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INTRODUCTION: The type A chondrules (I), which include the type Ia and Ib chondrules 
as classified by Scott and Taylor (2), are microporphyritic assemblages of Fe-poor olivines and/ 
or pyroxenes set in a refractory-rich mesostases whose Cathodoluminescence (CL) properties 
appear to be extremely sensitive to low levels of metamorphic reheating. The mesostases in 
these types of chondrules found in the least thermally altered ordinary chondrite, Semarkona 
(3.0), emit yellow CL, but emit blue CL in more altered chondritic meteorites (3). It was 
originally proposed that the observed changes in the mesostases CL emission is due to the 
alteration of these mesostases in response to higher temperatures and not because of subtle 
differences in these chondrules' formation history prior to incorporation into their respective 
meteorites. We have previously shown that the yellow luminescence emitted from these 
mesostases are the result of normal igneous differentiation processes (4) and the CLproperties 
of these mesostases attributable to their igneous history is either yellow or no luminescence. 
In order to see what type of luminescence is emitted from devitrified mesostases of these 
compositions, type A chondrule analogs have been annealed by reheating alone and in the 
presence of devitrifying agents. These results can then be compared to the luminescence 
observed to originate from type A chondrules in an effort to understand the significance of the 
different CL properties of these types of mesostases. 

EXPERIMENTAL: Several type A chondrule analogs were produced using the procedures 
and composition used in (4). Each chondrule analog was cut into 1 millimeter slices and CL 
photos were made of each side of all slices to record their CLproperties before the devitrifying 
experiments were conducted. One sectionwas annealed for 500 hours at 8000C to see if simple 
annealing at high temperatures affected the luminescence properties of the mesostases. Three 
other slices were sealed in gold capsules with 20 ul of a 0.1 M solution of sodium metasilicate. 
These were placed in externally heated pressure vessels and were heated to 8OOOC at 1 kilobar 
of pressure. One experiment was held at these conditions for 100 hours, the second for 200 
hours, and the last for 300 hours. CLphotos of both sides of each experiment were taken again 
to record any change in their CL properties. The sections were also rephotographed after they 
were mounted and polished for microprobe analysis. Electron microprobe analysis was 
conducted using a 15 KeV and 30 nA beam and natural mineral standards. 

RESULTS: All slices used in the experiments had nonluminescing and yellow luminescing 
regions in their mesostases. In the experiment which was heated without devitrifying agents, 
all initially nonluminescing mesostases now emit yellow CL, but no change in the CLproperties 
was noted for the mesostases that originally emitted yellow CL. Photographs made after 
annealing for 200 and 300 hours indicated that all the mesostases had converted to blue 
luminescence, while only the central areas of mesostases in the 100 hour experiment had been 
altered. CLphotographs made after the sections were polished revealed zones of altered CL, 
and the area with altered CL properties increased with longer periods of annealing. Blue 
luminescing areas often had regions of white luminescence between it and the unaffected 
yellow luminescing regions. The intermediate white luminescence was confirmed as being a 
true broad band emission instead of the result of overexposure of the photograph by using 
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graded exposures of the region emitting this CL. Also, initially nonluminescent mesostases in 
all charges annealed with devitrifylng agents emit blue CL. 

Preliminary microprobe studies indicate there is no discernable difference in compo- 
sition in the yellow and white luminescing regions. The blue luminescing mesostases have 
acquired significant amounts (up to 2 weight percent) of Na20. Small equant microlites of 
clinopyroxene (red CL) are present in the blue luminescing regions of all experiments while 
wollastonite (Yellow CL) is also present in the 100 and 200 hour experiments. 

DISCUSSION: These experiments demonstrate that mesostases with the compositions and 
CL properties observed in least altered type A chondrules produce white, then blue lumines- 
cence after they are exposed to high enough temperatures to begin their alteration. The 
appearance of white luminescence as an intermediate stage is consistent with the observation 
of white luminescing mesostases in Krymka, which was originally thought to be an overexposed 
blue. This confirms our reclassification of Krymka as a type 3.1 rather than a 3.0 ordinary 
chondrite and represents unique chondritic material that has only been slightly altered by the 
onset of thermal metamorphism. Although it is also possible some of the type A chondrules 
could have been reheated to produce the observed white CL prior to their accretion on the 
Krymka parent body, this possibility cannot account for the fact that most of the type A 
chondrules in this meteorite emit white CL. Blue luminescence from these types of chondrule 
mesostases indicate they have experienced more elevated levels of metamorphic reheating, 
which was enough to more completely initiate the alteration of these types of chondrule 
mesostases. 

These results also have implications concerning a recently proposed classification 
scheme for chondrules based on their composition and CLproperties (1,5). The CL emission 
from type A3 chondrule mesostases was originally described as a blue, based on the previous 
assumption that the white CL emission recorded on the CL photos was actually an overexposed 
bright blue. These experiments confirm that the CLfrom these types of chondrule mesostases 
is a true broad band emission and should described as white CL instead of blue CL. 

CONCLUSIONS: Yellow luminescence from type A chondrule mesostases can be used as an 
indicator that the chondritic meteorite they reside in has experienced little or no thermal 
metamorphism. The predominance of white luminescence from the mesostases in these same 
types of chondrules can be used to indicate the meteorite they reside in has experienced only 
enough reheating to begin altering the mesostases but the heating event did not last long enough 
or reach high enough temperatures to continue the process. This luminescence property can 
be used to classify an ordinary chondrite as a type 3.1. Blue luminescence from these chondrule 
mesostases indicates they have experienced high enough temperatures to produce the 
phosphor which dominates their CL properties in the more metamorphosed ordinary chon- 
drites. 
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