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Foreword

Scientific interest in Antarctica has more and more grown in the last decades, owing to the
fact that Antarctica plays a criticai role in Global Change. Glaciological and palaeoclimatic
studies contribute towards our knowledge both of the global change in progress and of
those that have occurred in the past, essential far the construction of reliable forecasting
models.

Among the environmental problems indicated by the term "Global Change" perhaps the
one that causes most concem is the sea level rise, presently evaluated at around 1.5
mm/year .

The role ofthe great polar ice sheets, in particular in the Antarctic is uncertain. Each year a
quantity of snow equivalent to a 6 mm layer of water covering the enti re area of the oceans
is accumulated in Antarctica. It is not yet clear whether this accumulation is retumed,
diminished or incremented, to the sea through iceberg calving, melting of the ice shelves,
etc. It is fundamental to know through an assessment of the mass balance, whether the
Antarctic Ice Sheet today contributes towards, or instead slows down, the rise in sea level,
and even more, what its role will be ifthere is a further increase in global warming.

Another important problem is the early diagnosis of the variations in the extent, the
features and the dynamics of Antarctic glaciers, obtainable by comparisons of satellite
images, repeated GPS geodetic measurements, controls of particular glacial bodies such as
small glaciers and frozen lakes, by means of repeated measurements of networks of stakes,
comparisons of digital models obtained from different series of aerial photographs,
recording ofvariation in the levels oflakes, etc.

The ice shelves play an important role in the balance ofthe Antarctic giaciers and ofthe
oceans as part of their volume displaces ocean water; with their movements they feed the
iceberg calving. Moreover the ice shelves undergo processes ofboth melting aild freezing,
while growth of ice occur at their base. Modelling of the ice shelve is one of the primary
objectives of Antarctic glaciology. This aims to tackle the question of ice-atmosphere-ocean
interaction, with special attention to the role played by the polynyas and of preparing
forecasting models in the various possible scenarios of evolution of the global climate.

The study of the "ice cores" has been the most significant advance in the field of
palaeoclimatology in recent years, producing quantitative and detailed data, year by year, of
numerous parameters directly linked with the climatic variables or even supplying
compositional analyses ofthe atmosphere in the pasto

The Pacific sector of the East Antarctic Ice Sheet is among the least known regarding the
necessary data far assessing the Mass Balances, and has been indicated as one of the
priority areas far this type of studies.

Victoria Land, where there is an ice field with complex ofmountain giaciers terminating in
ice shelves and ice tongues, consti tute an analogue of the Antarctic Peninsula and is of
special interest far the early monitoring of on-going changes in the Antarctic land ice. The
Nansen and Hell's Gate ice shelves, characterised by parti al or total surface ablation and
basai freezing, and connected with the facing polynya of Terra Nova Bay, form a single
system in the Ross Sea, particularly important far the study of the ice-atmosphere-ocean
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interaction, also in relation to the role the ice shelves play in the stability of the Antarctic Ice
Sheet. Shallow drillings in the Pacific sector ofthe eastem ice sheet afe ofimportance in the
Antarctic context far obtaining data on the average annual accumulation and its variations in
the last 2 millennia, and far obtaining documentation on the recent activity of the nearby Mt.
Melboume volcano, presently a dormant volcano, of use also far identifying reference
horizons of continental importance. Victoria Land and the adjoining Antarctic plateau areas
of accumulation (snowfields and a peripheral culmination ofthe ice sheet) afe particularly
suitable far the study ofthe climatic and environrnental evolution ofthis sector, exposed as
it is to the circum-Antarctic cyclonic storrns, and to it comparison with the Holocene glacial
history of the Antarctic borders.

Sampling and coring into the marine sediments ofthe Ross Sea floor is solving two main
problems: the relations glaciations-sea level changes and ages and dynamics ofthe lifting
which generated the Ross Sea Rift System. This process can be detected through the
inforrnation gained by the volcano-tectonic and sedimentary evolution studi ed on the cores.

Periglacial morphology and studies on Antarctic permafrost afe a matter of great interest
since the beginning of the Italian Antarctic exploration.

The Italian glaciologists bave been recently involved in i nternati onal Antarctic
programmes, such as the European Project of Ice Coring in Antarctica (EPICA), the
Intemational Transantarctic Scientific Expeditions (ITASE) and the intemational project far
mass balance evaluation supported by the SCAR. In particular the Italian glaciologists
played a major role in the geophysical and geodetic surveys necessary to locate the deep ice
drilling at Dome C. Long range oversnow traverses under ltalian responsability afe planned
far the 96/97 and 97/98 field seasons. The evaluation of the mass balance of the Pacific
sector of the East Antarctic ice sheet has been assigned to the Italian glaciologists in the
framework of a generai attempt to evaluate the contribution ofthe Antarctic ice sheets to the
sea level rise.

The glaciology project is currently involved in systematic search far meteorites and in the
study of the meteorite trap at Frontier Mountain. The search far meteorites yielded very
satisfactory results with the recovery of about three hundred ninety meteorites.

Facing those scientific items, the present National Meeting on Antarctic Glaciology
(CONGA -Convegno Nazionale di Glaciologia Antartica) will be held in Padova on June,
11th-12th 1996 at the Depaftment of Geography "G. Morandini", organized by the
Operative Unit GLA 24 under the Patronage of the ENEA, the Comitato Glaciologico
Italiano, the University ofPadova and the Department ofGeography.

It follows two previous meetings, the first held in Rome (ENEA-Casaccia Centre) in 1994
and the second in Milan (Department ofEnvironmental Sciences of the University ofMilan)
in 1995. The congress gives to the researchers involved in glaciological and
paleoclimatological research in the frame of the ltalian Program far Antarctic Research
(PNRA -Programma Nazionale di Ricerche in Antartide) the opportunity to meet and to
establish the state-or -the-art of Italian antarctic glaciology.

About three dozen of abstracts, dealing with arai communications and posters, afe
collected in this special issue ofthe "Materiali" ofthe Department ofGeography, University
ofPadova, devoted to the CONGA.

Contributes afe quite disomogeneous, relating both with strategic projects and minor
research programmes, field reports of the past expedition and planning of future
programmes. They highlight the lively activity of the research party of Glaciology and
Paleoclimate, which is also witnessed by the large number ofparticipants.
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The meeting occurs at the end of the first eleven years during which, after the first
scouting of the area and the testing of the scientific instruments and equipments, the aims
and the methods of the research bave been improved and directed to specific topics, with a
sharp and precise outcome.

If the generaI aim of the party is both to detect the past climate and present processes
(mainly to forecast the mass balance of the inlandsis), from the topics of the submitted
papers we can identify the following (of course often linked each to the other) matters of
interest:

-ice shelves (Hell's Gate and Nansen): ocean water circulation models under ice shelves,
mass balance, GPS applications and ice corings;

-outlet giaciers and local glaciers;
-snow accumulation in the northem Victoria Land and physical and chemical data of

recent snowfalls;
-giacial and perigiacial morphology, thematic mapping and remote sensing;

-permafrost;
-sea-floor sediments, in their sedimentological, geotechnical, palaeoenvironmental,

giaciological and geophysical aspects; ocean sediments drifts;

-climatological analyses;
-stable isotopes analysis, physical and chemical analysis, trace elemnts and atmospheric

dust concentration in ice cores;
-antarctic giacial history and sea level changes;
-GPS and geodetical applications; GPS strain nets monitoring;
-meteorites collection and traps; GIS applications.
The variety of themes of research highlights the multithematic and multidisciplinary

approach to the antarctic environment, in which scientists demonstrate that collaboration is
not even possible, but the right key to obtain valuable results.

