PROJECT SUMMARY: CAREER – Sediment Dynamics on the Bengal Shelf and Fate of the Ganges-Brahmaputra Floodpulse

Steven L. Goodbred, Jr.

Marine Sciences Research Center, Stony Brook University, Stony Brook, NY

Intellectual Merit. – This study focuses on the Ganges-Brahmaputra (G-B) delta in Bangladesh, where the PI has been conducting research for the past 8 years. The G-B system is one of the most fascinating in the world for sedimentological research. Truly a land of superlatives, it (i) drains the world's highest mountain range, (ii) discharges the largest sediment load, (iii) forms the largest subaerial delta and marine fan, and (iv) is home to the most densely populated nation. In conjunction with the strong but variable SW Indian monsoon, collision-related tectonics, and a deeply incised shelf canyon, these highlights come to bear on the sedimentology, stratigraphy, and dynamics of the delta system. Previous work by the PI investigated sediment dispersal across the vast subaerial deltaplain and found that ~1/3 of riverine sediment load was sequestered there. Of the remaining load reaching the coast, the PI and other investigators determined that ~1/3 each is deposited on the subaqueous delta and in the shelf canyon. However, distances of 80-160 km separate these primary depocenters from the rivermouth, thereby encompassing ~20,000 km2 of inner shelf across which river-borne sediments must be transported. Thus, the inner shelf represents an important, but largely unstudied, gateway for the ~700Mt of sediment annually discharged to the Bengal margin. Given that the dispersal and near-term reworking of such fluvial sediments can be a first-order control on strata formation, the proposed study will provide important insights on longer-term sequence development along this high-yield, high-energy margin.

Science Plan. – Based on these ideas, this study will investigate sediment dynamics on the Bengal inner shelf, with the overarching goals of determining (i) seasonal dispersal patterns of the immense sediment load and (ii) sedimentation histories and transport pathways that link the G-B rivermouth with widely separated shoreline, shelf, and canyon depocenters. The study plan involves four research cruises, with the first two conducting inner-shelf-wide surveys to determine the nature, fate, and distribution of floodpulse sediments under high- and low-discharge conditions. The remaining two cruises comprise focused investigations of (a) the sedimentation patterns and transport pathways that link rivermouth and canyon, and (b) the patterns and history of river-borne sediments that sustain the abandoned delta plain despite a lack of direct fluvial input. The general approach entails CHIRP and side-scan acoustic surveys to map the nature and distribution of mobile sediments and seafloor morphology. Based on the acoustic data, coring sites will be selected for applying short-term 7Be/234Th and longer-term 210Pb/137Cs radiochronometers to assess seabed dynamics, floodpulse dispersal, and accretionary history. These primary data will also be supplemented with CTD/OBS casts, X-radiography, and grain-size analyses.   

Broader Impacts. – This research plan will be conducted in collaboration with several host-nation groups, including the Institute of Marine Science at Chittagong University and the Coastal and Marine Geology Division of the Geological Survey of Bangladesh. Colleagues from these organizations will participate in the field work and pursue complementary research objectives of, respectively, (i) microfossil records and tracers and (ii) coastal facies character and distribution. In addition to these direct impacts, the project results will also improve our understanding of Bangladesh’s nearly unstudied coastal zone with likely benefits for hazard mitigation and the future development of natural resources. 

Built around the PI's broader research program in Bangladesh, the educational component of the study will establish a scholastic program between Stony Brook and Dhaka Universities for joint classroom activities and co-mentoring of students. Some of the highlighted activities include a web-based 'short course' on Bangladesh and the G-B delta, an 'e-pal' exchange program for undergraduate lab assignments, and recruitment of Bangladeshi graduate students to Stony Brook. The PI is presently involved in several synergistic programs in Asia, and the proposed CAREER plan would also enhance the impact and development of these activities, both in Bangladesh and the greater monsoon-influence region.

CAREER: Sediment Dynamics on the Bengal Shelf and 
Fate of the Ganges-Brahmaputra Floodpulse

Results from Prior NSF Support

NSF HYD-0229600 Controls of floodplain evolution on the occurrence of high arsenic in shallow aquifers of the Ganges-Brahmaputra delta, 1/03-1/05 (PI: Goodbred).  Elevated levels of groundwater As are found across ~60,000 km2 of the G-B delta and are poisoning 10s of millions of people. Despite its widespread nature, dissolved As is extremely heterogeneous at a local scale, varying orders of magnitude (5-2000 µg/L) across 10s-100s of meters in the shallow aquifer (< 20 m depth). Preliminary studies by the PI and colleagues at Columbia Univ. revealed that an overarching control on this heterogeneity is the near-surface geology (< 5 m) of the floodplains. Thus, this grant supports the collection and analysis of shallow cores from a focused study area to determine: (1) the geological conditions necessary for the development of elevated As in shallow aquifers and (2) the history and processes of floodplain evolution that led to these conditions. Thus far, the PI and his students have collected almost 100 hand augers in January 2003 and are currently completing lab analyses on these samples. Field results have made clear that frequent migration and avulsion of large, braided river channels are responsible for depositing a thick, permeable sand layer that now comprises the shallow Holocene aquifer. Thus, floodplain heterogeneity, and hence As variability, appears to evolve during the abandonment phase of a channel, when fine-grained sediments are draped over the sandy channel surface. These findings will be presented in a special session on arsenic at the American Chemical Society Annual Meeting in New York, NY in September 2003.

NSF EAR-0309536 Climate as a principal control on monsoon-dominated deltas: Late Quaternary records from the Ganges-Brahmaputra system, 7/03-7/05 (PI: Goodbred). This new collaborative study with Steve Kuehl at VIMS will reconstruct a 40-kyr history of climate impacts on the Ganges-Brahmaputra fluvial dispersal system and its record in the G-B delta stratigraphy. The study’s main objectives are to determine how changing source areas, weathering patterns, and delivery of sediment have impacted the Bengal margin under the control of shifting monsoon regimes during the most recent interglacial, glacial, and interstadial periods. The main approaches for Goodbred's portion involve (1) strontium and neodymium isotopes as provenance tracers; (2) weathering proxies using O and H isotopes of pedogenic clays; and (3) application of numerical models for testing dispersal system responses to various climate change scenarios. Borehole drilling is planned to begin in Jan. 2004.
Changes from Previous CAREER Submission
This proposal has been revised based on comments of last year's panel review. Ratings of four Excellents, one Excellent/Very Good, and one Very Good were received from mail reviews, but the panel was concerned that the research plan was too ambitious and not sufficiently focused, as it included two distinct research components. The first of these components was to reconstruct response of the G-B fluvial-delta system to climate change, a project that has since been funded through the EAR study above. The second science component was a study of seabed dynamics and sediment transfer across the Bengal inner shelf, which is now the focus of this CAREER proposal. The education plan remains largely unchanged based on positive feedback from the panel review. 

