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Abstract
Expedition 363 seeks to document the regional expression of cli-

mate variability (e.g., temperature, precipitation, and productivity) 
in the Western Pacific Warm Pool (WPWP) as it relates to global 
and regional climate change from the middle Miocene to Late Pleis-
tocene on millennial, orbital, and secular timescales. The WPWP is 
the largest reservoir of warm surface water on Earth and thus is a 
major source of heat and moisture to the atmosphere. Variations in 
sea-surface temperature and the extent of the WPWP influence the 
location and strength of convection and thus impact oceanic and at-
mospheric circulation, heat transport, and tropical hydrology. 
Given its documented importance for modern climatology, changes 
in the WPWP are assumed to have also played a key role in the past. 
The proposed drill sites are strategically located at the heart of the 
WPWP (northern Papua New Guinea and south of Guam) and 
around its western edge (western margin of Australia to the south 
and southern Philippine Islands to the north) to capture the most 
salient features of the WPWP. Combining marginal and open ocean 
sites will allow us to study these time intervals at different temporal 
resolutions. The coring program prioritizes seven primary sites and 
nine alternate sites in 880–3427 m water depth. This depth range 
will allow the reconstruction of intermediate and deepwater prop-
erties through time.

Schedule for Expedition 363
International Ocean Discovery Program (IODP) Expedition 

363 is based on IODP drilling Proposals 799-Full2 and 799-Add 
(available at http:// iodp.tamu.edu/ scienceops/ expeditions/ 
pacific_warm_pool.html). Following ranking by the IODP Scien-
tific Advisory Structure, the expedition was scheduled for the re-
search vessel R/V JOIDES Resolution, operating under contract 
with Texas A&M University. At the time of publication of this Sci-
entific Prospectus, the expedition is scheduled to start in Singa-
pore on 6 October 2016 and to end in Guam on 8 December 
(Figure F1). A total of 63 days will be available for the transit, drill-
ing, coring, and downhole measurements described in this report 
(for the current detailed schedule, see http://iodp.tamu.edu/sci-
enceops/). Further details about the facilities aboard the JOIDES 
Resolution can be found at http://iodp.tamu.edu.

Introduction
The Indo-Pacific Warm Pool (IPWP) is the largest source of heat 

for the global atmosphere and a location of deep atmospheric con-
vection and heavy rainfall. Small variations in the sea-surface tem-
perature (SST) of the Western Pacific Warm Pool (WPWP), within 
the IPWP, influence the location and strength of convection in the 
rising limbs of the Hadley and Walker circulations, perturbing plan-
etary-scale atmospheric circulation, atmospheric heating globally, 
and tropical hydrology (Neale and Slingo, 2003; Wang and Mehta, 
2008). Seasonal to interannual climate variations in the WPWP are 
dominated by fluctuations in precipitation associated with the sea-
sonal march of the monsoons, migration of the Intertropical Con-
vergence Zone (ITCZ), and interannual changes associated with 
variability of El Niño Southern Oscillation (ENSO) (e.g., Ropelewski 
and Halpert, 1987; Halpert and Ropelewski, 1992; Rasmusson and 
Arkin, 1993). At present, departures from expected weather pat-
terns associated with ENSO impact the lives of many people not 
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only in the tropics but also in many regions around the world; El 
Niño events are associated with a nearly global fingerprint of tem-
perature and precipitation anomalies (Ropelewski and Halpert, 
1987; Rasmusson and Arkin, 1993; Cane and Clement, 1999). 

Considerable uncertainty exists regarding the response of the 
tropical Pacific climate, primarily precipitation, to rising green-
house gases because of our limited understanding of past variability 
of the WPWP and conflicting data-model results. For example, 
models simulating the response of the equatorial Pacific to green-
house gas forcing disagree about whether the zonal temperature 
gradient will increase or decrease and what the implications will be 
for the Walker circulation and the hydrologic cycle in the tropics. 
These simulations typically use an ENSO analogy to predict future 
climate, with the idea that changes in ENSO variation are intimately 
linked to long-term changes in the equatorial Pacific mean climate 
state as expressed in the east–west SST gradient. However, recent 
simulations of global warming effects suggest that the tropical Pa-
cific does not become more El Niño- or La Niña-like in response to 
increased greenhouse gases (DiNezio et al., 2009). Instead, the new 
simulations suggest a different equilibrium state, whereby shoaling 
and increased tilt of the equatorial Pacific thermocline is associated 
with weakening of the trade winds without a concomitant change in 
the zonal SST pattern, which is a departure from the ENSO analogy 
(DiNezio et al., 2010). In turn, changes in the structure of the ther-
mocline can have a major effect on the ocean heat content and thus 
global climate, which has been documented for the Last Glacial 
Maximum (LGM) (Ford et al., 2015) and is also suggested to explain 
today’s climate trends (e.g., England et al., 2014). A primary goal of 
this expedition is to assess the regional expression of climate vari-
ability (precipitation and temperature) within the WPWP in the 
context of changing global background state from the middle Mio-
cene to Late Pleistocene. Drill sites have been chosen to provide 
broad spatial coverage to capture the most salient features of the 
WPWP (Figures F1, F2) at different temporal resolutions from the 
late Neogene to the present (Figure F3). At depth, these sites are 
bathed by Antarctic Intermediate Water (AAIW) and Upper Cir-
cumpolar Deepwater (UCDW) (Figure F4) and thus will allow the 
reconstruction of intermediate and deepwater end-member proper-
ties through time and at relatively high resolution.

The causes and extent of past precipitation changes in the 
WPWP are not well constrained in terms of the relative importance 
of extra-tropical controls, such as the position of the ITCZ versus 
equatorial Pacific dynamics, which affect the SST pattern and loca-
tion of maximum convection (Figure F5). Paleo-precipitation re-
cords suggest a southward shift in the ITCZ position apparently 
synchronous with North Atlantic cold events including the Younger 
Dryas, Heinrich Event 1, and marine isotope stage (MIS) 3 stadials 
(Stott et al., 2002, 2004; Oppo et al., 2003; Dannenmann et al., 2003, 
Gibbons et al., 2014). These results are consistent with models that 
suggest climate conditions at high latitudes influence the position of 
the ITCZ (Broccoli et al., 2006; Chiang and Bitz, 2005). However, 
lithologic records of chemical weathering (e.g., Ti/Ca) from Mind-
anao and northern Papua New Guinea (PNG), which are used as a 
precipitation proxy (Kissel et al., 2010; Tachikawa et al., 2011), as 
well as a speleothem record from Borneo (Carolin et al., 2013), show 
a dominant precession signal but no significant correlation with gla-
cial–interglacial variability, suggesting a strong control of local inso-
lation on regional precipitation. The relatively wide distribution of 
drill sites within the IPWP and their proximity to riverine inputs 
will allow us to examine the relationships between tropical Pacific 

http://iodp.tamu.edu/scienceops/expeditions/pacific_warm_pool.html
http://iodp.tamu.edu/scienceops/
http://iodp.tamu.edu/scienceops/
http://iodp.tamu.edu
http://iodp.tamu.edu/scienceops/expeditions/pacific_warm_pool.html
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hydroclimate variability and low/high latitude forcing under differ-
ent background states.

On secular timescales, the relationships between different equi-
librium states of the tropical Pacific, changes in ocean circulation, 
and their implications for global climate evolution from the middle 
Miocene through the Late Pleistocene have become a topic of inten-
sive scientific research. Specifically, the long-term Cenozoic cooling 
was interrupted by periods of relative global warmth during the 
Middle Miocene Climate Optimum (MMCO; ~17–15 Ma) and the 
early Pliocene warm period (4.5–3 Ma) (Zachos et al., 2001). This 
latter interval is of special interest due to a perceived decoupling be-
tween global SSTs and variations in atmospheric pCO2 (e.g., LaRiv-
iere et al., 2012). The early Pliocene warm period is of particular 
interest as global surface temperatures were ~2–3°C higher than at 
present (Dowsett et al., 2009), which is comparable with projections 
for the twenty-first century, whereas atmospheric pCO2 was argu-
ably similar with today’s levels (~400 ppm) (Kürschner et al., 1996; 
Pagani et al., 2010). Studies suggest that this period was character-
ized by reduced Pacific zonal temperature gradient due to substan-
tial warming of the eastern equatorial Pacific SST (e.g., Wara et al., 
2005). The spatial extent and magnitude of the SST change in the 
WPWP and their implications for tropical precipitation are cur-
rently debated (Brierley et al., 2009; Fedorov et al., 2010; Zhang et 
al., 2014; Ravelo et al., 2014), and new records from this expedition 
should contribute to this discussion.

The MMCO was also characterized by a warm and humid cli-
mate (Mosbrugger et al., 2005; Bruch et al., 2007), with some evi-
dence for even weaker meridional temperature gradients (Flower 
and Kennett, 1994; Bruch et al., 2007; Holbourn et al., 2010) than in 
the Pliocene, although there are very few data particularly from the 
WPWP to help constrain global temperature gradients. After the 
MMCO, climate cooled gradually through the late Miocene in many 
regions but was still warmer than today. It is currently debated 
whether the WPWP temperature was, on average, similar to today 
through the late Miocene (Nathan and Leckie, 2009) or significantly 
warmer (Zhang et al., 2014; Ravelo et al., 2014).

The climate mechanisms that explain past warmth during the 
MMCO, the late Miocene, and the early Pliocene are not yet fully 
understood, but greenhouse gas forcing and ocean circulation are 
considered to be important factors. Recent data suggest that pCO2
was higher than today during the MMCO (Kürschner et al., 2008; 
Retallack, 2009; Zhang et al., 2013; Greenop et al., 2014) and in the 
early Pliocene warm period (Pagani et al., 2010; Seki et al., 2010). 
However, reconstructions suggest pCO2 was relatively low in the 
late Miocene and similar to levels during the Pleistocene, even 
though climate was relatively warm and Northern Hemisphere ice 
sheets were only starting to develop. At face value, this indicates 
that for a given pCO2 forcing, more than one climate state (i.e., late 
Miocene warmth and Late Pleistocene glaciation) is possible. Thus, 
factors other than pCO2, such as ocean circulation possibly related 
to tectonic opening or closure of oceanic gateways (Cane and Mol-
nar, 2001; Steph et al., 2010) or different modes of deepwater pro-
duction and circulation (Woodard et al., 2014), might have played a 
critical role in determining global climate. In particular, tectonic 
changes affecting the transport of water from the western Pacific to 
the Indian Ocean is one of the mechanisms proposed to explain 
changes in global climate (Cane and Molnar, 2001).

Tectonic and climatic changes in the equatorial Pacific play an 
important role in determining the low-latitude interocean exchange 
through their effect on the Indonesian Throughflow (ITF) (Kuhnt et 
4

al., 2004). At present, the ITF transports annually 10–15 Sv from the 
western Pacific to the Indian Ocean and controls interocean heat 
and salt exchange, likely with major implications for climate vari-
ability (Gordon, 2005; Oppo and Rosenthal, 2010). Modern obser-
vations indicate that ITF transport is affected by the Pacific–Indian 
Ocean sea level pressure gradient, which varies interannually with 
ENSO and seasonally with the East Asian Monsoon (EAM). On lon-
ger timescales, sea level changes leading to the exposure and flood-
ing of the Sunda Shelf (Xu et al., 2008; Linsley et al., 2010) and 
tectonic closure of the Indonesian seaways (Cane and Molnar, 2001; 
Kuhnt et al., 2004) likely exerted the strongest controls on the prop-
erties and strength of the ITF. By comparing records from sites lo-
cated in the heart of the WPWP and off northwest Australia, near 
the exit of the ITF into the Indian Ocean, we intend to study the 
evolution of the Indo-Pacific equatorial thermocline in relation to 
changes in background climate state and the ITF transport from the 
late Neogene to present. Using new high sedimentation rate cores 
will allow us not only to study secular changes in ITF (e.g., Karas et 
al., 2009, 2011) but also to assess long-term variability at orbital and 
suborbital timescales.

Background
Studies of climate variability in the WPWP have relied primarily 

on the low sedimentation rate Ocean Drilling Program (ODP) Hole 
806B from the Ontong Java Plateau (OJP), which serves as a warm 
end-member to monitor broad-scale zonal and meridional gradi-
ents throughout the Neogene. Higher resolution sites are available 
from marginal seas in the western equatorial Pacific, but they are 
strongly impacted by local processes. Thus, there is a gap in the spa-
tial and temporal coverage of the WPWP that prevents assessment 
of climate change in this region on various timescales. Over the past 
decade new coring efforts have demonstrated the possibility of ob-
taining records from key locations in the WPWP with comparable 
resolution to records from high-latitude oceans, cave deposits, and 
ice cores. Although substantial progress in understanding WPWP 
climate variability has been made by studying long piston cores, 
there are fundamental questions that cannot be addressed without 
drilling new sites with a broader spatial distribution and extended 
temporal resolution.

Our scientific objectives require a wide spatial distribution of 
IPWP climate records in a variety of geologic settings. Proposed 
Sites WP-02A, WP-21A, WP-03A, and WP-04A are located on Eo-
cene-age ocean crust of the Caroline plate. Proposed Sites WP-05A, 
WP-06A, and WP-14A are on Pliocene age ocean crust of the adja-
cent Manus Basin. Proposed Sites WP-71A and WP-72A are in a 
fore-arc region south of the New Guinea Trench. Proposed Site 
WP-09A is located in a complex arc terrain of the southern Philip-
pine Islands, whereas WP-13A is on a basalt edifice in the West 
Philippine Basin. Proposed Sites WP-11B, WP-12D, WP-12A, and 
WP-12C are adjacent to some of the world’s oldest in situ ocean 
crust still preserved, just seaward of the continental slope of north-
west Australia. Alternate proposed Site WP-15A is a redrill of Site 
806, located on the OJP.

Geological setting
Caroline Basin and northern Papua New Guinea

Proposed Sites WP-02A, WP-03A, WP-05A, and WP-71A and 
alternate proposed Sites WP-04A, WP-06A, WP-14A, WP-21A, 
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and WP-72A are located within or adjacent to the Caroline Basin 
north of PNG (Figure F6). The Caroline plate is surrounded on all 
sides by either subduction zones or weakly organized spreading 
ridges. Consequently, the region is well suited as an archive of cli-
mate signals preserved in open-marine biogenic sediment, free of 
the complications of submarine fan sedimentation. The wide, aseis-
mic Eauripik Rise, which trends approximately north–south and 
stands 1000 m above the surrounding seafloor, separates the West 
and East Caroline Basins. It was formed by a series of northward-
trending spreading centers and represents the youngest spreading 
of the Caroline plate (Hamilton, 1979). This extinct spreading cen-
ter is characterized by a broad crest at ~2500 m water depth with 
gently sloping sides. Ocean crust of Eocene to recent age makes up 
basement in the region of interest. Marine magnetic Anomalies 
C13–C9 trend roughly east–west, indicating seafloor spreading 
from 36 to 27 Ma. These anomalies are asymmetrically arranged 
about relict spreading centers now called the Kiilsgaard and West 
Caroline Basin Troughs. The asymmetric arrangement of crustal 
ages was the result of poorly organized back-arc spreading north of 
a northward-dipping subduction zone in the Oligocene. That an-
cient volcanic arc is now part of the PNG highlands. The northern 
edge of the Australian landmass collided with the trench and 
brought a halt to spreading at ~27 Ma (magnetic Anomaly 9) (He-
garty and Weissel, 1988), and by the early Miocene the subduction 
orientation had switched, with the Caroline plate subducting be-
neath the Australian plate north of its former location (i.e., on the 
north side of what is now PNG) (figure 13 in Hegarty and Weissel, 
1988). Plate reorganization during this tectonic rearrangement led 
to off-axis volcanism in the central Caroline Basin, where the Eau-
ripik Rise is now (e.g., at Deep Sea Drilling Project [DSDP] Site 62), 
providing a ready explanation for the lack of traceable magnetic lin-
eations across this structural feature.

