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Background and objectives

Site U1539 (proposed Site CSP-2B) is located in the central
South Pacific at 56°09.0655’S, 115°08.038’ W, ~1600 nmi west of the
Strait of Magellan at 4070 m water depth (Figure F1). The site sits
on the eastern flank of the southernmost East Pacific Rise (EPR)
~220 nmi from the modern seafloor spreading axis and is underlain
by oceanic crust formed at the EPR at ~10—-12 Ma (Eagles, 2006).
Assuming overall constant seafloor half-spreading rates of ~4.5 cm
(Pitman and Heirtzler 1966), the plate tectonic backtrack path of
Site U1539 moves the site westward. This translates to an early Plio-
cene position ~100 nmi closer to the crest of the EPR at a water
depth shallower by several hundred meters. On a smaller scale, the
site is located in a northeast—southwest oriented, ~5 nmi wide
trough that parallels the orientation of the EPR. The adjacent ridges
rise to ~3000 m water depth northwest of the site and ~3500 m wa-
ter depth southeast.

Site U1539 is located on Multichannel Seismic Line AWI-
201000013 close to the intersection with Line AWI-2010000011
(Figure F2) (Gersonde, 2011). The seismic cross-lines indicate ~650
m thick sediments above oceanic basement. The sediments are
mostly well stratified and have flat-lying reflectors. Low to moder-
ately reflecting layers become stronger below ~100-120 m sedi-
ment depth. Sediment echo sound (Parasound) profiles (Gersonde,
2011) reveal excellent penetration (>150 m) and distinct layering,
suggesting a succession of fine-grained soft sediments with varying
lithologic composition.

A ~22 m long piston core (PS75/054-1) covering the past ~165 ky
at Site U1539 contains an alternation of diatom ooze during glacial
intervals (~10-20 wt% CaCO,, ~50—-80 wt% opal, and ~10-25 wt%
siliciclastics) and diatomaceous calcareous ooze during interglacial
intervals (~50-70 wt% CaCQOj, ~20-25 wt% opal, and ~5-10 wt% si-
liciclastics). Sedimentation rates vary between ~5 cm/ky during the
Holocene and Marine Isotope Stage (MIS) 5 and ~25 cm/ky during
most of the glacial section and late MIS 5 (Basak et al., 2018).

Site U1539 lies in the pathway of the Subantarctic Pacific section
of the Antarctic Circumpolar Current (ACC) ~100 nmi north of the
modern average Subantarctic Front in a zonal transition zone of the
ACC. West of the site, the ACC and the associated fronts are
strongly steered by the topography of seafloor spreading systems
(Udintsev and Eltanin-Tharp Fracture Zone systems), whereas to
the east the vast Amundsen Sea Basin does not strongly influence
the ACC.

Sea-surface temperatures vary seasonally between ~2°C (July—
September) and ~6.5°C (January—March). The area is located west
of the main Antarctic Intermediate and Mode Water formation re-
gions in the Southeast Pacific. The water depth of 4070 m places
Site U1539 within Lower Circumpolar Deep Water (Figure F3).

Scientific objectives
The main objectives at Site U1539 were to

» Recover a moderate- to high-resolution Subantarctic Pliocene—
Quaternary sediment record close to the Subantarctic Front;
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« Investigate the sequencing of siliceous and calcareous oozes, al- « Reconstruct productivity (opal versus carbonate), nutrient dis-
lowing for a wide range of paleoceanographic reconstructions; tribution, and dust productivity coupling; and

» Reconstruct high-amplitude Subantarctic sea-surface tempera- » Recover a potential far-field record of West Antarctic Ice Sheet
tures and sea ice variations; variability.

« Provide a record of lowermost Circumpolar Deep Water and
glacial Antarctic Bottom Water;

Figure F1. Oceanographic and bathymetric setting, Site U1539. A. Marine geological features and oceanic fronts. FZ = fracture zone, SAF = Subantarctic Front,
APF = Antarctic Polar Front (after Orsi et al., 1995). B. Detailed bathymetry with seismic lines and shotpoints.

130°W 125°W 15°W

60°S:

130°W 125°W 120°W 115°W 110°W

-2639

- -3235

-3509

-3782

-4056

-4330
Depth [m]

IODP Proceedings 2 Volume 383



G. Winckler et al. Site U1539

Figure F2. (A) Multichannel seismic (MCS) and (B) Parasound profiles across Site U1539.

Crossing AWI-20100013

CDP 757 700 650 600 550 501 450 400 350 300 250 200 150 100 50 15

B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

U1539 (offline)

TWT (s)

ik

Basement ag &
' M T B AP 4

SwW MCS Profile AWI-20100011 NE

v/
4050

4075
[

4100

4125

4150

Water depth [m]

4175
[

4200

4225
|

20:45
20:50
§

i
20:55

4250

IODP Proceedings 3 Volume 383



G. Winckler et al.
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Figure F3. Modern salinity and oxygen distribution in the central South Pacific used to visualize major water masses. SAF = Subantarctic Front, APF = Antarctic
Polar Front, NPDW = North Pacific Deep Water, LCDW = Lower Circumpolar Deep Water, AABW = Antarctic Bottom Water.
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Operations Punta Arenas, Chile, port call

The original operations plan for Site U1539 consisted of coring
three holes with the advanced piston corer (APC) system to 300 m
core depth below seafloor, Method A (CSE-A). Instead, because of
rough seas and high winds, we cored four holes to shallower depths.
The first hole was cored to 107.6 m CSF-A (104.75 m recovered;
97.4%). The second hole was cored to 28.2 m CSF-A (21.92 m recov-
ered; 77.73%). The third hole was cored to 268.1 m CSF-A (247.5 m
recovered; 92.3%). The fourth hole was cored to 129.3 m CSF-A
(128.2 m recovered; 99.13%).

IODP Proceedings

Expedition 383, Dynamics of the Pacific Antarctic Circumpolar
Current (DYNAPACC), officially started at 0930 h on 20 May 2019
when the Co-Chief Scientists and International Ocean Discovery
Program (IODP) JOIDES Resolution Science Operator (JRSO) staff
boarded the ship. The JRSO staff conducted their crossover with the
departing staff, who left later in the afternoon, and the Co-Chief Sci-
entists and Expedition Project Manager (EPM) met with members of
the off-going science party from Expedition 382. Port call activities
continued throughout the day, but all on-loading and off-loading of
freight was postponed until the afternoon because of high winds.
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The expedition scientists boarded the ship on the morning of 21
May. After getting settled in their rooms, the scientists were intro-
duced to life on board the R/V JOIDES Resolution, general labora-
tory safety, and information technology resources/services. The
following day and during the rest of the week, the scientists received
training and familiarized themselves with the ship laboratories, in-
strumentation, and software applications. They attended presenta-
tions on the expedition scientific and operational objectives and
coring operations on board JOIDES Resolution and received infor-
mation and training on ship safety. The Education and Outreach of-
ficer gave a presentation on the education and outreach plans for
the expedition, and two cinematographers from Maylo Films, Inc.,
presented details for the production of a science film/documentary
about the expedition. Afterward, the Expedition 383 scientists
started to work on preparing their laboratory procedures and devel-
oping the shipboard sampling plan.

On 22 May, a press conference was held by the Co-Chief Scien-
tists and the EPM for members of the Chilean national and regional
press, followed by a tour of the ship’s laboratories for the journalists.
The visit by the press was coordinated by the Columbia Global Cen-
ter in Santiago, Chile. Throughout the rest of the morning, ship
tours and presentations were also provided for students and teach-
ers from the American Corner and Colegio Aleman de Punta Are-
nas. In the afternoon, the Co-Chief Scientists and the EPM hosted a
dozen researchers from the Instituto Antdrctico Chileno and the
Centro de Investigacién GAIA Antartica from the Universidad de
Magallanes for a presentation on the expedition objectives and gave
them a tour of the vessel. A Chilean Coastal Observer boarded the
ship on the fourth day of port call and was given an orientation. The
observer sailed during Expedition 383 because three of the sites are
located in waters within Chile’s exclusive economic zone.

Other port call activities included loading drilling mud, JRSO air
freight and surface freight, fresh and frozen food, and other catering
supplies. The Expedition 382 cores were loaded into two 40 ft re-
frigerated containers for shipment, and all off-going freight was off-
loaded and prepared for shipment.

On 24 May, the vessel transited 19.5 nmi to the Cabo Negro fuel
terminal for refueling. While taking on fuel, the vessel was informed
that approval to occupy the sites in Chilean waters had not yet been
granted. This forced us to change our operations plan, as stated in
the addendum to the Scientific Prospectus, by prioritizing first the
sites in the central South Pacific to give us more time to attain ap-
proval for the Chilean sites. After fueling was complete, and after
being cleared for departure by the Servicio Hidrogréfico y Ocean-
ografico de la Armada (SHOA) de Chile and the Punta Arenas Mar-
itime Authority, JOIDES Resolution departed from the Cabo Negro
fuel terminal in Punta Arenas after the last line was brought aboard
and anchors were secured at 0100 h on 25 May. The ship took the
western route through the Strait of Magellan, averaging 10.9 kt in
good weather. By 2400 h on 25 May, the vessel had cleared the Strait
of Magellan and entered the South Pacific Ocean on its way to Site
U1539 in the central South Pacific.

Site U1539

Hole U1539A

JOIDES Resolution completed the 1634 nmi sea voyage to the
first drill site in 6.4 days and arrived at Site U1539 at 1142 h on 31
May 2019. Upon arrival, all thrusters were lowered, and the vessel
was placed under dynamic positioning mode at 1211 h. No posi-
tioning beacon was deployed. An APC/extended core barrel (XCB)
bottom-hole assembly was made up with an 11%s inch C-3 drill bit
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and deployed to 4050 meters below rig floor (mbrf). The top drive
was picked up, and the bit was spaced out to 4077 mbrf for spud-
ding. Hole U1539A (56°09.06'S, 115°08.0461'W) was spudded at
0445 h on 1 June, and Core 383-U1539A-1H recovered 4.56 m of
sediment, establishing a seafloor depth of 4081.9 mbrf (or 4071.1
meters below sea level [mbsl]). APC coring continued to 90.1 m
CSF-A with advanced piston corer temperature (APCT-3) tool
measurements taken on Cores 4H (33.1 m CSF-A), 7H (61.6 m CSF-
A), and 10H (90.1 m CSF-A). Coring was stopped at that point to
allow the rig crew time to repair a leak in the aft core winch line load
cell. This repair took approximately 3.75 h, and coring resumed with
Cores 11H and 12H (90.1-107.6 m CSE-A). Coring was terminated
after Core 12H because of rough weather and sea conditions. The
bit was pulled back to 3885.6 mbrf, clearing the seafloor at 0225 h
on 2 June and ending Hole U1539A at a total depth of 108.6 m CSF-
A. Shattered liners were recorded on Cores 5H and 11H. Shear pins
were sheared prematurely on Cores 1H, 11H, and 12H.

Hole U1539B

After 27 h on stand-by waiting on weather, the seas had calmed
enough to attempt spudding Hole U1539B. The vessel was offset 20
m east of Hole U1539A, and the bit was set at 4081 mbrf. Once the
sinker bars and orientation tool were installed, Hole U1539B was
spudded at 0540 h on 3 June 2019. The seafloor was calculated at
4070.5 mbsl based on the Core 383-U1539B-1H recovery of 9.21 m.
Coring continued to 28.2 m CSF-A, but Cores 2H and 3H were mis-
fires. It was decided to terminate the hole and wait for seas to im-
prove before continuing operations. The bit was pulled to 4060
mbrf, clearing the seafloor at 1000 h on 3 June and ending Hole
U1539B. By 1245 h, heave had fallen to 3.0 m, and it was decided to
attempt coring again.

Hole U1539C

The vessel was moved 20 m south of Hole U1539B, and the bit
was spaced out to 4081 mbrf for spudding. Core 383-U1539C-1H
returned a full core barrel. This allowed us to determine a seafloor
depth of 4070.2 mbsl. Full-length APC coring continued to refusal
at 240.1 m CSF-A (Core 26H). Half-length APC (HLAPC) coring
was then used to deepen the hole, and coring terminated after Core
32F at 268.1 m CSE-A. The bit was pulled back to 4050 mbrf, clear-
ing the seafloor at 1230 h and ending Hole U1539C. A total of 32
cores were taken using the APC and HLAPC coring tools. APCT-3
formation temperature measurements were taken with Cores 4H,
13H, and 16H. Partial strokes were recorded on Cores 24H-27F,
and there was high overpull on Cores 17H-26H. A misfire was re-
corded on Core 31F.

