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MINOR ELEMENTS AND CATHODOLUMINESCENCE OF ENSTATITE IN CUMBERLAND FALLS 
ENSTATITE ACHONDRITE. Ian M. Steele, Dept. of the Geophysical Sciences, The University of 
Chicago, 5734 S. Ellis Ave., Chicago, IL, 60637. 

Enstatite in the enstatite chondrites and achondrites has less than 0.05 wt.% Fe and as a 
result shows brilliant but variable hues of cathodoluminescence (CL) which should not be affected 
by Fe quenching. Several studies have been made relating CL color to composition with the general 
conclusion that the color reflects the concentration of Mn (1,2). Most CL observations are visual 
and thus suffer from the inability to quantify color, intensity, and avoid observer bias. We have 
installed a quantitative Optical Multichannel Analyser (OMA) on our CAMECA SX-50 microprobe and 
now have the capability of obtaining both compositional and CL spectral data from the same area to 
eliminate some uncertainties. Sensitivity for CL detection is maintained from about 350 to 900 nm 
although we have not as yet calibrated the sensitivity response of the detector and microprobe 
transmission efficiency. With low resolution gratings, the entire spectral range can be recorded 
from typical enstatite in from 1 to 10 seconds avoiding changes in CL due to beam damage in most 
cases. Much weaker spectra can be recorded but with longer integration times. 

To establish a technique and to reproduce observations from a well-studied meteorite, 
Cumberland Falls enstatite achondrite was selected. In this sample the enstatite is coarse-grained 
allowing selection of homogeneous CL areas which can easily be analyzed without worry of 
secondary fluorescence, beam overlap on to adjacent phases, or zoning as reflected by CL. 
Analyzed minor elements consistently above detection were Al, Ca, Ti, Cr, Mn, and Fe (Table) 
while Na, Sc, V and Ni were not detected, results similar as reported in (3); Ti is sufficiently low 
to preclude recognition of any systematics. Analysis points were chosen mainly by looking for 
homogeneous areas during visual examination but avoiding grain edges where zoning occurs (see 
accompanying abstract). Because red CL grains dominate, red areas were purposely passed over 
in favor of blue. Some areas show complex color patterns and are generally fine-grained; these 
were not analyzed. Among the 5 elements, only Mn and Cr (Fig. 1) showed an obvious correlation 
with a Mn:Cr atomic ratio of near 6. Average Mn:Cr values of other E-achondrites (1) range from 
less than 2 to 10 but a linear correlation was not demonstrated for any other meteorite. This value 
may provide a measure of reducing conditions as the enstatite is in equilib!ium with Cr and Mn 
sulfides. 

For each point, the CL spectrum (15kV, lOnA, 1 Omicron dia, spot) shows two prominent 
emissions in addition to a third weak emission obvious in several spectra and suggested in others by 
peak asymmetry (Fig. 2a,b,c). The intense peaks are centered at 483 and 658nm as determined by 
reference to sharp emission spectra of Ne and Hg. Previous determinations give about 670 and 
400nm (1,2) with no mention of the weak emission (Fig. 2a) near 741nm. Enstatite of 
E-chondrites (4) shows peaks centered at 472, 670, and 736nm but the 736 peak was comparable 
in intensity to the other two. Care must be taken in comparing spectra; for example, in forsterite 
at low electron beam currents (elna) or when in scanning mode, a third peak appears at about 
600nm in addition to the commonly reported two peaks at 458 and 723nm. 

For each spectrum, the peak height of the the 483 and 658nm peak was taken as their 
intensity (I); both peaks show a range of about x10 among the 25 analyses obtained. As a 
quantitative measure of color, %red was taken as lOO.O*l(red)/{(l(red)+l(blue)). As previously 
concluded (3), this value correlates positively with the Mn content (Fig. 3). However, it must be 
emphasized that because Cr correlates with Mn (Fig. I ) ,  a similar figure can be obtained using Cr 
instead of Mn. Previous assignments of CL peaks have been based on the correlation with Mn and 
with a similarity to synthetic samples; however, the influence of Cr (either +2 or +3) should be 
considered. The intensity of the blue CL peak, because of inter-correlations, is inversely correlated 
with both Mn and Cr; there is some indication that the bluest grains (lowest %red) are dark because 
the overall intensity drops sharply. Fig. 3 shows a suggestion of two groups of points, a rather 
tight cluster at low Mn which are clearly blue, and another diffuse group at high Mn which are red. 
This tentative separation is highly susceptible to choice of analysis points; if only the bluest and 
reddest are chosen, which can be done visually, a good separation will be obtained; if grains are 
specifically chosen with intermediate color (purple) the separation may disappear although by 
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visual examination such grains are rare in Cumberland Falls. 
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Table: Minor elements and relative CL intensity in enstatite of Cumberland Falls. 
(1 (2) (3) (4) (5) (6) (7) (8) 

A1203 0.061 0.081 0.1 17 0.141 0.134 0.123 0.094 0.1 12 

0 0.251 0.572 0.366 0.581 0.582 0.678 0.525 0.480 
Ti02 0.007 0.022 0.016 0.017 0.019 0.017 0.013 0.007 

Cr203 0.044 0.025 0.016 0.017 0.012 0.008 0.006 0.006 

M 0.152 0.143 0.091 0.085 0.080 0.068 0.033 0.027 
FeO 0.023 0.033 0.019 0.024 0.012 0.034 0.015 0.019 
l(658) 21000 19320 14600 13600 10650 6730 5080 2486 
l(483) 3150 5250 4590 8160 5780 7140 12700 4350 
%red 87.0 78.6 76.1 62.5 64.8 48.5 28.6 36.4 
(1) reddest grain; (2) CL spectrum Fig. 2b; (7) CL spectrum Fig. 2a; (9) bluest grain. 
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