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Introduction: New samples of solar system mate-

rial, and a growing synergy with astrophysical theory 
and observation and significant technical advances are 
enabling rapid progress in cosmochemistry. 

New Samples:  For the first time since the Apollo 
era, new samples of solar sytem material have been re-
turned to Earth by spacecraft.  

Stardust. The Stardust mission has been a spectacu-
lar success, having returned to Earth dust from comet 
Wild 2 and, perhaps, contemporary interstellar dust. 
Although only the results of the preliminary examina-
tion have been published to date [1], the character of 
dust from the most primitive body sampled so far have 
deepened our understanding of the early system. The 
key result, surprising to some and anticipated by others, 
is that much of the dust was processed at high tempera-
tures that can only be achieved in the inner solar system 
and transported by some means to the formation region 
of the comet, likely in the Kuiper Belt. 

Genesis. The Genesis mission sampled the Sun via 
the solar wind. Although it returned to the surface of the 
Earth rather more abruptly than planned, much progress 
has been made in cleaning samples. Neon isotopic data 
from a metallic glass collector flown on Genesis have 
profoundly changed our view of solar noble gas compo-
nents. Solar energetic particles are no longer needed to 
explain the lunar record of solar noble gases [2]. The 
most highly anticipated result of Genesis, the oxygen 
isotopic composition of the Sun, may be achieved 
within a year. 

New Techniques:  There has been significant pro-
gress in a number of analytical techniques in recent 
years. 

Multicollector mass spectrometry. The development 
of multicollector inductively coupled plasma mass spec-
trometry has revolutionized early solar system chronol-
ogy, leading to the development of new short-lived 
chronometers, such as 182Hf-182W, as well as extending 
26Al-26Mg chronometry to samples with lower Al/Mg 
and greatly increasing precision of Mg isotopic analysis. 
Timescales as short as 20,000 years are now being dis-
cussed for CAIs formed >4.5 My ago [3]. The multicol-
lector technique has had a similar impact on ion micro-
probe analyses, with high precision 26Al-26Mg internal 
isochrons now being obtained on minerals with 
Al/Mg<10 [e.g., 4]. Careful chemistry and the high pre-
cision allowed by multicollector thermal ionization 
mass spectrometry have now pinned the absolute age of 
CAIs, and, by extension, the solar system with spectacu-
lar precision, 4,567.11±0.16 Ma [5].  

Ion microprobe. In addition to multicollection, im-
provements in spatial resolution through new instru-
ments (NanoSIMS) and new imaging detectors ion mi-
croscope-type instruments have led to new discoveries, 
such as presolar silicates [6], early solar system water 
enriched in heavy oxygen isotopes [7], and other un-
usual oxygen isotope components [e.g., 8]. 

Resonant ionization mass spectrometry (RIMS). The 
use of lasers to resonantly ionize atoms sputtered or 
ablated from a surface allows very high sensitivity and 
practical elimination of isobaric interferences. This 
technique has mostly been applied to presolar grains and 
has led to: (1) the recognition of nearly pure s-process 
Zr, Mo, Ru and Ba [9,10]; (2) the inferred presence of 
99Tc in presolar SiC, cementing their origin by s-
process nucleosynthesis in low mass asymptotic giant 
branch stars [10]; and (3) recognition of a new nucleo-
synthesis mechanism likely caused by neutron bursts 
during supernova explosions [11,12]. 

Electron microscopy. The use of focused ion beam 
(FIB) sectioning techniques has allowed extension of 
transmission microscopy to samples not easily sectioned 
by ultramicrotomy. This technique has been used to 
study mineralogy and petrology of presolar grains and 
Stardust cometary dust. 

Synchrotron x-ray sources. Synchrotron x-ray fluo-
rescence has been particularly useful in studying inter-
planetary dust particles and is being widely applied to 
Stardust cometary samples [e.g., 13]. The synchrotron 
also is enabling studies of transition element valence in 
solar system materials, which can be used to infer oxy-
gen fugacity in the early solar sytem [14]. 

Astrophysics: The fields of astrophysics and cos-
mochemistry are profoundly influencing one another. 
The detailed record of chronology and physicochemical 
conditions preserved in meteorites and their components 
is shaping models of events in the early solar system. 
New observations of young stellar stars and disks with 
the Spitzer spacecraft and other advanced instruments 
are becoming available. Presolar grains are not only 
deepening our understanding of stellar nucleosynthesis 
but their survival in the solar system constrains thermal 
histories in the solar nebula. 

Summary: This is an exciting time in cosmochem-
istry, with new observations and ideas that are continu-
ally challenging the conventional wisdom on the early 
history of the solar sytem. 
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