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ABSTRACT. Eight sediment gravity cores, collected from theJoides and Drygalski 
basins, were anal ysed in order to understand late Pleistocene-Holocene biogenic flux 
changes in the Ross Sea, driven by pa leoenvironmental changes. Core lithologies and 
magnetic-susceptibility depth profil es were used for core logging and stratig raphic corre
lation. Nineteen AMS radiocarbon dates of bulk organic matter were used to se t chrono
logical const raints and ca lculate sediment accumulation rates. These rates, which vary 
from 1.4-38 cm ka I, were used to obtain the burial fluxes of biogenic components. The 
highest fluxes occur in the deepest parts of the basins (TOC, 0.05- 0.2 g cm 2 ka I; biogenic 
silica, 1.5-5 g cm 2 ka - I), whereas topographic highs show the lowest values (TOC, 0.01 -
0.1 gcm 2 ka- I

; biogenic sili ca, 0.1 - 1.4 gcm 2 ka- I
). Dramatic changes in both physical 

properties and Ouxes reco rd the establishment of open marine-sedimentati on conditions 
which occurred first in theJoides basin and then, with a delay of ca. 6000 years, in the 
Drygalski basin. Both TOC a nd biogenic-silica fluxes increase through the Holocene, 
though slightl y differently. The high fluxes of both lOBe and biogenic Ba suggest that sedi
ment accumulation at basin sites is strongly influenced by lateral transport. 

INTRODUCTION 

165 0 E 170 0 

lBO'" 

High-lat itude a reas, such as the Antarctic continental mar
gin, are a mongst the most sensitive to climate changes 
because of their extreme environmental conditions. In the 
Antarctic marine environment, biogeochemical fluxes 

suppl y a significant part of the sedimentary material. The 
delivery of organic carbon a nd biogenic silica to the bottom 
mostly depends on primary productivity and preservation 
efTiciency (DeMaster and others, 1996), which a re a fun ction 
of sea-ice extent and , therefore, of climate. In turn, changes 
in biogeochemical processes a ffecting the carbon balance in 
the upper water column ol this region could significantly 
modify the level of atmospheric CO2 and potenti a lly influ
ence global climate. The record of past environmental 
changes, and thei r effects on oceanic biogeochemistry, is 
preserved in marine sediments (Domack and others, 1993; 
Frank, 1996; Fran k and others, 1996) and can be used to 

reconstruct the response of the northwestern Ross Sea to 
natura l global climate changes during the late Quaternary 
(Anderson and others, 1992; DeMaster and others, 1996; 
Licht and others, 1996; Brambati a nd others, 1997; Ceccaroni 
and others, in press). Our interest was mainly directed 
towards understanding sediment accumulation during the 
late Pleistocene and Holocene and to determining fluxes of 
organic carbon and biogenic silica and their variability as a 
function ofenvironmental conditions. We addressed a lso the 

Fig. 1. Study area and sampling sites in the northwestern Ross 
Sea. CoresJrom the deepest areas of the basins are 14, 19, 28, 29 
and 30. Cores 15, 25, and 27 were retrievedfiml1 theflanks qf 
Mawson and Crary banks. 
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Fig. 2. Lithological composition, magnetic-susceptibility- depth prqfiles, and core correlation. Conventional 14 Cages ( Stuiver and 
Pollaclz, 1977) are reported. 

relative importance of vertical and lateral transport in the 
basins, and tri ed to estimate paleoproductivity using lOBe 
and biogenic Ba, respectively. 

