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ABSTRACT

Analytical transmission electron microscopy was used to study 225 insoluble microparticles in
6 ice samples formed under different climatic conditions over the last 30,000 years in the
Antarctic Dome C ice core. The aim was to identify the mineralogy of dust and investigate the
geographic location of sources and their variations with time.

As already suggested by previous work. it is confirmed that microparticles have mostly a
terrigenous (aeolian) origin as revealed by identification of various clays (mostly illites). quartz
and felspars in the 6 levels. Except for some products attributed to volcanic activity, the
mineralogy of particles appears to be randomly mixed and shows no significant change nor
particular signature of a specific source over the studied period. However, kaolinite,
considered to be a tracer of low latitude dust source areas, was too low in content to suggest
that the tropical area was a main source of Dome C dust over the studied period.

1. Introduction

Studies of ice samples from deep drillings in ice
caps give information on the past climate and on
the past aerosol content over time periods of
many thousands of years (Dansgaard et al., 1971
Lorius et al., 1984; Wolff and Peel, 1985).
Because mainly covered by ice (2 km thick ice
cover) and far from aerosol dust sources, the
central parts of the Antarctic continent, at eleva-
tion exceeding 3000 m above sea level, are gener-
ally considered as good observation grounds for
the global aerosol background (Bigg, 1980; Shaw,
1980; Cunningham and Zoller, 1981). This is true
for aerosol recorded in snow precipitation assum-
ing a linear relationship between air and snow
concentrations (Pourchet et al., 1983).

The 905 m Dome C (Fig. 1) deep drilling (74°S,
124°E, 3200 m elevation) has previously been
studied for stable isotope and insoluble micro-

particle contents among other parameters. These
components show large variations over the 30,000
year time period of this ice record (Fig. 2). Based
on isotope contents (Lorius et al., 1979, 1984),
climatic conditions over the last 10,000 years (or
Holocene) have been similar to the present warm
climate (called stage 1 on Fig. 2) with high values
of 8'30 content, and were preceded, before a
short transition (stage 2), by a very cold period
{stage 3 and 4) extending from 15,000 BP to
30,000 BP. Stage 3 (15,000 BP to 25,000 BP) is
thought to correspond to the Last Glacial
Maximum (LGM).

Petit et al. (1981) and Briat et al. (1982) showed
that the main portion of insoluble microparticles
has a terrigeneous origin and represents the
small-sized dust produced on the continents.
Deserts and arid areas from the Southern
Hemisphere are the potential sources of Antarctic
microparticles. These authors found that during
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Fig. 1. Map of Southern hemisphere with 150 m-
bathymetric contours and location of deep ice core
drillings in Antarctica (B: Byrd; DC: Dome C; VK:
Vostok).
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Fig. 2. Microparticle mass concentration and oxygen
isotope (6'20%) variations along the Dome C ice core,
adapted from Lorius et al. (1984). Isotope stage 1 to 4
and the positions of selected samples are indicated.

the LGM, there was an increase in the dust
concentration by a factor about 15, compared to
Holocene values, a trend which has also been
observed on other ice cores from Antarctica and
Greenland (Thompson, 1977; Cragin et al., 1977;
Fisher 1979; Thompson and Mosley-Thompson,
1981; De Angelis et al, 1984). This was
attributed to the large extension of global tropical
aridity during the LGM as revealed by consider-
able geomorphological evidence from the con-
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tinents (e.g. Sarnthein, 1978) and deep-sea sedi-
ments (Climap, 1976), coupled with a higher
efficiency of atmospheric circulation for dust
production and transport.

Low global volcanic activity over the last
30,000 years was also suggested, this because low
level of volcanic tracers such as acid content,
sulfate, zinc . . . The observations of many visible
ash layers in the Byrd ice core (Gow and
Williamson, 1971) and the discovery of glass
shards in the Dome C core (Kyle et al., 1981),
likely represent only the print of Antarctic
volcanos now inactive. However, geographic
location of the major dust sources of Antarctic
microparticles remains unknown. Their identifi-
cation through the study of specific source area
tracers is of interest in tracking air masses over
the Southern Hemisphere and also in estimating
their respective contributions to atmospheric
aerosol because dust may have an important
impact on climate by modifying the radiative
budget of the atmosphere. From the 907 m Dome
C ice core, 6 samples were taken: 1 at level 838 m
(stage 4) before the LGM period, 3 at levels 678
m, 580 m and 552 m covering the LGM (stage 3)
period and 2 at levels 345 m and 246 m (stage 1)
corresponding to the Holocene period (Fig. 2).
This paper presents the results of the
mineralogical identification of microparticles in
Dome C samples, using Analytical Transmission
Electron Microscopy (ATEM).

