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[1] Sediment cores from the continental shelf adjacent to
the Mississippi River delta immediately after the passage
of Hurricane Katrina were used to examine the magnitude,
and implications for the carbon budget, of sediment and
particulate organic carbon (POC) remobilized by the storm
on the river‐dominated continental shelf. POC was sourced
from incision of the innermost continental shelf (<25 m water
depth) and from surge ebb advection from adjacent wetlands
and shallow estuaries, and was re‐deposited in deeper water
on the shelf. This pulse of young (<1,600 yBP) labile POC,
mixed with relict (>5000 yBP) POC eroded from the sea-
floor, has major implications for the remineralization ver-
sus burial of POC in deltas. The scale of erosional deflation
of the shelf in water depths beyond seasonal wave‐current
conditions suggests that, over millennia, tropical cyclones
may be responsible for partly removing prodeltaic strata
from the geologic record in low‐to‐mid latitude deltas.
Citation: Allison, M. A., T. M. Dellapenna, E. S. Gordon,
S. Mitra, and S. T. Petsch (2010), Impact of Hurricane Katrina
(2005) on shelf organic carbon burial and deltaic evolution,
Geophys. Res. Lett., 37, L21605, doi:10.1029/2010GL044547.

1. Introduction

[2] Hurricane Katrina traversed the shelf and coast of
south Louisiana adjacent to the Mississippi River delta on
August 29, 2005 with sustained winds in excess of 110 knots
(56.6 m/s) and storm surges in the delta of up to 4–5 m
[Knabb et al., 2006]. This caused huge land losses from
the fragile deltaic coastal wetlands [Barras, 2006], and con-
versely, net sediment accretion on some marsh areas not
excavated by the storm [Turner et al., 2006]. These studies
suggest the possibility of large‐scale exchange of sediment
and particulate organic carbon (POC) between wetland,
estuarine, and offshore areas of deltas impacted by tropical
cyclones.
[3] Rivers supply as much as 1 Gt total carbon to the

world’s oceans, and as much as 85% of the carbon burial
in continental margins takes place on these river‐dominated

shelves [Berner, 1982; Bianchi and Allison, 2009]. The
Mississippi River is one of the world’s 25 largest rivers, that
together account for approximately 40% of the fluvial sedi-
ments and 50% of the freshwater entering the ocean [Meade,
1996; Vorosmarty et al., 2000]. A number of these low and
mid‐latitude systems, including theMississippi, are subjected
to tropical cyclones. We hypothesize that these events
resuspend large amounts of sediment from continental shelf
depocenters, which expose particulate and dissolved OC
to remineralization (affecting carbon burial rates), homog-
enize OC from labile and more recalcitrant sources, and
re‐introduce nutrients to coastal food webs. We also
hypothesize that these events have a lasting impact on
deltaic evolution by incising older sediment deposits as
well as the modern depocenter(s). In the Mississippi delta,
lobe‐switching on 102–103 y timescales in the late Holocene
has created overlapping, 10–200‐m‐thick lobe deposits
which are conceptually modeled as evolving by compaction‐
driven relative sea level rise and shoreface transgression by
wave attack [Penland et al., 1988; Törnqvist et al., 2008].
We hypothesize that the wave and surge energy of tropical
storms may extend this incision to shelf depths, playing a
major role in preservation of these lobes. The objective of this
paper is to test these hypotheses by examining the Katrina
event and its impact on carbon burial/remineralization and
geologic preservation of deltaic lobe deposits.

