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96Zr anomalies are correlated with 5Wi anomalies in coarse-grained Allende CAI (fig. 1). Ti anomaly patterns in the 4 
inclusions showing positive 9% anomalies are identical to those observed in very highly anomalous hibonites [I], and 
indicate an excess of the neutron-rich nuclear statistical equilibrium (NNSE) "e "component [2], identified by correlated 
excesses in neutron-rich isotopes of several iron peak elements (Ca, Ti, Cr, Fe, Ni, Zn) in EK1-4-1 [3] and other 
inclusions [4]. Studies of Ba, Nd, and Sm in EK1-4-1 [5] have also identified positive anomalies at unshielded masses. 
These are interpreted as r -process excesses and parameterized according to an r -process excess parameter, q,. For a mixed 
source isotope, q r  is related to the abundance anomaly, E ,  by: E = qr(NrIN), where Nr/N is the r -process abundance 
fraction. In EK1-4-1, [%I &(sOTi)] -1. Hence the e - and r -process polarizations evident in Ti and REE are 
approximately equivalent in this inclusion if - G, viz., if nearly all 50Ti in the bulk solar system (BSS) mix is 
an e -process product (N@ -1). We describe the correspondence between positive anomalies in e -process isotopes and 
positive r -type anomalies as a 'cosmochemical association' between NNSE and the r -process. This association may allow 
an 'isotopic astronomy' of nuclwsynthesis occurring deep within supernovae, though the intervening cosmochemistry 
leading to the preferential preservation of isotopically anomalous compositions in CAI and hibonites remains very much a 
mystery at present. In the simplest model, the correlated anomalies in CAI correspond to a spatial correlation of 
astrophysical site within one or more supernovae contributing material into the protosolar reservoir. For example, matter 
ejected from zone 1 near the mass cut of the type I1 supernova shown in figure 2 would preferentially find its way into a 
CAI, relative to its average proportion within the bulk solar system (BSS) mixture, and be expressed as a suite of positive 
anomalies in NNSE isotopes. A positive r -process anomaly association would therefore indicate a zonal association 
within supernovae of NNSE and the (as yet unidentified [6]) site of the r -process. (Indeed, the presence of 26~1,  53Mn, 
107Pd and 182Hf (see companion abstract) in the early solar system is consistent with the idea that one or more 
supernovae did occur near in time and place to the solar system's birth ---perhaps in an OB association?) Alternatively, 
chemical processes in the ISM and solar nebula acting upon the 'old material' may preferentially associate previously 
unassociated nucleosynthetic components via interstellar and/or early nebular sorting mechanisms dependent upon physico- 
chemical similarities in interstellar grain populations ('cosmic chemical memory': CCM), as advocated by Don Clayton. 

The interpretation of 96Zr anomalies as r -process excesses assumes that NNSE is not their source. NNSE calculations 
(fig. 4) do show that an "e -Zr" is made within @e range of neutron excess, q ,  spanned in the best-fit multi-zone mixing 
model of 121: 0.165 < q < 0.175. However, 1Zr abundances for all qm, (normalized to BSS 50Ti: fig. 5). are <0.1% 
of the BSS abundances = is well below lppm). NNSE therefore cannot account for the observed mass-96 anomalies. 

Zr is predominantly an s -process element, and has no shielded isotopes (fig. 6): all masses are mixed source (Nr/N < 
1). The quantitative interpretation of isotopic anomalies in Zr is therefore dependent upon an accurate decomposition of the 
BSS abundances into s - and r - contributions. Recent p -process calculations for a T e Ia supernova model [Cf., B companion abstract] show si@cant yields for N = 50 nuclides (and a good fit to the BSS Mo abundance), and suggest 
that a significant fraction of 90Zr in BSS is a p -process product (-40%, see table). As 9 6 2  anomalies are not 
accompanied by 90Zr anomalies (fig. 3). as expected for an s -process deficit (or 'non-s ' excess), p -902  is not 
cosmochernically associated with the NNSE and r -process source: the observed component polarization is: (e+r ) vs. (s+p). 
Both the absence of resolvable 9@r anomalies and the lack of significant BSS residual after subtraction of the s - andp - 
fractions, also constrains the a-process scenario of [7], which generates maximal overproductions for 90Zr in certain 
parameterizations. (In others the most overproduced nuclide is 9% !) 

Because of the 64d branch at 9% (fig. 6), 96Zr is produced in pulsed He shell burning in AGB stars [8]. Indeed, 
recent calculations (91 have overproduced 9 6 2  in models constrained to fit the BSS s -only distribution. Zr yields are 
shown in the table for a BSS best fit s -process calculation for a low-mass AGB star model, (taking into account known 
variations of cross-section with temperature). ('Classical model' abundances are those of [8, 101.) The residuals obtained 
after subtraction of the estimated p -process and 'weak' component fractions (from massive stars [ l l  ) are also shown. d Uncertainties in the decomposition are probably larger than the residuals for all Zr masses except 9 Zr. For 96Zr we 
obtain a range of r -process fractions: 0.15 < N f l  < 0.32, for the uncertainty: 50mb < o(95Zr) < 60mb. The actual 
range, including additional model uncertainties, will be larger. However, 96ZrP4Zr ratios in the range 0.1-0.3 (BSS = 
0.16) have been observed in the ZrO+ s ectra of 2 S-stars actively undergoing s -processing [12], consistent with our 

c! conclusion that the greater fraction of 9 Zr in BSS is s -process. P3Zr abundances in these stars also indicate that the 
atmospheric Zr is > 80% s -process [13].) For Nfl -114, (Nr = 0.08), the observed 96Zr anomalies are reproduced for 
~(5oTi) = qe = qr  = +0.10% ( f i t  7), (assuming qe = q ,  as in EKl4-1). Nr = 0.08 for 9 6 3  is very close to the residuals 
obtained for 97Mo (0.09) and 9 Mo (0.09) by [lo], but is substantially less than N(1WMo) = 0.25, which is r -only. For 
a flat Nr = 0.08 r -process abundance distribution, no resolvable anomalies would be present at other Zr masses, consistent 
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therein; [4] R. D. Loss and G. W. Lugmair, (1990). Ap. J., 360: L59, and refs therein, [5] G. W. Lugmair, (1978). USGS Open-File 
Rpt .  78-701, p. 262; G. J. Mathews and W. A. Fowler, (1981). Ap. J., 251: L45, and refs therein; [6] G. J. Mathews and J. J. 
Cowan, (1990). Nature, 345: 491; [7] S. E. Woosley and R. Hoffman, (1991 preprint); [8] K. A. Toukan and F. Gppeler, (1990). 
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5 MIXING ( a = 0) 

(2 SIGMA UNCERTAINTIES) 

~(~Zr I94Zr ) :  -0.26 +0.23 +0.01 ---- (Referonce) rZ.1 
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