In the submitted papers, the wide participation of foreign scientists points also out the
i ntemati onal co-operation in Antarctic research, which is at the basis of an actual scientific

progresso
In our opinion a valuable achievement was obtained by the access ofyoung scientists both

to research and to the antarctic expeditions, even when not yet employed in the govemment
institutions. In such a manner, a staff of skilled researcher will grow up, and its scientific
production increase in consideration.

The Organizing Committee aknowledges with gratitude the sponsoring Organizations who
supported the meeting: the PNRA, the University of Padova and the Department of

Geography.

Giuseppe OrombelliA/dino Bondesan Mirco Meneghel
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Recent Planktic Foraminifera in Joides Basin (Ross Sea)

A. Asioli

Istituto di Geologia Marina del C.NR., Via P. Gobetti 101, Bologna

Recent planktic foraminifera in Joides Basin were collected in two array of floating traps
moored in two stations (St.ll c and St.15c) positioned during ROSSMIZE CRUISE
(November-December 1994) (see Tab. 1).
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In each station four traps were positioned at 50-100-150-200 m water depth and were
retrieved after 13 hours (St.11 c) or 12 hours (St.15c). The content of each trap was filtered
at 0.45~m and examined although it was not possible to distinguish living and dead

speclmens.
Almost the totality of the specimens afe left coiling and the following two morphs were

recognized:
morph A: subspheric and very thickened test, 4-41/2 chamber in the last whorl, aperture

with a lip~
morph B: lobate and thin waIled test, 4-41/2 chambers in the ventral side, aperture with a

lip, depressed sutures, greater finaI chamber.
According to BÈ (1960), KENNETr (1966) and LIPPS & KENNETr (1974) these morphs

belong to the subpolar species Neogloboquadrina pachyderma (EHRENBERG). In literature
morph B is known to represent the early stage of the lire cycle living in the surface water
and morph A is the terminaI stage. During the latter ODe N pachyderma moves to deeper
waters (>200 m) producing the typicaI thickened test. The result ofthis study confirms the
above pattem. In fact morph B was found in the uppermost traps (50 and 100 m) while
morph A in the deepest ones (200 m).

Foraminifera fluxes show some differences between the two stations:
I) in St.llc the flux calculated at 50 m depth is 399 specimens m-2 dar-l. St.15c displays

a lower value (216 spec. m-2 dar-l) at the same depth.
2) at 100 m depth St.llc shows the minimum value (66 spec. m-2 dar-l), while in St.15c

the flux is higher (324 spec. m-2 dar-l). St.15c presents the lowest value (72 spec. m-2 day-
l) at greater depth (150 m).

An explanation ofthe above discrepancies could be the different depth ofthe chlorophyll
maximum in the two stations. N pachyderma is an erbivorous species, symbiont lacking



and living in polar and subpolar areas. KOHFELD (1995), in a study carried out in artctic
areas on N. jXlchyderma collected with tows and sediment traps, related max abundances of
this species with cWorophyl1 maximum. Preliminary results ofROSSMIZE cruise (AA.VV.
1995) show chlorophyll maxima at 40 m and 60 m depth respectively in St.ll c and St.15c.
This suggests that in St.15c the food availability for N. pachyderma extended to depth
greater than 50 m, confirming that the N. pachyderma max abundances afe somewhat
related to the chlorophyll maxima.

Finally additional factors can be responsible of the observed differences in the flux values,e.g. 
predation, foraminifera settling velocity and the fact that N. jXlchyderma, capable to live

in the ice interstices, is released in the sea water during ice melting.
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Lead io Aotarctic Soow: a Possible Tracer of Aerosol Grigio
aod Pathway io the Southero Hemisphere

C. Barbantel-2, C. Turetta2, G. Capodagiiol-2 & G. Scarponi2

l Centro di Studio sulla Chimica e le Tecnologie per l'Ambiente -CNR, Venezia

2Dipartimento di Scienze Ambientali, University ofVenice, Venezia

Several studies have recently been devoted to the identification of the possible origins and
relative contribution of the most important sources of aerosols reaching the Antarctic ice
sheet. Both the last glacial maximum (LGM) and the present climatic conditions have been
considered. Some ofthe studies afe based on natural variations in the isotopic composition
of lead (ROSMAN et al., 1994), and neodymium and strontium (GROUSSET et al., 1992),
while others consider the mineralogical nature of clay species (GAUDICHET et al., 1992),
generaI atmospheric circulation models (GAUDICHET et al., 1992) and the spatial
distribution of major ion concentrations (DE ANGELIS et al., 1992; DELMAS & PETIT,
1994). When different tracers afe considered, however, contrasting hypotheses on aerosol
origins afe reported.

The anthropic, long-distance contribution to the lead content of Antarctic snow has
increased markedly during the present century, particularly since leaded gasoline has begun
to be used as car fuel. Pb concentration, which was about 2 pg/g at the beginning of the
century, increased rapidly (particularly since the 1950s) to about lO Pg/g in the mid-1970s
(GORLACH & BOUTRON, 1992; WOLFF & SUTTIE, 1994). In more recent years the trend
was suddenly inverted and decreasing values were observed far snow deposited during the
last 1-2 decades both in the Atlantic sector (Coats Land) (WOLFF & SUTfIE, 1994) and the
Pacific sector (Victoria Land) (BARBANIE et al., 1996) ofEast Antarctica. This last pattem
has already been attributed to the increased use ofunleaded gasolines in the countries ofthe
Southem Hemisphere. Nevertheless, while the maximum lead content observed in Coats
Land occurred approximately in 1975 (WOLFF & SUTrIE, 1994), the peak in Victoria Land
happened in the mid-1980s (BARBANIE et al., 1996).

Statistical data on leaded gasoline consumption in the major Southem Hemisphere users of
the product (such as Brazil and Australia), show that metal emission into the atmosphere
follows approximately the same generaI increasing pattem observed in the Antarctic snow.
However, they also highlight, interestingly, that the reduction of emission in South America
(especially Brazil) began approximately lO years earlier than in Australia.

This communication presents our laboratory's updated lead data from the Victoria Land
region and compares the Antarctic trend oflead content in snow with known lead emissions
into the Southem atmosphere. A close relationship is observed between lead emissions in
South America and the lead content in the snow of Coats Land and between lead emissions
in Australia and lead in the snow ofVictoria Land.

