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Abstract

The South China Sea (SCS) is situated at the junction of the Eurasian, Pacific, and 
Indo-Australian plates. It has undergone nearly a complete Wilson cycle despite its 
relatively small size and short evolutionary history, and it is a critical site linking some 
of the major western Pacific tectonic units. The opening of the SCS reveals complex 
patterns of continental margin breakup and basin formation. Despite extensive stud-
ies, sampling of basement rocks and overlying sediments in the deep basin is cur-
rently lacking. This leaves a large margin of error in estimated opening ages and 
renders various hypotheses regarding its opening mechanism and history untested. 
This also hampers our understanding of East Asian tectonic and paleoenvironmental 
evolution. International Ocean Discovery Program Expedition 349 (28 January–30 
March 2014) will drill three sites to ~100 m into basement (Sites SCS-3G, SCS-6A, and 
SCS-4B) in two different sub-basins of the SCS to address questions regarding the 
opening and evolution of the SCS and how it affected the paleoceanography of the 
region. These sites are located to determine the timing of onset and cessation of sea-
floor spreading in the East and Southwest Sub-basins. Geochemical sampling of base-
ment rocks of different ages within the different magnetic zones of the SCS will 
provide critical information on how the crust and mantle evolved during various 
stages of basin evolution. Coring of the sedimentary section above basement will pro-
vide direct constraints on the age of the underlying basement through biostratigra-
phy and will allow examination of changes in sedimentation and paleoceanography 
through time as the basin opened and then began subducting beneath the Manila 
Trench. All sites will be single cored using the advanced piston corer and extended 
core barrel to refusal, followed by rotary core barrel drilling through the remaining 
sediment section and basement. If permitted by the Environmental Protection and 
Safety Panel, we will drill through the top 900 m of the highest priority site (SCS-6A), 
which would recover a similar sequence to that cored at the first site (SCS-3G). This 
option gives the best opportunity of reaching and coring basement at all three pri-
mary sites. If full coring is required, two additional sites that reach basement with 
shallower penetration will be substituted. Downhole logging is planned for all sites 
using the triple combination and Formation MicroScanner–sonic tool strings. Addi-
tional tool strings may be run if time and hole conditions permit, including a check 
shot survey, the Ultrasonic Borehole Imager, the magnetometer tool, and the mag-
netic susceptibility sonde.
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Schedule for Expedition 349

Expedition 349 is based on Integrated Ocean Drilling Program Proposal 735-CPP2 
(available at iodp.tamu.edu/scienceops/expeditions/south_china_sea.html). Fol-
lowing ranking by the Integrated Ocean Drilling Program Science Advisory Structure 
and a commitment from China to contribute to the cost of the expedition, the expe-
dition was scheduled for the research vessel JOIDES Resolution, operating under con-
tract with the U.S. Implementing Organization (USIO). At the time of publication of 
this Scientific Prospectus, the expedition is scheduled to start in Manila, Philippines, on 
28 January 2014 and to end in Okinawa, Japan, on 30 March 2014. A total of 58 days 
will be available for the transit, drilling, coring, and downhole measurements de-
scribed in this report (for the current detailed schedule, see iodp.tamu.edu/science-
ops/). As Expedition 349 is a Complimentary Project Proposal (CPP) with China 
contributing to the expedition costs, there will be substantially increased shipboard 
participation by Chinese scientists. Further details about the facilities aboard the JOI-
DES Resolution and at the USIO can be found at www.iodp-usio.org/.

Introduction

Since the late Mesozoic, the South China Sea (SCS) area (Figs. F1, F2) has been at the 
center stage of many first-order tectonic and paleoclimatic events. Mesozoic subduc-
tion of the paleo-Pacific plate, a fragment of which developed roughly along the pres-
ent-day northern SCS continental margin (Jahn et al., 1976; Hilde et al., 1977; 
Hamilton, 1979; Holloway, 1982; Taylor and Hayes, 1983; Hayes et al., 1995; Zhou 
and Li, 2000; Yang et al., 2003; Xiao and Zheng, 2004; Zhou et al., 2008; Li et al., 
2008a), gradually displaced the paleo-Tethys and built a massive orogen in Southeast 
Asia (Zhou and Li, 2000; Shi and Li, 2012). Subduction is thought to have ceased in 
the mid-Cretaceous, with a transition to regional extension during the Late Creta-
ceous. Opening of the SCS began in the Cenozoic via continental breakup and subse-
quent seafloor spreading. The early work of Taylor and Hayes (1980, 1983) and Briais 
et al. (1993) suggested that the SCS opened from ~32 to ~16 Ma during the Oligocene 
and early Miocene.

Currently, ages of the oceanic crust in the SCS basin are only loosely constrained from 
magnetic anomaly correlations and empirical relationships between ages and ba-
thymetry and/or heat flow. The many uncertainties in the timing and episodes of the 
Cenozoic opening of the SCS hampers understanding of other key geological pro-
4
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cesses in Southeast Asia, including the geodynamic transition from Mesozoic subduc-
tion to Cenozoic rifting, the Cenozoic opening mechanism, oceanic crustal accretion 
and mantle evolution, and paleoceanographic and sedimentary responses. In order to 
address both regional questions related to East Asian geology and fundamental issues 
regarding continental breakup and basin formation, it is essential to determine when 
seafloor spreading initiated, the mechanism through which the SCS basin opened, 
and when spreading ceased. To do this, we plan to drill into the oceanic basement and 
retrieve both sedimentary and basaltic rocks from various sub-basins of the SCS basin. 
Timing of the onset and termination of seafloor spreading of the SCS will be critical 
to correlating regional tectonic events to the tectonic episodes within the SCS that are 
inferred almost exclusively from geophysical measurements and inversions. Drilling 
and coring into basement is the only means of validating various opening mecha-
nisms.

Expedition 349 is based on Integrated Ocean Drilling Program Proposal 735-CPP2, de-
veloped in part from results of an international workshop held at Tongji University 
in Shanghai, China, in early 2012 (Li et al., 2012). The primary objectives of the ex-
pedition fall under four major categories and address the Earth Connections and Cli-
mate and Ocean Change themes in the science plan for the International Ocean 
Discovery Program (available at www.iodp.org/science-plan-for-2013-2023). These 
primary objectives are

1. To examine mechanisms, timing, and sequences of Cenozoic seafloor spreading 
and establish the complex opening history of different sub-basins and styles of 
oceanic crustal accretion in the SCS and constrain the tectonic controls (such as 
spreading rate) on distinct magnetic contrasts among the three sub-basins;

2. To examine oceanic crustal accretion and mantle evolution and reveal the crustal 
nature and affinities of different sub-basins and understand oceanic crustal and 
deep mantle processes associated with tectonic extrusion, magmatism, and mag-
netization;

3. To examine paleoceanographic and sedimentary responses to tectonic evolution 
of the SCS and develop a more complete 3-D sedimentation and subsidence 
model and link it to regional climatic processes in response to various tectonic 
events; and

4. To examine late Mesozoic and early Cenozoic prerifting tectonic transitions and 
driving forces leading to continental margin breakup and seafloor spreading; to 
test various hypotheses of dynamic processes controlling the transition from a 
Mesozoic active continental margin to a Cenozoic passive one and from conti-
5
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nental rifting and breakup to seafloor spreading; and to constrain whether the 
forces driving the opening of the SCS were far-field (triggered by the tectonic ex-
trusion of the Indochina block), near-field (due to backarc spreading or slab pull), 
or in situ (mantle plume and magmatism driven). This will deepen our general 
understanding of the geodynamic interplay of mantle and lithosphere processes 
that led to the development of continental margin basins in the geological past 
and today.

During Expedition 349, we aim to drill and core into basement at three sites in two 
sub-basins within the SCS (Figs. F1, F2) to collect the geological evidence necessary to 
address these themes.

Background

Geological setting

The SCS is a western Pacific marginal sea situated at the junction of the Eurasian, Pa-
cific, and Indo-Australian plates. It developed from Cenozoic continental margin rift-
ing, and its central portion is floored with oceanic crust. Despite its relatively small 
size and short evolutionary history, the SCS has undergone nearly a complete Wilson 
cycle from continental breakup to seafloor spreading to subduction. The SCS is a crit-
ical site connecting some of the major tectonic units in the western Pacific. It is also 
well suited for studying various plate boundary activities, such as continental margin 
rifting (e.g., Hayes and Nissen, 2005), seafloor subduction (the Manila Trench; e.g., Li 
et al., 2007a), strike-slip faulting (the Red River fault; e.g., Clift and Sun, 2006), and 
active orogenic processes (Taiwan; e.g., Huang et al., 2001) (Fig. F1).

Hypotheses for the opening mechanism of the SCS differ markedly (Fig. F3) and in-
clude (1) India-Eurasia collision and the consequent tectonic extrusion mainly along 
the Red River fault (Tapponnier et al., 1982; Lallemand and Jolivet, 1986; Schärer et 
al., 1990; Briais et al., 1993; Leloup et al., 2001; Flower et al., 2001), (2) slab pull and 
subduction of the proto-SCS under Sabah/Borneo (Taylor and Hayes, 1980, 1983; Hol-
loway, 1982; Hall, 2002), (3) extension related to an upwelling mantle plume (e.g., 
Fan and Menzies, 1992; Xu et al., 2012), and (4) regional extension related to subduc-
tion and retreat of the Pacific plate along the western Pacific margin (Taylor and 
Hayes, 1980, 1983; Shi and Li, 2012). In addition to these end-member models, hy-
brid models have been proposed (e.g., Cullen et al., 2010).
6
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The original SCS basin before its subduction along the Manila Trench may have been 
twice the size of what we see today (Sibuet et al., 2002), so the geodynamic model 
must be able to explain the formation of a large ocean basin. Motion on the Ailao 
Shan-Red River fault (RRF) has been dated to 35 to 15 Ma, with displacement of as 
much as several hundreds of kilometers (e.g., Leloup et al., 2001). Ages obtained from 
ocean basalts at the proposed drilling sites in the SCS will test the hypothesis that the 
motion on the RRF is coeval to, and may have driven part of, extension and spreading 
in the SCS, although only a minor amount of extension associated with the SCS 
spreading center may have been transferred to the RRF (Rangin et al., 1995; Morley, 
2002; Clift et al., 2008). Regional rifting in East Asia occurred long before the India-
Eurasia collision (Fig. F3D) and is thought to be associated mainly with subduction of 
the paleo-Pacific plate (Taylor and Hayes, 1980, 1983; Shi and Li, 2012).

Some hypotheses suggest the existence of a proto-SCS oceanic basin (Haile, 1973; Ma-
don et al., 2000) that was once connected to the Pacific plate and began to close from 
~44 Ma (e.g., Hall, 1996, 2002) in order to accommodate the opening of the SCS (Fig. 
F3B). Supported by the wide occurrence of Mesozoic and/or early Cenozoic marine 
sediments, a large part of this proto-SCS may have been subducted into, or uplifted as 
part of, island arcs formed to the south in Borneo/Sabah and Palawan (Hall, 2002; 
Hutchinson, 1996, 2004), where remnants of the proto-SCS oceanic crust may be 
present (Hutchison, 2005) and are one possible origin of the ophiolites of South Pal-
awan (Rangin et al., 1990; Tu et al., 1992; Schlüter et al., 1996; Pubellier et al., 2004; 
Cullen, 2010). Slab-pull force from this subducting proto-SCS plate, along with an in 
situ mantle plume and massive synrifting volcanism, may also have triggered or con-
tributed to the opening of the SCS, but definitive evidence for these arguments is ab-
sent.

The opening of the SCS reveals complex patterns of continental breakup and seafloor 
spreading. Magnetic and seismic data suggest that the SCS basin can be divided into 
five magnetically distinct zones (Li et al., 2008b) (Fig. F4). In particular, magnetic am-
plitudes and orientations in the Southwest Sub-basin (Zone E) differ markedly from 
those in the East Sub-basin (Zone D). These two sub-basins are divided by a complex 
boundary called the Zhongnan fault (Figs. F2, F4) according to some authors (Yao, 
1995; Jin et al., 2002; Li et al., 2007b, 2008b). This magnetic contrast may support an 
episodic seafloor-spreading model (Ru and Pigott, 1986) or may be attributed to dif-
ferent crustal types within which the two sub-basins evolved independently. Pautot 
et al. (1986) suggested that the youngest part of the East Sub-basin developed within 
an older, preexisting oceanic crust, whereas the Southwest Sub-basin resulted from 
7
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continental rifting that led to seafloor spreading. Within the East Sub-basin, two dis-
tinct negative magnetic anomalies (M1 and M2 in Fig. F4), thought to be the same 
age, further divide the sub-basin into a central part with high magnetic amplitudes 
and two separated parts with slightly weaker magnetization (C1 and C1′) near the two 
conjugate continental margins. The magnetic pattern of the Northwest Sub-basin also 
differs from its adjacent segment in the East Sub-basin.