Hole U1539D

Hole U1539D was spot cored to fill in coring gaps from the pre-
vious holes. The vessel was moved 20 m west of Hole U1539C, and
a wash barrel was dropped. Hole U1539D was spudded at 1405 h on
5 June 2019 and drilled ahead without recovery to 47.5 m CSF-A.
The wash barrel was pulled, and coring began. The hole was ad-
vanced to 198 m CSF-A with seven drilled intervals totaling 68.7 m.
A total of 14 APC cores were taken over the 129.3 m cored interval
with a recovery of 128.15 m (99%). The hole reached its total depth
of 198 m CSF-A at 1500 h on 6 June, and the drill string was recov-
ered. The bit cleared the rotary table at 0115 h, ending Hole
U1539D and Site U1539. Misfires were recorded on Cores 383-
U1539D-2H, 3H, 6H, 8H, and 9H, and a partial stroke was recorded
on Core 18H. No temperature or orientation measurements were
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taken in this hole. After recovering the drill string, the rig floor was
secured for transit at 0130 h. The thrusters were raised, and the sea
voyage to Site U1540 began at 0224 h.

A total of 61 cores were taken at this site. The full-length APC
system was deployed 55 times. The HLAPC system was deployed

Site U1539

six times. A total of 68.7 m was drilled ahead without recovery. The
interval cored with the APC system was 533.2 m. Total core recov-
ered at Site U1539 is 502.35 m (94%). Total time spent at Site U1539
was 156 h (6.5 days). Coring summaries for Holes U1539A-U1539D

are shown in Table T1.

Table T1. Core summary, Site U1539. DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core depth below seafloor. APC =
advanced piston corer, HLAPC = half-length APC, XCB = extended core barrel, RCB = rotary core barrel. Core type: H = APC, F = HLAPC, numeric = drilled inter-
val. (Continued on next page.) Download table in CSV format.

Hole U1539A

Latitude: 56°09.0600'S

Longitude: 115°08.0461'W

Water depth (m): 4071.08

Date started (UTC, h): 31 May 2019 1515
Date finished (UTC, h): 2 Jun 2019 0525
Time on hole (days): 1.59

Seafloor depth DRF (m): 4081.9
Seafloor depth est. method: mudline core
Rig floor to sea level (m): 10.82
Penetration DSF (m): 107.6

Cored interval (m): 107.6

Recovered length (m): 104.75

Recovery (%): 97.35

Drilled interval (m): 0

Drilled interval (N): 0

Total cores (N): 12
APC cores (N): 12
HLAPC cores (N): 0
XCB cores (N): 0
RCB cores (N): 0
Other cores (N): 0

Hole U1539B
Latitude: 56°09.0587’S
Longitude: 115°08.0276'W
Water depth (m): 4070.45
Date started (UTC, h): 2 Jun 2019 0525
Date finished (UTC, h): 3 Jun 2019 1300
Time on hole (days): 1.32
Seafloor depth DRF (m): 4081.3
Seafloor depth est. method: mudline core
Rig floor to sea level (m): 10.85
Penetration DSF (m): 28.2
Cored interval (m): 28.2
Recovered length (m): 21.92
Recovery (%):77.73
Drilled interval (m): 0
Drilled interval (N): 0
Total cores (N): 3
APC cores (N): 3
HLAPC cores (N): 0
XCB cores (N): 0
RCB cores (N): 0
Other cores (N): 0

Hole U1539C
Latitude: 56°09.0711'S
Longitude: 115°08.0285'W
Water depth (m): 4070.15
Date started (UTC, h): 3 Jun 2019 1300
Date finished (UTC, h): 5 Jun 2019 1530
Time on hole (days): 2.1
Seafloor depth DRF (m): 4081
Seafloor depth est. method: mudline core
Rig floor to sea level (m): 10.85
Penetration DSF (m): 268.1
Cored interval (m): 268.1
Recovered length (m): 247.5
Recovery (%): 92.32
Drilled interval (m): 0
Drilled interval (N): 0
Total cores (N): 32
APC cores (N): 26
HLAPC cores (N): 6
XCB cores (N): 0
RCB cores (N): 0
Other cores (N): 0

Hole U1539D

Latitude: 56°09.0720’S

Longitude: 115°08.0470'W

Water depth (m): 4070.13

Date started (UTC, h): 5 Jun 2019 1530
Date finished (UTC, h): 7 Jun 2019 0330
Time on hole (days): 1.5

Seafloor depth DRF (m): 4081
Seafloor depth est. method: offset
Rig floor to sea level (m): 10.87
Penetration DSF (m): 198

Cored interval (m): 129.3
Recovered length (m): 128.18
Recovery (%):99.13

Drilled interval (m): 68.7

Drilled interval (N): 7

Total cores (N): 14

APC cores (N): 14

HLAPC cores (N): 0

XCB cores (N): 0

RCB cores (N): 0

Other cores (N): 0

Bottom
Top depth  Bottom depth Recovered Curated Top depth depth
drilled drilled Advanced length length cored recovered Recovery Timeondeck Sections  APCT-3

Core DSF (m) DSF (m) (m) (m) (m) CSF (m) (m) (%) Date UTC (h) (N) temperature Comments
383-U1539A-

H 0.0 4.6 4.6 4.56 4.56 0.0 4.56 29 1Jun 2019 0825 4

2H 4.6 14.1 9.5 9.49 9.49 4.6 14.09 100 1Jun 2019 1020 8

3H 14.1 23.6 9.5 9.30 9.30 14.1 23.40 98 1Jun 2019 1125 8

4H 23.6 331 9.5 9.70 9.70 23.6 33.30 102 1Jun 2019 1305 8 Yes

5H 331 42.6 9.5 8.74 8.74 331 41.84 92 1Jun 2019 1430 7 Shattered liner

6H 42.6 52.1 9.5 9.68 9.68 42.6 52.28 102 1Jun 2019 1535 8

7H 521 61.6 9.5 9.24 9.24 521 61.34 97 1Jun 2019 1735 7 Yes

8H 61.6 711 9.5 9.59 9.59 61.6 71.19 101 1Jun 2019 1840 8

9H 711 80.6 9.5 9.35 9.35 711 80.45 98 1Jun 2019 2000 8

10H 80.6 90.1 9.5 9.70 9.70 80.6 90.30 102 1Jun 2019 2150 8 Yes

11H 90.1 99.6 9.5 7.40 7.40 90.1 97.50 78 2Jun 2019 0255 8 Shattered liner

12H 99.6 107.6 8.0 8.00 8.00 99.6 107.60 100 2Jun 2019 0400 7
383-U1539B-

TH 0.0 9.2 9.2 9.21 9.21 0.0 9.21 100 3Jun 2019 0910 8

2H 9.2 187 9.5 5.92 5.92 9.2 15.12 62 3Jun 2019 1020 5 Misfire

3H 18.7 28.2 9.5 6.79 6.79 18.7 25.49 71 3Jun 2019 1200 6 Misfire
383-U1539C-

H 0.0 9.5 9.5 9.70 9.70 0.0 9.70 102 3Jun 2019 1800 8

2H 9.5 19.0 9.5 9.10 9.10 9.5 18.60 96 3Jun 2019 1910 7

3H 19.0 28.5 9.5 9.67 9.67 19.0 28.67 102 3Jun 2019 2040 8

4H 28.5 38.0 9.5 9.38 9.38 28.5 37.88 99 3Jun 2019 2215 9 Yes

5H 38.0 47.5 9.5 9.89 9.89 38.0 47.89 104 3Jun 2019 2345 8

6H 47.5 57.0 9.5 0.27 0.27 47.5 47.77 3 4Jun 2019 0110 1

7H 57.0 66.5 9.5 10.02 10.02 57.0 67.02 105 4Jun 2019 0240 8

8H 66.5 76.0 9.5 8.98 8.98 66.5 75.48 95 4Jun 2019 0410 7

9H 76.0 85.5 9.5 7.89 7.89 76.0 83.89 83 4Jun 2019 0535 7

10H 85.5 95.0 9.5 8.64 8.64 85.5 94.14 91 4Jun 2019 0705 7

11H 95.0 104.5 9.5 9.67 9.67 95.0 104.67 102 4Jun 2019 0815 8

12H 104.5 114.0 9.5 9.80 9.80 104.5 114.30 103 4Jun 2019 0940 8

13H 114.0 1235 9.5 10.15 10.15 114.0 124.15 107 4Jun 2019 1110 8 Yes

14H 123.5 133.0 9.5 9.04 9.04 1235 132.54 95 4Jun 2019 1235 8

15H 133.0 1425 9.5 9.89 9.89 133.0 142.89 104 4Jun 2019 1345 8
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Table T1 (continued).
Bottom
Top depth  Bottom depth Recovered Curated Top depth depth
drilled drilled Advanced length length cored recovered Recovery Timeondeck Sections  APCT-3
Core DSF (m) DSF (m) (m) (m) (m) CSF (m) (m) (%) Date UTC (h) (N) temperature Comments
16H 142.5 152.0 9.5 8.15 8.15 142.5 150.65 86 4Jun 2019 1525 7 Yes
17H 152.0 161.5 9.5 9.01 9.01 152.0 161.01 95 4Jun 2019 1645 7 Overpull
18H 161.5 171.0 9.5 8.82 8.82 161.5 170.32 93 4Jun 2019 1810 8 Overpull
19H 171.0 180.5 9.5 10.03 10.03 171.0 181.03 106 4Jun 2019 1930 8 Overpull
20H 180.5 190.0 9.5 9.01 9.01 180.5 189.51 95 4Jun 2019 2050 7 Overpull
21H 190.0 199.5 9.5 9.41 9.41 190.0 199.41 99 4Jun 2019 2220 8 Overpull
22H 199.5 209.0 9.5 8.58 8.58 199.5 208.08 920 4Jun 2019 2340 7 Overpull
23H  209.0 218.5 9.5 10.02 10.02 209.0 219.02 105 5Jun 2019 0105 8 Overpull
24H 2185 224.7 6.2 6.14 6.14 2185 224.64 929 5Jun 2019 0225 5 Overpull
25H 2247 234.2 9.5 8.66 8.66 224.7 233.36 91 5Jun 2019 0405 7 Overpull
26H 234.2 240.1 59 5.85 5.85 2342 240.05 929 5Jun 2019 0515 5 Overpull
27F 240.1 244.6 4.5 4.47 4.47 240.1 244,57 99 5Jun 2019 0655 4
28F 244.6 2493 4.7 4.51 4.51 2446 249.11 96 5Jun 2019 0805 4
29F 2493 254.0 47 2.58 2.58 249.3 251.88 55 5Jun 2019 0930 3
30F 254.0 258.7 4.7 4.92 4.92 254.0 258.92 105 5Jun 2019 1100 5
31F 258.7 263.4 47 0.34 0.34 258.7 259.04 7 5Jun 2019 1220 1 Misfire
32F 2634 268.1 4.7 4.91 4.91 263.4 268.31 104 5Jun 2019 1340 5
383-U1539D-
1-1 0.0 47.5 47.5 0.00 0.00 0.0 0.00 5Jun 2019 1900 0
2H 47.5 54.2 6.7 6.76 6.76 47.5 54.26 101 5Jun 2019 2030 6 Misfire
3H 54.2 62.8 8.6 8.63 8.63 54.2 62.83 100 5Jun 2019 2230 7 Misfire
4-2 62.8 69.5 6.7 0.00 0.00 62.8 62.80 5Jun 2019 2330 0
5H 69.5 79.0 9.5 7.90 7.90 69.5 77.40 83 6Jun 2019 0045 7
6H 79.0 88.5 9.5 10.03 10.03 79.0 89.03 106 6Jun 2019 0155 8 Misfire
7-3 88.5 93.0 4.5 0.00 0.00 88.5 88.50 6Jun 2019 0230 0
8H 93.0 102.5 9.5 9.77 9.77 93.0 102.77 103 6Jun 2019 0325 8 Misfire
9H 102.5 112.0 9.5 9.93 9.93 102.5 11243 105 6Jun 2019 0440 8 Misfire
10-4 112.0 114.0 20 0.00 0.00 112.0 112.00 6Jun 2019 0520 0
11H 114.0 1235 9.5 9.89 9.89 114.0 123.89 104 6Jun 2019 0610 8
12H 1235 133.0 9.5 9.64 9.64 1235 133.14 101 6Jun 2019 0755 8
13-5 1330 137.0 4.0 0.00 0.00 133.0 133.00 6Jun 2019 0815 0
14H 137.0 146.5 9.5 10.11 10.11 137.0 147.11 106 6Jun 2019 0930 8
15H 146.5 156.0 9.5 8.16 8.16 146.5 154.66 86 6Jun 2019 1100 7
16-6 156.0 158.0 20 0.00 0.00 156.0 156.00 6Jun 2019 1135 0
17H 158.0 167.5 9.5 9.85 9.85 158.0 167.85 104 6Jun 2019 1225 8
18-7 167.5 169.5 20 0.00 0.00 167.5 167.50 6Jun 2019 0125 0 Partial stroke
19H 169.5 179.0 9.5 9.57 9.57 169.5 179.07 101 6Jun 2019 0220 8
20H 179.0 188.5 9.5 9.93 9.93 179.0 188.93 105 6Jun 2019 0400 8
21H 188.5 198.0 9.5 8.01 8.01 188.5 196.51 84 6Jun 2019 0540 7
Totals: 502.35
Sedimentology found throughout the sedimentary sequence, but their distribution

Site U1539 is located about 100 nmi north of the modern Sub-
antarctic Front at 56°09.06’S, 115°08.05"W at approximately 4110 m
water depth. The hydrographic setting makes it ideal to evaluate
past changes in frontal position, associated export production, Ant-
arctic Circumpolar Current current speed and position, and eolian
dust and ice-rafted debris (IRD) input during the Pleistocene. Four
holes (U1539A-U1539D) were drilled at Site U1539, and Hole
U1539C recovered the deepest cored sediments at 268.31 m CSF-A.
The recovered 293 m CCSE-A of core spans one lithostratigraphic
unit with two subunits that consist of interbedded calcareous and
siliceous biogenic ooze (Figure F4). Site U1539 sediments can
broadly be divided into two categories: diatom ooze with varying
amounts of calcareous and biosiliceous components and calcareous
ooze with varying amounts of biosiliceous components. Based on
core descriptions and smear slide analyses, we have identified five
unique sedimentary facies based on lithology, sedimentary struc-
tures, color, and diatom species distribution. Lithofacies 1-4 are
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and arrangement differ in the two lithologic subunits. Lithofacies 5
is limited to two discrete intervals in Subunit IB and represents a
different depositional process (see below).

