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COSMIC-KAY EXPOSURE KECWDS AND OKLGiNS OF METWRITES

Robert C. Reedy
Nuclear Chemistry Group, Mail Stop J514

Los Alamos National Laboratory
Los Alamos, NM 87545, USA

ABS1’RACl’
The cosmic-ray records of meteorites can be used to infer much
about their origins and recent histories. Some uteorites had
simple cosmic-ray exposure histories, while others had complex
exposure histories with their cotimogenic yroducta made both
before and after a collision in apzce. lhe methods used to
interpret meteorites’ cwsmic-ray records, capecially identi-
fying simple or complex exposure histories, often are inade-
quate. Besides spallo;:cnic radionuclidc.s and stable nuclides,
measurements of producl.s that have location-sensitive produc-
tion ratca, such as the trncks of heavy cosmic-ray nuclei or
neutron-capture vuc.lides, arc very useful in accurately deter-
❑ining a meteorite’s history. Samplee from different, known
IocationB of u mctcoritc help in studying the cosmic-ray

record. SUCIIuxtcn~ivc Hcts of meteorite mea~uuerncn:.s,plus
Lhcoretical modeling of complex hl~tories, will ir~provcour
ability L()predict Lhc production of cosmq;cnic nuclldes in
mctcoritl!~, L(,)di~tingui~h simple nnd complex cxpotiure
l:lutori~,s,nnd Lo bcLLur d(?t(!rln~ll~! L!XpOrJULIJ ilj{CtJ.

1. llltro(ill~!Lj.oll.” MllLt!oriL~!H ilrf~tro~;mcnts from n vnrilty of ohJt*cLH ill..-— -..—————
LiItIHoliI~ ~yHtUm illidCIIIIprovide lnl[)()~tililL Illformntiou ilbout th{!~~*
hodl(’u. WL*L1-dc!turmi.llt*d (’otimic-r;lyl!xpoHur~~hlstoril!~:lr(~ll(DLidt!d to

IILIJI.I Lo ~’tiLuhllHll LIW orlgLIIfI OL mcl,t!orttcH: wllcrl’ tlluy [!ilmt-’from ;Illd
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have been exposed to cosmic rays, are typically orders of ❑agnitude
shorter than their radiometric formation ages and, for some meteorites,
their brecciation ages and collisiunal shock ages (4). The coemogenic
products used to study exposure records of meteorites include st:ble and
radioactive nuclidea and tracks of heavy cosmic-ray nuclei. If a

meteorite had a simple exposure record, then the concentration of a
cosmogonic product and its production rate can be used to determine an
exposure age. However, the production rates vary considerably with
meteoroid size and shape and with sample location (5), so corrections for
the effects of the sample’s shielding geometry must be applied. Most
❑ethod~ for estimating shielding corrections, such as the Nc-22/Ne-21 or
He-3/N[!-21 ratioe, do not yield unique production rates but only nalrow
the range of possible v~lues (5).

Many meteorites had simple exposure ages. Detailed investigations
of the cosmic-ray records of several meteorites, such as the tracks,
radiunuclides , and spallogenic noble gases in St. Scverin (6), show that
the cosmogonic products were made only ‘luringonc exposure geowetl:’.
Ilowever,most meteorites have not had their exposure records sho.m to
lMVC been siDIpleby such systt?maLic studies. Anotlwr clue Lh;ltu
meteorite probably had ~~simple history is Lhat it~ exposure agt!is Lhf:

some as u nurnbcrof otilcrmeteorites of LI)(!snme Lype. Ilowevcr, thc!ru
i.lr~ only [1few clusters for tllcexpo~urc ~I}:L!6ot met~!orit(ls;tll{’LIxpusuru
ngcs for mosL ❑eteuritt!s form u continuous dis~ribution.

S(’vltl”ill llll’1(!O1”ll (!}; (’lt’ilrly 1)/1(1 111(’1 1’ (’()! :111()}:($111(. 1)1”(~1111’[s Inilll(!1)0111
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111(11 (’01”01(1’:1” }:(loml~t I-y. ‘[’11(, ,11 I [11 (.llO1l(ll’1 1(” W:l!; 11’ I”; I(II; II I’11 l)y ;I :; I} J,III I i

