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Background and objectives
International Ocean Discovery Program (IODP) Site U1534

(proposed Site SFSD-03A) is located at 53°11.38′S, 58°45.65′W in
605 m of water. The site is situated on the northern flank of an east–
west trending trough on the continental shelf ~660 km east of the
Strait of Magellan at Common Depth Point 10005 on Seismic Re-
flection Profile SGFI93. Site U1534 is the first of a pair of sites. The
second site (U1535; proposed Site SFSD-02A), which is 8 km east of
Site U1534, targeted a more expanded sequence of the upper unit of
the drift, reaching 120 meters below seafloor (mbsf).

The primary objective at Site U1534 was to recover a continuous
~300 m sedimentary section from a contourite drift where the crest
is currently being deposited beneath the Subantarctic Front in 600
m of water. The drift is bathed with Antarctic Intermediate Water
(AAIW) as it begins its northward penetration into the Atlantic
Ocean. The principal scientific motivation to core this drift is to
better understand the role of AAIW in climate change on millen-
nial, glacial–interglacial, and longer term timescales.

The Atlantic Meridional Overturning Circulation (AMOC)
plays a fundamental role in regulating Earth’s climate (Buckley and
Marshall, 2016). Past reductions in the strength of this overturning
circulation have been associated with dramatic cooling in the
Northern Hemisphere (Bond et al., 1993). A recent trend of cooling
in the subpolar Atlantic Ocean and warming in the Gulf Stream re-
gion is indicative of weakening of the AMOC (Caesar et al., 2018).
General circulation models are typically biased toward a stable
AMOC and unable to replicate observed sensitivity of the AMOC
to climate forcing (Liu et al., 2017). This bias in AMOC stability
within models suggests that certain parameters are inaccurately

represented, compromising our ability to predict future AMOC
change. One element of the AMOC that remains poorly understood
is the role of AAIW.

AAIW is one of the primary water masses characterizing the
northward-flowing upper limb of the AMOC. Counterbalancing
the southward flow of North Atlantic Deep Water, AAIW currently
penetrates as far as 20°N in the North Atlantic Ocean. Today, AAIW
is primarily formed in the southeast Pacific and southwest Atlantic
Oceans. AAIW and its precursor, Subantarctic Mode Water, are ad-
vected eastward through the Drake Passage along the Subantarctic
Front. This injection of cold, low-salinity Pacific water into the
South Atlantic Ocean is commonly referred to as the “cold water
route” (Speich et al., 2001). Variability in the connectivity between
the Pacific and Atlantic Oceans via this cold water route may mod-
ify the physical properties of AAIW forming in the southwest At-
lantic Ocean, in turn affecting the heat and salinity budget of the
AMOC. Despite a recent surge in research effort (e.g., Voigt et al.,
2016; Roberts et al., 2017; McClymont et al., 2016), a consensus on
the role of AAIW in AMOC variability has not been reached. Proxy
records from Sites U1534 and U1535 will provide the first con-
straints on past variability in end-member physical and geochemi-
cal properties of AAIW as it enters the upper limb of the AMOC.

Site U1534, located at the thickest part of the contourite drift,
targeted the highest sediment accumulation rates to optimize the
temporal resolution of subsequent reconstructions. Four laterally
offset sedimentary units indicate that the drift was deposited under
an evolving bottom current regime (Koenitz et al., 2008). Seismic
interpretation of drift deposits throughout the Scotia Sea area sug-
gests that a suite of drift deposits began forming beneath the Ant-
arctic Circumpolar Current (ACC) in the early Miocene and that
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unconformity-bounded sedimentary units represent deposition un-
der different oceanographic circulation regimes (Pérez et al., 2015). 
To test hypotheses about the conditions under which units beneath 
the Subantarctic Front were deposited, a key objective at Site U1534 
was to core all three of the reflectors and determine the ages of 
these unconformities. Furthermore, confirming whether these re-
flectors are synchronous with their proposed counterparts in the 
Scotia Sea will enable a regional reconstruction of the oceano-
graphic evolution of the ACC in this sector of the Southern Ocean.

Operations
The first core of Expedition 382 was taken in Hole U1534A at 

1145 h local time on 29 March 2019 at 605.1 meters below sea level 
(mbsl). We used the advanced piston corer (APC) system to take 
Cores 382-U1534A-1H through 14H (to 115.7 mbsf), drilled 1 m 
through a hard layer, and switched to half-length APC (HLAPC) 
coring for Cores 16F–44F (to 256.7 mbsf ) (Table T1). After encoun-
tering another hard layer at 255.5 mbsf, we switched to extended 
core barrel (XCB) coring to pass below the layer and take Cores 46X 

and 47X, which completed coring in this hole. Overall, Cores 1H–
47X penetrated from the seafloor to 266.3 mbsf and recovered 271.7 
m (102%).

Hole U1534B was started at 2300 h on 31 March. Core 382-
U1534B-1H recovered 1.5 m of sediment, but the core liner shat-
tered and no clear mudline was observed, so we ended the hole.

Hole U1534C was started at 1606 h on 1 April. Cores 382-
U1534C-1H through 19H penetrated from the seafloor (606.3 mbsl) 
to 168.0 mbsf and recovered 159.6 m (95%). Core 19H recovered 
0.71 m, and its core liner shattered, indicating that we had reached 
the limit of full-length piston coring, so we decided to end the hole.

Hole U1534D was started at 0330 h on 2 April. The purpose of 
this hole was to fill a stratigraphic gap and provide more material for 
sampling in the upper part of the stratigraphy. Cores 382-U1534D-
1H through 3H penetrated from the seafloor to 28.5 mbsf and re-
covered 29.6 m (104%).

From 0515 to 0930 h, we transited 4 nmi east to Hole U1535A in 
dynamic positioning mode so that we did not have to raise the drill 
string back to the ship.

Table T1. Core summary, Site U1534. DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core depth below seafloor. NA = not appli-
cable. H = advanced piston corer (APC), F = half-length APC (HLAPC), X = extended core barrel (XCB), G = ghost, numeric core type = drilled interval. (Contin-
ued on next two pages.) Download table in CSV format.

Hole U1534A Hole U1534B
Latitude: 53°11.3777S Latitude: 53°11.3763S
Longitude: 58°45.6479W Longitude: 58°45.6298W
Water depth (m): 605.09 Water depth (m): 605.07
Date started (UTC): 1445 h; 29 March 2019 Date started (UTC): 0200 h; 1 April 2019 
Date finished (UTC): 0200 h; 1 April 2019 Date finished (UTC): 0600 h; 1 April 2019 
Time on hole (days): 2.47 Time on hole (days): 0.17
Seafloor depth DRF (m): 616 Seafloor depth DRF (m): 616
Seafloor depth est. method: APC calculated Seafloor depth est. method: Offset
Rig floor to sea level (m): 10.91 Rig floor to sea level (m): 10.93
Penetration DSF (m): 266.3 Penetration DSF (m): 1.5
Cored interval (m): 265.3 Cored interval (m): 1.5
Recovered length (m): 270.84 Recovered length (m): 1.51
Recovery (%): 102.09 Recovery (%): 100.67
Drilled interval (m): 1 Drilled interval (m): NA
Drilled interval (N): 1 Drilled interval (N): 0
Total cores (N): 46 Total cores (N): 1
APC cores (N): 14 APC cores (N): 1
HLAPC cores (N): 29
XCB cores (N): 2
Other cores (N): 1

Hole U1534C Hole U1534D
Latitude: 53°11.3865S Latitude: 53°11.3879S
Longitude: 58°45.6296W Longitude: 58°45.6259W
Water depth (m): 606.27 Water depth (m): 606.07
Date started (UTC): 0600 h; 1 April 2019 Date started (UTC): 0330 h; 2 April 2019 
Date finished (UTC): 0330 h; 2 April 2019 Date finished (UTC): 0700 h; 2 April 2019 
Time on hole (days): 0.9 Time on hole (days): 0.15
Seafloor depth DRF (m): 617.2 Seafloor depth DRF (m): 617
Seafloor depth est. method: APC calculated Seafloor depth est. method: APC calculated
Rig floor to sea level (m): 10.93 Rig floor to sea level (m): 10.93
Penetration DSF (m): 159.2 Penetration DSF (m): 28.5
Cored interval (m): 159.2 Cored interval (m): 28.5
Recovered length (m): 159.55 Recovered length (m): 29.64
Recovery (%): 100.22 Recovery (%): 104
Drilled interval (m): NA Drilled interval (m): NA
Drilled interval (N): 0 Drilled interval (N): 0
Total cores (N): 19 Total cores (N): 3
APC cores (N): 19 APC cores (N): 3
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Core
Date

(2019)

Time 
on deck 
UTC (h)

Top depth 
drilled 

DSF (m)

Bottom depth 
drilled 

DSF (m)

Interval 
advanced 

(m)

Top depth 
cored 

CSF-A (m)

Bottom depth 
recovered 
CSF-A (m)

Recovered 
length 

(m)

Curated 
length 

(m)

Core 
recovery 

(%)
Sections 

(N)

382-U1534A-
1H 30 Mar 0205 0.0 3.5 3.5 0.0 3.5 3.53 3.53 101.0 4
2H 30 Mar 0320 3.5 13.0 9.5 3.5 13.4 9.85 9.85 104.0 9
3H 30 Mar 0405 13.0 22.5 9.5 13.0 23.0 9.96 9.96 105.0 8
4H 30 Mar 0455 22.5 32.0 9.5 22.5 32.7 10.18 10.18 107.0 8
5H 30 Mar 0535 32.0 41.5 9.5 32.0 41.8 9.80 9.80 103.0 8
6H 30 Mar 0630 41.5 51.0 9.5 41.5 51.6 10.10 10.10 106.0 8
7H 30 Mar 0710 51.0 60.5 9.5 51.0 60.9 9.93 9.93 105.0 8
8H 30 Mar 0800 60.5 70.0 9.5 60.5 70.6 10.14 10.14 107.0 8
9H 30 Mar 0845 70.0 79.5 9.5 70.0 79.2 9.20 9.20 97.0 7
10H 30 Mar 1320 79.5 89.0 9.5 79.5 89.7 10.22 10.22 108.0 8
11H 30 Mar 1435 89.0 96.7 7.7 89.0 96.8 7.79 7.79 101.0 6
12H 30 Mar 1610 96.7 106.2 9.5 96.7 106.7 10.01 10.04 105.0 8
13H 30 Mar 1725 106.2 115.7 9.5 106.2 116.2 9.95 9.95 105.0 8
14H 30 Mar 1925 115.7 116.9 1.2 115.7 117.0 1.28 1.28 107.0 2
151 30 Mar 2210 116.9 117.9 *****Drilled from 116.9 to 117.9 m DSF*****
16F 30 Mar 2240 117.9 122.7 4.8 117.9 122.9 5.00 5.00 104.0 5
17F 30 Mar 2330 122.7 127.5 4.8 122.7 127.5 4.80 4.79 100.0 5
18F 31 Mar 0011 127.5 132.3 4.8 127.5 132.6 5.07 5.07 106.0 5
19F 31 Mar 0055 132.3 137.1 4.8 132.3 137.3 4.98 4.98 104.0 5
20F 31 Mar 0230 137.1 141.9 4.8 137.1 142.1 5.01 5.01 104.0 5
21F 31 Mar 0330 141.9 146.7 4.8 141.9 146.8 4.94 4.94 103.0 5
22F 31 Mar 0410 146.7 151.5 4.8 146.7 151.6 4.92 4.92 103.0 5
23F 31 Mar 0440 151.5 156.3 4.8 151.5 156.4 4.93 4.93 103.0 5
24F 31 Mar 0515 156.3 161.1 4.8 156.3 161.4 5.11 5.11 106.0 5
25F 31 Mar 0550 161.1 165.9 4.8 161.1 166.1 5.02 5.02 105.0 5
26F 31 Mar 0625 165.9 170.7 4.8 165.9 170.9 4.99 4.99 104.0 5
27F 31 Mar 0705 170.7 175.5 4.8 170.7 175.7 5.01 5.01 104.0 5
28F 31 Mar 0735 175.5 180.3 4.8 175.5 180.3 4.84 4.84 101.0 4
29F 31 Mar 0810 180.3 185.1 4.8 180.3 185.4 5.14 5.14 107.0 5
30F 31 Mar 0840 185.1 189.9 4.8 185.1 190.2 5.10 5.10 106.0 5
31F 31 Mar 0915 189.9 194.7 4.8 189.9 195.1 5.15 5.15 107.0 6
32F 31 Mar 0950 194.7 199.5 4.8 194.7 199.7 5.04 5.04 105.0 5
33F 31 Mar 1030 199.5 204.3 4.8 199.5 204.5 5.03 5.03 105.0 5
34F 31 Mar 1100 204.3 209.1 4.8 204.3 209.3 5.02 5.02 105.0 5
35F 31 Mar 1135 209.1 213.9 4.8 209.1 214.2 5.08 5.08 106.0 5
36F 31 Mar 1205 213.9 218.7 4.8 213.9 218.9 5.02 5.02 105.0 5
37F 31 Mar 1235 218.7 223.5 4.8 218.7 223.8 5.06 5.06 105.0 5
38F 31 Mar 1310 223.5 228.3 4.8 223.5 228.6 5.10 5.10 106.0 5
39F 31 Mar 1345 228.3 233.1 4.8 228.3 233.3 4.98 4.98 104.0 5
40F 31 Mar 1415 233.1 237.9 4.8 233.1 237.9 4.82 4.82 100.0 5
41F 31 Mar 1500 237.9 242.7 4.8 237.9 243.0 5.09 5.09 106.0 5
42F 31 Mar 1540 242.7 247.5 4.8 242.7 247.8 5.06 5.06 105.0 5
43F 31 Mar 1630 247.5 252.3 4.8 247.5 252.5 4.98 4.98 104.0 5
44F 31 Mar 1800 252.3 256.7 4.4 252.3 256.7 4.41 4.41 100.0 4
45G 31 Mar 2155 256.7 256.7 0.0 256.7 257.6 0.85 0.85 — 2
46X 31 Mar 2300 256.7 261.5 4.8 256.7 258.7 1.95 1.95 41.0 3
47X 1 Apr 0000 261.5 266.3 4.8 261.5 263.8 2.25 2.25 47.0 3

