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Twenty three new majcr~element analvees of moldavites are reported.
y N Yy

Abstractf ;};L

The samples include seventeen Bohewmicn and six Moravian tektites. The
ranges in the contents of the various oxides are as follows: SiOz,

75.5 - 80.6; A1203, 9.62 - 12.64; Lloz, 0.258 - 0.460; Fe203, 0.12 -
0.31; FeO, 1.42 - 2.36; Mg0, 1.13 - 2.50; Ca0, 1.46 - 3.71; Nazo, 0.31 -

0.67; K,0, 3.26 - 3.81." The Rb and Sr contents and the Rb/Sr ratios are

4

2

also reported for the 23 specimens; the ranges are as follows: Rb,

120 - 160 ppm; Sr, 130 ~ 156 ppm; Rb/Sr, 0.82 - 1.20. The densities
and refractive index values range from 2.3312 to 2.3718 gm/cm3 and from
1.486 to 1.495, respectively.

In contrast to the australites, the moldavites display significgnt
negative ¢ tions between the alkali metals (Na and Rb) and the
alkaline,earths. The variations in the chemical composition of'moldavites
would ééém to be unlike those of sediwmentary or igneous rocks. \It ié
suggestea that the observed variaiions in composition are largely due

to fractional volatilization. The wide range of Rb/Sr ratios in con-

junction with the uniformity of the Sr isotopic composition supports

| ' | N
this theory. v cpﬁxﬂ
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Present address: Theoretical Division, National Aeronautics and Space
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. INTRODUCTION /
Published analyses have shown that tektites from a particular

geographic group are quite similar in chemical composition and that
there is some similarity between tektites from different groups. In
general , tektites are recognizzble s such by cheir chemical compositions.
Compilations in the literature, of older analyses by various investigators
using different analytical techniques, have tended to obscure real
variations within and between the tektite groups. There existed a need
for precise analyses of representative numbers of samples by uniform
techniques, preferably utilizing accepted rock standards to monitor
accuracy. This need has been satisfied in the case of the australites ¢
(Taylor, 1960; Taylor et al, 1961; Cherry and Taylor, 1961; Taylor,
1962; Taylor and Saché, 1964), the bediasites (Chao, 1963), and various
South East Asian tektites (Schnetzler and Pinson, 1964a). The purpose
of this paper is to report a number ofgznternally consistent chemical
analyses of Czechoslovakian tektites and to discuss theories of origin

of the moldavites in the light of this data. Seventeen moldavites from

v
-~ N

the Boﬁemian "strewn field" and six moldavites from the Mbravian field
were angiyzed for major element contents. Theirock standards G—; and
W-1 were.used as analytical monitors. Analyses of the trace eleménts
Rb and Sr‘were also performed. The refractive indices and speeific JAMﬁJ?tS
gnauttﬁee of the 23 tektites were also determined.
Previoﬁs4chemicé1 analyses of moldavites have been-reported by

Barnes (1940), Schnetzler and Pinson (1963, 1964a, 1964b), and Bouska

‘and Payondra (1964).
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Further details concerning all aspects of this work have been given
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by Philpotts (1965).
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¢ ANALYTICAL TECHNIQUES

Refractive Index and Density Determinations

' Refractive index values for the 23 moldavites were obtained
on powders by theimmersion oil method. Most powders gave a range of
refractive indices and the reported values are an estimate of the
mean value for each sample. Because of the estimate involved in the
determinations, accuracy is thought to be about #0.002.

The specific gravities of the moldavites were determined by
weighing the bulk samples in air and in distilled water on a high-
precision chain balance. Duplicate determinations were made on six
samples; the mean difference between duplicates was. 0.0004 gm/cm3.
The precision and accuracy of the density determinations are thought
to be better than +0.001 gm/cm3.

Sample Preparation

The moldavites were prepared for chemical analysis in the
following manner. The samples were washed in acetone, in distilled

water, and in hot, six normal HCl; they were broken on a steel plate

v
-~

and a portion of each tektite was crushed in a flat-surf#ced, hérdened
steef\'percussion.mortar; a hand magnet was passed over the cfushea
fragmehts in order to remove any incorporated steel; the samples were
powdered in a boron carbide wmortar and homogenized.

