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Interplanetary dust particles (IDPs) collected from the strato-
sphere [1], perhaps dominated by comet fragments as implied by 
the latest  dynamical model of zodiacal cloud [2], represent the 
most primitive extraterrestrial materials currently available for 
laboratory study [3-5]. Chondritic porous (CP) IDPs and cluster 
IDPs in general exhibit properties consistent with a cometary ori-
gin, and they are fragile, porous aggregates of mostly submicron-
sized surviving presolar grains and nebular condensates. Much 
knowledge about early solar system processes has been gained 
from the laboratory analysis of  the mineralogy and compositions 
of microtomed thin IDP sections (~ ≤ 100 nm thick). Yet, subtle, 
fine  structures indigenous to interstellar grains and parent bodies 
preserved in IDPs may be altered by destructive processing. A 
question arises then: Is it possible to peer into delicately-bound-
aggregate IDPs noninvasively to map their unaltered structures in 
three-dimensional (3D) nanoscale detail? Such information is 
crucial to our understanding of presolar and early solar nebular 
processes and the origin and evolution of comets and the solar 
system at a fundamental level. We have been tackling this issue 
using a nondestructive 3D nanoimaging approach that exploits 
the high penetrating power of hard X-rays and the high sensitiv-
ity of phase contrast imaging. Results from the initial experiment 
will be presented, along with the discussion of  implications for 
understanding the structure and formation of interstellar grains, 
ice and dust agglomeration in the early solar nebula, and the ori-
gin and evolution of comets. New opportunities will also be dis-
cussed to investigate both presolar grains in situ in host IDPs and 
cometary structure and evolution at the fundamental level. 
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