This findings make it possible: (i) to confirm that the introduction of low lead gasolines
has been reflected in a marked decrease oflead concentration in Antarctic snow and, (ii) to
hypothesize that, under the present climatic conditions, aerosols reaching the Atlantic and
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Pacific sectors of East Antarctica originate mainly in South America and Australia,

respectively.
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Chemical Profiles of Snow Pits and Shallow Firn Cores from
Campbell Glacier (Northern Victoria Land, Antarctica)

A. 

Biasini l, R. Caprioli2, R. Gragnani3, M. Guglielmin4, C. Smiraglia5, M.
Proposito2 & S. Torcini2.

l Dipartimento di Scienze della Terra, Università di Roma, P. le A. Moro 2, Roma

2ENE4, AMB-TEIN-CHIM, CRE Casaccia, P.O. Box 2400, Roma AD
3ENE4, AMB-CA7: CRE Casaccia, P.O. Box 2400, Roma AD

4Istituto di Geologia, Università di Parma, Parma
5 Dipartimento di Scienze della Terra, Università di Milano, Via Mangiagalli 34, Milano

The chemical composition of snow and tiro samples was studied to investigate the
contribution from the different emission sources (marine biogenic activity, sea, crostal,
voI cani c, etc.) in the different geographic positions. Moreover CH3S03, no sea salt (nss)
S04 and H202 give a seasonal signal that can be useful to evaluate accumulation rate of
snow and ice.

A snow pit (2 m in depth) was dug in the Campbell Ice Tongue (74°41' S-164°30' E), at
about 6.5 km from the cliff, and 50 m a.s.l., during the 1994-95 Italian Antarctic
Expedition. Another snow pit (1.4 m) was dug in the Campbell Glacier at about 800 m
a.s.l. (74° 15' S-164°04' E). At the bottom of this pit a care (2.02 m) was collected.
Finally, a care (6 m) was taken at the altitude of 1560 m from the same glacier (73 45' S-
163° 20' E).

Samples were stored frozen. Then after surface cleaning in cold room, they were sub-
sampled and stored in pre-cleaned polyethylene containers and sent to laboratory where they
were melted in clean room before chemical analyses.

Analyses of Na, K, Mg, Ca, CH3S03 (MSA), Cl, N03, S04 were performed by ionic
chromatography (Dionex 2020i). The separations were obtained with ion-exchange columns
Dionex AS5 (NaOH 5 10-4 N and NaOH 3 10-2 N eluents) and Dionex CS12 (methane
sulfonic acid 20 mM eluent) far anions and cations respectively.

H202 was analyzed by an electrochemical detector (ANTEC mod."Decade") in which the
p otenti al of the celI was at 650 m V.

Some of the more important features of studied samples afe bere reported.
Samples from Campbell Ice Tongue afe characterized by a high level of dissolved

impurities due to the influence of marine spray. The concentration of major constituents is
very high in the first 60 cm and it decreases in the lower part ofthe care.

Figure l, that shows the Campbell Ice Tongue and Drygalski Ice Tongue Na protile
(CAPRIOLI et al. 1996), points out the extremely high concentration of Na in the upper
levels ofthe Campbell Ice Tongue.

Some of those levels afe characterized by a high content of no sea salts (nss) S04 and
N03. The enrichment of nss S04 can be explained supposing a reaction between H2S04
and NaCI with production of Na2S04 and HCI that can be fractionated before their
deposition (LEGRAND et. al., 1988). In this way enrichment or depletion of those two
compounds afe possible.
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At present we afe not able to give inforrnation about the causes of the high enrichment of
sea salto Anyway the deterrnination of 6180, 6D and analysis of meteorological data could
allow a better understanding ofthe processes that deterrnined the chemical characteristics of
Campbell Ice Tongue samples.
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The tiro samples from Campbell Glacier (800 m a.s.l.) show a content of dissolved salts
that is in the range of the values found at the terminaI part of A viator Glacier (Fig. 2,
CAPRIOLI et al., 1996).

MSA, nss S04, N03 and Ca protiles show a rather good detinition and two annua! cycles
could be represented. In Fig. 3 the distribution of nss S04 is reported as an example.
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Preliminary results of two 45-meters marine ice cores from the
Nansen Ice Sheet (Terra Nova Bay, Antarctica)

A. Bondesanl, I.-L. Tison2, M. Dini3, A. Khazendar2 & M. Frezzotti4

l Dipartimento di Geografia, Università di Padova, Via del Santo 26, Padova
2 Département des Sciences de la Terre et de l'Environnement, Université Libre de Bruxelles, Av. F.D.

Roosevelt 50, Bruxelles Belgium)
3 Laboratorio di Geochimica Isotopica, Dipartimento di Scienze della Terra,

Università di Trieste, Via E. Weiss 6, Trieste
4ENEA. Dip. Ambiente, P.O. Box 2400, Roma AD

The glaciological Italo-Belgian collaborative work in the Terra Nova Bay area has focused
on Ice Shelf bottom mass balance studies. Melting and freezing processes at the base of ice
shelves afe only a matter of recent scientific progress given the restricted accessibility to the
ice shelf-ocean interface. Until recently, it was thought that three major zones exist under
ice-shelves with different mass-balance regions (ZOTIKOV, 1986). Close to the grounding
line, active freezing was thought to occur (although never observed) where fresh continental
basaI meltwater enters into sea water. Further seaward, slow freezing (observed at J9, Ross
Ice Shelf) is occurring by simple conduction through the ice-shelf. Finally, strong melting
was invoked close to the ice shelf frani, under the influence of warm oceani c summer
surface waters. In the last decades it has been shown both in the field (by remote and direct
measurements -far example, THYSSEN, 1988 and OERTER et al., 1992) and theoretically
(by modelling -far example, JENKINS, 1991) that deep thermohaline circulation in a
continental shelf cavity generates melting at grounding lines and thick marine ice accretion
under certain zone of the ice shelf.

Our previous work at Campbell giacier Tongue and Hell' s Gate Ice Shelf (HGIS) has
revealed the existence of two different types of marine ice formed at grounding lines, either
by "double-diffusion" freezing offresh continental basaI meltwater seeping though the sea
floor sediment, or by filling of narrow crevasses forming where the glacier gets afloat
(SOUCHEZ et al., 1995). Moreover, Hells Gate Ice Shelfwas considered as an ideallocation
("outdoor laboratory") far detailed study of ice-ocean interactions and marine ice
production, as a result. It allowed us to build a model of ocean circulation below the ice
shelfand to suggest that both ocean circulations mode-l and mode-3 (JACOBS et al., 1992)
afe effective under HGIS, the latter being linked with a process of marine ice transfer at the
base of the ice shelf, impeding the nel melting effect of warm ocean surface waters, forced
below the ice-shelf frani by tidal activity (TISON et al., 1996).

The question afose whether these observations were atypical oflarger floating ice bodies,
like, far example, the Nansen Ice Sheet. Remote measurements (FREZZOTTI et al., this
symposium) suggested that large amounts ofmarine ice accretion should occur to sustain
the mass balance determined from satellite images aerial photographs and GPS ice surface
elevation measurements. A few Ò180 measurements gave intermediary values between
continental ice and sea ice (FREZZOTTI, personal communication).