Table T1 shows additional contrasts between the East and Southwest Sub-basins, 
some of which are rather perplexing. For example, the greater water depths of the 
Southwest Sub-basin may imply relatively older crustal ages (Ru and Pigott, 1986; Yao 
et al., 1994; Li et al., 2008b), which conflict with younger ages inferred from the 
higher heat flow and shallower Curie-point depths there (Ru and Pigott, 1986; Li et 
al., 2010). Recent heating from magmatic activities could have contributed to the 
high heat flow in the Southwest Sub-basin (Ru and Pigott, 1986; Li and Song, 2012), 
but this hypothesis needs to be confirmed through drilling.

A number of Cenozoic tectonic models have been proposed, but it remains uncertain 
whether the SCS basin experienced primarily a single episode or multiple episodes of 
extension and seafloor spreading and, if multiple episodes, in what sequence the sub-
basins evolved (e.g., Taylor and Hayes, 1980; Pautot et al., 1986; Ru and Pigott, 1986; 
Briais et al., 1993; Yao et al., 1994; Hayes and Nissen, 2005; Li et al., 2007b, 2008b). 
For example, the opening of the East and Northwest Sub-basins may have predated, 
or been synchronous with, that of the Southwest Sub-basin (Taylor and Hayes, 1983; 
Briais et al., 1993; Lee and Lawver, 1995; Tongkul, 1994; Honza, 1995; Zhou et al., 
1995; Schlüter et al., 1996; Hall, 2002; Hall and Morley, 2004; Hayes and Nissen, 2005; 
Braitenberg et al., 2006; Sun et al., 2009). This model contrasts with others in which 
earlier opening of the Southwest Sub-basin is preferred (Fig. F5) (e.g., Ru and Pigott, 
1986; Yao et al., 1994; Li et al., 2007b). This latter group of models considers the sharp 
contrasts between the East and the Southwest Sub-basins and the important roles of 
the Zhongnan fault (Figs. F2, F4), which the first group often ignore. There are also 
two models of propagation of SCS spreading, one propagating northeast toward the 
Taiwan Strait (Chung et al., 1994) and the other toward the Southwest Sub-basin 
(Zhou et al., 1995). Furthermore, Barckhausen and Roeser (2004) concluded that sea-
floor spreading at the southwest rift tip ceased at 20.5 Ma (Anomaly 6a1), ~4 m.y. ear-
lier than interpreted in previous studies.
8
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Previous drilling

Five sites were drilled in the peripheral continental slope of the central SCS basin dur-
ing Ocean Drilling Program (ODP) Leg 184 (Feb–April 1999) (Wang, Prell, Blum, et al., 
2000). That expedition cored hemipelagic sediments in the SCS to determine the evo-
lution and variability of the East Asian monsoon during the late Cenozoic. All Leg 184 
sites are located on the continental slope, and none penetrated into basement rocks. 
The deepest hole cored during the leg reached 861 meters below seafloor (mbsf) at Site 
1148 in 3294 m of water (Figs. F2, F4), recovering lower Oligocene sediments. The 
major objectives of Leg 184 were to improve our knowledge of the variability of mon-
soonal climates (including millennial- to possibly centennial-scale variability from 
high-sedimentation rate records), orbital-scale variability from records at all SCS sites, 
and tectonic-scale variability from late Cenozoic sections. The records from the SCS 
from both Leg 184 and Expedition 349 will be used to establish links between the East 
Asian and Indian monsoons and to evaluate mechanisms of internal (climate system 
feedbacks) and external (orbital and tectonic) climate forcing.

One particularly interesting feature recovered at Site 1148 is a slump zone dated to 
between 28 and 23 Ma, which spans the Oligocene/Miocene boundary and coincides 
with a “double seismic reflector” (Wang, Prell, Blum, et al., 2000; Li et al., 2004, 2005; 
Wang and Li, 2009). The Oligocene/Miocene boundary at Site 1148 also marks sharp 
uphole decreases in sedimentation rates, organic carbon, and opal contents; changes 
in Nd; and fluctuations in many logging and elemental records. Subsequent investi-
gations indicated that this slump zone might be related to a major tectonic event syn-
chronizing with a possible ridge jump (Briais et al., 1993; Wang, Prell, Blum, et al., 
2000; Li et al., 2005) and/or an episode of regional magmatism associated with the 
opening of the SCS (Li and Song, 2012). Unfortunately, Leg 184 had very low recovery 
within this critical zone, and thus the true nature of this major tectonostratigraphic 
event needs to be further investigated. Expedition 349, targeting the oldest possible 
oceanic crust and overlying sediments, as well as the oceanic basalts at approximately 
the Oligocene/Miocene boundary, will help pinpoint the geodynamic cause and pa-
leoceanographic and sedimentary effects of this regional event.

Seismic studies and site survey data

Figure F2 shows the proposed drill sites and available multichannel seismic (MCS) 
lines used to locate these sites. All proposed primary sites and most alternate sites are 
located at the intersections of two MCS lines (Table T2). Three of the proposed sites 
9



Expedition 349 Scientific Prospectus
(SCS-6C, SCS-4E, and SCS-4F) are not located on crossing points but require thin sed-
imentary penetration. All proposed sites were selected from original Society of Explo-
ration Geophysicists (SEGY) data on a SUN workstation. A dense 2-D MCS grid exists 
in the northern SCS continental margin and the northern part of the central SCS ba-
sin. The Chinese National Offshore Oil Corporation (CNOOC) acquired most of these 
high-quality data recently. The number of MCS lines in the central basin is increasing 
rapidly, contributed mostly by the South China Sea Institute of Oceanology (SCSIO) 
of the Chinese Academy of Sciences, Guangzhou Marine Geological Survey (GMGS) 
of the Land and Resources, the 2nd Institute of Oceanography (SIO) of the State Oce-
anic Administration, and the Federal Institute for Geosciences and Natural Resources 
(BGR).

GMGS has undertaken extensive geophysical and geological mapping of a large por-
tion of the central SCS basin in recent years. As a result, multichannel reflection seis-
mic data and shallow sediment cores are regularly added to our existing site survey 
database. This mapping activity has already started producing 2-D seismic grids 
around our proposed sites. Although most of these new data are either being pro-
cessed or in a proprietary state, partial access has been made possible through close 
collaboration with three co-proponents of Proposal 735-CPP2 from GMGS.

Other MCS and magnetic data were collected near these sites by the R/Vs Vema, Con-
rad, and Haiyang IV (Taylor and Hayes, 1980, 1983; Yao et al., 1994; Hayes et al., 1995) 
(Fig. F2). Two stages of Sino-US cooperation in the early 1980s added more dense geo-
physical data coverage, which includes sonobuoy measurements, two ship expanding 
spread profiles, and piston cores (Taylor and Hayes, 1983; Yao et al., 1994; Hayes et 
al., 1995). The German R/V Sonne carried out five cruises in 1987 (SO-49, SO-50B), 
1990 (SO-72A), 1994 (SO-95), and 2008 (SO-197) (Franke et al., 2011) and collected 
>10,000 km of MCS data and high-resolution echograms (Lüdmann and Wong, 1999; 
Lüdmann et al., 2001).

The area surrounding alternate Site SCS-1C is also well studied and imaged with nu-
merous geophysical surveys during Cruises SCSIO87, 973GMGS, ACT, TAICRUST, 
ORI645, and ORI689. More recent geophysical studies include the TAiwan Integrated 
GEodynamics Research (TAIGER) project (McIntosh et al., 2012) and surveys for gas 
hydrate. There are also various earthquake hypocenter relocations and tomographic 
studies (Wu et al., 1997; Cheng et al., 1998; Kao et al., 2000).
10
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Swath bathymetry data (Fig. F6) are available for the entire SCS basin (Li et al., 2011), 
and Generic Mapping Tools (GMT) grids of multibeam bathymetry data around eight 
of the proposed drill sites have been submitted to the Integrated Ocean Drilling Pro-
gram Site Survey Data Bank. Digital grid data of swath bathymetry will be available 
upon request from GMGS and the SIO of the State Oceanic Administration.

Magnetic anomalies covering all proposed drill sites were compiled by the Geological 
Survey of Japan and Coordinating Committee for Coastal and Offshore Geoscience 
Programmes in East and Southeast Asia (CCOP) in 1996 (Fig. F4). This compilation 
offers remarkable coverage and accuracy and yields many new insights into the dy-
namic opening process of the SCS (Li et al., 2008b, 2010, 2012). 3-D deep crustal and 
mantle structures in the area have also been imaged with surface wave tomography 
(Wu et al., 2004).

Previous ocean bottom seismometer (OBS) studies reveal the crustal thickness and ve-
locity structures of the central basin. Yan et al. (2001) conducted an OBS experiment 
near these sites. In 2006, three OBS profiles were shot by the SIO of the State Oceanic 
Administration, one on the northern continental margin and the other two crossing 
the Northwest Sub-basin. In early 2011, the South China Sea Deep (SCSD), a compre-
hensive 8 y research program, was approved by the National Science Foundation of 
China (NSFC) (Wang, 2012). With a total budget of ~$23 million US, this program has 
funded coincident refraction/reflection surveys and deep-tow magnetic surveys near 
these sites. The two most recent OBS surveys in the SCS in 2012 included an active 
source 3-D survey around the relict spreading center and a larger scale passive source 
OBS survey in the central basin. Several of the proposed drill sites (notably Sites SCS-
3G and SCS-3H) are located within these survey areas. Preliminary results from these 
surveys have just been published (Zhang et al., 2013).

Two deep-tow magnetic cruises in the SCS were done in 2012 and 2013. Both deep-
towed and conventional surface-towed magnetometers were deployed along four sur-
vey lines, which were designed to traverse the four primary sites. High-resolution 
magnetic anomalies from this survey allow more accurate calibration between mag-
netic susceptibilities and radiometric ages of core samples and the observed seafloor 
magnetic anomalies in the vicinity of the drill sites. These site surveys add crucial new 
data for establishing the best possible model of magnetic anomalies for the whole ba-
sin and the age of the ocean crust at the drill sites.
11
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Finally, numerous piston cores were taken in the SCS by the R/V Vema and R/V Conrad
(Damuth, 1980). Shallow sediment coring using the French R/V Marion Dufresne near 
Sites SCS-6A, SCS-6B, SCS-2C, and SCS-2D was also completed in 2012.

The supporting site survey data for Expedition 349 are archived at the Integrated 
Ocean Drilling Program Site Survey Data Bank.

Scientific objectives

Expedition 349 focuses on coring basement at multiple sites around the SCS basin to 
better understand seafloor spreading, ocean crust accretion, and mantle evolution. In 
addition, coring the sedimentary sections above basement will allow examination of 
the sedimentary and paleoceanographic responses to basin opening and eventual 
subduction beneath the Manila Trench. Drilling in the SCS will allow us to address 
key problems in tectonics, mantle evolution, and paleoceanography.

1. Date the timing of the opening of different sub-basins of the SCS and correlate the ages from 
magnetic anomalies to fossil, magnetostratigraphic, and radiometric ages.

Accurate age estimates for the opening history of the sub-basins of the SCS can be cor-
related with the uplift history of the Tibetan Plateau to further advance our under-
standing of the possible links between extrusion tectonics (Tapponnier et al., 1982; 
Briais et al., 1993; Clift et al., 2008) and the proposed continental breakup leading to 
the formation of the SCS.

Magnetostratigraphy, biostratigraphy, and radiometric dating are the three principal 
techniques that will be used for chronostratigraphic analysis of the recovered se-
quences. Age control in the sedimentary section will be made from routine microfos-
sil analyses, paleomagnetism, and isotope analysis. The age sequences can also be 
constrained by correlating seismic reflections to different drill sites. Because drilling 
at all proposed sites intends to recover the oldest sediments deposited directly on the 
top of oceanic basement, paleontological analyses provide a minimum age constraint 
for the basement. Except for the upper ~900 m at proposed Site SCS-6A in the primary 
operations plan, we plan to core all intervals within the three primary sites, with mi-
cropaleontological analyses conducted on all core catcher material and additional 
samples from split-core sections to refine the biostratigraphy as time permits. At Site 
SCS-6A, we expect to recover a shallow to deep marine carbonate succession of Oligo-
cene to middle Miocene age, with a shallow-marine depositional environment ex-
12
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pected to have been deposited soon after the rifting–drifting transition. Calcareous 
microfossils, including nannofossils and foraminifers, should be abundant in the car-
bonate successions at all sites. Within some intervals, particularly in the Neogene, we 
expect to find well-preserved and abundant siliceous microfossils (biogenic silica 
dominated by diatoms and radiolarians) that can provide additional biostratigraphic 
control.