Rapid Silicate Procedures

Total Fe, MgO, CaO,‘Naﬁo,’KéO, TiO2 and P2q5were determined by

the rapid silicate procedu.cs of Shapiro and Brannock (1956) as

describec by Schnetzler aad Pinson (1964a). Two weighings of each
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- tektite sample, except T 52964, were used in the determinations; a

single weighing of T 5296d was used. Fe0 was determined by the

spectrophotometric method of Shapiro (1960). Only a few determinations

of P20S were made because the method proved unreliable at the low

concentrations found in the moldavite samples. For the same reason,

determinations of MnO, H20 and 002 were not undertaken.

X-ray Fluorescence

It was decided to determine SiO2 and A1203 by X-ray fluorescence
techniques because of the number of determinations required to obtain

a reliable SiO2 value, and because of the frequently anomalous Al

23
results obtained by the "rapid silicate™ method. This decision was
made in light of the successful X-ray fluorescence analyses for lighi
elements by Volborth (1963),.Rose et al (1963), Schnetzler and Pinson
(1964a), and Welday et al (1964). It was further decided fo forego
the fusion technique of sample preparation because tektites are

relatively homogeneous glasses produced by a natural fusion process,

and because tektites from the same locality (i.e. Czechoslovakia)

-~

\

are quite similar in chemical composition.
Preliminary X-ray filuorescence investigations were done at the
Hoffman Laboratory, Harvard, on a helium path, Phillips unit, under
the supervision of Dr. J. W. Frondel. 1In order to determine the
suitability of the moldavite powdered samples for X-ray fluorescence
analysis, they were first analyzed for K; flame photometric data on

K were available for comparison. The moldavite powders were packed

~into lucite trays by pressing the surface with a glass slide. The K Kd

radiation of each samp.e& was rapidly scanned (1 degree per minute)

- ) . \
Zrom 40C to 42°, using a tungsten target and an ADP crystal. A
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comparison of the X-ray K results (obtained from a least squares fit)
and the flame photometric K results for the same 23 moldavites is
presented elsewhere (Pinson et al, 1965); the mean difference between
the two sets of results was 0.04% K. It was next decided to analyie
for A1203. A tungsten target and a gypsum cryétal were used. |
Unfortunately only a few samples could be run because of other
demands upon the X-ray unit at the time.

The A1203 determinations were continued on a General Electrie,
vacuum, X-ray unit in the Geochemistry Laboratory at the Goddard
Space Flight Center. The moldavite samples were prepared for analysis
by briquetting 50% mixture of sample powder and boric acid at.lo,OOO P
psi for one minute.: A chromium target, PET crystal and piexiglass
sample holders were used in the A1203 determinations. Three sets of
100 second counfs were taken at a background setting and on the
AlKa peak. This corresponded to a total of about 7500 counts on
the background and 75,000 counts on the AlKa peak for each sample.

Moldavites previously analyzed for A1203 spectrophotometrically

-~

were' used as standards. SiO, was determined using a chromium target
v ) .

and a\?ET crystal; Three sets of 100 second counts were made at

2

each of the two background settings, and three 20 second counts were
made~at'the SiKa peak. This corresponded to a total of about 3000
counts on each of the backgrounds and about 50,000 counts on the

SiKa peak fqr each sample 5riquette. Some samples gave anomalous
background counts. Most of éhese anomalous counts were obtained on
samples run in the same s.azple holder. An empirical correction factor,

equal to the average packground count divided by the observed




o

background count, was applied to the peak counts in these cases.
Moldavites which had been analyzed for SiO2 by the '"rapid-silicate"
method were used as standards.

Rb and Sr were determined on the Nortl imerican Phillips X-ray
fluorescence unit at M.I.7. under the superv-sién of Professor H..W.
Fairbairn. Powdered samples were used. A molybdenum target, topaz
crystal, and scintiilation countar were emp.oyed. Three sets of counts
were registered on three vackground settings, the RbKa peak, and the
SrKa peak. A total of 6000 counts were taken 2t each 0f the background
settings and a total of 12,000 counts were taken on oota of the peaks,
for each sample. Each run on four samples included a standard; the ‘
Rb and Sr contents of the three "unknowns" were determined by comparison
of peak héights with those of the standard that was run with them.

