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Introduction: Two extraterrestrial dust layers were 

found both in the EPICA deep ice core at Dome C, 
Antarctica [1-3] and in Dome Fuji ice core [4]. The 
dust layers (L1 and L2, as in [1]) are located at 2788 m 
and 2833 m in the EPICA-Dome C core, and are dated 
through glaciological models at 434 ± 6 ka and 481 
± 6 ka, respectively [5]. We present here the chemical 
and oxygen isotopic compositions of these particles in 
order to assess the nature of the events responsible for 
the deposition of these dust layers over a distance of 
~ 2000 km over the Antarctic continent. 

Samples and Methods: Polished sections of about 
40 particles each for L1 and L2 samples were 
investigated by electron microprobe (EMPA) at 15 kV 
and 10 nA at CAMPARIS (Jussieu). The oxygen 
isotopic compositions of 6 grains from L1 and 17 
particles from L2 were measured by ion microprobe at 
CRPG Nancy, France (1 nA primary current of Cs+ 
ions, beam size ~ 15 µm).  

Results and discussion: L1 and L2 samples have 
average chondritic compositions, with marked S 
depletions with regard to CI (Figure 1) [1-3]. 
Noticeably, the S depletion in L2 is about one order of 
magnitude larger than in L1. The chemical 
compositions of L1 or L2 do not match elemental 
depletion-enrichment mechanisms found in cosmic 
spherules (CSs) expected from atmospheric entry 
heating [e.g. 6]. The Ni enrichment observed in L1 and 
L2 samples compared to CSs is compatible with their 
melting and quenching in a relatively oxidizing 
environment (at low altitude) compared to the upper 
atmosphere (80-120 km) where cosmic spherules form.  
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Figure 1: Average compositions for L1 and L2 samples, 

normalized to Si and CI (in at%). 

The inferred incoming flux measured in Dome C 
ice core is up to 104 times the sporadic cosmic dust 

flux measured for micrometeorites larger than 30 µm 
at Dome C [1, 7]. Such a high flux for a short duration 
(less than a few years) can only be related to impact 
events or to the encounter with a localised dust stream.  

The oxygen isotopes measured in L1 have average 
values δ18O = -38.6‰; δ17O = -21.2‰. L2 data spread 
around a slope 0.49 line that intercepts the terrestrial 
fractionation (TF) line near the Antarctic ice value [8] 
and that crosses the CAI line close to the field of CM-
CR-CV chondrites (Figures 2a and 2b). L2 data vary 
from δ18O = -17.5‰ and δ17O = -9.8‰ to 
δ18O = 20.1‰ and δ17O = 8.2‰. 

-30

-25

-20

-15

-10

-5

0

5

10

15

-55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

δ18O (‰)

δ17
O

 (‰
)

TF
L1

L2

CAI

Air

IceIce

-30

-25

-20

-15

-10

-5

0

5

10

15

-55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

δ18O (‰)

δ17
O

 (‰
)

TF
L1

L2

CAI

Air

IceIce

 

-30

-25

-20

-15

-10

-5

0

5

10

15

-55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

δ18O (‰)

δ17
O

 (‰
)

L1

IceIce

L2

CAI

AirCI

CM+CR

OCs

CV
CK

-30

-25

-20

-15

-10

-5

0

5

10

15

-55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

δ18O (‰)

δ17
O

 (‰
)

L1

IceIce

L2

CAI

AirCI

CM+CR

OCs

CV
CK

Figure 2 : a) oxygen three isotopes diagram of L1 and L2 samples. 
The ice value is taken from [8], and atmospheric air from [9]. TF 
represents the terrestrial fractionation line, CAI is the line defined by 
the Ca-Al rich inclusions in meteorites. b) on the same diagram are 
superimposed the fields defined by whole-rock values of 
carbonaceous chondrite classes (CI, CM+CR, CK, CV) and ordinary 
chondrites (OCs). The arrows suggest a possible combined evolution 
of L2 samples from a carbonaceous chondrite-like (CM-CR-CV) 
composition (black dot). 