2. Materials and Methods

[4] Field and laboratory methods are outlined in the
auxiliary material methods section.1

3. Seabed Response and Sediment Mass Fluxes

[5] During a rapid response cruise conducted on Oct. 1–6,
2005, 19 cores (Figure 1) were collected from the continental
shelf. In addition to being directly in Katrina’s path, the study
area was selected because it is the largest modern Mississippi
sediment accumulation depocenter [Corbett et al., 2006].
X‐radiographs from the cores exhibit a storm seabed response
that can be divided into four categories based on A) the
presence or absence of an irregular, basal erosional surface
that marks the transition from pre‐storm and Katrina event
layer surficial deposits and B) the presence or absence of
a fining‐upward event layer attributable to the storm. The
Katrina event layer is attributed based on the presence of
the particle‐reactive, short‐period radiotracer 7Be (half life =
53 days), which tends to be high in activity on river‐derived
particulates, and, secondarily, on the fining upward stratig-
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raphy [Olsen et al., 1986; Allison et al., 2005; Keen et al.,
2006]. This event layer is interpreted as being a result of
seabed erosional deflation during the period of maximum
wave heights and onshore, surge‐induced currents. The
waning phase would be marked by re‐deposition of par-
ticles (that fined with gradual energy reduction) suspended by
the storm, and runoff of additional particles from the land
surface, associated with an ebbing surge (offshore vector).
Event layer thicknesses in X‐radiograph and depth of 7Be
penetration are reported for each station in Table S1 of the
auxiliary material.
[6] The zonations in Figure 1 strongly correlate with water

depth. In water depths of less than about 25 m, box cores
showed no event layer preservation and an erosional sediment
surface. These cores were uniformly composed of well con-
solidated (porosity 50–60%) and burrowed muds with a thin
(<2 cm) shelly sand veneer. At three of these sites (KAT
6,7,14), we were able to compare box core X‐radiographs
with those collected at the same GPS location in May 2005
by a NOAA‐funded study (S. DiMarco, lead PI). Using
matching subbottom stratigraphy, seafloor deflations were
2, 3, and 8 cm, respectively, presumably due to the storm,
with the deepest erosion at KAT14 in rapidly accumulating
sediments closest to Southwest Pass [Corbett et al., 2006].
Lesser incisions are associated with lower modern sediment
accumulation [Corbett et al., 2006] (e.g., more consolidated
surficial sediments). Seaward of 25 m to about 40 m water
depth, the basal erosional surface was covered by the fining‐
upward event layer. The removal of surficial sediments down
to a relict fluvio‐deltiac material up to several thousand years
old at inner sites suggests that tropical cyclones are a primary
mechanism for keeping most of the inner shelf (<20 m) swept

from modern sediments [List et al., 1997;Miner et al., 2009]
despite the large flux of Mississippi‐derived particulates
moving alongshore in the westward‐flowing coastal current.
Further, this deflation by successive storms over decades, is
likely a major factor generating retreat of inactive Mississippi
deltaic lobe headlands. While winter cold‐fronts likely con-
tribute to this erosion on the shoreface (<10 m), significant
wave heights (<1–2 m) during these events are generally too
small to generate resuspension at greater depths [Jaramillo
et al., 2009]. Assuming a conservative 2 cm average shelf
surface erosional deflation caused by Katrina for the area
from the shoreline to the seaward edge of the erosional hiatal
surface (∼40 m water depth), and from Southwest Pass to the
edge of our study area (∼90.0W) in Figure 1 (2600 km2),
sediment yield at 1825 kg/m3 would be ∼95million tons. This
is equivalent to recent estimates of the total annual discharge
of particulates transported down the main Mississippi path-
way [Horowitz, 2010]. We conclude that hurricanes can be a
significant budget component remobilizing POC from the
inner shelf, ranging in age from years to thousands of years
(see 14C age discussion below), into the offshore deltaic
depocenter. This also means that hurricanes 1) can create
significant removal of older deposits in an area/water depth
traditionally thought to be undergoing burial and preservation
in the geologic record at Holocene timescales and 2) how if
extrapolated over millennia, the collective removal of strata
by hurricanes might eliminate much of the muddy prodelta
deposit (see Coleman et al. [1998] for a facies outline).
[7] At the three sites shown as “2+ Events” in Figure 1