Hole U1534A totals: 266.3 270.84 270.84 102.0
.0 .0 .0 .0 .0 .0

382-U1534B-
1H 1 Apr 0555 0.0 1.5 1.5 0.0 1.5 1.50 1.51 101.0 2

Hole U1534B totals: 1.5 1.50 1.51 101.0
.0 .0 .0 .0 .0 .0

382-U1534C-
1H 1 Apr 0655 0.0 6.3 6.3 0.0 6.3 6.33 6.33 100.0 6
2H 1 Apr 0810 6.3 15.8 9.5 6.3 14.8 8.48 8.48 89.0 7
3H 1 Apr 0920 15.8 25.3 9.5 15.8 24.8 8.95 8.95 94.0 7
4H 1 Apr 1020 25.3 34.8 9.5 25.3 35.1 9.74 9.77 103.0 8
5H 1 Apr 1115 34.8 44.3 9.5 34.8 44.1 9.25 9.25 97.0 7
6H 1 Apr 1155 44.3 53.8 9.5 44.3 54.0 9.71 9.71 102.0 8
7H 1 Apr 1245 53.8 63.3 9.5 53.8 63.8 9.98 9.98 105.0 8
8H 1 Apr 1320 63.3 72.8 9.5 63.3 73.2 9.94 9.94 105.0 9
9H 1 Apr 1400 72.8 82.3 9.5 72.8 82.1 9.30 9.30 98.0 7
10H 1 Apr 1445 82.3 91.8 9.5 82.3 91.8 9.50 9.50 100.0 8
11H 1 Apr 1535 91.8 92.0 0.2 91.8 92.0 0.16 0.16 80.0 1
12H 1 Apr 1640 92.0 101.5 9.5 92.0 101.3 9.32 9.32 98.0 8
13H 1 Apr 1735 101.5 111.0 9.5 101.5 110.4 8.87 8.87 93.0 7
14H 1 Apr 1825 111.0 120.5 9.5 111.0 121.0 9.96 9.96 105.0 8

Table T1 (continued). (Continued on next page.)
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Lithostratigraphy
Four holes were cored at Site U1534. Hole U1534A was cored to 

a total depth of 266.3 mbsf. In Hole U1534B, the liner of the first 
core shattered upon penetration, so the hole reached a total depth 
of only 1.51 mbsf. Hole U1534C was successfully cored to 159.21 
mbsf. Hole U1534D reached a total depth of 28.5 mbsf. Three litho-
stratigraphic units were identified based on sediment composition 
in smear slides and visual core description. Bioturbation is present 
throughout, but no distinct trace fossils were identified.

Most cores are relatively undisturbed. The most common drill-
ing disturbances are mushy to soupy intervals in the top section of 
several cores. The dominant lithologic sequences in Holes U1534A 
and U1534C are greenish gray silty clays interbedded with clayey 
silts and clay layers. The most common biogenic components 
(sponge spicules and diatoms) are generally between 10% and 25% 
of the sediment.

In Holes U1534A and U1534C, a prominent pale green carbon-
ate-rich layer with abundant nannofossils and foraminifers was iden-
tified between 37 and 42 mbsf (Core 382-U1534A-5H) (Figure F1).

Several well-preserved macrofossils were found throughout the 
cores, including solitary corals (Cores 382-U1534A-2H and 3H; Fig-
ure F2), gastropods (Core 6H; Figure F3), and several mollusk shell 
fragments and a shell (e.g., Core 3H; Figure F4).

Unit descriptions
Unit I

Intervals: 382-U1534A-1H-1, 0 cm, through 5H-CC; 382-
U1534B-1H-1, 0 cm, through 1H-CC; 382-U1534C-1H-1, 0 
cm, through 5H-CC; 382-U1534D-1H-1, 0 cm, through 3H-
CC

Depths: Hole U1534A = 0–41.75 mbsf; Hole U1534B = 0 to 
>1.51 mbsf (base of unit not recovered); Hole U1534C = 0–
44.01 mbsf; Hole U1534D = 0–28.5 mbsf

Age: Holocene–mid-Pleistocene

Lithostratigraphic Unit I comprises interbedded foraminifer-
bearing dark and very dark greenish gray (10Y 4/1 and 10Y 3/1) bio-
silica-rich silty clays. As estimated from smear slides, the terrigenous 
fraction is composed of >50% quartz and <25% feldspar and acces-
sory opaque minerals. Sieved samples (see Biostratigraphy) show 
varying contributions of fine sand that are largely composed of dark 
green, well-rounded glauconite grains throughout this unit. The bio-
genic fraction consists of >50% biosilica (diatoms and spicules).

Three carbonate-bearing to carbonate-rich intervals were iden-
tified. The first interval, the uppermost 2 m in Holes U1534A–
U1534C, is olive to very dark grayish olive (5Y 4/3 to 5GY 3/2) bio-
siliceous silty clay that contains 25% foraminifers and nannofossils 
and represents the Holocene. The second carbonate-bearing inter-
val, which likely represents Marine Isotope Stage (MIS) 5e, is green-
ish gray to dark greenish gray (10Y 6/1 to 5GY 4/2) biosiliceous silty 
clay containing 30% nannofossils and foraminifers. This interval 
was recovered in Sections 382-U1534A-2H-5, 2H-6, and 2H-CC; 
382-U1534C-3H-2; and 382-U1534D-2H-4. The third carbonate-
rich interval is a 5 m thick light gray (10Y 7/1) layer that was prelim-
inarily identified as MIS 11 and occurs in Sections 382-U1534A-
5H-5 through 5H-CC and 382-U1534C-5H-2 through 5H-5). In 
both Holes U1534A and U1534C, the upper and lower boundaries 
of this foraminifer- and nannofossil-rich biosiliceous ooze were 
marked by a gradual and partially bioturbated transition from and 
to the over- and underlying biosiliceous silty clays. The classifica-
tion of this interval as ooze was determined from smear slide analy-
ses (Figure F5) where the terrigenous to biogenic ratio was found to 
be 40:60. Quartz, glauconite, and opaque minerals are the main com-
ponent of the terrigenous fraction, as identified from smear slide 
analyses. Foraminifers and nannofossils are common, yet the main 
components of the biogenic fraction, as determined by smear slide 
analysis, are diatoms and sponge spicules. The base of this interval 
defines the base of Lithostratigraphic Unit I.

Unit I also contains several well-preserved macrofossils, such as 
corals (Cores 382-U1534A-2H and 3H; Figure F2), gastropods 
(Core 6H; Figure F3), and a bivalve shell (Section 382-U1534D-2H-
5, 125–129 cm; Figure F4), as well as several shell fragments (e.g., 
Core 382-U1534A-3H). Although present, dropstones are rare and 
could only be visually identified when on the split surface of the ar-
chive or working half (Sections 382-U1534A-4H-1 through 4H-6, 
6H-3 through 6H-4, 8H-1 through 8H-6, and 19F-1 and 382-
U1534C-1H-4, 4H-5, 7H-CC, 9H-5, 14H-1, and 15H-4). A few addi-
tional dropstones were observed in the X-radiographs.

Unit II

Intervals: 382-U1534A-6H through 35F-CC; 382-U1534C-6H 
through 19H-CC

Depths: Hole U1534A = 41.75–214.13 mbsf; Hole U1534C = 
44.3–159.21 mbsf

Age: middle Pleistocene–late Pliocene

15H 1 Apr 1930 120.5 130.0 9.5 120.5 130.0 9.99 9.99 105.0 8
16H 1 Apr 2025 130.0 139.5 9.5 130.0 140.0 10.01 10.01 105.0 8
17H 1 Apr 2115 139.5 149.0 9.5 139.5 149.5 10.02 10.02 105.0 8
18H 1 Apr 2215 149.0 158.5 9.5 149.0 158.3 9.33 9.33 98.0 7
19H 2 Apr 0035 158.5 159.2 0.7 158.5 159.2 0.71 0.71 101.0 1

Hole U1534C totals: 159.2 .0 .0 159.55 159.55 100.0
.0 .0 .0 .0 .0 .0

382-U1534D- .0 .0 .0 .0 .0 .0
1H 2 Apr 0445 0.0 9.5 9.5 0.0 9.7 9.71 9.71 102.0 8
2H 2 Apr 0535 9.5 19.0 9.5 9.5 19.5 9.97 9.97 105.0 8
3H 2 Apr 0615 19.0 28.5 9.5 19.0 29.0 9.96 9.96 105.0 8

Hole U1534D totals: 28.5 .0 .0 29.64 29.64 104.0
Site U1534 totals: 455.5 .0 .0 461.53 461.53 .0

Core
Date

(2019)

Time 
on deck 
UTC (h)

Top depth 
drilled 

DSF (m)

Bottom depth 
drilled 

DSF (m)

Interval 
advanced 

(m)

Top depth 
cored 

CSF-A (m)

Bottom depth 
recovered 
CSF-A (m)

Recovered 
length 

(m)

Curated 
length 

(m)

Core 
recovery 

(%)
Sections 

(N)

Table T1 (continued).
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Figure F1. Visual core description, Hole U1534A. CSF-A = core depth below
seafloor, Method A.
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Figure F2. Solitary cold-water coral (382-U1534A-3H-1, 20–23 cm).

Lithostratigraphic Unit II is dominated by biosilica-bearing to
biosilica-rich silty clay that is dominantly dark greenish gray and
very dark greenish gray (10Y 4/1 and 10Y 3/1). At more than 50%,
quartz is the dominant mineral of the terrigenous fraction. Smear
slide analyses also show rare to common feldspar minerals in most
core samples, as well as accessory minerals of mica, glauconite, and
opaques (probably pyrite). Several sharp boundaries between clay-
rich and siltier layers are present, but graded bedding was not ob-
served. A 10 cm thick carbonaceous, light gray tephra layer was ob-
served in Section 382-U1534A-11H-3.

Bioturbation is present throughout; it consists of mottling and
millimeter-wide, silt-filled, and pyritized burrows. Thick burrows
were recovered in both holes around 150–151 mbsf (Sections 382-
U1534A-22F-4 and 22F-CC and Core 382-U1534C-18H) (Figure
F6). X-ray diffraction analysis of the lithified burrows shows a com-
position of quartz, high Mg-calcite, and feldspar.

Unit III

Interval: 382-U1534A-36F through 47X
Depth: 214.13–263.7 mbsf
Age: early to late Pliocene

Lithostratigraphic Unit III consists of dark greenish gray (5GY
4/1 and 10Y 4/1) to very dark greenish gray (10Y 3/1) biosilica-bear-
ing silty clay. This interval is distinguished by the reappearance of
foraminifers, although in low amounts between 2% and 10%.
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A dark brown, coarse-structured dolomitized rock fragment 
was found at the top of Core 382-U1534A-8H-1. The fragment 
showed a slight reaction to the treatment with HCl; hence, it was 
classified as dolomitized. However, because of its position of the top 
of the core, it might be classified as fall-in.

X-radiographs
For Site U1534, X-ray images were taken from whole-round sec-

tions as the first measurement in the physical properties workflow. 
The system was set to work with a voltage of 90 kV and a current of 
1.0 mA. A total of 20 images were taken and stacked for each 12 cm 
long section of core, allowing an overlap of 3 cm between them. Ex-
posure time for each image was 400 ms. A 1.5 m long core section 
thus provided 13 stacked images. A total of 3595 images were taken 
from Holes U1534A–U1534D. Archive-half sections from Holes 
U1534A and U1534C were used in sections where the liner was dam-
aged and the whole-round sections could not fit into the X-Ray Im-
ager. Images were automatically preprocessed with the Processing 
Utility, checked for quality control, and saved together with the raw 
images for further processing. Image quality was low when core liners 
were cracked or stressed, and several artifacts due to the calibration 
and/or the presence of dirt in the machine can be seen in the lower 
sections.

Radiographs from Site U1534 show some distinct textures (Fig-
ure F7), including millimeter-scale laminations (mostly parallel but 

also cross-laminations in some cases), faint centimeter-scale bands 
of alternating higher and lower values, millimeter- to centimeter-
scale dropstones, fossil traces, and different types of fossils (shells 
and corals). X-ray images were used to identify macrofossils to sam-
ple for dating.

Figure F3. Well-preserved gastropod shell (382-U1534A-6H-1, 124–126 cm). Figure F4. Well-preserved mollusk shell (382-U1534D-2H-5, 124–130 cm).

Figure F5. Foraminifer- and nannofossil-rich biosiliceous ooze (382-U1534C-
5H-3, 75 cm).

1E-1 mm
IODP Proceedings 6 Volume 382
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Biostratigraphy
Silty clays and clayey silts generally containing siliceous and or-

ganic-walled microfossils were recovered from Hole U1534A. Core 
catcher samples from Cores 382-U1534A-1H through 47X were an-
alyzed for diatoms, radiolarians, foraminifers, and palynomorphs. 
In addition, selected samples from the archive halves of Cores 6H–
12H were analyzed for diatoms, and samples from the archive and 
working halves of Cores 22F–42F were analyzed for diatoms and 
radiolarians. The following site description is focused on biostrati-
graphically significant taxa (i.e., presence/absence and first occur-
rence [FO]/last occurrence [LO] events). Results from the ship-
based age model are presented in Figure F8 and Tables T2 and T3.

