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MASS FI&CTIONATION OF GERMANIUM ISOTOPES IN CANYON DIABLO SPHEROIDS: S. 
Xue, Y.-L. Yang, G.F. Herzog, and G.S. Hall, Department of Chemistry, Rutgers University, New 
Brunswick, NJ 08903. 

Background - When the Canyon Diablo meteoroid fell, a mass estimated at more than 5000 tonnes melted 
to form millimeter size spheroids, which solidified and dispersed in the soil around Meteor Crater [I]. The 
spheroids consist mainly of iron and nickel rimmed by a layer of oxides [2,3]. In principle, the evaporation 
of various elements from the molten spheroids could have enriched the residues in the heavy isotopes of 
those elements. In fact, any losses that may have occurred did not enrich the heavy isotopes of nickel [4]. 
Evidently the spheroids experienced less evaporation than the much smaller type I or metallic oxide deep- 
sea spheres in which the isotopes of extraterrestrial Fe, Ni, and Cr [5] and terrestrial 0 [6] commonly show 
large degrees of mass fractionation. Germanium is a siderophile element of greater volatility than Fe, Ni, 
or Cr. To investigate the possibility that the molten spheroids were hot enough to evaporate Ge, if not Ni, 
we measured Gets isotopic abundances in Canyon Diablo spheroids. 

Experimental Methods - Three sets of spheroids with different size distributions were analyzed: for sets 1 
and 4 diameters (rnm) ranged from 0.5 to <1.0 and for set 2 from 1 to 2. We also measured Ge in bulk 
Canyon Diablo and several other iron meteorites. All samples were dissolved in HN03. Spheroid samples 
with masses of 1-2 g were ground in an agate mortar to produce material enriched to variable degrees in 
either oxide rims or metallic cores. Rim and core samples were collected and weighed. Separation of Ge 
was effected by 1) cation exchange in 0.2 M HC1 and 2) solvent extraction from 9 M HC1 [7]. Final 
purification for set 4 was carried out by cation exchange in nitrate medium. Specifically, we added 30 mg 
of Fe3+ to back-extracted Ge, coprecipitated it with 5 M NaOH, and redissolved it in 0.5% high-purity 
HN03. Chemical yields were >96% for standards, 90-95% for sets 1 and 2, and -85% for set 4 (see 
Results, below). 

Isotopic measurements, which also give Ge concentrations, were made by using ICP-MS with Ga 
added as an internal standard. We took a Spex plasma standard solution as a Ge isotopic standard. The 
concentration range for measurements was 50-200 ppb. Procedural blanks were 2-10 ppb for sets 1 and 2 
and 0.1-0.3 ppb Ge for set 4. Because of interference at mass 76 due to 40Ar36Ar+ in the argon plasma we 
report no results for 76Ge. We could find no interferences at masses 70 (35C12+, 70Zn+), 72 (35C137Cl+), or 
74 (37C12+). 

Elemental Ge contents - Measured Ge contents (ppm) are 5-10% lower than published values [8] for bulk 
iron meteorites: Camp Verde (IA) 307 vs. 322; Toluca (IA) 228 vs. 246; Picacho (IIIA) 32 vs. 34. 
Compared to bulk Canyon Diablo, the oxide-enriched samples from the spheroids contain less Ge, 1/15 to 
112 as much, while the core-enriched samples contain 20%-90% more Ge. Comparable enrichments were 
reported by [9]. We attribute the variability of the results for the oxide and core phases to two factors: 1) 
Judging from the mass percentages of oxide recovered, different batches of spheroids were oxidized to 
different degrees; 2) the physical methods for separating cores and oxides were imperfect. 

