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An empirical model for the Australasian tektite field

Ramsay J. Ford

Department of Geology, University of Tasmania, GPO Box 252C, Hobart, Tas. 7001, Australia.

The Australasian strewn-field contains a radial sequence of tektite shapes ranging from unmodified
impactite (Muong Nong type), through dumb-bells and discs (thailandites, indochinites), and spheres
(phillipinites, billitonites, and javanites) to ablated button shapes (australites). This sequence extends
from a suspected impact area in northeast Kampuchea following an approximate southeasterly bearingto
southeastern Australia and Tasmania. The possible impact area appears to be surrounded by Neogene
basalts, which are younger than the tektites, and may have been generated by the impact event.
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INTRODUCTION

Since the first scientific description of an
Australasian tektite by Charles Darwin (1844)
there has been considerable speculation on their
origin. The argument was initially clouded by
the fortuitous occurrence of moldavites in
Europe and glass at Mt Darwin, Tasmania, along
approximately the same great circle, leading
David et al (1927) to propose an extra-terrestrial
source to account for this distribution. This led
ultimately to the appellation of ‘glassy
meteorites’ for tektites and speculation on a
possible lunar source.

However, with the availability of analytical
data and ages for lunar rocks, no good case could
be made for a lunar source; indeed, as pointed
out by Urey (1971) and King (1977) a terrestrial
source had already been well-established by
Schwarcz (1962), Taylor (1969) and Taylor and
Kaye (1969).

The correlation of tektites with source craters
(Faul 1966) — e.g. Ivory Coast tektites with
Lake Bosumtwi (Schnetzler et al 1966) —
moldavites with the Ries crater (Storzer &
Gentner 1970) and Irghzites with Zhamanshin
crater (Bouska et al 1981), together with the
presence of coesite (Walther 1965; Glass et al
1986), is good evidence for terrestrial, impact
origins of tektites.

The Australasian strewn-field, which is by far
the largest identified so far, is about 0.709 Ma
old (Gentner et al 1969) and remarkable for the
variety of tektite shapes represented. The
analytical data (Table 1) indicate a consistency

in major components for all localities which,
despite their wide geographical distribution,
suggest a common source. Both Taylor (1969)
and the present author have noted a general
increase in the specimen size from southern
Australia, through Indonesia to South-East Asia
in tektites housed at the National Museum of
Natural History, Smithsonian Institution,
Washington DC, USA. Tektites from Tasmania
are rarely greater than 10 mm in diameter; the
largest from Hampton Station, Kalgoorlie, WA
(Cleverly 1986), where approximately 22 000
were collected, was about 35 mm; and a large
Muong Nong Tektite (lodged at the Department
of Mineral Resources, Bangkok, Thailand) has a
diameter of about 0.3m and weighs several
kilograms.

EMPIRICAL MODEL

A model for the Australasian tektite field must
incorporate explanations for Muong Nong
types, discs, dumb-bells, spheres, tear-drops and
australite buttons.

On the basis of chemical composition, Muong
Nong tektites belong to the Australasian tektite
field but have many features apparently foreign
to other members of the group. They were first
recognized by Lacroix (1935) and are charac-
terized by extreme irregularity of shape and size
(up to several kilograms) with no apparent
aerodynamic modifications, as well as having
coarse flow structures and flutings, numerous
lateritic inclusions (probably incorporated by
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Table 1 Chemical analyses of Australasian tektites.*

—

wt% Muong Nong Type Indochinites Billitonites Philippinites Australites
(2) (52) (14) (21) (32)
Mean Range Mean Range Mean Range Mean Range Mean Range

SiO; 72.97 72.44-73.50 73.68 70.58-81.36 71.32 68.30-76.40 70.87 68.90-72.10 73.06 68.91-79.5]
TiO; 0.75 0.74-0.76 0.82 0.47-1.03 0.78 tr-1.10 0.83 0.63-1.04 0.68 0.08-0.90
Al03  12.97 12.59-13.34 1247 8.87-1439 12.04 9.86-13.50 13.48 12.08-15.23 1223 9.36-15.42
Fe;O3 035 0.29-0.41 0.32 0.03-0.82 0.77  0.06-2.25 0.79 0.50-2.03 0.60 0.23-1.48
FeO 416 4.03-4.20 4.52 2.81-5.63 5.10  3.17-6.81 430 3.03-5.32 4.14 3.11-5.30
MnO 0.10 0.09-0.10 0.11 0.06-0.32 0.14 0.08-0.32 0.09 0.08-0.16 0.12 tr-2.42
MgO 1.97  1.93-2.00 205 1.11-2.93 3.18  2.38-4.96 2,67 2.23-3.65 204 1.35-2.49
CaO 2,16 2.16-2.16 2.17 1.00-3.48 295 2.22-3.92 3.14  2.50-3.97 3.38 1.48-5.10