In arder to check these assumptions an extended air survey across the main body of the
Nansen Ice Sheet was performed to search far marine ice outcrops. Ice texture
measurements of surface samples allowed discrimination between continental ice, surficial
lake ice and marine ice, and revealed the occurrence of large fields of marine ice outcrops,
mainly located at the limit of major individuaI ice flows, a situation similar to the one
observed in the upper area of HGIS, and, on a larger scale and at depth, at the Filchner
Ronne Ice Shelf (FRISP report nO9). Again, the intense activity of the katabatic winds
provides us bere with a unique opportunity to sample these marine ice bodies directly from
the surface. Most of these major outcrops afe initiated in the highly crevassed zones thought
to represent the grounding area at the foot of the Reeves Glacier and of the smaller ice
bodies flanking Mont Nansen.

One ofthe outcrops was chosen to locate two 45-meters deep ice cores, one as close as
possible from the grounding li ne (7.5 kilometers), the other about lO kilometers
downstream, on the flank of the first large rift dissecting the Nansen Ice Shelf.

This work presents preliminary results from 5-meters intervals depths of the two ice
cores. Thin sections, salinity measurements, major cations and 6180 measurements where
performed on the samples and lead to the following conclusions:

.thick layers ofmarine ice indeed sustain the mass balance ofthe Nansen Ice Shelf;

.they form as a "welding unit" between individuaI flows of continental ice getting
afloat at the grounding line;

.alI variables suggest large scale deformation processes (folding) bringing more
recent layers from a lower depth at a higher elevation in the profile, and it therefore
complicates comparison with other deep marine ice cores;

.however, as in other marine ice cores, the facies is mainly orbicular and very low
salinity units afe encountered (down to 6°J.lScm-l -0.07% salinity), suggesting accretion
from circulation mode-1 exclusively in this upstream area;

.as in ice cores from the "pinched" marine ice outcrops at Hells Gate Ice Shelf, a
" string-lined " facies strongly develops in the more stressed areas;

.as in ice cores from HGIS, the least saline units afe also showing the highest
chemical fractionation. Furthermore they also display the most vigorous "string-lined"
facies. Since these afe most likely representing the sheared crystals from higher depths, this
supports the idea of a decreasing salinity and increasing chemical fractionation as one goes
down a stratigraphically undisturbed profile. This is coherent with observations in other
deep marine ice care (OERTER et al., 1992) and with the reconstructed sequence at HGIS
(TISON et al., 1996);

.the highest salinity units afe up to 50°J.lScm-l (1.2%0 salinity). They afe higher than
the maximum value observed in the higher parts of marine ice cores from the Filchner-
Ronne and Amery ice shelves. This probably reflects very fast consolidation under near-
atm ospheri c conditions in the crevassed area at the grounding line, and therefore confirms
that units ofhigher salinity afe located higher stratigraphically in the undeformed sequence.
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The "coreless winter" phenomenon consists in some significative period of therrnal
inversions during the winter seasons, especially in July (MEINARDUS, 1938; V AN LOON,
ALLISON at al., 1993).

The analysis of data recorded by A WS stations located in the Terranova Bay area from
PNRA lets to recognise coreless winter events in this region (GRIGIONI et al., 1992). The
research made with data of 1987-1994 period conflrrns this phenomenon; in alI 9 recording
stations the data show some periods of increasing temperature scattered since June to
August with increases of the monthly mean air temperature (fig. 1). The phenomenon is
particularly evident in July, when the mean increase of temperature was about 2 cC.

Since 1989 the Nationallnstitute ofVulcanology ofCatania surveys the soil temperature
in the M. Melboume at 1.5 and 2.4 m depth. The data collected lei a comparison with air
temperature data (in the fig. 2 is shown the location of soil temperature stations around the
M. Melboume).

The mean monthly temperature of soil at 1.5 m depth ranges between -34.37 cC recorded
in 1994 August in the station named ViI (2030 m a.s.l.) and -2.08 cC in 1994 January in the
station FaI 1 (800 m a.s.l.) (Fig. 3).

At 2.4 m depth the temperature ofsoils ranges between -33.54 cC of 1994 September (ViI)
and -7.35 cC ofFebruary 1993 (Fall).

The annual trend of the temperature at 1.5 m depth is characterised by a maximum in
correspondence ofJanuary in the FaI 1 e ViI stations and in February in the other stations,
while the minimum value changes every year and in a different way for each station.

In the winter season some months show values with an inverse tendency against the
annual pattem; these episodes could be related to the coreless winter record ed by A WS
stations. This phenomenon is present in alI four stations during the July of 1992 and 1994
whereas in three stations is record ed also another event during 1993 June.

These increases ofmean monthly temperature range from 4.3 cC (July 1993 in FaI 1) to
0.7 cC (July 1992 in Coni).

At 2.4 m depth the monthly differences afe smaller bui synchronous to those recorded
near the surface.

The daily values oftemperature at 1.5 m depth recorded during June 1993 and July 1994
show that there afe two or three periods differently long (8-9 days in June 1993 and 4-5
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days in July 1994) in which the temperature of soils increases abruptly. These events afe
synchronous in every station except in the Fal 1 where these events afe recorded 2-3 days
earlier.

The delay ofthese thermal anomaly at 2.4 m depth is of 1-2 days and the value ofincrease
is very reduced (generally less than halt). It is interesting to point out that the station nearer
to the coast and located at lowest altitude (FaI 1) show the greatest thermal anomalies that
afe recorded earlier than alI other stations.

Also in permafrost thermal regime there afe clear signals of thermal inversion periods
during the winter season (named "coreless winter"), but the timing correlation with air
temperature is not always evident.

In the Terra Nova Bay area, the "coreless winter" has been referred to local breaks out of
the thermal inversion layer that characterised the Antarctica continent in winter favourishing
the ingression ofwarmer air masses that cause the increase ofwinter temperature (GRIGIONI
et al., 1992).

A more careful analysis of thermal regime of permafrost could be useful to understand the
climatic significance of"coreless winter" and its causes.
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Figure 3 -Mean monthly temperatures from 1990 to 1994 for the station Fai 1 at 1.5 m depth.
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First results of snowpack observations carried out in Antarctica during the Italian scientific
expedition in 1994/95 winter afe presented here. In a mountainous area of about 50 000
km2 in the northem Victoria Land, where the Italian Base Station is located, several
conventional snow profiles have been performed down to variable depths, from some
centimetres to a maximum of one metre indulges some situations. Observations have been
carri ed out utilizing the classic field instruments. In particular, far every snow profile the
following characteristics have been analysed: grain shape and grain size, hardness index,
density, liquid water content and snow temperature. Besides, during the helicopter flights,
observations on avalanches activity have been done. Analysis of snow profiles has cleared
some characteristics that distinguish the antarctic snowpack from the alpine types. In
generaI, it has been checked a low structural diversification with an altemance of layers of
small rounded particles and layers of faceted crystals. Hardness index profiles present on
the average shapes oftype "quasi-hydrostatic" that confer a relative stability to snowpack.
Snow characteristics integrated by climatological analysis of the period have consented to
formulate some hypotheses on the low avalanche activity observed in the region.
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During the fonner three Italian Antarctic Expeditions (IX, X and XI), a reasearch on GPS
applications to ice shelves tidal undulation was carried auto The Hell' s Gate Ice Shelf
(HGIS), a small Antarctic ice shelf of about 70 krn2 surface area, and the Nansen Ice Sheet
(NIS), a bigger ice shelf(despite ofthe name) have been studi ed.

