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DYNAMIC CRYSTALLIZATION STUDIES OF ENSTATITE CHONDRITE CHON- 
DRULES: CATHODOLUMINESCENCE PROPERTIES OF ENSTATITE; Gary E. h f g r e n  
and John M. DeHart, Code SN2, NASA-Johnson Space Center, Houston, TX 77058. 

In an earlier study (1) we delineated the crystallization properties of chondrules with 
compositions typical of those found in enstatite chondrites. The textures produced are 
generally similar to those found in pyroxene-rich chondrules from ordinary chondrites. There 
1s such a strong similarity that most likely the processes of formation are similar. One of the 
distinct differences, however, is the composition of the enstatite which is nearly Fe-free. This 
property allows the enstatite to produce different colors of Cathodolurninescence (CL) in 
response to the amounts of minor elements or defects incorporated into the crystal structure 
during growth. The CL can also change as these impurities or defects are eliminated during 
annealing or metamorphism. The CL response of the enstatite can be used as an indicator of 
the growth and/or metamorphic history of the crystal (2-3). In an accompanying abstract (4) 
the CL is used to detect relict enstatite (blue CL) in porphyritic chondrules with a matrix of 
radial or microporphyritic enstatite (red CL). In this study we attempt to relate the growth 
conditions and specifically the minor element content of the enstatite to the CL emission color. 

Enstatite will crystallize from an enstatite chondrule melt only if pyroxene nuclei are 
present and the charge is cooled from a slightly subliquidus temperature (1). Experiments 
designed to look specifically at the CLproperties of the enstatite were completed with avariety 
of different compositions. The charges produced with CH-7 composition used in the texture 
study provide the baseline for comparison. The CH-7 material was enriched slightly with Mn 
and Cr (CH-7a) to enhance the growth of enstatite with red CL. A pure enstatite starting 
material was modified by adding S102, A1203, and CaO to make it as similar to CH-7 as possible, 
but without Mn and Cr (CH7e) in an attempt to produce an enstatite with blue CL. Experiments 
were conducted with these two modified compositions using a nucleation and cooling history 
which had been previously shown to produce chargeswith large, equant enstatite crystals. The 
charge is first crystallized at a near solidus temperature (in this case 1400.C) to crystallize 
enstatite. The temperature is then raised to a slightly subliquidus temperature for a period to 
time which melts nearly all the enstatite which has previously crystallized and then cooled at 
2oC/hr to grow the large enstatite. Crystals up to .5mm can be easily grown in this manner. 

The CL of the enstatite grown from the CH-7 composition is basically red with faint 
bluish red lamellae. The lamellae appear to be related to twinning. The compositions of the 
two regions in the crystal are given in Table 1. The only discernible difference between them 
is the amount of A1203 which increases from 0.14 to 0.2 wt. % with increasing red CL. All 
enstatite grown from the CH-7 composition with textures ranging from skeletal to acicular or 
radial emits red CL with no hint of blue. Enstatite from the minor element enriched CH-7a 
composition is red with only faint dull red lamellae or regions. In these crystals, the levels of 
Cr, Mn, and Al increase in the regions of the crystal that emit a dull red CL (Table 1). The dull 
red emission is the first indication that the CL is being quenched. The concentrations of the 
minor elements may be reaching levels which begin to quench the CL(5). The blue CL emission 
is not present. The Mn and Cr depleted CH-7e composition contains enstatite that is 
predominantly reddish blue or purple with slightly more red lamellae and red rims. The only 
elements that change with the color of the CL emission are CaO and A1203 which increase as 
the color becomes increasingly red (Figure 1). The bright red rims are the most enriched in 
Al,O, and CaO (Table 1). A 1 mm thick slice of a crystallized charge of CH-7e was annealed 
for 30 days and the reddish blue or purple CL of the enstatite became less red and more blue. 
The rims of the crystals still emit a bright red CL. 

We have shown that there is a correlation between the increased levels of Mn and Cr 
and possibly Alwith increased brightness of the red CL. Although red CLactivation due to Cr3+ 
and Mn2+ is well known (6), red CL emission in pyroxene associated with Al3+ content has not 
been previously reported. Al3+ itself is not a known activator of CL. However, the defects it 
produces when entering the pyroxene structure without being charge balanced by an appropri- 
ate 1 + cation must be the source of the observed CL emission. One possible candidate for this 
source is nonbridging oxygens in silicates which have been observed to produce red CL at 6539 
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angstroms (7). 
It has not been possible to grow crystals from even the relatively pure CH7e melt which 

emit bright blue CL, but annealing the crystal can increase the blue emission. It appears that 
even the minor amount of Al 0, in the CH7e material causes some red CL emission which 
increases with increasing levels of A1 0, in the crystal especially at the rims. This gives the 
overall crystal a slight reddish cast and nms a bright red emission (E eriments are underway 

7 9 to grow c stals frompure enstatite melts and anneal them). It is clear t at enstatitewhich emits 
a bright b ue CLmust grow in a special environment. To grow such pure crystals would require 
a pure system such as might occur during direct condensation from the solar nebula. 
Metamorphic alteration in which the minor element impurities diffuse out of the enstatite is 
also a likely environment. It is very unlikely that such pure crystals would grow from chondritic 
melts of any known composition, the levels of Mn, Cr, and Al are too high. The artition P coefficients for these elements in enstatite are too high to ever produce pure crysta s (8). 
REFERENCES: (1) Lofgren et al. (1991) Meteoritics 26, (in press). (2) Leitch and Smith 
1982) GCA 46,2083-2097. (3) McKinley et al. (1984) LPSC 14, JGR 89, Suppl. B567-B572. 
4) Lofgren et al. (1992) LPS XXIII (this volume). (5) White (1990) in Spectroscopic 

Characterization of Minerals and their Surfaces, Coyne, McKeever, and Blake eds. ACS, 
Washington D.C., 118-134. (6) Steele (1990) in Spectroscopic Characterization of Minerals 
and their Surfaces, Coyne, McKeever, and Blake eds. ACS, Washington D.C., 150-164. (7) 
Skuja and Entzian (1986) Phys. Stat. Sol. (a) 96, 191-198. (8) Kennedy, Lofgren, and 
Wasserburg (1992) LPS XXIII (this volume). 

Table 1. Average compositions and CL colors of enstatite in this study. 

CT , 
CH725 Blue Red 

Red 
CH7a68 Red 

Dull-Red 
CH7e69 Blue 

Blue-Red 
Red 

Total 
99.3 1 
99.63 

101.89 
101.72 
101.11 
101.09 
101.23 

Figure 1. Microprobe 
linescan across bands 
of enstatite with dif- 
ferent CL in a euhedral 
enstatite grown from a 
CH7 bulk composition 
depleted in Cr203 and 
MnO (CH7e). A1203 
content is strongly as- 
sociated with the color 
of CL emission. 

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


