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Introduction: Despite of similar 

mineralogy and chemical composition of enstatite 
chondrites and aubrites (achondrites), they greatly 
differ in content of total Fe and metallic Fe-Ni 
(kamacite), amount of which in aubrites lies mainly 
within the range <0.1 – 1.0 vol. % [1,2]. Metal in 
aubrites occurs both as separate grains and large 
cm-sized nodules, and as small µm-sized inclusions 
in silicate fraction of meteorites [2,3]. Data on the 
content of trace elements in metal reveal more 
complex pattern of siderophile element 
fractionations in aubrite metal compared with those 
ones for metal of the E chondrites [3-7]. Thus, the 
large metallic nodules from a suite of aubrites have 
the roughly chondritic trace element abundance 
patterns [3], while the metal of Mayo Belwa is 
enriched in refractory Ir, Os and Re relative to more 
volatile siderophiles [6], and the metal of Norton 
Co., in contrary, is depleted in Ir [7]. These data 
reflect some differences in formation processes of 
the metal of aubrites. To receive more information 
about features of the aubrite metal compositions, 
the trace element contents in the two different metal 
fractions from the Norton Co. and Pesyanoe 
achondrites were determined by INAA. The 
analytical results for both individual particles and 
metallic inclusions from silicates are shown in 
Table. 

Results and discussion: Analytical data 
show (Table) that the metallic inclusions of the both 
aubrites are slightly enriched in Ni, Au, As and Cu, 
have similar content of Co and highly depleted in 
refractory Ir comparing to their contents in 
particles. There was established the existence of the 
strong positive Ni-Au (r = 0.88), Ni-As (r = 0.94) 
and Au-As (r = 0.91) correlations for metal of the 
Norton Co. (n=12).  However, when all the data for 
metal (Table, [2,7]) are being analyzed, only the 
Ni-As correlation with r = 0.73 is survived (Fig. 1, 
2). It is interesting to note that the Au-As 
correlation widespread for iron meteorites, as well 
as for metal of chondrites and main group pallasites 
[8,9] and it does not exists for metal of aubrites. It 
is possible that the disturbance of Au-As 
relationship is a consequence of the local thermal 
process activities on the parent body of aubrites, 
because the distribution coefficient of Au between 
magnetic and non-magnetic phases for E chondrites 
decreases as metamorphism proceeds, whereas ones 
for Ni and As increase [4]. 

More detailed patterns of element 
abundances (normalized to CI chondrites) for metal 
of aubrites are seen in Fig. 3. In addition, data for 
the Ir-poor metal of chondritic impact-melted 
breccias [10,11] and the compositional ranges for E 
meteorites (Table, [3-5,7]) are also presented in Fig. 

3.  It should be noted that there is a number of 
common trends in the abundance patters of the 
individual particles and the metallic inclusions.  In 
general, trace element compositions of the metal 
particles and inclusions are similar, except for Ir. 
Independently from Ir content, the Au/Ni and As/Ni 
ratios in metal are greater than the ones for CI 
chondrites, Ni/Co close to them, but Ga/Ni and 
Cu/Ni are lower than their cosmic values. The 
strong fractionation between refractory Ir, common 
and volatile siderophiles is the most remarkable 
characteristic of the aubrite metal compositions. 
Analysis of all the available data on trace element 
contents of metals from aubrites (Table, [3,6,7]) 
reveals that Ni, Co, As, and Ga contents vary up to 
1.2-4 times, while the contents of refractory Re and 
Ir vary by a factor of ~20 and ~40, respectively 
(Fig. 3, graphs 1-4, 7]. However, the variation of 
the content refractory W does not exceed a factor 3. 
The abundance patterns of the aubrite isolated 
metal particles closely resemble to those ones for 
metal of E chondrites (Fig. 3. graphs 1,3,8) 
especially for EH group, more enriched in volatile 
elements than EL one [4,5]. 
 
Table. Trace element contents (in µg/g) and Ni in   
metal of aubrites. 1- particles, 2 –inclusions. 

Norton Co. Pesyanoe  
 1 2 1 2 
Ni, % 7.52 10.9 6.72 7.95 
Co 3240 3100 3060 2930 
Cu 145 320 105 135 
Ga 40.4 39.2 48.6 43.2 
Au 1.38 1.95 1.33 1.50 
As 11.2 20.6 13.5 18.8 
Ir 2.37 0.34 3.13 0.11 
Na 15 24 12 18 
Cr <10 65 <10 45 

 
Depletion in refractory Ir is a remarkable 

feature of metal inclusions in aubrite silicates. The 
depletion factor of this element in the inclusions 
relatively to the particles is equal to ~7 for Norton 
Co. and ~30 for Pesyanoe. Besides these inclusions 
in aubrites, the strong depletion in Ir was also 
observed in metal from the impact-melted breccias 
of Faucett H4 [10] and Abee EH4 [11] chondrites 
(Fig.3, graphs 5,6). It was suggested that the metal 
with low refractory element contents was produced 
by shock-induced vaporization of chondritic 
material and subsequent condensation of the 
refractory depleted vapor [10] or as results of 
preferentially mobility of Ir-poor metal during 
shock events [11]. It is also possible, that depleted 
in refractory elements metallic grains of aubrite 
silicates were formed as a result of partial melting 
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of preexisting metal with subsequent gravitational 
separation of the Ir-poor melts on the parent body. 

Conclusion:  There are the two generation 
of metal in aubrites: the individual particles with 
high concentration of refractory Ir and the 
inclusions in silicate with the low one.  The strong 
fractionation between refractory Ir, common and 
volatile siderophiles is the most remarkable 
characteristic of the aubrite metal compositions. 
Such type of the siderophile element fractionations 
are not observed for the bulk aubrites [6]. Data on 
the content of trace elements in metal reveal more 
complex pattern of siderophile element 
fractionations in aubrite metal as compared with 
those for metal of the E chondrites. The existing 
element relationships in metal give evidence for 
operation of thermal events with different intensity 
in the formation region of individual aubrites. That 
diversity of thermal conditions may be caused by 

shock events as well by location of meteorites at 
various depths of their parent body. 
The work was supported from RFFI grant № 06-03-
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Fig.1.  Au vs. As  plot  for aubrite metals (table, [3]).

The Au-As correlation (r=0.91) exists only for metal of Norton Co.
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Fig.2. Ni-As correlation (r=0.73) for metal of aubrites (table,[3]). 
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 Fig.3. CI chondrite-normalized siderophile element abundance patterns.
1,2-particle & grains of Norton Co.; 3,4-ones of Pesyanoe; 5,6-metal from
 impact-melted breccias of Faucett H4 [10] and Abee EH4 chondrites [11]; 
7,8-the compositional ranges of aubrites (table,[3, 7]) and E chondrites [4,5].
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