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1. Operations
During Expedition 386, two Giant Piston Corer (GPC) system deployments in Basin C/N3 in the 
boundary area between the central and northern Japan Trench (Figure F1) resulted in the recovery 

Figure F1. Site map, Expedition 386. Bathymetric overview map of the Japan Trench (modified after Kioka et al., 2019) 
between the Daiichi Seamount in the south and the Erimo Seamount in the north.
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of cores from four holes at Site M0087 (Figure F2). The water depth was between 7518 and 7520
meters below sea level (mbsl). A breakdown of operational time is reported weekly instead of daily
(see OPS in Supplementary material) due to decisions to move between sites based on weather
and current conditions. Holes at Site M0087 were cored during Weeks 3 and 6 of the offshore
phase. In total, 47.63 m of cores (Table T1) and 69 km of hydroacoustic profiles (see Hydroacous-
tics) were recovered and acquired, respectively, in this focus area. In addition, one expendable
bathythermograph (XBT) probe was deployed. Further operations details, including winch log and
inclinometer information, are found for all sites in Coring methodology in the Expedition 386
methods chapter (Strasser et al., 2023a) and associated files (see PALEOMAG and WINCHLOGS
in Supplementary material).

The main site-specific scientific objectives for Site M0087 were as follows:

1. Recover a continuous Pleistocene to Holocene stratigraphic succession comprising event
deposits from the trench basin north of the large >1 km high escarpment at 39.4°N.

2. Recover and analyze the top of mass transport deposits potentially linked to megalandslides.
3. Analyze the stratigraphic pattern and event deposit characteristics and compare them with

integrated results from other nearby sites (M0094 [~30 km south] and M0086 [~30 km north])
to establish robust stratigraphic pattern recognition of proxy evidence for earthquakes.

4. Generate results for comparison with those from all other Expedition 386 sites to explore
spatiotemporal distribution of event deposits to eventually develop a long-term record for
giant earthquakes.

1.1. Site M0087
The R/V Kaimei arrived at Site M0087 on 2 May 2021 at 2000 h. The first XBT probe was
deployed. Multibeam echo sounder/subbottom profiler (MBES/SBP) surveying was conducted
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Figure F2. Site M0087. Left: high-resolution bathymetric map with 5 m contours, site locations, and track lines and locations of previously acquired high-resolution
subbottom profiles and short cores during the site survey cruise (Strasser et al., 2019). Right: site survey subbottom profiles showing depths (assuming 1500 m/s
P-wave velocities) of the 20 and 40 m GPC barrels used to recover cores. Exact hole positions and depths are given in Table T1, Hydroacoustics, and Table T1 in the
Expedition 386 methods chapter (Strasser et al., 2023a). SP = shotpoint.

Table T1. Hole summary, Site M0087. Water depth is from uncorrected echo sounder. The last section of each hole includes the core catcher. TC = trigger corer. Down-
load table in CSV format.

Hole Latitude Longitude

Date 
started 
(2021)

Water 
depth

(m) Remarks position Gear

Barrel 
length 

(m) Core
Length

(m)

Bottom
depth

(m)

Last 
section

(cm)

386-
M0087A 39°26.439′N 144°12.971′E 3 May 7520 Transponder position TC 1.5 1 1.475 1.475 3
M0087B 39°26.439′N 144°12.971′E 3 May 7520 Transponder position GPC 20 1 18.975 18.975 20
M0087C 39°26.595′N 144°13.087′E 22 May 7518 Applied ship’s position due to malfunctioning GPC transponder TC 1.5 1 0.835 0.835 2
M0087D 39°26.595′N 144°13.087′E 22 May 7518 Applied ship’s position due to malfunctioning GPC transponder GPC 40 1 26.345 26.345 27
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M. Strasser et al. · Site M0087 (Basin C/N3) IODP Proceedings Volume 386
from 2030 on 2 May to 0330 h on 3 May. Conditions that morning saw winds at <14 m/s, a 1.5 m 
wave height, and a 1.3 kt current, but winds increased to 19 m/s and wave heights to 3.5 m during 
GPC recovery (1230 h). GPC operations started in Holes M0087A and M0087B with a 20 m GPC 
barrel string at 0600 h and were completed when the GPC system was recovered on deck at 1345 
h. Winch speed on return was run faster than the normal speed due to worsening sea conditions. 
The Science Party cut the core into 1 m sections from 1415 to 1515 h. The 20 m GPC assembly was 
prepared for the next run at 1800 h, and the ship moved to Site M0093 at 2030 h, where it waited 
on weather (see Operations in the Site M0093 (Basin C/N1) chapter [Strasser et al., 2023b]).

Kaimei arrived back at Site M0087 at 0215 h on 22 May and carried out MBES/SBP surveys until 
0515 h, when the ship stood by for GPC operations. Conditions were overcast, with winds of <10 
m/s, a ~2 m wave height, and a 1.5 kt surface current. GPC operations started in Holes M0087C 
and M0087D with a 40 m GPC barrel string at 0515 h and were completed when the GPC system 
was recovered on deck at 1430 h. The deck crew and GPC operation team withdrew the core from 
the GPC assembly and cut it into 5 m segments. The Science Party cut the core into 1 m sections 
from 1445 to 1630 h. The 40 m GPC assembly was prepared for the next run at 2000 h, and the 
ship began sailing to the southern part of the central Japan Trench.

1.1.1. Holes M0087A and M0087B
Holes M0087A and M0087B were cored on 3 May 2021. Preparations for running the 20 m GPC 
began at 0600 h, and the GPC was run into the water at 0855 h with an inclinometer and transpon-
der attached to the winch cable 20 and 50 m above the GPC trigger arm, respectively, and on the 
GPC assembly (see Figure F4 in the Expedition 386 methods chapter [Strasser et al., 2023a]). 
Winch speed was set at 0.5–1.0 m/s. At 1115 h, running the GPC down was paused at a cable 
length of 7700 m for stabilization and monitoring the GPC position and resumed after 3 min at a 
winch speed of 0.3 m/s. Spud-in commenced at 11:23:58 h and ended at 11:24:00 h at a cable 
length of 7788 m. Recovery commenced, and the cable tension rose to 2647 kgf at 11:24:13 h 
before dropping to 2535 kgf and then rising again to a maximum of 6408 kgf at 11:24:58 h. It 
dropped to 4658 kgf at 11:25:08 h, indicating the corer was clear of the seabed (see WINCHLOGS 
in Supplementary material). Inclinometer data for Hole M0087B show the piston corer barrel 
was rotated counterclockwise by 65.1° at the estimated seabed, with an east–west dip of 1.13° and 
a north–south dip of −2.28° (see Figure F5 in the Expedition 386 methods chapter [Strasser et al., 
2023a]). The trigger corer and GPC were recovered on deck at 1305 and 1345 h, respectively. The 
trigger core and GPC core from Holes M0087A and M0087B have a total length of 1.475 m (3 
sections) and 18.975 m (20 sections), respectively.

1.1.2. Holes M0087C and M0087D
Holes M0087C and M0087D were cored on 22 May 2021. Preparations for running the 40 m GPC 
began at 0515 h, and the GPC was run into the water at 0850 h with an inclinometer and transpon-
der attached to the winch cable 20 m above GPC trigger arm and on the GPC assembly (see Figure 
F4 in the Expedition 386 methods chapter [Strasser et al., 2023a]). Winch speed was set at 1.0 m/s. 
At 1110 h, running the GPC down was paused at a cable length of 7600 m for stabilization and 
monitoring the GPC position and resumed after 3 min at a winch speed of 0.3 m/s. Spud-in com-
menced at 11:32:23 h and ended at 11:32:25 h at a cable length of 7748 m. Recovery commenced, 
and the cable tension rose to 1827 kgf at 11:24:13 h before dropping to 1101 kgf and then rising 
again to a maximum of 10524 kgf at 11:24:58 h. It dropped to 8959 kgf at 11:25:22 h, indicating the 
corer was clear of the seabed (see WINCHLOGS in Supplementary material). Inclinometer data 
for Hole M0087D show the piston corer barrel was rotated clockwise by 172° at the estimated sea-
bed, with an east–west dip of 0.12° and a north–south dip of −0.86° (see Figure F5 in the Expedi-
tion 386 methods chapter [Strasser et al., 2023a]). The GPC was run back to the surface at a winch 
speed of 1.0 m/s. The trigger corer and GPC were recovered on deck at 1350 and 1430 h, respec-
tively. The trigger core and GPC core from Holes M0087C and M0087D have a total length of 
0.835 m (2 sections) and 26.345 m (27 sections), respectively (Table T1).
https://doi.org/10.14379/iodp.proc.386.110.2023 publications.iodp.org · 3
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2. Hydroacoustics
Site M0087 lies within Basin C/N3 in the boundary region between the northern and central Japan 
Trench basins. The acquired SBP data comprises five trench-perpendicular lines and four trench-
parallel lines, although one of the latter (Line 386_Underway_048) is extremely short (500 m) 
and  is effectively a continuation of Line 386_Underway_049 (Figure F3). One of the trench-
perpendicular lines (386_Underway_095) lies more than 11,000 m north of the rest of the grid. 
Approximately 69 km of subbottom profiles were acquired. Holes M0087A–M0087D lie in the 
southern part of the grid area. The acquisition parameters for all subbottom profiles in this basin 
are documented in Table T2. The area surveyed for bathymetry includes the basin floor and 
extends to the surrounding areas with a footprint of approximately 483 km2.

2.1. Bathymetry
The entire basin extends for nearly 20 km in a north–south direction but comprises two distinct 
depocenters, one in the north and one in the south, separated by a topographic ridge (Figure F3). 
The ridge lies south of the midway point of the basin, where the basin width is around 4000 m, and 
displays both a northeast and a northwest trend. It exhibits a slope gradient of up to 40% at its 
maximum, changing elevation by 100 m vertically over a horizontal distance of approximately 250 
m from north to south.

