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Lunar and Planetary Science XXXIII (2002)

IRON ISOTOPIC DIAGNOSTICS OF PRESOLAR SUPERNOVA GRAINS. D.D. Clayton,B. S. Meyer, L.-S. The, Depart-
mentof Physicsand Astonomy ClemsonUniversity, ClemsonSC29634-0978

Intr oduction. Themostthoroughy studiedof theisotopi-
callyanomalospresolagrainsaresilicon-carbiderystalg1).
Both X-type SiC and low-densitygraphitegrainscondensd
within the interiorsof superneaeduring their expansia and
cooling (2). This paperconcerndtself with iron in thosesu-
pernwa condenstes (SUNOCONS)for which Feanomalies
wasan early prediction(3). A majorproblemin SUNOCON
interpretationhas beenthat althoughthe grainsclearly rep-
resentsupernea interiors, it is not clearfrom which parcels
of gasthe grainscondesed. The presenceof 60-yr *4Ti in
SUNOCONsasamajorisotopeof Ti demonstratethe prompt
condersationof titanium, long beforesupernea ejectahave
mixed with circumstellarmatter and even long before the
reverse shock reheatsthe supernwae ejecta. To try to si-
multaneouly conderse '*N-rich, ?8Si-rich and *3*C-bearing
carbonaeousSUNOCONssomeauthorshave arguedthatthe
velocity mixing obsened amongbulk fluid elementswithin
supern@aejectacanbetakento alsoimply moleculamixing,
andthushavetakenmixedgaseousnixturesfrom disparatesu-
perno/a shellsasappropiate condensig matter But Clayton
(4) hasamguedthat mixing at the molecularlevel is too slow
to establisimixed gaseousompaitionsexceptalongthetur-
bulentboundaies. We suggestthe possibility of mixing of a
differenttype;namelyinitial condensteslaterpenetratingnto
differentsupern@a zonesandacquiringtraceelementsappro-
priateto them. Measuementsof the isotopiccompositionof
ironwithin SUNOCON<anhelpidentify thesupern@azones
thatcontritutedtheiron. Measuremets of Fe concentrations
within SiC grains(5) shav themto be suficiently abundant
for secondaryion massspectroscop (SIMS).

Iron is of threetypeswithin superneae: initial iron, s-
processiron, and "new iron". The initial iron, which may
have approximatelysolar isotopic composition,will persist
unchamgedwithin the presupenova starto the depthatwhich
heliumburningbegins. In a25M, starthisis roughlytheouter
15Mg . Thes-proces#on existsin theinner10M, of thepre-
supern@a matter beingestablishedy helium burningin the
corvective core,followedby heliumburningin the corvective
He shell,followedby carbonburningin the coreandlaterin a
carbonburning shell surrourding the carbonexhausteccore.
The concertration of Fe will be slightly decreasedy these
processesThirdly, the "new Fe"is createdby the centralex-
plosive nucleosyihesis.

Iron in s-processshells. The structureof the 25Mg,
preSNbefore core collapsehasbeencalculatedby Woosley
andWeaver (6) andby Theetal. (7). All matterthathasever
burnedheliumhasbeenexposedo thes processwith variable
neutronfluencedependéhg on the exact location. The over
ahundarce (X/X ) of eachisotope(®**Fe, *°Fe, 5"Fe, ®Fe
resp.) in threelarge definedzonesof the presuperova are:
He-shell( 0.66,0.91,3.0,11.8); CO core(0.001,0.11,1.81,
71); C-shell(0.0005,0.056,1.73,54). Thesenumkersshav

thattheinner9Mg of the25Mg supernwaearecharacterized
througtout by large %8 Fe excessat the time whenoxygenand
silicon burning beginsin the center Thetotal depletionof Fe
reachesnly 1/4 of solat however, becasethe depleted®Fe
is mostlymovedto 58 Fe. Themasgangefor thesezonesn the
presurnova starare(with somevariationsowing to differing
treatmentsof corvection by variousauthors): 3<m<5.7for
the C-burningshell;5.7<m<6.5for theHe-exhaustedCO; and
6.5<m<9 for the He-burning shellwith m in Mg units. The
He shellmaybe cosmotiemicallyimplicatedasthe only por-
tion of the supernea thatis carbon-richand®O-rich, since
180-richnesss alsoacommondiagnostiof superneagrains.
Unlessthenewn Fesynthesizedby thecentralexplosive burning
isincorporaedinto thesuperngacondersate{SUNOCONSs),
the primary expectationwill clearly be for 5Fe richnessof
traceiron.

