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Abstract
The long-term climate transition from the Cretaceous green-

house to the late Paleogene icehouse provides an opportunity to 
study changes in Earth system dynamics associated with large 
changes in global temperature and atmospheric CO2 levels. Ele-
vated CO2 levels during the mid-Cretaceous supergreenhouse inter-
val (~95–80 Ma) resulted in low meridional temperature gradients, 
and oceanic deposition during this time was punctuated by wide-
spread episodes of severe anoxia termed oceanic anoxic events, re-
sulting in enhanced burial of organic carbon in conjunction with 
transient carbon isotope and temperature excursions. The pro-
longed interval of mid-Cretaceous warmth and subsequent Late 
Cretaceous–Paleogene climate trends, as well as intervening short-
lived climate excursions, are poorly documented in the southern 
high latitudes. International Ocean Discovery Program (IODP) Ex-
pedition 392 aims to drill five sites in the southwest Indian Ocean 
on the Agulhas Plateau and in the Transkei Basin, positioned at 
paleolatitudes of 65°–58°S during the Late Cretaceous (100–66 Ma) 
and in the new and evolving gateway between the South Atlantic, 
Southern Ocean, and southern Indian Ocean basins. Recovery of 
basement rocks and expanded sedimentary sequences from the 
Agulhas Plateau and Transkei Basin will provide a wealth of new 
data to (i) determine the nature and origin of the Agulhas Plateau 
and (ii) significantly advance the understanding of how Cretaceous 
temperatures, ocean circulation, and sedimentation patterns 
evolved as CO2 levels rose and fell and the breakup of Gondwana 
progressed. Importantly, Expedition 392 drilling will test competing 
hypotheses concerning Agulhas Plateau large igneous province for-
mation and the role of deep ocean circulation changes through 
southern gateways in controlling Late Cretaceous–Paleogene cli-
mate evolution.

Schedule for Expedition 392
International Ocean Discovery Program (IODP) Expedition 392 is 

based on IODP drilling Proposal 834-Full2 and 834-Add (available at 
http://iodp.tamu.edu/scienceops/expeditions/agulhas_plateau_-
climate.html). Following evaluation by the IODP Scientific Advisory 
Structure, the expedition was scheduled for the research vessel (R/V) 
JOIDES Resolution, operating under contract with the JOIDES Reso-
lution Science Operator (JRSO). At the time of publication of this Sci-
entific Prospectus, the expedition is scheduled to start in Cape Town, 
South Africa, on 4 February 2021 and to end in Cape Town, South Af-
rica, on 6 April 2021. A total of 61 days will be available for the transit, 
drilling, coring, and downhole measurements described in this report 
(for the current detailed schedule, see http://iodp.tamu.edu/scien-
ceops). Further details about the facilities aboard JOIDES Resolution
can be found at http://iodp.tamu.edu/labs/index.html.

Introduction
The warmest sustained greenhouse episode of the past ~150 My 

occurred during the mid-Cretaceous between ~95 and 80 Ma (e.g., 
Clarke and Jenkyns, 1999; Friedrich et al., 2012; Huber et al., 2002, 
2018). Proxy data and climate models suggest CO2 levels during this 
supergreenhouse climate phase may have been as high as 3500 parts 
per million by volume (ppmv), which then subsequently declined to 
less than 560 ppmv following the Eocene–Oligocene climate transi-
tion at ~34 Ma (Berner et al., 1983; Bice et al., 2006; DeConto and 
Pollard, 2003; Royer et al., 2004). High-latitude temperatures were 

exceptionally warm during the prolonged period of elevated CO2

levels in the mid-Cretaceous, resulting in low meridional tempera-
ture gradients (Bice et al., 2006, 2003; Forster et al., 2007; Huber et 
al., 1995). However, Cretaceous warmth was also interrupted by pe-
riods of rapid global climate change during oceanic anoxic events 
(OAEs), which were associated with widespread reduction in basin 
ventilation and major changes in ocean temperature and circulation 
(Arthur et al., 1985, 1987; Jenkyns, 2003, 2010; Schlanger and Jen-
kyns, 1976; Sinninghe Damsté et al., 2010). The timing, magnitude, 
and oceanographic and ecological consequences of the Cretaceous 
greenhouse warming are poorly documented in the southern high 
latitudes. Furthermore, greenhouse climate conditions with CO2
levels approaching those of the Cretaceous–Paleogene interval are 
envisioned for the near future (e.g., Hay, 2011) calling for action to 
gain a better understanding of their potential impacts.

Climate models have identified significant geography-related 
Cenozoic cooling arising from the opening of Southern Ocean gate-
ways, pointing toward a progressive strengthening of the Antarctic 
Circumpolar Current (ACC) as the major cause for cooler deep 
ocean temperatures (Sijp et al., 2014; Toggweiler and Russell, 2008). 
Analogous arguments point to a critical role for deep circulation in 
controlling Late Cretaceous climate evolution (e.g., Frank et al., 
1999; MacLeod and Huber, 1996; Robinson and Vance, 2012; Voigt 
et al., 2013). The southwest Indian Ocean is a key area to retrieve 
high-quality basement and sedimentary records to test these mod-
els and proxy reconstructions concerning the formation of the 
Agulhas Plateau and the evolution of deep ocean circulation be-
tween the Indian and Atlantic Ocean basins. The proposed Expedi-
tion 392 drill sites on Agulhas Plateau and Transkei Basin were 
located at high latitudes during the Late Cretaceous (65°–58°S; Hay 
et al., 1999; Sewall et al., 2007) and positioned in the gateway be-
tween the newly opening South Atlantic, Southern Ocean, and 
southern Indian Ocean basins. Recovery of basement and sedimen-
tary sequences from this region and comparison with recent results 
from Naturaliste Plateau drilled during IODP Expedition 369 (Hu-
ber et al., 2018) will significantly advance the understanding of large 
igneous province (LIP) formation and the evolution of ocean tem-
perature, circulation, and sedimentation patterns during the Creta-
ceous.

Background
Tectonic history of the African–Southern Ocean 

gateway
During the Early Cretaceous, the African–Southern Ocean gate-

way was closed and the South American, African, and Antarctic 
continents were connected (Figure F1). Breakup of this region of 
Gondwana commenced at ~146 Ma and was associated with the 
formation of two oceanic plateaus (Figure F1): the Mozambique 
Ridge (~136–120 Ma) and the Agulhas Plateau (105–95 Ma) (Gohl 
and Uenzelmann-Neben, 2001; Gohl et al., 2011; König and Jokat, 
2010; Parsiegla et al., 2008; Uenzelmann-Neben et al., 1999). These 
seafloor elevations constituted barriers for circulation of deep and 
intermediate water masses as indicated by neodymium (Nd) isoto-
pic evidence for different water masses bathing the Falkland Plateau 
and the western flank of the Kerguelen Plateau between ~95 and 78 
Ma (Murphy and Thomas, 2012, 2013). A deepwater connection be-
tween the South Atlantic and the Indian Ocean opened with the 
separation of the Falkland Plateau from Africa between ~120 and 
100 Ma (König and Jokat, 2010).
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The origin and development of structural units in the African–
Southern Ocean gateway (including the Agulhas Plateau, Mozam-
bique Ridge, Maud Rise, Astrid Ridge, Madagascar Ridge, and Gun-
nerus Ridge) are heavily debated. Seismic studies and plate tectonic 
reconstructions suggest that the Agulhas Plateau is a LIP that 
formed no earlier than 105 Ma (Parsiegla et al., 2008) in combina-
tion with the Northeast Georgia Rise and Maud Rise (Gohl and 
Uenzelmann-Neben, 2001; König and Jokat, 2010; Parsiegla et al., 
2008; Uenzelmann-Neben et al., 1999). In contrast, Gohl et al. 
(2011) suggested the existence of a southeast African super-LIP be-
tween ~140 and 95 Ma, which formed as a result of an intense pe-
riod of magmatism (Charvis et al., 1995; Fischer et al., 2017; Gohl 
and Uenzelmann-Neben, 2001; Jacques et al., 2019) and consisted of 
the Northeast Georgia Rise, Agulhas Plateau, Maud Rise, Astrid 
Ridge, Mozambique Ridge, and Transkei Rise. This southeast Afri-
can super-LIP is conjectured to be the same size and age as the Ker-
guelen-Broken Ridge LIP (Coffin and Eldholm, 1994). It is unclear 
whether this super-LIP includes continental fragments, and its age 
of formation, as well as the timing of later separation into Mozam-
bique Ridge, Astrid Ridge, Northeast Georgia Rise, Agulhas Plateau, 
and Maud Rise, remain unresolved.

African–Southern Ocean gateway circulation
In the Cretaceous greenhouse world, the role of oceanic pole-

ward heat transport as a main driver of long-term climate change is 
uncertain. Low latitudinal thermal gradients and different patterns 
of runoff and evaporation could have shifted areas of deep convec-
tion, and constricted connections between basins could have led to 
largely internal circulation of deepwater masses in relatively small 
Cretaceous oceanic basins (120–80 Ma; Friedrich et al., 2008; Ma-
cLeod et al., 2011, 2008). Numerical simulations of Cretaceous cir-
culation do not predict overturning circulation in the African–
Southern Ocean gateway, although weak circulation connecting the 
Pacific, Atlantic, and Indian basins is indicated (Uenzelmann-Ne-
ben et al., 2017). Cooling due to atmospheric CO2 reduction, proba-
bly because of enhanced carbon burial (Robinson et al., 2010; 
Robinson and Vance, 2012) and/or evolving tectonic barriers via the 
formation of oceanic plateaus (Frank and Arthur, 1999), could have 
resulted in circulation patterns similar to the modern with conse-
quent feedbacks through changing ocean heat transport. Better 
depth-resolved, empirical constraints on circulation coupled with 
modeling experiments from critical regions like the southwest In-
dian Ocean are needed to test and refine these hypotheses.

In the Agulhas Plateau region today, surface and deep currents 
transport warm and salty waters through the African–Southern 
Ocean gateway from the Indian Ocean into the southern Atlantic 
via the Agulhas Current and formation of Agulhas rings, whereas 
cold water flows eastward into the Indian Ocean (Figure F2) (de 
Ruijter et al., 1999, 2006; Lutjeharms, 1996, 2006; Lutjeharms and 
Ansorge, 2001; Mantyla and Reid, 1995; Read and Pollard, 1999; 
Tomczak and Godfrey, 1994; Toole and Warren, 1993; van Aken et 
al., 2004; You et al., 2003). Water mass exchange in this region is 
controlled by seafloor topography, requiring a deep and wide gate-
way. Lutjeharms (1996, 2006) observed that the Agulhas Current 
hugs the shelf break of the Agulhas Passage and the path of Agulhas 
rings is influenced by the Agulhas Ridge topography. Both the Agul-
has Current and Agulhas rings maintain the energy transfer be-
tween the Indian and Atlantic Oceans (Biastoch et al., 2008, 2009). 
Seafloor elevations, such as the Mozambique Ridge and Agulhas 
Plateau, constitute barriers for the flow of these oceanic currents 
and lead to modifications in flow paths.

In the Cretaceous, the presence of large magmatic obstructions 
likely caused constriction of the African–Southern Ocean gateway 
and hence were a hindrance to water mass exchange between the 
Atlantic and Indian basins. Two hypotheses suggest that LIP forma-
tion complicated the opening of the African–Southern Ocean gate-
way: (1) a southeast African super-LIP (140–95 Ma) (Gohl et al., 
2011) or (2) the formations of two LIPs between 140 and 120 Ma 
(Mozambique Ridge and Astrid Ridge) (König and Jokat, 2010) and 
105 and 95 Ma (Northeast Georgia Rise, Agulhas Plateau, and Maud 
Rise) (Parsiegla et al., 2008; Uenzelmann-Neben et al., 1999). The 
second hypothesis allows deepwater circulation between the 
Tethys/Indian Ocean and Southern Ocean/South Atlantic from 
~120 Ma onward. Convergence of Falkland and Kerguelen interme-
diate water masses may have then initiated following tectonic sub-
sidence of the intervening barriers in the Southern Ocean basin. 
Therefore, instead of the African–Southern Ocean gateway slowly 
opening and allowing increasingly deeper water mass exchange, 
geophysical studies (Fischer, 2017; Gohl et al., 2011; König and 
Jokat, 2010; Schlüter and Uenzelmann-Neben, 2008) indicate pro-
longed restricted circulation in the opening gateway (e.g., Transkei 
Basin). In this model, only surface current flow occurred between 
the Tethys/Indian Ocean and the evolving Southern Ocean/South 
Atlantic, whereas deep and intermediate water masses were blocked 
by this barrier. With the full clearance of the South American plate 
and the separation of the Agulhas Plateau–Northeast Georgia Rise–
Maud Rise LIP into three parts (Figure F1), changes in the seafloor 
topography may have allowed open-ocean circulation across the Af-
rican–Southern Ocean gateway by ~94 Ma.