Basement volcanic rocks will be dated with 40Ar/39Ar and other high-resolution zircon 
dating techniques with uranium-series isotopes (Goldstein et al., 1991, 1994; Gold-
stein, 1995; Schwartz et al., 2005). As we plan to drill ~100 m into basaltic basement 
at all three of our primary sites, we hope to retrieve sufficiently unaltered basaltic 
rocks for these analyses. Oceanic crust rocks are typically very low in K concentrations 
and therefore more vulnerable to disturbances by submarine alteration. To ensure 
high-quality 40Ar/39Ar dating on submarine samples collected in the SCS, we plan to 
(1) carefully select and prepare fresh highly crystalline groundmass and plagioclase 
phenocrysts, which are the most suitable for 40Ar/39Ar dating, and (2) apply acid 
leaching to remove altered portions of the groundmass or mineral separates (Koppers 
et al., 2011).

The half-spreading rates of the SCS were between 20 and 40 mm/y, as part of a slow-
spreading basin (Briais et al., 1993; Song and Li, 2012). Some new geophysical evi-
dence suggests that near the continent/ocean boundary (COB), where proposed Sites 
SCS-6A and SCS-6B are located, hyperextended crust exhuming possible lower crust 
and upper mantle could exist (Franke et al., 2011). If so, gabbros with late-stage min-
erals or felsic lithologies could be available for uranium-lead zircon dating using sen-
sitive high-resolution ion microprobe reverse geometry (SHRIMP-RG), as well as for 
40Ar/39Ar dating of plagioclase, biotite, and/or hornblende mineral separates. Ura-
nium-bearing minerals, such as zircon, are much more common in oceanic crust than 
conventionally thought, and a newly developed method that detects tiny amounts of 
zircon in rock could reliably date the age of ocean crust (Schwartz et al., 2005; Grimes 
et al., 2007).

2. Measure the magnetization, mineralization, and geochemical compositions of basement rocks to 
understand the causes of the sharp magnetic contrast between different sub-basins.

Magnetic susceptibilities of extrusive basalts normally decrease with increasing de-
gree of alteration, which reduces their titanomagnetite content (e.g., Bleil and Pe-
tersen, 1983). Serpentinization of peridotite at deeper depths is also known to smear 
surface magnetic anomalies (e.g., Dyment et al., 1997). Detailed mineralogical studies 
13
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are essential to understand these processes that may be causing the magnetic contrast 
between the East and the Southwest Sub-basins.

Because of the intriguing patterns of magnetic anomalies in the SCS, careful measure-
ments of magnetic susceptibility are needed to constrain models of, for example, tec-
tonic settings or spreading rates (Dyment and Arkani-Hamed, 1995) that can explain 
the distinct differences in magnetic patterns between different sub-basins, as well as 
their crustal affinities. Magnetization measurements from cores are also vital for cre-
ation of an initial model for magnetic modeling and inversion in order to better un-
derstand the observed magnetic anomalies.

3. Evaluate the origin and source evolution of SCS basement rocks to better understand the formation 
of SCS oceanic crust and the deep mantle processes driving this formation.

Chemical and isotope compositions of Sr, Pb, and Nd isotopes and other isotopic sys-
tems will provide insights into the material influx and deep crustal and mantle pro-
cesses (Castillo et al., 1991; Tejada et al., 2004). The opening mechanism of the SCS 
can be constrained by investigating the variation in the Pb-Nd-Sr isotopic composi-
tion of cored basement rocks. Variations in εNd values and Pb and Sr isotopic compo-
sitions measured at different sites will help us to understand how the SCS mantle 
evolved through time.

The basement rocks to be cored during this expedition have three potential mantle 
sources: (1) Indian Ocean/Eurasian lithospheric mantle, (2) Pacific mantle, or (3) a pu-
tative mantle plume. Each of these sources has a distinct composition and therefore 
distinctive geochemical characteristics. For this purpose, we plan to use incompatible 
trace element and long-lived radiogenic isotope ratios, as these geochemical tracers 
are not generally affected by variations in degree of partial melting of the mantle and 
fractional crystallization of the resultant melt. Using our analytical strategy and pro-
posed drilling transect, we should be able to test several geochemical evolution sce-
narios corresponding to the rifting and spreading models of the SCS, including (1) 
normal continental rifting leading to seafloor (backarc) spreading, (2) magma-poor 
rifting due to Indochina extrusion tectonism, and (3) plume-initiated rifting.

These models, as well as others that may be proposed after initial observations are 
made during the expedition, can be successfully tested with our planned analytical 
approach. Through this and geochronologic analyses, we seek to understand the re-
lationship between compositional evolution of the lavas and tectonic changes, as 
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such a combination will provide the best tectono-magmatic model for the formation 
of the SCS.

4. Evaluate the paleoceanographic and climatic responses to the opening of the SCS and develop a 3-
D sedimentation and subsidence model.

With three drilling sites within the SCS, we can build a detailed 3-D postspreading 
model of seismic stratigraphy that will offer invaluable insights into deepwater sedi-
mentary processes and how they evolved through time. This sedimentary model will 
be coupled with paleoenvironmental and paleoceanographic data from analyses of 
sediment cores to detect major geological events.

Information on sedimentation rates, provenance, water depths, tectonic subsidence, 
and facies changes will be determined from coring and will be correlated to known 
tectonic and climatic events onshore. By correlating drilling and coring information 
with regional seismic sections, we can build detailed 3-D sedimentation models. Ma-
jor unconformities revealed in the central basin will be correlated with those in the 
continental slopes and rifting basins to trace the dynamic transitional process from 
rifting to drifting. Oligocene shallow-marine sediments deposited at the very early 
opening stages will also constrain critical paleoceanographic and tectonic changes at 
the onset of opening of the SCS.

Structural analyses of core samples will focus on brittle deformation features such as 
fractures, faults, veins, deformation bands, and so on. Statistical analyses on these 
structures will help reveal the regional stress field and its changes through time. These 
structures could record major events in the drifting stage and later events, such as 
magmatism, initiation of subduction along the Manila Trench, and tectonic events in 
the surrounding blocks.

Mineralogical and geochemical analyses will help identify sediment provenance in 
the SCS and how it has evolved through time. This is critical for studying sediments 
deposited before 25 Ma in the SCS, which are potentially shallow-marine sediments 
that contain information on the rifting–drifting transition. Therefore, mineralogical 
and geochemical analyses coupled with paleontological and paleoenvironmental 
studies can reveal early processes associated with continental breakup of the SCS. 
Analyses of detrital zircon in the sediments, for example, can (1) determine the max-
imum age of stratigraphic successions and help understand source-to-sink processes, 
(2) determine provenance characteristics such as age and composition, (3) test re-
gional paleogeographic reconstruction models via provenance analysis, and (4) un-
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ravel facets of geological history locked in the mineral chemistry of detrital zircon 
(Fedo et al., 2003).

5. Obtain downhole geophysical logs to reveal physical properties of the sediments and the top 
oceanic basement and to provide a record of nonrecovered intervals.

Our proposed deployment of a minimum of two wireline logging tool strings (the 
standard triple combination [triple combo] and the Formation MicroScanner [FMS]-
sonic) will measure a wide spectrum of geophysical properties to provide structural, 
mineralogical, and geochemical information of the penetrated sequences. These data 
will be particularly important for nonrecovered intervals that occur when using the 
extended core barrel (XCB) and rotary core barrel (RCB).

The triple combo tool string records geophysical signals of the penetrated sediments 
and basement rocks by measuring the total and spectral natural gamma radiation 
(NGR), density, porosity, and resistivity of the formation. Gamma ray data will be 
used to infer lithology and provenance. Porosity, sonic, and density logs together will 
be critical for decompaction and backstripping analyses and for constraining the tec-
tonic subsidence and opening history of the SCS sub-basins. The subsidence and rift-
ing parameters so obtained can offer new insights on the proposed episodic opening 
history and reveal mantle properties.

Wireline logs will provide a continuous record to aid in the detection of lava flow 
boundaries, interlayered sediments, and alteration zones in the basement and will en-
able the dip of lava flows to be evaluated. The number of lava flow units penetrated 
has implications for how well geomagnetic secular variation has been sampled and 
hence the extent to which paleolatitudes can be most precisely constrained.

With FMS-sonic logging, we will gain high-resolution quasi-2-D images (electrofacies) 
of the borehole wall and the structure and orientation of the rocks. These data to-
gether will put much needed constraints on volcanostratigraphy and crustal accretion 
processes (Tominaga et al., 2009). The high-resolution FMS images will help to detect 
small-scale fractures and lithologic variations, evaluate the dips of lava flows, and re-
orient core pieces. The General Purpose Inclinometry Tool (GPIT), which includes 
both a three-axis inclinometer and a three-axis magnetometer, will be used to mea-
sure changes in magnetic properties of lithologies and in paleomagnetic direction.
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Drilling and coring strategy

Our operations plan for this expedition consists of drilling three sites to ~100 m into 
basement (Sites SCS-3G, SCS-6A, and SCS-4B). In order to complete these three sites 
within the amount of time available for the expedition, we need to drill (without cor-
ing) through the uppermost 900 m of Site SCS-6A, which is the highest priority site. 
If the Environmental Protection and Safety Panel (EPSP) does not permit this and full 
coring is necessary, our backup operations plan will be substituted. This plan includes 
coring at two sites where basement can be reached at shallower depths of penetration 
and consists of Sites SCS-3F, SCS-6A, and SCS-4C. In addition, we have proposed a 
number of other alternate sites that reach basement at a range of penetration depths 
to allow flexibility during the expedition should we be unable to achieve our objec-
tives at any of the primary sites.

Proposed drill sites

All proposed sites are located within areas floored by oceanic crust, except for alter-
nate Site SCS-1C, which has the potential to core the continent–ocean transition zone 
(COT) or attenuated continental crust. This makes the proposed sites different from 
those drilled previously during Leg 184 (Wang, Prell, Blum, et al., 2000), which are all 
located on the continental shelf and slope and targeted scientific problems primarily 
related to sedimentation, paleoceanography, and paleoclimate.

Sites SCS-6A (primary), SCS-6B, and SCS-6C (alternates)

Sites SCS-6A and SCS-6B are located near the northern COB and are chosen to recover 
the oldest oceanic crust and the oldest sedimentary rocks in the East Sub-basin to test 
the hypothesis that the opening of the SCS occurred here first around 32 Ma (Figs. F2,
F4, F7). This part of the basin shows the deepest basement and is likely the oldest 
among the sub-basins based on magnetic anomalies (Taylor and Hayes, 1980, 1983; 
Pautot et al., 1986; Briais et al., 1993). Both sites are also located near magnetic Anom-
aly 11, the oldest anomaly identified by Taylor and Hayes (1980) and Briais et al. 
(1993) and hence will provide key calibrations between ages estimated from magnetic 
anomalies and those from biostratigraphy, radiometric dating, and magnetostratigra-
phy.

These two sites are located ~60–65 km south of Site 1148, which is located within the 
COT and recovered an important stratigraphic sequence spanning the Oligocene to 
present (Wang, Prell, Blum, et al., 2000; Li et al., 2004; Wang and Li, 2009). These sites 
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together will help address key problems in the early tectonic transition and associated 
paleoenvironmental changes from rifting to drifting.

Site SCS-6C is located on a basement high between the extended continental crust 
and the oceanic basin (Fig. F7). Similar conspicuous basement high features can be 
found on the COB in many other seismic profiles and therefore represent an impor-
tant tectonic structure. The true lithology and formation mechanism of this base-
ment high is still speculative; it could be a volcanic extrusion associated with early 
continental breakup and the onset of seafloor spreading, extruded lower crust mate-
rials from preferential lower crust extension, exhumed mantle materials, or a base-
ment high composed of Mesozoic rocks. Coring at this location will help pinpoint the 
exact nature of this structure and improve our understanding of early seafloor spread-
ing processes.

Sites SCS-3G (primary), SCS-3F (backup primary), SCS-3E, SCS-3H, and SCS-3I 
(alternates)

These five sites are located in the East Sub-basin. Primary Site SCS-3G is located near 
the relict spreading ridge and the youngest magnetic anomaly (Figs. F2, F4, F7), and 
coring here will help determine the termination age of seafloor spreading in the East 
Sub-basin. The thick overlying sediments at this site will also provide important con-
straints on the evolution of the ridge and associated late-stage magmatism. The alter-
nate sites will achieve similar goals to those for primary Site SCS-3G. Alternate Site 
SCS-3H, south of the spreading center, is located near identified magnetic Anomalies 
C5e and C6. These sites will allow correlation of ages from magnetic anomalies to bio-
stratigraphic, magnetostratigraphic, and radiometric ages. Composition and mag-
netic susceptibility measurements from basement rocks will help to explain the sharp 
differences in magnetic amplitudes and strikes between the East and Southwest Sub-
basins. Furthermore, this site will allow testing of the hypothesis that the East Sub-
basin formed in an area already floored by oceanic crust (Pautot et al., 1986).