The standards used were moldavites for which Rb and Sr contents had

been (or were later) determined by mass spectrometric stable isotope
dilution analyses (Schnetzler and Pinson, 1964b; Pinson et al, 1965).
Eachﬁmoldavite sample was packed and run two or three times in’the X-ray
fluoregcence analyses for Rb and Sr; |

Precision and Accuracy of the Chemical Analyses

The precision and accuracy of the rapid silicate procedures employed.
in this investigation have been discussed by Schnetzler and Pinson |
(1964a). The most mecaningful expressions of precision and accuracy of
the analyses are derived from the results of repiicate analyses of the
rock standards G-1 and W-1 which were prepared and ruu with the tektites;
Results of the analyses of G-1 and W-1 are _lven ii

accepted values for the monitors are taken from Fleischer and Stevens (1962).
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The‘precision and the accuracy of the tektite analyseg are believed
to be as good (for comparable concentrations) as those of the analyses
of G-1 and W-1, if not better, because of the ease with which tektite
glass goes into solution.

The accuracy of the X-ray fluorescence determinations of SiO2
and A1203 depends upon the accuracy of the spectrophotometric deter-
minations of these constituents in the standard moldavites. The
average difference between the speactrophotometric values and the X-ray
fluorescence values (obtained from a least squares fit) for A1203
in the four standard moldavites was iess than 0.1% A1203. The average
difference between the spectrophotometric and the X-ray fluorescence
values for SiO2 in the five standards was 0.5% Sioz.

The Rb X-ray fluorescence analyses of the moldavites have a
precision (c¢) of about +2%; the Sr X-ray analyses have a precision of
about +3%. These conclusions are based upon numerous replicate analyses

of G-1 and W-1 by Professor H. W. Fairbairn (M.I.T., 1964, unpublished).

The accuracy of the X-ray fluorescence analyses for Rb and Sr depends

-~ e

upon\the accuracy of the mass spectrometric determinations of these
constitﬁents in the standard moldavites. Results obtained on G-1 aﬁd
W-1 in ﬁhe M.I.T. Geochronology Laboratory, when compared with results
obtained elsewhere by various reliable methods of analysis (Fleischer
and Stevens, 1962), suggest an accuracy of better than 5% for the mass
spectrometric determinat . :as 2 Rb and Sr.

Direct evidence of ~.nz overall accuracy of the moldavite analyses

is given by the fact that summaticns of th: values of the constituent
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oxides fall between 99% and 101% for 20 out of the 23 samples analyzed;
it should be noted that only the Ca0 and Mg0 and the Fe0O and Fe203
determinations are not independent. A conservative estimate of the
overall precision (C = —i—— (100)) of the analyses is as followa:-

Si02, +1%; A1203, +3%; TiOz,‘-’.:3%; MgO, +5%; Ca0, +4%; Na20, +15%:;

K,0, +2%; total Fe as FeO; +£2%; Rb, +2%; Sr, +3%.

=
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RESULTS

The results of the chemical analyses of the 23 moldavites are

Lo 12
ciding
given in Table 2 along with the specific-—gravity and refractive index

values. The results are presented in order of saﬁple occurrence from
west to east in the "strewn fields". The major eiement contents are
réported in Table 2 as weight % of the oxides; a summation of the
constituent contents is included. Total Fe contents, as % FeO, are
given. The contents of Rb and Sr in parts per million, are also
reported., The results of the PQOS analyses are not given because
these analyses proved to be of poor quality; the 15 samples analyzed
for P205 gave results ranging from 0.00 to 0.06 with a mean value of
0.03.

The values reported in Table 2 for the various constituents show
the following ranges: Si02, 75.5 - 80.6; A1203, 9.62 - 12.64; Ti02,
0.268 - 0.460; Fe203, 0.12 - 0.31; Fe0, 1.42 - 2.36; Mg0O, 1.13 - 2.50;

Ca0, 1.46 - 3.71; Na,0, 0.31 - 0.67; K

2 2

1.53 - 2.61; Rb, 120 - 160 ppm; Sr, 130 - 156 ppm. All of these values

fall within the ranges given in the literature (Barnes, 1940; Schnetzler

and Pinson, 1963, 1964a, 1964b; Bouska and Povondra, 1964) with the
exception of one KZO analysis and four Rb analyses. The K20 analyses
all fall in the upper region of the range reported in the literature.