Recovery of Cretaceous basement and sediments from the Agul-
has Plateau during Expedition 392 will provide an archive of Afri-
can–Southern Ocean gateway evolution from the onset of Agulhas 
Plateau–Northeast Georgia Rise–Maud Rise LIP formation (<105 
Ma) to a fully open gateway (~94 Ma) (König and Jokat, 2010; Par-
siegla et al., 2008). The sedimentary rock sequences targeted for 
drilling on the Agulhas Plateau and in the Transkei Basin during Ex-
pedition 392 will provide long records of changing paleodepth, 
paleoceanography, and paleoclimate spanning the mid-Cretaceous 
through the Paleogene, documenting the formation of the plateau in 
presumed subaerial or shallow-water environments and its subsid-
ence to bathyal depths.

Seismostratigraphic model
The seismostratigraphic model developed for the proposed Ex-

pedition 392 drill sites (Figures F3, F4, F5, F6, F7, F8) is tentative 
because the uppermost part of the sedimentary sequence of the 
Agulhas Plateau has previously been sampled by scientific drilling at 
only one location (IODP Expedition 361 Site U1475 on the south-
west Agulhas Plateau; Hall et al., 2017), and therefore the interpre-
tations for ages of reflectors should be applied with caution. The 
seismostratigraphic models for the Agulhas Plateau and Transkei 
Basin sequences are based on analysis of reflection characteristics 
(e.g., amplitude, frequency content of units, and continuity of re-
flections) and are tied to the ages of conventional gravity/piston 
cores (Tucholke and Carpenter, 1977; Table T1) where possible and 
to Site U1475 for the post-Miocene sequences (Gruetzner et al., 
2019).

For the Agulhas Plateau, Tucholke and Carpenter (1977) and 
Tucholke and Embley (1984) identified four distinct seismic hori-
zons above acoustic basement and constructed a first seismostrati-
graphic model (Table T2). An unconformity above acoustic 
basement was cored where it crops out high on the western flank of 
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the plateau and was found to be minimally Maastrichtian in age 
(~72–66 Ma). The underlying reflections terminate against the Up-
per Cretaceous reflector, thus documenting erosion (Uenzelmann-
Neben, 2002, 1999).

A 9 My hiatus across the Paleocene/Eocene boundary in the 
Agulhas Plateau sedimentary sequence (Tucholke and Embley, 
1984) is interpreted at Reflector LE, which shows strong amplitudes 
and is mostly conformable to bounding beds (Figures F4, F5). Inten-
sified bottom currents (e.g., due to the formation and strengthening 
of the ACC [Tucholke and Embley, 1984]) led to the formation of a 
second regional hiatus between ~33 and 29 Ma (Reflector LO; Fig-
ures F4, F5, F6, F7) that is of medium to strong amplitude and rep-
resents an unconformity observed on the Agulhas Plateau 
(Uenzelmann-Neben, 2002). Reflector MM (middle Miocene) is 
also likely a result of deepwater erosion and redeposition (Tucholke 
and Embley, 1984). This reflection shows weaker amplitudes and 
frequent wedge-outs at the seafloor (Figures F5, F7). A regional hi-
atus of late Miocene–early Pliocene age (~10–6 Ma) is attributed to 
erosion and redeposition of sediments by Circumpolar Deep Water 
in the ACC (Tucholke and Embley, 1984) and represented by a 
strong reflection (Reflector LP), which is often found very close to, 
and thus indistinguishable from, the seafloor. Reflector LP is dated 
to 5.7 Ma (Gruetzner et al., 2019) and interpreted to represent the 
onset of a period of increased Atlantic Meridional Overturning Cir-
culation. A relatively thin veneer of Pliocene–Pleistocene sediments 
(~0–50 m) rests on top of the lower Pliocene reflection across most 
areas of the Agulhas Plateau, forming thicker drift packages only in 
localized areas. Several reflections in the Pliocene–Pleistocene se-
quence have been associated with climate-induced changes in cir-
culation (Gruetzner et al., 2019).

In the Transkei Basin, the top of the oceanic crust is imaged as a 
high-amplitude, partly rugged reflection (Schlüter and Uenzel-
mann-Neben, 2007). An undisturbed sedimentary sequence overly-
ing basement is identified as Subunit 1A and is separated from the 
overlying heavily faulted Subunit 1B by Horizon K-T (Creta-
ceous/Paleogene boundary) of medium reflection amplitude (Table 
T3; Figure F8). Sedimentary Unit 1 is topped by Horizon E (late Eo-
cene). In Subunit 1A, a reflection band with higher amplitudes is in-
terpreted to represent black shales (Schlüter and Uenzelmann-
Neben, 2008). The overlying Unit 2 marks a short transition zone 
and appears as a small but very high amplitude reflection band with 
a thickness of ~25 m. The interface between Units 2 and 3 is charac-
terized by Reflector O and represents the Eocene/Oligocene bound-
ary (Figure F8). Unit 3 indicates an increasing energy level and also 
thickens up to 70 m. The Unit 3/4 boundary is represented by Re-
flector M, which is hypothesized to be middle Miocene in age 
(Schlüter and Uenzelmann-Neben, 2007). In contrast to Unit 3, 
overlying Unit 4 thickens up to 130 m, whereas the amplitudes 
weaken. Units 4 and 5 are separated by the lower Pliocene Reflector 
P (Figure F8). The youngest Unit 5 shows high-amplitude reflec-
tions (Schlüter and Uenzelmann-Neben, 2007).

Seismic studies/site survey data
The supporting site survey data for Expedition 392 are archived 

at the IODP Site Survey Data Bank (https://ssdb.iodp.org/SSD-
Bquery/SSDBquery.php; select P834 for proposal number).

Scientific objectives
The main scientific questions and objectives to be addressed by 

the proposed primary and alternate drill sites (Figures F3, F9; Table 
T4) for Expedition 392 are outlined below.

1. Did Indian Ocean LIPs related to the breakup of Gondwana tap 
a similar source and show a similar temporal and geochemical 
evolution to coeval and older Pacific LIPs?
It is hypothesized that the Agulhas Plateau, Northeast Georgia 

Rise, and Maud Rise initially formed a superplateau similar to the 
combined Ontong Java–Manihiki–Hikurangi Plateau (Davy et al., 
2008; Hoernle et al., 2010; Taylor, 2006; Timm et al., 2011) before 
being broken up by seafloor spreading in the mid-Cretaceous. Re-
covery of basement rocks on the Agulhas Plateau will test whether 
the Agulhas Plateau–Northeast Georgia Rise–Maud Rise super-LIP 
formed at the Bouvet triple junction (Gohl et al., 2011; Parsiegla et 
al., 2008) much like the Shatsky Rise in the northwestern Pacific 
(Sager et al., 1999) or through interactions between the Bouvet and 
Marion hotspots with the Southwest Indian Ridge (Georgen et al., 
2001). Continuous, 15–20 km long reflections observed in Agulhas 
Plateau basement structures are similar to lava flow sequences 
drilled at Shatsky Rise (Tamu Massif ) that rapidly accumulated at 
inferred melt production rates of 0.63–0.84 km3/y over a time inter-
val of 3–4 My (Geldmacher et al., 2014; Gohl and Uenzelmann-Ne-
ben, 2001; Expedition 324 Scientists, 2010; Sager et al., 2013; 
Uenzelmann-Neben et al., 1999). These rates imply the involvement 
of a mantle plume.

A fundamental question concerning Cretaceous LIPs is whether 
they tapped a common reservoir in the lower mantle, and if so, what 
is the composition of this reservoir and its homogeneity/heteroge-
neity (e.g., Jackson and Carlson, 2011; Jackson et al., 2010). Most la-
vas from Ontong Java Plateau show a homogeneous isotopic 
composition, characterized by the Kwaimbaita/Kroenke compo-
nent similar to the composition of proposed common mantle com-
ponents with intermediate isotopic compositions compared to 
oceanic intraplate volcanic rocks (e.g., Prevalent Mantle [PREMA], 
Focal Zone [FOZO], and Common Component [C]; Hanan et al., 
2004; Stracke et al., 2005; Zindler and Hart, 1986). However, the 
stratigraphically youngest plateau lavas in some areas display a 
compositionally distinct (Enriched Mantle 1 [EM1] type; e.g., Zin-
dler and Hart, 1986) Singgalo composition. On the other hand, re-
cent studies of lavas from the Manihiki Plateau (Timm et al., 2011), 
Shatsky Rise (Heydolph et al., 2014), and Mozambique Ridge 
(Jacques et al., 2019) show considerably more compositional varia-
tion, suggesting that even single LIP events tap heterogeneous 
sources similar to ocean island basalts.

Another important question about LIPs concerns their longev-
ity: Do they represent single short-term events occurring over a few 
million years, or are these volcanic provinces active over longer 
time periods (e.g., Bryan and Ernst, 2008)? Although the main 
Tamu Massif of Shatsky Rise formed between ~144 and 143 Ma, 
magnetic data suggest the three massifs formed over a longer time 
interval from M20 to M4 (146–127 Ma). The uppermost lava group 
at the Tamu Massif (Shatsky Rise) yielded an age (133 Ma) ~10 My 
younger than the main sequence of lavas (144–143 Ma) (Geld-
macher et al., 2014), providing evidence for volcanic rejuvenation. 
5
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These lavas are geochemically identical to the main plateau stage la-
vas and therefore appear to have tapped the same source. At On-
tong Java Plateau, the stratigraphically youngest Singgalo lavas have 
a distinct trace element and isotopic composition from the main 
Kwaimbaita/Kroenke lavas (Tejada et al., 2004, 1996, 2002). The up-
permost lavas at Manihiki Plateau drilled at Deep Sea Drilling Proj-
ect (DSDP) Site 317 have a distinct Singgalo-type chemical 
composition compared to the main low-Ti plateau lavas with 
Kwaimbaita/Kroenke-type compositions (Hoernle et al., 2010; 
Timm et al., 2011). Alkalic rejuvenated lavas with distinct (high μ 
[HIMU] type) incompatible element and isotopic compositions oc-
cur on Ontong Java, Hikurangi, and Manihiki Plateaus (e.g., Ho-
ernle et al., 2010; Timm et al., 2011). Seismic data from the Manihiki 
Plateau revealed several formation stages: the initial phase forming 
the nucleus (>125 Ma), the extension (125–116 Ma), and the sec-
ondary phase (100–65 Ma) (Pietsch and Uenzelmann-Neben, 
2015). Seismic and geochemical data from Mozambique Ridge indi-
cate a rapid, partly contemporaneous formation of the four seg-
ments and later postsedimentary magmatism (Fischer et al., 2017; 
Jacques et al., 2019). These observations pose the question of 
whether rejuvenated volcanism is a common feature on oceanic pla-
teaus, and if so, what is its origin?

Key questions regarding Agulhas Plateau volcanism include the 
following:

• What are the age, origin, and temporal and geochemical evolu-
tion of the uppermost Agulhas Plateau volcanic sequences?

• Do the uppermost Agulhas Plateau lavas show evidence for sub-
aerial volcanism?

• Does the Agulhas Plateau show geochemical affinities and melt 
production rates similar to other LIPs (e.g., Shatsky, Ontong 
Java, Manihiki, Hikurangi, and Kerguelen Plateaus), requiring 
elevated mantle temperatures and/or lower mantle source (high 
3He/4He and solar Ne isotope ratios) and thus the presence of a 
mantle plume from the lower mantle?

