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Introduction: Enstatite chondrites (EC) are formed 

in highly reducing environment. This inference is 

supported by the high Mg/(Mg + Fe) of olivine and 

pyroxene, presence  of  Si in Fe, Ni metal, and 

occurrence of typically lithophile elements, such as Ca, 

Mg, Mn and K, in sulfide minerals in enstatite 

chondrites [1].   

This work reports data on the composition of 

separated grain-sized mineral fractions on the Abee 

EH4 enstatite chondrite which are considered from the 

viewpoint of cosmochemical history of EH chondrites.  

The main aim of our study is to estimate better the 

genesis of EH chondrites from studying the trace 

element distribution in individual mineral phases. The 

elemental composition of fractions was analyzed at the 

Central Laboratory of GEOKHI RAS using optimized 

version of neutron–activation analysis developed for 

analyzing extraterrestrial material [2]. 

Results and discussion: The features of the 

microelement composition of the granulometric 

fractions isolated from the nonequilibrium enstatite 

chondrite Abee EH4 are considered. All grain-sized 

non-magnetic fractions (Fig. 1, 2, 3) in the Abee 

meteorite are enriched in heavy REE relatively light 

[(Lu / La) F / (Lu / La) CI] = 1.2 - 3.0 and have both 

positive and negative Eu anomalies - [( Eu / Sm) F / 

(Eu / Sm) CI] = 0.7 - 1.4. Most of the rare earth 

elements were concentrated in nonmagnetic fractions 

with a grain size of 1 <d <45 and 45 <d <71 µm. 

Concentrators of rare earth elements are apparently 

accessory minerals, which are enriched in ultrafine 

fractions.     

 "Fine-grained" non-magnetic fractions (1 <d <45 

μm; 45 <d <71 μm) (Fig. 1). 

 
Fig.1. Normalized to CI chondrites the content of trace 

elements in non-magnetic "fine-grained" fractions 

isolated from the Abee enstatite chondrite: 1 - fraction 

(1 <d <45 μm); 2 - fraction (45 <d <71 μm). 

 

Fine-grained non-magnetic fractions are enriched 

in lithophilic elements: Na (1.6 x CI); Ca (1.1 - 1.3); 

Sc (1.3 x CI); Cr (1.3 - 1.9 x CI); Sm (1.0-1.2 x CI); 

Yb (1.1 - 1.2 x CI); Lu (1.1-1.3 x CI); Se (1.3 - 2.0 x 

CI); Zn (1.1 x CI) and depleted in siderophilic Ni (01 - 

0.3 x CI); Co (01 - 0.30 x CI); Au (0.2 - 0.4 x CI), Ir 

(0.08 - 0.1 x CI) elements. A characteristic feature of 

the distribution of trace elements in this fraction is the 

increased content of heavy REE relative to light (Lu / 

La) Abee / (Lu / La) CI = 1.4 - 1.8, with a negative Eu 

anomalies: (Eu / Sm) F / (Eu / Sm) CI = 0.6 - 0.9. The 

enrichment of fine-grained fractions of Na, Ca, Sc, Cr 

and REE with rare earth elements is possibly related to 

the fact that it contains accessory minerals - 

plagioclase and sulfides, which are the concentrator of 

many rare elements. Light fractions differ from other 

size fractions by increased REE contents, which may 

also be due to the processes of evaporation and 

recondensation of fine-grained silicate particles in the 

matrix material as a result of shock processes. The 

volatile element Se (2.0 x CI) shows a clear tendency 

to concentrate in the fine-grained fraction, which 

indicates the interaction of this fraction with the gas 

phase at a relatively low temperature. 

 "Mean-grained" non-magnetic fractions: 71 <d 

<100 µm; 100 <d <160 µm; 160 <d <260 µm (Fig. 2). 

 
Fig.2. Normalized to CI chondrites, the contents of 

trace elements in non-magnetic "mean-grained” 

fractions isolated from the Abee enstatite chondrite:    

1 - fraction (71 <d <100 μm); 2 - fraction (100 <d 

<160 μm); 3 - fraction (160 <d <260 μm). 

“Mean-grained” fractions (Fig. 2) are depleted in 

refractory lithophilic elements: Ca (0.6 - 0.8 x CI) and 

Sc (0.9 x CI), light and heavy and REE - La (0.6 x CI); 