Complex plate interactions then moved to the northern bound-
ary of the Caroline Plate as two processes developed. First, crust 
older than 15 Ma encountered younger crust of the Philippine Sea 
plate and began subducting north and west, forming the Palau, Yap, 
and Mariana Trenches. Second, based on their alkalic chemistry 
and progressively younger radiometric ages from west to east 
(Fischer et al., 1971; Ridley et al., 1974), basalts along the Caroline 
Islands Ridge erupted on the seafloor from a deep-seated mantle 
hot spot. Hegarty and Weissel (1988) speculated that the deep root 
and current topographic relief of the Eauripik Rise are due in part to 
the passage of this hot spot. Extension with little magmatism pro-
duced the Sorol Trough to the north, and extension with volcanism 
and preserved magnetic isochrons indicate opening of the Ayu 
Trough to the west during the last 5 Ma.

The last tectonic event following the Neogene reorganization 
was the generation of ocean crust within the Bismarck Sea plate to 
form the Manus Basin immediately southeast of the New Guinea 
Trench (figure 13 in Hegarty and Weissel, 1988). Magnetic iso-
chrons indicate spreading in the north-northwest–south-southeast 
direction beginning in the late Pliocene (3.5 Ma; Taylor, 1979) in the 
Manus Basin and elsewhere on the Bismarck Sea plate. This young 
age explains the shallow depths of most of the Bismarck Sea plate 
and its ability to override the Caroline plate to form the southward-
dipping Manus Trench. Plate kinematic studies, however, indicate 
that present motion along this new plate boundary is almost entirely 
left lateral, with little or no convergence.

Proposed Sites WP-02A and WP-21A are located at the north-
ern end of the Eauripik Rise (Figure F6), where it terminates in a 
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tectonically complex region that includes Sorol Fault, Sorol Trough, 
and Caroline Ridge (Hegarty and Weissel, 1988). Magnetic anoma-
lies are progressively younger northward along the rise (Hamilton, 
1979), suggesting that basement underlying proposed Site WP-02A 
and alternate proposed Site WP-21A is younger than that beneath 
proposed Site WP-03A and alternate proposed Site WP-04A to the 
south (Hamilton, 1979). This explains the lower sediment thickness 
above basement at these sites (~400 m) than at proposed Site WP-
03A and alternate proposed Site WP-04A (~700 m).

Proposed Site WP-05A and alternate proposed Sites WP-06A
and WP-14A are located south of Manus Island on the North Bis-
marck microplate on Pliocene-age ocean crust formed by a poorly 
understood ocean ridge or back-arc spreading system within the 
Bismarck Sea plate. The lack of modern seismicity along the Manus 
Trench suggests that left-lateral plate motion is today occurring al-
most entirely along the very well defined Bismarck Sea seismic lin-
eation trending east–west at roughly 3.5°S latitude, ~100 km south 
of proposed Site WP-05A and alternate proposed Sites WP-06A 
and WP-14A. Within this complex tectonic regime, the southwest-
ern side of Manus Basin is considered one of the more stable re-
gions. The seafloor age is unknown but must be relatively young, as 
the basin formed due to rapid asymmetric spreading along the ac-
tive Bismarck seismic lineation since 3.5 Ma (Taylor, 1979). Surface 
currents here are controlled by local winds associated with the 
southeast trades and the Australian–Asian monsoon system 
(Kuroda, 2000). Manus Island lies in the path of the South Equato-
rial Current (SEC) as it is deflected around New Ireland to the east. 
The proposed drill sites are west of Manus Island where high chlo-
rophyll-a concentrations, indicative of upwelling, are observed 
when the southeast trade winds are strong (Steinberg et al., 2006).

Proposed Site WP-71A and alternate proposed Site WP-72A are 
located <50 km offshore of the north coast of PNG in a tectonically 
complex region east of the Cyclops Mountains and west of the Sepik 
River estuary (figure 2 in Baldwin et al., 2012). The region is 
bounded to the south by the Bewani-Torricelli fault zone on land, 
which links to offshore transform faults that eventually connect 
with seafloor spreading along the Bismarck Sea seismic lineation to 
the east (Baldwin et al., 2012). Northwest of the proposed drill sites, 
the southward subduction of the Caroline plate forms the New 
Guinea Trench. The continental shelf in this region is exceedingly 
narrow (<2 km), allowing large amounts of terrigenous sediment 
discharged from coastal rivers to accumulate in deeper water (Milli-
man et al., 1999). The proposed drill sites are located in ~1000 m 
water depth and experience high sedimentation rates due to sedi-
ment bypassing of the continental shelf. Monsoon winds control the 
surface hydrography of the region, such that the New Guinea 
Coastal Current flows westward over the proposed drill sites during 
the southeasterly monsoon (Kuroda, 2000), likely delivering sedi-
ment from the Sepik estuary and multitudes of other tributaries 
along the coast. The surface current reverses during the boreal win-
ter northwesterly monsoon (Kuroda, 2000). During the northwest-
erly monsoon wind regime, the surface sediment plume from the 
Sepik River is observed to meander out across the Bismarck Sea 
(Steinberg et al., 2006). The New Guinea Coastal Undercurrent per-
sists in a westward direction year round at a primary water depth of 
~220 m, widening and strengthening during the boreal summer 
(Kuroda, 2000). This undercurrent supplies terrigenous sediment 
from the near-bottom river plumes to the drill sites. With very high 
sedimentation rates (~500 m/million years) expected, drilling this 
pair of sites will provide a record of millennial-scale variability in 
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the WPWP during the Late Pleistocene with comparable resolution 
to that of proposed Site WP-09A in Davao Bay to the northwest.

Philippine Islands region
Cenozoic plate interactions affecting the Philippine Islands and 

adjacent regions have been especially complex. Today the tectonic 
settings of proposed Site WP-09A and alternate proposed Site WP-
13A show few similarities; however, their tectonic histories are re-
lated. During the Eocene, at ~40 Ma, both Sites WP-09A and WP-
13A were located in the Southern Hemisphere. The Philippine Is-
lands were a volcanic arc along the north side of the Indo-Austra-
lian/Philippine Sea plate boundary. A spreading center oriented 
roughly along the paleoequator was the locus of seafloor spreading 
that had been generating ocean crust since before 57 Ma (Chron 
24), which formed what would eventually become the West Philip-
pine Basin. Hall (1996) suggested that the Benham Rise (alternate 
proposed Site WP-13A) formed between 45 and 40 Ma along this 
spreading center due to excess volcanism at or near the ridge axis. 
Spreading continued to widen the paleo-West Philippine Basin in 
the north–south direction. Northward motion of the Indo-Austra-
lian plate brought PNG into collision with the northward-dipping 
trench associated with the paleo-southern Philippine Islands and 
the future location of proposed Site WP-09A.

Spreading within the Philippine Sea plate jumped eastward and 
changed to east–west opening along a roughly north–south back-
arc spreading center at ~25 Ma (Hall, 1996). This formed what is 
now the Parece Vela Basin due to trench roll-back along the Philip-
pine Sea/Pacific plate boundary. From 25 to 5 Ma, the distance be-
tween Sites WP-09A and WP-13A remained relatively constant, 
although both were carried northward on the western edge of the 
West Philippine Basin. During this northward journey, the western 
edge of the Philippine Sea plate shared a convergent to transcurrent 
plate boundary with the Eurasian plate, adding arc volcanics to the 
already complex arc and ophiolitic terranes of the Philippine Is-
lands.

The current arrangement of the Philippine Islands was achieved 
by plate adjustment in the late Neogene when left-lateral transcur-
rent faulting brought Luzon into close overlap with Mindanao (fig-
ure 2 in Hall, 1996). The Philippine Fault runs the length of the 
Philippine Islands, passing east of proposed Site WP-09A along the 
land peninsula forming the eastern bank of Davao Bay (Figure F6). 
Without identifiable marine magnetic anomalies in the present Mo-
lucca Sea or extreme southwest part of the West Philippine Basin 
(Figure F6) it is difficult to trace the precise motion of the arc frag-
ments that comprise Mindanao. However, the Philippine Trench 
appeared within the last 5 Ma, consistent with opening of the Ayu 
Trough, Manus Basin, and other features immediately adjacent to 
the Caroline plate described previously (Figure F6). Since this de-
velopment, the locations of proposed Site WP-09A and alternate 
proposed Site WP-13A reside on different plates.

Davao Bay in southern Mindanao Island, where proposed Site 
WP-09A is located, is directly to the west of the Pacific Trench, 
where the denser oceanic Philippine plate to the east is being sub-
ducted beneath the more buoyant Sunda plate to the west. Sangihe 
Basin, spaning from the Molucca Sea through the Celebes Sea into 
Davao Bay, represents the fore-arc basin of the Sangihe arc and has 
existed since the late Pliocene (Hall and Wilson, 2000). Davao Bay is 
deeper in the north and is comprised of two basins filled with ~2000 
m of hemipelagic carbonates and discrete wind-transported vol-
canic ash layers (Krause, 1966). Within the basins, there are several 
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irregular and solitary mounds with differences in height of 25–100 
m that are supposed to represent deformed swells of the basement 
(Krause, 1966). Other characteristics of Davao Bay are the left-lat-
eral Cotabato Fault that extends from northwest to southeast Mind-
anao and the “southern section” of the 1200 km long, sinistral 
strike-slip Philippine Fault that spans from central Masbate to 
Davao Bay (Bischke et al., 1990; Pubellier et al., 1999).

Davao Bay provides one of the best areas to retrieve expanded 
sedimentary sequences for western Pacific paleoceanographic and 
paleoclimatic studies because sediment in the bay is largely pro-
tected from bottom currents and fed by terrigenous material from 
the Davao River. Assuming an average accumulation rate of 60 
cm/ky, the sediment age at 500 m below seafloor (mbsf) corre-
sponds to ~800 ka and at 200 mbsf to 300 ka. These high sedimen-
tation rates offer the potential to resolve Late Pleistocene 
centennial- to millennial-scale climate variability. Thus, it is possi-
ble that this site will become the marine “type section” for centen-
nial- to millennial-scale climate variability in the WPWP for the late 
Quaternary (~0–500 ka), with comparable resolution to the Green-
land ice core and Chinese speleothem records. Furthermore, com-
paring the record from Davao Bay with those from PNG (Sites WP-
71A/72A) will allow us to resolve meridional from zonal controls 
(e.g., ITCZ movement versus El Niño-like effects, respectively) on 
the hydroclimate of the WPWP.

Alternate proposed Site WP-13A is located on the northwest-
ern-most edge of the WPWP and is thus suited to assess long-term 
changes in its extent. The site targets the thickened sedimentary 
package accumulating on Benham Rise, ~250 km offshore eastern 
Luzon, in the northern corner of the West Philippine Basin (Ship-
board Scientific Party, 1975). Benham Rise is a seismically active ex-
tinct volcanic plateau emplaced on the Philippine Sea plate during 
the early Cenozoic (Hall et al., 1995). The region is bordered to the 
west–southwest by the Philippine Trench, the southern part of 
which is active due to underthrusting of the Philippine Sea plate be-
neath the Philippine Islands (Hall et al., 1995). The Philippine 
Trench is presently inactive in the north near Benham Rise, possibly 
due to regional faulting and the underthrusting Eurasian plate, 
which forms the Manila Trench west of Luzon (Xianglong et al., 
2008; Acharya and Aggarwal, 1980).

Northwest Australia
Proposed Sites WP-11B (Timor Sea) and WP-12D and alternate 

proposed Sites WP-12A and WP-12C (Scott Plateau) are located on 
the northwest Australian margin adjacent to some of the oldest 
ocean crust still in the world’s ocean (figure 1 in Blevin et al., 1997). 
This region has remained a stable passive margin since the breakup 
of Gondwanaland and the separation of northwest Australia from a 
long-disappeared Tethyan landmass. The northward movement of 
the Indo-Australian plate relative to the Eurasian and other micro-
plates of southeast Asia subducted much of this old ocean floor be-
neath Eurasia. At present, the continent/ocean boundary, as defined 
by identifiable magnetic anomalies, lies ~200 km seaward of the 
drill sites. Proposed Site WP-11B is situated at the northwestern 
margin of northeast-trending Browse Basin, which underlies the 
Australian northwest margin between the onshore Kimberley Basin 
and the Scott Plateau (Symonds et al., 1994). Alternate proposed 
Sites WP-12A and WP-12C and proposed Site WP-12D are located 
on the Scott Plateau, which corresponds to a subsided platform area 
that forms the northwestern flank of Browse Basin. The Mesozoic 
section beneath the plateau is strongly influenced by breakup-re-
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lated volcanism, which forms the acoustic basement through much 
of the Scott Plateau area (Stagg and Exon, 1981). The postbreakup 
sedimentary succession forms an ~2000 m thick, relatively uniform 
blanket over Scott Plateau and the northeastern margin of Browse 
Basin. During the Pleistocene to late Miocene, a continuous succes-
sion of deepwater, clay-rich nannoplankton ooze was deposited in 
this area with average sedimentation rates of ~5–9 cm/ky (proposed 
Site WP-11B) and ~3–3.5 cm/ky (alternate proposed Sites WP-12A 
and WP-12C and proposed Site WP-12D). This well-preserved and 
complete sediment succession provides an ideal archive to recon-
struct the climate and circulation history at the southwestern edge 
of the IPWP.

The location of these sites is within the prominent hydrographic 
front that separates tropical and subtropical water masses, which 
makes them suitable to monitor changes in the southward extent of 
tropical warm water related either to circulation or global climate 
trends. Sites WP-11B, WP-12A, WP-12C, and WP-12D are located 
close to the oceanographic front between relatively cool, nutrient-
rich water carried northward in the Eastern Indian Ocean by the 
West Australian Current and warm, oligotrophic Leeuwin Current 
waters, which results in a steep north–south SST gradient (Figure 
F2). This strategic location will allow reconstruction of the south-
western extent of the IPWP and monitoring of the ITF outflow into 
the Indian Ocean. We target two closely located sites with different 
Pleistocene sedimentation rates that will enable reconstruction of 
Pleistocene–Pliocene climate variability on suborbital timescales at 
proposed Site WP-11B, whereas the Lower Pleistocene sedimenta-
tion rates at alternate proposed Sites WP-12A and WP-12C and 
proposed Site WP-12D will allow penetration down to the middle 
Miocene reflector. This prominent reflector marks the major eu-
static sea level fall at ~13.8 Ma that is associated with the main ex-
pansion of the East Antarctic Ice Sheet during the Neogene. 
Recovery of a middle to upper Miocene continuous succession in 
the eastern Indian Ocean will provide an exceptional, continuous 
paleoceanographic archive that will complement records from the 
Pacific, Atlantic, and Southern Oceans and will be crucial in con-
straining regional and global circulation modes and Miocene ice vo-
lume variations. The older record from Sites WP-12A, WP-12C, 
and WP-12D is also ideally suited to test the hypothesis of a major 
restriction of warm water throughflow originating from the South 
Pacific between 3 and 5 Ma (Cane and Molnar, 2001).