1. CAREER Development Plan: 

In 1995, I began my dissertation research on the Ganges-Brahmaputra delta trying to understand this immense system by linking its subaerial and subaqueous components. As data were gathered and new questions arose, it became clear that the linkages needed to explain the delta’s late Quaternary development lay further afield than the delta proper. Ultimate findings from this research concluded that regional tectonics and changes in the monsoons were major, if not dominant, controls on the delta system through the Holocene. That these influences could rival 70-plus meters of sea-level rise over this period provided a fresh perspective on delta development. This initial research direction on late Quaternary delta records continues with the new EAR project, and I have also developed new directions with the HYD project on fine-scale floodplain controls on groundwater arsenic and on the broader-scale source-to-sink system from Himalaya to Bengal Fan.

Building on my previous work on sedimentation patterns in the delta (i.e., Goodbred and Kuehl, 1998) the focus of this CAREER proposal is on the marine side concerning sediment dynamics of the inner-shelf gateway. In terms of basic research, the inner shelf has received little attention, yet it serves as a critical transfer zone connecting the rivermouth to its coastal, shelf, and canyon depocenters. Although, several recent studies have focused independently on these marine depocenters, none have investigated their connection with the rivermouth via the broad inner shelf. In fact, the coastal deltaplain, subaqueous delta, and canyon each receive a large portion of the annual sediment load, yet they also lie 80-160 km away from the rivermouth along opposite sides of 20,000 km2 of inner shelf (Fig. 1). 

Based on these interests and the potential to advance our understanding the G-B delta system, and fluviodeltaic sedimentation in general, the overarching research goals of this proposal are:

· Determine dispersal patterns of the 700 million tonnes of sediment annually discharged to the Bengal shelf;

· Determine sedimentation histories and transport pathways linking the G-B rivermouth with widely separated shoreline, shelf, and canyon depocenters.

Specifically, three important aspects of the inner-shelf transfer zone will be investigated during four research cruises conducted over the 5-year span of the project:

· Seasonal distribution of the monsoon sediment pulse and its fate following the storm-dominated dry season;

· Sedimentation history and transport pathways linking the G-B rivermouth and Swatch of No Ground canyon;

· Patterns and history of river-borne sediment nourishment to the abandoned delta plain and shoreface.

The past decade of research on the G-B system has unveiled some exceptional findings (e.g., Goodbred and Kuehl, 1999; 2000; Weber et al., 1997; Wiedicke et al., 1999), and the proposed study is expected to make similarly significant marks on our understanding. Furthermore, through the CAREER program I hope to advance my broader interests in (i) sediment dispersal systems of the monsoon-Asia region (ii) and the geohazard-related human struggles of the region. These interests have developed through involvement in several foreign workshops and have thus far led to my being (1) chief proponent and co-leader of UNESCO-funded IGCP-475, a project entitled Deltas of the Monsoon Asia-Pacific Region (DeltaMAP), and (2) proponent and co-PI of a social-oriented project on the high-risk, densely-populated deltas of the region, entitled Mega-Deltas of Asia: A Conceptual Model and its Application to Future Delta Vulnerability, sponsored by the Asia-Pacific Network. Each of these projects links basic research on Asia's sediment dispersal systems with capacity building among regional and international scientists. The CAREER award would help me both maintain a leading basic-research program in the region and further underpin my involvement in these broader-impact activities. Specific to Bangladesh, the CAREER plan presented here will help promote the educational infrastructure for geological research and pedagogy in this developing nation. This will be achieved through several web-based outreach and mentoring programs with Dhaka University, as well as student training and collaborative research with the Geological Survey of Bangladesh and Chittagong University. At present, the state of understanding for the G-B delta system is such that basic research can readily contribute to mitigation strategies for the well-documented geohazards of the region (e.g., flooding, cyclones, arsenic, earthquake).

2. Research Plan

As noted in last year's panel review, the G-B is a large, heterogeneous delta system. It covers an area the size of Pennsylvania and is not readily tackled in its entirety by any single research effort. However, many of the system's components have been successfully investigated in the last decade via projects funded in USA, UK, Germany, Japan, and Netherlands. Each has produced exciting stand-alone results that also contribute to a reasonable understanding of this immense system. There remain important information gaps, though, including most tectonic related topics, the impacts of the monsoon climate, coastal sediment dynamics, and shelf circulation patterns. The proposed study is designed to address, in part, these last two issues by focusing on sediment transfer across the inner shelf. Expectations are that the proposed work will lead to a fundamental understanding of inner-shelf seabed dynamics and sedimentation patterns, as well as the linkages among distal marine depocenters (ie., mid-shelf, canyon, and onshore). Both traditional and newer approaches will be employed, including subbottom and side-scan acoustic surveys, sediment coring, and a suite of radiotracers including short-term 7Be and 234Th nuclides. Along with the results of previous G-B delta studies, this investigation of the inner shelf will provide a first opportunity to develop a truly cross-margin model of river-borne sediment dispersal for the G-B system. Furthermore, two seasonal acoustic/coring surveys conducted during successive high and low-discharge periods will yield the first temporal view of shelf sediment dynamics. 
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To better set the stage for these study goals, a salient point is that the G-B river system discharges over 90% of its 1000-Mt sediment load (world's largest) during only four months of the summer monsoon. Furthermore, the ~700 Mt of sediment that actually reach the coast are subject to an annual average of 7 gale-force and 2 hurricane-force wind events during the storm season (Barua, 1991). Certainly, this dynamic seasonal cycle represents a first-order control on sediment dispersal and longer-term stratigraphic development along the G-B margin. Another illustrative point is that the sediment volume discharged during the flood season is sufficient to cover the entire 20,000 km2 of inner shelf with 2.5 cm of sediment annnually! Beyond these superlatives, though, the distribution, transport, and fate of this material on the inner shelf remain primary, unaddressed issues that are key to understanding margin processes and source-to-sink linkages across the G-B deltaic gateway.

2.1. Background

Where rivers discharge to the coast, patterns of strata formation are in large part controlled by the early deposition of floodpulse sediments, followed by their near-term reworking under marine controls. Taking this simplified view, short-term fluvial and marine processes set the stage for longer-term shelf accumulation and margin development (Wright and Nittrouer, 1995). However, there is great variety in the patterns of accumulation and subsequent reworking of river-borne sediments. Multiple controls such as river, wave, and tidal processes, plus the added complexity of storms, physical circulation, and coastal morphology, give rise to significant differences among the world’s fluviodeltaic margins. Such differences must ultimately be resolved to address issues that hinge on coastal sediment dynamics. 

Another more recent recognition in margin research has been the occurrence of hyperpycnal plumes and fluid-mud layers on a variety of river-fed shelves. These observations have fueled interest in the nature of sediment discharge to the coast and its near-term fate and dynamics. Generally found along margins receiving large or pulsed fluvial inputs, hyperpycnal plumes and/or fluid muds may characterize sediment mobility on the inner shelf. Although the definitions are not exclusive, hyperpycnal plumes are here considered to originate at the rivermouth, whereas fluid muds (which may move as a hyperpycnal flows) generally develop by sediment focusing or resuspension on the shelf. Some recent examples of hyperpycnal river plumes come from the Sepik (PNG) and Eel (CA) rivers, and examples of fluid muds can be found in the Fly (PNG) and Amazon systems (Harris et al., 1993; Kineke and Sternberg, 1995; Kineke et al., 2000; Ogston et al., 2000). The G-B system shares certain characteristics with each of these margins, such as an active canyon (Sepik, Eel), an immense sediment load (Amazon) and a broad shelf (Fly, Amazon). However, the G-B has a unique combination of these factors and is further distinguished by its coarser sediment load and wide-separation of margin depocenters. The nature and extent of these processes in the G-B will be investigated in the proposed study.