2. Analytical methods

The very low microparticle concentrations in
Antarctica samples (~20 ng g=' for Holocene
samples) require clean sample processing con-
ditions (class 100 dust free laboratory). The ice
samples were 10 cm diameter, 15 cm long cylin-
ders and represent 3 to S years of snow accumu-
lation. To remove field contamination, we
recored by melting the center of the ice with a
thermal probe. The meltwater was divided in 15
ml aliquots. Aliquots were filtered through a
Nuclepore membrane filter of 0.45 micron pore
size and 13 mm in diameter, previously coated
with a carbon layer. The volumes filtered, in the
range of § to 50 ml, were chosen according to the
microparticle concentrations to avoid overload-
ing the filter. After filtration, particles deposited
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on the surface filter were coated by a second
carbon layer and transferred directly onto gold
electron microscope grids by dissolving under
suction the filter substrate with chloroform
(Sebastien et al.,, 1978). Each grid (3 mm in
diameter, 200 mesh of 6400 um?> each) was
analysed using a JEOL 100 C Transmission Elec-
tron Microscope fitted with an EDAX 711 X-ray
Energy Dispersive Spectrometer (XEDS) inter-
faced with a computer. For a single particle, this
instrumentation simultaneously allows:
observation of particles as small as 0.1 micron;

determination of the crystalline structure using
the electron diffraction pattern;

determination of the chemical composition,
obtained by X-ray spectrometry.

Operating conditions for analysis were as
follows: grid mounted in a carbon receptacle, 35°
tilt angle in the direction of detector; accelerating
voltage 100 kV; accumulation time 40 to 80 s;
size of focused beam 0.3 micron.

In order to identify the mineral phases, an
analytical strategy (summarized by Table 1) was
developed using the three parameters to obtain

Table 1. Strategy used for mineralogical identification of particles

MORPHOLOGICAL FEATURES

(lamellar, shards...)

ELECTRON MICRODIFFRACTION ]

HEXAGONAL
SPOT PATTERN

CLAY MINERALS

OTHER
SPOT PATTERN

OTHER SILICATES

(quartz, felspars...)

OR NON SILICATES

NO SPOT
PATTERN

AMORPHOUS/ORGANIC MATTER

(volcanic glass...)

OR THICK PARTICLES

(oxides, sulfates.) /

!

QUANTITATIVE CHEMICAL ANALYSIS (BY XEDS)

EXPRESSED IN OXIDE-WEIGHT 7%
REGARDLESS OF WATER CONTENT

COMPARISON WITH
STANDARD ANALYSIS

NUMBERS OF IONS
CALCULATED ON THE BASIS OF

OXYGENE NUMBER

!

MINERALOGICAL IDENTIFICATION
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a step-by-step diagnosis (Gaudichet, 1984).
Particles can be identified by:

(1) their morphology, including their shape
(lamellar, fibrous, choncoidal, shard);

(2) their electron diffraction pattern, observed
directly under the microscope, allowing to distin-
guish between crystalline and amorphous par-
ticles, useful to characterize volcanic glasses, for
example, and to quickly recognize from other
silicates, such as silica and felspars, sheet sili-
cates, such as clays, always flat laid on the filter
according to their (001) plane and exhibiting a
hexagonal electron diffraction pattern;

(3) their mineral species as given by their
elemental chemical composition. The X-ray
dispersive spectrometer allows a qualitative
determination, for each particle, of elements
present with an atomic number Z greater than 10.
However, the identification of particles based
only on qualitative chemical analysis is in-
accurate because possible confusions can remain
between minerals composed of the same elements
such as muscovite [KAIly(Si;AlO,,)(OH),] and
potassium felspar [K(Si;AlOg)]. We therefore
made a quantitative assessment of the elemental
composition using the peak ratio method taking
Si as a reference element, assuming that particles
can be considered as thin (less than 2 um) layers
(Cliff and Lorimer, 1975). The spectrometer was
calibrated by the analysis of standard minerals in
order to determine the Cliff-Lorimer k factors at
operating conditions for each element. Using this
method, the elemental composition is known
with an accuracy better than 3%

Peak ratio data were computerized in order to
express the chemical information in terms of
oxide weight percentages, regardless of water
content, to be compared with minerals described
in existing literature (Deer et al., 1967).

