
TRACE ELEMENT ANALYSIS OF IMPACT GLASS SPHERULES OF THE EL’GYGYTGYN CRATER, 
SIBERIA.  L. Adolph, A. Deutsch1, 1Institut f. Planetologie, WWU Münster, D-48149 Münster, Germany 
(Leonie.Adolph@uni-muenster.de).  

 
 
Introduction:  The 3.58±0.04 Ma old El’gygytgyn 

impact crater (Central Chukotka, NE Siberia) has a 
diameter of ~18 km [1, 2]. El’gygytgyn is one of only 
two terrestrial craters with a volcanic target, therefore, 
analysis of it’s target and impact lithologies is of basic 
interest for comparative planetology. The crater struc-
ture is filled with a ~12 km-large lake that has one 
effluent, the Enmyvaam River, in the Southwest. Be-
cause of this lake, El’gygytgyn is a very valuable cli-
mate archive in the Arctic as the structure was neither 
covered by glaciers [3] nor has the lake ever fallen dry. 
Climate and impact research were the rationale for the 
ICDP drilling project that finished successfully in 
spring 2009.  

Impactites like melt rocks and breccias are rarely 
found in outcrops yet are present in the 80 m terrace of 
Lake El’gygytgyn [1]. Numerous papers on petrogra-
phy, shock metamorphism, and geochemistry of im-
pactites from El’gygytgyn are available [e.g., 4, 5]; the 
investigation of the material recovered in the ICDP 
drill program will start soon. We report new trace ele-
ment data for impact glass spherules that have been 
collected from a terrace deposit of the Enmyvaam 
River at ~10 km off the crater center (see Fig. 1 in [6]). 

Fig. 1. Electron optical images of 4 different glass spherules, 
with a teardrop (1, 2) or perfect spherical shape (3, 4). (1) 
and (2) contain schlieren, breccias fragments, inclusions and 
few bubbles (red arrows in BSE images), (3) is perfectly 
homogeneous, and (4) has a inclusion (arrow). SEM JEOL 
840, Inst. f. Planetologie, WWU, Münster. 

Samples and analytical techniques:  The seven 
glass spherules (samples E1–E4, E7–E9) have been 
characterized by optical, and electron optical tech-
niques (Fig. 1), the results and major element data are 
given in [6]. Analysis of 31 trace elements was per-
formed with a Finnigan Element2 LA-ICP-MS with 
5 Hz, 8 to 9 J/cm² at the Institut f. Mineralogie WWU 
with Si as internal, and NIST 62 as external standard. 2 

or 3 spots with a diameter of 60 µm were measured at 
each spherule. 

Results:  All seven samples show a very homoge-
neous major and trace elements distribution. Huge 
differences, however, exist between the samples in the 
SiO2 content (53 to 68 wt.%, Table 1), in MgO (2.1 to 
9.2 wt.%), in K2O (0.6 to 3.3 wt.%), in the Ni concen-
trations (317 to 1096 ppm), in Co (25 to 79 ppm), Zr 
(100 to 169 ppm), Rb (18 to 107 ppm), and Ba (459 to 
1092 ppm). The Ni/Co ratio is consistently high (11 to 
14). Zr/Hf ratio of the spherules is also high, ranging 
from ~50 (E9) to 36 (E4), and Nb/Ta ratios vary from 
17.6 (E7) to 14.9 (E8).  

All glass spherules show similar REE distribution 
patterns (Fig. 2), yet those with low SiO2 contents 
(53.1 and 58.4 wt.%) have overall lower REE concen-
trations except for Eu. 

Discussion:  Our new trace element data for impact 
glass lithologies from El’gygytgyn extent the range of 
known impactites [5] into the field of more mafic com-
positions. Basalts to andesites are known to occur in 
the El’gygytgyn area [5], and obviously were precur-
sor lithologies for the spherules E7 and E9. In the 
Pearce and Cann diagram [7] of Figure 3, all samples 
plot in the tectonic setting for calc-alkaline rocks, as 
expected from the larger geological frame [8]. In 
agreement with this setting are the Nb/Ta and Zr/Hf 
values although a Zr/Hf of 50 is remarkable. Origin 
and importance of the exceptional Ni contents, in 
combination with high Ni/Co ratios are currently not 
understood. We exclude, however, technical reasons 
for these data as analyses of standard glass NIST 612 
as unknown sample yield satisfactory results.  
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Table. 1. Composition of El’gygytgyn glass spherules. 
 

 
Average values, trace elements in ppm. Major element 
analysis: JEOL JXA 8600 MX Superprobe (Inst. f. Miner-
alogie WWU) with the following settings: 15 kV accelera-
tion voltage, 2 nA sample current, 10 µm defoc. beam, ob-
sidian and synthetic glass as standards, and a moldavite sam-
ple as monitor. 

 
Fig. 1.  REE distribution patterns for the seven glass 
spherules normalized to the average upper continental 
crust [9]. With respect to the reference material, the 
spherules show enrichment of the light REE, five of 
the spherules have a well-defined negative Eu-
anomaly (•), two with low SiO2 content (53.1 and 58. 4 
wt.%) lack any Eu-anomaly (•). 
 

 
Fig. 3. Zr-Ti-Y diagram with data for the seven glass 
spherules. They all plot in the field of calk-alkaline 
basalts (C); spherules E7 and E9 (■) are those with the 
lowest Zr content.  
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