
FIRST OCCURENCE OF A PROBABLE AMOEBOID OLIVINE AGGREGATE IN A  “COMETARY” 
INTERPLANETARY DUST PARTICLE.  D. J. Joswiak, D. E. Brownlee and G. Matrajt, University of Washing-
ton, Dept. of Astronomy, Seattle, WA  98195  joswiak@astro.washington.edu 

 
 
Introduction:  Amoeboid olivine aggregates 

(AOAs) are the most common type of refractory inclu-
sion observed in most carbonaceous chondrites [1].  
Composed largely of Mg-rich olivine, Ca- and Al-rich 
refractory minerals (typically Al,Ti-diopside, anorthite 
and spinel) and Fe,Ni metal, AOAs are believed to 
have condensed directly from solar nebula gas [2].  
These objects appear to have formed in similar envi-
ronments, but at lower temperatures, as calcium alu-
minum inclusions (CAIs) and therefore are of great 
interest in the study of early nebular solids. 

Although AOAs can range in size from 10’s of mi-
crons to >5 mm, constituent minerals are typically 
fine-grained with individual phases often in the micron 
size range [3].   In some chondrites, AOAs mineralogi-
cally form a continuum with fine-grained CAIs [4].  
Recently, forsterite enriched in 16O and high in Mn 
content were reported in samples returned from comet 
Wild 2 by the Stardust spacecraft [5,6].  Composition-
ally and isotopically, these LIME forsterites resemble 
olivines in AOAs in chondrites [7].  Given that recent 
findings show that CAIs and chondrules are present in 
comet Wild 2, an important question is whether AOAs 
were also present in the comet-forming regions.   
         Here we report the first occurrence of a likely 
amoeboid olivine aggregate from an interplanetary 
dust particle (IDP) of likely cometary origin.   IDPs are 
typically composed of micron-sized minerals and other 
fine-grained materials, and originate from both aster-
oidal and cometary bodies.  The presence of an AOA 
in an IDP suggests that IDPs, Wild 2 and chondritic 
meteorites may have some refractory components that 
formed in common solar nebular environments thus 
linking these diverse extraterrestrial materials.   

Techniques:  The AOA grain  (LT1) was one of 
thirty 7-40 µm translucent grains that were hand-
picked from the largest anhydrous cluster IDP that we 
have seen, a >400 µm region of submicron to 40 µm 
particles, that “pancaked” during its stratospheric col-
lection.  Most of the individual translucent grains are 
composed of olivine or pyroxene [8].  LT1 is the most 
refractory grain from the collection and represents 
<1% of the total particle mass, an abundance that is 
lower than CV, CO and CMs but potentially higher 
than other chondrite classes.  We  believe that the clus-
ter IDP, which has a chondritic elemental composition, 
is very likely to be cometary because of its extremely 
friable nature and mineralogical similarity to comet 
Wild 2 materials collected by the Stardust mission.    

Selected translucent grains, including LT1, were 
individually mounted in 1 cm-high acrylic resin ‘bul-
lets’ and sectioned with an ultramicrotome to thick-
nesses of <70 nm.  The particles were examined with a 
200 keV Tecnai TF20 scanning transmission electron 
microscope equipped with an EDAX light element X-
ray analyzer for quantitative elemental compositions.  
Backscatter electron images of the potted butts were 
obtained with a FEI FE-SEM operated at 12 keV to 
complement bright-field, dark-field and HAADF im-
ages obtained on microtome sections from the TEM.  
The bulk composition of grain LT1 was measured by 
averaging EDX spectra obtained from irregular rasters 
defined by the exterior outlines of the particle from 5 
microtome sections.  

Results:  TEM examination of microtome sections 
of LT1 shows that it is composed of Fo88-95 olivine, Al-
Ti-diopside and anorthite (An90-98) (Fig. 1).  Olivine is 
the dominant phase and constitutes >50% of the IDP. 
In some microtome sections olivine appears to sur-
round Al-Ti diopside and anorthite.  Measured Cr2O3 
and MnO concentrations in the olivine vary from 0.0 – 
0.2 wt% and 0.25 – 0.45 wt%, respectively.  Al-Ti 
diopside occurs in 1 – 2 µm-size regions and is often 
observed in contact with both olivine and anorthite.  
The Fe content in the diopside is very low; measured 
FeO values are <0.3 wt%. In contrast, Al2O3 and TiO2 
abundances in diopside are high ranging from 1.8 – 8.8 
wt% and 0.7 – 5.6 wt%, respectively. In some EDX 
spectra obtained from diopside, up to 0.18 wt% V2O5 
has been measured.  Like diopside, anorthite is low in 
abundance.  Typical anorthite compositions ranged 
from An97-98 though An90 was measured in one loca-
tion.    

