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Background and objectives
Integrated Ocean Drilling Program (IODP) Site U1423 is in the
northeastern part of the marginal sea surrounded by the Japanese
Islands, the Korean Peninsula, and the Eurasian continent at
41°41.95′N, 139°4.98′E and 1785 meters below sea level. The site
is ~130 km south of Ocean Drilling Program (ODP) Site 796 and
~100 km northwest of the entrance of the Tsugaru Strait (Fig. F1).
Site U1423 is situated on a terrace on the middle of the slope from
Oshima Island, a small volcanic island 30 km to the southeast.
The site is under the direct influence of the Tsushima Warm Cur-
rent (TWC) that flows further north beyond the Tsugaru Strait to-
ward the Soya Strait (Yoon and Kim, 2009). Because the sill depth
of the Soya Strait is only 55 m, the influence of the TWC on the
site should have been significantly affected by glacioeustatic sea
level changes during the Quaternary. Although Site U1423 is rela-
tively close to Site 796, the tectonic setting of the two sites seems
different. Site 796 has been directly influenced by west–east com-
pression caused by incipient subduction along the nearby plate
boundary between the North American and Eurasian plates (Tada,
1994). In contrast, Site U1423 seems less influenced by this com-
pression because seismic profiles suggest conformable deposition
for at least for the last ~5 m.y. (upper 300 m of sediment). Rela-
tively low linear sedimentation rates (LSRs) are anticipated based
on results from the site survey. The rates are likely to be low
enough to detect the contribution of eolian dust from the Asian
continent. Analyses of a site survey core confirm occasional drop-
stones in the upper 150 m of the sequence, suggesting its appro-
priateness for studies of ice-rafted debris (IRD).

Site U1423 is the middle site of the northern half of the latitudi-
nal transect targeted by IODP Expedition 346 and is also the mid-
dle depth site of the depth transect. The location of Site U1423 in
the northern part of the marginal sea was selected to identify the
spatial extent of IRD events and their temporal variations. Be-
cause sea ice formation in this marginal sea occurred along its
northwestern margin as a result of strong winter cooling by the
East Asian winter monsoon (EAWM) wind (Talley et al., 2003), we
expected the intensity of the IRD events to reflect the strength of
the EAWM. At Site U1423, we hoped to reconstruct the EAWM in-
tensity through examination of IRD abundance and distribution
along the northern latitudinal transect in the marginal sea. Be-
cause stronger EAWM wind produces deep water, called Japan Sea
 doi:10.2204/iodp.proc.346.104.2015
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Proper Water (JSPW), through sea ice formation in
the northwestern part of the sea (Talley et al., 2003),
sea ice formation and deepwater ventilation could
also reflect EAWM intensity.

Because of the relatively shallow water depth of Site
U1423, calcareous microfossils were expected to be
better preserved than at the other sites in the Japan
Basin. Planktonic microfossils may allow us to study
the nature and strength of the influx of the TWC
through the Tsushima Strait and/or the intensity of
winter cooling, whereas study of benthic microfos-
sils may allow us to discern the nature of the deep
water (e.g., oxygenation, saturation level with re-
spect to CaCO3, temperature, and salinity). Examina-
tion of the relation between surface water and deep-
water characteristics may allow us to explore the
linkage between the nature of the TWC and deep-
water ventilation. Furthermore, comparison of
CaCO3 burial flux and its temporal changes at this
site to those at IODP Site U1422 will allow us to re-
construct behavior of the calcium carbonate com-
pensation depth.

Site U1423 is also appropriate for reconstruction of
eolian dust flux, sediment grain size, and prove-
nance changes since 5 Ma, considering the relatively
low expected LSR. Although only a slight contribu-
tion of IRD to the total terrigenous flux may be ex-
pected, the specific grain size range (4–32 µm) may
be used to differentiate the eolian dust component
from other terrigenous components, including IRD.

Operations
Three holes were drilled at Site U1423 (proposed Site
JB-2) (Table T1; see also Fig. F2 in the “Expedition
346 summary” chapter [Tada et al., 2015a]). Hole
U1423A was cored using the advanced piston corer
(APC) to 206.6 m core depth below seafloor (CSF-A)
(see the “Methods” chapter [Tada et al., 2015b]).
Similarly, Hole U1423B was cored with the APC to
249.1 m CSF-A. Hole U1423C was drilled without
coring to 114 m CSF-A. From this depth to 180 m
CSF-A, we cut and recovered six cores in a series of
alternating drilled and cored intervals with the ob-
jective of filling gaps in APC cores recovered from
the previous two holes. Real-time stratigraphic cor-
relation indicated that the carefully orchestrated cor-
ing operation appeared to be successful. Downhole
measurements were carried out in Hole U1423B us-
ing a modified version of the triple combination (tri-
ple combo) tool string (paleo combo) and the Forma-
tion MicroScanner (FMS)-sonic tool string. A total of
56 cores were required to obtain 502.6 m of sedi-
ment (105.2% recovery).
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Transit from Site U1422
The transit to Site U1423 was very short, and the 125
nmi distance was covered uneventfully in 12 h at an
average speed of 10.4 kt. The sea passage ended at
2342 h on 21 August 2013. The vessel was maneu-
vered over the location coordinates, control of the
vessel was turned over to dynamic positioning at
0030 h on 22 August, and a seafloor positioning bea-
con was deployed at 0215 h the same day.

Hole U1423A
Operations in Hole U1423 started on 22 August
2013. The same three-stand APC/extended core bar-
rel (XCB) bottom-hole assembly used at the previous
site was deployed, and the drill string was lowered to
1774 meters below rig floor (mbrf). After picking up
the top drive and spacing out the drill string, an APC
core barrel was deployed at 0530 h on 22 August.
The bit was positioned at 1784.4 mbrf for the mud-
line core; however, the driller was unable to pressure
up the drill string. Suspecting that the shear pins had
prematurely failed during deployment, the barrel
was recovered to the rig floor, where it was discov-
ered empty and with all shear pins sheared. The pins
were replaced, and the bit was lowered 10 m to
1794.4 mbrf for a second attempt. Hole U1423A
started at 0640 h on 22 August. Core 346-U1423A-
1H was recovered with 7.26 m of core, establishing a
seafloor depth of 1796.6 mbrf. Cores 1H through
22H were taken from 0 to 206.6 m CSF-A and recov-
ered 212.9 m of core (103%). Four temperature mea-
surements were taken using the advanced piston
corer temperature tool (APCT-3) temperature shoe
on Cores 4H, 7H, 10H, and 13H (35.8, 64.3, 92.8,
and 121.3 m CSF-A, respectively). With the top drive
left in place, the drill string was pulled clear of the
seafloor at 2355 h on 22 August, ending Hole
U1423A.

Hole U1423B
The ship was offset 15 m north of Hole U1423A and
the bit was positioned at 1791.4 mbrf. Hole U1423B
was spudded at 0050 h on 23 August 2013. Core 346-
U1423B-1H was recovered with 4 m of core, estab-
lishing a seafloor depth of 1797 mbrf. Cores 1H
through 28H extended to 249 m CSF-A and recov-
ered 250 m of core (100%). The recovery amount was
negatively impacted because of zero recovery for
Core 18H (151.6–158.1 m CSF-A), the result of a
space-out error on the rig floor, resulting in an inad-
vertent drilling of hole that was to be cored on the
next core. APC overpull (using full-length core bar-
rels) varied between 60,000 and 80,000 lb between
142 and 249 m CSF-A (Cores 17H through 28H),
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with the exception of Core 27H (230.1–239.6 mbrf),
when overpull reached 100,000 lb. The last core on
deck was recovered at 1530 h.

To prepare for downhole logging, the hole was circu-
lated clean, the logging tools were moved forward to
the rig floor, the top drive was set back, and the drill
string was pulled to a logging depth of 80.0 meters
below seafloor (mbsf). The paleo combo tool string
was deployed and recorded spectral gamma ray, cali-
per, magnetic susceptibility, resistivity, and lithologic
density logs. The second string consisted of the FMS-
sonic tool string, which recorded resistivity images
of the borehole, sonic velocity, caliper, and natural
gamma radiation (NGR) data over the entire interval.
Both logging tool strings were able to reach total
hole depth. The logging tools were then rigged
down, and the drill string was pulled clear of the sea-
floor at 0515 h on 24 August. This marked the end of
Hole U1423B.

Hole U1423C
The ship was offset 15 m south of Hole U1423A, and
Hole U1423C was spudded at 0655 h on 24 August
2013. The operations plan for this hole was altered
to save time and allow for recovering a few gaps in
the stratigraphic record remaining after coring Holes
U1423A and U1423B. The hole was drilled without
coring (using an XCB center bit) to 114 m CSF-A. At
that depth, APC coring commenced, recovering six
cores interspersed with appropriate drilled intervals
to properly space out the core breaks and cover the
areas of interest. Hole U1423C was terminated at
180.5 m CSF-A. After setting back the top drive, the
bit cleared the seafloor at 1700 h and was back on
the rig floor at 2040 h. The positioning beacon was
recovered aboard at 1756 h while tripping the drill
string. After breaking out the bit and nonmagnetic
drill collar, the rig floor was secured for transit,
thrusters/hydrophones were raised, and the sea pas-
sage to IODP Site U1424 began at 2136 h.

Lithostratigraphy
Drilling at Site U1423 penetrated to a maximum sub-
bottom depth of 249.1 m in Hole U1423B, recover-
ing a total of 250 m of sediment for a recovery rate of
100%. 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 and bulk mineralogic analy-
sis by X-ray diffraction (XRD). These were used to de-
scribe and define facies and facies associations in
each hole. A total of 61 smear slides from Hole
U1423A, 66 smear slides from Hole U1423B, and 12
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smear slides from Hole U1423C were made and ex-
amined to help determine lithologic names. A total
of 25 samples were selected for XRD analysis. The
major characteristics of the sedimentary sequence at
Site U1423 are summarized in Figures F2, F3, and F4,
and the stratigraphic correlation between the three
holes is shown in Figure F5.

The sedimentary succession recovered at Site U1423
extends from the Pliocene to Holocene and is domi-
nated by clay, silty clay, and diatom ooze with dis-
crete foraminifer-bearing clay levels. Volcaniclastic
material represents a minor component throughout
the sediment succession, except in tephra layers
where it is the dominant component.

The section is divided into two major lithologic units
(I and II), distinguished on the basis of sediment
composition, referring particularly to the biosili-
ceous fraction content. Unit I is further divided into
two subunits based on the occurrence of alternating
dark and light color variations and the intensity of
bioturbation. The character of the sediment physical
properties, including NGR, magnetic susceptibility,
color reflectance parameters, and density, records the
distribution of the various sediment components
and lithologies (see “Physical properties”).

Unit I
Intervals: 346-U1423A-1H-1, 0 cm, to 12H-1, 105

cm; 346-U1423B-1H-1, 0 cm, to 12H-3, 140 cm
Depths: Hole U1423A = 0–103.35 m CSF-A; Hole

U1423B = 0–103.50 m CSF-A
Age: Holocene to early Pleistocene (2.2 Ma)

Lithologies and structures
Unit I consists of Holocene to early Pleistocene silty
clay and clay with lesser amounts of diatom-bearing
and diatom-rich silty clay, as well as rare calcareous
layers containing abundant foraminifers. Discrete te-
phra (volcanic ash) layers ranging in thickness from
a few millimeters to >10 cm are numerous. The total
thickness of tephra layers in each core (Fig. F6; Table
T2) reaches a broad maximum in lower Subunit IA
but with high thickness totals also recorded in dis-
crete intervals of Subunits IIA and IIB. Pyrite can be
found as a minor component in most lithologies,
whereas fine-grained tephra occurs as a dispersed
component throughout much of the section based
on smear slide analysis. Unit I is characterized pri-
marily as representing fine-grained material derived
from terrigenous sources.

Color banding suggested to be related to variable
content of organic matter and pyrite are the most di-
agnostic features of Unit I, with dark, organic-rich
intervals (dark gray to dark olive-gray) interspersed
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between lighter colored, organic-poor intervals (light
green to light greenish gray). The relative frequency
of these color alternations as well as the intensity of
bioturbation are the criteria used for recognizing and
distinguishing between Subunits IA and IB.

Bulk mineralogy
The results of XRD analysis are listed in Table T3. In
general, Pliocene–Pleistocene 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 mi-
nor amounts of halite and pyrite. Calcite (mostly for-
aminifers and nannofossils) is present in the upper
46 m of Unit I, reaching a maximum at 36.71 m CSF-
A in Hole U1423A.

Figure F7 shows the downhole variations in peak in-
tensity of the identified minerals at Site U1423. In
general, the contents of quartz, plagioclase, smectite,
illite, and kaolinite and/or chlorite show a long-term
trend toward increasing counts toward the top of the
sequence. In general, the peak heights of these min-
erals are higher within Unit I and typically lower in
Unit II. In contrast, K-feldspar generally increases up-
hole throughout Unit II and Subunit IB but then
fluctuates markedly in Subunit IA sediment, with
several pronounced minima where K-feldspar con-
tents drop to near zero. Peaks of opal-A are generally
much lower in Unit I and higher in Unit II. The peak
intensity of pyrite at 2.5 m CSF-A in Hole U1423A is
very high. Halite, presumably precipitated from pore
water, is present in all samples with higher intensi-
ties in Unit II and lower intensities in Unit I.

Subunit IA
Intervals: 346-U1423A-1H-1, 0 cm, to 9H-6, 135

cm; 346-U1423B-1H-1, 0 cm, to 10H-2, 136 cm
Depths: Hole U1423A = 0–82.65 m CSF-A; Hole

U1423B = 0–82.92 m CSF-A
Age: Holocene to early Pleistocene (1.8 Ma)

Lithology and structures

Subunit IA is primarily recognized by having a much
higher frequency of dark layers (Fig. F8). It is also
characterized by low L*, a*, and b* values in color re-
flectance and high NGR values with significant fluc-
tuations. Subunit IA is composed mainly of silty clay
and clay with subordinate amounts of diatomaceous
clay and foraminifer-bearing silty clay. Bioturbation
is moderate to intense throughout this subunit and
is most noticeably observed at the interface between
lighter colored intervals and darker colored beds.
Two types of dark intervals can be recognized based
on the color shade. Somewhat lighter brown layers
are affected by slight bioturbation at various levels,
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which possibly hides any original lamination. Dark
brown layers, on the other hand, typically show fine
parallel lamination, frequently highlighted by the
presence of biogenic carbonate (mostly planktonic
foraminifers), which is light in color and visible to
the naked eye. The lower contact of the darker
brown layers is typically sharp, whereas the upper
contact often appears to be gradual at the transition
to the light gray-greenish bed. In some cases, the op-
posite pattern is observed where the top contact of a
dark brown layer is sharp and the dark color fades
gradually downhole (see Fig. F8, Section 346-
U1423B-5H-3 for examples).

Among the dark colored layers, a very dark greenish
brown bed is observed in interval 346-U1423B-5H-6,
30–123 cm. It appears to be different compared to
other dark colored beds because of its considerable
thickness (~100 cm) and very dark color. This inter-
val is finely laminated with marked color banding
(very dark gray and lighter gray alternation) visible
in its upper portion. A peculiar characteristic of the
very dark greenish interval at 346-U1423B-5H-6, 30–
123 cm, is that it contains abundant small pyrite
framboids (see “Composition”) distributed through-
out the layer, which is otherwise composed of terrig-
enous components and clay minerals. Diatoms and
sponge spicules are abundant in this layer, but no
biogenic carbonate is found.

Tephra layers are a minor but common component
in Subunit IA. An especially prominent tephra layer
is found in interval 346-U1423B-8H-4, 50–60 cm.
This 10 cm thick tephra is fine grained and white in
color and consists of silt-sized volcanic glass and
crystals. The volcanic glass contains semiregular
shapes with sharp borders on the fragments mixed
with rectangular, subparallel pipe vesicles. The vol-
canic material does not show any trace of postdepo-
sitional alteration.

Composition

The principal lithologic components in Subunit IA
are terrigenous, volcanic, and biogenic in origin (see
Site U1423 smear slides in “Core descriptions”). Di-
atoms dominate the biogenic fraction, with a minor
component of calcareous microfossils, mostly fora-
minifers and nannofossils (Fig. F9).

Terrigenous components in this subunit are domi-
nated by clay and fine silty clay fractions. Volcanic
glass and pumice account for nearly 100% of the te-
phra layers.

In the upper part of Subunit IA, the light greenish
gray intervals are mostly composed of siliciclastic
fine-grained material (up to 80%) dominated by clay
minerals. A very low biogenic component is ob-
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served. Conversely, the dark brown laminated beds
are relatively rich in biosiliceous microfossils and
biogenic carbonates. Planktonic foraminifers are ob-
served, but the biogenic carbonate fraction is esti-
mated to be no greater than 20%.

Subunit IB
Intervals: 346-U1423A-9H-6, 135 cm, to 12H-1,

105 cm; 346-U1423B-10H-2, 136 cm, to 12H-3,
140 cm

Depths: Hole U1423A = 82.65–103.35 m CSF-A;
Hole U1423B = 89.92–103.50 m CSF-A

Age: early Pleistocene (1.8–2.2 Ma)

Lithology and structures

Subunit IB sediment is dominated by silty clay that
contains variable amounts of biosiliceous material
(mostly diatoms and siliceous sponge debris). The
frequency of the dark and light color alternation is
considerably less pronounced than in Subunit IA
(Fig. F10). Bioturbation increases gradually with
depth, and sediment mottling and disruption of
laminae and color banding is more prevalent. A sub-
tle decrease in NGR values in Subunit IB sediment
suggests decreasing amounts of organic matter and/
or clay mineral content relative to Subunit IA.

Composition

The principal lithologic components in Subunit IB
are terrigenous, volcanic, and biogenic materials (see
Site U1423 smear slides in “Core descriptions”). The
major difference between lithologies of Subunits IA
and IB is the less frequent occurrence of calcareous
microfossils and slightly greater contents of the bio-
siliceous component (mostly diatoms and sponge
spicules) in Subunit IB than in Subunit IA. In Sub-
unit IB, terrigenous materials are the major compo-
nent (>80%) of the sediment, and they are domi-
nated by clay and fine silty clay fractions. The
biogenic fraction is generally low (<10%) in Subunit
IB and is dominated by diatoms and sponge spicules
with fewer calcareous microfossils (mostly rare nan-
nofossils). Volcanic glass usually occurs as a minor
dispersed component (~5%) throughout the sec-
tions.

Unit II
Intervals: 346-U1423A-12H-1, 105 cm, to 22H-7,

66 cm; 346-U1423B-12H-3, 140 cm, to 28H-CC,
22 cm

Depths: Hole U1423A = 103.35–206.76 m CSF-A;
Hole U1423B = 103.50–249.52 m CSF-A

Age: early Pleistocene (2.2 Ma) to Pliocene (<3.9
Ma)
Proc. IODP | Volume 346
Lithology and structures
Unit II is dominantly composed of moderate to
heavily bioturbated diatomaceous silty clay and clay
and diatom ooze. Unit II is distinguished from Unit I
on the basis of a significant increase in diatom con-
tent relative to terrigenous sediment from top to bot-
tom. Color banding is less common in Unit II than
in Unit I and nearly disappears in the lowest part of
the unit. Sediment of Unit II is moderately to heavily
bioturbated and often shows a mottled facies (Figs.
F11, F12).

In contrast to Site U1422, turbidites are rarely ob-
served in Unit II sediment at this site. Tephra beds
are frequently found in Subunit IIB (Table T2), but
their numbers decrease significantly downhole even
if single beds are generally much thicker than in
Unit I. Rare but thick tephra deposits strongly con-
tribute to the total thickness peaks of tephra in Unit
II (Table T2; Fig. F6).

Composition
The major lithologies in Unit II are dominated by
fine-grained material (see Site U1423 smear slides in
“Core descriptions”). In Core 346-U1423A-10H and
11H smear slides of Subunit IB, the dominant fine-
grained component is clay sized, in which abundant
clay minerals and quartz are commonly found. Biosi-
liceous components are present in these cores but
occur in low abundances (5%–10%). Biosilica rapidly
becomes more abundant (>70%) in smear slides from
Core 12H downhole, and this increase is adopted as
the boundary between Unit I and II sediments. Dia-
toms and siliceous sponge spicules dominate the bio-
silica fraction in Unit II, whereas radiolarians and sil-
icoflagellates are found only in rare or trace amounts
(1%–5%). The above-mentioned siliceous fossil as-
semblages are observed both in the brownish and
greenish colored sediment in the “diatom ooze” cat-
egory.

Dispersed pyrite is found mostly in brownish inter-
vals, but the total amount of pyrite (framboids and/
or irregular masses) and other opaque minerals is not
particularly abundant (<5%) except in one dark layer
found at Section 346-U1423A-12H-4, 2 cm. Here, py-
rite is abundant (~10% of the bulk sediment).

Tephra layers that are several centimeters thick were
found in Unit II. The volcaniclastic layer found in in-
terval 346-U1423A-8H-7, 46–48.5 cm, is unusual. It
shows normal grading, and the bottom layer (4 mm)
yields coarse sand-sized pyroclastic material (inter-
preted to be ballistic debris from eruptions), which is
opaque under transmitted light microscope analyses.
Another noteworthy tephra is observed in interval
20H-6, 74–93 cm. This volcanic deposit is coarse
5
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grained (sand size) and contains abundant biotite
flakes and bubble-wall shards with cuspate and lu-
nate forms (Fig. F13). In general, tephra beds consist
of pristine volcanic glass shards.

Bulk mineralogy
The results of XRD analyses conducted on Hole
U1423C sediment are listed in Table T3. In general,
the bulk mineral assemblage of Unit II sediment is
similar to that of Unit I. The major difference is the
higher opal-A peak intensities and the disappearance
of the calcite peak in samples of Unit II. Figure F7 in-
dicates a slight downhole decrease in quartz, plagio-
clase, illite, kaolinite and/or chlorite, and pyrite con-
tents, countered by the significant increase in opal-A
and halite.

Subunit IIA
Intervals: 346-U1423A-12H-1, 105 cm, to 14H-1, 0

cm; 346-U1423B-12H-3, 140 cm, to 14H-2, 118
cm

Depths: Hole U1423A = 103.35–121.30 m CSF-A;
Hole U1423B = 103.50–120.78 m CSF-A

Age: early Pleistocene to late Pliocene (2.2–3.0 Ma)

Unit II is divided into two subunits (IIA and IIB) with
Subunit IIA considered to be somewhat transitional
between the silty clay of Unit I and the ubiquitous
diatom ooze of Subunit IIB. Subunit IIA consists of
diatom-rich clay (Fig. F11), but compared to Subunit
IIB, the siliciclastic fraction still remains dominant.
NGR values in Subunit IIA gradually decrease with
respect to Unit I as the biosiliceous component rises
but the values remain highly variable (Fig. F14).

Subunit IIB
Intervals: 346-U1423A-14H-1, 0 cm, to 22H-7, 66

cm; 346-U1423-14H-2, 118 cm, to 28H-CC, 22
cm

Depths: Hole U1423A = 121.30–206.76 m CSF-A;
Hole U1423B = 120.78–249.52 m CSF-A

Age: late Pliocene (>3.0 Ma)

Subunit IIB is composed of diatom ooze and clayey
diatom ooze (Fig. F12). The abundance of diatoms
and other siliceous components is uniformly high
throughout Subunit IIB (90% and above) and is re-
corded by reduced variability and a significant de-
crease in NGR values. The siliciclastic fraction is a
minor component and usually includes abundant
clay minerals and rare quartz fragments. It may be
mixed with vitric tephra and sparse pyrite. Bioturba-
tion is moderate to intense, and distinctive mottling
is displayed in some sections.
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Discussion
Overall, the sedimentary succession at Site U1423 re-
cords a history of terrigenous and biosiliceous depo-
sition since the Pliocene. Unit II sediment, which is
late Pliocene to early Pleistocene in age, is character-
ized by dominantly diatom rich strata, as compared
to Unit I, possibly corresponding to a period of ele-
vated biological productivity and good overall circu-
lation in the basin. In contrast to the counterpart
Unit II sediment at Site U1422, no turbidites were
identified at this site. This lack of turbidite deposits
at Site U1423 has allowed further division of Unit II
sediment into Subunits IIA and IIB, which extends
beyond the original lithostratigraphy described at
nearby ODP Site 794 (Tamaki, Pisciotto, Allan, et al.,
1990; Tada and Iijima, 1992; Tamaki et al., 1992;
Tada, 1994). Tada and Iijima (1992) and Tada (1994)
later refined and completed the lithostratigraphy of
sedimentary units recognized at Site 794, but none-
theless retained only a single, undifferentiated Unit
II.

