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A chemical study has been cattied out on ice samples, collected
from the Strandline Glacier during the Italian Antarctic Expedition
to Terra Nova Bay (Antarctica) in 1989-90, in order to investigate
sources and mode and type of transport of elements and compounds
present. Main lithophile (Na, K, Ca, Mg, Fe), trace lithophile (T, V,
Cr, Mn) and heavy metals (Zn, Cu, Ni) were determined by flame and
flameless A.A. spectroscopic and PIXE (Particle Induced X-ray Emis-
sion) analysis in a series of samples collected in a longitudinal section
of the frontal portion of the glacier. After collection, samples were melt-
ed and acidified with HNO;. Analysis was performed on the whole
sample without filtration of the particulate matter. Element abundances
for both main and trace lithophile and heavy metals are much higher
than literature data for polar ice and snow. In particular, samples from
the frontal cliff zone are especially enriched in «ctustal» lithophiles.
Element overabundancies derive from the presence of solid particles
of different origin (continental terrestial and cosmic) and of seasalt by
local strong aerosol. Excess of heavy metals correlates to imptoper con-
trol of contamination problems from field sampling to laboratory anal-
ysis. Calculation of crustal enrichment factors (EE) taking Ti as not-
malizing element suggests that the chemistry of samples from the frontal
zone is essentially controlled by the amount of rock particles from the
substratum inglobed in the glacier during its movement. On the con-
trary, the chemistry of the surface ice samples derives from atmospheric
or tropospheric introduction of dissolved constituents and solid parti-
cles of different origin (primary marine aerosol, continental and cos-
mic dust, etc.). In these samples, the abundances of cosmogenic ele-
ments like Ni and Fe-Ni ratios confirm that in polar ice the ratio of
cosmic dust to terrestrial dust is significantly high. This study suggests
that chemical data may constitute valuable support to investigate in-
teractions between glacier and substratum rock and thus to reconstruct
past and present dynamics of glaciers.
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NOVA BAY, ANTARCTICA

Uno studio chimico & stato effettuato su campioni di ghiaccio, rac-
colti sul Ghiacciaio Strandline durante la Spedizione Italiana 1989-90
nel territorio di Baia Terra Nova (Antartide), per ricercate la prove-
nienza e il tipo di trasporto degli elementi e dei composti presenti. Gli
elementi litofili principali (Na, K, Ca, Mg, Fe), gli elementi litofili in
traccia (Ti, V, Cr, Mn) e i metalli pesanti (Zn, Cu, Ni) sono stati de-
terminati con spettroscopia di A.A. (alla fiamma e in fornetto di grafi-
te) e con analisi PIXE (Patticle Induced X-ray Emission) in una serie
di campioniraecolti lungo una sezione longitudinale della porzione fron-
tale del ghiacciaio. Dopa la raccolta, i campioni sono stati sciolti e aci-
dificati con HNO;. L’analisi & stata condotta sull’intero campione sen-
za filtraggio del particolato. L’abbondanza degli elementi sia litofili
principali e in traccia, sia dei metalli pesanti & particolarmente elevata
in confronto con i dati della letteratura su ghiaccio e neve delle regioni
polari. In particolare i campioni raccolti lungo la falesia frontale del
ghiacciaio sono assai arricchiti di elementi litofili «crostali». La sovrab-
bondanza degli elementi deriva dalla presenza di particelle solide di
differente origine (terrestre continentale e cosmica) e di sali marini di
provenienza locale. L’eccesso di metalli pesanti & legato a contamina-
zione durante la raccolta dei campioni. Il calcolo dei fattori di atric-
chimento crostale (EF) utilizzando il Ti come elemento normalizzante
suggerisce che la chimica dei campioni della zona frontale & essenzial-
mente legata ai detriti rocciosi del substrato inglobati nel ghiaccio alla
base del ghiacciaio. Al contrario, la chimica dei campioni della super-
ficie deriva dall’introduzione per via atmosferica di costituenti dissol-
ti e di particelle solide di origine differente (aerosol marino, polveri
di origine continentale e cosmica, ecc.). In questi campioni I'abbon-
danza di elementi cosmogenici quali Ni e i rapporti Fe-Ni confermano
che nel ghiaccio polare il rapporto tra la polvere cosmica e quella terre-
stre & alto in modo significativo, Questo studio dimostra che i dati chi-
mici costituiscono un valido strumento per indagare le interazioni tra
il ghiacciaio e le rocce del substrato e cosi ricostruire la dinamica pre-
sente e passata dei ghiacciai.

