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We suggested earlier that nearly all of the matrix and the margins of chondrules in Allende were 
converted to phyllosilicates which were subsequently dehydrated [I]. To test this model, we have studied two 
moderately altered (Type B, [I]) Allende dark inclusions and Allende host by optical microscopy, scanning 
electron microscopy and electron microprobe analysis. We infer from our new data that hydrothermal 
alteration of dark inclusions after accretion caused various degrees of replacement of the original matrix 
material, chondrule rims, chondrules and isolated forsterite grains by phyllosilicates, formation of secondary 
sulfide rims around replaced chondrules and isolated forsterites, and redistribution of Ca, Fe, Mg, Si, Na, and 
Mn. Subsequent dehydration of phyllosilicates (saponite and serpentine) produced fayalitic olivine rims 
around forsterite grains, plate-like olivines and anhedral nepheline grains which typically enclose plate-like 
fayalitic olivines in matrix, chondrule rims and replaced portions of chondrules and forsterite grains. Veins 
consisting of fayalitic olivine, hedenbergite and andradite were formed at the same time. The compositional, 
textural and mineralogical similarities between fayalitic olivine rims and matrix olivine in DIs and Allende 
host and the presence of fayalitic veins in Allende confirm our earlier suggestion [ l ]  that Allende experienced 
hydrothermal alteration and subsequent dehydration. 
INTRODUCTION. Isolated forsterite grains and forsterite phenocrysts in chondrules in the Allende 
meteorite are surrounded by fayalitic olivine rims ( F a 3 4 ;  Allende matrix olivine has a plate-like 
morphology and relatively narrow range in composition (Fa35.50). Both textural varieties of fayalitic olivine in 
Allende have been interpreted as condensates from a highly oxidized (H20/H2 - 0.1-1) solar nebular gas [4- 
81. Based on our preliminary studies of dark inclusions and those by Kojima and Tomeoka [2,3], we 
suggested that Allende experienced intense aqueous/hydrothermal alteration and subsequent dehydration on 
the CV3 asteroid [I]. Because hydrothermal alteration affected many type 3 ordinary and carbonaceous 
chondrites, we infer that other chondrites may contain fayalitic olivines of similar origin. To test our model 
for CV3 chondrites and characterize the mechanism of hydrothermal alteration and dehydration processes in 
Allende (e.g., precursor materials, temperature, mineralogical and chemical changes in matrix, chondrules 
and CAIs), we studied the isolated forsterite grains, chondrules and matrices of two moderately altered (Type 
B, [I]) DIs in Allende by optical microscopy, SEM and EPMA. 
RESULTS AND DISCUSSION.The two moderately altered Allende DIs are composed of isolated 
forsterite grains and chondrules, embedded in an Allende-like fine-grained matrix consisting of plate-like 
fayalitic olivines. Matrix olivines show a narrow compositional range (F%, MnO 0.28s.03, CaO 0.18N. 1 1, 
A1203 0.89f0.63, Cr203 0.18f 0.1 1 wt.%, n=45.). All isolated forsterites and forsterite phenocrysts in 
chondrules are surrounded by continuous fayalitic rims which are texturally and compositionally similar to 
those in the Allende host, indicating that they have similar origins. Isolated forsterites and forsteritic cores in 
chondrules are surrounded by translucent zones which we interpret to be products of hydrothermal alteration 
and dehydration. They consist of anhedral and subhedral plate-like fayalitic olivines and are surrounded by 
opaque, fine-grained rims. Fayalitic olivines in the translucent zones and fayalitic rims are compositionally 
identical (Fam, MnO 0.28f0.04, CaO 0.16N.10, A12C3 0.74fl.48, Cr203 0.36N.18 wt.%, n=101). Our 
interpretation is based on these compositional similarities and textural observations, including (a) multiple 
forsterite grains whlch are in optical continuity and, hence, are parts of a single crystal, and surrounded by 
continuous fayalitic rims (Fig. 1) and translucent zones, (b) overgrowths of fayalitic rims by plate-like 
fayalitic olivines of the translucent zone, and (c) presence of chondrule pseudomorphs consisting entirely of 
secondary fayalitic olivine. We conclude that fayalitic olivine rims and fayalitic olivines in translucent zones 
formed at the same time by the conversion of isolated forsterites and forsterite phenocrysts in chondrules to 
phyllosilicates which were subsequently dehydrated to form fayalitic olivine. 