Visually, there is no clear characteristic allowing
straightforward division of Unit II into Subunits IIA
and IIB, but the decrease in NGR values at the transi-
tion between Units I and II and the further decline at
the top of Subunit IIB appear to be significant. This
decrease is mainly due to a drop in uranium content
and thus probably reflects the overall decrease in or-
ganic matter content (Fig. F14) in Unit II (see “Geo-
chemistry”). However, the decrease in organic mat-
ter is itself accompanied by a concomitant increase
in diatom content, which suggests that the low NGR
values in Unit II are driven by dilution from the high
input and accumulation of biogenic opal. The sili-
ceous biogenic component remains relatively low in
the transitional Subunit IIA except for a very few
horizons, whereas Subunit IIB mainly comprises of
diatom ooze.

The occurrence of authigenic pyrite is frequent
throughout the sediment succession and is found
most abundantly in the brownish and dark brown
layers in both Units I and II. The size and distribu-
tion of this mineral is of great interest for determin-
ing the transition from oxic to suboxic/euxinic con-
ditions in the basin, as well as the water column
stratification. Pyrite is ubiquitous in modern anoxic
sediment and preserved in many ancient sediment
rocks. Small (<10 µm) scattered framboids can be
considered a reliable marker of low oxygen condi-
tions within the water column (Wilkin et al., 1996,
1997; Wilkin and Arthur, 2001), as previously ob-
served in dark layers deposited during the last glacial
in the marginal sea (Masuzawa and Kitano, 1984).
On the other hand, the diagenetic pyrite is com-
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monly found in discrete layers (few millimeters
thick) and is composed of larger (~100 µm), some-
times euhedral, crystals.

More than 100 visible tephra beds were observed in
cores from Hole U1423A (Table T2). The thickest te-
phra layer (maximum thickness = 17 cm) occurs in
Subunit IIB, although most of the layers were <1 cm
thick. The total thickness of tephra layers in each
core shows a peak in the transition from the lower
part of Subunit IA to Subunit IB (Fig. F6). Tephra oc-
currence decreased remarkably in Unit II, although a
few thick tephra deposits strongly contribute to the
total thickness peaks in Unit II. Some especially dis-
tinctive tephra beds were observed. One is a thick
white tephra found at 45.41–45.57 m CSF-A in Hole
U1423A (interval 346-U1423A-6H-1, 11–27 cm). This
tephra contains abundant thin bubble-wall type vol-
canic glass shards. The distinctive glass morphology
suggests that this layer may be correlative to the
Hakkoda-Daiichi (Hkd-1 or Hkd-Ku) tephra erupted
from Hakkoda Volcano in northern Honshu, Japan.
This tephra occurs just above the Brunhes/Matu-
yama paleomagnetic boundary (Machida and Arai,
2003). Another characteristic tephra was found at
186.37–186.54 m CSF-A in Hole U1423A (interval
20H-6, 77–94 cm). This tephra is dominated by
“bubble-junction” type glass shards with biotite as
the dominant heavy mineral. These features are the
same as in the Znp-Ohta tephra that occurs in cen-
tral Honshu, Japan (Satoguchi and Nagahashi, 2012).
Another characteristic tephra was observed at 69.29–
69.395 m CSF-A in Hole U1423A (interval 8H-4, 49–
59.5 cm). This tephra consists of thick bubble-wall
glass shards and biotite, as well as clinopyroxene and
orthopyroxene as heavy minerals. One possible
match for this tephra is the OM-SK110 tephra, which
occurs in the Pliocene sequence above the Olduvai
event in central Japan (Satoguchi and Nagahashi,
2012). These initial correlations will be further exam-
ined by shore-based research.

Biostratigraphy
At Site U1423, a ~250 m thick succession of Pliocene
to Holocene sediment was recovered. Calcareous
nannofossils are generally rare and sporadically dis-
tributed in the upper 80 m. Planktonic foraminifers
are rare to absent with moderate to poor preserva-
tion throughout most of the succession but are
abundant in the upper part of the succession above
74.19 m CSF-A. However, the regional zonal scheme
only has limited application, as few planktonic fora-
miniferal datums were identified. Radiolarians are
generally common to abundant with rare occur-
rences at 83.6 m CSF-A. The radiolarian biostrati-
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graphic zonation ranges from the Larcopyle pylomati-
cus Zone (Pliocene) to the Botryostrobus aquilonaris
Zone (Late Pleistocene). The diatoms are well pre-
served with abundances ranging from 2%–5% to
>60%. Diatom mats and oozes are found in the Plio-
cene samples. The diatom stratigraphy spans the in-
terval from Zone NPD 7 (Pliocene) to NPD 12 (Late
Pleistocene). The nannofossil, radiolarian, and dia-
tom datums and zonal schemes generally agree, with
only minor inconsistencies. The integrated calcare-
ous and siliceous microfossil biozonation is shown
in Figure F15, and microfossil datums are shown in
Table T4. A preliminary age-depth plot including
biostratigraphic datums is shown in Figure F16. See
“Stratigraphic correlation and sedimentation
rates” for a discussion on sedimentation rates at Site
U1423. Benthic foraminifers occur intermittently
throughout the succession, exhibiting marked
changes in abundance, preservation, and species dis-
tribution. The overall assemblage composition indi-
cates bathyal paleodepths. However, the assemblage
composition also reflects substantial variations in or-
ganic export flux to the seafloor and deepwater oxy-
genation.

Calcareous nannofossils
Calcareous nannofossil biostratigraphy is based on
the analysis of core catcher and split-core section
samples from Holes U1423A–U1423C. Thirty of 76
samples studied at Site U1423 contain nannofossils
(Table T5).

Nannofossils are present in Pleistocene sediment
from 26.8 to 76.06 m CSF-A in Hole U1423A (Sam-
ples 346-U1423A-4H-1, 50–51 cm, to 9H-2, 75–76
cm) and from 28.10 to 77.36 m CSF-A in Hole
U1423B (Samples 346-U1423B-4H-4, 53–54 cm, to
9H-5, 75–76 cm). Nannofossils are absent in Hole
U1423A between 83.60 and 207.02 m CSF-A (Sam-
ples 346-U1423A-9H-CC to 22H-CC), with the ex-
ception of a short interval from 142.78 to 150.24 m
CSF-A (Samples 16H-2, 98–99 cm, to 16H-CC), where
rare to abundant nannofossils are observed (Fig.
F17). These samples have been disturbed by drilling
operations (see “Lithostratigraphy”) and thus repre-
sent assemblages that are not in situ. Samples from
Hole U1423B were barren below 82.87 m CSF-A
(Sample 346-U1423B-10H-2, 130–131 cm) with the
exception of a short interval containing rare nanno-
fossils between 136.45 and 151.91 m CSF-A (Samples
16H-3, 85–86 cm, to 17H-CC). All samples from Hole
U1423C are devoid of calcareous nannofossils.

Nannofossil diversity at Site U1423 is low, although
it is higher than at previous Site U1422. The nanno-
fossil assemblage consists of relatively few taxa in-
cluding Braarudosphaera bigelowii, Calcidiscus lepto-
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porus, Calcidiscus macintyrei, Coccolithus pelagicus,
Emiliania huxleyi, Gephyrocapsa caribbeanica, Gephyro-
capsa muellerae, Gephyrocapsa oceanica, Gephyrocapsa
spp. (>4 µm), Gephyrocapsa spp. (<4 µm), Helicospha-
era carteri, Helicosphaera spp., Pontosphaera japonica,
Pontosphaera multipora, Pontosphaera spp., Pseudoemil-
iania lacunosa, Reticulofenestra minuta, Reticulofenestra
minutula, Reticulofenestra spp., and Syracosphaera spp.
Helicosphaera sellii is present in the disturbed interval
(Sample 346-U1423A-16H-2, 98–99 cm; 142.79 m
CSF-A), and Cyclicargolithus floridanus is documented
as a reworked species in Samples 6H-2, 94–95 cm,
and 6H-CC. Preservation is generally poor to moder-
ate with sporadic occurrences of good preservation
in samples with high nannofossil abundances (e.g.,
Sample 4H-4, 92–93 cm; 31.68 m CSF-A), composed
almost entirely of small Gephyrocapsa (<4 µm).

Two nannofossil zones are recognized (Fig. F15).
Nannofossil Zones CN15/NN21 are recognized based
on the first occurrence (FO) of E. huxleyi (Sample
346-U1423B-2H-4, 69–70 cm; 9.29 m CSF-A), and
the bases of nannofossil Zones CN14b/NN20 are rec-
ognized based on the last occurrence (LO) of P. lacu-
nosa (Sample 346-U1423A-5H-1, 113–114 cm; 36.93
m CSF-A).

Radiolarians
A total of 29 core catcher samples from Holes
U1423A (Samples 346-U1423A-1H-CC to 22H-CC)
and U1423B (Samples 346-U1423B-22H-CC to 28H-
CC) were prepared for radiolarian analysis (Table
T6). Radiolarians are generally common to abundant
in the entire succession (Fig. F17), although they are
rare at 83.6 m CSF-A (Sample 346-U1423A-9H-CC).

Nine radiolarian datums were found in Hole U1423A
(Table T4). Late Pleistocene datums, the LOs of Lych-
nocanoma sakaii (0.05 Ma), Amphimelissa setosa (0.08
Ma), and Spongodiscus sp. (0.29 Ma), are observed at
7.2 m CSF-A (Sample 346-U1423A-1H-CC), 17.0 m
CSF-A (Sample 2H-CC), and 26.6 m CSF-A (Sample
3H-CC), respectively. The LO of Axoprunum acquilo-
nium (2.2 Ma) is at 93.2 m CSF-A (Sample 10H-CC)
just below the sparse interval at 83.6 m CSF-A (Sam-
ple 9H-CC). The Pleistocene/Pliocene boundary is
close to the FO of Cycladophora davisiana (2.7 Ma) at
112.1 m CSF-A (Sample 12H-CC) and the LO of Hex-
acontium parviakitaensis (2.7 Ma) at 131.2 m CSF-A
(Sample 14H-CC). The FO of H. parviakitaensis (3.9/
4.3 Ma) was found at 168.9 m CSF-A (Sample 18H-
CC). Deeper than 178.3 m CSF-A (Sample 19H-CC),
the Siphocampe arachnea group shows an acme zone
(4.46–4.71 Ma). The FO and LO of Dictyophimus bul-
latus are primary datums that define the top and
base of the Dictyophimus bullatus Zone. Although this
species is very rare, the LO and FO datums are recog-
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nizable at 187.7 m CSF-A (Sample 20H-CC) and
197.2 m CSF-A (Sample 21H-CC). The abundant oc-
currence of the S. arachnea group in the absence of
D. bullatus at the base of Hole U1423A (207.0 m CSF-
A; Sample 22H-CC) suggests an age between 4.4 and
4.71 Ma.

In the lower part of Hole U1423B, two radiolarian
datums, the LO of D. bullatus (4.4 Ma) and a rapid
increase (RI) of the S. arachnea group (4.71 Ma), are
at 192.3 m CSF-A (Sample 346-U1423B-22H-CC) and
220.8 m CSF-A (Sample 25H-CC), respectively (Table
T4). The base of Hole U1423B (249.5 m CSF-A; Sam-
ple 28H-CC) is deeper than the RI of the S. arachnea
group (4.71 Ma) and shallower than the LO of Larco-
pyle pylomaticus, suggesting an age younger than 5.3
Ma.

Diatoms
Diatom biostratigraphy was based on smear slides
from core catcher samples. Twenty-two core catcher
samples were examined from Hole U1423A (Samples
346-U1423A-1H-CC to 22H-CC), and five NPD da-
tums were identified (Tables T4, T7): 

• The LO of Proboscia curvirostris (older than 0.3 Ma)
marks the base of NPD 12 (Sample 4H-CC).

• The LO of Actinocyclus oculatus (older than 1.0 Ma)
marks the base of NPD 11 (Sample 6H-CC).

• The LO of Neodenticula koizumii (older than 2.0
Ma) marks the base of NPD 10 (Sample 8H-CC).

• The LO of Neodenticula kamtschatica (older than
2.6–2.7 Ma) marks the base of NPD 9 (Sample 9H-
CC).

• The FO of N. koizumii (younger than 3.4–3.9 Ma)
marks the base of NPD 8 (Sample 14H-CC).

Sample 22H-CC, which is younger than 5.6 Ma, is
the deepest sample from Hole U1423A (LO of Shiono-
discus oestrupii).

Ten core catcher samples were collected from Hole
U1423B (Samples 346-U1423B-15H-CC to 17H-CC
and 22H-CC to 28H-CC), and two datums were iden-
tified (Tables T4, T7). The samples from Hole
U1423B were collected to complement the observa-
tions from Hole U1423A because the base of Hole
U1423B was deeper than in Hole U1423A. Therefore,
the ages in samples from Hole U1423B define the
following NPD zones: the FO of Neodenticula koizumii
(younger than 3.4–3.9 Ma) marks the base of NPD 8
(Sample 16H-CC), and Sample 28H-CC (NPD 7) is
younger than 4.81 Ma based on the LO of Thalassios-
sira jacksonii.

Overall, diatom abundance ranged from 2%–5% to
>60% in the observed smear slides (Fig. F17). Preser-
vation was good in all samples, and there were no
8
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signs of dissolution. Diatom valve fragmentation was
normal. In addition, the ratio between preserved >50
µm centrics and <20 µm pennates was constant. Dia-
tom range abundance is shown in Table T7.

Diatom samples with abundance >60% were identi-
fied in Samples 346-U1423A-8H-CC to 14H-CC, and
diatom mats were identified in Samples 346-
U1423A-7H-CC, 13H-CC, 15H-CC, 20H-CC, and
21H-CC and 346-U1423B-23H-CC (Fig. F17). The
comparison of these samples with qualitative abun-
dances of Chaetoceros spores, an upwelling indicator,
suggests different high-productivity systems: one
dominated by Chaetoceros spores that is analogous to
modern upwelling systems and a different one that
produces diatom mats and oozes with lower Chaetoc-
eros spore abundances.

Freshwater diatom species were absent in all samples
except for rare occurrences in Samples 346-U1423A-
5H-CC and 6H-CC (Table T7).

Planktonic foraminifers
Planktonic foraminifers were examined in core
catcher samples from Holes U1423A (22 samples),
U1423B (10 samples), and U1423C (6 samples) and
in toothpick samples from Hole U1423A (8 samples)
and U1423B (15 samples) taken after the core sec-
tions were split. Planktonic foraminifers are mainly
confined to the upper part of the succession (shal-
lower than Sample 346-U1423A-8H-CC; 74.19 m
CSF-A) (Fig. F18). Of the 23 toothpick samples exam-
ined from dark layers (Table T8), 14 samples con-
tained >80 specimens, 1 sample contained 22 speci-
mens, and 2 samples had <5 specimens.

Taxon relative abundances and estimates of assem-
blage preservation are presented in Table T8. Plank-
tonic foraminifers are abundant shallower than Sam-
ple 346-U1423A-6H-CC (54.96 m CSF-A) and are
absent or rare in the interval deeper than Sample 7H-
CC (64.64 m CSF-A), except in Samples 346-U1423A-
16H-CC (150.20–150.24 m CSF-A), 346-U1423B-
15H-CC (132.80–132.85 m CSF-A), and 346-U1423C-
4H-CC (142.65–142.70 m CSF-A), where high abun-
dance peaks occur. Preservation is moderate to good
in most core catcher samples, and fragmentation
and/or pyritization are common.

Site U1423 planktonic foraminiferal assemblages
above Sample 346-U1423A-8H-CC (74.19 m CSF-A)
are characteristic of cold, midlatitude, restricted en-
vironments, consisting mainly of Globigerina bul-
loides and Neogloboquadrina pachyderma (sinistral)
with rare occurrences of Globigerina umbilicata, Glo-
bigerina quinqueloba, Neogloboquadrina pachyderma
(dextral), Neogloboquadrina dutertrei (= Neogloboquad-
rina himiensis), Neogloboquadrina incompta, Neoglobo-
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quadrina kagaensis group (Neogloboquadrina kagaensis
and Neogloboquadrina inglei), and Neogloboquadrina
cf. asanoi. In addition to these species, Globorotalia
praeinflata is common in Samples 346-U1423B-15H-
CC (132.80–132.85 m CSF-A) and 346-U1423C-4H-
CC (142.65–142.70 m CSF-A). N. pachyderma (dex-
tral) is dominant in Sample 346-U1423A-16H-CC
(150.20–150.24 m CSF-A), where rare specimens of
Orbulina universa are also found. The LO of N. ka-
gaensis group, reported as 0.7 Ma by Kucera and Ken-
nett (2000), was identified in Sample 346-U1423A-
5H-4W, 77–78 cm (41.07–41.08 m CSF-A). The peak
in planktonic foraminiferal abundance in Sample
346-U1423A-16H-CC (150.20–150.24 m CSF-A) cor-
responds to Zone PF6 of Maiya (1978), based on the
co-occurrence of O. universa and N. pachyderma (dex-
tral), indicating that this horizon is older than 3.0
Ma (Miwa, 2014).

Benthic foraminifers
Benthic foraminifers were examined in core catcher
samples from Holes U1423A (22 samples), U1423B
(10 samples), and U1423C (6 samples) and in tooth-
pick samples from Holes U1423A and U1423B taken
after cores were split. Mudline samples recovered in
Holes U1423A and U1423B were also investigated.
Samples with an average volume of ~30 cm3 were
processed from all core catchers to obtain quantita-
tive estimates of downhole benthic foraminiferal dis-
tribution patterns. To assess assemblage composition
and variability, all specimens from the >150 µm frac-
tion were picked and transferred to slides prior to
identification and counting. The distribution of ben-
thic 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 in-
faunal taxa were not overlooked.

Benthic foraminifers occur intermittently through
the ~250 m thick biosiliceous-rich succession recov-
ered at Site U1423 (Fig. F18; Table T9). Abundance
and diversity are generally low, except for three sam-
ples (Table T9) found to contain at least 100 speci-
mens per 30 cm3 of sediment and to exhibit much
higher diversity. Preservation varies substantially
throughout the succession. The assemblages consist
of calcareous and agglutinated taxa, and their overall
composition indicates bathyal paleodepths through-
out the Pleistocene and Pliocene. Prominent varia-
tions in the downcore distribution of benthic fora-
minifers appear to reflect changes in organic export
flux to the seafloor and/or in oxygenation at the sea-
floor (Fig. F18).

A total of 44 benthic foraminiferal taxa were identi-
fied. Census counts from core catcher and split-core
9
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section samples are presented in Table T9. Figure F18
summarizes the downcore distribution of the more
common benthic foraminiferal taxa in core catcher
samples from Holes U1423A–U1423C. Common spe-
cies include Bolivina pacifica, Epistominella pulchella,
Eggerella bradyi, Globobulimina pacifica, Martinotiella
communis, and Miliammina echigoensis (Figs. F19,
F20). In Samples 346-U1423A-4H-CC and 5H-CC,
the high abundances of B. pacifica and E. pulchella
suggest enhanced surface productivity and higher or-
ganic export flux during deposition. B. pacifica is an
ectobiont-bearing foraminifer, which also displays
cytoplasmic adaptations (plasma membrane invagi-
nations) that are thought to promote inhabitation of
microxic environments (trace or 0.1 mL/L; sensu Ber-
nhard and Sen Gupta, 1999) (Bernhard et al., 2010).
Thus, the dominance of this species in Sample 346-
U1423A-5H-CC indicates microxic pore water associ-
ated with intense oxygen depletion of bottom water
during deposition of this sedimentary interval. Sam-
ples 346-U1423A-16H-CC (150.2 m CSF-A), 346-
U1423B-15H-CC (132.8 m CSF-A), and 346-U1423C-
4H-CC (142.65 m CSF-A) are characterized by a di-
verse assemblage indicating substantially improved
oxygenation at the seafloor at ~3 Ma (Fig. F19). The
assemblage includes cosmopolitan taxa such as Cibi-
cidoides mundulus, Cibicidoides refulgens, Cibicidoides
robertsonianus, Globobulimina pacifica, Hoeglundina el-
egans (which has an aragonitic test), Melonis barlea-
num, Melonis pompilioides, Pullenia quinqueloba, Ori-
dorsalis umbonatus, and Pyrgo murrhina, as well as a
few ostracods (see below). These intervals do not ap-
pear to be correlative, based on hole-to-hole strati-
graphic correlation (see “Stratigraphic correlation
and sedimentation rates”). They may, however, cor-
respond to several transient episodes of improved
deepwater circulation in the marginal sea, although
the low resolution of our sample set does not allow
resolution of individual events in Holes U1423A–
U1423C. Moderately to well-preserved diatoms and
radiolarians are common to abundant in residues
>150 and >63 µm throughout the succession and be-
come dominant deeper than 100 m CSF-A. Most
samples deeper than 100 m CSF-A, except for Sam-
ples 346-U1423A-16H-CC (150.2 m CSF-A), 346-
U1423B-15H-CC (132.8 m CSF-A), and 346-U1423C-
4H-CC (142.65 m CSF-A), are either barren or impov-
erished, mainly containing rare agglutinated species.

Ostracods
Core catcher samples were also examined for the
presence of ostracods during shipboard preparation
of benthic foraminifer samples. Ostracods are absent
from all but Sample 346-U1423A-16H-CC (150.2 m
CSF-A), where three valves and one carapace belong-
ing to Krithe spp., one carapace of Henryhowella cf. H.
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circumdentata (Brady, 1880), and one valve of Legiti-
mocythere sp. were found. Preservation of the shells
ranges from moderate to very good (Fig. F21). This
same assemblage was found previously at Site 435 in
the Japan Trench during Deep Sea Drilling Project
Leg 56 (Hanai et al., 1980). All three taxa are com-
mon in bathyal environments.

Mudline samples
Mudline samples from Holes U1423A and U1423B
were gently washed in order to preserve fragile agglu-
tinated specimens with extremely low fossilization
potential. The mudline sample from Hole U1423A
contains only organically cemented agglutinated for-
aminifers, including Cribrostomoides subglobosus,
Haplophragmoides sphaeriloculum, Hyperammina elon-
gata, Jacullela cf. acuta, Miliammina echigoensis, Para-
trochammina challengeri, and Rhabdammina sp. (Fig.
F20). These organically cemented tests are extremely
delicate and fragile (except for M. echigoensis) and
thus have virtually no fossilization potential. Only
two specimens of M. echigoensis were stained with
rose bengal. These specimens exhibit much better
preservation than unstained specimens. Diatoms are
dominant, and planktonic foraminifers are absent in
the mudline sample, suggesting that planktonic cal-
careous tests may be dissolved and that unfavorable
conditions prevent calcareous benthic foraminifers
from inhabiting the upper few centimeters of the
sediment.

Geochemistry
Site U1423 was the second of three sites drilled in
the Japan Basin. Similar to Sites U1422 and U1424,
the primary goal behind drilling was to generate
high-resolution paleoceanographic records, espe-
cially including the history of eolian dust and IRD.
However, the water depth (1785 m) and landward
proximity of Site U1423 contrasts with those at the
other two sites. Furthermore, the location of Site
U1423 had not been previously drilled. In short, the
sedimentary record and geochemical profiles were
expected to be somewhat different from those at
Sites U1422 and U1424, but we had limited informa-
tion before operations.

The main focus of the geochemistry program at Site
U1423, other than meeting minimum requirements,
was to generate profiles of solids, gases, and intersti-
tial waters that could constrain fluxes of reactants
and products resulting from microbial decomposi-
tion of organic matter. With this goal, comparisons
to profiles at Sites U1422 and U1424 might provide
insight to interactions between the “deep biosphere”
and overlying waters of the sea. We endeavored to
10
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construct a set of detailed records, although this was
difficult given the limited time during operations at
the site (~2.9 days) and the transit (~6 h) to the next
site (U1424). In particular, while drilling at Site
U1423 cores arrived on deck every 25–45 min, which
left minimal time for analyses.

Sample summary
The geochemistry group collected and analyzed a
range of samples. These included the following (Ta-
bles T10, T11, T12):

• 1 mudline (ML) water sample from inside the core
liner above sediment of Core 346-U1423A-1H. We
collected 50 mL.

• 50 interstitial water samples from whole-round
squeezing (IW-Sq) from Hole U1423A (44 samples)
and the lower cores of Hole U1423B (6 samples) at
nominal 4.5 m spacing. For most samples, we col-
lected between 35 and 45 mL of interstitial water.

• 0 interstitial water samples from Rhizons.

• 41 sediment samples from the interstitial water
squeeze cakes of Holes U1423A (35 samples) and
U1423B (6 samples). All interstitial water squeeze
cake samples from lithologic Unit I were analyzed,
whereas alternate interstitial water squeeze cake
samples from lithologic Unit II were analyzed.

• 50 headspace (HS) gas samples. All of these sam-
ples were “paired” with the IW-Sq samples.

• No gas samples on voids (Vacutainer) were taken
because no large gas voids occurred during core
recovery at Site U1423.