In practice, quantitative microanalysis and
microdiffraction allowed us to identify the major-
ity of natural mineral particles, especially sili-
cates. Moreover, it is possible to check the valid-
ity of such diagnoses, by comparing the structural
formula calculated from the experimental chemi-
cal analysis and the theoretical formula for each
mineral.

The frequencies of mineral species were ob-
tained by scanning, at direct magnification
(x 10,000 to x33,000), randomly chosen mesh
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(6400 um?) in which each particle encountered
was identified.

3. Results and discussion

A total of 225 particles were analysed for the
six selected samples. Most of the particles were
smaller than 2 um. Grain size distribution of
particles was not investigated here because
of the insufficient number of observations.
Mineralogical identification through the diagno-
sis scheme was possible on an average of 809, of
the cases. Diagnosis was sometimes impossible
for one of the following reasons:

(1) particles thicker than 0.2 um are not per-
meable under electrons, then it is impossible to
obtain electron diffraction pattern;

(2) particles overlapped, giving mixed silicate
chemical compositions. Indeed the ATEM obser-
vation revealed that a significant number of
observed particles were constituted by numerous
aggregates (see Fig. 3), especially of fine clay
minerals, and they may have been taken as
isolated particles in previous Analytical Scanning
Electron Microscopy (ASEM) studies (e.g. De
Angelis et al., 1984);

(3) elemental composition could not be related
to a known mineral in the literature.

The number and the relative abundance of
minerals identified in the 6 samples are reported
in Table 2. A statistical approach (binomial
distribution) did not indicate a significant
difference (959 of confidence level) in the rela-
tive abundance of mineral dusts from terrigenous
origin (such as clays, and feldspars) from one
level to another by comparison with the mean
content of each species pooled from the six
samples analysed. One sample corresponding to
the LGM (552 m) has a quartz content
significantly higher than the mean content. In
one sample corresponding to the Holocene period
at 245 m of depth, the presence of volcanic glass
particles was significantly different from the
other samples. Particle mineralogy is mostly re-
presented by various silicate materials such as
clay minerals (409;), quartz (Fig. 4) (13%) and
felspar (18%). Volcanic glass shards (Fig. 4)
(mainly at the 245 m level) as well as some
ferruginous, titanium oxide (or hydroxide),
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Fig. 3. TEM microphotographs at low magnification of the grid after dissolution of the filter. The prints of filter
pores appear as round white areas, and particles (in black) are either well isolated or constituted by aggregates of

fine minerals. Scale bar is 5 ym.

Table 2. Number (n) and relative abundance (%, in brackets) of minerals identified in each of the 6 sample
levels, compared with the mean content of each mineral species (*statistically significant difference from the
average at a 959, confidence level according to a binomial distribution)

246 345 552 580 678 838 Average

Dome C sample depth (m) » O n %) n (%) n (VARG (%) n (VARG (VA
—clays: Illite 9 34) 16 (38) 10 (28) 13 26) 7 32) 17 34) 12 (32)

kaolinite 1 @ 1 2 1 3) — — — 0.5 (1.5)

chlorite — 2 5) 1 3 2 @ 1 5 3 6) 6 5)

smectite — 1 2y — 3 6) — — 0.6 (1.3)
—crystalline silica 3012 4 (100 8 (23 6 (12) 3 (13) 4 @® 5 (13
—amorphous silica — I 2 2 6y 2 “4) — — 0.8 (2)
—felspars 4 (159 8 (199 8 (23 11 (22) 3 (13 9 (18 7T (18
—pyroxenes-amphiboles — 2 5 2 %) — 1 5y 1 2y 1 (3)
-—metallic oxides 1 4 2 5 — 3 6) — — 1 (2.5)
—volcanic glass 3* (1) — — — 1 5 — 0.6 (2.6)
Others 5 19y 5 12y 3 8) 10 200 6 Q27 16 32y 7.5 (20)
{overlapped or unidentified)
Total number 26 42 35 S0 22 50

pyroxene and amphibole particles were detected,
but in small proportions. A new observation for
Antarctic ice is the presence of diatom fragments
(Fig. 5), composed of amorphous silica and easily
recognizable by their morphology. Diatom

frustules have been also observed in Greenland
ice (Gayley and Ram, 1984).