Siliceous microfossils
Diatoms

Although abundance and preservation (fragmentation and dis-
solution) are variable throughout the analyzed sections, diatoms oc-
cur in all core catcher samples except Samples 382-U1534A-33F-
CC and 45G-CC, which are barren of diatoms. Silicoflagellates, 
ebridians, and sponge spicules are present with the diatoms but are 
not considered in this analysis. Diatoms are present at trace to 
abundant levels depending on the sample. Diatom dissolution and 
fragmentation varies from low to high.

The diatom assemblage in Samples 382-U1534A-1H-CC to 2H-
CC is present in rare abundances and represents the Holocene to 
Pleistocene. These samples are dominated by Fragilariopsis kerguel-
ensis (FO = 2.3 Ma), Paralia sulcata, and Hyalodiscus spp. Trace 
abundances of Porosira pseudodenticulata (FO = 2.3 Ma) and 
Thalassiosira eccentrica were also noted. Samples 3H-CC to 9H-CC 
contain a late to middle Pleistocene assemblage. These samples are 
similar to the assemblage found in the first two cores, with the addi-
tions of Actinocyclus ingens (LO = 0.6 Ma), Chaetoceros resting 
spores, Shionodiscus oestrupii (FO = 5.5 Ma), Thalassionema nitzs-
chioides, and Thalassiosira lentiginosa (FO = 4.0 Ma). Other species 
are present occasionally in these samples (Table T4).

The diatom assemblage in Samples 382-U1534A-10H-3, 75 cm, 
to 39F-CC notably lacks F. kerguelensis compared to the samples 
above. Instead, this assemblage contains Fragilariopsis barronii (FO 
= 4.4 Ma; LO = 1.3 Ma) and Fragilariopsis weaveri (FO = 3.5 Ma; LO 
= 2.7 Ma). Thalassiosira torokina (FO = 9–9.5 Ma; LO = 1.9 Ma) is 
present in Samples 10H-3, 75 cm, to 14H-CC. The diatom assem-
blage in Samples 10H-3, 75 cm, to 39F-CC represents the late Plio-
cene–early Pleistocene. Thalassiosira inura (FO = 5.6 Ma; LO = 
2.0–1.8 Ma) is first seen in Sample 12H-3, 75 cm, and is generally 
present in the remaining samples to Sample 39F-CC. Chaetoceros
resting spores, P. sulcata, S. oestrupii, and T. nitzschioides are pres-
ent in the majority of these samples. Numerous other diatom spe-
cies are present in occasional samples throughout this interval 
(Table T4). Samples 16H-CC to 39F-CC represent the late Pliocene.

Samples 382-U1534A-40F-2, 75 cm, to 43F-CC lack F. barronii, 
F. weaveri, and T. inura. However, Chaetoceros resting spores, P. sul-
cata, S. oestrupii, and T. nitzschioides continue to be present in this 
interval. Thalassiosira kolbei (FO = 4.1 Ma; LO = 1.9 Ma) is a prom-
inent biostratigraphic marker in these samples. This assemblage 

Figure F6. Part of lithified burrow (382-U1534A-22F-CC, 11–15 cm).

Figure F7. Examples of X-radiographs, Hole U1534C.

Coral fragments  

Homogeneous  

Dropstones  Banding 

Bioturbation

382-U1534C-2H-6, 54 cm 382-U1534C-2H-1, 90 cm 382-U1534C-2H-4, 126 cm

382-U1534C-10H-3, 42 cm 382-U1534C-9H-1, 138 cm
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Figure F8. Biostratigraphic age-depth plot, Hole U1534A. FO datums are plotted using the median depth between the upper sample where the fossil was 
observed and the lower sample where it was not observed (Table T3). LO datums are plotted using the median depth between the upper sample where a 
species was not seen and the lower sample where it was seen.
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Table T2. Summary of biostratigraphically assigned ages to sample ranges by microfossil group, Site U1534. NA = not applicable. Download table in CSV for-
mat.

Interval
Depth 

CSF-A (m) Diatoms Radiolarians Palynomorphs

382-U1534A-
1H-CC through 2H-CC 3.48–13.35 Holocene to late Pleistocene Holocene to late Pleistocene
3H-CC through 9H-CC 22.91–79.20 late to middle Pleistocene late to middle Pleistocene
10H-3, 75 cm, through 14H-CC 83.29–116.98 early Pleistocene early Pleistocene
15H-CC No core recovery NA NA
16H-CC through 39F-CC 122.85–233.28 late Pliocene late Pliocene early Pleistocene/late Pliocene
40F-2, 75 cm, through 43F-CC 235.31–255.48 early Pliocene early Pliocene
46X-CC through 47X-CC 258.60–263.75 early Pliocene early Pliocene

Table T3. Biostratigraphic datums, Hole U1534A. DIAT = diatom, RAD = radiolarian, PALY = palynomorph. LO = last occurrence, FO = first occurrence. Down-
load table in CSV format.

Type Event

Published 
age 
(Ma)

Top core, 
section, interval 

(cm)

Bottom core, 
section, interval 

(cm)
Top depth 

(mbsf)

Bottom 
depth 
(mbsf)

Middepth 
(mbsf)

382-U1534A- 382-U1534A-
DIAT LO Actinocyclus ingens 0.6 2H-CC 3H-CC 13.33 22.94 18.13
DIAT LO Hemidiscus karstenii 0.2 3H-CC 4H-CC 22.94 32.66 27.80
RAD LO Antarctissa cylindrica 0.6 4H-CC 6H-CC 41.78 51.57 46.67
DIAT LO Thalassiosira fasciculata 0.9 6H-CC 7H-3, 75–75 51.57 54.75 53.16
RAD LO Pterocanium trilobum 0.8 8H-CC 9H-CC 70.62 79.18 74.90
DIAT LO Thalassiosira torokina 1.9 9H-CC 10H-3, 75–75 79.18 83.29 81.23
DIAT LO Fragilariopsis barronii 1.3 9H-CC 10H-3, 75–75 79.18 83.29 81.23
DIAT FO Fragilariopsis kerguelensis 2.3 10H-CC 11H-3, 75–76 89.70 92.78 91.24
RAD LO Helotholus vema 2.4 9H-CC 10H-CC 79.18 89.70 84.44
DIAT LO Thalassiosira inura 1.8–2.0 11H-6, 45–50 12H-3, 75–75 96.77 100.45 98.61
DIAT LO Actinocyclus karstenii 2.1 14H-CC 16F-CC 116.96 122.88 119.92
PALY LO Selenopemphix dionaeacysta 1.92 14H-CC 16F-CC 116.96 122.88 119.92
DIAT LO Thalassiosira striata 2.9 18F-CC 19F-CC 132.55 137.26 134.90
DIAT LO Fragilariopsis weaveri 2.7 21F-CC 22F-2, 75–76 146.82 148.95 147.88
PALY LO Invertocysta tabulata 2.55 35F-CC 37F-CC 214.16 223.74 218.95
DIAT FO Fragilariopsis weaveri 3.5 43F-CC 44F-CC 252.46 256.60 254.53
DIAT LO Fragilariopsis cylindrica 4.3 45G-CC 46X-CC 257.53 258.63 258.08
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dates to the early Pliocene. Sample 43F-CC notably contains 
Thalassiosira nativa (FO = 10 Ma; LO = 4.8 Ma), which is restricted 
to the early Pliocene and late Miocene. Other taxa occurrences are 
noted in Table T4.

The two lowest analyzed depths (Samples 382-U1534A-46X-CC 
and 47X-CC) lack T. kolbei. These samples contain the biostrati-
graphic markers Fragilariopsis cylindrica (FO = 7.7 Ma; LO = 4.3 
Ma), Fragilariopsis fossilis (FO = 8.7 Ma; LO = 2.8–3.5 Ma), and 
Proboscia barboi (FO = ~13 Ma; LO = 1.8 Ma). The common dia-
toms Chaetoceros resting spores, P. sulcata, S. oestrupii, and T. 
nitzschioides remain in these samples. Shionodiscus praeoestrupii is 
found exclusively in Sample 47X-CC. The two deepest cores col-
lected in Hole U1534A represent the earliest Pliocene. All other dia-
tom taxa observed in this interval are documented in Table T4.

Radiolarians
All core catcher samples from Samples 382-U1534A-1H-CC to 

20F-CC were analyzed for radiolarians, and every second core 
catcher sample was analyzed between Samples 21F-CC and 47X-
CC (because they are half cores).

Radiolarians generally occur in high abundances throughout 
Hole U1534A. The uppermost sample (382-U1534A-1H-CC) con-
tains very few radiolarians, and they are often broken. Preservation 
is moderate to good in Samples 2H-CC to 31F-CC, and radiolarians 
are abundant to rare. Samples 33F-CC to 38F-2, 75–76 cm, contain 
poorly preserved radiolarians in rare abundance. Preservation is 
moderate, and frequent to abundant radiolarian concentration was 
observed in Samples 39F-CC to 45G-CC. Sample 46X-CC is almost 
barren of radiolarians, which are poorly preserved and often recrys-
tallized, whereas Sample 47X-CC contains abundant radiolarians 
with good preservation.

Samples 382-U1534A-1H-CC to 5H-CC are assigned tentatively 
to the Omega Zone (0–0.4 Ma) based on the absence of the species 
Stylatractus universus. However, this species is rare in the Southern 
Ocean, and this event is not well identified without close sampling 
(Lazarus, 1992). Sample 6H-CC corresponds to the Psi Zone (0.8–
0.4 Ma) based on the presence of the species Antarctissa cylindrica. 
The base of this zone is defined by the LO of Pterocanium trilobum
in Sample 9H-CC, which marks the top of the Chi Zone (1.85–0.8 
Ma). Cycladophora davisiana davisiana is present in the same sam-
ple, indicating ages younger than 2.6 Ma. The presence of Helot-
holus vema and Desmospyris spongiosa in Sample 10H-CC marks 
the upper boundary of the Upsilon Zone (2.4–4.5 Ma). The absence 
of Cycladophora pliocenica and Eucyrtidium calvertense above that 
sample indicates that the Phi Zone (2.4–1.88 Ma) is not present in 
this core, and thus a hiatus of approximately 1–1.6 Ma is inferred.

Below Sample 382-U1534A-10H-CC to the bottom of the hole 
(Sample 47X-CC), the Upsilon Zone is indicated based on the inter-
mittent presence of H. vema (LO = 2.4 Ma; FO = 4.59 Ma) in addi-
tion to other species typical of this zone, such as E. calvertense, 
Eucyrtidium pseudoinflatum, C. pliocenica, Cycladophora humerus, 
D. spongiosa, and Dendrospyris megalocephalis. These species have 
very wide stratigraphic occurrences, and thus it is not possible to 
constrain ages more tightly. The presence of Larcopyle polyacantha 
titan in Sample 30F-CC indicates ages older than 3.48 Ma. However, 
only one individual was identified, so this datum is uncertain. In the 

absence of H. vema or any other species with occurrence restricted 
to the Upsilon Zone between Samples 33F-CC and 39F-CC, the 
next best age estimate for these samples is given by the occurrence 
of Lychnocanium grande in Sample 41F-CC (LO = 4.2–4.5 Ma; Flo-
rindo et al., 2013). Radiolarian occurrences are documented in Ta-
ble T5.

Calcareous microfossils
Foraminifers

Core catcher Samples 382-U1534A-1H-CC to 20F-CC were an-
alyzed for foraminifers, and every second core catcher was analyzed 
between Samples 21F-CC and 45G-CC. Preservation is typically 
medium to high, although specimens associated with high abun-
dances of pyrite are often yellow in color. Fragmentation is typically 
medium to high.

Infaunal Uvigerina bifurcata is the most persistent benthic fora-
minifer; it is frequent to common in Samples 382-U1534A-1H-CC 
to 6H-CC and rare to trace in Samples 7H-CC to 9H-CC. Melonis
spp., Fursenkoina fusiformis, Nonionella spp., Oridorsalis umbona-
tus, and Cassidulina subglobosa are rare to common in Samples 1H-
CC to 7H-CC. Samples 10H-CC to 45G-CC are on the whole barren 
of calcareous foraminifers, although notable exceptions include rare 
Cibicides spp. in Samples 13H-CC and 24F-CC and rare Uvigerina
and Bulimina spp. in Sample 33F-CC.

Planktonic foraminifer abundance varies from rare to abundant 
in Samples 382-U1534A-1H-CC to 6H-CC. Neogloboquadrina 
pachyderma sinistral is a persistent species where planktonic fora-
minifers are present. The highest abundance and diversity of plank-
tonic foraminifers occurs in Samples 2H-CC and 5H-CC. The 
species identified include Globigerina inflata, Globigerina bulloides, 
Neogloboquadrina dutertrei, Neogloboquadrina pachyderma in-
compta, N. pachyderma sinistral, and Globoturborotalia spp. These 
observations are consistent with these intervals being from MISs 5e 
and 11, respectively.

The foraminifers identified in these samples are consistent with 
the age estimates suggested by the siliceous microfossil biostrati-
graphy but do not add any further refinement to the dating of these 
holes.

Fish teeth and squid beaks were observed in at least one fifth of 
the samples examined for foraminifers.

Pyritized burrows and pyrite infills in foraminifer chambers 
were commonly observed in sieved residues. Because of the risk of 
pyrite oxidation in split cores leading to carbonate dissolution (Os-
terman et al., 2001; Dunkley Jones and Bown, 2007), 20 cm3 quarter-
round samples were collected every 20 cm from Holes U1534C and 
U1534D. Samples were initially frozen. Once the splice for Site 
U1534 was determined, all samples in the splice were sieved at 63 
μm. All other samples were freeze-dried on board. The working 
halves from Site U1534 were heat sealed to keep them airtight to 
inhibit oxidation in storage.

