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Coastal margins, where rivers serve as the 
dominant control on productivity and delivery 
of dissolved and particulate materials, have 
been understudied. The potential importance 
of certain river-dominated margins (RiOMars), 
such as those of the Mississippi River plume, 
to the global carbon budget is garnering 
increased attention because of their dispro-
portionate role in transporting terrigenous 
materials to the ocean [Dagg et al., 2004; 
McKee et al., 2004]. 

This study concludes that labile (readily 
open to chemical, physical, or biological 
change) sedimentary organic matter, pro-
duced by in situ diatom production in the 
Mississippi River plume, is rapidly transported 
to the Mississippi Canyon. Despite the notion 
that canyon sediments are typically unstable 

and lack adequate food resources to support 
significant macrobenthic communities, this 
study suggests that productive RiOMars are 
important conduits for transporting fixed 
carbon from highly productive plume waters 
on the shelf to deeper benthic communities.

The Louisiana Shelf as a RiOMar 

The Mississippi–Atchafalaya River delivers 
60% of the total suspended matter and 66% 
of the total dissolved materials transported 
from the conterminous United States to the 
ocean. Particulate organic carbon (POC) 
introduced by the river or biologically fixed 
on the Louisiana shelf is carried along-shelf, 
decomposed, buried, or transported to 
deeper regions in the Gulf of Mexico. Verti-
cal fluxes of organic carbon (OC) in the 
Mississippi plume as high as 1.80 grams car-
bon (C) per square meter per day have 
been observed during spring [Redalje et al., 

1994], but are lower during other seasons 
(0.29–0.95 grams C per square meter per 
day) and away from the immediate plume 
(0.18–0.40 grams C per square meter per 
day). Much of the in situ plume productivity 
supporting carbon flux is composed of dia-
toms [Lohrenz et al., 1999], as reflected in 
surface sediments below the plume. 

Finally, a unique characteristic of this pas-
sive margin, where the Mississippi River dis-
charges into the Gulf of Mexico, is the rela-
tively short distance to the Mississippi Canyon; 
this setting may allow for the rapid transport 
of shelf-derived primary production to the 
canyon floor. In fact, there is evidence that 
layers of increased suspended matter and 
resuspension events are important advection 
mechanisms in this setting (C.A. Burden et al., 
unpublished data, 2006). 

Source-to-Sink

Understanding the connectivity between 
coastal systems and the deep sea has received 
considerable attention in recent years. A pri-
mary goal of the U.S. National Science Foun-
dation (NSF) MARGINS Source-to-Sink pro-
gram (http://www.nsf-margins.org/S2S/S2S.

html) is to develop a quantitative under-
standing of margin sediment dispersal sys-
tems, including OC export from river mouth 
and shelf regions. Similarly, the global impor-
tance of the coastal ocean has been recog-
nized in national and international efforts, 
for example the Land-Ocean Interactions in 
the Coastal Zone (LOICZ), the European 
Union’s European Land-Ocean Interaction 
Studies (ELOISE), Shelf-Edge Exchange Pro-
cesses (SEEP I and II), Coastal Ocean Pro-
cesses (CoOP), Ocean Margins Program 
(OMP), and RiOMar (http://www.tulane.edu/
~riomar/).

 Many RioMARs export a relatively small 
volume of river-derived particulates seaward 
of the shelf break due to (1) their location 
on wide, passive continental margins where 
deltaic sedimentation is confined to the 
inner shelf and (2) along-shelf dominated 
coastal currents. However, other RioMARs 
are characterized by high export to the 
lower continental margin (e.g., Sepik,  
Ganges-Brahmaputra, Eel) due to a narrow 
(active continental margin) shelf and/or 
landward incision of the associated subma-

An estimated three billion metric tons of 
mineral aerosols are injected into the tropo-
sphere annually from the Saharan desert 
[Prospero et al., 1996]. Additionally, smoke 
from biomass burning sites in the savanna 
grasslands in sub-Saharan Africa contribute 
significant quantities of smaller-sized aerosols 
[e.g., Hobbs, 2000]. These windswept aerosols 
from the African continent are responsible 
for a variety of climate, health, and environ-
mental impacts on both global and regional 
scales that span the Western Hemisphere. 
Unfortunately, in situ measurements of aerosol 
evolution and transport across the Atlantic 
are difficult to obtain, and satellite remote 
sensing of aerosols can be challenging.