A diverse number of sub-100 nm-size inclusions 
were observed in the olivine including spinel grains, 
Fe,Ni-metal and refractory element-rich metal nuggets. 
EDX measurements show that the spinels have chemi-
cally complex compositions and are composed of vari-
able amounts of Mg, Al, Ti, Cr and Fe +/- minor V.  In 
one spinel inclusion 0.8 wt% Zn was measured.   A 
kamacite inclusion with Fe/(Fe+Ni) = 0.96 was ob-
served in Fo93 olivine.  Minor amounts of P, V and Cr 
were present in the analysis (host+inclusion).  Two 50 
nm Fe,Ni-metal nuggets were examined and found to 
be enriched (>1 wt%) in a number of ultrarefractory 
elements including Ru, Rh, Os, Ir, Pt and Mo.   

Poorly crystalline to amorphous Na-Ca-Al silicates, 
some of which may be Na-Ca plagioclase feldspars, 
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were often found with anorthite and along the perime-
ter of the grain associated with fine-grained material.  
The nature of this material is unclear but it may be a 
product of heating of the anorthite either during at-
mospheric entry or from alteration of the grain prior to 
its terrestrial encounter.  Partial magnetite rims found 
around the exterior of the particle indicate it experi-
enced high temperatures during entry. 

The bulk compositions of LT1 and AOAs [9] are 
plotted on the SiO2-CaO+Al2O3-MgO+FeO ternary 
diagram in Fig. 2.  The figure indicates that the bulk 
compositions of LT1 and AOAs are very similar.   

Discussion.  Pristine AOAs from carbonaceous 
chondrites are composed of micron-size olivine with 
lesser amounts of Ca-Al-rich minerals including Al-Ti-
diopside, anorthite, spinel and Fe,Ni metal [3].  Al-
tered AOAs are composed of similar minerals but may 
contain Na-Al-rich minerals as well as phyllosilicates, 
hedenbergite, ferrous olivine and others.  The 10 µm 
translucent grain LT1, obtained from the interior of a 
giant cluster IDP, is composed of olivine (with inclu-
sions of Fe,Ni-metal and chemically complex spinels), 
Al-Ti-rich diopside and anorthite and closely resem-
bles AOAs in chondrites.  The presence of FeO-rich 
olivine (Fo88-95) and Na-bearing silicates in LT1 sug-
gest that it is more akin to altered AOAs than pristine 
counterparts.  In addition to mineralogy, other proper-
ties including textures, mineral grain sizes and bulk 
composition of LT1 largely resemble those in AOAs.   

On the basis of isotopically anomalous H and N, 
[10] suggested that some cluster IDPs may have origi-
nated from specific comets.  The cluster IDP which 
LT1 was extracted was a highly porous, fragile aggre-
gate composed of coarse- and fine-grained materials, 
and appears to have had very similar properties to par-
ticles that produced the bulbous tracks collected from 
comet Wild 2 by the Stardust spacecraft [11].     

Conclusions:  A 10 µm rock fragment obtained 
from a cluster IDP, which was likely derived from a 
comet, is composed of identical minerals found in 
AOAs in chondrite meteorites and is the first known 
likely AOA from an IDP.  The presence of an AOA in 
a cluster IDP provides independent evidence to Wild 2 
results that comets, like asteroids, contain high tem-
perature refractory materials that were derived from 
the inner Solar System. This finding further suggests 
that comet Wild 2 which was found to harbor CAIs 
and chondrules (fragments) is not a mineralogically 
unusual comet.        
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Fig. 1:  Mineral map showing distribution of minerals 
in a microtome section from a 10 µm IDP, a probable 
AOA.  Like AOAs in chondrites, olivine is modally 
dominant in LT1.  Fo=forsterite, An=anorthite, 
Fg=fine-grained.   

 

Fig. 2 

Fig.2 :  Ternary diagram comparing bulk composition 
of LT1, a likely AOA from a cluster IDP, to bulk 
compositions of AOAs from CV chondrites [9].  
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