7 mM at 242 m CSF-A. Earlier in the dis-
cussion, we had predicted (based on stoichiometry)
that SO4

2– should decrease with depth to ~8 mM, but
values remain at 15 mM, which will be discussed
later below.

Volatile hydrocarbons
Methane is the only hydrocarbon gas in the head-
space samples at Site U1430. No ethane or heavier
hydrocarbons were detected. Compared to CH4 con-
centrations at other marginal sea sites drilled during
Expedition 346, values at Site U1430 are extremely
low, consistently less than ~10 ppmv to the bottom
of the hole (Table T11; Fig. F36). The CH4 concentra-
tion is zero in the shallowest sample at 1.5 m CSF-A.
Deeper than 1.5 m CSF-A, values increase to a maxi-
mum of ~9 ppmv at 81 m CSF-A and then decrease
to 3 ppmv at 246 m CSF-A. A sulfate–methane transi-
tion does not exist at Site U1430 because both spe-
cies are clearly present throughout.

Carbonate and organic carbon
A simple explanation for the high interstitial water
SO4

2– values and very low CH4 concentrations at Site
U1430 concerns organic carbon content. Although
seemingly conflicting with the modest alkalinity
concentrations, low amounts of organic matter
would maintain high SO4

2– concentrations, which
would preclude significant methanogenesis. The
solid-phase profiles at Site U1430 (Table T12; Fig.
F37) make this interpretation very problematic.

Organic carbon contents across the upper ~70 m be-
low seafloor average 1.1 wt% and range from 0.5 to 3
wt%. Deeper than this depth, values increase, aver-
aging 3.3 wt% and fluctuating between 1.7 and 4.5
wt%. For the entire sediment column drilled, organic
carbon contents are generally higher at Site U1430
than at other sites drilled during Expedition 346.

The C:N ratio in the upper ~70 m of sediment is rela-
tively low with an average value of ~6. Between this
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depth and ~242 m CSF-A, the C:N ratio averages 11.
The organic matter in the upper sediment is of ma-
rine origin, whereas that in the lower sediment ap-
pears to be derived from marine and terrestrial
sources.

The carbonate contents of sediment at Site U1430
vary significantly. They are relatively high in the up-
per ~70 m CSF-A, although values fluctuate between
2 and 33 wt%. Deeper than ~70 m CSF-A, carbonate
contents of sediment show little variation, except at
the very base of the cored sequence. Values are <1
wt% until ~230 m CSF-A. Near the bottom of the site
(232–245 m CSF-A), carbonate contents increase to 5
wt%.

The problem and a solution
Despite some similarities to other drill sites of Expe-
dition 346, especially Site U1422, and other sites
from many other legs and expeditions, Site U1430 is
different. The basic geochemical puzzle at Site U1430
is the combination of (1) interstitial water with fairly
high alkalinity, moderate SO4

2–, and effectively no
CH4 and (2) clay-rich sediment with high organic
carbon contents. We think the answer takes into
consideration the site’s location and two reactions
potentially occurring near the base of the sediment
sequence:

4FeS2 + 15O2 + 10H2O → 
4FeOOH + 8SO4

2– + 16H+, (3)

and

CaCO3 + H+ → Ca2+ + HCO3
–. (4)

The first of these reactions represents the dissolution
of pyrite, whereas the second represents the dissolu-
tion of carbonate. The net result is the generation of
SO4

2–, H+, Ca2+, and HCO3
–. The reactions are well

known from studies of different environments. In-
deed, considerable effort was expended during Expe-
dition 346 to prevent these reactions from occurring
after cores are recovered (see “Lithostratigraphy”),
as these reactions cause the dissolution of carbonate
microfossils during core storage.

In situ Fe sulfide oxidation explains the geochemical
puzzle at Site U1430. High SO4

2– concentrations are
maintained at depth, indeed generated at depth,
through Reaction 3.

Alkalinity is maintained because of carbonate disso-
lution, especially near the base of the cored se-
quence. In fact, carbonate contents at this location,
including authigenic phases (see “Lithostratigra-
phy”), may be very low because of Reaction 4 (and
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derivatives thereof for other carbonate phases, such
as dolomite). Generation of high alkalinity without
degrading organic matter also yields the extremely
high alkalinity:NH4

+ ratio, a ratio much greater than
that of the Redfield ratio, the surrounding sedimen-
tary organic carbon, or that observed at the other
drill sites. We suggest the evidence for these paired
reactions is compelling, both from the geochemistry
and the lithology, as elaborated below.

pH
Throughout Expedition 346, we generally have omit-
ted discussion of interstitial water pH. This is because
it invariably lies between 7.1 and 8.1 and reflects the
combination of many factors, not the least of which
is the difficulty of the measurement itself. For exam-
ple, the pH at Site U1422 ranges between 7.6 and
8.1. At Site U1430, the pH at the bottom of the hole
is <6.3. This pH is exceptionally low for interstitial
water and is consistent with input of acid.

Manganese and iron
The Mn and Fe profiles (Table T10; Fig. F38) are sim-
ilar to those at other locations, with the notable ex-
ception of peaks near the bottom of the cored se-
quence. Mn concentrations of the mudline samples
are below the detection limit (0.3 µM) in Hole
U1430A and 6.76 µM in Hole U1430B. Two local
maximum concentrations of Mn are 55 µM in the
first Rhizon sample at 0.05 m CSF-A and 18 µM at
0.8 m CSF-A (Table T10). A local minimum of 5 µM
at 0.15 m CSF-A separates the two maxima. Below
the second maximum, concentrations decrease to <4
µM until 138 m CSF-A. However, toward the base of
the sequence, several IW-Sq samples have elevated
dissolved Mn concentrations of 6–9 µM.

Dissolved Fe concentrations are below the detection
limit (0.9 µM) for the mudline samples. The maxi-
mum Fe concentration (202 µM) occurs just below
the seafloor in the uppermost Rhizon sample at 0.05
m CSF-A (Table T10). Concentrations decrease to 11
µM at 0.15 m CSF-A before increasing again to 19
µM at 0.3 m CSF-A. Fe concentrations in IW-Rh sam-
ples then decrease to below the detection limit at 0.8
m CSF-A, except for a few values just above the
detection limit. Fe concentrations in the IW-Sq sam-
ples remain above the detection limit until 34 m
CSF-A, showing a local maximum of 13 µM at 19.05
m CSF-A. Although Fe concentrations of IW-Sq and
IW-Rh samples do not match perfectly, “double fil-
tering” with a 0.45 µm and 0.2 µm filter of the IW-Sq
samples may have resulted in Fe concentrations re-
maining below the detection limit for most deep
samples at Site U1430. This contrasts with the scat-
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tered “dissolved” Fe records at Sites U1422–U1427,
where only a 0.45 µm filter was used. Most crucially,
and despite the double filtering, several samples near
the base of the cored sequence have high dissolved
Fe concentrations. This is consistent with interstitial
water coming from sediment where Fe sulfides are
being oxidized.

Sediment color
Upon realizing the possibility of deep oxidation of
sediment, we examined cores displayed in the Sedi-
mentology Laboratory. Unit III, generally composed
of green-gray sediment, has abundant intervals rich
in diatoms with relatively high amounts of pyrite (see
“Lithostratigraphy”). However, there are also several
diatom-rich horizons deeper than 190 m CSF-A where
sediments have a burnt red color. We suggest this red
location is where pyrite has been oxidized.

Once one realizes that the co-occurrence of high al-
kalinity and high SO4

2– at depth at Site U1430 may
result from oxidation of Fe sulfides, the remaining
constituents measured on the ship are relatively
straightforward to understand because they are not
affected too much by Fe sulfide oxidation.

Barium
Dissolved Ba concentration is below the detection
limit (5 µM) in the mudline samples, as expected for
seawater (Table T10). Below the seafloor, Ba is below
the detection limit in all Rhizon samples and low but
detectable (6–21 µM) in all squeezed samples. The
discrepancy in Ba values between sample techniques,
identified at previous sites, remains at Site U1430,
despite additional filtering when collecting IW-Sq
samples. The main point of interest is that the rela-
tively high SO4

2– concentrations at depth preclude
significant dissolution of barite in the sediment col-
umn.

Potassium
K concentration is ~10.5 mM in the mudline sample.
Just below the seafloor, concentrations increase to
12.0 mM at 1.45 m CSF-A (Table T10). K concentra-
tions generally increase deeper than this depth, such
that they reach 12.8 mM at 71.55 m CSF-A. From
this depth, K concentrations decrease steadily to the
bottom of the hole, reaching 10.1 mM at ~242 m
CSF-A.

The increase in K concentrations immediately below
the seafloor exists at all sites drilled during Expedi-
tion 346 and may reflect a temperature effect or cat-
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ion exchange during authigenic mineral formation.
The decrease in K with depth perhaps results from
further reactions with ash and basalt (Murray et al.,
1992).

Boron and lithium
At the mudline, B concentrations are 410 µM in Hole
U1430A and 422 µM in Hole U1430B (Table T10; Fig.
F39). The Rhizon samples show that B concentra-
tions increase to 567 µM at 0.99 m CSF-A and re-
main near that concentration until 5.04 m CSF-A.
Deeper than 5.04 m CSF-A, B begins to decrease to
467 µM at 7.32 m CSF-A. The deeper B profile shows
scatter but an overall decrease with depth to 453 µM
at ~242 m CSF-A. B may be affected by pH at depth.

Li concentrations at the mudline are 25 µM in Hole
U1430A and 27 µM in Hole U1430B. Li concentra-
tions increase steadily and reach a maximum of 254
µM in the deepest sample at 241.55 m CSF-A. The Li
profile shares some similarities with the Si profile, in-
cluding inflection points at 33.55, 81.05, and 194.45
m CSF-A.

Silica
Dissolved Si concentrations were measured by induc-
tively coupled plasma–atomic emission spectroscopy
(ICP-AES). Although these values are not as precise as
H4SiO4 concentrations determined using the spectro-
photometer, comparative results at other sites during
Expedition 346 suggest that this approach renders a
fairly accurate Si profile. Si concentrations in the
mudline samples are 175 µM in Hole U1430A and
302 µM in Hole U1430B. Immediately below the sea-
floor (0.05–1.34 m CSF-A), Si concentrations fluctu-
ate between 490.06 and 781.22 µM. Overall, how-
ever, Si concentrations steadily increase downhole,
almost reaching 1300 µM in the deepest sample
(241.55 m CSF-A) (Fig. F39). There are hints in the
sedimentary sequence at the deepest depth of opal-
CT (see “Lithostratigraphy”), although the lack of a
precipitous decline in dissolved silica suggests that
the opal-A/opal-CT boundary was not penetrated at
this site (Kastner et al., 1977).

Chlorinity and sodium
Chloride and Na concentrations are 545 and 468
mM, respectively, in the mudline sample from Hole
U1430A, which compare to 551 and 473 mM, re-
spectively (Table T10; Fig. F40), in inferred JSPW (see
“Geochemistry” in the “Methods” chapter [Tada et
al., 2015b]). Interstitial water concentrations of both
elements decrease significantly over the upper 50 m
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below the seafloor and return to concentrations sim-
ilar to bottom water over the next 185 m. Less saline
water in shallowly buried sediment is a common
theme across the marginal sea.

Bromide
Br– concentrations of the mudline samples are 0.83
and 0.81 mM in Holes U1430A and U1430B, respec-
tively. These values bracket the 82 mM expected for
JSPW (see “Geochemistry” in the “Methods” chap-
ter [Tada et al., 2015b]). Below the seafloor, Br– con-
centrations range between 0.82 and 0.85 mM for the
entire sequence (Table T10; Fig. F40). Thus, unlike all
sites previously drilled during Expedition 346, there
is a complete disconnect between Br–, alkalinity, and
NH4

+ concentrations. Bromide concentrations are es-
sentially the same as bottom water at Site U1430 be-
cause there is very little organic matter diagenesis.

Preliminary conclusions
Site U1430 ended up being a challenging site to ana-
lyze at the end of a cruise with little time before
reaching the final port call. It is perhaps the most in-
triguing site drilled during Expedition 346. All evi-
dence suggests that Fe sulfide oxidation operating in
an unexpected environment—the base of an in situ
organic-rich marine sediment sequence. This would
require a deep source of O2 to the sediment. One
possibility is that water carrying oxygen is flowing
along porous diatom horizons or along the sedi-
ment/acoustic basement interface. Additionally, wa-
ter could flow through a thick ash and sand layer in
the deepest part of the sequence.

Paleomagnetism
Paleomagnetic samples and measurements
Paleomagnetic investigations at Site U1430 included
measurement of magnetic susceptibility of whole-
core and archive-half split-core sections and natural
remanent magnetization (NRM) of archive-half sec-
tions. NRM was measured before and after alternat-
ing field (AF) demagnetization with a 20 mT peak
field for archive-half sections of APC-collected Cores
346-U1430A-1H through 28H at 5 cm intervals.
NRM of archive-half sections of APC Cores 346-
U1430B-1H through 28H and APC Cores 346-
U1430C-1H through 22H was measured only after
20 mT AF demagnetization at 5 cm intervals. The
FlexIT core orientation tool (see “Paleomagnetism”
in the “Methods” chapter [Tada et al., 2015b]) was
used to orient APC Cores 346-U1430A-2H through
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25H. The APC core orientation data for Hole U1430A
are reported in Table T13.

We collected a total of 29 paleomagnetic discrete
cube samples (see “Paleomagnetism” in the “Meth-
ods” chapter [Tada et al., 2015b]) from Cores 346-
U1430A-1H through 28H and 32X. The discrete sam-
ples were typically taken from the first section of
each core and occasionally from other sections of
the cores (triangles in Fig. F41A, F41B). Stepwise AF
demagnetization on 28 discrete samples (orange tri-
angles in figure) collected from Hole U1430A was
performed at successive peak fields of 0, 5, 10, 15, 20,
25, 30, 40, 50, and 60 mT to verify the reliability of
the split-core measurements and to determine the
demagnetization behavior of the recovered sedi-
ment. Following each demagnetization step, NRM of
the discrete samples was measured with the samples
placed in the “top-toward” or “+z-axis toward mag-
netometer” orientation (see “Paleomagnetism” in
the “Methods” chapter [Tada et al., 2015b]) on the
discrete sample tray.

We processed data extracted from the shipboard Lab-
oratory Information Management System (LIMS) da-
tabase by removing all measurements collected from
disturbed and void intervals and all measurements
that were made within 10 cm of the section ends,
which are slightly biased by measurement edge ef-
fects. For declination data from cores in Hole
U1430A where FlexIT tool data are available, we cor-
rected the declination values for each core using the
estimated orientation angles. A modified version of
the UPmag software (Xuan and Channell, 2009) was
used to analyze the NRM data of both the split-core
section and the discrete cube samples. The disturbed
and void intervals used in this process are reported
in Table T14. The processed NRM inclination, decli-
nation, and intensity data after 20 mT AF demagne-
tization are reported in Table T15 and shown in Fig-
ure F41.

Natural remanent magnetization 
and magnetic susceptibility

NRM intensity after 20 mT AF demagnetization in
the three measured holes at Site U1430 is similar in
magnitude for overlapping intervals, mostly ranging
between ~10–5 and 10–2 A/m. For the uppermost ~40
m of the recovered sediments from Holes U1430A
and U1430B, NRM intensity of the measured core
sections after 20 mT demagnetization is mostly on
the order of 10–3 A/m and occasionally reaches 10–2

A/m. Between ~40 and ~60 m CSF-A, NRM intensity
decreases downcore from 10–3 A/m to ~10–5 A/m.
Deeper than ~60 m CSF-A until the bottom of the
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holes, NRM intensity is low and mostly on the order
of 10–5 to 10–4 A/m. The low NRM intensity deeper
than ~60 m CSF-A is accompanied by large scatter in
paleomagnetic direction. For many measured cores,
NRM intensity near the top part of the cores appears
to show high intensity that gradually decreases
downcore to about average values of the cores within
~1 m. We think this is most likely related to stronger
drilling overprints in the upper part of the cores.

The AF demagnetization behavior of the 28 mea-
sured discrete samples is illustrated in Figure F42.
Declination and inclination values acquired from
the discrete sample measurement generally agree
well with the split-core measurement after 20 mT AF
demagnetization. All samples exhibit a steep, normal
overprint that was generally removed after AF de-
magnetization at peak fields of ~15–20 mT, demon-
strating that the 20 mT AF demagnetization is, in
general, sufficient to eliminate the drilling overprint.
Discrete samples from the top ~30 m of Hole
U1430A show well-defined component directions
with positive inclinations (Fig. F42A–F42D). For
measured discrete samples from deeper than ~30 m
CSF-A, NRM intensity before and after stepwise AF
demagnetization is about one or two magnitudes
lower than that from shallower than ~30 m CSF-A.
NRM measurements of discrete samples from the
greater depth with weak intensity often appear to
have lower coercivity and are affected by an anhys-
teretic remanent magnetization (ARM), possibly ac-
quired because of bias caused by ambient magnetic
field during demagnetization.

Magnetic susceptibility measurements were taken on
whole cores from all holes as part of the Whole-
Round Multisensor Logger (WRMSL) analysis and on
archive-half sections using the Section Half Multi-
sensor Logger (SHMSL) (see “Physical properties”).
The WRMSL acquired susceptibility was stored in the
database in raw meter units. These were multiplied
by a factor of 0.68 × 10–5 to convert to the dimen-
sionless volume SI unit (Blum, 1997). A factor of (67/
80) × 10–5 was multiplied by the SHMSL acquired sus-
ceptibility stored in the database. Magnetic suscepti-
bility measurement is consistent between the two in-
struments and across the different holes for
overlapping intervals and varies mostly between 1 ×
10–5 and 20 × 10–5 SI (Fig. F41, fourth panel). For the
uppermost ~60 m of the recovered sediment, mag-
netic susceptibility is generally close to 10 × 10–5 SI.
Deeper than ~60 m CSF-A until the bottom of the
holes, magnetic susceptibility largely varies between
~1 × 10–5 and 10 × 10–5 SI. Magnetic susceptibility of
sediment in all holes, in general, mimics NRM inten-
sity, suggesting that the magnetic minerals that carry
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NRM are the same or at least coexist with those that
dominate magnetic susceptibility.

Magnetostratigraphy
Paleomagnetic inclination and declination data of
the holes show patterns that allow for the determi-
nation of magnetic polarity for at least the upper-
most ~40 m of recovered sediment. Both magnetic
declination and inclination after 20 mT AF demag-
netization were used when possible for the magneto-
stratigraphic interpretation at Site U1430. The geo-
magnetic field at the latitude of Site U1430 (37.90°N)
has an expected inclination of 57.29°, assuming a
geocentric axial dipole field model, which is suffi-
ciently steep to determine magnetic polarity in APC
cores that lack horizontal orientation. We identified
the Brunhes/Matuyama (B/M) boundary (0.781 Ma)
at ~33.5 m CSF-A in Hole U1430A, ~34 m CSF-A in
Hole U1430B, and ~37 m CSF-A (where close to
slump are found) in Hole U1430C (Table T16).

Above the identified B/M boundary, inclinations af-
ter 20 mT AF demagnetization from all three holes
vary around the expected normal polarity dipole in-
clination at Site U1430. In Hole U1430A, the FlexIT-
corrected declinations (green dots in Fig. F41A) are
mostly stable and vary around 0° or 360°. Right be-
low the B/M boundary, inclinations from both holes
are apparently dominated by shallow and negative
values. The interpreted B/M boundary is consistent
with the stepwise demagnetization data from the
measured discrete samples. Discrete samples from
above the boundary (Fig. F42A–F42D) show well-de-
fined characteristic remanence with positive inclina-
tions, whereas discrete samples from right below the
B/M boundary (Fig. F42E) apparently have negative
inclinations at high demagnetization steps. The
depth level of the B/M boundary in Hole U1430A
agrees well with many of the identified biostrati-
graphic events (see “Biostratigraphy”).

Below the B/M boundary, NRM intensity of the sedi-
ment after 20 mT AF demagnetization is generally
weak and on the order of 10–5 to 10–4 A/m, whereas
NRM inclination and declination after 20 mT de-
magnetization show large scatter. The weak NRM in-
tensity, increased coring disturbance, strong drill
string overprint, and the large scatter in paleomag-
netic declinations makes magnetostratigraphic inter-
pretations difficult for the deep part of sediments re-
covered at Site U1430.

Physical properties
Physical properties measurements at Site U1430 were
conducted to provide high-resolution data on the
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bulk physical properties and their downhole varia-
tions in Holes U1430A–U1430C. After the sections
reached thermal equilibrium with the ambient room
temperature of ~20°C, thermal conductivity (one per
core) and NGR measurements (eight per full section)
completed the suite of whole-core measurements.
One half of each split core was reserved for archiving
and the other half was for analysis and sampling
(working half). Shear stress measurements were per-
formed (most commonly one per core) from 0 to 240
m CSF-A on the working halves of Hole U1430A.
Moisture and density (MAD) measurements were
performed on discrete core samples (most commonly
one or two per core) collected from the working
halves of Hole U1430A. Diffuse spectral reflectance
(most commonly at 2 or 5 cm intervals) and point
magnetic susceptibility (most commonly at 2 or 5
cm intervals) were measured using the SHMSL on
the archive halves. Physical properties measurements
are presented synthetically in Figures F43, F44, F45,
F46, and F47.

