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Introduction: In Japan's first astrobiology experiment “Tanpopo”, we have attempted to capture cosmic dust intact by uti-
lizing ultra-low-density amorphous silica aerogel of 10 mg/cc onboard the exposed platform of the International Space Station 
(ISS) - Japanese Experiment Module “Kibo”[1]. This mission aims to test a hypothesis that life precursors are delivered from the 
extraterrestrial origin[2]. Similar but denser silica aerogels had been used for NASA’s cometary dust sample return mission 
“Stardust”[3]. Among the Stardust samples, impact tracks were formed on the aerogels by hypervelocity impacts of cometary 
dust at 6.1 km/s and they were classified into 3 types (types A, B, and C), based on their morphologies[4]. The track morpholo-
gies keep useful information for estimating size and density of impacting dust particles[5]. Thus the purposes of this research are 
as follows: (1) to search for impact tracks formed by cosmic dust onto the Tanpopo aerogels and (2) to describe three-
dimensional morphologies of the impact tracks with different origins not only of cosmic dust but also of orbital debris, and final-
ly (3) to clarify the relationship between the track shapes and their origins. 

Methods: At the beamline 47XU in SPring-8, we obtained three-dimensional morphologies for eight impact tracks (D1-231, 
D1-298, D1-362, E1-200, E1-304, F1-328, F1-389, and F1-623) on the Tanpopo aerogels located at o the space pointing face of 
ISS, by using absorption tomography. The imaging experiments were conducted at 7, 8, and 9 keV, with the voxel size of 
0.24×0.24×0.24 or 0.47×0.47×0.47 μm3. The CT images at 8 keV were used to extract the track morphologies to obtain track 
length (Lt), the maximum track diameter (Dm), aspect ratio, and other shape properties. In order to evaluate the degree of track 
shape symmetry, we need to determine the deviation of the center of gravity from the averaged center in a cross section of a track 
normal to its elongation, as a function of the distance from the track entrance. These values were compared with those of the 
Stardust tracks. Dual-energy tomography (DET)[6], where we can obtain information on the distributions of Fe and Ni by using 
the K-adsorption edges of Fe and Ni between 7 and 8 keV (7.11 keV) and 8 and 9 keV (8.33 keV), respectively, was applied to 
estimate the materials of particles captured in the tracks. Another track (E2-000) was observed only with an optical microscope. 
For D1-231, D1-298, D1-362 and E2-000, the aerogels were compressed and captured particles in the tracks were searched with 
an optical microscope.   

Results and Discussion: The examined tracks on the Tanpopo aerogels were classified into 5 types, based on their mor-
phologies in additions to the three types already identified by the Stardust mission. Type 1 (E2-000) is a track formed by a cos-
mic dust impact, where two pyroxene particles were identified at the tips of two tracks[7]. The track shape resembles the Stardust 
type B track although its entrance hole is wider than the typical Stardust tracks. Type 2 (D1-231) is somewhat similar to the Star-
dust type A track. Type 3 (E1-200 and E1-304) is a track having abundant cracks developed on the inner wall with a narrow en-
trance. Type 4 (F1-328 and F1-389) is exoriginorigintremely asymmetrical in its shape but has cracks similar to Type 3. Type 5 
(D1-362 and F1-623) is a bowl-shaped track with a large entrance, also known as a “pit crater”. The relationship between Lt and 
Dm of these tracks were almost identical as that of the Stardust tracks, except for Type 5. However, their specific shapes of 
Types 2, 3 and 4 are significantly different from the Stardust tracks. The cracks of these tracks are similar to those seen at the end 
of Stardust type A and B tracks, indicating that they might be formed by a relatively low-speed impact. Similar tracks to Type 5 
or pit craters were also reported in the aerogel exposed on the Mir Space Station [8]. DET results showed that most of fine parti-
cles in the tracks do not contain any Fe and Ni. Low values of their X-ray linear absorption coeffi-cients are smaller than that of 
cosmic dust. They should have been formed by impact of weakly-adhered aggregates that were broken into very small pieces 
during the track excavation and mixed with the condensed aerogel. Two particles that were confirmed by an optical microscope 
after compressing in D1-231 and D1-362 have relatively high linear absorption coefficient. Type 1 must be the track with cosmic 
dust origin since pyroxene grains are present within the track[7]. By considering the 3D-shape features of the tracks and their 
DET results, Types 2, 3 and 4 might not be tracks with cosmic dust origins, such as secondary impact products since few orbital 
debris can impact the space pointing face of the ISS Kibo Exposed Facility. Type 5 may be due to high-speed impacts of weakly-
adhered aggregates[8].  
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