Carbonate and organic carbon
Sediment recovered at Site U1423 had only minor
amounts of CaCO3 (~0.4 wt%) (Fig. F22). In general,
CaCO3 contents decrease from ~1 wt% at 1.4 m CSF-A
to 0.2 wt% at 18 m CSF-A and remain relatively low
further downcore. The exceptions are samples cen-
tered around 56.3 and 70.3 m CSF-A, which have
slightly elevated CaCO3 (Table T10), and one sample
at 41.8 m CSF-A with a CaCO3 content of 14.3 wt%.
This sample coincides with a zone rich in foramin-
ifers (see “Biostratigraphy”).

Total carbon content of sediment is primarily con-
trolled by the total organic carbon (TOC) content,
which has variable and high values in lithologic Sub-
unit IA (Fig. F22). In the uppermost 20 m below sea-
floor, TOC ranges from 2.1 wt% in the uppermost
sample at 1.45 m CSF-A to 0.2 wt% at 8.8 m CSF-A.
The variability partly reflects the nature of discrete
sampling of shallow sediment in the marginal sea.
Sediment sequences in this region, particularly litho-
logic Subunit IA, have numerous centimeter-scale
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dark and light layers containing different amounts
and compositions of organic matter (Föllmi et al.,
1992; Tada et al., 1992). Our samples, which come
from intervals squeezed for interstitial water, repre-
sent short thicknesses (originally ~5 cm) separated
nominally by 4.5 m. In any case, similar TOC vari-
ability has been observed in shallow sediment at
other drill sites of the Japan Basin (Tamaki, Pisciotto,
Allan, et al., 1990). Samples from lithologic Subunit
IB, between ~83 and 103 m CSF-A, generally have
lower TOC contents than those of lithologic Subunit
IA. Interestingly, the highest TOC levels of Subunit
IB are found near the base of the unit. Deeper than
103 m CSF-A and within lithologic Unit II, TOC con-
tents are low, averaging 0.54 wt%.

The mean value of total nitrogen (TN) is 0.2 wt%.
The maximum TN content (0.3 wt%) is found at ~30
m CSF-A.

Manganese and iron
The dissolved Mn profile (Fig. F23) exhibits a fairly
smooth trend with depth. Close to the seafloor, Mn
concentration is below detection limit (determined
to be 0.5 µM). However, by 1.5 m CSF-A, dissolved
Mn concentrations spike to 120 µM (Table T11). Be-
neath this depth, Mn concentrations decrease. The
decrease is concave downward and decreases below
detection limit at ~37 m CSF-A. At ~70 m CSF-A, dis-
solved Mn begins to increase again, reaching ~25 µM
at ~175 m CSF-A.

The initial rise in dissolved Mn likely indicates a
zone where microbes utilize Mn oxides and hydrox-
ides to consume organic carbon (Froelich et al.,
1979; Masuzawa and Kitano, 1983). Although our
profile suggests dissolved Mn decreases to zero at the
seafloor, the depth of zero dissolved Mn may lie
somewhere between the seafloor and the uppermost
sample at 1.5 m CSF-A (Masuzawa and Kitano, 1983).
Our samples lack sufficient depth resolution to docu-
ment a possible change in the slope of dissolved Mn
concentration at shallow sediment depth. The sec-
ond and deeper low in dissolved Mn, from ~37 to 70
m CSF-A, suggests a horizon where a mineral re-
moves Mn and then redissolves. This zone corre-
sponds to the alkalinity maximum (Fig. F24). It is
possible that dissolved Mn2+ released at shallow
depth diffuses downhole to a zone of high HCO3

–

concentration to form rhodochrosite (MnCO3). In
turn, with burial, the rhodochrosite may recrystallize
as a different carbonate mineral, such as siderite, re-
leasing dissolved Mn2+ at depth. Such an interpreta-
tion is consistent with theory (Middelburg et al.,
1987), and previous studies provide evidence for this
process in this marginal sea, in particular at ODP Site
11
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799 (Masuzawa and Kitano, 1983; Matsumoto,
1992). However, a thorough study comparing inter-
stitial water and solid phases is required to confirm
this interpretation.

The Fe profile at Site U1423 (Fig. F23) exhibits a high
degree of variance, which may indicate the complex-
ity of Fe cycling within the sediment, the challenges
of measuring Fe, or both. Unlike Mn, Fe can be a ma-
jor element in multiple authigenic minerals, includ-
ing sulfides, phosphates, carbonates, and clay (Ber-
ner, 1981). Thus, the “bumpy” profile, where
variations in dissolved Fe occur over short depth in-
tervals, may reflect intervals where Fe is removed or
liberated from different mineral phases. However, Fe
also readily precipitates from water when exposed to
oxygen. It is possible that when whole-round inter-
stitial water samples are separated and squeezed, ex-
posure to atmospheric oxygen causes precipitation
of variable amounts of dissolved Fe. Furthermore, Fe
concentrations may be near the detection limit of
the instrument, which is quantified to be 0.9 µM for
this site.

Smooth interstitial water Fe profiles have been ob-
tained using Rhizon samples at certain locations
(e.g., the Arctic Ocean [Backman, Moran, McInroy,
Mayer, and the Expedition 302 Scientists, 2006]).
Moreover, the Rhizons can be inserted over very
short depth increments in the event that dissolved
Fe concentrations truly change over a short vertical
distance. It would be intriguing to examine Fe con-
centrations using Rhizons across short depth inter-
vals. No Rhizon sampling was done at this site, how-
ever.

Alkalinity, ammonium, and phosphate
The alkalinity, NH4

+, and PO4
3– profiles at Site U1423

(Fig. F24) are similar to those at Site U1422 (see Fig.
F25 in the “Site U1422” chapter [Tada et al., 2015c])
with two notable differences. First, the prominent
inflection in alkalinity observed at Site U1422 is not
found at Site U1423. Second, through the upper
50 m below the seafloor, concentrations of NH4

+ and
PO4

3– are slightly greater at Site U1423 than at Site
U1422.

Alkalinity increases from 2.4 mM at the seafloor to
28 mM at 51 m CSF-A. Below this depth, alkalinity
decreases steadily to 15 mM at 244 m CSF-A. The
profile is concave downward to 50 m CSF-A and
slightly concave downward deeper than 50 m CSF-A.
The lack of a shallow alkalinity inflection at Site
U1423 suggests that a prominent sulfate–methane
transition (SMT) does not exist at this location, al-
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though a change in slope can be observed at 27 m
CSF-A.

Ammonium increases from 93 µM near the seafloor
to 2352 µM at 56 m CSF-A. Below this depth, NH4

+

drops steadily to ~1776 µM at 244 m CSF-A. The pro-
file is concave downward until 50 m CSF-A but fairly
linear below 50 m CSF-A.

Phosphate increases from 1.4 µM at the seafloor to
106 µM at 23 m CSF-A. Below this depth, PO4

3– de-
creases steadily to <10 µM at 136 m CSF-A. This de-
crease in PO4

3– has a concave downward profile.

Somewhat similar to Site U1422, the magnitude and
overall shape of the profiles relate to microbial dia-
genesis of organic matter and authigenic mineral
precipitation. Organic matter landing on the sea-
floor has a nominal C:N:P ratio of 106:16:1 (Froelich
et al., 1979). During sediment burial, Bacteria and
Archaea consume the organic matter through a suite
of microbial reactions, which release HCO3

–, NH4
+,

and PO4
3– to interstitial water. Dissolution of metal

oxides also releases dissolved PO4
3– to shallow sedi-

ment (Cha et al., 2005). At great depth, HCO3
– and

PO4
3– precipitate into or onto mineral phases (Ber-

ner, 1981).

The higher NH4
+ and PO4

3– concentrations in the up-
per 50 m at Site U1423 compared to those at Site
U1422 suggest greater input of organic carbon from
at least the last few million years. However, NH4

+ and
PO4

3– concentrations throughout deeper depths are
higher overall at Site U1422 than at Site U1423, indi-
cating a relatively higher organic carbon input at Site
U1422 on a longer timescale. One possibility is that
at Site U1423, although the products of organic de-
composition occur in higher concentrations in Holo-
cene and Late Pleistocene sediment, present lower
concentrations than at Site U1422 when integrated
over a longer time interval. These differences may be
explained by a time of slow sedimentation (see
“Stratigraphic correlation and sedimentation
rates”), when organic inputs accumulated more
slowly or when the HCO3

–, NH4
+, and PO4

3– products
were lost through diffusion or mineral precipitation.

Interestingly, the NH4
+ concentration gradient at Site

U1423 (as well as Site U1422 and other locations; see
“Geochemistry” in the “Site U1422” chapter [Expe-
dition 356 scientists, 2015c]) implies a modest up-
ward flux of nitrogen from the interstitial water to
the bottom water. Given the previous section and
discussion about the Mn profile, we wonder whether
NH4

+ concentration decreases to zero at the seafloor
12



R. Tada et al. Site U1423
or, alternatively, at some sedimentary horizon below
the seafloor.

Volatile hydrocarbons
Methane is the only hydrocarbon gas in all HS sam-
ples at Site U1423. No ethane or heavier hydrocar-
bons were detected.

In general, CH4 concentrations at Site U1423 (Fig.
F25) are much lower than those at Site U1422.
Concentrations are nearly zero over the upper 30 m
CSF-A. Methane values increase downhole, reaching
a peak of 2006 ppmv at 70 m CSF-A. The CH4 peak is
prominent, but recall that saturation values of
10,000 ppmv were regularly measured at Site U1422
(see “Geochemistry” in the “Site U1422” chapter
[Tada et al., 2015c]). Below 70 m CSF-A, CH4 concen-
trations decrease rapidly to below 10 ppmv at 155 m
CSF-A and remain so to the bottom of Hole U1423B.

Degradation of organic matter produces modest
amounts of CH4 between 30 and 130 m CSF-A. Pro-
duction is probably greatest at ~70 m CSF-A, where
peak CH4 concentration occurs and dissolved alka-
linity and NH4

+ concentrations are highest. Because
of the relatively low concentrations, no major gas
voids were observed at Site U1423.

A downhole comparison of CH4 and SO4
2– concen-

trations (Fig. F26) shows that an SMT occurs at Site
U1423. However, this SMT is diffuse, occurring over
~20 m between 30 and 50 m CSF-A.

Sulfate and barium
Profiles of dissolved SO4

2– and dissolved Ba at Site
U1423 (Fig. F27) are somewhat similar to those at
Site U1422. The major difference is the shape of the
SO4

2– profile.

Dissolved SO4
2– concentration in the mudline sam-

ple is 28.6 mM, which compares favorably with an
inferred 28.5 mM in JSPW (see “Geochemistry” in
the “Methods” chapter [Tada et al., 2015b]). From
the seafloor to ~50 m CSF-A, values steadily decrease.
This decrease in SO4

2– exhibits a concave downward
profile, in contrast to the more linear profile at Site
U1422 (Fig. F27). Deeper than ~50 m CSF-A, SO4

2–

concentrations are consistently <0.7 mM.

Dissolved Ba concentrations are <30 µM until ~27 m
CSF-A when values steadily rise. The highest Ba stan-
dard included in the inductively coupled plasma–
atomic emission spectroscopy (ICP-AES) calibration
curve was 364 µM, and this value is exceeded at
41.75 m CSF-A. Ba concentrations of each sample be-
low this depth exceed this highest standard and are
thus unconstrained. Therefore, any Ba values greater
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than 364 uM are untrustworthy and Ba is thus re-
ported here as “preliminary.”

In contrast to Site U1422, the upward flux of CH4

and anaerobic oxidation of methane (AOM) play a
minor role at Site U1423. Instead, the dominant net
sink of SO4

2– below the seafloor is through microbial
decomposition of solid organic carbon. This alterna-
tive pathway for sulfate reduction can be expressed
in simplified form as follows (Berner, 1980):

2CH2O + SO4
2– → HS– + 2HCO3

– + H+.

Because this reaction dominates SO4
2– consumption

and occurs over a thick depth interval, the SO4
2– pro-

file has significant curvature and the alkalinity pro-
file lacks a prominent kink.

Site U1423 is interesting to studies of Ba cycling in
deep-sea sediment. Ba is released into pore water
from barite dissolution when SO4

2– concentrations
approach zero. As SO4

2– is depleted at depth, me-
thanogenesis becomes the primary process oxidizing
organic material, and thus high barium concentra-
tions commonly occur with high CH4 concentra-
tions. Site U1423 indicates that high dissolved Ba
concentrations can occur without high CH4 concen-
trations at depth, which is unusual. The lack of
methane suggests that fluxes of organic material are
relatively low.

Calcium, magnesium, and strontium
At the mudline, dissolved Ca concentration is 10.2
mM, which compares closely to the 10.4 mM in-
ferred in JSPW (see “Geochemistry” in the “Meth-
ods” chapter [Tada et al., 2015b]). Calcium concen-
trations smoothly decrease to ~4.6 mM at 32 m CSF-A
(Fig. F28). This is close to but shallower than the
depth where alkalinity reaches a maximum (~51 m
CSF-A). Deeper than 32 m CSF-A, Ca concentrations
steadily rise, reaching 13 mM at the base of Hole
U1423B (244 m CSF-A).

Magnesium concentration in the mudline sample
(51.7 mM) is lower than that of inferred JSPW (53.3
mM) (see “Geochemistry” in the “Methods” chapter
[Tada et al., 2015b]). Below the seafloor, dissolved
Mg concentrations steadily decrease to 40 mM at ~22
m CSF-A. Deeper in the sediment column, Mg con-
centrations continue to decrease, reaching 23 mM at
the base of Hole U1423B.

The Sr profile at Site U1423 is much smoother than
at Site U1422, presumably because of improved ship-
board analytical techniques. Dissolved Sr concentra-
tion is 87 µM at the seafloor, which compares to 92
µM inferred in JSPW (see “Geochemistry” in the
“Methods” chapter [Tada et al., 2015b]). The shal-
13
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lowest interstitial water sample at 1.45 m CSF-A has
a Sr concentration of 93 µM. At ~27 m CSF-A, Sr con-
centrations begin to increase, reaching 172 µM at
~70 m CSF-A (Fig. F28). The initiation of the Sr rise,
and by inference the release of Sr into interstitial wa-
ter, occurs at approximately the same depth as the
minimum in dissolved Ca, the inflection in dis-
solved Mg, and is ~20 m shallower than the maxi-
mum in alkalinity. Below 75 m CSF-A, Sr concentra-
tions continue to increase, but the rate of increase
is more gradual. Dissolved Sr is 202 µM at 244 m
CSF-A.

As at Site U1422 (see “Geochemistry” in the “Site
U1422” chapter [Tada et al., 2015b]), two primary
processes impact the Ca, Mg, and Sr profiles at Site
U1423. Between ~20 and 40 m CSF-A, there appears
to be a phase that consumes Ca and Mg while releas-
ing Sr. It is likely that dolomite [Ca,Mg(CO3)2] is pre-
cipitating in this interval, perhaps concurrent with
dissolution of CaCO3, which would add Sr to the in-
terstitial water. The anomalous peak in CaCO3 con-
centrations in the sediment occurs at the bottom of
this interval at 41 m CSF-A. We note that the de-
crease in Mg concentrations (14 mM) is much
greater than that of Ca concentrations (6 mM) over
the upper 30 m (Fig. F28). Further discussion involv-
ing flux-based calculations of a dissolved species into
and out of the horizon will aid this interpretation.
Specifically, as evidenced by the diffusion gradients,
dissolved Ca is also entering the “precipitation” hori-
zon from depth, whereas dissolved Mg is leaving the
precipitation horizon to depth. If one considers
fluxes above and below the probable reaction inter-
val, the consumption of Ca and Mg from interstitial
water is much closer to 1:1, which is consistent with
dolomite formation.

The other main process affecting the Ca, Mg, and Sr
profiles at Site U1423 is basalt alteration, as was seen
in many of the ODP Leg 127/128 interstitial water
profiles (Murray et al., 1992). This general reaction
consumes Mg and produces both Ca and Sr (Gieskes
and Lawrence, 1981).

Salinity, chlorinity, sodium, and pH
Water beneath the thermocline in the marginal sea is
often called JSPW. It has a practical salinity (S) of
34.06 ± 0.01 (Sudo, 1986). Once calibrated to molar-
ity, measured concentrations of conservative ions in
the mudline sample have values similar to JSPW (Ta-
ble T11). This includes Cl– and Na. We measured
concentrations of 541 mM or 547 mol/kg of seawater
for Cl– and 468 mM or 473 mol/kg of seawater for
Na, which compare to 551 mol/kg of seawater Cl–

and 473 mol/kg of seawater Na for seawater with S of
34.06.
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The depth profiles of salinity, Cl–, and Na each indi-
cate a zone that is less saline than JSPW between the
seafloor and ~52 m CSF-A (Fig. F29). Although salin-
ity, Cl–, and Na values are not measured precisely
with standard shipboard instruments, they collec-
tively suggest water with salinity ~32 in this depth
interval. Interstitial water that is less saline than
JSPW was also found in shallow sediment at sites
drilled during Leg 127. At the time, the shipboard
scientific party attributed the low-salinity waters to
sulfate reduction (Tamaki, Pisciotto, Allan, et al.,
1990). However, this does not seem a reasonable ex-
planation because although sulfate reduction may
decrease the total mass of dissolved ions in seawater,
it would not decrease Cl– or Na concentrations.

There appear to be two general possibilities for the
relatively low salinity water. First, and given the
proximity of Site U1423 to land, groundwater could
be extending from the coast in relatively permeable
horizons beneath the seafloor. This occurs along
many continental margins, as seen, for example, at
ODP drill sites across the New Jersey margin (Malone
et al., 2002; van Geldern et al., 2013). Second, this
water represents the evolving remnant of interstitial
water that was in diffusive exchange with bottom
water of the sea that was fresher sometime in the re-
cent past. Most of the world’s deep ocean water was
more saline during the Last Glacial Maximum (LGM)
relative to present day. As such, interstitial water sa-
linity usually increases over the uppermost 40–50 m
below the seafloor (Schrag et al., 1996; Adkins et al.,
2002). However, this marginal sea has a complicated
late Quaternary history, in part because shallow sills
restrict deepwater flow to and from the adjacent Pa-
cific Ocean (Oba et al., 1991). Low-salinity deep wa-
ter during the LGM may explain the δ18O-depleted
benthic foraminifers found in sediments of this age
in this marginal sea (Oba et al., 1991).

Irrespective of origin, the presence of lower salinity
water in shallow sediment will enhance deviations
in concentration profiles.

Potassium
K concentration (Fig. F29) is ~10.1 mM in the mud-
line sample, which compares to 10.3 mM for in-
ferred JSPW (see “Geochemistry” in the “Methods”
chapter [Tada et al., 2015b]). After an increase to
~11.6 mM at 1.45 m CSF-A, concentrations remain
high to deeper than 8.75 m CSF-A when K concen-
trations decrease steadily, reaching 7.4 mM at 244 m
CSF-A. An increase in K concentrations immediately
below the seafloor was also found at Site U1422 and
may reflect exchange during authigenic mineral for-
mation. The decrease in K concentrations with depth
perhaps results from further reactions with ash and
14
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basalt (Murray et al., 1992), although formation of
glauconite would also remove K+ from interstitial
water (Föllmi and von Breymann, 1992).

It is noteworthy that K concentrations between 10
and 60 m CSF-A deviate from the general downhole
trend to lower values. This deviation may result from
the aforementioned freshening.

Lithium and boron
Li concentration (Fig. F30) is 22 µM in the mudline
sample. Li values decrease to as low as 15 µM at 13 m
CSF-A. Below this depth, Li concentrations increase
to 110 µM at 244 m CSF-A.

B concentration (Fig. F30) is 412 µM at the mudline,
which is approximately that of JSPW. Values increase
to >1072 µM at the bottom of Site U1423 (244 m
CSF-A). The profile is very similar to that presented
for ODP Site 795 (Brumsack and Zuleger, 1992). They
suggested multiple possible explanations for the
downhole variations in B. We note that below 25 m
CSF-A, B concentrations increase more rapidly than
at shallower depths, suggesting that deep microbial
reactions may somehow affect B concentrations in
interstitial water.

Silica
Silica concentrations in interstitial water at Site
U1423 (Fig. F30) increase from initial values of 98
µM in the bottom water (0 m CSF-A) to ~1550 µM at
244 m CSF-A. The opal-A/opal-CT boundary was not
drilled at Site U1423, so the expected decrease in dis-
solved H4SiO4 at depth (Tamaki, Pisciotto, Allan, et
al., 1990) was not observed.

The profile of Si measured using ICP-AES and the
profile of H4SiO4 measured using the spectrophoto-
meter match fairly well.

Preliminary conclusions
The geochemistry at Site U1423 has similarities and
differences to that at Sites 794 and 795, as well as
Sites U1422 and U1424. At all these sites, modest
amounts of organic carbon land on the seafloor. Mi-
crobes then utilize this organic material to drive a se-
ries of reactions that conform to an established se-
quence (Froelich et al., 1979). The sum of the
reactions releases HCO3

–, PO4
3–, and NH4

+ to intersti-
tial water, whereas component reactions affect con-
centrations of select dissolved constituents. For ex-
ample, metal oxide reduction releases Mn and Fe to
interstitial water and sulfate reduction removes SO4

2–

from interstitial water. The changing interstitial wa-
ter composition also leads to mineral dissolution and
precipitation.
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Superimposed on this organic diagenesis framework
are three other processes that impact all sites in the
region. Two of these processes—alteration of basalt
and recrystallization of biogenic silica—occur deeper
than 300 m CSF-A but still affect water composition
throughout the sediment column. The other appar-
ently important process is changing chemistry at the
seafloor, specifically the presence of lower salinity
deep water in the recent past.

The primary difference between the sites is the de-
gree of organic diagenesis, at least over long time
frames. For example, CH4 levels at Site U1422 are at
least 16 times higher than those at Site U1423, and
this leads to a prominent SMT and significant AOM
at the first location. Potentially, different types of or-
ganic matter could cause major variations in alkalin-
ity, NH4

+, PO4
3–, SO4

2–, and CH4 concentrations, as
they are all involved in organic matter degradation.
More likely though, differential supply of similar or-
ganic matter over time causes the variations at the
sites.

Paleomagnetism
Paleomagnetic samples and measurements
Paleomagnetic investigations for cores collected at
Site U1423 included the measurement of magnetic
susceptibility of whole-core and archive-half split-
core sections and of natural remanent magnetization
(NRM) of archive-half sections. NRM was measured
before and after alternating field (AF) demagnetiza-
tion with a 20 mT peak field for all archive-half sec-
tions from Hole U1423A. Because of increased speed
of core flow, NRM of archive-half sections from
Holes U1423B and U1423C was measured only after
20 mT AF demagnetization at every 5 cm interval.
The FlexIT core orientation tool (see “Paleomagne-
tism” in the “Methods” chapter [Tada et al., 2015b])
was used to orient 20 APC cores in Hole U1423A,
starting from Core 346-U1423A-2H. Core orientation
data collected in Hole U1423A are reported in Table
T13.

We typically collected one paleomagnetic discrete
cube sample (see “Paleomagnetism” in the “Meth-
ods” chapter [Tada et al., 2015b]) from the first sec-
tion of each core in Hole U1423A, and occasionally
from deep sections when the first section was not
suitable for collecting a discrete cube sample. Four
discrete samples were collected at deep depths from
the bottom four cores in Hole U1423B, and two ad-
ditional discrete samples were collected from Hole
U1423C. Depth levels where the discrete samples
were taken are marked by triangles along the left side
of the paleomagnetic inclination data column in Fig-
15
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ure F31. Stepwise AF demagnetization on 12 discrete
samples from Hole U1423A, 1 discrete sample from
Hole U1423B, and 2 discrete samples from Hole
U1423C was performed at successive peak fields of 0,
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 mT to
verify the reliability of the split-core measurements
and to determine the demagnetization behavior of
the recovered sediment. Following each demagneti-
zation step, NRM of the discrete samples was mea-
sured with the sample placed in the “top-toward” or
“+z-axis toward magnetometer” 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. 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 dis-
crete cube samples. The disturbed and void intervals
used in this process are reported in Table T14. The
processed NRM inclination, declination, and inten-
sity data after 20 mT AF demagnetization are re-
ported in Table T15 and shown in Figure F31.

Natural remanent magnetization 
and magnetic susceptibility

The intensity of NRM after 20 mT AF demagnetiza-
tion in all three holes is similar in magnitude for
overlapping intervals, mostly ranging from ~10–5 to
10–2 A/m. For core sections from the uppermost
~25 m, NRM intensity is on the order of 10–2 A/m.
NRM intensity drops downcore to the order of 10–4

to 10–3 A/m between ~25 and ~50 m CSF-A. Deeper
than ~50 m CSF-A until the bottom of the holes,
NRM intensities are mostly on the order of ~10–4 A/m.