Explosively synthesizediron. The sequere of iron nu-
cleosynhesiswassolved threedecadesgo(8,9). More than
half of thegalacticcontenthasbeenproducedn Typela super
novae. Wefocusoncore-collaps8ypell superneae,because
thoseprovide moreplausiblecondersationsitesfor the preso-
lar SUNOCONsin meteoritegbut see(10) for the possibility
of Typela SUNOCONS).Within Typell eventstheiron origi-
natesin silicon burningandfrom thealpha-richreassemblyf
matterbrokendown by theshockwaveinto alphaparticlesand
neutrors. Thisistriggeredby thetemperaturgump associated
with thepassag of the shockwave (6). Owingto thegradient
of the post-shockkemperatur€6), the concenrationsof iron
isotopesvary widely within the inner three solar masseof
ejecta,asshovnin Fig. 1.

Focusfirst on the peakin 54Fe concerration between
masscoordinategm = 1.9andm=2.3M; ). At m>2.8the’*Fe
masdractionis lessthansolar(7.3x 10~ 5 g/g) owing tothede-
structive prior effectsof thes processasdescribedabove. For
1.9<m<2.2theflat peakof >*Ferepresentthesilicon-burning
ejecta. This region is the main sourceof supermva synthesis
of %4 Fe,whichis greatlyin excesshererelativeto °° Fe. Some
447j alsoliesin thiszone butatonly 1-2%of “8Ti. In theinner
portionsof completedsiliconburning(m=1.9)the® Feisotope
dominaesthe mass;but in partial Si burning (m=2.1)%>*Feis
eventhemostatundarn isotopeof iron andSiis themostabun-
dantelement.This transitionis explainedby (8, Fig. 12) and
by (9, Fig. 19). If SUNOCONGgrowth incorporatesmatter
from this range, large positive excessin **FefSFe ratio can
be expected,accommniedby negligible 58 Fe andinteresting
variationsof the®*” Fef®Feratio. This matteris also?®Si-rich
becawse?Si°Si changsfrom lessthansolarfor m>2.6to
greaterthansolarinward from m=2.6. Inward from the same
m=2.6borderthe'>C/*3C ratio chargesfrom greatethan600
to lessthan 600, also an interestingnumberfor SUNOCON
carbon This entirerangeis *N-rich from neutrinointerac-
tionswith O. Thesesimilaritiesto SUNOCONsoffer hopefor
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Figure 1: The mass fractions of ead iron isotope in
the region of explosive nucleosythesis in a 25M; su-
pernova (6). This figure can be reconstricted from
the Clemsonweb site for Galactic Chemical Evolution
(http://photon.plgs.clemson.edu/gdeml), whewe tabulated
values may also be obtained Iron concenration is mud
enriched. Solar massfractions X, of ead isotope (>*Fe,
%6Fe, 57Fe, 8Fe, resp.) are 7.3x10°%, 1.2x10°3, 2.9x10°5,
3.7x10°6. Alpha-rich freezeoutccurs at m<1.9. Silicon
burning producing®*Fe occus at 1.9<m<2.3.

gettingtheSi, N andC isotopesn SUNOCONdromthissame
generalkegion. But whataboutiron?

Insideof m=1.9thematerialhasreassembledh analpha-
rich freezeout. It is herethat the largest fractions of 4Ti
relative to “8Ti exist, up to 30%. 3%Fe and °”Fe dominate
theahundancesn nearlysolarrelative proportionginitially as
%6Ni and®"Ni beforetheir decays):and both *Fe and *®Fe
are of suchlow ahundarce that they are essentiallyabsemn
If SUNOCONgrowth incorporatesron from this zone,large
correlateddeficits of >*Fe and *®Fe can be expected. Very
evidently, iron carrieshigh diagncstic potentialfor locationof
the sourceiron.

A Conjecture on Mixing. We speculatehatthe uniden
tified mixing involves grain transportacrossbourdaries. In
the alpha-richfreezeoufTi is even morealundan thaneither
Si or C, sothat TiC may be the majorinitial SUNOCONin
thatzone TiC subgrainsare known to occurwithin SUNO-
CONs (12). Thesemay begin as**Ti-bearingand **C-rich
TiC grainsandgrow largerby beingernvelopedin graphiteaf-
ter turbulenttransportinto the C-rich CO zone. TraceFe may
initially condens with only very low concentrationin these
thermalcrystalsowing to hightemperatureBut thenthegrain
assemblynay asit grows, sweepup Featomsmoreefficiently
from cooledoverlying shellspenetratedy the turbulence,so
thatmoreFeof differingisotopicsignaturenaybeengulfedoy
continwuslygrowing graphite.Captureof smallFeCcrystals
by the growing graphitemay even occu. The conseqence

could be SUNOCONSsbearingthe predictedsign of the Fe
anomdies but of much smallermagnituc thanthoseof the

distinct shellsfrom which the Ti, N and C condersed. By
sucha sequenre the Fe atomsmay not derive primarily from
the zonesproviding the Ti, C and Si from which SUNOCON
growth began. Suchdilution of anomalysizewasseenin the
Mo isotopicanomdiesin SUNOCONg11), andwe speclate
thata similar effectin Fe maywell beencouwntered.
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