Cores were recovered from Holes U1539A-U1539D (Figure
F4). Holes U1539A and U1539C provide much of the stratigraphy,
and Holes U1539B and U1539D were drilled to fill gaps between ad-
jacent cores in Holes U1539A and U1539C. Strong winds and high
seas impacted the amount and quality of sediment cores recovered.
Cores from all holes have at least one occurrence of fall-in (mostly
in the uppermost one or two sections) and suck-in (often in the
lower sections of the core), drilling disturbances that were most
likely caused by high heave on the drill string. Drilling disturbance
was identified in split core sections and in X-ray images of the ar-
chive-half sections by comparison with common disturbance fea-
tures shown in Jutzeler et al. (2014) and was reported in the visual
core descriptions (VCDs) (see Sedimentology in the Expedition
383 methods chapter [Winckler et al., 2021a]). Soupy, fall-in mixed
sediment at the top of some cores was classified as mixed biogenic
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Site U1539

Figure F4. Hole summaries, Site U1539. GRA = gamma ray attenuation, MSP = point magnetic susceptibility, RGB = red-green-blue, NGR = natural gamma

radiation. cps = counts per second. (Continued on next three pages.)

U1539A Summary
Lithology: Diatom ooze (lithofacies 1a), diatom mats (1b), carbonate-bearing/rich diatom ooze (2),
diatom-bearing/rich nannofossil ooze (3), nannofossil/calcareous ooze (4), sandy foraminiferal ooze (5)
Lithostratigraphic Units: IA
Age: middle Pleistocene to Holocene
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ooze and flagged as high drilling disturbance in the VCDs. Upward
arching of centimeter-scale bedded facies and diatom mats were
also used as an indicator of slight to heavy sediment drilling distur-
bance. Examples of such disturbed sediments are found in Sections
383-U1539A-2H-1, 383-U1539C-9H-1, and 383-U1539D-6H-1 and
6H-2.
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Lithofacies description

Five primary lithofacies were identified at Site U1539 (Table T2;
see Table T2 in the Expedition 383 summary chapter [Winckler et
al,, 2021b]). They mostly differ in their proportions of calcareous
and biosiliceous components, but they also differ in grain size, dia-
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Figure F4 (continued). (Continued on next page.)

Site U1539

U1539B Summary
Lithology: Diatom ooze (lithofacies 1a), diatom mats (1b), carbonate-bearing/rich diatom ooze (2),
diatom-bearing/rich nannofossil ooze (3), nannofossil/calcareous ooze (4), sandy foraminiferal ooze (5)
Lithostratigraphic Units: IA and 1B
Age: Upper Pleistocene to Holocene
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genetic alteration, and degree of bioturbation. Lithofacies 1 is dia-
tom ooze with two different appearances. Lithofacies la is
composed of distinct diatom mats in a fine-grained diatom ooze
matrix and can be distinguished from sequences with more pro-
nounced and stacked diatom mats and a near absence of the diatom
ooze matrix (Lithofacies 1b). Although carbonate-bearing or car-
bonate-rich diatomaceous oozes dominate the sedimentary record
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at Site U1539 (Lithofacies 2), biosilica-bearing or biosilica-rich cal-
careous oozes occur as thin beds generally less than 3 m thick
throughout the sequence (Lithofacies 3). Lithofacies 4 is nannofossil
ooze with only traces of other components. Occasionally, foramin-
iferal oozes occur with sharp contacts to surrounding lithologies
(Lithofacies 5).

Volume 383



G. Winckler et al.

Figure F4 (continued). (Continued on next page.)

Site U1539

U1539C Summary
Lithology: Diatom ooze (lithofacies 1a), diatom mats (1b), carbonate-bearing/rich diatom ooze (2),
diatom-bearing/rich nannofossil ooze (3), nannofossil/calcareous ooze (4), sandy foraminiferal coze (5)
Lithostratigraphic Units: IA and IB
Age: Calabrian or early Pleistocene to Upper Pleistocene
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Lithofacies 1
Lithofacies 1a

potential tie points between holes. The diatom mats strongly resem-
ble those found in Lithofacies 1b. The main matrix of Lithofacies 1a

Lithofacies 1a is composed of diatom oozes that include spo-
radic centimeter-thick diatom mats in beds that range in thickness
from 0.2 to 8.2 m. The diatom mats are gray and have a texture and
appearance similar to wet newspaper (Figure F5). In some instances,
these single mats could be used as stratigraphic markers to identify
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is composed of light to dark greenish gray to gray (10Y 7/1 and 10Y
6/1) moderately bioturbated diatom oozes that may show wavy or
discontinuous centimeter-scale bedding. Accessory components
(<10%) found in this lithofacies include radiolarians, silico-
flagellates, sponge spicules, and undifferentiated calcareous debris.
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Figure F4 (continued).

Site U1539

U1539D Summary
Lithology: Diatom ooze (lithofacies 1a), diatom mats (1b), carbonate-bearing/rich diatom ooze (2),
diatom-bearing/rich nannofossil ooze (3), nannofossil/calcareous ooze (4), sandy foraminiferal ooze (5)
Lithostratigraphic Units: 1A and IB
Age: Calabrian or early Pleistocene to Upper Pleistocene
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The diatom assemblages are dominated by Fragilariopsis kerguelen-
sis and have common to few occurrences of Thalassiosira lentigi-
nosa for the last 0.64 My and Actinocyclus ingens for the time span
older than 0.64 Ma (see Biostratigraphy). Lithofacies 1a occurs fre-
quently throughout the sedimentary record at Site U1539. Typical
examples are found in Sections 383-U1539A-7H-6 and 9H-2 and
383-U1539D-12H-5.
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Lithofacies 1b

Lithofacies 1b is attributed to beds approximately 1.5 to 10 m
thick and made up of densely stacked diatom mats (Figure F6).
These slightly white, light gray to pale yellow (5Y 7/1, 5Y 6/1, and 5Y
7/3) diatom mats are nearly entirely dominated by diatoms, in par-
ticular by the species Thalassiothrix antarctica (see Biostratigra-
phy), with traces of calcareous and other biosiliceous components.
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Table T2. Description of lithofacies, Site U1539. Download table in CSV format.
Proportion in
Thickness Degree of lith. subunits ~ Depositional
Type Lithofacies Description (m) bioturbation Color (%) environment

Diatom ooze 1a Diatom ooze with sporadic centimeter-thick diatom 0.2-8.2 Moderate Light to dark 1A:10.8 Pelagic
mats of texture and appearance similar to wet greenishgrayto  IB:6.9
newspaper; wavy or discontinuous centimeter-scale gray (10Y 7/1, 10Y
bedding; occasional black mottles 6/1,N 6)

Diatom ooze 1b Densely stacked diatom mats with near absence of fine- 1.5-10 Absent-light White; light grayto  1A:7.0 Pelagic
grained well-sorted diatom ooze matrix; mostly pale yellow (5Y IB:28.5
planar to wavy bedding; accessory components 7/1,5Y6/1,5Y
(<10%): radiolarians, silicoflagellates, sponge spicules, 7/3)
traces of undifferentiated calcareous debris

Carbonate-bearing 2 Carbonate-bearing to carbonate-rich diatom ooze with  0.1-14.1 Moderate-heavy Light greenish gray  1A: 63.5 Pelagic

to carbonate- occasional diatom mats; minor components (10%- (10GY7/1)togray 1B:52.9
rich diatom ooze 49%): nannofossils and calcareous debris of mostly (2.5Y5/1)

foraminiferal shells; accessory components (<10%):

radiolarians, silicoflagellates, sponge spicules; high

abundance of dropstones >0.5 cm; frequent

mottling; sporadic color banding

Diatom-bearingto 3 Diatom-bearing or diatom-rich nannofossil (and/or <2-3 Moderate-heavy Light greenish/ 1A:17.3 Pelagic

diatom-rich calcareous) ooze; weak wavy centimeter-scale blueish gray (10G  IB: 10.7
nannofossil/ bedding; minor components are mainly diatoms; 7/1and 5B 7/1)
calcareous ooze common mottling due to diagenetic overprints; high and very pale

abundance of dropstones yellow (2.5Y 9/2)

Nannofossil ooze 4 Nannofossil/calcareous ooze often with a massive ~3 Heavy White (N 9/); very 1A:1.4 Pelagic;
appearance; rare occurrence of foraminifers and light gray (N 7/) hydrothermal
biosiliceous components; frequent mottling, overprint
diagentic overprinting, and color banding; absence of
dropstones

Foraminiferal ooze 5 Foraminiferal oozes/sands; often homogeneous with 0.01-0.8 Absent Light gray (N7/) IB: <1 Turbidite

sharp basal contact; distinct cross-bedding; accessory
components (<10%): radiolarians and few lithic grains

Figure F5. Representative (A) core and (B) X-ray and photomicrograph
images in (C) plane-polarized light (PPL) and (D) cross-polarized light (XPL),
Holes U1539A and U1539D.

X-ray image Smear slide

Color image

¥

U1539D-12H-5 U1539D-12H-5

They are mostly planar to wavy bedded, without any or with only
slight bioturbation. Accessory components (<10%) found in this
lithofacies include radiolarians, silicoflagellates, sponge spicules,
and traces of undifferentiated calcareous debris. Examples of this
lithofacies are found in Sections 383-U1539A-3H-6 and 383-
U1539C-4H-6 and 4H-7.
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Figure F6. Representative (A) core and (B) X-ray and photomicrograph
images of mineral properties of Lithofacies 1b (densely stacked diatom
mats) in (C) PPL and (D) XPL, Holes U1539C and U1539D.

-Ray image Smear slide

U1539C-10H-6, 70 cm

Lithofacies 2

Lithofacies 2 is light greenish gray to gray (10Y 7/1 and 2.5Y 5/1)
carbonate-bearing to carbonate-rich diatom ooze (Figure F7) that
exhibits moderate to heavy bioturbation. The minor component
(10%—49%) consists of nannofossils and calcareous debris of mostly
foraminiferal shells. Accessory components (<10%) include radio-

Volume 383



G. Winckler et al.

Figure F7. Representative (A) core and (B) X-ray and photomicrograph
images of mineral properties of Lithofacies 2 (carbonate-bearing to carbon-
ate-rich diatom ooze) in (C) PPL and (D) XPL, Holes U1539C and U1539D.

Smear slide
=~

e

Color image X-Ray image

U1539C-15H-3, 40 cm

U1539D-9H-6 >

larians, silicoflagellates, and sponge spicules. A high abundance of
dropstones >0.5 cm was identified through macroscopic visual in-
spection of the section halves and X-radiograph images. Sporadic
diatom mats are also a defining characteristic of this lithofacies. X-
ray images reveal thin and elongated, centimeter-scale burrows in
this lithofacies, some of which are filled with denser material, pre-
sumably pyrite and/or iron-oxide minerals. Lithofacies 2 is ob-
served as extensive beds throughout the sedimentary sequence at
Site U1539. Examples of this lithofacies are found in Sections 383-
U1539C-8H-4, 383-U1539D-11H-2, and 383-U1539A-11H-5.

Lithofacies 3

Lithofacies 3 is diatom-bearing to diatom-rich nannofossil or
calcareous ooze (Figure F8). This lithofacies is characterized by
white or light gray/greenish gray (N 8/ and 5Y 7/1) nannofossil
(and/or calcareous) oozes that often show weak wavy centimeter-
scale bedding. The oozes have a mottled light yellow and light
brown appearance in some places, likely from diagenetic overprints.
Lithofacies 3 is moderately to heavily bioturbated. Examination of
smear slides indicate a varying degree of a minor component (10%—
50%) mainly comprised of diatoms. In this lithofacies, X-ray images
reveal only minor abundances of dropstones and some indications
of thin and elongated, centimeter-scale burrows, which are filled
with denser material, presumably composed of pyrite and/or iron-
oxide minerals. Along with whole foraminifers, radiolarians, and sil-
icoflagellates, Lithofacies 3 also includes undifferentiated calcare-
ous debris as an accessory component (<10%), most likely
fragmented foraminiferal shells. Nannofossil and calcareous oozes
appear as less dominant facies in the sedimentary record at Site
U1539, mainly as thin beds <2—3 m. Examples of this lithofacies are
found in Sections 383-U1539A-7H-1, 383-U1539B-3H-1, 383-
U1539C-13H-2, and 383-U1539D-19H-6.

