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Abstract--The black, glassy p arts in the Cachari eucrite have been studied by optical microscopy , 
electron microprobe, and X-ray diffraction techniques. It is suggested that the glass formed by 
localized shock pressure caused by preatmospheric, hyper-velocity impact. 

INTRODUCTION 

THE CA.CH.A.RI stone was found in 1921 in Argentina, and subsequently described by 
Ducwux (1921). LACROIX (1926) and Ducwux (1928) published more detailed 
descriptions of the meteorite and in particular remarked on the peculiar dark glassy 
veins in this stone. Both authors agreed that the veins were formed before the for
mation of the glassy crust; they suggest fusion of the meteorite in cracks due to 
some process which occurred before the entrance into the atmosphere and possibly 
on the meteorite parent body. DucLoux (1928) considered some kind of orogenic 
activity on the meteorite parent body more likely than a collision in space. 

The specimen used for this study belongs to the Museum d'Histoire Naturelle, 
Paris, and has the number 1516. 

PETRO GR.A.PHY 

The Cachari stone is a rather typical, brecciated eucrite consisting of orthopyroxene 
(Fe59Ca 2Mg39) and clinopyroxene (Fe27Ca42Mg31), plagioclase (An88), minor amounts of 
chromite (with 4·6% Ti) , ilmenite (0·7% Mn), and troilite (FeS).* The general 
petrography of this type of meteorite has been described by DUKE (1963) and DUKE 
and SILVER (1967) . The only unusual structural feature is the presence oflarge black 
glassy masses and/or thin veins of the same material. The plagioclase grains com
monly show signs of reheating or partial melting, but they are mostly well crystallized 
with twin lamellae which are often bent. It is also noteworthy that the pyroxene 
grains in many cases show bent and displaced cleavage planes, obviously due to 
mechanical influence . In close proximity of the veins, some pyroxene is granulated 
and the plagioclase is partly altered to maskelynite. 

CHEMISTRY .A.ND MINER.A.LOGY OF BL.A.CK GLASS 

Figure 1 shows a cut through a 6 mm wide glassy part with a conspicuous bubble 
in the center. The glass is entirely within the meteorite and does not show any 
apparent connection to the crust. The adjoining thinner veins which are crypto
crystalline die out in the main mass of the meteorite. In thin section, Fig. 2, the large 

* Mineral compositions were det ermined by electron probe analysis. 
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glass masses are clear, greenisl).-yellow in the center and contain a few unaltered 
crystals of pyroxene, chromite and ilmenite which, according to microprobe analyses, 
have the same composition as in the main mass of the meteorite. The edges of the 
large glass mass are cryptocrystalline with the crystallites arranged in a pattern at 
right angles to the edges. Thus there is no fluidal structure even along the edges. 
Figure 3 shows a relatively narrow vein which is intersected by the fusion crust. The 
thick part of the vein, where intersected by the crust, is clear, whereas the narrower 
part is turbid. Probe analyses show that the clear glass and the turbid part have the 
same bulk composition which, however, differs somewhat from the crust (Table 1). 
It is clear that the crust formed after vein, as was also concluded by LACROIX (1926) 
and DucLOux (1928). In Table 1, the bulk analysis by DucLOux (1928) is compared 

Table 1. Chemical composition of the Cachari eucrite 

Bulk analysis * 
Shock glass t 

Glass crust t 
Area I Area II 

Si02 48 ·580 48·4 49·9 48·4 
A.l203 14·010 14·8 14·2 12·0 
F eO 19·926 17·1 16·5 19 ·0 
MnO 0 ·744 0·4 0 ·5 0 ·6 
CaO 8·904 11 ·2 12·1 10·4 
MgO 6·700 6·4 5 ·6 7·4 
K 20 0·132 < 0·1 < 0·1 < 0 ·1 
N a20 0·982 0·7 0 ·6 0·5 

99·978 99·2 99·5 98·4 
Cr20 3 0·065 R efractive indices 
Ti02 0·078 Shock Glass Glass Crust 
P20s 0 ·055 nv 1·626 1·651 
S03 0 ·060 nD 1·618 1·640 
Loss on no 1·611 1·632 

ignition 0·195 

100·431 

• Analysis by DucLOux (1929) . 
t Electron probe analysis by J. NELEN, Division of Meteorites, 

Smithsonian Institution. 

to probe analyses of the glassy vein as well as the fusion crust. The resemblance is 
apparent and it may be concluded that both veins and crust represent the bulk of the 
meteorite. Apparently the crust lost some of the plagioclase component during its 
formation, whereas the vein glass contains more of this component and somewhat 
less pyroxene, since the latter component partly survived (Fig. 2). The difference in 
iron content between the veins and the bulk is probably due to the content of 
unaltered chromite and ilmenite, and the occurrence of minute droplets of troilite; 
iron in these phases is not included in the glass analysis. 

