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TROILITE COSMOTHERMOMETER: APPLICATION TO LCHONDRITES. 
Howard V. Lauer, ~ r . '  and James L. ~ o o d i n ~ ~ .  ' ~ 2 3 ,  Lockheed Martin Corp., 2 ~ ~ 2 ,  NASA 
Johnson Space Center, Houston, TX 77058 USA. 

Summary. The alphatbeta phase transformation in troilite in L-chondrites, as measured 
by differential scanning calorimetry (DSC) of milligram-scale, whole-rock samples, can be used to 
evaluate differences in thermal history among individual meteorites. Extrapolated onset 
temperature and enthalpy change of the transition are correlated with petrographic indices of 
metamorphism. The natural relict temperatures inferred from troilite in L3-L6 chondrites show 
apparent values 2 460 K that vary systematically with metamorphic and shock grades. 
Introduction. Previous work [I-31 established troilite as a possible cosmothermometer for 
planetary materials. But the technique relied on separation of nearly pure troilite from the host 
rocks. Here we show that at least the a l p  transformation can be quantitatively measured by DSC 
in whole-rock L-chondrites with sufficient accuracy to derive thermometric information without 
mineral separations. We hrther show that the temperature indicators measured by DSC are 
sensibly correlated with petrologic grade and degree of shock metamorphism in the chondrites. 
Samples and Methods. Five calibration standards (1, 2, 5, 8 and 10 wt. % troilite, respectively) 
were prepared by mixing terrestrial troilite @el Norte County, California) into a matrix of a 
standard basalt (BHVO-1; U. S. Geological Survey). Ingredients were ground together under 
liquid freon to inhibit oxidation. Individual samples of the calibration standards were heated under 
Ar at 10 Wmin to various maximum temperatures in the DSC instrument used previously [l-31. 
After cooling, but without removal from the instrument, each sample was reheated twice more to 
the same maximum temperature as its initial run. Calorimetric data were collected for each run. 

To establish viability of the troilite cosmothermometer in a controlled sample suite, L- 
chondrites from the U. S. Antarctic meteorite collection, for which petrologic grade and 
petrographic degree of shock metamorphism [4] were determined by Bennett and McSween 151, 
were sampled as visually representative one-gram interior chips. Each chip was broken into 
smaller pieces; one of the smaller pieces was ground into a fine powder under freon. Two 
individual samples of the fine powder were analyzed by DSC under the same conditions as the 
calibration standards, but with specific upper-limit heating to either 458 K or 623 K. 
Results and Discussion. We hypothesize 
that igneous or metamorphic heating sets 
a thermometric "memory" in troilite that 3 
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can be read by calorimetry during 
controlled laboratory heating of the : V 
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sample. Indeed, the dilute standards 0 z 2 a 
I clearly show systematic changes in the 

a l p  transformation as a hnction of >- 
artificially imposed thermal history; both 4 
the onset temperature and the enthalpy $ ' 

W change vary inversely with the maximum 
temperature of previous heating (Fig. 1). 
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increasing temperature of heat treatment. 
Figure 1. Systematic changes in the troilite a l p  transformation, as a function of maximum temperature of prior 

heating (italicized numbers) during second heating of dilute standards (2, 5 , s  and 10 wt. % Del Norte 
troilite, respectively, in basalt BHVO-1). The L-chondrite points represent individual measurements 
made during first-heating of untreated, whole-rock samples; those data, according to our hypothesis, 
comprise the readout of thermometric memory set by the natural thennal history of each meteorite. 
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The overlay of L-chondrite data in 
Fig. 1 shows two things. First, the 
apparent abundances of troilite in our 
whole-rock chondrite samples is on the 
order about 2-10 wt. %, as expected. 
Second, all of the chondrite data points 
fall near, and even below, the low- 
temperature ends of the thermometer 
curves. Therefore, taking the calibration 
curves at face value, it appears that the L- 
chondrites record relict temperatures that 
do not exceed 458 K. Our result stands 
in noticeable contrast with previous 
estimates of metamorphic temperatures in 
chondrites, based on mineral textures and 
elemental diffusion models, that offered 
temperatures as high as 1000- 1 100 K (see 
review in [6]). Our 450-460 K result 
might represent either a kinetically 
controlled barrier, below which thermally 
stressed troilite cannot relax, or a general 
result that represents the lowest 
metamorphic temperature that was most 
recently experienced by the L-chondrite 
parent body (or bodies). 

Figure 2, which expands and 
normalizes results from the first heating of 
the powdered chondrites, reveals that 
sensible variations do occur among L- 
chondrites. It seems that that thermal 
effects of shock metamorphism are 
reflected in the relative lowering of dj3 
onset temperatures and enthalpies of 
transition. For example, for the two 
petrologic type 4 specimens (ALH85033 
and EET87248), the specimen classified 
as shock level S6 (high shock) lies below 
and to the lee of the specimen classified 
as S3 (low shock); the same relationship 
appears to hold for the two specimens 
classified as (L3,S6; LEW87248) and 
(L3,S3; ALHA78 1 19), respectively. For 
specimens classified as petrologic type 
L6, the effect of shock level is most 
apparent as relatively low values of 
enthalpy change; the behavior of onset 
temperature seems less systematic; and 

one specimen, GR085204 (L6,S6), inexplicably defies 
the otherwise apparent trend. We interpret the 
ambiguity associated with the L6 specimens to be an 
indication of the complex convolution of all 
metamorphic processes, including shock 
metamorphism as a main variable. 

ONSET TEMPERATURE (K) 

Figure 2. Covariation of enthalpy change with onset 
temperature for the cc/p transformation during first 
heating of whole-rock Lchondrites of different 
petrologic grade (L3-6) and shock-metamorphic 
class (S3-6) 151. Each point is the average of two 
analyses and is normalized to troilite content (cf., 
Fig. 1) so that samples are directly intercomparable. 
Arrows indicate possible effects of increasing shock 
metamorphism where petrologic grade is constant. 

Conclusions. DSC analyses of troilite in whole-rock 
samples of L-chondrites distinguish differences in 
thermal history among individual meteorites. Relict 
temperatures inferred fiom troilite cluster at I 460 K 
although variations among meteorites correlate with 
respective degrees of parent-rock metamorphism. - 
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