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Introduction:  Analyses of volatile trace elements 

in meteorites can provide information about low-
temperature condensation and evaporation processes in 
the solar nebula and element mobilities during secon-
dary alteration on meteorite parent asteroids. Our initial 
studies of the thermal release patterns of labile species 
identified seven elements released in significant abun-
dances below 900 oC from CV and CM carbonaceous 
chondrites: S, As, Se, Sb, Te, Cd, and Hg. We have con-
tinued our study of thermally labile elements in primi-
tive meteorites and expanded the suite of meteorites to 
include members of the CI, CO, LL, L, and H chondrite 
groups. 

Methods:  The experimental setup is similar to that 
described previously [1]. Thermal release profiles were 
determined by coupling a furnace to an ELEMENT2 
(ThermoFinnigan, Bremen, Germany) single-collector, 
magnetic-sector ICP-MS. We introduced Y as an inter-
nal standard to allow direct comparison of the amount 
of each element released from the meteorites. A mem-
brane desolvation unit (ARIDUS, CETAC) was used to 
provide a dry yttrium nitrate aerosol, which was mixed 
with the sample gas prior to introduction to the tube 
furnace. The abundance of Y introduced into the plasma 
remained constant throughout the experiment. 

Clean, interior samples of the CI chondrite Orgueil, 
the CO chondrites Kainsaz, Ornans, and Isna, the CV 
chondrite Grosnaja, the LL chondrites Parnallee and 
Chainpur, the L chondrite Gold Basin, and the H chon-
drite Supuhee were obtained by physically removing any 
fusion crust and immediately isolating interior pieces. 
The meteorites were gently crushed under ethanol to 
obtain uniformly-sized powders. 

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 20 minutes under 
an Ar atmosphere. We used a low mass-resolution 
mode (M/∆M(5%)= 400) to measure the intensity of a 
suite of elements (34S, 75As, 77Se, 111Cd, 121Sb, 125Te, 
and 202Hg,) as a function of temperature. 

Results: CO chondrites: We studied three CO chon-
drites: Kainsaz (CO3.1), Ornans (CO3.3), and Isna 
(CO3.7). The Hg-release profiles of Kainsaz and Or-
nans have a single maxima. The Hg-release profile of 
Isna is more complex, with at least four distinct 
maxima between 100 and 400 oC. The release of As, Se, 
Cd, and Sb from Kainsaz peaks between 300 and 400 
oC. A small amount of Te is also released at this tem-
perature. Kainsaz is the only meteorite analyzed from 

which Cd is released below 600 oC. In Ornans, As is 
released between 300 and 400 oC. Isna releases Sb be-
tween 350 and 550 oC. The peak release temperature 
for Cd and Te occurs above 900 oC in all three CO 
chondrites, suggesting that they are contained in the 
bulk sulfide phase (troilite).  

CI chondrites: We studied the CI chondrite Orgueil. 
There are three distinct peaks in the S-release profile 
from Orgueil, at 250, 500, and 650 oC. There is signifi-
cant Se released with S at 250 oC. As, Se, Cd, Sb, and 
Te are all released with S at 650 oC. The Hg release 
profile contains two distinct maxima, at 225 and 350 
oC, and is similar to that observed from the CV chon-
drites [1].  

Ordinary chondrites: We studied four ordinary chon-
drites: Chainpur (LL3.5), Parnallee (LL3.6), Gold 
Basin (L4), and Supuhee (H6). The S-release profile of 
Chainpur has a maximum at 350 oC, which correlates 
with release of As and Se. There are maxima in both the 
Se and Te release profiles at 750 oC. There is one 
maximum in the Hg-release profile at 250 oC. In Par-
nallee, there are maxima in the As and Se release pro-
files at 350 oC. Hg is released at 225 oC. As, Se, Cd, Sb, 
and Te have maxima in their release profiles above 900 
oC, suggesting that they are contained in the bulk sul-
fide phase. 

We analyzed Gold Basin, in anticipation that this 
would represent the most extreme case of terrestrial 
contamination, as a result of its long terrestrial expo-
sure time of 15,000 years [2]. The material was chosen 
from the interior of the sample and visible carbonate 
material was avoided. The powder was a reddish-
brown, in constrast to the dark black or grey of the 
other meteorites analyzed. This sample is the most Hg-
poor meteorite analyzed. Only a small amount of Hg is 
released at 225 oC. There is no low-temperature release 
of any of the other elements analyzed. As, Se, Cd, Sb, 
and Te have maxima above 900 oC. 

We confirmed the prior result that Supuhee is an ex-
tremely gas-rich chondrite [3]. We only had a small 
amount of this meteorite and were only able to retrieve 
~10 mg of clean material for analysis. Even with such a 
small sample, we observed significant Hg release from 
the meteorite, with maxima in the Hg-release profile at 
225, 250, and 325 oC. The bulk abundance of Hg in 
Supuhee is 8 ppm. There is also a maximum in the As 
release profile at 300 oC. As, Se, Cd, and Sb are con-
tained in the bulk sulfide phase.  

We added Grosnaja (CV3.3, oxidized) to the CV 
chondrites analyzed previously. The release profiles 
from this meteorite confirm the trend determined last 
year that As and Se are released at 350 oC without any 
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Te. This behavior is distinct from that of the reduced 
CV chondrite, Vigarano, which has significant Te re-
lease at this temperature in addition to As and Se.  

Discussion: Hg is the first element that is released 
from the meteorites during heating. Its release corre-
lates with that of S, indicating that HgS is the main car-
rier of this element. The thermal release profile of Hg 
varies among the different meteorites (Figure 1). In all 
meteorites Hg is released by 400 oC. Gold Basin is ex-
tremely poor in Hg, with a bulk abundance of 0.1 ppb. 
The low abundance of Hg and the lack of a low-
temperature host phase for the other labile elements 
suggests that terrestrial weathering may leach these 
elements from meteoritic material. 

We now have abundant evidence for the presence of 
a low-temperature phase that serves as a host site for 
As, Se, Sb, Te, and (rarely) Cd in a variety of primitive 
meteorites. Of all the meteorites analyzed in this study 
and our prior work [1], only Gold Basin does not show 
any evidence for this phase.  

The relative abundances of As, Se, Sb, and Te in this 
low-temperature phase is highly variable. There is a 
strong correlation between As and Se low-temperature 
release in Vigarano, Kainsaz, Chainpur, and Parnallee. 
However, in some meteorites (Grosnaja, Murchison, 
Orgueil) only Se is released and in others (Ornans and 
Supuhee), only As is released.  

There is also a correlation between the release of 
these trace elements at low-temperature and maxima in 
the S-release profiles, suggesting that these elements are 
sited in a sulfide phase. However, it is clear that this is 
not troilite (FeS), since this material does not release 
significant S below ~900 oC. There is evidence to sug-
gest that these elements are contained in troilite as well 
as the low-temperature phase. 

Future work will focus on identifying this host 
phase using scanning electron microscopy coupled with 
laser ablation ICP-MS. We are also developing a ther-
modynamic model to constrain the environmental con-
ditions that produce fractionation of As, Se, Sb, and Te 
between sulfide phases and more oxidized mineral as-
sembalges.  
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Figure 1. Hg release profiles as a function of tempera-
ture. All meteorites release their Hg at temperatures 
below 400 oC. There is significant variation in the 
structure of the release profiles, with Hg release occur-
ring in one or two distinct peaks. The x-axis is linear 
with time. The heating rate deviated from linearity be-
tween 800 and 900 oC. 
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