Sites SCS-4B (primary), SCS-4C (backup primary), SCS-4D, SCS-4E, and SCS-4F 
(alternates)

Owing to the marked contrast between the Southwest and East Sub-basins (Fig. F4;
Table T1) (Yao, 1995; Jin et al., 2002; Li et al., 2007b), it is justifiable to question 
whether rifting and drifting within these two sub-basins was synchronous or diachro-
nous and how they evolved in comparison to the Northwest Sub-basin. Sites SCS-4B 
and SCS-4C are located in the Southwest Sub-basin near the relict spreading center 
and magnetic Anomaly C5e identified by Briais et al. (1993) (Figs. F2, F4, F8). To-
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gether with Sites SCS-3G and SCS-3H in the East Sub-basin, coring at one of these sites 
will help to explain the sharp differences in magnetic amplitude and strike between 
the East and Southwest Sub-basins and test the hypothesis that the Southwest Sub-
basin was initiated by continental rifting, a formation mechanism that might be in 
sharp contrast to that of the East Sub-basin (Pautot et al., 1986). Coring will help de-
termine the age of this sub-basin and correlate ages from magnetic anomalies with 
biostratigraphic, magnetostratigraphic, and radiometric ages. The apparent weak 
magnetizations in basement rocks will be examined via studies of chemical composi-
tions and measurements of magnetic susceptibility.

Alternate Sites SCS-4D, SCS-4E, and SCS-4F are located northwest of Sites SCS-4B and 
SCS-4C. Together they form a sampling transect in the Southwest Sub-basin (Fig. F9) 
and would achieve similar objectives to those of the primary and backup primary sites 
in this sub-basin. These alternate sites are all located on basement highs, with sedi-
mentary cover no thicker than ~300 m. Based on our interpretation of seismic and 
regional magnetic data, we conclude that these basement highs are not younger vol-
canic extrusions; they show clear magnetic anomalies typical of other oceanic crust 
(e.g., Fig. F4). In particular, Sites SCS-4E and SCS-4F are located on the uplifted shoul-
ders of the relict spreading center, and rock samples cored here will place immediate 
constraints on cessation of seafloor spreading of the Southwest Sub-basin and on the 
terminal processes of oceanic crustal accretion and postspreading volcanism.

Sites SCS-2C and SCS-2D (alternates)

As mentioned above, two striking magnetic anomalies (M1 and M2) in the East Sub-
basin further divide the sub-basin into a central part with strong magnetic strengths 
bounded by M1 and M2 and two weakly magnetized parts (C1 and C1′, respectively) 
near the two conjugate continental margins (Fig. F4). Based on traditional interpreta-
tions (Taylor and Hayes, 1980, 1983; Briais et al., 1993), these two anomalies corre-
spond to magnetic Anomaly C8 (~26 Ma), which is most likely linked to a large-scale 
magmatic and compressional event all along the Chinese continental margin (Wang, 
Prell, Blum, et al., 2000; Li et al., 2004; Su et al., 2010; Li and Song, 2012). Ridge jump 
is another favored explanation, although Briais et al. (1993) suggested that a minor 
ridge jump occurred after magnetic Anomaly C7 rather than during C8.

Alternate Sites SCS-2C and SCS-2D are located near magnetic Anomalies C7 and C8 
(Figs. F2, F4). At these sites, we will test various hypotheses regarding the age and 
mechanism of the presumed ridge jump through an integrated age calibration with 
magnetic anomalies, biostratigraphy, radiometric dating, and magnetostratigraphy 
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and test alternative hypotheses on regional transformations in magmatism and stress 
field (and consequently in spreading rate). Magnetization measurements will help us 
to investigate the causes of the sharp increase in the magnetic amplitude of magnetic 
Anomaly C8.

Site SCS-1C (alternate)

This site is located in magnetic Zone A of the northeasternmost SCS near the Manila 
Trench (Figs. F2, F4). This northeastern area is characterized by 11–15 km thick crust 
that is either thinned and magmatically modified continental crust (Nissen et al., 
1995; Wang et al., 2006) or thick oceanic crust (Hsu et al., 2004; Yeh et al., 2010). Fur-
thermore, part of the area interpreted as thick oceanic crust may be as old as 37 Ma, 
some 5+ m.y. older than other oceanic crust of the SCS (Hsu et al., 2004), whereas an 
adjacent area is possibly a remnant of the proto-SCS (Yeh et al., 2010). The impact of 
coring here could be very substantial if initial spreading is confirmed to have begun 
around 37 Ma, which could eliminate some of the existing models proposed for the 
SCS opening. Conversely, if thin continental crust is cored, it would document a glob-
ally significant 150–200 km wide zone of extended crust. This result would also offer 
better understanding of the rifting history of this margin, including the transition 
from Mesozoic subduction to Paleogene rifting and subsequent spreading.

In addition to answering questions about the fundamental nature of the northeastern 
SCS, coring in this area would also test contrasting regional tectonic models that sug-
gest different sizes for the initial SCS. Most tectonic reconstructions argue that the 
northern SCS passive margin extended northeast of present-day Taiwan, substantially 
larger than at present (Teng, 1990; Hall, 2002; Clift et al., 2003); however, Sibuet and 
Hsu (1997) and Sibuet et al. (2002) argued that prior to 15 Ma the Ryukyu subduction 
zone extended south to the northeasternmost SCS. In this interpretation an aban-
doned portion of the Philippine Sea plate, formerly subducting beneath the south-
west extension of the Ryukyu arc, may exist in this area southwest of Taiwan. Drilling 
at Site SCS-1C would directly test this hypothesis.

Drilling and coring operations

The overall primary operations plan and time estimates for Expedition 349 are sum-
marized in Table T3. We have also developed a backup operations plan, which is sum-
marized in Table T4. Multiple alternate sites have been selected for each of the 
primary sites to allow for the best chance to achieve the expedition objectives within 
the amount of time available. Proposed operations plans for all sites available for the 
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expedition are summarized in Table T5. Time estimates are based on formation lithol-
ogies and depths inferred from seismic and regional geological interpretation, includ-
ing prior drilling in the area during Leg 184 (Wang, Prell, Blum, et al., 2000). After 
departing from Manila, Philippines, we will transit for ~1 day to the first site and pre-
pare for drilling operations.

Primary operations plan

In order to address the expedition objectives to date the onset and cessation of sea-
floor spreading in the SCS and to examine the differences between the East and 
Southwest Sub-basins, the primary operations plan includes coring 100 m into base-
ment at three sites: SCS-3G, SCS-6A, and SCS-4B (Table T3). We propose a basement 
penetration of 100 m at each site to guarantee obtaining the amount of fresh material 
necessary for studying lithology, geochemistry, physical properties, and affiliations of 
basement rocks. Additionally, drilling ~100 m into basement should recover enough 
lava flows (20–45) to average out secular variations in the paleomagnetic measure-
ments and to establish the paleolatitude of each site.

Site 1148 (ODP Leg 184) and Sites SCS-6A and SCS-3G (Expedition 349) together form 
a sampling transect from the COT to the relict spreading ridge (Fig. F7). Reaching 
basement at Sites SCS-3G and SCS-6A would allow dating of the oldest and youngest 
oceanic crust in the East Sub-basin. This drilling strategy is strongly endorsed by the 
participants of the 2012 SCS international workshop held at Tongji University (Peo-
ple’s Republic of China; Li et al., 2012). Coring to basement at a site in the Southwest 
Sub-basin (Site SCS-4B) will address questions regarding the evolution of different 
sub-basins of the SCS, which show distinct differences in magnetic character (Fig. F4). 
Together, coring basement rocks at these three primary sites would sample a range of 
distinct mantle and crustal compositions in different sub-basins, offering a means to 
investigate such important issues as the geochemical evolution of the mantle from 
the onset to the cessation of seafloor spreading, temporal and spatial scales of mantle 
convection, and lithosphere-mantle interactions.

There is unanimous support from the 2012 SCS international workshop for a deep 
hole to obtain the oldest ocean crust near the northern COB (Li et al., 2012). Sites SCS-
6A and SCS-6B (alternate) are designed to achieve this goal. These sites require a thick 
penetration of up to ~1930 mbsf. In order to recover the oldest oceanic basement ba-
salts and the oldest sediments deposited at the onset of seafloor spreading, but at the 
same time retain reasonable core recovery and on-site time, the primary operations 
plan adopts the following strategy:
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1. Complete coring at Site SCS-3G first. This site requires a total penetration of 1061 
m (961 m of sediments and 100 m of basement), with the oldest sediments esti-
mated to be ~15 Ma. At this site we plan a single hole, with advanced piston corer 
(APC) coring to refusal (~200 mbsf), followed by XCB coring to refusal. A free-fall 
funnel (FFF) will be dropped to allow for reentry before changing to the RCB, 
which should reach the target depth of 100 m into basement.

2. At Site SCS-6A, drilling without coring to ~900 mbsf and then coring the remain-
ing ~1030 m with the RCB. A reentry system including three strings of casing will 
be required at this site for deep coring and logging. Drilling through the top 900 
m requires approval by the EPSP; if this strategy is not approved, then complete 
coring of the section will be required (see “Backup operations plan”). Drilling 
without coring is proposed because Site SCS-3G will record essentially the same 
shallow sedimentary section that will be drilled through at Site SCS-6A. Further-
more, Site 1148 is only ~65 km north of Site SCS-6A, and the sedimentary section 
recovered at Site 1148 can provide some guidance to the shallow lithologies of 
Site SCS-6A (Figs. F2, F4, F7).

3. Complete coring of Site SCS-4B, which requires a total penetration of 965 m (865 
m of sediment and 100 m of basement). A single hole is planned for this site, 
with APC coring to refusal (~200 mbsf), followed by XCB coring to refusal. After 
dropping a FFF, the hole will be reentered with the RCB to reach the target depth 
of 100 m of basement.

Nonmagnetic core barrels, drill collars, and shoes/core catcher subs (if available for 
the RCB) will be used for APC and RCB coring operations at all sites. In addition, the 
FlexIT tool will be deployed above the core barrel during APC operations so that the 
cores can be oriented.

Backup operations plan

Drilling through the top ~900 m of sediment at Site SCS-6A, as proposed in the pri-
mary operations plan (Table T3), requires approval from EPSP and the Texas A&M 
Safety Panel, which has not yet been granted. In case either of these panels denies this 
request, we have developed a backup operations plan (Table T4), as complete coring 
at Site SCS-6A will take a substantial amount of the operations time available for the 
expedition. Because reaching basement at Site SCS-6A (or alternate Site SCS-6B) is one 
of the highest priorities of the expedition, full coring will significantly reduce the 
amount of time available to reach basement at two other sites. Thus, the backup op-
erations plan includes sites where basement can be penetrated at shallower depths 
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than the sites included in the primary operations plan. The backup operations plan 
includes coring at Sites SCS-3F, SCS-6A, and SCS-4C. The backup operations plan 
adopts the following strategy:

1. Complete coring at Site SCS-3F, which requires penetration of 197 m of sediment 
and 100 m of basement. This may be completed in one hole, with APC coring to 
refusal, which should recover the entire sedimentary section, although XCB cor-
ing will be used if APC coring does not reach basement. A FFF may be dropped 
to allow for reentry with the RCB to core 100 m of basement.

2. Complete coring at Site SCS-6A in three holes. The first hole will be cored to re-
fusal with the APC (~200 mbsf), followed by XCB coring to refusal. The hole will 
then be conditioned and logged with the triple combo and FMS-sonic tool 
strings (see “Downhole measurements strategy”). The second hole will be to 
detect the depth of the seafloor and to perform a jet-in test for the 20 inch casing 
string that will be deployed as part of the reentry system in the third hole. A re-
entry system with three strings of casing will be deployed in the third hole to the 
depth reached in the first (APC/XCB) hole. The RCB will then be used to reach 
the target depth of ~1930 mbsf, with one bit change planned at ~1830 mbsf be-
fore coring basement.

3. Complete coring at Site SCS-4C, which requires penetration of 689 m of sedi-
ment and 100 m of basement. This will be completed in one hole, with APC cor-
ing to refusal (~200 mbsf), followed by XCB coring, which should recover the 
remainder of the sediment section. A FFF will be dropped and the hole reentered 
with the RCB to recover ~100 m of basement.