The trans-Atlantic Aerosol and Ocean  
Science Expeditions (AEROSE) are a series 
of intensive field experiments conducted 
aboard the U.S. National Oceanic and Atmo-
spheric Administration (NOAA) ship Ronald 
H. Brown during the Northern Hemisphere 
spring (March 2006) and summer (June-July 
2007) and proposed follow-on cruises in 
alternating seasons through 2010. The ongo-
ing AEROSE mission focuses on providing a 
set of critical measurements that character-
ize the impacts and microphysical evolution 
of aerosols from the African continent as 
they transit the Atlantic Ocean. 

The three central scientific questions 
addressed by AEROSE are as follows:  
(1) What is the extent of physical and chem-
ical evolution in the mineral dust and smoke 
aerosol during trans-Atlantic transport?  
(2) How do Saharan and sub-Saharan aerosols 
affect the regional atmosphere and ocean 
during trans-Atlantic transport? (3) How can 
these unique aerosol measurements be used 
to resolve or improve remote sensing algo-
rithms and models of the above processes? 

While there have been a variety of aero-
sol campaigns that have encountered min-
eral dust or smoke, few have focused on 
Saharan dust as well as sub-Saharan smoke, 
and none has sought to characterize the 
evolution of these aerosols during long-range 

transport as a function of season. Thus, a 
comprehensive suite of aerosol measurements 
and size-segregated sampling were performed 
during each AEROSE cruise to characterize 
the evolution of the mineral dust mass dis-
tribution with respect to number density 
and chemical composition. 

Project Overview 

AEROSE-I was a 27-day cruise conducted 
during March 2004. A combination of clima-
tological and near-real-time satellite obser-
vations, along with meteorological forecasts, 
helped steer the vessel into one of the larg-
est (with respect to spatial extent) dust 
storms ever observed during that time of the 
year (Figure 1a). The AEROSE science team 
obtained intensive surface-based and column 
measurements to secure a unique open-ocean 
data set before, during, and after a major 
dust event. The data complement also pro-
vided for validation of advanced satellite 
instruments under challenging environmental 
conditions [Nalli et al., 2006].

AEROSE-II was a 55-day ‘piggyback’ mission 
beginning on 27 May 2006 and conducted 
in concert with the African Monsoon Multi-
disciplinary Analysis (AMMA) and the Pilot 
Research Array in the Tropical Atlantic (PIRATA) 
project. The PIRATA project is a collabora-
tive effort between the United States, France, 
and Brazil to maintain an array of moored 
buoys to collect meteorological and ocean-
ographic measurements for weather and cli-
mate prediction. Maintaining this array, and 
extending it from the existing network, requires 
annual cruises in the AEROSE study region. 
The next cruise to service these, and deploy 
additional, buoys currently is planned for 
May 2007. The AEROSE team will piggyback 
on future PIRATA cruises to extend the 
observational research record.

The cruise tracks for AEROSE-I and -II have 
complementary spatial transects during dis-
tinctly different meteorological regimes, as 
shown in Figure 1b. It is clear that while 
AEROSE-I provided the opportunity to con-
duct longitudinal surveys within dust and 
nondust conditions, AEROSE-II afforded the 
opportunity to probe cross sections of both 
dust and smoke, as well as their trans-Atlantic 

transport. The ship measurements also are 
complemented by simultaneous downstream 
aerosol measurements in Puerto Rico. 

AEROSE-I Highlights

During AEROSE-I, nearly continuous in situ 
sampling of surface ozone, carbon monoxide, 
aerosols, radiation, infrared spectra, and 
meteorological measurements were obtained 
from the ship. Complementing these were 
high-resolution atmospheric column mea-
surements of temperature, humidity, and 
winds obtained from three-hourly radiosonde 
launches performed throughout the cruise 
[Nalli et al., 2005]. 

On 6 March 2004, the ship encountered 
the unusually massive plume of Saharan 
dust mentioned above midway across the 
Atlantic Ocean (Figures 1a and 1b).  The 
leading edge of this dust, which extended in 
an arc from Spain to the Gulf of Guinea, had 
peak mass densities of 200 micrograms per 
cubic meter for aerosols with diameters less 
than 2.5 microns (PM2.5) more than 1300 
kilometers northwest of the Gulf of Guinea. 
The evolution of the surface mass and num-
ber distributions, as well as the size-resolved 
surface chemistry, within this plume subse-
quently was characterized. For the 6 March 

Measuring Trans-Atlantic 
Aerosol Transport From Africa 

Rapid Export of Organic Matter 
to the Mississippi Canyon 

Fig. 1. (a) Moderate Resolution Imaging Spectrometer (MODIS) true color average image (5–6 
March 2004) of the Saharan dust plume crossing the North Atlantic Ocean during AEROSE. 
(b) Cruise tracks of the Ronald H. Brown for the 2004 AEROSE-I and Leg 1 of the 2006 AMMA-
AEROSE-II.
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rine canyon that intercepts along-shelf trans-
port pathways. 