The northern depocenter of the basin extends from the northern end of the trench-parallel lines to 
the ridge, a distance of nearly 12,000 m. The width of the northern depocenter (defined as the 
change from flat basin floor to rapidly changing topography on either side) ranges between 4000 
and 5000 m. The southern depocenter, on which the seismic grid is centered, extends from the 
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Table T2. Acquisition parameters for all lines in Basin S3, Expedition 386.  Download table in CSV format.
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ridge to the southern end of the seismic grid, a distance of approximately 6000 m. The basin width 
of the southern depocenter is approximately 5000 m.

The ridge separates average depths of 7480 m in the northern depocenter from depths of 7520 m 
in the southern depocenter, representing an approximately 40 m depth increase from north to 
south.

2.2. Basin characterization
A series of trench-perpendicular lines from north to south captures changes in basin character of 
Basin C/N3. Line 386_Underway_095 (Figure F4), the northernmost trench-perpendicular line of 
the survey, displays a relatively continuous high-amplitude seafloor reflector that overlies a shal-
low package of varying thickness and varying amplitudes. Overall, the package has a lower ampli-
tude than the seafloor layer. At its thickest point, the basin fill package is approximately 8 m thick, 
but it thins to less than 5 m on top of the eastern basal high at around Shotpoint 980, indicating 
that it is filling a preexisting topography. Below this fill, an acoustically laminated sequence with 
high seismic amplitudes and varying thicknesses (approximately 6–8 m at its thickest) overlies an 
irregular basal structure that controls the extent of deposition. The acoustically laminated package 
mimics the underlying basal topography, so it thins over the basal highs and thickens in the central 
part of the basin (Shotpoint 960).

Toward the center of Basin C/N3, the closest trench-perpendicular line (386_Underway_051; Fig-
ure F5) lies nearly 12,000 m south of Line 386_Underway_095 and immediately to the south of the 
topographic ridge, which it intersects at Shotpoint 960. On this line, a high-amplitude discontinu-
ous reflector at the seabed overlies an acoustically transparent layer that is up to 2 m thick in the 
western depocenter and 3–4 m thick in the eastern depocenter. In both depocenters, the acousti-
cally transparent layer overlies a package of flat-lying, acoustically laminated, high-amplitude 
materials, which are up to 28 m thick in the west and 20 m thick in the east. The thickness of this 
laminated package appears to be controlled by underlying basal structures, with the laminated 
package apparently filling in older topography. Contacts between the acoustic basement and the 
laminated package are relatively clear, and the high-amplitude laminated package thins onto the 
basement highs. In the western depocenter, a lower amplitude, somewhat acoustically transparent 
layer occurs in the middle of the acoustically laminated package at 9.880 s two-way traveltime 
(TWT).

Line 386_Underway_054, the southernmost trench-perpendicular line of Basin C/N3, lies 4,000 m 
south of Line 386_Underway_051 and 15,000 m south of Line 386_Underway_095 (Figure F6).
From Shotpoint 4725 to Shotpoint 4818, Line 386_Underway_054 displays similar acoustic char-
acteristics to Lines 386_Underway_51 and 386_Underway_96, including a high-amplitude reflec-
tor at the seabed that overlies a 2–3 m thick acoustically transparent layer and a deeper package of 
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flat-lying laminated reflectors (up to 18 m thick). The contact between the acoustically laminated 
layer and acoustic basement is not as clear as in the central part of the basin, but the basin fill still 
appears to have an onlapping relationship with the acoustic basement and appears to thin over 
highs (e.g., beneath Shotpoint 4785).

2.3. Site M0087
Trench-parallel Line 386_Underway_049 passes closest to Site M0087 (Figures F7, F8). Holes 
M0087A and M0087B lie 109 m east of this line (as measured perpendicular to the line), and Holes 
M0087C and M0087D lie 230 m east. Line 386_Underway_049 images the topographic ridge 
within the basin from Shotpoint 3200 to Shotpoint 3260, which appears as a steep topographic 
change and disruption in the center of the line. South of the topographic ridge, a high-amplitude 
seabed reflector is deeper (~9.86 s TWT) than the seabed reflector to the north, where a relatively 
flat-lying high-amplitude seabed reflector occurs at 9.825 s TWT.

Beneath the seafloor, both north and south of the topographic ridge, the seismic facies are similar 
but at a shallower depth on the northern side. An acoustically transparent unit up to 4 m thick lies 
above a flat-lying package of acoustically laminated basin fill that is up to ~26 m thick at its thick-
est point. The laminated package onlaps acoustic basement, and there is a sharp contact between 
the acoustic basement and the laminated package, which may be fault controlled. Within the 
acoustically laminated package, there is a series of flat-lying reflections that have lower amplitudes 
and appear to be acoustically transparent layers within the laminated sequence. On Line 386_Un-

Figure F5. Line 386_Underway_051, in the center of Basin C/N3, showing the acoustic character of the basin. SP = shot-
point.
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derway_049, these layers are located at 9.74, 9.879, and 9.892 s TWT on the southern part of the 
line, with thicknesses of ~3, 1, and up to 5 m, respectively.

Line 386_Underway_053 (Figure F9) is the closest trench-perpendicular line to Site M0087. Holes 
M0087A and M0087B lie 520 m north of the line, and Holes M0087C and M0087D lie 820 m north 
(Figure F7). Line 386_Underway_053 images a high-amplitude seafloor reflector overlying a ~4 m 
thick acoustically transparent layer, as seen on Line 386_Underway_049 (Figure F8). An acousti-
cally laminated package underneath the transparent layers is approximately 30 m thick. A sharp 
contact east of Holes M0087A and M0087B may represent a faulted contact at this location. 
Changes in amplitude with depth within the laminated package may indicate acoustically trans-
parent layers, but these are not as clearly imaged as on Line 386_Underway_049.
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3. Lithostratigraphy
Site M0087 was cored in Basin C/N3 in the northern Japan Trench in the undisturbed trench 
basin-fill succession, which overlies deformed trench basin or mass transport deposits, as revealed 
on the subbottom profiles (See Operations). Site M0087 has four holes, GPC Holes M0087B and 
M0087D and trigger core Holes M0087A and M0087C. Lithostratigraphic summary plots of the 
core sections, including linescan and X-ray computed tomography (CT) scan images, visual core 
descriptions (VCDs), and physical properties (magnetic susceptibility and density), are shown in 
Figures F10 and F11.

This section describes the lithology as it appears on the VCDs (see HANDDRAWNVCD in Sup-
plementary material). The mode of description of major and minor lithologies, contacts, sedi-
mentary structures, bioturbation, and accessory elements and iron monosulfides is defined in 
Lithostratigraphy in the Expedition 386 methods chapter (Strasser et al., 2023a). The description 
of the smear slides is semiquantitative and includes grain size: sand, silt, and clay (100%) and litho-
genic, biogenic, and volcanic components as 100% of the total slide. The smear slides were 
observed every 2 m, and the results are displayed as color bars representing lithogenic, biogenic, 
and volcanic components (Figure F12). Close-up photos of the core and the X-ray CT and linescan 
images that were used to determine lithology, as well as X-ray diffraction (XRD) data, can be found 
in CORECLOSEUP, LINESCAN, XRAYCT, and XRD, respectively, in Supplementary material). 
The 3 m barrel sheets, smear slide tables, and composite linescan plots can be found in Core 
descriptions.

The lithology at Site M0087 is dominated by clayey silt and silty clay with minor components of 
medium, fine, and very fine sand (Figures F10, F11). The grain size percentages examined from 29 
smear slide observations show the lithology is composed of silty sand, silt, clayey silt, and silty 
clay (Figure F13). Smear slide observations show equal mixtures of vitric and lithic grains (clay 
minerals, quartz, and feldspar), with fewer biogenic grains (diatoms, sponge, spicules, radiolaria, 
and calcareous microfossils) (Table T3; Figure F13; see smear slide photos in SMEARSLD in 
Supplementary material). The smear slides suggest a dominance of vitric-bearing siliceous-rich 
lithogenic clayey silt. 

Five types of lithologies were determined based on grain size and sedimentary structures derived 
from visual core description (Figures F10, F11). Soft-sediment deformation structures such as 
folds, dipping layers, and convolute layers were observed at this site. In addition, three tephra 
layers were reported in the VCDs for Site M0087 (see Tephra).

Type 1 is composed of silt, silty clay, and clay with minor components of very fine sand and silt 
patches without bioturbation. The patches are olive-black (7.5 Y 3/2) and relatively darker than 
their matrix, which is grayish olive (7.5 Y 4/2). Most of the patches are <1 cm in diameter and 
consist of various grain size particles (very coarse sand to silt) (Figure F14A).
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Figure F9. Line 386_Underway_053, showing the acoustic character south of Site M0087 in Basin C/N3. SP = shotpoint.
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Figure F10. Lithostratigraphic summaries, Holes M0087A and M0087B. XCT = X-ray CT, MS = magnetic susceptibility, cps = counts per second.
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Figure F11. Lithostratigraphic summaries, Holes M0087C and M0087D. XCT = X-ray CT, MS = magnetic susceptibility, cps = counts per second. (Continued on next 
page.)
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Type 2 is laminated sand and silty clay forming parallel beds and laminae. The laminae and thin 
beds are composed of medium sand, fine sand, very fine sand, silt, and silty clay. Most laminated 
intervals arch upward and are likely related to coring deformation. Laminae can be 0.3 to 1 cm 
thick (Figure F14B).

Type 3 is matrix-supported chaotically mixed silty clay with mud clasts. The clasts are grayish 
olive (7.5 Y 4/2) and composed of silt. The matrix is composed of silty clay. The clasts range 2–10 
cm in diameter, and they are bright (7.5 Y 5/2) and dark (7.5 Y 3/2). The clast margins are sharp, 
which is different from the silt patches of Type 1, which have diffuse boundaries (Figure F14C). 
Three intervals of Lithology Type 3 can be found at 5.7–7.5 mbsf in Hole M0087B and 9.15–9.95 
and 23.2–23.9 mbsf in Hole M0087D.

In Lithology Type 4, the fining-upward intervals are characterized by a sharp basal contact, and 
the basal part consists of coarse sediments decreasing in grain size upward (Figure F14D). The 
grain size is usually fine sand at the base of the interval and progressively fines upward to clay. The 
thicknesses of the fining-upward intervals vary from a few centimeters to 1 m. Event deposits are 
identified in Type 4 (see Lithostratigraphy in the Expedition 386 methods chapter [Strasser et al., 
2023a]).