Nonmagnetic core barrels, drill collars, and shoes/core catcher subs (if available for 
the RCB) will be used for APC and RCB coring operations at all sites. In addition, the 
FlexIT tool will be deployed above the core barrel during APC operations so that the 
cores can be oriented.

Table T5 summarizes the proposed operations for all 16 sites (primary and alternate) 
approved for Expedition 349. This table also summarizes the different operational op-
tions for Sites SCS-6A and SCS-6B (drilling through the top ~900 m or full coring). 
Multiple alternate sites were identified near each of the proposed primary sites be-
cause reaching and coring 100 m of basement at the primary sites is operationally 
challenging (see “Risks and contingency”). Many of these alternate sites would 
reach basement at shallower penetration depths, offering options during the expedi-
tion should reaching basement at any of the primary sites not be possible.
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Risks and contingency

A number of undersea telecommunications cables cross the SCS. Although none are 
located in the vicinity of the proposed sites, a camera survey will be performed at each 
site prior to spudding. The highest cable density occurs in the Luzon Straight and the 
northeasternmost SCS, where alternate Site SCS-1C is located.

The time available to complete coring operations at the three preferred primary sites 
during the expedition is very limited, and this may well be the biggest risk to achiev-
ing all of the expedition objectives. Several steps have been taken to mitigate this 
problem, but if any of the primary sites consume more time than has been allocated, 
it may become necessary to substitute less desirable alternate sites that require less op-
erations time into the schedule. If too much time has been used at any of the primary 
sites, it may become impossible to achieve all of the objectives at the remaining pri-
mary sites.

If Site SCS-6A is drilled to the planned depth, it will be the third deepest hole in Deep 
Sea Drilling Project/ODP/Integrated Ocean Drilling Program history. The depth of 
this hole and the basement objective at the bottom of the hole present several chal-
lenges for successful drilling. Hole stability is always a risk during coring operations, 
and the longer the open-hole sections, the higher the risk. Casing has been planned 
to 900 mbsf to mitigate the risk of hole collapse and to provide a smaller annulus for 
improved annular velocity for hole cleaning. Hole cleaning also becomes a problem 
in the deeper sections of the hole, particularly when dense basement material is 
cored. Additional mud sweeps with larger volumes of mud will be planned for this 
section. The same problems apply to the other primary sites, but no casing has been 
planned to achieve the depth objectives. Lower annular velocities will make hole 
cleaning more difficult in the deeper sections of these holes. Increasing flow rates to 
ensure hole cleaning will likely result in washed-out sections of sediment in the upper 
part of the hole. This can also cause hole stability problems toward the end of the 
drilling process.

FFFs have been planned for primary Sites SCS-3G and SCS-4B (as well as many of the 
alternate sites) to decrease the amount of time allocated to reaching the planned ob-
jective. There are several risks associated with FFF deployment. The FFF can be dis-
lodged while pulling out of the hole. The FFF can become buried or impossible to use 
for reentry. The use of the FFF leaves the open-hole section open longer, which can 
contribute to hole instability. The contingency plan is to redrill the APC/XCB section 
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with an RCB bit with a center bit installed. This will require additional time and will 
put more strain on achieving expedition objectives in the time allocated.

A stuck drill string is always a risk during coring operations and can consume expedi-
tion time while attempting to free the stuck drill string or in the worst case, severing 
the stuck drill string. This can result in the complete loss of the hole, lost equipment, 
and lost time while starting a new hole. The JOIDES Resolution carries sufficient spare 
drilling equipment to enable the continuation of coring, but the time lost to the ex-
pedition can be significant.

Downhole measurements strategy

Wireline logging

The downhole measurement plan aims to provide continuous stratigraphic coverage 
of in situ formation properties at all three Expedition 349 sites. Both sedimentary and 
basement intervals will be logged, but the main focus is characterizing the basement 
section. Downhole logging data will provide the only stratigraphic data where core 
recovery is incomplete, which is likely when sites are single-cored with XCB and RCB 
coring.

The two standard Integrated Ocean Drilling Program tool strings will be deployed at 
each logged site, and additional tool strings may be deployed at Site SCS-6A (or alter-
nate Site SCS-6B) if conditions and time permit. The first run will be the triple combo 
tool string, which logs formation resistivity, density, porosity, NGR, and borehole di-
ameter. The GPIT will be added to the triple combo because it includes a fluxgate mag-
netometer that can provide information on the magnetization of the basement rocks. 
The borehole diameter log provided by the caliper on the density tool will allow as-
sessment of hole conditions (e.g., washouts of sandy beds), log quality, and the po-
tential for success of the following runs. The second run will be the FMS-sonic tool 
string, which provides an oriented resistivity image of the borehole wall and logs of 
formation acoustic velocity, NGR, GPIT magnetometry, and borehole diameter. To 
provide a link between borehole stratigraphy and the seismic section, sonic velocity 
and density data will be combined to generate synthetic seismograms for detailed 
well-seismic correlations. Details of the logging tools are available at iodp.ldeo.co-
lumbia.edu/TOOLS_LABS/tools.html.
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In the primary operations plan, the upper ~900 m of Site SCS-6A/6B would not be 
cored or logged, apart from NGR logs, which obtain a good but attenuated signal 
through casing and pipe. However, in the backup operations plan, the upper 900 m 
of this site would be logged with the triple combo and FMS-sonic tool strings. Addi-
tional tool strings may be run in the lower half of Site SCS-6A/6B, depending on the 
condition of the borehole and the time available. A check shot survey may be run us-
ing the Versatile Seismic Imager (VSI), with a station spacing of ~25 m where the bore-
hole diameter is narrow enough to give good coupling of the tool’s geophone with 
the borehole wall. The objective would be to directly establish the link between 
lithostratigraphic depths in the borehole and reflectors in the seismic profiles. The 
seismic source for the check shots will be a generator-injector (GI) air gun, and its de-
ployment is subject to the Integrated Ocean Drilling Program marine mammal policy; 
the check shot survey would have to be postponed or cancelled if policy conditions 
are not met. Another possible additional tool string is the Ultrasonic Borehole Imager 
(UBI), which logs 360° ultrasonic amplitude and radius images of the borehole wall. 
This would be useful to map the features, fractures, and dip and strike directions, par-
ticularly in the basement section. Finally, the Lamont-Doherty magnetic logging 
tools, the magnetometer tool (MMM) and the magnetic susceptibility tool (MSS), 
would provide accurate magnetic field and susceptibility information for both the 
basement and sediment sections. Both tools should be available during the expedi-
tion, although temperatures at the base of the Site SCS-6A/6B borehole will probably 
exceed their temperature ratings (~70°C). These additional tool strings will also be 
available to run at the other expedition sites, if time and hole conditions permit.

Formation temperature measurements

Temperature measurements are planned for all sites with APC coring to reconstruct 
the thermal gradient at each location; the results will be compared with temperature 
measurements of nearby ODP Leg 184 sites (Clift et al., 2001). Typically, ~3–5 mea-
surements are made at one hole per site using the advanced piston corer temperature 
tool (APCT-3), potentially supplemented by the Sediment Temperature Tool (SET) if 
necessary where sediments are more consolidated.

Risks and contingency

There are several risks involved in logging the very deep holes that are planned for 
Expedition 349. First, the upper parts of the holes will have been open for >7 days be-
fore logging, and high levels of fluid circulation will have been used to raise the cut-
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tings and clear the hole. Therefore, the hole will likely be washed out (wide) where 
there is unlithified sediment, and log quality will be reduced for those tools that need 
good contact with the borehole wall (density, porosity, FMS resistivity images, VSI 
check shots).

Secondly, there will be a risk of bridging where the hole closes up. This would mean 
either not reaching the total depth of the hole, or, in the worst case scenario, getting 
a tool string stuck in the hole. A good guide to this will be the conditions during drill-
ing and a wiper trip. If the risk is considered to be significant, the radioactive source 
will be left out of the density tool.

Thirdly, there is a high geothermal gradient in the SCS (e.g., 84°C/km at nearby Site 
1148; Wang, Prell, Blum, et al., 2000; Clift et al., 2001). If the same gradient exists at 
Site SCS-6A/6B, the temperature at the bottom of the hole would reach ~160°C. Most 
of the Schlumberger logging tools are rated to 175°C, and because the borehole fluid 
temperature would take time to warm up to the formation temperature, most tools 
should be able to be deployed. However, temperatures will very likely be too hot for 
magnetic logging tools. The APCT-3 temperature measurements will provide a valu-
able guide to the temperature gradients for at least the shallow depths at the Expedi-
tion 349 sites prior to logging.

Sampling and data sharing strategy

Shipboard and shore-based researchers should refer to the current Integrated Ocean 
Drilling Program Sample, Data, and Obligations policy (www.iodp.org/program-
policies/). Any policy changes that may occur with the beginning of the Interna-
tional Ocean Discovery Program will be distributed to the Shipboard Scientific Party 
and interested shore-based scientists as soon as possible. This policy describes the re-
view and approval procedure for receiving samples and data, as well as the publica-
tion obligations incurred by sample and data recipients. All requests for samples and 
data must be approved by the Sample Allocation Committee (SAC), which is com-
posed of the Co-Chief Scientists, Expedition Project Manager, and USIO curator on-
shore and curatorial representative onboard the ship.

Scientists must submit research plans using the Sample and Data Request Database 
(web.iodp.tamu.edu/sdrm/) ~3 months before the beginning of the expedition. The 
preexpedition planning process is necessary to coordinate the research to be con-
ducted and to ensure that the expedition scientific objectives are achieved. Based on 
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sample requests (shore based and shipboard) submitted by this deadline, the SAC will 
prepare a tentative sampling and data-sharing plan for shipboard and postexpedition 
activities, which will be revised on the ship as dictated by recovery and expedition 
objectives. The sampling plan will be subject to modification depending upon the ac-
tual material recovered and collaborations that may evolve between scientists during 
the expedition. The SAC must approve modifications to the sampling plan during the 
expedition.

All sample frequencies and sizes must be justified scientifically and will depend on 
core recovery, the full spectrum of other requests, 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 factor in evaluating sample requests. All shipboard scientists are expected to 
collaborate and cooperate within the framework of this plan.

The planned operations for this expedition minimize duplicate coring in order to 
maximize time to reach the highest priority deep drilling objectives, so each site is 
likely to have only one copy of the lithologic section for core description and sam-
pling. The minimum permanent archive will be the standard archive half of each 
core. If some critical intervals are recovered (e.g., prominent unconformities, sedi-
ment/basement contacts), there may be considerable demand for samples from a lim-
ited amount of cored material. These intervals may require modifications to the 
sampling plan (e.g., special handling, reduced sample size, or deferring sampling until 
after the expedition is completed). Although shipboard sampling for materials with 
ephemeral properties (e.g., whole rounds for pore water and microbiological samples) 
is a priority, these may be limited or shifted away from critical boundaries.

Sampling for individual scientist’s postexpedition research may be conducted during 
the expedition or may be deferred until postexpedition based on core recovery, avail-
able time, and the scope of samples requested. Following Expedition 349, cores will 
be delivered to the Integrated Ocean Drilling Program Kochi Core Center (KCC) in 
Kochi, Japan. All collected expedition cores and data will be protected by a 1 y post-
expedition moratorium, during which time data and samples will be available only 
to the Expedition 349 science party and approved shore-based participants. This mor-
atorium will extend either 1 y from the end of the expedition or 1 y from the com-
pletion of a postexpedition sampling party at KCC if most samples are taken at that 
time.
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Table T1. Differences between the East and Southwest Sub-basins in the South China Sea.

Table T2. Summary of multichannel seismic lines used to locate proposed drill sites, Expedition 
349.

* = Alternate site. † = Primary site for backup operations plan. Site SCS-6A is a primary site for both the operations plan and the backup opera-
tions plan.

