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Introduction: Fine-grained material collected from 
comet Wild 2 may represent primordial material from 
the early solar system. In comets like Wild 2, it has 
likely remained unaltered since the comet’s formation 
[1]. Fine-grained matrix in primitive chondrites may 
also be close to primordial  [2, 3]. The carbonaceous 
chondrite, MIL 07525, contains a matrix of fine-
grained material that “ … avoided the geological re-
processing of larger planets and allow[s] laboratory 
probing of early solar-nebula materials” [4].  

If fine-grained material in both comets and chon-
drites represents the solar system’s primordial materi-
al, they may bear compositional similarities.  

 
Background: The Stardust Spacecraft returned to 

Earth samples of material from comet Wild 2. These 
samples consist of particles captured in aluminum 
foil, as well as material embedded in aerogel [1]. It is 
not possible to measure the aluminum content of the 
particles embedded in the foil due to the high alumi-
num background. Until now, Al has been unmeasura-
ble by any technique in the fine-grained material dis-
persed in cometary capture tracks in aerogel. 

However, a new X-ray fluorescence detector at the 
Advanced Light Source (ALS) at Lawrence Berkeley 
National Laboratory enables us to make bulk 
measurments of aluminum [5] in Stardust samples for 
the first time. Without chemical processes taking 
place on the comet, the ratio of aluminum to iron at-
oms has likely remained unchanged since the comet’s 
formation. Also, aluminum is a major rock-forming 
element and a major constituent of CAI’s found in 
both Wild 2 and primitive chondrites [5]. Better-
characterizing aluminum in Stardust samples may 
therefore help to improve our understanding of the 
comet’s composition and formation 

 
Methods: We extracted cometary tracks from the 
Stardust aerogel tiles using the keystoning technique 
[8] and dissect them to expose the captured cometary 
material. We then mounted them between silicon ni-
tride windows [5]. We carried out X-ray floursescence 
mapping  at the ALS 10.3.2 beamline [5]. We used an 
XR-100SDD (Amptek) detector at 4188 ev to produce 
maps of elemental concentrations, as in Figure 1 and 
Figure 2.  

 
 
 
 

Figure 1: An iron Kb channel image of a Stardust debris 
track. The brightness of each pixel represents the number of 
iron Kb  photons emitted at each location, and thus indi-
cates the relative iron concentration at each pixel. Notice 
large-grained particles toward left, and finer material at 
center and right.  
 

Figure 2: An aluminum channel image of the same debris 
track seen in figure 1. Notice the much lower signal in this 
channel, with only the largest particles clearly visible. 
 

 
To convert our raw data into counts of aluminum 

and iron atoms, we first take calibration measure-
ments with the same instrument. To calibrate for iron 
counts, we took a spectrum from a thin film iron 
standard [6]. For aluminum, we took a spectrum from 
an aluminum thin film standard made by Atomic 
Layer Deposition [7]. For each, we recorded the beam 
intensity, number of counts for each element’s spec-
tral window, dwell time, and pixel size. This enables 
us to calculate a conversion factor (C) for each pixel, 
which we define, in general, as: 

 

 
 
This conversion factor is then multiplied by the 

counts recorded in each pixel to yield the number of 
aluminum and iron atoms at each pixel’s location. 
Once this data is converted, we calculate the total 
amount of aluminum and iron atoms in the fine-
grained regions. Finally, we take the ratio (R), as fol-
lows: 

 

 
 

Repeating this process for fine-grained regions in 
Stardust samples will yield a first order estimate of 
this ratio in comet Wild 2. We will compare Wild 2’s 
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Al:Fe ratio to the matrix of MIL 07525 and other 
primitive meteorite matrices. Because MIL 07525 is 
not embedded in material, we need not use X-ray 
beamlines to make the equivalent measurements on 
its fine-grained material.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: SEM scan of fine-grained regions in 
MIL 07525. Boxed is one of our target regions, 
where we measure the meteorite’s Al:Fe ratio. 
 

Rather, we use SEM data to make our measure-
ments (Figure 3), and used a forsterite 87 standard as 
our iron calibration, and an orthoclase standard as our 
aluminum  calibration. Otherwise, our process is the 
same as for the Stardust material. We anticipate that, 
when completed, our comparison between the Al:Fe 
ratio of the fine-grained  materials found in both ob-
jects will shed light on what, if any, relationships ex-
ist between the formation of comets and asteroids. 
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