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Abstract
International Ocean Discovery Program Expedition 382, Ice-

berg Alley and South Falkland Slope Ice and Ocean Dynamics, will 
investigate the long-term climate history of Antarctica, seeking to 
understand how polar ice sheets responded to changes in atmo-
spheric CO2 in the past and how ice sheet evolution influenced 
global sea level. We will drill six sites in the Scotia Sea, east of the 
Antarctic Peninsula, providing the first deep drilling in this region 
of the Southern Ocean. We expect to recover >600 m of late Neo-
gene sediment that will be used to reconstruct the past history and 
variability in Antarctic Ice Sheet (AIS) mass loss and associated 
changes in oceanic and atmospheric circulation.

Expedition 382 expects to deliver the first spatially and tempo-
rally integrated record of iceberg flux from “Iceberg Alley,” the main 
pathway by which icebergs are calved from the margin of the AIS 
and travel equatorward into warmer waters of the Antarctic Cir-
cumpolar Current (ACC). In particular, we will characterize the 
magnitude of iceberg flux during key times of AIS evolution:

• The middle Miocene glacial intensification of the East Antarctic 
Ice Sheet,

• The mid-Pliocene warm interval,
• The late Pliocene glacial expansion of the West Antarctic Ice 

Sheet,
• The mid-Pleistocene transition, and
• The “warm interglacials” and glacial terminations of the last 

800 ky.

We will use the geochemical provenance of iceberg-rafted detri-
tus and other glacially eroded material to determine regional 
sources of AIS mass loss in this region, address interhemispheric 
phasing of ice sheet growth and decay, study the distribution and 
history of land-based versus marine-based ice sheets around the 
continent over time, and explore the links between AIS variability 
and global sea level.

By comparing north–south variations across the Scotia Sea, Ex-
pedition 382 will also deliver critical information on how climate 
changes in the Southern Ocean affect ocean circulation through the 
Drake Passage, meridional overturning in the region, water-mass 
production, CO2 transfer by wind-induced upwelling, sea ice vari-
ability, bottom water outflow from the Weddell Sea, Antarctic 
weathering inputs, and changes in oceanic and atmospheric fronts 
in the vicinity of the ACC.

Comparing changes in dust proxy records between the Scotia 
Sea and Antarctic ice cores will also provide a detailed reconstruc-
tion of changes in the Southern Hemisphere westerlies on millen-
nial and orbital timescales for the last 800 ky. Extending the ocean 
dust record beyond the last 800 ky will help to evaluate climate-dust 
couplings since the Pliocene, the potential role of dust in iron fertil-
ization and atmospheric CO2 drawdown during glacials, and 
whether dust input to Antarctica played a role in the mid-Pleisto-
cene transition.

The principal scientific objective of the South Falkland Slope 
sites to the north is to reconstruct and understand how ocean circu-
lation and intermediate water formation responds to changes in cli-
mate with a special focus on the connectivity between the Atlantic 
and Pacific basins. The South Falkland Slope Drift, a contourite 
drift on the Falkland margin deposited between 400 and 2000 m wa-
ter depth, is ideally situated to monitor millennial- to orbital-scale 
variability in the export of Antarctic Intermediate Water beneath 
the Subantarctic Front over at least the last 2 My. We anticipate that 

these sites will yield a wide array of paleoceanographic records that 
can be used to interpret past changes in the density structure of the 
Atlantic sector of the Southern Ocean and track the migration of 
the Subantarctic Front. We expect the cored sediments to capture 
the following significant climate episodes: 

• The most recent warm interglacials of the late Pleistocene;
• The mid-Pleistocene transition, when δ18O records shifted from 

dominantly 41 to 100 ky periodicity; and possibly 
• Mid-Pliocene warm intervals, often invoked as the best analog 

for possible future climate change.

Schedule for Expedition 382
International Ocean Discovery Program (IODP) Expedition 382 

is based on IODP drilling Proposals 902-Full, 902-Add, 902-Add2, 
APL 846, and APL846-Add (https://iodp.tamu.edu/science-
ops/expeditions/iceberg_alley_paleoceanography.html).

Following evaluation by the IODP Science Evaluation Panel, the 
expedition was scheduled for the R/V JOIDES Resolution, operating 
under contract with the JOIDES Resolution Science Operator 
(JRSO). At the time of publication of this Scientific Prospectus, the 
expedition is scheduled to start in Punta Arenas, Chile, on 20 
March 2019 and to end in Punta Arenas on 20 May 2019. A total of 
56 days will be available for the transit, drilling, coring, and down-
hole measurements described in this report (for the current de-
tailed schedule, see http://iodp.tamu.edu/scienceops). Further 
details about the facilities aboard the JOIDES Resolution can be 
found at http://iodp.tamu.edu/publicinfo/drillship.html.

Introduction
Several decades of research on the paleoceanography and paleo-

climatology of the Scotia Sea using short cores and remote-sensing 
data have revealed a wealth of information on late Pleistocene ice 
sheet-ocean-climate interactions. However, deep drilling is required 
to understand the evolution and sensitivity of these interactions 
over much longer timescales, in particular during periods of Earth’s 
history that were significantly warmer than today. Drilling deep 
sites in Pirie Basin and Dove Basin will allow us to decipher the geo-
logical history of the Antarctic region back to the Miocene and to 
test competing hypotheses in this important yet undersampled re-
gion. In particular, recovery of long records will improve our under-
standing of how the coupled Antarctic ice-ocean-atmosphere 
system evolved to the present state and how it behaved across major 
climate transitions and during warmer-than-present times. We will 
test whether seismic Reflectors a–d, which divide five regional 
units, relate to key changes in Antarctic Ice Sheet (AIS) and/or cli-
mate evolution. These changes could include the middle Miocene 
glacial intensification of the East Antarctic Ice Sheet (EAIS), the 
mid-Pliocene warm interval, the late Pliocene glacial enhancement 
of the West Antarctic Ice Sheet (WAIS), the Mid-Pleistocene Tran-
sition (MPT), or more recent glacial–interglacial changes. Using a 
variety of proxies and modeling approaches, the sediments recov-
ered during Expedition 382 will be used to address key topics dis-
cussed in the following sections in order of importance.

Past AIS behavior
The Scotia Sea sites are strategically located in two areas of Ice-

berg Alley, the major Antarctic gateway to lower latitudes where 
Antarctic icebergs generally exit to the Southern Ocean (Figure F1). 
3
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Weber et al. (2014) revealed that times of enhanced iceberg-rafted 
debris (IBRD) indicate times of AIS instability. Accordingly, we 
should be able to generate the first spatially integrated and long-
term reconstruction of AIS variability and its relation to sea level 
and climate change. A recent proof-of-concept study revealed that, 
at least for the late Pleistocene, sedimentation rates at these sites are 
high enough to record climate and ice sheet changes on decadal-to-
centennial timescales. The discovery that massive episodes of ice-
berg discharge begin abruptly, within decades (Weber et al., 2014), 
has fundamental implications for projections of future AIS behavior 
in a warming world. Also, expanded sea ice could enhance thermal 
isolation and AIS expansion and vice versa. In addition, IBRD prov-
enance is able to discriminate circum-Antarctic from regional AIS 
events, and sea level, ice sheet, and iceberg modeling will be used to 
improve our understanding of AIS dynamics, especially during 
warmer-than-present periods and glacial terminations.

Regional atmospheric circulation and 
dust transport 

Our two drilling areas in the Scotia Sea are located to monitor 
the history of prevailing Southern Hemisphere westerlies (SHW), 
located between Patagonian dust sources to the north and Antarctic 
ice-core dust records to the south (e.g., European Project for Ice 
Coring in Antarctica [EPICA] Community Members, 2006) (Figure 
F1). With our cores, we will reconstruct dust transport history with 
attendant implications for the SHW in more northerly (proximal) 
and southerly (distal) positions relative to the dust source. We will 
also investigate whether marine and ice-core dust proxies were cou-
pled for the last 800 ky and whether and how dust variability covar-
ied with orbital variability prior to the late Pleistocene.

Drake Passage throughflow and deep-water 
history 

The Scotia Sea sites, complemented by the South Falkland Slope 
sites, are located to reconstruct the strength of Drake Passage 
throughflow immediately east of this major geographic bottleneck 
constraining the flow of the Antarctic Circumpolar Current (ACC) 
(McCave et al., 2014). Using proxy records from these core sites, we 
should be able to identify times of stronger ACC influence (higher 
proportions of Circumpolar Deep Water [CDW]) from times of 
stronger Weddell Sea influence (higher proportions of Weddell Sea 
Bottom Water [WSBW]). Finally, because the sites stretch across 
major latitudinal ocean and atmosphere fronts, we should be able to 
reconstruct past changes in ocean productivity, sea ice extent, and 
regional wind patterns for the key periods described above, includ-
ing late Quaternary glacial–interglacial and millennial-scale cycles.

Background
Geological setting

The age of basement in the Scotia Sea has not yet been deter-
mined because of the lack of deep drilling but could be Eocene (Ea-
gles et al., 2006) or younger (Maldonado et al., 2006). For Dove 
Basin, Galindo-Zaldívar et al. (2014) provide estimated ages of 21–
24 Ma (late Oligocene to early Miocene) constrained by combined 
magnetic anomaly and 40Ar/39Ar data. For Pirie Basin, estimated 
ages range from 25 Ma (Barker et al., 2013) to 14 Ma (Galindo-
Zaldívar et al., 2006).

Five seismic units bounded by high-amplitude reflectors charac-
terize the Scotia/Antarctic plate boundary above acoustic basement 

(Maldonado et al., 2006). Seismic Units IV and V indicate depo-
sition after initial rifting and seafloor spreading (Reflector d; tenta-
tively ~14.5 Ma; Figure F2). The overlying contourite Units I–III 
were likely deposited from the interplay between the northeastward 
flowing WSBW and the westward flowing ACC.

A basin-wide unconformity (Reflector c at the base of Unit III) is 
also identified in the Weddell Sea and shows a northward pro-
gradational pattern. Tectonic movements during the middle Mio-
cene (tentatively ~12.5 Ma) opened the South Scotia Ridge gateway 
through Jane Basin (Maldonado et al., 2006) and uplifted the Shack-
leton Fracture Zone. These tectonic events likely forced the ACC to 
shift north, thereby contributing to the thermal isolation of Antarc-
tica (Martos et al., 2013). These changes could also be the cause of 
EAIS expansion and establishment of full-glacial conditions in the 
Weddell Sea (Lindeque et al., 2013).

Seismic Unit II with basal Reflector b (tentatively late Miocene; 
~6.5 Ma) represents sheeted deposits possibly related to enhanced 
erosion caused by WSBW (Martos et al., 2013) and expansion of the 
WAIS. Unit I, a contourite drift with basal Reflector a (tentatively 
Pliocene; ~3.5 Ma), represents the youngest regional sedimentary 
unit and was possibly deposited in concert with the intensification 
of Northern Hemisphere glaciation or/and postulated WAIS expan-
sion (McKay et al., 2012).

Recent seismic interpretations for Dove Basin (Pérez et al., 
2015) and Pirie Basin (Pérez et al., 2014) add Reflector a? (tenta-
tively 2.6 Ma at the Pliocene/Pleistocene boundary) in Unit I. These 
preliminary ages (Figure F2) rely mainly on Maldonado et al. (2003). 
For all depth conversions reported here, 1.6 km/s seismic velocities 
were used, relying on core measurements of 1.5 km/s near the top of 
acoustic basement (Weber et al., 2012) and on processing values of 
up to ~1.65 km/s above it. Under this assumption, Units I–V are 
100–300 m thick (Figures F3, F4), and the acoustic basement is gen-
erally observed at ~1 km subbottom depth.

The proposed sites are located in two small basins (Pirie and 
Dove Basins) of the Scotia Sea (Figures F3, F5). For Dove Basin, 
three seismic lines indicate a basin-like structure with several small-
scale ridges and continuous reflectors in the central part (Figures 
F3, F4). Primary Site SCO-14 is located along seismic Line 03/04 in 
a basinal position. Primary Site SCO-13 is located to the north 
along Line 10/04, also over the deepest part of the basin. Both sites 
provide the best compromise between relatively thick and least dis-
turbed strata for Dove Basin. Alternate Site SCO-15 is located at the 
crossing of Lines 10/04 and 03/04 in a more marginal position. Al-
ternate Site SCO-18 is located in the north of Dove Basin along Line 
07/04. Available groundtruth data for Dove Basin comes from shal-
low sediment Core MD07-3134 (Weber et al., 2012) for the upper 
59 meters below seafloor (mbsf).

In Pirie Basin, east–west running seismic Lines 13/13 and 11/08 
indicate a north–south oriented basin (Figures F5, F6). Drilling in 
Pirie Basin should retrieve structurally intact and thick Plio–Pleis-
tocene deposits. Accordingly, proposed Sites SCO-17 and SCO-11, 
both with relatively thick and planar strata of seismic Units I and II 
in the center of the small basin, were chosen as primary sites. Alter-
nate Site SCO-01 (MD07-3133) is located west of Site SCO-11. Al-
ternate Site SCO-19 is even farther west at the margin of the basin, 
at the crossing of Lines 13/13 and 11/13. North–south running Line 
11/13 crosses the basin at the western perimeter with alternate Site 
SCO-12 to the south, near Site SCO-16.

Expedition 382 will also drill two sites on the South Falklands 
Slope: Sites SFSD-02 and SFSD-03. The sediments targeted are part 
of a regional contourite drift largely composed of clay with silty 
4
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horizons and deposited beneath the Subantarctic Front along the 
southern flank of the Falkland Plateau. The South Falkland Slope 
Drift comprises four sediment packages that exhibit a parallel to 
subparallel stratigraphy with internal unconformities and overlie a 
prominent unconformity representing the base of the drift. Koenitz 
et al. (2008) suggest that these four units were likely deposited un-
der different oceanographic and climatic boundary conditions that 
occurred since the deep opening of Drake Passage and consequen-
tial onset of deep ACC flow in the early Miocene.

