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METALLIC SPHERULES IN IMPACTITE AND
TEKTITE GLASSES!

Romix Brerr, U. S. Geological Survey, Washington, D. C.

ABSTRACT

Electron microprobe analyses indicate that Ni-Fe spherules within impactite glass
bombs from the Meteor Crater area, Arizona, contain from 20 to 65 weight percent Ni.
Spherules from impactite glass at Wabar, Saudi Arabia, contain 8 to 41 percent Ni. The
parent meteorites contain 7 to 8 percent Ni. The analyses indicate that glass in the vicinity
of the spherules is enriched in Fe. Spherules in philippinite and indochinite tektites contain
1 to 3 and 4 to 6 percent Ni, respectively. The glass in the vicinity of tektite spherules is
not enriched in Fe and contains from 3 to 6 percent Fe.

It is proposed that spherules in impactite glasses were partially oxidized prior to or dur-
ing incorporation into impactite bombs. The almost Ni-free Fe oxide diffused into the glass,
thus depleting the metal in Fe, and enriching the glass. Carbon dioxide and water may have
contributed to the oxidation at Meteor Crater.

Spherules in tektites were not oxidized because the tektites were formed in an atmo-
sphere with extremely low partial pressure of oxygen. A less likely alternative is that the
spherules were incorporated into the tektite glass instantaneously so that oxidation was
prevented.

INTRODUCTION

Impactite bombs consist predominantly of glass that formed from rock
and soil when a meteorite hit the earth. These impactite bombs, com-
monly contain small Ni-Fe spherules.

Previous analyses of metallic spherules from meteorite impact craters
indicate that the spherules are richer in Ni than the parent meteorite
from which they were derived. The Ni content of metallic spherules in
tektites is consistently low with respect to impactite spherules.

It is the purpose of the present paper to examine the processes con-
tributing to the Ni enrichment and to propose that the cause is oxidation,
which the spherules in tektites have not undergone.

DESCRIPTION OF SPHERULES

Ni-Fe spherules in impactite bombs from the Wabar and Meteor
Crater meteorite impact craters have been described by several authors
(e.g. Spencer, 1933; Nininger, 1954; Park and Reid, 1964; Larson et al,
1964). The spherules consist of Ni-Fe finely intergrown with subordinate
troilite (FeS) and schreibersite (Fe, Ni);P in a fine-grained texture char-
acteristic of rapid cooling from a melt.

Spherules occur both within impactite glass bombs (Spencer, 1933) and
as discrete individuals coated with a thin layer of oxide and siliceous glass

1 Publication authorized by the Director, U. S. Geological Survey.
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(Mead, et al, 1965). The spherules within the impactite glass bombs com-
monly occur in dark- rather than light-colored glass. Spherules range in
diameter from 0.5 mm to less than a micron. Within any given impactite
bomb, spherules are highly irregular in size and concentration; they occur
as commonly near the surface of bombs as in the interior. Unlike spher-
ules in tektites, not all metal particles in impactites are spherical; a small
percentage of those seen in Meteor Crater impactites are irregular in
shape; that of a dumbbell is especially common.

There is no doubt that metallic spherules in the Wabar and Meteor

TaB1E 1. ANALYSES OF NICKEL IN METALLIC SPHERULES FROM
ImpacTITE GLASS AND TEKTITES

Locality Ni, wt. percent Reference
Wabar Crater 8-11 . Park and Reid (1964)
10-48 Larson et al. (1964)
8.8* Spencer (1933)
Bosumtwi Crater 5.2 El Gorsey (1966)
Philippinites 1.2- 3.2 Chao ef al. (1962)
2.1- 4.9 Chao et al. (1964)
Indochinites 4.4-13.2 Chao et al. (1964)

* Wet chemical analysis, all others by electron microprobe.

Crater impactites are of meteoritic origin, since metallic meteorites are
the only available source of Ni-Fe.