NayO 1.60 1.58-1.61 1.42  0.90-2.00 1.55  0.77-2.46 1.41 1.18-1.76 1.27 0.91-1.84
K,O 247 2.45-2.48 2.39 1.84-3.16 2,19 1.57-2.76 2.31  1.69-2.56 220 1.25-2.56
Total 99.50 99.95 100.02 99.89 99.72

*Data from Barnes and Pitakpaivan (1962) and Barnes (1967).

impact of soft glass on a lateritic substrate) and Chaiyaphum to the west indicating a distribu-
containing relatively coarse remnant vesicles  tionof fragments of decreasing size in that direc-
similar to a medium vesicular basalt. Muong tion (Fig. 2). Muong Nong tektites collected
Nong tektites have surface features like Darwin from Hainan Island (housed at the Geology
glass (Fig. 1), an impactite glass scattered asym- Department, University of Malaya, and in-

metrically about Darwin crater, Tasmania spected by courtesy of Dr E. Gangadaram) are
(Fudali & Ford 1979). ‘

Field work in eastern Thailand has confirmed
that the tektites lie on the surface of a laterite
layer below the normal soil profile (Barnes &
Pitakpaivan 1962; Fontaine & Workman 1978: e
E. Gangadaram pers. comm. 1986). Muong
Nong tektites were collected from east Thailand i
near the centres of Ubon Ratchathani and o
Yasathon. Smaller fragments were found near
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also small (a few centimetres in diameter). When
compared with the large Muong Nong types
from the type locality and elsewhere in Laos
(Lacroix 1935), near Dalat in Vietnam
(Fontaine 1966), and near Mukdahan in
Thailand (K. Pitakpaivan pers. comm. 1986),
there is an apparent radial variation of fragment
size of Muong Nong tektites about an area in
northeast Kampuchea near the Laotian border.
There is a similar variation in size of fragments
of Darwin glass impactite around Darwin Crater
(Fudali & Ford 1979). On this basis, Muong
Nong tektites represent impactite, scattered
around a collision site, with no great aero-
dynamic modification.

The more normal tektite forms, pre-
dominantly dumb-bells and discs, are found in
Thailand and Kampuchea. Some of these may
be deformed in ways showing they had not
solidified before impact (Fig. 3); plastically
deformed dumb-bells and discs were also
reported by Nininger and Huss (1967). Flow
lines on a disc (Fig. 4a) are parallel to the circum-
ference and of circular to spiral form on the face
of the disc (Fig. 4b), and there is also a tendency
for some thickening towards the periphery of the
disc. These features are consistent with a frag-
ment of molten glass spinning about an axis
normal to the direction of flight of the object
through the atmosphere.

The dumb-bells cannot be modelled as simply,
but probably represent fragments rotating about
an axis oriented parallel to the flight direction.
Where present, the flow lines appear to cross the
long axis of the tektite diagonally.

Fig. 3 A plastically deformed thailandite from
South-East Asia. Specimen No. 1014 housed in the
Geology Department, University of Tasmania. Bar
scale=10 mm.

In summary, tektites from the mainland of
South-East Asia have shapes derived from un-
congealed spinning glassy fragments passing
through the atmosphere.

A further zone including the Philippines and
Indonesia contains groups referred to as
phillipinites, javanites and billitonites. These
are dominated by spherical and tear-drop forms
(O'Keefe 1967; E. Gangadaram pers. comm.
1986; S. Darsoprajitno pers. comm. 1987), but
also include some ablated fragments (Stauffer
1978). These shapes have formed from soft
(fluid) fragments, the trajectories and velocities
of which have taken them into a zero gravity
environment where surface tension becomes the
dominant force, spheres are produced, and most
fragments congeal. A proportion of these fall

