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Shape analysis of moldavites and their impact origin 
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SUMMARY. I666 moldavites from 19 localities in Bohemia and 617 moldavites from IO localities in 
Moravia were measured to yield parameters L (length), B (breadth), and T (thickness). A digital 
computer was programmed to calculate values T/L, (L--B)/(L--T), and 3~/T2/LB according to Sneed 
and Folk (I958) and values q = B/L, p = T/B, and F = p/q according to Zingg (I935). Averages of 
large numbers of values characterize Bohemian and Moravian localities. Moldavites from most 
localities in Bohemia are often drop-like, flat or elongate with average values of aa/T2/LB between 
o'53 and o.66 and F between 0.68 and o'9I. Moldavites from Moravia are frequently massive to 
spheroidal with average 3s/T~/LB in the range o.6o to o'75 and F between o'87 and I.oS. Among the 
localities in Bohemia, four have moldavites with morphological features of Moravian moldavites. 
The data obtained permit an interpretation that localities of moldavites with low average sphericity 
contain less heated material. Less heated and thus more viscous glass could have flown along shorter 
trajectories (Bohemia). More heated glass was ejected to geographically more distant places 
(Moravia) or travelled along reIatively long steeper trajectories (several localities in Bohemia). 

MOLDAVITES f rom localit ies in Bohemia  are most ly  drop-l ike,  flat or  elongate,  
whereas moldavi tes  f rom localities in Morav ia  are frequently massive to spheroidal .  
A m o n g  the moldavi tes  in Bohemia,  complete  forms are rare, which can be explained 
by  an easier b reakage  of  flat or  rod- l ike  forms with a relatively low sphericity.  Massive 
to r sphero ida l  moldavi tes  f rom Morav ia  yield more  complete  forms. Mos t  fragments,  
irrespective of  their  present  shape,  indicate spherici ty of  the or iginal  forms, so tha t  
average values of  a large number  of  measurements  character ize individual  localities. 

Shape, colour ,  weight, and  surface features o f  several thousand  moldavi tes  were 
described qual i ta t ively by Bou~ka, Faul ,  and  Naeser  (I968). They concluded tha t  
'Shapes  o f  moldavi tes  show significant differences among  localities,  bu t  no t rends 
appear ,  it  is possible to state only  that  the moldavi tes  f rom M ora v i a  have mainly  
r o u n d  shapes. Moldavi tes  could  no t  have been t ranspor ted  more  than  a few k m  by 
water,  and  the original  strewn fields must  have been very small . '  K o n t a  and Mr~tz 
(1969) studied the re la t ionship between chemical  composi t ion ,  bu lk  density, and  
spherici ty and hypothes ized a re la t ionship between sphericity o f  moldavi tes  and  
viscosity of  the hot  glass and  the magni tude  of  thermal  energy l ibera ted  in different 
impac t  areas. 

This s tudy was a imed at  exploi t ing the shape analysis of  moldavi tes  to verify the 
assumed mutua l  pos i t ion  of  the source area (Ries Crater)  and  the strewn fields. Shape 
parameters  of  tekti tes such as sphericity,  which have not  been explored yet, were 
analysed quanti tat ively.  The shape parameters  o f  moldavi tes  were expressed analog-  
ously to those o f  f ragments  used in pe t ro logy  of  coarse  clastic sediments  (Sneed and  
Fo lk ,  I958; Zingg, 1935). In  the course of  a secondary  relatively shor t  t r anspor t  by 
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water with other clastic material, which took place in Upper Tertiary and Quaternary, 
the original sphericity of moldavites remained largely unaffected; the degree of round- 
ness may have changed much, but it is just a function of surface quality (Konta, I966). 

Theoretical assumptions. Among other data, Barnes (I964, I968) found statistically 
that moldavites from localities in Bohemia contain more lechatelierite and bubbles 
than do those from localities in Moravia. This proves that the material of Bohemian 
moldavites was less heated than that of Moravian moldavites. From the studies of 
Barnes and of Konta and Mrfiz (1969) it follows that the thermal energy causing 
homogenization of the glass was lower in most moldavites found in Bohemia than 
in those from Moravia. The more thermal energy affected the source material of 
tektites, the less viscous it became, the less lechatelierite and bubbles it contained; 
such glass assumed more massive to spherical forms than the less heated glass. 

If  we hypothesize an impact origin of moldavites, it is likely that the most heated 
silicate material was ejected from sites in the crater where most of the mass energy 
of the cosmic body was focused. The glass thus formed is expected to have been 
carried mainly to sites remote from the impact or, more exactly, is expected to have 
travelled along a longer trajectory than the less heated glass. Its viscosity being smaller, 
the solidified glass ought to have decidedly more massive and spherical forms than 
the less heated and more viscous glass. 