The AF demagnetization behavior of eight discrete
samples from normal and reversed polarity intervals
at varying depths is illustrated in Figure F32. Decli-
nation and inclination values acquired from the dis-
crete sample measurement generally agree well with
the split-core measurement after 20 mT AF demagne-
tization. All samples exhibit a steep, normal over-
print that was generally removed after AF demagne-
tization at peak fields of ~10–15 mT, demonstrating
that the 20 mT AF demagnetization is, in general,
sufficient to eliminate the overprint. For measured
discrete samples from deeper than ~50 m CSF-A,
NRM intensities before and after stepwise demagne-
tizations are generally one magnitude lower than
those from shallower than this level. NRM measure-
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ment of discrete samples from the deep depth with
weak intensity values often appears to be signifi-
cantly affected by an anhysteretic remanent magne-
tization, possibly acquired because of bias caused by
ambient magnetic field during AF demagnetization.

Magnetic susceptibility measurements were taken on
whole cores from all three holes as part of the
Whole-Round Multisensor Logger (WRMSL) analysis
and on archive-half split-core sections using the Sec-
tion Half Multisensor 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 dimensionless volume SI unit (Blum, 1997). A
factor of (67/80) × 10–5 was multiplied by the
SHMSL-acquired susceptibility stored in the data-
base. Magnetic susceptibility varies between 10 × 10–5

and 90 × 10–5 SI for sediment from the uppermost
~25 m of the holes and is generally <10 × 10–5 SI for
sediment from below ~25 m CSF-A (Fig. F31, fourth
panel). Magnetic susceptibility measurements are
consistent between the two instruments and, in gen-
eral, mimic NRM intensity, suggesting that the mag-
netic minerals that carry NRM are the same or at
least coexist with those that dominate magnetic sus-
ceptibility.

Magnetostratigraphy
In spite of the drill string overprint and generally
low NRM intensity, paleomagnetic inclination and
declination data of the holes appear to show patterns
that allow for the determination of magnetic polar-
ity for the uppermost ~110 m of recovered sediment
in Holes U1423A and U1423B. Both paleomagnetic
declination and inclination after 20 mT AF demag-
netization were used when possible for magneto-
stratigraphic interpretation at Site U1423. The geo-
magnetic field at the latitude of Site U1423
(41.6992°N) has an expected inclination of ~60.7°,
assuming a geocentric axial dipole field model,
which is sufficiently steep to determine magnetic po-
larity in APC cores that lack horizontal orientation.
We identified the Brunhes/Matuyama boundary
(0.781 Ma), the Jaramillo (0.988–1.072 Ma) and Old-
uvai (1.778–1.945 Ma) Subchrons, and the Matu-
yama/Gauss boundary (2.581 Ma) at Site U1423 (Ta-
ble T16).

The Brunhes/Matuyama boundary is recorded at
~52.5 m CSF-A in Hole U1423A and at ~51.7 m CSF-A
in Hole U1423B. Shallower than this boundary, incli-
nation values after 20 mT AF demagnetization vary
around the expected dipole inclination value of
~60.7°. Just deeper than this boundary, inclination is
dominated by shallow and negative values. The two
16
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discrete samples from 17.69 and 46.27 m CSF-A mea-
sured with stepwise AF demagnetization show stable
and positive inclinations around the expected dipole
value of ~60° (Fig. F32A, F32B). In Hole U1423A
around this boundary, the FlexIT-corrected declina-
tion appears to change from values close to 0° to val-
ues mostly ~180°. The depth of the Brunhes/Matu-
yama boundary is consistent with the appearance of
a tephra layer at ~45 m CSF-A, recognized as the
“Hkd-ku,” and with a known age of ~0.78 Ma (see
“Lithostratigraphy”).

Between ~57.3 and ~61.2 m CSF-A in Hole U1423A,
FlexIT-corrected declination shows values mainly
around 0°, and inclination appears to be dominated
by the expected normal polarity dipole value of the
site. We interpret this ~4 m interval as the Jaramillo
Subchron (C1r.1n, 0.988–1.072 Ma). In Hole
U1423B, the Jaramillo Subchron is recognized be-
tween ~58.4 and ~62.3 m CSF-A with inclination
varying mostly around the expected normal polarity
dipole value (Fig. F31B).

Between ~76.4 and ~94.5 m CSF-A in Hole U1423A,
the FlexIT-corrected declination values clearly vary
around 0°, with inclination values dominated by the
expected normal polarity dipole value. We interpret
this interval as the Olduvai Subchron (C2n, 1.778–
1.945 Ma). The declination of Core 346-U1423B-9H,
although not oriented, shows an ~180° shift at ~76
m CSF-A, whereas inclination appears to change
from shallow and negative values to mostly positive
dipole values. This depth level is recognized as the
top of the Olduvai Subchron recorded in Hole
U1423B. The bottom of the Olduvai Subchron is not
clearly recorded in Hole U1423B. The depth levels of
the Olduvai Subchron in the holes are consistent
with the LO of Axoprunum acquilonium (1.2–1.7 Ma)
at ~74.14–93.17 m CSF-A in Hole U1423A (see “Bio-
stratigraphy”).

At ~112 m CSF-A in Hole U1423A and ~113.6 m CSF-A
in Hole U1423B, inclination after 20 mT AF demag-
netization in both holes appears to change from
shallow and negative values to dominant steep posi-
tive values. In Hole U1423A just deeper than this
level, FlexIT-corrected declinations vary around 0°.
We tend to interpret this level as the Matuyama/
Gauss boundary (2.581 Ma). This interpretation
agrees with the FO of Cycladophora davisiana (2.7 Ma)
at ~112.06–121.7 m CSF-A in Hole U1423A. Deeper
than ~140 m CSF-A in Holes U1423A and U1423B,
inclination and declination both show large scatter,
and it is difficult to make any reliable magnetostrati-
graphic interpretations. For the six measured APC
cores recovered from Hole U1423C, inclination after
20 mT AF demagnetization shows mostly positive
values that are apparently steeper than the expected
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dipole value. The lack of orientation and significant
changes in paleomagnetic directions make it difficult
for magnetostratigraphic interpretations for Hole
U1423C.

Physical properties
Physical properties measurements at Site U1423 were
conducted to provide high-resolution data on the
bulk physical properties and their downhole varia-
tions in Holes U1423A and U1423B. High-resolution
scanning at 2.5 cm intervals on whole-round sec-
tions was immediately performed with both the
WRMSL (Sections 1, 2, and 3) and Special Task Multi-
sensor Logger (STMSL) (Sections 4, 5, 6, and 7) after
the cores were sectioned on the catwalk. The
WRMSL was used to measure gamma ray attenuation
(GRA) bulk density, magnetic susceptibility, and P-
wave velocity, whereas the STMSL measured GRA
bulk density and magnetic susceptibility. The GRA
bulk density and magnetic susceptibility from each
section were combined into individual core data sets
for stratigraphic correlation. P-wave velocities mea-
sured in Sections 1, 2, and 3 with the WRMSL were
consolidated into individual core data sets as well.

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. Cores were then split parallel to
the core axis. One half was reserved for archiving
and one half was for analysis and sampling (working
half). Shear stress measurements (one per core) were
performed on the working halves of Hole U1423A
and the lower part of Hole U1423B (below 205 m
CSF-A) with more success. Moisture and density
measurements were performed on discrete core sam-
ples (two per core) collected from the working halves
of Hole U1423A and the lower part of Hole U1423B.
Spectral diffuse reflectance (mostly at 1 cm intervals)
and point magnetic susceptibility (mostly at 2 cm in-
tervals) were measured using the SHMSL on the ar-
chive halves. Physical properties measurements are
presented in Figures F33, F34, F35, and F36.

Thermal conductivity
Thermal conductivity was measured once per core
using the full-space probe, usually near the middle of
Section 4. Thermal conductivity values range from
~0.8 to ~1.1 W/(m·K). Values are largely scattered
from 0 to 120 m CSF-A and nearly constant at ~0.9
W/(m·K) deeper than 120 m CSF-A. This highly vari-
able feature in lithologic Subunits IA, IB, and IIA and
the lack of an increasing trend downhole suggest a
compositional control on this parameter.
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Moisture and density
GRA wet bulk density was measured using the
WRMSL and STMSL. Although measurement error
exists in GRA bulk density data because of the pres-
ence of air between sediments and the core liner, in
general, GRA bulk density tends to reflect the charac-
teristic of each lithologic unit (Fig. F33; see “Lith-
ostratigraphy”). Similar to Site U1422, GRA bulk
density at Site U1423 is highly variable in the upper
part (between 0 and 103 m CSF-A) with values rang-
ing from 1.2 to 1.8 g/cm3. High variations of GRA
bulk density in this interval are closely related to the
alternating very dark brown to black organic-rich
sediment and lighter olive and green hemipelagic
sediment. This relationship is matched well with the
high GRA bulk density values characteristic of the
dark layer–organic rich intervals in Site U1422. After
sharply decreasing at ~103 m CSF-A, coinciding with
the lithologic Unit I/II boundary, GRA bulk density
tends to decrease slightly with depth to 249 m CSF-A.
GRA bulk density at Site U1423 correlates well with
the density log acquired in open Hole U1423B (see
Fig. F37 and “Downhole measurements”).

Although discrete wet bulk density and grain density
are relatively constant for the entire interval, ranging
from 1.2 to 1.6 g/cm3 and from 2.4 to 2.8 g/cm3, re-
spectively, the primary trends agree well with GRA
bulk density (Fig. F35). Porosity and water content
show generally reversed trends when compared to
density, ranging from 68.1% to 84.7% and from
45.0% and 70.5%, respectively. Discrete bulk density
and grain density have small step increases between
0 and 20 m CSF-A, where porosity and water content
of the sediment decrease inversely. The trend of in-
creasing density downhole reverses at ~20 m CSF-A
and then generally decreases to the bottom of the
hole. Porosity and water content gradually increase
below 20 m CSF-A and vary highly with depth. How-
ever, all discrete bulk density, grain density, porosity,
and water content measurements remain relatively
constant from 103 m CSF-A to the bottom of the
hole, corresponding to lithologic Unit II. The largest
scatter of discrete bulk density and porosity occurs
between 55 and 75 m CSF-A.

Magnetic susceptibility
Magnetic susceptibility is the degree to which a ma-
terial can be magnetized by an external magnetic
field. Therefore, magnetic susceptibility provides in-
formation about sediment composition. Magnetic
susceptibility at Site U1423 generally decreases with
depth (Fig. F33). Although the mean values remain
between 10 × 10–5 and 20 × 10–5 SI for this site, the
highest magnetic susceptibility readings occur shal-
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lower than ~22 m CSF-A (average = 91.5 × 10–5 SI)
with high variation. A magnetic susceptibility maxi-
mum occurs between 20 and 22 m CSF-A, where val-
ues as high as 200 × 10–5 SI were measured. This oc-
currence of high magnetic susceptibility in the
uppermost part (as was also the case with Site
U1422) is likely due to highly magnetic authigenic
mineral formation because there is no apparent pri-
mary lithologic correspondence to this region (see
“Lithostratigraphy”). This lack of correlation be-
tween magnetic susceptibility and decimeter-scale li-
thology also suggests a diagenetic influence is de-
creasing the signal between 0 and 22 m CSF-A near
the SMT zone with the signal severely muted deeper.
After a large step decrease of magnetic susceptibility
between 22 and 25 m CSF-A, magnetic susceptibility
tends to decrease slightly downhole, with the excep-
tion of spikes of low magnetic susceptibility from
110 to 123 m CSF-A. Magnetic susceptibility also
shows a small decrease at ~70 m CSF-A.

Point magnetic susceptibility from the SHMSL agrees
with the whole-core trends as well (Fig. F33), but val-
ues become significantly greater with depth than the
whole-core equivalents. The increasing gap between
two magnetic susceptibility values in the lower part
of the hole may be related to fractures in the whole-
core sediment and the inherent smoothing imposed
by the magnetic susceptibility loop, resulting in re-
duced the whole-core intensity.

Natural gamma radiation
The variation patterns of NGR are conformable with
GRA bulk density and correlate well with the total
gamma ray log acquired in open Hole U1423B (see
Fig. F37 and “Downhole measurements”). Between
0 and 20 m CSF-A, the total NGR counts show a large
step increase from 15 to 40 cps and then slightly in-
crease to 70 m CSF-A. Although the total NGR
counts show strong cyclicity between 20 and 125 m
CSF-A, the highest NGR counts (82 cps) occur at ~70
m CSF-A, corresponding to a maximum in GRA bulk
density. NGR counts gradually decrease between 70
and 125 m CSF-A, which coincides with the litho-
logic Subunit IIA/IIB boundary and also approxi-
mates the depth at which the logging Subunit LIa/
LIb boundary has been placed (see Fig. F38). The
sharp decrease from 40 to 17 cps near 103 m CSF-A
coincides with the Unit I/II boundary and the depth
of decreasing GRA bulk density and magnetic sus-
ceptibility. As discussed at Site U1422, these varia-
tion patterns of NGR may be explained by increased
U associated with organic-rich layers in Unit I. This
interpretation is in agreement with the downhole
spectral gamma ray measurements performed in
Hole U1423B, evidencing a higher mean uranium
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content above ~103 mbsf compared to the rest of the
hole (see Fig. F38). Subsequently, low NGR counts re-
main stable to 180 m CSF-A with relatively less scat-
ter. NGR counts again slightly decrease between 180
and 200 CSF-A and then inversely increase to the
bottom of the hole.

Compressional wave velocity
Compressional P-wave velocity was measured with
the WRMSL in Sections 1, 2, and 3 of each core for
Holes U1423A and U1423B. Although P-wave veloc-
ity is generally measured with the WRMSL after the
sections reach thermal equilibrium with the ambient
room temperature of ~20°C because P-wave velocity
is significantly affected by temperature (Shumway,
1958), P-wave velocity at Site U1423 was measured
before temperature equilibrium (~12°C) for quick
stratigraphic correlation. Therefore, we remeasured
P-wave velocity after temperature equilibrium
(~20°C) in Cores 346-U1423B-3H, 7H, and 16H to
compare with P-wave velocity measured before tem-
perature equilibrium (~12°C). The two sets of P-wave
velocity values matched well (Fig. F34) with average
maximum differences of 5 m/s (i.e., Core 3H was
1509 m/s before and 1514 m/s after, Core 7H was
1517 m/s before and 1519 m/s after, and Core 16H
was 1525 m/s before and 1526 m/s after). However,
because of poor sediment-to-liner coupling or the in-
fluence of small cracks in the relatively stiff and brit-
tle sediment, results from the WRMSL include sig-
nificantly higher or lower values than a typical data
set. These values were removed manually, and then
the P-wave velocity was combined as one data set of
values from each hole (Fig. F33).

P-wave velocity at Site U1423 varies from 1451 to
1570 m/s (average = 1524 m/s) and generally in-
creases with depth. Although P-wave velocity also
shows relatively higher variation above 103 m CSF-A
relative to the lower part, the trend is not clear
enough to reflect the lithologic changes.

Vane shear stress
Undrained shear strength of soft sediment in the
working half of the core was measured using an ana-
log vane shear device. Shear strength ranges from 5.5
to 126 kPa and generally increases with depth (Fig.
F35). In spite of the small scatter in the values, the
curve does not show general trends that can be di-
vided into successive intervals, although shear
strength values at some depths (e.g., ~56 and ~189 m
CSF-A) reflect well the composition of sediment. Al-
though the stratigraphic distance between two mea-
surements obtained from a black organic layer (56.45
m CSF-A) and a paired light green hemipelagic layer
(56.55 m CSF-A) of Core 346-U1423A-7H is only 10
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cm, shear strength sharply increases from 39.6 to
50.1 kPa in this interval. Shear strength abruptly de-
creases at 189 m CSF-A, where a highly diatoma-
ceous layer occurs. The high fluid content in the dia-
tomaceous layer at this depth is likely responsible for
this decrease in shear strength.

Diffuse reflectance spectroscopy
Color reflectance data measured on the split archive-
half sections show high variation of color, especially
between 0 and 100 m CSF-A (Fig. F36). The L*, a*,
and b* values represent lightness, red-green ratio,
and yellow-blue ratio, respectively. These variations
in color reflectance are closely related to lithologic
changes. For example, the lithologic characteristic of
Unit I, which consists of alternating very dark brown
to black organic-rich sediment and lighter olive and
green hemipelagic sediment, is responsible for the
high variation of color reflectance. As was the case at
Site U1422, as the dark bands fade out downhole in
Unit II the color reflectance of L* and a* shows little
variation to the bottom of the hole.

Summary
Physical properties measured at Site U1423 generally
show trends that follow lithostratigraphy. Magnetic
susceptibility, bulk density, and NGR have higher
values in lithologic Unit I than in Unit II, whereas
porosity and water content show opposite trends. P-
wave velocity and shear strength gradually increase
with depth because of sediment compaction. Color
reflectance shows higher variation in lithologic Unit
I than in Unit II, and the variations are closely re-
lated to the lithology of Unit I, which consists of al-
ternating very dark brown to black organic-rich
bands and lighter olive to green hemipelagic sedi-
ment.

Downhole measurements
Logging operations

Downhole logging measurements in Hole U1423B
were made after completion of APC coring to a total
depth of 249.1 m CSF-A. In preparation for logging,
the hole was circulated and the pipe was pulled up to
80 m CSF-A. Two tool strings were deployed in Hole
U1423B: the paleo combo and FMS-sonic (Fig. F39)
(see “Downhole measurements” in the “Methods”
chapter [Tada et al., 2015b]; for tool acronyms see Ta-
ble T12 in the “Methods” chapter [Tada et al.,
2015b]).

On 22 August 2013 at 0915 h UTC, the paleo combo
tool string (comprising resistivity, density, NGR, and
magnetic susceptibility tools) descended from the rig
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floor into the pipe. A downlog was taken at ~600 m/h
and reached the base of the hole at ~251 m WSF (see
“Downhole measurements” in the “Methods”
chapter [Tada et al., 2015b]). The hole was logged up
(Pass 1) to ~121 m WSF at 540 m/h. The tool string
returned for a second pass (main pass) from the bot-
tom of the hole to the seafloor.

The FMS-sonic was rigged at ~1200 h on 22 August.
A downlog was taken at 850 m/h, from which we es-
tablished the best settings for the source frequency
and the automated picking of P-wave velocity from
the sonic waveforms. The tool string reached the
base of the hole at 250.7 m WSF. Two uphole passes
of the FMS-sonic were run, Pass 1 to ~120 m WSF
and Pass 2 to the seafloor, both at 550 m/h. Rig
down was completed at 1855 h.

The seafloor depth was given by the step in the
gamma logs. There is typically some variability in
choosing the exact point because the seafloor can
appear as a gradual change. The paleo combo down-
log found the seafloor at 1794.5 m WRF and the up-
log (Pass 2) found it at 1793.5 m WRF. The second
pass of the FMS-sonic found the seafloor at 1795.2 m
WRF, compared to the drillers mudline tagged at
1796.8 mbrf (Hole U1423B). Tides were negligible
and seas were calm (maximum peak-to-peak heave
of 20 cm), giving little contribution to the offset be-
tween the FMS-sonic and the paleo combo downlog
and uplog seafloor depths. The remaining difference
possibly comes from wireline stretching. A reason-
ably good depth match of the open hole NGR logs
between logging runs and with the core data was
achieved using a seafloor of 1794.6 m WRF for paleo
combo Pass 2 and 1794.2 m WRF for the second pass
of the FMS-sonic.

Logging data quality
Tool calibration was performed both before and after
the logging runs to ensure quality control. In Hole
U1423B, borehole conditions were good with a base-
line diameter (12–13 inches) close to the bit size
(9.875 inches) (Fig. F37). Only a short section larger
than 13 inches, although not exceeding 14 inches,
was found between ~157 and 167 mbsf. As a conse-
quence of good borehole conditions and negligible
heave during downhole logging data acquisition, log
data quality is generally very good.

Agreement between physical properties data and log-
ging data is excellent for the density and NGR logs
along almost the entire borehole (Fig. F37, Columns
2 and 3). From ~125 mbsf to the pipe entrance, the
uplog gamma ray data, however, deviates from the
core NGR data to lower values and no longer over-
laps with the downlog (Fig. F37, Column 2). The
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gamma ray and density data are corrected from bore-
hole diameter, although as the caliper was closed
over this interval, the data quality is no longer en-
sured. We related this shift to be the result of an arti-
ficial correction of the gamma ray signal from the
borehole size, with the caliper reading a smaller hole
diameter than the actual size. For the same reason,
the density log shows slightly lower values than the
core data over the same interval. The natural and
spectral gamma ray and density downlogs should
thus be preferred for interpretations over this inter-
val (from ~125 mbsf to the pipe entrance). Also, nat-
ural and spectral gamma ray data recorded shallower
than 80 mbsf should only be used qualitatively be-
cause of the attenuation of the signal through the
pipe (Fig. F37). The resistivity curve worked well, ex-
cept for some high-frequency noise on the uplog
starting ~40 m below the pipe and increasing up-
hole. The downlog should be preferred for interpre-
tations.

The Magnetic Susceptibility Sonde tool diagnostics
were normal during the runs. However, because of
the very low magnetic susceptibility signal in the
sediment, we were possibly operating at the lower
limits of detection in the tool. The sensor electronics
are sensitive to borehole temperature, and the ac-
quired magnetic susceptibility data were thus
strongly affected by a nonlinear long-period tem-
perature-related drift superimposed on low signal
variability. Preliminary processing was completed
offshore to remove the temperature drift by calculat-
ing a least-squares polynomial fit to the data and
subtracting the calculated trend from the data set.
The residual components from both the high-resolu-
tion and deep readings are plotted in Figure F37
(Column 5) and should be an indication of the mag-
netic signal variability in the formation. The drift-
corrected high-resolution log correlates relatively
well with the magnetic susceptibility measurements
on cores, especially shallower than 150 mbsf and
deeper than 205 mbsf. The corrected deep-reading
low-resolution log is generally inversely correlated
with the density log. Further processing remains nec-
essary. The velocity log shows a downhole increasing
trend with higher values than the P-wave velocities
measured on cores, especially deeper than 180 mbsf
(Fig. F37, Column 6). The FMS resistivity images
were of excellent quality because of good contact
with the borehole wall (Fig. F38).

Logging units
The Hole U1423B logs change gradually downhole,
with no major steps in base levels. The entire logged
interval was thus assigned to one logging unit (LI;
Fig. F37). At the scale of this unit, the upper part
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(from below pipe to ~123 mbsf) is characterized by
higher gamma ray, density, and resistivity than the
rest of the hole. The sonic velocity log increases
downhole, reflecting low sediment compaction with
depth. Resistivity has a negative downhole gradient
rather than the normal increasing downhole com-
paction trend (see below). Density decreases in the
upper part of the hole and remains relatively flat
deeper in the hole. The above log trends and their
correlation with in situ lithologies (see below) are
generally in good agreement with the logging data
acquired during Legs 127 and 128 at ODP Sites 794B,
795, 797, and 798, which show similar patterns.

The Hostile Environment Natural Gamma Ray Sonde
signal ranges on average from 20 to 45 gAPI, with
peak values reaching 70 gAPI. The signal shows mod-
erately high amplitude variability on a several-meter
to submeter scale, and given the sedimentological
context (see “Lithostratigraphy”), it most likely
tracks clay and organic matter content (silica and
calcite contain no radioactive elements). The potas-
sium and thorium curves are generally well cor-
related (Fig. F38). Uranium behaves differently from
potassium and thorium because it is not chemically
combined in the main terrigenous minerals. It does,
however, show locally good correlations with tho-
rium and potassium, particularly where prominent
peaks are observed in the total gamma ray log. Ura-
nium generally accounts for 25%–45% of the total
gamma radiation signal, and locally for >50%. Ura-
nium is usually associated with the organic matter–
rich intervals in lithologic Unit I (above ~82.5 mbsf,
see “Lithostratigraphy”), in which it shows the
highest values (see below). The uranium content re-
mains relatively high in lithologic Unit II (from
~82.5 mbsf to the bottom of the hole), which is less
rich in organic matter.

Logging Unit LI has been divided into two subunits
on the basis of changes in character of gamma ray
and density logs.

Logging Subunit LIa: base of drill pipe 
(~80 mbsf) to ~124 mbsf
The upper logging subunit is characterized by mod-
erate to high-amplitude swings in NGR (and its U,
Th, and K components), with an overall decreasing
downhole trend. The gamma ray signal correlates
well with the bulk density log, which shows high-
amplitude variations ranging from 1.25 to 1.55 g/cm3

(Fig. F37). The sonic curve is relatively flat, with val-
ues generally increasing downhole. Below ~103
mbsf, progressive decreases in U, Th, and K contents
are observed, likely reflecting a decrease in organic
matter and clay content. Slightly higher values in K
content are, however, observed between ~107 and
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~115 mbsf (Fig. F38). The depth of ~103 mbsf fits
well with the transition between lithologic Unit I
(primarily fine-grained material derived from terrige-
nous sources with color banding that is suggested to
be related to variable content of organic matter and
pyrite) and Unit II (dominantly composed of moder-
ate to heavily bioturbated diatomaceous silty clay
and clay and diatom ooze), placed in Section 346-
U1423A-12H-1 at ~103.35 m CSF-A (see “Lith-
ostratigraphy”) and reflecting a significant down-
hole increase in diatom content relative to terrige-
nous sediment.