(e.g., KAT9, 10, 11), the surface of the Katrina deposit was
incised by a later, erosional surface‐event layer packet we
attribute to the impact of Hurricane Rita which made landfall
∼250 km west of the study area at the Texas‐LA border the
week prior to our cruise and caused large waves as far east-
ward as our study sites. Potentially, this event also contrib-
uted to the seabed deflation thicknesses measured inshore. At
two of three “2+ Event” sites (KAT 9,10), the Katrina deposit
was underlain by third packet that is probably associated with
Hurricane Ivan in 2004 [Dail et al., 2007; Sampere et al.,
2008]. It is uncertain why this multiple deposit is observed
in this zone at water depths (20–25m) that in adjacent regions
(Figure 1) show no event layer preservation, but may be
related to water and sediment sourced from adjacent Barataria
Bay (see next section). However, these data demonstrate that
stacked hurricane event layers are present in the last several
decades of accumulation at these sites (based on core depths
and known accumulation rates [Corbett et al., 2006]), albeit
in restricted areas, in deltaic shelf depocenters and if they
extend to deeper sediment intervals, may be mined in future
studies to determine cyclonic storm frequencies related to
changing climate.

4. Sediment and Organic Matter Sources

[8] Seaward of about 40 m water depth, no incision surface
was observed, suggesting that combined wave‐current shear
stresses were below critical erosion stress at these water
depths during the storm. In several of these core sites, an
event layer was still observable in X‐radiographs as a change
in fabric (grain size), supported by the presence of 7Be
activity. A more widespread mapping of these deeper sites
[Goñi et al., 2007] recognized a Katrina event layer as far
west as the Atchafalaya shelf, where it overlapped with a

Figure 1. Map of the core sites (offshore and marsh) on the
continental shelf west of the Mississippi River mouth and
the path of the eye of Hurricane Katrina in August 2005.
The zones of event layer character resulting from Katrina’s
erosion and deposition are discussed in the text. The two sites
where downcore organic carbon analyses were conducted
are identified (KAT4, KAT9).
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more substantial Rita event layer, and as deep as the floor of
Mississippi Canyon. The deposition of a Katrina event layer
seaward of the deflation zone suggests an offshore vector for
sediment and organic matter driven by the ebbing storm
surge. Values of OC in surficial (event layer) sediments are
highest (>1.5%) on the inner shelf adjacent to Barataria Bay
(Figure 2, top), supportive of a marsh‐enhanced source (from
erosion of marsh peats [Wilson and Allison, 2008]) carried
offshore by the surge ebb. Conversely, the surficial sediments
from the exposed relict inner shelf zone east of the Bay
mouths (Figure 2, top) are low in OC (<1.0%). The d13C
values (Figure 2, middle) from surficial sediments in both
subareas show evidence of a mixed source (−20.5 to −23‰)
assuming endmember mixing model averages (marine algae
−21‰, C3 vascular plants −27‰, C4 vascular plants −13‰)
[O’Leary, 1988; Raymond and Bauer, 2001]. These values
are also similar to what has been observed for suspended
sediments of the Mississippi‐Atchafalaya River [Goñi et al.,
1997; Onstad et al., 2000; Gordon and Goñi, 2004]. Further
evidence of a marsh and bay source (from aged C3 marsh
organic matter) comes from the fact that the youngest radio-
carbon ages (ca. 1,000 y) for surficial sediments are found
adjacent to the Bay, while relict sediments (exposed at the
shelf surface at KAT7 east of the Bay) have a much older
(>5,000 y) age (Table S1 and Figure 2, bottom). Downcore
trends in POC character (site KAT9 in Figure 1) are related
to the three stacked event layers observed in X‐radiographs