Spherules similar in size and mineralogy to those in impactites occur
within tektites from Dalat, South Viet Nam, and Mandaluyong, Philip-
pine Islands (Chao, ef al., 1964). They have also been reported in austra-
lites by Schiiller and Ottemann (1963). Spherules are considerably rarer
in tektites than in impactite glasses. The presence of coesite, which ap-
pears to be indicative of meteoritic impact (Chao, et al., 1960), in tektites
(Walter, 1965) and the resemblance of the metallic spherules in tektites
to impactite spherules suggests that the spherules are of meteoritic origin.

IroN AND N1CKEL CANTENT OF SPHERULES AND GLASS

Previous work. Analyses by previous workers of the Ni content of impac-
tite and tektite spherules are given in Table 1. Some Wabar spherules are
greatly enriched in Ni with respect to the parent meteorite which con-
tains 7.3 weight percent Ni (Spencer, 1933). One spherule in suevite glass
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from the Bosumtwi Crater (El Goresy, 1966) is low in Ni with respect to
impactite spherules from other craters. The composition of the parent
meteorite is, however, unknown.

Analyses of Meteor Crater spherules that were not enclosed in glass
also show enrichment of Ni with respect to the composition of the parent
meteorite. Ni contents are as high as 45 percent (Nininger, 1956; Park
and Reid, 1964; Mead, et al., 1965).

TasLe 2. CoMPOSITION OF SELECTED TEKTITES, IMPACTITES AND IMPACTITE SOURCE
MATERIAL (TEKTITE ANALYSES FROM CHAO (1963), WABAR ANALYSES
FROM SPENCER (1933))

Avg Wabar Wabar Wabar
Indochinites Philippinites - white black sand-
Tektite

glass glass! stone

Si0, 73.0 70.8 73.87 92.88 87.45 92.06
ALO; 12.83 13.85 12.69 2.64 1.77 2.80
NiO — — - - 0.35 - -
Fe.0s 0.64 0.70 0.47 0.23 0.28 0.60
FeO 4.37 4.30 4.16 0.53 5.77 0.19
MgO 2.48 2.60 2.18 0.47 0.60 0.45
Ca0 1.91 3.09 2.23 1.46 1.90 1.19
SrO — — — - — 0.01
NaO 1.45 1.38 1.38 0.42 0.39 1.03
K,0 2.40 2.40 2.28 1.61 0.58 1.04
TiO, 0.73 0.79 0.75 0.12 0.15 0.12
Py0; — = — tr. tr. -
CO. — - — - — 0.59
MnO 0.09 0.09 0.10 0.01 0.01 0.01
H.0* = — — 0.32 0.04 0.20
H,0~ — — - 0.1 0.08 0.22
Total 99.90 100.00 100.11 100.80 99.37 100.50

! Includes Ni-Fe spherules.

No analyses have been made of the Fe or Ni content of the impactite or
tektite glasses containing spherules, although Spencer (1933) includes a
bulk analysis of Wabar black glass with spherules (Table 2). Spencer has
calculated that the Fe-Ni ratio in the black glass (including spherules) is
close to that of the parent meteorite. Table 2 also lists analyses of some
tektite glasses.

Present analyses. In the present study glass and spherules from both the
Mandaluyong, Philippine Islands, and Dalat, South Viet Nam, tektite
localities and impactite glass from the meteorite craters at Wabar, Saudi
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Arabia, and Meteor Crater, Arizona, were examined for Fe and Ni with
an ARL electron microprobe. Some spherules were also analyzed for Si,
using pure Fe as a standard. The spherules analyzed had not been oxi-
dized by weathering, since they showed no characteristic oxide veinlets
or preferential oxidation of troilite.

Fe-Ni standards for spherule analysis were those used by Goldstein and
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F1G. 1. Plot of Ni in metallic spherules versus Fe content of surrounding glass for indo-
chinite, philippinite, Meteor Crater impactite and Wabar impactite specimens. The range
of values for any given measurement represents the standard deviation from the mean for
the analysis. Figures in parentheses refer to the number of different spherule measurements
which plot within the area shown.

