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Fe-S-Ca-A1-BEARING CARBONACEOUS VEINS IN THE YAMATO-74130 
UREILITE: EVIDENCE FOR THE GENETIC LINK TO CARBONACEOUS CHONDRITES 
Kazushige Tomeoka and Hiroshi Takeda, Mineralogical Institute, Faculty of 
Science, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan. 

INTRODUCTION: Ureilites are a unique group of achondrites composed predomi- 
nantly of olivine, pyroxene, and elemental carbon-mainly graphite and 
diamond. The origin of ureilites has been a subject of controversy; they 
may be (1) recrystallization products of carbonaceous chondrites during 
planetesimal collisions [I], (2) residues of partial melting of chondrite- 
like parent body material 12, 31, or (3) cumulates formed from C-rich magmas 
in a differentiated parent body [4, 51. The recent oxygen isotopiclgtudy of 
Clayton and Mayeda [6] has demonstrated that ureilites fall on the 0- 
mixing line defined by dark inclusions in the Allende CV chondrite. Thus 
they concluded that "the precursor materials were more like CV3 chondrites 
than any other known meteoritic materials," and that "isotopic and chemical 
heterogeneities were not much modified by subsequent parent-body processes". 

Compared to carbonaceous chondrites, ureilites are significantly 
depleted in Fe, S, Ni, Al, Ca, Na, and P among major and minor elements [ 7 ] .  
Thus, if ureilites had been derived from carbonaceous chondrites, these 
elements should have been removed during subsequent processes. The mecha- 
nism to remove these elements depends on the postulated models and is 
currently not well known. 

We found an unusual carbonaceous vein (C-vein), having a width of 0.2 
to 0.4 m and a length of 4.6 m ,  in the Yamato-74130 (Y-74130) ureilite; 
this is by far the largest C-vein that has ever been found from ureilites. 
It contains a complex net work of internal veins rich in Fe, S and A1 and 
also a variety of Ca-Al-Ti-Na-bearing silicates including Ti-rich fassaite. 
The elements that occur in the internal veins are among those strongly 
depleted in ureilites relative to carbonaceous chondrites. The discovery of 
the C-vein gives new insights into the mechanism to remove the depleted 
elements and provides strong evidence for the genetic link between ureilites 
and carbonaceous chondrites. We here present results of petrographic and 
scanning electron microscope (SEM) studies of this unusual C-vein. 
RESULTS: The C-vein intrudes into low-Ca pyroxene crystals and is partly 
surrounded by intimate mixtures of enstatite and Fe-rich beads, which 
apparently resulted from reduction of surrounding olivine and/or low Ca 
pyroxene. The C-vein contains three kinds of internal veins; they are 
S-rich, Fe-S-rich and Al-rich veins. Ammg them, the thickest are the ones 
rich in S (20 to 30 pm in width), which occur roughly perpendicular to the 
length of the C-vein at intervals of 100 to 300 pm, bearing an appearance of 
bamboo joints. The Fe-S-rich and the Al-rich internal veins have a smaller 
width (1 to 20 pm) and run both parallel and perpendicular to the C-vein, 
forming a complex network. Smaller C-veins, up to 1.0 m in length, scatter 
around the largest C-vein; most of them also contain Fe-S-rich and Al-rich 
internal veins but no S-rich veins. 

EDS microprobe analyses show that the S-rich internal veins contain 
only 3 to 5 wt% S. Fe and S contents in the Fe-S-rich internal veins are 6 
to 9 wt% and 2 to 4 wt%, respectively; Fe/S atomic ratios are in the range 
between 1.2 and 1.6. The Al-rich internal veins contain 30 to 40 wt% Al. 
The low analytical totals suggest that the S-, Fe-S-, and Al-materials are 
mixed with the carbonaceous material on an extremely fine scale. We are 
currently uncertain how these elements occur in the internal veins. No 
discernible grains responsible for the elements are observed by SEM except 
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the micron-size mineral grains in the Al-rich internal veins described 
below. Transmission electron microscopy is necessary to provide more 
detailed characterizaion. 

A variety of Ca-Al-rich mineral grains occur in the Al-rich internal 
veins. Of particular interest is a subhedral grain of Ti-rich fassaite (25 
p in diameter); Ti content is 5.05 wt% as Ti0 The high Ti content 2 ' distinguishes the fassaite from terrestrial fassaite and makes it bear a 
close resemblance to the fassaite in the refractory Ca-, Al-rich inclusions 
(CAIs) in CV chondrites [8]. Other minerals contained in the Al-rich 
internal veins include Na-K-bearing Ca-A1 clinopyroxenes, Na-K-Ca-bearing 
silica-rich phase (unidentified), Fe-rich olivine, and Si-rich phase 
(possibly Sic). 
DISCUSSIONS: Takeda [I] proposed that ureilites probably resulted from 
recrystallization of partly melted carbonaceous chondrites at high tempera- 
ture induced by collisions of two planetesimals or impact of a fairly large 
body on a planetesimal. A serious problem raised against the model is the 
presumed difficulty of removing the elements depleted in ureilites relative 
to carbonaceous chondrites effectively. The recent Allende melting experi- 
ments of Walker and Agee [9] show that sulfide melts are not easily removed 
from grain boundaries of crystalline silicates. Thus, they suggest that 
precursors of ureilites may have been initially depleted in sulfides unless 
extensive melting occurred and sulfide melts grew into large globules to 
escape by their own density. 

The present observations show that most of the major and minor elements 
depleted in ureilites occur as internal veins in the C-veins. The textures 
suggest that the C-veins played a role of drain channels for those elements. 
Troilite-metal eutectic melt may have moved away through C-rich grain 
boundaries from the carbonaceous chondrite-like source material during the 
collisions or impact of the bodies. Under the high- pressure and -tempera- 
ture generated by shock impact, C would have remained in the system as 
non-volatile graphite and diamond veins [lo]. Because C-veins are more 
compressible than silicates, they probably were preferentially deformed and 
cracked under the stress caused by shock impact. S would have vaporized and 
escaped through fissures produced within the C-veins, which are now present 
as internal veins. The migration was probably accelerated by the pressure 
generated by the collision or impact. 

The abundance of Al-rich internal veins as well as Ca-Al-rich silicates 
in the C-veins suggests that Ca-Al-rich liquids also segregated away from 
the source material and escaped through fissures in the C-veins. The 
compositional similarity between fassaite in Y-74130 and carbonaceous 
chondrites raises the possibility that there is a genetic relationship 
between the two occurrences. The fassaite in Y-74130 may be one of the 
least modified remnants of the CV-like parent material. The internal vein 
materials may represent either remnants of original liquids or secondary 
liquids produced during subsequent impact processes. 
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