Site survey data
Seismic and bathymetric surveys have been conducted by a 

number of Spanish cruises since 1992 (the Scotia Antarctica 
[SCAN] expeditions). For Dove Basin, data was used from Expedi-
tions SCAN 2001, SCAN 2004, and SCAN 2008 (Figures F3, F4); 
for Pirie Basin, data was used from Expeditions SCAN 2001, SCAN 
2008, and SCAN 2013 (Figures F5, F7); and for Jane Basin, data was 
used from Expedition SCAN and legacy seismic Line BRA790 was 
reprocessed and used. The track lines and shot points for each seis-
mic line are indicated in Figures F3 and F5.

Multichannel seismic data was acquired by the R/V Hesperides
for seismic Lines SM06, 03/04, 07/04, 10/04, and 11/08 (Sites SCO-
13 through SCO-18 and SCO-21). The survey was carried out with 
a tuned array of six Bolt air guns with a total volume of 15.26 L, a 
96-channel streamer with an active length of 2.4 km, and a shot in-
terval of 50 m. Multichannel seismic data were recorded with a DFS 
V digital system and sampling record intervals of 2 ms and 10 s. The 
seismic data fold was 24. The seismic signals were acquired in SEGY 
format with the Delph Seismic Plus software. Data were processed 
with a standard protocol using ProMax 2D software, version 
2003.3.2, including velocity analyses, stacking, deconvolution, filter-
ing, migrating, and plotting. Seisee software was used for better dis-
play of the seismic data.

For seismic Lines 11/13 and 13/13 (Sites SCO-01, SCO-11, 
SCO-12, and SCO-19), seismic profiles were collected in 2013 with 
a high-resolution system composed of a seismic source, a streamer, 
and an acquisition system. A cluster of two air guns (255 + 265 ci) 
was used, with the guns separated by 1 m and deployed at 4–5 m 
water depth. Shot interval was 30 m. Two Hamworthy compressors 
provided 314 m3/h of air at 140 bar. The streamer had three active 
sections of 50 m each, with forty hydrophones in each active sec-
tion. The seismic signals were acquired in SEGY format with the 
Delph Seismic Plus software. Postprocessing was executed by using 
RadExPro and HotShot software and applying the following se-
quence: reading of raw data, trace georeferencing by considering the 
acquisition geometry, three-channel stacking and generation of pre-
processed SEGY files, notch filter (50 Hz) and bandpass filtering, 
time-variant gain, water column muting, trace resampling, and gen-
eration of reprocessed SEGY. Seisee software was also used for post-
processing and better display of the seismic data.

The multibeam system Simrad EM 120 was used to the collect 
bathymetric data. The system works at a frequency of 12 kHz, can 
operate in 20–11,000 m water depth, and has a vertical resolution of 
10–40 cm. The sampling frequency is 2 kHz, and the maximum 
emission rate is 5 Hz. The system uses 191 beams at an opening an-
gle of the swath system of 120°–50°, resulting in a 3.5–5× coverage 
of the water depth.

The bathymetric data was processed with the Caris Hydro-
graphic Information Processing System, taking into account ship 
geometry and moving characteristics (pitch, roll, and yaw) and cali-
bration of sound velocity in the water column profile by deploying a 

number of expendable bathythermographs. For the bathymetric 
maps in this proposal, we used Geosoft software to create grids with 
a 50 m resolution.

For the Falklands Plateau Sites SFSD-02 and SFSD-03Y, high-
quality seismic reflection profiles were acquired by Geco-Prakla 
(now WesternGeco) in 1993. These profiles demonstrate the simple 
structural setting of this contourite deposit (Figure F8). The South 
Falkland Slope Drift comprises four sediment units (1A, 1B, 2A, and 
2B; oldest to youngest) slightly offset from each other (Koenitz et al., 
2008) (Figure F9). Both primary sites (SFSD-02A and SFSD-03A) 
are located along seismic Line SGF193_107, which runs east–west 
through the South Falkland Slope Drift. Site SFSD-02 (830 m water 
depth) is close to the intersection of Line SGF193_166 and targets 
the most expanded section of sediment Unit 2A. Site SFSD-03 (780 
m water depth), ~4 nmi to the west, targets the most expanded sec-
tions of Units 2B and 1B. Depending on refusal depth, this site may 
also recover the uppermost section of Unit 1A.

The supporting site survey data for Expedition 382 are ar-
chived at the IODP Site Survey Data Bank (https://ssdb.iodp.org/ 
SSDBquery/SSDBquery.php; select P902 for proposal number).

Scientific objectives
Reconstructing history of AIS growth and decay

Marine IBRD records provide a nearly continuous history of 
variability in ice sheet mass loss. The majority of large icebergs (>5 
km long) that calve from the AIS margin (Stuart and Long, 2011) are 
routed through Iceberg Alley after traveling counterclockwise 
around Antarctica in the ACC (Figure F1). Melt rates increase when 
icebergs reach the warmer ACC in our study area (Silva et al., 2006). 
Because icebergs currently account for ~50% of the total AIS mass 
loss (Gladstone et al., 2001), the Scotia Sea IBRD record will, for the 
first time, capture a spatially integrated signal that is representative 
of variability in the flux of icebergs released by the AIS over million-
year timescales.

IBRD records of the last deglaciation demonstrate the outstand-
ing opportunity for developing well-dated, long records of AIS dis-
charge history. Based on X-radiograph counts, Weber et al. (2014) 
identified eight events of increased AIS discharge (AID1–AID8; 
Figure F10) that occurred between 19 and 9 ka. These records pro-
vide the first robust evidence for centennial- to millennial-scale 
variability in deglacial mass loss from the AIS. Specifically, AID6 
(~15–13.9 ka) has the largest IBRD flux, peaking at 14.76–14.4 ka, 
synchronous with the timing (14.65–14.31 ka) and duration (340 y) 
of Meltwater Pulse 1A (MWP-1A) (Deschamps et al., 2012), provid-
ing the first direct evidence for an Antarctic contribution to MWP-
1A.

This interpretation is supported by novel modeling and ice-core 
studies (Fogwill et al., 2017; Golledge et al., 2014) but is in marked 
contrast to reconstructions arguing for a minor and later (after ~14 
ka) AIS retreat (e.g., Bentley et al., 2010; Conway et al., 1999; Mack-
intosh et al., 2011, 2014; Peltier, 2004). However, those studies rely 
on temporally and geographically restricted terrestrial and shallow-
marine near-field sequences (Anderson et al., 2014; Heroy and An-
derson, 2007; Hillenbrand et al., 2013).

The contribution of the AIS to past sea level change remains 
poorly constrained, yet it is important for assessing the sensitivity of 
the AIS to climate change and its contribution to future sea level 
rise (Church et al., 2013). Thus, large uncertainties remain in our 
understanding of the interactions between the AIS, Southern and 
Northern Hemisphere climate, and global sea level. Studying the in-
5
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tegrated variability in AIS volume through critical periods of Earth’s 
history has the potential to substantially advance our knowledge on 
several fronts. Even for the mid-to-late Holocene, a time of relative 
AIS stability, the IBRD record from Iceberg Alley reveals substantial 
decadal- to centennial-scale variations in ice mass loss that have far-
field effects and significant implications on the future AIS develop-
ment (Bakker et al., 2016).

In this context, can we confirm a mid-Miocene EAIS glacial in-
tensification? This change could be associated with Reflector c, the 
widespread discontinuity believed to mark the onset of WSBW in 
the Scotia Sea (Pérez et al., 2015) and the transition to full glacial 
conditions in the Weddell Sea (Lindeque et al., 2013) (Figure F2). 
Can we confirm AIS expansion and cooling during the late Pliocene 
as reconstructed for the WAIS (McKay et al., 2012)? This event 
could be associated with Reflector a. Can we identify significant 
WAIS volume changes during mid-Pliocene warm intervals (Naish 
et al., 2009)? What does the iceberg flux tell us about the size of the 
AIS during warm periods (e.g., the mid-Miocene climate optimum 
and the mid-Pliocene warming)? Also, there are still no firm con-
straints on the AIS contribution to sea level high stands during pre-
vious warm periods (Masson-Delmotte et al., 2013). Is the AIS 
involved in the MPT, and if so, will we observe abrupt or gradual 
changes in IBRD flux? How similar are previous glacial termina-
tions to the last deglaciation? Does the more northerly Pirie Basin 
contain a higher percentage of WAIS icebergs that escaped the gen-
erally clockwise circulation around Antarctica and instead were 
routed through Drake Passage? Can we link the delivery of icebergs 
to Milankovitch orbital cycles, and how do these patterns evolve 
with time?

IBRD records will be produced from both grain-size measure-
ments and X-radiography to identify periods of enhanced AIS mass 
loss throughout the record. To simulate dynamics and changes in 
volume associated with circum-AIS instabilities, we will use the 
Potsdam Parallel Ice Sheet Model, which accounts for stress bound-
ary conditions and mass transport parameterization at the ice mar-
gin by enabling calving-front movement (Levermann et al., 2012; 
Winkelmann et al., 2012).

Chronology and climate-dust couplings
We will follow the approach of Cody et al. (2008) to establish a 

coherent low-resolution chronology by combining diatom biostrati-
graphy, magnetostratigraphy, and tephrostratigraphy. Also, oxygen 
isotopes (δ18O) on biogenic silica (Collins et al., 2012) should help 
constrain the timing and related changes in global ice volume and 
deep-ocean circulation. Sediment physical and optical properties 
and X-ray fluorescence (XRF) scanner data will be used for orbital 
tuning and identification of tephra layers, followed by microscopic 
identification and 40Ar/39Ar dating. Prominent sources of ash layers 
are located to the west (e.g., Deception Island; Moreton and Smellie, 
1998).

In addition to measuring the magnetic reversal history (Stoner 
et al., 2003, 2002), relative paleointensity offers the potential for 
suborbital magnetic stratigraphy between polarity boundaries 
(Channell et al., 2009; Stoner et al., 2000; Valet, 2003; Valet et al., 
2005; Ziegler et al., 2011). We will test the dust chronology hypoth-
esis in the younger sections, and calibration of paleointensity with 
the dust/ice-core chronology could potentially be exported to the 
sedimentary record beyond the Southern Ocean (Channell et al., 
2016). A better understanding of magnetic susceptibility should be 

derived through particle-size specific (magnetic) measurements 
(Hatfield and Stoner, 2013; Hatfield et al., 2013).

Correlating dust proxies such as magnetic susceptibility, Ca, and 
Fe to the Antarctic ice-core dust flux (Weber et al., 2012) should 
provide high-resolution chronological control at least for the Pleis-
tocene and allow us to reconstruct atmospheric circulation (Figure 
F11). The correlation of marine dust records to well-dated ice-core 
dust records has been a major step forward in developing Southern 
Ocean chronologies for the Subantarctic Pacific (Lamy et al., 2014), 
the Subantarctic Atlantic (Martínez-Garcia et al., 2011, 2014; An-
derson et al. 2004), and the Scotia Sea (Weber et al., 2012) because 
dust deposition is thought to be coherent and synchronous across 
much of the Southern Ocean and the AIS. Age models developed 
for Cores MD07-3133 and MD07-3134 follow this strategy by syn-
chronizing marine dust proxies (magnetic susceptibility and XRF-
based counts of Ca and Fe) to ice-core dust proxies (e.g., non–sea 
salt Ca fluxes) (McCave et al., 2014; Pugh et al., 2009; Weber et al., 
2012) (Figure F11), revealing high sedimentation rates (0.2–
2 m/ky).

We will use this strategy for the past 800 ky (length of ice-core 
records) and evaluate the robustness of the strategy used by 
Martínez-Garcia et al. (2011), who correlated ocean dust proxies to 
the LR04 stack (Lisiecki and Raymo, 2005) (Figure F11) back to the 
base of the Pleistocene. Biostratigraphy, magnetostratigraphy, and 
tephrostratigraphy will all be used.

Martínez-Garcia et al. (2011) suggested that dust plays a major 
role in intensification of Northern Hemisphere glaciation since the 
mid-Pliocene, with a distinct and abrupt increase at the start of the 
MPT at 1.25 Ma. They posited an important role for dust in the sub-
sequent intensification of glaciations (see also Rodríguez-Sanza et 
al., 2012). In contrast, Elderfield et al. (2012) inferred an abrupt in-
crease in AIS volume at ~900 ka attributed to the onset of the MPT. 
Finally, Raymo et al. (2006) proposed that the MPT was associated 
with the establishment of largely marine based ice margins around 
Antarctica. In any of these scenarios, drilling the Scotia Sea sites 
will provide a unique opportunity to address iceberg-dust-climate 
interactions and their possible role in AIS behavior, as well as help 
evaluate the role of dust in the evolution of Plio–Pleistocene glacial 
cycles and iron fertilization with glacial CO2 drawdown (Martínez-
Garcia et al., 2011, 2014).

Relative paleointensity and magnetic reversal determinations 
will be used in tandem to obtain further age control for the younger 
sections. Paleointensity has proven to work in the Southern Hemi-
sphere (Channell et al., 2000; Mazaud et al., 2002; Stoner et al., 2003, 
2002) and on the Antarctic margin (Guyodo et al., 2001; Sagnotti et 
al., 2001). The paleointensity record is dated by correlation to the 
LR04 stack for at least the last 2.2 My (NARPI-2200, Channell et al., 
2016; PISO-1500, Channell et al., 2009; SINT-2000, Valet et al., 
2005; PDAM2M, Ziegler et al., 2011) and to 3 Ma (EPAPIS, Ya-
mazaki and Oda, 2005), based on tuning of rock magnetic variables 
to LR04 and other δ18O records (e.g., Tian et al., 2002).