Ogilvie (1965). Synthetic glasses (total Fe=1.4, 3.1, 4.2, 4.4, 4.9, 6.7
wt. 9,), pyroxenes (total Fe=8.5, 14.7, 16.5, 19.9, 24.3 wt. %), chromite
(total Fe=10.9 wt. %,), and fayalite (total Fe=44.2 wt. %), were used as
standards in determining the Fe content of the impactite and tektite
glasses. The accuracy for the quantitative analysis of Ni in the Ni-Fe
spherules is conservatively estimated as within + 5 percent of the amount
present, and for the Fe analyses of the glasses within & 10 percent of the
amount present.

Results are listed in Table 3 and Figure 1. At least 10 points were ana-
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TasLE 3. MICROPROBE ANALYSES OF Ni IN SPHERULES AND Fe
IN SURROUNDING GLASS OF TEKTITES AND IMPACTITES

Fe content of
glass at least

Locality Ni in metal Fe in glass 500 microns Comments
from any
spherule
Philippinite A 1.5+ 0.1 4.4+ 0.2 4.0+ 0.5
1.3— 1.7) | (1 3.8% 4.8) | (3.3% 4.5)
Philippinite B 2.7+ 0.3 5.4+ 0.5 5.4+ 0.3
(2.5—3.5) | (4.8— 5.8) | (5.0— 5.7)
Indochinite A 5.0+ 0.5 3.6+ 0.2 3.5+ 0.2
4.5— 6.5) (3.2— 4.0) (3.3—3.7)
Meteor Crater A 22.8+ 1.9 24.9+ 1.6 Ni content of Canyon Diablo meteorite
(19.7-23.5) | (23.2—27.4) is 7-8.5 wt. percent (Prior, 1953)
Meteor Crater A 55.2+ 1.1 21.8+ 1.0 —
(53.6—56.6) | (21.5—22.7)
Meteor Crater A 50.6+ 2.3 17.1+ 5.4 Fe content of glass on one side of spher-
(47.1—53.6) | (11.5—22.8) — ule differs markedly from that on the
24.0+ 0.7 other
(22.7—25.0)
Meteor Crater B 50.7+ 0.6 22.8+ 0.6 17.4+ 7.2
(50.0—51.6) (22.2-23.5) (0.8—23.2)
Meteor Crater C 61.3+ 2.0 22.6+ 0.8 —
(57.6—64.7) (21.4—24.3)
Wabar A 14.1+ 0.3 7. e 1,10, 5.6+ 2.8 Ni content of parent meteorite is 7.3
(13.5+14.7) | ( 6.3— 8.6) | ( 0.3— 8.0) wt. percent (Spencer, 1933}
Wabar A 12.5+ 0.2 5.7+ 1.4 5.6+ 2.8
(12.2—-12.7) (2.5-7.6) (0.3— 8.0)
Wabar A 14.44+ 0.3 — 5.6+2.8
(14.2—14.7) (0.3— 8.0)
Wabar A 31.8+ 0.3 9.7+ 0.4 5.6+ 2.8
(31.2—32.1) (9.1—10.4) (0.3—8.0)
Wabar B 39.5+ 0.9 6.3+ 0.4 4.2+ 2.4
(38.3—40.6) | (5.8— 7.0) | (1.6— 6.5)
Wabar C 11.0+ 0.7 4.4+ 0.6 3.3+ 3.6
(9.8-13.3) | (3.0—5.3) | (0 —13.9)
Wabar C 11.1+ 0.5 7.2+ 1.0 3.3+ 3.6
(10.7—12.0) | (5.5— 9.7) | ( 0.0-13,9)
Wabar C 10.0£ 0.2 | 6.3+ 1.3 | 3.3%3.6 -
(9.9-10.2) (4.6-10.7) (0.0—-13.9)
Wabar C 10.2+ 0.4 6.5+ 1.8 3.3+ 3.6
(9.9—-10.8) (4.2— 9.2) (0.0—13.9)
Wabar C 29.44+ 0.5 7.6+ 0.5 3.3£3.6
(28.2-30.5) (6.3— 8.6) (0.0-13.9)
Wabar D 8.4+ 0.4 8.4+ 0.6 Light-colored glass of Park and Reid
(7.9—9.0) | (6.7— 9.1) (1964). Spherules so abundant that
all glass lay within 500 microns of a
spherule
Wabar D 1555E 051 7,3+ 1.3 Light colored glass, as above.
(11.3—11.7) (4.6— 9.2)
Wabar D 8.5+ 0.3 11.5+ 2.1 Light colored glass, as above.
(8.3— 8.7) (7.8—14.2)
Wabar D 8.6 4.2+ 3.7 Light colored glass, as above. One spot
(0.1—8.8) analysis of metal only.

