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Our recent studies ofMn->*Cr isotope sys-
tematics Ty, of >Mn is 3.7 Ma) in chondrites,
non-cumulate eucritedflars, and the Moorhave
shown the presence of radial gradient n the
abundances of radiogentCr in the solar system
[1]. We have suggestethat thisgradient may &

the result of a original heterogeneous distribution

of *Mn at different heliocentriodistancesWhile

the Earthand the Moon a1l AU are characterized

by the same™Crf%Cr ratios Qg; 1e = 1x10%,
Mars (1.51AU) exhibitsa **Cr excess ofD.2%,

and the ordinary chondrites (asteroid belt, 2-

3AU?) reveal a°Cr excess ofD.4&. Based o
the study of the eucrit€aldera,which hasequil-
brated @ isotopes[2], we assigned d the HED
parent body (HED PB) (Vesta, 2.36AU) a
CrP°Cr excess ofl.1%. As we noted in[1],
however, i Mn/Cr has fractionatedery early n
the history of theHED PB, with a bulk model
Mn/Cr ratio close b chondritic[3], this planetes
mal may actually have a much smaffi@r excess.
In order b @ learn moreaboutthe evolutionary
time scale of theHED PB and b) constrain further

genites, the cumulaiucriteSerra @ Magé [SM],
an anomaloushigh -Mg -REE eucritePomozdino
[POM], andthe non-cumulate eucrit®itira [IBI]
are summarizedn the Figure. Thelata obtained
earlier forCaldera,ChervonyKut [CK], and Jui
nas [JUV] are also included.

In the Figure e plotted the measurédCr/’Cr
ratios forthe bulk meteorites versus their regpe
tive **Mn/>°Cr ratios. Withthe exception of &,
all datapoints form awell definedcorrelationline.
Because thidine represents &ulk meteoriteiso-
chron t bears o information on the time ofrgs-
tallization a cooling of individual meteoritedn-
stead, the slope of theline represents he
*Mn/*Mn ratio at the time & the last Mn/Cr
fractionation in the HED mantle and corresponds
to (4.6:0.6) x 10°. The absence dfcatter 6 the
datapoints from thdine indicatesthat the source
reservoirs of all these meteoritegere formed
contemporaneously aridatthe Mn-Cr systems D
the bulk samples of these meteoritesnained
closedsince their formation. We notehowever,
thatthe closer thé°Mn/>’Cr ratio d a bulk mete-

orite falls to thechondriticvalue(0.76)the smaller
becomes the time resolution. For example, material
with a **Mn/*Cr ratio d 2 which was separated
from a chondritic source (see below8) Ma after
the other meteorites/ould result n an offset d
-0.2% from the isochron Wile the corresponding
offset for a®*Mn/*Cr ratio d 0.8 would only ke
-0.0Ze and would go undetected. Cthe other
hand, the offset o€K, with its high **Mn/>**Mn
ratio o (4.3:0.4) x 10° derived from a internal
isochron,is most probably the result of dightly
earlier separation of itsourcefrom the mantle,
whereas its crystallization occurreadmost con
temporaneously with the globdifferentiation of
the HED PB.

The fact thatthe isochronpasse<lose b the
chondritic point(~0.% at 0.76) suggestthat the
Mn/Cr ratio d the HED PB isindeed close to
chondritic. To be exact,the HED PB **Cr/°Cr
ratio is[(0.57% andis only marginally higher than
that in chondrites[{0.4&) and those calculatddr

the extent of®Mn heterogeneity within the asteroid
belt itself and, thus, taletermine whetherhe
>Mn->3Cr isotopesystemcan be usedsaa chro-
nometerfor different asteroid belt materials, ew
have studied other constitueritthe HED PB -
diogenites, cumulate and several iiddal non-
cumulate eucrites.