L1 oxygen isotopes can be explained by isotopic 
exchange between a starting component having a 
composition on the TF line (or close to the TF - CAI 
line intersection) with Antarctic ice. Starting from a 
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carbonaceous chondrite-like composition, L2 data 
require both isotopic exchange with the ice and 
evaporation and/or mixing with air (Figure 3). In both 
cases, the oxygen isotope data require a large impact 
on the snow/ice or an aerial burst and the interaction of 
small melted droplets of the impactor with the water 
vapour plume. 
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Figure 3 : Oxygen three isotopes diagram of L1 and L2 samples 

with possible evolution paths for both samples (in blue for L1; in 
pink and black for L2). 

Considering a meteoritic starting composition (on 
the CAI line, close to the black dot on Figure 2 and 3), 
L1 data would require 70 to 85% of oxygen exchange 
with the ice. Diffusion calculations lead to ~ 50s of  
interaction at 1800°C for a 10µm silicate particle. In 
that case, the large amount of isotopic exchange with 
the ice masks the primitive signature of the impactor, 
thus preventing the identification of its nature. 

For L2 data, starting from the CM-CR-CV like 
composition (black dot in Fig. 2b and 3), the points on 
the left of the CAI line on the O three isotope diagram 
can be  accounted for by 0 to 40% of oxygen isotopic 
exchange with the ice. This corresponds to a maximum 
of a few seconds at 1800°C of interaction with the ice 
value for a 10µm particle. In that case, the points on 
the right of the CAI line can be explained by heavy 
isotope enrichment by evaporation of up to 50% of the 
particles and/or mixing with atmospheric air (Figure 
3). This trend on the right of the CAI line is 
comparable to that observed in stony cosmic spherules 
during flash heating in atmospheric entry [10, 11]. In 
the case of L2, the nature of the impactor could be a 
CV/CM/CR carbonaceous chondrite-like impactor. A 
cometary origin is also possible, as oxygen isotopes in 
comets are compatible with that of carbonaceous 
chondrites [12, 13]. The oxygen isotopic composition 
of L2 particles do not agree with a CI-like or an 
ordinary chondrite impactor. 

The local input of extraterrestrial matter over the 
Antarctic continent leading to the deposition of L1 and 
L2 layers was massive, as these horizons are also 
found in the Dome Fuji ice core, about 2000 km away. 

Samples similar to those in L2 layer were also found in 
the Transantarctic Mountain micrometeorite traps at 
Miller Butte, Victoria Land [14]. The morphology, 
size distributions and compositions of the samples 
from L1 and L2 layers are different, suggesting two 
distinct impact events [see also 2, 3]. Very large grains 
(up to ~ 1 mm) reported in the upper layer (i.e. L1) 
from Dome Fuji ice core by [4] suggest an impact 
place for L1 closer to Dome Fuji than to Dome C. The 
presence of very small spherules (< 1µm) in L2 
samples, as well as S contents lower than in L1 may 
indicate higher entry velocity for L2 than for L1, 
possibly supporting a cometary origin of L2 samples.  

The possibility of two such large impacts occurring 
only ~ 50 ka apart can be considered in the size range 
of 106 - 107 kg (50m - 500m), from [15]. The fact that 
these two impacts apparently occurred over about the 
same place in Antarctica remains puzzling.  

Conclusions: The two cosmic dust layers recorded 
at 434 ka and 481 ka in EPICA-Dome C and Dome 
Fuji ice cores were formed by 2 distinct impacts on 
snow/ice or by aerial burst, with  no disturbance of the 
bedrock (no terrestrial component was found in these 
layers). The oxygen isotopic compositions of these 
samples require : i) for L1, interaction between melted 
silicates and water vapour plume for less than 1 min; 
ii) for L2, interaction of melted silicates with water 
vapour for a few seconds, with an additional large 
amount of evaporation (up to 50%) and/or mixing with 
atmospheric oxygen. The precise nature of L1 
impactor is not possible to constrain. L2 impactor was 
probably CM-CR-CV like, or a comet.  
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