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Atmospheric entry heating of interplanetary dust particles [IDPs] causes evaporative loss of 
volatile elements such as sulfur. That other elements are similarly affected is not yet established 
but qualitative indicators of Mg-loss from unmelted IDPs include (1) profiles of decreasing Mg- 
content in the matrix of type CM IDP L201103 from its interior to the Fe-oxide rim [l], (2) 3 
- 6 wt% A120, in Mg,Fe-silicates where its content reaches crystallochemically high proportions, 

0 or and (3) the presence of nonstoichiometric single-crystal silicates, (Mg,Fe,Ca)p-qSi(2+P,) , 
0 , in many IDPs [2,3]. I explore here the composition o srng e-crystal (Mg,Fe,Ca)(2-x Si(1+0.5x) 4 

Mg-rich cllnodyroxenes [Cpx] (-35 to 60 mole% CaSiO,), clinoenstatite [CLEN] and Mg,Fe- 
olivines in the unmelted IDPs L2011K7, L2005T13, and L2005E40 and relict grains in quenched 
IDP L2005B22. The location of each energy dispersive spectroscope analysis [2,3] is on 
photographic record in order to evaluate the quality of the analyses (e.g. contamination). I argue 
that evaporative magnesium-loss occurs in unmelted IDPs even when the typical Fe-oxide rim 
due to atmospheric entry heating is poorly developed. 
CA-rich CLINOPYROXENES. L2011K7 contains abundant single-crystal, Ti-free and Ti- 
bearing, diopside similar to that reported in other IDPs [4]. They fit the aforementioned formula 
with x = 0.0-1.0. The sums of cations [C] calculated on the basis of 6 0  range from 3.50 to 4.01 
(mean = 3.87). Reduction of the structural formulae to pyroxene endmembers [5] invariably 
yield "excess silica" and requires 'new' endmembers. The lack of systematic patterns prompted 
exploration of magnesium loss by atmopsheric entry heating. 
MODEL. The amount of MgO lost from a silicate is described by [(1.5x)/n] x 40.324, where A 
is the sum of atomic proportions of oxygen from the constituent molecules and n=6 (pyroxene) 
and n=4 (olivine). This amount of MgO is added to MgO analysed. Renormalization of the 
oxides to 100wt% yields the pre-entry silicate composition. The resulting stoichiometric pre- 
entry diopsides in L2011K7 have C = 3.06-4.03 (N=45) with distinct modes at 3.98 (N=ll )  for 
Ti-bearing Cpx and 4.00 (N=20) for Ti-free Cpx. The pre-entry Cpx yield a consistent set 
pyroxene endmembers, e.g. 25% of Cpx has enough alumina for CaTiAl 0,. In the remainder Ti 
occurs as a0 CaTio.,Si 0, where the site accupancy is 3.5, which, witk an average octahedral 
Ti-content df 3.8, yieHs X = 3.98. The Ca-contents of pre-entry Cpx are between 15 and 60 
mole% CaSi03. About 12% of these Cpx with CaSi03 >50 mole% are wollastonite [cf.6]. This 
example shows that the post-entry silicate compositions analysed in stratospheric IDPs may be 
recalculated into stoichiometric pre-entry phases in a systematic manner assuming MgO-loss 
during atmospheric entry. 
CLEN and Mn.Fe-OLIVINES. CLEN single-crystals in L2005T13 have x = 0.0-0.5 and C = 
3.75-4.02 but their pre-entry compositions yield C = 3.97-4.02 with a distinct peak at 4.00. 
Similarly, post-entry pyroxenes in L2005E40 have x = 0.0-0.7 and C = 3.68-3.99 while their 
original compositions have C = 3.98-4.04. Olivine single-crystals in L2011K7, L2005E40 and 
L2005B22 have x = 0.0-0.78 and C = 2.50-3.05 while their stoichiometric pre-entry compositions 
have C = 2.96-3.06 (mean = 3.00; l o  = 0.02). Calculations of Mg-richer pre-entry phases may 
overestimate the amount of Mg-loss in Fe-bearing olivine when iron oxidation is ignored which 
affects the numerical value of A in the aforementioned equation. 
DISCUSSION. The values of C are close to 4.00, and show a narrow range, in lunar Cpx and 
Cpx from various geological environments. But Cpx in eclogites display a wide range from 3.92 
to 4.05 with an average of 2.97 [5]. The wide C range and low average at 3.87 for Cpx in 
unmelted stratospheric IDPs may indicate a new "geological" environment unique to these 
extraterrestrial silicates. These IDPs probably include asteroidal and cometary debris and it is 
not obvious that these different enviroments produce the same unique silicate feature. All IDPs 
collected in the stratosphere are decelerated in the Earth's atmosphere. Atmospheric entry 
heating is a unique event that affects all micrometer-sized IDPs. It may be the common link in 
the observed silicate nonstoichiometry. Magnesium loss during atmospheric entry is not uniform. 
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There is no apparent Mg-loss in type CM IDP L2005T12 but IDP L201103 shows Mg-loss from 
its matrix. Minor Mg-loss occurs in relict forsterite in L2005B22 where melting of its matrix 
conceivably limits Mg-loss in relict grains. In unmelted IDPs Mg-loss is significant. The results 
in TABLE 1 include A = MgO /MgO(p,-e try). About 20% of single-crystal pyroxenes, 
and 25-50% of olivines, survde w l t a u t  Mg-loss i x  = 0). It is not clear that this difference 
relates to the generally higher diffusion coefficients in olivine than in pyroxenes, or to the high 
Fe-content of olivines used in this study. Mg-loss [A] may occur in statistically-distinct events 
but its meaning, if any, is unclear. There is no apparent link between A and the location of 
grains relative to the IDP exterior but high values of A tend to occur in local groupings. 

Table 1: Mean (la) and one standard deviation (lo) of nonstoichiometry (x) 
and Mg-loss (A) in single-crystal pyroxenes and olivines in four unmelted 
IDPs. N is the number of crystals. 

PYROXENE 

OLIVINE 

%: Skewness = 0.8; "": modal A = -17.3 

Magnesium loss is written as ( l t 0 . 2 5 ~ )  Mg2Si206 = Mg a-r 5x) 0 + 1 . 5 ~  MgO (pyroxene) 
and (1 t 0 . 5 ~ )  Mg2Si04 = M % 2 - ~ ) S ~ ~ f i 5 d  o % + 2x M ~ O  (oflvrhe). tPhe reactions show that at any 
value of x, olivine produce mor g t an pyroxene with similar Mg:Fe:Ca ratio. Thus, the 
ratio of olivine to pyroxene single-crystals in IDPs will affect the amount of MgO loss during 
atmospheric entry. Similarly, the pre-entry ratio of amorphous to crystalline magnesioferrosilica 
materials in an IDP may affect Mg-loss. 
CONCLUSION. Nonstoichiometric single-crystal pyroxenes and olivines in unmelted IDPs are 
evidence for evaporative Mg-loss during atmospheric entry. Their post-entry compositions 
systematically reflect the amount of MgO loss. Their calculated pre-entry compositions show an 
average Mg-loss, A = -16. Using this value, the corrected average Mg/Si ratios for all IDPs 
(0.98), and porous IDPs (1.015) [7], become 1.17 and 1.21 and do not require the presence of 
elusive Mg-rich IDPs [7]. The pre-entry values confirm their primitive character albeit that 
these unmelted IDPs are chemically during dynamic pyrometamorphism. 
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