
GEMS:  BUILDING BLOCKS OF THE SOLAR SYSTEM 
H. A. Ishii1, J. P. Bradley1, P. J. Wozniakiewicz2, T. Noguchi3, E. 
Dobrica4, C. Engrand5, D.E. Brownlee6. 1U. Hawaii, Honolulu, 
HI, USA. E-mail: hope.ishii@higp.hawaii.edu. 2Natural History 
Museum, London, UK. 3Ibaraki U., Ibaraki, Japan. 4U. New 
Mexico, Albuquerque, NM, USA. 5CSNSM CNRS-U. Paris Sud, 
Orsay Campus, France. 6U. Washington, Seattle, WA, USA. 

 
Introduction: Glass with embedded metal and sulfides 

(GEMS) in cometary interplanetary dust particles were originally 
described by Bradley [1] who proposed, based on their exotic 
physical properites, that GEMS are presolar interstellar (IS) 
amorphous silicates, ubiquitous and fundamental building blocks 
of the Solar System. The interstellar origin of some GEMS has 
been subsequently confirmed via non-solar oxygen isotope 
abundances indicative of AGB star and supernovae (SNe), two 
major sources of dust in the ISM [e.g. 2]. A 2011 study concludes 
that most GEMS condensed in the Solar System based on 
elemental and O isotope compositions [3]. We have 
experimentally evaluated effects of terrestrial alteration on 
GEMS, raising concern over assumptions of pristine character. 

Results and Discussion: We find chemical compositions of 
GEMS in track-rich IDPs are significantly modified by heating 
and contamination well below temperatures for solar flare track 
erasure. Heating occurs during atmospheric entry, and sulfides 
within GEMS melt and migrate to their surfaces, Mg and S 
become depleted, and terrestrial O is acquired, at temperatures as 
low as 300-400°C [4]. Silicone oil from collection irreversibly 
contaminates carbonaceous matter and GEMS [e.g. 5]. Heating 
and contamination drive element/Si ratios below solar giving the 
false impression that bulk chemical compositions of GEMS are 
indigenously sub-solar. GEMS in ultracarbonaceous micro-
meteorites collected without silicone oil show smaller, or no, 
element/Si depletions [e.g. 6]. The 2011 study assumes GEMS in 
solar flare track-rich IDPs, including those low in sulfur, have not 
been significantly chemically-altered in the terrestrial 
environment. Also, the chemical properties cited to argue that 
most GEMS formed in the Solar System are the same as those of 
(isotopically anomalous) GEMS acknowledged to be presolar. 
Finally, the average diameter of the isotopically non-solar GEMS 
(~420 nm) reported in the literature is much larger than the 
average of the GEMS population as a whole (~180 nm), 
confirming that most GEMS (>80-90%) are too small to reliably 
distinguish between solar and non-solar isotopic compositions 
with current instrumental sensitivities [7].  

With these limitations, the presolar origin of most GEMS 
cannot yet be confirmed. To complicate matters further, most 
dust in the ISM likely has normal (solar) isotopic composition as 
a result of extensive grain processing [8]. Since GEMS with 
measurable non-solar isotope compositions are identical in all 
other ways to the rest of the GEMS population, GEMS remain 
the best candidate for surviving interstellar amorphous silicates. 
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