In Type 5, bioturbation ranges from slight to moderate in the silty clay and clay and bioturbated 
intervals are common below Type 4 lithology (Figure F14E). Both bioturbation and iron monosul-
fides are rare throughout this site. Iron monosulfide staining varies from sparse to moderate in 
~10–15 cm thick intervals.

Core deformation is minor and characterized by voids, slurry, and cracks. Cracks are more abun-
dant with depth in the core. Most significant is the post–core recovery oxidation observed in many 
sections after splitting. X-ray CT scan images were processed and are available for each site (see 
XRAYCT in Supplementary material) The density contrasts expressed in gray levels offer a 
detailed image of the sedimentary structures. Among these, tephra is present in Hole M0087B 
(Sections 1H-8, 39 cm, and 1H-19, 16.4 cm) and Hole M0087D (Sections 1H-20, 87.5 cm; 1H-23, 
88 cm; and 1H-24, 87 cm) (see Tephra). Complete core linescan image composites provide 
insights on how the sediments vary with depth in a core (see linescan composite plots in Core 
descriptions and individual images in LINESCAN in Supplementary material). More detailed 
information about the lithology, X-ray CT scans, linescan images, bioturbation, iron monosulfides 
and associated physical properties are shown on the 3 m barrel sheets (see Core descriptions) and 

Figure F11 (continued).
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Figure F12. Smear slide summaries, Site M0087. The most abundant lithogenics (clay, quartz, feldspar, and pyrite) are in a brown color gradient, the volcaniclastics/ 
vitrics are pink, and the biogenics are in a blue gradient for the siliceous biogenics (diatoms, sponge spicules, and radiolaria) and are green for the calcareous micro-
fossils. See legend in Figure F14 in the Expedition 386 methods chapter (Strasser et al., 2023a). XCT = X-ray CT. (Continued on next two pages.)
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Figure F12 (continued). (Continued on next page.)
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close-up photos (see CORECLOSEUP in Supplementary material). XRD tables can be found in 
XRD in Supplementary material.

3.1. Holes M0087A and M0087B

3.1.1. Hole M0087A
Hole M0087A is 1.475 m deep and is mainly composed of nonbioturbated silty clay. An olive-
brown (2.5Y 4/3) 0.5 cm interval at the top of the hole is interpreted as oxygenated, indicating that 
the surface of the seafloor was recovered. A 0.5 cm thick silt lamina is recognized at 0.140–0.145 
mbsf. A fining-upward interval from silt to clay occurs at 0.18–0.59 mbsf. The other fining-
upward interval from very fine sand and coarse sand to clay occurs at 0.59–0.81 mbsf. The coarse 
part of the fining-upward interval shows good correlation to the increased signal and peaks of 
magnetic susceptibility and density (see Physical properties). A 12 cm thick parallel laminated 
silty clay occurs at 0.81–0.93 mbsf. The lithology of Hole M0087A is comparable to lithology 
Types 2 and 4.

Figure F12 (continued).
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Figure F13. Ternary diagrams of major components, Site M0087.
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Table T3. Smear slide data, Site M0087.  Download table in CSV format.
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One smear slide observation at 0.30 mbsf describes this lithology as lithogenic-, siliceous-, and 
vitric-rich silt (Table T3). Vitric grains are the most abundant mineral components (35%), with 
additional quartz (5%) and feldspar (5%). Diatoms (25%) and sponge spicules (10%) dominate the 
biogenic fraction. The composition of this smear slide includes volcanic (35%), biogenic (35%), and 
lithic (30%) grains (Figure F13). The dominant grain size is silt.

3.1.2. Hole M0087B
In Hole M0087B, the lithology is dominated by silty clay and silt. This hole is 18.98 m deep. Slight 
to moderate bioturbation, together with iron monosulfide intensity, occurs in rare intervals. Mag-
netic susceptibility, bulk density, and natural gamma radiation (NGR) show an increase in values 
manifested as peaks corresponding to the coarse part of each fining-upward interval (Figure F10). 
The sediments recovered from Hole M0087B comprise four discrete intervals defined based on 
visual core description, grain size, and sedimentary structures.

Interval 1 (0–5.7 mbsf ) includes lithology Types 1, 2, 4, and 5. A silt and very fine sand parallel 
laminated interval occurs at 0.6–1.0 and 1.60—1.90 mbsf. The latter is underlain by a medium 
sand lamina. A silt parallel laminated silty clay occurs at 3.4–4.1 mbsf and a silt-clay/silt-sand 
laminated horizon underlain by a very fine sand lamina occurs at 4.80—5.70 mbsf. Each lamina is 
<0.5 cm thick. Bioturbated silty clays or clays are observed at 1.9–2.2, 2.5–2.6, and 2.8–2.9 mbsf.

Interval 2 (5.7–7.8 mbsf ) includes Type 3 and 4 lithologies. Mixed silt clasts contained in the silty 
clay matrix are <10 cm in diameter and have a subrounded shape. The profiles of magnetic suscep-
tibility and bulk density in this interval have slight increases and decreases in their signal. This may 
be due to the floating distribution of clasts (Figure F10). A fining-upward deposit of very fine sand 
to silty clay lies below the silt clasts. A tephra (interval 386-M0087B-1H-8, 35–39 cm) was col-
lected from this interval (see Tephra). This interval can be correlated to 9.15–9.95 mbsf in Hole 
M0087D (Interval 2).

Interval 3 (7.8–12.95 mbsf ) contains Type 1 lithology. There is a 2.7 m thick, structureless interval 
of silty clay with silt to very fine sand patches from 8.8 to 11.4 mbsf. From 11.4 to 12.6 mbsf is an 
interval of silt with very fine sand patches. Below 12.6 mbsf, a fining-upward deposit of very fine 
sand to silt is observed.

Interval 4 (12.95 mbsf to the bottom of the hole) includes Type 2, 4, and 5 lithologies. Two fining-
upward deposits of medium sand to clay are observed at 12.95–14.55 and 16.5–18.0 mbsf. Biotur-
bated silty clays or clays are observed at 16.1–16.2 and ~18.5 mbsf. Another tephra (interval 
386-M0087B-1H-19, 15.6–16.4 cm) was recovered from a 0.5 cm thick silt lamina at ~17.9 mbsf 
(see Tephra).

M0087B-1H-19A, 39-52 cm 
A fining-upward interval  

from fine sand to clay

M0087D-1H-10A, 00-42 cm
Matrix supported silty clay 

with floating  mud clasts

M0087D-1H-6A, 08-30 cm
Bioturbated silty clay 

with sparse iron monosulfide

M0087D-1H-12A, 00-36 cm 
Non-bioturbated silty clay with 
minor olive black silt patches

M0087B-1H-5A, 00-21 cm 
Laminated sand, silt, 

and silty clay

A B C D E

Figure F14. Main lithologic components, Site M0087. A. Silty clay including olive-black (7.5Y 3/2) silt patches at ~31 cm. B. Silt parallel laminated gray silty clay (7.5Y 
4/1). C. Matrix-supported floating mud clasts in grayish olive (7.5Y 4/2) silty clay. The clasts are relatively bright (7.5Y 5/2) and dark (7.5Y 3/2). Clast size ranges ~2–10 
cm in diameter. D. Fining-upward event bed ranging from fine sand to clay. The basal contact of this event is erosive and sharp. A slight bioturbated clay (36.0–39.0 cm) 
occurs at the top of this event. E. Silty clay that includes ~3 mm sized black spots, indicating slight bioturbation intensity and sparse iron monosulfide intensity.
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A total of 11 smear slides were described for Hole M0087B (Table T3; Figure F12; see smear slide 
photos in SMEARSLD in Supplementary material). Smear slide observations indicate that the 
lithology is dominated by vitric- and siliceous-bearing lithogenic clayey silt. The grain size, as 
determined from the smear slide, includes silty sand, silt, and clayey silt (Figure F13). The major 
components of the sediment are lithic-rich vitric grains. Vitric shards are the most abundant min-
eral component (6%–50%), with additional quartz (4.2%–27%), pyrite (0%–12.5%), and feldspar 
(0%–8.3%); diatoms and sponge spicules dominate the biogenic fraction, with more diatoms 
(4.2%–31.3%) than sponge spicules (4.0%–17.6%) in all samples. Tephras are discussed in Tephra. 
Calcareous nannofossils are observed in one silty clay smear slide (Sample 1H-16, 80 cm).

3.2. Holes M0087C and M0087D

3.2.1. Hole M0087C
Hole M0087C is 0.835 m thick, and the main lithology is silty clay. The sediment is nonbiotur-
bated. There is a 1.5 cm olive-brown (2.5Y 4/3) silty clay interval at the top of the hole. This inter-
val is interpreted as the oxygenated zone, indicating that the surface of the seafloor was recovered. 
One fining-upward interval from medium sand to clay occurs at 0.14–0.66 mbsf. Magnetic sus-
ceptibility and density show an increase in their signals that corresponds to the coarser grained 
interval (see Physical properties). A 0.5 cm thick medium sand lamina occurs at 0.690–0.695 
mbsf (Figure F11). The sediment characteristics are associated with lithology Types 2 and 4.

One smear slide was described (Sample 386-M0087C-1P-1, 6.0 cm) (Table T3; Figure F12; see 
smear slide photos in SMEARSLD in Supplementary material). This smear slide lithology is sili-
ceous-bearing vitric-rich lithogenic silt with pyrite. Vitric grains are the most abundant mineral 
component (33.3%), with additional quartz (11.1%), pyrite (11.1%), lithic grains (22.2%), and dia-
toms (11.1%). The composition of this smear slide includes lithic (55.6%), volcanic (33.3%), and 
biogenic (11.1%) components (Figure F13). The dominant grain size is silt.