Ge isotopic abundances - Isotopic abundances are reported as &values relative to 7oGe after correction for 
blanks and instrumental mass fractionation (Table 1). The degree of mass-dependent fractionation, O,  is 
taken as the slope of a best fit to the four 6 values, 670Ge=O, 672Ge, 673Ge, and 674Ge plotted vs. mass 
(Figure 1; note that the error bars shown are typical for all samples.). The statistical programs used to fit 
the data give what we regard as unrealistically low estimates of the uncertainty in O,  AO. For this reason, 

we use instead the average deviation AO= / ~ 6  'Ge 1 ( x  - 70)1/ 3 where x = 72, 73, or 74. The best fit 

to all measurements for the bulk iron meteorites and for the spheroid cores (n=6) indicates no appreciable 
mass fractionation (solid h e ,  Fig. 1). In contrast, the fit to the data for the three oxide-enriched samples 
shows mass-dependent excesses in the heavier Ge isotopes of about 4%o/AMU (dashed line, Fig. 1). 
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Table 1. Germanium contents (ppm), isotopic 
abundances', and mass fractionation, @ (%oIAMU) of 
Canyon Diablo spheroids and bulk iron meteorites: 

Ge 672Ge 673Ge @ 
Canyon Diablo 
BulWl 299 1 s  2k4 5- If1 
Corella 472 l f 2  -3t-2 1f2 M1 
Oxidell 145 1 1 s  15k4 18f3 5+1 
Core12 365 Of3 -2f4 - 2 s  Of1 
Oxide12 102 7 s  9 s  1 1 s  3k1 
BulW4a 242 -2t-4 1 3 s  Of2 
BulW4b 253 1 3k5 -1k3 Of1 
Core14 543. Of4 lt-3 Of1 
Oxide14 19 7k4 1 1 s  1 4 s  4 s  
Bulk spher.14 410 1k4 1 1 OE2 

Camp Verde 307 O f  -2k4 8 I f1  
Toluca 228 - 1 s  -1f4 2k2 Of1 
Picacho 32 Ok3 M - 1 s  Of2 
1) 6"Ge = 1000x (R ,,,, , I  R ,,,,,, ,,- 1); R = " G ~ / ~ ~ G ~ .  

Discussion - Canyon Diablo spheroids have 
lower Fe/Ni ratios -4.8, than the bulk 
meteorite, 12.6 [lo], either because Ni- and S- 
rich material in the impactor melted 
preferentially [2] or because the spheroids 
lost nickel-poor iron oxide from the exterior 
while retaining an interior metallic droplet 
enriched in Ni [3], or both. Our results show 
that the spheroids also have appreciably 
higher Ge contents than bulk Canyon Diablo, 
a result more consistent with the second 
hypothesis. The loss of about 60% of the iron 
from bulk Canyon Diablo would produce a 
residue with the spheroids' NiFe ratio. 
Assuming complete retention of siderophilic 
Ge in the metallic spheroid cores, the Ge 
concentration would nearly double, reaching 
550 ppm, as observed in Core14 (Table 1). 
The isotopic data indicate that some Ge in the 
oxide phase evaporated. Calculations based 
on the Rayleigh law, which assume thorough 

mixing of the liquid, suggest that the losses from the oxide were on the order of 30% - not enough to affect 
the overall Ge budget of the spheroids by much. We note that the non-terrestrial isotopic abundances in the 
oxide make it improbable that terrestrial contamination introduced much Ge there. 

Conclusions - Canyon Diablo spheroids contain -50% 
more Ge than does bulk Canyon Diablo. Within the 
spheroids, Ge is concentrated in the metallic cores and 
depleted in the oxide shells. The isotopic abundances 
are normal in the cores but are mass fractionated by 
-+4%oIAMU in the oxide shells. In the absence of 
oxygen, heating to 1000°C of iron alloys doped with 
elemental Ge causes negligible losses 1111. Oxides of 
Ge, bn the other hand, may volatilize more readily. We 
infer that most of the Ge in the molten spheroids remains 
withlmigrates to the metal while only a small quantity 
undergoes oxidation. A portion of that oxidized Ge 
evaporates, perhaps helped along by the energy liberated 
during the oxidation of iron, and becomes enriched in -1 0 
heavy Ge isotopes. 69 70 71 72 73 74 75 
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