(Figure 3). The upper two layers are interpreted as a Katrina
layer reworked by a subsequent event in Hurricane Rita
(upper 9 cm). The activity of 7Be extends to the base of the
Katrina layer, but only into the upper 2–3 cm (likely due to
bioturbation) of the oldest event layer (19–26 cm), which is
interpreted as having been formed by Hurricane Ivan in 2004,
based on previous rapid response observations of an Ivan
event layer on the shelf [Dail et al., 2007; Sampere et al.,
2008]. The percentage of OC increases upcore in the
Katrina‐Rita event layer, likely as a function of waning‐
phase fining upward sediment supply (e.g., increasing
organic‐rich clay fraction). Also, d13C values are relatively
invariant, implying a relatively consistent source through-
out all three event layers (−21.7 to −22.4‰), although there
is an enrichment in the upper (0–5 cm), finer grain size Rita
deposit, which is supportive of ebb surge wetland and Bay
supply of marsh (C3‐derived) OC at least in this event. The
14C ages are relatively young (<1,600 yBP) throughout the
core, also in agreement with a wetland source via the adjacent
Bay. Overall, the bulk elemental and isotopic results are
consistent with a localized deposition of relatively young
and organic‐rich material adjacent to Barateria Bay, low‐OC
relict sediments at the scour site, and redeposited shelf
sediments that exhibit chemical composition similar to that
delivered from the Mississippi River. Detailed examination
of PAH isomer ratios in the core KAT4 [Mitra et al., 2009]
(Figure 1) Katrina layer were distinct from underlying sedi-
ment and from marshes on the eastern side of the delta (the
location of these marsh sites is plotted in Figure 1). A possible
explanation is that storm‐caused petroleum leaks from

Figure 2. Bulk organic characteristics of surface sediments
(0–1 cm interval) in the box cores collected in October 2005.
(top) Organic carbon content (%), scale from 0.25% (white)
to 3% (80% black); (middle) d13C (‰), scale from −20.5
(white) to −22.5 (80% black); (bottom) radiocarbon age
(years), scale from 0 (white) to 6000y (80% black).

Figure 3. Downcore bulk organic characteristics for box
core KAT9 (see Figure 1 for location) for organic carbon
content (%), d13C (‰) and radiocarbon age (years) plotted
alongside a core X‐radiograph of stratigraphy. Errors for
these analyses are discussed in the auxiliary material. The
X‐radiograph is displayed as a negative (dark = coarser):
interpreted event layer (basal hiatal surface and upcore fining
sediment package) depths for Hurricanes Rita (2005), Katrina
(2005), and Ivan (2004) are displayed alongside the image.
Horizontal lines at 21 and 30 cm depth in the X‐radiograph
are artifacts of the image stitching from multiple films.
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tankers or refineries in coastal Louisiana reached this sam-
ple area, affecting PAH composition in a manner distinct
from marshes on the eastern side of the delta, which were
“upcurrent” of the deltaic plain (given that surge currents and
transported wetland POC proceeded from east to west [Knabb
et al., 2006; Barras, 2006; Turner et al., 2006]).
[9] The results support the idea that, while ultimately from

the same sources (e.g., river, wetland, bay, shelf), the pro-
cesses that excavate and deliver POC to the event layer
sediments is distinct from the usual character of POC reach-
ing these sites [Sampere et al., 2008]. Likely, event layer
muds in this region are a combination of sediment and OC
from wetland erosion [Barras, 2006], Barataria Bay resus-
pension, and from remobilized sediments from modern and
relict river‐derived inner shelf deposits. Certainly the esti-
mated mass of the Katrina+Rita event layer deposit on the
shelf (1160 million tons [Goñi et al., 2007]) is an order of
magnitude larger than we estimate the shelf deflation sedi-
ment yield for Katrina above. The Mississippi River is likely
an additional source, given that the most depleted values are
observed proximal to the Southwest Pass river mouth
(Figure 2b), although discharge is relatively low at this time
of year. Previous studies have suggested that this largest shelf
depocenter west of the river mouth tends to be dominated by
the POC fingerprint of sediments supplied directly from the
Mississippi River [Gordon and Goñi, 2004; Allison et al.,
2007; Sampere et al. 2008]. The lack of downcore POC
evidence for a hurricane signature in these previous studies
may suggest that these fractions are either 1) subject to rapid
remineralization at or near the sediment‐water interface if
labile (wetland source) or 2) are also river‐derived (shelf
incision source) and difficult to distinguish, except perhaps
through examination of compound specific 14C ages or
specific biomarkers) from POC freshly delivered from the
river using bulk elemental and isotope analytical techniques.
Implications for the re‐introduction of labile material poten-
tially include involvement in the redox oscillations associated
with the periodic hypoxia that is prominent in this region
[Bianchi et al., 2010], and co‐metabolism effects that would
facilitate more complete remineralization of recalcitrant POC
fractions downcore prior to burial [Aller and Blair, 2004,
2006]. Both fractions may potentially impact the POC burial
efficiency, and hence the carbon budget, in river deltaic
systems impacted by cyclonic storms.