3.2.2. Hole M0087D
Hole M0087D is 26.345 m deep. The lithology is dominated by silt with minor very fine and 
medium sand. Bioturbation is slight to moderate, and iron monosulfide intensity is similar. The 
lithology of the upper 23.1 m shows patterns similar to those in Hole M0087B (Figures F10, F11). 
The sediment recovered from Hole M0087D comprises five discrete intervals based on visual core 
description, grain size, and sedimentary structures.

Interval 1 (0–9.15 mbsf ) includes Type 1, 2, 4, and 5 lithologies. A silty clay to clay interval con-
taining silty clay patches occurs at 0.3–2.3 mbsf. Another clay interval containing silty clay patches 
occurs at 6.5–8.6 mbsf. A silt and very fine sand parallel laminated silt-sand interval occurs at 5.5–
6.5 mbsf. Another interval of silt parallel laminated silt-sand including very fine sand laminations 
occurs at 8.6–9.2 mbsf. Each lamina is <1 cm thick. Two fining-upward deposits of medium sand 
to clay are observed at 3.8–4.45 and 2.3–3.4 mbsf. Bioturbated silty clays are observed at 3.3, 4.3–
4.45, 4.9–5.1, and 5.3–5.4 mbsf in between the laminated intervals.

Interval 2 (9.15–9.95 mbsf ) includes Type 3 and 4 lithologies. The mud clasts in the chaotic inter-
val are <10 cm in diameter and subrounded. The grain size of clasts ranges from fine sand to silt. 
The color of the clasts is bright (7.5Y 5/2) and dark (7.5Y 3/2). The matrix is composed of grayish 
olive (7.5Y 4/2) silty clay. A fining-upward deposit of very fine sand to silty clay lies below the mud 
clast bearing chaotic interval.

Interval 3 (9.95–15.1 mbsf ) includes Type 1 lithology. A thick, silty clay with some silt and very 
fine sand patches occurs in this interval. One silt bed (~5 and ~10 cm thick) is observed at 13.6 
mbsf, and a silt-sand bed is observed at 14.1 mbsf. A shell 4 mm in diameter was found in Section 
386-M0087D-1H-10, 77.5 cm, between Intervals 2 and 3.

Interval 4 (15.1–23.2 mbsf ) includes lithologies of Types 2, 4, and 5. A thick, parallel laminated silt 
and very fine sand occurs at 20.2–21.0 mbsf. Each lamina is <1 cm thick. Three fining-upward 
deposits of medium sand to clay can be observed at 16.3–16.9, 19.5–20.2, and 22.0–23.2 mbsf. 
Bioturbated silty clays are observed at 16.9–17.1, 17.7–18.6, 20.17, and 20.5–20.7 mbsf. A layered 
tephra interval occurs in interval 386-M0087D-1H-20, 87.5–88.0 cm (~20.1 mbsf ).
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Interval 5 (23.2 mbsf to the bottom of the hole) includes lithologies of Types 2, 3, and 4. Silt clasts 
and very fine sand patches occur in the silty clay matrix at 23.2–23.9 mbsf. The clasts are <5 cm 
diameter and subrounded. The dimensions of the clasts are smaller than those in Hole M0087D 
Interval 2. Below the silt clasts, a ~30 cm thick interval of convoluted silty clay is present at 23.9–
24.2 mbsf. Both silt clasts and convoluted silty clay are associated with Type 3 lithology. A tephra 
event contains spots at 23.2–23.7 mbsf and patches at 23.9–24.2 mbsf of grayish olive (7.5 Y 6/2) 
(see Tephra). A fining-upward deposit of medium sand to clay is observed at 22–23.2 mbsf, and 
another one of fine sand to clay is observed at 24.4–24.8 mbsf. Below the fining-upward interval, 
silty clay streaks are interbedded with silt, very fine sand, and sand from 24.8 mbsf to the bottom 
of the hole. These streaks and laminations are associated with Type 2 lithology.

A total of 16 smear slides were described for Hole M0087D (Table T3; Figure F12; see smear slide 
photos in SMEARSLD in Supplementary material). The main lithology is vitric-bearing siliceous-
rich lithogenic clayey silt with pyrite. The grain size, as determined from the smear slide, includes 
silt, clayey silt, and silty clay (Figure F13). The major components are lithogenic and biogenic 
grains. Clay is the most abundant mineral component (11.1%–43.8%). Additional mineral compo-
nents are quartz (<33.3%), volcanic glass shards (<33.3%), feldspar (<11.1%), and pyrite (<10.5%). 
Diatoms and sponge spicules dominate the biogenic fraction, with more diatoms (<27.3%) than 
sponge spicules (<18.8%) in all samples except for the three tephra intervals. Hole M0087D 
includes three tephra samples: 1H-20, 87.5 cm; 1H-23, 88.0 cm; and 1H-24, 87.0 cm (see Tephra).

3.3. X-ray diffraction mineralogy
XRD mineralogy was conducted for one sample every two sections, and some minerals have been 
grouped. These groupings will require additional processing to extract a signal for each mineral. 
For example, quartz has not been separated from opal-A, and clays, carbonates, amphiboles, 
pyroxenes, and heavy minerals are composed of several minerals in each grouping (see Lithostra-
tigraphy in the Expedition 386 methods chapter [Strasser et al., 2023a]). The interpretation of the 
mineralogy is an approximation at this stage. However, some interpretations can be made when 
the data are contrasted with the lithostratigraphic summaries (Figure F11). For Hole M0087D 
(Figure F15), the most abundant minerals are quartz, feldspar, and micas (muscovite and biotite), 
followed by clays. The data show correspondence between quartz, feldspar, micas, and clays, and 
the smear slide data also show them as the most abundant minerals (Table T3). Pyroxene is pres-

Figure F15. XRD mineralogy, Hole M0087D. 

5

10

15

20

25

Major mineral constituents (wt%)

D
ep

th
 (m

bs
f)

20 40 60 80 1000

Quartz 
Feldspars
Carbonates
Clays
Palygorskite
Micas
Pyroxene
Amp/Cord/Sill/And 
Heavy minerals
Pyrite

M0087D
https://doi.org/10.14379/iodp.proc.386.110.2023 publications.iodp.org · 17



M. Strasser et al. · Site M0087 (Basin C/N3) IODP Proceedings Volume 386
ent at 0–5, 8.5–15, and 23 mbsf. Palygorskite is rare in abundance at 0–7, 11, and 17 mbsf. Heavy 
minerals are also rare at 8.5 and 23–25 mbsf. Future studies will be required to fully extract the 
mineralogy of the sediments in this hole.

4. Tephra
Three tephra layers are present in Basin C/N3. One of them is a key bed for interhole correlation 
between Holes M0087B and M0087D (tephras M0087B-1H-19, 16.4 cm, and M0087D-1H-20, 
87.5 cm, respectively) and represents a candidate tephra for regional tephrostratigraphic correla-
tion. The other two tephra layers occur within intervals of reworked sediments and do not occupy 
true tephrostratigraphic positions.

Light brown silt-sized tephra patches (M0087B-1H-8, 39 cm) are included in a silty mass transport 
deposit interval in interval 386-M0087B-1H-8, 35–39 cm (Figure F16A). Therefore, this tephra 
does not occupy a true tephrostratigraphic horizon. It is composed of multiple types of volcanic 
glass shards, including pumiceous, fibrous, and bubble-wall types (Figure F17A; Table T4). 
Observed heavy minerals are represented by weathered biotite.

A tephra layer (M0087B-1H-19, 16.4 cm, and M0087D-1H-20, 87.5 cm) was observed in intervals 
386-M0087B-1H-19, 15.6–16.4 cm (Figure F16B), and 386-M0087D-1H-20, 87–87.5 cm (Figure 
F16C). The facies of the layer is light reddish brown silt-sized tephra. In Hole M0087B, the tephra 
layer grades upward into a thin (0.6 cm) silty sediment interval that is separated from an overlying 

Figure F16. Core closeup photos of tephras within intervals (brackets) in Basin C/N3, Site M0087. A. M0087B-1H-8, 39 cm 
(386-M0087B-1H-8, 35–39 cm). B. M0087B-1H-19, 16.4 cm (386-M0087B-1H-19, 15.6–16.4 cm). C. M0087D-1H-20, 87.5 cm 
(386-M0087D-1H-20, 87–87.5 cm). D. M0087D-1H-24, 87.5 cm (386-M0087D-1H-23, 85 cm, to 1H-24, 87.5 cm).

M0087B-1H-8, 39 cm M0087B-1H-19, 16.4 cm M0087D-1H-20, 87.5 cm

M0087D-1H-24, 87.5 cm

A B C D

M0087B-1H-8, 36.5 cm

M0087D-1H-24, 87 cm

M0087B-1H-19, 16 cm

M0087D-1H-20, 87.5 cm

Hornblende

Hornblende

Hornblende

PumiceousPumiceous

Bubble-wall
100 µm

100 µm100 µm

100 µm

A B

C D

Figure F17. Smear slides representing tephras. A. Tephra M0087B-1H-8, 39 cm. B. Tephra M0087B-1H-19, 16.4 cm. C. Tephra 
M0087D-1H-20, 87.5 cm. D. Tephra M0087D-1H-24, 87.5 cm.
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thick sand layer by a sharp basal contact. In contrast, the tephra layer in Hole M0087D is directly 
overlain by the thick sand layer. Below the tephra layer, patches composed of this tephra are scat-
tered within the underlying approximately 5 cm thick interval of bioturbated silty sediment in 
both holes. The tephra is composed of dominant pumiceous type volcanic glass shards with fewer 
fibrous type volcanic glass shards (Table T4). The heavy mineral composition is abundant horn-
blende and smaller amounts of orthopyroxene and clinopyroxene. Opaque minerals are very rare 
(Figure F17B, F17C).

This tephra layer is probably correlated with the M0094B-1H-16, 82.5 cm, tephra layer based on 
similarities in lithofacies, volcanic glass type, and heavy mineral composition, although ß-quartz 
was not found in this tephra (see Tephra in the Site M0094 (Basin C/N2) chapter [Strasser et al., 
2023c]). This is of key importance for regional tephrostratigraphic correlation with tephras of 
similar lithofacies, but more detailed analysis, such as chemical composition analysis, is needed to 
test for this possible correlation.