Lithofacies 4

Lithofacies 4 is nannofossil ooze that is heavily bioturbated and
often has a massive appearance. Its color may range from white to
very light gray (N 9/ and N 7/). It is characterized by only rare oc-
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Site U1539

Figure F8. Representative (A) core and (B) X-ray and photomicrograph
images of mineral properties of Lithofacies 3 (diatom-bearing to diatom-rich
nannofossil or calcareous ooze) in (C) PPL and (D) XPL, Holes U1539A,
U1539C, and U1539D.

X-Ray image

Smear slide

Color image

%

j U1539A-6H-1, 65 cm

currences of carbonate (foraminifers) and various biosiliceous com-
ponents. Mottled patches of darker grayish colors due to diagenetic
iron sulfide overprints are found in this lithofacies. The only occur-
rence of Lithofacies 4 at Site U1539 consists of a bed approximately
3 m thick. This bed can be found in Sections 383-U1539A-9H-1 and
9H-2, 383-U1539C-8H-5, and 383-U1539D-5H-7.

Lithofacies 5

Lithofacies 5 corresponds to foraminiferal oozes and sands that
occur as two centimeter- to decimeter-scale layers. This lithofacies
is characterized by light gray colors and is most often homoge-
neous with a sharp basal contact indicative of rapid deposition by a
turbidite or gravity-driven flow (Figure F9). X-ray images reveal
distinct cross-bedding in this lithofacies. Accessory components
(<10%) of this lithofacies include radiolarians and few lithic grains.
Bed thickness can range from 1 to 80 cm, and examples are found
in Sections 383-U1539C-1H-2 and 16H-2 as well as 383-U1539D-
12H-7.

Site U1539 lithofacies can be plotted on a ternary diagram
where Lithofacies 1a/1b and 4 are the two end-members and Litho-
facies 2 and 3 occupy the mixing areas in between them (Figure
F10). Accordingly, the mixed Lithofacies 2 and 3 are most common,
making up 58.4% and 13.8%, respectively, of the entire sequence.
The diatom Lithofacies 1a and 1b are 8.7% and 18.5%, respectively,
and the carbonate-dominated Lithofacies 4 comprises only 0.6% of
the record. Because of its limited distribution and different inferred
depositional process, Lithofacies 5 is omitted from the above calcu-
lations.

Lithostratigraphic units

Based on the distribution of the lithofacies, the sedimentary se-
quence of Site U1539 is divided into one lithostratigraphic unit with
two subunits, IA and IB. The criteria used to define unit boundaries
are discussed below and are highlighted in Figures F10 and F11.
Key unit characteristics, including depths within the Site U1539
sedimentary sequence and corresponding ages according to the pre-
liminary shipboard age model, are also discussed below.
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Site U1539

Figure F9. Representative images and mineral properties of Lithofacies 5 (foraminiferal ooze and sand associated with turbidites), Hole U1539C. Note the sharp
contact of Lithofacies 5 with over- and underlying units in X-radiographs from Sections 18H-6 (blue) and 19H-4 (green).
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Unitl
Subunit IA

Intervals: 383-U1539A-1H-1, 0 cm, to 12H-CC, 12 cm; 383-
U1539B-1H-1, 0 cm, to 3H-CC, 5 ¢cm; 383-U1539C-1H-1, 0
cm, to 13H-2, 35 cm; 383-U1539D-1H-1, 0 cm, to 11H-1, 56
cm

Depths: Hole U1539A = 0-107.54 m CSF-A, Hole U1539B = 0—
25.44 m CSE-A, Hole U1539C = 0-115.86 m CSE-A, Hole
U1539D = 0-114.56 m CSE-A, Site U1539 composite section
=0-125 m CCSE-A

Thickness: 125 m

Age: Holocene to middle Pleistocene (younger than 0.78 Ma)

Lithology: diatom ooze to carbonate-bearing/rich diatom ooze,
diatom-bearing/rich nannofossil ooze to nannofossil/calcar-
eous ooze

Lithostratigraphic Subunit IA is characterized by the frequent
occurrence of ~1.5 m thick beds of light greenish gray to gray car-
bonate-bearing to carbonate-rich diatom ooze (Lithofacies 2),
which contributes 63.5% to the lithologic sequence, interbedded
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with diatom-bearing/rich calcareous/nannofossil ooze (17.3%) and
including a limited occurrence of light gray to pale yellow diatom
mats (Lithofacies 1b; 7%), diatom ooze (Lithofacies 1a; 10.8%), and
white to light gray nannofossil ooze (Lithofacies 4; 1.4%). Dropstone
abundance is generally higher in this subunit, and the alternating
lithofacies drive the high-amplitude, low-frequency variations in
red-green-blue color space (RGB) blue and L* (Figure F11).

Subunit IB

Intervals: 383-U1539C-13H-2, 35 cm, to 32F-CC, 13 cm; 383-
U1539D-11H-1, 56 cm, to 21H-CC, 26 cm

Depths: Hole U1539C = 115.86-268.26 m CSF-A, Hole U1539D
= 114.56-196.46 m CSE-A, Site U1539 composite section =
125-293 m CCSF-A

Thickness: 168.9 m

Age: middle Pleistocene (older than 0.78 Ma) and Calabrian
(younger than 1.4 Ma)

Lithology: diatom mats, diatom ooze to carbonate-bearing/rich
diatom ooze, diatom-bearing/rich nannofossil ooze

Volume 383



G. Winckler et al.

Site U1539

Figure F10. Primary lithologies used to define sedimentary lithofacies, Site U1539. Pie charts show the lithofacies’ relative contributions to Lithostratigraphic
Subunits IA and IB. Lithofacies 5 (turbiditic lithofacies) is excluded from this comparison.
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Lithostratigraphic Subunit IB is characterized by a larger pro-
portion of beds of thick and continuous diatom mats (Lithofacies
1b; 28.5% of the total lithologic sequence) and a moderate decrease
in the occurrence and thickness of the still dominant carbonate-
bearing/rich diatom ooze lithofacies (53.9%) and diatom-bear-
ing/rich nannofossil/carbonate ooze (10.7%). One massive homoge-
neous bed of diatom-rich nannofossil ooze (~10.7 m thick; 184—
194.7 m CCSF-A) with erosive foraminifer sands at the base (Litho-
facies 5) interrupts the normal depositional sequence and most
likely represents a depositional event (Figure F9). Dropstone abun-
dance is generally lower in Subunit IB than in Subunit IA, and the
lithofacies alternations reflected in RGB blue and L* are of higher
frequency and lower amplitude (Figure F11).

Complementary analyses

Dropstone distribution

Dropstone observations were part of the visual sediment core
description and provide a preliminary account of the presence and
abundance record of IRD in the core (see Sedimentology in the Ex-
pedition 383 methods chapter [Winckler et al., 2021a]). Figure F12
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shows examples of X-ray images with no, rare, and more frequent
dropstone occurrence. Subunit IA documents significant variability
between 0 and ~150 dropstones per image with no or rare occur-
rence in the carbonate-rich Lithofacies 3 and 4. Dropstone variabil-
ity is much lower in Subunit IB, varying between 0 and ~20
dropstones per image.

X-ray diffraction clay mineralogy

X-ray diffraction analyses were performed on 35 powdered sam-
ples from Holes U1539A and U1539C to identify the mineralogy
and downcore variations in the composition of the lithogenic frac-
tion of the sediment (Figure F13). As expected from the dominance
of diatom oozes in the sedimentary sequence at Site U1539 (Litho-
facies 1a and 2), a wide peak between 18° and 30°26 occurs in the
diffractogram of all measured samples and can be associated with
amorphous biogenic silica (i.e., opal). However, the amplitude of the
peak is dependent on the relative proportions of biogenic (i.e., bio-
siliceous) versus lithogenic sedimentary material in the samples.
Peaks in the diffractogram characteristic for calcite at 29.5°20 are
observed in four samples obtained from diatom-bearing to diatom-
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Figure F11. Primary lithostratigraphic variations, Site U1539. The unit boundary at ~125 m CCSF-A separates high diatom mat (Lithofacies 1b) abundance in the
early part of the record from more frequent and thicker nannofossil ooze facies (Lithofacies 3 and 4) in the latter part of the record. Relative ages of units are
based on the preliminary Site U1539 shipboard age model (see Stratigraphic correlation).
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Figure F12. A-D. Examples of dropstone occurrence, Hole U1539C.

rich nannofossil oozes (Lithofacies 3). The characteristic calcite
peaks are likely the result of incomplete carbonate dissolution
during sample preparation.

We refrain from discussing the diffraction pattern of biosili-
ceous material further because of its dominance in all samples and
focus instead on the composition of the lithogenic fraction. Diffrac-
tion patterns of 10 representative samples are shown in Figure F13
after subtraction of the background (i.e., opal) signal and for differ-
ent preparation techniques. The lithogenic sediment fraction is
dominated by detrital minerals such as quartz, feldspar (pla-
gioclase), and phyllosilicates including illite, chlorite, and kaolinite.
In samples heated to 550°C, peak heights of kaolinite [001]/chlorite
[002] at 7.1 A (12.7°20) and kaolinite [002]/chlorite [004] at 3.54—
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3.58 A (24.9°20) are significantly lower (or absent) than in untreated
samples. The decrease in these clay ratios are likely the result of the
destruction of the kaolinite mineral structure upon heating (Brind-
ley, 1980). The illite [001] peak at 10 A (9°20) appears in most sam-
ples, but it is not prominent because of a broad, low-amplitude
baseline peak at 8-10°20. However, this peak and the 4.478 A
(19.8°20) “clay composite” peak increases in most samples after
heating, which may indicate the presence of hydrated minerals. In
the absence of any identifiable smectite peak at 17 A, the small shift
of the 14.2 A peak (6.5°26) to the left in the diffractogram in samples
that were processed with ethylene glycol solvation may point to the
presence of small amounts of mixed-layer clay minerals. The down-
hole variation of the relative contribution of each clay mineral phase
may be evaluated in biogenic silica—free samples, although an addi-
tional pretreatment that includes opal dissolution will be necessary.

Bioturbation

Sediments at Site U1539 are slightly to heavily affected by bio-
turbation. For example, the presumably fast-depositing diatom mat
Lithofacies 1b is sometimes barely affected by bioturbation and
shows distinct centimeter-scale wavy bedding (Figure F12). Lithofa-
cies 2 is mostly moderately bioturbated and shows only a weak wavy
bedding. Lithologic transitions to the generally more heavily biotur-
bated to homogeneous lithofacies 3 and 4 are frequently mottled by
larger centimeter-scale burrows.

Integrating physical property measurements with lithofacies
observations

As described above, the lithology of Site U1539 is characterized
by dominant greenish gray to gray biosiliceous oozes (Lithofacies 1—
3) and the occasional occurrence of white or light gray/greenish gray
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Figure F13. X-ray diffractograms of discrete samples from Holes (A) U1539A and (B) U1539C corrected for baseline variations resulting from significant propor-
tions of amorphous biogenic silica in the samples (cf. black line in C). Minerals occurring in the samples include quartz (Qtz), feldspar (F; i.e., plagioclase), and
calcite (C) and phyllosilicates including illite (Il), chlorite (Chl), kaolinite (K), and their composite (“Clay”). C. Data show characteristic baseline-uncorrected dif-
fractograms of foraminifer-bearing, diatom-rich nannofossil ooze (brown line; Lithofacies 3), diatom-bearing calcareous ooze (green line; Lithofacies 3), and

carbonate-rich diatom ooze (orange line; Lithofacies 2).
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calcareous ooze (Lithofacies 4). These lithofacies alternations are
identified by downcore physical properties and spectrophotometry
measurements, as exemplified by Cores 383-U1539A-7H through
10H (52-90 m CSF-A) (Figure F14). In this interval, a prominent
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bed of light-colored (white) nannofossil ooze in Core 9H is charac-
terized by lower natural gamma radiation (NGR), higher gamma ray
attenuation (GRA) bulk density, higher color reflectance (L*) ob-
tained using the Section Half Multisensor Logger (SHMSL), and
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Figure F15. Relationships between bulk sedimentary carbonate content and
(A) red-green-blue (RGB) blue and (B) color reflectance L* for samples from
Subunit IA (gray circles) and Subunit IB (red squares). Symbols in parenthe-
ses are data points from the Holocene that were excluded from the regres-
sion analysis.
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higher blue intensity generated from RGB intensity obtained from
the Section Half Imaging Logger (SHIL) (see Physical properties in
the Expedition 383 methods chapter [Winckler et al., 2021a]).

