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Introduction:  Extraterrestrial microscopic spher-

ules comprise both cosmic spherules (CS) produced by 
the melting of micrometeoroids during their atmos-
pheric entry, and meteorite ablation spheres (MAS) 
that separated from the fusion crust of meteorites. CS 
and MAS record the flux of extraterrestrial matter with 
contrasting sizes (i.e. micrometeoroids and meteoroids) 
and their distinction is required to accurately determine 
the relative proportion of micrometeoroid sources. CS 
and MAS show similar textures but MAS have higher 
alkali metal contents (Na2O>1 wt.%), and contain Ni-
rich olivines and spinels [1]. Here, we examine the 
NiO contents in 47 barred-olivine (BO) spherules and 
their olivines collected in the Transantarctic Mountain 
(TAM) and South Pole Water Well (SPWW) microme-
teorite traps, Antarctica [2-3]. 

Samples and analytical methods:  Major element 
compositions of bulk spherules and olivines were de-
termined by EPMA using a JEOL JXA 8200 Super-
probe (INGV, Rome) and a CAMECA SX50 micro-
probe (CNR-IGG, Padova).  

Figure 1. NiO versus Fa contents measured in olivines. 
Results:   
Olivine composition.  Olivine composition varies 

from Fa10 to Fa66. NiO contents range gradually from 
0.03 to 2.76 wt.%. (Fig. 1) We defined Ni-poor oli-
vines those olivines with NiO contents similar to those 
reported for chondrite olivines (<0.70 wt.%, Fig. 1), 
whereas Ni-rich olivines have higher NiO contents, up 
to values similar to those measured in MAS olivines 
(NiO>2 wt.%, Fig. 1). The NiO contents reached in the 
Ni-rich group have never been reported for olivines in 
CS (NiO<0.43 wt.%; [6-7]). Olivines of the two 
groups are not distinguishable on the basis of their Fa 
or minor element contents. 

Figure 2. NiO/MgO in olivines (OL) and in bulk BO 
spherules (BO-SPH). 

Barred-olivine spherule composition.  Based on 
their Fe-Mn-Mg relationship, all the studied spherules 
are chondritic. Their bulk NiO content directly corre-
lates with the NiO content of their olivines, with Ni-
poor olivine-bearing spherules being depleted in NiO 
(<0.81 wt.%) relative to Ni-rich olivine-bearing spher-
ules (0.58-1.34 wt.%, Fig. 2). BO spherules show re-
producible major composition regardless of their com-
positional group (Fig. 3). They differ from MAS and 
fusion crust for their systematic depletions in volatile 
elements (Fig. 3).  

Discussion:   
Origin of Ni-rich olivines and spherules.  The ex-

cellent correlation between NiO/MgO in olivines and 
bulk spherules (Fig. 2) suggests that variable NiO con-
tents in olivines result from variable NiO content in the 
parent melts. The formation of Ni-rich CS and the 
crystallization of Ni-rich olivines require that the pre-
cursor materials contain appreciable amount of Ni-
bearing phases (metals and/or sulfides), and that si-
derophile elements are not massively lost during at-
mospheric entry processes. The degree of siderophile 
loss during atmospheric entry depends on the oxidizing 
conditions allowing or not for the immiscibility be-
tween metal and silicate liquids. To maintain oxidizing 
conditions, two processes can be envisioned. First, 
spherules can form at low altitudes, as typically pro-
posed for MAS. But MAS experience little evaporative 
loss and have high alkali metal contents [1] that are not 
observed in Ni-rich and Ni-poor spherules (Na2O< 
0.03 wt.%, Fig. 3). Thus, the NiO content in olivine 
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cannot be used alone as a discriminative criterion for 
the distinction between MAS and CS, and volatile be-
havior has to be examined. 

Figure 3. Comparison of average major compositions of Ni-
poor (n=21) and Ni-rich spherules (n=26). 

 
The oxidation state of CS can also be internally 

controlled, in function of the C content of their precur-
sor, C acting as a reducing agent during atmospheric 
entry [9]. To maintain oxidizing conditions, the spher-
ules have to derive from carbon-poor chondrites, thus 
belonging to ordinary chondrites or metamorphosed 
carbonaceous chondrites (C<1 wt.%), and they cannot 
be related to primitive chondrites (CI, CM2 and CR2, 
C=2-6 wt.%). Precursors of the Ni-rich spherules have 
also to be rich in Fe,Ni metals. Thus, the primitive 
chondrites, depleted in metal, cannot be the source of 
the Ni-rich spherules. Then, in metal-bearing chon-
drites, metal grains are small and their spatial distribu-
tion can be very heterogeneous at the submillimeter 
scale of CS. A disaggregated metal-rich chondrite 
could thus produce precursors with different concen-
trations of metal and thus Ni. 

Constraints on cosmic spherule sources.  Ni-rich 
BO CS can hardly be related to primitive carbonaceous 
precursors (CI, CM2, and CR2), which are both car-
bon-rich and metal-poor. This result supports recent 
studies of unmelted micrometeorites and CS that sug-
gest that ~ 25 % of them could be related to ordinary 
chondrite parent bodies [10-11]. It is, however, in con-
tradiction with the conventional belief that most of the 
micrometeorites derive from CM2-like precursors [9, 
12-13]. The TAM and the SPWW collections, which 
contain abundant Ni-rich BO CS (25-55 %; this study, 
[14]), both differ from the other Antarctic collections 
by the significant proportion of large CS they contain 
(200-1000 µm in diameter [2-3]). Thus, a relation be-
tween micrometeorite source and size could exist, with 
CM2-related micrometeorites dominating only the 
population of small micrometeorites. This is consistent 

with mechanical processes occurring during hyperve-
locity impacts in the asteroid belt, during which disrup-
tion of hydrous asteroids produces smaller fragments 
compared to anhydrous targets [15]. 

Conclusions:  Olivines in BO spherules show a 
large range of NiO content. An ablation origin for the 
spherules bearing Ni-rich olivines is disregarded due to 
their systematic depletion in volatile elements. The 
NiO abundance in olivines and bulk spherules corre-
late, suggesting that melts with variable NiO content 
are produced during atmospheric entry. The formation 
of Ni-rich CS requires that their precursors contain 
appreciable amount of Fe,Ni metals and/or sulfides, 
and that the oxidizing conditions prevailing during 
atmospheric entry inhibited the loss of siderophile 
elements. NiO contents in olivines and in CS reflect 
the mineralogical and compositional diversity of the 
micrometeoroids. Out of the 47 barred-olivine CS we 
studied, 55 % cannot derive from primitive carbona-
ceous precursors but rather from ordinary chondrite 
parent bodies. 
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