MATERIALS AND METHODS 

In December 1990 and February 1991, eight sediment grav
ity cores were collected from theJoides and Drygalski basins 
in the northwestern Ross Sea. Core locations (Fig. 1) were 
selected in order to study sedimentary sequences in the two 
shelf basins and their margins. A comparison between grav
ity cores and box cores (Labbrozzi and others, in press ) 
showed that gravity coring could cause the loss of 0- 5 cm 
of top sediment. All cores were X-radiographed, scanned 
for magnetic susceptibility, opened and described. Samples 
were taken at selected depths, dri ed at 60°C and analysed 
for: (1) total organic carbon (TOC) and total nitrogen (N ), 
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using a CH N analyse r after hydrochloric acid treatment; (2) 
biogenic silica, by the progress ive-di ssolution method (De
Master, 1981); (3) Fe, AI, Ba and Mn by AAS after melting 
with Li metaborate a nd dissolution with 8N HCl (Frank, 
1996); (4) uranium and thorium isotopes, from alpha count
ing after radiochemical separation and electrodeposition on 
stainless-steel disks (Frank, 1996); and (5) lOBe by AMS, car
ried out at the Institute Paul Scherrer, Zlirich. Nineteen 
AMS radiocarbon dates, relative to different levels in four 
cores (14,28, 29 and 30), were determined from bulk organic 
matter. ~10s t analyses were carried out at the Antares Mass 
Spectrometry, Australian Nuclear Science & 1echnology 
Organisation (ANSTO), whereas 14C dates [or core 30 were 
obtained from Brambati and others (1997). Porositi es and 
dry bulk densities were calcu lated from the percentage 
water content (Berner, 1971) assuming a sediment density of 
2.55 g cm 3. Biogenic-barium concentrations were cal
culated from the empirical formula suggested by D ymond 
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Fig. 3. Concentration- depth prqfiles qf porosity, total N, biogenic Ba, At, Aln and Fe relative to core 19. 

and others (1992): Biogenic Ba = Total Ba - (0.0075 AI ), 
where Al is the aluminium concentration in the sample. 

RESULTS 

Core lithologies a nd depth profiles of magnetic susceptibil
ities are shown in Figure 2. The sedimentary sequence con
sists of three principal lithological units. The deeper one, 
massive and overconsolidated, is a diamicton (Cooper and 
Davey, 1987), which might represent basal till or glacia l-
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marine sediment. This facies is characterised by high mag
netic susceptibility and nu ll, or low, content of biogenic 
components. Above the diamicton there are glacial- marine 
sediments, composed of muddy sand interbedded with mud 
and cha racteri sed by an upward increase of the biogen ic 
components a nd a corresponding dec rease of magnetic sus
ceptibility. Th~ uppermost unit is a biosiliceous mud, with a 
rela tively high content of biogenic silica and TOe. In core 
IS, from the flank ofMawson bank, thi s lithology is replaced 
by a sandy laye r, which is a residual lag of previously depos-
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Fig. 4. Concentration-depth prqfiles andfluxes qf07ganic carbon and biogenic silica. In most cases the distribution qftolal nitrogen 
(not shown) parallels that qf 07ganic carbon. 
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ited glacial- marine sediment. Pebbles are found throughout 
the sediment column at a ll sites and represent the coarsest 
fraction of the continental input. According to the patterns 
shown in Figure 2, magnetic susceptibi lity is high in sed i
ments with an important detrital component, and low 
where a significant fraction of the sediment is biogenic. In 
most cases magnetic-susceptibility profiles clearly show a 
vari ation from high values at depth to low values in the 
upper part of the core, marking the shift in sedimel1l input 
during the retreat of the ice sheet. An exception is 
represented by core 15. 

Figure 3 shows concentration- depth profiles relative to 

core 19, as an example of the results obtained in this stud y. 
Concentrations of biogenic Ba, AI, rc, and 1\I1n were meas
ured only in samples from cores 19, 28 and 30. The depth 
distribution of Al and Fe concentrations are related to the 
abundance of the detritic component and show a correla
tion with magnetic susceptibility. Mn mostly behaves like 
Al and Fe. 