The strong correspondence between L*, RGB (particularly blue),
and alternations between biosiliceous and carbonate lithofacies is
further supported by shipboard measurements of weight percent
calcium carbonate (CaCO;). L* and RGB blue intensity are tightly
correlated to weight percent CaCO; at Site U1539 (Figure F15),
with higher L* and RGB blue intensity corresponding to higher car-
bonate concentrations.

Summary and preliminary site interpretation

Two lithostratigraphic subunits are identified in Site U1539 sed-
iments based on the relative abundances of diatom mats, nanno-
fossil/calcareous oozes, and dropstones. Subunit IA consists of
generally more abundant nannofossil/calcareous oozes (Lithofacies
4) and dropstones and a lower abundance of beds with pronounced
and stacked diatom mats (Lithofacies 2). Conversely, the lower Sub-
unit IB consists of generally more abundant beds of diatom mats
(Lithofacies 2), less abundant nannofossil/calcareous oozes (Litho-
facies 4), and fewer dropstones observed in X-radiographs (Figure
F11). One massive, 10.7 m bed interrupts normal sedimentation
and most likely represents a depositional event.

Variations between the relative proportions of Lithofacies
1a/1b/2 and Lithofacies 3/4 drive the RGB blue intensity signal (Fig-
ure F14), which correlates with shipboard measurements of sedi-
mentary carbonate percentages (Figure F15). In Subunit IA, the
RGB blue intensity record appears to record the characteristic “saw-
tooth” pattern of late Pleistocene 100,000 y glacial cycles, suggesting
higher carbonate export production and/or preservation during in-
terglacial periods and stronger opal export production during gla-
cial intervals (Figure F11). In this context, we interpret higher RGB
blue intensity (Lithofacies 3 and 4) to represent interglacial periods
and lower RGB blue intensity (Lithofacies 1 and 2) to represent gla-
cial periods. This sedimentation pattern resembles glacial-intergla-
cial sedimentation and sediment composition patterns found in the
Subantarctic Atlantic sector of the Southern Ocean at Ocean Drill-
ing Program Sites 1090 and 1092, which bracket the modern-day
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position of the Subantarctic Front in this region (Diekmann and
Kuhn, 2002; Gersonde et al., 2003; Hodell et al., 2001).

The increase in dropstone counts in Subunit IA relative to Sub-
unit IB implies a higher frequency of icebergs passing over Site
U1539 combined with a greater amount of dropstones delivered to
the seafloor, but it may also reflect a change in sedimentation rates
between units and thus variations in the dilution effect of the drop-
stones by other sedimentary components. For instance, in Subunit
IA, we observe relatively lower sedimentation rates and therefore
less dilution of dropstones by diatom mat Lithofacies 1b. However,
the timing of the Site U1539 lithostratigraphic boundary (i.e., 0.78
Ma based on the shipboard age model; see Stratigraphic correla-
tion) is approximately coeval with the onset of stronger glaciations
in the mid-Pleistocene, expressed as well-developed 100 ky glacial
cycles, and therefore supports a climate driver of the observed IRD
variability at Site U1539. This climate driver can be further explored
at millennial to orbital timescales with proxy reconstructions of
ocean conditions from Site U1539 sediments.

Biostratigraphy

Biostratigraphic results were consistent among diatoms, radio-
larians, nannofossils, and planktonic foraminifers for all samples
from Holes U1539A and U1539C. A total of 32 biostratigraphic
constraints were identified (Table T3; Figures F16, F17). Based on
these events, we estimate an age of ~1.3 Ma at the base of Hole
U1539C, which indicates an average sedimentation rate of ~20
cm/ky over 268.3 m CSF-A. Diatom, radiolarian, and nannofossil
biostratigraphy detected no major hiatuses, indicating that the ma-
terial recovered from Site U1539 represents a continuous strati-
graphic sequence from the middle Pleistocene through the
Holocene. Between 167.8 and 176.6 m CSF-A in Hole U1539C,
trace abundances of early Pleistocene and Pliocene diatom and nan-
nofossil taxa co-occur with diverse late Pleistocene flora, indicating
reworking of sediments with an age older than 2 Ma into the regular
strata (see Sedimentology).

Overall preservation of siliceous microfossil is relatively good in
all samples, and fragmentation is more common than dissolution.
Several sequences of diatom mats composed mainly of the needle-
shaped diatom Thalassiothrix antarctica, which contribute signifi-
cantly to the high sedimentation rates, were noted between 190 and
252 m CSF-A. Silicoflagellates are rare to common in most samples
throughout the entire succession and are occasionally abundant.
Calcareous microfossils were identified throughout the entire se-
quence with significant variations in abundance; these groups be-
come dominant in discrete depth intervals and are interpreted to
record interglacial periods. Preservation of calcareous nannofossils
is variable, which made some biostratigraphic marker species (e.g.,
Emiliania huxleyi) difficult to recognize. Planktonic foraminifers
are generally present in low abundances and moderately preserved
at Site U1539; assemblages are dominated by the cold-water species
Neogloboquadrina pachyderma (sinistral). Benthic foraminifer
abundance is very low, but assemblages are diverse; Melonis barlee-
anum, Oridorsalis umbonatus, Pullenia bulloides, and Cibicidoides
mundulus are present in most samples, and specimens are moder-
ately preserved. Radiolarians are generally abundant and well pre-
served throughout the cored section. Three radiolarian marker
species were identified at Site U1539 from the Psi Zone (late/middle
Pleistocene) and Chi Zone (middle Pleistocene).
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Table T3. Chronostratigraphic constraints at Site U1539. Event type: D = diatom datum, R = radiolarian datum, N = calcareous nannofossil datum, F = plank-
tonic foraminifer datum. FO = first occurrence, FCO = first common occurrence, LO = last occurrence, LCO = last common occurrence, LAO = last abundant
occurrence. * = datums applied with lower confidence based on preservation, age, or depth uncertainty. References: AO = Anthonissen and Ogg (2012), C =
Cody et al. (2008) average range model, HM = Harwood and Maruyama (1992), L = Lazarus (1992), SO7 = Scott et al. (2007), ZG = Zielinski and Gersonde (2002),
181 = ODP Leg 181 Initial Reports (2000), 374 = Expedition 374 diatom and radiolarian biostratigraphic frameworks (David Harwood and Giuseppe Cortese,
pers. comm.), 383 = regional datum age revised for Expedition 383. Download table in CSV format.

Constraint Age Top core, section, Top depth Bottom core, section,  Bottom depth
number  Type Bioevent (Ma) interval (cm) CSF-A (m) interval (cm) CSF-A (m) Reference
383-U1539A- 383-U1539A-
1 D LO Hemidiscus karstenii 0.19 3H-CC, 2-9 23.33-23.40 4H-CC, 28-33 33.25-33.30 HM, ZG
2 N FO Emiliania huxleyi (dissolution)* 0.29 3H-CC,2-9 23.33-23.40 4H-CC, 28-33 33.25-33.30 AO
3 D LO Fragilariopsis fossilis 0.3 6H-CC, 12-17 52.23-52.28 7H-CC, 19-24 61.29-61.34 383
4 D LO Fragilariopsis reinholdii 0.3 6H-CC, 12-17 52.23-52.28 7H-CC, 19-24 61.29-61.34 383
5 D LO Actinocyclus ingens 042 9H-1, 86 71.96 9H-2, 108 73.65 ZG
6 D LO Rouxia constricta 0.43-0.5 9H-3, 47 74.49 9H-CC, 10-15 80.40-80.45 ZG, C08
7 N LO Pseudoemiliania lacunosa 044 9H-6, 96 79.33 9H-CC, 10-15 80.40-80.45 AO
8 R LO Stylatractus universus 043 6H-CC, 12-17 52.23-52.28 7H-CC, 19-24 61.29-61.34 L, 374
9 F LO Globoconella puncticulata puncticuloides* ~0.7 10H-CC, 24-29 90.25-90.30 11H-CC, 16-21 97.45-97.5 S07,118
10 D LCO Actinocyclus ingens 0.64 11H-CC, 16-21 97.45-97.50 12H-CC, 13-18 107.55-107.60 HM, 374
11 R LO Antarctissa cylindrica 0.64 11H-CC, 16-21 97.45-97.50 12H-CC, 13-18 107.55-107.60 L, 374
383-U1539C- 383-U1539C-
12 D LCO Hemidiscus karstenii 0.19 3H-CC, 15-20 28.62-28.67 4H-CC, 14-19 37.83-37.88 HM, ZG
13 N FO Emiliania huxleyi 0.29 5H-4,16 42.66 5H-CC, 14-19 47.84-47.89 AO
14 D LO Fragilariopsis fossilis 0.3 6H-CC, 22-27 47.72-47.77 7H-4,16 61.66 383
15 D LCO Actinocyclus ingens 042 8H-5, 140 73.83 8H-CC, 22-27 75.50-75.55 ZG
16 D LO Rouxia constricta 0.43-0.5 8H-5, 140 73.83 8H-CC, 22-27 75.50-75.55 C ZG
17 R LO Stylatractus universus 043 7H-CC, 14-19 66.97-67.02 8H-CC, 22-27 77.50-75.55 L, 374
18 N LO Pseudoemiliania lacunosa 044 8H-CC, 22-27 77.50-75.55 9H-CC, 17-22 83.84-83.89 AO
19 N LO Gephyrocapsa omega* 0.61 12H-2,50 106.51 12H-4, 50 109.51 AO
20 R LO Antarctissa cylindrica 0.64 9H-CC, 17-22 83.84-83.89 10H-CC, 15-20 94.09-94.14 L, 374
21 D LAO Actinocyclus ingens 0.64 11H-CC, 0-5 104.62-104.67 12H-CC, 15-20 114.11-114.16 HM, 374
22 F LO Globoconella puncticulata puncticuloides* ~0.7 11H-CC, 0-5 104.62-104.67 12H-CC, 15-20 114.11-114.16 S07,181
24 D LO Thalassiosira elliptipora 0.82 15H-CC, 20-25 142.84-142.89 16H-CC, 0-5 150.60-150.65 ZG
25 D LO Thalassiosira fasciculata 0.87-0.89 15H-CC, 20-25 142.84-142.89 16H-CC, 0-5 150.60-150.65 C ZG
26 R LO Pterocanium charybdeum trilobum 0.86 14H-CC, 0-6 132.48-132.53 15H-CC, 20-25 142.84-142.89 L, 374
27 N LO Reticulofenestra asanoi 0.91 16H-CC, 0-5 150.60-150.65 17H-CC, 25-30 160.96-161.01 AO
28 N FCO Reticulofenestra asanoi* 1.14 21H-CC,17-22 199.36-199.41 22H-CC, 15-20 208.03-208.08 AO
29 D LO Actinocyclus sp. F (Z&G) 1.2 28F-CC, 12-17 249.06-249.11 29F-CC, 11-16 251.83-251.88 C ZG
30 N LO Large Gephyrocapsa (>5.5 pm) 1.24 27F-CC,8-13 244.52-244.57 28F-CC, 12-17 249.06-249.11 AO
31 D FO Rouxia constricta* 0.91-1.23 30F-CC, 16-21 258.87-258.92 31F-CC, 29-34 259.01-259.06 C ZG
32 N LO Helicosphaera sellii 1.26-134  31F-CC, 29-34 259.01-259.06 32F-CC, 13-18 268.26-268.31 AO
Diatoms have been reworked into this 8 m long interval. Assemblages in

Diatom biostratigraphy at Site U1539 is based on the analysis of
57 smear slides from 1 mudline sample, 44 core catcher samples,
and 12 working-half toothpick samples taken from Holes U1539A
and U1539C. Diatoms are abundant and assemblages are diverse in
all core catcher samples and in most of the working-half samples ex-
amined (Figures F18, F19; Table T4). Two samples have few dia-
toms: Sample 383-U1539C-8H-5, 140 cm, which is dominated by
nannofossils and interpreted to be from MIS 11, and Sample 19H-4,
100 cm, which is sandy and interpreted to be the base of a gravity-
driven flow deposit (see Sedimentology). Preservation is good
overall, and most samples exhibit low to moderate fragmentation
and dissolution.

The assemblages of the mudline sample, 12 core catcher sam-
ples, and 3 working-half samples from Hole U1539A are in good
agreement with the species composition of the upper part of Hole
U1539C. In Hole U1539C, Samples 383-U1539C-1H-CC through
17H-CC preserve a well-established sequence of Southern Ocean
diatom bioevents (Table T3) and age increases steadily with depth.
Samples from Sections 18H-6 through 19H-4 contain trace occur-
rences of diatoms with early Pleistocene and Pliocene ages mixed
into the normal diatom succession, indicating that older sediments
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Samples 20H-CC through 29F-CC are characterized by abundant to
dominant Thalassiothrix antarctica, a needle-shaped mat-forming
taxon that contributes to higher sedimentation rates compared to
the overlying sequences. In Samples 30F-CC through 32F-CC, dia-
tom assemblages exhibit a more diverse composition with less
abundant Thalassiothrix antarctica frustules. The depth and age es-
timates of 10 key diatom biostratigraphic events identified at Site
U1539 are described below (Table T3; Figure F16).