Reddish brown silt-sized tephra blocks and patches (interval 386-M0087D-1H-24, 87.5 cm) are 
included in silty mass transport deposit interval 386-M0087D-1H-23, 85 cm, to 1H-24, 87.5 cm 
(Figure F16D). This tephra therefore does not occupy a true tephrostratigraphic horizon. It is 
composed of abundant bubble-wall and platy types of volcanic glass shards (Figure F17D; Table 
T4). Heavy minerals are rare, and clinopyroxene, orthopyroxene, and apatite are observed.

5. Micropaleontology
Four holes were cored at Site M0087 in Basin C/N3, located in the boundary area between the 
central and northern Japan Trench. Because of the prevalence of event layers, no radiolarian-based 
age determinations were made at this site. Foraminifera in samples collected during the offshore 
phase were examined to determine the provenance of mass transport deposits.

5.1. Foraminifera
Samples were taken at 5 m intervals offshore, as described in Micropaleontology in the Expedi-
tion 386 methods chapter (Strasser et al., 2023a). With the exception of the agglutinated foramin-
ifera, which may be either in situ or reworked, all foraminifera at Site M0087 are considered to be 
allochthonous.

5.1.1. Hole M0087A
One sample taken from the base of Hole M0087A was examined for foraminifera (Table T5). Only 
two benthic and one planktonic foraminifer with moderate preservation are present in this sam-
ple. Diatoms, radiolaria, and sponge spicules are common, and glass shards are very abundant. 
The glass includes very angular shards, clear and dark colored shards, and bubble glass.

No provenance interpretation can be made for this sample due to low foraminifera abundance.

5.1.2. Hole M0087B
Four samples from Hole M0087B were examined for foraminifera (Table T5). These samples are 
all barren. Glass shards, diatoms, radiolaria, and sponge spicules are abundant.

No provenance interpretation can be made for these samples due to the absence of foraminifera.

Table T4. Tephra layers in Basin C/N3, Site M0087. Pum = pumiceous type, Fib = fibrous type, Bub = bubble-wall type, Pla = platy type, Hbl = hornblende, Opx = ortho-
pyrxene, Cpx = clinopyroxene, Opq = opaque minerals, Ap = Apatite, () = rare.  Download table in CSV format. 

Tephra
Top
(cm)

Bottom
(cm)

Thickness
(cm) Structure Facies Glass shape type Minerals Smear slide

M0087B-1H-8, 39 35 39 4 Patch Light brown, silt-sized tephra Pum > Fib, Bub M0087B-1H-8A, 36.5
M0087B-1H-19, 16.4 15.6 16.4 0.8 Bed Light reddish brown, silt-sized tephra Pum >> Fib Hbl > Opx >> Cpx, Opq M0087B-1H-19A, 16
M0087D-1H-20, 87.5 87 87.5 0.5 Bed Light reddish brown, silt-sized tephra Pum >> Fib Hbl > Opx >> Cpx, Ap, Opq M0087D-1H-20A, 87.5
M0087D-1H-24, 87.5 –16 87.5 103.5 Block Reddish brown, silt-sized tephra Bub > Pla >> Fib (Opx, Cpx, Ap) M0087D-1H-24A, 87
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5.1.3. Hole M0087C
One sample from the base of Hole M0087C was examined for foraminifera (Table T5). Only one 
broken unidentifiable agglutinated foraminifer is present. Glass shards, diatoms, radiolaria, and 
sponge spicules are abundant.

No provenance interpretation can be made for this sample due to low foraminifera abundance.

5.1.4. Hole M0087D
Six samples from Hole M0087D were examined for foraminifera (Table T5). Moderately preserved 
benthic foraminifera are present in one sample; the remaining five samples are barren. All samples 
are barren of planktonic foraminifera. Glass shards, diatoms, radiolaria, and sponge spicules occur 
in all samples.

No provenance interpretation can be made for these samples due to low foraminifera abundance.

6. Geochemistry

6.1. Interstitial water
At Site M0087, a total of 48 interstitial water (IW) samples were collected using Rhizon samplers 
from two trigger cores (Holes M0087A and M0087C) and two GPC cores (Holes M0087B and 
M0087D). Additionally, two bottom water (BW) samples were taken from each of the trigger 
cores. See Geochemistry in the Expedition 386 methods chapter (Strasser et al., 2023a) for details 
of the sampling, and analytical methods and data quality used. In general, IW compositions at Site 
M0087 reflect the combined effects of organic matter degradation, including the release of meta-
bolic products and consumption of electron acceptors, and mineral dissolution/precipitation 
reactions within sediments. Notably, concentrations of some pore water species (e.g., sulfate, alka-
linity, and ammonium) at Site M0087 exhibit reversal trends toward seawater values below ~10 
mbsf.

6.1.1. Shipboard analyses: salinity, alkalinity, and ammonium
Salinity at Site M0087 generally shows relatively stable values ranging ~34.5–35 in the uppermost 
~20 m, followed by a slight decrease to ~34 at the bottom of Hole M0087D (Figure F18; Table T6) 
Alkalinity concentrations increase monotonically from ~2.5 mM in the BW to a peak value of 36 
mM at 9.6 mbsf in Hole M0087B, followed by a gradual decrease to 23 mM at the bottom of the 
hole (Figure F18). In Holes M0087C and M0087D, alkalinity concentrations first increase from the 
BW value of ~2.6 mM to 14.7 mM at 2.5 mbsf and then remain at this level for ~1.5 m downward 
before increasing again to ~35 mM at ~11 mbsf (Figure F18). This rise is followed by a decrease to 
~20 mM at the bottom of Hole M0087D. Similar to the alkalinity profiles, ammonium (NH4

+) con-
centrations in Holes M0087A and M0087B also exhibit a first increase to a peak of 1.78 mM at 9.6 
mbsf and then gradually decrease to 1 mM at the bottom of the hole (Figure F18). In Holes 
M0087C and M0087D, NH4

+ concentrations first increase from the BW value of 0.03 mM to 0.45 
mM at ~2.5 mbsf, followed by relatively constant values to ~4.5–5 mbsf, where NH4

+ concentra-
tions start increasing again to 1.6–1.7 mM at 11–13 mbsf (Figure F18). Below 13 mbsf, NH4

+ con-
centrations decrease to ~0.7 mM at the bottom of Hole M0087D.

6.1.2. Shore-based analysis

6.1.2.1. Dissolved vanadium, molybdenum, and uranium
A suite of trace metals were analyzed using inductively coupled plasma–mass spectroscopy (ICP-
MS) (including V, Mo, and U, briefly described below, as well as Cu and Rb) (Table T6; Figure 
F19). Dissolved vanadium (V) concentrations in the trigger cores from Site M0087 range 0–70 
nM. For the GPC cores, V concentrations in Hole M0087B are depleted in the uppermost ~10 m 
and show slightly elevated values (~2 nM) between ~10 and 19 mbsf. In Hole M0087D, V concen-
trations are higher (~20–108 nM). Dissolved molybdenum (Mo) concentrations in the trigger 

Table T5. Foraminifera occurrences, Site M0087.  Download table in CSV format.
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cores range 5–585 nM. In the GPC cores, Mo concentrations rapidly decrease from ~70–120 nM 
in the uppermost sample to less than 10 nM at ~2 mbsf and remain at a low level downcore. 
Dissolved uranium (U) concentrations in the trigger cores range ~1–30 nM. In the GPC cores, U 
concentrations decrease with depth from ~17 nM in the BW sample to mostly 2–3 nM between 
~1.5 and 8 mbsf. Uranium concentrations increase at 9–10 mbsf, followed by a decrease to less 
than 2 nM at ~15 mbsf and for the remainder of the cores.

6.1.2.2. Dissolved lithium, boron, silica, manganese, iron, strontium, and barium
All minor elements analyzed using inductively coupled plasma–optical emission spectroscopy 
(ICP-OES) are listed in Table T6. Dissolved lithium (Li) concentrations at Site M0087 decrease 
from 27–28 μM in BW at the top of the trigger core to ~22 μM at 10–11 mbsf, followed by a 
monotonic increase to ~36 μM at the bottom of Hole M0087D (Figure F20). Dissolved boron (B) 
concentrations generally remain relatively stable throughout the cores, ranging 507–620 μM 
(Figure F20). Dissolved silica (Si) concentrations increase rapidly from ~140 μM in the overlying 
waters (BW sample of the trigger cores) to 860 μM at 1.6 mbsf in the GPC cores, and remain at a 
constant high level to the base of the hole (Figure F20).

Dissolved manganese (Mn) concentrations in the trigger cores range 140–594 μM. In the GPC 
cores, Mn concentrations first increase from ~160–260 to ~300–385 μM from ~1 to 2.5 mbsf, 
followed by a decrease to ~83–88 μM at 8.6–11 mbsf. From there to the base of the holes, Mn 
concentrations show slight variations between 90 and 190 μM (Figure F20). Dissolved iron (Fe) 
concentrations in the trigger cores range ~156–422 μM. In the GPC cores, Fe concentrations show 
a rapid increase from ~83–91 μM in the uppermost samples to high values between 121 and 387 
μM at ~0.6–8 mbsf, followed by a general decrease to 2.2 μM at ~11 mbsf, and then they remain at 

Figure F18. IW salinity, total alkalinity, and ammonium (NH4
+) concentrations, Site M0087.
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Figure F19. IW V, Mo, and U concentrations, Site M0087.
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a low level farther downcore except for the two samples from ~17 mbsf in Hole M0087B and ~21 
mbsf from Hole M0087D, which show elevated concentrations of 96–147 μM (Figure F20).

Dissolved strontium (Sr) concentrations show relatively constant values ranging ~80–92 μM 
throughout the cores. Dissolved barium (Ba) is low throughout the cores, ranging 0.34–1 μM (Fig-
ure F20).

6.1.2.3. Chloride, bromide, and sulfate
All anions analyzed using ion chromatography (IC) are listed in Table T6 and shown in Figure F21. 