Sm (0.5 - 07 x CI); Eu (0.6 - 07 x CI); Yb (0.6 - 0.8 x 

CI); Lu (0.6 - 0.8 x CI) and enriched with non-

refractory volatile Na (1.0 - 1.2 x CI) and non-volatile 

Cr (1.4 - 1.5 x CI). A characteristic feature of the 

distribution of trace elements in this fraction is the 

increased content of heavy REE relative to light (Lu / 
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La) Abee / (Lu / La) CI = 1.0 - 1.3, with two positive and 

one negative Eu anomalies: (Eu / Sm) fractions /   ( Eu / 

Sm) CI = 1.2; 1.4; 0.8. In this case, Eu is anomalies, as 

well as the depletion of REE cannot be explained by 

nebular condensation. It is possible that positive Eu 

anomalies in grain size fractions are associated with 

plagioclase and oldgamite. In this case, Eu is 

anomalies, as well as the depletion of REE cannot be 

explained by nebular condensation. Close in average 

abundance values (0.2 - 0.6 x CI) for "normal" 

siderophilic elements Ni and Co and refractory Ir and 

non-refractory volatile Au are observed in all “mean-*-

grained” fractions, indicating the absence of strong 

fractionation between siderophilic elements, which is 

typical for particles that have not undergone fractional 

crystallization. Such a prevalence of siderophilic 

elements allows us to make an assumption about the 

primary composition of the metal included in the 

silicates of these fractions. All medium-grained 

fractions are enriched in the volatile element Se (1.3 - 

1.5 x CI), which indicates a significant interaction of 

these fractions with the gas phase. 

"Coarse - grained" non-magnetic fractions (260 <d 

<360 μm; > 360 μm), (Fig. 3) 
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Fig. 3. Normalized to CI chondrites the contents of 

trace elements in non-magnetic "coarse-grained" 

fractions isolated from the Abee enstatite chondrite: 1 - 

fraction (260 <d <360 μm); 2 - fraction (> 360 μm). 

Unlike other fractions, in "coarse-grained" non-

magnetic fractions (Fig. 3) there is a depletion in both 

volatile elements - Na (0.3 - 0.4 x CI); Zn (0.4 - 0.7 x 

CI); Se (0.8 x CI) and refractory lithophilic - Ca (0.6 - 

0.7 x CI); Sc (0.6 x CI) and REE: La, Sm, Eu (0.2 x 

CI) and Yb (0.3 - 0.4 x CI) and Lu (0.3 - 0.6 x CI). 

When fractionating REE towards enrichment in heavy 

rare-earth elements - (Lu / La) Abee / (Lu / La) CI = 1.5 - 

3.0, positive Eu anomalies are observed:                    

(Eu / Sm) fractions / (Eu / Sm) CI = 1.0. In non-magnetic 

coarse-grained fractions, in comparison with other 

fractions, enrichment in all siderophilic elements is 

observed: Fe (2.2 - 2.8 x CI); Ni (2.8 - 3.7 x CI); Co 

(2.9-3.9 x CI); Au (3.7 - 5.4 x CI), except for Ir (0.1 - 

0.2 x CI). 

 
Fig.4. Normalized to CI chondrites the contents of 

trace elements in the non-magnetic "fine-grained" and 

"coarse-grained" fractions isolated from the Abee 

enstatite chondrite. 1 - fraction (1 <d <45 μm); 2 - 

fraction (260 <d <360 μm). 

The following tendency is observed in the 

distributions of trace elements in the non-magnetic 

“fine-grained” and “coarse-grained” fractions: the 

“fine-grained” fraction is enriched in all lithophilic 

elements (1.0 - 2.0 x CI) and depleted in all 

siderophilic elements (0.1 - 0.7 x CI). The “coarse-

grained” fraction, on the contrary, is depleted in all 

lithophilic elements (0.2 - 0.8 x CI) and enriched in all 

siderophilic elements (2.2 - 3.7 x CI), except for Ir (0.1 

x CI). In all nonmagnetic fractions, the ratio (Ni / 

Co)Abee / (Ni / Co)CI = 1.0. This distribution of 

siderophic elements in the meteorite is possibly related 

to the presence of metal particles that have not 

undergone fractional crystallization. Variations in the 

ratio (Ni / Ir)Abee / (Ni / Ir) CI = 1.3 - 18.5; (Ni / Au)Abee 

/ (Ni / Au) CI = 0.5 - 0.8; in the nonmagnetic fractions 

of Abee chondrite are possibly associated with strong 

fractionation of siderophilic elements. The strong 

fractionation of siderophilic elements in nonmagnetic 

fractions is also evidenced by the varying ratios (Ir / 

Au) Abee / (Ir / Au) CI = 0.03 - 0.50. In "fine-grained" 

fractions, this ratio varies from 0.25 to 0.40; in "mean-

grained" - from 0.20 to 0.50; in "coarse-grained" 

fractions - from 0.03 to 0.04. The (Ir / Au)Abee / (Ir / 

Au)CI ratios increase strictly with increasing grain size. 

Conclusion: Based on the peculiarities of the 

distribution of siderophilic and lithophilic trace 

elements in the size fractions of the enstatite chondrite 

Abee EH4, it was assumed that the meteorite material 

underwent partial remelting due to shock processes, 

which were also the cause of brecciation. It is assumed 

that these features of the distribution of elements were 

acquired as a result of the crystallization of impact 

melts. The origin of such melts could be as a result of 

impact melting in situ or impact ejection of the melt. 
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