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iMonsoon seeks to recover Late Cretaceous through Holocene sediment sections within the core region of monsoon
precipitation.  We will reconstruct the meridional salinity gradient as well as the erosion and run-off signals in the Bay of
Bengal and Andaman Sea. This data will allow us to (1) establish the sensitivity and timing of changes in monsoon circulation
relative to external insolation forcing and internal boundary conditions including the export of latent heat from the southern
hemisphere, the extent of global ice volume, and greenhouse gas concentrations, (2) understand the timing and conditions
under which monsoonal circulation initiated and evolved, (3) determine the extent to which Indian and East Asian monsoon
winds and precipitation are coupled and at what temporal and geographic scales and (4) better deconvolve the effects of
tectonics and climate change on erosion and run-off.  Resolving these outstanding issues using the geological record is
critical to providing verification targets for climate models, especially given that the majority of current atmosphere-ocean
general circulation models (AOGCM’s) used by the IPCC do not accurately simulate the spatial or intra-seasonal variability of
monsoon precipitation.

Full795

(Lon, Lat)

N90E-1 90.361217, 5.38415 2924 370 0 370 Priority 1: Reconstruction of the
oceanic monsoonal paleoclimate in
the southern Bay of Bengal during the
Paleocene and Oligocene to present.

Priority 2: Reconstruction of oceanic
monsoonal circulation at Intermediate
depths in the southern Bay of Bengal
during the Paleocene and Oligocene
to present.

BB-2 85.629593, 18.988424 1350 150 0 150 Priority 1: High resolution
reconstruction of oceanic monsoonal
paleoclimate in the Bay of Bengal in
Pleistocene
Priority 2: High resolution
reconstruction of oceanic circulation
at intermediate depths in the Bay of
Bengal in Pleistocene

BB-1 85.679093, 18.917491 1730 225 0 225 Priority 1: High resolution
reconstruction of oceanic monsoonal
paleoclimate and runoff from the
Mahanadi drainage basins since the
Pliocene, northern Bay of Bengal.

Priority 2: High resolution
reconstruction of oceanic circulation
at intermediate depths in the Bay of
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- - - - - - Bengal since the Pliocene.

AA-2 93.000086, 10.767961 1550 675 0 675 Priority 1: High resolution
reconstruction of oceanic monsoonal
paleoclimate and runoff from the
Irrawaddy/Salween drainage basins
since the Miocene, eastern Bay of
Bengal.

Priority 2: High resolution
reconstruction of oceanic circulation
at intermediate depths in the
Andaman Sea since the Miocene.

AA-1 93.112233, 10.822273 1850 500 0 500 Priority 1: High resolution
reconstruction of oceanic monsoonal
paleoclimate and runoff from the
Irrawaddy/Salween drainage basins
since the Miocene, eastern Bay of
Bengal.

Priority 2: High resolution
reconstruction of oceanic circulation
at intermediate depths in the
Andaman Sea since the Miocene.
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Indian Monsoon Rainfall in the Core Convective Region (iMonsoon) 
I.  Introduction 

The Indian Monsoon is arguably the strongest expression of Earth’s coupled hydroclimate, 

involving large interhemispheric exchanges of mass and energy among the ocean, atmosphere 

and continents [Webster, 1987b; 1994; Webster et al., 1998; Gadgil, 2003; Ding et al., 2004; Liu 

and Tang, 2004; Ding and Chan, 2005; Liu and Tang, 2005; Park et al., 2007].  Changes in the 

extent of monsoonal circulation have direct impact on billions of people [IPCC, 2007].  Deficient 

rainfall leads to drought and famine [Sinha et al., 2007; Cook et al.], while excessive rainfall 

leads to flooding and similarly detrimental impacts to society and economies [Goswami et al., 

2006].  A comprehensive understanding of the underpinnings of monsoonal circulation is 

necessary to assess the direction and impacts of future changes and to provide reliable targets for 

model verification.	   

iMonsoon initiated out of discussion and consensus at the 2011 Indian Ocean Scientific 

Drilling workshop in Goa, India as summarized by Exon et al. [2012] and presented in the 

workshop report (http://iodp.org/workshops/8/.  Discussion of existing palemonsoon proposals 

(excluding fan-deposit proposals) focused on the extent to which they targeted core geographic 

regions where underlying sediments were most likely to record changes in the two primary 

monsoon parameters, seasonal winds and precipitation. There have been no previous drilling legs 

in the northern Bay of Bengal, the core region of monsoon-induced precipitation and run-off 

(Fig. 1a, c), leaving a scientific hole in the Indian Ocean drilling plan. 

iMonsoon fills the scientific/geographic hole in the larger Indian Ocean drilling effort by 

addressing the meridional salinity gradient in the Bay of Bengal as well as the erosion and 

weathering (run-off) records of the surrounding catchment basins (Fig. 1c, d).  Targeted sediment 

sections (Fig. 1e) will enable us to document changes in monsoonal circulation at time scales 

from millennial (103) to tectonic (>106 yr).  This effort directly addresses challenges in the 

‘Climate and Ocean Change’ theme of the IODP Science Plan for 2013-2023; most specifically, 

Challenge 3: What controls regional patterns of precipitation, such as those associated with 

monsoons or El Nino? 

Justification for targeting the precipitation/salinity signal is threefold.  First, the Bay of 

Bengal/Andaman Sea and surrounding catchments are within the Earth’s strongest hydrological 

regime, impacting billions of people; a solid understanding of the physics behind monsoonal 
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climate change is of significant societal relevance [IPCC, 2007].  The net annual surface water 

exchange (precipitation + run-off - evaporation) within the Bay of Bengal and Andaman Sea 

during the summer monsoon is 184x1010 m3, dominating the winter signal of -32x1010 m3 for an 

annual average of 152x1010m3 [Varkey et al., 1996]. The effects of this budget are clearly evident 

in the surface salinities (Fig. 2) [Antonov et al., 2010], indicating a well-defined, strong signal 

that can be used to monitor changes in monsoonal precipitation via chemical, physical, and 

isotopic indicators for changes in precipitation, salinity and terrestrial erosion/run-off.  The 

strength of this run-off signal is sufficient to mute (via stratification) what would otherwise result  
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in strong summer-season productivity in response to wind-driven upwelling along the eastern 

Indian margin, similar to that seen in the Arabian Sea [Guptha et al., 1997; Kumar et al., 2002].  

Compared to other monsoon regions, the Bay of Bengal is optimal for isolating and recording the 

summer-monsoon precipitation signal (Fig. 3). 

Second, recent studies have called into question the extent to which basin-scale monsoon 

winds and continental precipitation are coupled over a range of time and space scales [Molnar, 

2005; Liu et al., 2006; Ruddiman, 2006; Clemens and Prell, 2007; Wang et al., 2008; Clemens et 

al., 2010; Ziegler et al., 2010].  Nearly all proxy records indicate strong coupling between 

summer monsoon winds and precipitation across the Indo-Asian monsoon subsystems at the 

millennial scale [Schulz et al., 1998; Wang et al., 2001; Altabet et al., 2002; Clemens, 2005; Cai 

et al., 2006; Sun et al., 2011].  This tight coupling is likely attributed to the strong role of the 

winter westerlies in linking high and low latitude climate change at this time scale.  However, the 

all-important physical mechanisms behind these links are not fully understood; this is a primary 

goal of the upcoming Japan Sea drilling (IODP Leg 346). Progress is also being made in 

understanding winter-monsoon and summer-monsoon linkages at these time scales.  For 

example, recent work offshore Goa, western India, shows synchronous breakdown in summer 
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and winter monsoon airflow over the Arabian Sea during Heinrich events [Singh et al., 2011], 

which is in contrast to the East Asian Monsoon system showing an asynchronous relationship 

between summer and winter monsoon strength at the millennial scale [Yancheva et al., 2007].  

Furthermore, little consensus exists on the extent of the coupling or the ultimate forcing of 

monsoon winds and precipitation at the orbital and longer scales [Clemens et al., 1991; Clemens 

et al., 1996; Ruddiman, 2006; Clemens and Prell, 2007; Clemens et al., 2008; Clift et al., 2008; 

Wang et al., 2008; Cheng et al., 2009; Ziegler et al., 2010; An et al., 2011; Caley et al., 2011a; 

Caley et al., 2011b; Caley et al., 2011c].  Some of these workers argue for a close coupling 

between changes in Indian and East Asian summer monsoon winds and precipitation across the 

entire region spanning the Arabian Sea (ODP Leg 117), the South China Sea (ODP Leg 184) and 

terrestrial records from the Loess Plateau and southeast China cave region.  In this case, changes 

in the strength of summer monsoon circulation across these regions are thought to be sensitive to 

northern hemisphere sensible heating (insolation), the timing of energy release from the southern 

hemisphere Indian Ocean and the timing of global ice volume minima [Clemens et al., 1996; 

Clemens and Prell, 2003; 2007; Clemens et al., 2008; An et al., 2011; Caley et al., 2011b; Caley 

et al., 2011c].  In stark contrast, others interpret the timing of summer monsoon circulation, on 

the basis of speleothem records from southeast China, as forced entirely and directly by external 

insolation with little or no influence from internal boundary conditions such as ice volume or 

southern hemisphere ocean-atmosphere latent heat exchange [Ruddiman, 2006; Wang et al., 

2008; Cheng et al., 2009].  Caballero-Gill et al. [2012] demonstrate that these contrasting 

interpretations cannot be attributed to differences in terrestrial and marine chronologies; 

therefore this lack of consensus points to a strong deficit in our understanding of monsoon 

sensitivity to changes in the most basic of boundary conditions including insolation, 

ocean/atmosphere energy exchange, ice volume and atmospheric greenhouse gas concentrations 

or to the misinterpretation of the influence of seasonality on proxy records (Fig. 3). 

Lack of consensus also extends to the tectonic scale, where the timing ofmonsoon 

intensification to modern strength is debated.  Some proxy records suggest initial intensification 

occurred at ~7 to 8 Ma  (e.g. [Kroon et al., 1991; Prell et al., 1992]), whereas others suggest a 

considerably earlier intensification, perhaps as early as ~22 Ma [Guo et al., 2002; Clift et al., 

2008; Sun and Wang, 2005]. Emergence and expansion of arid-adapted C4 flora in South Asia 

argues for reduced precipitation since ~8 Ma (e.g., [Quade and Cerling, 1995; Cerling et al., 
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1997; Huang et al., 2007]) whereas proxies dedicated to reconstructing seasonality suggest, 

instead, little variability in the monsoon over the last 10 m.y. [Dettman et al., 2001].  Clift and 

Plumb [2008], Molnar et al [2010] and the report from the Detailed Planning Group ‘Asian 

Monsoon and Cenozoic Tectonic History’ (www.iodp.org) provide a comprehensive overviews 

of these issues.   

Third, recent work suggests that interpretation of the oxygen minimum zone (OMZ) signal in 

the northern Arabian Sea (ODP Leg 117) may be complicated by changing oxygen content of 

southern-source intermediate waters [Schmittner et al., 2007; Anand et al., 2008; Ziegler et al., 

2010; Caley et al., 2011c].  This presents a potential complication in the interpretation of the 

OMZ signal as a direct response to atmospheric circulation in the core region of summer-

monsoon winds (i.e. oxygen drawdown in response to decay of upwelling-produced organic 

carbon).  A multi-basin, multi-proxy approach is required resolve these outstanding issues.   

Precipitation, salinity and run-off indicators are not influenced by the chemistry of externally 

sourced intermediate and deep water masses, offering the potential to disentangle the influences 

of these factors in interpreting monsoon proxy records. 

The iMonsoon drilling effort, targeting the monsoon precipitation signal in the Bay of 

Bengal, its core geographic region of influence, will directly address these outstanding issues 

regarding large-scale monsoonal circulation through a meridional transect approach targeting the 

East Indian Margin, the Andaman Sea and the southern Bay of Bengal.  Specifically, new 

material from this critical region will allow us to assess:  (1) the relative sensitivity of the 

monsoon to external insolation forcing and internal climate boundary conditions including the 

export of latent heat from the southern hemisphere, the extent of global ice volume and 

greenhouse gas concentrations, (2) the timing and conditions under which monsoonal circulation 

initiated and evolved and (3) the extent to which Indian and East Asian monsoon winds and 

precipitation are coupled and at what temporal and geographic scales.  Finally, a detailed record 

of monsoon evolution is also central to testing models that link the climatic evolution of South 

Asia and the tectonic development of the Himalaya and rising of the Tibetan Plateau.  If 

climatically modulated surface processes really do control the structural evolution, then well-

dated climate records are needed to correlate with the increasingly well-constrained ages of 

faulting and exhumation onshore.   

Resolving these outstanding questions using the geological record is critical to providing 
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verification targets for climate models, especially given the critical point that the vast majority of 

current atmosphere-ocean general circulation models (AOGCM’s) used in the IPCC reports do 

not accurately simulate the spatial or intra-seasonal variability of monsoon precipitation [Randall 

et al., 2007].   