2.1.1. The Ganges-Brahmaputra Delta SyStem 

Highlighted below are some major aspects of the G-B delta relevant to this study. Regrettably, there are other details that would help develop a fuller picture of this impressive system, but which are not included due to space limitations. The reader is directed to the PI's publications and other references herein if further information is desired. 

Shelf Morphology. – On the G-B shelf, a muddy subaqueous clinoform has been forming since the mid Holocene, with foresets lying at 25-75 m water depths and prograding at 15 m/yr (Hübscher et al., 1998; Kuehl et al., 1997; Michels et al., 1998). This fine-grained subaqueous deposit is also developing simultaneously with a coarser subaerial/shoreface clinoform, thereby comprising a compound delta system (Allison, 1998; Kuehl et al., 1997). It is believed that sediment dispersal patterns on the shelf are important in driving the largely distinct zones of shoreface and mid-shelf progradation. This idea will be tested in the proposed study. Another defining characteristic of the Bengal margin is the Swatch of No Ground canyon (SoNG), which incises within 30 km of the modern coast. The canyon deepens to >600 m about 60 km offshore and serves as a conduit for G-B sediment transport to the Bengal Fan. Sediment budgets suggest that annual sediment inputs to the canyon are ~30% of the G-B river load. Scattered sedimentation rates measured around the canyon rim range 6-10 cm/yr, whereas rates on the canyon floor are an order of magnitude higher (Kudrass et al., 1998; Kuehl et al., 1989). One of the primary questions of this study is how such rates are maintained despite the fact that the rivermouth and canyon are separated by ~150 km. Abundant morphologic features surrounding the canyon suggest varied modes of transport across the inner shelf, including sandwaves, feeder gullies, and infilled channels (Fig. 2). We suggest that these numerous transport pathways have been key to maintaining active sediment flux to the canyon during the highstand (Kudrass et al., 1998; Weber et al., 1997). 

Shelf Sediments. – Studies of historical sedimentation patterns reveal a variety of processes active in the rivermouth and canyon. Allison (1998) showed that shoreline progradation (~7 km2/yr) at the rivermouth estuary has occurred via the seaward extension of subaqueous shoals, which ultimately coalesce into a nearshore sand sheet. This inner-shelf sand/silt body appears to extend westward towards the SoNG canyon head, where it perhaps delivers coarser bedload material to the canyon (an idea to be tested in the proposed study). Allison (1998) calculated that ~20% of the G-B sediment load is indeed deposited on this inner-shelf zone, however, there is only one published accretion rate from the area (2.4 cm/yr at 5-m depth) (Kuehl et al., 1989). The similarly sparse water-column data from the shelf suggests high to very high suspended sediment concentrations, with depth-averaged values of 100-1500 mg/L during the low-flow dry season and a 5-10 fold increase to 4000-6000 mg/L under high discharge (Barua et al., 1994). These latter values are well in the range for inhibited settling (McCave, 1984), and given that they are depth-average (1-m above seafloor, mid-depth, 1-m below surface), it possible that nearbed concentrations reached or exceeded that for a fluid mud (>50,000 mg/L). This is another idea that will be tested during the flood-season cruise using an OBS and water-column samples.
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Shelf Hydrodynamics. – On the inner Bengal shelf, upper mesotidal conditions (3-6 m) generate strong shear that efficiently distributes fluvial sediment inputs across the shelf. However, it is the residual flows that likely drive net sediment transport, and these are largely unknown for the region (Barua et al., 1994). Based on salinity patterns, Shetye (1993) proposed a circulation model for the northern Bay of Bengal, which suggests that cyclonic Sverdrup flow dominates during summer monsoon and reverses to an anticyclonic subtropical gyre during the dry season. The implication of this circulation reversal is unclear with regard to G-B plume dispersal, but it does suggest that strong seasonality may drive varying sediment transport patterns during the year. Accompanying this possible shift in flow direction is a seasonal difference in wave energy caused by tropical storms. Hindcasting reveals that gale-strength wind during tropical depressions generally force a mean 4 m, 7.5 sec wave field (Barua and Kana, 1995). Nearbed orbital velocities under these conditions far exceed the critical-shear threshold for fine sandy silts covering much of the inner shelf. For the proposed study, the application of short-term radionuclides (7Be, 234Th) should reveal the net impact of these processes on sediment dispersal and seabed dynamics during the high-discharge monsoon and low-discharge dry seasons. 

2.2. Research Objectives

The overarching goals of this study are to understand (1) dispersal of the 700 million tonnes of sediment annually discharged to the Bengal shelf and (2) the sedimentary linkages between the rivermouth and active shoreline, shelf, and canyon depocenters. Recent investigations of the G-B delta and Bengal margin reveal an extremely broad and active dispersal system –– for example, (i) at least 2/3 of the 100,000 km2 subaerial deltaplain is accreting 1-6 mm/yr; (ii) about 7 km2 of new land is added annually to the coastal plain; (iii) the subaqueous delta foresets are prograding up to 15 m/yr; and (iv) sedimentation rates exceed 50 cm/yr at the head of the canyon and 15 cm/yr at 600-m depth (Allison, 1998; Goodbred and Kuehl, 1998; 1999; Kudrass et al., 1998; Michels et al., 1998). Yet, neither these previous results nor examples from other river systems are sufficient to explain the patterns of sediment transport across this gateway margin. Based on these broad goals, the following three objectives have been identified as important and likely to lead to major advances in our understanding of sediment dispersal and delta development along the high-yield, high-energy Bengal margin (Fig. 3). 

2.2.1. Objective One: Distribution of the monsoon-season floodpulse and its fate following the storm-dominated dry season
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This first objective will track seasonal patterns of sediment accumulation and redistribution on the G-B inner shelf by comparing consecutive post-flood and post-storm-dominated conditions. The general approach will involve two shelf-wide cruises to be conducted at end of the summer monsoon and end of the late-fall storm season. The general approach will be to map distribution of the floodpulse and  quantify sediment accumulation using a combined approach of acoustic surveys, radioisotope geochronology, and water-column measures. The acoustic techniques will include CHIRP subbottom profiling, side-scan sonar, and a single-beam echosounder to map shallow seismic stratigraphy, fluid-mud layers, and seafloor morphology. Accretion history and seabed dynamics will be assessed using short-term (7Be/234Th) and longer-term (137Cs/210Pb) radioisotope tracers. Linkages to water-column structure and river-plume disperal will be made by CTD and OBS measures. Following the flood-season cruise, the fate of this material will be assessed after ~6 months during a second cruise at the end of the dry season. For each cruise, a relatively coarse sampling/survey grid (15-20 km) will allow us to cover the area of active sediment accretion and thus capture the extent of seasonal-floodpulse dispersal and subsequent redistribution. Note that the river load is sufficient to drape this entire region under 2.5 cm of sediment, so it is unlikely that this sediment body will be missed despite its implicit dynamism.
2.2.2. Objective Two: Sediment transport mechanisms and pathways linking the G-B rivermouth and Swatch of No Ground canyon