We will now focus the discussion on clay
minerals, quartz, and felspar, which are the ma-
jor components. We will also discuss the volcanic

Tellus 38B (1986), 34
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Fig. 4. TEM microphotograph with corresponding dif-
fraction pattern and XEDS spectrum of two particles
observed in the 246 m sample level. At the top, the
quartz particle (A) is clearly distinguished by its elec-
tron diffraction pattern from the amorphous volcanic
glass shard (B) at the bottom.

glasses because of their potential for souce identi-
fication in spite of their small proportions.

3.1. Clay minerals

Clay minerals were identified in 409 of total
number of the particles, among this clay 329, of
them may be classed in the illite group. No
significant variation (binominal distribution with
959, confidence level) in the relative frequency
was observed between the samples.

Illite is a world-wide detritic component of
sediments. In the fraction smaller than 2 microns,
it represents 309 of the mass of deep sea sedi-
ments (Griffin et al., 1968). It is present in the
Sahara dust outbreaks (Glaccum and Prospero,
1980) as weil as in dust plumes from the Asian
continent (Gaudichet and Buat-Menard, 1982;
Blank et al., 1985). For Antarctic aerosol, Kumai
(1976) used the electron diffraction pattern in a
TEM, and observed that 349, of the central
nuclei of snow crystals collected at the geographic
South Pole are illites. However, since his study
covers only few days of aerosol collection, the fact
that this illite content is close to our value might
be fortuitous. In tropical Pacific air, dust col-
lected on the Eniwetak Atoll showed strong sea-
sonal variation of illites between 47% in April
and 18% in July depending on the atmospheric
circulation and dust source influences (Gaudichet
and Buat-Menard, 1982; Buat-Menard et al.,

Fig. 5. TEM microphotograph and XEDS spectrum (silicon signal) of a diatom fragment.

Tellus 38B (1986), 34
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1982). Our data does not suggest any variation of
this type from level to level over the studied
period. This could be due to the smoothing of the
seasonal fluctuations, each sample including the
precipitations of several years.

Three kaolinite clay minerals have been
identified (Fig. 6), representing only 1.39 of the
225 particles analysed. This appears very low
compared to the 10% found by Kumai (1976): the
score was 7 kaolinite clays identified from 74 non
sodium-chloride (i.e., non-soluble) particles. In
fact, besides the possible influence of the differ-
ent methods of sampling, for an hypothetical dust
source with 4% of kaolinite content, Kumai’s
data as well as our data could be scored by a
statistical approach (binomial distribution) as the
high (Kumai’s data) and low (ours) limits respec-
tively of the 95°% confidence interval. However,
when our data are pooled, excluding the two
Holocene samples, the data are out of the lower
limit of this interval suggesting a source with very

Fig. 6. TEM microphotograph with corresponding dif-
fraction pattern and XEDS spectrum of a kaolinite
clay. Note the typical morphology of this clay particle
showing the superposition of sheets and the hexagonal
electron diffraction pattern.

low (<49%) kaolinite content, especially during
glacial climate.

Kaolinite is considered to be a low latitude clay
(Griffin et al., 1968) formed by an intense
weathering process. On a world-wide scale, a
high proportion (up to 90%) of this clay is found
in a belt bounded by the tropics. For example,
high concentrations were found in the smaller
than 2 um fraction of the Australian desert
coupled with iron oxide, as well as in the aerosol
dust from aeolian deflation (Prospero and
Merrill, 1980) and in the surrounding deep sea
sediments (Griffin et al., 1968). The low
proportion of kaolinite found in our samples,
integrating a 3 to 5 year period, suggests that
Australian deserts and low latitude tropical areas
are not the main direct sources of Dome C
microparticles.

5% of the particles were identified as chlorite
clays. As opposed to kaolinite, chlorite may be
characterized as the “high latitude clay mineral
found in abundance in polar regions of the world
where chemical destruction is low™ (Griffin et al.,
1968). Therefore, if we eliminate the low latitude
tropical area because of the low values of
kaolinite, and the small area of exposed ground in
Antarctica (i.e. dry valleys), then the tip of South
America including the Patagonian area, appears
to be a good candidate for Antarctic dust. By
contrast with Australia, South of 40° latitude, the
high mountains of the Andes Cordilliera are
swept by continuous westerlies giving a semi-arid
to arid desert climate on the East side of the
Andes (Patagonia). The presence of glaciers
induces cold and dry winds favourable to ground
deflation, accumulation of periglacial and/or
peridesertic loess and thence to the mobilization
of dust (Charlesworth, 1957; Flint, 1971). More-
over, the environmental conditions propitious to
dust production probably have been enhanced
during LGM where South America was drier and
more windy than at present (Damuth and
Fairbridge, 1970; Heusser, 1981). During the
LGM, the 120 m-lowering of the sea level
{Climap, 1981) South of 40° latitude allowed the
additional exposure of a 10° km? area of conti-

nental margins thus doubling the present
emerged land area, and of unconsolidated
material.