• Is there evidence for late-stage volcanism on the Agulhas Pla-
teau as has been observed at Shatsky Rise and the Ontong Java, 
Manihiki, and Hikurangi Plateaus? How much younger is it 
compared to the main plateau stage, and does it show composi-
tional differences in major (alkalic vs. tholeiitic) and trace ele-
ment and isotopic (e.g., more enriched) composition?

• Does Agulhas volcanism coincide with the separation of Africa 
and Antarctica and the formation of other plateaus in the Afri-
can–Southern Ocean gateway (e.g., Mozambique Ridge)?

We intend to determine the nature of the basement at the Agul-
has Plateau (continental, oceanic, or LIP) to understand the origin 
of the plateau and its role in the break-up history of Gondwana. As-
sessing the age and geochemistry of the basement will provide in-
formation on the geodynamic development of the South 
Atlantic/South Indian domain. This information will provide in-
sight into when the plateau started to influence the paths of deep 
oceanic currents. We intend to drill well into basement (as deep as 
200 m) at two sites to allow complete characterization of the mate-
rial, in particular to assess if there is low-volume rejuvenated volca-
nism. At two additional sites, we will restrict basement penetration 
to ~50 m to save time, but basement recovery at these additional 
sites will allow us to test the spatial compositional variability of the 
plateau. Four proposed primary sites target the tectonic/basement 
objectives: Sites AP-07A (up to 200 m into basement) and AP-08A 
(~50 m into basement) on the northern Agulhas Plateau and Sites 
AP-09B (up to 200 m into basement) and AP-10A (~50 m into base-

ment) on the southern Agulhas Plateau (Figures F3, F4, F5, F6, F7, 
F9, F10). These four drill sites form a transect along the north–
south elongated Agulhas Plateau, allowing us to evaluate temporal 
and compositional variation across the plateau’s axis (Figures F3, 
F9). Basement highs at Sites AP-07A (northern Agulhas Plateau) 
and AP-09B (southern Agulhas Plateau), which we intend to sample 
with deeper (up to 200 m) basement penetration, could reflect late-
stage plateau or even rejuvenated (alkalic?) volcanism. Recovery of 
an extended interval of basement cores from these sites will there-
fore help to reconstruct the termination of Agulhas Plateau volca-
nism. In contrast, the sites with less basement penetration (Sites 
AP-08A [northern Agulhas Plateau] and AP-10A [southern Agulhas 
Plateau]) will penetrate the main plateau edifice. According to the 
LIP/plume head model, the edifice is believed to have formed by 
widespread contemporaneous volcanism within a relatively short 
time interval and thus could record the beginning of Agulhas Pla-
teau formation. Obtaining age information from these two sites that 
are 335 km apart will enable us to test this classical model. By com-
bining age and geochemical results from all four sites, we should be 
able to reconstruct the full cycle of Agulhas Plateau formation.

2. Did sedimentation on the Agulhas Plateau start immediately af-
ter crustal emplacement at ~100 Ma under subaerial conditions?
Following the separation of the Falkland Plateau from southern 

Africa during the breakup of Africa, South America, and Antarctica 
(Figure F1), the onset of free water mass exchange between the 
Tethys/Indian Ocean and evolving South Atlantic/Southern Ocean 
emerged. However, the emplacement of LIPs appears to have ob-
structed the opening of this gateway. König and Jokat (2010) sug-
gested that the Mozambique Ridge formed between 140 and 122 
Ma and parts of the Astrid Ridge (Antarctica) were possibly still at-
tached to the Mozambique Ridge (Gohl et al., 2011). It is still un-
clear whether this LIP was submarine or emplaced subaerially, but it 
was likely an obstacle for the flow of intermediate- and deepwater 
masses (Fischer and Uenzelmann-Neben, 2018). Another barrier for 
oceanic circulation was created with the formation of the Agulhas 
Plateau–Northeast Georgia Rise–Maud Rise LIP between 105 and 
95 Ma, after which the Northeast Georgia Rise and Maud Rise de-
tached from the Agulhas Plateau by seafloor spreading (Figure F1) 
(Gohl and Uenzelmann-Neben, 2001; Gohl et al., 2011; Parsiegla et 
al., 2008), leading to a widening and deepening of the gateway. 
Based on crustal thickness and estimated subsidence, Parsiegla et al. 
(2008) speculated that the central part of the Agulhas Plateau (pres-
ent water depths <3000 m) formed subaerially. The Transkei Basin 
formed between the Mozambique Ridge and Agulhas Plateau–
Northeast Georgia Rise–Maud Rise LIPs and the African continent. 
Plate tectonic reconstructions (König and Jokat, 2010; Parsiegla et 
al., 2008) show that this basin may have been a restricted subbasin 
until 80 Ma (Schlüter and Uenzelmann-Neben, 2008; Uenzelmann-
Neben, 2010), which resulted in anoxic conditions and led to the 
deposition of black shales (Figure F8).

Key questions regarding initial sedimentation on the Agulhas 
Plateau include the following:

• Under what environmental conditions were sediments depos-
ited shortly after formation of the Agulhas Plateau—subaerial, 
shallow or deep water, or warm or cool conditions?

• How did emplacement of the plateau influence the climate, oce-
anic environments, and Earth’s biota?

• What can we deduce about water mass changes during early 
stages of the plateau’s evolution? Did emplacement of the Agul-
has Plateau LIP interrupt an already incipient circulation?
6
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The deep opening of Southern Ocean gateways (African–South-
ern Ocean, Tasman, and Drake Passage), which took place over a 
prolonged period of time from the Cretaceous to mid-Cenozoic, 
had a significant effect on the cooling of the deep ocean and hence 
global climate (Sijp et al., 2014). Drilling on the Agulhas Plateau will 
provide further constraints on this early history and the African–
Southern Ocean gateway opening with respect to timing, subsid-
ence, and the initial environment. The Cretaceous sedimentary se-
quence at the proposed primary sites on the Agulhas Plateau is as 
thick as 120 m (Figure F10) and will allow reconstruction of paleo-
environmental evolution since formation of the plateau (100 Ma ac-
cording to plate tectonic reconstructions; Parsiegla et al., 2008; Sijp 
et al., 2014), spanning OAE 3 (~86–83 Ma) and OAE 2 (93.6 Ma). 
The Cretaceous sequence in the Transkei Basin is much thicker 
(Figure F10) and has the potential to provide a higher resolution re-
cord of those OAEs.

Piston cores located near proposed alternate Site AP-05A (Core 
V16-55 ~13 nmi south of the site [lower Eocene surface sediments]; 
Core V22-124 ~2 nmi southeast of the site [upper Maastrichtian 
surface sediments]) (Figure F3) provide evidence that a moderately 
thick sequence of Cretaceous sediments (~100–200 m based on 
seismic interpretation) can be recovered on the Agulhas Plateau im-
mediately above basement. The seismic interpretation in this area, 
however, is not unequivocal. Recovery of sediments containing 
well-preserved microfossils as old as the late Albian (~105 Ma) is 
possible on the southern Agulhas Plateau (proposed Sites AP-01A, 
AP-02A, AP-03A, AP-04B, AP-09B, and AP-14A; Figure F3) based 
on sediment ages of piston cores (Table T1) and clearly delineated 
seismic reflectors showing a thick conformable sedimentary se-
quence between the seafloor and the basement (Figure F4).

Four primary sites are selected to determine the age and paleo-
environment of the oldest sediments deposited on crust: Sites AP-
07A, AP-08A, AP-09B, and AP-10A (Figures F3, F4, F6, F7, F10).

3. Did bottom currents associated with deep and intermediate wa-
ter masses as well as climatic events leave their imprint in the 
form of seismic reflections and unconformities?
Tucholke and Carpenter (1977) and Tucholke and Embley 

(1984) identified five distinct horizons in their interpretation of 
Agulhas Plateau seismic reflection data sets, of which they dated the 
oldest horizon from piston cores and dredge samples as Maastrich-
tian (Tables T1, T2). These horizons were subsequently related to 
regional hiatuses resulting from local sea level highstands, initiation 
and spreading of the ACC, and activity of Antarctic Bottom Water 
(Uenzelmann-Neben, 2001, 2002). For the Transkei Basin, Schlüter 
and Uenzelmann-Neben (2007) presented a seismostratigraphic 
model tied to the model of Niemi et al. (2000) (Table T3) that 
showed the importance of dating the horizons with respect to possi-
ble erosion and the evolution of ocean circulation, which may repre-
sent significant climatic episodes (e.g., OAE 3). Black shales 
identified via bright spots in seismic data from the Transkei Basin 
(Figure F8) (Schlüter and Uenzelmann-Neben, 2008) form an ar-
chive of the circulation initially restricted by the emplacement and 
elevation of both the Mozambique Ridge and Agulhas Plateau. Dat-
ing of these sedimentary units and unconformities in the Transkei 
Basin and mapping their regional extent will help us to identify 
traces of deep and intermediate water masses, their onset, the in-
tensification and/or weakening of the circulation, and changes to 
the circulation pathways. This information will provide insight into 
both long-term and short-lived changes in bottom water circulation 

through the Late Cretaceous–Paleogene interval in relation to the 
tectonic isolation and opening of this gateway.

Five primary sites are dedicated to determining the age and na-
ture of the observed unconformities: Sites AP-07A, AP-08A, AP-
09B, AP-10A, and TB-01A (Figures F3, F4, F6, F7, F8).

4. What was the paleotemperature history at high southern lati-
tudes across the rise and decline of the Cretaceous supergreen-
house and through the early Paleogene?
Planktonic foraminifer oxygen isotope records from sub-

antarctic Falkland Plateau DSDP Site 511 indicate Cretaceous sea-
surface temperatures that at times exceeded 30°C (Huber et al., 
2002), yet climate simulations require unrealistically high atmo-
spheric pCO2 levels of 6500–7500 ppm to match these extremely 
warm temperatures (Bice et al., 2003). Although it is unlikely that 
the mid-Cretaceous experienced such high pCO2 levels, pale-
oceanographic and preservational explanations for the low δ18O val-
ues (e.g., diagenesis and low salinity) have been ruled out. In 
addition, the timing and tempo of cooling following peak Turonian 
temperatures is debated (e.g., Ando et al., 2013; Friedrich et al., 
2012), and this uncertainty compromises parallel efforts to relate 
changes in the tectonic configuration of gateways and geochemi-
cally inferred patterns of circulation to climate evolution. Creta-
ceous foraminifers recovered in a piston core from Agulhas Plateau 
(Figure F11) suggest that it will be possible to recover sediments 
with well-preserved Cretaceous carbonate microfossils at Agulhas 
Plateau and Transkei Basin sites. Such material would allow con-
struction of oxygen isotope, Mg/Ca, and, depending on organic bio-
marker preservation, TEX86 paleotemperature estimates spanning 
the mid-Cretaceous supergreenhouse through the early Paleogene, 
providing a robust temperature history and reducing uncertainties 
about the climate history at high southern latitudes.

Recent advances in paleoclimate modeling offer potential ave-
nues for reconciling model–data disparities for Cretaceous tem-
perature and CO2 estimates through consideration of cloud and 
biological feedbacks (Kump and Pollard, 2008; Poulsen and Zhou, 
2013), emission of nonCO2 greenhouse gases (Beerling and Royer, 
2011), and regional increases in ocean heat transport (Poulsen and 
Zhou, 2013). Moreover, water isotope–enabled Earth system mod-
els are increasingly common, making direct comparisons between 
proxy data and simulations feasible (e.g., Zhou et al., 2008). Deter-
mining whether extreme warm conditions were localized or wide-
spread through the Southern Ocean will provide an important test 
of possible warming mechanisms.

Specific questions to address include the following:

• What was the thermal history of the Cretaceous, and was this 
linked to changes in atmospheric CO2, tectonic evolution, or 
some other forcing?

• Were surface water temperatures over the Agulhas Plateau cool 
enough at any time during the Cretaceous and early Paleogene 
to allow for growth of Antarctic ice sheets?

• Can Earth system models simulate the conditions recorded at 
Agulhas Plateau during the Cretaceous? What assumptions 
about CO2 levels are required to reproduce these conditions?