Ontong Java Plateau
Alternate proposed Site WP-15A (redrill of Site 806; 0°19.11ʹN, 

159°21.69ʹE; 2520 m water depth) is located on the northeastern 
margin of the OJP close to the equator (Kroenke, Berger, Janecek, et 
al., 1991). The OJP forms a broad oceanic plateau in the western 
equatorial Pacific, north of the Solomon Islands. With an area of ~2 
million km2, the OJP represents the world’s largest oceanic plateau 
of volcanic origin. It was emplaced during two major pulses of vol-
canism at ~122 and ~90 Ma, and over much of its more recent Ce-
nozoic history it appears to have maintained its present depth 
(Kroenke, Berger, Janecek, et al., 1991). Its surface rises to ~1700 m 
in the central part but generally lies between 2 and 3 km water 
depth. The OJP is characterized by a thick pelagic sediment cover, 
which makes it ideally suited for paleoceanographic studies. The 
thickness of the sediment at Site 806 is ~1200 m, and a near contin-
uous section was recovered from three holes. The drilled succession 
exhibits an average sedimentation rate of 30 m/million years and ex-
tends to the base of the Miocene (Kroenke, Berger, Janecek, et al., 
1991). The deepest hole, 806B, was cored with the advanced piston 
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corer (APC) to refusal (320 mbsf ), reaching the lower upper Mio-
cene. This hole was deepened with the extended core barrel (XCB) 
downhole to 743.1 mbsf and was terminated in the lowermost Mio-
cene because of poor recovery. Over the years, Site 806 has become 
a reference site to monitor large-scale zonal and meridional gradi-
ents in the WPWP through the Miocene to Pleistocene (e.g., Lea et 
al., 2000; de Garidel-Thoron et al., 2005; Zhang et al., 2014; Ford et 
al., 2015). This sedimentary archive is now becoming depleted and 
redrilling Site 806 would offer the opportunity to extend previous 
investigations and to apply new state-of-the-art climate proxies at 
this strategic WPWP location.

Seismic studies and previous drilling
Caroline Basin and northern Papua New Guinea

At proposed Site WP-02A, horizontally bedded strata continue 
downward to ~70 mbsf, where reflector geometry shows a dramatic 
change in depositional process. From ~3.26 to ~3.60 s two-way 
traveltime (TWT), there is an apparently uninterrupted accumula-
tion of current-controlled mud waves, with the exception of a possi-
ble break at 3.27 s. Other multichannel seismic (MCS) lines in the 
survey grid surrounding proposed Site WP-02A show these mud-
waves as well. They are ~1 km in wavelength and oriented south-
west–northeast (perpendicular to Line wp21) with 15–18 m 
maximum amplitudes that gradually decrease upsection. The pres-
ence of these features had not been anticipated before surveying 
this site and presents an opportunity to recover a several million–
year record of current-controlled bedforms together with the infor-
mation that such an archive reveals. When extrapolating the Pleis-
tocene sedimentation rate of 1.5 cm/ky, this 270 m interval 
corresponds to ~18 million years of mudwave deposition. However, 
based on previous mudwave studies, sedimentation rates are likely 
to be several times this estimate. This pattern began sometime in 
the middle to late Miocene and was remarkably continuous until the 
Pleistocene. This allows us the opportunity to link the vigor of inter-
mediate water circulation at proposed Site WP-02A to a global re-
cord of high-latitude forcing. The proposed penetration at Site WP-
02A is 250 mbsf (estimated age of ~17 Ma), but we are approved to 
drill to 430 mbsf. Proposed penetration at alternate proposed Site 
WP-21A is 100 mbsf, with an estimated age at this depth of ~5 Ma 
(Table T1).

Proposed Site WP-03A on the southern edge of the Eauripik 
Ridge is ~15 nm northwest of DSDP Site 62 and close to the location 
of Core MD97-2140, previously used to reconstruct the Pleistocene 
SST history of the WPWP (de Garidel-Thoron et al., 2005). The site 
is characterized by pelagic carbonate-rich sediment with good pres-
ervation and a sedimentation rate of ~2.1 cm/ky throughout the 
Pleistocene (de Garidel-Thoron et al., 2005). Site 62 recovered a 
nearly continuous sequence of upper Oligocene–Quaternary chalk 
and carbonate-rich ooze (Winterer et al., 1971). The age model for 
this site suggests higher sedimentation rates (up to 4 cm/ky) during 
the middle–late Miocene and then decreasing in the Pliocene and 
Pleistocene. Target penetration at proposed Site WP-03A is 300 
mbsf (estimated age of ~15 Ma) with maximum allowable depth of 
500 mbsf. Alternate proposed Site WP-04A (~82 km to the west of 
proposed Site WP-03A) is intended mainly for recovering pore wa-
ter δ18O and salinity records for the LGM, with planned penetration 
to 150 mbsf (Table T1).

The MCS profiles at proposed Site WP-05A and alternate pro-
posed Sites WP-06A and WP-14A south of Manus Island show a 
relatively uniform hemipelagic sediment cover, with basement at 
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~225 mbsf. Proposed Site WP-05A and alternate proposed Site 
WP-06A are located upslope from Core MD05-2920, which has an 
isotope record indicating a sedimentation rate of ~10–14 cm/ky, 
substantially higher than in other open-ocean Pacific sites and with-
out discernible disturbance for the past ~400 ky (Tachikawa et al., 
2011, 2013). The high accumulation rate reflects the large input of 
terrigenous sediment eroded from PNG due to high precipitation 
rates and then its transfer by ocean currents to this area. The CaCO3
content ranges from 25% to 45% over the past ~400 ky, and the for-
aminifers are well preserved. Assuming the sedimentation rate does 
not change much with depth, recovery of a complete Pleistocene re-
cord is expected. DSDP Site 63 (Winterer et al., 1971) is the closest 
drilled site, located 450 km northeast of Sites WP-05A and WP-06A
in a water depth of 4472 m on 35 Ma old crust in the East Caroline 
Basin. This water depth indicates that the site was below the calcite 
compensation depth and located largely north of the reach of sedi-
mentation from the Sepik and other PNG rivers during the 0–3.5 
Ma time interval of interest. Quaternary–Pliocene sediments were 
continuously cored at Site 63 from 0–25 mbsf and are comprised of 
calcareous pelagic clay. We plan to core to 200 mbsf (estimated age 
of ~2.2 Ma) at proposed Site WP-05A. Similar records would be re-
covered at alternate proposed Sites WP-06A and WP-14A, with 
proposed penetrations of 200 mbsf (~2.2 Ma) and 175 mbsf (~1.9 
Ma), respectively (Table T1).

The MCS survey of Sites WP-71A and WP-72A shows >650 m 
sediment thickness in both locations. The RR1313 MCS data sug-
gest that the sedimentation rate in the upper part of the sediment 
column is higher at alternate proposed Site WP-71A, whereas the 
sedimentation rate in the deep portion is higher at alternate pro-
posed Site WP-72A. Therefore, we propose to drill to 225 mbsf at 
proposed Site WP-71A (~0.5 Ma) or to 315 mbsf at alternate pro-
posed Site WP-72A (~0.6 Ma) (Table T1). The goal is to reach be-
yond MIS 13 (>0.5 Ma) so that the combined record spans the mid-
Brunhes event. As defining the chronology of these marginal sites 
may be challenging, we will drill either past the nannofossil Zone 
NN19/NN20 boundary (~440 ka, near the end of MIS 12) or to the 
approved target depth if we do not reach that boundary. An isotope 
record from a 7 m long piston core (RR1313 23PC) located close to 
proposed Sites WP-71A and WP-72A indicates that the Holocene 
extends over ~6 m, implying sedimentation rates of ~50–60 cm/ky. 
The sediment consists of a mixture of clay and volcanic sand con-
taining planktonic and benthic foraminifers with pristine (glassy) 
preservation.

Philippine Islands
Swath bathymetry surrounding proposed Site WP-09A together 

with the MCS lines that intersect at the drill site provide first-order 
estimates of the type of sediment that will be found in the subsur-
face. Local bathymetry suggests that bedload sediment flows out of 
Davao Bay from the north and travels south to the area surrounding 
the proposed drill site. Fine-grained suspended load during epi-
sodes of especially voluminous bedload events can be expected to 
spread laterally and blanket the flanks of the north–south ridges lo-
cated on either side. Site WP-09A is located on the flank of one such 
topographic high that runs approximately north–south along 
125°54ʹE. Such suspension “overflows” and the large amount of sus-
pended sediment that settles on this site at less energetic times have 
built a thick mantle of silty clay on the flank of this ridge. High-pro-
ductivity surface water provides a steady rain of biogenic material as 
well, and the result is an excellent archive of climate variability in a 
key location.
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The seismic facies around proposed Site WP-09A are relatively 
uniform and suggest continuous sedimentation. Sediment thick-
nesses available from the National Geophysical Data Center indi-
cate ~3800 m of sediment resting on the basement at proposed Site 
WP-09A (Divins, 2003); however, the maximum depth of undis-
turbed sediment at the site location is ~318 mbsf. Five piston cores 
(MD98-2181, MD06-2069, MD06-2071, MD06-2073, and MD06-
2075) were collected in Davao Gulf, close to proposed Site WP-09A. 
The sediment in these cores consists of nannofossil ooze with a 
variable terrigenous component and irregularly dispersed ash layers 
(Laj et al., 2006). These cores provide insights on the hydrology of 
the WPWP and millennial-scale variability of the EAM over the 
past ~150 ka (Stott et al., 2002; 2004; Saikku et al., 2009; Bolliet et 
al., 2011; Fraser et al., 2014). No deeper drilling is available in the 
vicinity of proposed Site WP-09A. We propose coring to 350 mbsf 
(~0.6 Ma) at proposed Site WP-09A, with a maximum allowable 
penetration of 500 mbsf (Table T1).

Alternate proposed Site WP-13A is located 28 km north-north-
east of DSDP Site 292 (Karig, Ingle, et al., 1975). Although Site 292 
is located on the northwestern flank of a significant bathymetric 
mound (Benham Rise), alternate proposed Site WP-13A is on rela-
tively flat seafloor on a topographic plateau characterized by evenly 
laminated acoustic reflectors to ~350 mbsf. Drilling at Site 292 to 
~450 mbsf recovered a Cenozoic sediment record consisting of 
hemipelagic to pelagic calcareous ooze interbedded with volcani-
clastics with a sedimentation rate of 8 m/million years (Horng et al., 
2003; Shipboard Scientific Party, 1975). Recovery in the uppermost 
175 mbsf was variable (40%–100%) and generally low deeper than 
that. A major unconformity at ~115 mbsf is associated with the 
middle Miocene sea level fall at ~13.8 Ma. The sedimentation rate 
appears to have been slightly higher (~12 m/million years) prior to 
the hiatus. Although we do not anticipate occupying this alternate 
site, we are approved to core to 280 mbsf (~35 Ma) (Table T1).

Northwest Australia
Proposed Site WP-11B is situated at the cross-point of seismic 

Lines BR98-117 and BR98-168, ~0.8 nm southeast of the ~40 m 
long piston Core MD01-2378, which provides excellent insights into 
Late Pleistocene sedimentation and stratigraphy at this location. 
The interpretation of Miocene seismic reflectors is based on com-
parison to the AGSO regional seismic survey Line 119-04 (well con-
trol by Buffon 1 and Brewster 1A) and the BBHR Line 175/10 (well 
control of distal part by Argus 1). A major unconformity marks the 
top of the prograding sequence at 0.72 s TWT below seafloor and is 
interpreted as the middle Miocene sequence boundary correspond-
ing to a major sea level drop associated with rapid expansion of the 
Antarctic Ice Sheet (Mi-3; 13.8 Ma). We propose coring to 350 mbsf 
(~3.9 Ma) at proposed Site WP-11B but are approved to core as 
deeply as 700 mbsf (Table T1).

Alternate proposed Site WP-12C is located at the cross-point of 
seismic Lines HBR2000A-3032 and BR98-84, whereas proposed 
Site WP-12D is located ~600 m northwest of this cross-point on 
Line HBR2000A-3032. Alternate Site WP-12A is located near the 
cross-points of seismic Lines AGSO 119-2 and HB2000A-3003 and 
seismic Lines AGSO 119-2 and BR98-017. The top of the first 
prominent reflector corresponding to the middle Miocene se-
quence boundary (Mi-3; 13.8 Ma) is 0.55 s TWT below seafloor. As-
suming the same depth-velocity relationship as for proposed Site 
WP-11B, the drilling depth to reach this reflector is ~500 mbsf, re-
sulting in an average Neogene sedimentation rate of 3.5 cm/ky, 
which is slightly lower than the Late Pleistocene sedimentation rate 
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(4.4 cm/ky for MIS 1–6) in nearby gravity Core SO185-18499 
(14°54.49ʹS, 120°34.0ʹE; 1383 m water depth). Coring to 490 mbsf at 
this site will extend the high-resolution paleoceanographic record 
of proposed Site WP-11B in intermediate resolution back to ~14 
Ma (Table T1).

Proposed Site WP-11B is situated close to Core MD01-2378 at 
the northwestern margin of the Scott Plateau, where the Timor Sea 
merges with the western Indian Ocean. Ship track, echosoundings 
of coring locations, core descriptions, and multisensor track mea-
surements were published in the WEPAMA cruise report (Bassinot 
and Blatzer, 2002). Isotope stratigraphy (MIS 1–12) and a recon-
struction of paleoproductivity fluctuations are available in Hol-
bourn et al. (2005). Alternate proposed Sites WP-12A and WP-12C 
and proposed Site WP-12D are situated near gravity Core SO185-
18499 on the Scott Plateau. Ship track, echosoundings of coring lo-
cations, initial core descriptions, and multisensor track measure-
ments were provided in the SO185 VITAL cruise report (Kuhnt et 
al., 2005). DSDP Site 261 (~5670 m water depth) and ODP Site 765 
(~5710 m water depth) were drilled in the Argo Abyssal Plain, 
northwest of proposed Sites WP-11B and WP-12D and alternate 
proposed Sites WP-12A and WP-12C. Drilling at Site 262 (~2300 m 
water depth), located northeast of proposed Sites WP-11B and WP-
12D and alternate proposed Sites WP-12A and WP-12C, recovered 
a thick (>400 m) sequence of partially redeposited Pliocene–Pleisto-
cene clay-rich nannofossil ooze that accumulated in the rapidly sub-
siding Timor Trough. Drilling at ODP Sites 759–764 on the 
Exmouth and Wombat Plateaus, to the southwest of proposed Sites 
WP-11B and WP-12D and alternate proposed Sites WP-12A and 
WP-12C, recovered thick successions of shallow-water carbonates 
and deltaic deposits of Triassic to Cretaceous age that are overlain 
by thinner, hemipelagic Cenozoic sequences.

