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VOLATILES IN FOURTEEN INTERPLANETARY DUST PARTICLES: A 
COMPARISON WITH CI AND CM CHONDRITES. R. Bustin, Chemistry Dept., 
Arkansas College, Batesville, AR 72501, E.K. Gibson, Jr., SN4 Planetary Sciences, 
NASA-JSC, Houston, TX 77058 and S.J. Wentworth LESC, NASA-JSC, Houston, TX 77058. 

In an attempt to classify the nature of volatiles within interplanetary dust particles 
(IDPs) we have studied 14 IDPs using a laser microprobe/mass spectrometer (LM/MS)technique. 
Volatile abundances and distributions found for the IDPs are compared with those measured for 
carbonaceous chondrites in order to determine if the IDPs are related to the parent bodies of 
these primitive meteorites (See Gibson. 1992 for review of volatiles associated with IDPs). 

IDPs and wbonaceous chondrites have been analyzed using the techniques of Hartmetz et 
aL(2-4). Individual IDPs and pieces of CI, CM and CV wbonaceous chondrites similar in size 
have been mounted on gold foils, cleaned by rinsing with h e m e  and freon to remove silicone oil 
from the IDPs. Particles have been further cleaned by treatment with an atomic oxygen plasma. 
Each particle analyzed has been subjected to EDX-SEM analysis to determine the composition of 
the particles prior to analysis; 13 of the 14 IDP particles were of chondritic composition, based 
on the similarity of their elemental compositions and those of chondritic meteorites, particularly 
the carbonaceous chondrites (Table 1). Individual samples are vaporized under vacuum using a 
Q-switched NdlYAG laser (1.06 microns) and the released volatiles directly analyzed with a 
quadrupole mass spectrometer. Spectral information obtained has been processed using the 
procedures of Hartmetz et al. (2-4). The IDPs used in this study were from the Large Area 
Collectors L2005 and L2006 flown aboard a NASA ER-2 aircraft during a series of flights that 
were made within west-central North America during the fall of 1989. 

The volatile abundances observed within the 14 IDPs varied dramatically from almost no 
volatiles (L2005B21) to what is considered volatile-rich (L2006A12) because of the presence of 
several hydrocarbon "families" in addition to species such as C, 0, CO, C02,  and COS. Table 2 
lists the indigenous volatile species found for the 14 IDPs studied. As noted earlier by Harmetz 
et al. (2-4) IDPs are porous and may retain silicone oil and/or freon residues from the collection 
devices or hexane used to remove the silicone oil from the surface; species is considered to be 
indigenous only if it does not occur in the mass spectrum of silicone oil, freon, or hexane. Nine of 
the 14 particles analyzed in our study are believed to be hydrated IDPs and five are anhydrous 
particles. Table 3 lists the major classes of volatiles which we have observed for all of the IDPs 
analyzed to date in our laboratory. 

One of the more unusual particles analyzed is L2006B16 which was observed to contain 
unusually large amounts of carbon in its EDX spectrum. Thomas et al. (5) noted a fragment of this 
sample contained between 40 and 50 wt. % carbon. Our analysis of the particle showed it 
contained a form of carbon which released essentially only CO during vaporization. We do not 
know if the carbon was graphite or another unusual variety of carbon. Trace amounts of sulfur- 
related volatiles were also observed. Particle L2006B16 is an unusual IDP as our analysis and 
those of Thomas et al. (5) have shown. 

To give some idea about how representative a 10-20 micron sized particle really is as 
compared to its parent body, small particles of Murchison (CM) and Orgueil (CI) were analyzed. 
There was considerable diversity in the volatiles released from individual 10 to 20 micron 
particles analyzed from the carbonaceous chondrites. The diversity is consistent with the 
heterogeneity observed by SEM/EDS. Some particles appeared to be only mineral grains (i.e. 
released only CO and C 0 2  from carbonates, or SO2 from sulfates, or CS2 andlor COS from sulfides. 
or OH or H z 0  from hydrated minerals); some panicles did not release volatiles typical of 
meteoritic volatiles, and others were fairly representative of the meteorite matrix as observed by 
Hartmetz et al. (4). All meteorite particles were not the same size. In most cases, the larger 
particles (20 micron-sized particles) gave spectra most similar to the parent meteorite. For both 
Orgueil and Murchison, a composite of all particles yielded a spectrum similar to that of the 
parent meteorite. Sulfur-bearing species, aliphatic hydrocarbon groups, polycyclic aromatic 
hydrocarbons, carbonates, and water were present in each of these. Based on the total ion 
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chromatograms, the IDPs had the least amount of total volatiles; small Murchison particles had 
only slightly more volatiles (1.15 times); and small Orgueil particles had about 2.3 times as much 
volatile materials as the IDPs. Direct analysis of the groundmass in an individual piece of 
Murchison with the LM9MS technique produced only 1.4 times as much volatiles as the IDPs, but 
the analysis of 40 to 50 micron-sized particles or Orgueil evolved 20 times as much volatile 
material as the IDPs. These results are in keeping with previous studies which noted volatile 
differences (4). 