Dissolved chloride (Cl−) shows limited downcore variations, and concentrations range ~540–550 
mM. Likewise, dissolved bromide (Br−) concentrations exhibit mostly constant values (~0.81–0.89 
mM) throughout the cores. Dissolved sulfate (SO4

2−) concentrations decrease linearly from ~28–
33 mM in the BW and at the top of the trigger cores to minimum values of ~13–14 mM at ~9–11 
mbsf. Farther downcore, the trend reverses and SO4

2- concentrations increase to 19.3 mM at the 
bottom of Hole M0087D.

6.1.2.4. Sodium, magnesium, potassium, and calcium
Downcore profiles of Na+, K+, Ca2+, and Mg2+ IW concentrations at Site M0087 show overall very 
similar patterns to each other with little variations. Dissolved sodium (Na+) concentrations at Site 
M0087 do not exhibit clear downcore trends and are generally highly scattered, ranging ~454–509 
mM. Dissolved potassium (K+) concentrations at Site M0087 generally remain constant, ranging 
~9–11 mM. Dissolved calcium (Ca2+) concentrations in Hole M0087B generally show constant 
values between ~10.4 and 11.6 mM. In Hole M0087D, Ca2+ concentrations decrease from 10.9 
mM in the uppermost sample to ~8 mM at ~4.5 mbsf, followed by a slight increase to ~12 mM at 
the base of the hole (~25 mbsf ). Dissolved magnesium (Mg2+) concentrations at Site M0087 do not 
show clear downcore trends. Concentrations range ~52–58 mM. 

Figure F20. IW Li, B, Si, Mn, Fe, Sr, and Ba concentrations, Site M0087.
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The IC cation data is only presented in GEOCHEM in Supplementary material because the 
samples require further analysis for validation of absolute values (analytical accuracy).

6.2. Shore-based H2S analysis

At Site M0087, H2S concentrations were below the detection limit in all samples (see GEOCHEM 
in Supplementary material).

6.3. Headspace gas analysis: methane, ethane, and C1/C2 ratio

The offshore headspace gas analysis was mainly performed on the longest GPC core. A total of 27 
headspace samples were measured from the Hole M0087C trigger core (1 sample) and Hole 
M0087D GPC core for hydrocarbon compositions. The results from offshore headspace gas anal-
ysis are shown in Figure F22, and the results of onshore headspace gas measurements for all cores 
are documented in Table T7.

At Site M0087, methane concentrations are low throughout the core. Ethane (C2H4 and C2) follows 
a pattern similar to that of methane, and the methane/ethane (C1/C2) ratios fluctuate with meth-
ane values. 

Alongside C1 and C2, other hydrocarbon gases such as ethylene (C2=), ethane (C2), propene/ 
propylene (C3=), propane (C3), i-butane (i-C4), and n-butane (n-C4) were detected and measured, 
but their concentrations are very low, generally less than 1 ppmv at all sites (see GEOCHEM in 
Supplementary material).

6.4. Shore-based solid-phase analysis

6.4.1. Aluminum, calcium, silica, iron, and manganese
Energy dispersive X-ray fluorescence (ED-XRF) was used to quantify elements from 23 ground 
solid sediment samples from Holes M0087B and M0087D and two samples from the trigger cores 
from Holes M0087A and M0087C. The solid-phase elements, including aluminum (Al), calcium 
(Ca), silica (Si), iron (Fe), manganese (Mn), briefly described below, as well as Ba, Br, Cr, Cu, K, Mg, 
Ni, P, Sr, Ti, V, Zn, and Zr, are listed in Table T8. Downcore variations are shown in Figure F23. Al 
contents do not show clear downcore trends at Site M0087, and except for the trigger core where 
Al is ~2.7 wt%, values range ~4–5.4 wt% (39,327–54,316 mg/kg). Solid-phase Ca contents also do 
not exhibit clear downcore trends, and values fluctuate between ~0.8 and 1.4 wt% (7,872–14,083 
mg/kg). Silica (Si) contents are high throughout the cores, ranging ~27–32 wt% (274,176–322,949 

Figure F22. Methane, ethane, and methane to ethane (C1/C2) ratios (red diamonds), Holes M0087D and M0087C.
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Table T8. Solid-phase geochemistry, Site M0087.  Download table in CSV format.
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mg/kg). Fe contents are stable throughout the cores, ranging ~2.9–3.5 wt% (25,845–34,809 
mg/kg), except at the base of Hole M0087B (~19 mbsf ), where they are slightly lower (2.6 wt%). 
Manganese (Mn) contents are low and range ~0.04–0.06 wt% (441–636 mg/kg).

6.4.2. Carbon and sulfur
Total carbon (TC) contents vary between 0.43 and 1.66 wt% for Holes M0087A and M0087B and 
between 0.57 and 1.24 wt% for Holes M0087C and M0087D. In Holes M0087A and M0087B, total 
organic carbon (TOC) contents first decrease from 0.71 to 0.43 wt% at ~2.5 mbsf and then 
increase to 1.3 wt% at ~10.7 mbsf. Below ~10.7 mbsf, TOC contents decrease to 0.58 wt% at ~18.6 
mbsf. In Holes M0087C and M0087D, TOC contents decrease from 0.9 to 0.54 wt% at ~9 mbsf, 
followed by an increase to 1.24 wt% at 11–13 mbsf, and then they decrease again to 0.6 wt% at ~25 
mbsf. Total inorganic carbon (TIC) contents generally show low levels for all the holes, with values 
lower than 0.12 wt%. Total sulfur (TS) generally does not exhibit clear downcore trends and is 
scattered, ranging 0.28–0.76 wt% for Holes M0087A and M0087B and 0.27–0.72 wt% for Holes 
M0087C and M0087D (Figure F24).

6.5. Discussion
The downcore pore water profiles of sulfate, alkalinity, and ammonium in the uppermost ~10 m at 
Site M0087 show characteristic changes related to organic matter degradation (Froelich et al., 
1979). The downcore decrease in sulfate concentrations is mainly caused by organoclastic sulfate 
reduction, but sulfate is not depleted within the recovered cores. The absence of a sulfate–
methane transition (SMT) is due to sulfate supply from below the coring depth. In addition, 
elevated Fe and Mn concentrations throughout the cores, especially for the uppermost 10 m of 
sediments, reflect dissimilatory Fe and Mn reduction coupled with organic matter oxidation.

Figure F23. Solid-phase XRF contents of Al, Ca, Fe, Mn, and Si, Site M0087. Open symbols = trigger core samples.
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High Si concentrations at this site are probably sustained by biogenic opal dissolution, as evi-
denced by smear slide observation showing a substantial amount of diatom frustules and sponge 
spicules in the sediments (see Lithostratigraphy). The slight downcore increase in B concentra-
tions suggest B desorption from clay minerals and/or biogenic silica dissolution. In contrast, the 
downcore Li profiles in the uppermost ~10 m could reflect low-temperature silicate diagenesis, 
which adsorbs and incorporates Li in the secondary minerals.

One notable feature of the pore water profiles at Site M0087 is the reversal of most pore water 
species toward seawater values below ~10 mbsf, similar to the pore water profiles at Site M0085. 
The high silica content in the solid phase in tandem with low calcium and TIC contents indicates 
that siliceous material dominates the sediment composition, whereas calcium carbonate phases 
are low (Figure F24), which is in good agreement with sedimentary observations (see Lithostra-
tigraphy). High amounts of solid-phase Fe, which does not parallel the Al profile, and low TS 
point to an iron-dominated system with likely formation of iron sulfide minerals, as suggested 
from smear slides (see Lithostratigraphy).

7. Physical properties
This section summarizes the preliminary physical properties results from cores acquired at Site 
M0087 in Basin C/N3 in the boundary area between the central/northern Japan Trench at water 
depths between 7518 and 7520 mbsl. A total of four holes were cored: two pairs of trigger cores 
(Holes M0087A and M0087C) and corresponding GPC cores (Holes M0087B and M0087D) (see 
Operations). The physical properties data sets were collected with the techniques and sampling 
rates defined in Physical properties in the Expedition 386 methods chapter (Strasser et al., 
2023a). During the offshore phase, whole cores were scanned through the Multi-Sensor Core Log-
ger (MSCL). During the onshore phase, cores were split, scanned through the Tri-Sensor Core 
Logger (TSCL), and sampled for moisture and density (MAD), undrained shear strength, and 
P-wave velocity. Overall, the physical properties data sets are high quality and correlate well with 
lithology and hydroacoustic data.

A synthesis of MSCL and shear strength properties is presented in Figure F25 for Holes M0087A 
and M0087B and Figure F26 for Holes M0087C and M0087D. Trigger core data are plotted in 
orange, and piston core data are plotted in black.
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7.1. Bulk density
Bulk density data were obtained using the gamma ray attenuation (GRA) technique on the MSCL 
(Figures F25, F26). Density values generally show an increasing trend with depth. However, there 
are a number of localized zones that show variations superimposed on this trend. There is gener-
ally a systematic pattern for several intervals: a gradual downcore increase to a local maximum, 
followed by a sharp decrease immediately below.

The uppermost 0–4 m in Holes M0087A and M0087B show the highest MSCL bulk density fluc-
tuations, including pronounced peaks reaching as low as 1.22 g/cm3 and as high as 1.63 g/cm3. 
Between 4 and 8 mbsf in Hole M0087B, bulk density increases. Between 8 and 13 mbsf in Hole 
M0087B, there is another zone where bulk density steadily increases with depth with low variabil-
ity. Below this depth, bulk density increases to the bottom of the hole with some fluctuations. In 
Hole M0087B, the highest density peak (1.66 g/cm3) is observable at 15.3 mbsf (Figure F25).

In Holes M0087C and M0087D, bulk density increases from ~1.3 g/cm3 at the mudline to ~1.6 
g/cm3 at the bottom of Hole M0087D (26.2 mbsf ) (Figure F26). Hole M0087D shows three zones 
with steady increases in bulk density with depth: 0–3, 7–8, and 10–15 mbsf. Other zones show 
higher fluctuations in density, which are most pronounced between 3 and 7 mbsf. Below 15 mbsf, 
bulk density increases to the bottom with some fluctuation. The highest density value at Site 
M0087 (1.70 g/cm3) is measured at 21.0 mbsf in Hole M0087D.