More than one listing for a given specimen corresponds to analyses of more than one spherule in that speci-
men. All analyses in wt percent, given as mean plus std. deviation and range of values. Ranges of values are in

parentheses.
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lyzed within each spherule, both by traverse and spot analysis. At least
12 points were analyzed within the glass surrounding each spherule by
traversing from 0-100 microns out from the spherule at either 2- or
5-micron intervals. At least 10 spot analyses of glass more than 500 mi-
crons distant from any spherule were also made for most specimens. The
above figure of 500 microns is correct only if it is assumed that there were
no spherules within 500 microns below the surface analyzed. The assump-
tion is probably not correct in some measurements of impactite glass,
which explains the high Fe content of some of the glass.

Analysis of tektite and impactite glasses showed greater contents of Fe
and Ni in glass within 8 microns of the spherule boundaries than in glass
farther from the spherule, presumably because of excitation from part of
the spherule below the surface. No gradients in Fe content of glass were
observed within 100 microns of any spherule. If any gradients exist
within 8 microns they are masked by the excitation effect. Analyses
within 8 microns of a spherule are therefore not included in Table 3.

Variation ranges of the contents of Ni in metal and Fe in glass in any
given impactite bomb are considerably larger than the estimated analyti-
cal error. Part of the variation in Ni content of any given spherule may
be due to accidental analysis of the tiny troilite and schreibersite particles
that occur in these spherules, but the major part of observed analytical
differences probably reflect real differences in the Ni content of the metal
phase.

The analytical results can be summarized as follows:

1. In any given tektite, the Fe content of glass is fairly uniform
throughout (4 to 6 wt. 9 in the philippinites, and 3 to 4 wt. % in the
indochinite specimen). The Fe content of impactite glass in the vicinity
of spherules is considerably higher than that of tektite glass. It is fairly
constant within 100 microns of any given impactite spherule but dimin-
ishes, in some specimens to the limit of detection (0.01 wt. %), at dis-
tances 500 microns or more from any spherule. Unfortunately, no con-
tinuous profile showing these gradients was obtained.

2. No relation between the size of spherules and their Ni content was
found (Table 4). Spherules vary widely in their Ni contents within any
given impactite bomb, but the amount is fairly constant in any individual
spherule.

3. The Ni content of impactite spherules (Meteor Crater, 20 to 65
wt. 9 Ni; Wabar, 8 to 41 wt. 9, Ni) is considerably higher than that of
tektite spherules (philippinites, 1 to 3 wt. 9%, Ni; indochinites, 4 to 6 wt.
9, Ni). The impactite spherules are depleted in Fe with respect to the
parent meteorite.

4. The Fe content of Meteor Crater impactite glass in the vicinity of
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TABLE 4. AVERAGE Ni CONTENT OF SPHERULES IN WABAR IMPACTITE
GLASS ARRANGED IN ORDER OF INCREASING SPHERULE DIAMETER

Spherule diameter (microns) Ni content (wt percent)

8 8.4
10 8.2
10 32.0
12 12.7
15 10.0
20 8.5
20 10.2
25 11.5
28 39.8
30 11.1
36 14.0
57 | 11.0
105 29.4

spherules (11 to 27 wt. 9;) is higher than that of Wabar glass (0 to 10
wt. %), even though the Ni contents of the parent meteorites are ap-
proximately the same. The Fe content of the glass near spherules in any
given bomb is reasonably constant.