II.  Climatology, Oceanography and Scientific Strategy 

The Indian summer monsoon is characterized by low atmospheric pressure over the Indo-

Asian continent (Indo-Asian Low) relative to high atmospheric pressure over the southern 

subtropical Indian Ocean (Mascarene High).  The resulting pressure gradient leads to large-scale 

displacement of the inter tropical convergence zone (ITCZ) and the cross-equatorial flow of low 

level winds carrying moisture that is ultimately released over South Asia, the Bay of Bengal, and 

southeast China [Webster, 1987b; a; Hastenrath and Greischar, 1993; Liu et al., 1994; Webster, 

1994; Webster et al., 1998; Loschnigg and Webster, 2000].  Modern meteorological observations 

and moisture transport 

budgets (Fig. 1a, 4) 

quantitatively show 

that the southern 

hemisphere (SH) 

Indian Ocean is the 

dominant source of 

moisture (latent heat) 

to the Indian and East 

Asian summer 

monsoons during June, 

July and August (JJA) 

[Xie and Arkin, 1997; 

Zhu and Newell, 1998; 

Simmonds et al., 1999; 

Wajsowicz and Schopf, 2001; Bosilovich and Schubert, 2002; Emile-Geay et al., 2003; Ding et 

al., 2004; Liu and Tang, 2004; Ding and Chan, 2005; Liu and Tang, 2005; Park et al., 2007].  

The Arabian Sea is a very minor moisture source (evaporation > precipitation) while the Bay of 



	   8	  

Bengal/Andaman Sea, India, the South China Sea and southeast China are all moisture sinks 

(precipitation > evaporation). 
Twelve major rivers (Fig. 1d) feed the Bay of Bengal/Andaman Sea (Ganga, Brahmaputra, 

Meghna, Damodar, Mahanadi, Godavari, Krishna, Irrawaddy, Salween, Penner, Kavery and 

Mahaweli) discharging in total 943x109 m3 of water during the summer monsoon months (JJA) 

[Varkey et al., 1996].  Annual rainfall within and surrounding the Bay of Bengal is dominated by 

rainfall during the summer-monsoon months (JJA) with the exception of the Madras basin in 

southern-most peninsular India where rainfall peaks in November (Fig. 5a).  The dominance of 

the summer (JJA) precipitation signal is reflected in the Bay of Bengal surface salinity patterns 

(Fig. 2) that reach their lowest values in August and September and span 20 to 34 PSS over both 

seasonal (summer-winter) and spatial (north-south) scales. 

Primary surface ocean currents [Schott and McCreary, 2001; Schott et al., 2009] reflect the 

seasonal wind forcing in both the eastern Arabian Sea and Bay of Bengal (Fig. 6).  The West 

Indian Coastal Current (WICC) flows south during the summer monsoon connecting with the 

Southwest Monsoon Current (SMC) that carries high-salinity waters eastward around the tip of 

India and Sri Lanka into the southern Bay of Bengal at a rate of 8.4 Sverdrup (Sv; =106 m3/s).  

This influx of high salinity water is reflected in the southern Bay of Bengal July, August and 

September salinity patterns (Fig. 2) and is successfully modeled as a passive tracer in mixed 

layer ocean models [Jensen, 2001; 2003].  Southwest summer monsoon winds in the Bay of 

Bengal also drive the 

northward flowing 

East Indian Coastal 

Current (EICC). 

During the winter 

monsoon, northeast 

winds drive all these 

surface currents in the 

opposite directions, 

transporting 11 Sv of 

water toward the 

eastern Arabian Sea.   
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The proposed drilling plan is 

designed to take advantage of 

these strongly seasonal patterns 

to reconstruct changes in 

summer monsoon circulation by 

reconstructing the meridional 

precipitation/salinity gradients as 

well as erosion and run-off 

within proximal drainage basins.  

Three drilling locations are 

proposed including the 

Mahanadi Basin, northern Bay of Bengal (BB), the Andaman Sea (AA) and the southernmost 

Bay of Bengal (N90E-1) (Fig. 1c).  Salinity at proposed Site BB in the northern Bay of Bengal 

reaches a minimum of ~22 PSS in September (Fig. 2); a normal lagged response to JJA rainfall 

over the Bay of Bengal and the Mahanadi river basin.  Salinity at BB reaches a maximum of 34 

PSS during the spring months.  This 12-unit seasonal salinity range represents a 2‰ surface 

water δ18O signal.  Site AA, situated between the modern 32 and 33 PSS isohalines, monitors 

drainage from the Irrawaddy and Salween rivers.  N90E-1 (ODP Site 758) is closely pinned to 

the 34 PSS isohaline year round, anchoring the southern end of the modern salinity gradient at 

near open-ocean values.  Although this site does not currently experience significant seasonal 

signal salinity variability, it does record large-scale changes in precipitation and run-off at the 

millennial, orbital, glacial-interglacial, and tectonic scales as discussed below. This summer-

monsoon meridional transect (spanning Site BB, AA and N90E-1) has a range modern of 12 PSS 

units, equivalent to a 2‰ surface water δ18O signal. 

Changes in the meridional salinity gradient will provide a robust means of tracking changes 

in summer monsoon precipitation.  Furthermore, the signal will not be influenced to a large 

degree by temperature gradients, which in contrast to salinity are small.  Maximum temperature 

seasonality is ~3°C at Site BB (equivalent to <0.8‰ surface water δ18O signal) and considerably 

less at the other sites (Fig. 6; [Locarnini et al., 2010]). This is largely because of the cooling 

influence of cloud cover and precipitation during the summer, limiting the amount of sensible 

surface heating.   
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Terrestrial run-off products are also of great utility in assessing linkages between monsoon 

circulation, chemical weathering and transport at time scales from millennial to tectonic.  These 

topics are recognized by the community as being of considerable importance [Wang et al., 2005; 

Clift and Plumb, 2008] and are the primary focus of fan proposals 552-Full3 and 595-Full4, both 

currently at OTF.  Changes in monsoon strength are well documented at ~23, 15, 8 to 7, and 2.75 

Ma [Clift and Plumb, 2008].  The iMonsoon targets will allow measurement of the consequent 

impact on weathering rates and transport of particulate materials to the ocean basins in a variety 

of settings both proximal and distal relative to river inputs.  Records from iMonsoon’s 

hemipelagic to pelagic settings, with the capacity for development of orbital chronologies, will 

thus complement and enhance the results from fan-deposit settings targeted by proposals 552-

Full, 595-Full and 793-CPP; in order to determine the impact of changing rainfall on continental 

weathering and erosion, independent reconstruction of rainfall history will be of significant 

value. 

III.  Drilling/Logging Objectives and Expected Results 

A. Mahanadi Basin (Sites BB-1 and BB-2: northern Bay of Bengal)  
Sites BB-1 and BB-2 are located in the Mahanadi Basin on the eastern margin of India (Fig. 

1c).  This sedimentary basin extends both onshore and offshore and was formed during the 

Jurassic rifting of Gondwana [Sastri et al., 1981; Subrahmanyam et al., 2008].  The Mahanadi 

River (Fig. 1d) drains the easternmost sector of the Deccan traps and the Precambrian Eastern 

Ghat province [Rickers et al., 2001], including one of the richest mineral belts on the Indian sub-

continent.  This results in higher concentrations of trace metals, such as Fe, Cu, Zn, and Pb, in 

suspended river sediments compared to other rivers in peninsular India [Chakrapani and 

Subramanian, 1990a].  Kaolinite, chlorite, quartz, dolomite and minor montmorillonite and illite 

are characteristic suspended sediments discharged by the Mahanadi into the Bay of Bengal 

[Subramanian, 1980; Chakrapani and Subramanian, 1990a].  The summer monsoon is the 

primary control on present-day sediment discharge in the Mahanadi Basin with 90% of the 

annual sediment delivery into the Bay of Bengal (15x106 metric tons) occurring between July 

and September [Chakrapani and Subramanian, 1990b] (Fig. 3, 5).  The exceptionally narrow 

(~25 km) continental shelf ensures relatively rapid transit of particulates to the continental slope 

and rise.  



	   11	  

Drilling and coring in the Mahanadi Basin during the Indian National Gas Hydrate Program 

(NGHP) has provided a record of the upper 300 m of the sedimentary sequence at NGHP-01-

19A (proximal to BB sites).  The NGHP program targeted sections yielding access to possible 

hydrate-bearing sediments, without preference to thick, undisturbed sections appropriate to 

paleoceanographic and paleoclimate studies.  Nevertheless, NGHP Sites (single hole only) do 

provide information that is relevant to the planning of iMonsoon operations.  Major lithologies in 

the upper 80 m of NGHP Site 19A are characterized by clays with varying amounts (-bearing to -

rich) of nannofossils, foraminifera, volcanic glass, plant debris, authigenic carbonate and pyrite 

[Collett et al., 2008]; Our choice of sites, away from the sections targeted in the NGHP should 

minimize the authigenic carbonate and pyrite lithologies.  Calcium carbonate within the upper 80 

m varies in a cyclic pattern with values up to 42% [Johnson et al., 2009].  Between 80 and 300 m 

calcium carbonate comprises less than 10% of the total sediment, and the dominant lithologies 

are clays with volcanic glass, glauconite, and biosiliceous secondary components. Coarse 

fraction sieve data indicate the presence of whole foraminifera in 62 of the 64 samples analyzed 

from the 38 cores recovered at this site. Based on X-ray diffraction (XRD) measurements, clays 

comprise between 50% and 80% of the relative mineral abundance, and are dominated by illite, 

kaolinite, and chlorite with minor amounts of smectite.  Quartz and plagioclase each comprise 

less than 20% of the relative mineral abundance.  Total organic carbon (TOC) varies from 0.7% 

to 2.2%.  The TOC is a mixture of marine and terrestrial sources as shown by δ13C and C/N 

ratios.   

The calcareous nannofossil biostratigraphy at Site 19A show that the 300 m of recovered 

sediments are younger than 8.35 Ma [Flores et al., 2008].  The upper 75 m of section is 

Quaternary in age with a sedimentation rate of approximately 20 cm ky-1.  Biostratigraphic 

results reveal hiatuses at 75 m (1.96 to 2.44 Ma) and 89 m (3.65 to 3.8 Ma).  BB-1 and BB-2 both 

target thick sedimentary sequences that do not display the pinched-out sedimentary sections 

evident at Site 19A, thus likely preserving a continuous record of fluvial discharge to the Bay of 

Bengal.  An ash layer at 8.5 m at Site 19A is consistent with the timing of the Toba Ash (74 kyr 

BP). XRF scanning shows well-defined millennial variability during the last climatic cycle as 

well as orbital scale cyclicity expressed in terrigenous vs. pelagic chemical elements (i.e., Ti, Rb, 

Fe vs. Ca., Sr) and in redox-sensitive elements (Fig 7a). 
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On the basis of Site 19A, iMonsoon targets the top 225 m of section at BB-1 (1850 m water 

depth) with triple APC to refusal followed by triple XCB to 225 m.  We anticipate recovery 

spanning the past ~5 m.y. (Fig. 1e) with lithological sequences and core recovery over 90%, 

similar to that at Site 19A.  This would require seven days on site, including one day of logging 

(neutron density, litho-density, natural gamma ray (NGR), resistivity, acoustics, magnetic 

susceptibility and formation micro-scanner (FMS)).  Similarly, we target the top 150 m of 

section at BB-2 (1350 m water depth) utilizing the same drilling/logging approach.  We 

anticipate recovery of the past ~ 3 Ma.  This would require a total of four days onsite, including 

one day of logging.  Both of these locations are high priority locations that we anticipate drilling. 

B. Andaman Sea (Sites AA-1 and AA-2) 

Sites AA-1 and AA-2 are located just east of Little Andaman Island (Fig 1c).  The uplifted 

seafloor in this region formed as a result of the ongoing subduction of the India plate beneath the 

Sunda plate in the Sumatra-Andaman region since the Cretaceous (~130 Ma) [Rodolfo, 1969; 

Shapiro, 1981; Pal et al., 2003; Mohan et al., 2006; Raju et al., 2007].  Backarc extension and 

the concomitant formation of the Andaman Sea began between 11 and 4 Ma [Rodolfo, 1969; 

Karig et al., 1980; Pal et al., 2003; Raju et al., 2007].  Detailed multichannel seismic and 

bathymetric mapping in the north Sunda subduction zone indicates the presence of numerous 

fault zones (e.g., West Andaman Fault and Diligent Fault), which are associated with the Sagaing 

and Sumatran strike-slip fault zones [Cochran, 2010]. Site NGHP-17 and proposed Sites AA-1 

and AA-2 are located in sediment overlying a portion of the Andaman accretionary wedge, 

proximal to the Diligent Fault.   

Drilling and coring in the Andaman Sea during the Indian NGHP has provided a record of 

the upper 680 m of the sedimentary sequence at NGHP-01-17A (proximal to AA-1 and AA-2).  