Figure 4 shows concentration- depth profiles of organic 
carbon a nd biogenic si lica. In general, biogenic silica, 
organic carbon and total nitrogen content increase in recent 
times. The cores from theJoides basin show TOC, biogenic 
Si and biogenic Ba concentrations from 0.1 to 1.3 %, 0 to 
35% and 18 to 520 I1g g- I, respectively. In the Drygalski 
basin, closer to the land, values are lower: 0.2 to 0.9%, 2 to 
25% and 0 to 224 {tg g " respectively. 

DISCUSSION 

Sediment lithology and core correlation 

Based on li thologes, magnetic-susceptibility depth profiles 
and porosities, a core correlation is suggested which pro
vides the chronostratigraphic framework (Fig. 2). The oldest 
units are diamictons, probably formed during the Last 
Glacial Maximum by the grounding ice sheet. Overconsoli
dation, absence of fossils and stratification, bad sorting and 
presence of reworked pebbles suggest a glacia l origin as 
basal till (Kellogg and others, 1979; Anderson and others, 
1980, 1984; Dunbar and others, 1985). However, the retrieval 
of well-preserved fossils at depths consistent with their age in 
co re 19 (19000 14e years BP according to Brambati and 
others, 1996), suggests that the diamicton contains glacial
marine sediment. This sediment was deposited and then 
overconsolidated during phases of retreat and readvance of 
the grounding line during an overall phase of retreat. A 
similar pattern was proposed for another area of the Ant
arctic continental shelf by Gingele and others (1997). Above 
these sediments, a transitional unit corresponds to decou
pling of the grounded ice (Kellogg and others, 1979). In this 
situation the glacial input is still present, but the sediment is 
enriched in marine-biogenic components. We have assumed 
that the most significant increase of biogenic silica and 
Toe content, with the deposition of biogenic mud and 
ooze, marks the onset of present conditions of a seasonally 
open sea. Low values of magnetic susceptibi lity are the 
result of lessened continenta l inputs. This facies is best rep
resented by cores from the deepest zones of the basins, 
whereas present glacial- marine sediments closer to the 
coast are dominated by ice-rafted debris ( > 20% ) and terri
genous material (Dunbar and others, 1985). 

A one year time series of current velocities was obtained 
for the northern part of Mawson Bank in 1995. The average 
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current speed, measured by the bottom meter, was 30 cm s 1 
with peaks of 55 cm s 1 (Picco and others, in press). These 
high currel1lS winnow sediments previously deposited and 
prevent accumul ation of newly formed biosiliceous mud. 
Core 15 represents this situation. 

Table 1. Radiocarbon datesjrom the northwestern Ross Sea 
sedimellts. Enors are riferred to 1 (J. ( *) jrom Brambati and 
others (1997) 

ANSTO Saml)le A.NSTO Sample "C age 
code delJlh (ode del)th 

cm yea rs BP cm yea rs BP 

DIJ"galski basill Joides basin 
Core 28 Core J.I 

OZB927 0- 2 5090 ±60 OZB931 0~2 5420 ± 50 
OZB928 40 42 8140 ±250 07:B932 80~83 7520 ±50 
OZB929 68~7 1 10370 ±270 OZB933 160 163 10860 ± 120 
OZB930 II O~ 11 4 17490 ±930 OZB934 181- 184 14810 ± 710 

Core 29 OZB935 211 ~2 14 14260 ± 180 
OZB922 0- 1 6710 ± 50 OZB936 259- 261 161 10±240 
OZB923 1 9~2 1 11520±60 OZB937 309~3 12 24000 ±620 
OZB925 239~241 17370 ± 90 OZB938 360 363 25090 ±860 
OZB926 249~25 1 28090 ±290 