5. Neither the spherules in impactites nor tektites showed silicon con-
tents above the silicon background measured for a pure Fe standard.

6. The Ni content of spherules in light-colored Wabar glass reported
here is in agreement with the analyses of Park and Reid (1964).

The Ni content of tektite glass was no greater than that of a glass stan-
dard in which the Ni content is a few parts per million. The Ni content of
the impactite glasses was as much as three times greater than that of the
standard.

THE SysTEM Fe-Ni-O

To interpret the above results it is necessary to have some under-
standing of the phase equilibria of the system Fe-Ni-O. Unfortunately,
data on the system are insufficient to derive thermochemical conclusions
for the the present study; in addition, neither the time of heating nor the
maximum temperature reached during the formation of impactite and
tektite glass has been definitely established. The temperature was above
about 1500°C, as at that temperature Ni-Fe alloys of composition similar
to those in impactites and tektites melt (Hansen and Anderko, 1958).

Brabers and Birchenall (1958) have published the only phase diagram
(1030°C isotherm) of the Fe-rich portion of the system Fe-Ni-O (Figure
2). Progressive oxidation of Fe-Ni alloys containing less than 55 atom
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percent Ni results in the formation of wiistite (Fei_O) in which Ni is
virtually absent and in the progressive enrichment of the metal phase in
nickel. Continued oxidation caused the formation of a nickel-iron spinel
[(Fe, Ni)O- Fe;0s]+metal+wiistite and, for alloys with an original Ni
content greater than about 24 atom percent Ni, the equilibrium assem-
blage becomes Ni-rich metal plus Ni-rich spine}.

No details exist on phase equilibria at temperatures other than 1050°C,
but Fechtig and Utech (1964) have shown that molten Fe-Ni alloys be-
come progressively enriched in nickel during oxidation.

In the present study, the metal in the Bogou iron meteorite (total Ni
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Fic. 2. Phase diagram of the Fe-rich portion of the system Fe-Ni-O at 1050°C (after
Brabers and Birchenall, 1958). Symbols: v =y —Fe, Ni; Mt. ss.= magnetite solid solution
[(Fe, Ni)O-Fezog], ws. = wiistite (FeO).

7.2 wt. 9, E. P. Henderson and R. S. Clarke, Jr., oral commun., 1966)
within a few microns of the ablation crust caused by oxidation upon
entry into the earth’s atmosphere was analyzed by the methods de-
scribed earlier. The Ni content of this metal is consistently high com-
pared to that in the interior of the meteorite, and is locally as high as 65
weight percent where the metal penetrates the oxide at acute angles. The
iron oxide contains less than 2 weight percent Ni. Oxidation during abla-
tion therefore depletes Fe in the metal, as in the experimental observa-
tions.

EXPERIMENTAL WORK

Some simple heating experiments were made to examine possible
mechanisms of Ni enrichment in metallic spherules. Metallic filings of
composition approximating that of a coarse octahedrite (Fe 92.3, Ni 7.0,
Co 0.5, C 0.2 wt. %) were obtained from Manlabs Inc., Cambridge,



METALLIC SPHERULES 729

Mass. A portion of these filings was partially oxidized by heating in air,
another portion was left unoxidized. The two batches of filings were then
placed in two silica glass tubes in the narrow space between the tube wall
(1.3 mm thick), and a tight-fitting silica glass rod. The tubes were then
evacuated and sealed. The part of each tube containing filings was then
heated in a hydrogen-oxygen blowtorch flame for approximately 30
seconds. The maximum flame temperature attained in this way is 2660°C
(Lurie and Sherman, 1933); temperatures in the silica glass tubes prob-
ably were about 2000+ 300°C.