4 ¢
Al L b
3

The specific=gTewity and refractive index valucs of the 23 moldavites

range from 2.3312 to 2.%}18 gm/cmj and from 1.486 to 1.495, respectively,

0, 3.26 - 3.81; total Fe as FeO,
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Table 2 continued

*

spectrophotometric determination of SiO2

A mass spectrometric isotope dilution analysis by Professors
W. H. Pinson, Jr., and H. W. Fairbairn.

Note: Tektites 5296a - 531Y are from Bohemia, tektites 5320 - 5345 are trom

Moravia.

Note: The weights and shapes of the samples, and the results of each

duplicate analysis may be found elsewhere (Philpotts, 1965).
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DISCUSSION
The results reported in Table 2 indicate variations in the
contents of all constituents. The observed scatter of the moldavite
analyses, expressed in terms of the same function C as was used to

evaluate precision, is as follows: Sioz, +2%; Al O,, +4%; TiO +13%;
P |

2)

0, +4%;

0, £19%; K2

total Fe as FeO, x13%; Mg0, +23%; Ca0, +29%; Na2
Rb,‘i7%; Sr, +4%. It is evident that the observed scatter is greater
than the analytical error for all constituénts, and indeed, it is
considerably greater for most constituents. It is therefore concluded
that real differences in chemicél composition exist between the moldavites
analyzed in this investigation. ‘
The Moravian tektites were found to have higher average contents
of Si02, A1203, TiOz, FeO and Na20, and lower average c?nteqﬁf of
Aensilie g
MgO, Ca0O, and Sr, than the Bohemian tektites. The specific=gravitics
of the Moravian samples were lower, in general, than those of the
Bohemian samples; this is in accord with the results of the specific
gravity study by Chapman et al (1964). The major distinction between

moldavites from the two localities is that the Moravian samples have

contents with low and relatively constant

high and variable Fe0 and TiO2

Ca0, Mg0O, and Sr, whereas the Bohemian samples have high and variable
alkaline earth contents with low and constant Fed and TiO,. This
difference is illustrated for the pair Cal0 - Fe0 in Figure 1. The

overall similarity between tektites from the two groups, however, suggests

. ’ t
that a common origin is highly probable. The data do not indicate any
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clear regional trends in composition within either of the "strewn
fields". Considerable differences in chemical composition were found
between tektites from the same localities. This is not surprising in
view of the facts that moldavites of all colours vccui in wost 1oCa
(Faul and Bouska, 1963), and that .tektites from Habri showed a wide
range of specific gravities (Chapman et al, 1964).

Certain relationships exist between the various constituents of
moldavites. In Table 3, correlation coefficients and degree of

significance are presented for various pairs of constituents. The

alkalis show positive correlations amongst themselves, as do the alkaline

1

earths. NaZO and Rb are inversely correlated with the alkaline ‘
earths. SiO2 shows negative correlations of various significances

. dengi iy
with the alkaline earths, A1203, refractive index and speciﬁée—égavkty.

FeO (actually total Fe as FeO) has significant positive correlations
with TiO, and with. Na0.

The variations in the chemical composition ¢f moldavites reflect

varia;ions in the parent material and/or differential changes in
composition brought about during fusion. Taylor (1962), partly on

the baéis of significant negative correlations of almost all constituents
with SiOz, concluded that the australite parent material consisted of

a mixture of 75% homogeneous shale and 25% quartz. Such a wixture is

not suggested by the mollavite data because SiO2 is not inversely
correlated with the alkalis or with FeO. 1In fact,ithe nonlinear

correlations of certain pairs of constituents (e.g. CaO-FeO, Figure 1;

NaZO-FeO) cannot be explained in terms of any two-phase mixing process,
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Correlation coefficients (r) and levels of significance,

Table 3

for various pairs of constituents in moldavites.