The main changes in character of the downhole logs
have been correlated with the base of logging Sub-
unit LIa, which approximates the depth of the litho-
logic Subunit IIA/IIB boundary, placed at ~121 m
CSF-A in Hole U1423A (Section 346-U1423A-14H-1)
(see “Lithostratigraphy”). From a sedimentological
point of view, however, no clear characteristic al-
lowed straightforward division of lithologic Unit II
into Subunits IIA and IIB. The relative decrease in
NGR core and downhole log values was the basis for
differentiating these two lithologic subunits (see also
“Physical properties”).

Logging Subunit LIb: ~124–250 mbsf
Logging Subunit LIb is distinguished from logging
Subunit LIa by lower values in total and spectral
NGR, likely reflecting the abundance of nonradioac-
tive elements within lithologic Subunit IIB (diatoms
and other siliceous components, see “Lithostratigra-
phy”). Logging Subunit LIb is also characterized by
moderate-amplitude swings in NGR and its U, Th,
and K components. Two prominent peaks in at least
two of these components are observed at ~142 and
~193 mbsf and correlate well with the NGR data
measured on cores. The peak observed at ~193 mbsf
does not correlate with anything obvious in the
cored sediment. The peak at ~142 mbsf may corre-
spond to a prominent ash layer, which is >10 cm
thick (interval 346-U1423B-16H-6, 84–96 cm). This
ash layer is also clearly associated with a peak in the
density log. Another peak in density at ~238 mbsf
also correlates with a thick ash layer in interval 346-
U1423B-27H-6, 23–33 cm, and a prominent peak in
the NGR data measured on the core. Logging Sub-
unit LIb is also distinguished from logging Subunit
LIa by lower values in bulk density, showing a rela-
tively uniform trend, with values <1.45 g/cm3 associ-
ated with lower amplitude oscillations compared to
Subunit LIa. Sonic velocity increases downhole. At
the borehole scale, the resistivity curves show an op-
posite trend to the sonic curve, with mean values de-
creasing downhole from 0.9 to 0.4 Ωm, although
this gradient becomes gentler in logging Subunit LIb.
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Similar downhole decreasing resistivity patterns
have also been observed at Sites 794, 795, 797, and
798 (Ingle, Suyehiro, von Breymann, et al., 1990; Ta-
maki, Pisciotto, Allan, et al., 1990) and in the upper
300 m of the sediment column. This negative gradi-
ent is likely due to the increasing temperature with
depth and the high porosities (see “Physical proper-
ties”), making the physical properties of the pore
water dominate the resistivity log response. The
prominent peak in magnetic susceptibility observed
at ~206 mbsf on both core and log data correlate well
with a dark ash layer found in interval 346-U1423B-
24H-4, 129–131 cm.

FMS images
Because of the good borehole conditions in Hole
U1423B, the FMS resistivity data quality allows the
borehole formation resistivity to be interpreted at
several scales. At the scale of the borehole, the inter-
val above ~206 mbsf is characterized by relatively
high conductivities (dark colored upper interval in
the FMS image in Fig. F38) and high resistivities be-
low (light color in the FMS image). This change does
not correlate in core with any major change in litho-
logy (see “Lithostratigraphy”). At a finer scale, the
FMS images reveal numerous resistive and conduc-
tive intervals, with thicknesses ranging from several
tens of centimeters to a few meters. As an example,
the conductive intervals observed from 110 to 126
mbsf on the FMS images generally correlate with
lower values in the gamma ray, bulk density, and re-
sistivity logs (Fig. F40) and seem to correspond in
cores, although not always, to brownish intervals.
These intervals contrast with lighter, more grayish
intervals that are less conductive on the FMS images
and correlate with higher values in the NGR, bulk
density, and resistivity logs. Transitions between al-
ternations are mainly gradual, although some sharp
contacts are observed locally. Inclined bedding (ap-
pearing as sinusoids) at slight angles is observed at
some depths. It will be possible to map their occur-
rence and measure dip directions and angle. As
shown in Figure F41, decimetric to centimetric resis-
tive and conductive intervals are also clearly ob-
served in the bottom part of the hole (234–243 mbsf)
in an interval dominated by homogeneous lithology
(diatomaceous silty clay and clay and diatomite
ooze, see “Lithostratigraphy”). The conductive lay-
ers correlate in cores with intervals characterized by
low gamma ray and high L* values, possibly reflect-
ing an increase in biosiliceous fraction content.
These initial correlations need to be further exam-
ined by shore-based research. FMS resistivity images
also reveal stratigraphic information at a finer spatial
resolution than the standard logs. In Figure F41, the
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highly resistive layers around 236.4 and 238 mbsf
(with thicknesses ~0.1 m), correlate with two thick
ash layers observed in intervals 346-U1423B-27H-5,
0–10 cm, and 27H-6, 23–33 cm. Other ash layers are
also observed at other depths on the FMS images
(e.g., Fig. F40).

In situ temperature and heat flow
APCT-3 downhole temperature measurements were
performed in Hole U1423A at five depths, including
the mudline. In situ temperatures range from 5.50°C
at 35.8 m CSF-A to 17.45°C at 121.3 m CSF-A (Table
T17), with a linear downhole increase indicating
that the gradient is uniform with depth (Fig. F42). A
linear fit of temperature versus depth gives a geo-
thermal gradient of 140°C/km. This value is higher
than was measured at Site U1422 (134°C/km). The
bottom water temperature at this site is estimated to
be 0.47°C, based on the average mudline tempera-
ture in the four APCT-3 measurements. A heat flow
of 133 mW/m2 was obtained from the slope of the
linear fit between in situ temperature and calculated
in situ thermal resistance (Pribnow et al., 2000). This
value is also higher than the one calculated at Site
U1422 (120 mW/m2).

Stratigraphic correlation 
and sedimentation rates

Real-time tracking of the relative positions of core
gaps among the various holes at Site U1423 was ac-
complished using magnetic susceptibility and GRA
data from the WRMSL and STMSL. Data were col-
lected at resolutions of either 2.5 or 5 cm, depending
on the capacity to keep up with core recovery rates.
Detailed (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 (blue) color
data recovered from the Section Half Imaging Logger
at 0.5 cm resolution. For detailed discussion of these
data sets, see “Physical properties” in the “Meth-
ods” chapter (Tada et al., 2015b).

After all cores were composited, a continuous splice
was constructed spanning 0–218.8 m CCSF-D (as de-
fined in the “Methods” chapter [Tada et al., 2015b]).
All three holes were required to construct the splice;
a combination of drilling disturbance and poor re-
covery within the interval from ~144 to ~184 m CSF-
A prevented construction of a complete splice from
Holes U1423A and U1423B alone. In addition, at
three depths, between-core gaps in Holes U1423A
and U1423B were aligned. Finally, a 6.5 m interval
was also missing because of 0% recovery of Core 346-
22
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U1423B-18H. Consequently, a detailed drilling plan
was constructed to recover these missing intervals in
Hole U1423C, as described below. The resulting com-
posite and splice ranges from the top of Core 346-
U1423A-1H to the bottom of Core 346-U1423B-24H
at 218.8 m CCSF-D (211.2 m CSF-A) (Tables T18,
T19; Fig. F43). Only Hole U1423B extends deeper
than this depth, to Core 346-U1423B-28H at 256.9
m CCSF-A (249.3 m CSF-A). The length of the splice
(218.8 m CCSF-D) relative to the length of the un-
composited section (211.2 m CSF-A) indicates that
expansion at this site is minimal (3.8%).

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 this
site, extending to ~90 m CSF-A, covering Subunit IA
as defined in “Lithostratigraphy.” Construction of
the CCSF-C scale is based on centimeter-scale cor-
relation of structure in the RGB (blue) data. These
CCSF-C depth maps (CSF-A to CCSF-D) are provided
for Holes U1423A and U1423B in Table T20.

Detailed drilling at Hole U1423C to recover 
between-core gaps

Hole U1423C was selectively cored to recover sec-
tions not recovered in Holes U1423A and U1423B.
Hole U1423C was drilled without recovery to ~114
m CSF-A. This 114 m washed interval is designated
in the coring sequence as Core 346-U1423C-11, as
required by IODP terminology. The suffix “11” refers
to Core “1” drilled Interval “1.” The wash interval
was followed by two APC cores (2H and 3H) to estab-
lish the stratigraphic relationship relative to Holes
U1423A and U1423B. The next APC core (4H) suc-
cessfully recovered the first of the three targeted
gaps. While the stratigraphic correlation was taking
place, the bit was held at the top of the previously
cored interval in order to minimize disturbance at
the top of the following core. Following stratigraphic
correlation, the bit was advanced the length of the
previously recovered core (referred to on the rig floor
as “cleaning out the rathole”) and the hole was
washed an additional 7.5 m (Core 52 [drilled Interval
2 in Core 5]) in order to place the APC such that it
would recover the missing 6.5 m interval in the mid-
dle of the following 9.6 m stroke. Following recovery
of this interval, the hole was washed another 2 m
(Core 73 [drilled Interval 3 in Core 7]) in order to
place the last two gaps in the middle of the next two
APC strokes. After successful recovery of these last
two remaining gaps, the hole was terminated. The
success of this detailed drilling effort was greatly
aided by ideal conditions: near zero heave and a sed-
iment lithology conducive to full stroke recovery
with little to no expansion. This targeted approach
Proc. IODP | Volume 346
resulted in considerable time savings, compared to
coring the entire hole top to bottom.

Age model and sedimentation rates
A preliminary age model (Fig. F44) was established
on the basis of all available biostratigraphic and
paleomagnetic age control points. For details, see
“Biostratigraphy,” “Paleomagnetism,” and “Litho-
stratigraphy.” At this site, no datums were excluded
from the assessment, although three datums defined
as the LOs of Proboscia curvirostris and Actinocyclus
oculatus and the rapid decrease of Siphocampe arach-
nea group could be affected by reworking. Eight lin-
ear depth-age segments utilizing all the paleomage-
netic events as well as the FO of Neodenticula koizumii,
and the LO of Thalassiosira jacksonii provide a well-
constrained preliminary age model (Fig. F44A). Sedi-
mentation rate (Fig. F44B) ranges from 21 to 121 m/
m.y., moderate in the upper Subunit IA, low in the
lower Subunit IA and Subunit IIA, and high in Sub-
units IB and IIB, possibly reflecting the change in si-
liceous productivity. Estimated ages of subunit
boundaries are 1.8, 2.2, and 3.0 Ma for the Subunit
IA/IB, IB/IIA, and IIA/IIB boundaries, respectively.
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R. Tada et al. Site U1423
Figure F1. Bathymetric map of Expedition 346 sites (red circles) in the marginal sea surrounded by the Japanese
Islands, the Korean Peninsula, and the Eurasian continent and the East China Sea. 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 within and surrounding this marginal sea.
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R. Tada et al. Site U1423
Figure F2. Lithologic summary, Hole U1423A. GRA = gamma ray attenuation.
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R. Tada et al. Site U1423
Figure F3. Lithologic summary, Hole U1423B. GRA = gamma ray attenuation.
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R. Tada et al. Site U1423
Figure F4. Lithologic summary, Hole U1423C. GRA = gamma ray attenuation.
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R. Tada et al. Site U1423
Figure F5. Hole-to-hole lithostratigraphic correlation, Site U1423.
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R. Tada et al. Site U1423
Figure F6. Number of visible tephra layers (>0.5 cm thick) and their total thickness in each core, in Hole
U1423A.
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enhanced color contrast to highlight sedimentary struc-

150 cm
Figure F8. Photographs representative of Subunit IA in Holes U1423A and U1423B. Note 
tures.
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R. Tada et al. Site U1423
Figure F9. Foraminifer-rich nannofossil clay at 93 cm in laminated dark brown interval (346-U1423A-4H-4, 85–
105 cm).
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Figure F10. Photographs representative of Subunit IB in Holes U1423A and U1423B. Note
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Figure F11. Photographs representative of Subunit IIA in Hole U1423A. Note enhance
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Figure F12. Photographs representative of Subunit IIB in Hole U1423A. Note enhance
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R. Tada et al. Site U1423
Figure F13. Normal graded tephra layer observed in hemipelagic diatom ooze composed by bubble-junction
type glass shards (interval 346-U1423A-20H-6, 70–98 cm). v.f.s. = very fine sand, f.s. = fine sand.
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R. Tada et al. Site U1423
Figure F14. Downhole plots of measured total organic carbon (TOC), opal-A from XRD, and natural gamma
radiation (NGR), Holes U1423A and U1423B. The corresponding lithologic units are identified.
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R. Tada et al. Site U1423
Figure F15. Integrated calcareous and siliceous microfossil biozonation, Site U1423.
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R. Tada et al. Site U1423
Figure F16. Preliminary age-depth profile and estimated sedimentation rates, Site U1423. LO = last occurrence,
FO = first occurrence, RD = rapid decrease, Br = base reentrance.
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Figure F17. Total radiolarian, calcareous nannofossil, and diatom abundance, as well as relative abundance of Chaetoceros spores, Holes U1423A and U1423B. B = barren, R = rare, F = few, C =
common, A = abundant, D = dominant.
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Figure F18. Percentage abundance of planktonic (blue) and benthic (yellow) foraminifers and barren intervals (black), Site U1423. Orange arrows
mark horizons with diverse (oxic) benthic assemblages, green arrows mark horizons with abundant Bolivina pacifica (dysoxia).
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R. Tada et al. Site U1423
Figure F19. Benthic foraminifers from diverse assemblages indicative of more oxic conditions at the seafloor.
Scale bars = 50 µm. 1. Lenticulina sp. (Sample 346-U1423A-16H-CC). 2, 3. Bulimina mexicana (Sample 346-
U1423A-16H-CC). 4. Hoeglundina elegans (Sample 346-U1423A-16H-CC). 5. Martinotiella communis (Sample
346-U1423B-15H-CC). 6, 7. Oridorsalis umbonatus (Sample 346-U1423A-16H-CC); (6) spiral view; (7) umbilical
view. 8, 9. Melonis pompilioides (Sample 346-U1423A-16H-CC); (8) umbilical view (9) side view. 10. Melonis bar-
leeanum (side view) (Sample 346-U1423A-16H-CC). 11. Karreriella sp. (Sample 346-U1423A-16H-CC).
12. Eggerella bradyi (umbilical view) (Sample 346-U1423A-16H-CC). 13. Globobulimina pupoides (Sample 346-
U1423A-16H-CC). 14. Globobulimina pacifica (Sample 346-U1423A-16H-CC). 15. Pyrgo murrhina (umbilical
view) (Sample 346-U1423B-15H-CC). 16. Gyroidina orbicularis (Sample 346-U1423A-16H-CC). 17. Gyroidella sp.
(Sample 346-U1423A-16H-CC). 18, 19. Bolivina quadrilatera; (18) umbilical view (Sample 346-U1423B-15H-
CC); (19) Sample 346-U1423A-16H-CC.
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R. Tada et al. Site U1423
Figure F20. Organically cemented agglutinated foraminifers from Hole U1423A mudline sample. Scale bars =
50 µm. 1, 2, 5. Haplophragmoides sphaeriloculum. 3, 4. Paratrochammina challengeri (spiral view) with detail of
wall structure. 6, 7. Cribrostomoides subglobosus with detail of aperture. 8–10. Miliammina echigoensis; (9) stained
specimen, which exhibits much better preservation than unstained specimens (8) and (10). 11, 12. Jacullela cf.
acuta with detail of wall structure. 13, 14. Hyperammina elongata with detail of initial portion. 15, 16. Rhab-
dammina sp. with detail of wall structure. 17. Paratrochammina challengeri (umbilical view). 18. Haplophrag-
moides sphaeriloculum. 19. Cribrostomoides subglobosus.

1 2 3 4

5 6 7 8

9 10 11 12 13 14 15

16 17 18 19
Proc. IODP | Volume 346 45



R. Tada et al. Site U1423
Figure F21. Ostracods (Sample 346-U1423A-16H-CC). A, B. Henryhowella cf. H. circumdentata (Brady, 1880).
C. Krithe sp. 1. D, E. Krithe sp. 2; (E) detail of a sieve pore. F. Legitimocythere sp.
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R. Tada et al. Site U1423
Figure F22. Solid-phase contents of discrete sediment samples, Site U1423. TC = total carbon, TOC = total or-
ganic carbon, TN = total nitrogen.
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R. Tada et al. Site U1423
Figure F23. Dissolved iron and manganese profiles, Site U1423.

Fe (µM) Mn (µM)

D
ep

th
 C

S
F

-A
 (

m
)

Hole U1423A Hole U1423B

0 5 10 15 0 25 50 75 100 125

10

30

50

70

90

110

130

150

170

190

210

230

250
Proc. IODP | Volume 346 48



R. Tada et al. Site U1423
Figure F24. Dissolved alkalinity, ammonium, and phosphate profiles, Site U1423.
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R. Tada et al. Site U1423
Figure F25. Headspace CH4 concentrations with depth at Site U1423 with Site U1422 for comparison. Note that
values are not meaningful at depths where CH4 surpasses saturation at 1 atm pressure (~40 m CSF-A).
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R. Tada et al. Site U1423
Figure F26. Headspace CH4 and dissolved SO4
2– concentrations with depth, Site U1423.
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R. Tada et al. Site U1423
Figure F27. Dissolved SO4
2– and barium profiles, Site U1423.
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R. Tada et al. Site U1423
Figure F28. Dissolved calcium, magnesium, and strontium profiles, Site U1423.
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R. Tada et al. Site U1423
Figure F29. Dissolved Cl–, Na, and K profiles, Site U1423.
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R. Tada et al. Site U1423
Figure F30. Dissolved B, Li, and silica concentrations with depth, Site U1423. The silica values determined by
spectrophotometer (spec) agree favorably with the values determined on the inductively coupled plasma (ICP)
–atomic emission spectroscopy. Solid circles indicate samples from Hole U1423A and open circles indicate
samples from Hole U1423B.
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R. Tada et al. Site U1423
Figure F33. Suite of physical properties measured in Holes U1423A and U1423B. The first magnetic suscepti-
bility panel shows WRMSL data of Holes U1423A (red) and U1423B (black), whereas the second panel shows
WRSML data of Hole U1423B (black) and point SHMSL susceptibility data of Holes U1423A (blue) and U1423B
(green). WRMSL gamma ray attenuation (GRA) bulk density is from Holes U1423A (red) and U1423B (black).
Natural gamma radiation (NGR) is from in Holes U1423A (light blue) and U1423B (black). P-wave velocity
panel shows combined WRMSL data of Holes U1423A and U1423B. Dashed horizontal lines = lithologic
subunit boundaries, solid horizontal line = lithologic Unit I/II boundary.
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R. Tada et al. Site U1423
Figure F34. P-wave velocity measured with the WRMSL before (~12°C; black) and after (~20°C; blue) tem-
perature equilibrium in Cores 346-U1423B-3H, 7H, and 16H.
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R. Tada et al. Site U1423
Figure F35. Discrete bulk density, grain density, porosity, water content, and shear strength, Site U1423.
Dashed horizontal lines = lithologic subunit boundaries, solid horizontal line = lithologic Unit I/II boundary.
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R. Tada et al. Site U1423
Figure F36. Color reflectance (L*, a*, and b*) in Holes U1423A (black, red, and dark blue lines) and U1423B
(gray, orange, and light blue lines). Dashed horizontal lines = lithologic subunit boundaries, solid horizontal
line = lithologic Unit I/II boundary.
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R. Tada et al. Site U1423
Figure F37. Downhole logs and logging units, Hole U1423B. HSGR = standard (total) gamma radiation, NGR =
natural gamma radiation, RLA1 = shallow apparent resistivity, RLA5 = deep apparent resistivity, MS = magnetic
susceptibility.
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R. Tada et al. Site U1423
Figure F38. Natural gamma radiation downlogs (not corrected for variations in hole diameter), straight (non-
oriented) Formation MicroScanner (FMS) images, and logging units, Hole U1423B. HSGR = standard (total)
gamma radiation, HCGR = computed gamma radiation.
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R. Tada et al. Site U1423
Figure F39. Logging operations summary diagram, Site U1423. FMS = Formation MicroScanner.
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R. Tada et al. Site U1423
Figure F40. Correlation of downhole logs and lithology (110–126 mbsf) in Hole U1423B. The good hole con-
dition allowed the Formation MicroScanner (FMS) pads to have good contact with the borehole wall and gave
good images. NGR = natural gamma radiation, RHOM = high-resolution bulk density log, HSGR = standard
(total) gamma radiation, RA5 = deep apparent resistivity.
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R. Tada et al. Site U1423
Figure F41. Correlation of downhole logs and lithology (230–243 mbsf) in Hole U1423B indicates that ash
layers are more resistive than neighboring beds. RHOM = high-resolution bulk density log, FMS = Formation
MicroScanner.
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R. Tada et al. Site U1423
Figure F42. Plots of heat flow calculations, Hole U1423A. A. In situ sediment temperatures from advanced
piston corer temperature tool (APCT-3) measurements with average values for Cores 346-U1423A-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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djusted (in depth) by a constant amount to align it with adjacent cores at
s). Other features may or may not align among adjacent cores because of
ariable expansion characteristics. The splice is constructed from the com-
g gaps are avoided and drilling disturbance is minimized. Data included in
 in the splice are plotted on the CCSF-A scale. Horizontal light blue lines
er. Only the splice is plotted on the correct y-axis scale; data from Holes
tively, for illustrative purposes. One and two point spikes are artifacts gen-
 sections. The gap in the splice data at 90 m results from missing image

-A. (Continued on next two pages.) 

30 40 50
SF-D and CCSF-A (m) U1423 splice

U1423A + 40
U1423B + 80
U1423C + 120
Figure F43. Composited cores and splice for Site U1423. Each core is a
a chosen tie point (typically a distinctive feature in all of the data set
differential squeezing and stretching during the coring process or to v
posited cores by selecting intervals from different holes such that corin
the splice are plotted on the CCSF-D scale, whereas data not included
indicate tie points where the splice changes from one hole to anoth
U1423A, U1423B, and U1423C are offset by 40, 80, or 120 units, respec
erated when the track sensor measures beyond the end of the ~150 cm
data; it does not reflect a gap in the lithologic section. A. 0–50 m CCSF
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140 150

90 100

U1423 splice
U1423A + 40
U1423B + 80
U1423C + 120
Figure F43 (continued). B. 50–150 m CCSF-A. (Continued on next page.) 
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190 200

U1423 splice
U1423A + 40
U1423B + 80
U1423C + 120
Figure F43 (continued). C. 150–225 m CCSF-A.
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ic and paleomagnetic age control points to establish a
nts.
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Figure F44. Age model and sedimentation rates, Site U1423. A. Synthesis of biostratigraph
preliminary age model. B. Average sedimentation rates calculated between age control poi
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R. Tada et al. Site U1423
Table T1. Coring summary, Site U1423. (Continued on next page.)

Hole U1423A 
Latitude: 41°41.9494′N
Longitude: 139°04.9805′E
Water depth (m): 1785.25
Date started (UTC): 1442 h 21 August 2013
Date finished (UTC): 1455 h 22 August 2013
Time on hole (days): 1.01
Seafloor depth (drill pipe measurement below rig floor, m DRF): 1796.6
Distance between rig floor and sea level (m): 11.35
Penetration DSF (m): 206.6
Cored interval (m): 206.6 
Recovered length (m): 212.89
Recovery (%): 103
Drilled interval (m): NA
Drilled interval: 0
Total cores: 22
APC cores: 22
XCB cores: 0
RCB cores: 0
Other cores: 0

 

Hole U1423B 
Latitude: 41°41.9575′N
Longitude: 139°04.9800′E
Water depth (m): 1785.44
Date started (UTC): 1455 h 22 August 2013 
Date finished (UTC): 2015 h 23 August 2013 
Time on hole (days): 1.22
Seafloor depth (drill pipe measurement below rig floor, m DRF): 1796.8
Distance between rig floor and sea level (m): 11.36
Penetration DSF (m): 249.1 
Cored interval (m): 249.1 
Recovered length (m): 250 
Recovery (%): 100 
Drilled interval (m): NA
Drilled interval: 0 
Total cores: 28 
APC cores: 28 
XCB cores: 0 
RCB cores: 0 
Other cores: 0

 

Hole U1423C 
Latitude: 41°41.9511′N 
Longitude: 139°04.9804′E 
Water depth (m): 1785.22 
Date started (UTC): 2015 h 23 August 2013 
Date finished (UTC): 1236 h 24 August 2013 
Time on hole (days): 0.68 
Seafloor depth (drill pipe measurement below rig floor, m DRF): 1796.6 
Distance between rig floor and sea level (m): 11.38 
Penetration DSF (m): 180.5 
Cored interval (m): 57 
Recovered length (m): 59.07 
Recovery (%): 104 
Drilled interval (m): 123.5 
Drilled interval: 3 
Total cores: 6 
APC cores: 6 
XCB cores: 0 
RCB cores: 0 
Other cores: 0 

Site U1423 totals
Number of cores: 56
Penetration (m): 636.2
Cored (m): 512.7
Recovered (m): 521.96 (101.8%)
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Table T1 (continued).