Hole U1539A

In Hole U1539A, the species composition of nearly all assem-
blages is characterized by the dominance of F. kerguelensis and com-
mon to few occurrences of T. lentiginosa and Thalassiothrix
antarctica. Fragilariopsis separanda and Fragilariopsis rhombica
are also common to rare in most of the samples from Hole U1539A.

The mudline sample from Hole U1539A is further characterized
by the appearance of few to rare Hemidiscus cuneiformis, Shionodis-
cus oestrupii, Thalassionema nitzschioides var. lanceolata, Thalas-
siosira oliverana, and T. trifulta and no extinct or reworked species.
Rare to common abundances of Hemidiscus karstenii were noted
between Samples 383-U1539A-4H-CC (33.25-33.30 m CSF-A) and
9H-2, 108 cm (73.65 m CSF-A). The last occurrence (LO) of H.
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Figure F16. Diatom, radiolarian, calcareous nannofossil, and planktonic foraminifer zonations and biostratigraphic events, Site U1539.
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karstenii in Sample 4H-CC constrains the age at 33.25-33.30 m
CSEF-A to older than 0.19 Ma in MIS 7 and marks the base of T. len-
tiginosa Subzone C following the Northern Antarctic Circumpolar
Current Diatom Zonation scheme of Zielinski and Gersonde (2002)
(Figure F16).

The published last appearance datums (LADs) for Fragilariopsis
fossilis and Fragilariopsis reinholdii are 0.7 and 0.6 Ma, respectively
(e.g., Zielinski and Gersonde, 2002; Cody et al., 2008). However, both
species were identified at Site U1539 in younger intervals that are
rich in carbonate (see Sedimentology). Sample 383-U1539A-7H-
CC, 19-24 cm (61.29-31.34 m CSF-A), which contains both E fossilis
and FE reinholdii, is correlated to MIS 9 (see Stratigraphic correla-
tion), providing a revised regional LAD of 0.3 Ma for both species
(Table T3). E fossilis was also identified in Sample 9H-2, 108 cm,
which might be correlated to MIS 11 but does not occur in the two
carbonate-poor samples examined in between the two samples men-
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tioned above (Table T4). Furthermore, the diatom assemblages in
both Hole U1539A samples that contain E fossilis also include com-
mon to few occurrences of Thalassionema nitzschioides var. parva,
an indicator of relatively warm sea-surface conditions (e.g., Esper
and Gersonde, 2014). We therefore propose that the discrepancy be-
tween Site U1539 LADs and published LADs for both E fossilis and F.
reinholdii reflects an environmentally controlled diachronous ex-
tinction.

A single apex of Rouxia constricta identified in Sample 383-
U1539A-6H-CC (52.23-52.28 m CSF-A) is judged to be reworked;
the species is rare in Samples 9H-CC (80.40—80.45 cm CSF-A) and
10H-CC (90.25-90.30 m CSEF-A), providing an age older than 0.43—
0.5 Ma at 80.40 m CSF-A (Table T3).

A. ingens is present in trace occurrences in Sections 383-
U1539A-7H-CC (61.29-31.34 m CSF-A) to 9H-1, 86 cm (71.96 m
CSF-A), is rare from Section 9H-2, 108 c¢cm (73.65 m CSF-A)
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through Sample 11H-CC (97.45-97.50 m CSF-A), and is common
in Sample 12H-CC (107.55-107.60 m CSF-A). The shallowest rare
occurrence of A. ingens in Sample 9H-2, 108 cm (73.65 m CSF-A),
constrains the age of the sample above, 9H-1, 86 cm (71.96 m CSF-
A), to 0.42 Ma, whereas the shallowest abundant occurrence of A.
ingens in Sample 12H-CC places the boundary dividing the T. lentig-

Figure F17. Age-depth plot, Holes U1539A and U1539C. FO = first occur-
rence, LO = last occurrence.
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inosa Zone from the A. ingens Zone at 0.64 Ma between 97.45 and
107.6 m CSE-A (Tables T3, T4; Figure F16).

The diatom assemblages in Hole U1539A generally reflect a late
to middle Pleistocene sequence of fluctuating environmental condi-
tions. Samples 383-U1539A-6H-CC (52.23-52.28 m CSF-A) and
9H-3, 47 cm (74.49 m CSF-A), and similar samples reflect warmer-
than-present surface water during the time of deposition, and Sam-
ple 9H-1, 86 cm (71.96 m CSF-A), and similar samples point to
colder surface water conditions than those reported for the modern
Subantarctic Zone (Esper and Gersonde, 2014).

Hole U1539C

The biostratigraphy of Cores 383-U1539C-1H through 12H is
consistent with Hole U1539A (Table T3). Assemblages in Samples
1H-CC through 17H-CC are characterized by the dominance of F
kerguelensis and common to few occurrences of T. lentiginosa and
Thalassiothrix antarctica. In contrast, Samples 18H-CC through
32F-CC exhibit higher relative abundances of Thalassiothrix ant-
arctica, even dominant occurrences, that dilute the abundance of
the other species and are consistent with the prevalence of diatom
mats in the lithologic descriptions (see Sedimentology). Frustules
of Eucampia antarctica appear mostly in Samples 1H-CC through
16H-CC, whereas E rhombica and F. separanda are identified in few
to trace abundance down to Sample 23H-CC. H. karstenii is rare in
Samples 2H-CC and 3H-CC and then common to few in Samples
4H-CC to 8H-4, 115 cm, constraining the LO of H. karstenii, which
defines the base of T. lentiginosa Subzone C (0.19 Ma) to between
28.62 and 37.88 m CSF-A. The LO of F fossilis during MIS 9, identi-
fied in Hole U1539A, is also seen in Sample 383-U1539C-6H-CC
(47.72-47.77 m CSF-A). The species is also present in Sample 8H-5,
140 cm, which is interpreted to be MIS 11, and again in association
with T. nitzschioides var. parva. R. constricta appears between Sam-
ples 8H-CC (75.50-75.55 m CSF-A) and 30F-CC in rare to trace

Figure F18. Distribution of siliceous and calcareous microfossils, Hole U1539A. B = barren, R =rare, F = few, C = common, A = abundant, D = dominant.
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Figure F19. Distribution of siliceous and calcareous microfossils, Hole U1539C. B = barren, R = rare, F = few, C = common, A = abundant, D = dominant.
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Table T4. Distribution chart of diatoms, Holes U1539A and U1539C. Down-
load table in CSV format.

abundance, placing the LO (0.43—-0.5 Ma) between 73.83 and 75.50
m CSF-A. The first occurrence (FO) of R. constricta (1.04—1.23 Ma)
is tentatively placed between 258.92 and 259.91 m CSF-A. However,
occurrences of the species are discontinuous below Sample 18H-CC
and the observed FO is near the base of the hole, so it is possible
that the true FO of R. constricta lies below the recovered sequence.

A. ingens is present in trace abundance between Sections 383-
U1539C-7H-4, 16 cm (61.66 m CSE-A) and 8H-5, 140 cm (73.83 m
CSF-A) and in rare to few abundance between Samples 8H-CC
(75.50-75.55 m CSF-A) and 11H-CC (104.62—104.67 m CSE-A). It
is common to abundant between Samples 12H-CC (114.11-114.16
m CSF-A) and 32F-CC (268.26-268.31 m CSF-A). The rare occur-
rence of A. ingens at 73.83 m CSE-A constrains the age of this sam-
ple to older than 0.42 Ma, whereas the last abundant occurrence of
A. ingens at 144.11 m CSF-A constrains this depth to older than 0.64
Ma and marks the boundary between the T. lentiginosa Zone and
the A. ingens Zone (Figure F16; Table T3).

The LO of Thalassiosira elliptipora in Sample 383-U1539C-
16H-CC (150.60—-150.65 m CSF-A) constrains this horizon to older
than 0.82 Ma, and few to rare occurrences were observed down to
Sample 23H-CC (218.97-219.02 m CSF-A). The LO of Thalassio-
sira fasciculata, which has a LAD age of 0.87-0.89 Ma, is also iden-
tified in Sample 16H-CC. This species persists in few to rare
abundance down to Sample 20H-CC (189.46-189.51 m CSF-A), is
absent from the interval dominated by Thalassiothrix antarctica,
and then returns in few to rare occurrences from Sample 29F-CC
(251.83-251.88 m CSF-A) to the bottom of the hole.

A small centric species resembling Shionodiscus tetraoestrupii
var. reimerii occurs in rare or trace abundance in Samples 383-
U1539C-16H-CC (150.60-150.65 m CSF-A) through 31F-CC
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(259.01-259.06 m CSF-A) (Table T3). This taxon appears to have a
single process in a central divot on the valve face, but moderate dis-
solution and fragmentation made it difficult to determine whether
the distinctive margin characteristic of S. tetraoestrupii var. reimerii
(Mahood and Barron, 1996) was present. Because the taxon was
found at a higher stratigraphic position than expected and we could
not confirm that its form adheres to the sensu stricto taxonomic
definition of the variety, it was not used as stratigraphic indicator
for Hole U1539C.

Trace occurrences of seven Pliocene and early Pleistocene spe-
cies are reworked into the primary assemblage in Sections 383-
U1539C-18H-6, 38 cm (168.27 m CSE-A) to 19H-4, 100 cm (176.39
m CSF-A). Sedimentologically, this interval is homogeneous with a
sandy base and a sharp basal contact and is likely the product of
rapid deposition by a turbidite or gravity-driven flow (see Sedimen-
tology).

Starting in Sample 383-U1539C-18H-CC (170.27-170.32 m
CSF-A), transitional forms between F. kerguelensis and Fragilariop-
sis barronii were identified in rare to trace abundance. However,
these transitional morphologies are without clear age assignment
(Zielinski and Gersonde, 2002) and thus were not used for chrono-
graphic constraint.

The diatom mat interval between Samples 383-U1539C-20H-
CC and 29F-CC, which is dominated by needle-shaped Thalassio-
thrix antarctica frustules, contributes to higher sedimentation rates
in this sequence. These mats may preserve a series of glacial-inter-
glacial cycles because the diatom assemblages of different core
catcher samples reflect varying glacial to interglacial surface water
conditions according to the ecological study of Esper and Gersonde
(2014). For example, Sample 24H-CC exhibits a relatively high pro-
portion (common abundance) of the relatively “warm” Azpeitia
tabularis (temperature range = 6°-14°C) compared to adjacent
samples that show only rare abundance of this species. In contrast,
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the diatoms in Samples 10H-CC and 29F-CC point to deposition
during cooler glacial intervals, indicated by the common abundance
of E. antarctica in only these two samples and its rather rare occur-
rence in the neighboring samples. However, the density of core
catcher samples alone is not sufficient to determine true glacial—in-
terglacial cyclicity.

Finally, few occurrences of Actinocyclus sp. F of Zielinski and
Gersonde (2002) were identified in Sample 383-U1539C-29F-CC
(251.83-251.88 m CSF-A). Although this species was only observed
in a single sample, its LAD is tentatively applied to Hole U1539C,
providing an age older than 1.2 Ma at 251.83 m CSF-A, near the
base of the recovered sequence.

Radiolarians

Core catcher samples from Holes U1539A and U1539C were
processed and analyzed for the occurrence of radiolarians (Samples
383-U1539A-1H-CC through 12H-CC [4.5-107.5 m CSF-A] and
383-U1539C-1H-CC through 32F-CC [9.6-268.28 m CSF-A]).
Shipboard observations focused mainly on the presence of age diag-
nostic species. Therefore, the distribution data do not fully repre-
sent the true radiolarian assemblage (Table T5). Radiolarians are
moderately to well preserved and common to abundant in most of
the samples from Site U1539 (Figures F18, F19). Two samples from
Hole U1539A (383-U1539A-3H-CC [23.30m CSF-A] and 7H-CC
[61.9 m CSF-A]) have few radiolarians. Photomicrographs of some
of the taxa identified at this site are presented in Figure F20.

A typical high-latitude Southern Ocean/Antarctic region radio-
larian assemblage characterized by Antarctissa denticulata, Antarc-
tissa strelkovi, Spongotrochus glacialis, and Cycladophora davisiana
is present in Samples 383-U1539A-1H-CC through 6H-CC (4.5—
52.23 m CSF-A) and 383-U1539C-1H-CC through 7H-CC (9.6—
66.97 m CSF-A). Their presence, along with the absence of any bio-
stratigraphic marker species, suggests a late Pleistocene age (Omega
Zone) for this interval. The age is likely younger than 0.43 Ma based
on the absence of Stylatractus universus (LAD at 0.43 Ma) (Figure
F16).