[10] Acknowledgments. The Katrina work presented here was sup-
ported by a rapid response grant from the Office of Naval Research, Coastal
Geosciences Program. Thanks go to Charles Nittrouer at University of
Washington, who served as the grant pass‐through during a period when
the first author’s university (Tulane) was not operating due to the effects
of Hurricane Katrina on New Orleans. We also thank the crew and land‐
support team of the R/V Longhorn and the University of Texas Marine
Sciences Institute for carrying out this cruise under difficult logistical and
weather conditions. Thanks also to Steven Lohrenz (University of Southern
Mississippi), chief scientist of the R/V Pelican cruise for allowing us to
collect additional cores during his post‐Katrina study. We would also like
to thank the students who participated in the data collection and laboratory
analysis: Bryan Fielder, Scott Hiller, Jeff Nittrouer, Christian Noll, Jennifer
Pitkewicz, Marc Torres, Carol Wilson and Julie Manuel.

References
Aller, R. C., and N. E. Blair (2004), Early diagenetic remineralization of
sedimentary organic C in the Gulf of Papua deltaic complex (Papua
New Guinea): Net loss of terrestrial C and diagenetic fractionation of car-
bon isotopes, Geochim. Cosmochim. Acta, 68, 1815–1825, doi:10.1016/
j.gca.2003.10.028.

Aller, R. C., and N. E. Blair (2006), Carbon remineralization in the Ama-
zon‐Guianas tropical mobile mudbelt: A sedimentary incinerator, Cont.
Shelf Res., 26, 2241–2259, doi:10.1016/j.csr.2006.07.016.

Allison, M. A., A. Sheremet, M. A. Goñi, and G. W. Stone (2005), Storm
layer deposition on the Mississippi‐Atchafalaya subaqueous delta gener-
ated by Hurricane Lili in 2002, Cont. Shelf Res., 25, 2213–2232,
doi:10.1016/j.csr.2005.08.023.

Allison, M. A., T. S. Bianchi, B. A. McKee, and T. P. Sampere (2007),
Carbon burial on river‐dominated continental shelves: Impact of his-
torical changes in sediment loading adjacent to the Mississippi River,
Geophys. Res. Lett., 34, L01606, doi:10.1029/2006GL028362.

Barras, J. (2006), Land area change in coastal Louisiana after the 2005
hurricanes—A series of three maps, U.S. Geol. Surv. Open File Rep.,
06‐1274.

Berner, R. A. (1982), Burial of organic‐carbon and pyrite sulfur in the
modern ocean—Its geochemical and environmental significance, Am.
J. Sci., 282, 451–473, doi:10.2475/ajs.282.4.451.

Bianchi, T. S., and M. A. Allison (2009), Large‐river delta‐front estuaries
as natural “recorders” of global environmental change, Proc. Natl. Acad.
Sci. U. S. A., 106, 8085–8092, doi:10.1073/pnas.0812878106.

Bianchi, T. S., S. F. DiMarco, J. H. Cowan Jr., R. D. Hetland, P. Chapman,
J. W. Day, and M. A. Allison (2010), The science of hypoxia in the
northern Gulf of Mexico: A review, Sci. Total Environ., 408, 1471–
1484, doi:10.1016/j.scitotenv.2009.11.047.