The sedimentary record at Site 17A is described as a single lithostratigraphic unit with three 

subunits [Collett et al., 2008].  Lithostratigraphic Subunit Ia (0-137 mbsf) is a foraminifera rich 

and foraminifera-bearing nannofossil ooze, and is the most calcareous of the subunits.  Minor 

occurrences of light gray, white, and pink volcanic ashes are present as either beds, bioturbated 

beds, burrow fill, or disseminated within sediments.  Subunit Ib (137-335 mbsf) is a nannofossil 

ooze with foraminifera bearing horizons.  Volcanic ashes are much less common in Subunit Ib 

compared to Subunit Ia.  Subunit Ic (335 to 692 mbsf) is a diatom-bearing-to-rich and sponge 

spicule-bearing-to-rich nannofossil ooze, and is the most siliceous of the subunits.  Black, gray, 
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and white colored ashes occur in decreasing order of abundance within this subunit.  The 

compositional variation in the ashes reflects the magmatic evolution of the nearby Sunda 

volcanic arc [Cawthern et al., 2010].  

The majority of the record at Site 17A has organic carbon isotope (δ13Corg) values in the 

range of -20 to -22 ‰ and C/N ratios of less than 10 [Johnson et al., 2009], both of which 

suggest this material is largely comprised of organic matter derived from marine plankton.  Bulk 

mineralogical data from XRD measurements show that the majority of the record is dominated 

by calcite (37%) and clay minerals (48%), whereas quartz (9%) and feldspar (7%) are present in 

low abundances. Colin et al. [2006] investigated the clay minerals at a nearby site and suggested, 

based on Sr and Nd isotopes, that the clays are dominated by the Irrawaddy river input.  XRF 

scanning of the upper part of the 17A clearly indicates orbital cyclicity that is driven by slight 

variations in terrigenous elements like Ti, Fe and Rb. 

The nannofossil biostratigraphy at Site 17 was determined by Flores et al. [2008] using 

standard calcareous nannofossil biozones [Martini, 1971; Okada and Bukry, 1980].  This age 

model reveals two distinct time intervals (2.6 Ma to 0.46 Ma and 9.36 Ma to 3.8 Ma) with 

different sedimentation rates, separated by a ~1.2 m.y. interval of prolonged low sediment 

accumulation.  Slow sedimentation rates over the interval from 2.6 to 3.8 Ma is supported by 

both nannofossil biostratigraphy and lithostratigraphy.  Within this interval, the weight percent of 

CaCO3 (~10%) and total carbon (~2%) reach their lowest values [Johnson et al., 2009]. We note 

that the NGHP program was targeting sections yielding access to possible hydrate-bearing 

sediments, without preference for thick, undisturbed sections appropriate to paleoceanographic 

and paleoclimate studies.  Proposed Site AA-1 (Line AN-01-34A) contains an expanded section 

between 2.4 and 2.6 seconds that can be traced by seismic data into this condensed interval of 

17A.  

On the basis of Site 17A results, we target the top 500 m of section at AA-1 (1850 m water 

depth) with triple APC to refusal followed by triple XCB to 500 m followed by logging (neutron 

density, litho-density, NGR, resistivity, acoustics, magnetic susceptibility and FMS).  We 

anticipate recovery spanning the past ~8 Ma with lithologies similar to those at Site 17A.  We 

anticipate core recovery in excess of the 82% at Site 17A given that we are not targeting 

hydrates.  Including 2 days of logging, this would require 14 days on site.  We target the top 675 

m of section at AA-2 (1550 m water depth) utilizing the same drilling/logging strategy.  We 
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anticipate recovery of the past ~ 11 Ma (Fig. 1e).  Including two days of logging, this would 

require 20 days on site.  At this active margin location, the basin Site AA-2 is prioritized over 

AA-1 (located on a topographic high).  We will drill/log at AA-1 as an alternate to AA-2, if 

needed.  

C. Southern Bay of Bengal (Site N90E-1)  

Site N90E-1 lies at 2924 mbsl on the crest of the Ninetyeast Ridge (Fig. 1c) and is a re-drill 

of ODP Site 758, incorporated from 783-APL.  Ninetyeast Ridge represents the trace of the 

Kerguelen/Ninetyeast hotspot prior to the middle Eocene rifting [Peirce and Weissel, 1989].  As 

a result of northward movement, the site moved from temperate southern latitudes during the 

Campanian, to ~5° south near the Oligocene/Miocene boundary and to its 5°N present location in 

the southernmost Bay of Bengal.  The site has been within 10° of the equator for the past 35 Ma.  

The ridge-top location has ensured sedimentation uninterrupted by mass movements associated 

with fan deposit processes.   

Previous drilling at this site included overlapping holes (ODP 758A and 758B) only for the 

top 92 m of the total 527 m of sediments drilled.  This limited the resulting composite record to 

the past 7.3 Ma [Farrell and Janecek, 1991].  In spite of these limitations, the JANUS database 

shows that over 16,000 sediment samples have been taken from ODP Site 758 cores in the last 

10 years.  Parts of the upper most sections are almost entirely depleted and sampling has move to 

the archive half.  Current and recent projects using ODP Site 758 sediments include generation 

of planktic foraminiferal Mg/Ca ratios, stable and radiogenic Sr isotope ratios as well as Nd, Li, 

and Os isotope records.  Examples of recent publications using ODP Site 758 include Misra et 

al., [2012], Le Houedec et al. [2011], and Burton and Vance [2010].  Given the ongoing 

sampling pressure, the lack of overlapping holes beyond core 10H and our intended use of this 

site to anchor the Bay of Bengal salinity gradient, we propose to re-drill this location with 

overlapping holes to a depth of 370 mbsf.  This will allow recovery and generation of a 

complete, well-preserved sediment record from the Oligocene to present as well as generation of 

a composite section in the Campanian to Paleocene interval, prior to the well-known Eocene 

hiatus at this location. 

Lithologies are detailed in Pierce et al., [1989]. The top 122 m, spanning the late Miocene to 

late Pleistocene, consists of nannofossil ooze with foraminifers and clayey nannofossil ooze with 

foraminifers.  The biogenic carbonate content increases with depth from 40 to over 90%, 
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maintaining sedimentation rates of 1 to 2 cm/kyr.  The interval 370 to 122 mbsf  (Campanian to 

middle Miocene, including the Eocene hiatus) consists of nannofossil chalk and calcareous 

nannofossil chalk with foraminifers, with 80 to over 90% biogenic carbonate.  Campanian 

sedimentation rates are 2.5 cm/kyr, decreasing to 0.75 cm/kyr in the Paleocene and Oligocene.  

These sedimentation rates are consistent with the open-ocean, pelagic environment at this 

location.  However, as demonstrated by the ongoing monsoon research of proponent Clara 

Bolton, sampling at 0.5 cm 

intervals yields 0.2 to 0.6 

kyr temporal resolution, 

resolving fine-scale 

structure in the ODP 758C 

benthic and planktonic 

stable isotope records (Fig. 

7b). This demonstrates that 

site N90E-1 is appropriate 

to the proposed orbital- to 

sub-orbital scale 

objectives. 

At longer timescales, 

delivery of terrigenous 

material to ODP Site 758 

increased dramatically in 

the middle Miocene with 

two subsequent pulses at 

~7.0 to 5.6 Ma and ~3.9 to 

2.0 Ma, interpreted to 

represent variations in the 

fluvial flux resulting from 

the uplift and erosion of 

the Himalaya [Hovan and 

Rea, 1992a], although this 
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could also represent a phase of enhanced erosion driven by a strengthened monsoons.  Gupta et 

al., [2004] analyzed Site 758 benthic foraminiferal assemblage data, challenging the 

interpretation that the increased productivity in the Indian Ocean near 8 Ma is related to 

monsoon intensification.  The Nd isotope composition of the carbonate component at Site 758 

has been used to document variations in the relative contribution of discharge from the Ganga-

Brahmaputra, Irrawaddy and Arkan Rivers [Burton and Vance, 2000; Stoll et al., 2007; Gourlan 

et al., 2008; Gourlan et al., 2010].  These examples demonstrate the important role that Site 758 

has played in monsoon research thus far and the potential for continued contribution when 

multiple holes are extended to depth as proposed. 

We target the top 370 m of section at N90E-1 (2924 m water depth) with triple APC to 

refusal and triple XCB to 370 m, followed by logging (neutron density, litho-density, NGR, 

resistivity, acoustics, magnetic susceptibility and FMS).  We anticipate recovery of the same 

stratigraphic sequences as at ODP Site758.  Including 18 hours of logging, this will require 9.6 

days on site.  

D. Estimated Leg Duration 
We estimate a total of 41 days of on-site activity, including both drilling and logging, to 

complete our objectives at high priority sites AA-2, BB-1, BB-2 and N90E-1.  We calculate a 

total within-leg transit distance of 1,015 nm requiring four days at 10.5 knots cruising speed.  

Through IODP channels, we are in contact with Dr. Shailesh Nayak (Secretary, Ministry of Earth 

Science, India) in an effort to gain access to seismic data volumes that will allow us to locate one 

or more additional sites on the eastern Indian Margin, targeting sediments from the Ganga, 

Krishna-Godavari, and/or the Cauvery drainage basins.  We are optimistic that an additional site 

can be located and fit into the 795 drilling plan. 

E. Integration of Expected Results 

The iMonsoon effort would be the fourth ODP/IODP leg specifically targeting Indo-Asian 

monsoon circulation including Arabian Sea Leg 117, South China Sea Leg 184 and currently 

scheduled Japan Sea (Expedition 346).  ODP Leg 117 targeted the core geographic region of 

summer monsoon wind forcing associated with the low level Findlater Jet in the Arabian Sea.  

This low-level jet is very steady from the southwest at ~15 m/s in the summer months, optimally 

oriented to drive Ekman divergence and coastal/open-ocean upwelling along the Arabian margin.  

This upwelling imparts strong chemical and isotopic signatures to the sediments beneath.  ODP 
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Leg 184 primarily targeted the northern South China Sea where surface waters respond both to 

summer- and winter-monsoon forcing, driving changes in the mixed layer productivity (both 

carbonate- and silica-based productivity) as well as salinity.  In this region, however, the Plio-

Pleistocene salinity record is dominated by changes in basin outflow as a function of sea level.  

Outflow is restricted during glacial low-stands to the point that glacial intervals (times of reduced 

monsoonal run-off) are actually characterized by low salinity (reduced flushing through 

Indonesia). ODP Leg 184 was also able to constrain monsoon intensity by examining the 

weathering state of materials from southern China [Wan et al., 2007; Clift et al., 2008].  IODP 

Expedition 346, currently scheduled for August-September, 2013 is targeting Plio-Pleistocene 

sediments in the Japan Sea to study the impacts of the deflection of the Westerlies (north and 

south of the Tibetan Plateau) on the millennial scale variability of the winter monsoon as well as 

the impact of the summer monsoon on Yangtze River discharge.   

iMonsoon targets the core geographic region of summer monsoon precipitation and run-off, 

relying on India’s partnership in IODP to drill in territorial waters in the Andaman Sea and the 

eastern margin of the Indian subcontinent.  These key geographic regions have never been drilled 

for paleoclimate/paleoceanographic objectives.  Integrating iMonsoon results with those of ODP 

Legs 117 and 184 as well as IODP Expedition 346 will enable us to clearly define the extent to 

which the Indian and East Asian summer monsoon precipitation signals are intimately linked or 

uncoupled.  Analysis of the modern monsoon system [Wang et al., 2003; Conroy and Overpeck, 

2011] indicates distinctions among subsystems at the annual and interannual time scales, linked 

to differences in land-ocean distribution and consequent differences in the coupled atmosphere-

land-ocean feedbacks, including the remote impacts of El Nino/La Nina circulation.  At longer 

time scales, no such clear distinctions have arisen and interpretation of the fundamental 

mechanisms driving the Indian and East Asian summer monsoon records are debated, as 

discussed above.  This is possibly because Indian summer monsoon winds are uncoupled from 

Northeast Asian summer monsoon precipitation [Liu et al., 2006; Molnar et al., 2010] or because 

one or more of the proxies is incorrectly interpreted in the context of seasonality [Clemens and 

Prell, 2003; Ruddiman, 2006; Clemens and Prell, 2007; Wang et al., 2008; Cheng et al., 2009; 

Clemens et al., 2010; Ziegler et al., 2010; Caley et al., 2011c]. iMonsoon bridges the geographic 

gap between the Indian and East Asian systems, targeting the strongest hydrological signal 

available, and provides the opportunity to leverage this summer-season signal to solve some of 
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the most outstanding questions in current paleomonsoon research. 

F. Potential Risks 
iMonsoon benefits from the experience of the Indian NGHP with regard to seismic control, 

anticipated lithologies, chronostratigraphy, and potential drilling risks [Collett et al., 2008].  

NGHP sites are not optimal for paleoceanographic and paleoclimate work from the standpoint of 

the site locations, the large sections of core already used for hydrate studies, and because of the 

single-hole approach, precluding construction of continuous composite sections, a fundamental 

basis of paleoclimate/paleoceanography research.  However, the NGHP has demonstrated that 

these regions can be safely drilled with the JOIDES Resolution and that paleoclimate records can 

be derived from the extant lithologies. 