(“illll I 111X 1)1 IV)snll(”-l”ily [1:11”1[(”1(1!4 I(II” ,.10 Nil 11(,:11. I III* ::llll; 1(,{, 1)1 ,’1 Vl, l’y
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(9). !il’v(~r; l I ()[ 11(11’ III(,I (,01”1 I lit; Illlvll 11;111(’oml)lt~x lll!;ll)rl[l:i, !:II{.11 ;1!1
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products made during the meteorite’s final exposure geometry overwhelm
any previous production. However, if this last exposure stage was sholt,
then possibly the products made during the prevloue exposure could be
detected. As suggested by (9), the high production rates inferred for
Ne-21 from meteorites that nave undersaturated Al-26 activities (that is,
e::pnsure age~ of -1 Ma) could be a consequence of pre-irradiation. A
very special case of a complex history IF when a foreign clast in a
brecciated meteorite has had a prevlcus expos~re to the solar wind or
cosmic rays prior to incorporation in Lhe meteorite (11).

3. Systematic Experimental Studies. To properly calibrate the
predicted production rates and prokiles of cosmogonic products in
meteorites , extensive sets of ❑easurements are needed. l’he❑easurements
should be made for samples from different, known locations and also of
products with a wide range of production-rate-versus–depth profiles
(tracks, high- and low-energy spallation, and neutron capture) and a
variety of half-lives (including stable isotopes). For example, the
Na-22 and CO-6U activities measured in Jilin (9) serve as a calibration
points ior cosrnog(!nicnuclides in a metecroid with a radius of 85 cm.
The measurement~ of cosmogonic products In meteorite cores, such as Lllosc

from St. S~!verin (b) and Keyes, .ulsotir~!valuuble reterence data.

Iiowevt!r, few SUCII well–cllarncturized datii ~ets for cusrnogenlc
nur.lid[!sin mcteoriLus i!xist (5). Nest ml:teorites thnt lMVC been
illv~~Lig;lt~d[11 d~Lilil llflVC ]-~d~i of -liJ-40 cm, which ore typic;llut motit
m(!t~!orltcu. ‘i’llcrcIMVU Imt Iwcllreallyc~xtcl:sivestudil!sot sm;lllur
m(!tcorit(!s. ‘,ill)or:lL~rY trr-:ldiiit~orlti ot sm.nll~pllerir.al t;lrgctsarc
lIt!lplII~ to ulldersL;llld Lhc production OL r,osrnogcnic IIuclldcH in ~m;lll
mct~ioroidY (12). wiI~lL! JillllIl;ld;]riidl.u~ot 85 cm Lor its l:~Ht 0.4 ~la,

lLs illiLiiIl (lXpoGflN! LinliLssLudi(!s 01 l-()[;m[)}:(~nic IIII(*LldLIS III l.;Ir};(I
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production rates or Ne-22/Ne-21 ratios are used to search for unusual
exposure histories. Artificial exposure records derived from calculated
production ratee and profiles can be used to teat the methods used to
infer the exposure histories of ❑eteorites. These theoretically con-
structed records for complex histories will eapccially t:elpto show which
feat’lresof a ❑eteorite’s cosmic-ray record are best auittd for diatin-
guiEhing complex irom aimplc kdf3tOLiea and which typea of complex
hist.oricaare amet easily detected. Such theoretical atudiea would help
to !~ind thf areas where meteorite ❑eaaurementa or more laboratory aimula-
tlo.le or croea sections would be ❑oat useful.

5. Concluaiona. MarIyexperimental and theoretical studies are needed.—
=improve our ability to unfold the co~mic-ray exposure records of
❑eteorites. More extenaivc ❑easurements of coemogenic products in
meteorites, especially shielding-sensitive onea like tracks and neutron-
cupture-produced nuclidca , will help to identity meteorites that had
c.~mplex histories and to yield better exposure ages. Such improved
recent hiatoriee could aid In identifying th= parent bodies for certain
meteorite, such d~ primitive rarbonaccous cnondrites (possibly from
I:ometary Murfaces) or LhC SNC meteorites (the Shergottites, Nakhlit(!~,

and ChnsEigny, which were po~sibly ejccterl from the martinn ~urfac.c).

Detailed meatmremenLs of co~mogcnic product~ in mt!tcoritcs could bc uHtxl

to improve the ❑odels for predictln~ the pr(xluctlon r~tc~ of thcs(!

products. Thmreticul &!Lud~e: of the production systcmiiti(:~ (JL cosmf)}gc!lll~:
products in metcorttvs will 11(~.l,pto idontlly ~lrc’n~wlleru iddlttoniil
hboruLory or muLcorlte mt.!;ls”irt!mc!llLH iir~~ ut!c!dcd.
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