COTe 30 
(*) 0~2 4930 ±40 
(*) 22- 24 11370 ±50 
(*) 71.5~74 16950160 

l4c chronology and accumulation rates 

Conventional 14C ages (Stuiver and Pollach, 1977) are re
ported in Table 1 and Figure 2. The He ages for the core top 
samples are 67 10- 4930 14e years BP. Such high values are not 
uncommon for Antarctic marine environments (Domack 
and others, 1989; Domack, 1992; DeMaster and others, 
1996; Licht a nd others, 1996). In particular, the surface age 
of the organic carbon in Ross Sea sediments is typically 
3000- 2000 14e years BP, with older ages (10 000- 5000 14C 
years BP) in slowly accumu lating slope deposits (DeMaster 
and others, 1996). Old surface ages may arise from several 
factors: (I) plankton growth in 14e-depleted waters; (2) loss 
of the core top during coll ection; (3) surficial sed iment mix
ing; and (4) supply of reworked carbon (D omack and others, 
1995). Because of uncertainties in the Antarctic reservoir 
effect and the difficulty in assessing the varying influence 
of the factors li sted above, we chose not to correct our dates. 
Sediment accumulation rates were calculated assuming 
constant sedimentation between dated levels and the corre
lations shown in Figure 2 were used to obtain estimates for 
cores without I+e data. When surface 14e ages were lacking, 
rates were calculated using the surficial value of the closest 
core. The results are reported inTable 2. Accumulation rates 
reported by Kellogg and others (1979), Hilfinger (1995) and 
Franceschini (1995) for sediments of the southwestern Ross 
Sea and theJoides basin vary from 3- 10 cm ka - I. According 
to DeMaster and others (1996), sediments in this area accu
mulate at rates of 0- 250 cm ka " with a n average value of 
7.4 cm ka - I. Our values agree with those reported by other 
authors, and confirm high heterogeneity of sed imentation 
processes on the shelf in relation to location and topography. 
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Table 2. Sediment accumulation rates calculated on the basis 
qfl-lC ages and COTe con elation 

Depth .·jcrlllllulation Depth Accumulation 
rnle rale 

cm Cln ka I cm C111 ka I 

Drygalski basin Joides basin 
Core 29 Core 25 

0- 20 4.1 0- 15 1.5 
20- 2+0 37.6 15- 30 1.8 

Core 30 Core 19 
o 23 3.4 0 195 18.0 

23 72.75 8.9 195 291 12.-> 
Core 28 Core 14 

0 ·41 13.4 0- 81.5 38.4 
+1- 70.5 13.2 81.5- 161.5 2+.0 
70.5 110 5.6 161.5- 212..1 15.1 

Core 27 212.5- 260 25.4 
0- 20 3.8 260- 310.5 16.3 
20- +2 3.1 

In the Joides basin, sediment accumulation rates vary 
from < I to 38 cm ka- I

. The highest values cha racterise 
modern sediment in the deepest part of the bas in and 
decrease down-core, with the exception of the interval 
bet ween 270 and 320 cm at site 14. On the other hand, mod
ern sediment accumulation is slow (core 25) or null (core 15) 
a long the southeas tern flanks of M awson bank a nd Crary 
bank. Although sediment acc umulation at site 25 was al so 
limited under glacial- marine conditions, at site 15 the 
glacia l marine unit appea rs relatively expanded (Fig. 2) 
a nd the accumulation rate could have been very high. This 

would be consistent with the seismic records, which indicate 

that thick packages of materi a l were deposited on the sides 
of the troughs during the deglaciation (Shipp and Ander
son, 1994). 

In core 14·, between 205 and 175 cm depth , a turbiditlc 
event is reco rded. This laye r consists of graded sand and is 
cha racterised by a n erosive contact a t the base and by a 

faint lamination in the upper pa rt. The hypothesis that it 
represents a turbidite is a lso supported by the features 
shown in mos t profil es and by the inversion of the I+e age 
at 181 - 184 cm depth. 

