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Five carbonaceous chondrites, Allende CV3, Coolidge CV4, Felix C03, Murchison CM2, 
and Orgueil CI1, have been examined for in situ volatile elements (H, C, N, 0, and S) and their 
simple molecules at the 30-50 micron scale using a laser microprobe/mass spectrometer. 

Individual 1 mm grains of Orgueil, along with larger pieces of Felix and Coolidge (-0.5 
cm2), and Murchison and Allende (-1 cm2) were analyzed with a Q-switched, Nd-glass laser 
(energy input of 0.1 - 1 .OJ)/mass spectrometer system. Samples were mounted on small aluminum 
disks, using Torr SealB, with a freshly broken interior surface exposed. Exceptions were, 
Orgueil where individual grains were used and Coolidge where a sawed and weathered surface 
was analyzed. Each meteorite was "zapped" at least 40 times. For the Felix sample, all 40 "zaps" 
were into homogeneous matrix material. For Murchison and Allende the analyses were 
performed on a variety of mineral assemblages: dark fine-grained matrix, white inclusions, 
reddish inclusions, porphyritic chondrules, dark "chondrules-like" spheres, barred olivine 
chondrules, black "glass", and two sulfide phases. The term in quotations indicate uncertainty, 
i.e. no x-ray data were performed which prove that the Allende's black phase is a glass. The 
mass spectra from selected meteorites and phases are compared in Figs. 1-4. 

The major volatiles released from the carbonaceous chondrites examined in this study 
include elemental C, 0, and S, and the molecules OH, H20,  C2H2 (possibly CN), CO, O2 (minor 
S ) ,  H2S, CO,, COS, CS,, various hydrocarbon fragments (m/z=13, 15, 39, 41, 55, 56, 57), and 
aromatic hydrocarbons (m/z=78 and 91). The largest amount of total volatiles were released 
from Orgueil, while Allende contained the least. The ratio of total volatiles released from 
Murchison, Coolidge, Felix, and Allende compared to Orgueil (Orgueil-1) were 0.9:0.54:0.5:0.37, 
respectively. Orgueil contains twice the amount of H p  as Murchison, seven times that in 
Coolidge, twenty-seven times that in Felix, and forty-eight times that in Allende. The high 
abundance of H 0 in Orgueil and Murchison are thought to be the result of aqueous alteration 
on their parent todies, while the large abundance of H 2 0  in Coolidge (a find) is probably the 
result of terrestrial weathering. Orgueil and Murchison contain more C than the other 
carbonaceous chondrites but released less hydrocarbons than the other samples studied. This 
suggests that secondary carbonates (found in both meteorites) and whewellite [Ca(C20,)'H,0] in 
Murchison (3) probably formed at the expense of hydrocarbons via aqueous alteration that 
occurred on the parent body. Orgueil and Murchison were found to contain ubiquitous sulfides 
and/or elemental sulfur (presence of COS and CS2 in the data indicate this), Allende contains 
localized and relatively pure sulfide phases, while Felix and Coolidge did not contain significant 
amounts of sulfur species. The sulfides in Allende have similar release patterns (large release of 
CS,, lesser amounts of H2S, COS, SO, SO,, and S) as seen for terrestrial sulfides examined in 
the same manner (4). Within Allende and Murchison phases were located that contained 
considerably less total volatiles than the other phases in the meteorite. A large (-0.5 cm) white 
inclusion in Allende, probably a CAI, contained the least total volatiles of any phase or 
meteorite studied. For example, the CAI contained 338 times less CS2 than the sulfide phase, 
less H 0, and about half the C compared to other Allende phases. The low volatile inventory of 
this paase suggests that it is of high-temperature origin (5). Small (-1 mm) dark spherical 
"chondrule-like" objects were found in both Allende and Murchison. Their volatile release 
patterns were remarkably similar, both contain less total volatiles than the other phases within 
each type of meteorite (except Allende's CAI) and less sulfide components than the other 
phases. Allende's dark chondrules contain -7 times less H 2 0  than other Allende phases while 
Murchison's dark chondrules have similar H 2 0  abundances as the other Murchison phases. 

The laser microprobe/mass spectrometer analytical technique is useful for determining the 
abundances of the volatile elements and compounds in meteorites at the 30-50 micron size. The 
technique is capable of in situ extraction and analysis of microvolumes of gases at preselected 
areas within meteorites. The processes of aqueous alteration on Orgueil and Murchison, 
terrestrial weathering on Coolidge, and thermal metamorphism in Allende are reflected in their 
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volatile release patterns. Relatively pure sulfide phases, and a CAI, which was determined to be 
of high temperature origin, in Allende were also identified and studied. Similar high 
temperature phases within Allende and Murchison (dark chondrules) were described and their 
volatile release patterns were found to be strikingly similar. The ubiquitous presence of sulfur 
compounds in Orgueil and Murchison was noted and is suggestive of aqueous alteration of the 
parent body with sulfur-rich fluids. 
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*rr 1. A Plot of relative abundance vs. mass over charge for Orgueil Figure 2. A plot of relative abundance vs. mass over charge for 
(untilled ban), Felix (shaded bars). and AUende (filled bars). The top AUende's black 'glass' bars), sulfide phase (shaded bars), and 
of each type of bar indicates the mean value for the relative abundance. CAI (filled ban). The top of each type of bar i a d i c a t ~  the mean value 
Note the -tic difference between the abundance of H20 in Orgueil for the relative abundance. Note the large release of sulfide components 
compand to Felix and Allende. Murchison's mars spectrum is almost from the sulfide phases (m/z-76, CS, in the sulfide phase is 338 times 
identical to that of Orgueil and therefore is not shown. that released from the CAI). 

Figure 3. A plot of relative abundance vs. mass over charge for Rgurc 4. A plot of relative abundance vs. mass over charge for 
Murchwn'r matrix (unfilled bars), white inclusions (shaded bars), and Coolidge's weathered surface (unfilled ban). freshly broken surface 
dark chondruks ( T i  bars). 'Ihe top of each type of bar indicate the (shaded bars), and sawed surface (filled ban). The top of each type of 
mern value for the relative abundance. Note the lack of sulfide bar indicates the mean value for the relative abundance. Note the effect 
componentr in the d u k  chondrules, the only Murchhn  p w  t h t  does of terrestrial weathering on the ounide surface of Coolidge (unfilled 
not haw sulfide in it. bars), often an order of magnitude incnase in volatila is observed. 
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