Owing to its peculiar meteorological regime, with strong katabatic winds sustaining large
ablation rates and to its reduced dimensions, HGIS is a unique site to study ice shelf
dynamics, structure, mass balance and marine ice accretion processes (SOUCHEZ et al.,
1991 ; TrSON et al., 1993).

Static GPS measurements were performed in 1993/94 using fixed GPS 24-hour recording
stations. This first experiment indicated free response ofthe ice shelfto the tidal forcing in
its lower part (BONDESAN et al., 1995) while glaciological features at the ice shelf surface
cali ed far parti al grounding or significant side effects on the flow patterns.

The aim ofthe reasearch was to investigate the dynamical model ofthe ice flows, pointing
out the grounding zones and the connections between the two ice shelves (HGIS and NIS).

Fast static GPS measurements were made to study the effect of ti dal undulation on the
Hell' s Gate Ice Shelf. The restii ts of GP S measurements showed that the vertical movement
curves afe in phase and in good agreement with the sea tidal curves provided by the tide

gauge recordings.
During the IX Italian Expedition a limited number of stations allowed to cover a small area

far grounding line detection; after, during the X Expedition, a test was made far kinematic
profiles, allowing to improve the method and the logistic; then, during the XI Expedition, a
continuous kinematic GPS survey was planned to cover a wide area: a profile was carried
out towards the Browning Pass far about 30 km; a second profile was carri ed out
between V egetation and Inexpressible Islands about 20 krn long, crossing the border
between the Nansen and the Hells Gate Ice Shelves (fig. 1).

Field operations were performed in two steps: (a) a continous recording 40 hours long on
some particular points to draw a tidal response curve of floating ice shelf; (b) kinematic
profiles, made at maximum and minimum ridai amplitude periods.

The GPS antennas were located on two skidoos, while the two reference stations were
situated at a distance ranging from 5 to 30 krn.

Through a preliminary comparison ofthe profiles it was possible to detect the presence of
floating and grounding ice along the trajectories.



Parti al GPS data processing showed for the profiles carried out towards the Browning
Pass a difference in elevation of the same amplitude of tidal excursion: this area may be
ascribed to floating ice.

On the contrary, the differences between the profiles in the area close to Vegetation Island
afe scattered. but the mean value is centred around zero: so it could be hypothised that the
profile was probably made on a grounding zone.
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The Italian Antarctic Research Programme (PNRA) is currently involved in the study of
the meteorite trap at Frontier Mountain (FM). During the 1993-94 field campaign a grid of
eighteen stakes was established on the blue ice field downstream of the nunatak. In the
following 1994-95 and 1995-96 expeditions, both ablation rates and horizontal ice flow
vectors were measured. Ablation rates were obtained by measuring the stake height above
the ice surface. Ice flow vectors were determined through GPS positioning, a method which
has already provided very satisfactory results in Antarctica (CAPRA et al., 1994).

Results (Fig. l) confirm the generai ice flow pattern previously determined through
interpretation of satellite images and field data on morphology and dust band bedding
(FOLCO et al., 1995); in particular, the ice depression is confirmed to be the actual boundary
between the two ice streams which flow past FM. Furthermore, data indicates that the blue
ice area is characterized by very high ablation rates (mean value 6 cm/y, peak value lO cm/y)
and very low horizontal speeds (ranging from 70 to O cm/y). In detail, we observe that i) the
entire southem ice stream, thought to be the only carrier ofthe meteorite found at FM (Fig.
l), is completely blocked and undergoes the strongest ablation; ii) the meteorite
concentration on the northem slope ofthe ice depression also lies on a stranding surface; iii)
the northem ice stream moves out ofthe blue ice area, draining any possible concentrations
northeastwards; only in small areas at the foot of the centraI section of FM ice flow is

impeded.
In light of this data, we argue that present-day glaciological conditions can fully explain

the origin ofthe meteorite concentration at FM.
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Figure 1 -Schematic map of the FM blue ice area. Grey area: Frontier Mountain Nunatak.
Horizontal ice flow vectors and abiation rates are shown along with wind direction and meteorite
finds. For the three stakes with no arrow, GPS data afe not yet avaiIabie. Data on geographic
distribution on finds and wind strenght suggest that: 1) meteorites with m > 170 gare not moved
on the ice surface by wind; therefore they Iocate areas where meteorites emerge form the ice; 2)
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where Iarge meteorites are found, to be then moved northeastwards tili the snowfieIds: 3) tre small
meteorites of the Meteorite Moraine emerge in the moraine itself because trapped whithin rock
debris; 4) alI the meteorites found at FM to date come from the southem stream.
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Researches canied out on samples collected in the Joides Basin during the X and XI
Antarctic expeditions of the "Programma Nazionale di Ricerche in Antartide" within the
frame ofthe "Glaciologia e Paleoclima" Project have been addressed to the effects caused by
West Antarctic Ice Sheet advance in the Last Glacial Maximum. The Western Ross Sea
continental shelf is characterized by a series of northeast-southwest trending banks and
basins on sediments.

The Joides Basin represents one of these depressions and it is characterized by the
presence, near the continental shelf break, of a threshold higher than the centre of the basino

The sedimentation patterns of the Ross Sea continental shelf, known in literature, show
many glacial erosion surfaces and relative overlying sediments.

Figure -Map showing sites of gravity cores. Isobaths are in metres.
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The sedimentary sequence following the last g'acial event consists of three facies
representative of three different depositional environrnental: (a) marine, (b) g'acio-marine
and ( c) g'acial sediments. The sedimentary sequences reflect particular thicknesses of each
facies referring to the location site in the continental shelf. The pelagic sedimentation (a)
constituted by diatomaceous mud or ooze sediments with limited internaI unconformities
which is representative of expanded series in the centraI basin deposits. Flanks of bank afe
more characterized by largest moraine deposits, constituted by coarse textural sediments (b-
c), with its tipical morphology where some g'acial erosional surfaces may outcrop. LastIy
the banks afe coarse sedimentary deposits (thin thickness of layer (a), more representative
(b-c) levels) with many and clear internaI unconformities somewhere reaching the sea floor.

Geophysical surveys bave been conducted in the study area to show the geometry and
seismostratigraphy of the uppermost sedimentary sequenceso These studies allowed to
locate the sampling sites.

13 gravity cores were collected far sedimentological and geotechnical studies. Preliminary
considerations started immediately after collecting samples on board of the oceanographic

ship.
First results show that the cores, collected near the continental shelf break, afe

characterized by low sedimentation rate sequence and the sediment texture is essentially
sand sometimes hardly distinguishable from the g'acial-marine sediment below.