Attributes East Sub-basin Southwest Sub-basin

Water depth Shallower on average Deeper on average
Depth to basement Close (deepens toward margins) Close (deepens to west)
Heat flow Lower Higher
Magnetic strikes East–west Northeast–southwest
Magnetic amplitudes Stronger Weaker
Magnetic spectra Preferentially low in high–wave number components Preferentially high in high–wave number components
Free-air gravity anomalies Higher Lower
Curie depths Mostly deeper Mostly shallower
Seismicity Stronger Weaker

Sites MCS
Acquisition 

date Channels Processing
Stacking/Interval 

velocity

SCS-2C* 973SCSIO_1c 2001 48 Time migration
ZSHL295 2008 480 Time migration

SCS-2D* ZSH275 2008 480 Time migration
ZSHL295 2008 480 Time migration

SCS-6A 08ec1573 2008 480 Time migration Yes
08ec2678 2008 480 Time migration Yes

SCS-6B* 08ec1602 2008 480 Time migration Yes
08ec2696 2008 480 Time migration Yes

SCS-6C* 973SCSIO01e 2001 48 Time migration

SCS-3E* BGR08-124 2008 312 Time migration
SO49-017a 1987 48 Time migration

SCS-3F† BGR08-124 2008 312 Time migration
BGR08-123 2008 312 Time migration

SCS-3G 973SCSIO01e 2001 48 Time migration
SO49-017a 1987 48 Time migration

SCS-3H* BGR08-123 2008 312 Time migration
SO49-018_1 1987 48 Time migration

SCS-3I* BGR08-123 2008 312 Time migration
973SCSIO01e 2001 48 Time migration

SCS-4B 973SCSIO_2b 2001 48 Time migration
SIOSOA_NDS3 Time migration

SCS-4C† 973SCSIO_2b 2001 48 Time migration
A3B6 2008 240 Time migration

SCS-4D* SIOSOA_NDS3 Time migration
A3B6 2008 240 Time migration

SCS-4E* SIOSOA_NDS3 Time migration

SCS-4F* SIOSOA_NDS3 Time migration

SCS-1C* 973GMGS_2 2001 240 Time migration
ACT105 1996 6 Time migration
36



Expedition 349 Scientific Prospectus
Table T3. Expedition 349 operations plan, primary sites.

All sites approved to basement plus 100 m. Environmental Protection and Safety Panel (EPSP) number given is estimated sediment coverage plus 
100 m of basement. APCT-3 measurements to be taken on advanced piston corer (APC) sections on Cores 4H, 7H, 10H, and 13H. Nonmagnetic 
coring equipment to be used wherever possible (both APC and rotary core barrel [RCB] hole sections). FlexIT orientation tool to be deployed on 
all APC hole sections starting at Core 1H. Mechanical bit release to be run with all RCB bottom-hole assemblies. XCB = extended core barrel, FFF 
= free-fall funnel, POOH = pull out of hole, RIH = run in hole, FMS = Formation MicroScanner.

3.0

1.0

SCS-3G 15°22.5480'N 4224 11.1 1.6

EPSP 117°0.0000'E

to 1061 mbsf

12.7
0.7

SCS-6A 18°21.1170'N 3854 1.1

EPSP 116°23.4500'E 8.6

pending

approval

14.8 1.7

26.2
1.3

SCS-4B 12°55.1370'N 4391 10.4 1.5

EPSP 115°2.8326'E

to 965 mbsf

11.9
4.2

7.2 46.0 4.8

3.0
50.8

58.0
Subtotal On-Site: Total Expedition: 61.0

Transit ~1065 nmi to Okinawa @ 10.5

Okinawa End Expedition

Port Call: Total Operating Days:

Subtotal Days On-Site:

   2.  Change bit and RCB core from ~1830 to ~1930 mbsf

   3.  Condition hole and log with triple combo and FMS-sonic

Subtotal Days On-Site:

Hole A - APC/XCB coring to 865 mbsf, drop FFF and RCB core from 865 to 965 mbsf

   1.  APC core to refusal ~ 200 mbsf. Change coring system and XCB core to refusal

   2.  Drop FFF, POOH, change bit, RIH and RCB core from ~865 to ~965 mbsf

   3.  Condition hole and log with triple combo and FMS-sonic

Transit ~335 nmi to SCS-4B @ 10.5

   3.  Deploy 16" csg/land hanger in re-entry cone, place shoe at ~245 mbsf

   4.  Cement casing shoe /release casing hanger/flush pipe/POOH

   5.  Drill out cement with 14 3/4" bit and drill  to ~900 mbsf

   6.  Deploy 10 3/4" casing to ~900 mbsf with underreamer and mud motor

Hole B - RCB coring from 900 to 1930 mbsf  - 100 m into basement

   1.  RCB core sediments from 900 mbsf to ~1830 mbsf

Transit ~181 nmi to SCS-6A @ 10.5

Hole A - Depth check and jet-in test

Hole B - Install re-entry system to ~900 mbsf

   1.  Deploy reentry cone and jet-in ~40 m 20" 95 lb/ft casing (to ~40 mbsf)

   2.  Drill 22" dia. hole w/ underreamer ~ into sediment (~250 mbsf)

Hole A - APC/XCB coring to 961 mbsf, drop FFF and RCB core from 961 to 1061 mbsf

   1.  APC core to refusal ~ 200 mbsf. Change coring system and XCB core to refusal

   2.  Drop FFF, POOH, change bit, RIH and RCB core from ~961 to ~1061 mbsf

   3.  Condition hole and log with triple combo and FMS-sonic

Subtotal Days On-Site:

Transit ~245 nmi to SCS-3G @ 10.5

Site No.
Location 
(Latitude 

Longitude)

Seafloor 
Depth 
(mbrf)

Operations Description

Operations Plan Summary

Expedition 349 (P735-CPP2) - South China Sea

 Log (days)

Manila Begin Expedition port call days

Transit 
(days)

Drilling 
Coring 
(days)
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Table T4. Expedition 349 backup operations plan, primary sites.

All sites approved to basement plus 100 m. Environmental Protection and Safety Panel (EPSP) number given is estimated sediment coverage plus 
100 m of basement. APCT-3 measurements to be taken on advanced piston corer (APC) sections on Cores 4H, 7H, 10H, and 13H. Nonmagnetic 
coring equipment to be used wherever possible (both APC and rotary core barrel [RCB] hole sections). FlexIT orientation tool to be deployed on 
all APC hole sections starting at Core 1H. Mechanical bit release to be run with all RCB bottom-hole assemblies. XCB = extended core barrel, FFF 
= free-fall funnel, POOH = pull out of hole, RIH = run in hole, FMS = Formation MicroScanner.

3.0

0.9

SCS-3F 14°50.1960'N 4291 5.4 1.1

EPSP 117°10.0800'E

to 297 mbsf

6.5
0.9

SCS-6A 18°21.1170'N 3854 6.4 1.3

EPSP 116°23.4500'E

to 1930 mbsf

0.8

8.6

15.0 1.6

33.7
1.3

SCS-4C 12°59.0330'N 4391 9.1 1.4

EPSP 115°9.4000'E

to 789 mbsf

10.5
4.2

7.3 45.3 5.4

3.0
50.7

Backup Operations Plan Summary

Expedition 349 (P735-CPP2) - South China Sea

 Log (days)

Manila Begin Expedition port call days

Transit ~228 nmi to SCS-3F @ 10.5

Site No.
Location 
(Latitude 

Longitude)

Seafloor 
Depth 
(mbrf)

Operations Description Transit 
(days)

Drilling 
Coring 
(days)

   1.  Deploy re-entry cone and jet-in ~40 m 20" 95 lb/ft casing (to ~40 mbsf)

Hole A - APC/XCB coring to 197 mbsf, drop FFF and RCB core from 197 to 297 mbsf

   1.  APC core to refusal ~ 197 mbsf. Change coring system and XCB core if necessary

   2.  Drop FFF, POOH, change bit, RIH and RCB core from ~197 to ~297 mbsf

   3.  Condition hole and log with triple combo and FMS-sonic

Subtotal Days On-Site:

Transit ~216 nmi to SCS-6A @ 10.5

   2.  Condition hole and log with triple combo and FMS-sonic

Hole B - Depth check and jet-in test

Hole C - Install re-entry system to ~900 mbsf.

Hole A - APC/XCB coring to ~900 mbsf.

   1.  APC core to refusal ~ 200 mbsf. Change coring system and XCB core to refusal

Hole C - RCB coring from 900 to 1930 mbsf  - 100 m into basement

Subtotal Days On-Site:

   1.  RCB core sediments from 900 mbsf to ~1830 mbsf

   2.  Change bit and RCB core from ~1830 to ~1930 mbsf

   3.  Condition hole and log with triple combo and FMS-sonic

   2.  Drill 22" dia. hole w/ underreamer ~ into sediment (~250 mbsf)

   3.  Deploy 16" casing/land hanger in re-entry cone, place shoe at ~245 mbsf

   4.  Cement casing shoe /release casing hanger/flush pipe/POOH

   5.  Drill out cement with 14 3/4" bit and drill  to ~900 mbsf

   6.  Deploy 10 3/4" casing to ~ 900 mbsf with underreamer and mud motor

Transit ~330 nmi to SCS-4C @ 10.5

Hole A - APC/XCB coring to 689 mbsf, drop FFF and RCB core from 689 to 789 mbsf

Subtotal On-Site: Total Expedition:

Okinawa

   1.  APC core to refusal ~ 200 mbsf. Change coring system and XCB core to refusal

61.0

   2.  Drop FFF, POOH, change bit, RIH and RCB core from ~689 to ~789 mbsf

   3.  Condition hole and log with triple combo and FMS-sonic

Subtotal Days On-Site:

Transit ~1057 nmi to Okinawa @ 10.5

End Expedition

Port Call: Total Operating Days: 58.0
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Table T5. Expedition 349 operations plans for all sites. (Continued on next page.)

SCS-1C 21°0.1500'N 3317 11.7 1.7

EPSP 119°47.1000'E

to 1210 mbsf

13.4

SCS-2C 17°20.4720'N 4016 12.8 1.8

EPSP 116°47.8020'E

to 1215 mbsf

14.6

SCS-2D 17°20.6520'N 3953 12.0 1.7

EPSP 116°38.7180'E

to 1140 mbsf

13.8

SCS-3E 14°50.2020'N 4302 8.0 1.4

EPSP 117°19.9560'E

to 605 mbsf

9.3

SCS-3F 14°50.1960'N 4291 5.6 1.1

EPSP 117°10.0800'E

to 297 mbsf

6.7

SCS-3G 15°22.5480'N 4224 11.7 1.7

EPSP 117°0.0000'E

to 1061 mbsf

13.4

SCS-3H 14°28.3680'N 4315 10.1 1.5

EPSP 116°50.0820'E

to 866 mbsf

11.6

SCS-3I 14°39.0120'N 4276 8.4 1.4

EPSP 116°59.9940'E

to 674 mbsf

9.9

SCS-4B 12°55.1370'N 4391 10.9 1.6

EPSP 115°2.8326'E

to 965 mbsf

12.5

SCS-4C 12°59.0330'N 4391 9.5 1.5

EPSP 115°9.4000'E

to 789 mbsf

11.0

All Expedition 349 Sites

Site No.
Location 
(Latitude 

Longitude)

Seafloor Depth 
(mbrf) Operations Description

Drilling 
Coring 
(days)

LWD/ 
MWD Log 

(days)

Hole A - APC/XCB coring to 1110 mbsf drop FFF and RCB core from 1110 to 1210 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 1040 mbsf, drop FFF, and RCB core from 1040 to 1140 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 1115 mbsf, drop FFF, and RCB core from 1115 to 1215 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 197 mbsf, drop FFF, and RCB core from 197 to 297 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 505 mbsf, drop FFF, and RCB core from 505 to 605 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 766 mbsf, drop FFF, and RCB core from 766 to 866 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 961 mbsf, drop FFF, and RCB core from 961 to 1061 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 865 mbsf, drop FFF, and RCB core from 865 to 965 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 574 mbsf, drop FFF, and RCB core from 574 to 674 mbsf

Subtotal Days On-Site:

Subtotal Days On-Site:

Hole A - APC/XCB coring to 689 mbsf, drop FFF, and RCB core from 689 to 789 mbsf
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Table T5 (continued). 

All sites except SCS-6C are approved to basement plus 100 m. Environmental Protection and Safety Panel (EPSP) number given is estimated sed-
iment coverage plus 100 m of basement. Two sites are pending EPSP approval. APC = advanced piston corer, XCB = extended core barrel, FFF =
free-fall funnel, RCB = rotary core barrel.