AIS mass loss and regional-to-global sea 
level change

Sea level changes originating from the AIS show a complex spa-
tial variability that is sensitive to the geometry and timescale of 
mass loss. For example, a rapid mass loss causes local sea level fall 
adjacent to the former ice source, a fall that can be an order of mag-
nitude greater than the associated globally averaged (eustatic) sea 
level rise. At progressively greater distances from the region of mass 
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loss, the amplitude of sea level rise increases, peaking at ~30% above 
eustatic in the far field. Thus, any rapid AIS mass loss would drive a 
local, large-amplitude sea level fall that may stabilize the ice sheet to 
further retreat (Gomez et al., 2010, 2013). In contrast, rapid mass 
loss from Northern Hemisphere ice sheets will lead to a sea level 
rise adjacent to the AIS, with a strong geographic gradient and max-
imum amplitudes in the Atlantic sector (Figure F12C, F12D). This 
far-field sea level rise will impact AIS stability, and the gradient will 
make the Atlantic sector particularly susceptible to collapse (Clark 
et al., 2002; Weber et al., 2011).

The peak IBRD flux of AID6 corresponds to the time of MWP-
1A (Figure F10), with a six-fold increase in flux relative to the Holo-
cene steady state average. This peak flux suggests that the IBRD re-
cord of Iceberg Alley may provide a proxy for the relative amount of 
mass released by the AIS and its associated contribution to global 
sea level rise for other times in the late Neogene. Through develop-
ment of long IBRD records from Iceberg Alley, we will evaluate 
whether meltwater pulses occurred and use sea level calculations to 
assess their possible contribution to global sea level and the possible 
role of regional sea level in modulating AIS mass loss.

For past warm periods (e.g., marine isotopic Stages [MIS] 5.5, 
11, and 31) it would be of specific interest to identify the source and 
relative timing of AIS lost mass. For instance, was there a late sea 
level highstand during MIS 5.5 (O’Leary et al., 2013)? Is there phys-
ical evidence for an AIS trigger? Investigations will be accompanied 
by deglacial simulations for iceberg transport around Antarctica, fo-
cusing on the last two deglaciations (e.g., Siddall et al., 2006) and 
warmer-than-present periods (e.g., MIS 31, 11.3, 9.3, and 5.5) to 
better understand high-latitude climate processes and AIS dynam-
ics and their impact on sea level.

To explore the impact of ice-mass changes on sea level in the 
near and far field, we will adopt a state-of-the-art sea level model 
that incorporates all deformational, gravitational, and rotational ef-
fects of glacial isostatic adjustment (Kendall et al., 2005). This 
model also takes account of shoreline migration associated with lo-
cal onlap/offlap of water and changes in the extent of grounded, ma-
rine-based ice. Sensitivity studies will be performed using Maxwell 
viscoelastic Earth models in which Earth’s structure varies with 
depth through the lithosphere. We will also perform calculations in-
corporating lateral variations in viscosity structure using a finite el-
ement numerical model (Latychev et al., 2005). This model may be 
particularly important given seismic inferences of large differences 
in mantle structure below the WAIS and EAIS (Danesi and Morelli, 
2001) and its impact on dynamic topography (Austermann et al., 
2015).

Water mass changes and ocean thermal forcing
The Southern Ocean plays an important role in the Atlantic Me-

ridional Overturning Circulation (AMOC) because it controls, 
through upwelling, the rate of heat and carbon exchange with the 
surface (Marshall and Speer, 2012), which is a major driver of cli-
mate change. This interhemispheric teleconnection shows that a re-
duction in the AMOC and attendant decrease in northward heat 
transport leads to warming of the Southern Hemisphere and to 
changes in the relative contributions of North Atlantic Deep Water 
(NADW) to Antarctic Bottom Water (AABW) and WSBW, as well 
as the amount of CDW that is formed through mixing. Our goal is 
to study the changes in water mass properties that lead to atmo-
spheric and oceanic reorganizations and associated changes in wind 
fields, sea ice, marine productivity, atmospheric CO2, surface ocean 
and atmosphere temperatures, and AIS mass loss.

The radiogenic isotope composition of authigenic neodymium 
(εNd) provides important information on past changes in deep-water 
mixing (e.g., Rutberg et al., 2000; Goldstein and Hemming, 2003; 
Gutjahr et al., 2008; Piotrowski et al., 2004, 2005, 2008; Scher and 
Martin, 2006; van de Flierdt et al., 2006a; Pena and Goldstein, 2014). 
The isotopic signal of seawater-derived εNd will be separated from 
other sedimentary components following the method of Gutjahr et 
al. (2007), using the method of Roberts et al. (2010 and 2012) if we 
have carbonates, and, where possible, from fish teeth (e.g., Martin 
and Scher, 2004) or discrete ferromanganese nodules or carbonate 
constituents to ensure seawater origin. Recent water-column mea-
surements resolved the modern spatial εNd variability in the Drake 
Passage (Stichel et al., 2012).

Based on van de Flierdt et al. (2006b) and Robinson and van de 
Flierdt (2009), CDW was very likely much more radiogenic (higher 
εNd) during glacials because of lower admixing of NADW relative to 
CDW (Piotrowski et al., 2004, 2005, 2008). In combination with 
modeling efforts, we will (1) assess past changes in water mass com-
position using authigenic neodymium isotopes to test the ocean 
thermal forcing hypothesis for previous terminations (Böhm et al., 
2015) and (2) test whether changes in NADW, CDW, and WSBW 
(Pérez et al., 2015) are associated with the formation of Reflectors a, 
b, and c.

Given the importance of ocean thermal forcing to the dynamics 
of AIS marine margins and grounding lines, we will also evaluate 
the relationship between sea-surface temperature (SST) and IBRD 
flux. Because the alkenone unsaturation index (Uk'

37) is likely not ap-
plicable (Shevenell et al., 2011), we will extract isoprenoid and 
branched glycerol diether glycerol tetraether (GDGT) lipids to mea-
sure the TEX86 ratio (Schouten et al., 2002) and convert it to SST 
using published calibrations (e.g., Kim et al., 2008).

Provenance studies
Identifying the regional sources of individual IBRD events is 

crucial to assess past AIS evolution. In particular, does the IBRD 
signal at any given time reflect an ice sheet wide contribution, or 
were different iceberg discharges associated with specific sectors of 
the AIS? The diverse geology of the Weddell embayment and East 
Antarctica provides distinct isotope geochemical sources that will 
be distinguished in IBRD and the fine sediment fraction. For exam-
ple, the 40Ar/39Ar age of a single hornblende (or mica) IBRD grain 
allows it to be traced to a source on the continent with a similar 
40Ar/39Ar age, and a population of ~30 hornblende grains should 
show which sources are most actively exporting debris in icebergs, 
which is information critical to reconstructing the past history of 
the AIS (e.g., Roy et al., 2007; Williams et al., 2010; Pierce et al., 
2011, 2014). Similarly, Pb-Pb and 40Ar/39Ar in feldspars (e.g., Hem-
ming and Rasbury, 2000; Flowerdew et al., 2013), U-Pb in zircons 
(e.g., Pierce et al., 2014), and other thermochronometers (e.g., re-
viewed in Licht and Hemming, 2017) can distinguish input from 
different source areas. Combining these mineral tracers should lead 
to more accurate identification of provenance and hence the spatial 
history of AIS glaciation.

The provenance of glacially eroded fine sediment will also be as-
sessed using radiogenic isotope systems. For example, Sm-Nd iso-
topes, which reflect the “crustal extraction” bedrock age (e.g., 
Goldstein et al. 1984) have been widely used for AIS provenance 
studies (e.g., Basile et al., 1997; Roy et al., 2007; Hemming et al., 
2007; Pierce et al., 2011; Cook et al., 2013; Farmer et al., 2006). Re-
cent studies on the Wilkes Land margin (Cook et al., 2013), for in-
stance, indicate extensive EAIS retreat that might have contributed 
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to the mid-Pliocene sea level high stand. Overall, East and West 
Antarctic bedrock have distinctly different Nd isotopic composi-
tions, so Sm-Nd isotope results should be able to gauge the balance 
of sediment input between East and West Antarctica. Although 
there is some overlap between the radiogenic isotopes from East 
and West Antarctica (Farmer et al., 2006; Roy et al., 2007; van de 
Flierdt et al., 2007; Hemming et al., 2007), broadly there is consider-
ably older crust (and thus lower εNd and εHf and higher 87Sr/86Sr from 
East Antarctic sources). In some cases, the provenance information 
from the sand fraction and the fine fraction can provide contrasting 
evidence (e.g., Cook et al., 2017; Pierce et al., 2017; Licht and Hem-
ming, 2017), so it is important to examine both. Other geochemical 
tracers, especially radiogenic isotopes systems such Rb-Sr, U-Th-Pb, 
Lu-Hf, and K-Ar are likely to provide greater clarity in the assess-
ment of mixing from difference sources.

Finally, provenance studies may help to resolve a longstanding 
issue by constraining the source of the high sea level during MIS 5, 
which was 5–9 m higher than today (Dutton and Lambeck, 2012; 
Kopp et al., 2009; O’Leary et al., 2013). Greenland contributed from 
1 to 4 m (Colville et al., 2011; NEEM Community Members, 2013), 
implying an additional contribution from the AIS (Masson-Del-
motte et al., 2013). Although the WAIS is commonly invoked as the 
most likely source, no data support this assumption, and additional 
sources from the EAIS should also be considered, particularly with 
the growing recognition that it also has substantial areas of marine-
based ice (Cook et al., 2013; Vaughan et al., 2013) that may play an 
increasing role in future AIS mass loss and global sea level scenarios 
(Mengel and Levermann, 2014).

Glacial–interglacial sea ice shifts and the 
carbon cycle

Changes in sea ice extent influences the flux of heat and carbon 
between the deep ocean and the atmosphere (Schmitt et al., 2012) 
and the degree of primary production (Anderson et al., 2009). Sea 
ice is recognized as an important amplifier of high-latitude climate 
anomalies, and of particular interest is the role of sea ice variability 
on glacial–interglacial climate. Expanded Antarctic sea ice during 
glacials increases export of AABW/WSBW and limits mixing and 
ventilation of the deep ocean, possibly causing ~20% to ~60% of the 
glacial–interglacial CO2 change according to carbon cycle models 
(Ferrari et al., 2014; Sigman et al., 2010; Stephens and Keeling, 
2000). However, there are few proxy constraints to test these mod-
els, and large uncertainties remain. Little is known about the areal 
extent and duration of summer and winter sea ice during previous 
glacials and interglacials. Similarly, the primary controls on chang-
ing sea ice distribution and associated feedbacks are also poorly 
constrained. In combination with modeling efforts, seasonal sea ice 
changes will be investigated over multiple glacial cycles to help shed 
light on the processes that cause changes in ocean circulation, ven-
tilation, and CO2 sequestration.

We hypothesize that changes in Antarctic winter and summer 
sea ice extent are driven by migration of the SHW and fluxes of gla-
cial meltwater to the surface ocean. The sea salt Na+ flux record of 
the EPICA Dronning Maud Land (EDML) ice core suggests that sea 
ice extent underwent large fluctuations during the last deglaciation 
(Wolff et al., 2006) (Figure F10E), which have been simulated by 
modeling studies (Menviel et al., 2011). Similarly, models suggest 
that ocean thermal forcing during the last deglaciation induced in-
creased freshwater at the onset of MWP-1A (Figure F12), causing 
consecutive sea ice expansion during the Antarctic Cold Reversal 
and retreat thereafter at the begin of the Younger Dryas (Fogwill et 

al., submitted; Weber et al., 2014). Based on findings for the last gla-
cial (Allen et al., 2011; Collins et al., 2013), we hypothesize that pre-
vious glacial expansions of summer and winter sea ice in the Scotia 
Sea will reach their maximum extents at ~59° and ~55°S, respec-
tively.

Fogwill et al. (2014) modeled a 9° poleward shift of the SHW and 
a 0.2°–0.9°C warming in the upper 500 m of the subpolar gyres that 
persisted for millennia during deglaciation. Associated AIS draw-
down might also have induced large-scale sea ice expansion and 
IBRD increase (Fogwill et al., 2017). Reconstructing these Antarctic 
sea ice conditions and dust-climate couplings will provide much 
needed empirical data to assess whether changes in sea ice cover are 
driven by the position of the southern SHW and/or flux of glacial 
meltwater.

The Scotia Sea sites are ideally located to record past variations 
in both summer and winter sea ice boundaries (Figures F1, F13B). 
We will use diatom assemblages (Allen et al., 2011) and a new bio-
marker-based method that uses highly branched isoprenoids (HBI) 
(Collins et al., 2013). For sea ice, biomarker IP25, a monounsaturated 
HBI biomarker derived from sea ice diatoms, has been successfully 
used to reconstruct sea ice conditions in Arctic regions for Quater-
nary to Pliocene timescales (Belt et al., 2007; Belt and Müller, 2013; 
Müller et al., 2009; Stein and Fahl, 2013). HBI has been used as a 
corresponding proxy for seasonal sea ice in the Southern Ocean 
(Massé et al., 2011). Importantly, the source organism of HBI, 
Berkeleya adeliensis, has now been identified (Belt et al., 2016). B. 
adeliensis is endemic to Antarctic sea ice only and has been named 
IPSO25. Because B. adeliensis flourishes in platelet ice, its sedimen-
tary abundance is sensitive to nearby glacial or ice-shelf settings, 
likely explaining its occurrence in glacial Scotia Sea sediment (Col-
lins et al., 2013). Also, Belt et al. (2015) and Smik et al. (2016) 
demonstrated enhanced production of a different HBI biomarker in 
a retreating ice edge environment. Combined analysis of IPSO25
with other HBIs should therefore provide insights into seasonal sea 
ice dynamics.