NGHP Site 19A (proximal to proposed location BB): Infrared (IR) imaging for gas hydrate 

presence revealed no discrete IR anomalies in Site 19A cores, nor were any visible gas hydrates 

present. There were no moussey sediments indicative of discrete mesoscopic gas hydrate 

concentrations.  Detailed analyses indicate that gas hydrate could occupy ~15% of the pore space 

in the 25 m immediately above the bottom-simulating reflector (BSR) at ~190 mbsf.  The lack of 

free gas beneath the base of the gas hydrate stability zone beneath the BSR actually provided the 

opportunity to drill deeper in the section at Site 19A than had been originally planned. 

NGHP Site 17A (proximal to proposed location AA):  IR imaging revealed anomalies 

between ~224 and 596 mbsf, preferentially associated with ash layers; analyses indicate that gas 

hydrate could have occupied as much as 20% of the pore space in these layers.  No lenses or 

nodules were observed nor were moussey sediments encountered, indicating the lack of discrete 

mesoscopic gas hydrate concentrations.  The possibility of limited free gas below the BSR at 

depths greater than 580 mbsf was detected. 

N90E-1 (Site 758 re-drill):  No evidence of or proxies for gas hydrate or significant free gas 

was observed at this site. 

IV.  Analysis and Interpretation of Expected Results 

An array of tested biological, chemical, and isotopic proxies is available to monitor changes 

in monsoonal circulation preserved in the targeted sediment sections.  We anticipate the ability to 

place recovered sediments within a chronostratigraphic reference frame appropriate for 

comparison to records from other marine and terrestrial sites through the development of a 

geomagnetic polarity reversal stratigraphy, nannofossil and foraminiferal biostratigraphy and 
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radiometric dating of the many ash layers present in these regions.  We anticipate the capacity to 

create complete composite sections from triple coring of each site, the development of highly 

resolved benthic δ18O records for correlation to the global marine benthic δ18O chronology of the 

past 5 m.y. [Lisiecki and Raymo, 2005] as well as the generation of astronomical age control for 

deeper-time intervals. 

The following text focuses on documenting the capacity to assess changes in the run-off and 

weathering signals associated with monsoonal precipitation, the primary signals of interest.  

However, we note that the recovered sections will be highly appropriate to studies seeking to 

better understand changes in other, often monsoon-related, paleoceanographic parameters such 

as changes in surface productivity, water column stratification and vertical mixing, ventilation, 

and the presence of externally sourced intermediate waters.   

A. Salinity Indicators 
Salinity is a primary property of seawater, impacting a range of biological, chemical, and 

isotopic systems contributing to the sediment record beneath.  A number of proxy indicators 

have been developed and used to assess changes in seawater salinity. 

Micropaleontology: Cullen [1981] assessed surface sediment foraminifera assemblages at 

151 locations in the Arabian Sea and Bay of Bengal, finding that high values of Globoquadrina 

dutertrei are associated with low surface salinities.  Employing this proxy, he determined that the 

Northern Bay of Bengal was considerably more saline during the Last Glacial Maximum and the 

midpoint of the glacial to interglacial termination.  Similarly, morphological variations of 

Emiliania huxleyi provide constraints on seawater salinity for the late Pleistocene record 

[Bollmann and Herrle, 2007], while the process length of the dinoflagellate cysts of 

Lingulodinium machaerophorum provides salinity information back to the Oligocene [Mertens et 

al., 2009]. 

δ18O of seawater:  A number of investigators have successfully employed various 

combinations of sea surface temperature (SST), planktonic δ18O, and sea level reconstructions to 

derive δ18O of seawater (δ18Osw), a proxy for salinity [Lea et al., 2000; Billups et al., 2002; 

Rashid et al., 2007; Ahmad et al., 2008; Bahr et al., 2010; Rashid et al., 2010; Steinke et al., 

2010; Govil and Naidu, 2011].  These proxies have been utilized to derive records of changing 

sea surface salinity across time scales ranging from millennial to orbital and tectonic.  In most 

applications Mg/Ca ratios in planktonic foraminifera shells (or alkenone UK’37) have been used 
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to derive sea surface 

temperatures, 

independent of δ18O 

(e.g. [Nürnberg et al., 

1996; Elderfield and 

Ganssen, 2000; 

Dekens et al., 2008]).  

Subtracting the sea surface temperature and global sea level signals from the planktonic δ18O, 

yields δ18Osw, a proxy for changing local salinity over time. Recent application to Bay of Bengal 

and Andaman Sea cores [Kudrass et al., 2001; Rashid et al., 2007; Rashid et al., 2010; Govil and 

Naidu, 2011] demonstrate the utility of this proxy in the northern Bay of Bengal (Fig. 7c).  This 

paired SST-planktonic δ18O approach is now being applied to individual shells [Haarmann et al., 

2010; Khider et al., 2011].  While resource intensive (~50 analyses per sample to achieve 

reliable statistics), this approach ensures the capture of a robust seasonal signal; that associated 

closely with foraminifers calcifying during the summer monsoon salinity minima.  This could 

play a key role in untangling the debate surrounding divergent interpretation of summer monsoon 

proxies (e.g. [Ruddiman, 2006; Clemens and Prell, 2007; Wang et al., 2008; Clemens et al., 

2010]).   

Under appropriate circumstances, local or regional δ18Osw-salinity relationships can be 

applied to derive an even more direct salinity measure.  Modern δ18Osw-salinity relationships for 

the Bay of Bengal and Arabian Sea (Fig. 8) are established [Delaygue et al., 2001; Singh et al., 

2010]. Proponent Ed Hathorne is currently conducting water sampling and monitoring from the 

Andaman Islands in collaboration with Prof. P.M. Mohan of the Department of Ocean Studies 

and Marine Biology (Pondicherry University) in an effort to establish the modern δ18Osw-salinity 

relationship for the Andaman Sea. 

B. Run-off and Erosion Indicators  

The impact of monsoonal precipitation on chemical weathering and transport is recorded in 

the physical, chemical and isotopic composition of clastic sediments in the Bay of Bengal and 

Arabian Sea.  The delivery of terrigenous material to the Bay of Bengal is recorded even at distal 

sites (e.g. N90E-1, ODP Site 758) where delivery increased in the middle Miocene with two 

subsequent pulses at ~7.0 to 5.6 Ma and ~3.9 to 2.0 Ma [Hovan and Rea, 1992b].  These 
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increases were interpreted to represent variations in the fluvial flux resulting from the uplift and 

erosion of the Himalaya although they could equally represent intensifying erosion driven by 

strengthening monsoonal precipitation. An independent climate record of rainfall is needed to 

determine the trigger for changes in erosion patterns and rates.  Indeed, it is noteworthy that the 

timings of these erosional pulses are broadly coincident with large-scale hydrological changes 

observed in the Himalayan foreland basin and Arabian Peninsula [Huang et al., 2007].  Strong 

north-south elemental and isotopic gradients in the surface waters also reflect continental erosion 

and fluvial transport processes that are similarly recorded in underlying sediments as described 

next.    

Ba/Ca: Carroll et al. [1993] and Moore et al. [1997] recognized the Ganga-Brahmaputra 

river system as a significant source of Ba to the global ocean.  Figure 8 illustrates this strong Ba-

salinity relationship in the Bay of Bengal.  More recent studies have established the Ba/Ca ratio 

of foraminifer CaCO3 as a proxy for river run-off.  Ba/Ca ratios in planktonic foraminifer shells 

have been utilized to monitor river input to marine sections in the Arctic and Atlantic Oceans 

[Hall and Chan, 2004; Weldeab et al., 2007b; a] as well as the Mediterranean [Sprovieri et al., 

2008]. This approach assumes that the Ba/Ca ratio in planktonic foraminifer shells is dominated 

by the Ba/Ca concentration of seawater, and not other factors. The results of Hoenisch et al. 

[2012] strongly support this assumption; environmental parameters including pH, temperature, 

salinity and symbiont photosynthesis do not affect Ba substitution into planktonic foraminiferal 

calcite.   
Neodymium and Sr Isotopes: The utility of Sr and εNd proxies for monitoring the 

weathering signal from rivers in the Bay of Bengal, Arabian Sea and other locations has been 

well documented (e.g. [Colin et al., 1999; Burton and Vance, 2000; Padmakumari and al., 2006; 

Stoll et al., 2007; Clift and Plumb, 2008; Osborne et al., 2008; Rahaman et al., 2009; Goswami 

et al., 2011; Tripathy et al., 2011; Goswami et al., 2012]). Although a recent study has 

questioned the reliability of planktonic foraminifera to record surface εNd values [Roberts et al., 

2010], that study did not take into account published values for plankton tow samples that clearly 

show planktonic foraminifera do record surface εNd values [Vance et al., 2004].  The Nd isotope 

composition of the carbonate component of Bay of Bengal sediments has been used to 

investigate variations in the relative contribution of discharge from the Ganga-Brahmaputra, 

Irrawaddy and Arakan Rivers [Burton and Vance, 2000; Stoll et al., 2007; Gourlan et al., 2008; 



	   22	  

Gourlan et al., 2010].  These studies agree that input from the Ganga-Brahmaputra decreased 

during glacial periods, consistent with decreased Indian summer monsoon strength. The Nd 

isotope ratio of surface seawater near the proposed Sites AA-1 and AA-2 reveals the influence of 

non-radiogenic inputs from the Ganga-Brahmaputra and Irrawaddy Rivers; εNd ranges from -

11.4 near Site AA, increasing to -9.9 near N90E-1 [Amakawa et al., 2000].  At the BB location, 

the influence of the Deccan and Indian craton should also be important [Goswami et al., 2011].  

The Sr-Nd isotope composition of the silicate fraction will provide information on temporal 

variations in provenance and temporal variations in weathering and run-off [Colin et al., 1999; 

Rahaman et al., 2009; Tripathy et al., 2011; Goswami et al., 2012]. 
Elemental Data and Clay Mineralogy:  The very narrow East Indian margin is an excellent 

environment for application of elemental and mineralogical analysis of terrigenous sediments in 

order to constrain variations in the intensity of chemical weathering, as well as provenance 

changes.  The combination of high river flow and narrow margins promotes the rapid movement 

of materials across the shelf to the slope, reducing issues associated with prolonged storage 

[Sridhar et al., 2008; Ponton et al., 2011] and simplifying the source-to-sink process and 

interpretation of the marine geochemical record. 

The use of non-destructive XRF core scanning measurements enables rapid, high resolution 

elemental analyses of core section (e.g. [Mulitza et al., 2008]). Calibration studies of core top 

sediments have shown that different elemental ratios can be reliably applied to trace different 

weathering regimes or soil types [Govin et al., 2012]. Ratios of mobile versus immobile elements 

have been used for many years to trace the intensity of chemical weathering in river source areas; 

high-resolution studies have shown that these ratios are responsive to environmental forcing on a 

number of timescales within the Asian monsoon system [Liu et al., 2007; Wan et al., 2009]. Such 

proxies are even more effective when combined with traditional clay mineralogy, providing 

additional information on weathering regimes in support of foraminiferal Nd isotopes and 

elemental XRF analyses. Variations in clay mineralogy have provided a wealth of information on 

monsoon strength for the past 280 kyrs in the Bay of Bengal [Colin et al., 2006] and have also 

been used over longer time periods in the South China Sea [Wan et al., 2006; Wan et al., 2007], 

as well as on short timescales during the Quaternary in the Indus basin [Alizai et al., 2012].  We 

further note that high-resolution clay mineral records can be derived from spectral analysis of the 

core, as well as through traditional XRF methods and that these have been effective in 
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reconstructing weathering intensities from earlier core records [Giosan et al., 2002; Clift et al., 

2008].  XRF scanning work on NGHP cores calibrated with direct elemental measurements show 

clear variability of terrigenous elements on orbital and millennial time scales (Fig. 7a).  

C. Environmental Water Indicators 
Biomarker Isotopes:  Compound-specific leaf-wax D/H (δDwax) has been applied as a proxy 

for the D/H of precipitation (δDppt) in marine sediments [Pagani et al., 2006; Sluijs et al., 2006; 

Huang et al., 2007; Schefuß et al., 2011], lake sediments [Sauer et al., 2001; Huang et al., 2002; 

Shuman et al., 2006; Hou et al., 2007a; Hou et al., 2007b; Jacob et al., 2007; Tierney et al., 

2008], and loess sediments [Liu and Huang, 2005; Hou et al., 2008].  Sachse et al. [2004] and 

Hou et al. [2008] defined quantitative links between lake surface sediment δDwax and δDppt  

across continental-scale precipitation gradients in Europe and North America while  Rao et al., 

[2009] established the same link between soil δDwax and δDppt for eastern China. The North 

American, European, and Chinese data sets are very consistent with one another, demonstrating 

the broad applicability of this proxy to monitoring changes in the hydrological cycle.   