Thermal conductivity
Thermal conductivity was measured once per core
using the full-space probe, usually near the middle of
Section 4. Overall, thermal conductivity values range
from 0.82 to 1.11 W/(m·K) without a clear increasing
trend with depth. However, thermal conductivity
follows porosity and gamma ray attenuation (GRA)
bulk density, and thus, in part, lithology. In gen-
eral, thermal conductivity values are high (0.97–
1.11 W/[m·K]) in lithologic Unit I and Subunit IIA
(shallower than 73.1 m CSF-A for Hole U1430A) and
low (0.82–0.91 W/[m·K]) in lithologic Subunits IIB
and IIIA (deeper than 73.1 m CSF-A for Hole
U1430A). Some positive peaks with values of ~1.00
W/(m·K) occur in Subunit IIIA with similar values to
lithologic Unit I and Subunit IIA.

Moisture and density
Although measurement errors exist in GRA bulk den-
sity data because of the presence of air between a
core and a core liner, in general, GRA bulk density
tends to reflect the characteristic of each lithology
(Fig. F43; see “Lithostratigraphy”). GRA bulk den-
sity at Site U1430 is largely similar in pattern to Site
U1425 for Subunits IA, IB, and IIA (Fig. F44). Such
similarity is not kept for Subunits IIB and IIIA be-
cause of a potential hiatus within lithologic Subunit
IIB at Site U1430 (see “Biostratigraphy”). GRA bulk
density is highly variable in the uppermost part (be-
tween 0 and 57 m CSF-A) coinciding with lithologic
Unit I, with values ranging from 1.2 to 1.7 g/cm3

(Fig. F43). As at previous sites, high GRA bulk den-
Proc. IODP | Volume 346
sity values and variability predominate in Unit I, re-
flecting alternating very dark brown to black or-
ganic-rich and lighter olive and green hemipelagic
sediment. GRA bulk density values sharply drop at
the lithologic Unit I/II boundary, and then increase
gradually downhole in Subunit IIA, reaching maxi-
mum values (1.6 g/cm3) around ~75 m CSF-A before
decreasing to ~1.3 g/cm3 within lithologic Subunit
IIB. GRA bulk density values remain low and stable
between 82 and 157 m CSF-A (Subunit IIB) with a
slight overall increase downhole. After a small step de-
crease and increase between 157 and ~170 m CSF-A,
GRA bulk density gradually decreases with depth to
~230 m CSF-A with relatively low scatter. These
changes of GRA bulk density in Subunit IIIA are
probably related to alternation between clay-rich
and biogenic component (mainly nannofossil and
diatom)–rich sediments (see “Lithostratigraphy”).
Relatively lower bulk density values dominate in
biogenic component–rich sediment layers. From
230 m CSF-A to the bottom of the hole, GRA bulk
density increases abruptly, and the highest value
(up to 1.8 g/cm3) of GRA bulk density occurs at ~250
m CSF-A. These abrupt changes of GRA bulk density
between ~230 and ~250 m CSF-A may reflect the dia-
genetic transition from opal-A to opal-CT, which de-
fines Subunit IIIA/IIIB boundary for Sites U1430 and
U1425 (Fig. F44). This transition was also confirmed
by XRD (see “Lithostratigraphy”). The GRA bulk
density trends at Site U1430 correlate well with den-
sity log acquired in open Hole U1430B with the ex-
ception of the bottom part of the hole (see Fig. F49
and “Downhole measurements”).

Although discrete wet bulk density and grain density
are relatively constant for the entire core interval, rang-
ing from 1.2 to 1.7 g/cm3 and from 2.3 to 2.8 g/cm3,
respectively, the primary trends agree well with GRA
bulk density (Fig. F45). Porosity and water content
show generally reversed trends when compared to
density, ranging from 59.4% to 84.6% and from
35.5% to 70.0%, respectively. Discrete bulk density
and grain density increase with depth in Subunit IA
(decrease in porosity and water content) similar to
GRA bulk density. Subsequently, discrete bulk den-
sity and grain density generally decrease with depth
to ~230 m CSF-A, where porosity and water content
of the sediment increase. These decreases in bulk
density and increase in porosity and water content
with depth, which is contrary to the typical trends in
marine sediment, are closely related to the down-
ward increase in diatom silica as discussed at Sites
U1424 and U1425. At ~245 m CSF-A, coinciding
with the Subunit IIIA/IIIB boundary, discrete bulk
density, ranging between 1.2 and 1.5 g/cm3 in Sub-
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unit IIIA, increases rapidly to 1.7 g/cm3, whereas po-
rosity and water content show large step decreases of
15.1% and 19.4%, respectively.

Magnetic susceptibility
Whole-core magnetic susceptibility values Site
U1430 are consistently low downhole typically be-
low 10 × 10–5 SI, with the exception of several high
magnetic susceptibility values in Unit I (Fig. F43). Al-
though magnetic susceptibility at Site U1430 shows
low variability, the downhole trend agrees well with
GRA bulk density and varies with lithologic changes.
Point magnetic susceptibility from the SHMSL closely
tracks whole-core magnetic susceptibility, with mean
values for the site between 0 and 15 × 10–5 SI. High
magnetic susceptibility peaks in Unit I agree well
with the depth of tephra/ash layers (see “Lithostra-
tigraphy”) due to highly magnetic authigenic min-
erals within tephra/ash layers. Low magnetic suscep-
tibility remains stable in Units II and III, with
relatively less scatter, and then also with large in-
creases at the Subunit IIIA/IIIB boundary. This may
be related to the diatom ooze/diatom-rich clay being
replaced by siliceous claystone at the bottom of Sub-
unit IIIA and the top of Subunit IIIB (see “Lithostra-
tigraphy”).

Natural gamma radiation
NGR shows strong cyclicity that is similar to the
GRA bulk density cyclicity (see also “Downhole
measurements”). As these conformable variation
patterns with GRA bulk density suggest that their
controls are closely related, NGR also shows the
trend pattern of lithologic changes, alternating be-
tween very dark brown to black organic-rich bands
and lighter olive to green hemipelagic sediment. Be-
tween 0 and 8 m CSF-A, the total NGR counts show a
large step increase from 20 to 55 cps and then a grad-
ual increase to ~45 m CSF-A (Fig. F43). This coincides
with the Subunit IA/IB boundary, with strong cyclic-
ity. As discussed at previous sites, these variation pat-
terns of NGR may be explained by high uranium
content associated with organic-rich layers in Unit I.
After sharply decreasing at 58 m CSF-A, which corre-
sponds to the Unit I/II boundary, NGR counts in-
crease and then decrease again between 58 and 82 m
CSF-A. Deeper, NGR gradually increases to 157 m
CSF-A. Subsequently, NGR counts generally decrease
to ~230 m CSF-A and then increase from 10 to 70 cps
between ~230 and ~250 m CSF-A.

Compressional wave velocity
Compressional P-wave velocity was measured with
the WRMSL in Sections 1, 2, and 3 of each core for
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Holes U1430A–U1430C and then combined as one
data set of values for this site. P-wave velocity at Site
U1430 varies from 1488 to 1726 m/s (average = 1540
m/s) and generally increases with depth. The trend,
however, is not clear enough to reflect the lithologic
changes because of the lack of a data set for the en-
tire site. In Unit I and Subunit IIA, high P-wave ve-
locity is related to coarser grained tephra/ash layers.

Vane shear stress
Shear stress measurements were performed (gener-
ally one per core) from 0 to 240 m CSF-A on the
working halves of Hole U1430A using an analog
vane shear device. Shear strength ranges from 6.3 to
192.1 kPa and generally increases with depth (Fig.
F45). Between 0 and ~50 m CSF-A, shear strength
linearly increases from 6.3 to 38.2 kPa, and shear
strength values show relatively high scatter with an
overall increase to ~180 m CSF-A. Deeper, shear
strength linearly decreases to 15 kPa and then largely
increases to its maximum. This scattering shear
strength in the lower part of the hole may be related
to the highly diatomaceous layers or microfractures
within cores.

Diffuse reflectance spectroscopy
Color reflectance data measured on the split archive-
half sections at Site U1430 are little different from
previously drilled Site U1425 (Fig. F46). Although
there is high variability, reflecting the lithologic
change alternating between very dark brown to
black organic-rich bands and lighter olive to green
hemipelagic sediment, occurring in the physical
properties within Unit I, the cyclicity of color reflec-
tance at Site U1430 is much weaker than at Site
U1425. Below Subunit IIA, color reflectance remains
stable to the bottom of the hole, whereas the color
bands fade out downhole below Unit I. The trend of
luminance (L*) in this interval is much lower than
the trend at Site U1425. Because of this, although
Site U1425 shows higher variability in Unit I, the
mean value of L* at Site U1430 (average = 31.5) is
lower than Site U1425 (average = 34.0) (Fig. F47).
This indicates that Site U1430 consists of more dark
colored sediment. Parameters a* and b* combined
show the variable presence of primarily yellowish–
blueish compounds.

Summary
Physical properties measured at Site U1430 generally
show trends that are similar to Site U1425 for Sub-
units IA, IB, and IIA, following sediment lithology.
Magnetic susceptibility, bulk density, and NGR have
higher values in Unit I than in Unit II, whereas po-
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rosity and water content show opposite trends. Mag-
netic susceptibility and P-wave velocity also show
high peak values, which agrees well with the depth
of tephra/ash layers in Unit I. Shear strength gener-
ally increases to ~180 m CSF-A with depth because of
sediment compaction, then decreases to ~230 m
CSF-A, and finally shows a large increase between
~230 and ~240 m CSF-A. Color reflectance shows
higher variation in physical properties in Unit I than
in Unit II, and the variations are closely related to
the lithology of Unit I, which consists of alternating
very dark brown to black organic-rich bands and
lighter olive to green hemipelagic sediment. All
physical property values exhibit a large change at
~240 m CSF-A, which is assumed as the opal-A/opal-
CT boundary transition zone.

Downhole measurements
Logging operations

Downhole logging measurements at Site U1430 were
conducted in Hole U1430B after completion of APC/
XCB coring to a total depth of 275 m CSF-A. In
preparation for logging, the hole was flushed with a
114 bbl sweep of high-viscosity mud, and the bit was
pulled up to 80 mbsf. The wireline logging tool
strings were modified to maximize data acquisition
in the lowest part of the hole. Two short modified
paleo combo and Formation MicroScanner (FMS)-
sonic tool strings were deployed to the bottom of
Hole U1430B (Fig. F48) (see “Downhole measure-
ments” in the “Methods” chapter [Tada et al.,
2015b], see also Table T12 in the “Methods” chapter
[Tada et al., 2015b] for tool acronyms).

On 19 September 2013 at 1830 h (UTC), the paleo
combo tool string (comprising natural and spectral
gamma radiation, density, and magnetic susceptibil-
ity tools) descended from the rig floor into the pipe.
A downlog was taken at ~600 m/h to the bottom of
the hole at 271.6 m WSF. The hole was logged up to
~191 m WSF at 500 m/h (Pass 1). The tool string re-
turned for a main pass from the bottom of the hole
to the seafloor.

The second tool string included resistivity at the top
and natural and spectral gamma radiation at the bot-
tom. Data are uncorrected from borehole diameter.
The tool string started down the pipe at 2250 h. The
downlog was run at a logging speed of 500 m/h to
the bottom of the hole at 271.5 m WSF. The repeat
uplog (Pass 1) was done at a logging speed of 500 m/h
up to ~170.5 m WSF. The tool string returned for a
main pass from the bottom of the hole to the sea-
floor.
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The FMS-sonic was rigged at ~0200 h on 20 Septem-
ber. A downlog was taken at 600 m/h. The tool string
reached the bottom of Hole U1430B at ~271.7 m
WSF. Two uphole passes of the FMS-sonic were run,
the first pass to ~75 m WSF and the main pass to the
seafloor, both at 550 m/h. The first pass was con-
ducted normally up to ~114 m WSF, at which point
the surface system indicated a telemetry drop-out.
There is a small interval on the first pass from 113.8
to 111.3 m WSF where the FMS readings are not
valid. The main pass was conducted without any dis-
ruption, providing data over the entire interval of in-
terest without any gaps. The FMS-sonic tool string
was back to the surface at 0525 h. Rig down was fin-
ished by 0700 h, concluding logging operations at
Site U1430.

The seafloor depth was indicated by the step in the
gamma logs. The paleo combo uplogs (main passes)
found the seafloor at 1081.30 and 1081.55 mbrf, and
the main pass of the FMS-sonic found the seafloor at
1081.60 mbrf. Heave was very low (<0.2 m peak-to-
peak) during operations, and the wireline heave
compensator was not used (see “Downhole mea-
surements” in the “Methods” chapter [Tada et al.,
2015b]).

Logging data quality
Tool calibration was performed both before and after
the logging runs to ensure quality control. In Hole
U1430B, the borehole conditions were of medium
quality with a diameter <12.5 inches from 100 to
152 mbsf and deeper than 250 mbsf (Fig. F49, Col-
umn 1). The borehole is slightly larger from the pipe
entrance to 100 mbsf, although it did not exceed ~14
inches in diameter. The diameter is noticeably en-
larged from ~168 to 257 mbsf, which impacted FMS
image quality, especially from ~168 to ~190 mbsf.
The borehole diameter is also asymmetrical, as evi-
denced from FMS calipers (Fig. F50, Column 1).
Heave was negligible during downhole logging data
acquisition, and despite the moderate borehole qual-
ity, log data quality is generally very good.

There is good agreement between physical properties
and logging data for the NGR and density logs along
almost the entire borehole depth (Fig. F49, Columns
2 and 3). As a result of caliper closure (see “Down-
hole measurements” in the “Site U1423” chapter
[Tada et al., 2015d]), the uplog gamma rays from the
first tool string and the FMS-sonic deviate from the
core NGR data to lower values from ~85 and ~103
mbsf to the pipe entrance (Fig. F49, Column 2). For
the same reason, the density log shows lower values
than the core data over the same interval (shallower
than ~85 mbsf). The second tool string was run cen-
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tralized in the borehole, so the gamma ray uplog is
not affected by this phenomenon, although in the
absence of the caliper measurements the data are not
corrected from borehole diameter. As the total spec-
tral gamma ray (HSGR) tool was located at the bot-
tom of the tool string during the second run, the re-
corded data cover a longer interval (Fig. F50,
Column 2). For the three tool strings, natural and
spectral gamma ray data recorded shallower than 80
mbsf should only be used qualitatively because of
the attenuation of the signal through the pipe (Figs.
F49, F50).

The resistivity curves are good, except for some high-
frequency noise starting from ~120 mbsf to the pipe
entrance. Preprocessing has been applied to correct
the logs of the Magnetic Susceptibility Sonde from
temperature drift (see “Downhole measurements”
in the “Site U1423” chapter [Tada et al., 2015d]). The
corrected deep-reading, low-resolution log is gener-
ally inversely correlated with the density log (Fig.
F49, Column 5). The drift-corrected, high-resolution
log correlates relatively well with the magnetic sus-
ceptibility measurements on cores, except where af-
fected by borehole size and borehole wall rugosity.
Further processing remains necessary. The velocity
log has a steadily increasing downhole trend and
correlates well with the density log deeper than ~245
mbsf. The sonic quality may have been impacted by
the enlarged borehole diameter shallower than ~105
mbsf and from ~200 to ~245 mbsf. The FMS resistiv-
ity images were of very good quality, except for some
short intervals where the borehole diameter was en-
larged with high-frequency changes in diameter (Fig.
F50, Column 6).

Logging unit
The Hole U1430B logs change gradually downhole,
with no major steps in base levels. The entire logged
interval was divided in two logging units (LI and LII;
Fig. F49). The upper part of the hole (from below the
pipe to ~244 mbsf) is characterized by lower gamma
ray, density, and resistivity than the bottom part of
the hole. Hole U1430B is characterized by moderate-
amplitude variability in NGR (and its U, Th, and K
components) on a decameter to submeter scale (Fig.
F50). The Hostile Environment Natural Gamma Ray
Sonde (HNGS) signal ranges on average from 20 to
90 gAPI and most likely tracks clay content (Fig.
F49). The U, Th, and K curves are generally well cor-
related (Fig. F50). The U content varies from 1 to 10
ppm on the data set uncorrected from borehole di-
ameter (Fig. F50, Column 5). The gamma ray signal
correlates well with the bulk density log, which
shows high-amplitude variations ranging from 1.20
to 2.1 g/cm3 (Fig. F50, Column 2). Resistivity and
sonic logs are relatively flat, except deeper than ~244
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mbsf where they show pronounced oscillations of
varied amplitude and frequency, which are well cor-
related with the density logs. Sonic velocity ranges
from 1.5 to 2.3 km/s.

Logging Unit LI: base of drill pipe (~80 mbsf) 
to ~244 mbsf
Logging Unit LI is characterized by moderate-ampli-
tude variability in NGR (and its U, Th, and K compo-
nents) (Fig. F50). Terrigenous clay has high K and Th
contents and has relatively higher density and lower
porosity than diatom-rich sediment. As a conse-
quence, intervals with high gamma ray values, high
density, and high resistivity generally reflect an in-
crease in terrigenous clay content relative to diatom-
rich intervals (see “Lithostratigraphy”). Conversely,
the intervals with gamma ray, density, and resistivity
low values correlate in cores with diatom-rich inter-
vals (see “Lithostratigraphy”). Logging Unit LI has
been divided into two subunits on the basis of
changes in character of the downhole logs (logging
Subunits LIa and LIb; Figs. F49, F50).

Logging Subunit LIa: base of drill pipe 
(~80 mbsf) to ~200 mbsf

Logging Subunit LIa is characterized by NGR >30
gAPI and moderate- to high-amplitude swings in U,
Th, and K. A slight downhole increasing trend is also
observed, which likely reflects a downhole decrease
in diatom content relative to terrigenous sediment
(Fig. F50). Two low value intervals are observed at
~94 and ~98 mbsf, with the deepest approximating
the depth of the lithologic Unit II/III boundary,
placed at 98.10 m CSF-A in Hole U1430A (Section
346-U1430A-11H-7) (see “Lithostratigraphy”). The
gamma ray signal correlates well with the bulk den-
sity log, which shows high-amplitude variations
ranging from 1.20 to 1.50 g/cm3 (Figs. F49 [Column
1], F50). The peak value >1.60 g/cm3 (~142 mbsf)
does not correlate with anything obvious in the
cored sediment. The sonic and resistivity curve
shows low-amplitude variations. Logging Subunit
LIa extends over the lower part of lithologic Subunit
IIB (diatom ooze with a few silty clay intervals) and
part of Subunit IIIA (alternating layers of heavily bio-
turbated diatomaceous ooze and diatom-rich/bear-
ing silty clay).

The transition from logging Subunit LIa to LIb is
placed at ~200 mbsf. No noticeable change in litho-
logy was observed at this depth (see “Lithostratigra-
phy”).

Logging Subunit LIb: ~200 to ~244 mbsf

Logging Subunit LIb is distinguished from logging
Subunit LIa by a decrease in resistivity values. This
subunit is also characterized by higher frequency os-
23



R. Tada et al. Site U1430
cillations in total and spectral natural gamma radia-
tion compared to logging Subunit LIa (Fig. F50). A
downhole decreasing trend in the total gamma ray
counts (and in U, Th, and K) is also observed to ~230
mbsf, which is the depth at which the lowest values
at the scale of the borehole are reached. A downhole
increasing trend is observed deeper than this depth.
The density curve follows the same trends with val-
ues ranging from 1.2 to 1.5 g/cm3 (Fig. F49, Column
3), with a minimum density observed at ~231 mbsf.
This low density, low gamma ray interval is ~4 m
thick and correlates with a thick laminated diatom
ooze–rich interval in Core 346-U1430B-25H (see
“Lithostratigraphy”).

Logging Subunit LIb extends over the lower part of
lithologic Subunit IIIA. The base of logging Subunit
LIb (~244 mbsf) fits the depth of the lithologic Sub-
unit IIIA/IIIB boundary placed at ~244 m CSF-A in
Section 346-U1430B-28H-1 (see “Lithostratigra-
phy”).

Logging Unit LII: ~244 to ~272 mbsf
Logging Unit LII starts with a sharp increase in den-
sity, resistivity, and sonic log values (Fig. F49). High-
amplitude swings are observed in these logs at a scale
varying from one to few meters in thickness, reflect-
ing the interbedded gravel, sandstone, diatom ooze,
and tephras observed within lithologic Subunit IIIB
and Unit IV (see “Lithostratigraphy”). Logging Unit
LII is also distinguished from logging Unit LI by
higher values in total NGR and especially in compo-
nents Th and K. The high K concentrations reflect
the presence of glauconite in the sediment.