Analysis of sea ice diatoms (Fragiliariopsis curta, Fragiliariopsis 
cylindrus, and Fragiliariopsis obliquecostata) (Gersonde and Ziel-
inski, 2000) has also been successfully used to reconstruct Pleisto-
cene sea ice extent in the Southern Ocean (Allen et al., 2011; 
Gersonde et al., 2005), and the same approach will be implemented 
here to complement the HBI analysis.

Both methods were applied to piston cores along north–south 
transects, with the Scotia Sea sites in the center and the South Falk-
land Slope sites to the north (Figure F13A), to determine the pres-
ence/absence of permanent and/or seasonal sea ice, the position of 
the marginal ice zone, and associated wind mixing and ocean strati-
fication for the last 60 ky (Figure F13B). We will apply these same 
methods to older intervals. To further strengthen our investigation 
of the silica inventory, we will also include δ30Si and δ18O studies on 
diatoms.

Reconstructions of sea ice and paleotemperature will be accom-
panied by transient climate model simulations (e.g., Timmermann 
et al., 2014). To study Southern Hemisphere climate changes 
throughout past glacial–interglacial cycles, the global Earth system 
model, LOVECLIM (Menviel et al., 2008, 2010; Timmermann et al., 
2009), will be used, based on a dynamical atmosphere coupled to an 
ocean general circulation model and dynamic/thermodynamic sea 
ice and diagnostic vegetation models. This model has been used to 
simulate the transient evolution of the past four glacial–interglacial 
cycles (Timmermann et al., 2014). Numerical experiments are also 
underway with the Pennsylvania State University AIS model (Pol-
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lard and De Conto, 2009), forced by the LOVECLIM transient 
model output of the past 408 ky, which will allow future investiga-
tions of climate–ice sheet interactions on orbital timescales and 
comparisons with paleoproxy data generated with Iceberg Alley 
drill cores. Climate–ice sheet interactions can also be studied with 
the Consortium for Small Scale Modeling (COSMOS) climate 
model, a state-of-the art comprehensive coupled general circulation 
model that has been extensively used to study past climate (Knorr et 
al., 2011; Wei et al., 2012; Zhang et al., 2013). The COSMOS model 
is now coupled to an ice sheet model that includes ice-shelf and 
grounding-line dynamics (Barbi et al., 2013; Thoma et al., 2014).

ACC flow speed reconstruction
The SHW are crucial for the Drake Passage throughflow (e.g., 

Marshall and Speer, 2012; Toggweiler and Samuels, 1995), atmo-
spheric CO2 release (Denton et al., 2010; Lamy et al., 2007; Sigman 
and Boyle, 2000), and paleoproductivity (Anderson et al., 2009; 
Lamy et al., 2014; Roberts et al., 2016; Sprenk et al., 2013). For the 
last glaciation, a northward shift or extension of SST gradients and 
oceanic fronts is suggested for the Southeast Pacific (Lamy et al., 
2007; Moreno et al., 1999), the South Atlantic (e.g., Barker et al., 
2009; Park and Latif, 2008), and the Southwest Pacific/Indian Ocean 
region (e.g., De Deckker et al., 2012; Lorrey et al., 2012). Modeling 
studies suggest a reduction of ACC transport volume during glacial 
stages and an increase during glacial terminations (Knorr and 
Lohmann, 2003, 2007), during which the ACC and associated fronts 
shifted south.

Based on grain size analyses on 12 cores from a north–south 
transect across the Scotia Sea (Figure F13), McCave et al. (2014) ex-
amined the frontal system of the ACC and concluded that during 
the Last Glacial Maximum (LGM), near-bottom current velocities 
were essentially the same as they are today, except for the sea ice 
zone south of ~56°S where they were slower (Figure F13A). Recent 
study found a glacial reduction and millennia-timescale variability 
in the ACC throughflow (Lamy et al., 2018). Our drill sites are lo-
cated in the southern half of this transect (Figure F1). Using a simi-
lar methodology, we will reconstruct paleocurrents to evaluate the 
long-term evolution of current speeds in the ACC and whether 
changes in Drake Passage throughflow and shifts in frontal systems 
are associated with the seismic units and occurred on glacial–inter-
glacial and/or millennial timescales. Analyses will be made in con-
junction with modeling efforts and compared to other Southern 
Ocean regions.

Drilling in more southerly Dove Basin should also provide in-
sights into the evolution of the WSBW overflow through the Or-
kney Passage. As a working hypothesis, this process could have 
started with Reflector c during the mid-Miocene and strengthened 
after Reflector a during the late Pliocene, according to Maldonado 
et al. (2006). Both Dove Basin and isolated basins in the South Sco-
tia Ridge show complex contourite systems (Maldonado et al., 
2003). Could this imply that Dove Basin was generally more domi-
nated by WSBW, whereas Pirie Basin was under higher influence of 
CDW? Today, WSBW flows northwest at relatively high speed (≤0.6 
m/s) at the southern limit of Dove Basin (Naveira Garabato et al., 
2002).

Plio–Pleistocene ice age climate cycles and 
underlying causes

The global cooling trend (Figure F11C) observed over the last 
3–5 My, with the initiation of Northern Hemisphere glaciation at 

~2.6 Ma, has been attributed to the interplay of changes in orbital 
configuration (Lisiecki and Raymo, 2005), CO2 decrease (Lunt et al., 
2008; Raymo et al., 1988), tectonic development (Cane and Molnar, 
2001; Raymo et al., 1988), intensification of Antarctic glaciation 
(McKay et al., 2012), and the emergence of the cold tongue in the 
Eastern Equatorial Pacific (Martínez-Garcia et al., 2010). Prevalent 
theories for subsequent glacial–interglacial changes propose that 
fluctuations in global ice volume are caused by variations in the 
amount of insolation received at critical latitudes and seasons due 
to variations in Earth’s orbital parameters. In particular, it is widely 
agreed that variations in ice volume over the last 700,000 years at 
the precessional (~23 ky) and obliquity (41 ky) frequencies are di-
rectly forced by and coherent with Northern Hemisphere summer 
insolation, whereas the ~100 ky eccentricity component of the ice 
age cycle results from nonlinear amplification mechanisms (e.g., 
Abe-Ouchi et al., 2013; Imbrie et al., 1993, 1992). However, during 
the late Pliocene–early Pleistocene interval from ~3 to 1 Ma, only 
weak variance at 100 and 23 ky periods is observed in proxy ice-vol-
ume records such as benthic δ18O (e.g., Raymo and Nisancioglu, 
2003). Instead, the records are dominated by the 41 ky obliquity cy-
cle (Figure F11C). So why is there no strong precessional signal as 
predicted by the Milankovitch model?

Hypotheses presented to explain this conundrum point to the 
Southern Hemisphere and its important role in contributing to the 
observed global climate signal (Huybers and Denton, 2008; Raymo 
et al., 2006; Raymo and Nisancioglu, 2003). However, there are only 
a few records from the Southern Ocean (e.g., Ocean Drilling Pro-
gram [ODP] Site 1090; Martínez-Garcia et al., 2011), East Antarc-
tica (e.g., IODP Site U1356 from Wilkes Land; Cook et al., 2013; 
Patterson et al., 2014) and West Antarctica (e.g., ANDRILLL AND-
1B core; McKay et al., 2012) available to test these various hypothe-
ses. For instance, McKay et al. (2012) suggested that the intensifica-
tion of Antarctic cooling strengthened SHW, invigorated 
circulation in the Southern Ocean, reduced the AMOC, and 
thereby contributed to Northern Hemisphere glaciation. On the 
other hand, Raymo et al. (2006) proposed that the precession cycle 
should be obvious in Antarctic ice-volume variations prior to the 
MPT but is absent in globally integrated records such as δ18O be-
cause precession is out of phase between the Northern and South-
ern Hemisphere ice sheets. Because our proposed sites are located 
in a key region to reconstruct the evolution of the Southern Ocean 
and AIS, the climate and ice sheet signals we find should help in 
solving this Neogene puzzle.

Scientific objectives for the South Falkland 
slope sites

Cores from the South Falkland Slope sites will allow us to extend 
reconstructions of Antarctic Intermediate Water history and the 
position of the Subantarctic Front (Figure F14) to at least 1 Ma. Ex-
isting short (~7 m) cores from the South Falkland Slope demon-
strate the potential of these sediments to yield paleoceanographic 
records that document past changes in surface and intermediate 
waters (Figure F15). Deposited beneath the jet of the Subantarctic 
Front, the South Falkland Slope is sensitive to velocity changes asso-
ciated with frontal migration. Roberts et al. (2017) compared sort-
able silt records from the South Falkland Slope with records from 
Drake Passage to infer a more northerly position of the Subantarctic 
Front during the last glacial. Grain size data also suggest that the 
Subantarctic Front shifted to its current position during the deglaci-
ation, enhancing throughflow of Pacific-sourced intermediate wa-
9
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ters into the South Atlantic. Stable isotope and elemental analyses 
of benthic foraminifers in these cores were also used to reconstruct 
the history of intermediate–deep density stratification in the Atlan-
tic sector of the Southern Ocean since the LGM (Roberts et al., 
2016).

Cores recovered from proposed Sites SFSD-02 and SFSD-03 will 
enable us to better understand the role of the “cold water route” on 
millennial, orbital, and longer timescales. Suitable calcareous ben-
thic foraminifers persist in the South Falkland Slope Drift through-
out the last glacial cycle, and tuning of benthic δ18O to the LR04 
stack provides a robust age model. Extending the δ18O stratigraphy 
will provide an orbital-scale age model for the longer South Falk-
land slope records. Accurately resolving interhemispheric phasing 
will help identify interactions between the cold-water route and the 
AMOC (Barker et al., 2011). In addition, new records from the 
South Falkland Slope will complement the “warm route”/Agulhas 
leakage records of the Southeast Atlantic (e.g., Marino et al., 2013; 
Martínez-Méndez et al., 2010; Peeters et al., 2004), as well as the re-
cords generated from ODP Leg 177 (e.g., Caley et al., 2013; 
Martínez-Garcia et al., 2011) and emerging records from IODP Ex-
pedition 361.

Additional objectives include providing the first long-term ma-
rine perspective on the Pleistocene evolution of the Patagonian Ice 
Sheet and its interactions with the Southwest Atlantic and generat-
ing the first long-term SST records from the subantarctic Southwest 
Atlantic.

Broader implications
Drilling at our proposed sites will provide an outstanding op-

portunity to understand late Neogene AIS variability, to identify re-
gional sources of ice mass loss, and to deliver an important 
historical context for future projections of AIS behavior in a warmer 
world. Recent novel findings (Bakker et al., 2016; Fogwill et al., 2017; 
Weber et al., 2014) and the hypotheses developed for this proposal 
address AIS stability and its relation to climate change. In particular, 
they challenge scenarios in which the AIS made only a relatively 
small contribution to the LGM sea level lowstand (e.g., Whitehouse 
et al., 2012) and made virtually no contribution to MWP-1A (e.g., 
Bentley et al., 2010, 2014; Mackintosh et al., 2011; Mackintosh et al., 
2014). A better understanding of the Antarctic sea level contribu-
tion is critical to understanding late Neogene changes and project-
ing sea level rise in a future warming world. Global mean sea level 
could rise ≥1 m by 2100, and large uncertainties remain in project-
ing AIS contributions to sea level rise beyond that time (Church et 
al., 2013). Recently appreciated mechanisms such as ice-cliff failure 
and hydrofracturing (DeConto and Pollard, 2016) may increase the 
possible contribution of the AIS to future sea level rise substantially, 
specifically on the multicentennial timescale. Understanding the 
role of ocean thermal forcing and the resulting changes in water 
masses and sea ice extent, as well as their influence on past AIS be-
havior will help constrain projections of future sea level rise.

Furthermore, by reconstructing past variability in sea ice, SSTs, 
water masses, dust-climate couplings, and deep-water current 
speeds in this major Antarctic gateway, back to the mid-Miocene, 
our expedition holds the potential to provide important new under-
standing of the relation between AIS volume changes, shifting 
SHWs, ocean fertilization, and associated changes in CO2.

Operations plan/drilling strategy
Proposed drill sites

The proposed sites at the Falkland Slope and Pirie and Dove Ba-
sins, along with their alternates, align northwest–southeast along a 
piston core transect that has previously been investigated for LGM 
to recent times (Allen et al., 2011; Collins et al., 2013; McCave et al., 
2014) (Figures F1, F13). All proposed sites for Expedition 382 are 
listed in Table T1.

Two primary sites will be drilled on the southern Falkland Slope 
to recover a complete sedimentary record since the mid-Pleisto-
cene. The record is separated into four sedimentary units (1A, 1B, 
2A, and 2B; from old to young). At deeper Site SFSD-03, Units 2B 
and 1B will be recovered, and Unit 1A will at least be penetrated. At 
shallower Site SFSD-02, an expanded section of Unit 2A will be re-
covered (Figure F9).

For both Pirie and Dove Basins, a complete and representative 
sediment record will be obtained for each basin. However, this ob-
jective probably cannot be achieved at a single site for three reasons. 
First, because of the hummocky terrain and the seismic reflection 
character, individual locations may exhibit discontinuities such as 
hiatuses and mass transport deposits; therefore, the combination of 
two sites may produce a more complete combined record. Second, 
the thicknesses of seismic Units I–V vary between the sites (Table 
T2), so we can obtain an expanded record using the thicker units 
from individual sites (Figure F16). Third, at least some of the deeper 
reflectors may be time transgressive and represent, for instance, the 
opal-CT boundary. To avoid for these potential shortcomings, two 
sites will be drilled in each basin.

