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Spherules on Shatter Cone Surfaces from the Vredefort 

Structure, South Africa 

Abstract. Spherical particles of silicate composition occur on the surface of some 
shatter cones from the collar rocks around the Vredefort structure, South Africa. 
They are best developed on shatter cones from a shale horizon but are also found on 
more arenaceous rocks and banded ironstones. They have not been found on shatter 
cones from the purer quartzites. 
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Glassy and metallic spherules have 
been reported in lunar fines and impac- 
tite glasses from terrestrial craters by 
many workers and may be genetically re- 
lated to meteor impact (1). I report here, 
to my knowledge for the first time, the 
presence of spherical and other struc- 
tures on the surfaces of shatter cones. 
The shatter cones were collected from 
rocks of the Witwatersrand sediments 
which form the collar around the Vrede- 
fort structure and from Transvaal sedi- 
ments in the rim syncline around the 
structure (2). The spheres are best devel- 
oped on shatter cones in the Kimberley 
shales; they also occur in shatter cones 
from banded ironstones and argillaceous 
sandstones but appear to be absent or 
very poorly developed on quartzite speci- 
mens. They were discovered during a 
study of shatter cone surfaces with a 
scanning electron microscope (SEM). 

The spheres range in diameter from 
0.1 to 10 tm but are generally less than 5 
,tm. On the shale host rock they tend to 
be perfectly spherical (Fig. la) or to form 
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parts of spheres. Cooling cracks can 
sometimes be seen on the surfaces (Fig. 
lb), and small parasite spheres grow off 
them. The spheres tend to nestle in 
grooves or holes lower than the general 
surface where clusters of them can some- 
times be seen (Fig. Ic), but they also oc- 
cur on ridges (Fig. Id). On shatter cones 
from other rock types the spheres have a 
more irregular lumpy form (Fig. le), 
which deteriorates to a rounded aggre- 
gate of particles in the purer quartzites 
(Fig. If). Doublets (Fig. Ig), hemi- 
spheres, and cup-shaped particles (Fig. 
lh) are also found. When rotated into 
suitable orientations, the spheres are 
seen to be welded to the shatter cone sur- 
face (for example, Fig. I e) and often 
have minute fragments adhering to them. 
Preliminary analyses of the spherules 
with an energy-dispersive x-ray analysis 
system attached to the SEM show that 
they have an elemental composition simi- 
lar to that of the host rocks (3). 

The presence of the spherules clearly 
indicates that extremely rapid melting 
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Fig. 1. Scanning electron micrographs of spherules and other structures on shatter cone 
surfaces: (a through c) on shale host rock, Kimberley-Elsburg Series; (d and h) on banded 
ironstone, Hospital Hill Series; (e and g) sandstone, Timeball Series, Transvaal system; (f) 
quartzite, Kimberley-Elsburg Series. Scale bars: for (a, b, e, g, and h), 2 uim; for (c and f), 5 .tm; 
and for (d), 10 ,tm. 
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and fusion of material must have oc- 
curred during shatter cone formation (4), 
especially in the shale horizon where the 
argillaceous material apparently facilitat- 
ed melting. This explanation agrees with 
the observation of Friedman et al. (5) 
who suggested that "impurities" in 
quartzose sandstones facilitated glass 
formation during frictional sliding. The 
destruction of the spherules by later 
shearing movements or compaction was 
apparently prevented by the fact that the 
shatter cone event was accompanied by 
considerable dilation across the individ- 
ual surfaces. The resultant open spaces 
have remained sufficiently open during 
the subsequent history of the rocks for 
the spheres to be preserved. This argu- 
ment is consistent with shatter cone for- 
mation during the passage of a shock 
wave and subsequent decompression. 

The occurrence of the spherules in the 
Vredefort collar rocks indicates that an 
event of cataclysmic violence occurred 
during the formation of the Vredefort 
structure. At first sight, this event corre- 
lates with the meteorite impact origin 
proposed by Daly (6) and Dietz (7). How- 
ever, there is a body of evidence that the 
Vredefort region incorporated a singular 
igneous and metamorphic center before 
the shatter cone event (8), and the possi- 
bility of an internal origin for the struc- 
ture should not be discounted. 

N. C. GAY 
Bernard Price Institute of Geophysical 
Research, University of Witwatersrand, 
Johannesburg, South Africa 
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Sodium Liquid Ion Exchanger Microelectrode Used 

to Measure Large Extracellular Sodium Transients 

Abstract. A new liquid membrane microelectrode has been developed that is easily 
fabricated and can measure fast sodium transients in the presence of potassium inter- 
ference. It responds to a sudden change in sodium activity within I second. The elec- 
trode has been used to provide the first direct evidence of large sodium transients in 
the extracellular space of the brain of the catfish. 
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ctive electrodes are being tantly, when subjected to a sudden 
ed in many areas of biological change in K+ activity, a Na+-sensitive 
on (1). Liquid ion exchanger glass electrode displays an emf (electro- 
trodes are very useful in these motive force) transient which decays to 
ns because of their ease of fab- an equilibrium value in 30 seconds and 
). At present, however, micro- represents a diminished (1:1) Na+:K+ 

capable of measuring Na+ selectivity (4). Furthermore, in the pres- 
nade from Na+-sensitive glass ence of K+, the response time to a sud- 
;lass electrodes suffer from sev- den change in Na+ activity may be in- 
backs. Although they have tip creased by a factor of 100 (4). Clearly, 
of about I Am, they commonly Na+ changes on the order of seconds can- 
tive lengths of 10 Am or more not be recorded with a Na+-sensitive 
ficult to fabricate. Most impor- glass electrode that requires minutes to 

respond. 
We alleviated all of these difficulties 

by fabricating a Na+-selective liquid ion 
exchanger microelectrode. This elec- 
trode incorporates as the ion exchanger a 

,+0.1 M 10 percent (weight to weight) solution of 
KCI monensin in nitrobenzene. Monensin is a 

e//# ~ biologically active compound produced 
Pure Na CI--/ . / by Streptomyces cinnamonensis (5) that 

t/, / preferentially binds Na+ (6) and has been 
4? 1 0 M proposed for use in macroelectrodes (7). 

/"* KCI oMonensin is commercially available as 
the sodium salt (8) and can be readily 
converted to the free acid as used here 

7~~~/ /^~ ~(9). 
The electrode is made by introducing 

the exchanger into presiliconized micro- 
25 50 100 250 pipettes (10, 11). The electrode is filled 

Concentration (mM) with 150 mM NaCl and positioned with a 

>5 250 25 mM NaCI reference micropipette filled with 150 
mM NaC2HOs2 and 2 mM CaCl2 (12). Dif- 
fusion from the reference pipette does 

I> not influence the ion electrode. Elec- 
[\E trodes with tips 1 to 2 /am in diameter are 

X _glued using rapid-setting epoxy with a tip 
_spacing of less than 10 ,um and con- 

4 seconds nected via Ag-AgCl wires to buffer ampli- 
fiers having a gain of unity and an ultra- 

5 250 25 mM NaCI low capacity (13). The reference signal is 
+ + electronically subtracted from the ion 

3 10 10 mM KCI electrode signal to yield the pure Na+ sig- 
_M~ - _?~ y nal ( 1). The electrode can be used imme- 
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