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Mineralogical changes, probably driven by hydrous fluids, occur within the UOCs, 
but are subtle and little documented. Furthermore, the meteorites involved need not be the 
lowest types on the petrographic sub-scale, 3.0-3.9, based on thermoluminescence [I]. 
Evidence of this alteration was found in five UOCs: the presence of smectite in Semarkona 
(LL3.0) and Bishunpur (LL3.1) [2], and post-accretion oxidation and C1- (f H20) 
metasomatism in Tieschitz (H3.6) [3-51, Sharps (H3.4) [4], Bishunpur [6] and Parnallee 
(LL3.6) [7]. The latter produces C1-bearing species such as chlorapatite, scapolite, 
nepheline or feldspathoid, and "white-matrix". We show that white matrix and altered 
chondrule mesostases in Tieschitz are enriched in F, C1, K, Rb and Ba, and describe new 
examples of alteration in Chainpur (LL3.4) and Parnallee. 
Tieschitz The bulk composition of white matrix resembles Bishunpur scapolite (Table 2), 
but TEM observations show that white matrix is not scapolite, but is dominated by a lamellar 
intergrowth of two unidentified phases [4], or, in some areas, nepheline [8]. Hutchison 
observed incipient alteration of chondrule mesostases [5] to a product physically and 
chemically resembling white matrix. We therefore analysed, by ion-probe, unaltered and 
altered mesostases co-existing in five porphyritic chondrules, plus three areas of 
interchondrule white matrix. All of the mesostases consist of glassy or cryptocrystalline 
material containing dendrites of Ca-pyroxene. In back-scattered electron images, "glassy" 
unaltered mesostases have smooth surfaces and are bright but altered mesostases appear 
blocky and dark. The presence of phenocrysts and dendrites throughout a chondrule 
precludes the possibility that different, immiscible liquids were involved. Chemical data are 
presented (Table 1) which show that, compared with unaltered mesostases, altered 
mesostases are enriched in F, C1, K, Rb and Ba. There is no enrichment in Na. 
Chainpur A radiating pyroxene chondrule was found to have altered mesostasis of two 
compositional types (Fig. 1, Table 2). One has high Si02 and C1 ( < 4.6 wt %), but lower 
Na20, but the reverse is true of the other. Both types tend to decompose under the electron 
beam, which may account for the low totals obtained. Similar low totals in Tieschitz white 
matrix were attributed to porosity [8]. The representative analyses do not correspond to 
mineral species, but the higher SiO, type is close to the composition of Bishunpur scapolite 
and Tieschitz white matrix. The mesostasis contains crystallites of Ca-pyroxene (Wo,,En,,) 
and may not be fully crystalline. 
Parnallee A barred chondrule comprises olivines (Fq2,,) intergrown with plagioclase 
(An,,,,) and minor pyroxene. At their margins, the feldspathic areas have partially altered 

to material with the composition of C1-bearing nepheline. Much of the feldspar is also 
deficient in Si. 
Conclusions Our observation of C1-bearing phases in Chainpur brings the number of UOCs 
in which secondary alteration has been recognised to six. These UOCs are of different 
chemical groups and petrologic types, so alteration probably was fairly widespread. 
In Tieschitz, at least, K, Rb and Ba were introduced into altered chondrule mesostases, so 
the fluid was enriched in these elements. The association of volatile Rb with refractory Ba 
indicates that the alteration was not driven by condensation or evaporation. This, and the 
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juxtaposition of white matrix with altered mesostases around the margins of chondrules, 
indicates that alteration was a parent body process. Transport presumably was accomplished 
by F, C1 and H,O. A genetic relationship between altered mesostases and white matrix [5] 
is confirmed by their high F, C1, K, Rb and Ba contents (Table 1). Relative to other UOCs, 
Tieschitz is depleted in Na and K. It is possible that although local elemental enrichments 
were produced, the bulk meteorite was leached. 
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Table 1: 
2U 2A 4U 4A 5U 5A 8U 8A 9U 9A A N  WM4 Wh19 WlMlO 

F 13.0 720 20.6 297 13.5 224 16.9 30.4 61.4 155 1.8-55 43.1 44.5 26.6 
CI 69.4 3267 666 5440 162 5223 1331 5708 99.5 4032 4.3-47 3706 3426 2379 
K 185 5868 538 2733 254 4589 597 4263 253 3646 5.1-32 5467 5261 5794 
Rb 1.44 7.08 0.77 3.57 0.87 5.25 0.38 10.8 2.19 9.82 4.5-28 9.54 8.71 10.0 
Ba 1.28 15.6 2.10 15.6 1.50 128 3.07 28.6 1.14 27.6 7.4-85 19.3 9.79 9.51 

Elemental abundances (ppm) in unaltered (U) and altered (A) mesostases, Tieschitz 
chondrules 2, 4, 5, 8 and 9. AIU is the range of values. WM4, WM9 and WMlO are 
interchondrule white matrix, near chondrules 4, 9 and 10. Data from the Washington 
University, St Louis, ion-probe. The absolute values may need correction, but the ratio AIU 
should be unaffected, indicating that all elements are enriched in altered relative to unaltered 
mesostatis. 

Table 2: 
C(a) C(b) B(sc) T(wm) 

SiO, 
AlzQ 
T i 4  
Feo 
MgO 
CaO 
Na20 
K20 
p 2 0 5  

C1 
Sum 

Representative analyses of C1-bearing materials. C(a) 
and C(b), WDS microprobe analyses of (a) Si- and 
C1-rich, (b) Si- and C1-poor mesostatis, Chainpur 
chondrule (Fig. 1). P(ne) EDS analysis, nepheline in Back-scattered electron image, 
Parnallee chondrule. B(sc) Bishunpur scapolite [6]. Chainpur RPx chondrule, with 
T(wm) Tieschitz white matrix [9]. mesostasis. H = 4 spots, high 

Si, C1; L = 3 spots, low Si, C1. 
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