Ontong Java Plateau
The original seismic profiles across the OJP were taken during 

the ROUNDABOUT survey cruise on board the Thomas Washing-
ton in December 1988. The detailed survey conducted in the area of 
ODP Site 806 (Dasher; 2600–2800 m water depth) shows gently dip-
ping parallel reflectors with little disturbance except at depths be-
low 800 mbsf (Mayer et al., 1991). Seafloor topography is generally 
flat, and individual reflectors can be correlated over large distances 
in this part of the OJP (figures 3 and 9 in Mayer et al., 1991). The 
parallel reflectors indicate that pelagic sedimentation processes 
dominate in the vicinity of Site 806. The location of Site 806 was 
selected as a primary target for Leg 130 because it showed a slightly 
expanded section that was not subjected to apparent erosion 
(Mayer et al., 1991). Should we occupy alternate proposed Site WP-
15A, we propose to core to 500 mbsf (~16.7 Ma) (Table T1).

The supporting site survey data for Expedition 363 are archived 
at the IODP Site Survey Data Bank. Data can be accessed at 
http://ssdb.iodp.org/SSDBquery/SSDBquery.php by selecting 
the appropriate proposal number.

Scientific objectives
The proposed sites have wide spatial coverage (Figure F1; Table 

T1) at variable temporal resolution that will allow us to address the 
following areas.
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Role and response of the WPWP
to millennial-scale climate variability

The origin of sub-Milankovitch climate variability and its spatial 
and temporal extent are significantly less understood than mecha-
nisms related to orbital climate forcing. Most hypotheses attribute 
millennial-scale changes during the last glacial interval to either in-
stabilities in the Northern Hemisphere ice sheets (e.g., MacAyeal, 
1993) or a response to variations in Atlantic thermohaline circula-
tion (e.g., Rahmstorf, 2002) driven by meltwater inputs to the North 
Atlantic (e.g., Clark et al., 2001, 2004). Much of the evidence for 
suborbital climate variability and its glacial amplification comes 
from the North Atlantic and regions that are directly affected by 
temperature or thermohaline variations in the North Atlantic. In 
low-latitude and tropical regions, millennial-scale variability is 
mainly expressed as changes in precipitation, which are synchro-
nous with the North Atlantic climatic oscillations. The global extent 
and apparent synchroneity of millennial-scale variability have been 
attributed to fast transmission of climate signals through the atmo-
sphere in response to North Atlantic climate change (Schmittner et 
al., 2003; Gibbons et al., 2014). However, other studies suggest an 
important role of the tropical ocean due to orbital modulation of 
tropical dynamics possibly related to the monsoon and ENSO vari-
ability in response to changes in the mean climate state of the equa-
torial Pacific (Clement et al., 2001; Koutavas et al., 2002, 2006; Stott 
et al., 2002). Accordingly, changes in the distribution of tropical Pa-
cific SST may have large impacts on global temperatures (Clement 
et al., 2001; Brown et al., 2015) and low- to mid-latitude heat and 
moisture transport, which can amplify small radiative perturbations 
(Tachikawa et al., 2013).

As a major source of heat and moisture, the WPWP may have 
played an important role in millennial-scale variability through 
changes in its extent and hydrography. Obtaining extended records 
from the WPWP with comparable resolution to the Greenland ice 
cores, Chinese speleothems, and high-resolution sediment cores 
from other regions will provide better insights into the mechanisms 
causing centennial- to millennial-scale climate variability in the 
context of varying background climate states. Specifically, we plan 
to

• Document the spatial and temporal extent of climate variability 
in the WPWP and assess whether it is expressed primarily in the 
hydrologic cycle and/or in SST variability.

• Assess the relationships between global ice volume and the mag-
nitude of millennial-scale climate variability in the WPWP. We 
seek to determine whether there is an ice volume threshold to 
the appearance of millennial-scale variability in the tropical Pa-
cific.

• Document the response of the thermocline and intermediate 
water masses to millennial-scale variability in the WPWP in re-
lation to tropical and extra-tropical forcings.

Modern sedimentation rates at proposed Sites WP-09A and 
WP-71A and alternate proposed Site WP-72A exceed 50 cm/ky, 
thus providing the potential to resolve Late Pleistocene centennial- 
to millennial-scale climate variability in different regions of the 
IPWP. Comparing these high-resolution records with comparable 
ones from the North Atlantic and eastern equatorial Pacific will al-

http://ssdb.iodp.org/SSDBquery/SSDBquery.php
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low us to better constrain the mechanisms influencing millennial-
scale variability and its effects around the globe.

Orbital-scale climate variability and secular 
trends since the middle Miocene

Significant glacial–interglacial variability characterizes SST and 
δ18Oseawater reconstructions from the WPWP with the amplitude in-
creasing from ~2°C in the Pliocene to 3°C in the Pleistocene (de 
Garidel-Thoron et al., 2005; Medina-Elizalde and Lea, 2005, 2010). 
Because the tropical Pacific is located far from the polar ice sheets, 
studies have suggested that the glacial–interglacial variability of 
tropical Pacific SST is mostly driven by changes in atmospheric 
pCO2 (e.g., Lea, 2004; Hansen et al., 2008) and to a lesser extent by 
changes in local insolation (e.g., Tachikawa et al., 2013). Lithologic 
proxy records of precipitation from the western equatorial Pacific 
suggest that precession-driven interhemispheric changes in local 
insolation exert the strongest control on the equatorial Pacific hy-
droclimate, primarily associated with the migration of the ITCZ 
(Kissel et al., 2010; Tachikawa et al., 2011) and possibly modulated 
by ENSO-type processes (Dang et al., 2015). In contrast with mil-
lennial-scale events, during the last few glacial cycles there appears 
to have been no clear linkage between tropical precipitation and 
glacial–interglacial changes in the North Atlantic (e.g., Kissel et al., 
2010; Tachikawa et al., 2011; Carolin et al., 2013). However, recent 
studies suggest that the southward position of the ITCZ associated 
with a weak EAM might have played an important role in the incep-
tion of glacial terminations through its influence on the position of 
the southwesterly winds and, thus, the upwelling of CO2-rich deep 
water around Antarctica (Denton et al., 2010; Anderson et al., 
2009). Modeling studies supported with new records confirm the 
idea of “interhemispheric teleconnection,” whereby warming (cool-
ing) the Northern Hemisphere causes both the ITCZ and the South-
ern Hemispheric mid-latitude jet to shift northward (southward) 
(Lee et al., 2011; Ayliffe et al., 2013; Ceppi et al., 2013). Investigating 
these interconnections and their evolution under different back-
ground climate states throughout the Neogene to Late Pleistocene 
is one of the overarching goals of this expedition. Currently, inter-
pretations with profound implications for predicting warm climate 
dynamics rest heavily on data from a few sites, mainly the legacy 
ODP Site 806 on the OJP, which serves as the warm end-member 
used to monitor broad-scale zonal and meridional gradients. Thus, 
there is a gap in the spatial coverage needed to allow assessment of 
meridional changes in the extent of the WPWP. Indeed, based on 
available records, the magnitude of the contraction of the WPWP is 
unclear (Jia et al., 2008; Russon et al., 2010). The proposed north–
south transect of new drill sites will fill this gap and allow us to

• Determine the spatial extent of SST variability in the WPWP 
under different climate background states in relation to changes 
in radiative forcings (CO2 and insolation) and equatorial hy-
drography (ITCZ shifts and thermocline structure) to better 
constrain climate sensitivity throughout the Neogene to Late 
Pleistocene;

• Reconstruct the evolution of the Australian-Asian Monsoon 
system and WPWP precipitation using multiple sites in the 
IPWP;

• Assess the contribution of changes in the monsoon system and 
WPWP hydroclimate to the inception of glacial terminations;

• Reconstruct intermediate and deep water temperatures, heat 
content, and carbonate chemistry to assess their relation to sur-
face processes over orbital and secular time scales; and
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• Assess whether the trends observed during the Holocene are 
typical of other interglacials with similar orbital forcings to test 
the hypothesis that anthropogenic CO2 has significantly affected 
the late Holocene climate (Ruddiman, 2005).

Proposed Sites WP-05A and WP-11B, in addition to proposed 
Sites WP-71A and WP-09A and alternate proposed Site WP-72A, 
will provide insights on orbital-scale variability during the Pliocene 
and Pleistocene at high resolution (40–100 m/million years). Sites 
WP-05A, WP-71A, and WP-72A are ideally located to monitor the 
contribution from the New Guinea Coastal Current and Undercur-
rent and AAIW, which are the southern branches of the westward, 
cross-equatorial flowing SEC, and constitute the main southern Pa-
cific contributions to the ITF (Figure F2). Proposed Sites WP-02A, 
WP-21A, WP-03A, and WP-12D and alternate proposed Sites WP-
12A and WP-12C (and Site WP-13A if drilled) will document secu-
lar trends throughout the Neogene to Late Pleistocene.

Changes in the ITF
There are several outstanding questions about the long-term 

evolution of the ITF in response to

1. Tectonic and bathymetric changes in the Indonesian Archipel-
ago,

2. Changes in the mean climate state of the WPWP, and
3. Orbital- and millennial-scale variability.

For example, tectonic changes in the Indonesian region between 
~5 and 3 Ma, associated with the northward movement of PNG, are 
thought to have been important in reducing the contribution of 
warm southern Pacific water to the ITF, whereas the northwestern 
Pacific contribution increased (Cane and Molnar, 2001). This led to 
cooling of the Indian Ocean thermocline and surface water (Karas 
et al., 2009, 2011), which may have been a key factor in the aridifica-
tion of East Africa and hominid evolution (Cane and Molnar, 2001). 
With the new high sedimentation rate cores we will be able to

• Reconstruct ITF variability on millennial to orbital timescales in 
relation to climatic and tectonic changes since the middle Mio-
cene.

Proposed Sites WP-11B and WP-12D and alternate proposed 
Sites WP-12A and WP-12C are suited to address these questions 
and will be compared with the records recovered at proposed Sites 
WP-03, WP-05A, and WP-09A.

Interstitial water studies
The LGM left the ocean ~3.5% enriched in salt and ~1.0‰ en-

riched in δ18O from the growth of land-based ice sheets. We pro-
pose to reconstruct the local enrichment in these two quantities at 
two sites by measuring the interstitial fluid profiles downhole to 
~100 mbsf and applying a 1-D advection/diffusion equation to esti-
mate the amplitude of the LGM boundary condition. This approach 
reconstructs the salinity, and when combined with foraminiferal 
δ18Ocalcite, the temperature of the LGM ocean. Whereas most of the 
LGM deep ocean was at or near freezing, there was a larger range in 
salinity than there is in the modern ocean (Adkins et al., 2002). The 
saltiest water formed around Antarctica in the past as opposed to 
around Greenland today. Overall the picture is of a salinity-strati-
fied ocean with different water mass geometries. However, to date 
there is only one record from the southern Pacific Ocean (ODP Site 
1123). The most important next step is to drill a geographically fo-
cused bathymetric transect that will provide LGM profiles of tem-
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perature, salinity, and δ18O of the water column. This proposal 
targets Pacific sites that fall between ~1 and ~3 km water depth, 
which represents a nearly ideal set. We plan to measure the [Cl–] 
and δ18O of interstitial water at two sites (sampling the upper ~100 
mbsf of the core at ~1.5 m resolution) to create a past ocean profile 
of the deepwater structure. This will allow us to address two major 
objectives:

1. To generate interstitial water profiles of salinity and  δ18O to re-
construct the LGM salinity and temperature of intermediate 
and deep Pacific water masses and

2. To generate interstitial water profiles that will be used to recon-
struct secular changes in seawater chemistry (elemental and iso-
topic variations in B, Li, Mg, Ca, S and Sr, for example).

LGM insterstitial water δ18O will be measured at proposed Sites 
WP-03A and WP-05A (or alternate proposed Sites WP-04A and 
WP-06A).

Drilling and coring strategy
Expedition 363 aims to achieve an ambitious coring program 

that prioritizes seven primary sites and nine alternate sites in 880–
3427 m water depth (Tables T1, T2, T3). Two of the sites are in Phil-
ippine waters (proposed Site WP-09A and alternate proposed Site 
WP-13A), three sites are in Australian waters (proposed Site WP-
12D and alternate proposed Sites WP-12A and WP-12C), one pri-
mary site is within the Australian seabed treaty area with Indonesia 
(proposed Site WP-11B), five are in PNG waters (proposed Sites 
WP-71A and WP-05A and alternate proposed Sites WP-72A, WP-
06A, and WP-14A), four sites are in the Federated States of Micro-
nesia waters (proposed Sites WP-02A and WP-03A and alternate 
proposed Sites WP-04A and WP-21A), and one site is in interna-
tional waters (alternate proposed Site WP-15A) (Table T1). In addi-
tion to the primary operations plan (Table T2), we have an alternate 
operations plan (Table T4) should we be unable to occupy primary 
Site WP-09A (located in Davao Bay) due to separatist/terrorist ac-
tivity. The final operations plan and number of sites to be cored is 
contingent upon the JOIDES Resolution operations schedule, opera-
tional risks (see Risks and contingency), and the outcome of re-
quests for territorial permission to occupy these sites. This 
expedition includes significant transit (~19 days in the primary op-
erations plan), and should ship speed be less than the estimated av-
erage of 10.5 kt, the drilling schedule could be significantly 
impacted.

The planned sequence of drill sites, coring/downhole measure-
ments, and time estimates are provided in Tables T2, T3, and T4. 
The sites will be occupied to minimize transit and maximize opera-
tional efficiency. The coring strategy will consist of double- or tri-
ple-APC coring using nonmagnetic core barrels at each site to ~250 
mbsf or refusal and then deepening two of the holes to the target 
depth (if necessary) using the XCB. Triple-APC holes will allow us 
to construct a complete stratigraphic section at each site for the up-
per ~250 mbsf, and double XCB should allow us to extend the com-
posite section deeper at proposed Sites WP-12D, WP-11B, and WP-
03A. At this time, all APC cores will be oriented using the Icefield 
MI-5 tool. Temperature measurements will be taken in Hole A at 
each site using the advanced piston corer temperature tool (APCT-
3). Downhole wireline logging is planned only at proposed Site WP-
12D.
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For planning purposes, the APC refusal depth is estimated at 
250 mbsf, although we anticipate this may be exceeded at some of 
the more mud rich sites with target depths greater than 250 mbsf. 
APC refusal is conventionally defined as a complete stroke (deter-
mined from the standpipe pressure after the shot) not being 
achieved because the formation is too hard and/or excess force 
(>100,000 lb) is required to pull the core barrel out of the formation 
because the sediment is too cohesive or “sticky.” In cases where a 
significant stroke can be achieved but excessive force cannot re-
trieve the barrel, the core barrel can be “drilled over” (i.e., after the 
core barrel is successfully shot into the formation, the bit is ad-
vanced to some depth to free the core barrel). When APC refusal 
occurs in a hole before the target depth is reached, the half-length 
APC (HLAPC) system may be used to deepen the hole before 
switching to the XCB system.