In the Drygalski basin, sediment accumulation rates 

range from 4 to 38 cm ka I. H ere the most recent acc umul a

tion rates a re low compared with those calculated for the 
Joides bas in and high rates characteri se the deposition of 
g lac ial- ma rine sediments in cores 29 and 30. On the other 
hand, sediments at depth in co res 27 a nd 28 were deposited 
very slowly. In thi s basin, the patterns show two different 
trends: (I) in the northern area (core 28) accumulation rates 
increased with time, starting with the beginning of marine 
biogenic sedimentation; (2) at sites 29 and 30, close to the 
Drygalski Ice Tong ue, glacial- marine sediments ac:u~u
lated a t high rates. This is probably the result of the hIgh 111-

put of sediment from the melting of basal ice of the 

retreating ice tongue. Core 27, from the northwestern flank 
of the Crary bank, shows low ediment-accumulation ra tes 
and minor va ria ti ons with time. 

Biogenic fluxes 

Dry bulk densiti es were used to calcul ate sediment accumula
ti on rates, which were combined with concentrations ofTOC 

and biogenic silica to obta in the buria l Ouxes of the biogenic 
components. The temporal changes of the Ouxes, which a re 
mainly related to the patterns of accumulation rates, is shown 
in Figure 4. The highest present-day fluxes occur in the dee
pest pa rts of the basins (TOC, 0.05- 0.2 g cm 2 ka \ biogenic 
silica, 1.5- 5 g cm 2 ka I), whereas topographic highs show 
the lowest values (TOe, 0.01 - 0.1 g cm 2 ka - I; biogenic sil ica , 
0.1- 1.4 gcm 2 ka I). In mos t cases, Ouxes change dramati

call y with the establishment of open marine sedimentation. 

This change occurred at different times in the two basins, 
first in theJ oides and then, a fter a delay of about 6000 years, 
in the Dryga lski (Figs 2 and 4). With eight da ted levels, we 
achieved the most detailed chronology and Oux history for 
core 14 Uoides basin ). H ere, a trend is clearly observed in 
that both TOC and biogenic-silica Ouxes increase during 
the H olocene, though slightl y differently. For example, in 

d 14C . B , ) the uppermost 80 cm (7520 ± 50 u ncorrecte yea l s I 

opal concentration and Oux increase more than organic
carbon ones (Fig. 4). 

Vertical and lateral cOInponents of fluxes 

Recently, J aeger and others (1996) addressed the influence 
of the lateral advection of pa rticles in decoupling the pro
cesses in surface waters from the underlying sea bed. 
Fran~oi s a nd others (1995) a nd Kuma r (1994) showed tha t 
the lateral component of sedimentation can be as much as 
ten times greater than the vertical contribution. In certa in 
cases it is possible to estimate the cO nLribution oflatera l ad
vec ti ~n with res pect to verti cal depositi on using 230Th inven
tories (Frank and others, 1996). However, thi s method is 
difficult to apply in these conditions since the genera ll y low 

. 230 . water-column depth proVides low excess Th to the edl-

ments. Furthermore, a process of authigenic-uranium en
richment is indicated by the ra ti os of 210Th/234U and 
23BUF32Th. T he former is low and the latter, which should 
be close to 0.25 in marine sediment (unpubli shed data from 
A. M angini ), is well above this value in core 19 in most cases, 
ranging bet ween 0.4 and 0.7 down to 180 cm depth. 

In an effort to evaluate the rela tionship between produc-
I · lOB tivity and sedimentary flu xes, the natura Isotope . e was 

determined. It is known that biogeochemica l processes in 
the water column play a maj or role in the transfer to the 
sediments of lOBe produced in the atmos phere by cosmic 

radiation. Because of its rel atively long residence time in 

the water a n effi cient transfer occurs in a reas of high pro
ductivit y ~ r particle input (Rutsch and others, 1995). Fluxes 
of lOBe at station 19 vary between 5 x L09 and 
12 x 109 atoms cm 2 a- I fro m late Pleistocene to Holocene. 
Ass uming that the system is in a steady state, the atmo-

92 1 spheric producti on (1.21 ±0.26 x 10 a toms cm a ) should 
equal the downward flu x. Measured fluxes la rgely exceed 
(even by 8 times) the expected ones. The enrichment of 
lOBe in these sedimcnts relative to the atmospheric input 
can be expl ained by a significant contribution of sediment 
from nea rby a reas due to la teral advection a nd fo cusing. 
210Pb inventori es a nd flu xes can be used in the same way. 