The top of the Psi Zone was assigned at ~75.50 m CSF-A (Sam-
ples 383-U1539A-7H-CC and 383-U1539C-8H-CC) by the pres-
ence of S. universus. The following interval, to Samples 383-
U1539A-12H-CC (107.55 m CSF-A) and 383-U1539C-10H-CC
(94.09 m CSF-A), where the last appearance of Antarctissa cylin-
drica (0.64 Ma) is located, is assigned to the remaining part of the
Psi Zone. The last appearance of Pterocanium charybdeum tri-
lobum (0.86 Ma), which marks the base of the Psi Zone, is fre-
quently rare and not easy to identify (Hays and Opdyke, 1967;
Lazarus, 1990). At Site U1539, P. charybdeum trilobum occurs only
in Sample 383-U1539A-15H-CC. Chen (1975) suggested using the
last appearance of Saturnalis circularis as the zonal marker between
the Psi and Chi Zones. Therefore, the base of the Psi Zone was
placed between the top occurrence of S. circularis at 124.10 m CSF-
A (Sample 383-U1539C-13H-CC) and the occurrence of P. charyb-
deum trilobum at 142.84 m CSF-A (Sample 15H-CC).

The Chi Zone was recognized below Sample 383-U1539C-15H-
CC (142.84 m CSF-A) and continues through Sample 32F-CC
(268.26 m CSF-A). This entire interval contains a similar radiolarian
assemblage and is therefore inferred to be of similar age. The Chi
Zone is divided into two subzones (lower/upper) by the LAD of Cy-
cladophora pliocenica (1.81 Ma). Because this subzone marker was
not observed in any core catcher samples from this site, we assign
the lower 125 m of Hole U1539C to the upper Chi Zone. Further-
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Table T5. Distribution chart of radiolarians, Holes U1539A and U1539C.
Download table in CSV format.

Figure F20. Radiolarians, Holes U1539A and U1539C. Scale bars = 50 um.
1,3,4, 8, 10-12. 383-U1539A-2H-CC. (1) Actinomma delicatulum (Dogiel).
2. Actinomma boreale Cleve (383-U1539A-1H-CC). (3) Spongotrochus glacialis
group Popofsky. (4) Phorticium clevei (Jorgensen). 5. Saturnalis circularis Hae-
ckel (383-U1539C-13H-CQ). 6. Stylatractus universus Hays (383-U1539A-7H-
CC). 7,9. 383-U1539C-12H-CC. (7) Antarctissa cylindrica Petrushevskaya.
(8) Antarctissa denticulata (Ehrenberqg). (9) Triceraspyris coronata Weaver.
(10) Botryostrobus auritus (Ehrenberg). (11) Peripyramis circumtexta Haeckel.
(12) Cycladophora davisiana (Ehrenberg).

more, the occurrence of Triceraspyris antarctica (first appearance
datum at 1.88 Ma) down to Sample 32F-CC (268.26 m CSF-A) and
absence of Eucyrtidium calvertense (1.92 Ma), which marks the base
of this zone, support an age younger than 1.81 Ma for the base of the
core.

Finally, several morphologies of the phaeodarian family Chal-
lengeridae picked from the coarse fractions prepared for benthic
foraminifer analysis are presented in Figure F21.
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Figure F21. Phaeodarian radiolarians, Holes U1539A and U1539C. Scale bars = 50 um. 1, 2. Triangular shape (383-U1539A-5H-CC), (2) aperture. 3, 4. Kettle shape
(383-U1539A-12H-CC), (4) aperture. 5-8. Oval shape (383-U1539C-14H-CC), (6) aperture, (7) internal shell view, (8) close-up of internal shell.

Silicoflagellates

Silicoflagellates from 10 core catcher samples from Hole
U1539A and 32 core catcher samples from Hole U1539C were ana-
lyzed. Silicoflagellates are present throughout the core, except for
one sample that is barren (Table T6). They range from rare to com-
mon in most samples and are abundant in a few samples.

The silicoflagellate assemblage at Site U1539 consists of four
species: Dictyocha stapedia, Dictyocha aculeata, Stephanocha spec-
ulum, and Octactis pulchra (Figure F22). D. stapedia and D. acu-
leata are present sporadically in a few samples. S. speculum is
present in all samples and has large morphological variability, in-
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Table T6. Distribution chart of silicoflagellates, Holes U1539A and U1539C.
Download table in CSV format.

cluding specimens with long and short corner spines, specimens
with variable apical ring features (S. speculum var. monospicata, S.
speculum var. bispicata, S. speculum var. coronata, S. speculum var.
minuta, S. speculum var. binocula, and S. speculum var. pseudofib-
ula), and specimens with different numbers of basal ring sides (S.
speculum var. pentagona, S. speculum var. septenaria, S. speculum
var. octonaria, S. speculum var. nonarius, and a large [230 pm] vari-
ety similar to the S. speculum Group B described by Tsutsui et al.
[2009] from water samples). O. pulchra is consistently present or
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Figure F22. Silicoflagellates, Holes U1539A and U1539C. A-J: Light microscope, K-N: scanning electron microscope. 1. Dictyocha stapedia (383-U1539C-7H-CC).
2. Stephanocha speculum var. speculum (short-spined) (383-U1539C-14H-CC). 3. S. speculum var. bispicata (383-U1539A-2H-CC). 4. S. speculum B (large variety)
(383-U1539C-23H-CC). 5, 7. 383-U1539C-10H-CC. (5) S. speculum var. pentagona. 6. S. speculum var. binocula (383-U1539A-5H-CC). (7) S. speculum var. octonaria.
8. S. speculum var. septenaria (binocula; 383-U1539A-11H-CC). 9. Malformed S. speculum (383-U1539C-30F-CC). 10. Octactis pulchra (383-U1539C-24H-CC). 11.S.
speculum in nannofossil ooze (383-U1539A-9H-1, 134 cm). 12. S. speculum var. speculum in abapical view (383-U1539C-18H-CC). 13. S. speculum var. bispicata
(383-U1539A-3H-CC). 14. Dictyocha stapedia (383-U1539C-29F-2, 16 cm).

common from 150.6 m CSF-A (Sample 383-U1539C-16H-CC) to Calcareous nannofossils
268.26 m CSF-A (Sample 32F-CC).

All samples fall within the D. speculum A Zone developed for
the Southern Ocean (Ciesielski 1975), which spans the middle—late
Pleistocene. Changes in abundance of the different S. speculum vari-
eties indicate different climatic conditions, and complicated mor-
phologies (specimens with multiple sides or with an apical structure
having multiple windows or spines) increase in cold periods. The
presence of Dictyocha species and of O. pulchra coincides with in-
tervals of warmer waters.

Calcareous nannofossil biostratigraphy is based on the analysis
of 83 samples: 1 mudline, 12 core catcher, and 8 split core section
samples from Hole U1539A (21 samples); 3 core catcher samples
(shallower than 25.49 m CSF-A) from Hole U1539B; and 1 mudline,
32 core catcher, and 24 split-core samples from Hole U1539C (57
samples). Nannofossils are generally present throughout the sedi-
mentary sequence except in a few barren intervals (Table T7; Figure
F23). Calcareous nannofossils show significant variations in abun-
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dance at Site U1539 (Figures F18, F19), ranging from rare to abun-
dant, becoming dominant in specific intervals, and forming
nannofossil oozes, which were observed, for example, in Samples
383-U1539A-7H-4, 16 cm (61.66 m CSF-A), and 8H-5, 29 cm (72.72
m CSF-A); 383-U1539C-13H-1, 92 cm (114.92 m CSF-A); and 383-
U1539C-15H-CC (142.84 m CSF-A), coincident with what has been
interpreted to be interglacial periods (see Sedimentology). Preser-
vation of calcareous nannofossils was variable, which made it chal-
lenging to recognize some of the smaller and more delicate species
markers (e.g., E. huxleyi) at this site (Figure F24).

The nannofossil assemblage at Site Ul539 consists of 22
groups/taxa, including E. huxleyi, Gephyrocapsa margerelii/muelle-
rae, Gephyrocapsa caribbeanica, Gephyrocapsa oceanica, Gephyro-
capsa spp. (<4 um, closed >4 pm, medium, and large), Gephyrocapsa
omega, Pseudoemiliania lacunosa, Reticulofenestra (<3, 3-5, 5-7,

Table T7. Distribution chart of calcareous nannofossils, Holes U1539A-
U1539C. Download table in CSV format.

Site U1539

and >7 um), Reticulofenestra asanoi, Coccolithus pelagicus, Calcidis-
cus leptoporus, Helicosphaera carteri, and Helicosphaera sellii as well
as rare Pontosphaera japonica, Syracosphaera spp., and Rhabdos-
Phaera spp. Occasionally, reworked specimens were found in sam-
ples from Holes U1539A and U1539C (Table T7); these include
Reticulofenestra umbilica, Reticulofenestra pseudoumbilica, Dis-
coaster sp., and Dictyococcites spp.

Nannofossil Zones CN15/NN21 through CN13b/NN19 were
recognized (Figure F16) based on the FO of E. huxleyi (Sample 383-
U1539C-5H-4, 16 cm; 42.66 m CSF-A) and the LO of P. lacunosa
(Samples 383-U1539A-9H-CC [80.40-80.45 m CSF-A] and 383-
U1539C-9H-CC [83.84—83.89 m CSF-A]). Additionally, the rare oc-
currence of G. omega in one sample (383-U1539C-12H-4, 50 cm;
109.51 m CSF-A), the LO of R. asanoi (Sample 383-U1539C-17H-
CC; 160.96-161.01 m CSF-A), the base common occurrence (Bc) of
R. asanoi (Sample 21H-CC; 199.36—199.41 m CSF-A), the LO of Ge-
Pphyrocapsa spp. large (>5.5 pm) (Sample 28F-CC; 249.06—-249.11 m
CSF-A), and the LO of H. sellii (Sample 32F-CC; 268.26-268.31 m
CSE-A) provide good age control for the Pleistocene sequence.

Figure F23. Calcareous nannofossils, Holes U1539A and U1539C. A. Emiliania huxleyi (383-U1539A-2H-CC). B. Gephyrocapsa caribbeanica. C. Pseudoemiliania
lacunosa. D. Gephyrocapsa omega. E. Reticulofenestra asanoi. F, G. Gephyrocapsa, (F) medium (4-5.5 um), (G) large (>5.5 pm). H. Helicosphaera sellii. . Cocco-
sphere of Coccolithus pelagicus (383-U1539C-22H-6). J. Nannofossil-rich sediment with E. huxleyi and C. pelagicus (383-U1539A-3H-CC). K. Ooze of small (<4 pm)

G. caribbeanica (383-U1539A-9H-CCQ).

B Gephyrocapsa caribbeanica

A Emiliania huxleyi

D Gephyrocapsa omega E Reticulofenestra asanoi

F Medium Gephyrocapsa (>4 pm)

I Coccosphere of C. pelagicus
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G Large Gephyrocapsa (>5.5 pm)

J Nannofossil-rich sediment with E. huxleyi and C. pelagicus

26

C Pseudoemiliania lacunosa

5pum

H Helicosphaera sellii

K Small G. caribbeanica ooze
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Figure F24. Scanning electron microscope images of calcareous nannofossils, Site U1539. A. E. huxleyi (383-U1539A-2H-CC). B. Gephyrocapsa protohuxleyi (383-
U1539A-5H-4). C. G. caribbeanica (383-U1539C-8H-5, 29 c¢m). D. P. lacunosa (383-U1539C-28F-CC). E. R. asanoi (383-U1539C-18H-CC). F, G. Gephyrocapsa;
(F) medium (4-5.5 pm) (383-U1539C-18H-CC), (G) large (>5.5 pm) (383-U1539C-29F-2, 16 cm. H. Nannofossil-rich sediment. Calcidiscus leptoporus and small
Gephyrocapsa (Hole U1539C mudline). I, J. Ooze of G. caribbeanica (383-U1539C-8H-5, 29 cm). K. Coccosphere of C. pelagicus (383-U1539C-18H-CC). L. Ooze of
small (<4 pm) G. caribbeanica (383-U1539C-15-CC). M. Ooze of large (>5.5 um) Gephyrocapsa (383-U1539C-29F-2, 16 cm).

