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THE CHEMICAL COMPOSITION OF SEMARKONA MATRIX: IMPLICATIONS FOR FORMATION 
AND AQUEOUS ALTERATION AND A COMPARISON TO HYDRATED IDPs; G. J. ~ lynn l ,  K. L ~ h o m a s ~ ,  
S. Bajt3, S. R. ~utton3, W. Kiocfl, and L c l a d .  1) Dept. of Physics, SUNYPlattsburgh, Plattsburgh, NY 
12901,2) Lockheed, Houston, TX 77058,3) Dept. of Geophysical Sciences, The University of Chicago, 
Chicago, IL 60637, 4) lnstitut fur Planetdogie, Westfalische Wilhelms-Universitat, 48149 Munster, Germany. 

To Investigate the formation and evolution of Semarkona matrix and Its relationship to hydrated 
lDPs we determined the major and trace element abundances and mineralogles of 24 samples of 
Semarkona matrix, each about 1 microgram in mass. The volatile llthophlle elements Na, K, and Rb 
are enriched to about 3.5xC1, and the Na, K, Rb, and Al contents are generally correlated, whlle the 
average volatile chalcophile and siderophile contents (Cu, Ga, Ge, Se, Zn, S, and Br) and carbon are 
depleted relative to CI. The Semarkona matrix element abundance pattern cannot be explained as 
simple dllution of material of CI composition by a refractory component, such as chondrule 
fragments. The addition of Ilthophlles, possibly during the aqueous alteration, Is required. 
Semarkona matrix Is both chemically and mineralogically distinct from the hydrated IDPs, thus 
previous suggestions of a genetic relationship between the two are not correct. 

The unequilibrated ordinary chondrite (UOC) Semarkona (LL3) was classified by Anders and Zadnik (1) as 
the most primitive UOC based on volatile element content. Similarities in grain size, mineralogy, and texture 
caused Alexander et al. (2), Thomas et a1.(3), and Hock and Staderrnann (4) to suggest genetic relationships 
between hydrated lDPs and Semarkona matrix. To investigate the formation and evolution of Semarkona 
matrix and its possible genetic relationship to hydrated IDPs, 16 fragments of matrix were handselected 
from a sample of Semarkona based on their dark, fine-grained, fragile appearance. The samples range from 
50 to 100 microns in size, and have typical masses of about 1 microgram. Major element abundances (C, 0, 
Na, Mg, Al, Si, S, K, Ca, Ti, Cr, Mn, Fe, and Ni) were determined in each fragment using a JEOL 35 Scanning 
Electron Microscope with a PGT thin window detector. Trace element (Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr 
and Zr) abundance ratios to Fe were then measured using the x-ray microprobe at the National Synchrotron 
Light Source and normalized using the Fe abundances. Results for 8 other Semarkona matrix fragments 
were previously reported (5). 

Chemical Composltlon of Semarkona Matrix 
The average chemical compositions of these two sets of Semarkona matrii samples are shown in Figure 1 

along with literature microprobe analyses for major elements (6) and trace dement abundances determined 
by INAA (7) on milligram samples of Semarkona matrix. Our NO sets of samples agree well with each other, 
showing the same pattern of enrichments and depletions. Iron is noticeably higher and Si somewhat lower 
in the set of 16 samples, due to the presence of two samples with very high Fe contents (60%) in this set. 
The general agreement between the averages of our two data sets and between these data sets and 
literature analyses on much larger samples suggests Semarkona matrii is relatively homogeneous on the 10 
microgram scale, but variations between individual samples indicate heterogeneity on the microgtam scale. 

The element abundance pattern in Semarkona is similar to CI for most refractory elements, however small 
enrichments in Al and Si, and depletions in Ca and Mg are noted. There is a general pattern of depletion 
relative to CI for all elements (except K, Na, and Rb) with nebula condensation temperatures lower than Cu 
(1 170 K) including the major elements C and S. Na, K, and Rb are each enriched to about 3.5 times CI. 