The cores recovered on side banks where the g'acial erosion surfaces outcrop include low
sedimentation rate sequences and lightIy overconsolidated sedimento The samples collected
in the centraI basin floor afe characterized by a higher sedimentation rate than those of other
sampling sites and the moraine sediments afe clearly different from g'acial-marine sediment
(site 137). Generally sediments recovered, according to the classification on the Plasticity
Chart of Casagrande, afe identified as clay and inorganic muds of middle-low plasticity o
Water content decreases with depth and the relationship between water content, Atterberg's
limits and undrained vane shear strenght suggests the presence of overconsolidated
sediment at some cores' bottomo

The results oflab-analyses of99C2 and 137CC cores confirm, partly, the preliminary "on
board" resultso In particular overconsolidated sediment is present at the 99C2 care bottom
and so we can suppose the past presence of a grounding ice sheet in that siteo

20



"materiali" -Dipartimento di Geografia

Università di Padova -n° 19/1996

Seismic Sequences and Late Cenozoic Glacial History in the Ross
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AnaIysis of seismic facies character and distribution, integrated with stratigraphic data,
provides new insight into Ross Sea Cenozoic paleoenvironments.

Unti l late Oligocene rime the Ross Sea was underlain by many subsiding basins separated
by ridges that outcropped above sea-Ievel. Most basins were isolated from one another and
separated from the Southern Oceano The outcropping ridges, as well as the Transantarctic
Mountains, hosted valley glaciers that calved at sea.

In early Miocene rime, the combined effects of eustatic changes and tectonic subsidence
produced a relative sea-Ievel rise and the settlement of open marine conditions on most of
the shelf.

During the Miocene the depositionaI environment was generally gl aci o-marine, although
some sea-Ievel drops caused the episodic outcrop of large portions of the continental shelf.
Outcrops were particularly widespread in the centrai Ross Sea, where subsidence was
minor compared to the western and eastern Ross Sea. During these periods, ice caps
enucleated from the emerged area and strongly influenced the depositional environment of
the surrounding basino

The first well documented advance of the Antarctic ice sheet to the shelf edge occurred
during early Pliocene, likely at 4 Ma. A prominent erosional unconformity and a sudden
change in seismic character marks this evento
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Recent glaciological and oceanographical work at Hells Gate Ice Shelf (HGIS -Terra
Nova Bay, Antarctica) has clearly demonstrated the occurrence of circulation mode-1 and
mode-3, as defined by JACOBS et al. (1992), far ice shelf-ocean interactions processes
(TISON et al., 1995; LORRAIN et al., 1995). It has also been suggested that the formation of
the banded rectangular marine ice facies accreting in large amounts under the frontal zone of
the Hells Gate Ice Shelf retlects neo-formation of frazil ice crystals by a double diffusion
process at the interface between Ice Shelf Water (circulation mode-l) and the outcoming
branche of circulation mode-3. This process is likely to partIr affect the ice-shelf mass
balance by impeding the strong melting from tidal forcing of warm summer surface water
below the ice-shelf, and enhancing ice-shelf resistance to calving ; the nel result favouring
ice-shelf stability (TISON et al., 1996).

A potential source far new arguments in favour of these ice-ocean interactions patlerns is
the first-year sea ice cover seasonally forming in front of the ice-shelf. Recent work by
JEFFRlES et al. (1991a, 1991b, 1993a, 1993b) has concentrated on sea ice properties in Mc.
Murdo Sound and the western Ross Sea, but only a few cores were located close to ire
shelf fronts. Nevertheless, these indicated a higher proportion of platelet ice (thought to
retlect frazil ice production in the Ice Shelf Water of circulation mode-l) with regard to
congelation ice (forming by direct freezing of sea water) close to ice shelf borders.

This work presents results from two sets of sea ice cores sampled in Evans Cave, at the
front of HGIS, respectively during January 1994 (West-East transect of 8 ice cores at a
distance 50-500 meters from the ice clifl) and October 1995 (North-South transect of 3 ire
cores at 200, 750 and 1200 meters from the ice clifl).

Thin-sections have been performed on whole length far each care, and c-axes fabrics
measured in specific textural facies. Salinity samples were collected with a mean resolution
of lO centimeters and isotopic sampling far 8180 performed in selected spots, chosen far
their peculiar textural or/and salinity characteristics.

The main conclusions pulled out from the data afe as follows:
.no snow ice exists at the surface of the sea ice cover at any rime;
.winter lime accretions mainly consist in orbicular and draped facies;
.the platelet facies, when present, is best developed at the beginning and at the end of

the winter season;



.the banded rectangular facies starts to form at the beginning of the summer and stilI
accretes during most of the summer;

.the winter accretion facies afe thinner in frani of the centrai sector of the Ice Shelf,
but it is noi clear if it results from accretion deficiency or increased bottom melting in the
beginning of the summer season;

.the banded rectangular facies is inexistant in front of the western sector of the Ice
Shelf (west of the dirt cane marrone) and forms between 44% and 54% of the whole
consolidated ice care in front ofthe centrai and eastern sector.

These conclusions support the hypothesis of existence of the two circulation modes in
frani ofHGIS, on a seasonal basis. Remnants offrazil ice formation in the Ice Shelf Waters
from circulation mode-l main1y accrete during the winter. In the summer these facies afe not
actively accreting anymore. Instead the banded rectangular facies builds up, resulting from
the initiations of circulation mode-3, and is underlain by a thick layer of loose rectangular
frazil ice crystaIs. The spatiaI distribution of the banded rectangular facies confirms the
pattern of a gyre in which warm surface waters afe tidally forced under the western sector of
the Ice Shelf (no cliff visible) and Ice Shelf Waters mode-3 exit in front of the
centraI/eastern sector, with their "load" ofrectangular frazil ice crystals (TISON et al., 1996).
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The quantitative deterrnination of the heat flow developing through the ice sheet at Dome C
is possible by means of precise measurement of the therrnal gradient profile dT/dz in the
hole, from the surface to the bed rock, and the punctual measurement of therrnal
conductivity K on the ice cores (TCM).

The well-known relation Q = K (dT/dz) gives the value of the vertical component of the

heat flow Q. Therefore, the experimental measurements of the value of the therrnal
conductivity ofthe ice cores from the Antarctic ice cap is as important as the therrnallogging
of the borehole.

An apparatus has been developed expressly to work at temperatures below 00 C for the
deterrnination of the therrnal conductivity of the ice, which can be measured by the line
source method. This technique is similar in principI e to that of the transient hot wire method
of ITO, et al. (1977). Therrnal conductivity is deterrnined by tracking the therrnal pulse
propagation in the sample versus the rime logarithm. The therrnal sensor is a Pt resistance of
4 cm length at the surface ofthe probe, coinciding with the centrai part of the hot line. The
heat impulse transferred to the ice gives a temperature increment of about 12-15°C for a rime
of40". Each measurement requires a few minutes only.

Measurements made so far in a cold room give K values varying from 2.1 to 2.5
W m-l K-I at -20°C for several samples of ire prepared with tap water. These values afe
within the range of those reported by S. P. Clark in the Handbook of Physical Constants -
GSA Memoir 97,1966.