Moravia Bohemia Combined data
r signi- r signi- r signi-
ficance fance ficance
Na20—K20 +0.96 <1% +0.63 <1% +0.47 <5%
Nazo—Rb +0.99 <0.1 +0.61 <1 +0.73 <0.1
K,0-Rb +0.94 <1 +0.75 <0.1 +0.72 <0.1
Mg0-Cal +0.91 1 +0.81 <0.1 +0.96 <0.1
MgO-St +0.98 <0.1 0.72  <0.1 - -
Ca0-Sr +0.91 1 +0.56 <5 - -
Si02-A1203 Not. sig. -0.65 <1 - -
$10,-Mg0 -0.93 <5 -0.83 0.1 -0.88 <0.1™
Fe0™-TiO, +0.99 <0.1 +0.85 <0.1 +0.96 <0.1
FeO*-Na,0 +0.83 <5 +0.70 <1 +0.79 <0.1
NaZO—MgO -0.91 1 not sig. -0.53 1
NaZO—CaO ~ -0.83 <5 not sig. 0.64 0.1
Rb-Cal -0.83 <5 -0.73 <6:1 - -*
Rb~-Sr -0.90 <5 -0.50 < -0.61 <1

" combined data not applicable

x Total Fe as FeO
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including the mixing of immiscible liquids. The data could be explained
in terms of a complicated mixing process but the significant correlations
between many pairs of constituents indicate that .a simple cause was
responsible for the observed variations in chemical composition. 1In

any case, sedimentary parent materials would seem to be ruled out by
the.oxygen isotope data. Taylor and Epstein (1552, 1963) concluded on
the basis of the oxygen data that tektites are either extraterrestrial

or they are fused terrestrial granitic rocks with changed chemical
composition.

Superficially, thg variations in chemical composition of the
moldavites resemble the variations in acid igneous rock sequences. In ¢
such sequences, however, some of the alkalis have positive correlations
with Si02, and iron is positively correlated with the alkaline earths
and with A1203. These correlations are not displayed by the moldavites,
In addition, there is no evidence for the erstwhile existence of
discrete phases in tektites, with the exception of a SiO2 phase. The
presence of lechatelierite is of interest because melts of moldavite
composition would presumably lie within the Si0, field and differentiaticn

2

would occur by SiO2 phase separation. Products of this SiO2 subtraction

would exhibit inverse correlations of all constituents with SiOz.
This is not the case for moldavites. Another objection to the origin
of the observed variations in chemical composition by igneous

differentiation is the fact that these varisiions also oceur over small

distances within individual to. .lf2s. A p..lminary electron microprobe
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study of moldavites indicated that variations in composition, comparable
to those between bulk samples, occur over distances of 100y or so,
within individual samples. This is supported by the refractive index
data of this present work and of that by Cohen (i5G3).
in view of the failure of other processes to satisfactorily explain
the variations in chemical composition of the moldavites, it is suggested
that these variations are, for the most part, the result of fractional
‘Qolatilization. Many investigators (e.g. Cohen, 1960; Lovering, 1960;
" Lowman, 1962; Greenland and Lovering, 1962; Chao, 1963) have appealed
to fractional volatilization in order to account for various features

R

of the chemical compositions of tektites. Other evidence of extensive |,

: ‘i:l*ﬁc'ﬁo M
changes of composition by seleetiwve volatilization is the apparent

discrepancy between the U-Pb and Rb-Sr ages (Schnetzler and Pinson,

1964b) . ;
'g‘\v\'; I TI_C Ry }
Experimental data concerning seltective-volatilization are meager.

Experiments by Lovering (1960), Friedman et al (3960), and Walter and

Carron (1964), and optical spectrographic studies (Ahrens and

aylor,
1961) on silicate materials have indicated the following order of
volatility under most of the experimental conditions, from most to

least volatile: Aikalis > Si, Fe > Al, alkaline earths. It therefore

St

seemns probably that seicctiwe voi.tilization ot tektite material would
reduce the concentrations of alkalis and increase those of the alkaline
earths. The content of .a particular alkali or alkaline earth constituent

could be used as an index of the extent of the process' action. There

is the possibility, however, that some of the variation in concentration
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of the constituent could be inherited from the parent material. For

example, the addition or subtraction of SiO, from an otherwise homogeneous

2
material would affect the concentration of another constituent; it
would not, however, affect the weight ratio of any two constituente
(excluding SiOz). A ratio of two constituents would therefore serve
as a better index ofvvolatilization.

