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The recent history of lunar meteorites can be divided into three stages, including time spent on or 
near the lunar surface, ejection into space and transit to Earth, and time spent on Earth. Most lunar 
meteorites have short terrestrial ages and cosmic ray exposure (CRE) ages compared to most basaltic 
meteorites. It should, however, be noted that these "ages" carry large uncertainties. The lunar 
meteorites have significantly lower natural thermoluminescence (TL) levels than basaltic meteorites. 
Cosmogenic radionuclide abundances suggest this is not the result of lunar meteorites having large 
terrestrial ages, and we find no differences in short-term ("anomalous fading") characteristics between 
lunar meteorites and basaltic meteorites. We therefore interpret our TL data in terms of short cosmic 
ray exposure afler ejection from the Moon. EET 87521, MAC 8810415, QUE 94281, and Y 793169 have 
apparent space CRE durations of <10,000 years. ALH A81005, Asuka 881757, and Y 82192 have 
apparent CRE exposure durations in excess of 10,000 years, but these data may represent pre-ejection 
irradiation. 

We have measured the natural TL levels of basaltic meteorites and chondrites in order to examine 
their irradiation and terrestrial histories [1,2]. Natural TL levels are raised by exposure to cosmic ray 
radiation, and are lowered by thermal draining. Natural TL levels are fairly insensitive to shielding, 
except in v e r  large meteorites [3]. A newly exposed meteorite will build up its natural TI., level over a 
period of 10 years until a dynamic equilibrium level is reached, this level being determined by ambient 
temperature and radiation dose and, for basaltic meteorites, anomalous fading [I]. 

hhperimental. We measured the natural TL of lunar meteorites using the same procedures and 
apparatus used to measure basaltic meteorites [2]. Samples ranging from 50 to 150 mg were ground to 
100 mesh. Three 4 mg aliquots of each sample were heated from 20 to 500°C at 7.5"Usec in a nitrogen 
atmosphere, the intensity of light emitted as a function of temperature being measured with a 
photomultiplier. Each aliquot was then exposed to a dose of - 2 - 5 krad from a 9 0 ~ r  beta source and the 
TL measured again. We report our data as equivalent dose at a given glow curve temperature [I]. 

We characterized anomalous fading properties of 10 
Y 82192, EET 87521 and QUE 94281 by irradiating 8 
previously drained samples and storing them in total 
darkness in a climate-controlled room for periods of 2 
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up to three weeks. Samples of an ordinary chondrite g 4 
(ALH A76008) and a lunar highland soil (61501), were 0 

2 
also subjected to the same treatment. 3 

Resub. We have measured the natural TL levels of 8 
seven lunar meteorites (Table I), including two splits 40 
of ALH A81005 and EET 87521 and splits from the o 

paired meteorites MAC 88104 and MAC 88105. In 8 30 general, lunar meteorites have low natural TL levels 20 
throughout the glow curve compared to basaltic 
meteorites (HEDM: howardites, eucrites, diogenites, 10 

and mesosiderites), which in turn have lower TL levels 
than ordinary chondrites in both the low temperature 0.1 1 10 10D 

(250°C) and high temperature (400°C) portions of the Natural Thermoluminescence at 25Cf C (krad) 

glow curve (Fig. 1). Duplicate splits give e s s e n t i a  Ftc&dN$5pc, ~~0~~~ 
baraltic 

the same results. 
Our experiments indicate that lunar meteorites generally exhibit anomalous fading (Fig. 2). Fading 

occurs throughout the glow curve. In contrast, the ordinary chondrite ALH A76008 exhibits only minor 
thermal fading at the longest storage times. These results are in agreement with previous results for the 
lunar meteorites MAC 8810415 and ALH A81005 [1,5]. The rates of fading are similar to those observed 
for the howardite Kapoeta and the eucrites PCA 82502 and Serra de Mage [I]. 

Discussion. There are four possible explanations for the low natural TL of lunar meteorites compared 
to basaltic meteorites: Longer terrestrial history, higher rates of anomalous fading, higher temperatures 
in space during irradiation, or shorter exposure to cosmic rays. 