DISCUSSION 
NININGER (1956) suggested that the diamond found in Canyon Diablo specimens 

from the rim of the crater was formed by high pressure shock caused by the impact 



F ig. l. Cut section of black g lass in t he Cachari eucri t e . The g la. s has t he sam e composit ion as the 
bulk of t he m et eori t e. see T a blf' l. Note the bubble in t he cen t er of t he g lass m a. s. The w idth of 

the g lass is 6 mm. 
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l?ig. 2. Photomi crogrnph of t hin sc t ion f glass . light gr y a rea, and cryptoc1-ys
talline r ims and v in . bl ack. A few pyrox n g ra ins ·h owing pa1·tial melt ing 
a nd h avy m echani ca l stress are en closed in tho g lass . In th main mass of t he 
meteori te th b n t t win lame ll ao in tho plag iocJa and bent. disp laced cleavage 

piano in the p_vroxen a re a l. n otewo rthy . Magnifi cati on 30 x . 

l ◄ 'i g. 3. Photomi crogra ph of glas.· ve in intc l'S ct cl by tho fu .·ion. crus t , righ t 
I oron portion . Th thin.ne l' pa l't of t he v in, le ft, is er pt crystallin e . )lot 
t he bent t win la me ll ae in the p lag iocla o and. displaced and brnt cl avage planrs 

in p_v1·oxenc . Magnifi ca tion 100 x . 



Fig . 4. I. hotomicrograph of con Lact to shock g lass. The plag i cla ·o in th o cen ter 
i isotropic. ma kolynito, g rading into norma l t winn cl p la iocla · , An88 . The 
py roxen e is g ranu la te l to t h l ft f tho interfac . In th e adj acen t gla · ·, righ t, 
p y r xcn C' i I resent as ·'cloud." or cry t a ll it s orien t d p rpendicular to t ho 

in t rfaC'c . Magni A.ca tion 200 x . 
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with the earth. This suggestion was substantiated by DE CARLI and JAMIESON 
(1961), who produced diamonds from graphite by artificial shock, and by a careful 
study of Canyon Diablo specimens by LIPSCHUTZ and ANDERS (1961). These studies 
pointed to the possible importance of shock metamorphism in meteorites due to 
preatmospheric impacts, in space or on the meteorite parent body, and FREDRIKSSON 
et al. (1962, 1963) showed that black cryptocrystalline veins in chondrites and prob
ably the black chondrites can be ascribed to such shock metamorphism. MILTON 
and DE CARLI (1963) produced maskelynite, feldspar glass, in terrestrial gabbro, as 
well as structural features resembling the Shergotty achondrite. DUKE (1963) 
studied a number of eucrites and also pointed out that the brecciation as well as some 
glassy veins and certainly the maskelynite in Shergotty could well have formed by 
shock metamorphism. 

It seems clear that the Cachari glass was produced by preatmospheric shock for 
the following reasons : 

1. The glass has practically the same composition as the bulk of the meteorite, 
see Table 1. 

2. The glass in the interior is distinct from, and older than the fusion crust. 
3. Some glassy parts are completely enclosed within the main mass. 
4. The presence of maskelynite, a shock transformed plagioclase, adjacent to the 

veins. 
5. The troilite spherules in the glass resemble the spherules described by 

FREDRIKSSON et al. (1963) from shock-produced veins in chondrites. 

However, the vein glass has lower (and apparently normal) refractive index than 
the melt crust, Table 1, (the difference is probably due to ferric iron as well as higher 
total Fe in the crust) whereas shock produced glasses appear to show anomalously 
high refractive indices (MILTON and DE CARLI, 1963, a.o.). * Probably the shock
produced glass in Cachari remained hot or even melted long enough after the passage 
of the shock waves to anneal and possibly partly devitrify; consequently it may not 
be much different from glass produced by ordinary melting. This would explain not 
only the low refractive index but also the remarkably thorough homogenization. The 
cryptocrystalline parts, Figs. 2 and 4, may be due to devitrification but could possibly 
also be the result of incomplete shock transformation if it is assumed that complete 
transformation occurred only in the highest pressure zones of colliding shock waves. 
A piece of vein glass devitrified completely into pigeonitic pyroxene and plagioclase 
when held at 900°C for five days whereas the semi-crystalline parts of the veins 
apparently contain only finegrained pyroxene. This, as well as incomplete 
transformation of plagioclase and granulation of pyroxene adjacent to the veins as 
illustrated in Fig. 4, may favor a direct shock origin also for the "devitrified" 
material. 

Acknowledgment-A part of this work was carried out under a grant (NsG 688) from the 
National Aeronautics and Space Administration. 

• A small piece of vein glass was melted at 1050°C in a AgPd crucible under vacuum and 
quenched. The refractive index was reduced by 0·01 but microprobe analysis showed that about 
2 % Fe had been lost and the experiment was therefore not conclusive. 
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