
levated turbidity in the austral spring for both 1990 and
ing 1990 the turbidity reached a peak in early December,
'g 1991 the peak was in early October. At mooring C
iort-term (less than one week) events were observed
e austral summer 1990. The source of the turbidity and
of the events at A and C are under investigation.
itative estimates of particle fluxes will require further
In particular, transmissometers must be recalibrated to
curate estimates of mass concentrations. Also, input
ment traps (e.g., aggregate sizes and settling velocities)
ed to calculate lateral displacements of particles as they
igh the water column. Estimates of particle concentra-
ettling velocity must be merged with records of current
d direction to compute fluxes. However, their fate is
t for understanding the flux of materials in the water

column, and for evaluating the utility of one-dimensional, verti-
cal models to explain the fate of biogenic components.
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easonal variation in carbon isotopic
composition of antarctic sea ice and

pended-particulate, and sea-ice samples we have collected dur-
ing the past five years. We observed a large seasonal cycle in
plankton delta carbon-13 in fast-ice communities as well as in

open-water plankton communities	sediment-trap samples recovered from McMurdo Sound. The
seasonal delta carbon-13 range within fast ice is as great as 17
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parts per mu (figure), more than the entire latitudinal range
observed in surface plankton and the largest yet reported for any
specific phytoplankton community. Delta carbon-13 of particu-
late organic carbon (POC) within the basal layers of the fast ice
increases from winter minima of -23 to -26 parts per mil in
October to late spring maxima of -11 to -17 parts per mil in late

Byrd Polar Research Center
Ohio State University
Columbus, Ohio 43214

Marine organic matter delta carbon-13 is increasingly used to
study carbon fluxes and carbon-dioxide partitioning among ocean,
atmosphere, and terrestrial reservoirs (Arthur et al. 1985; Rau et
al. 1989, 1991; Jasper and Hayes 1990). An important isotopic
trend observed in modern marine organic carbon is a decrease in
plankton delta carbon-13 with latitude, from -19 to -22 parts per
mil near the equator to -26 to -31 parts per mil in polar regions
(Sackett et al. 1965,1974; Fontague and Duplessy 1981; Rau etal.
1991). Carbon-13 depletion in high-latitude plankton was ini-
tially attributed to the influence of temperature on intra-cellular
metabolic processes responsible for isotopic fractionation (Sackett
etal. 1965) but has recently been ascribed to the greater availabil-
ity of dissolved molecular carbon dioxide in cold surface waters
(Rau et al. 1989; Degens et al. 1968; Pardue et al. 1976; Mizutani
and Wada 1982). This has led to suggestions that delta carbon-13
in sedimentary organic matter can be used to estimate past
ocean/ atmosphere carbon dioxide levels.

Sediment trap and suspended particulate samples collected in
the Ross Sea during 1990-1991 exhibit a large range in organic-
matter delta carbon-13 (table). This led us to examine the carbon
isotopic composition of other time-series sediment-trap, sus-

—I— Barnes

-10	—4—Tent
—4—EIT

13C	IDC

MacKay
-15	w-GH Sill

-*GH Bas

5J86	2-Nov-86	30-Nov-86	28-Dec-86	25-Jan-87

Delta carbon-13 of particulate organic carbon (POC) in basal sea ice
at eight sites in eastern (solid symbols) and western (open symbols)
McMurdo Sound. Sea ice samples were collected by the SIPRE
coring at approximately two-week intervals during the 1986-1987
field season. Note increase in delta carbon-1 3 of basal POC as bloom
develops during October through December. Basal melting begins in
December in eastern McMurdo Sound and somewhat later in western
McMurdo Sound and leads to highly variable degrees of isolation of
the sea ice community from the water column and, accordingly,
highly variable delta carbon-1 3 values. Barnes=Barnes Glacier (77036'
5, 166011'30" E); Tent=Tent Island (77042' S, 166°12' E); EIT=Erebus
Ice Tongue (77043' 5, 166021' E); IDC=lnner Debenham Canyon
(77°06'38" 5, 163°20'14" E); ODC=Outer Debenham Canyon (77000'52"
5, 163032'57" E); MacKay=MacKay Glacier (76°57'34" 5, 162047'03"
E); GH Sill=Granite Harbor Sill (76056'41" 5, 162047'03" E); GH
Bas=Granite Harbor Basin (76054'58" 5, 163017'59" E).
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Carbon Isotopic composition of particulate organic carbon-Ross Sea and McMurdo Sound

max. 63C

-8.30
-9.07

-22.78
-26.54

-19.01

-18.49
-25.13
-22.78

Location
and samples	 Period	# samples	means 813C

Fast Ice - McMurdo Sound*
Sea ice cores	 10/86-2/87	68	-17.92
Sinking particles	 10/86-2/87	35	-18.73