TerMInt cHIAVE: Glaciologia, Geochimica, Antartide.

INTRODUCTION

In recent times an increasing number of chemical data
on snow and ice from polar areas have been used in the
tentative of solving stimulating problems such as those of
the composition of the present and past Earth’s atmosphere,
of the extent of element pollution from natural sources and
human activities, of the assess of the variation in time of
cosmic dust deposition, etc.

To face such problems, materials usually used by scien-
tists consist of ice and show samples collected on the sut-
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face of the inlandsis or from ice cores. Less studies were
carried out on dynamically active masses like outlet and
local glaciers, whose movements are very sensitive to the
global conditions of the polar environment.

In glacier ice foreign elements and compounds may ac-
cumulate either by atmospheric transport and by direct con-
tribution from bedrock. Estimate of the relative amounts
of these two components in different parts of a glacier may
thus provide information on the internal dynamics and ice-
rock interaction processes.

On the basis of these observations, we carried out a
preliminary study on different portions of the Strandline
Glacier, a small glacier localized on the coast of Terrano-
va Bay, Antarctica. Additional purposes are to present com-
parative results for different sample collection and analyt-
ical procedures to allow optimization of these last in fac-
ing different scientific problems.

GENERALITIES ON THE CHEMISTRY OF POLAR
ICE SAMPLES

The diffuse use of chemical and isotopic parameters
for solving a number of different problems leads to an in-
creased knowledge about general processes controlling the
chemistry of polar ice. Important topics, such as mode of
occutrence of elements and compounds, short- and long-
distances transport mechanisms, identification of soutce
regions, etc. are now rather well known. These knowledges,
together with the nature of the specific problem that should
be faced, result to be critical in the choice of the experimen-
tal procedure from field sampling to laboratory analysis.

The following are some informations about main
processes and parameters affecting ice chemistry.
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Fic. 1 - General view of the Strandline
Glacier and of the collecting sample area. 1:
sea; 2: beach deposits; 3: glacial deposits and
other deposits of various origin; 4: glacier and
snow fields; 5: rock outcrops; 6: ice cliff; 7:
apron; 8: moraine; 9: check point of the
glacier front position; 10: sampling point.

Mode of occurrence of elements and compounds

Mode of occurrence of elements and compounds

According to current studies elements and compounds
are present in ice and snow essentially as dissolved species
and solid particles of extremely varying size and different
origin. Usually, available data reported in literature refer
to melted ice previously submitted to filtration with 0.45
pm pore diameter filter. In this manner, any contribution
from particles larger than this size is driven out. This last
fraction, however, contains most of the cosmic dust
(TrHOMPSON, 1977; LAVIOLETTE, 1983, 1985) and part of
the weathering products of continental areas. Thus the liter-
ature data strongly underestimate the true abundance levels
of «extraterrestrial» (e.g. Pt, Ir, Ni, etc.) and «crustal»

lithophile (e.g. Si, Al, Ti, K, etc.) elements. On the other
hand, filtration with 0.45 pum filter should not affect abun-
dance levels of the elements present essentially as dissolved
form such as heavy metals (Pb, Zn, Cu, Hg, etc.) and «ma-
rinex» constituents (Cl, Na, Mg, SO,).