Rapid OC Export From the Delta  
to the Mississippi Canyon

In this study, four box-cores from the Mis-
sissippi Canyon (Figure 1a) were investigated. 
Surface sediments from station ICC-Can 
(Integrated Carbon Cycle-Canyon were col-
lected in July 2003, while Hurricane Ivan 
stations (HI-8, HI-9, and HI-10) were sampled 
in October 2004, one month following Hurri-
cane Ivan. These samples are part of a series 
of funded studies that have been ongoing in 
this region for the past five to six years. This 
work is also relevant to research currently 
underway that examines post-Katrina effects. 
Water depths for these stations ranged from 
320 to 665 meters. Sediments at all stations 

were fine terrigenous muds (<1% calcium 
carbonate at ICC-Can). The ICC-Can station 
had an extensive benthic macrofaunal 
assemblage of tube-dwelling polychaetes, 
something not commonly observed on the 
delta front, due presumably to the high sedi-
mentation rates and mobile seafloor  
(Figure 1b). 

The particle-reactive radionuclide beryl-
lium-7 (7Be; t1/2 = 53.3 days) can be used as 
a tracer of recent river-derived inputs, and 
its presence in all surface sediments in the 
Mississippi Canyon (Figure 2) suggests that 
sediments are rapidly transported from the 
delta to the canyon. It is estimated that 
about 50% of the sediments delivered to this 
region are temporarily stored near the delta, 
with a large fraction transported along/
across the shelf [Corbett et al., 2004, 2006]. 
Winter fronts are most likely responsible for 

the resuspension and transport of sediments 
along and off the Louisiana coast [Allison  
et al., 2000; Corbett et al., 2004]. The 7Be 
inventory at HI-9 is higher than at ICC-Can, 
its nearest site (Figure 2e). Since 7Be inven-
tories integrate inputs over time (~250 days), 
the passage of Hurricane Ivan between sam-
pling at ICC-Can (July 2003) and HI-9 (Octo-
ber 2004) may explain this difference. 

Sediment deposition following the pas-
sage of hurricanes Katrina and Rita was  
6–19 times the typical annual accumulation 
at the 50-meter isobath and deeper [Corbett 
et al., 2006]. The macrobenthos observed at 
station ICC-Can in July 2003 (see Figure 1b) 
was not present at station HI-9, or at the 
other canyon stations in October 2004 [Cor-
bett et al., 2006], indicating slow recovery of 
these deeper macrobenthic communities 
[Corbett et al., 2006]. Gravity cores collected 
at ICC-Can also show evidence of mud tur-
bidites at decimeters below the tube-dwell-
ing community, indicating that hyperpycnal 
down-canyon transport is active at a lower 

frequency than storms and erosionally 
scours epibenthic communities. While there 
is a 25-meter difference in elevation between 
station ICC-Can and HI-9, inputs of 7Be and 
chlorophyll to these sites are similar, which 
would not be the case if these sites were 
associated with a more sheltered versus a 
gravity flow region of the canyon floor. 

Sources of Labile Organic Carbon  
in Mississippi Canyon

Algal pigments and polyunsaturated fatty 
acids (PUFA) were observed in surface sedi-
ments at all four canyon stations. These 
algal biomarkers are labile compared with 
other biomarkers, so they, like 7Be, reflect 
recent accumulation [Canuel and Martens, 
1996]. The open waters of the Gulf are oligo-
trophic (poor in nutrients), and except for 
rare occasions when the Mississippi River 
plume extends farther southwest, vertical 
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Fig. 1. (a) Map showing stations sampled in the northern Gulf of Mexico. Contour lines represent 
isobaths on a scale of meters. (b) Photograph of surface sediments in a box-core at station ICC-
Can in July 2003; arrows show the presence of large tube-building macrofauna in sediments.