Palynology
A total of 22 core catcher samples from Hole U1534A were pro-

cessed and analyzed for palynological content (dinoflagellate cysts 
[dinocysts], pollen, and spores). Palynological assemblage data with 
semiquantitative estimates of palynofacies and dinocyst species are 

Table T4. Diatom occurrences, abundance, and preservation state, Site 
U1534. Download table in CSV format.

Table T5. Radiolarian occurrences, preservation, and abundance, Site U1534. 
Download table in CSV format.
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accessible in Table T6 and in the Laboratory Information Manage-
ment System (LIMS) database under code “PALY.” All samples
yielded well-preserved marine and terrestrial palynomorphs. Gen-
erally, the dominant palynomorph association is composed of the
heterotrophic dinocyst genera Brigantedinium spp., Selenopemphix
spp., and Protoperidinium spp., whereas various trilete spores,
mainly reworked, are the most abundant sporomorphs. Most of the
dinocysts and acritarchs identified are long ranging, and nearly all
cores analyzed contain some reworked specimens. In the time
frame of the recovered material, only Samples 382-U1534A-16H-
CC and 37F-CC have species with constrained datums useful for
biostratigraphic interpretation: Selenopemphix dionaeacysta (LO =
1.92 Ma) and Invertocysta tabulata (LO = 2.55 Ma), respectively.
Dating these samples to the early Pleistocene/late Pliocene offers
supportive age control to the other microfossil groups sampled at a
higher resolution (Figure F8).

All samples analyzed to date contain palynofacies other than di-
nocysts and sporomorphs. Acritarchs, foraminifer test linings, co-
pepod remains, fungal spores, black and brown phytoclasts, and
amorphous organic matter are commonly recorded throughout
Hole U1534A. Specific occurrences are documented in Table T6.

Marine sedimentary ancient DNA
Ancient DNA

Samples for ancient DNA (aDNA) were collected from Holes
U1534C and U1534D. Sampling from Hole U1534C followed the
previously outlined Hole U1534B sampling methodology because
coring Hole U1534B was unsuccessful and only recovered a dam-
aged core unsuitable for aDNA analysis. For Hole U1534C, aDNA
samples were collected from the mudline, the top and bottom of
Core 382-U1534C-1H, the bottom of each section (1–4) of Core 1H,
the bottom of every second section (2, 4, and 6) of Cores 2H–5H,
and the bottom of Core 10H. An air control (empty tube) was col-
lected after sampling Cores 1H, 4H, and 10H, and a drilling fluid
control with perfluorocarbon tracer was also retained (12 mL).

Core 382-U1534D-1H aDNA samples were collected at closely
spaced intervals: at 0, 5, 10, and 20 cm and then every 20 cm in Sec-
tion 1H-1 to capture the Holocene; at 20, 70, and 120 cm in Sections
1H-2 through 1H-6; and at 25 cm in Section 1H-7. Air and drilling
fluid controls were also collected. All samples will be analyzed at the
special facilities of the Australian Centre for Ancient DNA (ACAD),
Adelaide (see Biostratigraphy in the Expedition 382 methods chap-
ter [Weber et al., 2021]).

In addition, subsamples from the three core catcher samples
(382-U1534C-1H-CC, 2H-CC, and 3H-CC) that were sieved (>63,
>20, and <20 μm) under clean conditions were retained and stored
at −80°C to check for the sources of sedimentary aDNA at ACAD
(see Biostratigraphy in the Expedition 382 methods chapter [We-
ber et al., 2021]). Microfossils (diatoms) in these samples reflect
those in Samples 382-U1534A-1H-CC, 2H-CC, and 3H-CC.

Contamination control
Inner and outer sediment samples for chemical tracer testing

(perfluoromethyl decaline [PFMD]) were collected at the same
depths as aDNA samples for Hole U1534C and at 69–70 cm in each
section from Hole U1534D. Samples were stored at 4°C and ana-
lyzed approximately 3 days after collection. For Hole U1534D,
PFMD was detected in one sample (382-U1534D-1H-1, 69–70 cm).

The sample from the outer portion of the core had a concentration
of 1.597 ng/mL (indicating PFMD delivery to this sample), and the
sample from the inner portion of the core had a concentration of
0.749 ng/mL (indicating potential contamination of the core center
and thus the aDNA sample). The potentially contaminated sample
will either be excluded from downstream analyses or evaluated with
caution.

Summary
Diatom, radiolarian, foraminifer, and palynomorph biostrati-

graphic results are consistent for the majority of samples from Hole
U1534A. These analyses showed 17 biostratigraphic events (Table
T3). Based on these events, we estimate sedimentation rates of ~90
m/My in Samples 382-U1534A-1H-CC to 9H-CC; ~120 m/My in
Samples 10H-3, 75 cm, to 40F-2, 75 cm; and ~70 m/My from Sam-
ple 41F-2, 75 cm, to the base of the hole. These approximate sedi-
mentation rates, as well as suggested hiatuses between Samples 9H-
CC and 10H-3, 75 cm, and between Samples 40F-2, 75 cm, and 41F-
2, 75 cm, are illustrated in Figure F8. Estimated sedimentation rate
changes may indicate variations in past ocean current strength and
paleoproductivity. Our analysis suggests that the time periods be-
tween ~0 and 0.9 Ma, between ~2.4 and 3.2 Ma, and between 4.1
and 4.7 Ma are covered by the sediments acquired at this site. Re-
working was noted in the palynomorph analysis. In intervals of poor
fossil preservation, transport prior to deposition in the contourite is
possible.

Paleomagnetism
Paleomagnetic measurements were made on 313 APC and

HLAPC core sections from Holes U1534A (N = 201), U1534B (N =
1), and U1534C (N = 111) to investigate the natural remanent mag-
netization (NRM). Cores 382-U1534A-1H through 14H and 382-
U1534C-1H through 19H were oriented using data from the Icefield
MI-5 core orientation tool (Table T7; see Paleomagnetism in the
Expedition 382 methods chapter [Weber et al., 2021]). No archive-
half measurements were made on core catcher samples or XCB
cores (382-U1534A-46X and 47X) because visual inspection of cor-
ing deformation indicated highly disturbed sedimentary fabric. No
archive-half measurements were made on Hole U1534D cores be-
cause of time limitations and because the three recovered cores
(382-U1534D-1H, 2H, and 3H) could be confidently correlated with
recovered sediments in the other holes (see Stratigraphic correla-
tion). All archive-half measurements were made on the initial mag-
netization and the magnetization following peak alternating field
(AF) demagnetization at 10 and 15 mT. Initially, cores were also de-
magnetized using a peak AF of 20 mT and measured (Cores 382-
U1534A-1H through 10H); however, because the drill string over-
print typically appears to be removed by 10 mT, we stopped using
this step in the interest of time.

A total of 297 discrete cube samples were taken from the work-
ing halves, with roughly one sample taken per section from APC
and HLAPC cores recovered in Hole U1534A (avoiding visually dis-
turbed intervals) and a limited number of samples taken from Hole
U1534C cores to cover gaps in the uppermost 6 m of Hole U1534A
(Core 382-U1534C-1H) and an interval with shattered core liners in
Hole U1534A (Cores 382-U1534C-8H through 10H). The NRM of a
subset of the discrete cube samples was investigated using the
AGICO JR-6A spinner magnetometer to measure the initial magne-
tization and after demagnetization at peak AF steps of 10, 20, 30, 40,
50, and 60 mT. Some samples appeared to acquire a remanent mag-

Table T6. Palynomorph occurrences, preservation, and abundance, Site
U1534. Download table in CSV format.
IODP Proceedings 10 Volume 382
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netization above the 30 mT peak AF. Accordingly, a modified AF de-
magnetization protocol was used in further investigations to
mitigate the impact of any gyroremanent magnetization (GRM) (see
Paleomagnetism in the Expedition 382 methods chapter [Weber et
al., 2021]; Stephenson, 1993). The NRM of the remaining discrete
samples was investigated using the superconducting rock magneto-
meter (SRM) to measure the initial magnetization and after demag-
netization at peak AF steps of 5, 10, 15, and 20 mT.

During the Icefield MI-5 tool data analysis and azimuthal orien-
tation of measured declinations, we discovered a programming er-
ror in the SRM software. The negative sign was missing from the Y
superconducting quantum interference device (SQUID) calibration
constant for all archive halves measured from Day 1 of the expedi-
tion through 0737 h UTC on 4 April 2019. This error affects all
cores from Holes U1534A and U1534C. All measured declinations
(Dmeas) from the affected cores must be adjusted (Dadj) as follows:

Dadj = 360 − Dmeas.

This correction was applied to the data presented in this chap-
ter. However, the LIMS database archives the primary measurement
data and contains the faulty declinations for all affected core sec-
tions.

The anisotropy of magnetic susceptibility (AMS) of a subset of
the discrete cube samples was investigated using the AGICO KLY
4S Kappabridge, focusing on 42–85 mbsf in Hole U1534A (Cores
382-U1534A-6H through 10H). Our goals were as follows:

• Assess whether cores with damaged liners have AMS fabrics 
suggestive of coring-induced disturbance.

• Assess whether a zone of noisy, possibly reversed polarity (70–
130 mbsf; Cores 382-U1534A-9H through 18H and 382-
U1534C-9H through 14H) is associated with coring-induced 
disturbance.

• Determine whether AMS can be used to narrow the location of 
the Pliocene–Pleistocene hiatus via an abrupt, large amplitude 
change in the degree of anisotropy (i.e., a change in sediment 
compaction that would manifest in AMS).

Natural remanent magnetization
Icefield MI-5 tool orientation results

Three Icefield MI-5 tools were deployed during the collection of
full-length APC cores (Table T7). Tool 2052 was used for Cores
382-U1534A-1H through 10H. Tool 2007 was used for Cores 11H–
14H. Tool 2043 was used for Cores 382-U1534C-1H through 19H.
Each tool consists of three orthogonal fluxgate magnetometers that
measure the x, y, and z components of the ambient geomagnetic
field and the ambient temperature immediately prior to firing the
core barrel. The magnetic tool face (MTF) is colinear with the dou-
ble line scored on the core liner. The orientation of the MTF with
respect to the geomagnetic pole is calculated from the x, y, and z
intensities measured by the tool. In principle, the conversion of
measured declinations in the sediment core to true declination
(Dtrue) is given by

Dtrue = Dmeas + MTF + Damb,

where

Dmeas = measured declination in the sediment core,
MTF = deviation of the tool face from magnetic north (or 

south), and
Damb = present-day ambient geomagnetic field declination, 

which is approximately 4° at Site U1534 (see Table T6 in the 
Expedition 382 methods chapter [Weber et al., 2021]).

For Site U1534 archive halves, this correction was modified to
account for the adjusted declinations:

Dtrue = Dadj + MTF + Damb.

In practice, the three Icefield MI-5 tools yielded inconsistent re-
sults. Dtrue values for Site U1534 are shown in Figure F9. In Holes
U1534A and U1534C, each core forms a cluster of Dtrue values that
can be viewed as secular variation around the long-term mean di-
rection, scatter due to coring disturbance/measurement noise,
and/or twisting of the core barrel upon recovery. However, the ori-
entation of the mean direction differs between Holes U1534A and
U1534C, and neither mean direction is close to the expected long-
term mean of 0°, which is the predicted value for a geocentric axial
dipole (GAD). We examined the Icefield MI-5 tool output data from
Core 382-U1534A-1H, which recorded positive values for the x in-
tensity and negative values for the y intensity. However, the instru-
ment reported a positive MTF value (38°) when +x and −y should
yield a negative MTF value (−38°). The three Icefield MI-5 tools
were tested to diagnose this issue as the expedition progressed. Ul-
timately, we did not arrive at a solution that would allow the Icefield
MI-5 data to be used for orientation (See Paleomagnetism in the
Expedition 382 methods chapter [Weber et al., 2021]).

Stratigraphic archive-half results
Site U1534 archive halves were initially AF demagnetized at 0

(NRM step), 10, 15, and 20 mT (Cores 382-U1534A-1H through
10H) to determine the peak field necessary to identify and remove
the drilling overprint. The drilling overprint was observed in a pos-
itive downward direction and was generally removed at the 10 mT
step, as determined from vector endpoint diagrams (Figure F10).
We discontinued the 20 mT demagnetization step after Core 10H.

The preliminary magnetostratigraphic interpretations are based
on the inclination and declination from the 15 mT AF demagnetiza-
tion step. These data were filtered as follows:

Figure F9. Orientation of adjusted declinations measured on archive halves
using Icefield MI-5 tools. Holes U1534A and U1534C generate different
mean directions, presumably due to differences in performance of each tool.
Measurements from individual cores are plotted using different colors.

U1534A U1534C

Table T7. Magnetic tool face direction angles for each oriented core, Site
U1534. Download table in CSV format.
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• We deleted all measurements within 5 cm of the section ends to 
remove the edge effect inherent in all pass-through measure-
ment systems such as the SRM.

• We deleted all measurements in the upper 50 cm of Section 1 of 
all cores because they are the most susceptible to the accumula-

tion of fall-in material during coring. Additionally, the strong 
vertical drilling overprint in these intervals often appeared to be 
more difficult to remove.