Although previous data suggested that rain rates account 
for most of the ma teri al acc umul ating in the deepest pa rt 
of the basins (La ngone and others, in press ), ot her evidence 
now confirms th at sediment focusing can be a very impor
tant sedimenta ry process for basin a reas (Labbrozzi and 
others, in press ). 

While minimum values of TOC and biogenic-silica 
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fluxes are similar in the two areas, the highest fluxes charac
terise the Joides basin. These differences are difficult to 

explain on the basis of present knowledge and could be an 
artefact due to a different incidence of sediment fo cusing. 

Productivity and paleoproductivity 

Burial rates of TOG and biogenic silica depend on the 
amount of material produced in the euphotic zone and th at 
transported laterally. Our results show these rates are parti
cularly high in theJoides bas in. A tentative estimate of ex
port paleoproductivity was carried out acco rding to 

Franc;:ois and others (1995) and Nurnberg and others (1997): 
biogenic Ba concentrations and fluxes were calculated for 
cores 19 and 28. Fluxes vary from 5 to 60 gC m - 2 a - I, and 
are higher in the Drygalski than the J oides basin. These 
values are in agreement with the integrated shelf-wide 
export productivity of 16 gC m 2 a- I estimated by Telson 
and others (1996) for the Ross Sea. According to uranium 
and Mn data, however, these cores could be anoxic or sub
oxic and calculated biogenic Ba may not be a suitable pal eo
productivity proxy, due to possible di agenet ic re
mobilisa tion (Dymond a nd others, 1992). Because of this, 
barium-derived biogenic flu xes are likely underestimated. 
On the other hand, the increase of biogenic Ba flux in core 
19 at the onset of the open marine sedimentation, which 
parallels the increase of the lOBe nux, might reflect 
increased focusing rather than simply an increase of bio
genic production in overlying waters. 

CONCLUSIONS 

(I) The sediment sequence in cores from theJ oides and Dry
galski basins consi ts of three principallithological units. 
From past to present they are: basal tills, glacial- marine 
sediments and biogenic mud and ooze. 

(2) Maximum concentrations of biogenic components (or
ganic carbon > I % and biogenic silica > 30% ) were 
found in the deepest zones of the basins, whereas the 
lowest contents were found in cores from topographic 
highs. 

(3) Maximum accumulation rates during the Holocene vary 
between 38 cm ka - I in the central part of theJoides basin 
and 1.4 cm ka I on the banks. Burial Ouxes of biogenic 
components follow the same pattern: basins accumulate 
faster (TOG, 0.05- 0.2 g cm 2 ka- I; biogenic silica, 1.5- 5 g 
cm -2 ka - I) than banks (TOG, 0.01 - 0.1 g cm - 2 ka I; bio
genic si lica, 0.1 - 1.4 g cm - 2 ka - I). 

(4) Depth profiles of both physical properties a nd Ouxes 
record a dramatic change corresponding to the estab
lishment of conditions of seasonally open marine sedi
mentation. This change occurred first in the J oides 
basin and then, with a delay of ca. 6000 years, in the 
Drygalski bas in. 

(5) lOBe was used to estimate the relative importance oflat
eral transport and vertical sinking. Results from cores 19 
and 28 show the flu x is up to eight times that expected, 
suggesting that focusing is a very significant processes in 
basin areas. Also, biogenic Ba fluxes seem dominated by 
lateral advection. 

(6) A different incidence of lateral transpo rt may account 
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for the different accumulation of biogenic material 111 

the two basins. 
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