
THERMAL ANALYSIS OF LABILE TRACE ELEMENTS IN CM AND CV CARBONACEOUS

CHONDRITES USING INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRY. D. S. Lauretta1 , B.
Klaue2, J. D. Blum2, and P. R. Buseck1, 1Arizona State University, Dept. of Chemistry & Biochemistry, Dept. of
Geological Sciences, Tempe, AZ 85287-1604, USA (lauretta@asu.edu), 2University of Michigan, Dept. of Geologi-
cal Sciences, 425 E. University Ave, 2534 CC Little Building, Ann Arbor, MI 48109, USA.

   Introduction: Analyses of volatile trace elements in
meteorites can provide information about condensation
processes in the solar nebula, and element redistribution
during thermal and aqueous alteration of parent aster-
oids. Certain labile elements are highly volatile during
primary nebular condensation and highly mobile during
post-accretionary aqueous processes, metamorphic
heating or shock events [1]. Little is known directly
about labile trace element siting, because determina-
tions of these elements normally involves bulk analyses
of either pristine or experimentally heated samples, e.g.
[2]. We have developed a technique to simultaneously
measure the thermal release profiles of a suite of such
elements by coupling a programmable tube furnace to a
single-collector ICP-MS, which allows us to determine
the temperature range over which each element is re-
leased. This technique was first used in our measure-
ments of the isotopic composition of Hg in meteorites
[3,4].
   Methods: Clean, interior samples of the CV chon-
drites Allende, Vigarano and Mokoia and the CM chon-
drites Murchison, Murray, Nogoya, and Cold Bok-
keveld were obtained by grinding away fusion crust
with a high-speed diamond sanding wheel and immedi-
ately isolating interior pieces. These pieces were disag-
gregated under clean-room conditions to obtain un-
contaminated material from the center.
   Thermal release profiles were determined by coupling
a furnace to an ELEMENT (Finnigan MAT, Bremen, Ger-
many) single-collector, magnetic-sector ICP-MS. The
furnace consisted of a 22 mm (ID) thin-wall, quartz
glass tube, which was wrapped with high temperature
ceramic beaded Ni-ChromeV resistance wire over a
length of ~10 cm. In the middle of the heated area a 6-
mm ID quartz glass thermowell was inserted, holding a
calibrated, type-K thermocouple.
   Small (1-100 mg) aliquots of powdered meteorites
and standards were placed in glazed porcelain boats
(5x7 mm) in the isothermal region of the furnace. The
samples were heated from room temperature to 900 oC
along a linear temperature ramp over 25 minutes under
an Ar atmosphere. We used a low mass-resolution
mode (M/∆M(5%)= 400) to measure the intensity of a
suite of trace elements (Zn, As, Se, Cd, In, Sn, Sb, Te,
Pt, Hg, Au, Tl, Pb, Bi) and a medium mass-resolution
mode (M/∆M(5%)=4000) to monitor the release of
196Hg, 198Hg, 32S, and 35Cl.
   Results: The results of the experiments are summa-
rized in Figure 1, which shows plots of the fraction of
each element released vs. temperature and is cumula-
tive. The S-release profile is superimposed on the trace
element plots as a black curve.

   We consider each meteorite individually:
   Allende: During the experiment with Allende, Hg was
the first element to be liberated from the meteorite. The
Hg release profile contains two distinct peaks at 215
and 330 oC. Small amounts of Se and As are released at
411 oC. There are also two peaks in the Cd release pro-
file at 673 and 756 oC. All other elements are released
above 900 oC.
   Mokoia: The release profile of Hg from Mokoia also
has two distinct peaks, at 273 and 330 oC. A significant
amount of As is released at 404 oC, accompanied by
some Se. There is a peak in the Cd release profile at 709
oC. At 815 and 830 oC, Tl, In, Bi, Pb, Te, Se, Sn, Sb,
and Au are released, correlating with a peak in the S
release profile.
   Vigarano: Hg is released from Vigarano at 256 and
348 oC, similar to the other two CV chondrites. There
are also peaks in the thermal release profiles of As, Se,
and S at ~400 oC. The release profile of Cd contains a
small peak at 674 oC. All other elements are released
above 900 oC.
   Murchison: The Hg release profile contains one,
large peak  at 349 oC which correlates with a peak in
the S profile. There are only small peaks at 390 oC in
the Se and As profiles. A large Cd peak occurs at 697
oC.  There are also peaks at ~880 oC in the Tl and In
profiles. All other elements are released above 900 oC.
   Murray: The release of Hg is variable in different
experiments. One or two peaks occur in the profiles.
The second peak, at 346 oC, is always present. There are
small peaks at 383 oC in the Se and As profiles. A large
peak at 730 oC occurs in the Cd profile. All other ele-
ments are released above 900 oC.
   Nogoya: Nogoya also produces Hg release profiles
with one or two peaks. The higher temperature peak
(324 oC) is always observed. As and Se are released
simultaneously at 418 oC. The Cd peak is sharp and
occurs at 743 oC. Tl and In are released at 875 oC.
   Cold Bokkeveld: The single peak in the Hg profile
(294 oC) correlates with a smaller Au peak (Hg/Au
~104.8). There are large peaks in the As, Se, and Sb pro-
files at 423 oC. Sn is released at 560 and 650 oC. The
shape of the Cd peak is sharp, similar to that observed
from Nogoya, and occurs at 760 oC. All other elements
are released above 900 oC.
 Discussion: There are several interesting observations
to be made from these data. The Hg release profiles
contain one or two peaks. The higher temperature peak
correlates with a peak in the S profiles. The first peak
may represent adsorbed or intergranular Hg and the
second Hg in HgS. As and Se are consistently released
at ~400 oC, although with variable ratios. Release of
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these two elements correlates with that of S. A large
amount of Sb is also released from Cold Bokkeveld at
this temperature. The release of Cd occurs at 700 oC
from every meteorite studied. Since some these mete-
orites have experienced intense aqueous alteration [5],
the invariability in Cd release patterns suggests that it is
sited in a phase that is unaffected by this process.
  There are no elements released from the CV chon-
drites between 450 and 600 oC. This temperature range
is similar to that determined for the maximum reached
during thermal alteration [6]. Elements released below
450 oC from the CVs most likely recondensed after
metamorphism. Release from CM chondrites between
450 and 600 oC increases with degree of aqueous al-
teration (CB > Nog > Mry > Mch), suggesting that
these elements were mobilized on the parent body.
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Figure 1: Graphs showing the
thermal release profiles of labile
trace elements (colored) overlain by
that of S (solid black line). The y-
axis represents the normalized frac-
tion of each element released at a
given temperature. The total area of
each element’s plot does not corre-
late with total abundance, but in-
stead sums to unity.
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