Formation and Evolution of Semarkona Matrix 
The volatile depletion in bulk CM, CV, and CO meteorites relative to CI is sometimes explained as a 

dilution of matrix of CI composition by volatile depleted material such as chondrules. A similar explanation 
could be offered for the volatile depletion in Semarkona matrii if it were to consist of a true matrix of CI 
composition diluted by chondrule fragments. To explain the depletions of C, S, Zn and Ge would require at 
least as much volatile depleted material as matrii. Fe-rich divines (Fa15 to Fa25) identical in composition to 
Semarkona chondrule olivines were found in our TEM examination of Sernarkona matrix, indicating some 
dilution of matrix by chondrule fragments has occurred. However, the majority of the silicates are smectites 
not olivines, thus the olivine abundance is inadequate to explain the observed volatile depletion. Evidence of 
dilution could have been destroyed if most of the chondrule fragments were altered to hydrated silicates on 
the parent body, however the Al, Na, and K contents of the smectites indicate they were not derived simply 
from chondrule olivine and water. Alternatively, the lower abundances of these volatiles may reRect 
condensation at a higher temperature than the CI meteorites, possibly in a different region or at a different 
stage of nebula evolution. 
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Hutchinson et al. (6) reported that smectite in Semarkona has relatively high contents of K and Na, and we 
previously suggested Rb may also be concentrated in the smectites (5). Figure 2 shows a relatively good 
correlation between Rb and Na abundances in the Semarkona matrii samples. K and Na and Al and Na are 
also correlated, suggesting A, K, Na, and Rb are all concentrated in the same phase, presumably smectite. 

The composition of Semarkona matrix is not consistent with a simple nebula condensation model for the 
matrix, since the vdatile lithophile dements are enriched to 3.5xCI but vdatile siderophile and chalchophile 
elements are depleted relative to CI. Grossman (7) suggested the high Na and K resulted from Semarkona 
matrix scavenging volatile lithophiles, but not volatile siderophiles, lost during chondrule formation, but the 
details of the mechanism responsible for this chemical selectivity remain undefined. Alternatively the high 
abundances of vdatile lithophiles may reflect the hydrous alteration of Semarkona matrix, with the fluid 
carrying Na, K, and Rb from other parts of the parent body. The transport of Na, K, and Rb on the 
Semarkona parent body would indicate a different aqueous alteration process than on the CI parent body, 
where closedsystem aqueous alteration which preserved the d a r  abundance pattern has been proposed. 

Comparison with Hydrated IDPs 
Twelve hydrated lDPs analyzed by Thomas et al. (8) had C abundances ranging from 2 to 22 wt.%, with an 

average carbon abundance of 13 wt.% (4xCI). The Semarkona matrix has a distinctly lower mean C content, 
with carbon < 1 wt.%. The trace volatiles (Cu, Zn, Ga, Ge, Se, and Br) are all present at abundances SCI in 
Semarkona matrix but enriched, typically by factors of 2 or 3 relative to CI, in unheated hydrated lDPs (9). 
The significant enrichments in Na, K, and Rb in Semarkona matrix have not been reported in most hydrated 
IDPs. Both the depletions of Se, Zn, and Br (7) and the enrichments of Na and K (6) are confirmed by 
independent measurements on larger samples of Semarkona matrix. These significant chemical differences 
between the hydrated lDPs and Semarkona matrix indicate that typical hydrated lDPs are not derived from 
the Sernarkona matrix or a parent body of similar composition. Mineralogical evidence supports this 
conclusion. The range of Ni contents of Semarkona matrix sulfides is much narrower than the range seen in 
the saponite lDPs (lo), and saponite compositions are different in Semarkona and IDPs. We cannot 
eliminate the possibility that rare, atypical hydrated lDPs are derived from the Semarkona parent body, but 
we have not identified any such samples. 
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Figure 1: Average element abundances In sets of 8 and 16 
Semarkona matrix samples of microgram mass compared with 
major element data from Hutchinson et al. (6) and INAA data 
from Grossman (7) on much larger samples. Grossman (7) 
indicates As and Ga are 'above CI levels' in matrix. 
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Figure 2: Correlation between the 
Na and Rb and Al and Na in 
Semarkona matrix samples. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