In good experimental conditions, the expected repeatibility of the measurements is within:t 
3% (Fig. l). The precision ofthis relative method depends on whether the instrument has

been calibrated by reliable standard samples, certified by absolute methods. In the case of
homogeneous sampling rates, a statistical analysis can control the quality of the data; small
changes in the parameter K can be detected along with the errors.

The main sources of error affecting the measurements afe:
-roughness, uneven surface of the ice sample, irregular contact ire surface-probe surface,

which can prevent reliable measurements;
-extraneous therrnal gradients affecting the sample before and during the test period

(sample not in a therrnal steady state condition).
Basic requirements for good experimental condirions afe:
-tempernture of the samples stabilized and in equilibrium with that of the measurement

room (shelter);
-temperature no higher than about -20°C;
-flat pIane surface ofthe cut half-ice core, allowing good contact with the therrnal probe.



We assume that heat flow is perpendicular to the surface and to the ice layers; we also
assume that the care hole is almost vertical.

The ice care is layered and anisotropic. We must therefore determine the vertical
component ofK by taking measurements in two orthogonal directions.

Apart from heat flow determination, the measured data of the parameter K can give some
important stratigraphic information.

The value of the K of the natural ice is a variable quantity, depending on temperature,
density, porosity and gas content, tephra and powders content, chemical content (salts,
clathrate hydrates), crystal and structural anisotropy, etc.

Measurements of K could therefore give a diagram (points) and characterize the
stratigraphic sequence of the ice care versus depth, along with the continuous temperature
log ofthe drillhole.

°C

Figure l -Calibration and repeatibility tests. Experimental detennination of thennal conductivity
K at low temperatures, with two different silica standard samples.
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Further systematic search far meteorites at Frontier Mountain (FM) and the reconnaissance
of blue ice fields in the Rennick giacier region were two of the objectives of the 1995/96
antarctic field campaign.

The search far meteorites at FM yielded very satisfactory results with the recovery of an
additional 48 samples. With these specimens, the whole FM collection remarkably totals
about three hundred ninety meteorites. At the rime of writing, samples afe at the Open
University (UK) where classification procedures bave promptly begun. In fact, the
meteorites bave been dried, weighed and the twenty samples showing interior surfaces were
preliminarly classified on the basis of macroscopic features. The total weight of the 1995-96
collection is 787 g. One carbonaceous chondrite and some achondritès afe the most
i nteresti ng samples among those inspected so far. They contain inforrnation on the
mechanisms of condensation of the salar nebula and on the early igneous activity on
protoplanets respectively. Furtherrnore, some finds appear to be extremely valuable far the
study ofthe concentration mechanism (see CAPRA et al., this volume). Actually, a meteorite
weighing 190 g found in the blue ice field will help us in defining the area where meteorites
emerge from the ice. In fact, this expedition has conflrrned that clasts heavier than 170 g afe
not moved on the ice surface by the wind. The collection also includes seven paired
meteorites, i.e. fragments belonging to the same fallo The distribution on the blue ire
confirrns that alI the meteorites found at FM to date come from the southem ice stream (seeFig. 

1 in CAPRA et al., this volume).
During the campaign far the reconnaissance of new meteorite traps in the Rennick Glacierregion, 

the blue ice fields of Lichen Hills, Mt. Weihaupt, Roberts Butte and Johannessen
Nunatak were visited. AlI these areas were found to be sterile.

26



"materiali" -Dipartimento di Geografia

Università di Padova -n° 19/1996

Mass 

Balance Evaluation of David Glacier-Drygalski Ice Tongue
and Nansen Ice Sheet (Antarctica)

M. Frezzottil, A. Passerini2, I. E. Tabacco3, L. Vittuari4 & F. Corbelli5

lENEA, Dip. Ambiente, P.O. Box 2400, Roma AD
2Dip. Fisica, Via Celoria 16, Milano

3 Dip Scienze della Terra, Via Cicognara 7, Milano

41st. Topografia e Geodesia, v: le Risorgimento 2, Bologna
5 ENEA, Progetto Antartide, P. O. Box 2400, Roma AD

The mass balance of the Antarctic Ice Sheet is between accumulation and iceberg calving-
basai melting; surface ablation is negligible. Basai melting/freezing of floating glaciers (ice
tongue, glacier tongue, ice shelf) fringing Antarctic coast afe very poorly known, making
impossible to obtain a reliable estimate of the present day mass budget. The pattem of
melting under a floating glacier is complicated, basai melt rate has been derived from surface
measurements, on the assumption that the floating glacier is in a steady state. The ire
discharge and mass balance of David Glacier-Drygalski Ice Tongue and Nansen Ice Sheet
have been calculated on the basis of new data sets whose increased accuracy permit a more
reliable assessment of the present dynamics of major glaciers and floating glaciers of
Northem Victoria Land. Field and remote sensing researches have provided data about ire
thickness, velocity and accumulation/ablation rate. Accumulation/ablation rate have been
obtained from 5 years stake measurements. Airbome radar sounding positioned precisely
with GPS navigation provides the determination ofice thicknesses in detail. Surface average
velocities has been determined from tracking crevasses and other patterns moving with the
ice on two sequential satellite images. These data have been verified and augmented by
means of surface measurements using repeat GPS survey of stake positions. Using
velocity, ice-thickness, and accumulation/ablation data, the ice discharge fluxes across gates
of outlet glaciers have been obtained. The variations of along-flow ice discharge have
allowed the estimation ofthe basai melting and freezing rates.
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The Italian Antarctic Research Programme undertook a field survey ofthe first leg ofthe
Terra Nova Bay Station-CONCORDIA Station (Dome C) from Nov. 8th to Nov. 12th
1993. The covered distance reached 280 km and the party arrived to location 157°30'E
74°38'S (2050 m a.s.l.). The purpose of this preliminary traverse was to verify the
accessibility of the plateau from Terra Nova Station with heavy vehicles. During October
and November 1996 a scientific traverse will be performed from Terra Nova Bay to Talos
Dome (1200 km) and in the following 1997/98 season the traverse Terra Nova Bay-Dome C
(2600 km) will be accomplished with a French collaboration. These traverses project is a
part of the Franco-Italian programme Station Concordia and of the Intemational Trans-
Antarctic Scientific Expedition (ITASE) program. The scientific objectives of traverse
programme afe to develop a high resolution (sampling interval: 150 km) interpretation and
3-D map documenting the last 200 years ofthe climate, atmosphere and surface conditions
aver the Dome C drainage area.

