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Introduction:  Micrometeorites (MM) comprise a 

larger fraction of chondritic material [1-4] and only 

very few of them consist of differentiated (achondritic) 

material [5-7]. Differentiated unmelted MM are easily 

recognizable as they still preserve mineralogical evi-

dence of their parent body. Conversely, melted micro-

meteorites (i.e., cosmic spherules, CS) suffered com-

plete (or nearly so) melting during atmospheric entry, 

and recognition of their precursor material can only be 

based on geochemical data. Currently, seven differen-

tiated cosmic spherules differentiated CS have been 

identified based on their major element composition 

and have been related to a Vesta-like parent body [5]. 

Differentiated CS represent only 0.5 % of the collec-

tion coming from the South Pole Water Well (SPWW, 

Antarctica), for which 1600 spherules have been stu-

died [5]. Here, we extend the geochemical investiga-

tion of differentiated cosmic spherules to their trace 

element compositions, in order to propose strong prox-

ies that can be combined with major elements to unra-

vel their origin.  

Analytical methods:  We studied all the vitreous 

CS from two samples (SP95-18 and SP95-29) from the 

SPWW in which three differentiated CS were previous-

ly identified by Taylor et al. [5]. We extended our 

study by analyzing 210 CS from Transantarctic Moun-

tains (TAM, Antarctica) [8]. Major elements were de-

termined using a CAMECA SX50 electron microprobe 

at the CNR IGG in Padova, Italia. Trace element ana-

lyses by LA-ICP-MS were carried out at the CNR IGG 

in Pavia, Italia. The Nd:YAG laser was coupled either 

to a Perkin Elmer quadrupole or to a ThermoFinnigan 

Element sector field ICPMS. Data were reduced using 

the Glitter software with NIST SRM 612 and 
43

Ca as 

internal and external standards, respectively. 
Results:  Three differentiated CS (SP18-07, SP29-

45, and SP29-52), previously described by Taylor et al. 

[5],  are characterized by a high atomic Fe/Mg (>1, 

Table 1) when compared to chondritic CS. On this ba-

sis, we discover two new differentiated CS (SP29-82 

from SPWW and 3.5-7 from TAM. All are vitreous, 

vesicular, and consist of homogeneous glass, except 

SP29-45 which contains a relict grain of Ti-poor chro-

mite. Atomic Fe/Mn range in differentiated CS is very 

restricted (28 ± 4, n = 5, Table 1 and Fig. 1) contrary to 

the range in chondritic CS (67 ± 46, n = 555). Ca/Si 

and Al/Si ratio of differentiated CS show great varia-

tions even if these ratios tend to be higher than in 

chondritic CS (Fig. 2). Consistent with their differen-

tiated signature, differentiated CS show high incompat-

ible element contents. For example, average norma-

lized REE concentrations (Eu excluded) range from 5 

to 14 compared to 2.05 ± 1.41 (n=95) for chondritic 

CS (normalization values after [10]). REE patterns for 

differentiated CS are flat to slightly depleted in LREE 

(0.35<La/YbN<1.63) and display positive or negative 

Eu anomalies. 

 

 
Figure 1. Atomic Fe/Mn and Fe/Mg ratios in CS 

and basaltic meteorites. 

 

Discussion: 

Chemical overpint of the precursor dust mineralo-

gy. Asteroidal and planetary regoliths are largely com-

posed of individual minerals rather than rock samples 

[11]. These fine-grained regoliths are probably the ma-

jor source of small interplanetary dust particles. Com-

position of the micrometeorites, which derive from 

such particles, is therefore highly sensitive to the rela-

tive abundance of the different mineral phases in the 

fine-grained dust. By varying the amount of anorthite 

and low- and high-Ca pyroxene in the dust precursor, 

we reproduce the Ca/Si and Al/Si range for differen-

tiated CS (Fig. 2).  

Conversely, refractory incompatible trace elements, 

as REE, are less sensitive to the mineralogy of the pre-

cursor. The REE patterns of differentiated CS is similar 

to those of basalts from Mars, Vesta, or the Moon, 

suggesting that REE (and other incompatible refractory 

trace elements) contents in CS are controlled by the 

basaltic whole rock component (melt equivalent) sam-

pled in the dust particle. Based on Ca/Si, Al/Si, Fe/Mg, 

and REE signature of the differentiated CS, we propose 

that they originate from basaltic precursors (high 

Fe/Mg, flat REE patterns), enriched either in plagioc-

lase (positive Eu anomaly, high Ca and Al) or in py-

roxene (negative Eu anomaly, low Al, slightly LREE 

depleted patterns). 
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Figure 2. Atomic Ca/Si and Al/Si ratios in CS. The 

purple lines model addition of anorthite (An90), pigeo-

nite (En45Wo2Fs53), and augite (En34Wo24Fs42). 

 

Nature of the parent body: Major and trace ele-

ment evidences. Based on comparative planetary geo-

chemistry and mineralogy [12, 13], it has been pro-

posed that Fe/Mn vs Fe/Mg relations allow discrimina-

tion of differentiated and chondritic meteorites from 

whole rock or mineral microprobe data. Arguing that 

atmosphere entry processes do not fractionate signifi-

cantly these ratios, Taylor et al. [5] extended this clas-

sification tool to MM. The narrow range of Fe/Mg and 

Fe/Mn of the five differentiated CS is consistent with a 

common origin either from a Vesta-like asteroid or 

from Mars (Fig. 1). Based on the Ca/Al ratio, Taylor et 

al. [5] disregarded the Martian origin. We demonstrat-

ed that this ratio is not useful to identify the parent 

body if the dust precursor carries plagioclase or pyrox-

ene. However, Martian and Vestoid basalts can be dis-

tinguished because they originate from parent bodies in 

which oxygen fugacity (fO2) strongly differs. When 

compared to eucrites [14] (Table 1), Martian basalts 

are produced under higher fO2 and are enriched (i) in 

volatile elements, such as Zn, (ii) in V which behaves 

as an incompatible element in mantle minerals at high 

fO2 [15], and (iii) in Co which is more easily oxidiza-

ble than other siderophile elements [16] and is proba-

bly segregated within the core in a lesser extent at high 

fO2. Compositions of the differentiated CS studied in 

this work clearly share the characteristics of Vestoid 

basalts (Table 1).  

Conclusion: Based on an extensive geochemical 

investigation of CS sampled in Antarctica, we demon-

strate that major elements are controlled both by diffe-

rentiation state of the parent body and by mineralogical 

composition of the dust precursor. Parent body deter-

mination based on major elements alone should be 

regarded with care. We propose discriminative trace 

elements insensitive to the dust mineralogy and record-

ing chemical signature of bulk rocks from the parent 

body. Combined to major element signature of CS, 

they allow the identification of differentiated composi-

tions (incompatible refractory elements) and the dis-

crimination between Martian and Vestoid origin (vola-

tile and siderophile elements). 

 

Table 1. Average composition of differentiated CS, 

noncumulate eucrites and basaltic shergottites. 

Sample Diff. CS  Eucrite  Shergottite 

N
a
    5   28       9 

Fe/Mg
b
   1.2 (0.1) 

Fe/Mn
b
 28    (4)  35    (2)    40    (4) 

V
c
  34    (24)  76    (18)  193    (67) 

Co
c
    7.4 (9.6)    7.6 (7.3)    33.7 (6.6) 

Zn
c
    2.1 (2.5)    3.7 (5.5)    72.1 

(17.3) 

a) number of analyses included in the average, the standard 

deviation is bracketed; b) atomic ratio; c) contents in ppm. 
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