The second objective focuses on the transfer of sediment between the rivermouth and nearshore canyon.  Over 40% of fluvial sediment discharged to the coast (~300 Mt) enters this deep-sea conduit, which cannot be explained by buoyant plume dispersal alone and thus requires some mechanism for sediment focusing. Few hints arise from available data, and ~150-km distance from rivermouth to canyon is not bridged by any obvious bathymetric pathway. Nevertheless, it seems likely that nearbed transport via fluid muds and/or bedload are involved, as are possibly a network of feeder channels on the inner shelf that are not resolved by the currently limited bathymetric data. High suspended sediments on the shelf (Barua, 1990) and radioisotope-bearing turbidites in the canyon (i.e., unlikely to be failure induced, Kudrass et al., 1998) support the notion of fluid mud and/or hyperpycnal flows. To better understand sediment dynamics in and around the canyon, the Year 3 cruise will conduct a high-resolution survey of the canyon rim and adjacent inner shelf. Seabed morphology and sediment dynamics will be assessed using the suite of acoustic, radioisotope, and water-column measures described above. Certainly much will be learned about this part of the shelf during the Obj.-1 seasonal cruises, and so the Obj.-2 cruise can be well designed and targeted to address emerging questions.

2.2.3. Objective Three: Patterns and history of sediment nourishment to the abandoned western delta plain 

The third objective is dedicated to understanding and quantifying the apparent landward transport of shelf sediments onto the abandoned western delta plain. This reach of the delta receives little to no direct input of fluvial sediments, but despite the westward increase in age by several thousand years (Allison et al., 2003), the shoreline has not retreated remarkably. There does appear to have been morphological changes, such as the widening and landward extension of tidal channels, but this abandonment-phase evolution has not been investigated. Allison and Kepple (2001) were able to document vertical accretion on the old deltaplain, and they inferred the source to be river-borne sediments reworked from the shelf during coastal surges and monsoon setup. Another source could be bank erosion during the apparent widening of tidal channels with time. To address these issues, the final cruise in Year 4 will concentrate on the morphological evolution and sedimentation history of the abandoned delta plain and tidal channels. Using the same (or updated) suite of tools from the earlier cruises, we will investigate the youngest to oldest parts of the delta to understand its fate subsequent to abandonment by river avulsion. Presently, there is no data from the channels regarding their sediment types, accretion/erosion patterns, or channel/seabed morphology. A key goal is to understand how sediment dynamics in these channels differ under the regimes of river-dominated transport in the active delta versus the tide-dominated transport in the abandoned delta.

In addition to basic science contributions from the objectives above, the proposed study will also contribute important information for sustainable development in Bangladesh. This developing nation’s coastal zone presents great natural resources and has tremendous influence on social and economic issues, including land reclamation, cyclone impacts, flooding hazards, coastal fisheries, shipping trade, and the development of offshore gas and mineral deposits. The results here would yield a fundamental understanding of Bangladesh’s nearly unstudied coastal zone, directly benefitting future economic and resource development. The study would also be useful in planning for the consequences of sea-level rise and altered sediment supply under changing land use and water management practices.

2.3. Approach

The proposed combination of acoustic, radioisotope, and water-column data will allow us to address spatial, temporal, and some process-oriented issues at a variety of scales. Given the paucity of data from the inner shelf, traditional techniques of subbottom, side-scan, CTDs, 137Cs/210Pb, and sedimentological analyses will yield a wealth of new information from which a better understanding of G-B sediment dispersal can be developed. In addition, the application of dual short-term radiotracers (234Th, 7Be) represents a relatively new approach for characterizing fluvial discharge to the shelf and its subsequent reworking under marine conditions. Particularly, we will take an inventory approach and use tracer ratios (ie., 234Th:7Be) to determine seasonal patterns of accumulation and also perhaps distinguish new inputs of fluvial sediment (7Be-tagged) versus nuclide scavenging via resuspension (234Th-tagged).

Research Cruises. – Four cruises are planned during Years 1-4, with two seasonal cruises for Obj.-1 (~ 3 weeks each) and one each for Obj.-2 and Obj.-3 (~2 weeks each). The general schedule of cruises is given in Section 5. The ship for this project will be contracted from the Bangladesh Inland Water Transport Authority (BIWTA), which maintains a fleet of survey vessels including the 365-ton Anwesha (2 m draft) and several smaller ships (65-130 tons, 1-1.5 m drafts). All vessels are outfitted with navigational and hydrographic aides, including radar, DGPS, decca receiver, and precision echosounder. Winch operations are also capable of hoisting the Soutar box corer to be used in the study, as well as the potentially used Kasten corer. The approximate study area for each cruise is shown in Figure 1, and these will be better defined following the initial cruises. Cruise tracks in the shelf-wide surveys (Obj.-1) will be optimized for maximum aerial coverage (15-20 km spacing), with survey grids in the focused studies spaced as needed to sufficiently cross-correlate lines and capture finer-scale morphology. In general, cruises will be organized with the acoustic survey conducted first so that this data can be used to target ideal coring sites for sedimentological analyses. Note that the flood-season cruises will not occur during the peak monsoon, but shortly afterwards during early falling stage of river discharge (ie., September). This serves two purposes in (i) avoiding potentially difficult navigation during peak discharge and (ii) allowing us to integrate findings over the entire floodpulse. The latter point is important because it will allow us to assume that any signficant volume of floodpulse sediments unaccounted for in the acoustic and radioisotope surveys must have already been transported to deeper waters (ie., canyon or foresets). 

Acoustic Surveys. – To image shallow shelf stratigraphy and the distribution of fluid-mud layers, we will employ CHIRP sonar. Funds are requested from NSF with  a 1:1 match from Stony Brook (see letter) to purchase an EdgeTech GeoStar with 216S (2-16 kHz) towfish (~$40k). The high-frequency spectrum of this system is well suited to imaging the upper 5-20 m of sediment that is of primary interest in this study (e.g., Allison et al., 2000; Chough et al., 2002; Gutierrez et al., 2003). As permanent equipment, purchase of the CHIRP system will also aid the PI's research in other shallow fluvial and coastal settings. Note that the PI is seeking funds from other sources to possibly upgrade this purchase to the X-Star topside with a broader-spectrum 512 towfish. This system compromises little resolution from the 216S but gains significantly in penetration. However, the price also jumps significantly to ~$100k.  For either system, the CHIRP data is logged in seg-y format and will be processed using a seismic analysis package such as Seismic Unix to enhance reflectors (primarily filtering and time-varying gain) and to print at a working scale for the tracing and characterization of acoustic facies. 

The acoustic survey will also employ side-scan sonar to map bedforms and seabed morphology using MSRC's EdgeTech 272-TD analog 100/400 kHz towfish. The side-scan digitizer boards and Isis software from Triton-Elics are installed on a Fieldworks workstation, and the digitized data will be processed and mosaicked (where swath-collected) using SwathEd software licensed at MSRC from the Ocean Mapping Group at the University of New Brunswick.

