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We report Nd and Sr isotopic measurements made on tektites. Tlle purpose 
of our study is to use the Sm-Nd and Rb-Sr systems to gain new insights into 
the origin of tektites. Over a decade has passed since the first Sr isotopic 
measurements were made on Australasian tektites [1,2]. Since that time our 
understanding of the behavior and significance of isotopic systems with re- 
spect to geochemical processes has greatly increased. In addition, the de- 
velopment of techniques to measure Nd isotopic ratios has provided a new and 
powerful tool for dating and determining the provenance of rocks. The analy- 
sis of returned lunar samples in the last ten years has clt2arly s h o w  that a 
lunar origin for tektites is highly unlikely [3]. We must, therefore, return 
to earth in our search for possible parent materials for these objects. 

Results. Our measurements of the 143~d/144~d, 87~r/86~r, 147~m/144~d, 
and 8'~b/8b~r ratios are presented in Table 1. The measured eNd are identi- 
cal within errors at approximately -11.35; however, the 147~m/144~d ratios 
range from 0.117 to 0.149. Our measured eSr lie in the range of published 
values of +I08 to +340. Likewise, 87~b/86~r for our samples lie in the pub- 
lished range of 0.471 to 4.01 [1,2]. 

Discussion. The large negative measured E~~ and positive E~~ are clear 
signatures of old continental crust. The isotopic data, taken alone, is suf- 
ficient to exclude the possible derivation of tektites from young, recently 
mantle derived, continental material. The data also clearly exclude any pos- 
sible oceanic crustal source. Several authors have determined that the LREE 
abundances in tektites are strongly enrichL>rl relative to chondritic abundances 
[4,5,6,this study]. These studies have also noted the close similarity be- 
tween the REE patterns (as well as major and other trace element abundances) 
of terrestrial sedimentary rocks and tektites. Oxygen isotope analyses of tek- 
tites also suggest affinities to sedimentary rocks [ 7 ] .  Our results support 
the interpretation that Australasian tektites are produced by impact melting 
of .;t.dinlents or metasediments derived from old continerltdl crllst. The produc- 
: i o r ~  of t e k t i i : ~ . ;  f r o m  a sediment implies that their isotopic systems have un- 
dergone at least a 2-stage growth history. In the first stage we assume the 
derivation of a crustal segment with fl(Rb/Sr) = ((Rb/Sr)crust/(Rb/Sr)uR-l) 
and fl(Sm/Nd) : ((Sm/Nd)crust/(Sm/Nd)CHUR-l) from a uniform reservoir (the 
mantle) at time To. At some later time, Ts, this segment of crust may undergo 
weathering and sedimentation producing a sedimentary rock with enrichment fac- 
tors f2(Rb/Sr) and f?(Sm/Nd). A third possible stage would involve volatili- 
zation upon impact melting leading to a third set of enrichment factors, f3. 
We will defer consideration of this possibility for a moment. For the 2-stage 
model we measure today the enrichment factor f2 and isotopic compositio NI From these we calculate model ages T;; = ~ ~ ~ / ( f ~ ( ~ b / ~ r )  QSr) and TCHUR = 
cNd/(f2(sm/~d) + QNd). These ages are related to the times To and Ts by: 

Nd with a similar equation for TCHUR. We now consider the specific behavior of 
the Nd and Sr isotopic systems in this model. 

The Sm-Nd system has been shown to be relatively undisturbed by sedimen- 
tary and some metamorphic processes [8]. Further, the REE are notably refrac- 
tory and will not be readily subject to disturbance by volatile loss upon 
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TABLE 1. Sm-Nd, Rb-Sr Results. ------ 
Nd Sr 

cNd lb7sm/ l b b ~ d  f (Srn/Nd) TCHUR sSr 87~b/86~r f (Rb/Sr) Tug 

Australite -11.3 0.117 -0.405 1.11 134.6 1.327 15.045 0.54 
k0.4 k0.6 

Cambodia A -- 0.142 -0.281 199.8 2.797 32.817 0.36 
k0.4 

Cambodia B -11.2 0.119 -0.394 1.14 212.5 2.945 34.612 0,37 
20.7 k0.4 

Thailand A -11.5 0.149 -0.242 1.88 204.9 2.824 33.142 0.37 
20.5 k0.7 

eNd relat ive to (Ir3Nd/ 1b4~d)CHuR = ,511836. 
rSr relative to (87~r/86~r)uR = .7045. 
Errors are 20 of the mean Errors on Sm/Nd and Rb/Sr ratios are * 1%. 
(87~b/86~r), = .0827, 1'' = .0142 AE-1, (147smj144 Nd)CHUR = .1967, 
lSm = .00654 AE-~. 