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, numeric core type = drilled interval. NA = not applicable.

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-U1423A-
1H 21 2150 0.0 7.3 7.3 0.0 7.26 7.26 7.26 99
2H 21 2250 7.3 16.8 9.5 7.3 17.02 9.72 9.72 102
3H 21 2325 16.8 26.3 9.5 16.8 26.63 9.83 9.83 103
4H 22 0020 26.3 35.8 9.5 26.3 36.12 9.82 9.82 103
5H 22 0050 35.8 45.3 9.5 35.8 45.43 9.63 9.63 101
6H 22 0125 45.3 54.8 9.5 45.3 54.96 9.66 9.66 102
7H 22 0205 54.8 64.3 9.5 54.8 64.69 9.89 9.89 104
8H 22 0245 64.3 73.8 9.5 64.3 74.19 9.89 9.89 104
9H 22 0320 73.8 83.3 9.5 73.8 83.64 9.84 9.84 104
10H 22 0405 83.3 92.8 9.5 83.3 93.21 9.91 9.91 104
11H 22 0440 92.8 102.3 9.5 92.8 102.60 9.80 9.80 103
12H 22 0510 102.3 111.8 9.5 102.3 112.11 9.81 9.81 103
13H 22 0600 111.8 121.3 9.5 111.8 121.74 9.94 9.94 105
14H 22 0635 121.3 130.8 9.5 121.3 131.24 9.94 9.94 105
15H 22 0725 130.8 140.3 9.5 130.8 140.56 9.76 9.76 103
16H 22 0840 140.3 149.8 9.5 140.3 150.24 9.94 9.94 105
17H 22 0940 149.8 159.1 9.3 149.8 159.17 9.37 9.37 101
18H 22 1030 159.1 168.6 9.5 159.1 168.93 9.83 9.83 103
19H 22 1105 168.6 178.1 9.5 168.6 178.39 9.79 9.79 103
20H 22 1140 178.1 187.6 9.5 178.1 187.77 9.67 9.67 102
21H 22 1215 187.6 197.1 9.5 187.6 197.27 9.67 9.67 102
22H 22 1300 197.1 206.6 9.5 197.1 207.02 9.92 9.92 104

Total advanced (m): 206.6 Total recovered (m): 212.89

346-U1423B-
1H 22 1555 0.0 4.1 4.1 0.0 4.09 4.09 4.09 100
2H 22 1630 4.1 13.6 9.5 4.1 13.90 9.80 9.80 103
3H 22 1700 13.6 23.1 9.5 13.6 23.39 9.79 9.79 103
4H 22 1735 23.1 32.6 9.5 23.1 32.95 9.85 9.85 104
5H 22 1800 32.6 42.1 9.5 32.6 42.34 9.74 9.74 103
6H 22 1830 42.1 51.6 9.5 42.1 51.74 9.64 9.64 101
7H 22 1900 51.6 61.1 9.5 51.6 61.41 9.81 9.81 103
8H 22 1930 61.1 70.6 9.5 61.1 70.84 9.74 9.74 103
9H 22 2005 70.6 80.1 9.5 70.6 80.47 9.87 9.87 104
10H 22 2035 80.1 89.6 9.5 80.1 89.84 9.74 9.74 103
11H 22 2105 89.6 99.1 9.5 89.6 99.34 9.74 9.74 103
12H 22 2130 99.1 108.6 9.5 99.1 108.87 9.77 9.77 103
13H 22 2200 108.6 118.1 9.5 108.6 118.46 9.86 9.86 104
14H 22 2230 118.1 127.6 9.5 118.1 127.88 9.78 9.78 103
15H 22 2300 127.6 132.6 5.0 127.6 132.85 5.25 5.25 105
16H 22 2345 132.6 142.1 9.5 132.6 142.46 9.86 9.86 104
17H 23 0010 142.1 151.6 9.5 142.1 151.95 9.85 9.85 104
18H 23 0045 151.6 158.1 6.5 151.6 151.60 0.00 0.00 0
19H 23 0115 158.1 167.6 9.5 158.1 167.56 9.46 9.46 100
20H 23 0145 167.6 177.1 9.5 167.6 177.39 9.79 9.79 103
21H 23 0215 177.1 182.6 5.5 177.1 183.07 5.97 5.97 109
22H 23 0340 182.6 192.1 9.5 182.6 192.38 9.78 9.78 103
23H 23 0400 192.1 201.6 9.5 192.1 201.95 9.85 9.85 104
24H 23 0435 201.6 211.1 9.5 201.6 211.47 9.87 9.87 104
25H 23 0500 211.1 220.6 9.5 211.1 220.83 9.73 9.73 102

Total advanced (m): 220.6 Total recovered (m): 220.63

346-U1423C-
11 20 0440 *****Drilled from 0.0 to 114.0 mbsf*****
2H 20 0535 114.0 123.5 9.5 114.0 123.84 9.84 9.84 104
3H 20 0650 123.5 133.0 9.5 123.5 133.42 9.92 9.92 104
4H 20 0740 133.0 142.5 9.5 133.0 142.70 9.70 9.70 102
52 20 0830 *****Drilled from 142.5 to 150.0 mbsf*****
6H 20 0925 150.0 159.5 9.5 150.0 160.00 10.00 10.00 105
73 20 1015 *****Drilled from 159.5 to 161.5 mbsf*****
8H 20 1105 161.5 171.0 9.5 161.5 171.20 9.70 9.70 102
9H 20 1200 171.0 180.5 9.5 171.0 180.91 9.91 9.91 104

Total advanced (m): 180.5 Total recovered (m): 59.07
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Table T2. Visible tephra layers thicker than 0.5 cm, Hole U1423A.

Core, section,
interval (cm)

Thickness
(cm) Color Occurrence

346-U1423A-
1H-2, 112–113 1.0 Dark gray Layered
1H-3, 95–104 2.0 Light gray Layered
1H-4, 72–77 5.0 White Layered
1H-5, 26–30 1.3 White Patched
2H-4, 126–127 1.0 White Layered
3H-1, 52–52.5 0.5 Black Layered
3H-2, 89–90 1.0 Dark gray Layered
3H-3, 19–20 1.0 Gray Layered
3H-3, 38–45 2.0 Gray Layered
3H-3, 112–113.5 1.5 Light gray–gray Layered
3H-4, 44–45 1.0 Dark gray Layered
3H-5, 14–15 1.0 Gray Layered
3H-5, 34–35 1.0 Gray Layered
3H-7, 15–16 1.0 Light gray Layered
4H-3, 44–45 1.0 Gray Layered
4H-3, 109.5–110.5 1.0 Gray Layered
4H-4, 10–12 2.0 Gray Layered
4H-5, 8–8.5 0.5 Light gray Layered
5H-3, 90–91 1.0 Gray Layered
6H-1, 11–27 16.0 Light gray Layered
6H-5, 19–20 1.0 Light gray Layered
6H-6, 100.5–101 0.5 Light gray Layered
7H-1, 14–18 4.0 Light gray–gray Layered
7H-1, 37–37.5 0.5 Gray Layered
7H-3, 88–91 3.0 Light gray–gray Layered
7H-6, 51–52 1.0 Light gray Layered
7H-6, 88–89 1.0 Light gray Layered
7H-6, 112–113 1.0 Light gray Layered
8H-1, 34–38 4.0 White Layered
8H-2, 131–133 0.7 Light gray Patched
8H-5, 3–5 2.0 Light gray Layered
8H-6, 18–20 2.0 Light gray Layered
8H-6, 23.5–25 1.5 Light gray Layered
8H-6, 56–59 1.0 Light gray Patched
8H-6, 80–82 2.0 White Layered
8H-7, 46–49 3.0 Light gray Layered
9H-1, 124–126 2.0 Gray Layered
9H-3, 39–41 2.0 Light gray Layered
9H-5, 56–62 6.0 Light gray Layered
9H-6, 85–86 1.0 Gray Layered
10H-1, 43.5–47 1.2 Light gray Patched
10H-3, 106–109.5 3.5 Light gray Layered
11H-1, 42–46 1.3 Light gray–gray Patched
11H-6, 91–94.5 1.2 Gray Patched
11H-6, 112–115 3.0 White Patched
13H-3, 29.5–31 0.5 White Patched
13H-5, 7–22 15.0 White Layered
14H-2, 86.5–91.5 5.0 Light gray Layered
14H-2, 99.5–101 0.5 Light gray Patched
19H-4, 55–61 6.0 Light gray Layered
20H-1, 81–84 3.0 Light gray Layered
20H-1, 127–130 3.0 Gray Layered
20H-3, 93–95 2.0 Gray Layered
20H-6, 77–94 17.0 White–light gray Layered
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Table T3. XRD analysis of bulk samples, Site U1423.

Core section,
interval (cm)

Top depth
CSF-A (m)

Smectite
(counts)

Illite
(counts)

Kaolinite
+ chlorite
(counts)

Opal-A
(counts)

Quartz
(counts)

K-feldspar
(counts)

Plagioclase
(counts)

Calcite
(counts)

Halite
(counts)

Pyrite
(counts)

346-U1423A-
1H-2, 100.0–101.0 2.5 304 562 474 0 4033 301 718 977 299 343
2H-1, 122.0–123.0 8.52 250 176 164 9 3787 0 713 113 284 68
3H-1, 90.0–91.0 17.7 194 545 319 10 5193 294 777 365 177 0
4H-1, 52.0–53.0 26.82 276 606 431 0 5222 287 702 130 279 0
5H-1, 91.0–92.0 36.71 288 383 247 0 3422 0 440 2191 240 81
6H-1, 95.0–96.0 46.25 212 481 357 4 5017 220 680 91 241 53
7H-1, 81.0–82.0 55.61 154 275 227 46 4393 228 593 0 221 87
8H-1, 86.0–87.0 65.16 232 208 150 44 3616 0 664 0 254 84
8H-5, 74.5–75.5 71.045 215 186 150 50 4006 0 692 0 187 132
9H-1, 133.0–134.0 75.13 238 505 381 30 4718 279 615 0 198 124
10H-1, 108.0–109.0 84.38 202 343 254 15 4490 200 677 0 194 0
11H-1, 83.0–84.0 93.63 210 454 335 5 4640 261 702 0 239 0
12H-1, 90.0–91.0 103.2 210 363 291 33 4079 180 485 0 286 90
13H-2, 93.0–94.0 114.23 101 161 135 93 3435 184 420 0 330 105
14H-1, 78.0–79.0 122.08 79 255 99 139 2344 124 361 0 409 0
15H-1, 86.0–87.0 131.66 110 143 140 39 3095 150 523 0 267 68
16H-1, 96.0–97.0 141.26 150 232 150 79 3021 130 487 0 337 75
17H-1, 74.0–75.0 150.54 123 190 166 121 2599 130 368 0 450 106
18H-1, 86.0–87.0 159.96 166 148 136 55 3416 150 404 0 358 93
19H-1, 88.0–89.0 169.48 212 260 190 48 3721 462 0 284 78
20H-1, 104.0–105.0 179.14 143 123 138 90 2735 504 0 306 81
21H-1, 87.0–88.0 188.47 111 151 122 153 2485 129 356 0 340 103
22H-1, 84.0–85.0 197.94 160 195 193 174 2342 91 424 0 389 86
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D = diatom. LO = last occurrence, FO = first occurrence, Br = base reentrance, RD = rapid

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

Top Bottom Midpoint ± Top Bottom Midpoint ±

0 7.22 3.61 3.61 0 7.22 3.61 3.61
7.22 16.97 12.10 4.88 7.22 17.44 12.33 5.11

16.97 26.58 21.78 4.81 17.44 27.44 22.44 5.00
26.58 36.07 31.33 4.75 27.44 37.61 32.52 5.08
36.07 36.93 36.50 0.43 37.61 39.07 38.34 0.73
36.07 41.07 38.57 2.50 37.61 43.21 40.41 2.80
45.38 54.91 50.15 4.77 47.52 57.30 52.41 4.89
54.91 74.14 64.53 9.61 57.30 77.74 67.52 10.22
54.91 76.05 65.48 10.57 57.30 79.89 68.59 11.29
64.64 74.14 69.39 4.75 67.64 77.74 72.69 5.05
74.14 93.17 83.66 9.52 77.74 97.36 87.55 9.81

112.06 121.70 116.88 4.82 116.07 126.60 121.33 5.27
112.06 121.70 116.88 4.82 116.07 126.60 121.33 5.27
131.19 140.51 135.85 4.66 136.17 145.95 141.06 4.89
168.88 178.34 173.61 4.73 175.71 185.82 180.77 5.06
178.34 187.73 183.04 4.69 185.82 195.35 190.58 4.76
178.34 187.73 183.04 4.69 185.82 195.35 190.59 4.76
197.22 206.97 202.10 4.88 205.13 215.06 210.10 4.96

9.29 28.10 18.70 9.41 9.73 29.26 19.49 9.77
41.92 46.42 44.17 2.25 43.35 48.56 45.95 2.60

132.8 142.40 137.60 4.80 138.69 147.96 143.32 4.63
192.33 201.90 197.12 4.79 199.54 209.35 204.44 4.90
220.78 230.10 225.44 4.66 228.40 237.72 233.06 4.66
239.95 249.47 244.71 4.76 247.57 257.09 252.33 4.76
Table T4. Datum table, Site U1423.

NA = not applicable. R = radiolarian, PF = planktonic foraminifer, CN = calcareous nannofossil, 
decrease, RI = rapid increase.

Core, section, interval (cm) Event
type

Age
(Ma)Top Bottom Bioevents and epoch boundaries

346-U1423A- 346-U1423A-
NA 1H-CC R LO Lychnocanoma sakaii 0.05
1H-CC 2H-CC R LO Amphimelissa setosa 0.08
2H-CC 3H-CC R LO Spongodiscus sp. 0.29
3H-CC 4H-CC D LO Proboscia curvirostris 0.3
4H-CC 5H-1W, 113−114 CN LO Pseudoemiliania lacunosa 0.44
4H-CC 5H-4W, 77−78 PF LO Neogloboquadrina kagaensis group 0.70
5H-CC 6H-CC D LO Actinocyclus oculatus 1.0
6H-CC 8H-CC CN Br Gephyrocapsa >4 µm 1.04
6H-CC 9H-2W, 75−76 CN LO Calcidiscus macintyrei 1.6
7H-CC 8H-CC D LO Neodenticula koizumii 2.0
8H-CC 10H-CC R LO Axoprunum acquilonium 1.2−1.7

Pliocene/Pleistocene boundary 2.59

12H-CC 13H-CC D LO Neodenticula kamtschatica 2.6−2.7
12H-CC 13H-CC R FO Cycladophora davisiana 2.7
14H-CC 15H-CC D FO Neodenticula koizumii 3.4−3.9
18H-CC 19H-CC R FO Hexacontium parviakitaensis 3.9−4.3
19H-CC 20H-CC R LO Dictyophimus bullatus 3.9−4.3
19H-CC 20H-CC R RD Siphocampe arachnea group 4.46
21H-CC 22H-CC R FO Dictyophimus bullatus 4.4

346-U1423B- 346-U1423B-
2H-4W, 69−70 4H-4W, 53−54 CN FO Emiliania huxleyi 0.29
5H-7W, 32−33 6H-3W, 132−133 PF LO Neogloboquadrina kagaensis group 0.70
15H-CC 16H-CC D FO Neodenticula koizumii 3.4−3.9
22H-CC 23H-CC R FO Dictyophimus bullatus 4.4
25H-CC 26H-CC R RI Siphocampe arachnea group 4.71
27H-CC 28H-CC D LO Thalassiosira jacksonii 4.81
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Table T5. Preservation and estimated abundance of calcareous nannofossils, Site U1423. (Continued on next
page.)
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346-U1423A- 
1H-CC 7.22 7.26 P R R 
2H-CC 16.97 17.02 B 
3H-3, 48–49 20.28 20.29 B 
3H-5, 140–141 24.20 24.21 B 
3H-7, 59–60 26.39 26.40 B 
3H-CC 26.58 26.63 B 
4H-1, 50–51 26.80 26.81 M R R R R R 
4H-4, 92–93 31.67 31.68 G D R D 
4H-7, 27–28 35.52 35.53 B 
4H-CC 36.07 36.12 G A R C A F A C F 
5H-1, 113–114 36.93 36.94 G A R R F F D R C 
5H-4, 53–54 40.83 40.84 P R R R R R 
5H-7, 39–40 45.00 45.01 M F F F F R 
5H-CC 45.38 45.43 M R R R R 
6H-1, 70–71 46.00 46.01 M F R F F R F F 
6H-2, 94–95 47.74 47.75 M C R F * R F A D F 
6H-4, 22–23 49.97 49.98 B 
6H-CC 54.91 54.96 M F R F * R R F R 
7H-CC 64.64 64.69 B 
8H-CC 74.14 74.19 B 
9H-2, 75–76 76.05 76.06 M A C R A F C R F F 
9H-CC 83.60 83.64 B 
10H-5, 18–19 89.48 89.49 B 
10H-CC 93.17 93.21 B 
11H-5, 91–92 99.71 99.72 B 
11H-7, 36–37 102.16 102.17 B 
11H-CC 102.55 102.60 B 
12H-6, 119–120 110.99 111.00 B 
12H-CC 112.06 112.11 B 
13H-3, 70–71 115.50 115.51 B 
13H-7, 40–41 121.20 121.21 B 
13H-CC 121.70 121.74 B 
14H-6, 59–60 129.39 129.40 B 
14H-CC 131.19 131.24 B 
15H-CC 140.51 140.56 B 
16H-2, 98–99 142.78 142.79 M A R R C C A * R F F 
16H-CC 150.20 150.24 M R R R R R 
17H-1, 12–13 149.92 149.93 B 
17H-CC 159.12 159.17 B 
18H-CC 168.88 168.93 B 
19H-CC 178.34 178.39 B 
20H-CC 187.73 187.77 B 
21H-CC 197.22 197.27 B 
22H-CC 206.97 207.02 B 

346-U1423B-
1H-2, 80–81 2.30 2.31 M R R R R 
2H-4, 69–70 9.29 9.30 M F R F F R F 
3H-5, 80–81 20.40 20.41 B 
4H-4, 53–54 28.10 28.11 M R R R R 
4H-6, 98–99 31.55 31.56 G D R D 
5H-3, 85–86 36.45 36.46 M C R R R R F F C R C R 
5H-4, 135–136 38.45 38.46 M C C F A C F 
5H-7, 15–16 41.75 41.76 M R R F R 
5H-7, 32–33 41.92 41.93 M F R F R R 
6H-3, 132–133 46.42 46.43 P F F F F 
7H-1, 132–133 52.92 52.93 M F F R R F 
7H-2, 45–46 53.55 53.56 G D D A 
9H-2, 50–51 72.60 72.61 M F C R F F 
9H-5, 75–76 77.35 77.36 M A F C C R F R 
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* = indicates species not in situ. Preservation: G = good, M = moderate, P = poor. Abundance: D = dominant, A = abundant, C = common, F =
few, R = rare, B = barren. Shaded intervals = barren.

10H-2, 130–131 82.86 82.87 B 
15H-1, 75–76 128.35 128.36 B 
15H-CC 132.80 132.85 B 
16H-3, 85–86 136.45 136.46 M R R 
16H-CC 142.41 142.46 B 
17H-CC 151.91 151.95 M R F 
22H-CC 192.33 192.38 B 
23H-CC 201.90 201.95 B 
24H-CC 211.42 211.47 B 
25H-CC 220.78 220.83 B 
26H-CC 230.10 230.15 B 
27H-CC 239.95 240.00 B 
28H-CC 249.47 249.52 B 

346-U1423C-
2H-CC 123.79 123.84 B 
3H-CC 133.37 133.42 B 
6H-CC 159.95 160.00 B 
8H-CC 171.02 171.05 B 
9H-CC 180.86 180.91 B 
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Table T5 (continued).
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Table T6. Preservation and estimated abundance of radiolarians, Holes U1423A and U1423B.

Preservation: G = good, M = moderate, P = poor. Abundance: A = abundant, C = common, F = few, R = rare, P = present. 
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346-U1423A-
1H-CC 7.22 7.26 G F R A R R F F 
2H-CC 16.97 17.02 M A C F P P C A 
3H-CC 26.58 26.63 M R P F R R F 
4H-CC 36.07 36.12 M A F F P A F 
5H-CC 45.38 45.43 G C A R P P 
6H-CC 54.91 54.96 G A P A F R C F 
7H-CC 64.64 64.69 G A R F C C F F R P R F F 
8H-CC 74.14 74.19 G A C A C P 
9H-CC 83.60 83.64 P R C P P 
10H-CC 93.17 93.21 G A F F C A A P C F R P C 
11H-CC 102.55 102.60 G A R C F C P C R C 
12H-CC 112.06 112.11 G A P C R F F P C C P P 
13H-CC 121.70 121.74 G A F F C F F 
14H-CC 131.19 131.24 G A F C R F P R 
15H-CC 140.51 140.56 G C P C F F F P 
16H-CC 150.20 150.24 G C R R F C 
17H-CC 159.12 159.17 G C R C F P C F F F 
18H-CC 168.88 168.93 G A F F C F R 
19H-CC 178.34 178.39 G C P R C R 
20H-CC 187.73 187.77 G A P A P C P P 
21H-CC 197.22 197.27 G A P P P C R 
22H-CC 206.97 207.02 G A P R A 

346-U1423B-
22H-CC 192.33 192.38 G A P A P P R 
23H-CC 201.90 201.95 G A R C P 
24H-CC 211.42 211.47 G A R F A P F P 
25H-CC 220.78 220.83 G A R F C R 
26H-CC 230.10 230.15 G A F F C R 
27H-CC 239.95 240.00 G A P F C R P 
28H-CC 249.47 249.52 G A P C C F F P 
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Table T7. Preservation and estimated abundance of diatoms, Holes U1423A and U1423B.

