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Introduction: It has been proposed that GEMS, the 
most abundant silicates in the anhydrous chondritic 
porous (CP) IDPs, are presolar interstellar (IS) “amor-
phous silicates”, one of the fundamental building 
blocks of the solar system [1].   Non-solar O isotope 
abundances have since confirmed that some GEMS are 
indeed presolar IS silicates [2, 3], and the presolar ori-
gins of other isotopically normal (solar) GEMS have 
been inferred from petrographic observations [4, 5] 
Circumstellar (CS) outflows are major sources of IS 
silicates and, as expected, at least some of them retain 
an isotopic “memory” of their circumstellar (CS) ori-
gins [2, 3, 6].  However, most GEMS appear to be iso-
topically normal (solar), consistent with the expecta-
tion that IS grains undergo reprocessing and homog-
enization during their ~108 year lifetimes in the ISM 
[6, 7].   A typical GEMS grain may be a blend of sput-
tered and deposited material from many IS grains.  
Evidence of grain homogenization in the ISM mani-
fests itself in the isotopic composition of galactic cos-
mic rays, believed to originate from shock accelerated 
IS dust, that with a few exceptions is isotopically nor-
mal (solar) [7, 8]. 

Bradley [1] proposed that chemical as well iso-
topic properties of GEMS reflect exposure to irradia-
tion during their prolonged lifetimes in the ISM.   IS 
silicates are believed to be Mg-rich and irradiation of 
Mg-rich silicates causes changes in the relative propor-
tions of cations, most notably the Mg/Si ratio [1, 9].  
Assuming all GEMS are IS silicates, the most exten-
sively irradiated (and chemically homogenized) GEMS 
should have the lowest Mg/Si ratios.   Conversely, the 
least irradiated and least homogenized GEMS should 
have the highest Mg/Si ratios, and it is these GEMS 
that are most likely to retain a non-solar isotopic mem-
ory of their stellar origins.  In other words, GEMS with 
high Mg/Si ratios are more likely to be isotopically 
anomalous.  Until now, it has not been possible to test 
this hypotheses because of the small number of iso-
topically anomalous GEMS (~10) that have been re-
ported and an even smaller number of reported Mg/Si 
ratios.   
Experimental: We are investigating the predicted 
correlation between Mg/Si and isotope anomalies by 
measuring the chemical and isotopic compositions of 
individual GEMS.  We selected a classical GEMS-rich 
CP IDP U220A19 because it contains an unusually 
large number of GEMS with elevated Mg/Si ratios.  
Thin-sections prepared using ultramicrotomy were 
initially characterized using both a 200 keV mono-
chromated STEM and 300 a keV SuperSTEM with a 

monochromator and dual spherical aberration (Cs) cor-
rectors.   Individual GEMS were examined using 
brightfield and darkfield (HAADF) imaging (Fig. 1) 
and their compositions were measured using energy-
dispersive x-ray spectroscopy.  X-ray mapping was 
used to investigate the petrographic setting of GEMS 
in the thin sections.   Following the STEM work the 
sample was back-coated with patterned straps of Pt ~1 
µm thick using the FIB.  The straps provide a robust 
noble metal substrate and a conductive path to the Cu 
grid, both of which stabilize the specimens for subse-
quent NanoSIMS measurements.  A major advantage 
of this precision patterning using electron- and ion-
beam deposition of Pt in the FIB is that it is possible to 
revisit isotopically anomalous “hotspots” using STEM 
after the NanoSIMS measurements. 

Isotopic measurements of two sections of IDP 
U220A19 (Fig. 2) were performed with the LLNL 
NanoSIMS 50 ion microprobe.  O isotopic images 
were obtained by rastering a ~1 pA, ~100 nm Cs+ 
beam over 4-8 µm fields of view while simultaneously 
acquiring 16,17,18O-, 28Si- and 24Mg16O- secondary ion 
counts on five electron multipliers using a mass resolv-
ing power of ~6500.  Each image was acquired for a 
total of 65-100 layers/planes per analysis. 

 

 
 

Figure 1:  Brightfield electron micrograph of an ultra-
microtomed thin section of  IDP U220A19. 
 
Results:  Results:  Four O isotope images from two 
sections of IDP U220A19 were divided into 158 spa-
tially-resolved subgrains based on local intensity 
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maxima in 16O- images and 18O/16O ratios that were >3 
sigma outside the mean ratio for the whole image.  The 
subgrains ranged in size from ~x-x nm.  Most sub-
grains had O isotopic compositions within analytical 
uncertainty of terrestrial standards.  Analytical uncer-
tainties (1σ) averaged 50‰ for δ17O and 20‰ for δ18O. 

Nine subgrains show enrichments in 18O with re-
spect to the majority of the subgrains.  Of these anoma-
lous subgrains, at least three were confirmed as GEMS.  
Further work is necessary to determine N and C iso-
tope compositions and the Mg/Si ratio of the anoma-
lous regions and to compare their chemical composi-
tion to solar and diffuse ISM compositions. 
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Figure 2:  O isotopic ratios of 158 subgrain regions of 
IDP U220A19; uncertainties are 1σ. 

 
Table 1 compares Mg/Si, S/Si and Fe/Si ratios in 

GEMS with solar and diffuse ISM abundances. GEMS 
are on average depleted in Mg and Fe relative to solar 
(CI) and diffuse ISM grain abundances [10, 11].  They 
are depleted in S relative to solar and enriched in S 
relative to ISM abundance.  Even isotopically anoma-
lous GEMS known to have been members of the ISM 
grain population are enriched in S.  (S is one of the 
most difficult elements to quantify in the ISM due to 
line oversaturation [11]).   

 
Discussion:  Although only a small number of isotopi-
cally anomalous GEMS (<10) have been reported and 
an even smaller number of Mg/Si ratios reported, all 
exhibit Mg/Si ratios higher than the GEMS average 
value (Table 1).  However, our statistics are limited 
due to the small number of isotopically anomalous 
GEMS identified to date.  In addition, we have identi-
fied GEMS with higher than average Mg/Si ratios that 
are not isotopically anomalous.  One explanation is 
that the starting Mg/Si ratio varied  from one GEMS 
grain to another.  A forsterite (Mg/Si=2) relict grain 
has been identified in at least one GEMS [16]. How-
ever, forsterite, enstatite (Mg/Si=1) and silicate glasses 
(Mg/Si unknown) have all been identified in CS out-

flows and/or the ISM [17].  Any one of these silicates 
could have could have formed the seed nuclei of 
GEMS.  If the correlation between isoptope anomalies 
and high Mg/Si ratios in GEMS persists it may mean 
that: (a) the properties of GEMS were indeed shaped 
primarily by exposure to ionizing radiation, and (b) 
regardless of their isotopic compositions all GEMS 
were inherited from a common IS reservoir. 

 
Table 1: Comparison of major element compositions 
(atom ratios) of GEMS with solar and ISM abundances. 
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 Mg/Si S/Si Fe/Si Reference 
     

Solar 1.01 0.52 0.9 [10] 
     

Diffuse 
ISM 1 

 
<0.12 0.9 [11] 

     
Average 

(200 
GEMS) 0.6 0.31 0.54 [12] 
Average 

(42 
GEMS) 0.65 0.26 0.44 [13] 

     
Individual 

isotopi-
cally  0.75 0.31 1.3 [14] 

anomalous 
GEMS 1.1 0.26 0.44 " 

 0.72 0.19 0.48 [15] 
 " " " " 
 1.2 0.19 0.43 " 
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