In Dove Basin, the few available seismic lines indicate a basin-
like structure with several small-scale ridges and continuous reflec-
tors in the central part (Figures F3, F4). Given these preexisting 
constraints, primary Sites SCO-14 and SCO-13 promise the thick-
est sediment in the upper part (Table T2). Primary Site SCO-14 is 
located along seismic Line 03/04 at the eastern end of a small basin. 
Primary Site SCO-13 is located along Line 10/04 farther northeast. 
Alternate Site SCO-15 is located at the crossing of Lines 10/04 and 
03/04. Alternate Site SCO-18 is located farther north along Line 
07/04. The only existing site in Dove Basin with a highly resolved 
record of AIS variability (Weber et al., 2014) is Core MD07-3134 
(3663 m water depth; 58.2 m long; 93 ka base age; 0.2–1.2 m/ky sed-
imentation rates) (Weber et al., 2012). Core MD07-3134 is also lo-
cated in the same basin structure, although far west of Line 10/04 
and not directly on an existing seismic line (Figure F3), which is why 
it could not be chosen as drill site.

Two primary sites will also be drilled to capture a representative 
record in Pirie Basin (Figure F5). Here, east–west seismic Lines 
13/13 and 11/08 indicate a north–south oriented basin (Figures F5, 
F6, F7). Core MD07-3133 (alternate Site SCO-01) was retrieved in 
2007 (Weber et al., 2012) and provides the only groundtruth data 
for Pirie Basin (3101 m water depth; 32.8 m long; 36 ka base age; 
0.3–2 m/ky sedimentation rates). North–south Line 11/13 crosses 
the basin at the western perimeter. Accordingly, drilling at the two 
crossing lines (e.g., alternate Sites SCO-16 and SCO-19) should 
yield continuous deposition in that structural unit only for the up-
per ~100–200 m. Therefore, primary Sites SCO-17 and SCO-11 are 
located east into the center of that basin along Lines 11/08 
10



M.E. Weber et al. Expedition 382 Scientific Prospectus
and13/13, respectively, where thicker and more stratigraphically 
continuous sections are expected. Upper Unit I (0–2.6 Ma?) is ~256 
m thick at Site SCO-17 compared to ~96 m thick at Site SCO-11, 
whereas lower Unit I (2.6–3.3 Ma?) is ~128 m thick at Site SCO-17 
compared to ~304 m thick at Site SCO-11. Together, the two sites 
cover the last 3.3 My at high resolution. Also, alternate Site SCO-12 
could recover a rather continuous sedimentary section of that basin.

Given the fact that very long MD cores (as long as 58 m) of fine-
grained and soft sediment were retrieved (note that encapsulated 
IBRD is ≤2 mm and embedded in muddy matrix; i.e., not obstruct-
ing coring), we expect very good recovery, at least until the opal-CT 
transition depth is reached at ~400–600 mbsf. We also expect the 
core recovery and hole stability for downhole logging to be good.

Simple extrapolation of sedimentation rates obtained by piston 
cores (20–200 cm/ky; see below) implies young ages (≤5 Ma) for the 
base of the sediment sequence that overlies basement. These ages 
are younger than the interpreted ages of basement in Dove Basin 
(~23 Ma) and Pirie Basin (~14 Ma) (Figure F2), implying slower 
sedimentation rates with depth and/or hiatuses in the sequence. 
High accumulation may have only occurred in small troughs and 
therefore (1) seismic records may have overestimated ages for the 
upper three units and/or (2) sedimentation was interrupted by hia-
tuses of longer duration (e.g., Reflector b is thought to represent 
stronger erosion) (Pérez et al., 2015). Hiatuses in the sediment se-
quence may themselves provide valuable information of changing 
current regimes in the study area. If the upper units are young, drill-
ing will be extended as far as possible; if they are old (Miocene or 
older), drilling at multiple sites will concentrate on younger sec-
tions.

The depths to target seismic reflectors are based on an esti-
mated seismic velocity of 1.6 km/s. The actual velocity will likely be 
<1.6 km/s in the upper part, so the depth to reflectors may be 
slightly shallower than expected. Velocity may increase to >1.6 km/s 
in the lower part of the sequence, so the depth to target reflectors 
may be deeper than expected.

Operations plan
Expedition 382 will depart from and return to Punta Arenas. 

The operations plan is detailed in Table T3 and Figure F16. If no 
hazards occur, operations will be as follows. Transit time to the 
South Falkland Slope will be 1.8 days. Here, coring operations will 
commence by first drilling Site SFSD-03A to refusal (~300 mbsf; 
note that all sites will be triple cored), and then Site SFSD-02A will 
be drilled to 120 mbsf. Coring operations at the Falkland Slope are 
expected to take 4.6 days. After the transit to Pirie Basin (2.3 days), 
Site SCO-11 will be drilled to Reflector c (620 mbsf), which should 
take 9.3 days. Transit to Dove Basin will take 0.6 days, where Site 
SCO-13 will be drilled to basement (806 mbsf pending Environ-
mental Protection and Safety Panel [EPSP] approval of this depth 
extension), requiring 11.1 days. Then Site SCO-14 will be drilled to 
Reflector c (592 mbsf) in 9.9 days. After transiting back to Pirie Ba-
sin (0.5 days), Site SCO-17 will be drilled to 732 mbsf, which should 
take 10.2 days. Transit back to Punta Arenas will take 4.0 days.

If sea ice conditions are forecast to be severe (e.g., new sea ice 
grows from the south to cover the Dove Basin sites early in the ex-
pedition; see Figure F17), drilling operations shall commence in the 
southernmost study area and then continue north. If drilling is not 
possible at the Falkland Slope sites as planned at the beginning of 
the expedition (because of adverse weather or sea conditions), we 
will return to those sites later in the expedition. If drilling is prohib-

ited at the primary sites in Dove and Pirie Basins because of hazards 
or technical problems, the alternate sites should offer almost 
equally good core quality and recovery. If drilling is prohibited in 
the central and southern Scotia Sea, the contingency plan, drilling 
Site SCO-21B to the south at the location of ODP Site 697, should 
be executed. 

Downhole measurement strategy
Temperature measurements are planned to reconstruct the 

thermal gradient and heat flow at each site. Typically, ~3–5 mea-
surements will be made in one hole per site using the advanced pis-
ton corer temperature tool (APCT-3), potentially supplemented by 
the Sediment Temperature Tool (SET) where sediments are more 
consolidated.

Wireline logging is planned with two tool strings for all the Sco-
tia Sea sites. The triple combination (triple combo) tool string pro-
vides formation resistivity, density, porosity, natural (spectral) 
gamma radiation, and borehole diameter data. The Formation 
MicroScanner (FMS)-sonic tool string will provide an oriented 360° 
resistivity image of the borehole wall, as well as formation acoustic 
velocity, natural gamma radiation, and borehole diameter data. 
These data will provide in situ formation characterization and are 
the only data obtained where core recovery is incomplete, allowing 
interpretation of stratigraphy across core gaps. For example, alter-
nations between microfossil-rich and microfossil-poor layers may 
be seen, and larger IBRD clasts will be apparent in the FMS resistiv-
ity images. Porosity, gamma ray, sonic, and density logs together will 
provide additional constraints on the depositional history. Velocity 
logs together with core velocity data will provide a means to tie the 
borehole stratigraphy to the reflectors in the seismic profile and 
thus extend the knowledge gained from the cores over a much 
broader area. A combination of sonic velocity and density data will 
be used to generate a synthetic seismic profile at each site to refine 
the borehole-seismic ties. At the moment, we do not plan on run-
ning check shot surveys, but we will have this capability on board in 
case we need further in situ velocity information for core-log-seis-
mic integration. Details of the logging tools are available at 
http://iodp.ldeo.columbia.edu/TOOLS_LABS/tools.html.

Risks and contingency
The area of operation (central and southern Scotia Sea) has a 

number of risks involved. Potential hazards may arise from sea ice, 
icebergs, wind speed, wave heights, or technical problems. Hence, 
flexibility will be required, and drilling operations will need to move 
forward as dictated by the drilled material and the potential haz-
ards. Drilling operations could shift between primary and alternate 
sites in a given region or between Pirie Basin and Dove Basin.

Alternate Site SCO-21 in Jane Basin (ODP Leg 113 Site 697; Fig-
ure F1) is our contingency plan if drilling will not or will only par-
tially be possible in the central Scotia Sea. This alternate site is not 
far to the south at a similar water depth, with good magnetostrati-
graphy and early Pliocene material at depths suitable for advanced 
piston corer (APC) drilling (Pudsey, 1990). The site was single-
cored in 1987 with moderate recovery, which we plan on extending 
to 468 mbsf (the current EPSP limit) with improved recovery with 
current APC/half-length APC (HLAPC) technology and triple cor-
ing.
11

http://iodp.ldeo.columbia.edu/TOOLS_LABS/tools.html


M.E. Weber et al. Expedition 382 Scientific Prospectus
Sea ice
Daily data of Antarctic sea ice conditions from the Advanced 

Microwave Scanning Radiometer-EOS (AMSR-E and its successor, 
AMSR-2) (Spreen et al., 2008) show a fairly consistent pattern of an-
nual sea ice development for the last 15 y (daily images available at 
http://iup.physik.uni-bremen.de:8084/amsr).

The seasonal sea ice cycle shows a rapid decrease in sea ice ex-
tent from circum-Antarctic coverage to near-coastal regions for 
November to December, when sea ice is mainly in the western Wed-
dell Sea. Sea ice usually remains south of 65°S from January to April. 
From May to June, progressive north and east sea ice expansion into 
the Scotia Sea can extend beyond 60°N. This expansion could affect 
the southern site for the austral winter period, although the Scotia 
Sea sites are usually north of the average position of maximum 
(winter) sea ice extent. Biweekly displays over the last 5 y (Figure 
F17) that record the seasonal conditions during Expedition 382 
(March–May) show the seasonal progression of sea ice to the north 
but also some interannual variability. One or more ice observers will 
sail with the expedition, and we will monitor the sea ice conditions 
and forecasts continuously (e.g., at  https://www7320.nrlssc.navy. 
mil/GLBhycomcice1-12/antarc.html)

Icebergs
Icebergs pose an additional threat to drilling operations, and the 

JOIDES Resolution will have to move off site if an iceberg ap-
proaches too close to a site location. In these instances, we will have 
a free-fall funnel (FFF) ready to deploy that would allow for hole re-
entry after the iceberg passes. Icebergs will be monitored visually by 
radar and where possible by satellite images.

Available information on iceberg drift is less specific to region 
and  season (http://www.scp.byu.edu/data/iceberg/database1. 
html). Stuart and Long (2011; fig. 8) described an annual pattern 
for large tabular icebergs (≥18 km in length for 2002–2009) with 
lowest counts in the early austral summer ablation period in Jan-
uary, followed by an increase in March to June, and generally 
highest numbers during austral winter. This pattern basically fol-
lows the sea ice configuration, although iceberg counts during 
the austral summer ice-melt season underestimate the true num-
ber of icebergs, most of which are too small to be observed by 
satellite. Smaller icebergs (1–2.8 km in length for 2002–2010) 
(Tournadre et al., 2012; figs. 4 and 5) are most abundant during 
the austral summer but exhibit significant interannual variability.

Wind speeds and wave heights
The Scotia Sea is windy with intermediate wave heights 

throughout the year (http://apdrc.soest.hawaii.edu/las/v6/data 
set?catitem=2893). Average wind speeds were 2–7 m/s and wave 
heights were 2.5–3.5 m for 1957–2002. Current velocities were 
rather low (0–30 cm/s) for 1999–2009 (http://apdrc.soest.hawaii. 
edu/las/v6/data set?catitem=1445) and varied seasonally (minor 
peaks during austral winter). Current speeds were slightly higher in 
the north.

Data for the month of April, provided to IODP by Wilkens 
Weather, suggest that wind speeds are >22 kt about 43% of the time 
and wave heights are >12 ft 31% of the time. It is likely that some 
operations time during the expedition will be lost while we wait out 
bad weather conditions.

Coring and operational risks
Reentry options (FFFs) will be used for each site if we require the 

ability to reoccupy a hole because of iceberg or other hazards.

Sampling and data sharing strategy
Shipboard and shore-based researchers should refer to the 

IODP Sample, Data, and Obligations policy (http://www.iodp.org/ 
top-resources/program-documents/policies-and-guidelines). 
This document outlines the policy for distributing IODP samples 
and data to research scientists, curators, and educators. The docu-
ment also defines the obligations that sample and data recipients in-
cur.

The Sample Allocation Committee (SAC) must approve all re-
quests for core samples and data. The SAC is composed of the Co-
Chief Scientists, Expedition Project Manager, and IODP Curator on 
shore or curatorial representative on board the ship. For the South 
Falkland Slope sites, the lead proponent of those sites will be part of 
the SAC. The SAC will work with the entire scientific party to for-
mulate a formal expedition-specific sampling plan for shipboard 
and postexpedition sampling.

Scientists are expected to submit sample and data requests us-
ing the Sample and Data Request Database (http://iodp.tamu.edu/ 
sdrm) several months before the beginning of the expedition. Based 
on shipboard and shore-based research plans submitted by this 
deadline, the SAC will prepare a tentative sampling plan that will be 
revised on the ship as dictated by recovery and expedition objec-
tives. The sampling plan will be subject to modification depending 
upon the actual material recovered and collaborations that may 
evolve between scientists during the expedition. Modification of 
sample and data requests during the expedition must be approved 
by the SAC.

The minimum permanent archive will be the standard archive 
half of each core. All sample frequencies and sizes must be justified 
on a scientific basis and will depend on core recovery, the full spec-
trum of other requests, and the expedition objectives. Some redun-
dancy of measurement is unavoidable, but minimizing the 
duplication of measurements among the shipboard party and iden-
tified shore-based collaborators will be a factor in evaluating sample 
requests.