Mississippi  cont. on next page

Fig. 2. (a–d) 7Be activity profiles in sediments, measured in disintegrations per minute per gram 
(dpm/g), collected from four stations in the Mississippi Canyon in July 2003 (ICC-Can) and 
October 2004 (HI-8, HI-9, and HI-10). Sediments were collected using a box-corer. 7Be measure-
ments were made using techniques described by Corbett et al. [2004]; horizontal lines represent 
counting errors. (e) 7Be inventories (dpm/cm2) were calculated using methods described by 
Corbett et al. [2004]. The values in the parentheses on the x-axis represent the water depth at 
each station in meters. 
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POSITIONS AVAILABLE

Atmospheric Sciences

NIWA is a Leading Environmental Research 
Institute and Key Provider of Atmospheric, 
Freshwater and Marine Research and Consul-
tancy Services in New Zealand.

NIWA has a strong programme of measure-
ment and modelling of atmospheric trace gases, 
including greenhouse gases. A particular strength 
is the long-term measurement of carbon isotopes 
in carbon dioxide, carbon monoxide and meth-
ane in both contemporary air and air extracted 
from polar ice, and their interpretation. This is 
linked to a wider effort to improve knowledge of 
human impacts on the atmosphere that will help 
mitigate changes in atmospheric constituents and 
the wider climate system.

We are seeking an accomplished researcher 
with a high level of demonstrable expertise in 
atmospheric chemistry and physics and a substan-
tial record of active research in atmospheric trace 
gases, with the ability and experience to provide 
intellectual leadership for our experimental and 
analytical programmes, including gas analysis 
and mass spectrometry. An appointee would be 
expected to actively develop research initiatives 
and funding proposals, as well as pursue consul-
tancy opportunities in related disciplines.

Applicants should have a research degree 
in atmospheric physics or chemistry and have 
a substantial record of active research in atmo-

spheric trace gases. A proven publication record 
is essential.  Leadership experience and expertise 
in gas analysis and mass spectrometry are highly 
desirable.

A full job description, online applications and 
further information about NIWA can be found at 
www.niwa.co.nz/careers

Please have applications submitted by Dec 
18th, position open until filled

Postdoctoral Position. Harvard University 
invites applications for a postdoctoral position in 
forest ecosystem modeling in the laboratory of 
Paul Moorcroft. The successful candidate will be 
involved in collaborative projects between the 
Moorcroft lab, Yellowstone Ecosystem Research 
Center, and the NASA Jet Propulsion Labora-
tory on projects relating the spatial spread of 
forest pathogens and incorporating remote sens-
ing-derived estimates of forest structure and 
disturbance dynamics into terrestrial ecosystem 
models. The successful candidate should have 
a strong background in terrestrial ecosystem 
ecology, forest ecology, or a closely related field. 
Applicants with previous experience with ter-
restrial ecosystem models, forest disturbance 
dynamics, and the applications of remote sensing 
to the study of forested ecosystems are strongly 
preferred. Candidates should email their CV, a 
summary of research interests, and the names of 
three references to Paul Moorcroft (paul_moor-
croft@harvard.edu). Harvard University is an 
equal opportunity/affirmative action employer.

Postdoctoral Research Associate, University 
of Illinois.  The Department of Atmospheric 
Sciences (http://www.atmos.uiuc.edu) at the 
University of Illinois at Urbana-Champaign is seek-
ing a Postdoctoral Research Associate to join a 
research group, comprised of Profs Di Girolamo, 
McFarquhar, and Rauber, as well as Research 
Scientists, Programmers, and Graduate Students, 
studying trade wind cumulus clouds.  The goal of 
the research group is to quantify and understand 
the physics responsible for the rapid onset and 
subsequent evolution of precipitation in trade 
wind cumuli; to examine the mechanisms by 
which trade wind clouds organize; to understand 
the impact of trade wind clouds on the moisture, 
turbulence, and aerosol content of the trade wind 
layer; and to determine the contribution of pre-
cipitation from trade wind clouds to the energy 
balance in the trade wind regime.

The group has participated in several recent 
field campaigns to study trade wind cumulus 
clouds, resulting in a large volume of data from 
satellite, aircraft, and ground-based observations, 
including radar. The position involves the analysis 
of this data and to connect the analysis with the 
modeling efforts currently underway within the 
group. The successful candidate will have consid-
erable flexibility in the direction of their research, 
depending on his/her interest and expertise.

A Ph.D. in atmospheric sciences or a related 
field is required. Preference will be given to candi-
dates with experience in cloud, aerosol, and pre-
cipitation analyses using data from remote sensing 
instruments, although the overall strength of the 

candidate will be the deciding factor. The candi-
date should be highly motivated and creative with 
excellent communication skills and have the abil-
ity to work both independently and in a team. The 
candidate must have proficient programming skills 
and be familiar with a LINUX environment.