The moldavite data was interpreted in terms of Rb/Sr ratio for
the following reasons: 1. Rb and Sr are inversely correlated and
therefore their ratio shows wide variation; 2. Rb and Sr were deter-
mined separately from all other constituents and therefore relationships
between the Rb/Sr ratig and other constituents cannot be due to p
analytical idiosyncracies; 3. The Rb/Sr ratio is believed to be as
gopd if not better than the individual Rb and Sr determinations with
respect to precisign and accuracy. In addition, even though the Rb/Sr
ratio varies from 0.77 to 1.20, eight out of nine Sr87/Sr86 analyses
of moldavites-fell within a range of only 0.0011,-which is two standard
deviations of a single analysis (Pinson et al, 1965). This situgtion
cannot have long existed. Within the last 30 m.y. either Rb and Sf'
have beéﬁ fractionated or Sr has been isotopically homogenized. It
seems moét probable that the change was effected during the thermal
event dated by the K-A age. The parent material might have been
homogeneous, chemically «nd isotvoplcally, or homogenization could have
occu-red during the thermal event. The survival of the 1echatelieri£e
inclusions leads us to favor a homogeneous 'parent. In either case,

the range of Rb/Sr ratios is best explained in terms of fractional

volatilization.

K
%
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It is assumed that the Rb/Sr ratio decreased with increasing temper-
ature and duration of heating. Bohemian tektites with lower Rb/Sr ratios
have lower SiOz, Na20, and Rb contents, and higher alkaline earth contents.

3 T102, FeO, and K

A120 2O do not vary appreciably-with decreasing Rb/Sr.
Moraviap tektites with lower Rb/Sr ratios have lower SiOz, TiOz, FeO, and
alkali contents, and higher alkaline earth contents. Sample 5324 is
exceptional in that it has the highest Rb/Sr ratio (1.20) and yet has lower
SiO2 and higher A1203 than the other 5 Moravian samples. If the assumptions
made concerning fractional volatilization are valid, then intercepts of
trend lines in plots of pairs of constituents indicate relative volatilities.
Thus in Figure 2 the tiend line gives an intercept of about 3% K20 and this
indicates that NaZO was more volatile than KZO' Another method of deter-’
mining relative volatilities is by examination of constituent ratio changes
with changing Rb/Sr. K/Rb was found to increase with decreasing Rb/Sr
(Figure 3), and this indicates that Rb was wore volatile than K. The
relative volatilities of the chemical constituents, as indicated by the
correlations, were as follows, from most to 1east‘901atile: Na20, Rb,
K20, Si02, A1203, Sr, Mg0, and Ca0. This order is in essential .agreement
with the available experimental evidence. The relationships of iron with
other cénstituents suggest that initially iron was the most volatile
constituent and was rapidly lost untillan ecuilibrium value of about 1.7%
total Fe as FeO was attained (Fig. 1, Fig. 4).

It is difficult to account for the relationships among the chemical
constituents oZ moldaviteé/by means other than fractional volatilization.

. This process might have masked preexisting variations. The authors

feel, however, that such initial variations would involve the addition
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or subtraction of SiOz. The inverse correlations of the alkalis and
alkaline earths in moldavites suggests that variations of SiO2 in the

parent material of moldavites were very limited. The presence of

lechatelierite inclusions might indicate thai th
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consisted of an aphanitic or glassy matrix containing a few phenocrysts
of a pure SiO2 phase. Differences bgtween the Bohemian and the

Moravian tektites probably reflect different histories during the thermal
event,

Fractional volatilization may have affected the compositions of
tektites from other geographical groups. A brief discussion of
possible volatilizatign effects in australites has been presented .
elsewhere (Philpotts and Pinson, 1965).

Four major tektite groups are generally recognized, namely North
American, Czechoslovakian, Ivory Coast, and South East Asian. The
probability of fusing terrestrial material that is similar to tektites
in chemical composition, oxygen isotopic composi;ion (Taylor and
Epstein, 1962, 1963) and strontium isotopic cémpo=it10ﬁ {Schnetzler
and fipson, 1964b, Pinson et al, 1965), in four, large-scale separate
events;'is low. In addition, aerodynamic ablation evidence (Chapman
and Larson, 1963; Adams and Huffaker, 1964; Chao, 1964), petrographic
data (Chao, 1963), and water content (O'Keefe, 1964), all seem to indicate
an estra-terrestrial origin of tektites. Yet the moldavites have the
sax: K-A age (Zahringer,,1963), within the experimentai error, as the
Nordlingen Ries impact crater, which is about‘300 km west of the strewn