• We deleted all data from all intervals containing the “high” drill-
ing disturbance intensity code entered during core description 

Figure F10. Example vector endpoint diagrams showing progressive AF demagnetization behavior for four intervals, Hole U1534A. Drilling overprint is mostly 
removed by 10 mT. These data suggest that remanence vector will often not decay toward the origin, an indicator of the possible presence of GRM acquired 
during AF demagnetization.
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(see Lithostratigraphy) to remove data in intervals affected by 
coring-induced disturbance such as fall-in and flow-in.

• We inspected core photographs and X-radiographs in intervals 
with suspect directions to assess whether the directions coin-
cided with dropstones or large shells beneath the core surface, 
turbidites, tephra layers, or other lithologic features.

After removing the drilling overprint, inclination values are pre-
dominantly negative (Figures F11, F12, F13). Intervals of shallow 
inclinations and positive inclinations were observed. In some cases, 
these intervals correspond to lithologic features such as silt layers 
that may define the base of a turbidite, dropstones or shells in the 
sediment, or possibly core flow-in. Intervals with positive inclina-
tions are often narrow with poorly defined transitions between neg-
ative and positive intervals. An exception is near the base of Cores 
382-U1534A-41F and 43F, which have transitions in both declina-
tion and inclination and likely are recordings of geomagnetic rever-
sals.

A subset of the oriented cubes from the Site U1534 working 
halves were AF demagnetized and analyzed on the AGICO JR-6A 

spinner magnetometer to assess the demagnetization behavior at 
higher peak AF levels. We observed the acquisition of magnetic re-
manence at AF fields (above ~30 mT) along orthogonal planes to 
the last applied AF. This is diagnostic of the acquisition of a GRM, 
which can have an undesirable complicating influence on NRM 
measurements. The strong smells of H2S gas and hydrocarbons 
emitted by numerous core sections, the sharp decline in magnetic 
susceptibility (MS) near the top of the hole, and the GRM observa-
tion indicate magnetic mineral diagenesis, including the dissolution 
of ferrimagnetic iron oxide minerals and growth of authigenic ferri-
magnetic minerals. We suspect greigite (Fe3S4), a ferrimagnetic 
authigenic iron sulfide, is present, which has implications for the 
detrital or chemical origin and age of the characteristic remanent 
magnetization (syn- or postdepositional). Following this observa-
tion on the first four cube samples investigated, subsequent mea-

Figure F11. Inclination values (at 15 mT AF demagnetization step), Holes 
U1534A and U1534C. Inclinations indicate that both holes recovered sedi-
ments that acquired their magnetizations dominantly in times of normal 
polarity.
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surements that used a peak AF above 20 mT used a modified 
protocol to mitigate the impact of the GRMs.

Magnetic polarity stratigraphy
Steep negative inclinations at the latitude of Site U1534 indicate 

normal polarity. We observed normal polarity extending from 0 
mbsf to at least 74.45 mbsf in Hole U1534A and from 0 to 73.2 mbsf 
in Hole U1534C (Zone N1; Figure F14; Table T8). Directly below 
the base of the N1 normal polarity zone, we are unable to confi-
dently determine polarity because directions become more scat-
tered in both holes. Although it is tempting to assign reversed 
polarity to an interval including positive inclinations in both Holes 
U1534A and U1534C around 80 mbsf, we did not observe a clear 
polarity transition or stable reversed directions around this time. 
We did not observe a clear Matuyama–Brunhes reversal or any in-
terval of well-defined reversed polarity in the middle to late Pleisto-
cene interval as defined by biostratigraphic datums.

From 94.84 to 232.9 mbsf in Hole U1534A and from 97.04 mbsf 
to the base of recovery in Hole U1534C, we observed mostly nega-
tive inclinations, indicating an extended interval of normal polarity 
(Zone N2). Directions are typically more scattered in Holes U1534A 

and U1534C to around 120 mbsf and better defined below that 
depth. A few intervals contain positive inclinations; however, it is 
difficult to assess at this stage whether these inclinations represent 
brief intervals of reversed polarity or anomalous directions associ-
ated with coring disturbance, gas expansion, or dropstones. Upon 
closer investigation, we generally found that these intervals did not 
appear consistent with a well-defined reversed polarity based on re-
producibility between the two holes, 180° declination changes asso-
ciated with inclination changes, or lithologic descriptions. 
Additional work is likely required to fully assess these intervals. Bio-
stratigraphic datums suggest a potential hiatus between Sections 
382-U1534A-9H-CC (0.6–2.3 Ma) and 10H-2 (2.4–4.5 Ma) (see 
Biostratigraphy). Within this framework, we interpret Zones N1 
and N2 to likely represent intervals of the Brunhes (C1n) and Gauss 
(C2An) Chrons, respectively, merged together by the biostrati-
graphically defined Pleistocene–Pliocene hiatus.

Steep positive inclinations overlying steep negative inclinations 
with about 180° declination changes are found in Cores 382-
U1534A-40F, 41F, and 43F, indicating that transitions from normal 
to reversed polarity occurred in each of these cores. The polarity 
transitions are clearly defined and abrupt in Cores 41F and 43F and 

Figure F12 (continued). 
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less well defined with more scattered directions in Core 40F. Cores 
39F, 42F, and 44F are interpreted to represent normal polarity only. 
Biostratigraphic datums place Section 40F-CC (~2.2–4 Ma) in a 
wide range centered on the late Pliocene and Sections 41F-CC 
(~4.2–4.5 Ma) and 43F-CC (~4.8–5.5 Ma) around the early Plio-
cene. This placement suggests that these alternations between re-
versed and normal polarity likely capture reversals of subchron 
boundaries from the Gauss Chron (C2An) in Core 40F and from the 
Gilbert Chron (C3n) in Cores 41F and 43F. We interpret the re-
versed interval in Core 40F to be the Kaena Subchron (C2An.1r); 
however, because of incomplete recovery and at least one suggested 
hiatus during this interval, tighter chronostratigraphic constraints 
are needed to assign the polarity transitions in Cores 41F and 43F to 
specific reversals.

Anisotropy of magnetic susceptibility
AMS was analyzed on a subset of 30 oriented discrete samples 

(“Japanese” cubes) spanning Sections 382-U1534A-6H-1 through 

10H-4 (42.32–84.63 mbsf ). Only 4 of the 30 cubes displayed isotro-
pic behavior with nearly equal intensities of the maximum (K1), in-
termediate (K2), and minimum (K3) susceptibility components 
(Figure F15). The remainder of the samples show varying degrees of 
anisotropy, and the majority of samples plot in the oblate field of a 
Flinn diagram (Figure F16).

A “normal” sedimentary fabric, defined as one produced by 
gravitational settling of particles only, is characterized by a near ver-
tical inclination of the minimum susceptibility axis (I3), with the 
maximum (I1) and intermediate (I2) susceptibility axes randomly 
oriented within the bedding plane. In contrast, I1 oriented vertically 
is an indicator of disturbance by core stretching (Thouveny et al., 
2000; Széréméta et al., 2004). We did not observe core stretching in 
our Hole U1534A pilot samples. We observed normal sedimentary 
fabrics in seven samples, including those from Core 382-U1534A-
9H, whose liner was shattered upon recovery. We note that the de-
scriptor “shattered” was used to describe a wide range of physical 
changes in the core liner upon recovery and includes cores for 

Figure F13. Intensity of remanence, declination, and inclination at 15 mT AF demagnetization level, Hole U1534C. Horizontal dashed lines = section breaks, 
green dots = measured values, black dots = corrected values (correct Y calibration constant; see text for discussion), red stars = discrete samples, vertical blue 
dashed lines in inclination = GAD predicted values. 
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Figure F14. Preliminary magnetostratigraphy showing geomagnetic polarity timescale (GPTS2012; Gradstein et al., 2012), interpreted polarity based on 
archive-half and discrete inclination measurements, and archive-half inclination measurements for Holes U1534A and U1534C with GAD predicted values (ver-
tical blue dashed lines), Site U1534. Black dashed lines = possible tie lines guided by biostratigraphic constraints. Zone N1 likely deposited during Brunhes 
Chron (C1n), Zone N2 likely deposited during Gauss Chron (C2An), Zone R1 likely represents a reversed subchron of Gauss Chron (C2An), and Zones R2, N3, R3, 
and N4 likely represent subchrons of Gilbert Chron (C3n). Polarity: black = normal, white = reversed, gray = undetermined, red lines = suspected hiatuses, half 
gray boxes = example intervals of uncertain polarity during Zone N2.
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Table T8. Depth intervals of interpreted and uninterpreted geomagnetic polarity, Holes U1534A and U1534C. Download table in CSV format.

Hole U1534A Hole U1534C

Polarity
Polarity 

zone
Top depth 
CSF-A (m)

Bottom depth 
CSF-A (m)

Top depth 
CSF-A (m)

Bottom depth 
CSF-A (m)

Normal N1 0.00 74.45 0.00 73.20
Undetermined 74.45 94.84 73.20 97.04
Normal N2 94.84 232.90 97.04 157.50
Undetermined 232.90 233.80 .0
Reversed R1 233.80 235.60 .0
Undetermined 235.60 238.70 .0
Reversed R2 238.70 241.40 .0
Normal N3 241.40 247.30 .0
Undetermined 247.30 248.70 .0
Reversed R3 248.70 250.70 .0
Normal N4 250.70 255.10 .0

.0 .0
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which observations include small cracks with no separation of plas-
tic across the crack (e.g., Core 9H), large cracks or breakage of the 
liner that allowed loss of sediment, and total implosion of the liner. 
Therefore, the descriptor “shattered” does not summarily disqualify 
a core from paleomagnetic analysis. AMS results suggest that data 
from a core containing only small cracks in the liner may still be vi-
able for paleomagnetic work. Cores were evaluated on a case-by-
case basis.

Variations in and deviations from a normal sedimentary fabric 
in unconsolidated sediment that are relevant to Site U1534 include 

current alignment of ferrimagnetic particles (Ellwood and Ledbet-
ter, 1979; Kissel et al., 1997, 1998), deposition on a nonhorizontal 
surface, and subsequent rolling of grains downhill, slumping, or 
deposition in turbidity currents (Tarling and Hrouda, 1993; 
Schwehr and Tauxe, 2003). We note that the orientation of I3 is 
steep but off vertical in 19 of the 26 samples analyzed (Figure F15). 
Possible explanations include downslope transport on the drift, 
which is expected to be north–south on the continental slope, or an 
expression of the ACC, which flows west–east at present but possi-
bly southwest–northeast in the past when the South Polar Front was 
located northward of its present position. Azimuthal orientation of 
the cores is necessary to explore these hypotheses further and will 
be the subject of postcruise work.

Finally, we hypothesized that the Pliocene–Pleistocene hiatus 
indicated in the biostratigraphic data between Sections 382-
U1534A-9H-CC and 10H-2 would manifest as a large-amplitude 
change in the degree of anisotropy, with more sediment compaction 
generating higher anisotropy below the hiatus (Schwehr et al., 
2006). However, we did not observe such a change. If the hiatus rep-
resents nondeposition rather than erosion and removal of previ-
ously deposited sediment, then the deeper sediments in the study 
area may not have experienced the degree of compaction we antici-
pated. We also note that the AMS measurements stopped at Section 
10H-4 because of an increasing degree of ship roll and concerns for 
the safety of the KLY 4S Kappabridge, which cannot be used while it 
is strapped to a metal pole during rough seas. The postulated 
change in AMS properties may reside in Sections 10H-5 or 10H-6.

Geochemistry
Volatile hydrocarbons

Headspace gas analyses were performed at a resolution of one 
sample per full-length core (9.6 m advance) or one sample every 
other core for half-length cores (4.8 m advance) throughout Hole 
U1534A (Cores 382-U1534A-1H through 47X) as part of the rou-
tine environmental protection and safety monitoring program. 
Methane (CH4) is the dominant hydrocarbon, although ethane is 
also present in low concentrations. Methane concentrations are low 
(4–637 parts per million by volume [ppmv]) in the upper 30 m but 
increase downhole, with variable concentrations generally ranging 
from 5,700 to 72,000 ppmv from 40 to 262 mbsf (Figure F17; Table 
T9). Ethane (C2H6) concentrations remain low (<2 ppmv) in the up-
per 40 m and increase to as high as 15 ppmv from 50 to 230 mbsf 
(Figure F17). The methane/ethane ratio is correspondingly high 
(5,740–10,180) from 5 to 100 mbsf and then decreases downhole to 
3,000 at 260 mbsf (Figure F17). Data are reported in Table T9.

Interstitial water chemistry
A total of 17 interstitial water (IW) samples were squeezed from 

5 cm whole-round samples (10 cm from the lowermost sample) 
from 2.45 to 235.9 mbsf (Core 382-U1534A-40F). IW was recovered 
in sufficient quantities (>25 mL) throughout. Filtered samples were 
analyzed for all envisioned shipboard analyses, and additional ali-
quots were set aside for further trace metal analyses at the Helm-
holtz Centre for Ocean Research Kiel (Germany). IW properties are 
presented in Figures F18 and F19 and Table T10.