The route of scouting traverse 1993 was identified and surveyed in Italy from
georeferenciated satellite images analysis and a land survey with skidoo and helicopter was
performed in October 1993. During the traverse the precise coordinates of route were
measured by GPS in kinematic mode and the track in the main crevassed area was marked
with stakes. The precise coordinates of five points along David Glacier basin were
measured by GPS technique during 1993, the measurements were repeated 2 years later to
obtain displacements and hence velocities. Snow accumulation/ablation data, from stake
measurements, were performed and integrated with data obtained from satellite image
analysis and with result of streamlines ofthe katabatic windfield and katabatic wind speed
obtained by mesoscale numerical modelling (BROMWICH et al., 1990). The area of
forthcoming traverse 1996 and 1997 has been analysed by remote sensing. The data in
visible and near-infrared bands (A VHRR, Landsat TM), bave allowed to survey the surface
morphology and to discriminate snow and bare ice. The bare ice at the glacier surface
indicates the presence of ablation areas where deflaction and sublimation afe caused by
persistent katabatic wind. Antarctica surface topography derived from ERS 1 satellite radar
altimeter (BRISSET & REMY, in press) has allowed to improve the location ofTalos Dome
culmination in comparison with the previous maps. The analysis of ERS 1 SAR and Landsat
TM imageries, combined with ground survey, show that the back-scatter coefficient of SAR
imagery is due to ice stress, that results in facture and crevasse.
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In the framework ofthe European Science Foundation Project, named EPICA (European
Project far Ice Coring in Antarctica) was established an intemational plan far deep ice care
drilling in Antarctica, to study environments aspects of global relevance. The most
important aim ofEPICA is a high resolution reconstruction ofthe climatic and atmospheric
composition history of the changes through the study of Antarctic ice cap that recorded
several giacial/interglacial cycles. The ice thickness, in centrai part of Antarctica can reach 4
km, and on the basis oflow rate ofice accumulation, the span oftime recorded in a deep ice
care can overcome 500 000 years.

These informations will improve the knowledge about the interaction between atmospheric
chemistry and climate. This aspect cover an important role in climate change and permits to
enforce numerical models used to predict future climate.

Through the employment of a geodetic network two aspects can be investigated: ice
surface topography and strain field detection. The ice care drilling planned in Dome C area.,
requires far a geodetic network, centred at drilling site and characterised by a circular shape
of 50 km diameter. In arder to investigate these aspects, during the 11th Italian Expedition
in Antarctica (aerial and terrestri al) Radio Echo Sounding surveys were carri ed out
(TABACCO et al., 1996), and was established a GPS geodetic network on an area ofabout
2000 km2. Moreover some kinematic GPS profiles were surveyed to obtain a detailed
description of the topographic surface.

The expected ice movements in Dome C area, afe at few centimetres level (0-5 cm/years),
and comparison of adjusted coordinates can furnish informations about the flow detection in
two or three years. Through a comparison between simulated results and logistical
constraints was established the final shape of GPS network (Fig. 1). The strain net is
composed by 37 points, distributed on four concentri c rings respectively at 3, 6, 12.5 and
25 kilometres from the centre.

The eXtreme environmental conditions of Antarctic plateau require far an accurate study of
each aspects of the survey and so a measurements plan was established before the
installation ofthe points.

The absolute position of a point installed in 1993 and surveyed by a DORIS system was
used as coordinates emanation point far baselines computation and network adjustment. In a
preliminary phase, these coordinates were also used to obtain approximate positions of GPS
stations, in arder to allow, not only the simulation, but even the monumentation (through
GPS navigation) in a area completely devoid of natural reference points.

During the survey of static network, some kinematics profiles were performed using a
devi ce to set up the geodetic GPS antenna on each tractor. The survey was made with the
aim to accurately describe the altimetry of dame top.
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l -Scheme of Dome C Strnin Network.

Materialisation of designed net geometry was possible on a wide area of Antarctic plateau
through GPS navigation. A good measures planning based on experience of Antarctic GPS
observation has permitted to overcome logistical and environmental constraints, and from
the analysis of preiiminary results the expected precision afe confirmed (GANDOLFI et al.,
1996). These measurements wiil be useful far drilling site choice and by a repetition of GPS
survey (planned in 1998/99) the strain net can furnish measurements of ice flow:
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Results and discussion

Utilizing the above described instrumentation, a detection limit of 0.4 I,lEq/L of 804 is
reached when 2 mI of sample afe loaded in one minute. This is enough to produce a
continuos record when ice cores afe analysed.

The volume and the flow ofthe sample can be changed to improve detection limito
The analysis is performed in one minute; since loading time is l minute, we bave an

analytical response every two minutes.
When a bichannel instrument is used in arder to alternate both loading and analyses, a

continuos monitoring is performed. Presumably, improving the aforesaid procedure, it
could be possible to determine chloride and nitrate concentrations too.

8tandard deviations and variation coefficients relative to replicated analyses of sulphate afe
reported in Tab l.
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Table l -Statistica! analysis results
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The errar range is between 14.9 and 6%. In Figure 2 the results obtained with the
conventional method afe compared with those obtained with the monitoring procedure. The
correlation coefficient is very significant confirming the validity of the monitoring 804
concentration method in ice cores.

Thanks to the utilization of a new generation of chromatographic system the performance

ofthe method will possibly be improved.
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During the IX Italian Antarctic Expedition (PNRA), a 20.50 m deep tim core has been
drilled on the Hercules Névé (730 06' 22"S -1650 27' 47"E, 2960 m a.s.l., 100 km
inland) in the Transantarctic Mountains (Northem Victoria Land, Antarctica). The area is
situated on the ice devide between the Evans Névé, flowing Northward into the Rennick
Glacier, and the Meander Glacier, flowing South-eastward into the Ross Sea. The gite is not
under the influence of katabatic winds, and because it is only 100 km from the coast, the
Hercules Névé area appears a very good gite for investigating the change with time of the
relative influence oflocal and long distance dust sources.

Fim core were decontaminated under clean air (class 100) bench and processed in a clean
room at Laboratoire de Glaciologie e Geophysique de l'Environnement (Grenoble, France).
A total of 380 samples have been prepared. Dust concentration an size distribution have
been done by using a Coulter Counter TAlI instrument.

The total mass of the atmospheric insoluble dust represent about 15% of the aerosolload.
Most of insoluble dust originates from continental areas where erosion is dominant. The
continuous dust record from Hercules N., display sharp differences between the upper 14.8
m and the bottom part (14.8 to 20.50 m). The background ofvolume dust concentration of
the upper part is qui te homogeneous with values below 1.5xl0-7 gg-l of water. Some
spikes reach maximum values of 3x 1 0-7 gg-l of water. In this part the particles volume
distribution size show a relative maximum around 0.9 ~m while a second maximum occurs
for particles larger than 14 ~m. Below 14.8 m the records shows higher values in both
background concentration, from 1.5xl0-7 gg-l to 3xl0-7 gg-l, and spikes, 7. 5xl0-7 gg-l.
Since, the dust concentration for particles 0.8 to 1.4 ~m, remains the same over the whole
record, the variability of the total mass concentration appears linked to change in the
contribution ofthe large particles.

In the tirst 15 m of records which is thought to cover the last 60-70 years, the dust
concentration shows a homogeneous atmospheric dynamic in term of particles transport and
deposition. The presence of a bimodal volume distribution may be related for the mode
around 0.9 microns, to the long distance aeolian dust, and for the coarse mode to the local
dust sources, respectively. Our results suggest that the atmospheric dynamics with a more
turbulence and more transport has occurred during the pasto
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