Preservation: G = good. Abundance: Ma = massive, D = dominant, A = abundant, C = common, F = few, R = rare.
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Comments

346-U1423A-
1H-CC 7.22 7.26 G F F F F F F F F F F 
2H-CC 16.97 17.02 G C F F C F F R R F F C F Spicules
3H-CC 26.58 26.63 G F R R R F R F R Silicoflagellates
4H-CC 36.10 36.12 G C Ma R R R R R C F F R F R C R R R R Spicules
5H-CC 45.38 45.43 G A R R R R A R C R R R R Silicoflagellates, Chaetoceros branches
6H-CC 54.91 54.96 G F C R Ma R R R R R R R R C Phytoliths, spicules, Chaetoceros branches
7H-CC 64.60 64.69 G F F Ma R R R R R R R R Chaetoceros branches
8H-CC 74.14 74.19 G D C F F R R C C C F C C R Chaetoceros branches, silicoflagellates
9H-CC 83.60 83.64 G C R R R F R R R C R R R Big Coscinodiscus marginatus, silicoflagellates, Chaetoceros branches
10H-CC 93.17 93.21 G C R A F R R F C F C R R Spicules
11H-CC 103.00 102.60 G C R F F C R C C R Chaetoceros branches
12H-CC 112.10 112.11 G D Ma F F C R R C R Big Coscinodiscus marginatus, spicules
13H-CC 121.70 121.74 G A F F R F F C C R C F C R R R R Chaetoceros branches
14H-CC 131.20 131.24 G D R R Ma F R A A C C C R R Big Coscinodiscus marginatus, Chaetoceros vegetative cell remains
15H-CC 140.50 140.56 G D R A R R F A F R C R 
16H-CC 150.20 150.24 G A F R R F F R F F C R Spicules, Chaetoceros branches
17H-CC 159.12 159.17 G D R F R R F A C C R R R R Big Coscinodiscus marginatus, Chaetoceros branches
18H-CC 168.88 168.93 G A C F R F A F C R R R Big Coscinodiscus marginatus, silicoflagellates, Chaetoceros branches
19H-CC 178.34 178.39 G A R F F A R F R Big Coscinodiscus marginatus, silicoflagellates, spicules
20H-CC 187.73 187.77 G D R R C C R Ma F R C R Silicoflagellates, spicules
21H-CC 197.20 197.27 G D R R C F C Ma C R C R Big Coscinodiscus marginatus, silicoflagellates, Chaetoceros branches
22H-CC 206.97 207.02 G A R R R R R Ma F F R R R Big Coscinodiscus marginatus, Chaetoceros vegetative cell remains

346-U1423B-
15H-CC 132.80 132.85 G A C F F A C F r A R Spicules
16H-CC 142.41 142.46 G C C F A R A R C F R R Spicules
17H-CC 151.91 151.95 G C R R C R C R R A C r C R Chaetoceros branches
22H-CC 192.33 192.38 G A R R R R R R R C F F R C R R Chaetoceros branches, silicoflagellates, spicules
23H-CC 201.90 202.00 G A C R R R C R R A C F R R R Silicoflagellates, spicules
24H-CC 211.42 211.47 G C R C R R R F F A R R R Spicules
25H-CC 221.00 220.83 G C A R R R F F C A R F Spicules
26H-CC 230.10 230.15 G C R R F R R R F A R A R F R R Chaetoceros branches, silicoflagellates, spicules
27H-CC 240.00 240.00 G A F R R F A R A R R Chaetoceros branches, silicoflagellates, spicules
28H-CC 249.47 249.52 G D R R C A R A F R R C R Chaetoceros branches, silicoflagellates, spicules
23
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Table T8. Preservation and estimated abundance of planktonic foraminifers, Holes U1423A and U1423B. (Con-
tinued on next page.) 
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346-U1423A-
1H-CC 7.22 7.26 G A 99 25 3 2 2 68 100 33.3
2H-CC 16.97 17.02 A 20 14 2 6 22 7.33
3H-CC 26.58 26.63 A 99 30 2 1 67 100 33.3
4H-CC 36.07 36.12 G A 95 33 72 105 35
5H-4, 77–78 41.07 41.08 M A 100 38 9 4 1 2 4 3 46 107 1070
5H-CC 45.38 45.43 P A 88 22 1 1 76 100 33.3
6H-CC 54.91 54.96 G A 88 49 6 1 8 2 27 1 94 31.3
7H-CC 64.64 64.69 M R 80 12 3 4 19 6.33
8H-CC 74.14 74.19 M R 100 3 2 5 1.67
9H-CC 83.60 83.64 B 0 0
10H-5, 18–19 89.48 89.49 B 0 0
10H-CC 93.17 93.21 B 0 0
11H-5, 91–92 99.71 99.72 B 0 0
11H-7, 36–37 102.16 102.17 P R 1 1 10
11H-CC 102.55 102.60 B 0 0
12H-6, 119–120 110.99 111.00 B 0 0
12H-CC 112.06 112.11 B 0 0
13H-3, 70–71 115.50 115.51 B 0 0
13H-CC 121.70 121.74 B 0 0
14H-CC 131.19 131.24 B 0 0
15H-CC 140.51 140.56 B 0 0
16H-2, 98–99 142.78 142.79 M R 100 6 7 1 1 1 1 4 1 22 220
16H-CC 150.20 150.24 G A 70 25 30 3 10 18 37 20 3 146 48.7
17H-1, 20–21 150.00 150.01 B 0 0
18H-CC 168.88 168.93 B 0 0
19H-CC 178.34 178.39 B 0 0
20H-CC 187.73 187.77 B 0 0
21H-CC 197.22 197.27 B 0 0
22H-CC 206.97 207.02 G R 18 3 1 4 1.33

346-U1423B-
4H-4, 53–54 28.10 28.11 M D 100 21 1 77 99 990
4H-6, 64–65 31.21 31.22 M D 90 30 1 2 2 1 75 111 1110
4H-6, 98–99 31.55 31.56 M D 100 20 5 17 1 2 2 53 100 1000
5H-3, 85–86 36.45 36.46 M D 100 38 3 4 2 55 102 1020
5H-4, 135–136 38.45 38.46 G D 100 1 1 1 97 100 1000
5H-7, 32–33 41.92 41.93 G D 100 65 1 1 1 1 28 97 970
6H-3, 132–133 46.42 46.43 G D 100 48 1 1 1 36 87 870
6H-5, 48–49 48.58 48.59 G D 99 30 2 3 2 3 55 95 950
7H-1, 132–133 52.92 52.93 G D 100 43 6 5 2 44 100 1000
7H-2, 45–46 53.55 53.56 G D 100 40 6 5 7 20 2 23 1 104 1040
8H-2, 118–119 63.78 63.79 M D 100 40 3 6 3 46 98 980
8H-6, 43–44 69.03 69.04 G D 88 49 4 5 6 37 101 1010
9H-2, 50–51 72.6 72.61 P D 95 51 1 3 3 2 21 5 2 88 880
9H-5, 75–76 77.35 77.36 P F 100 2 2 4 40
10H-2, 130–131 82.86 82.87 B 0 0
15H-CC 132.80 132.85 M A 81 32 7 1 19 4 6 13 82 27.3
16H-CC 142.41 142.46 B 0 0
17H-CC 151.91 151.95 B 0 0
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Numbers of specimens in core catcher samples refer to ~30 cm3, whereas numbers in core samples refer to 1 cm3. Preservation: G = good, M =
moderate, P = poor. Abundance: D = dominant, A = abundant, F = few, R = rare, B = barren. Shaded intervals = barren.

Table T9. Benthic foraminifers, Site U1423. This table is available in an oversized format.

22H-CC 192.33 192.38 B 0 0
23H-CC 201.90 201.95 B 0 0
24H-CC 211.42 211.47 B 0 0
25H-CC 220.78 220.83 B 0 0
26H-CC 230.10 230.15 B 0 0
27H-CC 239.95 240.00 B 0 0
28H-CC 249.47 249.52 B 0 0

346-U1423C-
2H-CC 123.79 123.84 B 0 0
3H-CC 133.37 133.42 B 0 0
4H-CC 142.65 142.70 P R 40 8 6 4 0 2 9 3 32 10.7
6H-CC 159.95 160.00 B 0
8H-CC 171.02 171.05 B 0
9H-CC 180.86 180.91 B 0

Core, section,
interval (cm)

Top
depth

CSF-A (m)

Bottom
depth

CSF-A (m) Pr
es

er
va

tio
n

A
b

un
d

an
ce

%
 P

la
nk

to
ni

c 
fo

ra
m

in
ife

rs

G
lo

bi
ge

rin
a 

bu
llo

id
es

G
lo

bi
ge

rin
a 

um
bi

lic
at

a

G
lo

bi
ge

rin
a 

qu
in

qu
el

ob
a

G
lo

bi
ge

rin
a 

sp
.

G
lo

bo
ro

ta
lia

 p
ra

ei
nf

la
ta

N
eo

gl
ob

oq
ua

dr
in

a 
cf

. a
sa

no
i

N
eo

gl
ob

oq
ua

dr
in

a 
du

te
rt

re
i

N
eo

gl
ob

oq
ua

dr
in

a 
in

co
m

pt
a

N
eo

gl
ob

oq
ua

dr
in

a 
ka

ga
en

si
s 

an
d 

N
eo

gl
ob

oq
ua

dr
in

a 
in

gl
ei

N
eo

gl
ob

oq
ua

dr
in

a 
pa

ch
yd

er
m

a

N
eo

gl
ob

oq
ua

dr
in

a 
pa

ch
yd

er
m

a 
(d

)

N
eo

gl
ob

oq
ua

dr
in

a 
pa

ch
yd

er
m

a 
(s

)

N
eo

gl
ob

oq
ua

dr
in

a 
sp

.

O
rb

ul
in

a 
un

iv
er

sa

To
ta

l n
um

b
er

 o
f p

la
nk

to
ni

c 
fo

ra
m

in
ife

rs

To
ta

l p
la

nk
to

ni
c 

fo
ra

m
in

ife
rs

/1
0 

cm
3

Table T8 (continued).
Proc. IODP | Volume 346 84



R. Tada et al. Site U1423
Table T10. Calcium carbonate, total carbon (TC), total organic carbon (TOC), and total nitrogen (TN) contents
on interstitial water squeeze cake sediment samples, Site U1423. 

Blank cells = not analyzed.

Core, section,
interval (cm)

Top depth
CSF-A (m)

Calcium
carbonate

(wt%)
TC

(wt%)
TOC

(wt%)
TN

(wt%)

346-U1423A-
1H-1, 145–150 1.45 1.14 2.25 2.11 0.31
1H-4, 145–150 5.95 0.50 0.40 0.34 0.15
2H-1, 145–150 8.75 0.86 0.27 0.17 0.15
2H-4, 145–150 13.25 0.76 1.00 0.91 0.22
3H-1, 145–150 18.25 0.20 1.18 1.15 0.22
3H-4, 145–150 22.75 0.24 0.42 0.39 0.14
4H-1, 140–145 27.70 0.17 2.35 2.33 0.31
4H-4, 145–150 32.20 0.39 0.75 0.71 0.19
5H-1, 145–150 37.25 1.14 2.55 2.42 0.31
5H-4, 145–150 41.75 14.27 2.79 1.08 0.19
6H-1, 145–150 46.75 0.42 0.89 0.84 0.21
6H-4, 145–150 51.20 0.65 0.58 0.50 0.16
7H-1, 145–150 56.25 0.88 0.55 0.44 0.18
7H-4, 145–150 60.75 0.25 0.46 0.43 0.17
8H-1, 145–150 65.75 0.26 1.84 1.81 0.26
8H-4, 145–150 70.25 0.94 0.39 0.27 0.13
9H-1, 145–150 75.25 0.32 2.13 2.09 0.26
9H-4, 145–150 79.75 0.40 0.46 0.41 0.16
10H-1, 145–150 84.75 0.29 0.27 0.23 0.15
10H-4, 145–150 89.25 0.26 0.39 0.36 0.15
11H-1, 145–150 94.25 0.33 0.47 0.43 0.17
11H-4, 145–150 98.75 0.21 0.74 0.71 0.18
12H-1, 145–150 103.75 0.32 1.31 1.27 0.22
12H-4, 145–150 108.25 0.31 0.48 0.44 0.17
13H-1, 145–150 113.25 0.26
13H-4, 145–150 117.75 0.27 0.56 0.52 0.17
14H-1, 145–150 122.75 0.26 0.44 0.41 0.15
15H-1, 145–150 132.25 0.32 0.53 0.49 0.18
16H-1, 145–150 141.75 0.26 0.72 0.69 0.19
17H-1, 145–150 151.25 0.27
18H-1, 145–150 160.55 0.31 0.51 0.47 0.17
19H-1, 145–150 170.05 0.27 0.51 0.48 0.16
20H-1, 145–150 179.55 0.27 0.41 0.38 0.14
21H-1, 145–150 189.05 0.41 0.55 0.50 0.14
22H-1, 145–150 198.55 0.27 0.48 0.45 0.15

346-U1423B-
23H-3, 145–150 196.55 0.21 0.65 0.63 0.17
24H-3, 145–150 206.05 0.29 0.41 0.38 0.15
25H-3, 145–150 215.55 0.27 0.49 0.45 0.16
26H-3, 145–150 225.05 0.23 0.61 0.58 0.16
27H-3, 145–150 234.55 0.28 0.52 0.49 0.16
28H-3, 145–150 244.05 0.12
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P 86

Table T11. Interstitial water geochemistry, Site U1423. 

M pled plasma–atomic emission spectroscopy, Spec = UV-VIS spectrophotometer. BD = below detection.

Core, section,
interval (cm)

Top depth
CSF-A (m)

Sample
type

Volume
squeezed

(mL)

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 

Mg
(mM)
ICP 

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

 H4SiO4
(µM)
Spec

1.7 10.1 412 BD BD 22 BD 112 87 93 1.4 98
9.8 11.7 583 6 BD 23 123 627 93 315 54.4 566
7.1 11.8 556 15 4.8 18 23 516 87 771 79.3 500
5.6 11.4 524 26 2.6 17 19 588 88 1047 94.6 535
2.5 10.8 586 12 BD 15 16 589 83 1080 98.7 612
1.3 10.8 623 9 BD 18 9 625 88 1521 102.3 599
0.4 10.7 552 22 1.1 19 10 628 88 1761 105.6 620
8.8 10.2 615 24 9.1 23 3 641 92 1946 105.3 665
9.3 10.7 621 55 4.3 29 1 751 103 1852 101.8 720
8.4 10.4 608 62 2.0 30 BD 750 107 2058 97.8 755
7.0 10.2 651 229 6.7 36 BD 776 119 2201 93.5 747
5.8 10.1 616 692 4.7 35 BD 736 120 2339 93.7 749
5.4 10.0 629 1373 6.8 33 1 832 128 2346 76.7 804
6.5 10.4 629 2455 3.7 32 BD 791 137 2352 69.9 813
4.3 9.8 680 3375 5.1 32 BD 878 151 2185 63.9 845
4.9 10.1 679 3453 2.9 31 1 848 147 2434 60.1 847
5.4 10.5 763 4317 5.0 38 2 1024 172 2141 50.5 906
4.5 10.3 758 4325 BD 38 3 912 162 2317 43.3 904
4.5 10.2 653 4454 1.1 40 4 894 162 2337 38.6 899
3.8 10.0 711 4606 4.6 45 7 933 167 2106 38.1 938
3.4 10.1 743 4763 3.8 46 9 934 167 2233 38.0 959
2.7 10.0 718 4775 BD 52 9 927 172 2144 34.2 933
2.4 9.9 769 4967 BD 55 11 1006 177 2307 32.5 992
2.3 9.6 830 5289 2.0 59 12 1039 184 2298 35.9 998
1.6 9.7 831 5056 3.9 61 12 1111 177 2387 26.7 1095
1.1 9.6 831 5048 2.4 65 12 1064 184 2271 24.9 1040
0.9 9.6 827 4863 4.3 67 11 1116 180 2369 21.2 1065
0.6 9.5 871 4737 2.1 72 11 1136 183 2004 21.8 1098
0.0 9.5 866 4539 5.0 76 10 1145 184 2199 13.4 1115

2172 12.8 1103
9.5 9.4 827 4097 5.7 81 7 1105 182 2229 16.1 1115
9.2 9.1 957 4159 2.0 92 7 1193 196 1994 6.6 1140
9.1 9.2 904 3882 4.2 87 7 1201 185 2059 6.5 1220
8.3 8.9 922 3612 3.7 92 14 1160 186 2463 7.4 1182
8.0 8.9 910 3595 1.0 92 15 1183 186 1982 7.0 1204
7.8 8.8 909 3391 1.1 95 18 1133 187 1970 5.2 1164
7.2 8.7 872 3427 1.2 96 18 1109 189 2168 6.7 1122
6.2 8.4 947 3291 1.6 98 23 1206 191 1890 5.0 1208
6.3 8.6 1009 3462 2.0 104 25 1317 199 2235 9.0 1254
6.5 8.5 970 3364 1.3 102 24 1273 196 1975 4.0 1260
5.4 8.4 1026 3374 2.2 101 25 1291 195 1996 6.2 1302
5.9 8.5 1118 3599 2.1 114 30 1563 217 1968 6.8 1434
5.8 8.3 1009 3245 4.0 103 27 1377 196 1874 7.2 1420
5.4 8.1 1028 3190 1.2 102 25 1315 196 2079 7.7 1368
5.1 8.1 1089 3236 BD 109 27 1382 203 1910 5.0 1387

5.1 8.0 1042 3079 1.8 103 25 1353 192 1916 1354
5.1 8.2 1047 3150 BD 104 24 1339 198 1948 1344
4.7 7.8 1004 2960 BD 106 25 1326 199 1866 1347
4.0 7.8 1138 2953 1.2 113 29 1550 206 2030 1512
4.1 7.5 1062 2812 BD 108 27 1412 198 1796 1452
3.3 7.4 1072 2860 BD 110 25 1403 202 1776 1415
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L = mudline, IW-Sq = interstitial water from whole-round squeezing. ISE = ion-selective electrode, Refract = refractometer, IC = ion chromatograph, ICP = inductively cou

346-U1423A-
1H-1, 0–5 0.00 ML 50 2.4 7.6 35 541 564 28.6 0.86 468 10.2 5
1H-1, 145–150 1.45 IW-Sq 50 6.1 7.5 35 548 564 25.8 0.87 472 9.8 4
1H-4, 145–150 5.95 IW-Sq 42 12.0 7.7 35 537 562 19.7 0.87 461 8.5 4
2H-1, 145–150 8.75 IW-Sq 40 15.5 7.7 34 535 560 16.2 0.87 458 7.7 4
2H-4, 145–150 13.25 IW-Sq 40 19.0 7.6 34 538 559 12.3 0.87 436 6.5 4
3H-1, 145–150 18.25 IW-Sq 36 21.5 7.7 34 535 445 5.6 4
3H-4, 145–150 22.75 IW-Sq 40 24.4 7.6 34 536 557 6.0 0.88 437 5.3 4
4H-1, 140–145 27.70 IW-Sq 40 24.9 7.4 34 532 553 4.1 0.87 432 4.8 3
4H-4, 145–150 32.20 IW-Sq 36 25.6 7.4 34 534 553 2.6 0.88 452 4.6 3
5H-1, 145–150 37.25 IW-Sq 38 26.1 7.4 34 529 562 1.8 0.90 450 4.7 3
5H-4, 145–150 41.75 IW-Sq 42 27.1 7.4 34 535 560 1.0 0.90 438 4.7 3
6H-1, 145–150 46.75 IW-Sq 40 27.1 7.4 34 539 435 4.9 3
6H-4, 145–150 51.20 IW-Sq 42 27.7 7.4 34 542 562 0.6 0.90 436 5.0 3
7H-1, 145–150 56.25 IW-Sq 40 33 457 5.6 3
7H-4, 145–150 60.75 IW-Sq 37 27.7 7.3 34 539 436 5.5 3
8H-1, 145–150 65.75 IW-Sq 50 34 563 0.7 0.90 453 6.1 3
8H-4, 145–150 70.25 IW-Sq 44 27.3 7.4 34 540 470 6.4 3
9H-1, 145–150 75.25 IW-Sq 40 26.4 7.4 34 541 563 0.4 0.91 467 6.6 3
9H-4, 145–150 79.75 IW-Sq 50 26.3 7.5 34 543 471 7.0 3
10H-1, 145–150 84.75 IW-Sq 40 26.2 7.4 34 541 464 7.2 3
10H-4, 145–150 89.25 IW-Sq 44 25.8 7.4 33 543 567 0.4 0.92 468 7.4 3
11H-1, 145–150 94.25 IW-Sq 46 24.8 7.5 34 544 559 0.5 0.90 467 7.7 3
11H-4, 145–150 98.75 IW-Sq 38 24.6 7.4 34 542 561 0.5 0.91 462 7.8 3
12H-1, 145–150 103.75 IW-Sq 48 23.9 7.3 33 544 468 8.0 3
12H-4, 145–150 108.25 IW-Sq 52 23.9 7.7 33 543 466 8.1 3
13H-1, 145–150 113.25 IW-Sq 48 23.1 7.4 33 543 564 0.5 0.92 466 8.3 3
13H-4, 145–150 117.75 IW-Sq 56 22.3 7.4 33 537 470 8.4 3
14H-1, 145–150 122.75 IW-Sq 44 22.1 7.3 33 544 564 0.5 0.91 472 8.6 3
14H-4, 145–150 127.25 IW-Sq 52 21.8 7.3 33 545 467 8.6 3
15H-1, 145–150 132.25 IW-Sq 51 20.8 7.3 33 542
15H-4, 145–150 136.75 IW-Sq 43 21.0 7.5 33 542 468 8.8 2
16H-1, 145–150 141.75 IW-Sq 42 19.9 7.3 33 551 471 9.0 2
16H-4, 145–150 146.25 IW-Sq 48 20.0 7.1 33 543 560 0.4 0.91 472 9.0 2
17H-1, 145–150 151.25 IW-Sq 44 19.8 7.2 33 543 559 0.5 0.91 471 9.5 2
17H-4, 145–150 155.75 IW-Sq 47 19.8 7.3 33 545 563 0.4 0.92 461 9.6 2
18H-1, 145–150 160.55 IW-Sq 52 19.4 7.3 33 541 468 10.1 2
18H-4, 145–150 165.05 IW-Sq 47 19.1 7.5 33 544 464 10.2 2
19H-1, 145–150 170.05 IW-Sq 48 19.0 7.3 33 540 454 10.2 2
19H-4, 145–150 174.55 IW-Sq 56 19.0 7.3 32 547 560 0.4 0.91 462 10.5 2
20H-1, 145–150 179.55 IW-Sq 45 18.5 7.3 33 541 468 11.0 2
20H-4, 145–150 184.05 IW-Sq 54 18.6 7.3 32 537 555 0.4 0.90 458 10.8 2
21H-1, 145–150 189.05 IW-Sq 44 18.5 7.2 32 540 471 11.4 2
21H-4, 145–150 193.55 IW-Sq 48 18.2 7.2 33 538 562 0.4 0.92 469 11.6 2
22H-1, 145–150 198.55 IW-Sq 45 17.9 7.2 33 540 458 11.4 2
22H-4, 145–150 203.05 IW-Sq 44 17.9 7.3 32 534 465 11.6 2

346-U1423B-
23H-3, 145–150 196.55 IW-Sq 36 18.0 7.2 33 541 550 0.5 0.90 466 11.8 2
24H-3, 145–150 206.05 IW-Sq 40 17.9 7.3 32 544 461 11.8 2
25H-3, 145–150 215.55 IW-Sq 44 16.6 7.3 32 539 459 12.1 2
26H-3, 145–150 225.05 IW-Sq 40 16.3 7.1 32 540 560 0.6 0.91 457 12.3 2
27H-3, 145–150 234.55 IW-Sq 52 16.0 7.2 32 539 466 12.9 2
28H-3, 145–150 244.05 IW-Sq 44 15.4 7.3 33 539 463 13.2 2
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Table T12. Headspace (HS) gas concentrations, Site U1423.

Core, section,
interval (cm)

Top depth
CSF-A (m)

Sample
type

Sediment
volume
(cm3)

CH4
(ppmv)

measured

CH4
(ppmv)

normalized

346-U1423A-
1H-2, 0–5 1.50 HS 4.00 7.95 9.94
1H-5, 0–5 6.00 HS 4.00 1.88 2.35
2H-2, 0–5 8.80 HS 2.00 1.73 4.33
2H-5, 0–5 13.30 HS 4.00 0.00 0.00
3H-2, 0–5 18.30 HS 4.00 3.42 4.28
3H-5, 0–5 22.80 HS 4.00 5.26 6.58
4H-2, 0–5 27.75 HS 3.60 24.41 33.90
4H-5, 0–5 32.25 HS 4.00 97.56 121.95
5H-2, 0–5 37.30 HS 4.00 155.76 194.70
5H-5, 0–5 41.80 HS 4.00 232.16 290.20
6H-2, 0–5 46.80 HS 4.00 350.17 437.71
6H-5, 0–5 51.25 HS 4.00 343.62 429.53
7H-2, 0–5 56.30 HS 3.20 665.77 1040.27
7H-5, 0–5 60.80 HS 4.80 1076.44 1121.29
8H-2, 0–5 65.80 HS 4.00 1377.24 1721.55
8H-5, 0–5 70.30 HS 3.00 1203.62 2006.03
9H-2, 0–5 75.30 HS 3.00 903.74 1506.23
9H-5, 0–5 79.80 HS 3.00 876.44 1460.73
10H-2, 0–5 84.80 HS 3.00 621.05 1035.08
10H-5, 0–5 89.30 HS 3.20 403.45 630.39
11H-2, 0–5 94.30 HS 3.00 253.79 422.98
11H-5, 0–5 98.80 HS 3.00 228.66 381.10
12H-2, 0–5 103.80 HS 3.00 308.96 514.93
12H-5, 0–5 108.30 HS 3.00 180.52 300.87
13H-2, 0–5 113.30 HS 3.00 105.75 176.25
13H-5, 0–5 117.80 HS 3.20 122.16 190.88
14H-2, 0–5 122.80 HS 2.60 30.20 58.08
14H-5, 0–5 127.30 HS 3.20 37.48 58.56
15H-2, 0–5 132.30 HS 3.20 13.72 21.44
15H-5, 0–5 136.80 HS 3.40 10.23 15.04
16H-2, 0–5 141.80 HS 2.80 6.78 12.11
16H-5, 0–5 146.30 HS 3.20 8.25 12.89
17H-2, 0–5 151.30 HS 3.00 6.49 10.82
17H-5, 0–5 155.80 HS 3.60 6.63 9.21
18H-2, 0–5 160.60 HS 3.00 3.93 6.55
18H-5, 0–5 165.10 HS 2.60 3.42 6.58
19H-2, 0–5 170.10 HS 3.00 3.45 5.75
19H-5, 0–5 174.60 HS 3.40 3.82 5.62
20H-2, 0–5 179.60 HS 3.20 2.87 4.48
20H-5, 0–5 184.10 HS 3.40 2.66 3.91
21H-2, 0–5 189.10 HS 3.80 3.39 4.46
21H-5, 0–5 193.60 HS 3.40 3.03 4.46
22H-2, 0–5 198.60 HS 2.80 2.78 4.96
22H-5, 0–5 203.10 HS 2.80 2.95 5.27

346-U1423B-
23H-4, 0–5 196.60 HS 3.00 2.69 4.48
24H-4, 0–5 206.10 HS 3.20 2.29 3.58
25H-4, 0–5 215.60 HS 3.40 3.46 5.09
26H-4, 0–5 225.10 HS 3.20 2.63 4.11
27H-4, 0–5 234.60 HS 3.00 2.77 4.62
28H-4, 0–5 244.10 HS 2.60 3.46 6.65
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Table T13. FlexIT tool core orientation data, Hole U1423A.