FMS images
In Hole U1430B, as observed at previous Expedition
346 sites, conductive intervals (dark color in the FMS
image in Fig. F50) generally correlate with low
gamma ray, low density, and low resistivity logs.
Conversely, more resistive intervals (light color in
the FMS image in figure) generally correlate with
higher values in the gamma ray, bulk density, and re-
sistivity logs. This relationship can be interpreted in
terms of the relative abundance of clay/diatom in
the sediment, with clay having higher K and Th con-
tents and relatively greater density than diatom-rich
sediment. With the exception of ash, gravel, and in-
durated layers, conductive intervals in the FMS im-
ages tend to reflect intervals enriched in diatoms,
whereas resistive intervals reflect relatively high ter-
rigenous clay content. The good FMS resistivity data
quality allows the borehole formation resistivity to
be interpreted at several scales.
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At the scale of the borehole, the interval shallower
than ~200 mbsf (logging Subunit LIa) is character-
ized by (relatively) medium conductivity (orange-
colored upper interval in the FMS image in Fig. F50).
Higher conductivity (dark color in the FMS image) is
observed deeper, within logging Subunit LIb. This is
interpreted as reflecting a possible increase in diatom
content within the lower part of lithologic Subunit
IIIA (see “Lithostratigraphy”) compared to the up-
per part of the subunit. Deeper than ~240 mbsf, the
FMS images are characterized by high resistivity
(light colors in the FMS image in figure), which re-
flects the increase in clay content in lithologic Sub-
unit IIIB and Unit IV (see “Lithostratigraphy”) as
well as the presence of cemented intervals evidenced
by high density, velocity, and resistivity values (Fig.
F49, Columns 3, 4, and 6).

At a finer scale, the FMS images also reveal numerous
resistive and conductive intervals, with thicknesses
ranging from several tens of centimeters to a few me-
ters (Figs. F51, F52). Transitions between alterna-
tions are mainly gradual, although some sharp con-
tacts are observed locally. Figure F51 illustrates an
apparent cyclic nature of some resistive and conduc-
tive intervals on the FMS images from 125 to 135
mbsf. The cyclic pattern consists of ~0.4–1 m thick
resistive intervals (light color in the FMS image in
Fig. F51), generally correlating with higher values in
the gamma ray, bulk density, and resistivity logs. We
interpret this as reflecting relatively clay rich inter-
vals. These resistive intervals alternate with conduc-
tive intervals (dark color in the FMS image), gener-
ally correlating to laminated (diatomite or carbonate
rich) intervals characterized by lower values in the
gamma ray, bulk density, and resistivity logs. These
very preliminary observations, however, need to be
further examined by postexpedition shore-based re-
search.

The resistive–conductive cycles described above are
only slightly visible across certain intervals charac-
terized by irregular enlarged borehole diameter, espe-
cially from ~168 to 190 mbsf.

In the lower part of the borehole, deeper than 244
mbsf (logging Unit LII), FMS images are character-
ized by highly resistive layers (in white in the FMS
images) alternating with lower resistivity layers (Fig.
F50). Core recovery across logging Unit LII is low. A
first attempt of core-log integration suggests that
some of the high-resistivity layers correlate to tephra
and tuff layers in Sections 346-U1430B-32X-1 and
32X-CC. These preliminary observations, however,
need to be further examined by postexpedition
shore-based research. It should be possible to assess
the lithologic successions within the core gaps by
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combining the density, resistivity, and gamma ray
logs with the FMS images.

In situ temperature and heat flow
APCT-3 downhole temperature measurements were
performed in Hole U1430A at five depths including
the mudline. In situ temperatures range from 3.36°C
at 32.1 m CSF-A to 12.11°C at 117.6 m CSF-A (Table
T17). The temperatures increase linearly with depth
deeper than 32.1 m CSF-A. The trend line of the in
situ temperature measurements intersects the sea-
floor at 0.1°C (Fig. F52A). This is slightly lower than
the average of the lowest mudline temperature in the
four APCT-3 measurements (0.58°C). A linear fit of
temperature versus depth gives a geothermal gradi-
ent of 103°C/km. A heat flow of 93 mW/m2 was ob-
tained from the slope of the linear fit between in situ
temperature and the calculated in situ thermal resis-
tance (Fig. F52) (Pribnow et al., 2000).

Stratigraphic correlation and 
sedimentation rates

During drilling operations, real-time tracking of the
relative positions of core gaps in the three holes at
Site U1430 was accomplished using magnetic suscep-
tibility and GRA data from the WRMSL and Special
Task Multisensor Logger. Data were collected at a res-
olution of 5 cm, which was sufficient to keep up
with core recovery rates. At this site, the sea state was
relatively calm and gas expansion was minimal. De-
tailed (centimeter scale) compositing and splicing
(see “Stratigraphic correlation and sedimentation
rates” in the “Methods” chapter [Tada et al., 2015b])
are based on the high-resolution RGB color data
(blue) recovered from the Section Half Imaging Log-
ger at 0.5 cm resolution. For detailed discussion of
these data sets, see “Physical properties” in the
“Methods” chapter (Tada et al., 2015b).

Three holes were drilled at this site: two holes
(U1430A and U1430B) to ~275 m CSF-A and a third
hole (U1430C) to ~250 m CSF-A. After all cores were
composited (Table T18), a splice (Table T19) was
constructed primarily using Hole U1430B with
shorter sections from Hole U1430A utilized to span
the Hole U1430B core gaps. The splice spans the en-
tire length of the overlapped intervals among the
three holes from the mudline to Section 346-
U1430A-28H-3, 76 cm (243.9 m CSF-A; 259.1 m
CCSF-D, as defined in the “Methods” chapter [Tada
et al., 2015b]) (Fig. F53). Based on the difference be-
tween the CCSF-D and CSF-A depths at the bottom
of the spliced interval, expansion at this site was
~6%.
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A CCSF-C scale (as defined in “Stratigraphic cor-
relation and sedimentation rates” in the “Meth-
ods” chapter [Tada et al., 2015b]) was created for
cores from Hole U1430C by mapping them into the
splice using the core-log integration functionality in
Correlator. Cores 346-U1430C-4H and 5H are not
well correlated to cores at equivalent depths in the
other two holes because of the presence of slump
structures (see “Lithostratigraphy”). Construction
of the CCSF-C scale is based on correlation of struc-
ture in the RGB (blue) data (Table T20).

Age model and sedimentation rates
A preliminary age model was established on the basis
of all available biostratigraphic and paleomagnetic
age control points (Fig. F54A; Table T21). The B/M
boundary is taken as an age-depth inflection point at
34.45 m CCSF-A (0.781 Ma) because the average
slope in the interval between 50 and 80 m CCSF-A is
well constrained by biostratigraphic events and ap-
pears to be smaller than the slope between the sea-
floor and the B/M boundary.

Because the LO of L. redondoensis (5.06 Ma), the FOs
of L. pylomaticus (5.30 Ma) and Thalassiosira oestrupii
(5.56 Ma), and the LO of C. nakasekoi (7.40 Ma) all
occurred at the same horizon (Section 346-U1430A-
9H-CC; 83.45 m CCSF-A), we infer a hiatus lasting at
least from 7.40 to 5.06 Ma at this horizon. The line
connecting the B/M boundary and the depth-age of
the LO of L. redondoensis defines a second segment of
depth-age relationship, which defines the ages of the
Subunit IA/IB and IB/IIA boundaries. In order to
minimize the number of inflection points in the
depth-age relationship below the inferred hiatus, we
connected the LO of C. nakasekoi and the LO of L.
renzae. The depth-age line connecting these two
points defines the ages of the Subunit IIB/IIIA and
IIIA/IIIB boundaries. The depth-age line that defined
the sedimentation rates of Subunit IIIA was also well
constrained between the LOs of D. katayamae, Cyrto-
capsella japonica, and D. hustedtii and the FOs of C.
nakasekoi and Lychnocanoma magnacornuta. A depth-
age line connecting the LO of L. renzae and the LO of
Dendrospyris sakii defines the sedimentation rates of
Subunit IIIB and Unit IV. The resulting ages of the
lithologic boundaries are provided in Table T21.

Sedimentation rates at Site U1430 range from 3.3 to
44 m/m.y. with an inferred hiatus at 83.45 m CCSF-A.
Sedimentation rates are relatively high in Subunits
IA and IIIA, moderate in Subunits IB and IIA, and
low in Subunit IIIB and Unit IV (Fig. F54B). Higher
sedimentation rates tend to be associated with
higher GRA density, which suggests higher detrital
flux. Increased detrital flux results in increased sedi-
mentation rates and GRA density because of reduced
25



R. Tada et al. Site U1430
dilution of low-density biogenic material. Although
clear lithologic evidence of a hiatus was not found in
Cores 346-U1430A-9H and 10H, low sedimentation
rates are suggested by the glauconite-bearing con-
densed section found in interval 346-U1430A-9H-4,
70–150 cm, and in the corresponding intervals 346-
U1430B-9H-1, 105–147 cm, and 346-U1430C-9H-2,
120 cm, to 9H-2, 25 cm (see “Lithostratigraphy”).
Glauconite sand–rich intervals of Unit IV also indi-
cate low sedimentation rates at 3.3 m/m.y.
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R. Tada et al. Site U1430
Figure F1. Bathymetric map of Expedition 346 sites (red circles). Sites previously drilled by the Deep Sea
Drilling Project (DSDP) and Ocean Drilling Program (ODP) (white circles) are also shown. Also illustrated are
surface current systems. 
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R. Tada et al. Site U1430
Figure F2. Lithologic summary, Hole U1430A. GRA = gamma ray attenuation. 
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R. Tada et al. Site U1430
Figure F3. Lithologic summary, Hole U1430B. GRA = gamma ray attenuation. 
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R. Tada et al. Site U1430
Figure F4. Lithologic summary, Hole U1430C. GRA = gamma ray attenuation. 
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R. Tada et al. Site U1430
Figure F5. Distribution of tephra layers and total thickness of tephra in each core, Hole U1430A. 
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Figure F6. Hole-to-hole correlation of lithologic units, Site U1430. 
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 of identified minerals with depth, Site U1430. 

0 40 80 120 160 200

0 100 200 300 400 500

0 1000 2000 3000

0 40 80 120 160 200

8000 16000

00

ts) Opal-A (counts)

ioclase (counts) Calcite (counts)

Halite (counts)

Pyrite (counts)
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le U1430A. Note that core images have been enhanced using a color

150 cm
Figure F8. Photographs showing sediment representative of Subunit IA, Ho
contrast to highlight sedimentary structures. 
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150 cm
Figure F9. Comparison of laminations and color banding observed in Subunit IA acro
from Holes U1426C, U1423B, U1424A, U1425B, and U1430A are represented. Note th
to highlight sedimentary structures. 
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ore images have been enhanced using a color contrast to highlight

150 cm
Figure F10. Photographs representative of Subunit IB, Hole U1430A. Note that c
sedimentary structures. 
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Sample 346-U1430A-6H-CC, 2 cm, and (B–D) in tephra layer at Sample 346-U1430A-
uconite has filled the interior space of a diatom but kept the diatom’s original texture.

C D

B, C, D 100 µm 100 µm
Figure F11. Smear slide images showing glauconite in (A) 
9H-4, 100 cm. D is under crossed nicols and shows that gla
E. Photograph of full Section 346-U1430A-6H-CC. 
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150 cm
Figure F12. Photographs representative of Subunit IIA, Hole U1430A. No
light sedimentary structures. 
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 that core images have been enhanced using a color contrast to high-

150 cm
Figure F13. Photographs representative of Subunit IIB, Hole U1430A. Note
light sedimentary structures. 
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e that core images have been enhanced using a color contrast to high-

150cm
Figure F14. Photographs representative of Subunit IIIA, Hole U1430A. Not
light sedimentary structures. 
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e that core images have been enhanced using a color contrast to high-

150 cm
Figure F15. Photographs representative of Subunit IIIB, Hole U1430A. Not
light sedimentary structures. 
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t core images have been enhanced using a color contrast to highlight

150 cm
Figure F16. Photographs representative of Unit IV, Hole U1430A. Note tha
sedimentary structures. 
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Figure F17. Comparison of XRD diffractogram of two samples (346-U1430A-28H-2A, 64–65 cm, and 30X-CC,
22–23 cm). Note that a typical opal-CT signature appears in the deeper-depth sample.
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n Subunit IIIA, Hole U1430A. 

150 cm
Figure F18. Examples of laminated Miocene sediment found i

0

Hole U1430A
Section 25H-4A

225.70-227.20 mbsf

Hole U1430A
Section 25H-7A

229.72-230.44 mbsf

Hole U1430A
Section 25H-6A

228.70-229.72 mbsf

Hole U1430A
Section 26H-1A

230.70-232.20 mbsf

Hole U1430A
Section 24H-5A

217.70-219.20 mbsf
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Figure F19. Photograph of core section and XRD diagram corresponding to analysis of a distinctive yellowish
sediment layer (Sample 346-U1430A-21H-6A, 43–44 cm). 
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changes between different color laminations of Subunit IIIA. A. Section 346-U1430A-24H-
33 cm. D. Section 24H-5, 35 cm. E. Photograph of full Section 346-U1430A-24H-5. 
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Figure F20. A–D. Smear slide images showing lithologic 
5, 25 cm. B. Section 24H-5, 26.5 cm. C. Section 24H-5, 
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R. Tada et al. Site U1430
Figure F21. Smear slide images showing typical variations in diatom content. A. Section 346-U1430A-7H-6,
120 cm. B. Section 28H-1, 75 cm. C. Section 28H-2, 145 cm. D. Section 29H-1, 75 cm. E. Section 29H-1, 96 cm.
F. Section 29H-3, 75 cm. Note that diatoms dramatically decrease deeper than Section 28H-2, 145 cm. 
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Figure F22. (A) Glauconite-quartz sandstone image (interval 346-U1430A-30X-CC, 22–23 cm) and (B) corre-
sponding XRD diffractogram. Note the presence of quartz, feldspar, and smectite peaks. 
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Figure F23. (A) Glauconite-dolomite sandstone image (interval 346-U1430A-32X-CC, 16–18 cm) and (B) cor-
responding XRD diffractogram. Note the presence of dolomite and smectite and the much lower intensity of
quartz/feldspar peaks in comparison with glauconite-quartz sandstone. 
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Figure F24. A–D. Thin section images of glauconite sandstone from Unit IV (interval 346-U1430C-32H-CC, 19–
21 cm). Note that glauconite fills in and retains the original diatom texture. 
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hra alteration. E. Full section image (Section 346-U1430B-33X-1). C is under crossed
nd have become indistinct. In D, nearly all volcanic glass is dissolved and altered to
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Figure F25. A–D. Smear slide images showing examples of tep
nicols. The edges of the volcanic glass in B and C are altered a
silicon/clay minerals. 
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R. Tada et al. Site U1430
Figure F26. Integrated calcareous and siliceous microfossil biozonation, Site U1430. Note: Depth has been cal-
culated from CCSF-A (Holes U1430A and U1430B) to CSF-A (Hole U1430A). 
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R. Tada et al. Site U1430
Figure F27. Age-depth profile, Site U1430. FO = first occurrence, LO = last occurrence, RD = rapid decrease, LCO
= last common occurrence, FCO = first common occurrence. 
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Figure F28. Distribution of siliceous and calcareous microfossils at Site U1430. B = barren, R = rare, F
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Figure F29. Dark and light diatom ooze laminations in (A) Sample 346-U1430A-25H-CC and (B) Core U1
intervals). 
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Figure F30. Distribution of benthic foraminifers in Hole U1430A showing percentage of various 
benthic assemblage. 
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R. Tada et al. Site U1430
Figure F31. Calcareous and organically cemented, agglutinated foraminifers from the Hole U1430A mudline
sample. Scale bars = 100 µm. 1. Hyperammina elongata. 2. Jaculella acuta. 3–6. Reophax scorpiurus. 7, 8. Bolivina
pacifica. 9. Bolivina robusta. 10, 11. Trifarina angulosa. 12, 13. Miliammina echigoensis. 14. Robertinoides bradyi.
15. Quinqueloculina sp. 16. Nummoloculina sp. 17. Pyrgoella sp. 18. Pyrgo sp. 
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Figure F32. Calcareous and organically cemented, agglutinated foraminifers from the Hole U1430A mudline
sample. Scale bars = 100 µm. 1–3, 5. Cribrostomoides subglobosus. 4. Glomospira charoides. 6, 7. Haplophragmoides
sp. 8, 9. Haplophragmoides subsphaericum. 10, 11. Paratrochammina challenger. 12. Cassidulina japonica. 13. Cibi-
cidoides mundulus. 
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Figure F33. Dissolved alkalinity, ammonium, and phosphate profiles over the full depth, Site U1430. Con-
structed using squeezed interstitial water (IW-sq) samples. 

D
ep

th
 C

S
F

-A
 (

m
)

IW-sq

Mudline

Alkalinity (mM) NH4
+ (µM) PO4

3- (µM)

10

30

50

70

90

110

130

150

170

190

210

230

250

0 20 40 60 800 10 20 30 40 50 0 500 1000 1500 100
Proc. IODP | Volume 346 60



R. Tada et al. Site U1430
Figure F34. Dissolved calcium, magnesium, and strontium profiles across the full depth, Site U1430. 
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Figure F35. Dissolved sulfate concentrations, Site U1430. Also shown are headspace CH4 concentrations (on a
linear scale). 
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Figure F36. Headspace CH4 concentrations with depth at Site U1430 with other sites plotted for comparison.
Note the very low concentration at Site U1430, compared to other Expedition 346 sites. 
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Figure F37. Solid-phase contents of discrete sediment samples, Site U1430. TOC = total organic carbon, TN =
total nitrogen. 
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Figure F38. Dissolved manganese and iron profiles over the entire depth from squeezed samples only, Site
U1430. 

D
ep

th
 C

S
F

-A
 (

m
)

10

30

50

70

90

110

130

150

170

190

210

230

250

Mn (µM) Fe (µM)

0 5 10 15 0 5 10 15 20 60 70
Proc. IODP | Volume 346 65



R. Tada et al. Site U1430
Figure F39. Dissolved boron, lithium, and silica profiles across the full depth from squeezed samples only, Site
U1430. 
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Figure F40. Dissolved chloride, sodium, and bromine profiles across the full depth, Site U1430. 
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mal polarity, white = reversed polarity, gray
n: thin black dashed lines = expected geo-
s, triangles along the left side mark depths
 the expedition). Declination column: gray

ta collected by the FlexIT tool. Susceptibility
le U1430A. (Continued on next two pages.) 
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Figure F41. Paleomagnetism after 20 mT AF demagnetization, Site U1430. Chron column: black = nor
= zones or polarity boundaries without clear magnetostratigraphic interpretation. Inclination colum
centric axial dipole inclinations at the site latitude during reversed (left) and normal (right) polaritie
where discrete paleomagnetic cube samples were collected (orange = discrete samples measured during
dots = measured declination values, green dots = declination values corrected using core orientation da
column: SHMSL and WRMSL measured values are shown in magenta and gray dots, respectively. A. Ho
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Figure F41 (continued). B. Hole U1430B. (Continued on next page.) 
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Figure F41 (continued). C. Hole U1430C. 
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Figure F42. AF demagnetization results for discrete samples, Hole U1430A. For each sample, the left plot s
gressive demagnetization. The middle and right plots show the NRM vector measured after each demagn
projection (Zijderveld) and on an equal area projection, respectively. In the orthogonal projection plot, squ
vertical projections. In the equal area projection plot, closed circles = projection data with positive inclinatio
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Figure F42 (continued). I–P. 71.03–136.94 m CSF-A. (Continued on next page.) 
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Figure F42 (continued). Q–X. 148.39–215.09 m CSF-A. (Continued on next page.) 
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R. Tada et al. Site U1430
Figure F42 (continued). Y–BB. 221.91–264.87 m CSF-A. 