The tube containing metal plus oxide melted more readily than the one
containing just metal and vesiculated vigorously locally, with rapid dif-
fusion of the oxidized metal through the glass, causing it to become dark
in color. There was little or no change in color or appearance of the tube
containing unoxidized metal after heating, except for the formation of a
few small vesicles. Both runs were cooled in air.

Polished sections were made of both runs, which were then examined
microscopically. Spherules had formed by melting of the metal filings.
Devitrified glass surrounded the numerous vesicles and the contact of
spherules with dark glass in the specimen which had been prepared from
partially oxidized filings.

A further run prepared with unoxidized filings and heated for 2 minutes
gave results similar to those of the run held at temperature for only 30
seconds. The spherules and glass were then analyzed by the same meth-
ods and standards described previously. The Ni content of the metal in
the unoxidized run remained unchanged within the limits of detection
and no Fe was detectable in the silica glass. In the partially oxidized run,
the remaining metal was enriched in Ni (Ni=8 to 10 wt. 9}) and the Fe
content of the glass ranged from 0 to 14 weight percent.

CONCLUSIONS

Oxidation of Ni-Fe has been shown to enrich Ni in the metal phase.
The Ni enrichment in the ablation rim of the Bogou meteorite is caused
by this process. Castaing and Frederiksson (1958) proposed oxidation to
account for the high Ni contents of some spherules of supposed cosmic
origin. It is proposed that the high Ni contents of spherules in impactite
glass compared to the parent meteorite are due to loss of the iron compo-
nent of the alloy by oxidation. The loss of Fe in the spherules with re-
sultant enrichment in Ni can be accounted for by incorporation of iron in
the glass. Spencer (1933) and Taylor and Kolbe (1965) showed that the
chemical composition of dark glass of the Wabar and Henbury impac-
tites, respectively, corresponds closely to that of the rock from which the
glasses were formed, with the addition of Ni-Fe in meteoritic proportions.
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The Ni enrichment cannot be explained by fractionation due to partial
vaporization or melting of meteoritic metal as this demands a very nar-
row range of impact temperatures, which is highly unlikely.

T have considered four possible processes to explain oxidation of metal-
lic spherules in impactites:

1. Atmospheric oxidation after the spherules were incorporated into
the molten silicate bombs.

Had this occurred, then oxidation would have taken place progres-
sively from the surface of the glass inwards, so that the outer portion of
each glass bomb would be totally depleted in spherules which should be
increasingly rich in Fe (less oxidized) toward the center of any given
bomb. Observation and electron microprobe analyses in the present study
have shown that spherules are distributed uniformly throughout each
bomb and that the Ni content of any spherule is not related to its dis-
tance from the surface. The heating experiments reported here have
shown that 1.3 mm of silica glass prevents atmospheric oxidation of
Ni-Fe for times of at least 2 minutes, even at temperatures in the vicinity
of 2000°C. This process may therefore be rejected.

2. Oxidation of the spherules by CO.. Any carbonate minerals present
in rock from which the impactite bombs formed would decompose at the
temperatures which occur during impact, and the metallic oxides so
formed would be incorporated into the glass. The Fe in the spherules
would simultaneously be oxidized by the reaction: Fe+CO;=FeO+CO.
Dolomite (in the Kaibab Limestone) was available for such reaction at
Meteor Crater at the time of impact; however the rock at Wabar is al-
most pure quartz sand. Hence CO; may have contributed to oxidation at
Meteor Crater, but not at Wabar.

