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Introduction and technique. Abundances and
isotopic compositions of the labile chalcophile and
siderophile elements (in order of increasing
condensation temperature – Hg, Cd, Tl, In, Bi, Pb, S,
Te Se Zn Sn, Ge, Sb, Ga, Na, Ag, As, Au, Fe) in
primitive materials reflect low temperature gas-solid
interactions in the early solar system. Most of these
volatile, non-ice-forming elements are predicted to
initially condense as a trace element in the bulk metal
phase; others are transferred during metal
sulfurization [1, 2]. Because of their high volatility
and their mobility in aqueous systems, these elements
may be excellent indicators of the low-temperature,
thermal and hydrological processes experienced by
primitive chondritic meteorites and cometary
particles.

Here we present results using new, thermal-
analysis (TA-) ICP-MS technique. By coupling a
home-built inductively heated programmable furnace
with a high-resolution ICPMS, we are able to
simultaneously measure the thermal release profiles
of elements from small samples. This technique is
essentially an advanced thermogravimetry method.
Isotopically pure 200Hg spike solution supplied into
the furnace from cold-vapor generator is used to
optimize the system performance and as an internal
standard during heating experiments.

A series of heating experiments were performed
on a suite of CI, CM, CV, and CO carbonaceous
chondrites. Small aliquots of the meteorite powders
were heated from room temperature to 1100 °C under
an inert Ar atmosphere. For the external quality
control of the bulk chemical abundance of the trace
elements of interest we have use certified standard
reference materials JG-1 Granodiorite and JB-2
Basalt as well as the Allende meteorite reference
sample. Acid dissolution of both heated and pristine
aliquots of standards used as a control on the amount
of liberated material.These experiments allow us to
determine the bulk abundances of labile elements,
and their distribution among different (mostly S-
bearing phases).

Results. Typical element release profiles during
the heating experiments for different carbonaceous
chondrite classes are plotted in Fig.1.

CI chondrites (Orgueil) releases detectable
quantities of S over the entire temperature range with
distinct maxima at 250, 500, and 650 °C (Fig. 1a).
Low amounts of As and Sb are liberated. Significant

quantities of Se, Cd, Te, and Hg are detected with
correlated maxima in S, Se, and Te release profiles at
250 and 500 °C. The release of S, As, Se, Cd, and Te
reach maxima at 650 °C.

CM chondrites continuously release S at
temperature greater than 100 °C. There are maxima
in the S-release profiles at 300°C and 600 °C (Fig.
1b). They release small amounts of As above 700 °C
with maxima at 400 °C. Selenium is released
continuously from the CM chondrites at temperatures
above 200 °C with maxima at 400 °C. There are
maxima in the Cd-release between 700 and 800°C.
Antimony and Te are released at low levels
throughout the entire duration of the experiments.
There are sharp peaks in the Te-release at 725 °C.

CV chondrites release significantly less S
compared to the CM chondrites There are two
maxima in the S-release profile from Allende (CV)
and Grosnaja (CV) at 320 and 420 °C. Continuous S
release occurs above 500 °C. Sulfur release from
Mokoia (CV) begins at 200 °C with a maxima at 500
°C. Vigarano (CV, Fig. 1c) is distinctly different. The
majority of S is released at 400 °C and continues to
release throughout the experiment. The maxima in
the S release profiles from Allende (CV), Mokoia
(CV), and Grosnaja (CV) correlates with ones in the
As and Se profiles. The maxima in the Vigarano
(CV) S-release profile is perfectly correlated with
those in the As, Se, and Te profiles. There are peaks
in the Cd release profiles from Allende, Mokoia, and
Vigarano between 675 - 700 °C.

CO chondrites do not release detectable amounts
of S below 500 °C (Fig. 1d). The release of As, Se,
Cd, Sb, and Te reach maxima between 300 and 400
°C from Kainsaz (CO). The release pattern from
Ornans (CO) is distinctly different. Very little
material is liberated below 800 °C. The release of S
and Se is correlated. Isna (CO) releases Se, Sb, and
Hg at low T and has a S-release pattern that is similar
to Kainsaz. It releases Sb between 350 and 550 °C.
The peak release for Cd and Te occurs above 900 °C.

Interpretation and application to Stardust.
There is a low-temperature S-bearing phase in the CI,
CM, and CV carbonaceous chondrites, which is
absent in the CO chondrites. These results place
constraints on the origin and thermal history of
volatile elements in these meteorites. The bulk
abundances are the result of condensation processes
in the solar nebula. Subsequent alteration on the
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meteorite parent bodies likely redistributed the trace
elements into low-temperature phases. This
redistribution had a significant effect on the rate and
extent of volatile loss during thermal metamorphism.

Since the amount of the material required for
analyses is very small and techniques is non-
destructible with respect to silicates and metals, it can
be applied to Stardust particles prior to other
chemical and isotopic analyses. Moreover, labile

  elements are excellent indicators of the heating
and volatile loss experienced by Stardust  samples as
they passed through the aerogel. Investigation of the
volatile abundances along the particle tracks may
help to determine the order in which different trace
elements were released and a degree of heating.
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Figure 1. Thermal release profiles for 1a Orgueil (CI), 1b Murchison (CM), 1c Vigarano (CV) and Kainsaz CO)
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