Salinity, sulfate, manganese, iron, alkalinity, and ammonium
IW salinity decreases from values matching ambient seawater 

(i.e., 34.13 at the nearest conductivity-temperature-depth [CTD] 
seawater sampling station according to the Global Ocean Data 

Figure F15. A. Intensities of maximum (K1), intermediate (K2), and minimum 
(K3) susceptibility axes, Hole U1534A. Intensities are normalized such that K1

+ K2 + K3 = 1. Dashed line at 0.33 indicates isotropic behavior. Four samples 
have roughly equal K1, K2, and K3 values. Remaining samples show varying 
degrees of anisotropy. B. Inclinations of maximum (I1) and minimum (I3) sus-
ceptibility axes. Inclinations below 80° (dashed line) indicate values inter-
preted to be off vertical.
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Analysis Project Version 2 [GLODAPv2] database [61.7°W, 53.3°S; 
508 m water depth] [Olsen et al., 2016; Key et al., 2015]) to an IW 
salinity minimum (31.0) between 68 and 122 mbsf. Salinity slightly 
increases below this horizon but does not get higher than 32.0. Sul-
fate concentrations in the uppermost IW sample are slightly lower 
than ambient bottom water levels (22.6 mM as opposed to ~28 
mM). Concentrations rapidly drop to levels close to the detection 
limit at 20.5 mbsf and remain depleted throughout the lower part of 
the core (SO4 = 0.042 ± 0.049 mM; n = 15). The sulfate–methane 
transition zone (SMTZ) is clearly identifiable because methane and 
ammonium concentrations steadily increase at levels where sulfate 
concentrations fall to close to zero. This interval also yields the 
highest alkalinity values (29.7 mM). Manganese concentrations in 
the upper 100 m are depleted (Mn < 3 μM), and they increase 
deeper than 100 mbsf. A somewhat similar picture emerges for IW 
Fe concentrations, which are below 10 μM for almost all sampled 
depths but include one elevated concentration found at 150 mbsf. 
Ammonium levels increase steadily with depth, reaching the high-
est concentrations at 180 mbsf (6.55 mM), approximately following 
the trends seen in methane concentrations (Figure F18). Ammo-
nium and sulfate profiles are consistent with pronounced reducing 
conditions deeper than ~20–30 mbsf.

Chloride, bromide, sodium, potassium, pH, and phosphate
Chloride, potassium, and sodium concentrations display con-

servative behavior in Site U1534 sediment IW and have concentra-
tions close to seawater (Figure F18) that largely show no resolvable 
downhole variations. Bromide concentrations in turn increase with 
depth; this increase becomes clearer in IW Br/Cl trends that also 
increase with depth (Figure F18). Such systematics in IW Br/Cl 
have been ascribed to microbially mediated organic matter degra-
dation in the sediment releasing organically bound Br to IW (Berg 
and Solomon, 2016). None of the observed dominantly diagenetic 
trends in IW chemical properties vary with carbonate concentra-
tions (Figure F18). pH is lower than average seawater (pH = 7.97; 
GLODAPv2 database [Olsen et al., 2016; Key et al., 2015]) and var-
ies between 7.67 and 7.9 in the sampled interval. Phosphate concen-

trations are highest at 10 mbsf and then decrease steadily downhole. 
Two levels of pronounced phosphate depletion were observed at 
~40 and 87 mbsf (Figure F18). The lowest phosphate concentra-
tions are recorded in the lowermost part of the IW profile.

Calcium, magnesium, boron, silicon, barium, and other major 
and trace elements

Calcium concentrations in IW decrease most markedly in the 
sedimentary level above the SMTZ (i.e., in the upper 30 m) to a 
minimum of 2.3 mM at ~50 mbsf (Figure F19). Deeper Ca concen-
trations remain low and only gradually increase again deeper than 
~80 mbsf to maximum concentrations of 6.5 mM at 207 mbsf. They 
then decrease again deeper in the hole. Calcium is preferentially 
precipitated in the zone of highest IW alkalinity, leading to pro-
nounced positive excursions of Mg/Ca, Si/Ca, Ba/Ca, and Sr/Ca 
(Figure F19). This pattern is likely governed by authigenic carbon-
ate formation below the SMTZ (Nöthen and Kasten, 2011). How-
ever, this hypothetical authigenic carbonate does not lead to 
obviously elevated sedimentary carbonate contents, which are very 
low in most parts of the sampled section at Site U1534 except for a 
few spikes (Figure F18).

Magnesium concentrations decrease more gradually with depth 
(Figure F19). The strongest gradient was observed in the upper 100 
m, where magnesium decreases to a minimum of 35.25 mM at 96 
mbsf. It recovers to somewhat higher concentrations at ~120 mbsf 
and remains at ~38 mM for most of the deeper sedimentary section. 
Boron in turn shows the strongest enrichment above the SMTZ 
(maximum of 647 μM at 20 mbsf). Deeper boron concentrations 
first decrease unsteadily but clearly decrease throughout the cov-
ered interval to a minimum of 353 μM at 236 mbsf (Figure F19).

Barium concentrations show the strongest enrichment directly 
below the SMTZ, peaking between 30 and 50 mbsf (maximum Ba of 
57.8 μM at 30 mbsf). The strongest Ba enrichment was also observed 
in the sedimentary level corresponding to the highest alkalinity and 
pH (Figure F18). Such Ba enrichments were reported in earlier stud-
ies and are attributed to barite dissolution below sedimentary SMTZs 
(Torres et al., 1996; Dickens, 2001; Riedinger et al., 2006). The zone of 
highest Ba enrichment also corresponds to the level with the most 
pronounced Ca precipitation and highest Mg/Ca. Concentrations 
then drop markedly to a minimum of 13.4 μM at 122 mbsf and 
slightly increase again deeper in the hole (Figure F19).

Strontium shows a shallow concentration minimum at 10 mbsf 
then increases, remains at concentrations close to ambient seawater 
between 30 and 50 mbsf, and decreases before gradually increasing 
again downcore to the highest observed Sr concentrations at 235 
mbsf (103 μM). Silicon is increasingly enriched in IW over the up-
per 100 m and then remains stable at ~900 mM to ~180 mbsf, shows 
one excursion to lower concentrations at 207 mbsf, and slightly in-
creases again at the lowest covered depth. Lithium concentrations 
are below the inductively coupled plasma–atomic emission spec-
troscopy (ICP-AES) detection limit in the uppermost 90 m.

Bulk sediment geochemistry
Carbon, nitrogen, and carbonate

Discrete sediment samples (N = 60) from all major lithostrati-
graphic units identified in Hole U1534A were analyzed for total car-
bon (TC), total nitrogen (TN), and total inorganic carbon. Total 
organic carbon (TOC) and calcium carbonate (CaCO3) contents were 
subsequently calculated (Table T11). TOC contents range from 0.2 to 
1.5 wt% (Figure F20) with slightly lower contents (<0.8 wt%) in the 
upper 80 m. The TOC/TN ratio is mostly around 10 with some small 

Figure F17. Methane, ethane, and methane/ethane ratio, Site U1534.
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Table T9. Volatile hydrocarbon concentrations, Hole U1534A. Download 
table in CSV format.
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excursions to higher and lower values, suggesting sedimentary or-
ganic carbon mainly originates from marine organisms such as phy-
toplankton. Two sampled depths have higher TOC/TN, suggesting 
larger quantities of admixed terrestrial organic material. CaCO3 con-
tents range between 0.2 and 54 wt% in Hole U1534A but mostly are 
<1 wt% (Figure F20). Significantly higher values (~50 wt%) were oc-
casionally measured in the upper part of the sequences (0–100 mbsf) 
in intervals that probably correspond to interglacial conditions. 
These sections also have lower natural gamma radiation (NGR) and 
MS (see Physical properties). CaCO3 contents are also relatively 
high (~9 wt%) from 220 to 250 mbsf.

Inorganic bulk sediment geochemistry
A total of 23 sediment samples were analyzed over 241 m of 

core. Results display highly consistent geochemical trends and strik-
ingly constant compositions over most parts of the record. A selec-
tion of key elements and ratios are displayed in Figures F21 and 
F22. The full suite of results is presented in Table T12. Most geo-
chemical variability was observed between 20 and 104 mbsf and was 
evident from the occurrence of two carbonate layers that lead to 
distinctly lower Al, Si, Ti, Na, K, Fe, Mn, La, Zr, and Cr concentra-
tions in this interval. Among the presented major and trace elemen-

Figure F18. IW properties showing variety of key IW parameters (SO4, P, Ca, Ba, carbonate, methane, ammonium, alkalinity, salinity, pH, Na, Cl, K, Br, Na/K, and 
Br/Cl), Site U1534. Blue squares = seawater concentrations or elemental ratios for reference (where applicable).
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tal ratios in Figure F22, La/Zr seems to display the most clearly 
resolvable elemental trends in the upper 104 m, which could be con-
trolled by provenance changes or grain size sorting effects and de-
serves further investigation. The SMTZ at 20 mbsf has no obvious 
expression in any elemental signal presented in Figures F21 and 
F22. An excursion to lower dissolved IW phosphate concentrations 
may be related to a positive bulk sedimentary phosphorous excur-
sion at 92 mbsf (Figures F18, F21) that is located at the second car-

bonate layer. Together with elevated Mg, this peak in particulate 
phosphorous at 92 mbsf suggests the presence of authigenic car-
bonate fluorapatite along with high-Mg calcite or dolomite.

Summary
Headspace gas analyses, IW chemistry, and bulk sediment geo-

chemistry measurements were performed in Hole U1534A. Head-
space gases show low methane and ethane concentrations in the 

Figure F19. IW properties showing variety of key IW parameters (Ca, Si, B, Sr, Mg, Fe, Mn, B/Ca, Mg/Ca, Si/Ca, Ba/Ca, Sr/Ca, Mg/Si, Mg/K, K/Ca, and Na/Cl), Site 
U1534. Blue squares = seawater concentrations or elemental ratios for reference (where applicable).
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Table T10. Interstitial water geochemical data, Hole U1534A. Download 
table in CSV format.

Table T11. TOC, CaCO3, TN, and TOC/TN ratio, Hole U1534A. Download table 
in CSV format.
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upper 30 m of the hole; these concentrations increase downhole, 
reaching as high as 72,000 ppmv for methane and 15 ppmv for eth-
ane. IW analyses delineate the presence of an SMTZ between 10 
and 20 mbsf. The highest alkalinity values are seen directly below 
the SMTZ. Ammonium concentrations keep increasing downcore. 
Elevated barium concentrations follow the trends seen in alkalinity, 
and the highest dissolved Ba occurs below the SMTZ. TOC, TN, 
and CaCO3 contents range from 0.2 to 1.5 wt% throughout the hole. 
The TOC/TN ratios suggest marine-derived organic matter. Spo-
radic high CaCO3 contents were observed in the upper part of the 
sequence and are further characterized by lower MS and NGR val-
ues. Inorganic bulk sediment analyses equally reflect the largely 
terrigenous character of the sediments at Site U1534, and only two 
interspersed layers have elevated Ca indicative of carbonate and re-
spective changes in all elemental concentrations and ratios. The 
most pronounced variability in sediment composition was observed 
in the upper 110 m, and invariant geochemical properties where 
found from 110 to 242 mbsf. The SMTZ at 20 mbsf has no direct 
expression in sedimentary elemental concentrations or ratios.

Figure F20. Bulk sediment TOC, TOC/TN ratio, and CaCO3, Site U1534.
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Figure F21. Bulk sediment major element compositions, Site U1534.
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Physical properties
High-resolution physical property measurements were made on 

all cores and most core catchers from Holes U1534A–U1534D to 
provide basic information on sediment composition and variability. 
The Whole-Round Multisensor Logger (WRMSL) measured gamma 
ray attenuation (GRA) bulk density, MS, and compressional wave ve-
locity (on the P-wave logger [PWL]) at 2.5 cm intervals. On whole-
round cores, we also measured NGR at 10 cm intervals and thermal 
conductivity at one measurement per core. P-wave caliper (PWC) 
velocity was acquired in at least three sections per core, and more 
where possible, for Hole U1534A. On archive halves, point mag-
netic susceptibility (MSP) and color reflectance were measured 
mostly at 2.5 cm increments using the Section Half Multisensor 

Logger (SHMSL) and digital color imaging was completed with the 
Section Half Imaging Logger (SHIL). Additionally, we took discrete 
samples from Hole U1534A for moisture and density (MAD) mea-
surements (1–3 samples per core; ideally samples that represent the 
sections and different sediment nature) to determine water content, 
wet bulk density, dry bulk density, porosity, and grain density.

Whole-Round Multisensor Logger measurements
Results from WRMSL measurements for Holes U1534A and 

U1534C are compiled in Figures F23 and F24. We measured high-
resolution data for all cores and the majority of the core catchers. 
For Hole U1534A, cores rested for about 4 h before measurement to 
adjust to room temperature (~20°). For Sections 382-U1534C-1H-1 
through 10H-2 and for stratigraphic correlation purposes, the 
WRMSL was run twice; the first time was as soon as the cores came 
into the laboratory, and the second time was after the cores had 
equilibrated to ambient temperature. Data presented in the figures 

Figure F22. Selected sediment trace element compositions and elemental ratios, Site U1534. La is a rare earth element, and Zr is a high field strength element. 
Note that elemental ratios shown here are not molar ratios.
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include anomalies, such as unrealistic density and velocity measure-
ments (e.g., density < 1.05 g/cm3 and velocity < 1800 m/s), caused by 
the effect of internal cracks (created by core expansion in the labo-
ratory) in the core on the velocity and density measurements.

Gamma ray attenuation bulk density
Wet bulk density values range from 1.5 to 2.2 g/cm3 and have a 

mean value of 1.8 g/cm3. The lowest GRA density values are found 
in Section 382-U1534A-10H-3 through Core 12H (79.5–106 mbsf), 
whereas the highest GRA density values are located in the upper 
sections of Core 10H and from Core 22F downhole. (Figures F23, 
F24). A generally positive linear relationship is found between GRA 
density values and NGR counts as well as between GRA density val-
ues and MS (Figure F25).