Sources of elements and compounds

According to current views main possible elements
sources are the following: a) weathering of continental
crustal rocks, b) marine and maritime-telated aerosol, c)
cosmic dust and debris, d) pollution and derived products,
e) volcanic activity (ash and fumarole condensates), f)
unknown sources.

When the abundance levels for elements in ice and
snow are compared with those in the earth’s crust, they
have been distinguished in «crustal» and «enriched» ele-
ments. The enrichment correlates to some sort of process
that may be natural or anthropogenic and may be active
either over short or long distance. Possible natural sources
for element enrichments (see e.g. BOUTRON & alii, 1984;



LAy & Boutron, 1990) includes volcanoes, metal-enriched
sea surface microlayets, gaseous emission from deep-seated
rocks, etc. Still debated is the general extent of industrial
pollution for elements like Pb and Zn in polar areas (see
e.g. NG & alii, 1981; BouTRON & PATTERSON, 1983; Bou-
TRON & WOLFF, 1989).

Problems for interpretation of chemical data

There are several reasons for difficulties in interpret-
ing glacial record data. One problem concerns the diversi-
ty of possible natural and anthropogenic sources and of
mode and range of element transport. For example, vol-
canic emission may provide material which is enriched in
certain elements to the same degree as industrial emissions
(Duck & alii, 1975). Anothet problem arises from the par-
tial lack of understanding of aerosol transport from the
atmosphere and its incorporation into snow (DAvIDSON &
alii, 1981). However, the major problem associated with
the analysis of most trace constituents (especially of heavy
elements like Pb, Cd, Zn, Cu, Hg, etc.) is contamination.
Recently, some authors (e.g. GOrrACH & BouTRON, 1991)
remark that most published time series (e.g. previous data
of Boutron, 1980, 1982) must be considered highly er-
roneous because of improper control of contamination
problems. The simple use of accurate and sophisticated me-
tal detection instruments and ultraclean laboratories (Bou-
TRON, 1990) will not provide correct element analyses, as
reliability of them depends primarily on exclusion of at-
tifact contamination during sample collection, transport
and treatment. For this reason, a number of authors have
worked developing procedures to minimize as far as pos-
sible contamination risk. This essentially appears to be at-
tained maintaining the sample frozen until laboratory and
reducing contamination from external sources by mechan-
ical removing of the external layer of ice. Detail of theses
procedures are reported in a number of papers (BoUTRON
& alii, 1984, 1987, 1990; BariroL & alii, 1989; LAy & Bou-
TRON, 1990; GOrLACH & BoutroN, 1991).

FEATURES OF THE STRANDLINE GLACIER

The Strandline Glacier is a small coastal alpine-type
glacier (0.79 km?) which front reaches the coast of the
Gerlache Inlet, Terra Nova Bay, Victoria Land. First glacio-
logical measurements on the Strandline Glacier were made
by Crinn (1985). More recently, scientists involved in the
Italian Antarctic Programme of interdisciplinary researches
(MaNzont & ZuccHEeLLI, 1991) have conducted systemat-
ic monitoring of glaciological parameters (see e.g. OrROM-
BELLI, 1986; BaroNT & OROMBELLI, 1987; ZANON, 1988;
Baronr, 1988; CHiNN & afii, 1989; MENEGHEL &
SMIRAGLIA, 1991).

One important reason for investigating small coastal
glaciers in Antarctica is that they are very sensitive to even
small climatic changes and therefore they can give indica-
tions of glacial Holocene fluctuation records.

The Strandline Glacier is a cold glacier with accumu-
lation and ablation areas irregularly distributed and con-
trolled by wind regimes. Main ablation areas are in the
terminal convex zone, crossed by some small crevasses. The
front of the glacier, opening in the small Tethys Bay (fig.
1), presents in the central part an ice cliff 25 m high, chang-
ing laterally into a short dome and ramp margin. The foli-
ation is well evident along the frontal cliff, showing a syn-
cline structure. A small and discontinuous apron of show
and ice is present at the base of the cliff. Moraines are
visible along the lateral margins of the front. Two Holo-
cene ice advances, possibly younger than 4500 yr B.P. were
recognized. Presently, the glacier is stable or in a weak
retreat phase.