Coleman, J. M., H. H. Roberts, and G. W. Stone (1998), Mississippi River
Delta: An overview, J. Coastal Res., 14(3), 698–716.

Corbett, D. R., B. A. McKee, and M. A. Allison (2006), Nature of decadal‐
scale sediment accumulation in the Mississippi River deltaic region,
Cont. Shelf Res., 26, 2125–2140, doi:10.1016/j.csr.2006.07.012.

Dail, M. B., D. R. Corbett, and J. P. Walsh (2007), Assessing the impor-
tance of tropical cyclones on the continental margin sedimentation in
the Mississippi Delta region, Cont. Shelf Res., 27, 1857–1874,
doi:10.1016/j.csr.2007.03.004.

Goñi, M. A., K. C. Ruttenberg, and T. I. Eglinton (1997), Source and con-
tribution of terrigenous organic carbon to surface sediments in the Gulf
of Mexico, Nature, 389, 275–278, doi:10.1038/38477.

Goñi, M. A., Y. Alleau, E. R. Corbett, J. P. Walsh, D. Mallinson, M. A.
Allison, E. S. Gordon, S. Petsch, and T. M. Dellapenna (2007), The
effects of Hurricanes Katrina and Rita on the seabed of the Louisiana
Shelf, Sediment. Rec., 5, 4–9.

Gordon, E. S., and M.A. Goñi (2004), Controls on the distribution
and accumulation of terrigenous organic matter in sediments from the
Mississippi and Atchafalaya river margin, Mar. Chem., 92, 331–352,
doi:10.1016/j.marchem.2004.06.035.

Horowitz, A. J. (2010), A quarter century of declining suspended sediment
fluxes in the Mississippi River and the effect of the 1993 flood, Hydrol.
Processes, 24, 13–34.

Jaramillo, S., A. Sheremet, M. A. Allison, K. T. Holland, and A. H. Reed
(2009), Wave‐mud interactions over the muddy Atchafalaya subaqueous
clinoform, Louisiana, United States: Wave‐supported sediment transport,
J. Geophys. Res., 114, C04002, doi:10.1029/2008JC004821.

Keen, T. R., Y. Furukawa, S. J. Bentley, R. L. Slingerland, W. J. Teague,
J. D. Dykes, and C. D. Rowley (2006), Geological and oceanographic
perspectives on event bed formation during Hurricane Katrina, Geophys.
Res. Lett., 33, L23614, doi:10.1029/2006GL027981.

Knabb, R. D., J. R. Rhome, and D. P. Brown (2006), Tropical cyclone
report, Hurricane Katrina, 23–30 August 2005, Natl. Hurricane Cent.,
Miami, Fla. (Available at http://www.nhc.noaa.gov/2005atlan.shtml)

List, J. H., A. J. Sallenger Jr., M. E. Hansen, and B. E. Jaffe (1997), Accel-
erated relative sea‐level rise and rapid coastal erosion: Testing a causal
relationship for the Louisiana barrier islands, Mar. Geol., 140, 347–
365, doi:10.1016/S0025-3227(97)00035-2.

Meade, R. H. (1996), River‐sediment inputs to major deltas, in Sea‐Level
Rise and Coastal Subsidence, edited by J. Milliman and B. Haq, pp. 63–
85, Kluwer, London.

Miner, M. D., M. A. Kulp, D. M. FitzGerald, J. G. Flocks, and H. D.
Weathers (2009), Delta lobe degradation and hurricane impacts govern-
ing large‐scale coastal behavior: South‐central Louisiana, U.S.A., Geo
Mar. Lett., 29, 441–453, doi:10.1007/s00367-009-0156-4.

Mitra, S., J. J. Lalicata, M. A. Allison, and T. M. Dellapenna (2009), The
effects of Hurricanes Katrina and Rita on seabed polycyclic aromatic
hydrocarbon dynamics in the Gulf of Mexico, Mar. Pollut. Bull., 58,
851–857, doi:10.1016/j.marpolbul.2009.01.016.