Five primary sites are dedicated to collect sediment records for 
Cretaceous–Paleogene temperature reconstructions: Sites AP-07A, 
AP-08A, AP-09B, AP-10A, and TB-01A (Figures F3, F4, F6, F7, F8, 
F10).
7
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5. How did the progressive opening of the African–Southern Ocean 
gateway influence Cretaceous to early Paleogene deepwater cir-
culation?
Significant changes in ocean and atmospheric circulation re-

lated to evolving bathymetry in oceanic gateways are one possible 
driver of global-scale climate change through the Cretaceous and 
Cenozoic. Many studies have proposed enhanced formation and ex-
port of Southern Component Waters starting in the Campanian 
(e.g., Jung et al., 2013; Murphy and Thomas, 2012; Robinson et al., 
2010; Robinson and Vance, 2012; Voigt et al., 2013), promoted by 
the opening of the South Atlantic and establishment of connections 
to all major oceanic basins. However, incomplete records that lack 
robust age control from southern high-latitude areas currently hin-
der deepwater circulation reconstructions for the Cretaceous and 
early Paleogene. The source regions for different deepwater masses 
in evolving southern gateways are also controversial (see African–
Southern Ocean gateway circulation), and resolving fundamental 
questions on circulation history requires analyses of samples from 
various depths in or near gateways across which circulation may 
have reversed.

The proposed Agulhas Plateau and Transkei Basin drill sites, 
along with Ocean Drilling Program (ODP) Site 1090 (Leg 177; 3702 
m) on the southern flank of Agulhas Ridge, will form an eastern 
counterpart to the proposed drill sites of the Maurice Ewing Bank–
Georgia Basin depth transect (IODP Proposal 862-Pre) in the west-
ern South Atlantic. Integration of records across this array of sites 
will provide a unique opportunity to monitor surface and deepwater 
temperature, nutrient, and circulation changes from the Late Creta-
ceous through early Paleogene across the South Atlantic. This re-
gion is key for modern deepwater circulation and surface frontal 
systems, and new drill core records can answer questions related to 
the development of the ACC, the evolution of bottom water flow 
from the Antarctic margin into South Atlantic basins, the tempera-
ture evolution of subantarctic waters, and the global significance of 
Antarctic weathering inputs to the oceans during both preglacial 
and glacial time intervals.

Specific questions to address include the following:

• What is the role and impact of the Agulhas Plateau on the evolv-
ing communication of deep and intermediate water masses in 
and between ocean basins? Was there a co-development of Pa-
cific-sourced deepwater circulation in the South Atlantic in the 
early Paleogene?

• When and how did the opening of Southern Ocean gateways in-
fluence Late Cretaceous and early Paleogene climate? Did early 
opening of the African–Southern Ocean gateway and Drake 
Passage cause invigorated deepwater circulation and a strength-
ening of surface frontal systems in the eastern South Atlantic?

Five primary sites are identified to reconstruct intermediate and 
deepwater circulation: Sites AP-07A, AP-08A, AP-09B, AP-10A, 
and TB-01A (Figures F3, F4, F6, F7, F8).

6. What forcing factors caused Cretaceous OAEs and what effects 
did these events have on high-latitude climate, oceanography, 
and biota?
Despite the nearly four decades since OAEs were discovered, no 

study has satisfactorily established the primary forcing factors that 
caused their formation. If increased organic productivity was the 
dominant cause for OAEs, why are biotic and geochemical indica-
tors of nutrient upwelling generally not found in sediments depos-
ited across those time intervals (Jenkyns, 2010)? On the other hand, 

if OAEs were caused by sluggish overturning circulation during 
times of high atmospheric CO2 (Poulsen and Zhou, 2013) and oxy-
gen-poor water masses in isolated basins (Poulsen et al., 2003), then 
why is there an offset in the timing of carbon isotope excursions 
that accompany each of the OAEs relative to peak phases of LIP 
eruptions and other major volcanic episodes (Jenkyns, 2010), and 
why are some peak carbon isotope excursions diachronous (Tsikos 
et al., 2004)? Recovery of complete OAE intervals with well-pre-
served organic matter and microfossils at the Expedition 392 drill 
sites will help resolve these controversies. Importantly, new OAE 
records from the Agulhas Plateau and Transkei Basin will shed light 
on relative variations in surface productivity and indicate whether 
there were cooling feedbacks associated with increased organic car-
bon burial during the OAEs and also whether there were significant 
changes in bottom circulation prior to, during, and after the OAE 
intervals. The presence of organic-rich shale with up to ~7% total 
organic carbon from upper Cenomanian–lower Turonian se-
quences at multiple sites in the Great Bight Basin on the southern 
Australian margin (Totterdell et al., 2008) provides evidence that 
euxinic waters may have been present elsewhere in the southern 
high latitudes during OAE 2. As noted above, interpretation of the 
seismic profiles indicates that sediments as old as late Albian may 
be accessible at relatively shallow burial depths on the Agulhas Pla-
teau, which should allow for preservation of primary geochemical 
signals across the OAE 1d, OAE 2, and OAE 3 intervals, and a sedi-
mentary section extending down through OAE 3 may be recovered 
in the Transkei Basin.

Key questions related to OAEs include the following:

• Was there an increase in Corg burial in the southern high lati-
tudes during the δ13C excursion intervals that define Cretaceous 
OAEs?

• How did surface productivity, paleotemperatures, the vertical 
thermal and δ13C gradients, and bottom circulation change in 
the eastern South Atlantic across the OAE intervals?

• Did changes in Agulhas Plateau microfossil assemblages corre-
spond to observed OAE geochemical and sedimentological 
shifts, and if so, can the cause for those changes be determined?

Five primary sites are dedicated to study critical OAE intervals 
of the Cretaceous: Sites AP-07A, AP-08A, AP-09B, AP-10A, and 
TB-01A (Figures F3, F4, F6, F7, F8, F10).

Drilling, coring, and downhole 
measurements strategy

The drilling plan for Expedition 392 includes a total of 5 primary 
sites and 11 alternate sites (Tables T4, T5, T6; Figure F10). The pri-
mary sites are located in three main regions: Transkei Basin (Site 
TB-01A), southern Agulhas Plateau (Sites AP-09B and AP-10A), 
and northern Agulhas Plateau (Sites AP-07A and AP-08A) (Figures 
F3, F9). The five primary sites were selected to satisfy key objectives 
in each of these three regions, and each is paired with one or more 
alternate sites that fulfill similar objectives.

Drilling in the Transkei Basin (Site TB-01A) aims to recover a 
thick sedimentary section that extends back through the Upper 
Cretaceous, which potentially spans a thick black shale interval 
(Schlüter and Uenzelmann-Neben, 2008). The interpreted black 
shale intervals at the proposed Transkei Basin sites are located 
~900–1000 meters below seafloor (mbsf ) and require the deepest 
penetration of the expedition. As a result, we plan to only recover a 
8
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single copy of the Transkei Basin sequence using a combination of 
the advanced piston corer (APC), extended core barrel (XCB), and 
rotary core barrel (RCB) coring assemblies (Figure F10).

Drilling on both the southern and northern Agulhas Plateau 
aims to obtain Upper Cretaceous to lower Paleogene sedimentary 
sequences and sample the underlying basement rocks. All sites on 
the Agulhas Plateau are strategically positioned at locations lacking 
thick Neogene drift deposits, allowing access to the Cretaceous–
Paleogene sediments at shallow subseafloor depths. Based on age 
information from shallow piston cores from the Agulhas Plateau 
(Table T1; Tucholke and Carpenter, 1977), the lowermost marine 
sequences on the Agulhas Plateau will likely be calcareous oozes of 
Late Cretaceous age and will provide a pelagic record of oceano-
graphic and climate evolution extending from the end of the Creta-
ceous through the early Paleogene. However, as discussed above, 
the Agulhas Plateau sedimentary sequences immediately overlying 
basement may have been deposited in subaerial or shallow-water 
environments, which we also intend to sample.

Time and weather permitting, double-coring of the Cretaceous–
Paleogene sedimentary sequences is planned to achieve more com-
plete recovery of key intervals at the Agulhas Plateau sites (Figure 
F10). Basement penetration of ~50–200 m is planned at all Agulhas 
Plateau sites to obtain igneous rocks with minimal alteration suit-
able for determining the age and origin of the Agulhas Plateau. As 
recommended by several ODP/IODP workshops, a drilling depth of 
>20 m into the igneous basement should be sufficient to retrieve 
relatively fresh samples for age and geochemical and geochronolog-
ical studies (Duncan et al., 2007). Deeper basement penetration of 
~150–200 m at two primary sites will likely provide the best oppor-
tunity to obtain fresh material for constraining the late-stage evolu-
tion of the Agulhas Plateau, which is critical for reconstructing its 
role in constricting water masses of the African–Southern Ocean 
gateway.

Wireline logging is planned in the RCB holes at four of the five 
primary sites (Figure F10) to aid in core-log-seismic integration, fill 
in lithologic information across poorly recovered intervals, and ob-
tain orientated structural measurements. Logging is a particular 
priority for the thick sedimentary sequences in the Transkei Basin 
(Site TB-01A) and the two sites on the Agulhas Plateau with up to 
200 m of basement penetration (Sites AP-07A and AP-09B).

Transkei Basin sites
Proposed Sites TB-01A (primary) and TB-02A (alternate)

Located on the deep, flat part of the Transkei Basin, the upper-
most sections of proposed Sites TB-01A and TB-02A are composed 
of Pliocene–Pleistocene Agulhas Drift sequences. Below this sedi-
ment drift, Miocene to Cretaceous sequences are characterized by 
parallel reflections (Figure F8). The lower part of the interpreted 
Cretaceous sequence levels out basement topography. A distinctive 
bright reflection in the Cretaceous sequence is interpreted to image 
a black shale horizon deposited during OAE 3 (Schlüter and Uen-
zelmann-Neben, 2008) and constitutes the target depth (~900–1050 
mbsf) of those two sites. The sites thus have the potential to sample 
material from the Neogene, Paleogene, Late Cretaceous, and possi-
bly OAE 3, thereby providing information on the transition of cli-
mate and circulation from the Cretaceous greenhouse and through 
the Paleogene into the Neogene icehouse.

The coring plan for the Transkei Basin site includes drilling a 
single APC/XCB hole to ~700 mbsf (Table T5; Figure F10). Hole B 
will consist of an RCB hole that will be drilled without coring to 690 
mbsf and then cored to 950 mbsf. We estimate APC refusal at 250–

300 mbsf; however, this depth will be dictated by coring conditions. 
We do not plan to deploy the half-length APC (HLAPC) system if 
piston core refusal occurs in Neogene sediments. If we are able to 
use the APC system into Paleogene sediments, deployment of the 
HLAPC system will depend on core quality and time available. We 
may continue to deepen Hole A with the XCB system if core recov-
ery and quality are good. If core quality or recovery is poor, we may 
opt to terminate coring in Hole A before reaching 700 mbsf and be-
gin coring in Hole B at least 10 m above the termination depth of 
Hole A. Similarly, we may spot core in Hole B with the RCB drill 
string to obtain duplicate copies of key or poorly recovered intervals 
of interest in Hole A. Our goal at this site is to drill through the 
bright reflector (estimated at ~950 mbsf in proposed primary Site 
TB-01A) interpreted to represent OAE 3. After we reach our coring 
objective, we will displace the hole with mud and conduct downhole 
logging operations, hole and weather conditions permitting. The 
first tool string will be the triple combination (“triple combo”), 
which will include natural gamma radiation (NGR), density, resis-
tivity, and magnetic susceptibility measurements. The second log-
ging run will include NGR (to depth match to the other logging 
runs), sonic velocity, and resistivity images of the borehole using the 
Formation MicroScanner (FMS). The last logging run will use the 
Versatile Seismic Imager (VSI) to conduct a vertical seismic profile 
experiment. The VSI can only be used during daylight hours to al-
low for marine mammal observation; therefore, we may opt to run 
this tool as the second logging run depending on timing. If we ex-
pect weather to deteriorate or poor hole conditions that may pre-
clude multiple logging runs, we may opt to run the sonic velocity 
tool on the triple combo (in place of either the resistivity or mag-
netic susceptibility tools). The coring and logging plan for alternate 
proposed Site TB-02A is similar except that the target RCB depth is 
deeper (1050 mbsf) to reach the bright reflector (Table T6).