The partially and completely altered chondrules are surrounded by opaque, fine-grained rims. These 
rims consist largely of plate-like fayalitic olivines which are smaller than those in the matrix and altered outer 
zones of chondrules. Some plate-like fayalitic olivines in the matrix, chondrule rims, and replaced portions of 
the chondrules and isolated forsterite grains are enclosed in the anhedral nepheline grains, similar to those 
observed in Allende matrix [9, 101. These observations indicate that the original fine-grained chondrule rims 
were replaced by plate-like fayalitic olivines and nephelines during the alteration of chondrules and isolated 
forsterites. The similarities in textures and mineralogy of plate-like fayalitic olivines in matrix, chondrule 
rims and the replaced portions of the chondrules and isolated forsterites, and the presence of fayalitic veins 
which crosscut altered chondrules, chondrule rims and extend into the matrices of DIs [2, 3, this study] 
suggest that the alteration took place after accretion of the DIs. The observed differences in grain sizes and 
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contents of Fa and Cr203 of the matrix olivines (Fa-, 0.18kO.11 WL% Cr203) and fayalitic olivines which 
replaced chondrules and isolated forsterites (Faw, 0.36M.18 wt.% Cr203) probably reflect the differences in 
mineralogy and chemistry of the original phases which were replaced by fayalitic olivines - matrix materials 
and forsterite phenocrysts, respectively. Based on the textural and compositional similarities between 
fayalitic rims and matrix olivines in Allende DIs and Allende host and observations summarized by Kojirna 
and Tomeoka [2,3] and Krot et al. [I], we conclude that Allende DIs and Allende host experienced various 
degrees of the same alteration process. 

We suggest that fayalitic olivine in Allende and its DIs were formed from phyllosilicates for the 
following reasons. (1) The replacement textures observed in chondrules and isolated forsterites in DIs are 
similar to those observed in aqueously altered CM chondrites [ l  11. The presence of secondary sulfide rims 
around replaced chondrules and isolated forsterites are similar to those described in CMs [12]. (2) High 
contents of A1 in fayalitic olivines in DIs and presence of fayalite-nepheline intergrowths in DIs and Allende 
are consistent with the mineralogy of partially dehydrated Na-Al-bearing phyllosilicates described in several 
metamorphosed CM/CI chondrites [13, 141. (3) The occurrence of veins consisting of fayalitic olivine and 
Ca-rich pyroxene [2,3, this study] suggests a fluid transport of Fe, Ca, Mg, and Si. (4) The difference in 
oxygen isotopic compositions of fayalitic rims and host isolated forsterites [4] are consistent with the 
formation of phyllosilicates which equilibrated with a fluid rich in 180, but not isolated forsterites. The bulk 
oxygen isotopic compositions and mineralogy of DIs in several CV3 chondrites (Kaba, Leoville, Vigarano) 
indicate that they experienced aqueous alteration [15]. Although there is a correlation between the degree of 
alteration of Allende DIs and their bulk oxygen isotopic compositions [15], these compositions plot along the 
CAI mixing line. These differences in oxygen compositions of DIs in Allende and other CV3 chondrites may 
reflect subsequent dehydration or variations in temperature of alteration, fluid compositions, or waterlrock 
ratio. From the virtual absence of phyllosilicates in Allende we conclude that after hydrothermal alteration it 
experienced subsequent dehydration at - 600°C. 
References: [I] Krot A. N. et al. (1995) Meteoritics, 30,748-776; [2] Kojima T. and Tomeoka K. (1994) 
Meteoritics, 29,484; [3] Kojima T. and Tomeoka K. (1995) Meteoritics, 30, 529; [4] Peck J. A. and Wood J. 
A. (1987) GCA, 51,1503-1510; [5] Hua X. et al. (1988) GCA, 52,1389-1408; [6] Palrne H. and Fegley B., Jr. 
(1990) EPSL, 101, 180-195; [7] Weinbruch S. et al. (1990) Meteoritics, 25, 115-125; [8] Weinbruch S. et al. 
(1993) GCA, 58, 1019-1030; [9] Peck J. A. (1983) LPSC, 14,373-374; [lo] McGuire A. V. and Hashimoto A. 
(1989) GCA, 53, 1123-1 133; [ l l ]  Browning L. B. (1995) The aqueous alteration of CM carbonaceous 
chondrites, pp. 159, PhD. Thesis; [12] Browining L. B. et al. (1996) GCA, submitted; [I31 Ikeda Y. et al. 
(1992) Proc. NYPR SAM, 5, 136-154; [14] Tomeoka K. (1990) Proc. NYPR SAM, 3,40-54; [15] Johnson C. 
A. et al. (1990) GCA, 54,819-831. 
Acknowledgments We thank P. Buchanan, L. B. Browning, T. Bunch, T. Kojima, H. Palme, K. Tomeoka, 
and M. Weisberg for helpful discussions. The samples of the Allende dark inclusions were kindly provided 
by P. Buchanan and T. Bunch. This work was partly supported by NASA grant NAGW 3281 (K. Keil). 

Fig. 1. Dark inclusion in Allende. The 
three olivine grains (Falo) which have - 
fayalitic rims (Faa) are remnants of a 
single altered forsterite crystal. The 
interstitial area between the forsterite 
grains, like the matrix, consists largely of 
fayalitic olivine and nepheline (nph) 
enclosing plate-like fayalitic olivines. 
Baskscattered electron image. 
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