Bulk density values obtained from discrete samples from trigger and piston cores are shown as 
blue and red dots, respectively, in Figures F25 and F26. MSCL density shows higher frequency 
fluctuations due to a higher sampling rate, but at the sampling depths, a very good match exists 
between MSCL bulk density and MAD bulk density (see Moisture and density) values in all 
holes. This good match suggests that Site M0087 is not distorted by methane degassing, which is 
in accordance with geochemical analysis, which shows that the cored materials are from above the 
SMT (see Geochemistry).

7.2. Magnetic susceptibility
Overall, magnetic susceptibility in all holes at Site M0087 fluctuates around a baseline value of 
approximately 44 × 10−5 SI throughout the cored depths but also shows several pronounced peaks 
that exceed 100 × 10−5 SI (Figures F25, F26). A 5 m thick zone of continuous readings close to 50 
× 10−5 SI (with a slight trend of increasing values downcore) occurs in both piston core holes 
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(M0087B and M0087D) at similar depths (between 8 and 13 mbsf in Hole M0087B and between 10 
and 15 mbsf in Hole M0087D), with a very sharp drop at the base. Below this zone, magnetic 
susceptibility fluctuates; the highest value in Hole M0087B is 167 × 10−5 SI at 18.0 mbsf, and the 
highest value in Hole M0087D is 133 × 10−5 SI at 23.2 mbsf.

7.3. P-wave velocity
P-wave velocity was measured using the MSCL on whole cores during the offshore phase. During 
the onshore phase, P-wave velocity was measured on discrete samples approximately every 2 m. 
Many of the MSCL velocity data were of insufficient quality below ~5 mbsf and have been 
omitted.

Offshore P-wave velocities recorded with the MSCL at Site M0087 generally trend around 1500 
m/s (the velocity of water). Shore-based discrete measurements are noticeably higher (closer to an 
average of 1700 m/s). The difference in velocity exceeds the uncertainty associated with the dis-
crete velocity measurements (±50 m/s). The difference between the two data sets may be 
attributed to continued compaction or degassing of the sediments between the offshore and 
onshore phases of the expedition. Further investigation will be required to fully understand the 
discrepancy, and the data should thus be used with a degree of caution.     

MSCL and laboratory-measured P-wave data are plotted in Figures F25 and F26 for Site M0087. 
MSCL P-wave velocity at the mudline is around 1507 m/s in all holes. The trigger core from Hole 
M0087C captured a shallow peak value of 1580 m/s at 0.6 mbsf, which is not observable at a simi-
lar depth in the GPC core from Hole M0087D. MSCL P-wave velocity values generally show an 
increasing trend with depth. There are several zones with relatively stable P-wave velocity values 
close to the mudline value: 4–8 and 8–13 mbsf in Hole M0087B and 0–3, 7–8, and 10–15 mbsf in 
Hole M0087D. Outside of these zones, P-wave velocity fluctuates significantly. Below 13 mbsf in 
Hole M0087B and 15 mbsf in Hole M0087D, MSCL P-wave velocity shows very high variability. 
The minimum value at Site M0087 (1474 m/s) occurs at 21.1 mbsf in Hole M0087D, and the max-
imum value (1642 m/s) occurs at 24.8 mbsf in Hole M0087D.

In Holes M0087A and M0087B, the average laboratory-measured P-wave velocity is 1744 m/s. 
Unlike the MSCL data, laboratory-measured P-wave velocities show a slightly decreasing trend 
with depth. In Holes M0087C and M0087D, the average P-wave velocity measured on discrete 
samples is 1783 m/s. The highest value is 1920 m/s at 0.5 mbsf (Hole M0087C). Unlike the MSCL 
data, laboratory-measured P-wave velocities show a slightly decreasing trend with depth despite a 
local high value of 1873 m/s at 22.7 mbsf in Hole M0087D.

7.4. Noncontact electrical resistivity
Noncontact electrical resistivity measured using the MSCL shows a gentle increasing profile in 
Holes M0087B and M0087D, from ~0.4 Ωm at the core top of Hole M0087B to ~0.7 Ωm near the 
bottom at 18.8 mbsf (Figure F25) and from ~0.3 Ωm at the core top of Hole M0087D to ~0.6 Ωm 
near the bottom at 26.2 mbsf (Figure F26). The intervals between ~8 and 13 mbsf in Hole M0087B 
and between ~10 and 16 mbsf in Hole M0087D show the most consistent resistivity values around 
0.4–0.5 Ωm. Intervals above and below this zone show greater variability.

7.5. Natural gamma radiation
At all holes at Site M0087, NGR has similar profiles (Figures F25, F26) that generally fluctuate 
between 15 and 35 counts/s in the uppermost 8 m in Hole M0087B and 10 m in Hole M0087D. A 
continuous zone of increasing NGR is observable between 8 and 13 mbsf in Hole M0087B and 
between 10 and 16 mbsf in Hole M0087D. Below this zone, NGR fluctuates between 25 and 40 
counts/s with a slightly increasing trend with depth. Other downward increasing trends over 
several meters can also be observed, although with more scatter, in Hole M0087D between about 
0–3 and 7–9 mbsf.
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7.6. Undrained shear strength
Undrained shear strength (Su) was measured on split cores with a handheld penetrometer, auto-
mated vane shear (AVS) apparatus, and fall cone penetrometer (see Physical properties in the 
Expedition 386 methods chapter [Strasser et al., 2023a]).

Su obtained using the handheld penetrometer generally increases with depth in all holes at Site 
M0087 (Figures F25, F26). The highest penetrometer shear strength values are at 8.6 mbsf in Hole 
M0087B (109 kPa) and at 22.7 mbsf in M0087D (114 kPa). It is worth noting that the Su peak at 
22.7 mbsf in Hole M0087D corresponds to a peak in laboratory-measured P-wave velocity. In Hole 
M0087B, fall cone strengths range from near 0 kPa at the core top to 62 kPa near the base of the 
hole at 18.6 mbsf; they range to 76 kPa near the base of deeper Hole M0087D at 25.2 mbsf (Figure 
F27). The AVS and fall cone data profiles for Hole M0087B are higher than the profile for Hole 
M0087D. It is not obvious why this might be, but it could be due to lithologic effects.

It should also be noted that values of Su vary according to the device used to obtain them (Figure 
F27). For example, fall cone strengths are higher than those obtained with the AVS and handheld 
penetrometer. The influence of the U-channel along the center of the core could result in lower 
strengths than those measured using the fall cone. The fall cone only impacts a small region of the 
core (~2–5 mm), whereas the AVS impacts a larger region of the core (~20–50 mm). Both mea-
surements ideally should be obtained from the center of the core away from the core sidewall. 
However, samples could not be taken at the center because of the U-channel (see Physical prop-
erties in the Expedition 386 methods chapter [Strasser et al., 2023a]). As a result, strength sam-
pling points had to be placed halfway between the central U-channel and the sidewall of the core. 
During AVS measurements, the fractures that opened often propagated toward both the central 
U-channel and the sidewall, perhaps resulting in lower strength values. The fall cone measure-
ments were not seen to be affected by the U-channel or the sidewall. Further analysis will more 
closely examine the strength data to try to reconcile the differences.

7.7. Moisture and density
Using the MAD technique on discrete samples onshore, wet water (WW) and dry water (DW) 
contents, bulk density, dry density, grain density, porosity, and void ratio were obtained (Figures 
F28, F29). 

WW and DW contents gradually decrease with depth. In Hole M0087B, water contents decrease 
from 56% WW and 129% WD at 0.5 mbsf to 49% WW and 98% WD at 18.6 mbsf. At 0.5 mbsf, 
Hole M0087A shows higher water contents (72% WW and 255% WD) than Hole M0087B. In Hole 

Figure F27. Undrained shear strength from fall cone and AVS, Site M0087.
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M0087D, water contents decrease from 68% WW and 217% WD at 0.8 mbsf to 42% WW and 74% 
WD at 25.2 mbsf. At 0.5 mbsf, Hole M0087C shows lower water contents (54% WW and 116% 
WD) than Hole M0087D.

Bulk density increases in Hole M0087B from ~1.40 g/cm3 at 0.5 mbsf to ~1.47 g/cm3 at the bottom 
of the hole (18.6 mbsf ), corresponding to porosity values of 76.9% and 70.8%, respectively (Figure 
F28). Despite the general increasing trend with depth, two local high values can be observed at 2.4 
and 14.6 mbsf.

In Hole M0087D, bulk density increases from ~1.27 g/cm3 at 0.8 mbsf to ~1.58 g/cm3 at the bot-
tom of the hole (25.2 mbsf ), corresponding to porosity values of 85.1% and 65.4%, respectively 
(Figure F29).

Grain density shows a local peak of ~2.73 g/cm3 at 10.6 mbsf in Hole M0087B and ~2.69 g/cm3 at 
13.1 mbsf in Hole M0087D (Figures F28, F29). However, these local high grain densities do not 
correspond with any similar local variations in MSCL physical properties (Figures F25, F26).

Figure F28. MAD data, Holes M0087A (orange) and M0087B (black).
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Figure F29. MAD data, Holes M0087C (orange) and M0087D (black).
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7.8. Color reflectance and RGB values
In Hole M0087B, color spectrometry L* values range approximately 20–40 with a spike of 14 at 
14.7 mbsf. Values of a* range approximately −2–0 with several localized spikes exceeding 0 (7.5, 
10.8, and 15.3 mbsf ). Values of b* range 0–15 with a slight decreasing trend with depth. Hole 
M0087D shows similar L*a*b* ranges with more local peaks. Calculated RGB values in all holes 
vary with depth in concert with the spectrometry parameters. The furthest right column in Fig-
ures F30 and F31 represents merged color from RGB values, and white bars show intervals that 
contain no data.

In Hole M0087B, dark tones can be seen at approximately 1.9, 3.0, 14.8, 16.2, 18.1, and 18.5 mbsf 
(Figure F30). These intervals are characterized by a sudden drop to low RGB values. The dark 
interval at 14.8 mbsf is in fact not a real sedimentary property; it only represents a void space that 
can be seen from X-ray CT scans and linescan images.