Magnetic susceptibility
MS values range from 6 × 10−5 to 46 × 10−5 SI through most of 

the cores from Site U1534, with the exception of the uppermost 6–7 
m of the holes, which recorded more elevated values as high as 128 
× 10−5 SI (note that figure axes are cropped at 35 × 10−5 SI to opti-
mize resolution for the majority of the record). Down to the hiatus 
associated with Reflector B (~83 mbsf; Section 382-U1534A-10H-
3), MS exhibits variability with an amplitude of ~10 × 10−5 to 20 × 
10−5 SI that likely reflects glacial–interglacial cyclicity. A prominent 

minimum in MS measured in Core 5H is associated the carbonate-
rich interval interpreted to be MIS 11 (see Chronostratigraphy). 
The interval associated with the hiatus at Reflector B (~83 mbsf; 
Section 10H-3) corresponds to a positive anomaly in MS. Below the 
hiatus, maximum MS values do not exceed 29 × 10−5 SI; in addition, 
the amplitude of MS variability decreases and the cycles appear to 
become shorter in length. Generally, we observe a positive linear 
correlation in the variability of all the physical properties deter-
mined with the WRMSL when color-coded against depth. A general 
linear increase is found for MS and NGR with depth (Figure F25).

P-wave velocity
Realistic P-wave velocities measured on the PWL range from 

1400 to 1700 m/s. Velocity measurements are generally meaningful 
for the uppermost cores (through Core 382-U1534A-4H), but the 
measurements for deeper cores often do not yield valid velocity val-
ues because of expansion in the sediments after they were taken out 
of in situ conditions. Expansion can be seen as cracks in the X-ra-
diograph images, and it continued over a few hours as the cores 
equilibrated to room temperature. After Section 382-U1534C-10H-
2, we decided to measure P-wave velocities with the WRMSL as 
soon as possible after the cores arrived to lessen the effects of ex-
pansion.

Figure F23. Physical property data, Hole U1534A. MS: red = WRMSL, gray = 
SHMSL (MSP). P-wave velocity: dots = WRMSL, squares = PWC. Wet bulk den-
sity: line = WRMSL, diamonds = discrete. cps = counts per second.
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Natural gamma radiation
At Site U1534, NGR values vary between 15 and 47 counts/s.

Cyclic variability in tune with the MS record suggests that NGR is
sensitive to glacial–interglacial cycles in Cores 382-U1534A-1H
through 10H, and MIS 11 was identified from a prominent mini-
mum value in Core 5H. As with the MS record, the amplitude of
NGR variability decreases below the hiatus at ~83 mbsf (Section
10H-3) (Figures F23, F24).

Thermal conductivity
Thermal conductivity varies between 0.89 and 1.8 W/(m·K) in

Holes U1534A and U1534C (Figure F26). A clear positive trend
with depth occurs through Core 382-U1534A-7H (60.5 mbsf ), and
then an abrupt decrease below Core 7H with lower though variable
values is maintained until the bottom of the hole. The average ther-
mal conductivity observed is 1.8 W/(m·K), with no clear depen-
dence on sediment facies. The lowest values were measured in
Cores 12H and 13H (96–116 mbsf ) where tephra layers were found
(see Lithostratigraphy). The highest values occur in Core 7H.
Thermal conductivity measurements were combined with borehole
temperatures for heat flow estimates (see Downhole measure-
ments).

Point magnetic susceptibility
MSP measurements were performed on archive halves. Results

agree with the WRMSL MS data (Figures F23, F24). MSP measure-
ments were mostly acquired at 2.5 cm, the same resolution as the
WRMSL, except for a few cores in Hole U1534C where the resolu-
tion was reduced to 5 cm to speed up the workflow. Improvements
in the operation of the instrument allowed us to increase the mea-
surement resolution back to 2.5 cm to match the WRMSL data. In
some cases, higher variability is observed with this instrument be-
cause of the smaller integration volume of the sensor (~1 cm depth
interval; 1σ) compared to the loop sensor (~18 cm depth interval;
1σ) used on the WRMSL (Weber et al., 1997).

Discrete compressional wave velocity
P-wave velocities measured on working halves with the caliper

are believed to be more robust than the P-wave data yielded by the
WRMSL, which are much more scattered below Core 382-U1534A-
4H (Figure F23). We measured one discrete point in at least three
sections per core where possible. Measurements were extremely

difficult to obtain in some cores, assumably because of poor contact
between the sensors, the liner, and the sediments. We used acid-
buffered distilled water on some occasions to achieve a better cou-
pling of the sensors to the sediment. High-amplitude variability in
P-wave velocity data is seen in Core 5H and between Cores 35F and
39F (209–233 m/s). The highest realistic values (~1630 m/s) are in
Cores 4H, 17H, 36F, and 37F, and the lowest values (~1320–1420
m/s) are in Cores 9H, 16H, 18H, and 36F (Figure F23). No caliper
measurements were run for Hole U1534C.

Moisture and density
Water content, porosity, and wet and dry bulk densities are in-

terdependent. Bulk density measurements were taken for Hole
U1534A. Bulk density values were calculated from moisture and
volume measurements made on discrete samples taken from the
working halves (see Physical properties in the Expedition 382
methods chapter [Weber et al., 2021]). The sample resolution in
each core varied depending on lithology, recovery, and quality, and
at least three samples per APC core were recovered. A total of 95
samples were taken for MAD measurements.

MAD density values correspond well to GRA bulk density val-
ues measured on the WRMSL for Hole U1534A (Figures F23, F26).
Bulk density typically varies between 1.6 and 1.9 g/cm3. An anoma-
lously high bulk density of 2.2 g/cm3 is recorded at 83 mbsf; it corre-
sponds to the positive anomalies in NGR and MS associated with
the hiatus at Reflector B. Below the hiatus at ~83 mbsf, bulk density
values vary between ~1.6 and 2.0 g/cm3.

Grain density typically varies between 2.60 and 2.75 g/cm3

through Hole U1534A (Figure F26). An anomalously high grain
density value (2.9 g/cm3) occurs at ~83 mbsf along with positive
anomalies in bulk density, NGR, and MS associated with the hiatus
at Reflector B.

Porosity (percent of pore space of the wet sediment volume) is
included in the suite of MAD measurements and indicates a general
downhole decrease in volume percent. Discrete porosity values
range from ~65% near the top of Hole U1534A to ~50% near the
bottom of the hole (Figure F26). A porosity minimum of <40% is
associated with the hiatus at ~83 mbsf.

Color reflectance
L*a*b* color reflectance measurements describe coordinates in a

spherical system with 16.8 million possible variations (for details,

Figure F25. Crossplots and linear relationships of NGR, GRA, and MS, Sites U1534 and U1535.
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see Weber, 1998; Blum, 1997). Color reflectance shows noisy cyclic 
variability of all three color components downcore. The L* axis 
measures the black–white color component and is known as the 
lightness or gray value. It can be a reliable tracer for the content of 
biogenic carbonate in marine sediment (Weber, 1998). At Site 
U1534, L* varies between 30 and 48. Cores 382-U1534A-5H and 
382-U1534C-4H (~40 mbsf; inferred to be MIS 11) exhibit the high-
est L* values (Figures F27, F28). The amplitude of L* variability is 
greater above the hiatus at ~83 mbsf than below it. The hiatus itself 
in Section 382-U1534A-10H-3 is associated with the lowest L* val-
ues recorded at this site.

The a* axis is the green–red component and is often used as an 
indicator of changing redox conditions in the sediments, but in 
these sediments a* may be influenced by the relative content of 
glauconite in the sediments. For Holes U1534A and U1534C, a* val-
ues show distinct cyclic variations downcore with values between 
−0.5 and 1.5. a* exhibits enhanced amplitude variability, and lower 
minimum values are observed above the hiatus at ~83 mbsf. A min-
imum in a* is associated with the pale green carbonate-rich sedi-
ments of MIS 11 at ~40 mbsf.

The b* axis is the yellow–blue component, and it shows a cycli-
cal variation along an overall decreasing trend downhole. b* is com-
monly used as a proxy for biogenic opal content (Sprenk et al., 2013) 
because high biogenic opal tends to make the sediment appear 

more yellow. Thus, the overall downhole decreasing trend in b* at 
Site U1534 may be interpreted to reflect a decrease in biogenic opal 
with depth. The highest b* values are found in Cores 382-U1534A-
1H and 3H.

Physical properties and relationship with facies
In general, the sediments at Site U1534 are composed of silty 

clay and clayey silt. Much of the sequence is described as biosili-
ceous-bearing silty clay with abundant diatoms and sponge spic-
ules. The majority of the samples measured have carbonate 
concentrations <1%; however, there are layers rich in foraminifers 
and nannofossils where carbonate composes as much as 50% of the 
sediment (e.g., the pale green interval in Core 382-U1534A-5H in-
terpreted to be MIS 11). Layers with high percent CaCO3 (MISs 5e 
and 11) are associated with prominent minima in NGR, GRA bulk 
density, and MS. Some tephra layers were identified, and smear 
slides and sieved samples have abundant volcanic glass shards; how-
ever, it does not appear that they are clearly identifiable with physi-
cal property measurements. Additionally, abundant glauconite was 
found in the cores, and variations in the abundance of glauconite 
may influence the color/light measurements. It is most likely that 
the physical properties, at least in the mid–late Pleistocene, re-
sponded to variations in the proportion of biogenic and terrigenous 
content.

Figure F26. MAD results, Hole U1534A. P-wave velocity = caliper velocity measurements with automatic and manually picked first arrival times.
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Two notable stepwise decreases in MS intensity and variability
occur with depth. The first decrease occurs at ~7 mbsf in all Site
U1534 holes and is likely due to magnetic mineral diagenesis in-
cluding dissolution of iron oxide ferromagnetic minerals during
early burial (see Paleomagnetism). The second stepwise decrease
in MS intensity and variability occurs in Core 382-U1534A-10H co-
incident with a 1.8 My hiatus associated with Reflector B (see Chro-
nostratigraphy). The muted cyclic variability in MS, NGR, and
GRA density below ~83 mbsf may reflect the less pronounced vari-
ability of late Pliocene climate cycles.

Core disturbances and data quality
Core recovery was typically 100% except when we encountered

a hard layer around 118 mbsf. This layer was correlated with a
prominent reflector in Seismic Unit 2A. Although the core barrel
was advanced, Core 382-U1534A-15H had no recovery. Overall,
data quality and recovery were good at this site except for the PWL
measurements that were affected by cracks that originated from
core expansion, especially in cores recovered deeper than Cores
382-U1534A-4H and 382-U1534C-4H. In addition, because of the
use of double liners to fix imperfections or cracks in many of the

recovered cores, we were not able to X-ray image all cores. Similarly,
WRMSL measurements were not possible in a few of the cores.

Summary
Physical property data were acquired on all cores from Site

U1534 using the WRMSL for GRA wet bulk density, MS, and P-
wave velocity (PWL). We also measured NGR in all sections longer
than 50 cm and acquired X-ray images on cores without significant
cracks. Thermal conductivity was acquired in one section per core.
The SHMSL was used to measure MSP and color reflectance using
the L*a*b* color system, and the red-green-blue (RGB) color of the
sediments was measured with digital color imaging (SHIL). In addi-
tion, we determined P-wave velocities at discrete points on working
halves and measured discrete samples for MAD of wet bulk density,
dry bulk density, and grain density on Hole U1534A cores. The sen-
sors worked correctly, and the data are of good quality except for
those from the PWL, which present a great number of spikes due to
the gaps created in the core during thermal expansion as the core
equilibrated with laboratory temperature.

Silty clay, clay, and silt dominate the lithology at Site U1534. Gla-
cial–interglacial variations in physical property signals are observed

Figure F27. SHMSL color reflectance L*, a*, and b* and color component R, Hole U1534A.
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through the mid–late Pleistocene interval above ~83 mbsf. Of note,
MIS 11 at ~40 mbsf exhibits prominent minima in NGR, MS, P-
wave velocity, and a* values and a maximum in L* values. The hiatus
associated with Reflector B at ~83 mbsf is recognized by positive
anomalies in MS, NGR, bulk density, and grain density. In the late
Pliocene sediments below ~83 mbsf, the amplitude of variability in
physical property signals typically decreases.

Stratigraphic correlation
Four holes were drilled at Site U1534 using the APC, HLAPC,

and XCB coring systems. The goals for these sites were to recover a
complete sedimentary section to reconstruct Pliocene–Pleistocene
oceanography and climate and to test previously published seismic
stratigraphic inferences about the ages of three reflector horizons
(Koenitz et al., 2008). Mudlines were achieved for Holes U1534A
and U1534C (Hole U1534B failed) but not for Hole U1534D. The
time available only permitted the recovery of three APC cores from
Hole U1534D.

Whole-round cores from Holes U1534A and U1534C were ana-
lyzed for their physical properties using the WRMSL (for MS, GRA

density, and P-wave velocity) and gamma ray track (for NGR inten-
sity) and subsequently the SHMSL (for MS and color reflectance)
once they were split into working and archive halves (see Physical
properties; also see Physical properties in the Expedition 382
methods chapter [Weber et al., 2021] for details). Whole rounds
from Core 382-U1534D-1H were not measured for their physical
properties because they were split for aDNA sampling immediately
upon collection to avoid modern-day DNA contamination. In addi-
tion to aDNA sampling, the three Hole U1534D cores were used to
bridge coring gaps between Cores 382-U1534A-1H and 4H. To do
so, we used the MS of the archive halves determined using the
SHMSL MSP sensor.

Correlation between holes
To avoid coring gap alignment, sequences from all holes were

examined in near–real time using whole-round MS and GRA den-
sity data measured at a 2.5 cm resolution with the WRMSL. Because
of time constraints, it was not possible to conduct triple APC coring
at Site U1534 (except for three Hole U1534D cores).