If some critical intervals are recovered, there may be consider-
able demand for samples from a limited amount of cored material. 
These intervals may require special handling, a higher sampling 
density, reduced sample size, or continuous core sampling for the 
highest priority research objectives.

Following Expedition 382, cores will be delivered to the Core 
Repository in Bremen (Germany), where the postexpedition sample 
party will take place. All collected data and samples will be pro-
tected by a 1 y moratorium period following the completion of the 
postexpedition sampling meeting, during which time data and sam-
ples will be available only to the Expedition 382 science party and 
approved shore-based participants.

Postexpedition analytical work will include magneto-, bio-, and 
tephrostratigraphy combined with dust tuning, stable isotopes, and 
relative paleointensity to establish the chronology; production of 
seawater-derived radiogenic isotope records, IBRD, physical prop-
erties, XRF scanning, and provenance studies to constrain ice dy-
namics; geochemistry, sortable silt, stable isotopes, and biomarkers; 
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and diatom assemblages to reconstruct ocean temperature, current 
strength, productivity, and sea ice extent. Models will help investi-
gate possible physical mechanisms that cause changes in ice sheet 
dynamics, ocean-atmosphere interactions, and sea level changes.

Expedition scientists and scientific 
participants

The current list of participants for Expedition 382 can be found 
at https://iodp.tamu.edu/scienceops/expeditions/iceberg_alley_ 
paleoceanography.html.
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Table T1. Expedition 382 site summary. Two sites are located on the South Falkland Slope, four sites in Dove Basin, six sites in Pirie Basin, and one site in Jane
Basin as a contingency. Planned drilling depths, where deeper than current Environmental Protection and Safety Panel (EPSP) depths, are pending review at
the September 2018 EPSP meeting.

Table T2. Detailed Scotia Sea drilling plan, Expedition 382. Two primary sites will be drilled in Dove Basin (Sites SCO-13 and SCO-14) and Pirie Basin (Sites SCO-
11 and SCO-17). The site in Jane Basin (Site SCO-21B) serves as a contingency site. Replication within each area should help retrieve complete composite sedi-
ment records for the region. Blue numbers give thickness of individual Units 1–5 (see Site summaries). Total depth to Reflector c and total depth to basement
are calculated at a seismic velocity of 1600 m/s. Italic numbers give shot point (SP) and SP range to allow for drilling flexibility. TWTT = two-way traveltime.

Site 
Primary/
Alternate Area Latitude Longitude

Water
depth (m)

Planned drilling 
depth (mbsf )

Current EPSP
depth limit 

(mbsf)

SFSD–03A  Primary South Falkland Slope 53.1896°S  58.7608°W  780  300 350
SFSD–02A  Primary South Falkland Slope 53.1915°S  58.6434°W 830  120 120
SCO–11A Primary Pirie Basin 57.4421°S 43.3578°W 3140 620 620
SCO–13A Primary Dove Basin 59.4410°S 41.0610°W 3255 806 556
SCO–14A Primary Dove Basin 59.8000°S 41.7600°W 3833 592 592
SCO–17A Primary Pirie Basin 57.7055°S 43.3620°W 3253 732 732
SCO–15A Alternate Dove Basin 59.8520°S 41.4530°W 3486 488 488
SCO–18A Alternate Dove Basin 59.1108°S 40.9062°W 3734 612 673
SCO–01A Alternate Pirie Basin 57.4333°S 43.4500°W 3101 590 590
SCO–12A Alternate Pirie Basin 57.6466°S 43.5000°W 3092 556 556
SCO–16A Alternate Pirie Basin 57.7055°S 43.5001°W 3134 810 810
SCO–19A Alternate Pirie Basin 57.4285°S 43.5000°W 3131 444 444
SCO–21B Alternate Jane Basin 61.7709°S 40.2749°W 3480 468 468

Site/      
Priority

Basin Seismic 
Line

Shot 
point

SP range Water 
Depth 
(m)

Sea Floor 
(ms TWTT)

Reflector a' 
green         
(ms TWTT)

Reflector a 
blue            
(ms TWTT)

Reflector b 
purple          
(ms TWTT)

Reflector c 
yellow         
(ms TWTT)

Reflector d 
brown        
(ms TWTT)

Basement 
black           
(ms TWTT)

Total depth 
to reflector 
c (m)

Total depth 
to 
basement 
(m)

from to Thickness a' 
(Unit 1a) (m)

Thickness a 
(Unit 1) (m)

Thickness b 
(Unit 2) (m)

Thickness c 
(Unit 3) (m)

Thickness d 
(Unit 4)    (m)

Thick. to 
basement 
(Unit 5) (m)

SCO-14 Dove 03/04 3500 65 3833 5120 5305 5520 5655 5860 6300 6390

Primary 3449-3501 148 172 108 164 352 72 592 1016

SCO-13 Dove 10/04 1709 22 3255 4390 4650 4870 4945 5085 5320 5415

Primary 1722-1700 208 176 60 112 188 76 556 820

SCO-15 Dove 10/04 2699 26 3486 4685 4855 4925 5095 5295 5700 5900

Alternate 2708-2682 136 56 136 160 324 160 488 972

SCO-15 Dove 03/04 3851 65 3486 4700 4885 4990 5100 5310 5720 5920

Alternate 3851-3916 148 84 88 168 328 160 488 976

SCO-18 Dove 07/04 4900 66 3734 5000 5130 5230 5465 5715 5830 6120

Alternate 4854-4920 104 80 188 200 92 232 572 896

SCO-17 Pirie 11/08 2752 24 3253 4250 4570 4730 5000 5165 5385 5510

Primary 2740-2764 256 128 216 132 176 100 732 1008

SCO-11 Pirie 13/13 745 20 3140 4220 4340 4715 4890 4960 5380 5440

Primary 730-760 96 304 136 56 336 48 592 976

SCO-01 Pirie 13/13 565 30 3101 4210 4335 4430 4830 4920 5395 5480

Alternate 540-570 100 76 320 72 380 68 568 1016

SCO-12 Pirie 11/13 192 50 3092 4190 4310 4495 4625 4885 4345 5525

Alternate 167-217 96 148 104 208 368 144 556 1068

SCO-16 Pirie 11/08 2585 24 3134 4155 4380 4645 4900 5145 5325 5500

Alternate 2573-2597 180 212 204 196 144 140 792 1076

SCO-16 Pirie 11/13 1 3134 4215 4440 4725 4925 5145 5400 5530

Alternate 180 228 160 176 204 104 744 1052

SCO-19 Pirie 11/13 972 26 3131 4220 4315 4370 4615 4790 5050 5120
20

Alternate 959-985 76 44 196 140 208 56 456 720

SCO-19 Pirie 13/13 470 30 3131 4225 4275 4330 4605 4780 5075 5120

Alternate 455-480 40 44 220 140 236 36 444 716

SCO-21B Jane BRAN 40 3480 4720 4791 4810 5035 5305 5429 5850

Contingency 790 57 15 180 216 100 337 468 905
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Table T3. Expedition 382 operations summary. The expedition will begin and end in Punta Arenas. Two sites (SFSD-03A and SFSD-02A) will first be drilled on 
the South Falkland Slope, and then one site (SCO-11) will be drilled in Pirie Basin. Drilling will continue in Dove Basin with two sites (SCO-14 and SCO-14) before 
drilling the remaining site in Pirie Basin (SCO-17). Total operation time = ~54.6 days; total expedition time = 59.6 days. LWD/MWD = logging while drilling/mea-
surement while drilling. EPSP = Environmental Protection and Safety Panel, APC = advanced piston corer, HLAPC = half-length advanced piston corer, XCB = 
extended core barrel, triple combo = triple combination, FMS = Formation MicroScanner.
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F1. A. Location of Expedition 382 primary sites and contingency site (yellow). Open turquoise arrows = Iceberg Alley of Anderson and Andrews (1999). 
Large gray arrow = main wind direction of the Southern Hemisphere westerlies (SHW). Yellow dotted line = core profile used for flow-speed reconstructions of 
the Antarctic Circumpolar Current (ACC) (McCave et al., 2014). Purple dashed line = coast of Patagonia at the Last Glacial Maximum (LGM) (Iriondo, 2000). White 
dotted line = limit of Patagonian Ice Sheet (PIS) during the LGM (Hein et al., 2010). Blue dashed line = polar front. Gray dashed line = southern boundary (SB) of 
ACC (Diekmann et al., 2000). Solid turquoise arrows = direction of the ACC. Solid purple arrows = exit route of Weddell Sea Bottom Water (WSBW) (Maldonado 
et al., 2003). Light blue dashed lines = extent of winter and summer sea ice (Gersonde et al., 2005). PS cores = ice sheet retreat studies in the southeast Weddell 
Sea (Weber et al., 2011). NPI = northern Patagonian ice fields, SPI = southern Patagonian ice fields; NSR = North Scotia Ridge, SSR = South Scotia Ridge. EDML = 
EPICA Dronning Maud Land ice core (EPICA Community Members, 2006). Gray rectangle indicates location of the map in B on the next page. Insert shows 
circum-Antarctic drift of icebergs (turquoise shading; ≥5 km in length) calving off the Antarctic ice shelves (1999–2009) (Stuart and Long, 2011). Black arrows = 
general counterclockwise flow in the ACC. Figure modified from Weber et al. (2014). (Continued on next page.)
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SSR

NSR

WSDW
Figure F1 (continued). B. Map of the central Scotia Sea with proposed sites, presite survey cruises SCAN 2001 (Maldonado et al., 2006), SCAN 2004 (Maldonado 
et al., 2004), SCAN 2008 (Maldonado et al., 2008), and SCAN 2013 (Maldonado et al., 2013), as well as previous, north–south oriented core transect work (Allen 
et al., 2011; Collins et al., 2013; McCave et al., 2014)
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F2. Seismic stratigraphy and associated ice sheet and climate events. Left panel shows geological time table with deep-sea benthic foraminifer oxygen 
isotope (δ18O) compilation of Zachos et al. (2001) and DeConto et al. (2012). Center panels indicate late Neogene seismic units and reflectors for Dove Basin 
(Pérez et al., 2015) and Pirie Basin (Pérez et al., 2014) with associated climate and ice sheet events for the Weddell Sea (Lindeque et al., 2013). Right panel gives 
benthic δ18O stack of Lisiecki and Raymo (2005) with paleoclimate development for the Plio–Pleistocene. NADW = North Atlantic Deep Water, WSDW = Wed-
dell Sea Deep Water, WAIS = West Antarctic Ice Sheet, EAIS = East Antarctic Ice Sheet, MPT = Mid-Pleistocene Transition.
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F3. Bathymetry map for Dove Basin with proposed site locations. Map shows satellite (Smith and Sandwell, 1997) and multibeam bathymetry (SCAN 
team) for the southern study area of Dove Basin and locations of primary Sites SCO-13 and SCO-14 and alternate Sites SCO-15 and SCO-18. For location of Dove 
Basin, see Figure F1.
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F4. Seismic overview profiles for Dove Basin with proposed drill site locations. Seismic Lines 03/04, 07/04, and 10/04 (Maldonado et al., 2004) were used 
to determine the best drill locations. SP = shot point, CDP = common depth point, TRC = trace sequence number. A. Seismic Line 10/04 with locations of 
primary Site SCO-13 and alternate Site SCO-15 (at the crossing with seismic Line 03/04) and Site SCO-18 (projected from the crossing with seismic Line 07/04). 
B. Seismic line 07/04 with location of alternate Site SCO-18 near the crossing with seismic Line 10/04. C. Seismic Line 03/04 with locations of primary Site SCO-
14 and alternate Site SCO-15 (at the crossing with seismic Line 10/04). Brown vertical bars indicate an estimated drilling depth of ~600 m. Colored horizons in 
seismic lines indicate the six seismic reflectors bounding Units I–V (see Figure F2). Unit thicknesses are detailed in Table T3 and Site summaries.
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F5. Bathymetry for Pirie Basin with proposed site locations. Map shows satellite (Smith and Sandwell, 1997) and multibeam bathymetry (SCAN team) for 
the northern study area of Pirie Basin and locations of primary Sites SCO-11 and SCO-17 and alternate Sites SCO-01 (MD07-3133), SCO-12, SCO-16, and SCO-19. 
For location of Pirie Basin, see Figure F1B.
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F6. Seismic overview profiles for Pirie Basin with proposed site locations. Seismic Lines 11/08 (Maldonado et al., 2008), 11/13, and 13/13 (Maldonado et 
al., 2013) were used to determine the best drill locations. SP = shot point, CDP = common depth point, TRC = trace sequence number. A. Seismic Line 13/13 
with locations of primary Site SCO-SCO-11 and alternate Sites SCO-01 (MD07-3133) and SCO-19 (at the crossing with seismic Line 11/13). B. Seismic line 11/13 
with locations of alternate Sites SCO-01 (projected from seismic Line 13/13), SCO-19 (on the crossing with seismic Line 13/13), and SCO-12 and the position of 
crossing seismic Line 11/08 (projected). C. Seismic Line 11/08 with location of primary Site SCO-17 in a central basin position and alternate Sites SCO-12 (pro-
jected to the crossing with seismic Line 11/13) and SCO-16 (at the crossing with seismic Line 11/13). Brown vertical bars indicate an estimated drilling depth of 
~600 m. Colored horizons in seismic lines indicate the six seismic reflectors bounding Units I–V (see Figure F2). Unit thicknesses are detailed in Table T3 and 
Site summaries.
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Figure F7. 3-D illustrations of seismic data.