Material studied. Moldavites from nineteen localities in Bohemia and ten localities in 
Moravia were selected for study (fig. I). Table I summarizes the numbers of moldavites 
measured, their maximum, minimum, and average weights and data on average forms 
of  moldavites expressed quantitatively by geometric parameters according to Sneed 
and Folk (i958) and Zingg (1935). From Bohemian localities 1666 moldavites were 
studied, mostly from the author's collection, the others being from another private 
collection. The localities were exploited systematically for many years, and every 
specimen, including the smallest fragments, was collected and considered. The Mora- 
vian moldavites studied (6 r 7 specimens) come mostly from several private collections; 
only a small part is from the author's collection. Most collections of the Moravian 
moldavites studied contain representative material from several localities collected 
during several decades. Some localities gave poor yields that are not quite suitable for 
statistical analysis. When considering the totals of Bohemian and Moravian localities, 
however, these localities do have some importance. An increase in the number of 
specimens from non-systematically accumulated collections might bias the statistical 
relations observed. 

Measurements and calculations. Each moldavite was weighed with an accuracy of 
4-o.ooi g, and its length (L), breadth (B), and thickness (T) was measured with a 
contact rule. The measurements were performed in the same fashion as with pebbles 
(cf. Krumbein, 1941 ). The only difference was that both breadth (B) and thickness (T) 
were measured at mid-length. For each moldavite were calculated values T/L, 
(L--B)/(L--T),  and the maximum projection sphericity 3~/T2/LB according to Sneed 
and Folk (I958). Following Zingg (r935) q = B/L, p = T/B, and sphericity F = p/q 
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were calculated. All these values were calculated on a British-made ICT I9o 4 digital 
computer at the State Bank of Czechoslovakia in Praha. Averages for each of the 
29 localities studied and for all moldavites from Bohemia and Moravia were also 
calculated (see Table I). 

Graphical representation. Variation of shape of moldavites f rom the 29 localities is 
summarized in triangular diagrams (fig. 2). Each point represents one moldavite. 
The overwhelming majority of moldavites from Bohemia are represented by fragments, 
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Flo. I. Map showing the positions of I9 moldavite localities studied in Bohemia and Io in Moravia. 

whole forms being exceptional. The size of points or crosses showing whole forms 
among Bohemian moldavites has been doubled. In Moravian localities, whole forms 
are frequent and doubling the point sizes would cause confusion in the figures and 
therefore all points are the same size. Some diagrams summarize two or three localities, 
if the localities yielded fewer moldavites. In triangular diagrams according to Sneed 
and Folk (i958) the parameters 3#T2/LB and T/L are characteristic for the shape 
analysis of moldavites; (L--B)/(L--T)is not so characteristic for different localities. 
In square diagrams according to Zingg (1935) the values F = p/q and p = T/B are 
characteristic for the shape analysis of  moldavites, q = B/L is not. This follows 
particularly from the last two graphs (figs. 3 and 4), where solid circles represent 
averages for individual localities in Bohemia and open circles for those in Moravia. 

Fig. 3 shows that the average values for individual localities in Bohemia fall in a 
field bounded by values T/L 0.32 to o.47, a#T2/LB o'53 to o.66, and (L--B)/(L--T) 
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0"42 to 0"55. The average values for localities in Moravia fall in a field bounded by 
values T/L o'4o to o'56, 3~/T2/LB o.6o to o.75, and (L--B)/(L--T) o'51 to o'58. In fig. 4 
the field of Bohemian localities is bounded by p = T/B o.48 to o.64, F = p/q o.68 
to o'9I,  and q = B/L 0"63 to o'75, while the field of Moravian localities is bounded 
by p o'59 to o'75, F o-87 to I.o8, and q o'65 to o'75. 

The centres of gravity of experimental points in triangular graphs for Bohemian 
localities t to 8, Io to I5, and I8 lie decidedly lower that those for localities 9, I6, I7, 
and I9. The centres of gravity of  Moravian localities lie toward a higher max imum 
projection sphericity. An exception is locality 7 at Skryje. 
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FIGS. 3 and 4: FIG. 3 (left). A graphical plot of average shape parameters according to the method 
of Sneed and Folk (I958) for moldavites from t9 localities in Bohemia (solid circles) and Io localities 
in Moravia (open circles). FI~. 4 (right). A graphical plot of average shape parameters according to 
the method of Zingg 0935) for moldavites from I9 localities in Bohemia (solid circles) and Io localities 

in Moravia (open circles). 