Open Water - SW Ross Sea**
Sinking particulates

Site A (high prod.)	 1/90-2/90	16	-23.86
Site B (low prod.)	 1/90-2/90	11	-28.37

Suspended POC
W Ross Sea	 1/90-2/90	78	-23.49

Annual time-series of sinking particulates,
seasonally ice-free areas***

McMurdo EIT	 12/87 - 12/88	6	-25.00
McMurdo S4	 1/90-11/90	16	-26.72
SW Ross Sea	 1/90-2/91	18	-25.56

maximum
mm. 813C	813C range

-25.62	17.32
-27.27	18.20

-25.78	3.00
-29.35	2.81

-27.46	8.45

-29.07	10.58
-28.73	3.60
-29.13	6.35

*Dunbar and Leventer (1992).
**Site A in SW Ross Sea (76-30.093'S 167030.309'E)  & Site B in central Ross Sea (76-30.336'S 174 059.128'W).  Suspended POC samples

from W. Smith covering a broad range of surface productivity in the western Ross Sea.
***Time series sediment trap collections at Erebus Ice Tongue (McMurdo EIT: 77 143.66'S 166123.27' E); Eastern McMurdo Sound

(McMurdo S4: 77047.38' S 16602.47' E), and SW Ross Sea (Site A).

November/early December. The greatest isotopic enrichment
during this period generally corresponds with the highest stand-
ing stock of POC within the sea ice.

We attribute the increase in delta carbon-13 of the sea ice
community to decreased dissolved carbon dioxide and/or rayleigh
fractionation of the available carbon dioxide pool as the annual
bloom develops. Ice algae grow in small, interconnected brine
channels within the sea ice matrix, an environment in which gas
and nutrient exchange with the water column is limited, creating
a semi-isolated carbon dioxide reservoir. Experiments have shown
that as carbon dioxide availability decreases, the delta carbon-13
difference between plant tissues and feedstock carbon dioxide
decreases (Degens et al. 1968; Pardue et al. 1976; Mizutani and
Wada 1982). In this case, since preferential uptake of carbon-12 by
algae from a semi-isolated carbon dioxide reservoir would de-
crease carbon dioxide concentration and enrich it in carbon-13,
both processes would tend to increase phytoplankton delta car-
bon-13 as the bloom progresses.

Delta carbon-13 values of sinking and suspended POC pro-
vide evidence for a similar cycle influencing productivity within
open water or ice-edge blooms. POC from time series sediment
trap samples collected in McMurdo Sound during 1987-1988
have a seasonal delta carbon-13 range of 10.5 parts per mil, with
carbon-13 enrichment occurring during summer bloom events
when the trap was either located below open water or exposed to
advection from alarge open water phytoplankton bloom. During
our 1990 and 1992 cruises in the Ross Sea (DeMaster et al. 1993),
the greatest enrichments in carbon-13 within both sinking and
suspended POC occurred during a strong bloom within a surface
layer stabilized by low salinities (table). The magnitude of the sea-
sonal delta carbon-13 cycle is reduced in the ice-free or ice-edge
setting, on the order of 3 to 10 parts per mil, consistent with more
rapid replenishment of carbon dioxide at the site of the bloom.

Most previous observations of carbon-13 depletion in south-
ern ocean plankton are based on a relatively small number of
samples from low productivity or well-aerated open-water areas
of the South Atlantic and Weddell Sea. We have observed similar
low delta carbon-13 values in plankton recovered from low
productivity regions of the Ross Sea. More importantly, our
results show that significant carbon-13 enrichment is common in
near-surface plankton during bloom events in ice-covered and
ice-marginal areas. We suggest that the average delta carbon-13
value of southern ocean POC is at least several parts per mil
greater than has been previously thought and that, in areas
characterized by sea ice or ice edge blooms, this enrichment may
be as large as 6 to 12 parts per mu. While our results are consistent
with carbon dioxide availability controlling delta carbon-13 in
marine organic matter, it is apparent that large amounts of POC
in the southern ocean are produced in carbon dioxide reservoirs
out of equilibrium with atmospheric carbon dioxide (e.g., low
carbon dioxide and/or enriched in carbon-13). Caution must be
exercised when interpreting organic delta carbon-13 in high-
latitude sediments in terms of past ocean/ atmosphere carbon
dioxide levels. Conditions favorable to sea ice or ice edge phy-
toplankton blooms may result in carbon-13 enriched sedimen-
tary organic matter irrespective of regional atmosphere/ ocean
partial pressures of carbon dioxide.

This work was supported by National Science Foundation
grant DPP 88-18136.
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