Sediment Cores. – A 0.1-m2 Soutar box corer will be the primary coring tool for the study, although Kasten and vibracores may also be used. Each box core will be subsampled for radioisotope analyses, X-radiography, and sediment character. Most radioisotope samples will be collected at 5-cm intervals to follow an inventory approach, allowing us to analyze many more sites than if we were to make detailed profiles (see following section). However, some cores will be sampled at 1-2 cm intervals for detailed 137Cs/210Pb profile analysis. X-radiographs will be made of sediment slabs to determine structure and fine-scale stratigraphy, using a portable X-ray device. Large-diameter (10 cm) PVC will be used to collect a vertical section of the box core, and this will be sectioned at 5-cm intervals for sedimentological analyses (i.e., grain size, LOI, bulk density). Grain-size measures will also be important for calibrating backscatter patterns from the side-scan and for normalizing the largely mud-sorbed radionuclide activities. Furthermore, it is anticipated that the mud and sand fractions of inner-shelf sediments are distributed via different mechanisms and thus should be preferentially distributed within the system. Grain-size measures will be determined by Sedigraph 5100 for the mud fraction and by an automated settling tube for the sands. Overall, core analyses will provide three main databases for the proposed study: (1) sediment accumulation patterns, (2) sedimentary structure, and (3) physical sediment character.

Beryllium-7. – Short-term radioisotope geochronometers, 7Be and 234Th, will be used to assess seabed dynamics and sedimentation patterns on the inner shelf. 7Be is a cosmogenic fallout radionuclide that sorbs to charged mineral surfaces in the river catchment (Lal et al., 1979). 7Be-tagged fluvial sediments can then be traced following their discharge at the coast, and with a 53-day half-life can be detectable for several months. The sources and flux of 7Be to coastal environments have been widely investigated (Dibb and Rice, 1989; Feng et al., 1999a; Olsen et al., 1986a), and 7Be has been most recently shown to be an effective tracer for fluvial sediment inputs to the shelf (Sommerfield et al., 1999). 7Be activity is readily detected by its 477.7 keV photopeak using gamma spectroscopy and will be measured using MSRC's four planar Ge detectors and one well detector, the latter for small-volume suspended-sediment samples.

One approach of the proposed 7Be study will be to assume that river input during the high-discharge season is the dominant 7Be source to the inner Bengal shelf (vs. direct fallout). This notion of a dominantly riverine 7Be source will be tested by measuring the activity of suspended sediment collected along a mixing-zone transect from river to shelf, which should show a strong negative correlation between 7Be and salinity. The slope of a linear fit to this data will provide a relative riverine:marine contribution of 7Be activity. For the dry-season cruise, we anticipate that atmospheric fluxes will play a much greater role in seafloor 7Be activities, and this role will be assessed again by measuring suspended-sediment activities along a salinity gradient to determine sources and water-column inventories. 

Furthermore, the high riverine sediment load allow us to assume that all river-transported 7Be is particle sorbed prior to discharging at the coast (Dibb and Rice, 1989; Olsen et al., 1986b). Thus, we can use excess 7Be inventories in the sediment as a tracer of new fluvial sediment delivered to the coast (vs. resuspension-related 7Be scavenging). By largely restricting our analyses to whole-core inventories (dpm/cm2; summed from 5-cm increments), we can limit sample numbers and thus increase spatial resolution of the study (i.e., more sites). Based on available detector capacity, it is anticipated that at least 120 samples can be collected and analyzed for each cruise. This coverage should provide reasonable coverage for understanding accumulation patterns in the study areas.

Thorium-234. – The direct daughter of 238U, 234Th is another short-lived radioisotope that is useful for determining recent sedimentation rates and seabed activity (24 day half-life; e.g., (Feng et al., 1999b; Smoak et al., 1996). 238U is largely dissolved in seawater and well mixed throughout the ocean, but its daughter 234Th is strongly particle reactive and quickly sorbs to particulates in the water column (Demaster et al., 1985). Thus, river sediments discharged to the coast mix with seawater and become tagged with 234Th in the water column before being deposited on the seafloor. The sorbed concentrations of 234Th can be production-limited under low-salinity, high suspended-load conditions, however, 234Th dynamics are more straightforward than those of 7Be because it is a purely marine signal (dissolved 238U concentrations are comparatively very low in freshwater). We expect 234Th to be especially valuable during the low-discharge cruises, when particle fluxes are reduced and marine-conditions dominate the inner shelf. Under these circumstances, we can use 234Th activities and suspended-sediment concentration to estimate a steady-state flux of 234Th-tagged sediment to the seafloor. Thus, measured inventories above or below this level can be considered to reveal active resuspension processes or local seafloor erosion, respectively. 234Th activities can be measured simultaneously with 7Be based on its 63.3 keV gamma photopeak. 

Lead-210 and Cesium-137. – Not to leave out the workhorse of our field, we will also measure high-resolution (1-2 cm) activity profiles for 210Pb and 137Cs on numerous cores. Excellent previous results from the shelf (e.g., Kudrass et al., 1998; Kuehl et al., 1989) indicate these decadal-scale geochronometers to be important for understanding longer-term sedimentation histories and strata formation. With their longer half-lives (22.5 and 30.2 years, respectively), we will be able to complete these samples in the lab after analyzing the short-lived radioisotopes. Both constant-flux and constant-initial-concentration models will be considered for 210Pb results, and it may be necessary to apply 228Ra geochronology in rapidly accreting areas (see Dukat and Kuehl, 1995 for 228Ra approach). 

Water-column Properties. – To help understand physical circulation patterns, river plume dispersal, and radioisotope scavenging, frequent CTD/OBS casts will be made during each cruise. Where sediment concentrations are high and OBS sensitivity reduced (ie., fluid muds), we will also collect and filter water samples for accurate measures. Salinity and temperature profiles will reveal vertical water-column structure and aid in linking sediment dispersal patterns with inferred physical circulation. The study will use MSRC's Seabird CTD or YSI Sonde with a D&A OBS sensor for this part of the study. 

Modeling. – In Year 5, the PI will apply state-of-art numerical models developed by James Syvitski and his lab to test field results against various forcing and baseline scenarios (see letter). The combined quantitative field and modeling efforts will be used to identify charactertistics of the G-B that contribute most significantly to observed dispersal patterns. Furthermore, field measurements will be used for baseline model inputs to test the role of short-term sediment dynamics on longer-term strata formation. The PI is already using current versions of Syvitski et al.'s Hydrotrend and SedFlux models to test the impact of climate change on the G-B catchment system via the NSF-EAR study. Future application of these models to the marine realm will allow the PI to develop comprehensive model scenarios for the G-B source-to-sink system. The PI and student plan to spend at least two weeks at the Environmental Computing and Imaging facility at Univ. of Colorado's INSTAAR to run these models. 
2.4. US and Foreign Research Collaboration

The seabed dynamics studies will be conducted in conjunction with the Institute of Marine Sciences (IMS) at Chittagong University and the Geological Survey of Bangladesh (see letters). Faculty at IMS are currently involved in a coastal-fluxes study sponsored by the Asia-Pacific Network, with which I am also affiliated. The idea for collaboration stemmed from this connection, and the IMS group is excited to work together on combined water-column/seabed research off the G-B rivermouth. Discussions with IMS indicate their interest in continuing research on seasonal and spatial patterns of water-column properties (°C, DO, sal., pH, TSS, etc.) and nutrient geochemistry (CO2, NO3, PO4, etc.). Also, Dr. Shahid Islam and I share common interests in coastal sedimentology, and we will closely together to apply his research techniques using microfossils as sediment dispersal tracers, as well as GIS methods for data manipulation. Collaborations with the Geological Survey of Bangladesh on this project will continue my interaction with Sirajur Rahman Khan, head of the Coastal and Marine Geology division. Mr. Khan is particularly interested in coastal stratigraphy, and we will work together to develop facies models for the inner shelf based on the subbottom and coring surveys. 