According to the current primary operations plan, Expedition 
363 will core ~6015 m of sediment and potentially recover ~5669 m 
of core. The estimated amount of core recovered is based on 100% 
recovery with the APC system and 65% recovery with the XCB sys-
tem.

Downhole measurements strategy
Formation temperature measurements

We plan to use the APCT-3 to measure formation temperature 
in the first hole of each site to reconstruct the thermal gradient. 
This tool can only be deployed with the APC system. The opera-
tions plan includes four temperature measurements per site, typi-
cally beginning with the fourth core. Should the first three 
measurements be successful, we may opt not to take a fourth mea-
surement to save time.

Core orientation
We plan to orient all APC cores with the Icefield MI-5 tool. This 

tool will be used in conjunction with nonmagnetic coring hardware 
to the maximum extent possible.

Downhole wireline logging
The downhole wireline logging plan aims to provide a broad set 

of physical property measurements that can be used for characteri-
zation of in situ formation properties (e.g., lithology, structure, and 
petrophysics) and orbital- and millennial-scale cyclicities. The plan 
includes deploying two standard IODP tool strings in the final hole 
at proposed Site WP-12D (Table T2). Coring is the top priority at 
this site, and the scheduled logging program may be modified or 
abandoned if the coring objectives are not met in the allotted time.

The first logging run will be the triple combination (triple 
combo) tool string, which logs formation resistivity (High-Resolu-
tion Laterolog Array/Phasor Dual Induction-Spherically Focused 
Resistivity Tool), density (Hostile Environment Litho-Density 
Sonde), porosity (Accelerator Porosity Sonde), natural gamma radi-
ation (NGR; Hostile Environment NGR Sonde/Enhanced Digital 
Telemetry Cartridge), and borehole diameter. The Magnetic Sus-
ceptibility Sonde (MSS) may be added to the triple combo tool 
string in place of the porosity tool to provide magnetic field and 
magnetic susceptibility information. The borehole diameter log 
provided by the caliper on the density tool will allow assessment of 
hole conditions (e.g., washouts of sandy beds), log quality, and the 
potential for success of the following run(s).
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The second logging run will be the Formation MicroScanner 
(FMS)-sonic tool string, which provides an oriented resistivity im-
age of the borehole wall and logs of formation acoustic velocity, 
NGR, magnetometry from the fluxgate magnetometer on the Gen-
eral Purpose Inclinometry Tool, and borehole diameter. To provide 
a link between borehole stratigraphy and the seismic section, sonic 
velocity and density data can be combined to generate synthetic 
seismograms for detailed well-seismic correlations. The NGR tool is 
run with the FMS-sonic tool string to provide a means to depth-
match the different logging runs.

Risks and contingency
The potential risks identified are as follows:

• Obtaining approval from the Philippines, Australia, PNG, and 
the Federated States of Micronesia to conduct drilling and cor-
ing operations in their territorial waters.

• Unstable hole conditions that can impact coring and downhole 
logging operations. If the risk is considered to be significant, the 
radioactive source will be left out of the density tool during log-
ging.

• The presence of sand beds or unconsolidated volcaniclastics 
that can be detrimental to core recovery.

• The expedition is scheduled to begin near the end of the peak 
cyclone season (October) in the Pacific, so weather could have 
some impact on operations.

• An extremely ambitious operations plan for the time available. 
Good time management will be extremely important to mitigate 
this risk.

• Potential separatist/terrorist activity in Mindanao, Philippines, 
which could preclude us from conducting operations at pro-
posed Site WP-09A.

All of these factors may affect drilling, coring, and downhole 
logging operations.

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

IODP Sample, Data, and Obligations Policy and Implementation 
Guidelines (http://www.iodp.org/program-policies/). This docu-
ment 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) will work with the entire sci-
entific party to formulate a formal expedition-specific sampling 
plan for shipboard and postexpedition sampling. The SAC is com-
posed of the Co-Chief Scientists, Expedition Project Manager/Staff 
Scientist, and IODP Curator on shore or curatorial representative 
on board the ship.

Every member of the science party is obligated to carry out sci-
entific research for the expedition and publish the results. Ship-
board and potential shore-based scientists are expected to submit 
sample and data requests using the Sample and Data Request Data-
base (http://iodp.tamu.edu/sdrm/) at least 4–5 months before the 
beginning of the expedition. Based on shipboard and shore-based 
research plans submitted by this deadline, the SAC will prepare a 
tentative sampling plan, which will be revised on the ship as dic-
tated by recovery and cruise objectives. The sampling plan will be 
subject to modification depending upon the actual material recov-
ered and collaborations that may evolve between scientists during 
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the expedition. The SAC must approve modifications of the strategy 
during the expedition. Given the specific objectives of Expedition 
363, great care will be taken to maximize shared sampling to pro-
mote integration of data sets and enhance scientific collaboration 
among members of the scientific party so that our scientific objec-
tives are met and each scientist has the opportunity to contribute. 
All sample frequencies and sizes must be justified on a scientific ba-
sis and will depend on core recovery, the full spectrum of other re-
quests, and the expedition objectives. Some redundancy of 
measurement is unavoidable, but minimizing the duplication of 
measurements among the shipboard party and identified shore-
based collaborators will be a major factor in evaluating sample re-
quests. Substantial collaboration and cooperation will be required.

Shipboard sampling will be restricted to acquiring ephemeral 
data types and shipboard measurements. Limited low-resolution 
sampling for personal research to help target postexpedition sam-
pling will be at the discretion of the SAC. The data collected during 
the expedition will be used to produce stratigraphic spliced sections 
and age models for each site, which are critical to the overall objec-
tives of the expedition and for planning for higher resolution sam-
pling postexpedition. Whole-round samples may be taken for 
interstitial water measurements and physical property measure-
ments as dictated by the shipboard sampling plan that will be final-
ized during the first few days of the expedition. Most sampling for 
postexpedition research will be postponed until a shore-based sam-
pling party that will be implemented approximately 4–5 months af-
ter the end of the expedition at the Gulf Coast Repository in College 
Station, Texas, USA.

If some critical intervals are recovered, there may be consider-
able demand for samples from a limited amount of cored material. 
These intervals may require special handling, a higher sampling 
density, reduced sample size, or continuous core sampling for the 
highest priority research objectives. The SAC may require an addi-
tional formal sampling plan before critical intervals are sampled and 
a special sampling plan will be developed to maximize scientific 
participation and to preserve some material for future studies. 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 ar-
chive halves designated as permanent over intervals cored in multi-
ple holes.

Following Expedition 363, cores will be delivered to the IODP 
Gulf Coast Repository in College Station. All collected data and 
samples will be protected by a 1 y moratorium period following the 
completion of the postexpedition sampling meeting, during which 
time data and samples will be available only to the Expedition 363 
science party and approved shore-based participants.

Expedition scientists and scientific 
participants

The current list of participants for Expedition 363 can be found 
at http://iodp.tamu.edu/scienceops/expeditions/ 
pacific_warm_pool.html.
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Table T1. Primary and alternate drill sites, Expedition 363. EPSP = Environmental Protection and Safety Panel.

Proposed 
site Priority Latitude Longitude

Water 
depth Jurisdiction

Proposed 
Penetration 

(mbsf)

EPSP 
approved 

penetration 
(mbsf )

Anticipated age 
at proposed 
penetration 
depth (Ma)

Sedimentation 
rate (m/Myr)

WP-12D Primary 15°03.3240′S 120°26.1000′E 1470 Australia 490 490 14.0 35
WP-11B Primary 13°05.2380′S 121°48.2430′E 1790 Australia (sea-bed treaty) 350 700 3.9 90
WP-09A Primary 6°20.8140′N 125°50.8902′E 2080 Philippines 350 500 0.6 600
WP-71A Primary 3°07.92216′S 142°46.96998′E 1030 Papua New Guinea 225 225 0.5 500
WP-05A Primary 2°22.3374′S 144°36.0690′E 1337 Papua New Guinea 200 225 2.2 90
WP-03A Primary 2°2.5905′N 141°45.286698′E 2600  Federated States of Micronesia 

Extended Continental Shelf
300 500 15.0 20

WP-02A Primary 5°48.9492′N 142°39.25932′E 2355 Federated States of Micronesia 250 430 16.7 15
WP-72A Primary for alternate 

operations plan
03°06.15882′S 142°47.5746′E 1147 Papua New Guinea 315 325 0.6 500

WP-21A Primary for alternate 
operations plan

5°49.58770′N 142°37.333998′E 2355 Federated States of Micronesia 100 150 5.0 20

WP-12A Alternate 15°05.6460′S 120°25.7400′E 1480 Australia 500 800 14.3 35
WP-12C Alternate 15°03.5640′S 120°26.3100′E 1470 Australia 490 490 14.0 35
WP-13A Alternate 16°03.97752′N 124°42.0294′E 3077 Philippines 280 280 35.0 8
WP-06A Alternate 2°18.77658′S 144°50.4738′E 880 Papua New Guinea 200 215 2.2 90
WP-14A Alternate 2°19.9980′S 144°49.16334′E 880 Papua New Guinea 175 177 1.9 90
WP-04A Alternate 2°07.19886′N 141°01.66398′E 3427 Federated States of Micronesia 

Extended Continental Shelf
150 200 10.0 15

WP-15A Alternate 0°19.1100′N 159°21.6900′E 2520 International 500 750 16.7 30
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Table T2. Primary operations plan, Expedition 363. EPSP = Environmental Protection and Safety Panel. APC = advanced piston corer, XCB = extended core bar-
rel, APCT-3 = advanced piston corer temperature tool. FMS = Formation MicroScanner, VSI = Versatile Seismic Imager.

5.0

5.9

WP-12D 15° 3.3240' S 1481 0 1.5 0.0

EPSP 120° 26.1000' E 0 2.2 0.0

to 490 mbsf 0 2.5 1.0

7.2

0.6

WP-11B 13° 5.2380' S 1801 0 1.5 0.0

EPSP 121° 48.2430' E 0 1.7 0.0

to 700 mbsf 0 1.9 0.0

5.1

5.5

WP-09A 6° 20.8140' N 2091 0 1.5 0.0

EPSP 125° 50.8902' E 0 1.7 0.0

to 500 mbsf 0 2.0 0.0

5.2

4.6

WP-71A 3° 7.92216' S 1041 0 1.0 0.0

EPSP 142° 46.96998' E 0 0.9 0.0

to 225 mbsf 0 1.1 0.0

2.9

0.5

WP-05A 2° 22.3374' S 1348 0 1.1 0.0

EPSP 144° 36.0690' E 0 0.8 0.0

to 225 mbsf 0 1.0 0.0

2.8

1.3

WP-03A 2° 2.5905' N 2611 0 1.6 0.0

EPSP 141° 45.286698' E 0 1.6 0.0

to 500 mbsf 0 1.9 0.0

5.1

0.9

WP-02A 5° 48.9492' N 2366 0 1.6 0.0

EPSP 142° 39.25932' E 0 1.3 0.0

to 430 mbsf 0 1.3 0.0

4.2

1.9

20.9 31.5 1.0

5.0
32.5

Guam End Expedition

Port Call: Total Operating Days: 53.5
Sub-Total On-Site: Total Expedition: 58.5

Transit ~474 nmi to Guam @ 10.5

Hole B - APC/XCB to 300 mbsf with orientation and non-mag barrels

Hole C - APC/XCB to 300 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~233 nmi to WP-02A @ 10.5

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 250 mbsf with orientation and non-mag barrels

Hole C - APC to 250 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~1163 nmi to WP-71A @ 10.5

Hole A - APC to 225 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 225 mbsf with orientation and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Sub-Total Days On-Site:

Transit ~118 nmi to WP-05A @ 10.5

Hole A - APC to 200 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 200 mbsf with orientation and non-mag barrels

Hole C - APC to 200 MBSF with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~315 nmi to WP-03A @ 10.5

Hole C - APC to 225 mbsf with orientation and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 350 mbsf with orientation and non-mag barrels

Hole C - APC/XCB to 350 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Hole B - APC/XCB to 350 mbsf with orientation and non-mag barrels

Hole C - APC/XCB to 350 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~1359 nmi to WP-09A @ 10.5

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 490 mbsf with orientation and non-mag barrels

Singapore Begin Expedition

Hole C - APC/XCB to 490 mbsf with orientation and non-mag barrels. Log with triple combo 
and FMS-sonic.

Sub-Total Days On-Site:

Transit ~144 nmi to WP-11B @ 10.5

port call days

Transit ~1474 nmi to WP-12D @ 10.5

Site No.
Location 
(Latitude 

Longitude)

Seafloor Depth 
(mbrf) Operations Description Transit 

(days)

Drilling 
Coring 
(days)

Log 
(days)
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Table T3. Alternate site operations plan, Expedition 363.EPSP = Environmental Protection and Safety Panel. APC = advanced piston corer, XCB = extended core 
barrel, APCT-3 = advanced piston corer temperature tool. FMS = Formation MicroScanner.

WP-04A 2° 7.19886' S 3438 1.7 0.0

EPSP 141° 1.66398' E

to 200 mbsf

1.7

WP-06A 2° 18.77658' S 891 0.9 0.0

EPSP 144° 50.4738' E 0.7 0.0

to 215 mbsf 0.8 0.0

2.4

WP-12A 15° 5.6460' S 1457 1.5 0.0

EPSP 120° 25.7400' E 2.3 0.0

to 800 mbsf 2.5 1.0

7.2

WP-12C 15° 3.5640' S 1481 1.5 0.0

EPSP 120° 26.3100' E 2.3 0.0

to 490 mbsf 2.5 1.0

7.2

WP-13A 16° 3.97752' N 3088 1.8 0.0

EPSP 124° 42.0294' E 1.6 0.0

to 280 mbsf 1.7 0.0

5.1

WP-14A 2° 19.9980' S 891 0.8 0.0

EPSP 144° 49.16334' E 0.6 0.0

to 177 mbsf 0.8 0.0

2.2

WP-15A 0° 19.1100' N 2531 1.6 0.0

EPSP 159° 21.6900' E 2.9 0.0

to 750 mbsf 2.9 0.0

7.4

WP-21A 5° 49.58770' N 2366 0.7 0.0

EPSP 142° 37.333998' E 0.8 0.0

to 150 mbsf

1.5

WP-72A 3° 6.15882' S 1158 1.5 0.0

EPSP 142° 47.5746' E 1.3 0.0

to 325 mbsf

2.8

Site No.
Location 
(Latitude 

Longitude)

Seafloor 
Depth 
(mbrf)

Operations Description
Drilling 
Coring 
(days)

LWD/M
WD Log 
(days)

Hole C - APC to 200 mbsf with orientation and non-mag barrels

Hole A - APC to 150 mbsf with orientation, APCT-3, and non-mag barrels

Sub-Total Days On-Site:

Hole A - APC to 200 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 200 mbsf with orientation and non-mag barrels

Hole B - APC/XCB to 500 mbsf with orientation and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 490 mbsf with orientation and non-mag barrels

Hole C - APC/XCB to 490 mbsf with orientation and non-mag barrels. Log with triple combo and FMS 
sonic

Hole C - APC/XCB to 500 mbsf with orientation and non-mag barrels. Log with triple combo and FMS 
sonic

Sub-Total Days On-Site:

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Sub-Total Days On-Site:

Hole B - APC/XCB to 280 MBSF with orientation and non-mag barrels

Hole C - APC/XCB to 280 MBSF with orientation and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Sub-Total Days On-Site:

Sub-Total Days On-Site:

Hole A - APC to 175 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 175 mbsf with orientation and non-mag barrels

Hole C - APC to 175 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 500 MBSF with orientation and non-mag barrels

Hole C - APC/XCB to 500 MBSF with orientation and non-mag barrels

Sub-Total Days On-Site:

Hole A - APC to 100 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 100 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Hole A - APC/XCB to 315 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 315 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:
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Table T4. Alternate operations plan, Expedition 363. EPSP = Environmental Protection and Safety Panel. APC = advanced piston corer, XCB = extended core 
barrel, APCT-3 = advanced piston corer temperature tool. FMS = Formation MicroScanner.