0 10 20 30 40 50 60
0

0.05

0.1

0.15

0.2

Demagnetization step (mT)
In

te
ns

ity
 (

m
A

/m
) 346-U1430A-25H-1W, 70-72 cm 

Depth:  221.91 m CSF−A        
Orientation: Top−toward   

Y 0°

90°

180°

270°
  10

  50   EW   

   N, Up

   S, Down
−0.1 

0.05 

0 10 20 30 40 50 60
0.06

0.08

0.1

0.12

0.14

0.16

Demagnetization step (mT)

In
te

ns
ity

 (
m

A
/m

)

346-U1430A-26H-2W, 57-59 cm 
Depth:  232.78 m CSF−A        
Orientation: Top−toward   

Z 0°

90°

180°

270°
  10

  50

   EW   

   N, Up

   S, Down

    0.1 
    

0.1 

0 10 20 30 40 50 60
0

0.05

0.1

0.15

0.2

0.25

Demagnetization step (mT)

In
te

ns
ity

 (
m

A
/m

) 346-U1430A-27H-3W, 51-53 cm 
Depth:  238.92 m CSF−A        
Orientation: Top−toward   

AA 0°

90°

180°

270°
  10  50

   EW   

   N, Up

   S, Down

−0.08 0.02 

−0.1

0.1 

0 10 20 30 40 50 60
0

0.2

0.4

0.6

0.8

Demagnetization step (mT)

In
te

ns
ity

 (
m

A
/m

) 346-U1430A-32X-CCW, 16-18 cm 
Depth:  264.87 m CSF−A         
Orientation: Top−toward    

BB 0°

90°

180°

270°  10

  50
   EW   

   N, Up

   S, Down
−0.3

    
Proc. IODP | Volume 346 74



R. Tada et al. Site U1430
Figure F43. Suite of physical properties measured in Holes U1430A, U1430B, and U1430C. The first magnetic
susceptibility panel shows WRMSL data of Hole U1430A, whereas the second panel shows point SHMSL sus-
ceptibility data of Hole U1430A. Gamma ray attenuation (GRA) bulk density is from Hole U1430A. Natural
gamma radiation (NGR) is from Hole U1430A. P-wave velocity panel shows combined data from WRMSL of
Holes U1430A, U1430B, and U1430C. Dashed horizontal lines = lithologic subunit boundaries, solid horizontal
lines = lithologic unit boundaries. 
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Figure F44. Data comparison and correlation of unit boundaries between Sites U1425 and U1430 in gamma
ray attenuation (GRA) bulk density and natural gamma radiation (NGR). 
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R. Tada et al. Site U1430
Figure F45. Discrete bulk density, grain density, porosity, water content, and shear strength, Site U1430.
Dashed horizontal lines = lithologic subunit boundaries, solid horizontal lines = lithologic unit boundaries. 
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R. Tada et al. Site U1430
Figure F46. Color reflectance (L*, a*, and b*), Hole U1430B. Dashed horizontal lines = lithologic subunit
boundaries, solid horizontal lines = lithologic unit boundaries. 
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Figure F47. Diffuse reflectance data comparison between Sites U1425 and U1430 in L*-a* and a*-b* color
spaces. Average L* for each site is depicted by lines in upper panels. 
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R. Tada et al. Site U1430
Figure F48. Logging operations summary diagram, Site U1430. FMS = Formation MicroScanner. 
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R. Tada et al. Site U1430
Figure F49. Downhole logs and logging units, Hole U1430B. HSGR = standard (total) gamma radiation, NGR =
natural gamma radiation, RHOM = bulk density, RLA1 = shallow apparent resistivity, RT HRLT = “true” resis-
tivity, MSS = Magnetic Susceptibility Sonde, LMSS = low-resolution MSS, HMSS = high-resolution MSS. 
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Figure F50. Natural gamma radiation logs, straight (nonoriented) Formation MicroScanner (FMS) images, and
logging units, Hole U1430B. HSGR = standard (total) gamma radiation, HCGR = computed gamma radiation. 
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Figure F51. Correlation of downhole logs and straight (nonoriented) Formation MicroScanner (FMS) images
(290–323 mbsf) in Hole U1430B, illustrating the cyclic nature of the sediment record at intervals of ~8–15 m.
NGR = natural gamma radiation, HSGR = standard (total) natural gamma radiation, RT = “true” resistivity. 
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Figure F52. Plots of heat flow calculations, Hole U1430A. A. In situ sediment temperatures from advanced
piston corer temperature tool (APCT-3) measurements with average values for mudline and Cores 346-U1430A-
4H, 7H, 10H, and 13H (circles), and linear fit. B. In situ thermal conductivity data (squares) with calculated
thermal resistance (solid line). C. Bullard plot of heat flow calculated from a linear fit of temperature vs. thermal
resistance data. 
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Figure F53 (continued). C. 200–270 m CCSF-A. 
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R. Tada et al. Site U1430
Table T1. Hole summary, Site U1430. (Continued on next two pages.)

Hole U1430A
Latitude: 37°54.1595′N 
Longitude: 131°32.2499′E 
Water depth (m): 1071.99 
Date started (UTC): 1518 h 17 September 2013
Date finished (UTC): 1720 h 18 September 2013
Time on hole (days): 1.08 
Seafloor depth DRF (m): 1083.6 
Rig floor to sea level (m): 11.61 
Penetration DSF (m): 274.4 
Cored interval (m): 274.4 
Recovered length (m): 258.24 
Recovery (%): 94 
Drilled interval (m): NA
Drilled interval: 0 
Total cores: 32 
APC cores: 29 
XCB cores: 3 
RCB cores: 0 
Other cores: 0

Hole U1430B 
Latitude: 37°54.1670′N 
Longitude: 131°32.2501′E 
Water depth (m): 1071.3 
Date started (UTC): 1720 h 18 September 2013
Date finished (UTC): 0650 h 20 September 2013
Time on hole (days): 1.56 
Seafloor depth DRF (m): 1082.9 
Rig floor to sea level (m): 11.60 
Penetration DSF (m): 275 
Cored interval (m): 275 
Recovered length (m): 259.71 
Recovery (%): 94 
Drilled interval (m): NA
Drilled interval: 0 
Total cores: 37 
APC cores: 29 
XCB cores: 8 
RCB cores: 0 
Other cores: 0

Hole U1430C
Latitude: 37°54.1511′N 
Longitude: 131°32.2497′E 
Water depth (m): 1072.8 
Date started (UTC): 0650 h 20 September 2013
Date finished (UTC): 0618 h 21 September 2013
Time on hole (days): 0.98 
Seafloor depth DRF (m): 1084.4 
Rig floor to sea level (m): 11.60 
Penetration DSF (m): 250 
Cored interval (m): 250 
Recovered length (m): 257.02 
Recovery (%): 103 
Drilled interval (m): NA
Drilled interval: 0 
Total cores: 34 
APC cores: 33 
XCB cores: 1 
RCB cores: 0 
Other cores: 0

Site U1430 totals
Number of cores: 103
Penetration (m): 799.4
Cored (m): 799.4
Recovered (m): 774.97 (96.9%)
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Table T1 (continued). (Continued on next page.)

Core
Date

(Aug 2013)
Time
(h)

Top depth
of cored
interval
DSF (m)

Bottom depth
of cored
interval
DSF (m)

Interval
advanced

(m)

Top depth
of recovered

core
CSF (m)

Bottom depth
of recovered

core
CSF (m)

Length of
core

recovered
(m)

Curated
length

(m)
Recovery

(%)

346-U1430A-
1H 16 1950 0.0 3.6 3.6 0.0 3.58 3.58 3.58 99
2H 16 2040 3.6 13.1 9.5 3.6 13.33 9.73 9.73 102
3H 16 2110 13.1 22.6 9.5 13.1 22.93 9.83 9.83 103
4H 16 2150 22.6 32.1 9.5 22.6 32.22 9.62 9.62 101
5H 16 2220 32.1 41.6 9.5 32.1 42.10 10.00 10.00 105
6H 16 2245 41.6 51.1 9.5 41.6 51.42 9.82 9.82 103
7H 16 2325 51.1 60.6 9.5 51.1 61.05 9.95 9.95 105
8H 16 2350 60.6 70.1 9.5 60.6 70.53 9.93 9.93 105
9H 17 0020 70.1 79.6 9.5 70.1 79.95 9.85 9.85 104
10H 17 0105 79.6 89.1 9.5 79.6 89.51 9.91 9.91 104
11H 17 0130 89.1 98.6 9.5 89.1 98.89 9.79 9.79 103
12H 17 0200 98.6 108.1 9.5 98.6 108.46 9.86 9.86 104
13H 17 0240 108.1 117.6 9.5 108.1 117.98 9.88 9.88 104
14H 17 0310 117.6 127.1 9.5 117.6 127.47 9.87 9.87 104
15H 17 0340 127.1 136.6 9.5 127.1 136.96 9.86 9.86 104
16H 17 0405 136.6 146.1 9.5 136.6 146.52 9.92 9.92 104
17H 17 0435 146.1 155.6 9.5 146.1 156.01 9.91 9.91 104
18H 17 0500 155.6 165.1 9.5 155.6 165.15 9.55 9.55 101
19H 17 0525 165.1 174.6 9.5 165.1 175.01 9.91 9.91 104
20H 17 0555 174.6 183.5 8.9 174.6 183.53 8.93 8.93 100
21H 17 0635 183.5 193.0 9.5 183.5 192.95 9.45 9.45 99
22H 17 0710 193.0 202.2 9.2 193.0 202.25 9.25 9.25 101
23H 17 0740 202.2 211.7 9.5 202.2 211.86 9.66 9.66 102
24H 17 0815 211.7 221.2 9.5 211.7 221.48 9.78 9.78 103
25H 17 0910 221.2 230.7 9.5 221.2 230.70 9.50 9.50 100
26H 17 0950 230.7 235.4 4.7 230.7 235.69 4.99 4.99 106
27H 17 1020 235.4 240.1 4.7 235.4 240.43 5.03 5.03 107
28H 17 1045 240.1 244.8 4.7 240.1 245.11 5.01 5.01 107
29H 17 1120 244.8 249.5 4.7 244.8 249.55 4.75 4.75 101
30X 17 1320 249.5 255.0 5.5 249.5 249.73 0.23 0.23 4
31X 17 1415 255.0 264.7 9.7 255.0 255.34 0.34 0.34 4
32X 17 1505 264.7 274.4 9.7 264.7 265.25 0.55 0.55 6

Total advanced (m): 274.4 Total recovered (m): 258.24

346-U1430B-
1H 17 1840 0.0 8.3 8.3 0.0 8.27 8.27 8.27 100
2H 17 1905 8.3 17.8 9.5 8.3 18.03 9.73 9.73 102
3H 17 1930 17.8 27.3 9.5 17.8 27.58 9.78 9.78 103
4H 17 1955 27.3 36.8 9.5 27.3 36.94 9.64 9.64 101
5H 17 2020 36.8 46.3 9.5 36.8 46.37 9.57 9.57 101
6H 17 2055 46.3 55.8 9.5 46.3 55.87 9.57 9.57 101
7H 17 2120 55.8 65.3 9.5 55.8 65.56 9.76 9.76 103
8H 17 2145 65.3 74.8 9.5 65.3 75.12 9.82 9.82 103
9H 17 2210 74.8 84.3 9.5 74.8 84.60 9.80 9.80 103
10H 17 2310 84.3 93.8 9.5 84.3 93.86 9.56 9.56 101
11H 17 2335 93.8 103.3 9.5 93.8 103.61 9.81 9.81 103
12H 18 0000 103.3 112.8 9.5 103.3 113.13 9.83 9.83 103
13H 18 0030 112.8 122.3 9.5 112.8 122.69 9.89 9.89 104
14H 18 0055 122.3 131.8 9.5 122.3 131.94 9.64 9.64 101
15H 18 0120 131.8 141.3 9.5 131.8 141.44 9.64 9.64 101
16H 18 0145 141.3 150.8 9.5 141.3 150.98 9.68 9.68 102
17H 18 0210 150.8 160.3 9.5 150.8 160.70 9.90 9.90 104
18H 18 0235 160.3 169.8 9.5 160.3 170.04 9.74 9.74 103
19H 18 0300 169.8 179.3 9.5 169.8 179.08 9.28 9.28 98
20H 18 0325 179.3 188.8 9.5 179.3 188.92 9.62 9.62 101
21H 18 0350 188.8 198.3 9.5 188.8 198.43 9.63 9.63 101
22H 18 0415 198.3 207.8 9.5 198.3 208.00 9.70 9.70 102
23H 18 0440 207.8 217.3 9.5 207.8 217.52 9.72 9.72 102
24H 18 0505 217.3 226.8 9.5 217.3 227.01 9.71 9.71 102
25H 18 0545 226.8 234.6 7.8 226.8 234.60 7.80 7.80 100
26H 18 0630 234.6 239.3 4.7 234.6 239.56 4.96 4.96 106
27H 18 0705 239.3 244.0 4.7 239.3 244.42 5.12 5.12 109
28H 18 0730 244.0 246.0 2.0 244.0 247.68 3.68 3.68 184
29X 18 0920 246.0 247.0 1.0 246.0 246.70 0.70 0.70 70
30X 18 1010 247.0 248.0 1.0 247.0 247.69 0.69 0.69 69
31X 18 1045 248.0 250.0 2.0 248.0 248.99 0.99 0.99 50
32X 18 1135 250.0 255.7 5.7 250.0 251.96 1.96 1.96 34
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DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core depth below seafloor. APC = advanced piston corer, XCB =
extended core barrel, RCB = rotary core barrel. H = APC system, X = XCB system. NA = not applicable.

33X 18 1220 255.7 257.7 2.0 255.7 256.69 0.99 0.99 50
34X 18 1255 257.7 264.7 7.0 257.7 257.70 0
35X 18 1335 264.7 272.4 7.7 264.7 264.70 0
36X 18 1425 272.4 274.1 1.7 272.4 273.01 0.61 0.61 36
37H 18 1505 274.1 275.0 0.9 274.1 275.02 0.92 0.92 102

Total advanced (m): 143.3 Total recovered (m): 145.85

346-U1430C-
1H 17 1840 0.0 4.8 4.8 0.0 4.78 4.78 4.78 100
2H 17 1905 4.8 14.3 9.5 4.8 14.40 9.60 9.60 101
3H 17 1930 14.3 23.8 9.5 14.3 24.20 9.90 9.90 104
4H 17 1955 23.8 33.3 9.5 23.8 33.61 9.81 9.81 103
5H 17 2020 33.3 42.8 9.5 33.3 43.18 9.88 9.88 104
6H 17 2055 42.8 52.3 9.5 42.8 52.59 9.79 9.79 103
7H 17 2120 52.3 61.8 9.5 52.3 61.96 9.66 9.66 102
8H 17 2145 61.8 71.3 9.5 61.8 71.83 10.03 10.03 106
9H 17 2210 71.3 80.8 9.5 71.3 81.13 9.83 9.83 103
10H 17 2310 80.8 90.3 9.5 80.8 90.58 9.78 9.78 103
11H 17 2335 90.3 99.8 9.5 90.3 100.17 9.87 9.87 104
12H 18 0000 99.8 109.3 9.5 99.8 109.58 9.78 9.78 103
13H 18 0030 109.3 118.8 9.5 109.3 118.96 9.66 9.66 102
14H 18 0055 118.8 123.5 4.7 118.8 123.78 4.98 4.98 106
15H 18 0120 123.5 133.0 9.5 123.5 133.38 9.88 9.88 104
16H 18 0145 133.0 142.5 9.5 133.0 142.95 9.95 9.95 105
17H 18 0210 142.5 152.0 9.5 142.5 152.35 9.85 9.85 104
18H 18 0235 152.0 161.5 9.5 152.0 161.89 9.89 9.89 104
19H 18 0300 161.5 171.0 9.5 161.5 171.45 9.95 9.95 105
20H 18 0325 171.0 180.5 9.5 171.0 180.74 9.74 9.74 103
21H 18 0350 180.5 190.0 9.5 180.5 190.36 9.86 9.86 104
22H 18 0415 190.0 199.5 9.5 190.0 199.92 9.92 9.92 104
23H 18 0440 199.5 209.0 9.5 199.5 209.40 9.90 9.90 104
24H 18 0505 209.0 218.5 9.5 209.0 218.67 9.67 9.67 102
25H 18 0545 218.5 227.2 8.7 218.5 227.24 8.74 8.74 100
26H 18 0630 227.2 227.3 0.1 227.2 227.33 0.13 0.13 130
27X 18 0705 227.3 228.8 1.5 227.3 227.35 0.05 0.05 3
28H 18 0730 228.8 233.5 4.7 228.8 233.62 4.82 4.82 103
29H 18 0920 233.5 238.2 4.7 233.5 238.52 5.02 5.02 107
30H 18 1010 238.2 242.9 4.7 238.2 243.06 4.86 4.86 103
31H 18 1045 242.9 244.6 1.7 242.9 244.66 1.76 1.76 104
32H 18 1135 244.6 248.6 4.0 244.6 248.59 3.99 3.99 100
33H 18 1220 248.6 249.1 0.5 248.6 249.37 0.77 0.77 154
34H 18 1255 249.1 250.0 0.9 249.1 250.02 0.92 0.92 102

Total advanced (m): 250.0 Total recovered (m): 257.02

Core
Date

(Aug 2013)
Time
(h)

Top depth
of cored
interval
DSF (m)

Bottom depth
of cored
interval
DSF (m)

Interval
advanced

(m)

Top depth
of recovered

core
CSF (m)

Bottom depth
of recovered

core
CSF (m)

Length of
core

recovered
(m)

Curated
length

(m)
Recovery

(%)

Table T1 (continued). 
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Table T2. Visible tephra layers thicker than 0.5 cm, Hole U1430A. (Continued on next page.)

Core, section,
interval (cm)

Top
depth

CSF-A (m)

Bottom
depth

CSF-A (m)
Thickness

(cm) Color Occurrence

346-U1430A-
1H-2, 50–51 2.00 2.01 1.0 Light gray Layered
1H-3, 54–57 3.44 3.47 3.0 Light gray Layered
2H-2, 0–3 5.10 5.13 3.0 White Layered
2H-3, 36–42 6.96 7.02 6.0 White Layered
2H-3, 97–98 7.57 7.58 1.0 Dark gray Layered
2H-4, 28–28.5 8.38 8.39 0.5 Light gray Layered
2H-4, 30–30.5 8.40 8.41 0.5 Dark gray Layered
2H-4, 56–62 8.66 8.72 6.0 Black Layered
2H-5, 115–123 10.75 10.83 8.0 White Layered
2H-6, 40–40.5 11.50 11.505 0.5 Dark gray Layered
2H-7, 6–13 12.66 12.73 7.0 Light gray Layered
3H-1, 88–99 13.98 14.09 11.0 White Layered
3H-1, 116–120 14.26 14.30 4.0 White Layered
3H-3, 115–120 17.25 17.30 5.0 Light gray Layered
3H-4, 21–29 17.81 17.89 8.0 Gray Layered
3H-4, 123–126 18.83 18.86 3.0 Light gray Layered
3H-5, 9–9.5 19.19 19.195 0.5 Black Layered
3H-5, 34.5–35 19.445 19.45 0.5 Gray Layered
3H-5, 45–49 19.55 19.59 4.0 White Layered
3H-5, 60.5–62 19.705 19.72 1.5 Dark gray Layered
3H-5, 111–112 20.215 20.225 1.0 Black Layered
3H-5, 122–122.5 20.32 20.325 0.5 Black Layered
3H-5, 123–125 20.33 20.35 2.0 Gray Layered
3H-5, 131–132 20.41 20.42 1.0 Very dark gray Layered
3H-6, 39–40 20.99 21.00 1.0 Black Layered
3H-6, 43.5–44 21.035 21.04 0.5 Gray Layered
3H-6, 60–62 21.20 21.22 2.0 Gray Layered
3H-6, 65–66 21.25 21.26 1.0 Gray Layered
3H-CC, 14–16 22.79 22.81 2.0 Gray Layered
4H-1, 0–13 22.60 22.73 13.0 White Layered
4H-1, 24–25 22.84 22.85 1.0 Gray Layered
4H-1, 28–40 22.88 23.00 12.0 White Layered
4H-1, 64–68 23.24 23.28 4.0 Gray Layered
4H-1, 126–129 23.86 23.89 3.0 White Layered
4H-2, 58–66 24.68 24.76 8.0 White Layered
4H-3, 125–125.5 26.85 26.86 0.5 Dark gray Layered
4H-3, 133–133.5 26.93 26.94 0.5 Dark gray Layered
4H-4, 38–39 27.48 27.49 1.0 Gray Layered
4H-4, 61–62 27.71 27.72 1.0 Gray Layered
4H-4, 77–78 27.87 27.88 1.0 Gray Layered
4H-4, 117–118 28.27 28.28 1.0 Gray Layered
4H-5, 45–66 29.05 29.26 21.0 White Layered
4H-5, 100–105 29.60 29.65 5.0 White Layered
4H-5, 117–118 29.77 29.78 1.0 Gray Layered
4H-7, 2–3 31.24 31.25 1.0 Gray Layered
4H-7, 4–7 31.26 31.29 3.0 Gray Layered
4H-7, 15–18 31.37 31.40 3.0 Dark gray Layered
4H-7, 33–34.5 31.55 31.565 1.5 Gray Layered
4H-7, 36–37 31.58 31.59 1.0 Gray Layered
4H-7, 50–54 31.72 31.76 4.0 Gray Layered
4H-7, 61–63 31.83 31.85 2.0 Gray Layered
4H-CC, 4–6 31.98 32.00 2.0 Gray Layered
4H-CC, 12–13 32.06 32.07 1.0 Gray Layered
4H-CC, 18–19.5 32.12 32.135 1.5 Gray Layered
5H-1, 0–29 32.10 32.39 29.0 White Layered
5H-1, 72–78 32.82 32.88 2.0 Gray Layered
5H-1, 80–83 32.90 32.93 3.0 Gray Layered
5H-2, 0–9 33.60 33.69 9.0 Light gray Layered
5H-2, 103–105 34.63 34.65 2.0 Gray Layered
5H-3, 65–68 35.75 35.78 3.0 Gray Layered
5H-3, 70–71 35.80 35.81 1.0 Gray Layered
5H-4, 36–37 36.96 36.97 1.0 White Layered
5H-6, 56.5–57.5 40.165 40.175 1.0 Gray Layered
5H-6, 146.5–147 41.065 41.07 0.5 Dark gray Layered
6H-1, 89–90 42.49 42.50 1.0 Gray Layered
6H-1, 96–97 42.56 42.57 1.0 Dark gray Layered
6H-2, 60–61 43.70 43.71 1.0 Dark gray Layered
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6H-2, 64–66 43.74 43.76 2.0 Gray Layered
6H-2, 68–68.5 43.78 43.79 0.5 Dark gray Layered
6H-2, 75–76 43.85 43.86 1.0 Gray Layered
6H-2, 112–116 44.22 44.26 4.0 White Layered
6H-2, 130.5–131 44.405 44.41 0.5 Dark gray Layered
6H-3, 22–23 44.82 44.83 1.0 Gray Layered
6H-3, 58–59 45.18 45.19 1.0 White Layered
6H-CC, 16–23 51.35 51.42 7.0 Gray Layered
7H-1, 8–23 59.10 51.33 15.0 White Layered
22H-2, 126–129 195.76 195.79 3.0 Gray Layered
22H-3, 51–55 196.51 196.55 4.0 Light gray Layered
23H-5, 14–15 208.34 208.35 1.0 Very dark gray Layered

Core, section,
interval (cm)

Top
depth

CSF-A (m)

Bottom
depth

CSF-A (m)
Thickness

(cm) Color Occurrence

Table T2 (continued). 
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olomite
(counts)

Halite
(counts)

Pyrite
(counts)

Opal-A
(counts)

Opal-CT
(counts)

Hydroxlapatite
(counts)

117 319 102 21 0 0
215 283 67 0 0 0
74 239 94 0 0 0
82 205 90 0 0 0

139 187 104 0 0 0
94 274 135 57 0 0

170 129 66 0 0 0
0 214 77 49 0 0

84 294 126 60 0 0
72 226 115 39 0 0

0 180 90 34 0 0
0 255 195 86 0 0
0 350 150 131 0 0
0 193 95 76 0 0
0 261 113 90 0 0
0 290 90 88 0 0
0 230 82 52 0 0
0 304 110 69 0 0
0 224 84 91 0 0
0 299 106 88 0 0
0 230 97 58 0 0
0 194 95 52 0 0
0 201 125 52 0 0
0 160 84 0 0 1,690
0 0 0 0 0 471
0 325 132 84 0 0
0 276 129 90 0 0
0 250 100 69 0 0
0 365 147 113 0 0

9,582 0 0 0 0 0
0 312 106 107 0 0
0 265 109 102 0 0
0 198 69 59 0 0
0 0 123 0 581 0
0 0 179 62 0 0
0 96 0 0 0 0

2,172 199 81 104 0 0
6,453 0 0 0 0 0

0 259 0 0 0 0
Table T3. XRD analysis of bulk samples, Site U1430.