In addition to the planned foreign collaborations above, the PI will also avail several cruise berths for U.S. scientists interested in a ship-of-opportunity on the Bengal shelf. As the R/V Anwesha sleeps 10 scientists, we expect to include the PI, two Stony Brook students, and four Bangladeshi scientists, thus leaving three open bunks for other U.S. or Bangladeshi researchers. Likely participants from the U.S. include Robert Aller at MSRC who is interested in extending his research on geochemical cycling in deltaic settings to the G-B system, and also Sid Mitra at Binghamton University who would like to investigate the nature and flux of black carbon from the G-B catchment. 

3. Education Plan

3.1. Introduction

The educational activities described in the following sections are designed to build a solid relationship between the PI and faculty and students at Dhaka University. However, there is also a clear goal for these programs to expand to a larger academic community that shares similar interests in research on the G-B delta and/or pedagogical growth in Bangladesh. Specifically, this community was identified among the enthusiastic scientists and educators participating in the NSF-sponsored U.S.-Bangladesh Collaborative Workshop on the Ganges-Brahmaputra-Meghna Delta held in Dhaka last year. Among the five most important issues identified at the workshop was the need for “an appropriate institutional framework for international collaborative works and studies on the various issues of the delta.” Our discussions recognized that joint U.S.-Bangladesh research would have a greater impact if pursued within a more formal relationship and institutional framework. However, participants also recognized that funding opportunities for broadbased activities involving both research and education are difficult. Here though, the CAREER program is ideal for meshing such goals. Thus, the proposed study seeks to launch several programs that will involve a number of students and researchers and also serve as a catalyst for continued cooperation between the U.S. and Bangladesh research communities. 

3.2. University Setting and Educational Goals

At Stony Brook, the Marine Sciences Research Center (MSRC) is New York State's laboratory for marine-related research, graduate education, and public service. MSRC currently supports over 100 graduate students in its masters and doctoral programs. There is no undergraduate marine-sciences major at Stony Brook, but MSRC faculty are heavily involved in undergraduate education through various learning programs, research, and courses. Since starting at Stony Brook, my teaching curriculum has come to reflect a cross-section of the university, involving (a) a large oceanography course for undergraduates, (b) a small environmental seminar for undergraduate Honors students, (c) a graduate field course, and (d) several introductory and advanced topical graduate courses. 

In addition to teaching, I have supported undergraduate research through our REU program as well as individual student projects in my lab. Most of these have involved my research on Long Island salt marshes and coastal systems, which tend to appeal to student’s interest in their local surroundings. I have also tried to incorporate my G-B delta research into classroom curricula, with varying success. In the introductory courses, many students do not relate to a land and people so remote from their lives. However, I have received very positive responses from more advanced students and those in smaller groups. I attribute these differences to the level of familiarity students have with the subject. So, as part of the CAREER project I will have my larger classes directly engage students in Bangladesh to build a more personal relationship with the region’s people, society, and science. Building upon these personal connections will be class-related activities geared toward developing basic quantitative and interpretive skills. The overall goal is to have students in my classes apply their knowledge to a real system and to learn interactively with students of a foreign nation.

In addition to giving students at Stony Brook a different perspective of the world, I also look forward to sharing these experiences with students and colleagues in Bangladesh by supporting their involvement. Thus, the major objectives for the proposed educational activities are: 

· Expose a broad range of students to the science of the G-B delta and monsoon Asia and the social significance of environmental struggles in this region, 

· Facilitate the development of geological research and education in Bangladesh through collaborative activities with Stony Brook. 

Herein are developed several activities that will facilitate faculty and student exchanges between MSRC at Stony Brook and the Geology Department of Dhaka University (see letters). Because of obvious limits on funds, we plan to bridge the roughly 20,000 km between our institutions by using the internet. Dhaka University is currently updating their internet system with a LAN network, which is a timely improvement that we can put to good use. Among these activities, several are aimed at undergraduate experiences in science, humanity, and cultural education, while others are designed to promote collaborative research and mentoring among faculty and graduate students.

3.3. Proposed Educational Activities

As part of the overarching CAREER goal of integrating research and education, the following specific objectives will be pursued by students and faculty of Stony Brook and Dhaka University:

(a) Web-based ‘short course’ on the G-B delta for use in teaching and outreach. – One of the most important skills for students to develop is the integration of knowledge across disciplinary boundaries. Students benefit greatly when they learn to apply all of their coursework, from math, physics, biology, or economics, to understand complex scientific and social questions. This integrated use of information also enhances student comprehension, because a subject is approached from several different angles. Furthermore, students tend to retain such information better than random facts or definitions because it has been placed in context. I have found that one of the best ways to teach interrelationships in science is to focus on the complexities of a particular system. To do this we will develop an interdisciplinary web-based tutorial on the geology, environments, and society of the G-B delta to be used as a classroom aid and reference site. Through this website and our teaching approach, we hope to (i) integrate scientific concepts so that understanding is emphasized over information, and (ii) clearly define a context for science that emphasizes its purpose and significance. 
Beyond Stony Brook, the web page is also intended for use by other institutions, particularly those in Bangladesh. The web-site will provide up-to-date discussions, data, and references for the G-B delta system, much of which is not currently available to teachers and students there. Colleagues at Dhaka University have wanted for some time to establish a website for their Delta Studies Centre, and they are excited about jointly developing this comprehensive education and research site for the G-B delta. The web-site will initially be based on a server at Stony Brook, but long-term stewardship of the site will be transferred to the Delta Studies Centre at the end of the CAREER project. 

For teaching at Stony Brook, the web site will be set up so that each section comprises a topical ‘module' that demonstrates applied examples of a topic and its relevance to other issues. The modules will be used as a supplement to classroom lectures, such that we will step back from the basic science to show real -life examples and their importance to society. Over the length of the course, each teaching module will successively build toward an integrated understanding of Earth system’s processes and their interaction with humans, using the G-B delta and Bangladesh as examples. At present, my course materials are available to students in HTML through the Blackboard e-Education system at Stony Brook, so course-specific assignments can be accessed by the appropriate class. I plan to first use the site in my large oceanography course, which would benefit greatly from a theme that ties together the diverse topics of land, ocean, and atmosphere. This has been a difficult class to teach, because most students are non-science majors who struggle to organize the range and scale of information given to them. 