SR HODEL AGES --AUSTRALASIAN TEKTITES 
1 ,38285 

Fig. 1. T:: plotted against l/f (Rb/Sr) showing the lowering of model ages in 
a 2-stage model as a result of increasing Rb/Sr during sedimentation. The y 
intercept gives the age of sedimentation. The age of the sovrce region can 
be obtained from T~~ data. Plotted are data for all analyzed Australasian CHUR 
tektites, excluding high Na/K types. Data sources: this work, (11, [Z], 
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melting. For Nd then, fl(Sm/Nd) = f2(Sm/Nd) (= f Sm/Nd)) and the model age 
&d equation reduces to that of single stage growth: T ~ ~ ~ ~ = T ~ = E ~ ~ / ~ ~ ~ *  fl(sm/~d). 

It is thus possible to use our Sm-Nd data to obtain a concentration weighted, 
mean model age of the sources of the parent material of tektites. In contrast, 
sedimentary processes severely disturb the Rb-Sr system, generally by increas- 
ing the Rb/Sr ratio in the sediment through preferential Rb uptake relative to 
Sr by clays 181. In the 2-stage model we have for Sr, f2 > fl (and for conti- 
nental crust fl > 0) so that the calculated model age, TF , will be greater 
than the age of sedimentation by the quantity (f l(~b/~r)/H2(~b/~r)) (To-Ts). 

S r In the limit f2 >> fl, TUR will approach Ts, the age of sedimentation. Selec- 
tive Rb loss by volatilization during melting of the sediment will increase 
the calculated model age so that Sr model ages place a lower limit on the age 

Nd of sedimentation of a tektite precursor. Table 1 lists TCHUR and TE model 
a es calculated for our samples. As expected from the preceding discussion, 
fid Sr TCpUR are uniformly older than the TUR ages and imply a significant con- 
trlbution of crustal material greater than 1.9 AF age to any sedimentary pre- 

Nd cursor of Australasian tektites. We attribute the variability of TCHm to 
similar variations in the sedimentary material. The suite of mineral inclu- 
sions found in tektites [9] implies a variety of sources for the sediment so 

S r that this variation is not surprising. In Fig. 1 we have plotted TUR vs. 
l/f(Rb/Sr) for all available data on Australasian tektites (excluding the pecu- 
liar high N ~ / K  types). A ?-stage growth history results in a linear plot on 
this graph, with the y intercept giving the age of sedimentation. The data 
indeed define a linear array with intercept - 0.25 AE which we interpret as the 
maximum age of sedimentation for the tektite parent material. This estimate 
conpares favorably with Rb-Sr errorchron "ages" of 0.1 to 0.3 AF obtained by 
Cornpston and Chapman [3] from some of the data in Fig. 1. With decreasing 

S r Rb/Sr (i.e. less Rb enrichment during sedimentation), TUR approaches our 
fid values of TCHUR. In this limit, the 87~b/86~r value appears to approach a 

value of - 0.3, this being the averaged ratios of the sources of the sedimen- 
tary parent material. This value is at the low end of estimates of this ratio 
for average continental crust [lo]. We conclude that the Sm-Nd and Rb-Sr iso- 
topic systems can be used to infer the provenance of impact derived materials 
and, in particular, place significant new constraints on the age of the source 
regions for a sedimentary precursor of Australasian tektites. We believe that 
Sr>-'J:l .inalysis of microtektites should be possible and would provide insight 
into their origin and relationship to normal tektites. Finally, Sm-Nd data on 
late Cretaceous clays may help identify the location of the meteorite impact 
postulated to be the cause of anomalously high Ir contents in these clays 
[Ill, particularly if the impact occurred in an ocean basin. 

Refs.: [I] Schnetzler and Pinson (1964) GCA 28, 953. [2] Compston and Chapman 
(1959) CCA 33, 1023. [3] Taylor (1973) E. Sci. Rev. 9, 101. [4] Taylor(1966) 
GCA 30,1121. [5] Frey (1977) EPSL 35, 43. [6] Taylor and McLennon (1979) GCA 
43, 1551. [7] Taylor and Epstein (1970) Proc. Lunar Sci. Conf. 1st GCA 1, 
1613. [8] McCulloch and Wasserburg (1978) Science 200, 1003. [9] Glass and 
Barlow (1979)Meteoriticsl4, 55. [lo] Jacobsen and Wasserburg (1979) JGR 84, 
7411. [ll] Alvarez et al. (1979) Science 208, 1095. 
Div. Contrib. No. 3553 (379). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