B Gephyrocapsa
protohuxleyi C Gephyrocapsa D pscudoemiania lacunosa

A Emiliania huxleyi
- caribbeanica

H Nannofossil-rich sediment;
C. leptoporus and small Gephyrocapsa

Ly
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Foraminifers

Planktonic foraminifers

Planktonic foraminifers were analyzed in core catcher samples
from all 12 cores from Hole U1539A and Cores 383-U1539C-6H
through 26H, 28F, 30F, and 32F (Table T8). Abundance of foramini-
fers relative to the total >150 pm sieved and dried sediment fraction
varies throughout Holes U1539A and U1539C (Figures F18, F19).
Foraminifers typically make up less than 25% of coarse fraction res-
idues in Hole U1539A, and Samples 383-U1539A-10H-CC through
12H-CC in particular consist of diatom- and radiolarian-rich resi-
due with few planktonic foraminifers. The only exception is Sample
7H-CC, in which foraminifers make up >50% of the coarse fraction
and include many large and well-preserved specimens. Foraminifer
abundance in Hole U1539C is variable in Sections 383-U1539C-6H-
CC through 19H-CC and low in deeper cores. The assemblages are
characterized by species that are typical of temperate to high lati-
tudes: N. pachyderma (sinistral) dominates the assemblage in the
majority of samples, and Globigerina bulloides, Truncorotalia cras-
saformis, Globoconella inflata, and Turborotalita quinqueloba fre-
quently occur in lower abundance. Globoconella puncticulata
puncticuloides, a subspecies of Globoconella puncticulata that per-
sisted in the western South Pacific long after the global extinction of
G. puncticulata (Hornibrook, 1981; Scott et al., 2007), occurs regu-
larly in Samples 383-U1539C-15H-CC to 32F-CC. Occasionally,
species such as Globigerina falconensis, Neogloboquadrina in-
compta, Globigerinita uvula, Truncorotalia crassaformis hessi, Hir-
sutella hirsuta, Globigerinita glutinata, and Hirsutella scitula were
found. Examples of major foraminifer taxa found at Site U1539 are
displayed in Figure F25.

G. inflata is the only biomarker species present in Site U1539
planktonic foraminiferal assemblages. It is found throughout the se-
quence and gives an age younger than 2.39-3.13 Ma (Wei, 1994) to
Sample 383-U1539C-28F-CC. Additionally, G. puncticulata punctic-
uloides has been reported to occur exclusively in early to middle
Pleistocene sediments (Hornibrook, 1981; Scott et al., 2007), sug-
gesting a similar age constraint for Samples 11H-CC through 32F-
CC. Both age estimates are consistent with radiolarian, diatom, and
nannofossil ages.

Preservation state was generally moderate to good in samples
from Hole U1539C, but several tests in Sample 383-U1539A-9H-
CC show clear signs of dissolution. We also observed the presence
of pyrite framboids attached to foraminiferal tests (Figure F26).
Throughout Holes U1539A and U1539C, many species exhibit sec-
ondary encrustation, most notably N. pachyderma, G. inflata, G.
puncticulata puncticuloides, and T. crassaformis. This may have im-
plications for stable isotope or trace element analyses because the
chemical composition of crusts is known to deviate from that of the
lamellar calcite (Jonkers et al., 2012; Steinhardt et al., 2015).

Benthic foraminifers

Benthic foraminifers were examined in core catcher samples
from Hole U1539A (12 samples) and U1539C (21 samples). The
mudline samples recovered in Holes U1539A and U1539B were also
examined, although systematic counts were not collected for mud-
line assemblages. To assess assemblage composition and variability
in core catcher samples, ~100 specimens from the >125 pm fraction
were picked and transferred to slides for identification and count-
ing. The presence and distribution of benthic foraminifers was addi-
tionally checked in the 125-63 pm fraction to ensure that
assemblages in the >125 pum fraction were representative and that
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Table T8. Distribution chart of planktonic foraminifers, Holes U1539A and
U1539C. Download table in CSV format.

small species such as phytodetritus feeders or small infaunal taxa
were not overlooked.

Benthic foraminifer abundance is generally very low, and fora-
minifers are moderately preserved throughout the ~270 m thick
early Pleistocene to Holocene succession recovered in Holes
U1539A and U1539C (Figures F18, F19, F27; Table T9). Sample
383-U1539C-18H-CC is the only sample barren of benthic foramin-
ifers; they are rare in Samples 383-U1539A-4H-CC (33.35 m CSF-
A), 383-U1539C-27F-CC (244.52 m CSF-A), and 31F-CC (259.0 m
CSF-A) (Figures F18, F19).

A total of 62 benthic foraminiferal taxa were identified. Table T9
summarizes the downcore distribution of benthic foraminifers in
core catcher samples from Holes U1539A and U1539C. Figure F28
illustrates characteristic taxa found at this site.

The overall composition of assemblages indicates an abyssal pa-
leodepth above the carbonate compensation depth (CCD) through-
out the early Pleistocene to Holocene. Species commonly recorded
through the succession are C. mundulus, Epistominella exigua,
Globocassidulina subglobosa, M. barleeanum, O. umbonatus, P.
bulloides, and Pullenia quinqueloba, which overall indicate varying
oxygen conditions, low to intermediate carbon flux, and cold deep
water with occasionally strongly pulsed food supply and oligotro-
phic conditions (Gupta et al., 2004; Singh and Gupta, 2004; Singh et
al,, 2012; Verma et al.,, 2013). High abundances of M. barleeanum
and P, bulloides are found in core catcher samples from deeper than
~180 m CSF-A. These two species are associated with intermediate
to high flux of organic matter in different oceans (Rathburn and
Corliss, 1994; Gupta and Thomas, 1999; Singh and Gupta, 2004;
Verma et al., 2013) in low oxygen conditions (Corliss, 1985; Fontan-
ier et al.,, 2005) and are reported as high productivity taxa from the
Pacific (Loubere, 1991). G. subglobosa is a cosmopolitan species that
occurs within the depth range of Circumpolar Deep Water and is
associated with Antarctic Bottom Water (Corliss, 1979; Singh and
Gupta, 2004, 2010; Singh et al,, 2012). It is abundant in Samples
383-U1539C-19H-CC and 32F-CC, suggesting enhanced influence
of Antarctic Bottom Water at Site U1539 during this interval. The
upper part of the succession (above ~100 m CSF-A) is characterized
by E. exigua and O. umbonatus. E. exigua is a cosmopolitan species
that feeds opportunistically on phytodetritus deposited seasonally
on the seafloor (Gooday, 1988; Thomas, et al., 1995; Singh and
Gupta, 2004, 2010). O. umbonatus is a cosmopolitan abyssal taxon
associated with Antarctic Bottom Water in the Indian Ocean (Corl-
iss, 1979; Singh and Gupta, 2010), the Atlantic Ocean (Streeter and
Shackleton, 1979), and the Antarctic (Uchio, 1960). It is capable of
surviving under food-limited and low oxygen conditions (Singh and
Gupta, 2010). C. mundulus occurs sporadically throughout the re-
cord and reaches its maximum abundance in Samples 383-U1539C-
12H-CC, 21H-CC, and 22H-CC, suggesting strongly pulsed cold
water with low to intermediate organic flux.

Downcore changes in assemblage composition at Site U1539 re-
flect changes in paleoenvironmental conditions that are probably
linked to distinct phases of glacial-interglacial changes during the
Pleistocene. Overall, samples with low species diversity are typical
for glacial intervals and samples with high species diversity occur
during interglacial periods (Singh and Gupta, 2005; Gupta et al.,
2013). However, the analyzed sample resolution is not high enough
to capture all of the glacial-interglacial changes in the South Pacific.
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Figure F25. Planktonic foraminifers, Site U1539. Scale bars = 100 um. A-C. Varieties of Neogloboquadrina pachyderma with the final chamber (A) larger than,
(B) similarly sized, and (C) smaller than the penultimate chamber. D. Neogloboquadrina incompta. E. Turborotalita quinqueloba. F. Globigerina bulloides.
G. Globigerinita glutinata (note signs of dissolution on all chambers in final whorl). H. Globigerinita uvula. 1-K. Globoconella inflata in () umbilical, (J) side, and
(K) spiral view. L-O. Globoconella puncticulata puncticuloides with typical final chamber in (L) umbilical, (M, N) side, and (O) spiral view. P-R. G. puncticulata
puncticuloides with kummerform final chamber in (P) umbilical, (Q) side, and (R) spiral view. S-U. Truncorotalia crassaformis in (S) umbilical, (T) side, and
(V) spiral view. V=X. Hirsutella scitula in (V) umbilical, (W) side, and (X) spiral view (note signs of dissolution on earliest chambers).
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Figure F26. A. Pyrite framboid (upper left) on planktonic foraminifer Truncor-
otalia crassaformis. B. Close-up of pyrite framboid in A.

The mudline sample from Hole U1539A has stained aggluti-
nated and calcareous benthic foraminifers, whereas the mudline
sample from Hole U1539B does not have any stained benthic fora-
minifers. This suggests that the core top sample from Hole U1539A
collected modern seafloor sediments, which were not observed in
the mudline sample from Hole U1539B. The stained mudline as-
semblage from Hole U1539A includes specimens of the aggluti-
nated species Reophax scorpiurus, Reophax spiculifer, and
Siphotextularia rolshauseni and calcareous taxa including Bolivina
pacifica, Fursenkoina complanata, E. exigua, Fissurina spp., C.
mundulus, Gyroidinoides sp., G. subglobosa, P. quinqueloba, O. um-
bonatus, Quinqueloculina venusta, and Quinqueloculina oblonga
(Figure F29). A few more species in addition to the species men-
tioned above were found unstained. The mudline samples from
both holes are dominated by unstained planktonic foraminifers and
radiolarians.
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Figure F27. Species diversity index (H) and abundance of dominant benthic
foraminifer species Cibicidoides mundulus, Epistominella exigua, Globocassid-
ulina subglobosa, Melonis barleeanum, Oridorsalis umbonatus, and Pullenia
bulloides, Holes U1539A and U1539C.
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Table T9. Distribution chart of benthic foraminifers, Holes U1539A and
U1539C. Download table in CSV format.

Ostracods

All core catcher samples from Holes U1539A, U1539C, and
U1539D were scanned for the presence of ostracods during ship-
board examination of benthic foraminifers. Ostracods are rare (<10
valves) to barren in most samples, and only five samples yielded a
few specimens (Table T10). Six genera were identified: Bradleya,
Krithe, Henryhowella, Legitimocythere, Pelecocythere, and Penny-
ella. All of them have a predominantly abyssal distribution (Alvarez
Zarikian, 2015; Stepanova and Lyle, 2014). The highest abundance
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Figure F28. Benthic foraminifers, Holes U1539A and U1539C. Scale bars = 100 pm. 1-3, 13-15, 21. 383-U1539A-3H-CC. (1) Bolivina pacifica. (2) Nodosaria sp.
(3) Fursenkoina complanata. 4-8, 12, 26, 27, 29-32. 383-U1539A-7H-CC. (4) Dentalina ariena. 5. Dentalina sp. (6) Martinottiella communis. (7) Uvigerina hispida.
(8) Uvigerina peregrina. 9, 23. 383-U1539C-32F-CC. (9) Procerolagena sp. 10, 11. 383-U1539A-12H-CC. (10) Cassidulinoides sp. (11) Siphotextularia rolshauseni.
(12) Pyrulina sp. (13) Schlumbergerina sp. (14) Quinqueloculina sp. (15) Spirosigmoilina sp. 16. Lagena hispidula (383-U1539C-24H-CC). 17, 18.383-U1539A-1H-CC.
(17) Ehrenbergina carinata, (18) Triculina tricarinata. 19, 20. 383-U1539C-19H-CC. (19) Fursenkoina bradyi, (20) Pyrgo sp. (21) Pullenia quinqueloba. 22, 28. 383-
U1539A-5H-CC. (22) Astrononion sp. (23) Ammodiscus tenuis. 24. Laticarina pauperata (383-U1539C-28F-CC). (25) Pullenia quadriloba. (26) Eggerella bradyi.
(27) Lenticulina convergens. (28) Melonis barleeanum. (29) Epistominella exigua. (30) Globocassidulina subglobosa. (31) Gyroidina nitida. (32) Cibicidoides mundulus.
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Figure F29. Stained benthic foraminifers in mudline sample, Hole UT539A.

Site U1539

Table T10. Distribution chart of ostracods, Holes U1539A and U1539C.
Download table in CSV format.

(8 valves) was observed in Sample 383-U1539C-15H-CC, which
was interpreted to represent MIS 31. See Biostratigraphy in the
Site U1540 chapter (Winckler et al., 2021c) for an image of ostra-
cods found at Site U1539.

Paleomagnetism

The natural remanent magnetization (NRM) of archive-half
core sections from Site U1539 was measured and remeasured after
alternating field (AF) demagnetization at 2 cm increments. Peak
AFs were restricted to a maximum of 15 mT for all sections recov-
ered using the APC/HLAPC system with standard full and half-
length nonmagnetic and steel core barrels (see Operations). The
number of demagnetization steps and the peak fields used reflect
the severity of the drill string and natural overprints, the desire to
use low peak fields to preserve the magnetization for future shore-
based studies, and the need to maintain core flow through the labo-
ratory. When time permitted, demagnetization steps were added to
facilitate interpretation of the paleomagnetic record. Cores from
Holes U1539A and U1539B were mostly demagnetized at AFs of 5,
10, and 15 mT. Cores from Holes U1539C and U1539D were demag-
netized at AFs of 10 and 15 mT. All samples were, at the very least,
measured before and after 15 mT AF demagnetization. See Table
T11 for a list of AF demagnetization steps employed. To maintain
core flow, sections completely affected by drilling disturbance (see
Sedimentology) were not measured. Data associated with intervals
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Table T11. Alternating field (AF) demagnetization steps, Site U1539. Down-
load table in CSV format.

AF demagnetization

Hole st