Dove Basin

Pirie Basin

Pirie Basin

Line 10/04

SCO-12

SCO-13 SCO-15
SCO-14

SCO-12
SCO-16

SCO-17

SCO-01SCO-19

SCO-01
SCO-19

SCO-11

SCO-11

Line 03/04
Line 07/04

Line 11/13

Line 11/08

Line 13/13

Line 11/13
Line 13/13

Li
ne

 1
1/

08
SCO-18

N

N
N

29



M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F8. Oceanographic position, sediment thickness, and seismic profiles of the South Falkland Slope Drift. A. The Subantarctic Front (SAF; red) and Polar 
Front (PF; black). The Magellan Strait freshwater outflow, which became active during the last deglacial, and the Last Glacial Maximum (LGM) extent of the 
Patagonian (Pat.) Ice Sheet (McCulloch et al., 2000). LGM shoreline (white dotted line) follows Rostami et al. (2000). B. Vertical water temperature profile along 
North Scotia Ridge transect (black dotted line in A). Neutral density defines water masses (Arhan et al., 1999). SAMW= Subantarctic Mode Water, AAIW = Ant-
arctic Intermediate Water, UCDW = Upper Circumpolar Deep Water, LCDW = Lower Circumpolar Deep Water. C. South Falkland Slope Drift sites (yellow star) 
relative to seismic profiles. Red star = existing gravity and piston cores and the Toroa F61/5-1 exploratory well (found to be “dry”). Contour: white dashed line = 
500 m, gray dashed line = 1000 m. D. Isopachs of sediment thickness (Koenitz et al., 2008).
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F9. Internal seismic structure of the South Falkland Slope sites on seismic Profile SGF193_107 (Line 7 in Figure F8). Proposed Site SFSD-02 targets opti-
mal recovery of Unit 2A and will be cored to ~120 m. Proposed Site SFSD-03 targets optimal recovery of Units 2B and 1B. Coring to refusal at Site SFSD-03 is 
anticipated to recover 300–350 m of sediment. Units labelled following Koenitz et al. (2008).
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M.E. Weber et al. Expedition 382 Scientific Prospectus
Figure F10. Deglacial AIS discharges (AIDs) in the Scotia Sea. A. Stacked iceberg-rafted debris (IBRD) flux record. B. 500 y averages of stacked IBRD flux relative 
to Holocene average. C. Antarctic deglacial δ13Catm stack (Schmitt et al., 2012) as indicator of changes in ventilation of the Southern Ocean. D. Biogenic opal flux 
records from southeast Atlantic (dashed line) (Anderson et al., 2009) and Scotia Sea Sites MD07-3133 (black) and MD07-3134 (gray) (Sprenk et al., 2013). 
E, F. EPICA Dronning Maud Land (EDML) ssNa+-flux (Fischer et al., 2007) and δ18O (EPICA Community Members, 2006). G. δ18O of North Greenland Ice Core 
Project (NGRIP) (NGRIP Members, 2004). Vertical brown bars show extent of the eight phases of enhanced iceberg flow through Iceberg Alley AID1–AID8. AIDs 
respond to Northern Hemisphere (NH) climate signals a meltwater pulse (MWP) at 19 ka, Heinrich 1 (H1), MWP-1A, Bølling-Allerød (B-A), Younger Dryas (YD), 
and MWP-1B, as well as Southern Hemisphere (SH) Antarctic isotopic maxima (AIM) 1 and Antarctic Cold Reversal (ACR). Antarctic deglaciation commenced 
during H1, with temperature rise and sea ice reduction, followed by AIS disintegration, increasing CO2, and enhanced ocean productivity at ~17 ka. The peak 
deglaciation occurred during MWP-1A (gray arrow). Figure modified from Weber et al. (2014). 
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Figure F11. Southern Hemisphere dust and climate couplings during the Pliocene and Quaternary. A. Correlation of the dust proxies magnetic susceptibility
(MS; green), Ca (blue), and Fe (red) from Site MD07-3134 (SCO-2) to non–sea salt Ca flux (blue) from the EPICA Dronning Maud Land (EDML) ice core for the last
glacial cycle (Weber et al., 2012). MIS = marine isotope stage, AIM = Antarctic isotopic maxima. B. ODP Site 1090 Fe flux rates (red) correlated to dust particle
and nssCa flux (blue) of EPICA Dome C (EDC) ice core according to Martínez-Garcia et al. (2011). C. Site 1090 Fe flux rates (red) correlated to isotopic LR04 stack
(black) (Lisiecki and Raymo, 2005). Note the one-to-one coupling of marine and ice-core dust signals for the last glacial cycle and the late Quaternary and the
changes in amplitude and frequency during the Mid-Pleistocene Transition (MPT). MAR = mass accumulation rate.
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Figure F12. 3-D pattern of temperature anomalies at 14.8–14 ka and associated changes in freshwater flux, sea ice extent, and subsurface temperature for AID6 
(meltwater pulse [MWP]-1A). Map shows mean surface-air temperature anomaly; vertical profile indicates zonally averaged ocean temperature anomaly in 
response to a ~0.22 Sv Antarctic MWP (~50% of the total amplitude of MWP-1A) at ~14.6 ka. The multimodel mean is calculated by averaging the respective 
anomalies obtained from the Bern3D, LOVECLIM, and COSMOS models. White-purple dashed and purple solid lines show the annual mean extent of 20 cm 
thick sea ice for 14.8 and 14.6 ka, respectively, simulated by LOVECLIM. Freshwater forcing causes (A) surface cooling, (B) an increase in zonally averaged sea ice 
extent, and (C) averaged subsurface warming between 800 and 1200 m and 63° and 70°S. For details of the model simulations, see Weber et al. (2014). NADW 
= North Atlantic Deep Water, CDW = Circumpolar Deep Water.
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Figure F13. North–south reconstructions of current speed and sea ice environments. A. Sortable silt (SS) averaged for the Last Glacial Maximum (LGM) and 
Holocene. X-axis is distance along a north–south oriented profile. Larger core numbers indicate significant LGM–Holocene differences. South of 56°S, LGM flow 
was significantly slower than Holocene flow (Cores 6–9), whereas Cores 10–12 show no significant change. North of 56°S (Cores 2–5), flow during the LGM was 
faster than farther south, with an insignificant decrease in the Holocene (after McCave et al., 2014). Note the locations of Expedition 382 sites on the South 
Falkland Slope Drift (SFSD) and in Pirie and Dove Basins. B. Subdivision of sea ice environments in the Antarctic Zone. APFZ = Antarctic Polar Front Zone, HNLC 
= high nutrient/low chlorophyll, SAF = Subantarctic Front, WSIE = winter sea ice extent, SSIE = summer sea ice extent. Modified after Collins et al. (2013), who 
investigated three sediment cores that also align north–south in the central Scotia Sea. For locations of all sites, see Figure F1.
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Figure 14. Location of the South Falkland Slope Drift with respect to the Subantarctic Front and Antarctic Intermediate Water. Top: Vertically integrated chloro-
fluorocarbon (CFC)-12 for the present day (1990s), demonstrating the sequestration of anthropogenic gases by intermediate water formation in the Subant-
arctic (Global Ocean Data Analysis Project climatology). Arrows indicate zonal transport of the Antarctic Circumpolar Current (ACC): red = Subantarctic Front, 
orange = Polar Front, yellow = southern ACC front (Orsi et al., 1995). Yellow star = South Falkland Slope Drift. Bottom: Atlantic meridional vertical salinity profile 
(white line, above). Yellow star = relative hydrographic position of the South Falkland Slope. SAMW = Subantarctic Mode Water, STMW = Subtropical Mode 
Water, AAIW = Antarctic Intermediate Water, UCDW = Upper Circumpolar Deep Water, NADW = North Atlantic Deep Water, AABW = Antarctic Bottom Water.
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Figure F15. Benthic and planktonic stable isotopes, ice-rafted debris (IRD) concentration, X-ray fluoroscopy (XRF), and benthic foraminifer assemblages from 
gravity cores collected from the South Falklands Slope deposit (SFSD). A. Sediment rate and IRD concentration both increase during the Last Glacial Maximum 
(LGM). B. Ln(Ca/Ti) XRF data showing increase concentrations of carbonate during interglacials. C. Planktonic δ18O (Neogloboquadrina pachyderma sinistral). 
D. EPICA Dome C (EDC) δD (EPICA Community Members, 2004) to illustrate phasing of proxy records from the SFSD with Antarctic temperature. E. Benthic δ18O 
(Uvigerina spp.). F. Ln(Ba/Al) XRF data, interpreted as a proxy for productivity, suggested enhanced biological pump is active at the SFSD during interglacials. 
G, H. Benthic and planktonic δ13C, respectively. Divergent trends between benthic and planktonic δ13C during interglacials may be suggestive of enhanced 
productivity. I. Benthic foraminifer assemblage change is also observed in glacial–interglacials cycles, possibly in response to productivity changes in surface 
water. These proxy records illustrate the potential of SFSD sediments to yield foraminifer-based proxy records (J. Roberts, unpubl. data; Roberts et al., 2016). 
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Figure F16. Expedition 382 drilling plan. Two primary sites each will be drilled at South Falkland Slope, Dove Basin, and Pirie Basin. Replication in each area 
should help retrieve complete composite sediment records. All sites will be triple-cored to refusal using the advanced piston corer (APC) system. The Scotia 
Sea sites will be extended to Reflector c with one hole using the extended core barrel (XCB) system. Relative positions of the five reflectors (a′ to d) are accord-
ing to Pérez et al. (2015) for Dove Basin and Pérez et al. (2014) for Pirie Basin, with inferred ages according to Maldonado et al. (2006). The depth to each 
reflector is based on an assumed seismic velocity of 1600 m/s. When velocity is assumed to increase with depth, Reflectors c and d and the basement are 
deeper than indicated in the figure.
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Figure F17. Sea ice maps. Biweekly snapshots of AMSR-E data (see also http://iup.physik.uni-bremen.de:8084/amsr) illustrate the annual Antarctic sea ice 
cycle for the austral summer to fall seasons of the last five years (2013–2017). The data collection method is explained in Spreen et al. (2008). Black dots in 
upper left corner mark position of the Expedition 382 proposed drill sites. Note the sea ice expansion from March to May during the seasonal cycle and the 
interannual variability.
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Site summaries
Site SCO-01

Site SCO-11

Site SCO-12

Site SCO-13

Priority: Alternate
Position: 57.4333°S, 43.45°W
Water depth (mbsl): 3101
Target drilling depth 

(mbsf):
568

Approved maximum 
penetration (mbsf):

590

Survey coverage: Line 11/13, SP 972, SP range 26 (959–985); crossing Line 
13/13, SP 565, SP range 30 (540–570) (Figure AF1). Site 
SCO-01 is immediately east of Line 11/13 at the position of 
existing Core MD-07-3133 near the edge of a basin. The 
Pleistocene section (Unit I) is likely expanded in thickness. 
The Pliocene section might be reduced in thickness. 
Assignation of Reflector d and acoustic basement is 
questionable.

Objective(s): Alternate site for Site SCO-11 in Pirie Basin. Objectives are as 
follows:

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a northerly region of the Scotia Sea 
closer to Patagonia; 

• Capture the northern, more CDW-dominated part of the 
Drake Passage throughflow and associated shifts of frontal 
systems, water mass properties, ocean temperature, and 
sea ice extent in the ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more proximal location relative to the 
source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurement; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf; XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 568 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Primary
Position: 57.4421°S, 43.3578°W
Water depth (mbsl): 3140
Target drilling depth 

(mbsf):
620

Approved maximum 
penetration (mbsf):

620

Survey coverage: Line 13/13, SP 745, SP range 30 (730–760) (Figure AF2). Site 
SCO-11 is in the center of a small basin along Line 13/13 to 
the east, providing the most undisturbed drilling in this 
region with probably an extended Pliocene section (Unit II). 
Assignation of Reflector d and acoustic basement is 
questionable.

Objective(s): Site SCO-11 is a primary site (Priority 4) for Pirie Basin. 
Objectives are as follows: 

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a northerly region of the Scotia Sea 
closer to Patagonia; 

• Capture the northern, more CDW-dominated part of the 
Drake Passage throughflow and associated shifts of frontal 
systems, water mass properties, ocean temperature, and 
sea ice extent in the ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more proximal location relative to the 
source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurement; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf; XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 620 mbsf and log with 

triple combo and FMS-sonic 
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Alternate
Position: 57.6466°S, 43.5°W
Water depth (mbsl): 3092
Target drilling depth 

(mbsf):
556

Approved maximum 
penetration (mbsf ):

556

Survey coverage: Line 11/13, SP 192, SP range 50 (167–217); crossing Line 
11/08, SP 2585 (projected) (Figure AF3). Site SCO-12 is 
along Line 11/13 between Lines 13/13 and 11/08 at a 
relatively undisturbed position in the small basin with a 
potentially good and long recovery.

Objective(s): • Site SCO-12 is an alternate for Site SCO-17 in the northern 
study area of Pirie Basin. Objectives are as follows: 

• Reconstruct past variability in AIS mass loss and related sea 
level history in a northerly region of the Scotia Sea closer to 
Patagonia; 

• Capture the northern, more CDW-dominated part of the 
Drake Passage throughflow and associated shifts of frontal 
systems, water mass properties, ocean temperature, and 
sea ice extent in the ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more proximal location relative to the 
source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurement; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf; XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 556 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Primary
Position: 59.441°S, 41.061°W
Water depth (mbsl): 3255
Target drilling depth 

(mbsf):
806 (pending approval from EPSP) 

Approved maximum 
penetration (mbsf ):

556

Survey coverage: Line 10/04, SP 1709, SP range 22 (1722–1700); Site SCO-13 is 
along Line 10/04 between Lines 03/04 and 07/04 (Figure 
AF4). 