Hole, core, section,
interval (cm)

Top depth
CSF-A (m)

Smectite
(counts)

Illite
(counts)

Kaolinite
+ chlorite
(counts)

Quartz
(counts)

K-feldspar
(counts)

Plagioclase
(counts)

Calcite
(counts)

D

346-
U1430A-1H-2, 74.0–75.0 2.24 276 619 441 5,237 339 687 882
U1430A-2H-6, 24.0–25.0 11.34 543 1,511 826 5,475 421 939 406
U1430A-3H-2, 79.0–80.0 15.39 215 433 252 3,785 331 448 1,836
U1430A-4H-3, 22.0–23.0 25.82 258 673 382 4,362 485 613 2,626
U1430A-5H-2, 59.0–60.0 34.19 369 757 502 4,173 198 597 2,955
U1430A-5H-4, 29.0–30.0 36.89 148 407 260 3,225 406 496 0
U1430A-6H-6, 49.0–50.0 49.59 356 751 81 4,519 261 676 2,014
U1430A-6H-CC, 1.0–2.0 51.2 170 426 239 4,785 348 661 0
U1430A-7H-3, 37.0–38.0 54.47 183 575 263 4,227 207 469 0
U1430A-8H-6, 23.0–24.0 68.33 220 621 304 4,017 250 456 0
U1430A-9H-1, 99.0–100.0 71.09 183 560 264 3,407 258 441 0
U1430A-10H-1, 117.0–118.0 80.77 100 266 138 2,439 153 284 0
U1430A-11H-1, 70.0–71.0 89.8 111 233 88 2,307 134 309 0
U1430A-12H-1, 127.0–128.0 99.87 149 361 165 2,966 153 344 0
U1430A-13H-1, 70.0–71.0 108.8 113 263 109 2,504 237 348 0
U1430A-14H-1, 91.0–92.0 118.51 88 242 143 2,742 144 299 0
U1430A-15H-2, 70.0–71.0 129.3 83 293 126 2,921 195 419 0
U1430A-16H-1, 41.0–42.0 137.01 0 235 102 2,768 177 319 0
U1430A-17H-2, 77.0–78.0 148.37 130 266 126 2,752 176 341 0
U1430A-18H-6, 67.0–68.0 163.77 86 212 120 2,350 123 289 0
U1430A-19H-3, 33.0–34.0 168.43 143 236 120 2,861 198 348 0
U1430A-20H-2, 35.0–36.0 176.45 130 209 100 2,864 174 372 0
U1430A-21H-1, 96.0–97.0 184.46 95 246 142 3,008 186 359 0
U1430A-21H-6, 43.0–44.0 191.43 0 132 130 561 0 217 0
U1430A-22H-2, 87.0–88.0 195.37 0 0 0 71 0 0 0
U1430A-22H-6, 69.0–70.0 201.19 0 245 104 2,394 186 261 0
U1430A-23H-6, 24.0–25.0 209.94 97 222 122 2,617 236 323 0
U1430A-24H-3, 37.0–38.0 215.07 100 195 122 2,798 185 370 0
U1430A-25H-1, 69.0–70.0 221.89 88 206 114 1,988 100 234 0
U1430C-26H-CC, 11.0–12.0 227.31 347 0 0 98 0 0 0
U1430A-26H-2, 61.0–62.0 232.81 83 226 117 2,381 139 285 0
U1430A-27H-3, 56.0–57.0 238.96 90 184 113 2,560 231 277 0
U1430A-28H-2, 64.0–65.0 242.24 88 235 122 2,464 169 311 0
U1430A-30X-CC, 22.0–23.0 249.72 145 273 261 5,699 1,502 2,179 89
U1430B-32X-1, 34.0–35.0 250.34 115 367 0 2,251 1,266 1,884 0
U1430B-33X-1, 39.0–40.0 256.09 0 0 0 163 0 0 0
U1430B-33X-1, 61.0–62.0 256.31 160 483 0 2,145 1,444 3,785 0
U1430A-32X-CC, 16.0–18.0 264.86 186 158 0 1,992 398 694 0
U1430B-37H-1, 28.0–29.0 274.38 330 1,721 231 10,325 9,273 19,229 0
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 = first occurrence, FCO = first common occurrence, RD =

Depth CCSF-A (m)

t ± Top Bottom Midpoint ±

1.77 0.21 3.74 1.98 1.77
4.87 3.74 13.63 8.69 4.95
4.87 3.74 13.63 8.69 4.95
4.81 13.63 23.88 18.76 5.13
3.11 17.67 23.88 20.78 3.11
4.66 44.00 53.74 48.87 4.87
0.37 53.74 55.02 54.38 0.64
4.81 53.74 63.92 58.83 5.09
4.81 53.74 63.92 58.83 5.09
0.92 62.07 63.92 63.00 0.92
0.75 66.29 67.79 67.04 0.75
4.75 73.83 83.45 78.64 4.81
4.75 73.83 83.45 78.64 4.81
4.75 73.83 83.45 78.64 4.81
4.78 83.45 93.91 88.68 5.23
4.78 83.45 93.91 88.68 5.23
4.75 73.83 83.45 78.64 4.81
4.69 93.91 103.91 98.91 5.00
4.74 124.47 134.37 129.42 4.95
4.75 134.37 144.28 139.32 4.95
4.78 144.28 154.61 149.44 5.17
4.26 185.60 194.76 190.18 4.58
4.26 185.60 194.76 190.18 4.58
4.26 185.60 194.76 190.18 4.58
4.65 204.87 215.41 210.14 5.27
2.50 244.36 250.24 247.30 2.94
2.34 254.99 260.25 257.62 2.63
2.34 254.99 260.25 257.62 2.63
2.34 254.99 260.25 257.62 2.63
2.34 254.99 260.25 257.62 2.63
0.09 264.63 264.81 264.72 0.09
2.69 264.81 270.20 267.50 2.69

4.66 28.02 37.86 32.94 4.92
4.69 37.91 47.90 42.91 4.99
2.59 267.45 272.63 270.04 2.59

4.68 25.04 34.43 29.73 4.70
2.27 254.36 259.30 256.83 2.47
2.27 254.36 259.30 256.83 2.47
0.80 259.30 260.90 260.10 0.80
Table T4. Microfossil bioevents, Site U1430.

R = radiolarian, F = foraminifer, CN = calcareous nannofossil, D = diatom. LO = last occurrence, LCO = last common occurrence, FO
rapid decrease.

Core, section, interval (cm)

Event Bioevents and epoch boundaries
Age
(Ma)

Depth CSF-A (m)

Top Bottom Top Bottom Midpoin

346-U1430A- 346-U1430A-
1H-CC R LO Lychnocanoma sakaii 0.05 0.00 3.53 1.77

1H-CC 2H-CC CN FO Emiliania huxleyi 0.29 3.53 13.27 8.40
1H-CC 2H-CC R LO Amphimelissa setosa 0.08 3.53 13.27 8.40
2H-CC 3H-CC R LO Spongodiscus sp. 0.29 13.27 22.88 18.08
3H-3, 57–58 3H-CC D LO Proboscia curvirostris 0.30 16.67 22.88 19.78
5H-CC 6H-CC R LO Axoprunum acquilonium 1.2–1.7 42.05 51.37 46.71
6H-CC 7H-1, 100–101 D LO Neodenticula koizumii 2.00 51.37 52.10 51.74
6H-CC 7H-CC R FO Cycladophora davisiana 2.70 51.37 61.00 56.19
6H-CC 7H-CC R LO Hexacontium parviakitaensis 2.70 51.37 61.00 56.19
7H-6, 55–56 7H-CC D LO Neodenticula kamtschatica 2.60–2.70 59.15 61.00 60.08
8H-2, 75 8H-3, 75 D FO Neodenticula koizumii 3.40–3.93 62.85 64.35 63.60
8H-CC 9H-CC R FO Hexacontium parviakitaensis 3.9–4.3 70.39 79.90 75.15
8H-CC 9H-CC R LO Lipmanella redondoensis 5.06 70.39 79.90 75.15
8H-CC 9H-CC R FO Axoprunum acquilonium 7.10 70.39 79.90 75.15
9H-CC 10H-CC R FO Larcopyle pylomaticus 5.30 79.90 89.46 84.68
9H-CC 10H-CC D FO Shionodiscus oestrupii 5.56 79.90 89.46 84.68
8H-CC 9H-CC R LO Cycladophora nakasekoi 7.40 70.39 79.90 75.15
10H-CC 11H-CC D LCO Thalassionema schraderi 7.67 89.46 98.84 94.15
13H-CC 14H-CC D FCO Thalassionema schraderi 8.50 117.93 127.42 122.68
14H-CC 15H-CC D LO Denticulopsis katayamae 8.70 127.42 136.91 132.17
15H-CC 16H-CC R LCO Lychnocanoma magnacornuta 9.10 136.91 146.47 141.69
19H-CC 20H-CC R FO Cycladophora nakasekoi 10.10 174.96 183.48 179.22
19H-CC 20H-CC R LO Cyrtocapsella japonica 10.10 174.96 183.48 179.22
19H-CC 20H-CC D LO Denticulopsis hustedtii 10.20 174.96 183.48 179.22
21H-CC 22H-CC R LO Dendrospyris uruyaensis 10.10 192.9 202.2 197.55
25H-CC 26H-CC R FO Lychnocanoma magnacornuta 11.80 230.65 235.64 233.15
27H-CC 28H-CC R FO Dendrospyris uruyaensis 11.80 240.38 245.06 242.72
27H-CC 28H-CC R LO Eucyrtidium inflatum 11.80 240.38 245.06 242.72
27H-CC 28H-CC R LO Lithopera renzae 11.80 240.38 245.06 242.72
27H-CC 28H-CC D FCO Denticulopsis simonsenii 13.10 240.38 245.06 242.72
29H-CC 30X-CC R RD Cyrticapsella tetrapera 12.60 249.50 249.68 249.59
30X-CC 31X-CC R LO Dendrospyris sakaii 14.80 249.68 255.07 252.38

346-U1430B- 346-U1430B-
3H-CC 4H-CC F LO Neogloboquadrina kagaensis group 0.70 27.58 36.89 32.24
4H-CC 5H-CC F Neogloboquadrina pachyderma (coiling change, d to s) 1.14–1.24 36.94 46.32 41.63
32X-1, 111–113 33X-1, 59–61 R LO Pentactinosphaera hokurikuensis 15.0 251.11 256.29 253.70

346-U1430C- 346-U1430C-
3H-CC 4H-CC F LO Neogloboquadrina kagaensis group 0.70 24.20 33.56 28.88
29H-CC 30H-CC R FO Dendrospyris uruyaensis 11.80 238.47 243.01 240.74
29H-CC 30H-CC R LO Eucyrtidium inflatum 11.80 238.47 243.01 240.74
30H-CC 31H-CC R RD Cyrticapsella tetrapera 12.60 243.01 244.61 243.81
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Table T5. Preservation and estimated abundance of calcareous nannofossils, Site U1430.

Preservation: M = moderate, P = poor. Abundance: C = common, F = few, R = rare, B = barren. Shaded intervals = barren.

Core, section,
interval (cm)
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depth
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346-U1430A-
1H-CC 3.53 3.58 3.74 M F R R F 
2H-CC 13.27 13.33 13.63 P R R R R 
3H-CC 22.88 22.93 23.88 B 
4H-CC 32.17 32.22 33.98 M R R R R F 
5H-CC 42.05 42.10 44.00 B 
6H-3, 75 45.35 45.35 47.72 M F C R R 
6H-5, 75 48.35 48.35 50.72 B 
6H-CC 51.37 51.42 53.74 P R R 
7H-CC 61.00 61.05 63.92 B 
8H-CC 70.39 70.44 73.83 B 
9H-CC 79.90 79.95 83.45 B 
10H-CC 89.46 89.51 93.91 B 
11H-CC 98.84 98.89 103.91 B 
12H-CC 108.41 108.46 114.19 B 
13H-CC 117.93 117.98 124.47 B 
14H-CC 127.42 127.47 134.37 B 
15H-CC 136.91 136.96 144.28 M R R 
16H-CC 146.47 146.52 154.61 B 
17H-CC 155.96 156.01 165.97 B 
18H-CC 165.10 165.15 175.25 B 
19H-1, 60 165.70 165.70 176.34 B 
19H-2, 60 167.20 167.20 177.84 B 
19H-3, 60 168.70 168.70 179.34 B 
19H-4, 70 170.30 170.30 180.94 B 
19H-5, 60 171.70 171.70 182.34 B 
19H-6, 80 173.40 173.40 184.04 B 
19H-7, 30 174.40 174.40 185.04 B 
19H-CC 174.96 175.01 185.60 B 
20H-CC 183.48 183.53 194.76 B 
21H-CC 192.90 192.95 204.87 B 
22H-CC 202.20 202.25 215.41 B 
23H-CC 211.81 211.86 225.34 B 
24H-CC 221.43 221.48 235.36 B 
25H-CC 230.65 230.70 244.36 B 
26H-CC 235.64 235.69 250.24 B 
27H-CC 240.38 240.43 254.99 B 
28H-CC 245.06 245.11 260.25 B 
29H-CC 249.50 249.55 264.63 B 
30X-CC 249.68 249.73 264.81 B 
31X-CC 255.07 255.12 270.20 B 

346-U1430B-
1H-CC 8.22 8.27 8.22 P R R 
2H-CC 17.98 18.03 18.00 P R F 
3H-CC 27.53 27.58 27.97 P R R F C F 
4H-CC 36.89 36.94 37.86 B 
5H-CC 46.32 46.37 47.90 B 
6H-CC 55.82 55.87 57.83 B 
7H-CC 65.51 65.56 67.95 B 
8H-CC 75.07 75.12 78.09 B 
9H-CC 84.55 84.60 87.86 B 
10H-CC 93.82 93.86 98.05 B 
11H-CC 103.56 103.61 108.30 B 
12H-CC 113.08 113.13 118.38 B 
13H-CC 122.64 122.69 128.60 B 
14H-CC 131.75 131.77 138.34 B 
29X-CC 246.00 246.05 262.34 B 
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Table T6. Preservation and estimated abundance of radiolarians, Site U1430.
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reservation: G = good, M = moderate, P = poor. Abundance: A = abundant, C = common, F = few, R = rare, P = present, B = barren. Shaded interval = barren.

Core, section, 
interval (cm)

Top
depth

CSF-A (m)
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depth
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depth
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346-U1430A-
1H-CC 3.53 3.58 3.74 P R P F
2H-CC 13.27 13.33 13.63 P R R
3H-CC 22.88 22.93 23.88 G A C A
4H-CC 32.17 32.22 33.99 G C F A
5H-CC 42.05 42.10 44.00 M C F C P P
6H-CC 51.37 51.42 53.74 M A F F C
7H-CC 61.00 61.05 63.92 G A P F
8H-CC 70.39 70.44 73.83 G A F C
9H-CC 79.90 79.95 83.45 G A P R F C
10H-CC 89.46 89.51 93.91 G A P C
11H-CC 98.84 98.89 103.91 G A R A
12H-CC 108.41 108.46 114.19 G A F F A R
13H-CC 117.93 117.98 124.47 G A R A P
14H-CC 127.42 127.47 134.37 G A F A
15H-CC 136.91 136.96 144.28 G A F F A R
16H-CC 146.47 146.52 154.61 G A F P F P
17H-CC 155.96 156.01 165.97 M A P A
18H-CC 165.10 165.15 175.25 G A R A
19H-CC 174.96 175.01 185.60 G A F F F
20H-CC 183.48 183.53 194.76 G C C C C F F
21H-CC 192.90 192.95 204.87 G C C C F
22H-CC 202.20 202.25 215.41 G C F F F
23H-CC 211.81 211.86 225.34 G A F A
24H-CC 221.43 221.48 235.36 M C F A
25H-CC 230.65 230.70 244.40 G C F F
26H-CC 235.64 235.69 250.24 G A P C C
27H-CC 240.38 240.43 254.99 G A F F A F
28H-CC 245.06 245.11 260.25 G A R F R
29H-CC 249.50 249.55 264.63 P F R
30X-CC 249.68 249.73 264.81 P R P C
31X-CC, 3–5 255.03 255.05 270.16 P R P
31X-CC 255.07 255.12 270.20 P R P
32X-CC 265.20 265.25 280.33 B

346-U1430B-
32X-1W, 111–113 251.11 251.13 267.45 G A R F C P R
33X-1W, 59-61 256.29 256.31 272.63 M C F F F F R

346-U1430C-
29H-CC 238.47 238.52 254.36 G A R F R R
30H-CC 243.01 243.06 259.30 M A P F
31H-CC 244.40 244.45 260.69 P F C
32H-CC 248.54 248.59 265.32 P R C
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Table T7. Preservation and estimated abundance of diatoms, Hole U1430A.

P  of the preservation. LO = last occurrence, FO = first occurrence. Shaded intervals = barren.

n e s 
cu

rv
at

ul
us

us
 s

en
ar

iu
s

do
i

du
lif

er
a

s 
sp

p.
 a

nd
 s

im
ila

r 
sp

or
e

us
 m

ar
gi

na
tu

s

us
 o

cu
lu

s-
iri

di
s

us
 r

ad
ia

tu
s

tr
ia

ta

si
s 

si
m

on
se

ii

D
en

tic
ul

op
si

s 
di

m
or

ph
a

D
en

tic
ul

op
si

s 
hu

st
ed

tii

D
en

tic
ul

op
si

s 
ka

ta
ya

m
ae

D
ip

lo
ne

is
 b

om
bu

s 

H
em

id
is

cu
s 

cu
ne

ifo
rm

is

N
eo

de
nt

ic
ul

a 
ka

m
ts

ch
at

ic
a

N
eo

de
nt

ic
ul

a 
ko

iz
um

ii

N
eo

de
nt

ic
ul

a 
se

m
in

ae

Pa
ra

lia
 s

ul
ca

ta

Pr
ob

os
ci

a 
cu

rv
iro

st
ris

Rh
iz

os
ol

en
ia

 b
ar

bo
i

Sh
io

no
di

sc
us

 o
es

tr
up

ii

St
ep

ha
no

py
xi

s 
tu

rr
is

St
ep

ha
no

py
xi

s 
sp

p
.