The carbon isotopic composition of terrestrial plant biomass is primarily a function of the 

plant's specific photosynthetic pathway and the isotopic composition of atmospheric CO2. Leaf 

wax δ13C records have been used extensively to reconstruct past changes in the balance of C3 vs. 

arid-adapted C4 vegetation (see [Feakins et al., 2005; Ponton et al., 2011] for examples in the 

monsoon domain). Analysis of both leaf-wax δD and δ13C can be used to distinguish between 

changes in moisture source [LeGrande and Schmidt, 2010] and/or availability.  
This discussion of proxies is not meant to be comprehensive, but rather, to demonstrate that 

an array of established and developing proxies are appropriate to assessing changes in erosion, 

weathering, run-off, hydrocycling and sea surface salinity in response to changes in monsoonal 

precipitation.  Development of salinity records at all sites will be appropriate to establishing 

changes in the meridional salinity gradient.  Development of elemental and mineralogical 

records will be most appropriate to the Indian Margin (BB) for assessing the impacts of 

monsoonal precipitation on physical and chemical weathering.  Similarly, organic biomarkers are 

likely to be most abundant on the Indian margin, appropriate to tracking changes in the isotopic 

composition of monsoonal precipitation.   

We propose a multi-proxy approach (physical, isotopic, and biological proxies) to deal with 

issues surrounding the extent to which any one individual proxy reflects of the true monsoon 
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signal over time.  Identifying the common signal in an array of independent records provides 

confidence in the interpretation of paleoclimate reconstructions based on proxy records.  Finally, 

we note that single-foraminifera analyses have the capacity to directly address issues of 

seasonality, with species selection informed by sediment trap results [Guptha et al., 1997].  

V. Deep Biosphere Linkages 

Beyond the paleoclimate goals focused on in this proposal, we anticipate deep biosphere 

interest in the targeted sites as detailed in the Goa International Workshop on Scientific Ocean 

Drilling in the Indian Ocean (2011; http://iodp.org/workshops/8/).  Specific to Indian Ocean 

sediments, a number of first-order thematic scientific problems were identified that can be 

addressed at the proposed drilling locations including: (i) How has tectonically-driven rock and 

surface uplift of the Himalayas and Tibetan plateau influenced the monsoon and input of 

terrestrial matter into the Bay of Bengal and Arabian Sea, and impacted the development of the 

deep biosphere since the Oligocene? (ii) How has drainage from Himalayan rivers influenced the 

development of subseafloor community structures and diversity? (iii) How has the subseafloor 

biosphere been inoculated with terrestrial microorganisms? (iv) Are there regional differences 

between the Bay of Bengal, Andaman Sea and Arabian Sea?   

VI.  Relationship With Existing Proposals at OTF 
iMonsoon, targeting the core region of monsoon precipitation, is very much complementary 

to proposal 549-Full6, which seeks to drill within the core region of monsoonal wind influence. 

549-Full6 focuses on changes in the intensity of the OMZ over the past few million years as a 

function of wind-driven upwelling and biological productivity.  This is a logical follow-on to 

previous Oman Margin/Owen Ridge drilling (ODP Leg 117), which drilled within the core of the 

upwelling region beneath the low-level summer monsoon jet (Fig. 1a). As made clear by the 

IODP leadership (http://iodp.org/workshops/8/), operational conditions in the northwest Arabian 

Sea region are presently complicated by piracy; efforts to study the wind-driven component of 

monsoonal circulation in the core geographic region are contingent upon improvement in 

operational conditions, leaving a gap in the Indian Ocean drilling plan.  

iMonsoon is synergistic with existing fan proposals in the Arabian Sea (595-Full4 and 793-

CPP) and Bay of Bengal (552-Full3).  These efforts are designed to look at the erosional impact 

of climate change.  In order to determine the impact that changing precipitation has on 

continental weathering and erosion, this process should be reconstructed independently.  
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iMonsoon will provide this constraint, allowing better parsing of the relative effects of tectonics 

and climate on weathering and erosion. 

VII.  Site Survey Status 

A seismic survey grid is available for each of the three locations we are proposing to drill.  

For each location, we have proposed one or two drill sites, at least one of which is directly on a 

crossing line (AA-2, BB-1, BB-2, N90E-1).  One site (AA-1) is near, but not on a crossing line.  

However, we believe this area is sufficiently well characterized on the basis of existing well data 

and seismic grid density to justify drilling on the single line and await SCP comment in this 

regard. 

VIII.  Summary 

Scientific ocean drilling (DSDP, ODP, IODP) has never taken place in the northern Bay of 

Bengal (Fig. 1c).  As a result, the core region of Indian summer-monsoon precipitation (Fig. 1a) 

has never been investigated. With India’s partnership in IODP, this is now possible. iMonsoon 

targets the precipitation/salinity gradients as well as the erosion and run-off signals in the core 

regions of monsoon precipitation.  We have used results from the Indian NGHP, enabling us to 

choose drilling targets appropriate to paleoclimatic and paleoceanographic studies where safety 

concerns are known quantities. iMonsoon main objectives are to understand the 

physical/climatological mechanisms underlying changes in monsoonal precipitation, erosion and 

run-off across time scales from millennial through tectonic.  We will accomplish this by 

establishing the timing of strengthened and weakened precipitation relative to external forcing 

(insolation) and internal boundary conditions including southern hemisphere ocean-atmosphere 

energy exchange, change in global ice volume, greenhouse gases, and relevant tectonics.  This 

will be accomplished both by stand-alone analysis of records generated from each site, by 

comparison of records from different sites, and by comparison with existing records from 

previous drilling expeditions in nearby ocean basins (Legs 117, 184, upcoming 346) and with 

terrestrial records from South and East Asia.  These goals directly address challenges in the 

‘Climate and Ocean Change’ theme of the IODP Science Plan.   
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Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 19:26:47N90E-12Full

Form 6 - Site Summary Figure

Site Summary
Figure Comment

 Page 1 of 1 - Site Summary Figure 
 generated: Thu Oct 11 07:19:41 2012
 by if356_pdf
 / kk+w 2007 - 2012 
 (user 0.1976)
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SSDB locations of these graphics and supporting data
Location map- N90E1_site_sum_fig_map.pdf
Seismic data figures-
 N90E1_site_sum_fig_ar550881.pdf
 N90E1_site_sum_fig_ar550885.pdf
SEGY data-
 ar55.0881.knox06rr.site758_02.migration.segy 
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Navigation data-
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Site Name: Area or Location:
If site is a reoccupation of an 
old DSDP/ODP Site, Please 

include former Site#

IODP Site Summary Forms:

Form 1 – General Site Information

Section A: Proposal Information 

Date Form Submitted:

Site Specific 
Objectives with 

Priority
(Must include general 

objectives in proposal)

List Previous 
Drilling in Area:

Section B: General Site Information

Latitude:

Distance to Land:

Priority of Site: Water Depth (m):

Longitude:

Coordinate System:

Jurisdiction:Deg:

Deg:

Primary: Alt:

Title of Proposal:

-

(km)

75

BB-2

18.988424

WGS 84

2012-10-11 07:19:17

NGHP Sites 08, 09, 18, 19

Priority 1: High resolution reconstruction of oceanic monsoonal paleoclimate in the Bay of Bengal in
Pleistocene
Priority 2: High resolution reconstruction of oceanic circulation at intermediate depths in the Bay of Bengal
in Pleistocene

2Full795

Indian EEZ

Bay of Bengal

Indian Monsoon Rainfall in the Core Convective Region ( iMonsoon )

yes

85.629593

1350
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Sediments Basement

Proposed
Penetration (m):

Total Sediment Thickness (m)

Total Penetration (m):

General Lithologies:

Coring Plan: APC VPC XCB MDCB PCS RCB Re-entry 

Wireline Logging
Plan:

Standard Measurements Special Tools

WL Magnetic Susceptibility

LWD Magnetic Field Formation Image
(Acoustic)

Porosity Borehole Temperature Formation Fluid 
Sampling

Density Nuclear Magnetic 
Resonance

Formation Temperature
& Pressure

Gamma Ray Geochemical VSP

Resistivity Side-Wall Core
Sampling

Sonic (∆t)

Formation Image (Res)

Check-shot (upon request)

Others:

Max. Borehole Temp.:  °C

Mud Logging:
(Riser Holes Only)

Cuttings Sampling Intervals

from  m to  m   m intervals

from  m to  m   m intervals

Basic Sampling Intervals:5m

Estimated Days: Drilling/Coring: Logging: Total On-site: 

Observatory Plan: Longterm Borehole Observation Plan/Re-entry Plan

Potential Hazards/
Weather:

Shallow Gas Complicated Seabed 
Condition

Hydrothermal Activity

Hydrocarbon Soft Seabed Landslide and Turbidity 
Current

Shallow Water Flow Currents Gas Hydrate

Abnormal Pressure Fracture Zone Diapir and Mud Volcano

Man-made Objects 
(e.g., sea-floor cables, 
dump sites)

Fault High Temperature

H2S High Dip Angle Ice Conditions

CO2 Sensitive marine 
habitat (e.g., reefs, 
vents)

Other:

Preferred weather window

Section C: Operational Information

APC

        Coring Plan:
(Specify or check)

✘

✘

✘

320

0

150

✘

✘

✘

1

✘

✘

✘

3

October to April to
avoid
summer-monsoon
winds and
precipitation

✘

✘

150

Triple APC to refusal followed by triple XCB to target depth

✘

✘

Biogenic clays and oozes; clays subordinate
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High resolution 
seismic reflection 

IODP Site Summary Forms: Form 2 - Site Survey Detail

Swath bathymetry

Side-looking 
sonar (surface) 

Photography or Video

Heat Flow

Magnetics

Gravity

Other

Water current data

Sediment cores 

Ice Conditions

OBS microseismicity

Navigation 

Rock sampling 

Side-looking 
sonar (bottom)

Deep Penetration
seismic reflection

Seismic Velocity

Seismic Grid

Refraction (surface) 

Refraction 
(near bottom) 

1

2

3

4

5a

5b

6

7

8a

8b

9

10

11a

11b

12

14b14b

15

14a

13

16

17

3.5 kHz

SSP 
Require-
ments *

Exists
in DB

* Key to SSP  Requirements

X=required; X*=may be required for specific sites; Y=recommended; Y*=may be recommended for specific sites;  
R=required for re-entry sites; T=required for high temperature environments; † Accurate velocity information is  
required for holes deeper  than 400m.

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Crossing Line(s)

Crossing Line(s)

Primary Line(s)

Primary Line(s)

Location of Site on line (SP or Time only)

Proposal #: Site #: Date Form Submitted:

SP: 199.0, TL: 1.585

Site NGHP-01-18 and NGHP-01-19

yes

BB-2

yes

yes

.tiff file velocity log for nearby Site NGHP-01-19

2012-10-11 07:19:17

L2150-2500-Tr2808-T0-2600  .pdf and .sgy files

SP: 459.0, T: 1.453

795

Line L2348-Tr2350-3400-T0-2600 .pdf and .sgy files

Data Type In SSDB SSP Req. Details of available data and data that are still to be collected
1a High
resolution
seismic
reflection
(primary)

yes L2150-2500-Tr2808-T0 -2600 .pdf and .sgy files

Location: SP: 199.0, TL: 1.585

1b High
resolution
seismic
reflection
(crossing)

yes Line L2348-Tr2350-3400-T0 -2600 .pdf and .sgy files

Location: SP: 459.0, T: 1.453

2a Deep
penetration
seismic
reflection
(primary)

Location:

2b Deep
penetration
seismic
reflection
(crossing)

Location:

3 Seismic
Velocity

yes .tiff file velocity log for nearby Site NGHP-01-19

4 Seismic Grid 

5a Refraction
(surface)

5b Refraction
(bottom)

6 3.5 kHz

7 Swath
bathymetry

8a Side looking
sonar (surface)

8b Side looking
sonar (bottom)

9 Photography
or video

10 Heat Flow

11a Magnetics

11b Gravity

12 Sediment
cores

Site NGHP-01-18 and NGHP-01-19

13 Rock
sampling

14a Water
current data

14b Ice
Conditions

15 OBS
microseismicity

16 Navigation

17 Other
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 by if352_t_pdf
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IODP Site Summary Forms: Form 3 – Detailed Logging and 
Downhole Measurement Plan

Estimated total logging time for this site:

Are high temperatures or other special 
requirements (e.g., unstable formations), 
anticipated for logging at this site?

Scientific ObjectiveMeasurement Type
Relevance

(1=high,
3=low)

Proposal #:

Water Depth (m):

Site #:

Sed. Penetration (m):

Date Form Submitted:

Basement Penetration (m):150

2012-10-11 07:19:17795 BB-2

1

1350 0

Check Shot Survey 0

Nuclear Magnetic Resonance

Geochemical

Side-wall Core Sample

Formation Fluid Sampling

Borehole Temperature

Magnetic Susceptibility Core-log integration and composite section generation 2

Magnetic Field

VSP

Formation Image (Acoustic)

Formation Pressure &
Temperature

Other (SET, SETP, ...)