Core disturbances and other sporadic difficulties with coring
meant that the stratigraphic quality of the sedimentary sequence re-

Figure F28. SHMSL color reflectance L*, a*, and b* and color component R, Hole U1534C.
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covered varied among holes. In general, we avoided including dis-
turbed cores in our primary splice. Several APC cores taken near
the bottom of their applicable range at these two sites achieved only
partial strokes, and several instances of shattered core liners oc-
curred. Despite these adverse conditions, we were nevertheless able
to generate unambiguous affine ties from the mudline in Core 382-
U1534C-1H to the base of Core 5H at ~46 m core composite depth
below seafloor, Method A (CCSF-A), using sediment MS and GRA
density data (Figure F29) (see Stratigraphic correlation in the Ex-
pedition 382 methods chapter [Weber et al., 2021] for an explana-
tion of depth scales). Below ~46 m CCSF-A, the affine ties between
several of the cores used to connect depths in Holes U1534A and
U1534C are uncertain (see quality comments in Table T13) because
in some instances the core gap is almost exactly lined up between
the two holes. In some cases, it may be possible to improve the ties
with postcruise efforts, for instance, using X-ray fluorescence core
scanning elemental data. If all these ties could be confirmed, a near-
complete succession could be established to ~152 m CCSF-A. Be-
low ~152 m CCSF-A, no second hole exists to bridge potential
stratigraphic gaps between Hole U1534A cores.

The top of Hole U1534C (which preserved a mudline) served as
the anchor (zero depth point) for the generation of the CCSF-A
depth scale at this site, and the relative depth offset of each core
from this reference was determined by establishing affine ties be-
tween cores from all three holes recovered based on the optimized
correlation of WRMSL-derived MS and GRA density data (Figure
F29). These depth offsets (or affine ties) are reported in affine Table
T13. The variable in-core stretching of sequences implies that sin-
gle depth offsets will result in inevitable misalignment of features
that can otherwise confidently be correlated between holes. This
misalignment is an essential consideration if one is to apply age data
based on shipboard micropaleontology, nearly all of which were de-
rived from Hole U1534A, to the spliced intervals from other holes.

Construction of the splice
Once the composite depth scale was created, selected sequences

from Holes U1534A, U1534C, and U1534D were spliced together to
create the most complete and representative section possible (Fig-

Figure F29. GRA density and MS data, Site U1534. Most of the MS record shown was derived using WRMSL data, but data from Core 382-U1534D-1H were
derived using SHMSL MSP data.
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ure F30). In addition, we strove to include as much of Hole U1534C
in the primary splice as possible because it was concurrently sam-
pled shipboard to reduce the possibility of losing foraminifer shells
to dissolution. Detailed sedimentological logs were consulted in the
process of splice construction to avoid the inclusion of any obvi-
ously disturbed sections and/or sections with unique features (rela-
tive to the other holes). The end result is reported in Table T14.

The splice constitutes a continuous sequence with a total length
of ~46 m core composite depth below seafloor, Method D (CCSF-
D), and possibly a near-continuous sequence to ~152 m CCSF-D. It
is dominantly composed of correlated sections from Holes U1534C
(~68% of the splice), U1534A (25% of the splice), and U1534D (8%
of the splice). Inspection of the spliced MS, GRA, L*, and NGR re-
cords demonstrates that the splice tie boundaries do not create gaps
or repeated intervals in this sequence. Below 152 m CCSF-A, coring
gaps of unknown length in Hole U1534A prevent further extension
of a continuous splice. Cores 382-U1534A-22F through 44F are
therefore appended with their cored respective depths/offsets to the
primary splice.

Chronostratigraphy
Age models for Sites U1534 and U1535

A 266 m sequence of Pliocene–Pleistocene sediment was recov-
ered from Site U1534, and a 117 m sequence was recovered from
Site U1535. Because of their close proximity to each other, age mod-
els for these sites were developed in concert and are discussed to-
gether here. Based on the seismic stratigraphy, it was known that
Site U1535 should have an expanded section above Reflector B rela-
tive to Site U1534. The age models for these sites (Figures F31, F32)
are based on a combination of the biozonation of diatoms and
radiolarians from core catcher samples (and occasionally from dis-
crete toothpick sampling of the cores) in Holes U1534A and
U1535A and magnetostratigraphy from Holes U1534A, U1534C,
and U1535A. Summaries of the biostratigraphic markers used for
their construction are presented in Tables T2 and T3 and in Tables
T2 and T3 in the Site U1535 chapter (Peck et al., 2021) (geologic
ages are from the geologic timescale [GTS2012; Gradstein et al.,
2012]). Summaries of the magnetic polarity stratigraphies used are

presented in Table T8 and in Table T7 in the Site U1535 chapter
(Peck et al., 2021).

Biostratigraphy was essential for guiding our interpretation of
the magnetic polarity stratigraphies for Sites U1534 and U1535. Pa-
leomagnetic measurements reveal that the upper ~230 m of Holes
U1534A and U1534C is characterized by two polarity zones (N1
and N2) separated by a ~20 m interval of undeterminable polarity
(e.g., 74.45–94.84 mbsf in Hole U1534A) (see Figure F14). Biostrati-
graphic data indicate that the interval of undeterminable polarity
corresponds to a hiatus separating late Pliocene (Zone N2) and

Figure F30. Spliced record of GRA density and NGR intensity, Site U1534.
Dashed lines = position of real (46 m CCSF-D) and potential (87.3 and 123.3
m CCSF-D) gaps in the composite record.
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Figure F31. Age-depth plot, Site U1534. MIS positions are inferred from
physical property data. Diatom and radiolarian FO and LO depths were
determined using the middepth method. Dashed lines = inferred sedimen-
tation rates, ? = tentative paleomagnetic reversal placement, wavy lines =
hiatuses interpreted from biostratigraphic data, gray horizontal bar = paleo-
magnetic constraints on sediment age below ~240 mbsf hiatus. Magneto-
stratigraphy: N = normal polarity, R = reversed polarity, vertical lines =
interpreted magnetic stratigraphy (see Figure F14), horizontal lines = mag-
netic reversals.
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mid-Pleistocene (Zone N1) sediments, which are consistent with 
sediments deposited during the normal late Gauss Chron 
(C2An.1n; 2.58–3.03 Ma) and normal Brunhes Chron (C1n; 0–0.78 
Ma), respectively, and the absence of reversed polarity zones that 
dominate the Matuyama Chron (C1r–C2r; 0.78–2.58 Ma). The top 
of the Gauss Chron (2.58 Ma) provides a youngest age constraint for 
Zone N2 sediments immediately beneath the hiatus, and the base of 
the Brunhes Chron (0.78 Ma) provides the oldest age constraint for 
the Zone N1 sediments above the hiatus. Assuming a faithful re-
cord of Earth’s magnetic field, persistent normal polarity would sug-
gest an age no older than 3.03 Ma at the base of Zone N2 (~233 
mbsf ).

Three intervals of reversed polarity were found in Hole U1534A 
spanning 233.8–235.6 (Zone R1), 238.7–241.4 (Zone R2), and 
248.7–250.7 mbsf (Zone R3). To satisfy the biostratigraphy and 
paleomagnetic stratigraphy, a hiatus is invoked between 238 and 
243 mbsf. The upper reversed interval (Zone R1) above the hiatus 
likely corresponds to the Kaena Subchron (C2An.1r; 3.03–3.12 Ma). 
Below the hiatus, the N4-R3-N3-R2 succession likely captures a se-
ries of transitions that characterize the short-duration subchrons 
found in the middle to late Gilbert Chron (C2Ar–C3n; 3.60–5.24 
Ma). Sedimentation rates for the mid–late Pleistocene sediments 
above Reflector B are estimated to be on the order of 10 cm/ky. The 
late Pliocene sedimentation rates implied by this age model would 
be at least 35–40 cm/ky.

The biostratigraphy and paleomagnetic stratigraphy for Site 
U1535 are compromised because only one hole was cored at this 
site. In addition, intervals of core disturbance or abrupt lithologic 
transitions that may represent hiatuses complicate interpretation, 
although biostratigraphy does not suggest that sedimentation was 
interrupted by any prominent hiatuses. Sediments immediately 
above Reflector B at Site U1535 are likely early Matuyama (C2r) in 
age and may be as old as 2.58 Ma. A1.8 My hiatus associated with 

Reflector B is implied at Site U1534, whereas continuous or near-
continuous sedimentation is inferred across Reflector B at Site 
U1535. Assuming a constant accumulation rate, this age model for 
Site U1535 suggests sedimentation rates on the order of 5 cm/ky 
throughout the Pleistocene, although the magnetostratigraphy sug-
gests that the middle to late Pleistocene section likely includes ei-
ther large changes in accumulation rates and/or brief hiatuses.

Several tephra layers were noted in the lithologic descriptions, 
and volcanic glass was frequently noted in smear slides and sieved 
samples. Additionally, some intervals (particularly interglacials in 
the late Pleistocene) have relatively high carbonate contents; for in-
stance, what we infer to be MISs 11 (~400 ka; e.g., Sections 382-
U1534C-5H-3 through 5H-5) and 5e (~125 ka; e.g., Sections 382-
U1534D-2H-4 and 2H-5) and others bear carbonate-rich ash layers. 
There is therefore potential scope for refining the shipboard age 
model presented here with oxygen isotope stratigraphies, a stron-
tium isotope stratigraphy, tephrastratigraphy of glass shard chemis-
try, and 40Ar/39Ar dating of tephras.

Downhole measurements
Downhole temperature and heat flow

Advanced piston corer temperature tool (APCT-3) downhole 
temperature measurements were made on Cores 382-U1534A-4H, 
6H, 10H, and 13H. The two shallower measurements did not yield 
reliable results and were repeated on Cores 382-U1534C-4H and 
7H. The seafloor temperature was determined to be 4.7°C based on 
APCT-3 data taken while the tool was held at the mudline for 5 min 
during each run (Figure F33). The obtained temperatures range 
from 6.5°C at 34.8 m drilling depth below seafloor (DSF) to 9.5°C at 
115.7 m DSF (Table T15; Figures F33, F34), consistent with an ap-
proximately linear temperature increase with depth (Figure F34) 
and a geothermal gradient of 40°C/km.

Figure F33. Successful APCT-3 temperature-time series, Site U1534.
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Table T15. Formation temperatures derived from APCT-3 measurements, Site U1534. APCT-3 = advanced piston corer temperature tool. Download table in 
CSV format.

Hole, core
APCT-3 depth 

DSF (m)
Temperature 

(°C) Quality Comments

.0
382-

Seafloor 0.0 4.7 Good
U1534A-4H 41.5 Very poor Did not wait 10 min to equilibrate temperature at the bottom of the hole
U1534A-6H 61.5 8.0 Poor
U1534A-10H 89.0 8.3 Good The tool was stuck in the formation for several hours
U1534A-13H 115.7 9.5 Good
U1534C-4H 34.8 6.5 Good
U1534C-7H 63.3 6.9 Good

.0 .0
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Thermal conductivity under in situ conditions was estimated
from laboratory-determined thermal conductivity from Hole
U1534A using the method of Hyndman et al. (1974) (see Physical
properties in the Expedition 382 methods chapter [Weber et al.,
2021]). The calculated in situ values are within 2% of the measured
laboratory values. Thermal resistance was calculated by integrating
the inverse of the in situ thermal conductivity over depth. A heat
flow of 48 mW/m2 was obtained from the linear fit between tem-
perature and thermal resistance following the method of Pribnow et
al. (2000).

Core-log-seismic integration
Physical properties measured on cores from Site U1534 and

multichannel seismic data from the region were integrated to iden-
tify the lithostratigraphy associated with each of the seismic strati-
graphic units.

Physical properties and relationship 
with seismic interpretation

Seismic reflection profiles from the sediment drift identify four
seismic stratigraphic units, which are designated Units 1A, 1B, 2A,
and 2B from bottom to top following Koenitz et al. (2008). These
units are identified by three stratigraphic horizons that represent
marked changes in the seismic record and the physical properties

measured on the cores (Figures F35, F36). Assignment of depths to
the seismic record was achieved using a velocity model based on the
discrete P-wave velocity (PWC) measurements.

At Site U1534, the lowermost recovered unit (1A) is characterized
by relatively low values of MSP, loop magnetic susceptibility (MSL),
NGR, GRA density, and wet bulk density (MAD) compared to Unit
1B, whereas discrete P-wave (PWC) data are slightly higher in Unit
1B than in Unit 1A. The seismic reflectors of Unit 1A pinch out to the
west, and the top of the unit, which corresponds to Reflector C, is lo-
cated at 1154 ms two-way traveltime (TWT) and 256 mbsf in Cores
382-U1534A-44F through 45G. Reflector C is marked by anomalies
in the MSL, MSP, NGR, and GRA density signals and a high PWC
value. Unit 1B is characterized by relatively uniform MSL, MSP,
PWC, NGR, and GRA values. The discontinuity at the top of Unit 1B,
which corresponds to Reflector B, is identified at 939 ms TWT or
83.5 mbsf in Core 10H. It is characterized by positive anomalies in
MSL and GRA density values. In Unit 2A, MSL, MSP, NGR, and GRA
density exhibit higher amplitude variability than in Unit 1B. The hori-
zon at the top of Unit 2A, which corresponds to Reflector A, is placed
at 888 ms TWT or 42.9 mbsf between Cores 5H and 6H; this level
correlates with a marked minima in MSL, MSP, and NGR. These neg-
ative anomalies in MS and density correspond to an interval of high
biogenic carbonate content interpreted to represent MIS 11. High-
amplitude variability in MSL, MSP, NGR, and GRA density compara-
ble to Unit 2A is observed in Unit 2B.

Figure F34. Heat flow calculation, Hole U1534A. Right panel shows Bullard plot of heat flow calculated from linear fit of temperature data.
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Figure F35. Physical property measurements and comparison with seismic reflectors and identified lithology, Hole U1534A. MD = measured depth.
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