ANALYZED MATERIAL

Ice samples were collected, during the Italian Antarc-
tic Expedition to Terra Nova Bay in 1989-90, on the front
of the glacier starting from the apron at the base of the
cliff and on the terminal convex zone, following a line ap-
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Fic. 2 - Crustal element enrichment factors EF g (Ti-normalized) for
samples from the frontal zone (numbers: height from the base) and
from the ablation surface atea (numbers: distances from the cliff margin).
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proximately perpendicular to the foliation. Thus the col-
lected samples will constitute a sequence of decreasing age,
although it is very difficult to prospect an even roughly
age of oldest samples (probable maximum age: few hundreds
years). :

Samples 201-204 were collected on the frontal cliff in
the apron zone at distances variable between 1 and 3 m
(see also fig. 2). The remaining samples were collected on
the terminal ablation surface starting from the margin of
the cliff at distances of approximately 6 m between each
other.

For purpose of comparison, two samples of surface ice
from the Boomerang Glacier, another local glacier local-
ized in the Terra Nova Bay region, some dozens kilometres
far from the coast, were also analyzed.

SAMPLING PROCEDURES

Ice pieces of adequate size were collected using cleaned
steel tools (ice hammer) and immediately stored in one litre
polyethilene bottles. Cleaning procedures for tools and con-
tainers are those standard. Additionally, the set of tools
before sampling were cleaned by several successive rins-
ing in the snow. Since there was no possibility to main-
tain frozen the samples until analysis, they were immedi-
ately acidified with Suprapure Grade Merck HNO; ad-
ding 1 ml conc. acid to about 500 ml sample. Such a proce-
dure results in possible contaminations by the inner side
of the container but presents the following advantages: a)
sample solutions result stabilized in time by preventing
removing of elements exchange with the polyethilene wells
(MurozuMr & alii, 1969); b) the acidification results in
an almost complete dissolution of the present solid parti-
cles, thus avoiding further sample treatment in laboratory
(BoutroN & PATTERSON, 1983; BorsHov & alii, 1989).
Consequently, the analytical results refer to sample as a
whole, including either dissolved constituents and solid pat-
ticles. Only in two cases (samples 201 and 202) a solid
residue was found by filtration after acidification with
HNO;. Thus, for these two samples bulk element abun-
dances result underestimated.

INSTRUMENTAL ANALYSIS

Main lithophile elements (Ca, Mg, Na, K and Fe) and
few trace elements were determined directly on the melt-
ed sample by flame and flameless A.A. spectroscopy using
Perkin-Elmer Mod. 603 and Mod. 3030 Zeeman spec-
trophotometers. All other trace constituents wete deter-
mined by PIXE (Particle Induced X-ray Emission) analy-
sis using 1.8 MeV proton beam from Van de Graaf ac-
celerator of Laboratory I.N.F.N. of Legnaro (Padua). Ele-
ment preconcentration was made inside clean laboratory
(Ceccrr & GHERMANDI, 1991) of the Modena University
using NaDDTC-APDC extraction at pH 4 starting from
15 ml solution (APRILESI & alii, 1984; CEccrn & alii, 1987).
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The analytical error is difficult to estimate on the ba-
sis of the overall evaluation of relative contributions of
different kind of errors in the entire procedure. For ex-
ample, for heavy metals, the measurement error includes
both the standard deviation of the blank, the percentage
error during sample treatment and preconcentration proce-
dures (generally less then 1096), and the etror in the fit
of PIXE spectrum (see CECCHI & aliz, 1990). For the main
elements Na, K, Mg, Fe, Ca and for some trace lithophiles
(Ti, Cr) errors may estimated to be 5-20%.