 Page 1 of 1 - Detailed Logging and Downhole Measurement Plan
 generated: Thu Oct 11 07:19:48 2012
 by if353_t_pdf
 / kk+w 2007 - 2011 
 (user 0.2359)



IODP Site Summary Forms: Form 4 – Environmental 
Protection

1 Summary of Operations at site: 

(Example: Triple-APC to refusal, XCB 10 
m into basement, log as shown on form 3); 
include # of holes for APC/XCB, # of 
temperature deployments)

Based on previous DSDP/ODP/IODP 
drilling, list all hydrocarbon 
occurrences of greater than 
background levels. Give nature of 
show, age and depth of rock.

From available information, list all 
commercial drilling in this area that 
produced or yielded significant 
hydrocarbon shows. Give depths and 
ages of hydrocarbon - bearing 
deposits.

Are there any indications of gas 
hydrates at this location? Give 
details.

Are there reasons to expect 
hydrocarbon  accumulations at this 
site? Please give details.

What “special” precautions need to 
be taken during drilling?

What abandonment procedures need 
to be followed:

Please list other natural or manmade 
hazards which may effect ship's 
operations: 

(e.g. ice, currents, cables) 

2

3

4

5

6

7

8

Summary: What do you consider the 
major risk in drilling at this site?

9

Proposal #: Site #: Date Form Submitted:

Resistivity logs, pressure coring, and sedimentological indicators suggest minor
disseminated to no gas hydrate content at drilled site 8, 9, 18, and 19 and seismics at
proposed AA-01 site suggest no problems will be encountered even in presence of
disseminated gas hydrates and minor shallow gas. Expansion of cores at site 17A was
similar to typical expansion for continental margin cores.

No.

795

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

See above and http://www.dghindia.org/18.aspx

Triple APC to refusal followed by triple XCB to target depth.

Tropical cyclones (June to September)

2012-10-11 07:19:17

Shallow water facies Pliocene-Miocene sandstones and Eocene limestones (“well MND-2
contained significant proportions of higher hydrocarbons including iC4. In addition, specks
of tarry matter were noticed in few sidewall cores from the Paleocene carbonate sequence
of MND-2. Recently, six exploratory wells drilled in Block NEC-OSN-97/2 by RIL have
proved to be gas bearing within Upper Miocene to Pliocene sequence.” –DGH India).
However, none at locations of NGHP 18 and 19 above BSR. No bright spots or other

No problems anticipated

BB-2

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

Pollution & Safety Hazard Comment
1. Summary of Operations at site.  Triple APC to refusal followed by triple XCB to target depth.

2. All hydrocarbon occurrences
based on previous DSDP/ODP/IODP
drilling.

Shallow water facies Pliocene-Miocene sandstones and Eocene limestones (“well MND-2
contained significant proportions of higher hydrocarbons including iC4. In addition, specks
of tarry matter were noticed in few sidewall cores from the Paleocene carbonate sequence
of MND-2. Recently, six exploratory wells drilled in Block NEC-OSN-97/2 by RIL have
proved to be gas bearing within Upper Miocene to Pliocene sequence.” –DGH India).
However, none at locations of NGHP 18 and 19 above BSR. No bright spots or other
indications on seismic surveys for targeted depth suggest that situation is different at BB-2.
http://www.dghindia. org/18.aspx

3. All commercial drilling in this area
that produced or yielded significant
hydrocarbon shows.

See above and  http://www.dghindia. org/18.aspx

4. Indications of gas hydrates at this
location.

Resistivity logs, pressure coring, and sedimentological indicators suggest minor
disseminated to no gas hydrate content at drilled site 8, 9, 18, and 19 and seismics at
proposed AA-01 site suggest no problems will be encountered even in presence of
disseminated gas hydrates and minor shallow gas. Expansion of cores at site 17A was
similar to typical expansion for continental margin cores.

5. Are there reasons to expect
hydrocarbon accumulations at this
site?

No.

6. What "special" precautions will be
taken during drilling?

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

7. What abandonment procedures
need to be followed?

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

8. Natural or manmade hazards which
may effect ship's operations.

Tropical cyclones (June to September)

9. Summary: What do you consider
the major risks in drilling at this site?

No problems anticipated

 Page 1 of 1 - Environmental Protection
 generated: Thu Oct 11 07:19:50 2012
 by if354_t_pdf
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 18:42:17BB-22Full

0-150 150 3 1600 Biogemnic clays
and oozes (clays
subordinate)

(Hemi)Pelagic 50
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 18:42:17BB-22Full

Form 6 - Site Summary Figure

Site Summary
Figure Comment

 Page 1 of 1 - Site Summary Figure 
 generated: Thu Oct 11 07:19:55 2012
 by if356_pdf
 / kk+w 2007 - 2012 
 (user 0.1958)
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SSDB locations of this data:
    Data presented as Kingdom Suite project
Seismic data figures
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SEGY data

Navigation data (unstripped;
part of KS project) 
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Site Name: Area or Location:
If site is a reoccupation of an 
old DSDP/ODP Site, Please 

include former Site#

IODP Site Summary Forms:

Form 1 – General Site Information

Section A: Proposal Information 

Date Form Submitted:

Site Specific 
Objectives with 

Priority
(Must include general 

objectives in proposal)

List Previous 
Drilling in Area:

Section B: General Site Information

Latitude:

Distance to Land:

Priority of Site: Water Depth (m):

Longitude:

Coordinate System:

Jurisdiction:Deg:

Deg:

Primary: Alt:

Title of Proposal:

-

(km)

75

BB-1

18.917491

WGS 84

2012-10-11 07:19:17

NGHP Sites 08, 09, 18, 19

Priority 1: High resolution reconstruction of oceanic monsoonal paleoclimate and runoff from the
Mahanadi drainage basins since the Pliocene, northern Bay of Bengal.

Priority 2: High resolution reconstruction of oceanic circulation at intermediate depths in the Bay of Bengal
since the Pliocene.

2Full795

Indian EEZ

Bay of Bengal

Indian Monsoon Rainfall in the Core Convective Region ( iMonsoon )

yes

85.679093

1730
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Sediments Basement

Proposed
Penetration (m):

Total Sediment Thickness (m)

Total Penetration (m):

General Lithologies:

Coring Plan: APC VPC XCB MDCB PCS RCB Re-entry 

Wireline Logging
Plan:

Standard Measurements Special Tools

WL Magnetic Susceptibility

LWD Magnetic Field Formation Image
(Acoustic)

Porosity Borehole Temperature Formation Fluid 
Sampling

Density Nuclear Magnetic 
Resonance

Formation Temperature
& Pressure

Gamma Ray Geochemical VSP

Resistivity Side-Wall Core
Sampling

Sonic (∆t)

Formation Image (Res)

Check-shot (upon request)

Others:

Max. Borehole Temp.:  °C

Mud Logging:
(Riser Holes Only)

Cuttings Sampling Intervals

from  m to  m   m intervals

from  m to  m   m intervals

Basic Sampling Intervals:5m

Estimated Days: Drilling/Coring: Logging: Total On-site: 

Observatory Plan: Longterm Borehole Observation Plan/Re-entry Plan

Potential Hazards/
Weather:

Shallow Gas Complicated Seabed 
Condition

Hydrothermal Activity

Hydrocarbon Soft Seabed Landslide and Turbidity 
Current

Shallow Water Flow Currents Gas Hydrate

Abnormal Pressure Fracture Zone Diapir and Mud Volcano

Man-made Objects 
(e.g., sea-floor cables, 
dump sites)

Fault High Temperature

H2S High Dip Angle Ice Conditions

CO2 Sensitive marine 
habitat (e.g., reefs, 
vents)

Other:

Preferred weather window

Section C: Operational Information

APC

        Coring Plan:
(Specify or check)

✘

✘

✘

400

0

225

✘

✘

✘

1

✘

✘

✘

6

October to April, to
avoid
summer-monsoon
winds and
precipitation

✘

✘

225

Triple APC to refusal followed by triple XCB to target depth

✘

✘

Biogenic clays and oozes; clays subordinate
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High resolution 
seismic reflection 

IODP Site Summary Forms: Form 2 - Site Survey Detail

Swath bathymetry

Side-looking 
sonar (surface) 

Photography or Video

Heat Flow

Magnetics

Gravity

Other

Water current data

Sediment cores 

Ice Conditions

OBS microseismicity

Navigation 

Rock sampling 

Side-looking 
sonar (bottom)

Deep Penetration
seismic reflection

Seismic Velocity

Seismic Grid

Refraction (surface) 

Refraction 
(near bottom) 

1

2

3

4

5a

5b

6

7

8a

8b

9

10

11a

11b

12

14b14b

15

14a

13

16

17

3.5 kHz

SSP 
Require-
ments *

Exists
in DB

* Key to SSP  Requirements

X=required; X*=may be required for specific sites; Y=recommended; Y*=may be recommended for specific sites;  
R=required for re-entry sites; T=required for high temperature environments; † Accurate velocity information is  
required for holes deeper  than 400m.

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Crossing Line(s)

Crossing Line(s)

Primary Line(s)

Primary Line(s)

Location of Site on line (SP or Time only)

Proposal #: Site #: Date Form Submitted:

SP: 204.0, T:2.101

Site NGHP 18 and 19

yes

BB-1

yes

2012-10-11 07:19:17

L2200-2700-Tr3554-T0-2900  .pdf and .sgy files   

SP: 355.0, T: 2.423

795

L2403-Tr3200-3900-T0-2900 .pdf and .sgy files

Data Type In SSDB SSP Req. Details of available data and data that are still to be collected
1a High
resolution
seismic
reflection
(primary)

yes L2200-2700-Tr3554-T0 -2900 .pdf and .sgy files

Location: SP: 204.0, T:2.101

1b High
resolution
seismic
reflection
(crossing)

yes L2403-Tr3200-3900-T0 -2900 .pdf and .sgy files

Location: SP: 355.0, T: 2.423

2a Deep
penetration
seismic
reflection
(primary)

Location:

2b Deep
penetration
seismic
reflection
(crossing)

Location:

3 Seismic
Velocity

4 Seismic Grid 

5a Refraction
(surface)

5b Refraction
(bottom)

6 3.5 kHz

7 Swath
bathymetry

8a Side looking
sonar (surface)

8b Side looking
sonar (bottom)

9 Photography
or video

10 Heat Flow

11a Magnetics

11b Gravity

12 Sediment
cores

Site NGHP 18 and 19

13 Rock
sampling

14a Water
current data

14b Ice
Conditions

15 OBS
microseismicity

16 Navigation

17 Other

 Page 1 of 1 - Site Survey Details
 generated: Thu Oct 11 07:20:07 2012
 by if352_t_pdf
 / kk+w 2007 - 2011 
 (user 0.4229)



IODP Site Summary Forms: Form 3 – Detailed Logging and 
Downhole Measurement Plan

Estimated total logging time for this site:

Are high temperatures or other special 
requirements (e.g., unstable formations), 
anticipated for logging at this site?

Scientific ObjectiveMeasurement Type
Relevance

(1=high,
3=low)

Proposal #:

Water Depth (m):

Site #:

Sed. Penetration (m):

Date Form Submitted:

Basement Penetration (m):225

2012-10-11 07:19:17795 BB-1

1

1730 0

Check Shot Survey

Nuclear Magnetic Resonance

Geochemical

Side-wall Core Sample

Formation Fluid Sampling

Borehole Temperature

Magnetic Susceptibility Core-log integration, construction of composite section. 2

Magnetic Field

VSP

Formation Image (Acoustic)

Formation Pressure &
Temperature

Other (SET, SETP, ...)

 Page 1 of 1 - Detailed Logging and Downhole Measurement Plan
 generated: Thu Oct 11 07:20:09 2012
 by if353_t_pdf
 / kk+w 2007 - 2011 
 (user 0.2120)



IODP Site Summary Forms: Form 4 – Environmental 
Protection

1 Summary of Operations at site: 

(Example: Triple-APC to refusal, XCB 10 
m into basement, log as shown on form 3); 
include # of holes for APC/XCB, # of 
temperature deployments)

Based on previous DSDP/ODP/IODP 
drilling, list all hydrocarbon 
occurrences of greater than 
background levels. Give nature of 
show, age and depth of rock.

From available information, list all 
commercial drilling in this area that 
produced or yielded significant 
hydrocarbon shows. Give depths and 
ages of hydrocarbon - bearing 
deposits.

Are there any indications of gas 
hydrates at this location? Give 
details.

Are there reasons to expect 
hydrocarbon  accumulations at this 
site? Please give details.

What “special” precautions need to 
be taken during drilling?

What abandonment procedures need 
to be followed:

Please list other natural or manmade 
hazards which may effect ship's 
operations: 

(e.g. ice, currents, cables) 

2

3

4

5

6

7

8

Summary: What do you consider the 
major risk in drilling at this site?

9

Proposal #: Site #: Date Form Submitted:

Resistivity logs, pressure coring, and sedimentological indicators suggest minor
disseminated to no gas hydrate content at drilled site 8, 9, 18, and 19 and seismics at
proposed AA-01 site suggest no problems will be encountered even in presence of
disseminated gas hydrates and minor shallow gas. Expansion of cores at site 17A was
similar to typical expansion for continental margin cores.