Fig.4 (a) Flow lines around the circumference of a disc-shaped thailandite. (b) Circular and spiral flow lines on
the face of the disc. The form of the flow lines is consistent with that of a disc of molten glass spinning
perpendicular to its direction of propagation. The circumference of the disc is thicker, also suggesting a spinning
disc. Specimen No. 10143 housed at the Geology Department, University of Tasmania. Bar scale=10 mm.
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back to Earth and some may still be soft,
producing the familiar spheres and tear-drops
indicative of relatively short re-entry paths and
resulting in minimal further modification by
interaction with the atmosphere. Barnes (1967)
drew attention to the predominantly spherical
shapes of bubbles in phillipinites, javanites and
australites in contrast to the more elliptical
shapes in the indochinites and Muong Nong
types. Spherical bubbles are indicative of higher
temperatures, and are much less abundant in
australites. On the basis of contamination of a
heated tektite glass sample, Reynolds (1960)
concluded that the initial gas content was very
low, which could be the result of efficient
out-gassing in a low pressure environment. All of
these features are consistent with the more
evolved tektites having been at a higher initial
temperature and longer in a low gravity environ-
ment. The zone in which spheroidal tektites are
dominant extends from about 1000-3000 km
from the inferred impact area, with some
australite ablation forms appearing towards the
southeastern limit of this zone.

Consequently the primary form from which
the classical button-shaped australite evolved, is
available. In reaching zero gravity conditions
the tektites were effectively in orbit, but

apparently had insufficient energy to complete
an Earth orbit; hence re-entry began in the
region between Indonesia and Australia on an
approximately southeasterly bearing (Fig. 5).

Onre-entry to the denser atmosphere at super-
sonic velocity, surface frictional ablation of the
solid spheres began, with the amount of ablation
being related to the distance travelled, and the
typical button-shaped australites were pro-
duced, eventually landing on the Australian con-
tinent and Tasmania. The longer the journey
through the atmosphere, the smaller and flatter
the australite. This model, proposed by Baker
(1958), has been demonstrated to be plausible by
Chapman (1971). The more irregularly shaped
tektites were derived from fragments which had
solidified before entering a zero gravity
regime.

Adams and Huffaker (1964) claimed that it is
impossible to put fragments into orbit from a
meteoritic impact, but the geological evidence
suggests otherwise. They also stated that, for
orbital flight, such projectiles must be propelled
by some mechanism in addition to that of the
impact. If the impact took place during the wet
season in South-East Asia, with the concomitant
production of superheated steam contributing
to their ejection, dispersion of the tektites may
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tektite forms on an axis between Kampuchea and
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have been enhanced. As tektites are not as-
sociated with all large craters there must be
special factors, beyond that of a simple impact
model, governing their formation. The nature of
the distribution of tektites related to known
sources is invariably asymmetrical, suggesting a
momentum change model involving the oblique
impact of the meteorite. Consequently molten
rock producing the tektite is probably derived
from near the surface of the impact area. Where
source relationships have been established, the
parent craters maintain their circularity.

SOURCE

On the assumption that Muong Nong tektites
are unmodified impactites it can be expected
that larger fragments would be scattered
proximally to their source. The reliable known
occurrences of large Muong Nong tektites >1 kg
mass are given in Fig. 2 and the area examined
by means of Landsat imagery. Near the centre of

the area delineated there are at least five

pseudo-circular structures, the most prominent

of which is of elliptical plan, and centred at
106°34°E, 13°55’N, just within the northeastern
border of Kampuchea (Fig. 6). This would in-
dicate a multiple impact event, but the inter-
pretation of these structures is not simple.
This area has been studied by Hartung and
Rivolo (1979) who gave the dimensions of the
elliptical feature as 10 X 6 km with an axial ratio
of about 1.66. Baldwin (1949) had previously
considered elliptical structures more akin to
terrestrial calderas in which axial ratios
approximate 1.5. Morphometric models pro-
posed by Baldwin (1963) and Pike (1974) do not
recognize elliptical forms as typical of meteorite
craters. It is impossible to obtain all of the
morphometric data for the best appraisal of a
crater-form (Baldwin 1963), but a value of 0.56
for the circularity index of the structure lies
outside the range of terrestrial impact craters.
On the other hand, the rim-width seems too
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narrow for a volcanic form with the rim-width/
diameter ratio in the range 0.11-0.20, compared
with 0.14-0.30 for terrestrial meteorite craters.
An apparent peak and ring structure at
106°25°E, 13°52’N may be the remains of a
central peak in an original crater, but the rim,
which should be preserved, is absent. Other
structures have raised rims but also possess
atypical ridges. All of these structures are
adjacent to a Mesozoic basin, the form lines of
which are traceable towards the crater forms, but
these lines become somewhat diffuse in the
suspect area. The Mesozoic rocks, consisting of
sandstone and shale with some calcareous sand-
stone, are compatible with the source rock types
suggested by Taylor (1969) and Taylor and Kaye
(1969). Collection of suitable samples from the
area would test the proposed association.
Derivation from adjacent Precambrian rocks
would also be consistent with the isotopic data of
Shaw and Wasserburg (1982).