Terrestrial Age. Terrestrial ages estimates for most lunar meteorites from cosmogenic radionuclide 
abundances are <I00 ka, most being c50 ka, the only exception being MAC 8810415 at -250 ka [6]. 
Antarctic basaltic meteorites, however, generally have terrestrial age estimates > 100 ka [7]. There is thus 
no support for the low TL of lunar meteorites being a result of long terrestrial histories. 
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TRANSIT TIMES OF LUNAR M ~ O R I T E S :  Benoit et aL 
Ano~nalous Fading. Although lunar meteorites exhibit significant anomalous fading (Fig. 2), their rate 

of fading does not differ significantly from basaltic meteorites. However, anomalous fading is largely 
responsible for the low natural TL level of both lunar meteorites and basaltic meteorites compared to 
ordinary chondrites (Fig. I), that do not fade. 
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Fig. 2. Fadin ertperiments for an ordin chondrite smaller than those derived from cosmogenic nuclide 

( ~ ~ ~ ~ 7 6 0 6 8 ;  lunar meteori!es Y 8 2 1 9 2 3 m 8 7 5 2 1 ,  abundances [6], although the latter estimates are and QUE 94281, and lunar so11 61601. Dashed lines are 
regression lines through the 25O0C data. heavily dependent on assumptions of length of pre- 

ejection irradiation. 
T h e m 1  History. Natural TL can be fully or partially reset by low temperature thermal events (<500 

"C), even if these events are of very short duration. Low temperature portions of the glow curve are 
more sensitive to such resettings than the high temperature portions. If we com are apparent durations 
of irradiation at 250°C with the 400°C data (using appropriate TL parametersr we find that for EET 
87521, MAC 8810415, QUE 94281 and Y793169 apparent irradiation durations are in good agreement. 
For ALH A81005, Asuka 881757 and Y 82192, however, the apparent irradiation times are much less for 
the 250°C portion of the glow curves, indicating that either the 400°C portion of the glow curve was only 
partially reset during ejection, or that these meteorites experienced a low temperature heating event after 
ejection. In the former case, the 250°C data are a better indicator of transit time, and all lunar meteorites 
have transit times <15,000 years. In the latter case, the most likely heat source is close approach to the 
Sun, as suggested by Sutton [9] for Y 82192. Using our TL parameters and a black body approximation 
for solar heating, we estimate that ALH A81005 and Asuka 881757 had perihelia <0.5 AU, while Y 82192 
had a perihelion of - 0.7 AU, if solar heating was the major cause of their low TL. 

CoizeIusions. The low natural TL levels of lunar meteorites indicate that these meteorites, in general, 
experienced transit histories of a few thousand to a few tens of thousands of years. The few exceptions to 
this generalization may reflect either partial resetting of TL during lunar ejection or an orbital history 
involving close approach to the Sun. Table I. Transit times for lunar meteorites from natural TL 
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Irradiation History. Lunar meteorites have short 
irradiation histories compared to most basaltic 
meteorites [7], although the duration of irradiation on 
the lunar surface compared to irradiation as 
meteoroids is often uncertain. We determine the 
duration of irradiation for each meteorite from the 
400 "C portion of the glow curve, using TL parameters 
determined from the glow curves of ALH A81005 by a 
peak fitting approach [8] and the experimentally 
determined dose-response. We also incorporate the 
observed rates of anomalous fading (Fig. 2). We use a 
radiation dose of 5 rad/yr in this calculation, 
appropriate for galactic cosmic-ray dominated 
irradiation in small bodies in space or in the 
uppermost meter of the lunar surface. The calculated 
irradiation durations range from <I000 year to 
>100,000 year (Table I), but with most estimates 
< 15,000 year. If we assume that the meteorites were 
not exposed to radiation prior to lunar ejection, or that 
their TL levels were reset by the ejection events, these 
durations equal the transit time from the Moon to the 
Earth. For Asuka 881757, Y 793169, and Y 82192 the 