Th
al

as
si

on
em

a 
ni

tz
sc

hi
oi

de
s

Th
al

as
si

on
em

a 
sc

hr
ad

er
i

Th
al

as
si

os
ira

 e
cc

en
tr

ic
a

Th
al

as
si

os
ira

 le
pt

op
us

Th
al

as
si

os
ira

 li
ne

at
a

Th
al

as
si

os
ira

 p
ac

ifi
ca

Comments

R R

Sand

C R F A F F A R
R

R R R R R

R F R
R R C A C A C R

A R C R A R
A A

A 
F A 

R A A F C C F F
A A R
A C R
A R
R R R R A
R
A C

R F C F
A F A F
A F A A F
R R A A F R

A C R F
R C
A R R A R
A R A

C F C R A
R R A
F F R A

A R A
F R F F
C F F A
A A R
A F A
A A A
F A F

A F
R R

Sand
Sand
Sand
roc. IODP | Volume 346

reservation: G = good, M = moderate, P = poor. Abundance: D = dominant, A = abundant, C = common, F = few, R = rare, B = barren, ? = the sample does not allow an assessment

Core, section, 
interval (cm)

Top 
depth

CSF-A (m)

Bottom
depth

CSF-A (m)
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Depth
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346-U1430A-
1H-CC 3.53 3.58 3.74 ? R
2H-CC 13.27 13.33 13.63 ? R–B
3H-1W, 60–61 13.70 13.71 14.702
3H-3W, 57–58 16.67 16.68 17.672 ? B
3H-CC 22.88 22.93 23.882 LO Probiscia curvirostris G A A A
4H-3W, 87–88 26.47 26.48 28.285 ? F
4H-CC 32.17 32.22 33.985 G C A C F F
5H-1W, 60–61 32.70 32.71 34.652 ? R
5H-3W, 50–51 35.60 35.61 37.552 G C
5H-CC 42.05 42.10 44.002 G A F A R R
6H-1W, 108 42.68 42.68 45.046 ? B
6H-3W, 93–94 45.53 45.54 47.896 ? B
6H-CC 51.37 51.42 53.736 G C F F R C R F A R
7H-1W, 100–101 52.10 52.11 55.023 LO Neodenticula koizumii G A
7H-3W, 115–116 55.25 55.26 58.173 ? R
7H-5W, 133–134 58.43 58.44 61.353 G D
7H-6W, 55–56 59.15 59.16 62.073 G D
7H-CC 61.00 61.05 63.923 LO Neodenticula kamtschatica G A F C C A F A
8H-1W, 75 61.35 61.35 64.79 G A
8H-2W, 75 62.85 62.85 66.29 FO Neodenticula koizumii G A
8H-3W, 75 64.35 64.35 67.79 G A
8H-CC 70.39 70.44 73.83 G F A R
9H-1W, 75 70.85 70.85 74.403 G F–R
9H-3W, 14 73.24 73.24 76.793 FO Neodenticula kamtschatica G C
9H-5W, 75 76.85 76.85 80.403 G C
9H-CC 79.90 79.95 83.453 FO Shionodiscus oestrupii G A F A A A F
10H-CC 89.46 89.51 93.907 G A–D F F A C
11H-CC 98.84 98.89 103.911 LO Thalassionema schraderi G A–D A A A R R C
12H-CC 108.41 108.46 114.186 M A F A
13H-CC 117.93 117.98 124.474 FO Thalassionema schraderi G A C A A A F R
14H-CC 127.42 127.47 134.37 P C R A F F
15H-CC 136.91 136.96 144.275 LO Denticulopsis katayamae G A R R R A C R
16H-CC 146.47 146.52 154.614 G A A C A R R
17H-CC 155.96 156.01 165.971 LO Denticulopsis dimorpha G C R A A R R
18H-CC 165.10 165.15 175.249 M C R A R
19H-CC 174.96 175.01 185.604 M C R A
20H-CC 183.48 183.53 194.758 LO Denticulopsis hustedtii M C R A
21H-CC 192.90 192.95 204.867 G A R F A R
22H-CC 202.20 202.25 215.413 G A F C A R F
23H-CC 211.81 211.86 225.343 G A–D F A A R C A
24H-CC 221.43 221.48 235.356 G D A A A R A
25H-CC 230.65 230.70 244.359 FO Denticulopsis dimorpha G D A R A a A
26H-CC 235.64 235.69 250.244 G A C F A R F
27H-CC 240.38 240.43 254.993 FO Denticulopsis simonsenii G A A F C
28H-CC 245.06 245.11 260.247 G R R F F
29H-CC 249.50 249.55 264.629 ? B
30X-CC 249.68 249.73 264.809
31X-CC 255.07 255.12 270.199
32X-CC 265.20 265.25 280.329
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Table T8. Preservation and estimated abundance of planktonic foraminifers, Site U1430.

Preservation: G = good, M = moderate, P = poor. Abundance: D = dominant, F = few, R = rare, B = barren. Shaded intervals = barren.
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cm
3

346-U1430A-
1H-CC 3.53 3.58 3.74 M D 99 44 6 50 100
2H-CC 13.27 13.33 13.63 M F 92 23 2 1 74 100
3H-CC 22.88 22.93 23.88 P R 1 32 3 8 43
4H-CC 32.17 32.22 33.98 M R 99 22 2 1 1 45 71
5H-CC 42.05 42.10 44.00 P R 1 1
6H-CC 51.37 51.42 53.74 B 
7H-CC 61.00 61.05 63.92 B 
8H-CC 70.39 70.44 73.83 B 
9H-CC 79.90 79.95 83.45 B 
10H-CC 89.46 89.51 93.91 B 
11H-CC 98.84 98.89 103.91 B 
12H-CC 108.41 108.46 114.19 B 
13H-CC 117.93 117.98 124.47 B 
14H-CC 127.42 127.47 134.37 B 
15H-CC 136.91 136.96 144.28 B 
16H-CC 146.47 146.52 154.61 B 
17H-CC 155.96 156.01 165.97 B 
18H-CC 165.10 165.15 175.25 B 
19H-CC 174.96 175.01 185.60 B 
20H-CC 183.48 183.53 194.76 B 
21H-CC 192.90 192.95 204.87 B 
22H-CC 202.20 202.25 215.41 B 
23H-CC 211.81 211.86 225.34 B 
24H-CC 221.43 221.48 235.36 B 
25H-CC 230.65 230.70 244.36 B 
26H-CC 235.64 235.69 250.24 B 
27H-CC 240.38 240.43 254.99 B 
28H-CC 245.06 245.11 260.25 B 
29H-CC 249.50 249.55 264.63 B 
30X-CC 249.68 249.73 264.81 B 
31X-CC 255.07 255.12 270.20 B 
32X-CC 265.20 265.25 280.33 B 

346-U1430B-
1H-CC 8.22 8.27 8.22 P F 99 66 1 1 6 26 100
2H-CC 17.98 18.03 18.00 P R 29 17 2 2 7 28
3H-CC 27.53 27.58 27.97 M F 57 30 2 3 24 31 90
4H-CC 36.89 36.94 37.86 M R 33 21 1 2 2 48 74
5H-CC 46.32 46.37 47.90 M F 63 37 2 3 14 28 17 101
6H-CC 55.82 55.87 57.83 P R 42 18 1 2 3 2 26
7H-CC 65.51 65.56 67.95 B 

346-U1430C-
1H-CC 4.73 4.78 4.84 M D 95 75 2 1 22 100
2H-CC 14.35 14.40 14.52 M R 99 11 51 62
3H-CC 24.15 24.20 24.97 M F 30 71 14 1 12 98
4H-CC 33.56 33.61 34.38 G D 99 49 3 1 16 3 28 100
5H-CC 43.13 43.18 43.86 M F 52 35 1 2 4 15 30 87
6H-CC 52.54 52.59 55.63 P R 50 3 1 2 6
7H-CC 61.91 61.96 B
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P 100

Table T9. Benthic foraminifers, Site U1430. 

N oderate, P = poor. Abundance: D = dominant, F = few, R = rare, B = barren. Shaded intervals = barren.
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umbers of foraminifers (>150 µm) per 10 cm3 are underestimated in samples with >100 specimens, as these samples were not completely picked. Preservation: G = good, M = m

Hole, core, 
section

Top
depth

CSF-A (m)

Bottom
depth
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depth

CCSF-A (m) Pr
es

er
v

A
b

un
d

a

Bo
liv

in
a

C
as

si
du

C
as

si
du

C
as

si
du

C
as

si
du

C
as

si
du

C
hi

lo
st

o

C
ib

ic
id

o

C
ib

ic
id

o

C
ib

ic
id

o

Eg
ge

re
ll

Ep
is

to
m

Fi
ss

ur
in

a

Fr
on

di
cu

G
la

nd
u

G
lo

bo
bu

G
lo

bo
ca

Ka
rr

er
ie

346-U1430A-
1H-CC 3.53 3.58 3.74 G R 3 52 1 1
2H-CC 13.27 13.33 13.63 P R 58 1
3H-CC 22.88 22.93 23.88 P A 2 15
4H-CC 32.17 32.22 33.98 P R 1 1
5H-CC 42.05 42.10 44.00 P R 
6H-CC 51.37 51.42 53.74 P F 56 1 1 1
7H-CC 61.00 61.05 63.92 P R 
8H-CC 70.39 70.44 73.83 P R 
9H-CC 79.90 79.95 83.45 P R 
10H-CC 89.46 89.51 93.91 B 
11H-CC 98.84 98.89 103.91 B 
12H-CC 108.41 108.46 114.19 B 
13H-CC 117.93 117.98 124.47 B 
14H-CC 127.42 127.47 134.37 B 
15H-CC 136.91 136.96 144.28 B 
16H-CC 146.47 146.52 154.61 B 
17H-CC 155.96 156.01 165.97 B 
18H-CC 165.10 165.15 175.25 B 
19H-CC 174.96 175.01 185.60 B 
20H-CC 183.48 183.53 194.76 B 
21H-CC 192.90 192.95 204.87 B 
22H-CC 202.20 202.25 215.41 B 
23H-CC 211.81 211.86 225.34 B 
24H-CC 221.43 221.48 235.36 B 
25H-CC 230.65 230.70 244.36 B 
26H-CC 235.64 235.69 250.24 B 
27H-CC 240.38 240.43 254.99 B 
28H-CC 245.06 245.11 260.25 B 
29H-CC 249.50 249.55 264.63 B 
30X-CC 249.68 249.73 264.81 B 
31X-CC 255.07 255.12 270.20 B 
32X-CC 265.20 265.25 280.33 B 

346-U1430B-
1H-CC 8.22 8.27 8.22 G R 15 1 2
2H-CC 17.98 18.03 18.00 P F 12
3H-CC 27.53 27.58 27.97 P F 10 47 1 2 3 3 34 1
4H-CC 36.89 36.94 37.86 M R 1 1 2
5H-CC 46.32 46.37 47.90 M F 15 39 2
6H-CC 55.82 55.87 57.83 P R 1 4 4
7H-CC 65.51 65.56 67.95 P R 1
8H-CC 75.07 75.12 78.09 B 

346-U1430C-
1H-CC 4.73 4.78 4.84 P F 26 2 1 52
2H-CC 14.35 14.40 14.52 M R 1
3H-CC 24.15 24.20 24.97 M R 2 6 5
4H-CC 33.56 33.61 34.38 G R 51 1 13
5H-CC 43.13 43.18 43.86 M R 8 13 2 1
6H-CC 52.54 52.59 55.63 G R 3 1
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P 101

T

M romatograph, ICP = inductively coupled plasma–atomic emission spectroscopy, Spec = UV-VIS spectrophotometer. BD = below detection.

g
)

P 

 K
(mM)
ICP 

 B
(µM)
ICP 

 Ba 
(µM)
ICP 

 Fe 
(µM)
ICP 

 Li
(µM)
ICP 

 Mn 
(µM)
ICP 

 Si
(µM)
ICP 

 Sr
(µM)
ICP 

NH4
+

(µM)
Spec

PO4
3–

(µM)
Spec

3 10.49 410.04 1.34 BD 24.76 BD 175.32 88.28 2.2
7 12.02 559.29 7.18 1.86 27.26 13.22 576.13 90.38 30.9
3 12.27 524.02 9.41 5.07 30.11 5.22 620.63 89.24 598.00 62.0
5 11.56 499.68 6.50 3.74 37.50 1.30 598.03 94.16 731.00 80.2
2 11.68 531.92 6.89 3.78 50.08 BD 651.73 96.75 1033.00 78.6
6 11.64 588.76 11.64 12.80 60.63 BD 705.58 99.07 1083.00 73.7
2 12.06 540.32 7.43 3.88 69.81 0.51 705.06 98.04 1208.00 56.7
2 12.28 555.38 6.25 1.25 77.12 0.91 698.47 98.71 1276.00 56.5
6 12.21 525.10 8.64 BD 82.72 1.45 701.14 99.18 1447.00 50.0
7 12.70 552.31 9.79 BD 89.53 2.03 780.10 97.12 1396.00 54.9
1 12.71 591.15 9.05 BD 91.97 1.72 827.62 94.07 1412.00 46.5
2 11.41 504.94 6.95 BD 95.48 2.16 823.72 94.82 1412.00 48.3
8 12.83 527.77 7.73 BD 100.20 2.02 811.42 92.49 1341.00 41.0
7 12.06 558.24 9.61 BD 107.68 1.83 891.68 95.15 1360.00 37.8
1 11.85 519.78 11.96 5.14 123.80 2.81 913.98 96.29 1410.00 24.8
7 11.67 526.06 7.43 BD 144.22 3.82 1002.63 98.59 1264.00 28.4
9 11.71 521.28 16.18 BD 166.02 1.92 1049.40 101.36 1162.00 25.4
1 11.08 484.23 17.19 2.60 191.35 6.37 1133.11 108.85 1041.00 16.1
2 10.88 448.30 9.64 10.13 207.89 9.04 1145.93 113.84 964.00 5.7
5 10.97 488.76 8.21 1.23 224.90 9.01 1236.35 119.59 955.00 8.3
6 10.89 467.84 8.87 BD 223.14 7.21 1174.29 120.96 910.00 9.2
2 10.76 442.05 9.45 1.38 232.04 5.86 1197.08 124.72 995.00 6.3
1 10.76 472.38 6.23 BD 226.78 3.40 1248.77 124.32 913.00 8.9
3 10.63 457.81 17.18 2.01 241.08 2.11 1293.37 129.59 856.00 2.6
4 10.09 452.88 20.64 66.75 254.04 2.89 1244.09 139.15 860.00 0.4

421.81 BD BD 27.22 6.76 302.40 88.93 36.83
502.27 BD 201.86 26.53 54.92 781.22 90.66
487.33 BD 52.28 26.84 21.15 571.49 90.21
487.11 BD 11.71 27.03 5.62 490.06 89.86
504.28 BD 16.72 27.77 6.82 568.63 89.73
499.67 BD 16.51 27.50 8.93 615.62 90.33
494.36 BD 18.61 27.03 10.77 640.24 89.86 64.29
509.08 BD 9.02 27.03 15.72 716.67 90.46 74.64
472.61 BD 4.15 26.56 18.10 608.02 89.14
515.92 BD BD 27.57 18.27 712.03 90.65
567.19 BD BD 28.29 16.61 683.46 91.43 119.53
548.35 BD BD 27.79 14.48 609.63 91.42 154.05
533.05 BD BD 28.33 13.84 595.42 90.70
557.26 BD BD 28.41 13.08 575.06 91.59 194.00
557.79 BD BD 29.08 11.28 576.36 92.29 253.00
562.61 BD BD 28.95 10.46 583.62 91.87
551.30 BD BD 29.13 9.17 587.44 90.71
427.36 BD 3.19 28.02 13.36 503.89 91.54
560.58 BD BD 30.59 7.88 603.04 91.88

571.07 BD BD 31.28 6.43 617.33 93.81
551.62 BD BD 32.16 6.03 622.61 92.87
521.44 BD BD 31.75 5.62 609.37 92.42
527.94 BD 1.12 32.12 5.39 603.13 92.61

11.6 488.63 BD BD 32.89 3.59 673.98 94.24
11.1 488.84 BD BD 32.95 3.41 670.61 93.85
11.7 505.17 BD BD 34.32 3.33 687.98 93.83
11.7 496.36 BD BD 34.19 3.03 683.56 93.79
11.0 467.07 BD BD 33.90 2.70 653.59 92.70
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able T10. Interstitial water chemistry, Site U1430.  

L = mudline, IW-Sq = interstitial water from whole-round squeezing, IW-Rh = interstitial water from Rhizons. ISE = ion-selective electrode, Refract = refractometer, IC = ion ch

Core, section,
interval (cm)

Top depth
CSF-A (m)

Sample
type

Alkalinity
(mM)

Titration
pH
ISE

Salinity
(‰)

Refract

Cl– 
(mM)

Titration

Cl– 
(mM)

IC 

SO4
2–

(mM)
IC 

Br–

(mM)
IC 

Na
(mM)
ICP 

 Ca
(mM)
ICP 

 M
(mM
IC

346-U1340A-
1H-1, 0–5 0 ML 2.40 7.48 35.00 544.2 545.0 28.4 0.83 468.37 9.73 52.0
1H-1, 145–150 1.45 IW-Sq 5.85 7.32 35.00 541.6 543.0 26.4 0.83 462.97 9.51 49.5
2H-1, 145–150 5.05 IW-Sq 11.80 7.34 35.00 539.2 534.0 23.7 0.82 458.29 9.12 49.2
2H-4, 145–150 9.55 IW-Sq 16.42 7.27 35.00 536.0 534.2 21.1 0.83 448.70 8.64 49.6
3H-1, 145–150 14.55 IW-Sq 21.25 7.20 35.00 529.5 533.4 19.5 0.83 449.08 7.97 49.7
3H-4, 145–150 19.05 IW-Sq 23.72 7.08 34.00 532.4 531.7 18.3 0.82 440.70 7.17 48.4
4H-1, 145–150 24.05 IW-Sq 26.38 7.05 34.00 532.6 536.7 17.4 0.83 458.79 7.04 50.8
4H-4, 145–150 28.55 IW-Sq 29.10 7.09 35.00 534.4 528.8 16.3 0.82 463.75 6.99 51.0
5H-1, 145–150 33.55 IW-Sq 31.59 7.12 34.00 526.8 536.5 15.8 0.83 465.95 6.66 52.3
6H-1, 145–150 43.05 IW-Sq 35.71 7.11 35.00 531.6 533.7 14.6 0.83 460.55 6.25 51.2
7H-1, 145–150 52.55 IW-Sq 38.35 7.04 35.00 542.6 13.9 0.85 470.57 6.18 51.4
8H-1, 145–150 62.05 IW-Sq 40.01 7.21 35.00 543.1 536.3 13.4 0.83 466.66 7.06 53.6
9H-1, 145–150 71.55 IW-Sq 41.25 7.03 35.00 537.6 536.6 13.4 0.84 469.71 7.49 52.0
10H-1, 145–150 81.05 IW-Sq 41.64 7.03 35.00 537.2 544.7 13.4 0.85 470.79 8.07 52.4
12H-1, 145–150 100.05 IW-Sq 41.96 7.05 35.00 539.3 544.0 13.7 0.85 466.51 8.60 51.6
14H-1, 145–150 119.05 IW-Sq 43.73 6.87 36.00 535.5 542.5 13.8 0.85 458.54 8.82 50.7
16H-1, 145–150 138.05 IW-Sq 41.76 6.70 35.00 537.6 541.2 14.2 0.85 469.82 8.81 50.9
18H-1, 145–150 157.05 IW-Sq 43.50 6.76 36.00 533.4 543.7 14.7 0.85 468.17 9.93 51.8
20H-1, 145–150 176.05 IW-Sq 43.17 6.83 36.00 535.0 542.6 15.6 0.85 467.22 10.93 51.6
22H-1, 145–150 194.45 IW-Sq 43.41 6.66 36.00 537.9 540.7 16.2 0.85 470.26 11.52 51.0
23H-1, 145–150 203.65 IW-Sq 41.79 6.61 36.00 541.3 541.6 16.4 0.84 466.04 11.86 50.1
24H-1, 145–150 213.15 IW-Sq 40.46 7.66 36.00 540.1 541.3 16.9 0.84 475.26 12.16 50.0
25H-1, 145–150 222.65 IW-Sq 38.49 6.59 36.00 539.5 540.1 17.9 0.85 475.77 12.31 49.7
26H-1, 145–150 232.15 IW-Sq 40.05 6.70 36.00 533.9 537.9 17.3 0.84 471.94 12.67 49.1
28H-1, 145–150 241.55 IW-Sq 39.99 6.29 36.00 539.0 538.6 17.7 0.84 468.28 13.28 48.9

346-U1340B-
1H-1, 0–5 0.00 ML 2.40 7.47 540.5 547.9 28.1 0.81
1H-1, 5–6 0.05 IW-Rh 2.54 7.01 547.1 544.3 28.1 0.81
1H-1, 10–11 0.10 IW-Rh 2.56 7.30 542.9 542.0 28.0 0.82
1H-1, 15–16 0.15 IW-Rh 2.59 7.26 549.2 27.7 0.83
1H-1, 20–21 0.20 IW-Rh 2.66 7.27 550.7 27.8 0.82
1H-1, 25–26 0.25 IW-Rh 2.80 7.40 541.2 547.4 28.1 0.81
1H-1, 30–31 0.30 IW-Rh 2.82 7.33 547.7 541.4 27.9 0.81
1H-1, 40–41 0.40 IW-Rh 3.10 7.38 540.7 546.5 28.0 0.82
1H-1, 60–61 0.60 IW-Rh 3.29 7.48 540.4 546.1 27.9 0.81
1H-1, 80–81 0.80 IW-Rh 4.17 7.50 548.3 27.1 0.82
1H-1, 99–100 0.99 IW-Rh 4.52 7.34 543.0 548.0 27.2 0.82
1H-1, 134–135 1.34 IW-Rh 4.80 7.58 552.3 540.1 26.4 0.82
1H-2, 3–4 1.53 IW-Rh 5.54 7.40 544.0 537.7 26.4 0.81
1H-2, 40–41 1.90 IW-Rh 6.15 7.36 545.3 26.2 0.82
1H-2, 106–107 2.56 IW-Rh 7.34 7.35 550.2 26.2 0.83
1H-2, 145–146 2.95 IW-Rh 7.81 7.47 542.5 25.2 0.82
1H-3, 48–49 3.48 IW-Rh 8.58 7.50 542.0 25.0 0.81
1H-3, 69–70 3.69 IW-Rh 8.50 7.61 545.8 541.4 24.9 0.82
1H-3, 113–114 4.13 IW-Rh 9.56 7.50 540.9
1H-4, 10–11 4.60 IW-Rh 10.40 7.47 540.0 23.9 0.81
1H-4, 23–24 4.73 IW-Rh 10.63 7.41 539.4 536.3 24.0 0.81
1H-4, 54–55 5.04 IW-Rh 10.77 7.61 549.8 538.1 23.6 0.82
1H-4, 76–77 5.26 IW-Rh 11.13 7.56 539.6 23.4 0.81
1H-4, 96–97 5.46 IW-Rh 11.49 7.37 538.8 547.3 24.2 0.83
1H-5, 63–64 6.63 IW-Rh 12.61 7.38 536.5 556.4 23.7 0.85 465 9.3 51.4
1H-5, 74–75 6.74 IW-Rh 12.61 7.50 533.1 22.5 0.80 448 9.0 49.7
1H-5, 89–90 6.89 IW-Rh 12.93 7.44 540.8 536.6 22.8 0.81 449 9.0 49.7
1H-5, 112–113 7.12 IW-Rh 12.92 7.45 541.0 544.7 22.9 0.82 462 9.1 50.8
1H-5, 132–133 7.32 IW-Rh 13.39 7.36 540.6 541.9 22.8 0.83 439 8.7 48.8
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Table T11. Headspace (HS) gas concentrations, Site U1430. 