The distribution of microtektites (Cassidy et
al 1969; Stauffer 1978), including a restricted
pattern of distribution on the Malay peninsula
(E. Gangadaram pers. comm. 1986), is indica-
tive of a ray pattern within South-East Asia.
Chapman (1971) has also demonstrated an
apparent ray pattern based in compositional
differences within the australites. Though
poorly defined, their traces are consistent with
the proposed impact area.

If the impact took place in this area, it may
have triggered a volcanic event which obliter-
ated the original crater and superimposed upon
it the more volcanic-like forms observed above.
Existing geological maps of South-East Asia
indicate Neogene basalts, younger than the
tektites, having an approximately circular dis-
position about the suspected impact site (Fig. 7).
According to Fontaine and Workman (1978)
these basalts overlie the laterite surface with its
associated tektites and clearly postdate them.
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CONCLUSIONS

An empirical model has been proposed whereby
the variation in shapes of tektites from the
Australasian strewn-field may be explained by
the interaction of molten glass with the
atmosphere and beyond due to high velocity
ejection from a possible impact in northeast
Kampuchea. The Muong Nong group of tektites
is comparable to relatively unmodified im-
pactites like Darwin glass, Aouelloul glass, and
Wabar glass occurring close to their source
craters.

An event comparable with that responsible for
the South-East Asian strewn-field must have a
characteristic set of fragment trajectories. In the
first 400 km from impact there are large Muong
Nong tektites; between 400 and 1000 km there
are disc and dumb-bell shapes (e.g. thailandites,
indochinites); between 1000 and 3000 km,
spherical and tear-drop shaped phillipinites,
billitonites and javanites occur; and at distances
greater than 3000 km ablated tektites (aus-
tralites) would be most abundant.

The button form of australites is unique to the
Australian strewn-field and is produced by
travelling more than 3000 km from the source.
Tektites from other strewn-fields not exhibiting
ablated australite forms are within 3000 km of
their source on the basis of the proposed
model.

The age, stratigraphy and geographical dis-
tribution of the Neogene basalts in the area are
not inconsistent with their being related to the
impact event.

Hence, there is a potential source of South-
East Asian tektites in northeast Kampuchea.

ACKNOWLEDGMENTS

I acknowledge the assistance of Dr Sangad
Bunopas and his colleagues at the Department of
Mineral Resources, Bangkok, Thailand, for
logistical support and hospitality in Thailand;
Dr E. Gangadaram of the University of Malaya,
Kuala Lumpur, for helpful discussions; Dr
Soewarno Darsoprajitno of the Geology
Museum, Bandung, Indonesia, for useful corre-
spondence; and Dr Clive Burrett of the Uni-
versity of Tasmania for his encouragement and
many fruitful discussions.

REFERENCES

ApaMms E. W, & HUFFAKER R. M. 1964, Aerodynamic
analysis of the tektite problem. Geochimica et
Cosmochimica Acta 28, 881-892.

BAKER G. 1958. The role of aerodynamical pheno-
mena in shaping and sculpturing Australian
tektites. American Journal of Science 256,
369-383.

BALDWIN R. B. 1949. The Face of the Moon.
University of Chicago Press, Chicago.

BALDWIN R. B. 1963. The Measure of the Moon.
University of Chicago Press, Chicago.

BARNEs V. E. 1967. Tektites. International Dictionary
of Geophysics 2, 1507-1518.

BARNEsS V. E. & PitakpaivaN K. 1962. Origin of
indochinite tektites. National Academy of Science
48, 947-955.

BoUska V., PovoNDRA P., FLORESNKY P. V. &
RANDA Z. 1981. Irghizites and zhamanshinites:
Zhamanshin Crater, U.S.S.R. Meteoritics 16,
171-184,

CassiDy W. A, GrLass B. & Heezen B. C. 1969.
Physical and chemical properties of Australasian
microtektites. Journal of Geophysical Research
74, 1008-1014.