Small-sized dust injected at high altitude (e.g.,
above 3000 m a.s.l.) in the 40°S westerlies would

Tellus 38B (1986), 34
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be transported southward over the Antarctic con-
tinent along with the penetration of depressions.
We have no direct proof of production and long
range transport of South American dust in the
Southern Hemisphere but contribution of this
continent to Antarctic aerosol is also suggested by
detection of “radonic storms” (radon 222 is a
short lived natural radionuclide originating from
continental soils) suddenly arriving at various
Antarctic locations (Lambert et al., 1970). More-
over, numerical simulations of continental dust
spreading using an Atmospheric General Circula-
tion Model (AGCM) (Joussaume, 1983, 1985;
Joussaume et al., 1984) suggest, for present cli-
matic conditions in a 30 days simulation, South
America and Australia as main sources of dust
for Antarctica. However, according to these sim-
ulations the American source would be dominant
for Central Antarctica (i.e. near the geographic
South Pole) while Australia would dominate in
East Antarctica (as Dome C site). These results
do not exactly match our above suggestions;
discrepancy may be due to the use of a low-
resolution AGMC or/and the short time duration
of the simulation. For the future, search for
kaolinite clay in snow in other Antarctica loca-
tions should be very useful as a check for simula-
tions using a higher resolution AGCM and per-
formed under both present and LGM climatic
conditions.

3.2. Crystalline silica minerals

Crystalline silica (quartz or tridymite)
represents 139 of the identified particles. Except
for the 552 m sample, the quartz proportion
remains constant from sample to sample.

Quartz is a terrigenous mineral, one of the
most resistant to weathering agents. It is present
in many sediments and aerosols and by contrast
with the other minerals, is rather well identifiable
under ASEM (Petit et al., 1983) but may be
confused with other allotropic forms of silica
(such as opal of the diatoms). Quartz abundance
has been used as continental aridity index in
continental and deep sea sediment records
(Bowles, 1975. Molina-Cruz, 1977, Bowler, 1976;
Venkataratham and Biscaye, 1977; ...). Using
similar approach for Dome C and Vostok ice
records, ASEM previous studies (Briat et al.,
1982; Petit et al., 1983) have shown higher
abundance of quartz particles in samples from
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LGM climate as well as the presence of quartz
particles larger than 5 yum. This was interpreted
as the print of the LGM environment
characterized by greater aridity and more effi-
cient atmospheric circulation. The present study
indicates similar results, but only for the 552 m
sample in the LGM period. Moreover quartz and
felspar particles have a similar shape (more or
less spherical) and are therefore less fitted to
suspension in wind than the plate like clays.
From our data we get a higher value of the silica
plus felspars to clay ratio for LGM samples than
for other periods. This tends to support the idea
of more efficient atmospheric circulation.

3.3. Felspar composition

Felspar represented 189, of all mineral par-
ticles and their compositions were plotted on a
ternary diagram in terms of the three mineral
species: albite, anorthite and orthoclase (Fig. 7).
All types were encountered in each sample.
Moreover, species such as calcic plagioclases, and
potassic felspar which cannot come from the
same rock, were observed in the same ice sample.
This suggests either that the air mass origin area
can be mineralogically heterogenous, or that the
mixing of particles coming from different areas
takes place during their transport to Antarctica.
Another possibility is that our filtration process
combines deposits corresponding to various

* \ur

Fig. 7. Compositions of felspar reported on a triangle
diagram orthoclase (Or)—albite (Ab)--anorthite (An)
corresponding to the studied Dome C samples: solid dot
(580 m) open dot (346 m), solid triangle (552 m) open
triangle (678 m), solid square (838 m).
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sources since our ice samples cover 2 to 5 years of
accumulation.

3.4. Volcanic glass composition

Volcanic glass shards were looked for at a low
magnification (x 5000 to 10,000) on grids in all
our samples, in addition to the study of all
particles on a randomly chosen area of the filter,
due to their potential use as an indicator of their
sources. Glass shards were found in three samples
and the frequency is the highest at level 246 m
suggesting a volcanic activity print. This was
independently confirmed by a study on aliquots
of this sample made by Fehrenbach (1984) using
an ASEM. In addition, we observed some clays
and silica at this level showing unusual suifur
signals on XEDS spectra (Fig. 8). This could be
the result of the adsorption of sulfur, produced by
volcanoes, on atmospheric particles of
terrigenous origin, during air mass transport
through volcanic plumes (Smith and Zielinski,
1982).

