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In a preliminary study [l] we demonstrated that Co was unaffected and 5 
mbile trace elements - Bi, Ga, In, Se and T1 - were volatilized and lost to 
a greater or lesser extent during the week-long 3eating of Allende at temper- 
atures 5 1000°C in a low-pressure (initially 10- atm H2) environment. Subse- 
quent studies of other primitive chondrites, e.g. [2] and BCR-1 under the 
same conditions demonstrated that progressive loss is a general phenomenon 
for these mobile elements and Ag, Cd, Cs, Te and Zn. Comparison of trends 
among primitive chondrites demonstrates that Allende is atypically retentive. 
At 1000°C for example, 'L 90% of Allende's initial complement of Bi, In and T1 
is lost; in other primitive chondrit2s, initial contents of these trace ele- 
ments is reduced by a factor of % 10 and Zn is mobilized to an even greater 
extent. Mobile element trends in heated primitive chondrites and unheated, 
evolved congeners are consistent with the idea that enstatite chondrites and 
Karoonda(C4)(?) experienced substantial open-system metamorphism [3,4] while 
H- and L-group chondrites escaped such a process [5,6]. 

Above 1000°C Si02 softens and the apparatus cannot maintain the 
low ambient pressures. We felt it important that such studies be extended to 
higher temperatures where geochemical differentiation rather than metamorph- 
ism becomes important. Thus, there would be the potential of gaining some 
insight into the evolution of differentiated meteorites such as achondrites. 
Basically the problem involved is one of materials: to construct an appar- 
atus capable of maintaining a low vacuum for one week at temperatures of 
1000-1400°C and which would neither react with nor contaminate a meteorite at 
the ppm-ppt level. If this hurdle were negotiated it would be possible to 
determine if mobile trace element loss patterns persist or change at higher 
temperature, to gain further information of the loss mechanisu(s), to iden- 
tify loss patterns and mechanisms for less volatile/more refractory elements 
and to provide samples for other studies, e.g. mineralogy/petrology 171. 

The apparatus which met our requirements consisted of a mullite or high 
alumina sheath containing an alumina tube dee, pre-drilled with holes for 
ZrO2 crucibles. The sheath merged into Pyrex, onto which we could seal a 
cold trap and ion gauge and ancillary connections for purging and evaporation. 
We determined Ag, Bi, Co, Cs, Ga, In, Se, Te, T1 and Zn in Allende samples 
heated over the 1000-1400°C range; a sample was run at 1000°C to determine 
reproducibility with the run in the Si02 apparatus at 1000°C. We chose to 
use Allende because of its atypical retentivity; loss of some elements at 
these very high temperatures could be expected to be very severe and we 
wished to follow the pattern to the maximum extent. 

Figure 1 demonstrates that our concern was justified; Bi and T1 could 
not be measured 1 1268OC and In 2 1315OC but most other elements could be 
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determined even at 1393OC. The 1000°C duplicates indicate satisfactory 
agreement and contents of Bi, Co, Ga, In, Se, Te, T1 and Zn vary inversely 
with heating temperature, reaching extreme depletion factors of 10-3 - 10-5 
compared with the starting material (Ag contents apparently reflect contam- 
ination, at least > 12 O°C . Even Co is lost at > llOO°C, reaching an ex- 
treme depletion of-lo-' at) 1393OC. The extreme concentrations are in the 
achondritic range. Clearly, above 1000°C losses are orders of magnitude 
greater than at 1000°C, a non-unexpected result. 

Treatment of the data as reflecting diffusive loss yields coherent re- 
sults (Fig. 2). Apparent activation energies in kcal/mol (and applicable 
temperature ranges) are: Bi - 24 (500-600°C), 2.7 (600-1000°C) [l] ; Co - 158 
(1100-1393°C);Cs - 31 (1200-1393°C); Ga - 29 (1000-1315°C); In - 23 (600- 
1268OC); Se - 5.6 (600-900°C), 84 (900-llOO°C), 17 (1100-1393°C); Te - 14 
(1000-1393°C) ; T1 - 30 (400-500°C) ; 2.1 (600-1000°C) [I] ; Zn - 14 (1000- 
1393OC). We anticipate completing coverage for Co, Te and Zn < 1000°C at a 
future date. Above 1000°C the significantly enhanced Bi and T1 losses again 
indicate diffusive processes with apparent activation energies of gg. 15-40 
kcal/mol. The magnitudes of the apparent activation energies for Cs, Ga, In, 
Se (> llOO°C), Te and Zn also suggest diffusion; those for Co and Se (900- 
llOO°C) argue for decomposition of host phases. Over the entire temperature 
span, Bi and T1 seem to be sited similarly; Ga and In may also be sited in a 
similar host . 
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Figure 1. Mobile trace 
element retention relative 
to unheated Allende as a 
function of temperature from 
400-1400°C. 
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Figure 2. Arrhenius 
plot for 9 elements 
in Allende. ' Symbols 
are as indicated in 
Fig. 1. 
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