field. This K-A data has been interpreted to mean that the moldavites

'
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were blasted out of the Ries crater (Cohen, 1963). The diverse rock
types found rimming this crater (Shoemaker and Chao, 1961), however,
would seem to be unsuitable parents, chemically and isotopically
(Taylor and Epstein, 1963), for the moldavites. Feirhaps, ag Q'Keefe
(1963) has suggested on the basis of stratigraphic relations, the mold-
avites and the Ries Crater are not of identical age. If they are of
the same age it could be fortuitous but this is unlikely in view of

the similarity of éges of other tektite groups and various impactites
(Fleischer,et al, }965). Perhaps the Ries crater was formed by the
impact of the moidavite parent-body. Such an origin might best explain
the alignment of the ﬁgldavite strewn field with the Ries crater. In ¢
the case of the Ivory Coast tektites, however, there is ancillary
evidence to support a hypothesis of terrestrial origin. Not.only do
the Ivory Coast tektites have the same K-A age as the Bosumtwi crater
{(Gentner et al, 1964), but they would also seem to have the same

Rb-Sr age as rocks in that part of Africa (Schnetzler et al, 1965).

The interpretation of the moldavite data in terms of fracticnal
volatilization throws no further light on the problem of terrestrial
or 1un%ﬁ origin of tektites, although it does necessitate some modification
in thg explanation of the Rb-Sr ages of tektites. The oxygen isotope
data indicate that acid igneous rocks are the only possible terrestrial
parent-material for tektites (Taylor and Epstein, 1962, 1963). Such
rocks, however, do not have contents of the rare earths similar to
those possessed by tektites (Haskin and Gehl, 1963). This might be"
construed as evidence of the extra-terrestrial origin of tektites.
However, the overa11~siﬁi1arity in chemical composition, including the

rare earths, of tektites and the '"crustal average" indicates terrestrial
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origin (Taylor and Sachs, 1964). In view of the conflicting evidence,
however, it would seem that if tektites are of terrestrial origin thenc

come fundamental point would so far seem to have  been overlooked.
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SUMMARY

New analyses for nine major elements and for the trace elements

Rb and Sr in 17 Bohemian and 6 Moravian moldavites have been reported.

dewsitieg
The refractive indices and bulk specific—grawvities-of the 23 moldavites

E
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have also been reported. Real variations Lu che 1 comnosition and

physical properties were found.
The Moravian tektites that were analyzed had higher average

contents of Si0,, Al.0 TiO

2 273 2’
of MgO, Ca0 and Sr than had the Bohemian tektites. The major distinction

FeO and NaZO, and lower average contents

between samples from the two strewn fields is that Moravian tektites

have high and variable Fe0O and TiO, contents with low and relatively

: 2
constant Mg0, CaO, aﬁd Sr, whereas Bohemian tektites have high and
variable alkaline earth contents, with low and constant FeQ and TiOz.
The overall similarity between tektites from the two gfoups suggests /
that a common origin is highly probably. No clear regional trends
in composition within the strewn fields were found.

‘The relationships between the concentratians of the various.
constituents were examined. It was concluded that the variations in

chemical composition within and between individual moldavites are best

explained in terms of fractional volatilization that occurred during

the brief thermal event dated by the K-A age. The wide range of Rb/Sr

ratios and the uniformity of the Sr isotopic composition support

this conclusion. 'The va;iations in chemical composition were re-examined,
using tie Rb/Sr ratio as an index of the extent of the proposed
fractional volatiiivation process. The data indidate the following

order of volatility from most to least wolatile: Na20, Rb, K20, 8102,

A1203: Sr, Mgo and Ca0. .ﬁ»‘__.“_,"
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The efficacy of ithe proposed fractional volatilization process
might be demonstrated if (1) the occurrence of coesite (Walter, 1965)
or the diffusion gradient around lechatelierite inclusions or any other
indicator of thermal history could be related to bulik cowpositicn of
tektites, (2) U-Pb or Rb-Sr ages of tektites from a specific geographic
group were found to be the same as the K-A or fission track ages, or
- (3) the observed variations in chemical composition were duplicated
by experimental volatilization studies.

It 1s concluded that if tektites‘are of terrestrial origin then

some fundamental point would so far seem to have been overlooked.
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