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Isotopic measurements were made on sanidine spherules from the Creta- 
ceous-Tertiary Boundary Clay of the Gredero section, Caravaca SE Spain. Sedi- 
ments marking the end of the Cretaceous in Italy, Denmark, and New Zealand 
were found by Alvarez et al. 111 to be many-fold enriched in Ir and other 
noble metals. This has subsequently been confirmed to be a world-wide phenom- 
enon [2,3,4]. The enrichment of these elements (relative to crustal rocks) 
has been interpreted as evidence for the impact of a large (-5 km) extrater- 
restrial body, a possibility which has stimulated discussion about the role 
of such an event in the extinction of a wide variety of species at the end of 
Cretaceous time. In his study of the fossil assemblages across the Cretaceous- 
Tertiary Boundary, Smit [ 51 found large numbers (50-300 cme3 sediment) of 
small (50-1000 pm) sanidine spherules in the Ir-rich layer at Caravaca. The 
spherules appear to have crystallized from quickly cooled liquid droplets. 
Smit found that chemically and structurally the spherules are pure sanidine 
with K/Na - 100, rich in As, Se, Sb, Zn, contain dark inclusions rich in Fe, 
Ni, and Co and up to 20% void space [5]. These objects may have been produced 
by the postulated impact event. The lack of geologic evidence on land for the 
crater which would be produced by such a large impact has prompted suggestions 
that the impact occurred in an ocean basin. We have previously demonstrated 
that the Nd and Sr isotopic composition of tektites can be used to infer the 
age and location of impact targets [6]. We apply this approach to the sani- 
dine spherules. Procedures and Results. Spherules (-100 mg) were picked from 
a concentrate provided us by J. Smit. This sample was crushed, leached in 
cold 4.5M HCI-and rinsed with water in an attempt to remove carbonate. The 
residue was analyzed. We also measured the Sr isotopic composition of carbon- 
ate nanofossils associated with the spherules. The spherules have low Nd con- 
centration (0.8 ppm, see Table I), they are LREE enriched (fSm/Nd = -0.21), 
and the measured ~Nd(0) is -7.9. The measured ~Sr(0) is +66.0 (87~r/86~r = 
0.70915) with fRb/Sr = +36.5 and Sr concentration 60 ppm. Using the measured 
values of fSmlNd and fRb/Sr to correct for in situ decay of Sm and Rb gives 
sNd(~) = -7.6, sSr(~) = +26.4 for T = 65 My. The carbonate fossils have 
sSr(0) = +45.3 (87~r/86~r = 0.70769) with fRb/Sr = -0.85 and Sr concentration 
998 ppm, in good agreement with values for latest Cretaceous seawater [7]. 
Discussion. The rather large negative EN~(T) result demonstrates that the 
spherules were derived from an old LREE enriched source. T ~ & ~ ~  = 1.5 AE, 
suggesting a Precambrian source if the Sm/Nd ratio of the spherules is close 
to that of the source. The small positive ES~(T) implies a slightly Rb en- 
riched source. In Fig. 1 we have plotted EN~(T) vs ES~(T) for the spherules 
together with data on tektites. Tektites lie in the field occupied by typical 
upper crustal rocks in this diagram. The spherule point has lower ES~(T) than 
typical upper crustal rocks, implying that its source had lower Rb/Sr. Lower 
crustal granulites with low ~ b / ~ r  have isotopic compositions which plot in the 
ar a of the spherule point [8,91. Thus we infer from the low ES~(T) and high NS TCHUR age that the high Rb/Sr ratio measured in the spherules was not char- 
acteristic of the source but is related to the formation of the spherules. The ~!f; model age of 0.1 AE is consistent with this. We recognize that incom- 
plete removal of carbonate from the sanidine may be the cause of the low ES~(T) 
value. This would remove the constraint of low Rb/~r in the source but would 
not eliminate the requirement of strong Rb/Sr fractionation upon spherule for- 
mation as the Sr concentration of the sanidine must then be <10 ppm which 
results in a very large fRb/Sr for the sanidine. In summary, the isotopic 
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data require an old LREE enriched, probably low Rb/Sr and hence low K source 
for the sanidine spherules and a mechanism for strong Rb enrichment relative 
to Sr during spherule formation. Isotopically, the spherules resemble crustal 
rocks; either lower crustal granulites or if carbonate contamination is a 
problem, upper crustal granitic rocks. Clearly excluded as a source is the 
impacting projectile [5] which should have &Nd(~) - 0 for chondritic REE 
abundances. The moon is an unlikely source as ES~(T) is much too high. The 
spherules could not have been derived from oceanic crust which has distinctly 
different &Nd of +8 to +12, thus the ocean basins are ruled out as an impact 
site. There remains the problem of producing melt droplets of >80% K-feldspar 
composition. Any mechanism for the formation of the spherules must provide 
for the strong chemical fractionation of Rb and Sr, K and Na, and enrichment 
in volatile elements required by the isotopic and chemical data. Because of 
this, total melting of a target by impact is ruled out. Mechanisms which do 
provide for fractionation are 1) condensation of target material volatilized 
upon impact and 2) impact triggered explosive volcanism of partially remelted 
crustal material. The former possibility implies that chemical fractionation 
of a Precambrian crustal target occurred during volatilization and condensa- 
tion such that K-feldspar-rich condensates with high ~b/Sr and K/Na were 
effectively separated as liquid droplets from any more refractory earlier con- 
densates (Ca,~g rich?) and any less refractory vapor (Na rich?). The volcanic 
mechanism implies that a melt of the above characteristics was produced by 
partial melting and fractional crystallization processes acting on an original 
Precambrian crustal source. Contribution No. 3739 (409). Ref.: [l] Alvarez 
et al. (1979) Science 208, 1095; [2] Smit and Hertogen (1980) Nature - 285, 198; 
[3] Kyte et al. (1980) Nature - 288, 651; [4] Ganapathy et al. (1981) EPSL 54, 
393; [51 Smit and Klaver (1981) Nature 292, 47; [61 Shaw and Wasserburg (1981) 
Proc. LPSC XII, 967; [7] Peterman et al. (1970) GCA 34, 105; [8] Hamilton 
et al. (1979) Nature - 277, 25; [9] DePaolo (1980) Nature - 291, 193. 
Table 1. 

sNd(0) p p m ~ d  fSrnlNd eSr(0) ppmSr f ~ b / ~ r  
Sanidine spherules -7.9k0.4 0.81 -0.21 +66.0+1.4 60.1 +36.5 
Carbonate fossils - - - +45.3+0.6 997.6 -0.85 

cNd relative to (143~d/144~d)m = 0.511847; cSr relative to (87~r/84~r)UR 
= 0.7045; Errors are 20 of the mean. 
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~ig. 1. plot of initial &Nd vs 
initial E S ~  comparing sanidine 
spherules.with tektite data. 
Spherules lie to lower E S ~  in the 
field of lower crustal rocks. 
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