Core, section,
interval (cm)

Top depth
CSF-A (m)

Sample
type

Sediment
volume
(cm³)

CH4
(ppmv)

measured

CH4
(ppmv)

normalized 

346-U1430A-
1H-2, 0–5 1.50 HS 4.0 0.00 0.00
2H-2, 0–5 5.10 HS 2.5 2.10 4.20
2H-5, 0–5 9.60 HS 3.0 1.99 3.32
3H-5, 0–5 19.10 HS 3.0 1.95 3.25
4H-5, 0–5 28.60 HS 2.5 2.43 4.86
5H-2, 0–5 33.60 HS 3.0 2.38 3.97
6H-2, 0–5 43.10 HS 3.0 2.82 4.70
7H-2, 0–5 52.60 HS 3.0 2.88 4.80
8H-2, 0–5 62.10 HS 3.0 5.03 8.38
9H-2, 0–5 71.60 HS 2.5 2.60 5.20
10H-2, 0–5 81.10 HS 3.0 5.68 9.47
11H-2, 0–5 90.60 HS 3.1 5.32 8.58
12H-2, 0–5 100.10 HS 3.0 5.49 9.15
13H-2, 0–5 109.60 HS 2.5 4.26 8.52
14H-2, 0–5 119.10 HS 3.0 5.37 8.95
15H-2, 0–5 128.60 HS 3.0 4.59 7.65
16H-2, 0–5 138.10 HS 2.4 4.39 9.15
17H-2, 0–5 147.60 HS 3.0 5.40 9.00
18H-2, 0–5 157.10 HS 3.0 4.19 6.98
19H-1, 0–5 165.10 HS 3.4 4.61 6.78
20H-2, 0–5 176.10 HS 3.6 4.67 6.49
21H-2, 0–5 185.00 HS 3.0 3.70 6.17
22H-2, 0–5 194.50 HS 3.0 4.36 7.27
23H-2, 0–5 203.70 HS 3.4 3.48 5.12
24H-2, 0–5 213.20 HS 3.2 3.64 5.69
25H-2, 0–5 222.70 HS 3.0 3.43 5.72
26H-2, 0–5 232.20 HS 3.0 2.91 4.85
27H-2, 0–5 236.90 HS 3.2 2.74 4.28
28H-2, 0–5 241.60 HS 3.2 2.54 3.97
29H-2, 0–5 246.30 HS 3.0 1.91 3.18
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Table T12. Calcium carbonate, total carbon (TC), total organic carbon (TOC), and total nitrogen (TN) contents
on interstitial water squeeze cake sediment samples, Site U1430.

Core, section,
interval (cm)

Top depth 
CSF-A (m)

Calcium
carbonate

(wt%)
TC

(wt%)
TOC

(wt%)
TN

(wt%)

346-U1430A-
1H-2, 8–10 1.58 13.73 3.12 1.48 0.20
1H-3, 40–41 3.3 11.80 3.07 1.65 0.24
2H-2, 5–7 5.15 2.02 3.22 2.98 0.39
2H-7, 26–27 12.86 9.28 1.82 0.71 0.15
3H-2, 11–13 14.71 11.61 2.84 1.44 0.24
3H-7, 19–20 22.29 22.87 4.55 1.80 0.26
4H-2, 8–10 24.18 33.37 5.24 1.24 0.20
4H-7, 41–42 31.63 3.02 0.78 0.42 0.10
5H-3, 5–7 35.15 2.29 0.82 0.55 0.16
5H-7, 13–14 41.23 12.63 2.00 0.48 0.14
6H-2, 6–8 43.16 12.53 2.03 0.53 0.13
6H-7, 16–17 50.76 3.36 1.28 0.87 0.14
7H-2, 6–8 52.66 2.28 2.03 1.76 0.25
7H-7, 12–13 60.22 0.81 0.79 0.70 0.16
8H-2, 12–14 62.22 1.12 0.89 0.76 0.18
8H-7, 40–41 70 0.92
9H-2, 10–12 71.7 0.62 1.01 0.93 0.18
10H-2, 10–12 81.2 1.07 3.25 3.12 0.35
11H-2, 14–16 90.74 0.82 3.04 2.94 0.30
12H-2, 10–12 100.2 0.89 3.49 3.38 0.34
13H-2, 14–16 109.74 0.87 2.80 2.70 0.33
14H-2, 9–11 119.19 0.59 3.12 3.05 0.33
15H-2, 12–14 128.72 0.60 3.72 3.65 0.38
16H-2, 10–12 138.2 0.73 2.95 2.86 0.32
17H-2, 7–9 147.67 0.96 1.86 1.75 0.25
18H-2, 7–9 157.17 0.72 3.13 3.04 0.33
19H-2, 10–12 166.7 1.03 2.40 2.28 0.26
20H-2, 7–9 176.17 0.82 4.28 4.19 0.39
21H-2, 7–9 185.07 0.94 4.09 3.98 0.39
22H-2, 7–9 194.57 1.27 4.66 4.50 0.42
23H-2, 6–8 203.76 0.96 3.93 3.82 0.38
24H-2, 7–9 213.27 0.79 4.17 4.08 0.37
25H-2, 8–10 222.78 0.76 4.61 4.52 0.40
26H-2, 16–18 232.36 1.96 4.10 3.86 0.33
27H-2, 9–11 236.99 2.45 3.12 2.83 0.30
28H-2, 10–12 241.7 2.16 3.36 3.10 0.31
29H-1, 28–30 245.08 5.73 2.98 2.29 0.26
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Table T13. FlexIT tool core orientation data, Hole U1430A.

Core

Orientation
angle

(°)

Orientation
standard

(°)

346-U1430A-
2H 126.08 0.51
3H 189.13 0.36
4H 156.56 0.25
5H 82.64 0.38
6H 184.23 0.14
7H 9.18 0.19
8H 349.93 1.33
9H 186.16 0.11
10H 177.37 0.17
11H 264.58 0.07
12H 226.44 0.10
13H 150.08 0.12
14H 48.99 0.09
15H 216.11 0.13
16H 165.01 0.06
17H 32.15 0.05
18H 119.09 0.19
19H 305.82 0.07
20H 74.95 0.25
21H 121.10 2.34
22H 148.84 2.63
23H 212.95 0.17
24H 15.29 0.81
25H 212.28 0.08
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Table T14. Core disturbance intervals, Site U1430. (Continued on next two pages.) 

Core, section,
interval (cm) Comments on disturbance

 Drilling disturbance
intensity

346-U1430A-
1H-1, 0–10 Soupy
1H-1, 94–104 Soupy
2H-1, 0–8 Slight
2H-3, 34–46 Soupy with pumice
2H-3, 94–100 Tilted ash layer
2H-3, 120–126 Ash patches
2H-4, 55–64 Soupy with pumice
2H-5, 113–128 Soupy with pumice
2H-7, 4–18 Soupy with pumice
3H-1, 88–123 Along-core gravel/sand contamination Slight to moderate
3H-3, 104–123 Soupy sediment with pumice
3H-4, 18–45 Soupy sediment with pumice
3H-4, 122–131 Slightly deformed by mixing with pumice
3H-5, 44–57 Soupy sediment with pumice
3H-5, 134–138 Soupy ash
4H-1, 0–14 Mixed sediment with pumice
4H-1, 65–68 Soupy ash
4H-1, 126–130 Soupy ash
4H-2, 54–72 Mixed sediment with pumice
4H-2, 83–101 Tilted 
4H-3, 109–150 Tilted 
4H-4, 0–145 Tilted 
4H-5, 0–150 Tilted
4H-6, 0–14 Mixed sediments
4H-6, 103–112 Tilted
4H-7, 0–32 Tilted and mixed sediments
5H-1, 0–30 Fall-in High
5H-1, 72–84 Soupy ash
5H-2, 0–10 Pumice mixed 
5H-3, 54–87 Bioturbation? Highly mixed sediments
6H-1, 0–19 Mousselike High
6H-2, 112–116 Soupy ash
6H-7, 0–59 Slightly deformed by mixing with pumice
7H-1, 0–23.5 Fall-in High
7H-5, 0–55 Slightly deformed
7H-6, 97–131 Slightly deformed
8H-1, 0–40 Slightly deformed
8H-3, 0–70 Tilted
9H-1, 0–26 Slightly deformed
9H-3, 18–51 Mixed sediments?
11H-7, 20–50 Heavy bioturbation or deformation?
11H-7, 52–54 Void
13H-1, 0–18 Soupy Slight
14H-1, 0–13 Soupy Slight
15H-1, 77–144 Wet and slightly soupy
15H-1, 147–150 Void
18H-1, 0–5 Fall-in Slight
18H-3, 57–58 Crack High
18H-3, 145–150 Void
18H-5, 110–112 Void
18H-7, 0–76 Sediment completely messed up Destroyed
19H-3, 130–141 Tilted sediment
20H-1, 0–4 Fall-in Slight
20H-6, 97–110 Vertical crack High
21H-7, 63–68 Slight to moderate
21H-CC, 0–25 Slight
22H-1, 0–10 Fall-in High
22H-2, 70–92 Deformed
22H-3, 139–150 Moderate
22H-4, 95–115 Deformed
22H-CC, 0–20 Slight
23H-1, 0–10 Fall-in Moderate
23H-7, 38–52 Crack Moderate to high
25H-1, 0–20 Deformed
27H-1, 0–20 Deformed
28H-3, 0–120 Suck in High
28H-4, 0–49 Suck in High
28H-CC, 0–30 Suck in High
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29H-1, 0–150 Suck in High
29H-2, 0–150 Suck in High
29H-3, 0–150 Suck in High
29H-CC, 0–25 Suck in High
30X-CC, 0–21 Destroyed
31X-CC, 0–26 Destroyed
32X-CC, 43–50 Destroyed

346-U1430B-
1H-1, 0–10 Soupy
1H-3, 62–78 Along-core gravel/sand contamination Slight
1H-4, 88–97 Along-core gravel/sand contamination Slight
1H-5, 130–139 Along-core gravel/sand contamination Slight
2H-1, 0–5 Soupy
2H-1, 65–79 Pumice
2H-2, 130–141 Pumice
2H-5, 60–95 Along-core gravel/sand contamination Slight
2H-6, 47–52 Deformed
3H-1, 0–7 Soupy
3H-1, 51–73 Pumice
3H-2, 0–20 Soupy
3H-2, 74–95 Pumice contamination
3H-4, 120–136 Pumice contamination
3H-5, 0–83 Pumice contamination
3H-6, 70–85 Pumice contamination
4H-1, 0–149 Tilted
4H-2, 0–149 Tilted
4H-2, 108–138 Along-core gravel/sand contamination Slight
4H-3, 0–150 Tilted
4H-3, 25–30 Soupy
4H-4, 0–68 Tilted
4H-5, 0–22 Soupy and ash patches
4H-5, 130–150 Soupy
5H-6, 76–85 Soupy pumice
6H-4, 0–110 Mixed with pumice
6H-4, 139–151 Mixed with pumice
8H-2, 0–150 Suck in Slight
16H-4, 67–69 Ash wash out?
17H-1, 0–20 Deformed
18H-6, 120–150 Suck in
18H-7, 0–62 Suck in
18H-CC, 0–12 Suck in
19H-1, 0–5 Disturbed
20H-1, 0–7 Disturbed
20H-6, 18–27 Deformed High
21H-7, 0–65 Liner disturbed High
25H-5, 70–111 Flow-in Severe
25H-6, 0–53 Flow-in
27H-4, 53–63 Void
28H-1, 34–53 Disturbed
28H-2, 0–150 Severe
28H-3, 0–79 Severe
28H-4, 0–86 Severe
30X-CC, 0–8 Severe
30X-CC, 8–69 Moderate
31X-1, 0–38 Washed gravel Severe
32X-1, 0–12 Fall-in Moderate
33X-1, 0–10 Fall-in Moderate to high
33X-1, 84–99 Washed gravel
36X-1, 28–61 Slurry Moderate to high
37H-1, 0–80 Soupy and gravel 
37H-1, 82–92 Slurry Moderate to high

346-U1430C-
1H-1, 0–94 Soupy
1H-2, 55–66 Soupy
1H-3, 53–81 Along-core gravel/sand contamination
2H-1, 9–40 Soupy
2H-2, 74–92 Along-core gravel/sand contamination
2H-2, 141–150 Slightly tilted
2H-3, 12–27 Deformed

Core, section,
interval (cm) Comments on disturbance

 Drilling disturbance
intensity

Table T14 (continued). (Continued on next page.) 
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2H-3, 104–119 Pumice and along-core gravel/sand contamination
2H-4, 0–2 Slight
2H-4, 42–55 Pumice slightly disturbed the sediments
2H-5, 20–33 Pumice and along-core gravel/sand contamination 
2H-6, 47–58 Soupy and coarse sand
3H-3, 15–22 Pumice and along-core gravel/sand contamination 
3H-3, 58–118 Disturbed by mixing coarse gravel/sand
3H-4, 0–22 Disturbed by mixing coarse gravel/sand
3H-4, 62–63 Dropstone?
3H-4, 91–101 Pumice and along-core gravel/sand contamination 
3H-5, 16–30 Soupy and mixed with ash patches
3H-5, 40–42 Soupy ash
4H-1, 0–18 Mixed with pumice Moderate to high
4H-1, 83–91 Mixed with pumice
4H-2, 24–39 Mixed with pumice
4H-3, 84–110 Mixed with pumice
4H-3, 128–133 Stretched
4H-5, 0–35 Pumice
4H-5, 112–146 Soupy ash contained
4H-6, 24–32 Soupy ash
4H-6, 48–66 Pumice contained
4H-6, 102–105 Pumice contained
4H-7, 46–59 Tilted
5H-1, 17–129 Tilted
5H-2, 0–18 Mixed with pumice
5H-2, 91–114 Mixed with ash patches
5H-2, 138–151 Mixed with ash patches
5H-3, 26–85 Mixed with pumice and deformed
5H-3, 122–143 Mixed with pumice and deformed
5H-4, 0–150 Tilted
5H-5, 0–59 Tilted
5H-6, 37–58 Tilted 
6H-2, 115–145 Soupy and mixed with pumice
6H-3, 0–11 Fault?
6H-6, 0–118 Mixed with pumice
8H-2, 0–46 Soupy
9H-1, 0–111 Mixed
9H-6, 119–120 Microfault?
13H-3, 105–109 Washed out?
14H-1, 0–12 Fall-in
17H-1, 0–10 Fall-in
19H-3, 113–120 Void
20H-1, 0–7 Mixed
21H-5, 48–60 Microfault
22H-3, 120–128 Microfault
22H-5, 35–44 Microfault
22H-5, 48–60 Microfault
22H-7, 35–40 Microfault
25H-4, 68–72 Microfault
28H-1, 0–27 Fall-in and microfault High
28H-3, 53–59 Microfault
30H-3, 66–74 Nodule
31H-1, 0–8 Disturbed
32H-1, 85–150 Flow-in High
32H-2, 0–150 Flow-in High
32H-3, 0–84 Flow-in High
32H-CC, 0–15 Flow-in High
33H-1, 0–30 Sand mixed sediment
33H-1, 31–77 Ash

Core, section,
interval (cm) Comments on disturbance

 Drilling disturbance
intensity

Table T14 (continued). 
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Table T15. NRM inclination, declination, and intensity data after 20 mT peak field AF demagnetization, Site
U1430. 

Blank cells indicate depth levels where data were either not available (i.e., FlexIT-corrected declination data for nonoriented cores) or removed
because of disturbance, voids, or measurement edge effects. Only a portion of this table appears here. The complete table is available in ASCII.

Core, section
interval (cm)

Depth
CSF-A (m)

Inclination
(°) 

Declination
(°)

FlexIT-corrected
declination

(°) 
Intensity
(A/m)

346-U1430A-
1H-1 0                
1H-1, 5 0.05                
1H-1, 10 0.1                
1H-1, 15 0.15 50.5 136.8    0.012461
1H-1, 20 0.2 50.4 134.5    0.014582
1H-1, 25 0.25 52.6 136.5    0.011383
1H-1, 30 0.3 59.7 152.8    0.00631
1H-1, 35 0.35 75.8 242    0.00276
1H-1, 40 0.4 65.3 24    0.00146
1H-1, 45 0.45 56.5 110.5    0.00168
1H-1, 50 0.5 64.5 152    0.00113
1H-1, 55 0.55 58.6 144.4    0.00108
1H-1, 60 0.6 49.8 145.9    0.00118
1H-1, 65 0.65 60.5 152.4    0.00104
1H-1, 70 0.7 65 147.2    0.00114
1H-1, 75 0.75 65.1 147.1    0.00134
1H-1, 80 0.8 61.3 146.6    0.00173
1H-1, 85 0.85 60 141.9    0.00209
1H-1, 90 0.9 56.8 137.6    0.00282
1H-1, 95 0.95                
1H-1, 100 1                
1H-1, 105 1.05 58.4 146.2    0.00153
1H-1, 110 1.1 78.7 151.9    0.00118
1H-1, 115 1.15 76.1 321.6    0.00131
1H-1, 120 1.2 77.5 296.7    0.00325
1H-1, 125 1.25 64.1 144    0.011022
1H-1, 130 1.3 50.5 139.7    0.025871
1H-1, 135 1.35 48.3 145.7    0.031161
1H-1, 140 1.4                
1H-1, 145 1.45                
1H-1, 150 1.5                
1H-2 1.5                
1H-2, 5 1.55                
1H-2, 10 1.6                
1H-2, 15 1.65 64.8 149.3    0.010665
1H-2, 20 1.7 69.9 145.2    0.007
1H-2, 25 1.75 61.3 144.2    0.00744
1H-2, 30 1.8 57.2 144.2    0.00752
1H-2, 35 1.85 56.3 142.5    0.00618
1H-2, 40 1.9 61.2 136.3    0.00401
1H-2, 45 1.95 68.6 136.4    0.0026
1H-2, 50 2 69.8 151.5    0.00166
1H-2, 55 2.05 69.5 145.9    0.00192
1H-2, 60 2.1 62.5 133.3    0.00359
1H-2, 65 2.15 62.1 138.4    0.0042
1H-2, 70 2.2 62.5 136    0.00489
1H-2, 75 2.25 57.9 133.9    0.00636
1H-2, 80 2.3 58.4 138.1    0.00582
1H-2, 85 2.35 60.7 136.3    0.00468
1H-2, 90 2.4 64.8 133.6    0.00355
1H-2, 95 2.45 67.8 135.9    0.00292
1H-2, 100 2.5 62.9 132.7    0.00355
1H-2, 105 2.55 61.1 135    0.00368
1H-2, 110 2.6 63.8 133.8    0.00337
1H-2, 115 2.65 61.4 131.2    0.00358
1H-2, 120 2.7 56.4 129.5    0.00454
1H-2, 125 2.75 56.7 134.7    0.00462
1H-2, 130 2.8                
1H-2, 135 2.85                
1H-2, 140 2.9                
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m)

Polarity boundary
Age
(Ma)

Depth CSF-A (m) Depth CCSF-D (m)

m Top Bottom Midpoint ± Top Bottom Midpoint ±

0A-
90 (B) C1n (Brunhes/Matuyama) 0.781 32.5 34.5 33.5 1.0 34.5 36.5 35.5 1.0

0B-
20 (B) C1n (Brunhes/Matuyama) 0.781 33.0 35.0 34.0 1.0 34.0 36.0 35.0 1.0

0C-
(B) C1n (Brunhes/Matuyama) 0.781 35.8 — 37.0 1.2 52.1 — 53.3 1.2
Table T16. Polarity boundarie

B = bottom.