We have measuretdCr/“Cr andMn/Cr ratios
in bulk rocks, chromites, aniulk silicatesfrom
the diogenites JohnstowdT] and Shalka [SHA].
Similar to Caldera [CAL],both meteorites show
equilibrated Cr isotopic composition: withinhe
uncertainties (5-10 pprihe phases witklifferent
*Mn/*Cr have the samé&Crf°Cr ratios. Hw-
ever, the®Cr excesses inTJ ((D.5&) and SHA
((0.3%) were found d be significantlylower than
those inCaldera. This indicatethat Mn/Cr fac
tionation in theHED PB mantlehas occurredery
early in the history of theolarsystem andhat e
*Cr excessri CAL does obviously not represent
that d the bulk HED PB. The data forthe do-
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the angrite [(D.4&) and pallasite parerfhodies
(0.5 [4]). Thus,the difference in thé*Crf~Cr
ratios and, thereforen ioriginal >*Mn abundances
among the asteroid belt objects studiedfar is
marginal,if it exists a all. The>*Mn->*Cr isotope
system, therefore, can hesedas a chronometer
for samples from within the asterdielt. Fromthe
*Mn/>Mn of (4.6:0.6) x 10° and that b
LEW86010 (LEW), (1.250.07) x10°, we calau-
late arelativetime d the HED PB mantle fac-
tionation of 70+0.8 Ma before LEW. Using te
absolute age of LEW4557.80.4 Ma [5]) we
convertthe relative age intoraabsolute agenral
obtain 4564.80.9 Ma. Finally, the>Cr gradient
[1] is now alinear function of the heliocentriis-
tance.

From the>Mn->°Cr isotope systematics ifnet
HED PB we can calculatehe lower limitfor the
age ofthe solar system. Clearlythe solar system
initial >*Crf%Cr (SSI) cannot & higher than he
terrestrial **Cr/°Cr. Assuming the terrestrial

*Crf’Cr (0¢) = SSlwe calculate théime required
to evolve > Cr/°°Cr in a chondritic source frome0
to 0.2& (theHED mantle®*Cr/*Cr at 4564.8 Ma)
to be [B.2 Ma.Therefore, theninimumage of he
solarsystem $ (4568 Ma.This value agreewith
the upper limit for the absolute age of CAl's
(4566t2.0 [6]). A similar calculation usinghon
dritic **CrP%Cr of 0.4& yields aminimum solar
system age df4567.2.
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2.0 ' ' ' ' | Figure: *Mn->Cr isotope gs-
& ~~- tematics n the HED parent
HE HED parent body e body. CAL - Caldera, CK -
1.6T R 1 Chervony Kut, IBI -Ibitira, JT -
1.4F [ '}“_1—. i | JohnstownJUV - Juvinas, PM
- | "},.” - Pomozdino, ® - Serra @
1:_- Mageé, SHA - Shalka. The %
=y LEC T o AUV cesses f0°°Cr in the bulk rock
w1.0r = 5 CAL < eucrite and diogenite samples
w | &5 — I8 | (relative b the terrestrialalue)
0.8 1. 1lpoM are expressedni € units (1 part
0.6F ) 4 in 10% - typicallledrr?rsaée 0.05
T = to 0.10¢. A well-defined corre
- - H 53, H
0-AF & 9T Tsspn/ssMn=(4.640.6) x 105 | | 2on, d Cricr with
F BHA . indicates that te
0.2 e(53)| = +0.26x0.08 sources bthe eucritesand do-
0.0 L L L L ! 1 genites were separatédm the
0 1 2 3 4 HED mantle contemporane

ously. The K and 31 data
points (the Mn/Crratio for SM
is poorly constrained)were rot

included n the calcu-lation & thebest fitline. Theslope @ the isochrordefines @*Mn/**Mn ratio d (4.6+0.6) x
10° at the time 6 mantle fractionation. Thdifference betweethe **Mn/**Mn ratio & the time & Mn/Cr frac-
tionation n the HED mantle andsolidification d the angriteLEW86010 corresponds to t&me difference b
7.0+0.8 Ma. Theabsolute Pb-Phge ¢ LEW86010 § 4557.80.4 [5]. Combining thes&Mn->*Cr andPb-Pbdata
yields a time of HED mantle frionation of 4564.80.9 Ma.