5.0

5.9

WP-12D 15° 3.3240' S 1481 0 1.5 0.0

EPSP 120° 26.1000' E 0 2.2 0.0

to 490 mbsf 0 2.4 1.0

7.1

0.6

WP-11B 13° 5.2380' S 1801 0 1.5 0.0

EPSP 121° 48.2430' E 0 1.7 0.0

to 700 mbsf 0 1.9 0.0

5.1

7.8

WP-72A 3° 6.15882' S 1158 0 1.5 0.0

EPSP 142° 47.5746' E 0 1.3 0.0

to 325 mbsf

2.8

0.1

WP-71A 3° 7.92216' S 1041 0 1.0 0.0

EPSP 142° 46.96998' E 0 0.9 0.0

to 225 mbsf 0 1.1 0.0

2.9

0.5

WP-05A 2° 22.3374' S 1348 0 1.1 0.0

EPSP 144° 36.0690' E 0 0.8 0.0

to 225 mbsf 0 1.0 0.0

2.8

1.3

WP-03A 2° 2.5905' N 2611 0 1.6 0.0

EPSP 141° 45.286698' E 0 1.6 0.0

to 500 mbsf 0 1.9 0.0

5.1

0.9

WP-02A 5° 48.9492' N 2366 0 1.6 0.0

EPSP 142° 39.25932' E 0 1.3 0.0

to 430 mbsf 0 1.3 0.0

4.2

0.1

WP-21A 5° 49.58770' N 2366 0 0.7 0.0

EPSP 142° 37.333998' E 0 0.8 0.0

to 150 mbsf

1.5

1.9

18.8 30.6 1.0

5.0
31.6

port call days

Transit ~1474 nmi to WP-12D @ 10.5

Site No.
Location 
(Latitude 

Longitude)

Seafloor Depth 
(mbrf) Operations Description Transit 

(days)

Drilling 
Coring 
(days)

LWD/M
WD Log 
(days)

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 490 mbsf with orientation and non-mag barrels

Singapore Begin Expedition

Hole C - APC/XCB to 490 mbsf with orientation and non-mag barrels. Log with triple combo 
and FMS sonic

Sub-Total Days On-Site:

Transit ~143 nmi to WP-11B @ 10.5

Hole B - APC/XCB to 350 mbsf with orientation and non-mag barrels

Hole C - APC/XCB to 350 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~1949 nmi to WP-72A @ 10.5

Hole C - APC to 225 mbsf with orientation and non-mag barrels

Hole A - APC/XCB to 315 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC/XCB to 315 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~2 nmi to WP-71A @ 1.5

Hole A - APC to 225 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 225 mbsf with orientation and non-mag barrels

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Sub-Total Days On-Site:

Transit ~118 nmi to WP-05A @ 10.5

Hole A - APC to 200 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 200 mbsf with orientation and non-mag barrels

Hole C - APC to 200 MBSF with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~315 nmi to WP-03A @ 10.5

Hole B - APC/XCB to 300 mbsf with orientation and non-mag barrels

Hole C - APC/XCB to 300 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~233 nmi to WP-02A @ 10.5

Transit ~474 nmi to Guam @ 10.5

Hole A - APC to 250 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 250 mbsf with orientation and non-mag barrels

Hole C - APC to 250 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Transit ~2 nmi to WP-21A @ 1.5

Hole A - APC to 100 mbsf with orientation, APCT-3, and non-mag barrels

Hole B - APC to 100 mbsf with orientation and non-mag barrels

Sub-Total Days On-Site:

Guam End Expedition

Port Call: Total Operating Days: 50.4
Sub-Total On-Site: Total Expedition: 55.4
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Figure F1. Primary (yellow circles with white text) and alternate (red squares with red text) drill sites, Expedition 363. Orange text indicates primary sites for the 
backup operations plan. See Table T1 for details. Arrows mark the path of Indonesian Throughflow.
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Figure F2. Primary (white text) and alternate (black text) Expedition 363 drill sites on a map of mean annual sea-surface temperature (SST). Black arrows mark 
the path of Indonesian Throughflow.

Figure F3. Operational plans for primary Expedition 363 coring sites shown with estimated sedimentation rates and expected bottom depths/ages.
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Figure F4. Temperature, salinity, dissolved oxygen, and δ18Oseawater profiles in stations in eastern Philippine Islands and northern Papua New Guinea. Main 
water masses at each site are shown. NPIW = North Pacific Intermediate Water (low salinity/low oxygen), AAIW = Antarctic Intermediate Water (low salin-
ity/high oxygen), UCDW = Upper Circumpolar Deepwater. SMOW = standard marine ocean water.
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Figure F5. Climatological (A) winter and (B) summer precipitation for 1979–2009 and (C) winter and (D) summer precipitation anomalies during the 1997–1978 
El Niño event.
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Figure F6. Tectonic configuration of southeast Asia with proposed drill sites (red). Shaded areas on landmasses represent ophiolitic, arc, and other accreted 
material emplaced during the Tertiary. Principal marine magnetic anomalies are shown schematically and double lines represent active spreading centers. 
Narrow lines outline principal bathymetric features. Complexities in the Bismarck-Solomon Sea regions are not shown (from Hall, 1996).
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Site summaries

Site WP-12D

Site WP-12A

Priority: Primary

Position: 15°3.3240′S, 120°26.1000′E

Water depth (m): 1470

Target drilling depth 
(mbsf):

490

Approved maximum 
penetration (mbsf):

490

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF1)
Deep-penetration seismic reflection:
• Primary line: HBR2000A-3032 (SP 440) (Figure AF2)
• Crossing line: BR98-84-3003 (projected at SP 7183.01) 

(Figure AF3)

Objective(s): • Reconstruct orbital-scale evolution of the Western Pacific 
Warm Pool back to the middle Miocene

• Reconstruct Indonesian Throughflow and Australian 
Monsoon climate history

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 490 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 490 mbsf

Logging program: Hole C:
• Triple combo
• FMS-sonic

Nature of rock 
anticipated:

Clay-rich nannofossil ooze, calcareous mudstone

Priority: Alternate

Position: 15°5.6460′S, 120°25.7400′E

Water depth (m): 1480

Target drilling depth 
(mbsf):

500

Approved maximum 
penetration (mbsf):

800

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF1)
Deep-penetration seismic reflection:
• Primary line: BR98-17 (SP 9564) (Figure AF4)
• Crossing line: HBR2000A-3034 (Figure AF5)

Objective(s): • Reconstruct orbital-scale evolution of the Western Pacific 
Warm Pool back to the middle Miocene

• Reconstruct Indonesian Throughflow and Australian 
Monsoon climate history

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 500 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 500 mbsf

Logging program: Hole C:
• Triple combo
• FMS-sonic

Nature of rock 
anticipated:

Clay-rich nannofossil ooze, calcareous mudstone
26
Site WP-12C

Site WP-11B

Priority: Alternate

Position: 15°3.5640′S, 120°26.3100′E

Water depth (m): 1470

Target drilling depth 
(mbsf):

490

Approved maximum 
penetration (mbsf ):

490

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF1)
Deep-penetration seismic reflection:
• Primary line: HBR2000A-3032 (SP 409.08) (Figure AF2)
• Crossing line: BR98-84 (SP 7183.01) (Figure AF3)

Objective(s): • Reconstruct orbital-scale evolution of the Western Pacific 
Warm Pool back to the middle Miocene

• Reconstruct Indonesian Throughflow history and 
Australian Monsoon climate history

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 490 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 490 mbsf

Logging program: Hole C: 
• Triple combo
• FMS-sonic

Nature of rock 
anticipated:

Clay-rich nannofossil ooze, calcareous mudstone

Priority: Primary

Position: 13°5.2380′S, 121°48.2430′E

Water depth (m): 1790

Target drilling depth 
(mbsf):

350

Approved maximum 
penetration (mbsf ):

700

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF6)
Deep-penetration seismic reflection:
• Primary line: BR98-168 (SP 14431) (Figure AF7)
• Crossing line: BR98-117 (projected at SP 2723) (Figure AF8)

Objective(s): • Reconstruct Pliocene–Pleistocene evolution of the Western 
Pacific Warm Pool at suborbital timescales

• Reconstruct Indonesian Throughflow and Australian 
Monsoon climate history

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf

Logging program: None

Nature of rock 
anticipated:

Hemipelagic calcareous mud
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Site WP-09A

Site WP-13A

Priority: Primary

Position: 6°20.8140′N, 125°50.8902′E

Water depth (m): 2080

Target drilling depth 
(mbsf):

350

Approved maximum 
penetration (mbsf):

500

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF9)
Deep-penetration seismic reflection:
• Primary line: GeoB13-075 (SP 1360) (Figure AF10)
• Crossing line: GeoB13-068 (SP 398) (Figure AF11)

Objective(s): • Examine late Pleistocene centennial to millennial scale 
climate variability related to the East Asian Monsoon and 
the Western Pacific Warm Pool

• Examine meridional versus zonal controls on the 
hydroclimate of the Western Pacific Warm Pool through 
comparison to records from proposed Sites WP-71A/WP-
72A (off Papua New Guinea)

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf

Logging program: None

Nature of rock 
anticipated:

Hemipelagic sediment

Priority:  Alternate for WP-09A

Position:  16°3.97752′N, 124°42.0294′E

Water depth (m):  3077

Target drilling depth 
(mbsf):

 280

Approved maximum 
penetration (mbsf):

 280

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF12)
Deep-penetration seismic reflection:
• Primary line: RR1313-1 (CDP 540) (Figure AF13)
• Crossing line: GeoB13-068 (projected at CDP 480) (Figure 

AF14)

Objective(s): • Assess long term changes in the extent of the Western 
Pacific Warm Pool over the Neogene

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf

Logging program: None

Nature of rock 
anticipated:

Calcareous ooze with interbedded volcaniclastics
27
Site WP-71A

Site WP-72A

Priority:  Primary

Position:  3°7.92216′S, 142°46.96998′E

Water depth (m):  1030

Target drilling depth 
(mbsf):

 225

Approved maximum 
penetration (mbsf ):

 225

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF15)
Deep-penetration seismic reflection:
• Primary line: RR1313 WP7-2 (CDP 400) (Figure AF16)
• Crossing line: RR1313 WP7-5 (projected at CDP 782) (Figure 

AF17)

Objective(s): • Reconstruct Late Pleistocene centennial to millennial-
scale variability of the Western Pacific Warm Pool 

• Monitor riverine discharge off Papua New Guinea

Drilling program: Hole A:
• APC to 225 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:

• APC to 225 mbsf with nonmagnetic core barrels and 
orientation (IceField tool)

Hole C: 
• APC to 225 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)

Logging program: None

Nature of rock 
anticipated:

Hemipelagic mud

Priority:  Primary for backup operations plan

Position:  3°6.158826′S, 142°47.5746′E

Water depth (m):  1147

Target drilling depth 
(mbsf):

 315

Approved maximum 
penetration (mbsf ):

 325

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF15)
Deep-penetration seismic reflection:
• Primary line: RR1313 WP7-2 (CDP 950) (Figure AF16)
• Crossing line: RR1313 WP7-5 (projected at CDP 782) (Figure 

AF17)

Objective(s): • Reconstruct Late Pleistocene centennial to millennial-scale 
variability of the Western Pacific Warm Pool 

• Monitor riverine discharge off Papua New Guinea

Drilling program: Hole A:
• APC to refusal (or 315 mbsf) with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
• XCB to 315 mbsf
Hole B:
• APC to refusal  (or 315 mbsf ) with nonmagnetic core barrels 

and orientation (IceField tool)
• XCB to 315 mbsf

Logging program: None

Nature of rock 
anticipated:

Hemipelagic mud
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Site WP-05A

Site WP-06A

Priority:  Primary

Position:  2°22.3374′S, 144°36.0690′E

Water depth (m):  1337

Target drilling depth 
(mbsf):

 200

Approved maximum 
penetration (mbsf):

 225

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF18)
Deep-penetration seismic reflection:
• Primary line: GeoB13-084 (SP 570) (Figure AF19)
• Crossing line: GeoB13-088 (SP 1159) (Figure AF20)

Objective(s): • Reconstruct Pleistocene evolution of the Western Pacific 
Warm Pool at suborbital timescales

• Monitor riverine discharge off Papua New Guinea

Drilling program: Hole A:
• APC to 200 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to 200 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)
Hole C: 
• APC to 200 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)

Logging program: None

Nature of rock 
anticipated:

Hemipelagic sediments

Priority:  Alternate for WP-05A

Position:  2°18.77658′S, 144°50.4738′E

Water depth (m):  880

Target drilling depth 
(mbsf):

 200

Approved maximum 
penetration (mbsf):

 215

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF21)
Deep-penetration seismic reflection:

• Primary line: RR1313 WP6-5 (CDP 2630) (Figure AF22)
• Crossing line: RR1313 WP6-3a (projected at CDP 1013) 

(Figure AF23)

Objective(s): • Reconstruct Pleistocene evolution of the Western Pacific 
Warm Pool at suborbital timescales

• Monitor riverine discharge off Papua New Guinea

Drilling program: Hole A:
• APC to 200 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to 200 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)
Hole C: 
• APC to 200 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)

Logging program: None

Nature of rock 
anticipated:

Hemipelagic sediment
28
Site WP-14A

Site WP-03A

Priority:  Alternate for WP-05A

Position:  2°19.9980′S, 144°49.16334′E

Water depth (m):  880

Target drilling depth 
(mbsf):

 175

Approved maximum 
penetration (mbsf ):