ANALYTICAL RESULTS

Analytical data for 12 ice samples from the Strandline
Glacier and for 2 samples of the Boomerang Glacier are
reported in table 1 and 2 together with some data drawn
from the literature for ice and snow of polar areas. Com-
parison between our data and literature data indicates that
abundances levels for pratically all elements are extremely
higher (by factors up to several hundreds) in the material
here analyzed.

At first sight, one could think that the observed over-
abundancies correlate to analytical errors or contaminations,
taking also into account the different procedure used for
sample collection and storage. This is supported also by
recent affirmation of GOrRLACH & BouTroN (1991) that
most of the previous published data on polar ice should
be considered to be highly erroneous because of improper
control of contamination problems.

In our case, however, although contamination to some
extent (especially for heavy metals) are highly probable,
element overabundance can be considered to be correlat-
ed essentially to the contribution of solid particles present
in the unfiltered sample and to the strong input of primary
matine aerosol.

The localization of the glacier near the coast favours
the concentration of seasalt elements (Na, Ca, K, Mg). As
regards possible element contribution by particulate mat-
ter, it should be noted that the fraction of solid particles
larger than 0.45 pm, especially those of cosmic origin, is
significant when compared to the total mass of solids
present in polar ice.

Analytical results from tables 1 and 2 indicate that ice
samples collected in the frontal cliff zone of the Strand-
line Glacier are much more higher in pratically all the con-
stituents when compared to samples collected on the ab-
lation surface area of the same glacier and to samples from
the Boomerang Glacier. On the basis of the whole chemis-
try (and element ratios), one can conclude that samples from
the surface of the glaciers are quite similar (apart a gener-
alized element overabundance) to ice from polar areas. On
the contrary, samples from the frontal cliff of the Strand-
line present a distinct chemistry in terms of both absolute
element abundances and element ratios, being particular-
ly enriched in some lithophile «crustal» elements like Fe,
Ca, Ti, V, Cr, Mn.



TasLe 1 - Element abundances in ice samples from the Strandline and Boomerang glaciers.

Sample Na K Ca Mg Fe Ni Ti Zn Vv Cr Mn Cu
mg/l  mgfl  mgll  mgl mgll pgll  pgl pgl  pgl  pgl  pgll pefl
Strandline Glacier
900130 201 (15) 1.8 034 155 3.44 435 356 122 11 14 64 7.8
202 325 034 023 039 0.74 1.46 70 64 2.3 1.8 7.4 1.10
203 220 0.62 0.044 053 2.26 1.90 207 48 7.5 4.3 709 3.1
204 1.56 0.84 0.01 058 3.18 3.58 331 67 11.7 125 73.6 4,12
205 0.73 020 0.10 0.062 0.190 0.78 11 101 093 0.63 269 1.29
206 0.93 0.155 0.044 0.062 0.215 0.91 9.7 40 0.64 0.62 126 0.76
207 0.75 0.155 0.10 0.056 0.179 1.09 17.8 66 0.78 1.82 5.55 1.05
208 052 0.10 0.044 0.048 0.169 0.86 12.5 41 1.24  0.08 0.63 —
209 045 0.155 0.062 0.038 0.133 0.26 14.4 52 044 075 3.75 —
210 1.34  0.21  0.062 0.076 0.258 1.32 15.3 55 0.93 050+ 690+ 1.40
211 1.29  0.10 0.027 0.046 0.161 0.76 5.0 19 0.44 0.15 1.93 1.03
212 240 021 0.044 0.160 0.406 1.18 20.6 23 134  1.35 343 1.58
Boomerang Glacier
900131 201 0.154 0.10 0.027 0.105 0.241 0.61 22.6 41 0.79 196 7.17 1.56
202 1.90 033 0.062 0.206 0.329 2.33 36.8 22 033 437 193 294
TaBLE 2 - Element concentration ranges in the Strandline and Boomerang Glacier and in other polar snow and ice samples.
Na K Mg Ca Fe Mn Ti Cu Ni Cr Zn
ug/l ug/l ug/1 ug/l ug/l ngfl ngfl ngfl ng/l ngfl ng/l
Strandline Glacier 450-3250 100-600  38-530 10-62 161-740 63C >5000 760-7800 260-4350 150-14000 >1900
Boomerang Glacier 154-1900 100-330  105-206  27-62  241-329 >19D >2000 >1560 >1610 >1960 >22000
(this paper)
Vegetation Island 450-820  57-78  119-165 159-162
Mount Crunner 268-436  20-37 42-64 41-47
Campbell Glacier 816 74 67-136  65-158
Priestley Glacier-snow 190 41-57 86139 5354
Reeves Glacier 330 172 394 115
(Piccardi et al., 1989)
Reeves-Campbell- 140-240  180-340 1842
Priestely
(Saini et al,, 1989)
Recent snow Green-
land and Antarctica
near the coast 350 13-16 42-45 13-17
far from the coast 32 1-2 4 1-2
(Murozumi et al., 1969) 6-44
Ice core, Dome C 3-18

