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Introduction: Exsoletion structsres bn pyroxens [1] asd in-
duced thermoluminescence (TL) data [2,3] suggest that ewcrite and
related metoodites have experienced significant levels of metamor
phism om their parent bodies. In this respect, they are quite different
from othersise minerabogically and chesmbeally sbmilar lunar samples
[4]. Eight petrologic 1y pes of cuctiie kave been defined on the basis
af the helerogencity and presende of exsclution structores in the
pyronenes and TL sensitivity, On the basis of pyroxene composi-
thons and lamellae widths, metamorphic temperitisnes and cooling
rates of, typically, 850°-900°C and 40°C/10* yr have been propossd
[1.5,6]. Tdentifying the physical conditions under which metamor-
phism occurred, and 1he relative dming of meamorphism and
breceiation, would provide Irsighis into the parent body and eucrite

Evidence: Whole-rock-induced TL data are shown in Figs. 1
and 2. We have interpreted the peak iemperatere data with the help
of heating experiments (Fig. 3) [2.3). We find that heating the
samples at lemperatanes above B0°C causes the TL peak empera-
e 1o ineresse from 13507 o 2H0FC. We have perfommed these
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Fig 1. Induced TL seamitivitics for cuceiles showing the petrodegic types.
We have sugpeseed thal the TL wcasiivily increises with metumorphism s
Fo diffuses oot of e felidigar and meo the foromenes.
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Fig- 2 Isducod TL peak lemperatares for suctae, bowadine, and mesosid.
efile Melendiied Mo peaks ke indicansd By S ocrods.
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Fig. 3 [nduced T data for four pacriies as a function of healing lempera-
. The four oecritet were ammcabod Tor 56 hr,

experiments with a wide variery of feldspar-beasing samples, and
all plaghociase feldspars (incheding the most ancaihitic) show this
bebavior. We have not identified the cause of this increase, but a
similar change in peak iemperatunes ooours in lerrestrial feldspars
(Fig. 4) where it is associated with an increase in the AT parameter,
suggesting that it 1 related 10 vnsctsral disordering [7]. However,
the effect is indirect since the activation energy for the TL change
is 10-20 keal'mol [8] compared with ~T0 keal'mol for disordering
[9]. Taken at the simplest empirical level of interpretation, the TL
daa suggest thal mos cucrites cxpenienced metamorphism #t tem:
peratares below B00°C, broadly comsisient with geothermometry
based on mineral pairs, The TL dats also provide 3 quantitative
meens of assigning the cucrites bo petrologic bypes thal are atherwise
faizhy qualitative,

An exceptional eucrite is LEW 85300 and its many pairings [ 10].
These meteorites have TL ghow curves with a broad high-tempera-
tuze peak; very similar s that of normal ewcrites heated »1000°C and
lunar samples, We suggested that these mebeorites had been ge-
verely shock heated, a conclasson that was borme cat by petrographie
obserations [11].

Diata for Clasis and Matrix Samples:  All the clast and ma-
trix separates from the LEW B5300 group have ihe samé anisual



E
-
¥

F S b Ll
L3111
Wil e

I

wt
ft—

Co

-
a
1

a
-

del 38 = SIS -2l 13 1) Cuk

it

181 s Fe)
Poad Temgsritne of tha Domnant Peak ((C)

13

Figd Iecreascs & peak semprranan wpon beating companed with tse AT
pasumeasr, § seararement ofthe depres of strucrural discrdering in o tereeserind
oligociase, The nembers doagiide the duts poirts refer o iempersmnes s *C,
W paggesi thai the crange in peak iempersiune is associzied with disor
dering; however, the activation energs for the TL chanpes is conmiderably bess
tham that required for disordenng. w0 e offioct mest be indamct. Pastermak
[22] veppoitod thad the TL wa meflecting defct production thil procodad
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TL peak temperaturs (C)

Fig. & TL sensifivity sgaiesi TL peak iemnperabere for the dominani peak
{ar the hew-tempenanere peak whem both peaks are of approximately squal
ingsnsity) im clasts {open symbols), matrix samples (filled symisols). and bulk
sampless {symibol with-cooss ol beohowandites (EET 8750971 33| and Bholgat),
an atypical sacrite (LEW B3 301, arda mesoeidierite (Vasca Musrta). Peak-
iemperatare dila &fe fof dvailable for five Yaca Muoera clat bl their TL
sensitivited art imbated by armowt.

glow curve shapes domirated by 3 high-temperatare TL peak, while
all the sepamaies from the other three meteorites have nomal low-
iempemiure peaks consisient with a prolonged low-temperitee
episode (Fig. 5). Thiss to a first approximation the clagts of a given
meieorite have very similar thermal histories. The spread of TL
sengitivity values for samples from the two howardites and the
mescsiderite, and the differences in TL sensitivity berween the

hoeardites amd the mesosiderites, largely reflecy differences in
minerzlogy [12,13], but for the LEW 5300 shocked eucrite reflect
the effects of shock and perhaps multiphe impact events [10].

Implications: The bottom line of the induced TL. work is that
the eucrite association meteorites have suffered a prolonged period
of low-lempershae (<B00PC) metamosphism. This has generated
the strong low-temperature peak that is easily destroyed by even
bt -bermm heating above BO0C. ln most cases, TL sensitivity varia-
tions reflect differences inmaneralogy, but in a seite of minerbogically
similar eucrites this boo signals variakons in metamorphac alleration
and provides a quastilative estimate of petrologic [ype.

The main question is whene and how the metamorphism oc-
curred. A reasorable working bdea s that these meteonines formied
in a regolith on & lirge parent body. Recent theoretical treatmenis
[15,16]) and sarellite ohservations of Gaspra, Ids, and Phobos [17, 18]
suggest that there are subsiantial regoliths on even small asteroids,
We can reasonably assume that heat was deposited in that regolith
by one or many impact events, while the bottom and top of the layer
were maintained al a temperaturs of essentially zero. One can use
the appropriate heal condection equations [14] wo investigate pos-
sible regolith temperanare depth profiles as a fianctios of time [3,5].
For o permeabilicy of about 3 = 10-% cm? 5+, the most metamoe-
phosed eucrites wouald have to be buried ~350 m in the regolith
while the least metamorphosed encrites would come from regoliths
oaly =50 m deep. The permeability chosen for theie calouluions
might be rather high and smaller values would decrexse regolith
depths. However, the conchesion of significant burial seems hard io
aviid,
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