 177

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF21) 
Deep-penetration seismic reflection:
• Primary line: RR1313 WP6-5 (CDP 2100) (Figure AF22)
• Crossing line: RR1313 WP6-3a (projected at CDP 1013) 

(Figure AF23)

Objective(s): • Reconstruct Pleistocene evolution of the Western Pacific 
Warm Pool at suborbital timescales

• Monitor riverine discharge off Papua New Guinea

Drilling program: Hole A:
• APC to 175 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to 175 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)
Hole C: 
• APC to 175 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)

Logging program: None

Nature of rock 
anticipated:

Hemipelagic sediment

Priority:  Primary

Position:  2°2.5905′N, 141°45.2866998′E

Water depth (m):  2600

Target drilling depth 
(mbsf):

 300

Approved maximum 
penetration (mbsf ):

 500

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF24) 
Primary line RR1313 WP3-1 (CDP 580) (Figure AF25)
Crossing line: RR1313 WP3-3 (projected at CDP1346) (Figure 

AF26)

Objective(s): Reconstruct orbital-scale evolution of the Western Pacific 
Warm Pool back to the middle Miocene

Examine zonal controls on Western Pacific Warm Pool 
hydroclimate through comparison to records from 
proposed Sites WP-11A/WP-12B (off NW Australia)

Drilling program: Hole A:
APC to 250 mbsf with nonmagnetic core barrels, orientation 

(Icefield tool), and APCT-3
Hole B:
APC to refusal with nonmagnetic core barrels and orientation 

(Icefield tool)
XCB to 450 mbsf
Hole C: 
APC to refusal with nonmagnetic core barrels and orientation 

(Icefield tool)
XCB to 450 mbsf

Logging program: None

Nature of rock 
anticipated:

Pelagic calcareous mud
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Site WP-04A

Site WP-02A

Priority:  Alternate for WP-03A

Position:  2°7.19886′N, 141°01.66398′E

Water depth (m):  3427

Target drilling depth 
(mbsf):

 150

Approved maximum 
penetration (mbsf):

 200

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF27)
Deep-penetration seismic reflection:
• Primary line: RR1313 WP4-2 (CDP 1163) (Figure AF28)
• Crossing line: RR1313 WP4-3 (CDP 253) (Figure AF29)

Objective(s): Reconstruct secular changes in seawater chemistry

Drilling program: Hole A:
• APC to 150 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3

Logging program: None

Nature of rock 
anticipated:

Calcareous ooze

Priority:  Primary

Position:  5°48.9492′N, 142°39.25932′E

Water depth (m):  2355

Target drilling depth 
(mbsf):

 250

Approved maximum 
penetration (mbsf):

 430

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF30)
Deep-penetration seismic reflection:
• Primary line: RR1313 WP2-1 (CDP 650) (Figure AF31)
• Crossing line: RR1313 WP2-6 (projected at CDP 844) (Figure 

AF32)

Objective(s): • Reconstruct intermediate and deepwater heat content and 
carbonate chemistry 

• Monitor changes in circulation in relation to high-latitude 
forcing since the middle Miocene

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf
Hole C: 
• APC to refusal with nonmagnetic core barrels and 

orientation (IceField tool)
• XCB to 350 mbsf

Logging program: None

Nature of rock 
anticipated:

Foraminiferal sand
2

Site WP-21A

Site WP-15A

Priority:  Primary for backup operations plan

Position:  5°49.58770′N, 142°37.333998′E

Water depth (m):  2355

Target drilling depth 
(mbsf):

 100

Approved maximum 
penetration (mbsf ):

 150

Survey coverage (track 
map; seismic profile):

Bathymetric sketch and site track map (Figure AF30)
Deep-penetration seismic reflection:
• Primary line: RR1313 WP2-1 (CDP 1249) (Figure AF31)
• Crossing line: RR1313 WP2-6 (CDP 844) (Figure AF32)

Objective(s): • Reconstruct intermediate and deepwater heat content and 
carbonate chemistry 

• Monitor changes in circulation in relation to high-latitude 
forcing since the Pliocene

Drilling program: Hole A:
• APC to 125 mbsf with nonmagnetic core barrels, 

orientation (IceField tool), and APCT-3
Hole B:
• APC to 125 mbsf with nonmagnetic core barrels and 

orientation (IceField tool)

Logging program: None

Nature of rock 
anticipated:

Calcareous ooze

Priority:  Alternate

Position:  0°19.1100′N, 159°21.6900′E

Water depth (m):  2520

Target drilling depth 
(mbsf):

 500

Approved maximum 
penetration (mbsf ):

 Requested to 750 mbsf

Survey coverage (track 
map; seismic profile):

Bathymetric sketch (Figure AF33)
Site track map (Figure AF34)
• Deep-penetration seismic reflection:
• Primary line: Ar33.0387 (SP 3250) (Figure AF35)

Objective(s): • Redrill of Site 806, which is a reference site used to monitor 
broad scale zonal and meridional gradients throughout the 
Neogene

Drilling program: Hole A:
• APC to 250 mbsf with nonmagnetic core barrels, 

orientation (Icefield tool), and APCT-3
Hole B:
• APC/XCB to 500 mbsf with nonmagnetic core barrels and 

orientation (Icefield tool)
Hole C:
• APC/XCB to 500 mbsf with nonmagnetic core barrels and 

orientation (Icefield tool)

Logging program: None

Nature of rock 
anticipated:

Nannofossil ooze/chalk
9
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Figure AF1. Contoured bathymetric map showing the location of primary proposed Site WP-12B (red circle) on seismic reflection Profiles HBR2000A-3032 (dip 
line; see Figure AF2) and HBR2000A-3003 (strike line; see Figure AF3), as well as alternate proposed Site WP-12A (yellow circle) on seismic reflection Profiles 
BR98-17 (dip line; see Figure AF4) and HBR2000A-3034 (strike line; see Figure AF5). Bathymetry is based on an EM122 multibeam survey completed on Sonne
Cruise SO-185. Contour interval = 100 m.
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Figure AF2. Seismic reflection profile Line HBR2000A-3032 with location of proposed Site WP-12B (15°5.43′S, 120°27.88′E; shotpoint [SP] 178.57; water depth = 
1430 m; target depth = 500 mbsf; requesting permission to drill as deep as 800 mbsf ). Locations of crossing seismic profile lines shown with dashed lines at 
top.
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Figure AF3. Seismic reflection profile Line HBR2000A-3003 with location of proposed Site WP-12B (15°5.43′S, 120°27.88′E; shotpoint [SP] 178.57; water depth = 
1430 m; target depth = 500 mbsf; requesting permission to drill as deep as 800 mbsf ). Locations of crossing seismic profile lines shown with dashed lines at 
top.
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Figure AF4. Seismic reflection profile Line BR98-17 with location of alternate proposed Site WP-12A (15°5.646′S, 120°25.74′E; shotpoint [SP] 9564; water depth 
= 1480 m; target depth = 500 mbsf; approved depth = 800 mbsf ). Locations of crossing seismic profile lines shown with dashed lines at top. Red dashed line = 
inferred late Miocene hiatus; yellow dashed line = inferred mid-Miocene hiatus.
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Figure AF5. Seismic reflection profile Line HBR2000A-3034 with location of alternate proposed Site WP-12A (15°5.646′S, 120°25.74′E; water depth = 1480 m; 
target depth = 500 mbsf; approved depth = 800 mbsf ). Location of crossing seismic profile line shown with dashed line at top. Red dashed line = inferred late 
Miocene hiatus; yellow dashed line = inferred mid-Miocene hiatus.
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Figure AF6. Contoured bathymetric map showing the location of proposed Site WP-11B (red circle) on seismic reflection Profile BR98-168 (strike line; see Figure 
AF7), 1300 m northeast of the intersection with seismic reflection Profile BR98-117 (dip line; see Figure AF8). The thick red segments of the seismic reflection 
profiles are shown in Figures AF7 and AF8. Bathymetry is based on an EM122 multibeam survey completed on Sonne Cruise SO-185. Contour interval = 100 m. 
The location of piston Core MD01-2378 is shown with a white circle.
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Figure AF7. Seismic reflection profile Line BR98-168 with location of proposed Site WP-11B (13°5.24′S, 121°48.24′E; shotpoint [SP] 14431; water depth = 1790 
m; target depth = 350 mbsf; approved depth = 700 mbsf ). Red dashed line = inferred late Miocene hiatus; yellow dashed line = inferred mid-Miocene hiatus.
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Figure AF8. Seismic reflection profile Line BR98-117 with location of proposed Site WP-11B (13°5.24′S, 121°48.24′E; projected at shotpoint [SP] 2723; water 
depth = 1790 m; target depth = 350 mbsf; approved depth = 700 mbsf ) projected approximately 1300 m southwest onto the line. Red dashed line = inferred 
late Miocene hiatus; yellow dashed line = inferred mid-Miocene hiatus.
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Figure AF9. Contoured bathymetric map showing the location of proposed Site WP-09A (red circle) on seismic reflection Profiles GeoB13-075 (strike line; see 
Figure AF10) and GeoB13-068 (dip line; see Figure AF11). Bathymetry is based on EM122 multibeam survey during Sonne cruise SO-228, with 2-D high-resolu-
tion multichannel seismic track lines (black) collected during the same cruise. The yellow dashed segments of the seismic reflection profiles are shown in 
Figures AF10 and AF11. Numbers along the track lines are shotpoints. The location of piston Core MD98-2181 is shown with a white circle.
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Figure AF10. Seismic reflection profile Line GeoB13-075 with location of proposed Site WP-09A (6°20.81′N, 125°50.89′E; shotpoint [SP] 1360; water depth = 
2080 m; target depth = 350 mbsf; approved depth = 500 mbsf ). Locations of crossing seismic profile lines shown with dashed lines at top. Red dashed lines 
trace reflectors.
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Figure AF11. Seismic reflection profile Line GeoB13-068 with location of proposed Site WP-09A (6°20.81′N, 125°50.89′E; shotpoint [SP] 398; water depth = 2080 
m; target depth = 350 mbsf; approved depth = 500 mbsf ). Location of crossing seismic profile line shown with dashed line at top. Red dashed lines trace 
horizons.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF12. Contoured bathymetric map showing the location of alternate proposed Site WP-13A (yellow circle) on seismic reflection Profile RR1313 WP13-1 
(see Figure AF13) and projected 2.9 km south onto seismic reflection Profile RR1313 WP13-3 (see Figure AF14). Bathymetry based on EM122 multibeam sur-
vey collected during Cruise RR1313, with 2-D high-resolution multichannel seismic track lines (black) collected during the same cruise. Numbers along lines 
are common depth points (CDPs). Contour interval = 20 m. Black circle shows location of piston Core 44 taken during Cruise RR1313. Deep Sea Drilling Project 
Site 292 location shown as blue circle.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF13. Seismic reflection profile Lline RR1313 WP13-1 with location of alternate proposed Site WP-13A (16°3.98′N, 124°42.03′E; shotpoint [SP] 540; water 
depth = 3077 m; target depth = 280 mbsf; approved depth = 280 mbsf ). Locations of crossing seismic profile lines shown with dashed lines at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF14. Seismic reflection profile Line RR1313 WP13-3 with location of alternate proposed Site WP-13A (16°3.98′N, 124°42.03′E; projected at common 
depth point [CDP] 480; water depth = 3077 m; target depth = 280 mbsf; approved depth = 280 mbsf ) projected 2.9 km south onto the line. Locations of 
crossing seismic profile lines shown with dashed lines at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF15. Contoured bathymetric map showing the location of proposed Site WP-71A (red circle) and alternate proposed Site WP-72A (yellow circle) on 
seismic reflection Profile RR1313-WP7-2 (see Figure AF16) and projected onto seismic reflection Profile RR1313-WP7-5 (see Figure AF17). Bathymetry is based 
on EM122 multibeam survey collected during Cruise RR1313, with 2-D high-resolution multichannel seismic track lines (black) collected during the same 
cruise. Numbers along the lines are common depth points (CDPs). Contour interval = 50 m. Black circle shows location of piston Core 32 taken during Cruise 
RR1313.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF16. Seismic reflection profile Line RR1313 WP7-2 with location of proposed Site WP-71A (3°7.92′S, 142°46.96′E; common depth point [CDP] 400; water 
depth = 1030 m; target depth = 225 mbsf; approved depth = 225 mbsf ) and alternate proposed Site WP-72A (3°6.16′S, 142°47.57′E; CDP 950; water depth = 
1147 m; target depth = 315 mbsf; approved depth = 325 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF17. Seismic reflection profile Line RR1313 WP7-5 with location of proposed Site WP-71A (3°7.92′S, 142°46.96′E; projected at common depth point 
[CDP] 782; water depth = 1030 m; target depth = 225 mbsf; approved depth = 225 mbsf ) projected 1.2 km northeast onto the line and alternate proposed Site 
WP-72A (3°6.16′S, 142°47.57′E; projected at CDP 782; water depth = 1147 m; target depth = 315 mbsf; approved depth = 325 mbsf ) projected 2.2 km south-
west onto the line. Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF18. Contoured bathymetric map showing location of proposed Site WP-05A (red circle) at the intersection of seismic reflection Profiles GeoB13-084 
(see Figure AF19) and GeoB13-088 (see Figure AF20). Bathymetry is based on EM122 multibeam survey during Sonne Cruise SO-228, with 2-D high-resolution 
multichannel seismic track lines (black) collected during the same cruise. Numbers along the lines are shotpoints (SPs).
47



Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF19. Seismic reflection profile Line GeoB13-084 with location of proposed Site WP-05A (2°22.34′S, 144°36.07′E; shotpoint [SP] 570; water depth = 1337 
m; target depth = 200 mbsf; approved depth = 224 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF20. Seismic reflection profile Line GeoB13-088 with location of proposed Site WP-05A (2°22.34′S, 144°36.07′E; shotpoint [SP] 1159; water depth = 
1337 m; target depth = 200 mbsf; approved depth = 224 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF21. Contoured bathymetric map showing the location of alternate proposed Site WP-06A (yellow circle) and alternate proposed Site WP-14A (green 
circle) on seismic reflection Profile RR1313 WP6-5 (see Figure AF22). Site WP-06A is located approximately 1.9 km northeast of the intersection with seismic 
reflection Profile RR1313 WP6-3a (see Figure AF23), whereas Site WP-14A is located approximately 1.4 km southwest of the crossing line. Bathymetry is based 
on EM122 multibeam survey collected during Cruise RR1313, with 2-D high-resolution multichannel seismic track lines (black) collected during the same 
cruise. The numbers along the lines are common depth points (CDPs). Contour interval = 50 m. Piston Core 26 taking during Cruise RR1313 is located very 
close to the position of Site WP-14A (green circle).
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF22. Seismic reflection profile line RR1313 WP6-5 with locations of proposed alternate Site WP-06A (2°18.78′S, 144°50.47′E; common depth point 
[CDP] 2630; water depth = 880 m; target depth = 200 mbsf; approved depth = 215 mbsf ) and alternate proposed Site WP-14A (2°19.98′S, 144°49.16′E; CDP 
2100; water depth = 880 m; target depth = 175 mbsf; approved depth = 177 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF23. Seismic reflection profile Line RR1313 WP6-3a with location of alternate proposed Site WP-06A (2°18.78′S, 144°50.47′E; projected at common 
depth point [CDP] 1013; water depth = 880 m; target depth = 200 mbsf; approved depth = 215 mbsf ) projected 1.9 km southwest onto the line. Alternate 
proposed Site WP-14A (2°19.98′S, 144°49.16′E; projected at CDP 1013; water depth = 880 m; target depth = 175 mbsf; approved depth = 177 mbsf ) is pro-
jected 1.4 km northeast onto the line. Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF24. Contoured bathymetric map showing the location of proposed Site WP-03A (red circle) on seismic reflection profile Line RR1313 WP3-1 (see 
Figure AF25), 4.4 km southwest of the intersection with seismic reflection profile Line RR1313 WP3-3 (see Figure AF26). Bathymetry is based on EM122 multi-
beam survey during Cruise RR1313, with 2-D high-resolution multichannel seismic track lines (black) collected during the same cruise. Numbers along lines are 
common depth points (CDPs). Contour interval = 30 m. The location of piston Cores RR1313 PC37 (black circle) and MD97-2140 (white circle) are shown, 
together with Deep Sea Drilling Project Site 62 (green circle).
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF25. Seismic reflection profile Line RR1313 WP3-1 with location of proposed Site WP-03A (2°2.59′N, 141°45.29′E; common depth point [CDP] 580; 
water depth = 2600 m; target depth = 300 mbsf; approved depth = 500 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF26. Seismic reflection profile Line RR1313 WP3-3 with location of proposed Site WP-03A (2°2.59′N, 141°45.29′E; projected at common depth point 
[CDP] 1346; water depth = 2600 m; target depth = 300 mbsf; approved depth = 500 mbsf ) projected approximately 4.4 km northeast onto the line. Location of 
crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF27. Contoured bathymetric map showing the location of alternate proposed Site WP-04A (yellow circle) on seismic reflection profile Lines RR1313 WP4-
2 (see Figure AF28) and RR1313 WP4-3 (see Figure AF29). Bathymetry is based on EM122 multibeam survey during Cruise RR1313, with 2-D high-resolution 
multichannel seismic track lines (black) collected during the same cruise. Numbers along the lines are common depth points (CDPs). Contour interval = 20 m.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF28. Seismic reflection profile Line RR1313 WP4-2 with location of alternate proposed Site WP-04A (2°7.20′N, 141°01.66′E; common depth point [CDP] 
1163; water depth = 3427 m; target depth = 150 mbsf; approved depth = 200 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF29. Seismic reflection profile Line RR1313 WP4-3 with location of alternate proposed Site WP-04A (2°7.20′N, 141°01.66′E; common depth point [CDP] 
253; water depth = 3427 m; target depth = 150 mbsf; approved depth = 200 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF30. Contoured bathymetric map showing the location of proposed Site WP-02A (red circle) and alternate proposed Site WP-21A (yellow circle) on 
seismic reflection Profile RR1313 WP2-1 (see Figure AF31). Site WP-02A is located approximately 3.6 km east of the intersection with seismic reflection Profile 
RR1313 WP2-6 (see Figure AF32), whereas Site WP-21A is located at this intersection. Bathymetry is based on EM122 multibeam survey during Cruise RR1313, 
with 2-D high-resolution multichannel seismic track lines (black) collected during the same cruise. Numbers along the lines are common depth points (CDPs). 
Contour interval = 20 m. Piston Core RR1313 PC39 (black circle) is located very close to Site WP-21A.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF31. Seismic reflection profile Line RR1313 WP2-1 with location of proposed Site WP-02A (5°48.95′N, 142°39.26′E; common depth point [CDP] 650; 
water depth = 2355 m; target depth = 250 mbsf; approved depth = 430 mbsf ) and alternate proposed Site WP-21A (5°49.59′N, 142°37.33′E; CDP 1249; water 
depth = 2355 m; target depth = 100 mbsf; approved depth = 150 mbsf ). Location of crossing seismic profile line shown with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF32. Seismic reflection profile Line RR1313 WP2-6 with location of alternate proposed Site WP-21A (5°49.59′N, 142°37.33′E; common depth point 
[CDP] 844; water depth = 2355 m; target depth = 100 mbsf; approved depth = 150 mbsf ) and proposed Site WP-02A (5°48.95′N, 142°39.26′E; CDP 844; water 
depth = 2355 m; target depth = 250 mbsf; approved depth = 430 mbsf ) projected 3.6 km west onto the line. Location of crossing seismic profile line shown 
with dashed line at top.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF33. Bathymetric map showing the location of alternate proposed Site WP-15A (yellow circle), which is a redrill of Ocean Drilling Program Site 806.
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Y. Rosenthal et al. Expedition 363 Scientific Prospectus
Figure AF34. Seismic line track map showing the location of proposed Site WP-15A (yellow circle) on seismic reflection Profile Ar33.0387 (see Figure AF35).

Figure AF35. Seismic reflection profile Line Ar33.0387 with location of alternate proposed Site WP-15A (0°19.11′N, 159°21.69′E; shotpoint [SP] 3250; water 
depth = 2520 m; target depth = 500 mbsf; requesting permission to drill as deep as 750 mbsf ).
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	Figure F5. Climatological (A) winter and (B) summer precipitation for 1979–2009 and (C) winter and (D) summer precipitation anomalies during the 1997–1978 El Niño event.
	Figure F6. Tectonic configuration of southeast Asia with proposed drill sites (red). Shaded areas on landmasses represent ophiolitic, arc, and other accreted material emplaced during the Tertiary. Principal marine magnetic anomalies are shown schemat...
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	Figure AF1. Contoured bathymetric map showing the location of primary proposed Site WP-12B (red circle) on seismic reflection Profiles HBR2000A-3032 (dip line; see Figure AF2) and HBR2000A-3003 (strike line; see Figure AF3), as well as alternate prop...
	Figure AF2. Seismic reflection profile Line HBR2000A-3032 with location of proposed Site WP-12B (15°5.43′S, 120°27.88′E; shotpoint [SP] 178.57; water depth = 1430 m; target depth = 500 mbsf; requesting permission to drill as deep as 800 mbsf). ...
	Figure AF3. Seismic reflection profile Line HBR2000A-3003 with location of proposed Site WP-12B (15°5.43′S, 120°27.88′E; shotpoint [SP] 178.57; water depth = 1430 m; target depth = 500 mbsf; requesting permission to drill as deep as 800 mbsf). ...
	Figure AF4. Seismic reflection profile Line BR98-17 with location of alternate proposed Site WP-12A (15°5.646′S, 120°25.74′E; shotpoint [SP] 9564; water depth = 1480 m; target depth = 500 mbsf; approved depth = 800 mbsf). Locations of crossing ...
	Figure AF5. Seismic reflection profile Line HBR2000A-3034 with location of alternate proposed Site WP-12A (15°5.646′S, 120°25.74′E; water depth = 1480 m; target depth = 500 mbsf; approved depth = 800 mbsf). Location of crossing seismic profile ...
	Figure AF6. Contoured bathymetric map showing the location of proposed Site WP-11B (red circle) on seismic reflection Profile BR98-168 (strike line; see Figure AF7), 1300 m northeast of the intersection with seismic reflection Profile BR98-117 (dip l...
	Figure AF7. Seismic reflection profile Line BR98-168 with location of proposed Site WP-11B (13°5.24′S, 121°48.24′E; shotpoint [SP] 14431; water depth = 1790 m; target depth = 350 mbsf; approved depth = 700 mbsf). Red dashed line = inferred late...
	Figure AF8. Seismic reflection profile Line BR98-117 with location of proposed Site WP-11B (13°5.24′S, 121°48.24′E; projected at shotpoint [SP] 2723; water depth = 1790 m; target depth = 350 mbsf; approved depth = 700 mbsf) projected approximat...
	Figure AF9. Contoured bathymetric map showing the location of proposed Site WP-09A (red circle) on seismic reflection Profiles GeoB13-075 (strike line; see Figure AF10) and GeoB13-068 (dip line; see Figure AF11). Bathymetry is based on EM122 multibea...
	Figure AF10. Seismic reflection profile Line GeoB13-075 with location of proposed Site WP-09A (6°20.81′N, 125°50.89′E; shotpoint [SP] 1360; water depth = 2080 m; target depth = 350 mbsf; approved depth = 500 mbsf). Locations of crossing seismic...
	Figure AF11. Seismic reflection profile Line GeoB13-068 with location of proposed Site WP-09A (6°20.81′N, 125°50.89′E; shotpoint [SP] 398; water depth = 2080 m; target depth = 350 mbsf; approved depth = 500 mbsf). Location of crossing seismic p...
	Figure AF12. Contoured bathymetric map showing the location of alternate proposed Site WP-13A (yellow circle) on seismic reflection Profile RR1313 WP13-1 (see Figure AF13) and projected 2.9 km south onto seismic reflection Profile RR1313 WP13-3 (see ...
	Figure AF13. Seismic reflection profile Lline RR1313 WP13-1 with location of alternate proposed Site WP-13A (16°3.98′N, 124°42.03′E; shotpoint [SP] 540; water depth = 3077 m; target depth = 280 mbsf; approved depth = 280 mbsf). Locations of cro...
	Figure AF14. Seismic reflection profile Line RR1313 WP13-3 with location of alternate proposed Site WP-13A (16°3.98′N, 124°42.03′E; projected at common depth point [CDP] 480; water depth = 3077 m; target depth = 280 mbsf; approved depth = 280 m...
	Figure AF15. Contoured bathymetric map showing the location of proposed Site WP-71A (red circle) and alternate proposed Site WP-72A (yellow circle) on seismic reflection Profile RR1313-WP7-2 (see Figure AF16) and projected onto seismic reflection Pro...
	Figure AF16. Seismic reflection profile Line RR1313 WP7-2 with location of proposed Site WP-71A (3°7.92′S, 142°46.96′E; common depth point [CDP] 400; water depth = 1030 m; target depth = 225 mbsf; approved depth = 225 mbsf) and alternate propos...
	Figure AF17. Seismic reflection profile Line RR1313 WP7-5 with location of proposed Site WP-71A (3°7.92′S, 142°46.96′E; projected at common depth point [CDP] 782; water depth = 1030 m; target depth = 225 mbsf; approved depth = 225 mbsf) project...
	Figure AF18. Contoured bathymetric map showing location of proposed Site WP-05A (red circle) at the intersection of seismic reflection Profiles GeoB13-084 (see Figure AF19) and GeoB13-088 (see Figure AF20). Bathymetry is based on EM122 multibeam surv...
	Figure AF19. Seismic reflection profile Line GeoB13-084 with location of proposed Site WP-05A (2°22.34′S, 144°36.07′E; shotpoint [SP] 570; water depth = 1337 m; target depth = 200 mbsf; approved depth = 224 mbsf). Location of crossing seismic p...
	Figure AF20. Seismic reflection profile Line GeoB13-088 with location of proposed Site WP-05A (2°22.34′S, 144°36.07′E; shotpoint [SP] 1159; water depth = 1337 m; target depth = 200 mbsf; approved depth = 224 mbsf). Location of crossing seismic ...
	Figure AF21. Contoured bathymetric map showing the location of alternate proposed Site WP-06A (yellow circle) and alternate proposed Site WP-14A (green circle) on seismic reflection Profile RR1313 WP6-5 (see Figure AF22). Site WP-06A is located appro...
	Figure AF22. Seismic reflection profile line RR1313 WP6-5 with locations of proposed alternate Site WP-06A (2°18.78′S, 144°50.47′E; common depth point [CDP] 2630; water depth = 880 m; target depth = 200 mbsf; approved depth = 215 mbsf) and alte...
	Figure AF23. Seismic reflection profile Line RR1313 WP6-3a with location of alternate proposed Site WP-06A (2°18.78′S, 144°50.47′E; projected at common depth point [CDP] 1013; water depth = 880 m; target depth = 200 mbsf; approved depth = 215 m...
	Figure AF24. Contoured bathymetric map showing the location of proposed Site WP-03A (red circle) on seismic reflection profile Line RR1313 WP3-1 (see Figure AF25), 4.4 km southwest of the intersection with seismic reflection profile Line RR1313 WP3-3...
	Figure AF25. Seismic reflection profile Line RR1313 WP3-1 with location of proposed Site WP-03A (2°2.59′N, 141°45.29′E; common depth point [CDP] 580; water depth = 2600 m; target depth = 300 mbsf; approved depth = 500 mbsf). Location of crossin...
	Figure AF26. Seismic reflection profile Line RR1313 WP3-3 with location of proposed Site WP-03A (2°2.59′N, 141°45.29′E; projected at common depth point [CDP] 1346; water depth = 2600 m; target depth = 300 mbsf; approved depth = 500 mbsf) projec...
	Figure AF27. Contoured bathymetric map showing the location of alternate proposed Site WP-04A (yellow circle) on seismic reflection profile Lines RR1313 WP4- 2 (see Figure AF28) and RR1313 WP4-3 (see Figure AF29). Bathymetry is based on EM122 multibe...
	Figure AF28. Seismic reflection profile Line RR1313 WP4-2 with location of alternate proposed Site WP-04A (2°7.20′N, 141°01.66′E; common depth point [CDP] 1163; water depth = 3427 m; target depth = 150 mbsf; approved depth = 200 mbsf). Location...
	Figure AF29. Seismic reflection profile Line RR1313 WP4-3 with location of alternate proposed Site WP-04A (2°7.20′N, 141°01.66′E; common depth point [CDP] 253; water depth = 3427 m; target depth = 150 mbsf; approved depth = 200 mbsf). Location ...
	Figure AF30. Contoured bathymetric map showing the location of proposed Site WP-02A (red circle) and alternate proposed Site WP-21A (yellow circle) on seismic reflection Profile RR1313 WP2-1 (see Figure AF31). Site WP-02A is located approximately 3.6...
	Figure AF31. Seismic reflection profile Line RR1313 WP2-1 with location of proposed Site WP-02A (5°48.95′N, 142°39.26′E; common depth point [CDP] 650; water depth = 2355 m; target depth = 250 mbsf; approved depth = 430 mbsf) and alternate propo...
	Figure AF32. Seismic reflection profile Line RR1313 WP2-6 with location of alternate proposed Site WP-21A (5°49.59′N, 142°37.33′E; common depth point [CDP] 844; water depth = 2355 m; target depth = 100 mbsf; approved depth = 150 mbsf) and propo...
	Figure AF33. Bathymetric map showing the location of alternate proposed Site WP-15A (yellow circle), which is a redrill of Ocean Drilling Program Site 806.
	Figure AF34. Seismic line track map showing the location of proposed Site WP-15A (yellow circle) on seismic reflection Profile Ar33.0387 (see Figure AF35).
	Figure AF35. Seismic reflection profile Line Ar33.0387 with location of alternate proposed Site WP-15A (0°19.11′N, 159°21.69′E; shotpoint [SP] 3250; water depth = 2520 m; target depth = 500 mbsf; requesting permission to drill as deep as 750 mbsf)