3. Oxidation by H;0 in the rock from which the impactites were de-
rived. Calculation shows that to oxidize sufficient Fe-Ni by the reaction
Fe-+H,0=FeO+H,, to enrich the glass by 10 weight percent FeO would
require several wt. percent HyO. Geological evidence indicates that at
least part of the Coconino Sandstone at Meteor Crater was saturated
with water at the time of impact (E. M. Shoemaker, oral commun.,
1966). The impactite bombs from Meteor Crater which I examined in the
present study consisted partly of fused Coconino Sandstone, so that the
above mechanism may have contributed to the oxidation of spherules
there. The time of the Wabar impact has not been established, but all
available evidence indicates that it is of recent origin (V. E. Barnes,
written communication). The meteorite therefore fell in a desert environ-
ment, so that oxidation of the spherules by water at Wabar is dubious.

4. Atmospheric oxidation of spherules prior to their incorporation in
impactite bombs. The spherules were partially oxidized in the extremely



METALLIC SPHERULES 731

short period prior to their incorporation in the bombs. Upon incorpora-
tion into the bombs the FeO skin surrounding each spherule diffused into
the glass, enriching it in Fe, leaving a clean glass-metal interface. Alter-
natively the oxidation may have occurred subsequent to incorporation in
the silica melt, while the melt was undergoing turbulent flow.

I consider this process to be dominant in the oxidation of impactite
spherules as it is the only one which satisfactorily accounts for oxidation
at Meteor Crater and Wabar.

The higher Ni content of metal and accompanying higher Fe content of
the surrounding glass from the Meteor Crater impactites with respect to
the Wabar impactites indicates that the Meteor Crater material is more
oxidized. This suggests that the partial pressure of oxygen at Meteor
Crater was higher than that at Wabar during the meteoritic explosion, or
that the molten Meteor Crater spherules were exposed to oxidation for a
longer time before they were incorporated into the glass bombs, or, more
likely, the CO, and H,O assisted oxidation at Meteor Crater.

An enrichment of Ni in metallic spherules from an original 10 to a final
50 weight percent requires that four-fifths of the original iron in the
spherule was oxidized and dissolved in the glass.

Spherules in indochinites, unlike those in impactite glasses, have a
lower Ni content than almost any iron meteorite. Spherules from philip-
pinites have a lower Ni content than any reported iron meteorite.

The Ni-Fe ratio of metal in spherules from philippinites may be low
because the ratio in the metallic portion of the meteorite which formed
them was low. An alternative hypothesis compatible with the above dis-
cussion is that the tektites and spherules were formed in a reducing envi-
ronment such that liquid Fe was exsolved from the silicate melt which
formed the tektites, and incorporated into the spherules derived from the
parent meteorite, thus diluting their Ni content. Reid, ef al (1964) have
shown that metallic Fe separates from a tektite melt at high tempera-
tures under reducing conditions.

Unlike the impactite glasses which contain spherules, tektite glasses
containing spherules are no richer in Fe than those free of spherules. The
above facts suggest that metallic spherules in tektites did not oxidize.
The spherules and tektite glass were formed in an environment in which
the partial pressure of oxygen was so low that the reaction Ni-Fe alloy
+oxygen—wiistite4+Ni-rich alloy was prohibited. This low oxygen
pressure during tektite formation is compatible with the results of Rost
(1964), who found a total pressure corresponding to only 35 mm Hg in an
undamaged moldavite bubble, and those of Thorpe et al. (1963), and
Walter and Carron (1964), who suggest that tektites may have formed
under reducing conditions on the basis of Fe?t/Fe*t ratios in tektite
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glasses. Suess (1951), O’Keefe et al. (1962), and Zihringer (1963) also
found low gas pressures inside tektite bubbles. Such low pressures per-
haps occur in the center of an explosion caused by meteoritic impact with
the earth (Vand, 1965), but on the present evidence the tektites may
equally well have been formed in an extraterrestrial environment in
which oxygen pressures were low. A less likely alternative is that the
spherules may have been formed in an environment with high partial
pressure of oxygen but were incorporated into the glass almost instan-
taneously so that no oxidation could occur. If oxidation of Ni-Fe spher-
ules can be effected by COs, H;0, and air as suggested earlier, then it
follows that the material from which tektites were formed contained
little carbonate and water.
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