Southern Agulhas Plateau sites
Proposed Sites AP-09B and AP-10A (primary) and AP-01A, AP-
03A, AP-04B, AP-05A, AP-11A, and AP-13A (alternate)

Proposed primary Site AP-09B (alternate Sites AP-01A, AP-
03A, and AP-13A) is located on the flank of a basement high inter-
preted to be a volcanic edifice (Uenzelmann-Neben et al., 1999) 
with up to 340 m of Upper Cretaceous to Paleogene sedimentary 
sequences (Figure F4), which will be sampled to determine pa-
leodepth and paleoenvironment of the plateau across critical inter-
vals of ocean and climate transitions from the Cretaceous 
greenhouse into the Paleogene. Additionally, basement sampling of 
~150–200 m (to bit destruction) is planned to study the nature and 
age of the Agulhas Plateau’s crustal development. Proposed primary 
Site AP-10A (alternate Sites AP-04B, AP-05A, and AP-11A) is lo-
cated in a depression on the central part of the plateau with up to 
700 m of Paleogene to lower Miocene sequences and ~100 m of in-
terpreted Maastrichtian sedimentary rocks on top of basement (Fig-
ure F7). Approximately 50 m of basement will be sampled to 
contribute to a better understanding of the age and formation pro-
cess of the plateau. Furthermore, the site will allow the sampling of 
Upper Cretaceous and Paleogene sequences spanning OAE 3, the 
Cretaceous/Paleogene (K/Pg) boundary, the Paleocene/Eocene 
Thermal Maximum (PETM), and possibly Oligocene–Miocene gla-
ciations.

We plan to double-core the sedimentary section at both south-
ern Agulhas Plateau sites with two APC/XCB holes, followed by sin-
gle RCB holes into basement (Tables T5, T6; Figure F10). The 
sedimentary section coring plan for Hole B may be modified de-
9
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pending on what is recovered in Hole A at both sites. At proposed 
Site AP-10A, we will use the APC system to refusal (estimated at 
300 mbsf but likely shallower) followed by the XCB system to 620 
mbsf (top of basement) in both Holes A and B. In Hole C, we will 
drill without coring to 610 mbsf and then RCB core to ~50 m into 
basement (total depth estimated at 670 mbsf). We will then displace 
that hole with mud and log with a modified triple combo (“quad 
combo”) tool string that will include the sonic tool, together with 
the standard triple combo tools (NGR, density, resistivity, and mag-
netic susceptibility).

At proposed Site AP-09B, we will use the APC system to refusal 
(estimated at 300 mbsf) and then the XCB system to basement (at 
~340 mbsf ) in both Holes A and B. However, the stratigraphy of the 
uppermost sedimentary section at this location is likely complex. If 
the uppermost sediments in Hole A are older than anticipated, we 
are approved to core at any location along Seismic Line AWI-98015 
from Common Depth Point (CDP) 5750 (original position of Site 
AP-09B) to CDP 5665, which is 3 km east-southeast along the seis-
mic line (Figure F4), to core younger strata. We would most likely 
only core the younger sequence at an offset location, returning to 
the original position to core into basement. In Hole C, we will drill 
without coring to approximately 10 m above basement (330 mbsf) 
and then RCB core into basement. We plan RCB coring until bit de-
struction at this site, which we estimate to be at least 150 m into the 
basement section. However, if core recovery and quality warrant, 
we will drop a free-fall funnel (FFF) after ~40 h of rotating time on 
the RCB bit to allow for a bit change. We will then deploy the subsea 
camera to reenter the hole via the FFF and continue RCB coring the 
basement section. The final depth of the hole (and total amount of 
basement cored) will depend on recovery and be based on collec-
tion of relatively unaltered basalt and sufficient flows to document 
secular variation that will allow us to achieve the expedition objec-
tives. After we terminate coring, the hole will be displaced with mud 
and we will log with the triple combo and FMS-sonic tool strings. 
The last logging run will use the Ultrasonic Borehole Imager (UBI) 
in the basement section to collect an acoustic image of the entire 
borehole wall.

Northern Agulhas Plateau sites
Proposed Sites AP-07A and AP-08A (primary) and AP-06A, AP-
02A, AP-12A, and AP-14A (alternate)

Proposed primary Site AP-07A (alternate Sites AP-06A and AP-
14A) is located on top of a basement high that is overlain by only a 
thin cover (100 m) of Cretaceous–Paleogene sedimentary rocks 
(Figure F6), which will be sampled to provide information on the 
sedimentary environment following plateau formation. Sampling of 
200 m of basement is planned at this site to study the nature and age 
of the plateau’s crustal development. The thicker (400 m) sedimen-
tary column at proposed primary Site AP-08A (Figure F6) (alternate 
Sites AP-02A and AP-12A) located ~20 km southwest of proposed 
Site AP-07A will allow sampling of Upper Cretaceous and Paleo-
cene material to contribute to a better understanding of the pa-
leodepth and paleoenvironment of the plateau, as well as critical 
climate and oceanic events. The sampling of ~50 m of basement at 
primary Site AP-08A is planned to study the nature and age of the 
plateau’s crust.

The coring plan for primary proposed Site AP-07A includes a 
single RCB hole to a total depth of 300 mbsf with 200 m penetration 
into basement (Table T5; Figure F10). We anticipate that core re-
covery with the RCB system will be lower in the uppermost sedi-
mentary section; however, recovery of sediments is of lower priority 

at this site because the sequence is very thin (~100 m). The primary 
objective at this site is to core ~200 m of basement. To ensure this, 
the operations plan includes dropping a FFF for a bit change after 40 
h of rotating time on the bit. The final drilling depth into basement 
will depend on recovery of relatively unaltered basalt and sufficient 
flows to document secular variation, which will allow us to achieve 
the expedition objectives. This hole will also be logged with the tri-
ple combo and FMS-sonic followed by the UBI in the basement sec-
tion. If time is limited, the UBI is of higher priority than the FMS-
sonic.

At proposed Site AP-08A, we plan to double-core the sedimen-
tary section in Holes A and B, which will include using the APC sys-
tem to refusal (estimated at 300 mbsf) followed by the XCB system 
to basement (at ~400 mbsf ). In Hole C, we will drill without coring 
to 390 mbsf and then RCB core to 450 mbsf (~50 m into basement) 
(Table T5; Figure F10). If time permits, we intend to log this hole 
with the triple combo and FMS-sonic. However, this is not included 
in the operations plan (Table T5) because we anticipate that not 
enough operational time will be left to do so. The sedimentary sec-
tion is the highest priority at this site; therefore, if time is short, we 
will not core basement at Site AP-08A.

Risks and contingency
A number of challenges are associated with the planned Expedi-

tion 392 operations in deep water that could impact the drilling, 
coring, and logging operations strategy for this expedition. One of 
the main challenges is the time available to conduct the planned 
coring and logging operations for this expedition. The primary op-
erations plan includes 62 days, which is 1 day longer than scheduled 
for the expedition (Table T5). Time estimates for XCB and RCB cor-
ing are based on average penetration rates because sediments and 
rock of this age have not be cored in this region. Actual penetration 
rates may vary significantly from predicted rates, which could result 
in excess time or (more likely) less time to complete operations. If 
operational time becomes an issue, we can reduce operations at the 
remaining sites by (1) only double-coring key intervals in Hole B 
where complete double-coring is planned, (2) reducing basement 
penetration provided that enough good quality basalt has been ob-
tained to achieve expedition objectives, and/or (3) reducing the 
number of downhole logging runs at one or more sites. Below we 
outline additional risks and present possible alternatives should op-
erations be impacted by these or other challenges.

Weather conditions
Weather is always a potential issue because sea state and the re-

sulting heave can have adverse effects on drilling, coring, and down-
hole logging. To help mitigate weather risks, Expedition 392 is 
scheduled during the Southern Hemisphere summer and early au-
tumn when the risk for bad weather is lower. The southern Agulhas 
Plateau sites are the most likely to be impacted by weather. During 
the expedition, we will monitor weather forecasts and can adjust the 
order in which we occupy sites (e.g., coring at Site TB-01A in the 
middle of the expedition rather than at the beginning) based on the 
potential for inclement weather with a relatively small impact on the 
total amount of transit required for the expedition. Despite this, the 
expedition could experience some weather delays depending on 
conditions and operations. If we need to make up for lost time wait-
ing on weather, we can reduce operations at some sites by reducing 
the amount of double-coring of the sedimentary section, reducing 
basement penetration (provided we have recovered enough mate-
10
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rial to meet the expedition objectives), or reducing the number of 
downhole logging runs conducted.

Operational risks
The proposed penetration depth at some sites (as much as 1050 

mbsf, including alternate sites) and coring dense basement material 
present several challenges. Hole stability is always a risk during cor-
ing operations, and the risk increases with longer open hole sec-
tions. Casing long open hole sections (especially over intervals of 
unconsolidated sediment) is the best way to mitigate this risk, but 
we do not plan to case any holes during this expedition. Casing adds 
a significant amount of operational time and is also more likely to be 
impacted by inclement weather than coring operations. Instead, we 
will use drilling mud to help stabilize the open hole, although lower 
annular velocities will make hole cleaning more challenging in the 
deeper sections of these holes. Increasing flow rates to clean the 
hole could result in washing out unconsolidated sections in the up-
per part of the hole. This could lead to hole stability problems to-
ward the end of drilling and during logging operations.

We plan to deploy a FFF for some holes to allow reentry capabil-
ity so that we can change drill bits for deeper penetration into base-
ment or in case we need to temporarily leave a site because of 
inclement weather. There are several risks associated with FFF de-
ployment. The FFF can be dislodged while pulling out of the hole, 
and the FFF can become buried or impossible to use for reentry. 
The use of a FFF also leaves the open hole section open for a longer 
duration, which can contribute to hole stability problems. If we are 
unable to reenter a hole, the only option is to start a new hole and 
drill down to just above the total depth of the previous hole to con-
tinue coring. This decision will depend on the expedition time left 
and whether or not the scientific objectives can be reasonably 
achieved with the sediment and basement already collected at that 
site.

A stuck drill string is always a risk during coring operations and 
can consume expedition time while attempting to free the stuck 
drill string. If the drill string cannot be extracted, then additional 
time is spent to sever the stuck pipe. This can result in the complete 
loss of the hole, lost equipment, and lost time while starting a new 
hole. JOIDES Resolution carries sufficient spare drilling equipment 
to enable the continuation of coring, but the time lost to the expedi-
tion can be significant.

Chert layers may occur in sedimentary sequences targeted for 
Expedition 392, particularly in the Campanian sequences on the 
Agulhas Plateau, and present unique difficulties. Chert is very indu-
rated and can be difficult to core with the XCB system, taking a very 
long time to penetrate the layer. It is also possible for the XCB cut-
ting shoe to catastrophically fail when coring chert, which would re-
sult in the hole being abandoned and require starting a new hole. If 
chert significantly impacts coring at a site, we can opt to abandon 
the hole and begin a new hole with the RCB system (although this 
could result in poor core quality in between chert layers if the sedi-
ments are very soft). Another option is to examine the seismic pro-
files for that site and its alternates to check for any indication that 
chert might not be present at one of the alternate sites.

Downhole logging risks
Several risks are involved in any downhole logging operations. 

First, the upper parts of the holes have been open longer before log-
ging, and high rates of fluid circulation might have been used to 
raise the cuttings and clear the hole. Therefore, the hole could be 
washed out (wide) over intervals through unconsolidated sediment, 

and log quality will be reduced for those tools that need good con-
tact with the borehole wall (density, porosity, FMS resistivity im-
ages, and VSI check shots). The end of the drill pipe is typically set 
at ~80 mbsf to help prevent the most unconsolidated sediments at 
the top of the borehole from collapsing around the tool string. This 
depth can be adjusted depending on hole conditions. Secondly, 
there is a risk of bridging where the hole closes up. This would result 
in either not reaching the total depth of the hole or, in the worst case 
scenario, getting a tool string stuck in the hole. A good guide to this 
will be the conditions encountered during drilling and a wiper trip 
before logging. If the risk is considered to be significant, the radio-
active source will not be deployed in the density tool.