In spite of the instability of glass particles
under the electron beam, resulting especially in
loss of sodium content, their quantitative chemi-
cal analysis is reported in Table 3. They are
probably depleted in sodium content giving a
relative increase in the percentage weight of the
other elements. Taking into account this
problem, our mean analysis of the 6 volcanic
glasses from 246 m level is in good agreement
with the mean composition obtained by
Fehrenbach (1984) from the analysis of 20 par-
ticles coming from 27 of the same samples and

can be related to a ryolitic composition. More-
over, we observed that some crystalline silica at
this level showed shard morphology, that could
be related to a volcanic activity of hypersiliceous
magmas. Five other volcanic glasses analysed by
Fehrenbach were quite different and were related
to a trachytic composition, whereas 2 other
glasses were dacitic in composition.

The scanning of the grid corresponding to level
838 m revealed two volcanic glass particles,
chemically similar to the glass shards from the
Byrd ice core and the volcanic particles from the
726 m Dome C ice sample analysed both by Kyle
et al. (1981). These glass shards, composed of
peralkaline trachyte could be the result of local-
ized Antarctic volcanic activity.

Finally 5 volcanic glasses were encountered in
the 678 m ice sample. Two of them were ryolitic
and three had an unusually low (2.5%) alumina
content and a very high (829%) silica content.
Globally, except for one Holocene ice sample
(278 m), volcanic glass remains a very minor
atmospheric contaminant, before and during the
corresponding LGM sample period. Moreover,
their compositions are variable from one level to
another and also within one level, suggesting
numerous origins.

4. Conclusion and future work
This study offers additional evidence of an

aeolian terrigenous origin for the main portion of
insoluble microparticles at Dome C over the last

Fig. 8. XEDS spectra of an illite particle and a quartz

particle containing an unusual
(sample 246 m).

sulfur component
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Table 3. Elemental composition (%, oxide) of volcanic glass shards from Dome C and Byrd ice cores.
Samples are 246 m, 678 m, 838 m from this study ; F 246 data is from 246 m studied by Fehrenbach (1984);
Dome C 726 m and Byrd samples are from Kyle et al. (1981). *Fe T represents Fe,0; + FeO content and n

the number of analyzed glass shards

Sample references Na,O MgO AlLO Si0, K.,O CaO TiO MnO FeT
uem 0.1 0.1 143 719 23 2 0.4 0 25
F 246 29 0.5 154 746 2.7 13 0.4 0 2.2
n=20

678 m

n=2 0 0 147 76 55 15 0.3 0 1.8
n=3 0 1.9 25 822 14 9 | 0 2.2
838 n 2.2 0 16 634 69 1.8 0.9 0.4 7.9
Dome C

726 m 6.6 0.1 41 617 44 12 0.5 0 8.8
n=16

Byrd 738 0.1 151 619 45 i6 0.5 0 7.9
n= 10l

30,000 years. Moreover, in spite of the low num-
ber of analyzed particles, this study pointed out
that mineral species observed in all samples seem
to remain almost the same proportion from one
sample to another. Thus, the increase of the total
amount of particles during the LGM concerns
most of terrigenous particles species and confirms
previous conclusions (Petit et al., 1981 ; Briat et
al., 1982): larger extension of ariditic zones and
accelerating of atmospheric processes during the
LGM.

Volcanic glasses obviously in small proportion
are rather abundant in one Holocene sample,
whereas scarce before and during the LGM
samples. Their compositions are varied and
suggest multiple possible sources, either local or
distant.

Clay minerals are clearly identified for the first
time in this core. Kaolinite clay was observed
only in the 246 m, 345 m, 552 m ice samples. The
low proportion of kaolinite found gives less
support to low latitude tropical areas of the
Southern Hemisphere as major sources of Dome

Tellus 38B (1986), 34

C dust. South America, with Patagonia and
Andes Cordillera now appears a better candidate.
This hypotheses needs to be confirmed by study-
ing more particles from other samples of Dome C
and from other Antarctic ice cores, as well as by
mineralogical studies of aerosols produced by
South America.

Finally this information may be useful in a first
step for checking for present and past climate
numerical simulations of atmospheric circulation
and dust sources and transport. These studies
would help in evaluating the impact of dust on
past climatic changes.
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