SCS-4D 12°59.9940'N 4286 5.6 1.1

EPSP 115°0.7440'E

to 304 mbsf

6.8

SCS-4E 13°11.5080'N 4036 6.3 1.2

EPSP 114°55.3980'E

to 404 mbsf

7.5

SCS-4F 13°33.6060'N 4229 5.5 1.1

EPSP 114°36.4140'E

to 290 mbsf

6.6

SCS-6A 18°21.1170'N 3854 6.7 1.4

EPSP 116°23.4500'E 0.8

to 1930 mbsf 9.0

15.6 2.0

35.5

SCS-6A 18°21.1170'N 3854 1.1

EPSP 116°23.4500'E 9.1

pending 15.6 2.1

approval

27.9

SCS-6B 18°20.1670'N 3917 6.8 1.4

EPSP 116°42.2800'E 0.8

to 1879 mbsf 9.0

14.9 2.0

34.9

SCS-6B 18°20.1670'N 3917 1.1

EPSP 116°42.2800'E 9.1

pending 14.9 2.0

approval

27.2

SCS-6C 18°33.3840'N 3305 2.8

EPSP 116°36.5760'E

to 110 mbsf

2.8

Hole A - APC/XCB coring to 204 mbsf, drop FFF, and RCB core from 204 to 304 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 190 mbsf, drop FFF, and RCB core from 190 to 290 mbsf

Subtotal Days On-Site:

Hole A - APC/XCB coring to 304 mbsf, drop FFF, and RCB core from 304 to 404 mbsf

Hole C - RCB coring from 900 to 1930 mbsf  - 100 m into basement

Subtotal Days On-Site:

Hole A - Jet-in test

Hole B - Install re-entry system to 900 mbsf.

Subtotal Days On-Site:

Hole A - APC/XCB to 900 mbsf.

Hole B - Jet-in test

Hole C - Install re-entry system to 900 mbsf.

Hole B - Jet-in test

Hole C - Install re-entry system to 900 mbsf.

Hole C - RCB coring from 900 to 1879 mbsf  - 100 m into basement

Subtotal Days On-Site:

Hole B - RCB coring from 900 to 1930 mbsf  - 100 m into basement

Subtotal Days On-Site:

Hole A - APC/XCB to 900 mbsf.

Hole A - RCB coring to 110 mbsf - 100 m into basement

Subtotal Days On-Site:

Hole A - Jet-in test

Hole B - Install re-entry system to 900 mbsf.

Hole B - RCB coring from 900 to 1879 mbsf  - 100 m into basement

Subtotal Days On-Site:
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Figure F1. Regional topography and geodynamic framework of Southeast Asia. Data based on Smith
and Sandwell (1997). Red lines = regional faults. Red arrows show directions of plate movements.
Red dots in the South China Sea = primary drill sites for this expedition.
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Figure F2. Topographic and bathymetric map of the South China Sea and surrounding region.
Dashed red line = inferred Zhongnan fault. Red dots = primary sites for the operations plan. Green
dots = primary sites for the backup operations plan (Site SCS-6A is a primary site for both operations
plans). Yellow dots = alternate sites. White dot = location of ODP Site 1148. Pink lines = seismic sur-
veys collected by the BGR using the R/V Sonne in 1987 (SO49) and 2008 (SO197). Blue, red, and
black solid lines = seismic data collected by Chinese research institutes and oil companies. Turquoise
lines = reflection seismic data acquired in the 1980s from Cruises V3607, V3608, V3613, V3614, and
RC2006.
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Figure F3. Different hypothetical models for the driving mechanisms of the opening of the South 
China Sea (SCS). A. Opening induced by India-Eurasia continental collision and consequent tec-
tonic extrusion (Tapponnier et al., 1982, 1990; Briais et al., 1993; Leloup et al., 2001; Flower et al., 
2001). (Continued on next two pages.)
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44

bduction of the proto-SCS (Taylor and Hayes, 1980, 1983; Holloway, 
 plume (e.g., Fan and Menzies, 1992; Xu et al., 2012). (Continued on 

Hainan plume

South China Sea Ridge
Figure F3 (continued). B. Opening induced by slab pull and su
1982; Hall, 2002). C. Opening induced by an upwelling mantle
next page.)
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n related to subduction and retreat of the Pacific plate (Taylor and 

retaceous Early Oligocene
Figure F3 (continued). D. Opening induced by regional extensio
Hayes, 1980, 1983; Shi and Li, 2012).

Late Jurassic Late CD
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Figure F4. Total field magnetic map (based on globalchange.nasa.gov/r/d/[GCMD]GSJ_EASTASIA_CDROM)
showing major magnetic zones (A, B, C1, C1′, C2, D, and E). M1 and M2 are two major magnetic 
anomalies in the East Sub-basin. ZNF = Zhongnan fault; LRTPB = Luzon-Ryukyu transform plate 
boundary; DS = Dongsha Rise; SCMA = offshore south China magnetic anomaly; XS = Xisha; ZB = 
Zhongsha (Macclesfield) Bank; LB = Reed Bank; NM = Dangerous Grounds. Red lines = transform 
faults. Red dots = primary sites for the operations plan. Green dots = primary sites for the backup op-
erations plan (Site SCS-6A is a primary site for both operations plans). Yellow dots = alternate sites. 
White dot = location of ODP Site 1148. (After Li et al., 2008b.)
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Figure F5. Examples of two groups of contrasting tectonic models for the opening phases of the 
South China Sea. A. Multiphase episodic rifting model in which the Southwest Sub-basin is the first 
to open from continental rifting (after Ru and Pigott, 1986). N.P. = Northwest Palawan, S.P. = South 
Palawan, M.B. = Macclesfield Bank, R.B. = Reed Bank. (Continued on next page.)
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 in which the Southwest Sub-basin is coeval with the cen-
Figure F5 (continued). B. Southwestward continuous propagating model
tral East Sub-basin (after Briais et al., 1993).

B



Expedition 349 Scientific Prospectus
Figure F6. Swath bathymetry map of the South China Sea basin showing 12 of the proposed sites. 
Red dots = primary sites for the operations plan. Green dots = primary sites for the backup opera-
tions plan. Yellow dots = alternate sites. (After Li et al., 2011.)
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tures of the Southwest and the East Sub-basins and the transition zone in between. Tg = 
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g transect in the Southwest Sub-basin and location of four proposed drill 
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Site summaries

Site SCS-6A

Priority: Primary (high)

Position: 18°21.117’N, 116°23.45’E

Water depth (m): 3843

Target drilling depth (mbsf): 1930

Approved maximum 
penetration:

Approved to basement + 100 m with full coring. Drilling through the top 900 
m without coring is pending EPSP approval.

(Estimated total depth = 1930 mbsf)
Survey coverage (track map; 

seismic profile):
Bathymetric sketch and site track map (Figs. AF1, AF2)
Deep-penetration seismic reflection:
• Primary line: 08ec1573 (SP400) (Fig. AF3)
• Crossing line: 08ec2678 (SP6149) (Fig. AF4)

Objectives: • Date the oldest oceanic crust near the continent/ocean boundary of the 
South China Sea

• Measure magnetization, mineralization, and geochemical compositions of 
basement rocks

• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 
between different sub-basins

• Study the paleoceanographic response to the opening of the South China 
Sea

Drilling program: Hole A (APC/XCB coring will only be completed if full coring is required by 
EPSP):

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
Hole B:
• Jet-in test for reentry system
Hole C: 
• Reentry system (20, 16, and 10¾ inch casing to ~900 mbsf)
• RCB with nonmagnetic core barrels to 1930 mbsf (one bit change at 

~1830 mbsf)
Downhole logging program: Hole A:

• Triple combo
• FMS-sonic
Hole C:
• Triple combo
• FMS-sonic
• VSI if time and hole conditions allow
• UBI/MMM if time and hole conditions allow

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site summaries (continued)

Site SCS-6B

Priority: Alternate

Position: 18°20.167’N, 116°42.28’E

Water depth (m): 3906

Target drilling depth (mbsf): 1879

Approved maximum 
penetration:

Approved to basement + 100 m with full coring. Drilling through the top 900 
m without coring is pending EPSP approval.

(Estimated total depth = 1879 mbsf)
Survey coverage (track map; 

seismic profile):
Bathymetric sketch and site track map (Figs. AF1, AF5)
Deep-penetration seismic reflection:
• Primary line: 08ec1602 (SP3300) (Fig. AF6)
• Crossing line: 08ec2696 (SP6098) (Fig. AF7)

Objectives: Alternate for SCS-6A
• Date the oldest oceanic crust near the continent/ocean boundary of the 

South China Sea
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins
• Study the paleoceanographic response to the opening of the South China 

Sea
Drilling program: Hole A (APC/XCB coring will only be completed if full coring is required by 

EPSP):
• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 

tool), and APCT-3
• XCB to refusal
Hole B:
• Jet-in test for reentry system
Hole C: 
• Reentry system (20, 16, and 10¾ inch casing to ~900 mbsf)
• RCB with nonmagnetic core barrels to 1879 mbsf (one bit change at 

~1779 mbsf)
Downhole logging program: Hole A:

• Triple combo
• FMS-sonic
Hole C:
• Triple combo
• FMS-sonic
• VSI if time and hole conditions allow
• UBI/MMM if time and hole conditions allow

Nature of rock anticipated:  (Calcareous) mudstone, siltstone, sandstone, basalt
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Site summaries (continued)

Site SCS-6C

Priority: Alternate

Position: 18°33.384’N, 116°36.576’E

Water depth (m): 3294

Target drilling depth (mbsf): 110

Approved maximum 
penetration (mbsf):

110

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF1)
Deep-penetration seismic reflection:
• Primary line: 08ec1602 (CDP6312) (Fig. AF8)
• Crossing line: 973SCSIO_01A (projected at SP7920) (Fig. AF9)

Objectives: • Examine the lithological nature of the boundary uplift between extended 
continental crust and oceanic crust

• Measure magnetization, mineralization, and geochemical compositions of 
basement rocks

• Model early-phase opening to better understand the rift-to-drift transition

Drilling program: Hole A:
• RCB with nonmagnetic core barrels to 110 mbsf

Downhole logging program: None

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt, gabbro, serpentinite
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Site SCS-3G

Priority: Primary

Position: 15°22.548’N, 117°0.0’E

Water depth (m): 4213

Target drilling depth (mbsf): 1061

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 1061 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF10, AF11)
Deep-penetration seismic reflection:
• Primary line: 973SCSIO01e (CDP59300) (Fig. AF12)
• Crossing line: SO49-017a (projected at CDP10867) (Fig. AF13)

Objectives: • Determine the age of the East Sub-basin
• Date the timing of seafloor spreading cessation in the South China Sea
• Test if the East Sub-basin formed in an area floored by older oceanic crust
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins
• Study the paleoceanographic response to the opening of the South China 

Sea

Drilling program: Hole A: 
• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 

tool), and APCT-3
• XCB to refusal 
• Drop FFF
• RCB with nonmagnetic core barrels to 1061 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-3F

Priority: Primary for backup operations plan

Position: 14°50.196’N, 117°10.08’E

Water depth (m): 4280

Target drilling depth (mbsf): 297

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 297 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF10)
Deep-penetration seismic reflection:
• Primary line: BGR08-124 (CDP10110) (Fig. AF14)
• Crossing line: BGR08-123 (CDP19938) (Fig. AF15)

Objectives: Alternate for SCS-3G
• Determine the age of the East Sub-basin
• Date the timing of seafloor spreading cessation in the South China Sea
• Test if the East Sub-basin formed in an area floored by older oceanic crust
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins
• Study the paleoceanographic response to the opening of the South China 

Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 297 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site summaries (continued)

Site SCS-3E

Priority: Alternate

Position: 14°50.202’N, 117°19.956’E

Water depth (m): 4291

Target drilling depth (mbsf): 605

Approved maximum 
penetration (mbsf):

Basement + 100 m
(Estimated total depth = 605 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF10)
Deep-penetration seismic reflection:
• Primary line: BGR08-124 (CDP11527) (Fig. AF16)
• Crossing line: SO49-017a (CDP8298) (Fig. AF17)

Objectives: Alternate for SCS-3G
• Determine the age of the East Sub-basin
• Date the timing of seafloor spreading cessation in the South China Sea
• Test if the East Sub-basin formed in an area floored by older oceanic crust
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins
• Study the paleoceanographic response to the opening of the South China 

Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 605 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-3H

Priority: Alternate

Position: 14°28.368’N, 116°50.082’E

Water depth (m): 4304

Target drilling depth (mbsf): 866

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 866 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF10, AF18)
Deep-penetration seismic reflection:
• Primary line: BGR08-123 (CDP15625) (Fig. AF19)
• Crossing line: SO49-018_1 (projected at CDP10680) (Fig. AF20)

Objectives: Alternate for SCS-3G
• Determine the age of the East Sub-basin
• Date the timing of seafloor spreading cessation in the South China Sea
• Test if the East Sub-basin formed in an area floored by older oceanic crust
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins
• Study the paleoceanographic response to the opening of the South China 

Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 866 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-3I

Priority: Alternate

Position: 14°39.012’N, 116°59.994’E

Water depth (m): 4265

Target drilling depth (mbsf): 674

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 674 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF10)
Deep-penetration seismic reflection:
• Primary line: 973SCSIO01e (CDP65500) (Fig. AF21)
• Crossing line: BGR08-123 (projected at CDP17700) (Fig. AF22)