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

IODP Sample, Data, and Obligations Policy and Implementation 
Guidelines posted on the Web at http://www.iodp.org/top-re-
sources/program-documents/policies-and-guidelines. This doc-
ument outlines the policy for distributing IODP samples and data to 
research scientists, curators, and educators. The document also de-
fines the obligations that sample and data recipients incur. The 
Sample Allocation Committee (SAC; composed of Co-Chief Scien-
tists, Staff Scientist, and IODP Curator on shore and curatorial rep-
resentative on board ship) will work with the entire scientific party 
to formulate a formal expedition-specific sampling plan for ship-
board and postcruise sampling.

Shipboard scientists are expected to submit sample requests 
(http://iodp.tamu.edu/curation/samples.html) ~6 months before 
the beginning of the expedition. Based on sample requests (shore 
based and shipboard) submitted by this deadline, the SAC will pre-
pare a tentative sampling plan, which will be revised on the ship as 
dictated by core recovery and cruise objectives. 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 the strategy during the expe-
dition must be approved by the Co-Chief Scientists, Staff Scientist, 
and curatorial representative on board ship.

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 cruise objectives. Some redundancy 
of measurements is unavoidable, but minimizing the duplication of 
measurements among the shipboard party and identified shore-
based collaborators will be a factor in evaluating sample requests.

Shipboard sampling will primarily be restricted to acquiring 
ephemeral data types and shipboard measurements. Limited low-
resolution sampling for personal research to help better plan post-
cruise sampling will be at the discretion of the SAC (and use of ship-
board sample residues for this will be encouraged). The data 
collected during the expedition will be used to produce strati-
graphic spliced sections for some intervals and age models for each 
site, which are critical to the overall objectives of the expedition and 
for planning for higher resolution sampling postexpedition. Whole-
round samples may be taken for interstitial water measurements 
and physical property measurements as dictated by the shipboard 
sampling plan that will be finalized during the first few days of the 
expedition. Most sampling for postcruise research will be post-
poned until a shore-based sampling party that will be implemented 
approximately 4–6 months after the end of the expedition at the 
Gulf Coast Repository in College Station, Texas (United States).
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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 by a sin-
gle investigator. Shipboard sampling of critical intervals will be 
avoided if possible, and a detailed sampling plan coordinated by the 
SAC may be required for postcruise sampling. The SAC can decide 
at any stage during the expedition or during the moratorium period 
which recovered intervals should be considered critical. During the 
expedition, all archive halves will be permanent archives. Following 
the expedition, the curator will finalize the archive halves desig-
nated as permanent over intervals cored in multiple holes.

Following Expedition 392, cores will be delivered to the IODP 
Gulf Coast Repository in College Station, Texas, for postcruise X-
ray fluorescence core scanning and sampling for postcruise re-
search. Upon completion of these measurements and the sampling 
party, cores will be sent to the Kochi Core Center in Kochi, Japan, 
for permanent storage. All collected data and samples will be pro-
tected by a 1 y moratorium period following the completion of the 
postcruise sampling party, during which time data and samples will 
be available only to the Expedition 392 science party and approved 
shore-based participants.

Expedition scientists and scientific 
participants

The current list of participants for Expedition 392 can be found 
at http://iodp.tamu.edu/scienceops/expeditions/agulhas_pla-
teau_climate.html.
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Table T1. Location coordinates, planktonic foraminifer biozones, and ages of sediment piston cores taken on Agulhas Plateau (AP). From Tucholke and Carpen-
ter (1977). E = excellent, G = good, M = moderate, P = poor.

Table T2. Seismostratigraphic model for Agulhas Plateau. Unit age from Tucholke and Carpenter (1977), Tucholke and Embley (1984), and Uenzelmann-Neben 
(2001, 2002). OAE = oceanic anoxic event. PETM = Paleocene/Eocene Thermal Maximum.

Table T3. Seismostratigraphic model for Transkei Basin. Unit age from Niemi et al. (2000) and Schlüter and Uenzelmann-Neben (2007, 2008). RMS = root mean 
square. PETM = Paleocene/Eocene Thermal Maximum. OAE = oceanic anoxic event.

Core
Sample 

(cm) Region Coordinates Age Biozone Preservation Biomarkers/comments

V16-55 40–41 Central AP 40°14S, 25°15E early Eocene AE1 G Foraminifer ooze
Ac. aspensis
Ac. collactea 

V16-55 150–151 Central AP 40°14S, 25°15E early Eocene AE1 G Foraminifer ooze
V16-56 30–31 Southern AP 41°21S, 26°38E late Campanian A. australis G–E Ar. australis

Ar. mateola
Gl. planata 

V16-56 190–191 Southern AP 41°21S, 26°38E late Campanian A. australis G–E Ar. australis
Ar. mateola
Gl. planata 

V22-124 172–173 Central AP 40°02S, 25°18E late Maastrichtian A. mayaroensis G Foraminifer chalk
Ab. mayaroensis
Ru. circumnodifer
Gl. subcarinatus

V22-126 358–359 Central AP 41°10S, 26°30E Paleocene AP4 G Foraminifer chalk
Gl. planoconica
Ac. mckannai
Ac. soldadoensis 
Morozovella spp.

V22-134 40–41 Northern AP 39°05S, 24°09E ? ? P Mn nodules
Quaternary to recent

V22-134 140–141 Northern AP 39°05S, 24°09E Cretaceous? ? P–M Mn nodules
Abundant fish teeth
Foraminifers rare
Radiolarians

V24-214 30–31 Northern AP 37°03S, 24°57E latest Eocene–early 
Oligocene

AE10–AO1 G Foraminifer ooze

V24-214 290–291 Northern AP 37°03S, 24°57E latest Eocene–early 
Oligocene

AE10–AO1 G Foraminifer ooze
Highly fragmented
Su. angiporoides
Su. utilisindex

Unit
Unit age

(Ma) Base reflector Climatic/Oceanic event of base reflector

6 0–6 LP Regional hiatus from 10 to 6 Ma due to erosion/redeposition resulting from Circumpolar Deep Water activity; covers Mi6 
(9.6 Ma)

5 10–15 MM (wedge-out at seafloor) Erosion/Redeposition due to Antarctic Bottom Water activity, Miocene Climatic Optimum?; covers Mi2 (16.1 Ma) and Mi3 
(13.6 Ma)?

4 15–29 LO (unconformity) Intensified abyssal currents (Antarctic Circumpolar Current) resulting in a hiatus from 33 to 29 Ma, post-Oi1 (35.8 Ma), 
covers Oi2 (32.5 Ma)

3 33–47 LE (conformity) Sea level highstand and low sedimentation rates resulting in hiatus from 56 to 47 Ma, covers PETM (55.8 Ma)?
2 >65 M (erosional unconformity) Erosion, covers OAE 2 (~93.6 Ma) and OAE 3 (~85.8 Ma)?
1 Top basement

Unit
Unit age 

(Ma, approximate) Base reflector
Unit thickness 

(RMS) (m)
Sedimentation 

rate (m/My) Climatic/Oceanic event of base reflector

5 0–6 P (discordance, onlap and 
downlap)

150.4 25 Pliocene warm phase

4 6–15 M 146.9 16.3 Miocene Climatic Optimum (MCO)?; covers Mi3 (13.6 Ma), Mi4 (12.5 Ma), Mi5 (11.8 
Ma), and Mi6 (9.6 Ma)?

3 15–32.5 O (unconformity, downlap) 92.9 5.3 Intensified bottom water flow resulting in a hiatus; post-Oi1 (35.8 Ma), covers Oi2 
(32.5 Ma), Mi1 (23.08 Ma), Mi2 (16.1 Ma), MCO

2 32.5–35.8 E 46.2 14 High-amplitude reflection in lower part – black shales, internal reflector separating 
lower homogeneous from upper faulted part; K/Pg boundary, PETM

1 35.8–90 Basement 854.1 15.8 Erosion, covers OAE 2 (~93.6 Ma) and OAE 3 (~85.8 Ma)?
16
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Table T4. Site information, selection criteria, and science questions to be addressed, Expedition 392. EPSP = Environmental Protection and Safety Panel, CDP =
common depth point. OAE = oceanic anoxic event. PETM = Paleocene/Eocene Thermal Maximum, K/Pg = Cretaceous/Paleogene boundary. (Continued on
next page.)

Proposed
site

Primary
seismic line

Latitude,
longitude (°)

Water
depth

(m)

Proposed
sediment

penetration 
(mbsf)

Proposed 
basement

penetration 
(mbsf)

Total
proposed

penetration 
(mbsf)

EPSP
approved

penetration 
(mbsf)

Drilling
targets

Objectives
to address

Site
information

Primary sites
TB-01A AWI-

20050008 
(CDP 2988)

–35.6805992,
29.6501999

4500 950 0 950 1100 Cretaceous– 
Neogene 
sediment

Black shales

3–6 150 m Quaternary–Pliocene, 50 m upper 
Miocene, 70 m middle–lower Miocene to 
Oligocene, 30 m Eocene, 250 m Eocene–
Paleocene, 250 m Maastrichtian–
Santonian

Black shale (OAE 3?)
AP-10A AWI-

20050201 
(CDP 
12650)

–39.9510994,
26.2362003

2500 620 50 670 670 Cretaceous– 
Neogene 
sediment

Basement

1–6 300 m lower Miocene–lower Oligocene, 150 
m Eocene, 70 m Paleocene, 100 m 
Maastrichtian/older

Mi1, Oi1, PETM(?), K/Pg, OAE 3, OAE 2
Basement

AP-09B AWI-98105 
(CDP 5750)

–40.7859001,
26.6068993

2620 340 150 490 550 Cretaceous, 
Paleogene 
sediment

Basement

1–6 200 m Eocene, 20 m Paleocene, 120 m 
Maastrichtian/older

PETM(?), K/Pg, OAE 3, OAE 2
Shallow basement target

AP-07A AWI-98011 
(CDP 2100)

–37.0250015,
24.9953003

3400 100 200 300 300 Cretaceous 
sediment

Basement

1–6 100 m Paleocene/ Maastrichtian (or older)
K/Pg, OAE 3, OAE 2
Shallow basement target

AP-08A AWI-98011 
(CDP 1150)

–37.16550105,
24.7980995

3900 400 50 450 500 Cretaceous, 
Paleogene 
sediment

Basement

1–6 350 m Paleocene, 50 m Maastrichtian/older
Shallowly buried oldest sediment
K/Pg, OAE 3, OAE 2
Layered basement

Alternate sites
TB-02A 

(alt. for 
TB-01A)

AWI-
20050008 
(CDP 2068)

–35.4749985,
29.6793995

4300 1050 0 1050 1200 Cretaceous– 
Neogene 
sediment

Black shales

3–6 230 m Quaternary and Pliocene, 150 m 
upper Miocene, 70 m middle–lower 
Miocene and Oligocene, 50 m Eocene, 250 
m Eocene–Paleocene, 250 m 
Maastrichtian–Santonian

Black shale (OAE 3?)
AP-01A 

(alt. for 
AP-09B)

AWI-98015 
(CDP 2850)

–40.8800011,
27.4428997

2700 150 200 350 350 Cretaceous 
sediment

Basement

1–6 100 m Pliocene–upper Miocene, 50 m 
Maastrichtian/ older

Thin sediment sequence
K/Pg, OAE 3
Shallow basement

AP-02A
(alt. for 
AP-08A)

AWI-98015 
(CDP 3500)

–40.8604012,
27.2537003

2620 650 50 700 700 Cretaceous– 
Neogene 
sediment

Basement

1–6 200 m upper Miocene, 150 m lower 
Miocene–Oligocene, 150 m Eocene, 50 m 
Paleocene, 50 m Maastrichtian/older

Mi5, Mi4, Mi1, Oi1, PETM(?), K/Pg, OAE 3
AP-03A

(alt. for 
AP-09B)

AWI-98014 
(CDP 6950)

–41.2631989,
26.3272991

3220 300 200 500 500 Cretaceous, 
Paleogene 
sediment

Basement

1–6 130 m Eocene, 120 m Paleocene, 50 m 
Maastrichtian/older

Shallow burial of older sediments
PETM(?), K/Pg, OAE 3

AP-04B
(alt. for 
AP-10A)

