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Introduction:  Elemental concentrations can help 
link (or not) stony cosmic spherules (sCS) to known 
types of meteorites and their parent bodies.  It is 
therefore worth knowing how faithfully elemental 
abundances measured in sCS represent the original, 
pre-atmospheric compositions.  In the spherules that 
we have analyzed to date evaporative losses of the 
major elements O, Fe, Si, and Mg seldom exceed 
30% and are usually less [1].  Others, however, have 
reported large isotopic fractionation effects in 
numerous spherules [3], possibly due to evaporation, 
and in any case conditions in the melts may have 
allowed the loss of more volatile elements such as K.  
To test for evaporation of K, we measured the 
41K/39K ratios of several sCS, on the supposition that 
such losses would have caused these ratios to 
increase.   

Experimental Methods:  The cosmic spherules 
studied were collected in 1995 from the South Pole 
drinking Water Well [3].  After potting in epoxy and 
sectioning, the 94 extraterrestrial spherules on our 
mount SP-8 were imaged and analyzed as in [4]. 
About 10 areas, each 10 µm-in-diameter, were 
analyzed on each particle. 

41K/39K and 39K/27Al ratios of 12 of the spherules 
were measured with a Carnegie Cameca 6f ion 
microprobe as in [1].  Instrumental mass fractionation 
was corrected by reference to a BHVO basaltic glass 
standard [5].  The 1-σ reproducibility of the 
standards was ~0.5 ‰.  Typical estimated accuracy 
was ~1‰.  As the highest values of δ41K occur where 
K concentrations are smallest, contamination,  
interferences, and matrix effects are of concern.  We 
therefore excluded all data that did not achieve a 
steady K count rate on the grounds that they were 
dominated by surface correlated K.  

Results:  Figure 1 shows the results of the 
elemental analyses normalized to Al and to CM-
chondrite composition (K/Al=0.034; [6] with textural 
designations from [4]: Glass=G; CC=crypto-
crystalline; BO=barred olivine; P=porphyritic; 
SRG=single relict grain.  Data were obtained with the 
electron microprobe except for K in G, CC, BO, P, 
and RGB sCS for which all data are from our ion 
microprobe measurements. 

Figure 2 shows the results of the K isotopic 
analyses.  Previous maximum values reported for 
extraterrestrial materials are +7.1‰ in meteorites (a 

CAI from Leoville) and +10 to +20‰ for lunar soils 
[7].  Alexander and co-workers [5,8] found no 
appreciable fractionation of K isotopes in Bishunpur 
or Semarkona chondrules.   
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Discussion: According to [9] most of the dust 
intersecting the Earth’s orbit comes from Eos (K-type 
asteroid/CO or CV meteorites), Themis (C-type 
asteroid/CI and CM meteorites) and Koronis (S-type 
asteroid/achondritic or stony iron meteorites) asteroid 
families.  If true, we would expect to find a mix of 
these classes in the micrometeorite population.  Our 
Si/Al and Mg/Al ratios are most consistent with an 
origin on CV, CM, CO and/or CI like objects.  Of the 
94 spherules analyzed 10 are CV-like, 17 CM- or 
CO-like, and 9 resemble CIs in composition; only 3 
are H- or L-like. The remaining spherules are not 
readily classified in this way. 

The textural/heating scale of [4] for sCS begins 
with unmelted particles and proceeds through 
scoriaceous, porphyritic, barred olivine, 
cryptocrystalline, glass, and finally back to barred 
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olivine particles that have a non-chondritic elemental 
composition rich in Ca, Al, and Ti. The elemental 
ratios normalized to Al plotted in Figure 1 are 
consistent with prior measurements (e.g., [10]) and 
with expectations based on Taylor’s scale.  CM-
normalized ratios of Ca, Ti, Mg, and Si to Al are 
close to 1.  Several processes may have led to losses 
(or gains) of other elements.  