No.

795

Standard operating conditions on advice of IODP and TransOcean drilling superintendant.
Plug well with cement.

See above and http://www.dghindia.org/18.aspx

Triple APC to refusal  followed by triple XCB to target depth.

Tropical cyclones (June to September)

2012-10-11 07:19:17

Shallow water facies Pliocene-Miocene sandstones and Eocene limestones (“well MND-2
contained significant proportions of higher hydrocarbons including iC4. In addition, specks
of tarry matter were noticed in few sidewall cores from the Paleocene carbonate sequence
of MND-2. Recently, six exploratory wells drilled in Block NEC-OSN-97/2 by RIL have
proved to be gas bearing within Upper Miocene to Pliocene sequence.” – DGH India).
However, none at nearby locations of NGHP 18 and 19 above BSR. No bright spots or

No problems anticipated

BB-1

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

Pollution & Safety Hazard Comment
1. Summary of Operations at site.  Triple APC to refusal  followed by triple XCB to target depth.�

2. All hydrocarbon occurrences
based on previous DSDP/ODP/IODP
drilling.

Shallow water facies Pliocene-Miocene sandstones and Eocene limestones (“well MND-2
contained significant proportions of higher hydrocarbons including iC4. In addition, specks
of tarry matter were noticed in few sidewall cores from the Paleocene carbonate sequence
of MND-2. Recently, six exploratory wells drilled in Block NEC-OSN-97/2 by RIL have
proved to be gas bearing within Upper Miocene to Pliocene sequence.” – DGH India).
However, none at nearby locations of NGHP 18 and 19 above BSR. No bright spots or
other indications on on seismic surveys for targeted depth suggest that situation is different
at BB-2. http://www.dghindia. org/18.aspx

3. All commercial drilling in this area
that produced or yielded significant
hydrocarbon shows.

See above and  http://www.dghindia. org/18.aspx

4. Indications of gas hydrates at this
location.

Resistivity logs, pressure coring, and sedimentological indicators suggest minor
disseminated to no gas hydrate content at drilled site 8, 9, 18, and 19 and seismics at
proposed AA-01 site suggest no problems will be encountered even in presence of
disseminated gas hydrates and minor shallow gas. Expansion of cores at site 17A was
similar to typical expansion for continental margin cores.

5. Are there reasons to expect
hydrocarbon accumulations at this
site?

No.

6. What "special" precautions will be
taken during drilling?

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

7. What abandonment procedures
need to be followed?

Standard operating conditions on advice of IODP and TransOcean drilling superintendant.
Plug well with cement.

8. Natural or manmade hazards which
may effect ship's operations.

Tropical cyclones (June to September)

9. Summary: What do you consider
the major risks in drilling at this site?

No problems anticipated
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 18:17:09BB-12Full

0-225 225 5 1600 Biogenic clays
and oozes; clays
subordinate

(Hemi)Pelagic 45
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 18:17:09BB-12Full

Form 6 - Site Summary Figure

Site Summary
Figure Comment

 Page 1 of 1 - Site Summary Figure 
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Site Summary Form 6
Proposal 795
Site BB-1

SSDB locations of this data:
    Data presented as Kingdom Suite project
Seismic data figures
    L2200-2700-Tr3554-T0-2900.pdf
    L2403-Tr3200-3900-T0-2900.pdf
SEGY data

Navigation data (unstripped;
part of KS project) 



Site Name: Area or Location:
If site is a reoccupation of an 
old DSDP/ODP Site, Please 

include former Site#

IODP Site Summary Forms:

Form 1 – General Site Information

Section A: Proposal Information 

Date Form Submitted:

Site Specific 
Objectives with 

Priority
(Must include general 

objectives in proposal)

List Previous 
Drilling in Area:

Section B: General Site Information

Latitude:

Distance to Land:

Priority of Site: Water Depth (m):

Longitude:

Coordinate System:

Jurisdiction:Deg:

Deg:

Primary: Alt:

Title of Proposal:

-

(km)

60

AA-2

10.767961

WGS 84

2012-10-11 07:19:17

NGHP-01-17

Priority 1: High resolution reconstruction of oceanic monsoonal paleoclimate and runoff from the
Irrawaddy/Salween drainage basins since the Miocene, eastern Bay of Bengal.

Priority 2: High resolution reconstruction of oceanic circulation at intermediate depths in the Andaman Sea
since the Miocene.

2Full795

Indian EEZ

Andaman Sea

Indian Monsoon Rainfall in the Core Convective Region ( iMonsoon )

yes

93.000086

1550
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Sediments Basement

Proposed
Penetration (m):

Total Sediment Thickness (m)

Total Penetration (m):

General Lithologies:

Coring Plan: APC VPC XCB MDCB PCS RCB Re-entry 

Wireline Logging
Plan:

Standard Measurements Special Tools

WL Magnetic Susceptibility

LWD Magnetic Field Formation Image
(Acoustic)

Porosity Borehole Temperature Formation Fluid 
Sampling

Density Nuclear Magnetic 
Resonance

Formation Temperature
& Pressure

Gamma Ray Geochemical VSP

Resistivity Side-Wall Core
Sampling

Sonic (∆t)

Formation Image (Res)

Check-shot (upon request)

Others:

Max. Borehole Temp.:  °C

Mud Logging:
(Riser Holes Only)

Cuttings Sampling Intervals

from  m to  m   m intervals

from  m to  m   m intervals

Basic Sampling Intervals:5m

Estimated Days: Drilling/Coring: Logging: Total On-site: 

Observatory Plan: Longterm Borehole Observation Plan/Re-entry Plan

Potential Hazards/
Weather:

Shallow Gas Complicated Seabed 
Condition

Hydrothermal Activity

Hydrocarbon Soft Seabed Landslide and Turbidity 
Current

Shallow Water Flow Currents Gas Hydrate

Abnormal Pressure Fracture Zone Diapir and Mud Volcano

Man-made Objects 
(e.g., sea-floor cables, 
dump sites)

Fault High Temperature

H2S High Dip Angle Ice Conditions

CO2 Sensitive marine 
habitat (e.g., reefs, 
vents)

Other:

Preferred weather window

Section C: Operational Information

APC

        Coring Plan:
(Specify or check)

✘

✘

✘

960

0

675

✘

✘

✘

2

✘

✘

✘

18

October to April, to
avoid
summer-monsoon
winds and
precipitation

✘

✘

675

triple APC to refusal followed by triplew XCB to target depth

✘

✘

Nannofossil and foraminifera oozes, volcanic
ashes
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High resolution 
seismic reflection 

IODP Site Summary Forms: Form 2 - Site Survey Detail

Swath bathymetry

Side-looking 
sonar (surface) 

Photography or Video

Heat Flow

Magnetics

Gravity

Other

Water current data

Sediment cores 

Ice Conditions

OBS microseismicity

Navigation 

Rock sampling 

Side-looking 
sonar (bottom)

Deep Penetration
seismic reflection

Seismic Velocity

Seismic Grid

Refraction (surface) 

Refraction 
(near bottom) 

1

2

3

4

5a

5b

6

7

8a

8b

9

10

11a

11b

12

14b14b

15

14a

13

16

17

3.5 kHz

SSP 
Require-
ments *

Exists
in DB

* Key to SSP  Requirements

X=required; X*=may be required for specific sites; Y=recommended; Y*=may be recommended for specific sites;  
R=required for re-entry sites; T=required for high temperature environments; † Accurate velocity information is  
required for holes deeper  than 400m.

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Crossing Line(s)

Crossing Line(s)

Primary Line(s)

Primary Line(s)

Location of Site on line (SP or Time only)

Proposal #: Site #: Date Form Submitted:

SP: 1936.0, T:1.647

Site NGHP-01-17A

yes

AA-2

yes

yes

.tiff file velocity log from nearby drill Site NGHP-01-17

2012-10-11 07:19:17

AN-01-26A .pdf and .sgy files

SP: 1446.0, T: 1.581

795

yes

AN-01-27A .pdf and .sgy files

Data Type In SSDB SSP Req. Details of available data and data that are still to be collected
1a High
resolution
seismic
reflection
(primary)

yes AN-01-26A .pdf and .sgy files

Location: SP: 1936.0, T:1.647

1b High
resolution
seismic
reflection
(crossing)

yes AN-01-27A .pdf and .sgy files

Location: SP: 1446.0, T: 1.581

2a Deep
penetration
seismic
reflection
(primary)

Location:

2b Deep
penetration
seismic
reflection
(crossing)

Location:

3 Seismic
Velocity

yes .tiff file velocity log from nearby drill Site NGHP-01-17

4 Seismic Grid yes

5a Refraction
(surface)

5b Refraction
(bottom)

6 3.5 kHz

7 Swath
bathymetry

8a Side looking
sonar (surface)

8b Side looking
sonar (bottom)

9 Photography
or video

10 Heat Flow

11a Magnetics

11b Gravity

12 Sediment
cores

Site NGHP-01-17A

13 Rock
sampling

14a Water
current data

14b Ice
Conditions

15 OBS
microseismicity

16 Navigation

17 Other
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IODP Site Summary Forms: Form 3 – Detailed Logging and 
Downhole Measurement Plan

Estimated total logging time for this site:

Are high temperatures or other special 
requirements (e.g., unstable formations), 
anticipated for logging at this site?

Scientific ObjectiveMeasurement Type
Relevance

(1=high,
3=low)

Proposal #:

Water Depth (m):

Site #:

Sed. Penetration (m):

Date Form Submitted:

Basement Penetration (m):675

2012-10-11 07:19:17795 AA-2

2

1550 0

Check Shot Survey

Nuclear Magnetic Resonance

Geochemical

Side-wall Core Sample

Formation Fluid Sampling

Borehole Temperature

Magnetic Susceptibility Core-log integration and composite section construction 2

Magnetic Field

VSP

Formation Image (Acoustic)

Formation Pressure &
Temperature

Other (SET, SETP, ...)

 Page 1 of 1 - Detailed Logging and Downhole Measurement Plan
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IODP Site Summary Forms: Form 4 – Environmental 
Protection

1 Summary of Operations at site: 

(Example: Triple-APC to refusal, XCB 10 
m into basement, log as shown on form 3); 
include # of holes for APC/XCB, # of 
temperature deployments)

Based on previous DSDP/ODP/IODP 
drilling, list all hydrocarbon 
occurrences of greater than 
background levels. Give nature of 
show, age and depth of rock.

From available information, list all 
commercial drilling in this area that 
produced or yielded significant 
hydrocarbon shows. Give depths and 
ages of hydrocarbon - bearing 
deposits.

Are there any indications of gas 
hydrates at this location? Give 
details.

Are there reasons to expect 
hydrocarbon  accumulations at this 
site? Please give details.

What “special” precautions need to 
be taken during drilling?

What abandonment procedures need 
to be followed:

Please list other natural or manmade 
hazards which may effect ship's 
operations: 

(e.g. ice, currents, cables) 

2

3

4

5

6

7

8

Summary: What do you consider the 
major risk in drilling at this site?

9

Proposal #: Site #: Date Form Submitted:

Gas hydrates disseminated in ash layers (see Collet et al., NGHP Expedition 01 Initial
Reports). Drilled site 17A and seismic surveys at proposed AA-01 site suggest no problems
will be encountered even in presence of disseminated gas hydrates and minor shallow gas.
Expansion of cores at site 17A was similar to typical expansion for continental margin
cores.

No. Minor amount of shallow biogenic gas above 20 m.

795

Standard operating conditions on advice of IODP and TransOcean drilling superintendant.
Plug well with cement.

AN-01-1 revealed gas in Miocene limestone (2500 mbsf), which flowed on test; for another
well another (see Scaife, GeoExpro, 2010). http://www.dghindia.org/1.aspx

Triple APC to refusal followed by triple XCB to target depth (675 m).

Tropical cyclones (June to September)

2012-10-11 07:19:17

Shallow water facies (sandstones) potential reservoir as well as early Miocene limestone
(see Scaife, GeoExpro, 2010). However, none at nearby location of NGHP 17. No bright
spots or other indications on seismics suggest that situation is different at AA-2.
http://www.dghindia.org/1.aspx

No anticipated problems.

AA-2

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

Pollution & Safety Hazard Comment
1. Summary of Operations at site.  Triple APC to refusal followed by triple XCB to target depth (675 m).

2. All hydrocarbon occurrences
based on previous DSDP/ODP/IODP
drilling.

Shallow water facies (sandstones) potential reservoir as well as early Miocene limestone
(see Scaife, GeoExpro, 2010). However, none at nearby location of NGHP 17. No bright
spots or other indications on seismics suggest that situation is different at AA-2.
http://www.dghindia. org/1.aspx

3. All commercial drilling in this area
that produced or yielded significant
hydrocarbon shows.

AN-01-1 revealed gas in Miocene limestone (2500 mbsf), which flowed on test; for another
well another (see Scaife, GeoExpro, 2010). http://www.dghindia. org/1.aspx

4. Indications of gas hydrates at this
location.

Gas hydrates disseminated in ash layers (see Collet et al., NGHP Expedition 01 Initial
Reports). Drilled site 17A and seismic surveys at proposed AA-01 site suggest no problems
will be encountered even in presence of disseminated gas hydrates and minor shallow gas.
Expansion of cores at site 17A was similar to typical expansion for continental margin
cores.