AWI-98014 
(CDP 6220)

–41.2951012,
26.1151009

3075 850 50 900 900 Cretaceous– 
Neogene 
sediment

Basement

1–6 170 m upper Miocene, 140 m lower 
Miocene–lower Oligocene, 300 m Eocene, 
160 m Paleocene, 80 m 
Maastrichtian/older

Mi5, Mi4, Mi1, Oi1, PETM(?), K/Pg, OAE 3, OAE 2
Sediment drift structure (high 

sedimentation rate)
Basement

AP-05A
(alt. for 
AP-10A)

AWI-98017 
(CDP 4900)

–40.0082626,
25.2681999

2800 450 50 500 500 Cretaceous, 
Paleogene 
sediment

Basement

1–6 200 m Eocene, 130 m Paleocene, 120 m 
Maastrichtian/older

PETM(?), K/Pg, OAE 3, OAE 2
Good Cretaceous target
Basement

AP-06A
(alt. for 
AP-07A)

AWI-98017 
(CDP 5700)

–40.0663986,
25.5009003

2550 200 200 400 400 Cretaceous 
sediment

Basement

1–6 100 m Paleocene, 100 m Maastrichtian/older
Shallower burial depth for older sediments
K/Pg, OAE 2, OAE 3

AP-11A
(alt. for 
AP-10A)

AWI-98017 
(CDP 1400)

–40.0671997,
24.2537994

3490 720 50 770 770 Cretaceous– 
Neogene 
sediment

Basement

1–6 150 m upper Miocene, 170 m lower 
Miocene–lower Oligocene, 180 m Eocene, 
150 m Paleocene, 70 m 
Maastrichtian/older

Mi5, Mi4, Mi1, Oi1, PETM(?), K/Pg, OAE 3
AP-12A

(alt. for 
AP-08A)

AWI-98017 
(CDP 2400)

–40.0681992.
24.5436993

3100 750 50 800 800 Cretaceous– 
Neogene 
sediment

Basement

1–6 200 m upper Miocene, 200 m lower 
Miocene–lower Oligocene, 180 m Eocene, 
100 m Paleocene, 70 m 
Maastrichtian/older

Mi5, Mi4, Mi1, Oi1, PETM(?), K/Pg, OAE 3
Layered basement
17
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Table T4 (continued).
AP-13A
(alt. for 
AP-09B)

AWI-98017 
(CDP 1180)

–40.0671997,
24.1895008

3850 420 200 620 620 Cretaceous, 
Paleogene 
sediment

Basement

1–6 200 m Eocene, 150 m Paleocene, 70 m 
Maastrichtian/older

PETM(?), K/Pg, OAE 3
Layered basement

AP-14A 
(alt. for 
AP-07A)

AWI-98015 
(CDP 7850)

–40.7178993,
26.0069008

2800 650 50 700 700 Cretaceous– 
Neogene 
sediment

Basement

1–6 200 m lower Miocene–lower Oligocene, 200 
m Eocene, 130 m Paleocene, 100 m 
Maastrichtian/older

Mi1, Oi1, PETM(?), K/Pg, OAE 3, OAE 2
Layered basement

Proposed
site

Primary
seismic line

Latitude,
longitude (°)

Water
depth

(m)

Proposed
sediment

penetration 
(mbsf)

Proposed 
basement

penetration 
(mbsf)

Total
proposed

penetration 
(mbsf)

EPSP
approved

penetration 
(mbsf)

Drilling
targets

Objectives
to address

Site
information
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Table T5. Operations plan and time estimates for primary sites, Expedition 392. See Drilling, coring, and downhole measurements strategy and Figure AF3 for 
details about Environmental Protection and Safety Panel (EPSP) approval for proposed Site AP-09B. LWD = logging while drilling, MWD = measurement while 
drilling. APC = advanced piston corer, XCB = extended core barrel, RCB = rotary core barrel. FMS = Formation MicroScanner, VSI = Versatile Seismic Imager, UBI 
= Ultrasonic Borehole Imager.
19
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Table T6. Time estimates for alternate sites, Expedition 392. LWD = logging while drilling, MWD = measurement while drilling. EPSP = Environmental Protec-
tion and Safety Panel. APC = advanced piston corer, XCB = extended core barrel, RCB = rotary core barrel. FMS = Formation MicroScanner, VSI = Versatile Seis-
mic Imager, UBI = Ultrasonic Borehole Imager.
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Figure F1. Plate tectonic reconstructions using rotation poles published by Parsiegla et al. (2008). Rotation was performed with respect to Africa. Thick lines 
sketch estimated location of paleospreading system (black: spreading axis). AFFZ = Agulhas-Falkland Fracture Zone, ANT = Antarctica, FAP = future position of 
Agulhas Plateau (AP), FI = Falkland Islands, MB = Maurice Ewing Basin, MOZR = Mozambique Ridge. A. 120 Ma. Agulhas Plateau region was still occupied by 
Falkland Plateau (FP) with Maurice Ewing Bank (MEB) leaving no space for evolution of Agulhas Plateau at this time. B. 105 Ma. Agulhas Plateau region was 
cleared. This is the first possibility for formation of Agulhas Plateau. C. 100 Ma. Reconstructions of Agulhas Plateau, Northeast Georgia Rise (NEGR), and Maud 
Rise (MR) (but with recent boundaries) show overlap between Agulhas Plateau and Northeast Georgia Rise, which is due to different dimensions of these 
structures at 100 Ma. D. 94 Ma. Formation of entire large igneous province (LIP) (AP, NEGR, and MR) is complete. Bouvet triple junction is located at southwest 
tip of Agulhas Plateau (Marks and Tikku, 2001), and subsequent spreading causes separation of the three fragments of the AP-NEGR-MR LIP. Reproduced from 
Parsiegla et al. (2008). By permission of Oxford University Press on behalf of the Royal Astronomical Society. This figure is not included under the Creative 
Commons CC-BY 4.0 license of this publication. For permissions, please email journals.permissions@oup.com.
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Figure F2. Map of region between Africa and Antarctica showing modern circulation (colored arrows; AABW = Antarctic Bottom Water, AC = Agulhas Current, 
ACC = Antarctic Circumpolar Current, NADW = North Atlantic Deep Water) and main tectonic elements (AP = Agulhas Plateau, AR = Astrid Ridge, GR = Gun-
nerus Ridge, MadR = Madagascar Ridge, MozR = Mozambique Ridge, MR = Maud Rise, SWIR = Southwest Indian Ridge) in African–Southern Ocean gateway.
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Figure F3. Satellite-derived bathymetry (Smith and Sandwell, 1997) of Agulhas Plateau and Transkei Basin. Proposed sites (A: red stars = primaries, B: pink stars 
= alternates) and existing sediment cores (triangles) on seismic lines (black lines) collected in 1998, 2005, and 2014 (Uenzelmann-Neben, 1998, 2005, 2014). 
Green diamond = Expedition 361 Site U1475 (Gruetzner et al., 2019; Hall et al., 2016).
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Figure F4. Seismic Profile AWI-98015 showing proposed Sites AP-09B and AP-14A from central Agulhas Plateau. Yellow arrow and line show interval approved 
for coring along Seismic Line AWI-98015 for proposed Site AP-09B (see Drilling, coring, and downhole measurements strategy for details). Inset map shows 
seismic line (white line) location. LE = lower Eocene, LO = lower Oligocene, M = Maastrichtian, MM = middle Miocene. CDP = common depth point. TWT = two-
way traveltime.
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Figure F5. Seismic Profile AWI-98017 showing proposed Sites AP-05A and AP-06A and sediment piston core locations from central Agulhas Plateau. Inset map 
shows seismic line (white line) location. LE = lower Eocene, LO = lower Oligocene, M = Maastrichtian, MM = middle Miocene. For details of sediment core ages 
see Table T1. CDP = common depth point. TWT = two-way traveltime.
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Figure F6. Seismic Profile AWI-98011 showing proposed Sites AP-07A and AP-08A and sediment piston core locations from northern Agulhas Plateau. Inset 
map shows seismic line (white line) location. LE = lower Eocene, LO = lower Oligocene, M = Maastrichtian, MM = middle Miocene. For details of sediment core 
ages (lE-lO = latest Eocene–latest Oligocene) see Table T1. CMP = common midpoint. TWT = two-way traveltime.
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Figure F7. Seismic Profile AWI-20050201 with proposed Site AP-10A from central Agulhas Plateau. Inset map shows seismic line (white line) location. LE = lower 
Eocene, LO = lower Oligocene, M = Maastrichtian, MM = middle Miocene. CDP = common depth point. TWT = two-way traveltime.
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Figure F8. Seismic Profile AWI-20050008 showing proposed Site TB-01A from Transkei Basin. Inset map shows seismic line (white line) location. B = black shales, 
E = Paleocene/Eocene boundary, K-T = Cretaceous/Paleogene boundary, M = Oligocene/Miocene boundary, O = Eocene/Oligocene boundary, P = Mio-
cene/Pliocene boundary. CDP = common depth point. TWT = two-way traveltime.
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Figure F9. 3-D bathymetric map of Agulhas Plateau region showing primary and alternate site locations.
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure F10. Proposed operations plan for the five primary sites. For each site, predicted age of sequences is shown with proposed coring and logging plan for 
each hole. Total depth of penetration is listed below each hole. Note that at Site AP-09B, the operations plan includes rotary core barrel (RCB) coring to 490 
mbsf (~150 m into basement); however, we have permission to core to 550 mbsf and may do so if additional basement penetration is needed to meet the 
expedition objectives. AP = Agulhas Plateau. APC = advanced piston corer, XCB = extended core barrel.
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Figure F11. Late Campanian planktonic foraminifers, Vema Core V16-56. Scale bars = 100 μm. 1. Planoheterohelix globulosa Ehrenberg (Sample V16-56, 190–
191 cm). 2. Globigerinelloides multispina Ehrenberg (Sample V16-56, 30–31 cm). 3. Archaeoglobigerina mateola Huber (Sample V16-56, 190–191 cm). 4: Archaeo-
globigerina australis Huber (Sample V16-56, 30–31 cm).
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Site summaries
Figure AF1. Top: map of proposed primary Site TB-01A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Lines AWI-20050008 and AWI-20050014 across Site TB-01A. B = black shale, K-T = Creta-
ceous/Paleogene boundary, E = Eocene, O = Oligocene, M = Miocene, P= Pliocene, purple = top basement.

Site TB-01A
Priority: Primary
Position: 35.6805992°S, 29.6501999°E
Water depth (m): 4500
Target drilling depth 

(mbsf):
950

 Approved maximum 
penetration (mbsf):

1100

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 2988 on AWI-20050008 
• Crossing line: CDP 3631 on AWI-20050014 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes 
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (OAE 
3)

• Sample black shales
Coring program: Hole A: APC to 300 mbsf, XCB to 700 mbsf

Hole B: drill to 690 mbsf, RCB to 950 mbsf
Downhole 

measurements 
program:

Hole B:
• Triple combo
• FMS-sonic
• VSI

Nature of rock 
anticipated:

Foraminifer ooze, black shales
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Figure AF2. Top: map of proposed primary Site AP-10A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-20050201 across Site AP-10A. M = Maastrichtian, LE = lower Eocene, LO = lower
Oligocene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-10A
Priority: Primary
Position: 39.9510994°S, 26.2362003°E
Water depth (m): 2500
Target drilling depth 

(mbsf):
670

 Approved maximum 
penetration (mbsf):

670

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 12650 on AWI-20050201 

Objective(s): • Cretaceous to Paleogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE, LO)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Oi1, 
PETM, K/Pg boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 620 mbsf

Hole B: APC to 300 mbsf, XCB to 620 mbsf
Hole C: drill to 610 mbsf, RCB to 670 mbsf

Downhole 
measurements 
program:

Hole C:
• Quad combo

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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Figure AF3. Top: map of proposed primary Site AP-09B with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Horizontal yellow line = 3 km interval of seismic line approved for coring between CDP 5750 (star) and CDP 5665 (vertical yellow line). Multibeam
swaths have 50 m resolution. Bottom: MCS Line AWI-98015 across Site AP-09B. Red bar = position of CDP 5750 (yellow star on map), yellow bar = position of
CDP 5665 (vertical yellow line on map). Coring is approved at any position along the seismic line between these two points in a 50 m wide swath on either side
of the seismic line. M = Maastrichtian, LE = lower Eocene, purple = top basement. TWT = two-way traveltime.