(b) International ‘co-mentoring’ program for students doing research on the G-B delta. –

Academic research communities generally benefit from the exchange and vigorous mixing of ideas. Through time this occurs by educating and mentoring students, particularly the interaction of students with faculty and researchers from other universities. To bring these benefits to bear, we propose to establish a co-mentoring program for U.S. and Bangladeshi students doing research on the G-B delta. This program will initially involve Stony Brook and Dhaka Universities, where students would be encouraged, but not required, to have a committee member from the respective foreign country. Benefits for the students in both countries would be an enhanced graduate experience and greater opportunity for professional development. A broader goal of the co-mentoring program is also capacity building in Bangladesh through strengthened faculty-student networks and increased personal contact among colleagues. Improved research quality will also result from the exchange of ideas and information. 
Both graduate and undergraduate students conducting research on the G-B delta would be encouraged to contact an appropriate faculty member in Bangladesh or the U.S. about being a co-mentor or committee member. Initially, co-mentoring would involve myself and colleagues at Dhaka University, mainly through the proposed collaborative research. Undergraduate research will also be an important part of the program, with co-mentors sought for each student involved in a G-B delta project. Most correspondence will occur via the internet, allowing data, papers, and presentations to be easily exchanged. 

(c) ‘E-pal’ program for exchange of information between students at Stony Brook and Dhaka University. – To foster a sense of international community and involve a large number of students in research-type activities, we will develop an ‘e-pal’ program in which undergraduate students will complete joint class assignments over the internet. Students at Stony Brook and Dhaka will each be assigned an internet penpal with whom they will remain in contact via email. The ‘e-pal’ program is designed particularly for large lecture-based courses, which have fewer opportunities for interactive student involvement. Group-learning activities are also a good way to involve students that would otherwise remain at the fringe of class. This is a common problem in my introductory oceanography class, where some students seek refuge from questions by sitting far back in the auditorium. Through cooperative-learning activities, all students will contribute to the assignments, as well as have an opportunity to make oral presentations to their groups or the class (Macdonald and Korinek, 1995) 

The ‘e-pal’ assignments will generally focus on easily obtained data such as water temperatures, rainfall, and tides. The students will then have to find the relevant information and exchange it with their Bangladeshi counterparts. An important aspect of using real data is that it can be used to introduce quantitative skills and logical reasoning to students (Guertin, 2000). The data will be plotted graphically to discuss trends and make comparisons for various atmospheric and oceanographic processes. We will also encourage cultural development by exchanging ideas on relevant subjects such as global warming, greenhouse emissions, sea-level rise, and aquaculture. Success of this effort will be gauged from student attitudes and the quality of the work handed in. A clear indication of success/failure is usually given when both of these indicators agree, although a negative attitude and positive work quality indicates to me that students respect the value of the assignment but may not be getting enough support. 

(d) Recruitment of Bangladeshi student(s) to the MSRC graduate program. – A large majority of faculty members in Dhaka University's geology department received their Ph.D. from foreign institutions, many from the UK, Russia, or Australia. Because library resources are so limited and research funding almost non-existent in Bangladesh, foreign-educated faculty provide the best access for students to an up-to-date geology curriculum. In order to contribute to this vital flow of information into the country, a primary goal of the proposed CAREER program is to recruit and support an outstanding Bangladeshi graduate student(s) in MSRC’s masters or doctoral program. Most of the Bangladeshi students I have talked with are interested in doing graduate research specifically on the G-B delta, and so the proposed research activities would provide several opportunities. Also, the interdisciplinary coastal marine-science curriculum at Stony Brook would be very appropriate for students from this delta nation.

In addition to supporting a student from a developing nation, recruitment of a Bangladeshi student(s) will also benefit Stony Brook and the proposed educational activities. It is intended that the graduate student(s) would contribute to design of the G-B web site by providing personal insights about life and environmental issues in Bangladesh. The graduate student could also be an excellent mentor for the undergraduate researchers. Further, supporting a Bangladeshi student will provide a strong base for the co-mentoring program, allowing the student to maintain close contacts with faculty in their home country.

Despite many strong geology students graduating from Bangladeshi universities, there are several factors that will be considered for potential graduate applicants. One factor is the ability to conduct independent research, for which there is not always an opportunity in the somewhat hierarchical Bangladeshi academic system. Breadth and depth of coursework will also be important because of the relatively rigorous and interdisciplinary curriculum at MSRC.

(e) Undergraduate Research at Stony Brook. – There are few substitutes for hands-on research for a young scientist to develop critical and practical thinking skills. Opportunities to formulate a hypothesis, design an experiment, or deal with inevitable complications come in droves when actually doing research, but these are hard to learn otherwise. Also, because these skills take time to develop through guidance and feedback, it is important to start the process early. In doing so, students often gain the enthusiasm and confidence to pursue graduate studies, and enter better prepared as a result. 

As part of the proposed G-B delta study, at least one undergraduate will be supported per year to conduct individual research projects. Typically, I have undergraduates in my lab work on a subset of samples, such as one or two sediment cores, which they can take as their own part of the study. With this division of responsibilities, the student can run a full suite of analyses on the samples rather than being stuck with the most simple or least desirable techniques. This approach also allows for some support from graduate students who may be doing similar analyses, but also preserves a healthy level of independence. Projects will be advertised through Stony Brook’s URECA program (Undergraduate Research and Creative Activities). Selected students will be invited to begin their project during the academic year as credit-based research, then culminating in a paid internship the following summer. This layout allows the project to be considered for an undergraduate thesis and would provide sufficient time to conduct a meaningful study (summer alone is too brief). It is hoped that each student will also participate in fieldwork in Bangladesh during the January winter break. Results of student projects will be presented at Stony Brook’s Celebration of Undergraduate Achievements, which is a two-day campus-wide conference for undergraduate research that allows students and faculty to share their work and collaborations.

(f) Outreach Activities. – In addition to the traditional educational program discussed above, we will also host a Bangladeshi visiting scholar at Stony Brook in FY-3 and FY-5. Two Bangladeshi scientists will be supported to spend two months for research and collaboration at MSRC. The main goals are to (i) permit joint analysis of field data, (ii) use state-of-art equipment not available in their home institutions, and (iii) prepare joint manuscripts for publication. Scholars will also have access to the university library and online citation databases for in-depth literature research. Such bi-directional collaborations are important for maintaining a strong and balanced collegial relationship.
4. Prior research and educational accomplishments

Being employed at a research-oriented institution, an important early-career decision was to become heavily involved in the research community and build a network of colleagues with similar and complementary interests. My participation in the MARGINS Source-to-Sink planning meetings led to more proactive roles in convening a special session at the 2001 Fall AGU meeting and the subsequent outgrowth as editor of a special issue in Sedimentary Geology (in press). Another outgrowth of my professional activities has been the forementioned IGCP project on Deltas of the Monsoon Asia-Pacific (DeltaMAP). My co-PI on this project is Dr. Yoshiki Saito of the Geological Survey of Japan, who hosted me as a graduate student for NSF’s 1997 Summer Institute in Japan. My continued interaction with Dr. Saito and our new IGCP proposal reflect my commitment to professional relationships and through them developing research and outreach activities. 