Core, section, interval (c

Top Botto

346-U1430A- 346-U143
5H-1, ~40 5H-2, ~

346-U1430B- 346-U143
4H-4, ~120 4H-6, ~

346-U1430C- 346-U143
5H-2, ~100 —
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Table T17. Results from APCT-3 temperature profiles, Site U1430.

In situ temperatures were determined using TP-Fit software by Martin Heesemann. Thermal resistance was calculated from thermal conductivity
data (see “Physical properties”) corrected for in situ conditions (see “Downhole measurements” in the “Methods” chapter [Tada et al.,
2015b]).

Table T18. Vertical offsets required to correlate specific features among cores from adjacent holes, Site U1430. 

Core

Minimum
temperature
at mudline

(°C)

Average
temperature
at mudline

(°C)
Depth

CSF-A (m)

In situ
temperature

(°C)

Thermal
resistance
(m2K/W)

346-U1430A-
4H 0.57 0.79 32.1 3.36 33.78
7H 0.49 0.86 60.6 5.94 64.52
10H 0.63 1.07 89.1 9.01 95.99
13H 0.64 0.97 117.6 12.11 128.23

Average: 0.58 0.92

Core
 Vertical

offset (m)  Y/N Core
 Vertical

offset (m)  Y/N Core
 Vertical

offset (m)  Y/N 

346-U1430A- 346-U1430B- 346-U1430C-
1H 0.21 Y 1H 0.00 N 1H 0.11 Y
2H 0.36 Y 2H 0.02 Y 2H 0.23 Y
3H 1.00 Y 3H 0.44 Y 3H 0.84 Y
4H 1.81 Y 4H 0.97 Y 4H 0.87 Y
5H 1.95 Y 5H 1.58 Y 5H 0.77 Y
6H 2.37 Y 6H 2.01 Y 6H 3.10 Y
7H 2.92 Y 7H 2.44 Y 7H 4.14 Y
8H 3.44 Y 8H 3.02 Y 8H 4.65 Y
9H 3.55 Y 9H 3.31 Y 9H 5.06 Y
10H 4.45 Y 10H 4.23 Y 10H 5.96 Y
11H 5.07 Y 11H 4.74 Y 11H 6.76 Y
12H 5.78 Y 12H 5.3 Y 12H 7.47 Y
13H 6.54 Y 13H 5.96 Y 13H 8.12 Y
14H 6.95 Y 14H 6.59 Y 14H 8.79 Y
15H 7.37 Y 15H 7.16 Y 15H 9.06 Y
16H 8.14 Y 16H 8.82 Y 16H 10.48 Y
17H 10.01 Y 17H 9.15 Y 17H 11.37 Y
18H 10.15 Y 18H 9.92 Y 18H 11.40 Y
19H 10.64 Y 19H 10.05 Y 19H 11.70 Y
20H 11.28 Y 20H 10.75 Y 20H 12.33 Y
21H 11.97 Y 21H 12.74 Y 21H 13.37 Y
22H 13.21 Y 22H 12.78 Y 22H 14.88 Y
23H 13.53 Y 23H 13.21 Y 23H 14.99 Y
24H 13.93 Y 24H 12.99 Y 24H 15.21 Y
25H 13.71 Y 25H 12.90 Y 25H 14.85 Y
26H 14.60 Y 26H 13.19 Y 26X 15.46 Y
27H 14.61 Y 27H 13.60 Y 27X 15.46 N
28H 15.19 Y 28H 16.34 Y 28H 15.58 Y
29H 15.13 Y 29X 16.34 N 29H 15.89 Y
30X 15.13 N 30X 16.34 N 30H 16.29 Y
31X 15.13 N 31X 16.34 N 31H 16.29 N
32X 15.13 N 32X 16.34 N 32H 16.78 Y

33X 16.34 N 33H 16.78 N
34X 16.34 N 34H 16.78 N
35X 16.34 N
36X 16.34 N
37H 16.34 N
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Table T19. Splice intervals, Site U1430. 

Blue = RGB blue datum.

Hole, core, section
Depth in

section (cm)
Depth

CSF-A (m)
Depth

CCSF-D (m) Hole, core, section
Depth in

section (cm)
Depth

CSF-A (m)
Depth

CCSF-D (m)
Data used

to tie

346- 346-
U1430B-1H-1 0.00 0.00 0.00 Tie to U1430B-1H-6 11.84 7.62 7.62 Blue
U1430A-2H-3 65.8 7.26 7.62 Tie to U1430A-2H-4 64.38 8.74 9.10 Blue
U1430B-2H-1 78.79 9.09 9.10 Tie to U1430B-2H-6 111.82 16.92 16.93 Blue
U1430A-3H-2 133.19 15.93 16.93 Tie to U1430A-3H-4 38.94 17.99 18.99 Blue
U1430B-3H-1 74.99 18.55 18.99 Tie to U1430B-3H-6 129.43 26.59 27.04 Blue
U1430A-4H-2 112.15 25.22 27.04 Tie to U1430A-4H-4 11.57 27.22 29.03 Blue
U1430B-4H-1 75.74 28.06 29.03 Tie to U1430B-4H-6 94.79 35.75 36.72 Blue
U1430A-5H-2 116.89 34.77 36.72 Tie to U1430A-5H-4 41.51 37.02 38.97 Blue
U1430B-5H-1 58.58 37.39 38.97 Tie to U1430B-5H-7 10.21 45.71 47.29 Blue
U1430A-6H-3 32.74 44.93 47.29 Tie to U1430A-6H-4 124.40 47.34 49.71 Blue
U1430B-6H-1 140.23 47.70 49.71 Tie to U1430B-6H-6 96.57 54.77 56.77 Blue
U1430A-7H-2 125.01 53.85 56.77 Tie to U1430A-7H-4 41.04 56.01 58.93 Blue
U1430B-7H-1 69.37 56.49 58.93 Tie to U1430B-7H-6 73.34 64.03 66.47 Blue
U1430A-8H-2 93.38 63.03 66.47 Tie to U1430A-8H-6 7.88 68.18 71.62 Blue
U1430B-8H-3 29.79 68.60 71.62 Tie to U1430B-8H-6 92.90 73.73 76.75 Blue
U1430A-9H-3 9.69 73.20 76.75 Tie to U1430A-9H-4 132.45 75.92 79.48 Blue
U1430B-9H-1 137.05 76.17 79.48 Tie to U1430B-9H-6 12.84 82.43 85.73 Blue
U1430A-10H-2 18.81 81.29 85.73 Tie to U1430A-10H-4 111.02 85.21 89.66 Blue
U1430B-10H-1 113.12 85.43 89.66 Tie to U1430B-10H-6 13.15 91.93 96.16 Blue
U1430A-11H-2 48.61 91.09 96.16 Tie to U1430A-11H-5 9.25 95.19 100.26 Blue
U1430B-11H-2 21.88 95.52 100.26 Tie to U1430B-11H-6 108.34 102.38 107.13 Blue
U1430A-12H-2 125.26 101.35 107.13 Tie to U1430A-12H-4 107.71 104.18 109.95 Blue
U1430B-12H-1 135.57 104.66 109.95 Tie to U1430B-12H-6 86.52 111.67 116.96 Blue
U1430A-13H-2 81.85 110.42 116.96 Tie to U1430A-13H-4 48.35 113.08 119.63 Blue
U1430B-13H-1 86.90 113.67 119.63 Tie to U1430B-13H-6 144.33 121.74 127.70 Blue
U1430A-14H-3 15.17 120.75 127.70 Tie to U1430A-14H-5 6.36 123.66 130.61 Blue
U1430B-14H-2 21.84 124.02 130.61 Tie to U1430B-14H-6 108.80 130.89 137.48 Blue
U1430A-15H-3 1.74 130.12 137.48 Tie to U1430A-15H-4 136.59 132.97 140.33 Blue
U1430B-15H-1 136.73 133.17 140.33 Tie to U1430B-15H-5 137.24 139.17 146.34 Blue
U1430A-16H-2 9.22 138.19 146.34 Tie to U1430A-16H-5 50.92 143.11 151.25 Blue
U1430B-16H-1 113.26 142.43 151.25 Tie to U1430B-16H-7 0.66 150.31 159.13 Blue
U1430A-17H-3 1.66 149.12 159.13 Tie to U1430A-17H-4 11.71 150.74 160.75 Blue
U1430B-17H-1 79.94 151.60 160.75 Tie to U1430B-17H-7 5.80 159.86 169.01 Blue
U1430A-18H-3 25.74 158.86 169.01 Tie to U1430A-18H-4 127.59 161.38 171.53 Blue
U1430B-18H-1 130.35 161.60 171.53 Tie to U1430B-18H-7 18.76 169.49 179.41 Blue
U1430A-19H-3 66.57 168.77 179.41 Tie to U1430A-19H-5 39.34 171.49 182.14 Blue
U1430B-19H-2 79.15 172.09 182.14 Tie to U1430B-19H-7 7.33 178.37 188.42 Blue
U1430A-20H-2 104.12 177.14 188.42 Tie to U1430A-20H-4 32.23 179.42 190.70 Blue
U1430B-20H-1 65.41 179.95 190.70 Tie to U1430B-20H-6 99.46 187.79 198.54 Blue
U1430A-21H-3 7.32 186.57 198.54 Tie to U1430A-21H-6 11.73 191.12 203.08 Blue
U1430B-21H-2 4.50 190.35 203.08 Tie to U1430B-21H-7 16.73 197.95 210.69 Blue
U1430A-22H-3 147.35 197.47 210.69 Tie to U1430A-22H-6 49.72 201.00 214.21 Blue
U1430B-22H-3 13.52 201.44 214.21 Tie to U1430B-22H-6 142.18 207.22 220.00 Blue
U1430A-23H-3 126.45 206.46 220.00 Tie to U1430A-23H-6 15.27 209.85 223.39 Blue
U1430B-23H-2 87.37 210.17 223.39 Tie to U1430B-23H-6 114.61 216.45 229.66 Blue
U1430A-24H-3 103.22 215.73 229.66 Tie to U1430A-24H-6 19.21 219.39 233.32 Blue
U1430B-24H-3 2.64 220.33 233.32 Tie to U1430B-24H-6 77.92 225.58 238.57 Blue
U1430A-25H-3 66.12 224.86 238.57 Tie to U1430A-25H-7 28.25 230.00 243.71 Blue
U1430B-25H-3 101.34 230.81 243.71 Tie to U1430B-25H-5 34.26 233.14 246.04 Blue
U1430A-26H-1 73.72 231.44 246.04 Tie to U1430A-26H-4 3.65 234.96 249.56 Blue
U1430B-26H-2 26.61 236.37 249.56 Tie to U1430B-26H-4 42.25 239.14 252.34 Blue
U1430A-27H-2 82.39 237.72 252.34 Tie to U1430A-27H-3 120.23 239.60 254.21 Blue
U1430B-27H-1 131.47 240.61 254.21 Tie to U1430B-27H-3 42.69 242.73 256.33 Blue
U1430A-28H-1 103.96 241.14 256.33 U1430A-28H-3 76.00 243.88 259.07
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Table T20. CCSF-C depth scale, Site U1430. 

Only a portion of this table appears here. The complete table is available in ASCII.

Core, section,
interval (cm)

Depth
CCSF-C (m)

RGB
(blue) Run No

Depth
CSF-A (m) Offset

346-U1430C-
1H -1, 0.01 0.112628 30.3 — 0.0001 0.112528
1H -1, 0.51 0.117625 24.9 — 0.0051 0.112528
1H -1, 1 0.122522 25.4 — 0.01 0.112528
1H -1, 1.5 0.127519 25.2 — 0.015 0.112528
1H -1, 2 0.132516 25.4 — 0.02 0.112528
1H -1, 2.5 0.137513 25.2 — 0.025 0.112528
1H -1, 3 0.14251 25 — 0.03 0.112528
1H -1, 3.5 0.147508 25.3 — 0.035 0.112528
1H -1, 4 0.152505 24.4 — 0.04 0.112528
1H -1, 4.5 0.157502 24.6 — 0.045 0.112528
1H -1, 5 0.162499 23.6 — 0.05 0.112528
1H -1, 5.5 0.167496 22.9 — 0.055 0.112528
1H -1, 6 0.172493 23.4 — 0.06 0.112528
1H -1, 6.5 0.17749 24.6 — 0.065 0.112528
1H -1, 7 0.182487 25.1 — 0.07 0.112528
1H -1, 7.5 0.187484 24.1 — 0.075 0.112528
1H -1, 8.01 0.192581 24.5 — 0.0801 0.112528
1H -1, 8.51 0.197578 24.4 — 0.0851 0.112528
1H -1, 9.01 0.202575 24.8 — 0.0901 0.112528
1H -1, 9.51 0.207572 24.8 — 0.0951 0.112528
1H -1, 10.01 0.212569 25.4 — 0.1001 0.112528
1H -1, 10.51 0.217567 25 — 0.1051 0.112528
1H -1, 11.01 0.222564 25.1 — 0.1101 0.112528
1H -1, 11.51 0.227561 25.7 — 0.1151 0.112528
1H -1, 12.01 0.232558 26.3 — 0.1201 0.112528
1H -1, 12.51 0.237555 25.8 — 0.1251 0.112528
1H -1, 13.01 0.242552 24.7 — 0.1301 0.112528
1H -1, 13.51 0.247549 24.1 — 0.1351 0.112528
1H -1, 14.01 0.252546 20.4 — 0.1401 0.112528
1H -1, 14.51 0.257543 25.1 — 0.1451 0.112528
1H -1, 15.01 0.26254 27.2 — 0.1501 0.112528
1H -1, 15.51 0.267537 26.6 — 0.1551 0.112528
1H -1, 16 0.272434 26 — 0.16 0.112528
1H -1, 16.5 0.277431 26.4 — 0.165 0.112528
1H -1, 17 0.282429 26.6 — 0.17 0.112528
1H -1, 17.5 0.287426 27.5 — 0.175 0.112528
1H -1, 18 0.292423 27.1 — 0.18 0.112528
1H -1, 18.5 0.29742 27.3 — 0.185 0.112528
1H -1, 19 0.302417 27.6 — 0.19 0.112528
1H -1, 19.5 0.307414 26.4 — 0.195 0.112528
1H -1, 20 0.312411 27.9 — 0.2 0.112528
1H -1, 20.5 0.317408 28.2 — 0.205 0.112528
1H -1, 21 0.322405 28.9 — 0.21 0.112528
1H -1, 21.5 0.327402 29 — 0.215 0.112528
1H -1, 22 0.332399 28.5 — 0.22 0.112528
1H -1, 22.5 0.337396 27.7 — 0.225 0.112528
1H -1, 23 0.342393 26.6 — 0.23 0.112528
1H -1, 23.5 0.34739 26.8 — 0.235 0.112528
1H -1, 24 0.352388 26.7 — 0.24 0.112528
1H -1, 24.5 0.357385 26.6 — 0.245 0.112528
1H -1, 25 0.362382 26.3 — 0.25 0.112528
1H -1, 25.5 0.367379 27.4 — 0.255 0.112528
1H -1, 26 0.372376 25.8 — 0.26 0.112528
1H -1, 26.5 0.377373 26.2 — 0.265 0.112528
1H -1, 27 0.38237 26.4 — 0.27 0.112528
1H -1, 27.5 0.387367 26.3 — 0.275 0.112528
1H -1, 28 0.392364 26.5 — 0.28 0.112528
1H -1, 28.5 0.397361 27.1 — 0.285 0.112528
1H -1, 29 0.402358 27.1 — 0.29 0.112528
1H -1, 29.5 0.407355 26.7 — 0.295 0.112528
1H -1, 30 0.412352 27.3 — 0.3 0.112528
1H -1, 30.5 0.417349 28 — 0.305 0.112528
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Table T21. Constrained tie points for depth-age relationship, Site U1430.

R = radiolarian, D = diatom, PF = planktonic foraminifer, CN = calcareous nannofossil, PM = paleomagnetism. LO = last occurrence, LCO = last
common occurrence, FO = first occurrence, FCO = first common occurrence, RD = rapid decrease. D to S = dextral to sinistral coiling change.

Selected ties for
depth-age lines

Event
type Bioevents and epoch boundaries

Depth
CCSF-A (m)

Depth range
(±)

Age
(Ma)

Age range
(±)

Sedimentation
rate (m/m.y.)

Top 0.00 0.000
R LO Lychnocanoma sakaii 1.98 1.77 0.050 0.000 44.4

CN FO Emiliania huxleyi 8.69 4.95 0.290 0.000
R LO Amphimelissa setosa 8.69 4.95 0.080 0.000
R LO Spongodiscus sp. 18.76 5.13 0.290 0.000
D LO Proboscia curvirostris 20.78 3.11 0.300 0.000
PF LO Neogloboquadrina kagaensis group 31.34 6.53 0.700 0.000

Paleomag PM Bottom of C1n (Brunhes/Matuyama) 34.71 3.06 0.781 0.000
PF Neogloboquadrina pachyderma (coiling change, D to S) 42.91 4.99 1.190 0.050 11.4

Unit IA/IB 46.77 1.839
R LO Axoprunum acquilonium 48.87 4.87 1.450 0.250 11.4
D LO Neodenticula koizumii 54.38 0.64 2.000 0.000
R FO Cycladophora davisiana 58.83 5.09 2.700 0.000
R LO Hexacontium parviakitaensis 58.83 5.09 2.700 0.000

Unit IB/IIA 60.02 3.003
D LO Neodenticula kamtschatica 63.00 0.93 2.650 0.050 11.4
D FO Neodenticula koizumii 67.04 0.75 3.665 0.265

Unit IIA/IIB 76.54 4.453
R FO Hexacontium parviakitaensis 78.64 4.81 4.100 0.200 11.4
R LO Lipmanella redondoensis 78.64 4.81 5.060 0.000

Biostrat 83.45 5.060
R FO Axoprunum acquilonium 78.64 4.81 7.100 0.000 0.0
R LO Cycladophora nakasekoi 78.64 4.81 7.400 0.000

Biostrat 83.45 7.400
R FO Larcopyle pylomaticus 88.68 5.23 5.300 0.000 0.0
D FO Thalassiosira oestrupii 88.68 5.23 5.560 0.000
D LCO Thalassionema schraderi 98.91 5.00 7.670 0.000

Unit IIB/IIIA 103.17 7.891
D FCO Thalassionema schraderi 129.42 4.95 8.500 0.000 40.2
D LO Denticulopsis katayamae 139.32 4.95 8.700 0.000
R LCO Lychnocanoma magnacornuta 149.44 5.17 9.100 0.000
R FO Cycladophora nakasekoi 190.18 4.58 10.100 0.000
R LO Cyrtocapsella japonica 190.18 4.58 10.100 0.000
D LO Denticulopsis hustedtii 190.18 4.58 10.200 0.000
R LO Dendrospyris uruyaensis 210.14 5.27 10.100 0.000
R FO Lychnocanoma magnacornuta 247.30 2.94 11.800 0.000

Unit IIIA/IIIB 256.79 11.714
R FO Dendrospyris uruyaensis 257.21 3.04 11.800 0.000 40.2
R LO Eucyrtidium inflatum 257.21 3.04 11.800 0.000
R LO Lithopera renzae 257.62 2.63 11.800 0.000

Biostrat 260.25 11.800
D FCO Denticulopsis simonsenii 257.62 2.63 13.100 0.000 3.3
R RD Cyrtocapsella tetrapera 262.45 2.36 12.600 0.000

Unit IIIB/IV 264.63 13.121
R LO Dendrospyris sakaii 267.50 2.69 14.800 0.000 3.3
R LO Pentactinosphaera hokurikuensis 270.04 2.59 15.000 0.000

Biostrat 270.20 14.800
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