5. Are there reasons to expect
hydrocarbon accumulations at this
site?

No. Minor amount of shallow biogenic gas above 20 m.

6. What "special" precautions will be
taken during drilling?

Core by core monitoring of hydrocarbons. Will sail with petroleum organic geochemist if
Safety Panel recommends.

7. What abandonment procedures
need to be followed?

Standard operating conditions on advice of IODP and TransOcean drilling superintendant.
Plug well with cement.

8. Natural or manmade hazards which
may effect ship's operations.

Tropical cyclones (June to September)

9. Summary: What do you consider
the major risks in drilling at this site?

No anticipated problems.

 Page 1 of 1 - Environmental Protection
 generated: Thu Oct 11 07:20:32 2012
 by if354_t_pdf
 / kk+w 2007 - 2011 
 (user 0.3287)



IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 16:30:56AA-22Full

0-675 675 11 1600 Ooze (Hemi)Pelagic 60
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 16:30:56AA-22Full

Form 6 - Site Summary Figure

Site Summary
Figure Comment

 Page 1 of 1 - Site Summary Figure 
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Site Summary Form 6
Proposal 795
Site AA-2

SSDB locations of this data:
    Data presented as Kingdom Suite project
Seismic data figures
    AN-01-26_A.pdf
    AN-01-27_A.pdf
SEGY data
    AN-01-26_A.sgy
    AN-01-27_A.sgy
Navigation data

Nav_AN_01line
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Site Name: Area or Location:
If site is a reoccupation of an 
old DSDP/ODP Site, Please 

include former Site#

IODP Site Summary Forms:

Form 1 – General Site Information

Section A: Proposal Information 

Date Form Submitted:

Site Specific 
Objectives with 

Priority
(Must include general 

objectives in proposal)

List Previous 
Drilling in Area:

Section B: General Site Information

Latitude:

Distance to Land:

Priority of Site: Water Depth (m):

Longitude:

Coordinate System:

Jurisdiction:Deg:

Deg:

Primary: Alt:

Title of Proposal:

-

(km)

60

AA-1

10.822273

WGS 84

2012-10-11 07:19:17

NGHP Site 17

Priority 1: High resolution reconstruction of oceanic monsoonal paleoclimate and runoff from the
Irrawaddy/Salween drainage basins since the Miocene, eastern Bay of Bengal.

Priority 2: High resolution reconstruction of oceanic circulation at intermediate depths in the Andaman Sea
since the Miocene.

2Full795

Indian EEZ

N/A

Andaman Sea

Indian Monsoon Rainfall in the Core Convective Region ( iMonsoon )

no

93.112233

1850
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Sediments Basement

Proposed
Penetration (m):

Total Sediment Thickness (m)

Total Penetration (m):

General Lithologies:

Coring Plan: APC VPC XCB MDCB PCS RCB Re-entry 

Wireline Logging
Plan:

Standard Measurements Special Tools

WL Magnetic Susceptibility

LWD Magnetic Field Formation Image
(Acoustic)

Porosity Borehole Temperature Formation Fluid 
Sampling

Density Nuclear Magnetic 
Resonance

Formation Temperature
& Pressure

Gamma Ray Geochemical VSP

Resistivity Side-Wall Core
Sampling

Sonic (∆t)

Formation Image (Res)

Check-shot (upon request)

Others:

Max. Borehole Temp.:  °C

Mud Logging:
(Riser Holes Only)

Cuttings Sampling Intervals

from  m to  m   m intervals

from  m to  m   m intervals

Basic Sampling Intervals:5m

Estimated Days: Drilling/Coring: Logging: Total On-site: 

Observatory Plan: Longterm Borehole Observation Plan/Re-entry Plan

Potential Hazards/
Weather:

Shallow Gas Complicated Seabed 
Condition

Hydrothermal Activity

Hydrocarbon Soft Seabed Landslide and Turbidity 
Current

Shallow Water Flow Currents Gas Hydrate

Abnormal Pressure Fracture Zone Diapir and Mud Volcano

Man-made Objects 
(e.g., sea-floor cables, 
dump sites)

Fault High Temperature

H2S High Dip Angle Ice Conditions

CO2 Sensitive marine 
habitat (e.g., reefs, 
vents)

Other:

Preferred weather window

Section C: Operational Information

APC

        Coring Plan:
(Specify or check)

✘

✘

✘

700

0

500

✘

✘

✘

2

✘

✘

✘

12

October to April, to
avoid high
summer-monsoon
winds and rainfall

✘

✘

500

APC to refusal followed by XCB to target depth

✘

✘
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IODP Site Summary Forms: Form 2 - Site Survey Detail

Swath bathymetry

Side-looking 
sonar (surface) 

Photography or Video

Heat Flow

Magnetics

Gravity

Other

Water current data

Sediment cores 

Ice Conditions

OBS microseismicity

Navigation 

Rock sampling 

Side-looking 
sonar (bottom)

Deep Penetration
seismic reflection

Seismic Velocity

Seismic Grid

Refraction (surface) 

Refraction 
(near bottom) 

1

2

3

4

5a

5b

6

7

8a

8b

9

10

11a

11b

12

14b14b

15

14a

13

16

17

3.5 kHz

SSP 
Require-
ments *

Exists
in DB

* Key to SSP  Requirements

X=required; X*=may be required for specific sites; Y=recommended; Y*=may be recommended for specific sites;  
R=required for re-entry sites; T=required for high temperature environments; † Accurate velocity information is  
required for holes deeper  than 400m.

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Location of Site on line (SP or Time only)

Crossing Line(s)

Crossing Line(s)

Primary Line(s)

Primary Line(s)

Location of Site on line (SP or Time only)

Proposal #: Site #: Date Form Submitted:

SP: 2176.5, T:2.145

Site NGHP-01-17

AA-1

yes

yes

.tiff file velocity log for nearby Site NGHP-01-17

2012-10-11 07:19:17

AN-01-34 .pdf and .sgy files

795

Data Type In SSDB SSP Req. Details of available data and data that are still to be collected
1a High
resolution
seismic
reflection
(primary)

yes AN-01-34 .pdf and .sgy files

Location: SP: 2176.5, T:2.145

1b High
resolution
seismic
reflection
(crossing)

Location:

2a Deep
penetration
seismic
reflection
(primary)

Location:

2b Deep
penetration
seismic
reflection
(crossing)

Location:

3 Seismic
Velocity

yes .tiff file velocity log for nearby Site NGHP-01-17

4 Seismic Grid 

5a Refraction
(surface)

5b Refraction
(bottom)

6 3.5 kHz

7 Swath
bathymetry

8a Side looking
sonar (surface)

8b Side looking
sonar (bottom)

9 Photography
or video

10 Heat Flow

11a Magnetics

11b Gravity

12 Sediment
cores

Site NGHP-01-17

13 Rock
sampling

14a Water
current data

14b Ice
Conditions

15 OBS
microseismicity

16 Navigation

17 Other
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IODP Site Summary Forms: Form 3 – Detailed Logging and 
Downhole Measurement Plan

Estimated total logging time for this site:

Are high temperatures or other special 
requirements (e.g., unstable formations), 
anticipated for logging at this site?

Scientific ObjectiveMeasurement Type
Relevance

(1=high,
3=low)

Proposal #:

Water Depth (m):

Site #:

Sed. Penetration (m):

Date Form Submitted:

Basement Penetration (m):500

2012-10-11 07:19:17795 AA-1

2

1850 0

Check Shot Survey

Nuclear Magnetic Resonance

Geochemical

Side-wall Core Sample

Formation Fluid Sampling

Borehole Temperature

Magnetic Susceptibility Core-log integration, composite records from multiple holes 2

Magnetic Field

VSP

Formation Image (Acoustic)

Formation Pressure &
Temperature

Other (SET, SETP, ...)
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IODP Site Summary Forms: Form 4 – Environmental 
Protection

1 Summary of Operations at site: 

(Example: Triple-APC to refusal, XCB 10 
m into basement, log as shown on form 3); 
include # of holes for APC/XCB, # of 
temperature deployments)

Based on previous DSDP/ODP/IODP 
drilling, list all hydrocarbon 
occurrences of greater than 
background levels. Give nature of 
show, age and depth of rock.

From available information, list all 
commercial drilling in this area that 
produced or yielded significant 
hydrocarbon shows. Give depths and 
ages of hydrocarbon - bearing 
deposits.

Are there any indications of gas 
hydrates at this location? Give 
details.

Are there reasons to expect 
hydrocarbon  accumulations at this 
site? Please give details.

What “special” precautions need to 
be taken during drilling?

What abandonment procedures need 
to be followed:

Please list other natural or manmade 
hazards which may effect ship's 
operations: 

(e.g. ice, currents, cables) 

2

3

4

5

6

7

8

Summary: What do you consider the 
major risk in drilling at this site?

9

Proposal #: Site #: Date Form Submitted:

Gas hydrates disseminated in ash layers (see Collet et al., NGHP Expedition 01 Initial
Reports). Drilled site 17A and seismic surveys at proposed AA-01 site suggest no problems
will be encountered even in presence of disseminated gas hydrates and minor shallow gas.
Expansion of cores at site 17A was similar to typical expansion for continental margin
cores.

No. Minor amount of shallow biogenic gas above 20 m.

795

Standard operating conditions on advice of IODP and TransOcean drilling
superintendant. Plug well with cement.

(AN-01-1) revealed gas in Miocene limestone (2500 mbsf), which flowed on test; for
another well see (Scaife, GeoExpro, 2010). http://www.dghindia.org/1.aspx

Triple APC to refusal (estimated 150 m), Triple XCB to 500 m

Tropical cyclones (June to September)

2012-10-11 07:19:17

Shallow water facies (sandstones) potential reservoir as well as early Miocene limestone
(see Scaife, GeoExpro, 2010). However, none at nearby location of NGHP 17. No bright
spots or other indications on seismics suggest that situation is different at AA-1.
http://www.dghindia.org/1.aspx

no problems to be encountered.

AA-1

Core by core monitoring of hydrocarbons. Will sail with petroleum organic
geochemist if Safety Panel recommends.

Pollution & Safety Hazard Comment
1. Summary of Operations at site.  Triple APC to refusal (estimated 150 m), Triple XCB to 500 m

2. All hydrocarbon occurrences
based on previous DSDP/ODP/IODP
drilling.

Shallow water facies (sandstones) potential reservoir as well as early Miocene limestone
(see Scaife, GeoExpro, 2010). However, none at nearby location of NGHP 17. No bright
spots or other indications on seismics suggest that situation is different at AA-1.
http://www.dghindia. org/1.aspx

3. All commercial drilling in this area
that produced or yielded significant
hydrocarbon shows.

(AN-01-1) revealed gas in Miocene limestone (2500 mbsf), which flowed on test; for
another well see (Scaife, GeoExpro, 2010). http://www.dghindia. org/1.aspx

4. Indications of gas hydrates at this
location.

Gas hydrates disseminated in ash layers (see Collet et al., NGHP Expedition 01 Initial
Reports). Drilled site 17A and seismic surveys at proposed AA-01 site suggest no problems
will be encountered even in presence of disseminated gas hydrates and minor shallow gas.
Expansion of cores at site 17A was similar to typical expansion for continental margin
cores.

5. Are there reasons to expect
hydrocarbon accumulations at this
site?

No. Minor amount of shallow biogenic gas above 20 m.

6. What "special" precautions will be
taken during drilling?

Core by core monitoring of hydrocarbons. Will sail with petroleum organic
geochemist if Safety Panel recommends.

7. What abandonment procedures
need to be followed?

Standard operating conditions on advice of IODP and TransOcean drilling
superintendant. Plug well with cement.

8. Natural or manmade hazards which
may effect ship's operations.

Tropical cyclones (June to September)

9. Summary: What do you consider
the major risks in drilling at this site?

no problems to be encountered.
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 13:50:12AA-12Full

0-300 300 mbsf 5.3 1600 Ooze (Hemi)Pelagic 55 Estimated by tracing
reflector back to
NGHP-01-17 along line
AN-01-34A
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IODP Site Summary Forms: Form 5 – Lithologies

Key reflectors, 
Unconformities, 

faults, etc

Age Assumed 
velocity 
(km/sec)

Lithology Paleo-environment Avg. rate 
of sed. 
accum. 
(m/My)

Comments

-

Subbottom 
depth (m)

Proposal #: Site #: Date Form Subm.:795 2012-09-19 13:50:12AA-12Full

Form 6 - Site Summary Figure

Site Summary
Figure Comment
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SSDB locations of this data:
    Data presented as Kingdom Suite project
Seismic data figures
    AN-01-34_A.pdf

SEGY data

Navigation data (unstripped;
part of KS project) 
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