Applicants should send their curriculum vitae, 
list of publications, statement of research interest, 
and names, postal and e-mail addresses of three 
references to Prof. Larry Di Girolamo, Department 
of Atmospheric Sciences, University of Illinois at 
Urbana-Champaign, 105 S. Gregory St., Urbana, 
IL 61801-3070, larry@atmos.uiuc.edu. For full 
consideration, applications should be received by 
January 15, 2007.

The University of Illinois is an Affirmative 
Action, Equal Opportunity Employer.

UCAR Postdoctoral Fellowship Program at the 
Naval Research Laboratory.  In cooperation 
with the Naval Research Laboratory (NRL), the 
University Corporation for Atmospheric Research 
is seeking postdoctoral level scientists interested 
in furthering their research interests and develop-
ing expertise in new areas.  Scientists who have 
recently received their PhD have an exciting 
opportunity to work alongside experienced sci-
entists at the NRL Marine Meteorology Division, 
which is located in the beautiful seaside city of 
Monterey, CA.

For more information about NRL’s Marine 
Meteorology Division, Atmospheric Dynamics and 
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inputs of algal detritus over the canyon are 
small [Lohrenz et al., 1999]. Rather, these 
biomarkers likely derive from sediments 
redistributed from the productive shelf 
region where diatom productivity and fluxes 
to sediments are high [Dagg et al., 2004]. 

Furthermore, algal pigments and PUFAs 
decrease in concentration, whereas sterols 
(steroid alcohol found in plant lipids) increase 
in concentration between samplings before 
and after Hurricane Ivan (Figure 3b). Redis-
tribution of sediments from the delta to the 
canyon associated with Hurricane Ivan may 
have promoted decomposition of labile 
compounds and/or resulted in their dilution 
by mixing with deeper (older) sediments 
depleted in labile compounds but enriched 
in more stable compounds such as sterols. 
Pigment and PUFA inventories at station 

ICC-Can confirm that labile phytodetritus 
(decomposing phytoplankton) is advected 
to the canyon, most likely during passage of 
winter fronts and sporadically by hurricanes 
[Corbett et al., 2004, 2006]. It is likely that 
communities of macrobenthic polychaetes 
(a marine annelid worm) in the canyon are 
supported by shelf-derived sediments rich 
in diatom phytodetritus. 

This study concludes that labile sedimen-
tary organic matter, produced by in situ dia-
tom production in the Mississippi River 
plume, is rapidly (day to weeks) shunted to 
Mississippi Canyon. Transport probably 
occurs during winter storms and hurricanes, 
and possibly by turbidites originating in the 
upper reaches of the canyon. The supply 
rate of this labile phytodetritus is temporally 
consistent enough to support macrobenthic 

polychaete populations that do not exist in 
nearshore waters off the Louisiana coast. 
Thus, despite the predominant notion that 
canyon sediments are typically unstable 
and lack adequate food resources to sup-
port significant macrobenthic communities, 
productive RiOMars can indeed serve as 
important conduits for transporting labile 
fixed carbon from highly productive plume 
waters on the shelf to fuel deeper benthic 
communities. Nevertheless, further work is 
needed to corroborate the importance of 
these food resources for macrobenthic  
communities.
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Fig. 3. (a) Concentrations (nanograms per gram dry weight of sediment) of algal pigment bio-
markers fucoxanthin (Fuco), diadinoxanthin (Diadino), and chlorophyll-a (Chl a) in surface 
sediments from four stations in the Mississippi Canyon in July 2003 (ICC-Can) and October 
2004 (HI-8, HI-9, and HI-10). Pigments were analyzed by high-performance liquid chromatogra-
phy (HPLC) according to methods described by Bianchi et al. [2000]. Values in parentheses on 
the x-axis are water depths at each station. Diadinoxanthin and fucoxanthin are biomarkers for 
diatoms. (b) Concentrations (nanograms per gram dry weight of sediment) of diatom sterols, 
dinosterol (from dinoflagellates), and polyunsaturated fatty acids (PUFAs) in surface sediments 
from four stations in the Mississippi Canyon. Sterols and fatty acids were analyzed using methods 
described by Canuel and Martens [1996]. The error values for these sterol and PUFA concentra-
tions were in the range of +10%. (c) Inventories of algal pigments and PUFAs (nanograms per 
square centimeter) at station ICC-Can collected in July 2003; downcore samples at the three sta-
tions collected in October 2004 were not available for biomarker analyses.