Site AP-09B
Priority: Primary
Position: 40.7859001°S, 26.60689939°E
Water depth (m): 2620
Target drilling depth 

(mbsf):
490

 Approved maximum 
penetration (mbsf):

550 (at any point along Seismic Line AWI-98015 between CDP 
5750 and CDP 5665 [40.7873993°S, 26.6243992°E])

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 5750 on AWI-98015 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions 
(PETM, K/Pg boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 340 mbsf

Hole B: drill to 200 mbsf, APC to 300 mbsf, XCB to 340 mbsf
Hole C: drill to 330 mbsf, RCB to 490 mbsf

Downhole 
measurements 
program:

Hole C:
• Triple combo
• FMS-sonic
• UBI

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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Figure AF4. Top: map of proposed primary Site AP-07A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Lines AWI-98011 and AWI-20140232 across Site AP-07A. M = Maastrichtian, LE = lower Eocene,
LO = lower Oligocene, purple = top basement. TWT = two-way traveltime.

Site AP-07A
Priority: Primary
Position: 37.0250015°S, 24.9953003°E
Water depth (m): 3400
Target drilling depth 

(mbsf):
300

 Approved maximum 
penetration (mbsf):

300

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 2100 on AWI-98011 
• Crossing line: CDP 908 on AWI-20140232 

Objective(s): • Cretaceous record
• Date the age ranges of the observed unconformities and 

interpret their causes (M)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (K/Pg 
boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: RCB to 300 mbsf
Downhole 

measurements 
program:

Hole A:
• Triple combo
• FMS-sonic
• UBI

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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Figure AF5. Top: map of proposed primary Site AP-08A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Lines AWI-98011 and AWI-20140231 across Site AP-08A. M = Maastrichtian, LE = lower Eocene,
LO = lower Oligocene, purple = top basement. TWT = two-way traveltime.

Site AP-08A
Priority: Primary
Position: 37.16550105°S, 24.7980995°E
Water depth (m): 3900
Target drilling depth 

(mbsf):
450

 Approved maximum 
penetration (mbsf):

500

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 1150 on AWI-98011
• Crossing line: CDP 806 on AWI-20140231

Objective(s): • Cretaceous record
• Date the age ranges of the observed unconformities and 

interpret their causes (M and LE)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (K/Pg 
boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB too 400 mbsf

Hole B: APC to 300 mbsf, XCB too 400 mbsf
Hole C: drill to 390 mbsf, RCB to 450 mbsf

Downhole 
measurements 
program:

None

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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Figure AF6. Top: map of proposed alternate Site TB-02A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Lines AWI-20050008 and AWI-20050015 across Site TB-02A. B = black shale, K-T= Creta-
ceous/Paleogene boundary, E = Eocene, O = Oligocene, M = Miocene, P = Pliocene, purple = top basement.

Site TB-02A
Priority: Alternate for Site TB-01A
Position: 35.4749985°S, 29.6793995°E
Water depth (m): 4300
Target drilling depth 

(mbsf):
1050

 Approved maximum 
penetration (mbsf):

1200

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 2068 on AWI-20050008 
• Crossing line: CDP 4397 on AWI-20050015 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes 
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (OAE 
3)

• Sample black shales
Coring program: Hole A: APC to 300 mbsf, XCB to 700 mbsf

Hole B: drill to 690 mbsf, RCB to 1050 mbsf
Downhole 

measurements 
program:

Hole B: 
• Triple combo
• FMS-sonic
• VSI

Nature of rock 
anticipated:

Foraminifer ooze, black shales
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF7. Top: map of proposed alternate Site AP-04B with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98014 across Site AP-04B. M = Maastrichtian, LE = Lower Eocene, LO = Lower Oligo-
cene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-04B
Priority: Alternate for Site AP-10A
Position: 41.2951012°S, 26.1151009°E
Water depth (m): 3075
Target drilling depth 

(mbsf):
900

 Approved maximum 
penetration (mbsf):

900

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 6220 on AWI-98014 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE, LO, MM)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Mi5, 
Mi4, Mi1, Oi1, PETM[?], K/Pg boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 850 mbsf

Hole B: APC to 300 mbsf, XCB to 850 mbsf
Hole C: drill to 840 mbsf, RCB to 900 mbsf

Downhole 
measurements 
program:

Hole C:
• Quad combo

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF8. Top: map of proposed alternate Site AP-05A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98017 across Site AP-05A. M = Maastrichtian, LE = lower Eocene, purple = top base-
ment. TWT = two-way traveltime.

Site AP-05A
Priority: Alternate for Site AP-10A
Position: 40.0082626°S, 25.2681999°E
Water depth (m): 2800
Target drilling depth 

(mbsf):
500

 Approved maximum 
penetration (mbsf):

500

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 4900 on AWI-98017 

Objective(s): • Cretaceous to Paleogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Oi1, 
PETM, K/Pg boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300, XCB to 450 mbsf

Hole B: APC to 300, XCB to 450 mbsf
Hole C: drill to 440 mbsf, RCB to 500 mbsf

Downhole 
measurements 
program:

Hole C:
• Quad combo

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF9. Top: map of proposed alternate Site AP-11A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point (CDP)
numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98017 across Site AP-11A. M = Maastrichtian, LE = lower Eocene, LO = lower Oligo-
cene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-11A
Priority: Alternate for Site AP-10A
Position: 40.0671997°S, 24.2537994°E
Water depth (m): 3490
Target drilling depth 

(mbsf):
770

 Approved maximum 
penetration (mbsf):

770

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 1400 on AWI-98017 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE, LO, MM)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Mi5, 
Mi4, Mi1, Oi1, PETM[?], K/Pg boundary, OAE 2) 

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 720 mbsf

Hole B: APC to 300 mbsf, XCB to 720 mbsf
Hole C: drill to 710 mbsf, RCB to 770 mbsf

Downhole 
measurements 
program:

Hole C:
• Quad combo

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF10. Top: map of proposed alternate Site AP-01A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98015 across Site AP-01A. M = Maastrichtian, LO = lower Oligocene, MM =
middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-01A
Priority: Alternate for Site AP-09B
Position: 40.8800011°S, 27.4428997°E
Water depth (m): 2700
Target drilling depth 

(mbsf):
350

 Approved maximum 
penetration (mbsf):

350

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 2850 on AWI-98015 

Objective(s): • Cretaceous and Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (K/Pg 
boundary, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 150 mbsf

Hole B: drill to 140 mbsf, RCB to 300 mbsf
Downhole 

measurements 
program:

Hole B:
• Triple combo
• FMS-sonic
• UBI

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF11. Top: map of proposed alternate Site AP-03A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98014 across Site AP-03A. M = Maastrichtian, LE = lower Eocene, LO = lower
Oligocene, purple = top basement. TWT = two-way traveltime.

Site AP-03A
Priority: Alternate for Site AP-09B
Position: 41.2631989°S, 26.3272991°E
Water depth (m): 3220
Target drilling depth 

(mbsf):
500

 Approved maximum 
penetration (mbsf):

500

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 6950 on AWI-98014

Objective(s): • Cretaceous to Paleogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions 
(PETM, K/Pg boundary, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf

Hole B: drill to 290 mbsf, RCB to 450 mbsf
Downhole 

measurements 
program:

Hole B:
• Triple combo
• FMS-sonic
• UBI

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF12. Top: map of proposed alternate Site AP-13A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98017 across Site AP-13A. M = Maastrichtian, LE = lower Eocene, LO = lower
Oligocene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-13A
Priority: Alternate for Site AP-09B
Position: 40.0671997°S, 24.1895008°E
Water depth (m): 3850
Target drilling depth 

(mbsf):
620

 Approved maximum 
penetration (mbsf):

620

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 1180 on AWI-98017 

Objective(s): • Cretaceous to Paleogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions 
(PETM, K/Pg boundary, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 420 mbsf

Hole B: drill to 410 mbsf, RCB to 570 mbsf
Downhole 

measurements 
program:

Hole B:
• Triple combo
• FMS-sonic
• UBI

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF13. Top: map of proposed alternate Site AP-06A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98017 across Site AP-06A. M = Maastrichtian, LE = lower Eocene, purple = top
basement. TWT = two-way traveltime.

Site AP-06A
Priority: Alternate for Site AP-07A
Position: 40.0663986°S, 25.5009003°E
Water depth (m): 2550
Target drilling depth 

(mbsf):
400

 Approved maximum 
penetration (mbsf):

400

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 5700 on AWI-98017 

Objective(s): • Cretaceous to Paleogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (K/Pg 
boundary, OAE 2)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: RCB to 400 mbsf
Downhole 

measurements 
program:

Hole A:
• Triple combo
• FMS-sonic
• UBI

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF14. Top: map of proposed alternate Site AP-14A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98015 across Site AP-14A. M = Maastrichtian, LE = lower Eocene, LO = lower
Oligocene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-14A
Priority: Alternate for Site AP-07A
Position: 40.7178993°S, 26.0069008°E
Water depth (m): 2800
Target drilling depth 

(mbsf):
700

 Approved maximum 
penetration (mbsf):

700

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 7850 on AWI-98015

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE, LO, MM[?])
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Mi1, 
Oi1, PETM, K/Pg boundary, OAE 2, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: RCB to 700 mbsf
Downhole 

measurements 
program:

Hole A:
• Triple combo
• FMS-sonic

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF15. Top: map of proposed alternate Site AP-02A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98015 across Site AP-02A. M = Maastrichtian, LE = lower Eocene, LO = lower
Oligocene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-02A
Priority: Alternate for Site AP-08A
Position: 40.8604012°S, 27.2537003°E
Water depth (m): 2620
Target drilling depth 

(mbsf):
700

 Approved maximum 
penetration (mbsf):

700

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 3500 on AWI-98015 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE, LO, MM)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Mi5, 
Mi4, Mi1, Oi1, PETM[?], K/Pg boundary, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 650 mbsf

Hole B: APC to 300 mbsf, XCB to 650 mbsf
Hole C: drill to 640 mbsf, RCB to 700 mbsf

Downhole 
measurements 
program:

None

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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G. Uenzelmann-Neben et al. Expedition 392 Scientific Prospectus
Figure AF16. Top: map of proposed alternate Site AP-12A with multibeam swath bathymetry, multichannel seismic (MCS) tracks and common depth point
(CDP) numbers. Multibeam swaths have 50 m resolution. Bottom: MCS Line AWI-98017 across Site AP-12A. M = Maastrichtian, LE = lower Eocene, LO = lower
Oligocene, MM = middle Miocene, purple = top basement. TWT = two-way traveltime.

Site AP-12A
Priority: Alternate for Site AP-08A
Position: 40.0681992°S, 24.5436993°E
Water depth (m): 3100
Target drilling depth 

(mbsf):
800

 Approved maximum 
penetration (mbsf):

800

Survey coverage (track 
map; seismic profile):

Bathymetric and seismic track map
MCS data:
• Primary line: CDP 2400 on AWI-98017 

Objective(s): • Cretaceous to Neogene record
• Date the age ranges of the observed unconformities and 

interpret their causes (M, LE, LO, MM)
• Date oldest sediment overlying crust and determine 

paleodepth and paleoenvironment
• Recover high-latitude paleotemperature records of the 

transition from the Cretaceous supergreenhouse and 
through the Paleogene

• Recover critical intervals of ocean–climate transitions (Mi5, 
Mi4, Mi1, Oi1, PETM[?], K/Pg boundary, OAE 3)

• Unravel the nature of Agulhas Plateau basement
Coring program: Hole A: APC to 300 mbsf, XCB to 750 mbsf

Hole B: APC to 300 mbsf, XCB to 750 mbsf
Hole C: drill to 740 mbsf, RCB to 800 mbsf

Downhole 
measurements 
program:

None

Nature of rock 
anticipated:

Foraminifer ooze, basalt
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