Objectives: Alternate for SCS-3G
• Determine the age of the East Sub-basin
• Date the timing of seafloor spreading cessation in the South China Sea
• Test if the East Sub-basin formed in an area floored by older oceanic crust
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins
• Study the paleoceanographic response to the opening of the South China 

Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 674 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site summaries (continued)

Site SCS-4B

Priority: Primary

Position: 12°55.137’N, 115°2.8326’E

Water depth (m): 4380

Target drilling depth (mbsf): 965

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 965 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF23, AF24)
Deep-penetration seismic reflection:
• Primary line: 973SCSIO_2b (SP4847) (Fig. AF25)
• Crossing line: SIOSOA_NDS3 (CMP23521) (Fig. AF26)

Objectives: • Determine the age of the Southwest Sub-basin
• Test the hypothesis that the Southwest Sub-basin evolved within continen-

tal crust by rifting
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Examine the paleoceanographic response to the opening of the South Chi-

na Sea

Drilling program: Hole A: 
• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 

tool), and APCT-3
• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 965 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
61



Expedition 349 Scientific Prospectus
Site summaries (continued)

Site SCS-4C

Priority: Primary for backup operations plan

Position: 12°59.033’N, 115°9.40’E

Water depth (m): 4380

Target drilling depth (mbsf): 789

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 789 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF23, AF27)
Deep-penetration seismic reflection:
• Primary line: 973SCSIO_2b (SP4575) (Fig. AF28)
• Crossing line: A3B6 (SP7489) (Fig. AF29)

Objectives: Alternate for SCS-4B
• Determine the age of the Southwest Sub-basin
• Test the hypothesis that the Southwest Sub-basin evolved within continen-

tal crust by rifting
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Examine the paleoceanographic response to the opening of the South Chi-

na Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 789 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-4D

Priority: Alternate

Position: 12°59.994’N, 115°0.744’E

Water depth (m): 4275

Target drilling depth (mbsf): 304

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 304 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF23)
Deep-penetration seismic reflection:
• Primary line: NDS3-2 (CDP22750) (Fig. AF30)
• Crossing line: A3B6 (CDP740) (Fig. AF31)

Objectives: Alternate for SCS-4B
• Determine the age of the Southwest Sub-basin
• Test the hypothesis that the Southwest Sub-basin evolved within continen-

tal crust by rifting
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Examine the paleoceanographic response to the opening of the South Chi-

na Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 304 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site summaries (continued)

Site SCS-4E

Priority: Alternate

Position: 13°11.508’N, 114°55.398’E

Water depth (m): 4025

Target drilling depth (mbsf): 404

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 404 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF23)
Deep-penetration seismic reflection:
• Primary line: NDS3-2 (CDP20884) (Fig. AF32)

Objectives: Alternate for SCS-4B
• Determine the age of the Southwest Sub-basin
• Test the hypothesis that the Southwest Sub-basin evolved within continen-

tal crust by rifting
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Examine the paleoceanographic response to the opening of the South Chi-

na Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 404 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-4F

Priority: Alternate

Position: 13°33.606’N, 114°36.414’E

Water depth (m): 4218

Target drilling depth (mbsf): 290

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 290 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF23)
Deep-penetration seismic reflection:
• Primary line: NDS3-1 (CDP17292) (Fig. AF33)

Objectives: Alternate for SCS-4B
• Determine the age of the Southwest Sub-basin 
• Test the hypothesis that the Southwest Sub-basin evolved within continen-

tal crust by rifting
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Examine the paleoceanographic response to the opening of the South Chi-

na Sea
Drilling program: Hole A: 

• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 
tool), and APCT-3

• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 290 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-2C

Priority: Alternate

Position: 17°20.472’N, 116°47.802’E

Water depth (m): 4005

Target drilling depth (mbsf): 1215

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 1215 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF34)
Deep-penetration seismic reflection:
• Primary line: 973SCSIO_1c (SP10576) (Fig. AF35)
• Crossing line: ZSHL295 (SP8714) (Fig. AF36)

Objectives: • Test the hypothesis that a ridge jump occurred around 26 Ma
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins and around magnetic Anomaly C8
• Study the paleoceanographic response to the opening of the South China 

Sea

Drilling program: Hole A: 
• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 

tool), and APCT-3
• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 1215 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-2D

Priority: Alternate

Position: 17°20.652’N, 116°38.718’E

Water depth (m): 3942

Target drilling depth (mbsf): 1140

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 1140 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF37)
Deep-penetration seismic reflection:
• Primary line: ZSH275 (SP4976) (Fig. AF38)
• Crossing line: ZSHL295 (SP8495) (Fig. AF39)

Objectives: • Test the hypothesis that a ridge jump occurred around 26 Ma
• Measure magnetization, mineralization, and geochemical compositions of 

basement rocks
• Obtain basement rocks to ascertain the causes of sharp magnetic contrasts 

between different sub-basins and around magnetic Anomaly C8
• Study the paleoceanographic response to the opening of the South China 

Sea

Drilling program: Hole A: 
• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 

tool), and APCT-3
• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 1140 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Site SCS-1C

Priority: Alternate

Position: 21°0.15’N, 119°47.10’E

Water depth (m): 3306

Target drilling depth (mbsf): 1210

Approved maximum 
penetration:

Approved to basement + 100 m
(Estimated total depth = 1210 mbsf)

Survey coverage (track map; 
seismic profile):

Bathymetric sketch and site track map (Fig. AF40)
Deep-penetration seismic reflection:
• Primary line: 973GMGS_2 (SP6396) (Fig. AF41)
• Crossing line: ACT105 (CDP2836) (Fig. AF42)

Objectives: • To determine the nature and age of the northeasternmost South China Sea 
basin

• To determine if the northeasternmost South China Sea basin is affiliated 
with Mesozoic paleo-Pacific or Tethys oceanic crust, an attenuated conti-
nental block, or a continent-ocean transition zone

• To test if oceanic crust as old as 37 Ma exists in the northeasternmost 
South China Sea basin

• To examine the nature of crust subducting beneath the Luzon arc

Drilling program: Hole A: 
• APC to refusal with nonmagnetic core barrels, core orientation (FlexIT 

tool), and APCT-3
• XCB to refusal
• Drop FFF
• RCB with nonmagnetic core barrels to 1210 mbsf

Downhole logging program: • Triple combo
• FMS-sonic

Nature of rock anticipated: (Calcareous) mudstone, siltstone, sandstone, basalt
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Figure AF10. Regional contoured bathymetric map showing seismic reflection profiles (orange and 
red lines) and the locations of primary Site SCS-3G, backup primary Site SCS-3F, and alternate Sites 
SCS-3E, SCS-3H, and SCS-3I. Contour interval = 1000 m.
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Figure AF11. Contoured bathymetric map showing seismic reflection Profiles 973SCSIO01e (Fig. AF1
and the location of proposed Site SCS-3G. Contour interval = 10 m.
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Green line = interpreted top basement.

SO49-017a
SCS-3G
(projected)

T
w

o
-w

a
y 

tr
a

ve
lti

m
e 

(s
)

5.0

6.0

7.0

NW

11900 11500 11100 107

Trace Numbers (25 m/CD



Expedition 349 Scientific Prospectus

82

.196′N, 117°10.08′E; common 
op basement.

1.25 km

10400

E
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Figure AF15. Seismic profile Line BGR08-123 (southwest–northeast) with location of 
117°10.08′E; common depth point [CDP] 19938; water depth = 4280 m; target depth = 297 m
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Figure AF17. Seismic profile Line SO49-017a (northwest–southeast) with location of
117°19.956′E; common depth point [CDP] 8298; water depth = 4291 m; target depth = 605 m
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) and SO49-018_1 (Fig. AF20)

Bathymetry (m)
Figure AF18. Contoured bathymetric map showing seismic reflection Profiles BGR08-123 (Fig. AF19
and the location of proposed Site SCS-3H. Contour interval = 10 m.
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Figure AF19. Seismic profile Line BGR08-123 (southwest–northeast) with location 
116°50.082′E; common depth point [CDP] 15625; water depth = 4304 m; target depth 
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Figure AF20. Seismic profile Line SO49-018_1 (northwest–southeast) with location 
116°50.082′E; common depth point [CDP] 10680; water depth = 4304 m; target depth = 
onto the line. Green line = interpreted top basement.
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Figure AF22. Seismic profile Line BGR08-123 (southwest–northeast) with location o
116°59.994′E; common depth point [CDP] 17700; water depth = 4265 m; target depth = 
onto the line. Green line = interpreted top basement.
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Figure AF23. Regional contoured bathymetric map showing seismic reflection profiles (red lines) 
and the locations of primary Site SCS-4B, backup primary Site SCS-4C, and alternate Sites SCS-4D, 
SCS-4E, and SCS-4F. Contour interval = 100 m.
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Figure AF24. Contoured bathymetric map showing seismic reflection Profiles 973SCSIO_2B (Fig. 
AF25) and SIOSOA_NDS3 (Fig. AF26) and the location of proposed Site SCS-4B. Contour interval = 
25 m. SP = shotpoint, CMP = common midpoint.
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Figure AF26. Seismic profile Line SIOSOA_NDS3 (northwest–
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28) and A3B6 (Fig. AF29) and 
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Figure AF27. Contoured bathymetric map showing seismic reflection Profiles 973SCSIO_2b (Fig. AF
the location of proposed Site SCS-4C. Contour interval = 20 m.
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Figure AF28. Seismic profile Line 973SCSIO_2b (southwest–northeast) with location
115°9.40′E; shotpoint [SP] 4575; water depth = 4380 m; target depth = 789 mbsf). Green 
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Figure AF29. Seismic profile Line A3B6 (northwest–southeast) with location of propo
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Figure AF31. Seismic profile Line A3B6 (WNW–ESE) with location of proposed S
depth point [CDP] 740; water depth = 4275 m; target depth = 304 mbsf). Green line
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Figure AF32. Seismic profile Line NDS3-2 (NNW–SSE) with location of proposed Site
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Figure AF33. Seismic profile Line NDS3-1 (NNW–SSE) with location of proposed Site SCS-4
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Figure AF34. Contoured bathymetric map showing seismic reflection Profiles 973SCSIO_1c (Fig. 
AF35) and ZSHL295 (Fig. AF36) and the location of proposed Site SCS-2C. Contour interval = 25 m.
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 location of proposed Site SCS-2C (17°20.472′N, 
 mbsf). Green line = interpreted top basement.
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Figure AF35. Seismic profile Line 973SCSIO_1c (northwest–southeast) with
116°47.802′E; shotpoint [SP] 10576; water depth = 4005 m; target depth = 1215
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Figure AF36. Seismic profile Line ZSHL295 (west–east) with location of proposed Site SCS-2
[SP] 8714; water depth = 4005 m; target depth = 1215 mbsf). Green line = interpreted top b
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 ZSHL295 (Fig. AF39) and the 
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Figure AF37. Contoured bathymetric map showing seismic reflection Profiles ZSH275 (Fig. AF38) and
location of proposed Site SCS-2D. Contour interval = 10 m.
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Figure AF38. Seismic profile Line ZSH275 (south–north) with location of proposed Site SCS-2D (17°20.652′N, 116°38.718′E; shot-
 top basement.

N

5 5205.34 5288.84

/SP)

3.0 km
point [SP] 4976; water depth = 3942 m; target depth = 1140 mbsf). Green line = interpreted

S

T
w

o
-w

a
y 

tr
a

ve
lti

m
e 

(s
)

5.0

6.0

6.5

5.5

4787.86 4871.36 4954.86 5038.35 5121.8

Shotpoint Numbers (37.5 m

ZSH275 SCS-2D



Expedition 349 Scientific Prospectus

107

2D (17°20.652′N, 116°38.718′E; shotpoint 
 basement.

E

67.89 8651.39

/SP)

3.0 km
Figure AF39. Seismic profile Line ZSHL295 (west–east) with location of proposed Site SCS-
[SP] 8495; water depth = 3942 m; target depth = 1140 mbsf). Green line = interpreted top
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Figure AF41. Seismic profile Line 973GMGS_2 (west–east) with location of proposed Site
[SP] 6396; water depth = 3306 m; target depth = 1210 mbsf). Green line = interpreted to
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Figure AF42. Seismic profile line ACT105 (southwest–northeast) with location of prop
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Expedition scientists and scientific participants

The current list of participants for Expedition 349 can be found at iodp.tamu.edu/
scienceops/precruise/southchinasea/participants.html.
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Http://iodp.tamu.edu/scienceops/precruise/southchinasea/participants.html
Http://iodp.tamu.edu/scienceops/precruise/southchinasea/participants.html
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