Another synergistic project that is related to my interest in human-related issues is a community-workshop program on the high-risk, densely-populated Mega-Deltas of Asia, which I designed with colleagues from China, Japan, Bangladesh, and Vietnam. This project and workshop series, sponsored by the Asia-Pacific Network, will bring regional scientists together to better understand the processes and responses of large river deltas, particularly as the dynamics of these systems relates to risk assessment and hazard mitigation. Finally, after participating in the NSF-sponsored U.S.-Bangladesh workshop last year, I immediately sought to establish a Memorandum of Understanding with the Geological Survey of Bangladesh on behalf of U.S. researchers who have been doing geoscience research there. This MoU has just been approved by the Bangladesh Ministry of Science and will open a direct (and simple) channel for establishing official U.S./GSB joint-venture projects, including collaborative field studies, support for government permits, and importation of research equipment (see letter). This undertaking was entirely of my own initiative, and I am pleased to see it finally come into action.

With regard to publications, I have now authored or co-authored 8 peer-reviewed articles on the G-B system. These include topics from process to product, from modern to Quaternary, with each paper making a unique contribution to our understanding of this system. A capstone of my broadening experience with the G-B is a sole-authored paper titled Response of the Ganges dispersal system to climate change: A source-to-sink view since the last interstade. This in-press review paper integrates findings from various geological disciplines and from the catchment to basin, and I think it will be important in showing the potential magnitude and coherence of dispersal system responses to climate change (preprints available at http://www.msrc.sunysb.edu/pages/Faculty_Prof/Goodbred.html).

On the home front, my teaching at Stony Brook has come to involve a pleasant diversity of courses and students. I have received consistently good student feedback, especially in the smaller courses where I can be more involved with individuals. In my large introductory course, though, I would like to see improved student performance and a stronger interest in learning. This study’s web page and e-pal programs are designed to more directly engage underperforming students and enhance their motivation. My involvement in teaching and research with Stony Brook undergraduate Honors College has been a rewarding experience. Most of the Honors students I work with are under high pressure and many are overachievers, so they have responded particularly well to my field course where they revisit science as a fun, open-ended process rather than a necessarily focused, result-driven endeavor. My current undergraduate researcher Tamara Kroboth is an Honors student, and she began working in my lab last year after approaching me about opportunities for her undergraduate thesis. Originally headed through a pre-med program, Tamara's interests have changed during her tenure in our lab and she is presently participating in U. of Md.'s marine-science REU program. I have also been heavily involved in our own REU program, running the program in 2000 and hosting a student in my lab last year. I also currently support and advise five graduate students, including four women. The students are involved in a range of research topics, including (1) saltmarsh environmental records, (2) Sr signatures in G-B sediments, (3) floodplain control on high groundwater arsenic in G-B delta, (4) policy implications for seafloor mapping in national estuaries, and (5) implementation of marsh-management practices for mosquito control. Overall, I enjoy a strong bond with my students, and I very much appreciate the life, ideas, and dedication they bring to our research lab. Without pander, I can truthfully say that the growing involvement of students in my lab and research program has been a highlight of my first years at Stony Brook. 

5.  STUDY Outline and Timeline

06/04 
 
- recruit Bangladeshi grad student to MSRC
 
- establish G-B delta website and e-pal program for MAR 104 Oceanography course

01/05 
  
- planning visit (in conjunction w/ EAR project) to set up educational progam and Sept. cruise

06/05 
 
- September flood-season cruise in collaboration with Chittagong Univ. and GSB
 
- radioisotope measures of cruise samples

01/06 
 
- January post-storm cruise in collaboration with Chittagong Univ.
 
- radioisotope measures of cruise samples

06/06 
 
- undergraduate summer research on flood-pulse study 
 
- host collaboratoring Bangladeshi visiting scholar 
 
- submit publications with students and foreign colleagues for flood-pulse study

01/07 
 
- January canyon cruise to SoNG
 
- update website with study’s results and ongoing investigations

06/07 
 
- undergraduate summer research on canyon-rim sedimentation
 
- submit publications with students and foreign colleagues for canyon study

01/08 
 
- January coastal cruise to abandoned delta

06/08
 
- host collaboratoring Bangladeshi visiting scholar 
 
- undergraduate summer research on coastal study

01/09 
 
- final update of G-B delta website and transfer to Dhaka Univ. Delta Studies Centre
 
- submit publications with students and foreign colleagues for coastal project
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Figure 3. Schematic diagram of the Bengal shelf showing the subaqueous clinoform of the G-B delta and the deeply incised Swatch of No Ground canyon (after Kuehl et al., 1997). The general study sites for Objectives 1-3 are also shown. Arrows show inferred sediment transport directions, but little is actually known about dispersal across the inner shelf. Distance from rivermouth to canyon is ~150 km, with no clear bathymetric connections. The proposed study will investigate whether fluid muds, negatively buoyant plumes, and/or bedload traverse the inner shelf and support rapid accretion in the canyon and foresets.











Figure 1. Location maps for Bangladesh, the Ganges-Brahmaputra delta, and the Bengal shelf. The large-scale map shows the main study area, with hatchures denoting areas of focused study for Obj. 2 and Obj. 3.














Figure 2. Geopulse 'boomer' lines from (A) the eastern rim of the SoNG canyon head, and (B) the inner shelf off the G-B rivermouth (from Kuehl et al., 1997). (A) The canyon line shows a large feeder gully that is presumed to serve as an important sediment conduit to the main canyon, but sedimentation patterns in this and other similar features remain unknown. Adjacent to the gully are large morphological features originally interpreted as slump blocks. However, the geometry of internal reflectors and underlying stratigraphy are not inconsistent with up-dip migrating sediment waves formed by frequent turbidity currents � ADDIN EN.CITE <EndNote><Cite><Author>Lee</Author><Year>2002</Year><RecNum>1104</RecNum><Prefix>c.f. Humboldt slide controversy, </Prefix><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><AUTHORS><AUTHOR>Lee, H.J.</AUTHOR><AUTHOR>Syvitski, J.P.</AUTHOR><AUTHOR>Parker, G.</AUTHOR><AUTHOR>Orange, D.</AUTHOR><AUTHOR>Locat, J.</AUTHOR><AUTHOR>Hutton, E.W.</AUTHOR><AUTHOR>Imran, J.</AUTHOR></AUTHORS><YEAR>2002</YEAR><TITLE>Distinguishing sediment waves from slope failure deposits: field examples, including the Humboldt Slide, and modelling results</TITLE><SECONDARY_TITLE>Marine Geology</SECONDARY_TITLE><VOLUME>192</VOLUME><PAGES>79-104</PAGES></MDL></Cite></EndNote>�(c.f. Humboldt slide controversy, Lee et al., 2002)�. This idea will be tested in this study via the proposed acoustic and sedimentological approaches. (B) The inner-shelf line reveals a series of shallow infilled channels reflecting topset progradation (better seen in other lines). Overlying the channel fill is 2 m of acoustically transparent sediment suggestive of a 'fluid', or at least ephemeral, mud deposit. The nature and dynamics of such deposits will be investigated via seafloor mapping and radioisotope geochronology.











PAGE  
1