In order to envision what a parent body containing all 14 or our IDPs might resemble, a 
composite spectrum was prepared. Backgrounds were subtracted and the resulting spectrum can 
be considered to give a representative spectrum of a possible IDP "parent body". The IDP 
composite spectrum is very much like the spectra obtained from the CM carbonaceous chondrite. 
The most obvious difference is the decreased intensity of the sulfur-related peaks. Although 
clearly present, the SO and SO2 peaks are much smaller for the IDP composite spectrum as 
compared to either the CM and CI spectrum. The composite IDP spectrum resembles the 
Murchison spectrum and may be another indicator that the IDPs parent body are related to the Chi 
carbonaceous chondrite-type parent bodies. 

Refemmes: (1) Gibsm E.K., Jr. (1%) .-. E3, 3865-3875; (2) Mmmctz 
et al. (1990) P-LPSC 343-355 ; (3) Hartmetz et al. (1991a) Rtoc. U t  J-PSCL 557-567.; 
(4) Harunetz et al. (1991b) -1st LPSC 

TABLE 1 EDXISEM ELEMENTAL ANALYSIS OF IDPs 

Particle Major and (Minor) Componmul 

LZOOSB21 Si. Fe, Mg, 0. (Al) 
L2005C21 Si. S. Mg, 0. Fe. C o  Na, Al 
L2005C24 Si. M& k, 0. Co (Al) 
L2005C26 Si. Mg. Fe. 0. (Ca). (Al). (Ni) 
L2005C28 S. Si. k. Mg. 0. (Al), (Ni) 
L2005C30 Si. Mg. Fe. 0. (Ca). (Ti). (A]). (Na) 
L2005D27 Si. M& 0. S. k. (Na). (Al). (Ca) 
L2005D34 Si. Mg, 0. Nr. Fe 
LZOO5E38 Si. Mg, k 0. (N1) 
LZOOSE39 Si. Me,. C Fc 0. (Na) 
L2006A6.7 C. Si. No (0) 
L2006A12 Si. Mg, 0 ,  k. (Ca), (0. ma), (All 
L2006A26 Si. C e  Mg, 0, k, C 
L2006B 16 Si, Mg. 0. k C 

'Elemental abundancu listed in order of abundma with minor 
amounu placed in parentheres. Sulfur abund.ncu arc difficult to 
know accurately because of the overlap of the sulfur peak with the 
strong background gold peak from Lhe wnple mount. 

527-539. (5) Thomas et al. (1993) this volume. 

Particle Volatile Components M a s u e d  within IDP 

C. CZHS. 02 S. S02. C5H6. W, W 7 .  W 5 C H 3  
O K  CZHS. C2H6. Cq or SO. CqK CSHS. C5H9. CgHg 

W 5 C H 3  
C. CH. and higher molecular weight hydmurbcm 
CH. OH. C5H7. CS2. W. W 7 ,  C ~ H I  I 
O K  C2H5, C2Hg. Kt!. CgHs. C5Hg 
c. c2H5, a SOW, cs2. (%& w 7 .  w 5 a 3 .  

C7H9. C7Hl1, C7H 16 
a 0 n C g n g  
OH.02orS.SO 
C. CzH5. C5H5. C5H6. C5H7 
C. OH. CzH5. COZ. C5H5. C5H6. CdI6 
C. CZHS. COZ. CSHS. CsH7. (22% 
NONB 
CO. SO 

TABLE 3. OVERVIEW OF VOLATILE SPECIES IDENTIFIED IN 2.9 IDPI 
------I__-____ -_ --------I ---- 
Little a No Large Amamt Carbonaceour Carbmua W n a  a Sulfm 
Indigenous of Indigam15 hiamid Hydroxyl S m  

Voluilu volllilu 

Samples listed are a composite of all the IDPs mrlyred via LM/MS technique and have been 
previously reported in (2-4) and this study. 
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