Objective(s): • Site SCO-13 is a primary site (Priority 2) in the southern 
study area of Dove Basin. Objectives are as follows:

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a southerly region of the Scotia Sea 
closer to Antarctica;

• Capture the Drake Passage throughflow and WSBW inflow 
and associated shifts in frontal systems, water mass 
properties, ocean temperature, and sea ice extent in the 
ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more distal location relative to the source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf; XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to basement (~806 mbsf) and 

log with triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt
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Site SCO-14

Site SCO-15

Site SCO-16

Site SCO-17

Priority: Primary
Position: 59.8°S, 41.76°W
Water depth (mbsl): 3833
Target drilling depth 

(mbsf):
592

Approved maximum 
penetration (mbsf):

592

Survey coverage: Line 03/04, SP 3500, SP range 67 (3449–3514) (Figure AF5); 
Site SCO-14 is along Line 03/04 into the center of the basin 
and should obtain a similar record as neighboring Site SCO-
15 to the east. 

Objective(s): Site SCO-14 is a primary site (Priority 1) in the southern study 
area of Dove Basin. Objectives are as follows:

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a southerly region of the Scotia Sea 
closer to Antarctica;

• Capture the Drake Passage throughflow and WSBW inflow 
and associated shifts in frontal systems, water mass 
properties, ocean temperature, and sea ice extent in the 
ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more distal location relative to the source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf, XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 592 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Alternate
Position: 59.852°S, 41.453°W
Water depth (mbsl): 3486
Target drilling depth 

(mbsf):
488

Approved maximum 
penetration (mbsf):

488

Survey coverage: Line 03/04, SP 3851, SP range 65 (3851–3916); crossing Line 
10/04, SP 2699, SP range 26 (2699–2665) (Figure AF6); 
primary Site SCO-15 is toward the margin of the basin at the 
crossing point of Lines 10/08 and 10/04, providing 
complete and relatively undisturbed drilling of all units in 
this region. 

Objective(s): Site SCO-15 is an alternate site for the southern study area of 
Dove Basin. Objectives are as follows: 

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a southerly region of the Scotia Sea 
closer to Antarctica;

• Capture the Drake Passage throughflow and WSBW inflow 
and associated shifts in frontal systems, water mass 
properties, ocean temperature, and sea ice extent in the 
ACC; and 

• Reconstruct changes in atmospheric circulation and dust-
climate-dust couplings between Patagonia and Antarctica 
and related atmospheric circulation throughout the Plio–
Pleistocene in a more distal location relative to the source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf.

• Hole B: APC to 250 mbsf, XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 488 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Alternate
Position: 57.7055°S, 43.5001°W
Water depth (mbsl): 3134
Target drilling depth 

(mbsf):
792

Approved maximum 
penetration (mbsf ):

810

Survey coverage: Line 11/13, SP 1; crossing Line 11/08, SP 2585, SP range 24 
(2573–2597) (Figure AF7). Site SCO-16 is 640 m south of SP 
1 of Line 11/13, where the southern extension would meet 
Line 11/08, and located at the western perimeter of a small 
basin with probably thin Units I and II and a thicker Unit III.

Objective(s): Site SCO-16 is an alternate for Site SCO-17 in the northern 
study area of Pirie Basin. Objectives are as follows:

• Reconstruct past variability in AIS mass loss and related sea 
level history in a northerly region of the Scotia Sea closer to 
Patagonia;

• Capture the northern, more CDW-dominated part of the 
Drake Passage throughflow and associated shifts of frontal 
systems, water mass properties, ocean temperature, and 
sea ice extent in the ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more proximal location relative to the 
source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf

• Hole B: APC to 250 mbsf, XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 792 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Primary
Position: 57.7055°S, 43.362°W
Water depth (mbsl): 3253
Target drilling depth 

(mbsf):
732

Approved maximum 
penetration (mbsf ):

732

Survey coverage: Line 11/08, SP 2752, SP range 24 (2740–2764) (Figure AF8); 
best position for complete and parallel reflectors along Line 
11/08 east of Site SCO-16 in the center of a basin; Line 11/08 
had acquisition problems. [match punctuation in all tables; 
survey coverage has ended with a period above]

Objective(s): Site SCO-17 is a primary site (Priority 3) for Pirie Basin. 
Objectives are as follows:

• Reconstruct past variability in AIS mass loss and related sea 
level history in a northerly region of the Scotia Sea closer to 
Patagonia;

• Capture the northern, more CDW-dominated part of the 
Drake Passage throughflow and associated shifts of frontal 
systems, water mass properties, ocean temperature, and 
sea ice extent in the ACC; and 

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more proximal location relative to the 
source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf

• Hole B: APC to 250 mbsf; XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 732 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt
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Site SCO-18

Site SCO-19

Site SCO-21B

Site SFSD-02A

Priority: Alternate
Position: 59.1108°S, 40.9062°W
Water depth (mbsl): 3734
Target drilling depth 

(mbsf):
572

Approved maximum 
penetration (mbsf):

673

Survey coverage: Line 07/04, SP 4900, SP range (4854–4920); crossing Line 
10/04, SP 990 (projected) (Figure AF9); Site SCO-18 was 
moved 4.99 km northwest along Line 07/04 away from the 
crossing with Line 10/04 and into a more stable basinal 
position to achieve a better and more complete record than 
on the crossing point. 

Objective(s): Site SCO-18 is an alternate site in the southern study area of 
Dove Basin. Objectives are as follows: 

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a southerly region of the Scotia Sea 
closer to Antarctica;

• Capture the Drake Passage throughflow and WSBW inflow 
and associated shifts in frontal systems, water mass 
properties, ocean temperature, and sea ice extent in the 
ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more distal location relative to the source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf

• Hole B: APC to 250 mbsf, XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 572 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Alternate
Position: 57.4285°S, 43.5°W
Water depth (mbsl): 3131
Target drilling depth 

(mbsf):
444

Approved maximum 
penetration (mbsf):

444

Survey coverage: Line 11/13, SP 972; crossing Line 13/13, SP 470, SP range 30 
(455–485) (Figure AF10); Site SCO-19 is exactly at the 
crossing of Lines 11/13 and 13/13 at the eastern perimeter 
of a small basin. The lower two units below Reflector c are 
reduced in thickness. Assignation of Reflector d and 
acoustic basement is questionable.

Objective(s): Site SCO-19 is an alternate for Site SCO-11 in the northern 
study area of Pirie Basin. Objectives are as follows: 

• Reconstruct past variability in AIS mass loss and the related 
sea level history in a southerly region of the Scotia Sea 
closer to Antarctica;

• Capture the Drake Passage throughflow and WSBW inflow 
and associated shifts in frontal systems, water mass 
properties, ocean temperature, and sea ice extent in the 
ACC; and

• Reconstruct changes in atmospheric circulation and dust-
climate couplings between Patagonia and Antarctica and 
related atmospheric circulation throughout the Plio–
Pleistocene in a more distal location relative to the source.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf, XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 444 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Alternate
Position: 61.7709°S, 40.2749°W
Water depth (mbsl): 3480
Target drilling depth 

(mbsf):
468

Approved maximum 
penetration (mbsf ):

468

Survey coverage: Line BRA790, SP 40; crossing Line SM06, SP 2500 (Figure 
AF11); Site SCO-21 (Jane Basin; former ODP Site 697) is our 
contingency plan in case drilling is not or is only partially 
possible in the central Scotia Sea.

Objective(s): Site SCO-21B is an alternate site as contingency in Jane Basin 
if no drilling is possible in the Scotia Sea. This site is not far 
to the north of ODP Site 697 in similar water depth and with 
good magnetostratigraphy and Pliocene material at APC-
coreable depths (Pudsey, 1990). Sedimentation rates are 
lower (~4 cm/ky for the Quaternary, ~7 cm/ky for the upper 
Pliocene, and ~15 cm/ky for the lower Pliocene) and would 
allow us to address the paleoceanographic topics in our 
proposal. The site was single-cored in 1987 with moderate 
recovery, which can be improved now with APC/HLAPC 
technology, triple coring, and deeper drilling. 

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf with orientation and temperature 
measurements; XCB to 300 mbsf 

• Hole B: APC to 250 mbsf, XCB to 300 mbsf
• Hole C: APC to 250 mbsf; XCB to 468 mbsf and log with 

triple combo and FMS-sonic
Nature of rock 

anticipated:
Diatomaceous ooze to hemipelagic clay to silt

Priority: Primary
Position: 53.1915° S, 58.6434° W
Water depth (mbsl): 830
Target drilling depth 

(mbsf):
120

Approved maximum 
penetration (mbsf ):

150

Survey coverage: MCS Profile SGFI93 107, CDP 9220; track map and seismic 
profile (Figure AF12).

Objective(s): Recover an intact sedimentary record to generate the first 
multiproxy paleoceanographic record that integrates 
evidence for millennial- to orbital-scale variability in the 
ocean, atmosphere, nutrients, productivity, and ice sheet 
dynamics in the southwest Atlantic through at least the last 
1 My. This site will recover a complete and expanded core 
from Units 1B and 2B.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 120 mbsf 
• Hole B: APC to 120 mbsf 
• Hole C: APC to 120 mbsf with Icefield MI-5 core orientation 

tool and formation temperature (APCT-3) measurements
Nature of rock 

anticipated:
Hemipelagic silt
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Site SFSD-03A
Priority: Primary
Position: 53.1896°S, 58.7608°W
Water depth (mbsl): 780
Target drilling depth 

(mbsf):
300

Approved maximum 
penetration (mbsf):

350

Survey coverage: MCS Profile SGFI93 107, CDP 10005; track map and seismic 
profile (Figure AF13)

Objective(s): Recover an intact sedimentary record to generate the first 
multiproxy paleoceanographic record that integrates 
evidence for millennial- to orbital-scale variability in the 
ocean, atmosphere, nutrients, productivity, and ice sheet 
dynamics in the southwest Atlantic through at least the last 
1 My. This site will recover a complete and expanded core 
from Units 1B and 2B.

Drilling, coring, and 
downhole 
measurements 
program:

• Hole A: APC to 250 mbsf; HLAPC to 300 mbsf
• Hole B: APC to 250 mbsf; HLAPC to 300 mbsf
• Hole C: APC to 250 mbsf; HLAPC to 300 mbsf with Icefield 

MI-5 core orientation tool and formation temperature 
(APCT-3) measurements

Nature of rock 
anticipated:

Hemipelagic silt
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Figure AF1. Seismic profiles and bathymetry, Site SCO-01.

Site Figure

Site SCO-01 (Alternate Site)
SP 565 on Line 13/13
SP range 30 (gray, 540-570) 
SP 972 on Line 11/13 (projected)

Interpretation
Green – reflector a‘ (Pleist./Pliocene)
Blue  – reflector a (Late Pliocene)
Purple  – reflector b (Late Miocene)
Yellow  – reflector c (Middle Miocene)
Brown – reflector d (Middle Miocene)
Black  – acoustic basement
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Figure AF2. Seismic profiles and bathymetry, Site SCO-11.

Site Figure

Site SCO-11 (Primary Site)
SP 745 on Line 13/13
SP range 30 (gray,730-760) 

Interpretation
Green – reflector a‘ (Pleist./Pliocene)
Blue  – reflector a (Late Pliocene)
Purple  – reflector b (Late Miocene)
Yellow  – reflector c (Middle Miocene)
Brown – reflector d (Middle Miocene)
Black  – acoustic basement
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Figure AF3. Seismic profiles and bathymetry, Site SCO-12.

Site Figure

Site SCO-12 (Alternate Site)
SP 192 on Line 11/13
SP range 50 (gray, 167-217)
SP 2585 on Line 11/08 (projected)

Interpretation
Green – reflector a‘ (Pleist./Pliocene)
Blue  – reflector a (Late Pliocene)
Purple  – reflector b (Late Miocene)
Yellow  – reflector c (Middle Miocene)
Brown – reflector d (Middle Miocene)
Black  – acoustic basement
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Figure AF4. Seismic profiles and bathymetry, Site SCO-13.

Site Figure
Site SCO-13 (Primary Site)
SP 1709 on Line 10/04
SP range 22 (1722-1700)

Interpretation
Green – reflector a‘ (Pleist./Pliocene)
Blue  – reflector a (Late Pliocene)
Purple  – reflector b (Late Miocene)
Yellow  – reflector c (Middle Miocene)
Brown – reflector d (Middle Miocene)
Black  – acoustic basement
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Figure AF5. Seismic profiles and bathymetry, Site SCO-14.
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Figure AF6. Seismic profiles and bathymetry, Site SCO-15.
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Site SCO-15 (Alternate Site)
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Interpretation
Green – reflector a‘ (Pleist./Pliocene)
Blue  – reflector a (Late Pliocene)
Purple  – reflector b (Late Miocene)
Yellow  – reflector c (Middle Miocene)
Brown – reflector d (Middle Miocene)
Black  – acoustic basement
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Figure AF7. Seismic profiles and bathymetry, Site SCO-16.

Site Figure
Site SCO-16 (Alternate Site)
SP 1 on Line 11/13 (projected)
SP 2585 on Line 11/08
SP range 24 (gray, 2573-2597)

Interpretation
Green – reflector a‘ (Pleist./Pliocene)
Blue  – reflector a (Late Pliocene)
Purple  – reflector b (Late Miocene)
Yellow  – reflector c (Middle Miocene)
Brown – reflector d (Middle Miocene)
Black  – acoustic basement
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Figure AF8. Seismic profiles and bathymetry, Site SCO-17.
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Figure AF9. Seismic profiles and bathymetry, Site SCO-18.
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Figure AF10. Seismic profiles and bathymetry, Site SCO-19.
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Figure AF11. Seismic profiles and bathymetry, Site SCO-21B.
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Figure AF12. Seismic profiles and bathymetry, Site SFSD-02A.
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Figure AF13. Seismic profiles and bathymetry, Site SFSD-03A.
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