Discussion of results. The shape analysis of  moldavites shows that the experimental 
points representing averages for Bohemian localities in the summarizing triangular 
diagram (fig. 3) have perceptibly lower values of  maximum projection sphericity and 
T/L ratio than do points for moldavites from Moravian localities. Average values of 
(L--B)/(L--T) are slightly lower for Bohemian than for Moravian localities. The 
distinction is even more sensitive if we use the method of shape analysis according 
to Zingg (1935). In fig. 4, points representing average values for moldavites from 
Bohemian localities exhibit conspicuously low sphericity F and value p as compared 
to moldavites from most Moravian localities. 

Points in both summarizing diagrams (figs. 3 and 4) do not outline two separated 
fields for Bohemian and Moravian localities, but two slightly overlapping fields. The 
triangular graph of fig. 3 shows that four of  the Bohemian localities, namely Bukovec 
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(9), Lhenice (I6), T~ebanice (I7), and Radomilice (I9), have moldavites with charac- 
teristic shape features of localities in Moravia. Also in the summarizing square plot 
of fig. 4, the points representing average shapes of moldavites in those four Bohemian 
localities lie at the periphery of the field of  Moravian localities. I t  should be noted that 
moldavites f rom these four localities, three of which lie in the northernmost part of  
the strewn field, exhibit also other features of Moravian moldavites. These are low 
lechatelierite content or even its absence (particularly in localities I7 and I9), lower 
abundance of bubbles and lower bulk density (not published as yet). Conversely, 
among the Moravian localities, Skryje (7) has moldavites with average geometric 
parameters close to values for Bohemian localities. 

bits CRATER \ 

FIG. 5- A concept about the ejection of a less heated tektite material 
to most localities in Bohemia and of a more heated tektite material to 

localities in Moravia and some localities in Bohemia. 

From the data obtained follows a hitherto unreported fact that the maximum 
projection sphericity 3~/T~/LB and sphericity F for moldavites from localities in 
Bohemia have averages distinctly lower than do moldavites f rom localities in Moravia. 
Localities of moldavites with lower average sphericity and higher average abundance 
of lechatelierite and bubbles and with a higher bulk density contain tektite material 
ejected from a place of impact where the smaller mass energy of a cosmic body was 
transformed into a smaller thermal energy. These places with smaller mass energy 
and thus also smatler thermal energy yielded a tess heated and more viscous silicate 
glass. Such a glass may have flown over a relatively shorter trajectory and during 
solidifying gave rise to less spherical shapes of  most localities in Bohemia. The more 
heated glass, which occurs in Moravian and a few Bohemian localities (nos. 9, I6, I7, 
I9), was ejected either into places geographically more remote (Moravia) or along 
relatively long steeper trajectories (the four above localities in Bohemia). It  is also 
possible that some localities in Bohemia contain both the more and the less heated 
moldavites. Fig. 5 illustrates the concept about the ejection and longer trajectories 
of more heated moldavites from Moravian and several Bohemian localities and 
shorter less steep trajectories of moldavites from most Bohemian localities. The 
location of the Ries meteorite crater in Bavaria appears to be most suitable to account 
for both the location of moldavite localities in Bohemia and Moravia and their source 
and terrestrial origin. 

In logical agreement with the above conclusion is the remarkable fact that localities 
of moldavites with the biggest average sphericity (in Moravia) have also a substantially 
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higher average weight of  moldavites. Locality 7, Skryje, has the lowest sphericity 
among the Moravian localities and also a conspicuously low average weight of  
moldavites. Of  the four localities in Bohemia with biggest average sphericity (nos. 9, 
I6, I7, I9) three have a relatively high average weight (nos. 9, i6, I9). In all four the 
average weight of moldavites exceeds the average of all I9 Bohemian localities (see 
table I). 

Table I also shows that the average values of  both sphericities calculated f rom all 
specimens, small fragments included, differ only a little from values calculated for 
moldavites whose weight exceeds 5 grams. Only in a few localities, where there are 
many small fragments, are the differences bigger. 

Quantitative shape analysis of tektites has not been performed in any other tektite 
area. I t  is likely that a regionally based statistic analysis of  tektite shapes (expressed 
in terms of geometric parameters), when applied to localities in Australia, southeast 
Asia, in the U.S.A., or elsewhere, might, together with other quantitative data (Konta 
and Mrfiz, I969), aid in determining the sites of impact craters and in constructing 
an image of trajectories of the silicate substance ejected. 
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