O’Leary, M. H. (1988), Carbon isotopes in photosynthesis, BioScience, 38,
328–336, doi:10.2307/1310735.

Olsen, C. R., I. L. Larsen, P. D. Lowry, and N. H. Cutshall (1986), Geo-
chemistry and deposition of 7Be in river‐estuarine and coastal waters,
J. Geophys. Res., 91, 896–908, doi:10.1029/JC091iC01p00896.

Onstad, G. D., D. E. Canfield, P. D. Quay, and J. I. Hedges (2000), Sources
of particulate organic matter in rivers from the continental USA: Lignin

ALLISON ET AL.: HURRICANE KATRINA SHELF EFFECTS L21605L21605

4 of 5



phenol and stable carbon isotope compositions, Geochim. Cosmochim.
Acta, 64, 3539–3546, doi:10.1016/S0016-7037(00)00451-8.

Penland, S. P., R. Boyd, and J. R. Suter (1988), The transgressive deposi-
tional systems of the Mississippi River delta plain: A model for barrier
shoreline and shelf sand development, J. Sediment. Petrol., 58, 932–949.

Raymond, P. A., and J. B. Bauer (2001), Use of 14C and 13C natural abun-
dances for evaluating riverine, estuarine, and coastal DOC and POC
sources and cycling: A review and synthesis, Org. Geochem., 32,
469–485, doi:10.1016/S0146-6380(00)00190-X.

Sampere, T. P., T. S. Bianchi, S. G. Wakeham, and M. A. Allison (2008),
Sources of organic matter in surface sediments of the Louisiana
Continental margin: Effects of major depositional/transport pathways
and Hurricane Ivan, Cont. Shelf Res., 28, 2472–2487, doi:10.1016/j.
csr.2008.06.009.

Törnqvist, T. E., D. J. Wallace, J. E. A. Storms, J. Wallinga, R. L.
van Dam, M. Blaauw, M. S. Derksen, C. J. W. Klerks, C. Meijneken,
and E. M. A. Snijders (2008), Mississippi Delta subsidence primarily
caused by compaction of Holocene strata, Nat. Geosci., 1, 173–176,
doi:10.1038/ngeo129.

Turner, R. E., J. J. Baustian, E. M. Swenson, and J. S. Spicer (2006),
Wetland sedimentation from Hurricanes Katrina and Rita, Science,
314, 449–452, doi:10.1126/science.1129116.

Vorosmarty, C. V., B. Fekete, M. Meybeck, and R. B. Lammers (2000),
A simulated topological network representing the global system of rivers

at 30‐minute spatial resolution (STN‐30), J. Hydrol., 237, 17–39,
doi:10.1016/S0022-1694(00)00282-1.

Wilson, C. A., and M. A. Allison (2008), An equilibrium profile model for
retreating marsh shorelines in southeast Louisiana, Estuarine Coastal
Shelf Sci., 80, 483–494, doi:10.1016/j.ecss.2008.09.004.

M. A. Allison, Institute for Geophysics, University of Texas at Austin,
10100 Burnet Rd., Austin, TX 78758‐4445, USA. (mallison@mail.
utexas.edu)
T. M. Dellapenna, Department of Marine Sciences, Texas A&M

University at Galveston, PO Box 1675, Galveston, TX 77553, USA.
(dellapet@tamug.edu)
E. S. Gordon, Department of Geo/Physical Sciences, Fitchburg State

College, 160 Pearl St., Fitchburg, MA 01420‐2697, USA. (egordon3@
fsc.edu)
S. Mitra, Department of Geological Sciences, East Carolina University,

101 Graham Bldg., Greenville, NC 27858, USA. (mitras@ecu.edu)
S. T. Petsch, Department of Geosciences, University of Massachusetts

at Amherst, 611 North Pleasant St., Amherst, MA 01003, USA.
(spetsch@geo.umass.edu)

ALLISON ET AL.: HURRICANE KATRINA SHELF EFFECTS L21605L21605

5 of 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