Figure F30. Color data, Hole M0087B.
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Figure F31. Color data, Hole M0087D.
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In Hole M0087D, local dark intervals can be seen at approximately 0.3, 1.3, and 17.9 mbsf. A pale 
interval at 5.0 mbsf corresponds to high RGB values (Figure F31).

A downhole darkening interval lies at 8–13 mbsf in Hole M0087B and at 10–16 mbsf in Hole 
M0087D (Figures F30, F31). This same interval also stands out in many other physical properties 
parameters, including P-wave velocity, bulk density, NGR, resistivity, and magnetic susceptibility 
(Figures F25, F26).

8. Paleomagnetism
This section reports the measurement of remanent magnetization for Holes M0087A–M0087D, 
which were cored in Basin C/N3 of the boundary area between the central and northern Japan 
Trench.

Remanent magnetization of U-channel samples was measured on sections of the working halves at 
2 cm intervals. Natural remanent magnetization (NRM) measurements were only conducted at 0 
and 5 mT peak fields due to the time constraints of the hybrid Onshore Science Party (OSP).

Profiles of intensity, inclination, and declination after demagnetization at 5 mT are displayed in the 
figures in this section. The profiles of Holes M0087A and M0087C are shown separately from the 
other longer holes because they are trigger cores with short core lengths.

The intensity profile of Hole M0087A peaks at 0.15 mbsf. Intensity in Hole M0087C increases 
gradually downward (Figure F32). Hole M0087A is too short to observe any characteristic pattern 
in inclination and declination. Inclination in Hole M0087C shows a cyclic change from 0.2 to 0.7 
mbsf, whereas declination shows a large swing above 0.15 mbsf.

Intensity profiles of Holes M0087B and M0087D are characterized by intervals of high fluctuation, 
which dominates the profiles of both holes. Areas of less variation with lower values can be seen 
between 8 and 12 mbsf in Hole M0087B and between 10 and 13 mbsf in Hole M0087D (Figure 
F33). The difference in depths between these low intensity intervals suggests that the depths of 
key intervals measured in Hole M0087D are about 1–2 m lower than the same intervals in Hole 
M0087B.

Figure F32. Intensity, inclination, and declination, Holes M0087A and M0087C.
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Declination variations are displayed in Figure F34. The obvious clockwise trend downward in 
Hole M0087D has been removed by a linear function of core depth. However, declination patterns 
in Hole M0087B and corrected Hole M0087D show different trends (Figure F35).

The inclination profiles of Holes M0087B and M0087D generally fluctuate between 30° and 60° 
(Figure F36). The large offset in inclination at 13 mbsf in Hole M0087B and 15 mbsf in Hole 
M0087D are regarded as the same event. 

Preliminary paleomagnetic data for Holes M0087B and M0087D reveal similar trends in intensity 
and inclination but not declination profiles, which makes correlation difficult.

Figure F33. Intensity, Holes M0087B and M0087D.
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Figure F34. Declination, Holes M0087B and M0087D.
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9. Stratigraphic correlation
A core composite depth scale and first-order splice (see Stratigraphic correlation in the Expedi-
tion 386 methods chapter [Strasser et al., 2023a]) were constructed for Site M0087 to establish a 
first-order continuous sediment succession. Cores were recovered from four holes during two 
GPC deployments (Holes M0087A–M0087D).

First-order splicing among the four holes at Site M0087 enabled construction of a continuous 
stratigraphic succession from the seafloor to the bottom of Hole M0087D (27.185 meters compos-
ite depth in splice [mcd-splice]).

9.1. Construction of core composite depth scale

9.1.1. Definition of top
The presence of a thin (0.5–1.5 cm) oxidized top in the trigger cores from the top of Sections 386-
M0087A-1P-1 and 386-M0087C-1P-1 (see Lithostratigraphy) suggests that an undisturbed mud-
line was recovered in both holes. Thus, the vertical offset was determined to be −0.105 m for Hole 
386-M0087A and −0.055 m for Hole M0087C (Tables T9, T10.) Based on the VCDs and X-ray CT 
images, both holes have the same lithostratigraphy. At the core top, ~8 cm of thick silty clay to silt 
with slightly high radiodensity was observed in both holes. Below this interval, a fining-upward 
succession is recognized from laminated medium sand through laminated fine to very fine sand 

Figure F35. Corrected declination, Holes M0087B and M0087D.
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Figure F36. Inclination, Holes M0087B and M0087D.
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and silt to structureless silty clay and clay. Another band of structureless clay 3–4 cm thick under-
lies the sand bed. The base of this lower structureless clay is sharp, and a thin layer with high 
radiodensity is found below its base in the X-ray CT images. The base of this lower structureless 
clay (Tie Point TP1) occurs in Sections 386-M0087A-1P-2, 26 cm (0.53 mbsf on the corrected core 
depth scale), and 386-M0087C-1P-1, 69 cm (0.635 mbsf on the corrected core depth scale). 
Because the sediment thickness between the mudline and TP1 in Hole M0087C is larger than that 
in Hole M0087A, Hole M0087C was selected as the anchor core, and Section 386-M0087C-1P-1, 
5.5 cm, was defined as 0 mbsf.

9.1.2. Compositing cores
Before compositing holes, artificial and/or natural voids at the ends of sections were measured and 
void lengths were subtracted from the curated section lengths to obtain the sediment length of 
each section (neglecting core catchers that were sampled in bags). Corrected section lengths and 
section top and bottom depths for Site M0087 are listed in Table T9.

The core composite scale for Site M0087 is currently tentatively based on the visual correlation 
marker horizons on the X-ray CT images. VCDs and linescan images generated during the OSP 
and spikes in magnetic susceptibility and GRA data from the MSCL, measured at 2 and 10 cm 
intervals, respectively (see Physical properties in the Expedition 386 methods chapter [Strasser et 
al., 2023a]), were used for interhole correlation. At this stage, thin but clear marker beds that were 
visible on X-ray CT and/or linescan images and verified by visual core description where possible 
were used instead of large (coarse and thick) event beds that may have eroded the underlying sed-
iments.

Primary air fall tephra beds, which were created by a single volcanic eruption and fell to the sea 
bed through the water column, are among the best tie points between holes. Four tephra beds are 
recognized in intervals 386-M0087B-1H-8, 35–39 cm; 1H-19, 15.6–16.4 cm; 386-M0087D-1H-20, 
87–87.5 cm; and 1H-23, 85 cm, through 1H-24, 87.5 cm (see Tephra). The tephra bed in interval 
386-M0087B-1H-19, 15.6–16.4 cm, is possibly correlated with the one in interval 386-M0087D-
1H-20, 87–87.5 cm.

Initially, five tie or append points, including one correlative tephra bed, were determined; one 
point occurred in the two trigger cores (Holes M0087A and M0087C), one between the trigger 
core (Hole M0087A) and the GPC core (Hole M0087D), and the others in the two GPC cores 
(Holes M0087B and M0087D). The uppermost tie points in each core were used to calculate the 
vertical offsets of the top depth of each core used to create the first-order core composite depth 
scales (Table T10). Note that these linear bulk shifts are only correct for the uppermost few meters 
shallower than the first occurrence of artificial voids added to the bottom or tops of section during 
core cutting due to sediment expansion during core recovery (Table T9). All five initial tie points 
were evaluated for robustness of correlation and suitability for composing the splice (Table T11). 
Most of these are described as thin silt laminae that are slightly coarse grained and have high 
radiodensity below a relatively thick sand bed. The accuracy of correlation depends on how clearly 
the tie point can be recognized in X-ray CT and linescan images. The depth of each tie point was 
determined using the VCDs.

First-order correlation suggests that a sharp boundary between laminated clay and structureless 
clay without bioturbation in Sections 386-M0087A-1P-2, 56 cm (0.83 mbsf on the corrected core 
depth scale), and 386-M0087D-1H-1, 29 cm (0.265 mbsf ), can be correlated (TP2). With an artifi-
cial void (2.5 cm) at the top of the GPC core (Hole M0087D) (Table T9), a vertical offset of 0.54 m 
is calculated for the top of Hole M0087D (Table T10). The uppermost tie point (TP3) between the 

Table T9. Corrected section lengths and top and bottom depths, Site M0087.  Download table in CSV format.

Table T10. Affine table, Site M0087.  Download table in CSV format.

Table T11. Tie points and defined splice intervals, Site M0087.  Download table in CSV format.
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two GPC holes (M0087B and M0087D) was recognized as a thin and high-radiodensity layer at the
base of a structureless clay in Sections 386-M0087D-1H-4, 25 cm (3.325 mbsf ), and 386-M0087B-
1H-2, 35 cm (1.05 mbsf ). With an artificial void (0 cm) at the top of Hole M0087B (Table T9), the
vertical depth shift at the top of Hole M0087B is calculated as 2.815 m (Table T10).

Overall, the general stratigraphic succession and several distinct marker horizons, as observed in
X-ray CT images, can be correlated across the GPC cores from this site (Table T11).

9.1.3. Construction of splice 
A combination of Holes M0087A–M0087D reveals the longest complete and least disturbed
stratigraphic interval at Site M0087.

As mentioned above, TP1 (0.635 mcd-splice), TP2 (0.935 mcd-splice), and TP3 (3.995 mcd-splice)
were correlative among the holes. Below TP3, the splice continues to the next splice tie point
(TP5) along Hole M0087B. In this interval, a tephra layer in Section 386-M0087B-1H-19, 16.4 cm,
occurs just below a thick sand bed. This tephra layer is correlated to the one in Section 386-
M0087D-1H-20, 87.5 cm (see Tephra), and provides a robust tie point (TP4). The last tie point
(TP5) consists of the basal surface of a fine sand layer underlying a structureless clay in Sections
386-M0087B-1H-19, 64 cm, and 386-M0087D-1H-21, 21 cm. The splice continues to the base of
Hole M0087D (27.185 mcd-splice) to construct a first-order splice. The tentatively defined tie
points and splice intervals and tentatively calculated splice composite depth are given in Table
T11.
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