Antarctica
(Batifol et al., 1969)

SOURCES OF ELEMENTS AND COMPOUNDS

AND TRANSPORT MECHANISM

To define the source for element and compounds in
ice and, consequently, their transport mechanisms, it is ap-
propriate to compare their abundance levels with those for

various possible soutce regions or processes (ocean, con-
tinental areas, volcanoes, industrial activities, etc.). Par-
ticularly indicative is the computation of the crustal en-
richment factor (EFust, RAHN, 1976) with respect to
average crustal material (TAYLOR, 1964), usually calculat-
ed taking aluminium as normalizing element. On the ba-
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sis of the EFcrust values, the elements present in polar ice
and snow have been distinguished (see e.g. Lay & Bou-
TRON, 1990) in «crustal» and «enriched» elements, these
last resulting concentrated with respect to their crustal
abundances by some sort of enrichment processes.

In the present study, for the calculation of the EF s
values we used titanium as normalizing element on the basis
of the following considerations: a) Ti is a typical lithophile
crustal element and the Al/Ti ratio in most rocks (either
magmatic and sedimentary) is quite constant; b) the ana-
lytical precision for Ti at ultratrace levels is much better
than that for Al for many techniques (including flameless
A.A. spectroscopy and PIXE).

The calculated X element EF . expressed as X/Ti
sample / X/Ti crust are graphically reported on fig. 2 while
in table 3 average EF values for samples collected on the
frontal cliff and on the ablation surface of the Strandline
Glacier are reported. From these data the following con-
siderations can be drawn:

1) for samples collected in the frontal section of the
glacier the EF values for most main and trace crustal
lithophile elements (e.g. Ca, K, Fe, Cr, Mn, V) and for
nickel are not much dissimilar from the unity. This indi-
cates that bulk chemistry of these samples is essentially
controlled by the presence of compounds of «average»
crustal composition. Taking into account the very high ele-
ment abundances, these compounds should consist of solid
particles.

2) The EF values for samples collected on the surface
of the glacier (both Strandline and Boomerang) tend to
be higher than for samples of the frontal cliff zone. The
increase of the EF values is not similar for all elements.
For a group (e.g. Fe, Cr, V, Mg) the increase is quite limit-
ed. For other elements (e.g. Ni, K, Na and heavy metals
in general) the increase may be very strong (up to 10-100
times).

On the basis of these observations some hypotheses
can put forward about the mode of occurrence, the source
regions and the transport mechanism for elements in the
different parts of the glacier. For samples from the fron-
tal cliff whose chemistry is controlled by the content of
solid particles of «average» crustal composition, we should
prospect a transport mechanism which does not cause ele-
ment fractionation. We suggest that almost the totality of

these solid particles are or bedrock material inglobated at
the glacier sole and uplifted, or material coming from nearby
slopes to the glacier by gravity.