Core

Orientation
angle

(°)

Orientation
standard

(°)

346-U1423A-
2H 91.03 1.45
3H 234.20 0.57
4H 295.28 0.62
5H 213.33 0.64
6H 152.64 0.39
7H 157.09 0.59
8H 28.57 0.28
9H 113.44 0.18
10H 16.54 0.35
11H 151.09 0.61
12H 32.27 4.44
14H 265.66 0.18
15H 215.65 0.22
16H 0.57 0.25
17H 114.14 0.11
18H 54.03 0.33
19H 143.18 0.24
20H 31.85 0.37
21H 332.78 0.23
22H 19.60 0.27
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Table T14. Core disturbance intervals, Site U1423. (Continued on next page.) 

Core, section Comments on disturbance
 Drilling disturbance

intensity

346-U1423A-
1H-2, 26–30 Soupy High
1H-2, 125–125 Washed out ash layer?
1H-3, 14–109 Disturbance and ash
1H-4, 71–88 Ash mixed layer
1H-4, 110–113 Flow-in
1H-CC, 0–16 High
2H-1, 0–8 Slurry Moderate
2H-CC, 0–16 Moderate to high
3H-1, 38–40 Disturbance
3H-1, 66–71 Void Destroyed
3H-1, 102–150 Crack Moderate to high
3H-1, 120–122 Void Destroyed
3H-5, 0–12 Disturbance
3H-CC, 0–18 Moderate
4H-5, 118–150 Flow-in High
4H-6, 122–127 Disturbance
5H-1, 0–3 Disturbance
5H-7, 52–56 Disturbance
5H-CC, 0–25 Moderate
6H-1, 0–36 Thick soupy ash and disturbance
6H-2, 140–145
6H-CC, 0–22 Moderate
7H-1, 0–10 Disturbance
7H-1, 15–15 Ash mixed layer
7H-2, 80–80 Ice-rafted debris
7H-5, 15–30 Microfault
7H-5, 85–93 Microfault
7H-CC, 0–29 Slight
8H-2, 125–135 Tilted
8H-4, 92–139 Tilted
8H-5, 110–150 Tilted
8H-7, 16–32 Bowed Moderate
8H-CC, 0–32 Slight
9H-1, 0–10 Disturbance
9H-6, 89–150 Microfault
9H-CC, 0–8 Slight
12H-4, 31–44 Deformed?
12H-5, 6–8 Microfault
13H-1, 0–42 Disturbance
13H-2, 109–122 Tilted
13H-2, 131–135 Tilted
13H-3, 0–15 Disturbance
13H-4, 36–41 Disturbance
13H-7, 0–10 Disturbance
14H-, 0–61 Suck in Severe
14H-, 240–994 Suck in Destroyed
15H-3, 23–70 Suck in Severe
16H-1, 0–61 Suck in Severe
16H-, 240–994 Suck in Destroyed
17H-1, 0–70 Flow-in?
17H-4, 0–all to bottom Flow-in?
17H-CC, 18–22 Moderate to high
18H-1, 0–15 Disturbance
18H-2, 0–36 Fall-in Moderate to high
19H-1, 0–20 Disturbance
19H-CC, 0–29 Slight
20H-1, 0–25 Disturbance
20H-3, 49–73 Flow-in
20H-3, 115–140 Microfault
20H-6, 83–95 Ash and deformed
20H-CC, 0–23 Slight
21H-3, 0–83 Flow-in?
21H-CC, 0–17 Slight
22H-6, 80–87 Tilted
22H-CC, 16–20 Moderate
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346-U1423B-
1H-1, 0–3 Fall-in Moderate 
2H-1, 67–70 Void Destroyed 
2H-CC, 18–20 Slight 
4H-1, 0–10 Soupy Moderate to high 
5H-1, 0–5 Slight 
9H-1, 0–3 Destroyed 
11H-1, 128–150 Slight 
11H-7, 9–19 Slight 
12H-CC, 0–19 Moderate 
13H-CC, 0–4 Slight 
14H-CC, 5–20 Moderate 
15H-1, 0–6 Fall-in Moderate 
15H-CC, 0–4 Slight 
15H-CC, 11–13 Slight 
16H-1, 0–4 Slight 
17H-1, 0–11 Fall-in Moderate to high 
17H-CC, 0–23 Slight 
19H-1, 0–2 Slight 
20H-CC, 10–18 Moderate 
21H-CC, 0–2 Moderate 
21H-CC, 7–13 Slight 
22H-1, 0–4 Slight 
22H-CC, 0–25 Slight 
23H-1, 0–5 Slight 
23H-CC, 0–4 Slight 
24H-CC, 0–4 Slight 
25H-1, 0–12 Slight to moderate 
26H-7, 30–40 Slight 
28H-4, 38–74 Slight to moderate 
28H-6, 99–150 Slight to moderate 

346-U1423C-
2H-1, 0–20 Severe 
2H-1, 131–138 Microfault
2H-6, 0–8 Disturbance
3H-3, 47–61 Disturbance
3H-5, 0–12 Disturbance
3H-CC, 17.5–20 Moderate 
6H-1, 1–3 Moderate 
6H-5, 1–5 Moderate 
6H-CC, 16–20 High 
8H-1, 77–82 Tilted
8H-1, 122–130 Tilted
8H-CC, 0–6 Moderate to high 
8H-2, 121–126 Ash disturbed layer
9H-6, 34–44 Tilted and mixed two different lithology
9H-CC, 11–25 Moderate 

Core, section 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
U1423.

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-U1423A-
1H-1, 0 0                
1H-1, 5 0.05                
1H-1, 10 0.10                
1H-1, 15 0.15 62.8 59    0.024861
1H-1, 20 0.20 64.5 60.7    0.031384
1H-1, 25 0.25 68.6 79.2    0.039737
1H-1, 30 0.30 68.2 75.3    0.051894
1H-1, 35 0.35 72.1 82.4    0.058857
1H-1, 40 0.40 76.9 80.5    0.066982
1H-1, 45 0.45 77.4 58.8    0.089149
1H-1, 50 0.50 76.8 59.1    0.1255
1H-1, 55 0.55 74.7 67.9    0.11079
1H-1, 60 0.60 66.8 80.6    0.089831
1H-1, 65 0.65 67.8 86.4    0.083761
1H-1, 70 0.70 69.3 71.9    0.065555
1H-1, 75 0.75 68.1 62.2    0.062376
1H-1, 80 0.80 65.9 59.8    0.069185
1H-1, 85 0.85 65.2 59.7    0.056174
1H-1, 90 0.90 67.3 62.4    0.050081
1H-1, 95 0.95 65.5 76    0.048367
1H-1, 100 1.00 67 109.4    0.043859
1H-1, 105 1.05 67.2 108.3    0.041108
1H-1, 110 1.10 63.3 98.5    0.047328
1H-1, 115 1.15 64.1 97.7    0.054528
1H-1, 120 1.20 66.7 95.5    0.064302
1H-1, 125 1.25 65.7 95.6    0.06854
1H-1, 130 1.30 64.2 92.4    0.063498
1H-1, 135 1.35 60.7 93    0.056491
1H-1, 140 1.40                
1H-1, 145 1.45                
1H-1, 150 1.50                
1H-2, 0 1.50                
1H-2, 5 1.55                
1H-2, 10 1.60                
1H-2, 15 1.65 62.6 90.4    0.064971
1H-2, 20 1.70 65.5 84.3    0.070444
1H-2, 25 1.75 73.6 78.6    0.066624
1H-2, 30 1.80                
1H-2, 35 1.85 73.7 96.9    0.05686
1H-2, 40 1.90 74.4 94.5    0.054415
1H-2, 45 1.95 72.8 98.2    0.045478
1H-2, 50 2.00 74.8 100.6    0.035453
1H-2, 55 2.05 72.7 99.3    0.030256
1H-2, 60 2.10 67.2 95.3    0.030193
1H-2, 65 2.15 68.4 96.8    0.031033
1H-2, 70 2.20 68.3 84.2    0.03413
1H-2, 75 2.25 61.2 74.5    0.038089
1H-2, 80 2.30 62.4 80.3    0.040814
1H-2, 85 2.35 70.9 80.3    0.043866
1H-2, 90 2.40 66.2 53.6    0.059384
1H-2, 95 2.45 65 75    0.043951
1H-2, 100 2.50 63.7 107    0.031946
1H-2, 105 2.55 65.7 101.3    0.030403
1H-2, 110 2.60 71.9 81.2    0.042755
1H-2, 115 2.65 74.3 104.4    0.045477
1H-2, 120 2.70 74 88.2    0.03286
1H-2, 125 2.75                
1H-2, 130 2.80 72.2 106.6    0.034496
1H-2, 135 2.85 71.8 93.1    0.039783
1H-2, 140 2.90                
1H-2, 145 2.95                
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Table T16. Polarity boundaries, Site U1423. 

om, T = top. — = not observed.

Core, section, interval (cm)

Polarity boundary
Age
(Ma)

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

Top Bottom Top Bottom Midpoint ± Top Bottom Midpoint ±

Brunhes/Matuyama) 0.781 51.70 53.30 52.50 0.80 54.09 55.69 54.89 0.80
 (Jaramillo) 0.988 56.40 58.20 57.30 0.90 59.40 61.20 60.30 0.90
 (Jaramillo) 1.072 61.00 61.40 61.20 0.20 64.00 64.40 64.20 0.20

Olduvai) 1.778 73.76 76.36 75.06 1.30 77.60 80.20 78.90 1.30
Olduvai) 1.945 93.40 95.60 94.50 1.10 97.89 100.09 98.99 1.10

atuyama/Gauss) 2.581 111.40 112.60 112.00 0.60 116.30 117.50 116.90 0.60

Brunhes/Matuyama) 0.781 51.30 52.10 51.70 0.40 53.40 54.20 53.80 0.40
 (Jaramillo) 0.988 57.90 58.90 58.40 0.50 60.00 61.00 60.50 0.50
 (Jaramillo) 1.072 62.00 62.60 62.30 0.30 64.29 64.89 64.59 0.30

Olduvai) 1.778 75.80 76.20 76.00 0.20 78.61 79.01 78.81 0.20
Olduvai) — — — — — — — — —

atuyama/Gauss) 2.581 112.60 114.60 113.60 1.00 117.80 119.80 118.80 1.00
Bold = boundaries that are relatively well defined. B = Bott

346-U1423A- 346-U1423A-
6H-5, ~45 6H-6, ~55 (B) C1n (
7H-2, ~10 7H-3, ~40 (T) C1r.1n
7H-5, ~20 7H-5, ~60 (B) C1r.1n
8H-7, ~45 9H-2, ~105 (T) C2n (
11H-2, ~130 11H-2, ~20 (B) C2n (
13H-1, ~80 13H-1, ~20 (B) C2r (M

346-U1423B- 346-U1423B-
7H-1, ~10 7H-1, ~50 (B) C1n (
7H-5, ~130 7H-5, ~80 (T) C1r.1n
8H-1, ~150 8H-1, ~120 (B) C1r.1n
9H-4, ~110 9H-4, ~90 (T) C2n (

— — (B) C2n (
13H-4, ~150 13H-4, ~50 (B) C2r (M
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Table T17. Results from APCT-3 temperature profiles, Site U1423. 

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]).

Core

Minimum
temperature
at mudline

(°C)

Average
temperature
at mudline

(°C)
Depth

CSF-A (m)

In situ
temperature

(°C)

Thermal
resistance
(m2K/W)

346-U1423A-
4H 0.21 0.48 35.8 5.50 37.91
7H 0.23 0.43 64.3 9.55 68.03
10H 0.22 0.47 92.8 13.54 98.10
13H 0.24 0.48 121.3 17.45 128.12

Average: 0.23 0.47
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Table T18. Vertical offsets required to correlate specific features among cores from adjacent holes, Site U1423.

 Core
 Vertical

offset (m)  Y/N 

346-U1423A-
1H 0 N
2H 0.474 Y
3H 0.862 Y
4H 1.537 Y
5H 2.135 Y
6H 2.387 Y
7H 3.001 Y
8H 3.599 Y
9H 3.835 Y
10H 4.185 Y
11H 4.488 Y
12H 4.006 Y
13H 4.903 Y
14H 4.977 Y
15H 5.439 Y
16H 6.317 Y
17H 6.341 Y
18H 6.830 Y
19H 7.480 Y
20H 7.615 Y
21H 7.914 Y
22H 8.091 Y

346-U1423B-
1H 0.233 Y
2H 0.435 Y
3H 0.804 Y
4H 1.161 Y
5H 1.432 Y
6H 2.135 Y
7H 2.104 Y
8H 2.286 Y
9H 2.811 Y
10H 3.548 Y
11H 4.278 Y
12H 4.740 Y
13H 5.198 Y
14H 5.782 Y
15H 5.886 Y
16H 5.549 Y
17H 6.274 Y
18X 6.274 N
19H 6.907 Y
20H 7.188 Y
21H 7.082 Y
22H 7.211 Y
23H 7.446 Y
24H 7.616 Y
25H 7.616 N
26H 7.616 N
27H 7.616 N
28H 7.616 N

346-U1423C-
2H 6.417 Y
3H 6.708 Y
4H 6.095 Y
5X 5.978 Y
6H 6.194 Y
7X 6.194 N
8H 6.373 Y
9H 7.908 Y
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Table T19. Splice intervals, Site U1423.

GRA = gamma ray attenuation, MS = magnetic susceptibility, Blue = RGB blue datum, MS point = point magnetic susceptibility.

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-
U1423A-1H-1 0.0 0.00 0.00 U1423A-1H-5 74.5 6.74 6.74 Blue
U1423B-2H-2 71.0 6.31 6.74 U1423B-2H-6 136.7 12.97 13.40 Blue
U1423A-2H-4 112.9 12.93 13.40 U1423A-2H-6 126.4 16.06 16.54 Blue
U1423B-3H-2 63.4 15.73 16.54 U1423B-3H-7 30.3 22.90 23.71 Blue
U1423A-3H-5 4.5 22.84 23.71 U1423A-3H-7 1.2 25.81 26.67 Blue
U1423B-4H-2 91.3 25.51 26.67 U1423B-4H-7 41.1 32.48 33.64 Blue
U1423A-4H-4 135.4 32.10 33.64 U1423A-4H-6 142.5 35.17 36.71 Blue
U1423B-5H-2 118.0 35.28 36.71 U1423B-5H-6 134.8 41.45 42.88 Blue
U1423A-5H-4 44.5 40.75 42.88 U1423A-5H-7 11.4 44.72 46.86 Blue
U1423B-6H-2 112.4 44.72 46.86 U1423B-6H-6 63.4 50.23 52.37 Blue
U1423A-6H-4 23.2 49.98 52.37 U1423A-6H-7 8.0 54.14 56.53 Blue
U1423B-7H-2 132.3 54.42 56.53 U1423B-7H-6 129.6 60.40 62.50 Blue
U1423A-7H-4 19.9 59.50 62.50 U1423A-7H-6 87.9 63.18 66.18 Blue
U1423B-8H-2 129.3 63.89 66.18 U1423B-8H-6 86.9 69.47 71.76 Blue
U1423A-8H-3 85.7 68.16 71.76 U1423A-8H-6 89.5 72.69 76.29 Blue
U1423B-9H-2 138.3 73.48 76.29 U1423B-9H-7 16.6 79.77 82.58 Blue
U1423A-9H-4 44.1 78.74 82.58 U1423A-9H-6 137.0 82.67 86.51 Blue
U1423B-10H-2 139.7 82.96 86.51 U1423B-10H-6 48.4 88.04 91.59 Blue
U1423A-10H-3 110.8 87.41 91.59 U1423A-10H-7 12.4 92.42 96.61 Blue
U1423B-11H-2 123.1 92.33 96.61 U1423B-11H-6 109.5 98.19 102.47 Blue
U1423A-11H-4 68.5 97.99 102.47 U1423A-11H-6 144.6 101.75 106.23 Blue
U1423B-12H-2 89.4 101.49 106.23 U1423B-12H-7 15.5 108.25 112.99 Blue
U1423A-12H-5 68.8 108.99 112.99 U1423A-12H-7 17.2 111.47 115.48 Blue
U1423B-13H-2 18.0 110.28 115.48 U1423B-13H-5 114.8 115.75 120.95 Blue
U1423A-13H-3 124.3 116.04 120.95 U1423A-13H-6 62.3 119.92 124.83 Blue
U1423B-14H-1 94.5 119.04 124.83 U1423B-14H-5 118.9 125.29 131.07 Blue
U1423A-14H-4 29.4 126.09 131.07 U1423A-14H-7 64.5 130.94 135.92 Blue
U1423B-15H-2 93.5 130.04 135.92 U1423B-15H-3 95.8 131.56 137.44 Blue
U1423A-15H-1 120.6 132.01 137.44 U1423A-15H-6 36.2 138.67 144.11 Blue
U1423C-4H-4 51.6 138.02 144.11 U1423C-4H-6 136.6 141.87 147.96 Blue
U1423A-16H-1 134.3 141.64 147.96 U1423A-16H-2 94.4 142.74 149.06 Blue
U1423B-17H-1 68.7 142.79 149.06 U1423B-17H-6 146.6 151.07 157.34 Blue and GRA
U1423C-6H-1 114.6 151.15 157.34 U1423C-6H-7 20.0 159.25 165.44 MS point
U1423B-19H-1 43.8 158.54 165.44 U1423B-19H-6 3.0 165.60 172.51 GRA
U1423A-18H-5 57.8 165.68 172.51 U1423A-18H-7 30.5 168.41 175.23 Blue
U1423B-20H-1 44.7 168.05 175.23 U1423B-20H-5 134.0 174.94 182.13 Blue
U1423A-19H-5 4.7 174.65 182.13 U1423A-19H-7 3.2 177.63 185.11 Blue
U1423B-21H-1 93.1 178.03 185.11 U1423B-21H-4 53.4 182.13 189.22 Blue
U1423A-20H-3 50.1 181.60 189.22 U1423A-20H-6 27.1 185.87 193.49 MS and GRA
U1423B-22H-3 67.5 186.27 193.49 U1423B-22H-7 18.0 191.78 198.99 GRA
U1423A-21H-3 47.7 191.08 198.99 U1423A-21H-5 148.2 195.08 203.00 GRA
U1423B-23H-3 45.0 195.55 203.00 U1423B-23H-6 127.1 200.87 208.32 GRA
U1423A-22H-3 12.6 200.23 208.32 U1423A-22H-6 68.1 205.28 213.37 GRA
U1423B-24H-3 115.5 205.76 213.37 U1423B-24H-7 0.6 211.25 218.80
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Table T20. CCSF-C depth scale, Holes U1423A and U1423B.

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

Core, section
Depth in

section (cm)
Depth

CCSF-C (m)

Hole U1423A
RGB

(Blue)
Depth

CSF-A (m) Core, section
Depth in

section (cm)
Depth

CCSF-C (m)

Hole U1423B
RGB

(Blue)
Depth

CSF-A (m)

346-U1423A- 346-U1423B-
1H-1 5 0.05 18.00 0.05 1H-1 5 0.23 27.80 0.05
1H-1 5.5 0.06 27.00 0.06 1H-1 5.5 0.23 27.90 0.06
1H-1 6 0.06 29.60 0.06 1H-1 6 0.22 28.30 0.06
1H-1 6.5 0.07 30.80 0.07 1H-1 6.5 0.22 28.60 0.07
1H-1 7 0.07 29.90 0.07 1H-1 7 0.22 28.30 0.07
1H-1 7.5 0.08 31.00 0.08 1H-1 7.5 0.22 29.20 0.08
1H-1 8.01 0.08 31.20 0.08 1H-1 8.01 0.22 29.30 0.08
1H-1 8.51 0.09 30.40 0.09 1H-1 8.51 0.22 28.50 0.09
1H-1 9.01 0.09 29.20 0.09 1H-1 9.01 0.22 28.90 0.09
1H-1 9.51 0.10 29.10 0.10 1H-1 9.51 0.22 28.70 0.10
1H-1 10.01 0.10 31.00 0.10 1H-1 10.01 0.22 29.60 0.10
1H-1 10.51 0.11 32.70 0.11 1H-1 10.51 0.22 30.40 0.11
1H-1 11.01 0.11 30.50 0.11 1H-1 11.01 0.22 30.90 0.11
1H-1 11.51 0.12 21.90 0.12 1H-1 11.51 0.22 25.30 0.12
1H-1 12.01 0.12 20.90 0.12 1H-1 12.01 0.22 27.50 0.12
1H-1 12.51 0.13 16.00 0.13 1H-1 12.51 0.22 21.80 0.13
1H-1 13.01 0.13 17.00 0.13 1H-1 13.01 0.21 19.60 0.13
1H-1 13.51 0.14 15.80 0.14 1H-1 13.51 0.21 18.20 0.14
1H-1 14.01 0.14 18.80 0.14 1H-1 14.01 0.21 16.90 0.14
1H-1 14.51 0.15 19.80 0.15 1H-1 14.51 0.21 17.40 0.15
1H-1 15.01 0.15 29.80 0.15 1H-1 15.01 0.21 17.60 0.15
1H-1 15.51 0.16 29.10 0.16 1H-1 15.51 0.21 15.70 0.16
1H-1 16 0.16 22.60 0.16 1H-1 16 0.21 16.10 0.16
1H-1 16.5 0.17 26.30 0.17 1H-1 16.5 0.21 22.40 0.17
1H-1 17 0.17 26.60 0.17 1H-1 17 0.21 24.70 0.17
1H-1 17.5 0.18 30.40 0.18 1H-1 17.5 0.21 30.80 0.18
1H-1 18 0.18 31.60 0.18 1H-1 18 0.21 28.70 0.18
1H-1 18.5 0.19 37.00 0.19 1H-1 18.5 0.21 28.90 0.19
1H-1 19 0.19 33.70 0.19 1H-1 19 0.21 30.20 0.19
1H-1 19.5 0.20 36.80 0.20 1H-1 19.5 0.21 31.80 0.20
1H-1 20 0.20 34.80 0.20 1H-1 20 0.20 34.70 0.20
1H-1 20.5 0.21 35.80 0.21 1H-1 20.5 0.20 31.10 0.21
1H-1 21 0.21 37.00 0.21 1H-1 21 0.20 28.50 0.21
1H-1 21.5 0.22 37.60 0.22 1H-1 21.5 0.20 22.40 0.22
1H-1 22 0.22 35.50 0.22 1H-1 22 0.20 21.70 0.22
1H-1 22.5 0.23 36.20 0.23 1H-1 22.5 0.20 25.20 0.23
1H-1 23 0.23 32.20 0.23 1H-1 23 0.20 23.30 0.23
1H-1 23.5 0.24 30.50 0.24 1H-1 23.5 0.20 24.70 0.24
1H-1 24 0.24 29.80 0.24 1H-1 24 0.20 26.80 0.24
1H-1 24.5 0.25 33.50 0.25 1H-1 24.5 0.20 29.30 0.25
1H-1 25 0.25 33.90 0.25 1H-1 25 0.20 27.20 0.25
1H-1 25.5 0.26 34.00 0.26 1H-1 25.5 0.20 24.60 0.26
1H-1 26 0.26 32.80 0.26 1H-1 26 0.20 21.00 0.26
1H-1 26.5 0.27 29.40 0.27 1H-1 26.5 0.20 22.60 0.27
1H-1 27 0.27 27.00 0.27 1H-1 27 0.19 24.30 0.27
1H-1 27.5 0.28 22.20 0.28 1H-1 27.5 0.19 26.20 0.28
1H-1 28 0.28 25.00 0.28 1H-1 28 0.19 30.70 0.28
1H-1 28.5 0.29 27.60 0.29 1H-1 28.5 0.19 28.30 0.29
1H-1 29 0.29 24.70 0.29 1H-1 29 0.19 30.60 0.29
1H-1 29.5 0.30 29.60 0.30 1H-1 29.5 0.19 30.50 0.30
1H-1 30 0.30 27.10 0.30 1H-1 30 0.19 31.00 0.30
1H-1 30.5 0.31 31.30 0.31 1H-1 30.5 0.19 31.00 0.31
1H-1 31 0.31 31.50 0.31 1H-1 31 0.19 30.60 0.31
1H-1 31.5 0.32 29.00 0.32 1H-1 31.5 0.19 29.50 0.32
1H-1 32.01 0.32 28.20 0.32 1H-1 32.01 0.19 32.40 0.32
1H-1 32.51 0.33 28.10 0.33 1H-1 32.51 0.19 29.80 0.33
1H-1 33.01 0.33 28.30 0.33 1H-1 33.01 0.19 31.80 0.33
1H-1 33.51 0.34 27.80 0.34 1H-1 33.51 0.19 29.30 0.34
1H-1 34.01 0.34 28.00 0.34 1H-1 34.01 0.20 29.20 0.34
1H-1 34.51 0.35 27.10 0.35 1H-1 34.51 0.20 29.50 0.35
1H-1 35.01 0.35 27.90 0.35 1H-1 35.01 0.21 29.80 0.35
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