CHAPMAND. R. 1971. Australasian tektite geogrpahic
pattern, crater and ray of origin, and theory of
tektite events. Journal of Geophysical Research
76, 6309-6338.

CLEVERLY W. H. 1986. Australites from Hampton
Hill Station, W.A. Journal of the Royal Society of
Western Australia 68, 81-93.

DarwIN C. 1844. Geological observations on the
volcanic islands and parts of South America
visited during the voyage of HMS Beagle. Smith,
Elder & Co.

DAviD T. W. E., SUMMERs H. S. & AMPT G. A. 1927.
The Tasmanian tektite — Darwin glass. Proceed-
ings of the Royal Society of Victoria 39,
167-190.

FauL H. 1966. Tektites are Terrestrial. Science 152,
1341-1345.

FoNTAINE H. 1966. Découverte de tectites sans formes
figurées dans la province de Bien-Hoa. Archives
des Géologie du Viet-Nam 9, 3-4.

FoNTAINE H. & WorkMAN D. R. 1978. Review of the
Geology and Mineral Resources of Kampuchea,
Laos, and Vietnam. In Nutalaya P. ed. Proceed-
ings of the Third Regional Conference on Geology
and Mineral Resources of South East Asia, pp.
541-572. Asia Institute of Technology,
Bangkok.

FupaLl R. F. & Forp R. J. 1979. Darwin glass and
Darwin Crater: a progress report. Meteoritics 14,
283-296.

GENTNER W., STORZER D. & WAGNER G. A. 1969.
New fission-track ages of tektites and related



490 R.J. FORD

glasses. Geochimica et Cosmochimica Acta 33,
1075-1081.

GLass B. P., MueNow D. W. & AGGREY K. E. 1986.
Further evidence for the impact origin of tektites.
Meteoritics 21, 369-370.

HARTUNG J. B. & RivoLo A. R. 1979. A possible
source in Cambodia for Australasian tektites.
Meteoritics 14, 153-160.

KING E. A. 1977. Terrestrial origin of tektites.
American Scientist 64, 212-218.

Lacroix F. A. A. 1935. Les tectites sans formes
figurees de I'Indochine/The unshaped tektites of
Indochina. Compte rendu de [’Academie des
Sciences, Paris 200, 2129-2132,

NININGER H. H. & Huss G. 1. 1967. Tektites that were
partially plastic after completion of surface
sculpturing, Science 157, 61-62.

O’KEEFE J. A. 1967. Tektite sculpturing. Geochimica
et Cosmochimica Acta 31, 1931-1933,

PIKE R. J. 1974. Craters on Earth, Moon and Mars.
Multivariate classification and mode of origin.
Earth and Planetary Science Letters 22,
245-255.

REYNoLDs J. H. 1960. Rare gases in tektites.
Geochimica et Cosmochimica Acta 20, 101-114.

ScHNETZLER C. C., PINSEN W. H. & HURLEY P. M.
1966. Ivory Coast tektites and Lake Bosumtwi.
Science 151, 817.

ScHwarcz H. P. 1962. A possible origin of Tektites by
soil fusion at impact sites. Nature 194, 8-10.,
SHAw H. F. & WAssSerBURG G. J. 1982. Age and
provenance of the target materials for tektites and
possible impactites as inferred from Sm-Nd and
Rb-Sr systematics. Earth and Planetary Science

Letters 60, 155-1717.

STAUFFER P. H. 1978. Anatomy of the Australasian
strewnfield and the probable site of its source
crater. In Nutalaya P. ed. Proceedings of the Third
Regional Conference on Geology and Mineral
Resources of South-East Asia, pp. 285-292. Asia
Institute of Technology, Bangkok.

STORZER D. & GENTNER W. 1970. Micromoldavites
from the Bavarian molasse. Meteoritics 5, 225.

TayLor S. R. 1969. Criteria for the source of
australites. Chemical Geology 4, 451-459.

TAYLOR S. R. & KAYE M. 1969. Genetic significance
of the chemical composition of tektites: A review.
Geochimica et Cosmochimica Acta 33, 1083-
1100.

URrey H. C. 1971. Tektites from the Earth. Science
171, 312-314.

WALTHER L. S. 1965. Coesite discovered in tektites.
Science 147, 1029-1032.

(Submitted 22 January 1988; accepted 28 April 1988)