Much more complicate is the interpretation of the
chemistry of ice samples from the surface of the glacier.
The much lower absolute abundances of crustal elements
together with the «enriched» character for most of them
are consistent with the atmospheric input of constituents
present under form of dissolved elements and particulate
matter compositionally distinct from that of samples from
the glacier front. In this case ice chemistry appears to be
controlled by the following main components: a continental
crustal one with short- or long-range transport, a sea salt
fraction by local marine aerosol and a cosmic dust. Wind-
blown dust from crustal rocks and debris appear to be the
main natural sources for the first component and a
tropospheric transport is highly probable. The values of
the crustal enrichment factors show that, during this trans-
port, the crustal material suffered some sort of element
fractionation process that lead to an enrichment of most
elements with respect to Ti. The observed very high en-
richment in heavy metals is difficult to be interpreted since
contamination may have severely affected element abun-
dance levels. In any case, similar enrichments have been
widely observed and interpretation of them are still con-
troversial. Arguments were presented favouring either
natural sources like volcanoes or human activities at
emisphere scale (see e.g. NrR1aGu, 1979; NG & PATTERSON,
1981; NRIAGU & PACYNA, 1988; BaTrFoL & alii, 1989; Bou-
TRON & alii, 1990).

The chemistry from surface ablation areas of glaciers
provides information as regards the cosmic component. It
is well known (e.g. BRocAs & PicciorTo, 1967) that polar
ice and snow have the advantage over ocean and lake sedi-
ments of containing a relatively indisturbed record of
deposited material thus the influx rate of cosmic dust can
be assessed. Elements like noble metals, nickel (and par-
tially Cu) are known to be cosmic dust indicators so any
enrichment of these constituents measures roughly an in-
creased fraction of cosmic dust within the deposited materi-
al. The EFcrust values for nickel in surface samples are
much higher than those in samples from the front of the
glacier whose chemistry is merely controlled by terrestrial
material. Also the Ni-Fe ratios are notably higher than ter-

TABLE 3 - Average element crustal enrichment factors (EF ) in ice samples from different part of the Strandline Glacier.

Na K Ca Mg Fe Ni Zn A\ Cr Mn Cu
Frontal cliff zone 6.2 1. 0.15 0.87 1. 1.1 35 1.4 1.8 1.3 1.7
(4 samples)
Ablation surface  22.3 3.6 0.7 1.3 1.8 6. 337 2.8 3. 1.5 10.6

zone (8 samples)

126



Ni /Ag/l

] T16. 3 - Ni-Fe ratios in samples from the fron-

Fe mg/l

restrial ratios (fig. 3) and approximates those of chondrit-
ic material, this confirming that in these samples the ratio
of cosmic dust to terrestrial dust is significant and could
be estimated on the basis of simple calculations of element
ratios.

CONCLUSIONS

a) The results of this study indicate that the analyti-
cal procedure used, rather different from standard proce-
dures, if on one hand is not adequate for some environ-
mental studies because of uncontrolled contaminations for
elements like Pb, Zn, etc., on the other should be preferred
for investigating other important topics such as the origin
of the particulate matter and the mode of transport of both
dissolved and solid constituents.

b) Analysis of whole samples including all particulate
matter allows a rather simple calculation of the influx rate
of cosmic dust and of the ratio of cosmic dust to terrestri-
al dust.

tal zone (closed circle) and from the ablation
10 surface area {open circle) of the Strandline
Glacier.

c) Systematic chemical study on different parts of a
glacier permits to distinguish the origin and the accumu-
lation mechanism of foreign material. In particular, the ex-
istence of even limited amounts of bedrock material in-
globed in ice during its movement.

d) The individuation of areas in a glacier where the
dust of cosmic origin in particularly abundant allows us
to deduce that the zone has been submitted to ablation
(by sublimation) for a rather long petiod (the same situa-
tion happens for meteorites, but cosmic dust is much more
widespread).
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