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abStract

Australasian Muong Nong-type tektites from the locality centered at 16.46150° N, 106.48917° E in 
Laos contain sporadic spherical heterogeneous sulfide inclusions less than 10 μm in diameter, which 
have been identified by electron probe microanalyzer and electron backscatter diffraction to represent 
a mixture of rare mineral shenzhuangite with a pyrrhotite polytype (possibly troilite). Contrary to type 
shenzhuangite found in the shocked L6 chondrite Suizhou, the mineral embedded in the tektite glass is 
nearly free of copper, making the composition close to its expected end-member that has not yet been 
found in nature; the empirical formula closest to ideal end-member composition based on four atoms 
per formula unit is Ni1.007Fe0.998Cu0.016Co0.058S1.922. The described occurrence also represents the first 
find of shenzhuangite in terrestrial material. Presented is the Raman spectrum for shenzhuangite with 
the tentative assignment of spectral bands based on the analogy with synthetic chalcopyrite-structured 
phases. The chemical composition of shenzhuangite close to NiFeS2 is not consistent with any stable 
phase in the Fe–Ni–S system up to melting temperature. Available data so far on phase relations in 
this system do not allow unambiguous interpretation of conditions under which the sulfide association 
within inclusions had formed.
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introduction

Tektites are generally thought to represent highly siliceous 
glassy products of hypervelocity impacts of extraterrestrial 
bodies on the Earth originated from the uppermost crustal un-
consolidated rocks. They are commonly considered as distal 
ejecta of these high-energy events and occur in geographically 
well-defined areas called strewn fields (Koeberl 2014). The 
youngest and largest of these strewn fields is the Australasian 
field covering about 15% of the Earth’s surface (Goderis et al. 
2017; Folco et al. 2018). Among tektites, three major morpho-
logical types are recognized—splash-forms, Muong Nong-type 
tektites, and ablated forms. Small splash-forms sized below 1 mm 
are called microtektites.

The Muong Nong-type tektites are commonly blocky, layered, 
and chemically more variable than splash-forms and enriched in 
volatile species (e.g., H2O, F, Cl, Bi, Sb; Koeberl 1992, 2014). 
They are also known to contain mineral inclusions, which may 
be relict phases that did not transform during the impact, or they 
can represent decomposition products or even newly formed 
phases. The vast majority of these minerals, present as inclu-
sions in tektite glass, are oxygen-bearing compounds (oxides, 
phosphates, silicates) and comprehensive data on them may 
be found in, e.g., Glass and Barlow (1979) and Cavosie et al. 

(2018). In addition to these inclusions, the so-called “metallic 
spherules” were reported from several Australasian tektites. The 
first note on metallic spherules comes from Chao et al. (1962). 
They found spherules consisting of dominant kamacite and 
minor troilite and phosphide in tektites from Isabela on Luzon, 
Philippine Islands. In the next paper, Chao et al. (1964) report 
on finds of metallic inclusions in Australasian tektites from 
Ortigas site on Luzon (The Philippines) and Dalat in Vietnam. 
Beside kamacite and troilite (up to 5 vol%), they unambiguously 
identified schreibersite [(Fe,Ni)3P attaining the content of up to 
35 vol%]. The inclusions were either spherical or elliptical and 
range from a few micrometers to 800 μm across, with most of 
them being sized >100 μm. Similar, yet smaller inclusions have 
been reported from impact glasses of several impact craters 
worldwide (e.g., Aouelloul, Barringer, Bosumtwi, Wabar; see 
Chao et al. 1966; El Goresy 1966; Brett 1967 and references 
therein). Mineral composition of the inclusions consisting of 
kamacite ± troilite ± schreibersite was by most considered to be a 
proof of their meteoritic origin. However, Ganapathy and Larimer 
(1983) and O’Keefe (1984) claimed that the meteoritic origin of 
inclusions is not supported by the results of chemical analyses. 
In the course of study of Muong Nong-type Australasian tektites 
from Laos, we found small (less than 10 μm in diameter) purely 
sulfide spherules, which display chemical composition close to 
NiFeS2. Such composition resembles that of the end-member 
of the recently described chalcopyrite-structured mineral shen-
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