We interpret the elemental depletions of Figure 1 
as follows. 1) S forms sulfides that coat the surface 
and may be lost to ablation, thermal, or oxidative 
decomposition or, later, to aqueous leaching [11].  Ni 
is likely lost through physical ejection of freshly 
reduced metal.  Remaining  Ni may then evaporate as 
it does in type-I spherules, [12] although there is no 
evidence for such evaporation in sCS.  Iron is lost 
both through physical ejection of metal and, to a 
lesser degree, by evaporation [1,13].  According to 
[14], scoriaceous micrometeorites lose Na by 
volatilization.  Most of the sCS analyzed here were 
heated more than the scoriaceous MM and 
correspondingly, we find larger depletions of Na.  
The concentrations of Mn and Cr, which have both 
lithophile and chalcophile tendencies, vary by a 
factor of 20 or more.  A few isotopic data for Cr in 
sCS (L. Nyquist, pers. comm.) and low 53Mn contents 
in the much more strongly heated I-type spherules 
[15] suggest that evaporative losses are possible.  
From Figure 1 we infer that the losses of Mn and Cr 
are less than 50% except in glass and CAT spherules.   

Rayleigh-type evaporation of K would decrease 
K/Al ratios and increase δ41K.  The elemental trends 
for K and Al  shown in Figure 1 are consistent with 
these expectations.  The dashed line of Figure 2 
shows how δ41K changes during a Rayleigh 
distillation of a well-stirred CM melt.  Any one of 
several effects could explain the positions of 8 of the 
12 data points below the trend line.  The objects may 
not have melted completely and, later, might have 
failed to mix rapidly.  Multiple analyses of oxygen in 
individual grains confirm sizable isotopic 
inhomogeneities in porphyritic CS, but not in the 
more strongly heated types [1, 16]. Second, elemental 
compositions of the spherule precursors could have 
varied (e.g., [2]). Normalization to bulk CO chondrite 
composition, for example, shifts all data points 
rightward.  The effect is fairly small, however, only 
~40%, where a factor of ~10 is needed for some sCS.  
Perhaps our sCS are derived from unusually Al-rich 
and/or K-poor grains.  Third, pick-up of atmospheric 
potassium [17] with terrestrial isotopic ratios would 
have shifted the data points of Figure 2 downward 
and, to a lesser extent, rightward.  The column 

density of neutral K atoms in the terrestrial potassium 
layer (75-110 km) is ~108 /cm2. [18].  A 100-µg 
spherule with 0.001% K and 1% Al contains 1.5×109 
atom K and has a CM-normalized K/Al ratio of 
0.030.  As atmospheric K also occurs as 
(unmeasured) particulate KHCO3, we conclude that 
atmospheric contamination of the most strongly 
heated particles seems possible if poorly constrained.  
Fourth, terrestrial contamination, in the South Pole 
Water well or in sample preparation, may have 
introduced K [14,19]. Similar K enrichments in 
micrometeorites exposed for different times to ice 
and melt water suggest little  K contamination from 
ice and snow [11]. We would expect laboratory 
contamination to concentrate near the sample surface, 
an expectation not so far confirmed by our analyses.   

δ41K does not correlate with δ57Fe, probably 
because by the time iron fractionates isotopically, too 
little K remains to measure.  For CC spherule 14, we 
have isotopic measurements for K, Fe, and O.  
Interestingly, δ41K and δ18O are large relative to 
terrestrial values, 65±10‰ and 30‰, respectively, 
while δ57Fe is not distinguishable from zero, only -
1.3±0.4‰.  The CC spherules evidently represent a 
kind of crossover point at which isotopic 
fractionation of Fe begins.   

Conclusions:  We have observed isotopically 
fractionated K is stony cosmic spherules.  Compared 
to terrestrial values. 41K/39K ratios are higher in 
barred olivine, cryptocrystalline and glass CS, but not 
in porphyritic spherules or in one spherule containing 
an unmelted relict grain. We infer that evaporation 
and consequent fractionation of the isotopes of the 
major and moderately volatile minor elements are 
most likely for CC, G, and CAT spherules.   
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