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The study of the materials from these two recently discovered
occurrences has added much to the knowledge of meteorite

craters.1 The two present many points in common and they supple-
ment one another. At Henbury there is a much better development
of the meteoric iron, while at Wabar the silica-glass predominates.

The Henbury craters were visited and investigated by Mr. A. B.
Alderman2 in May 1931 ; and since then they have been twice
visited by Mr. R. Bedford, of the Kyancutta Museum, South Aus-
tralia, who has sent a large amount of material and much detailed

1 L. J. Spencer, Meteorite craters. Nature, London, 1032, vol. 129, pp. 781-
784, 5 figs. Meteorite craters as topographical features on the earth's surface.
Geogr. Journ. London, 1933, vol. 81, pp. 227-248, 4 pis., 3 text-figs. [Min.
Abstr., vol. 5, p. 301.]

2 A. R. Alderman, The meteorite craters at Henbury, Central Australia.
Mm. Mag., 1932, vol. 23, pp. 19-30, 3 pis.,-. 3 text-figs. With addendum by
L. J. Spencer, pp. 30-32.
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information to the British Museum. The Wabar craters were dis-
covered by Mr. H. St. J. B. Philby in February 1932,1 and the whole
of the material collected by him has been presented to the British
Museum by His Majesty 'Abdul 'Aziz ibn Sa'ud, King of the Hejaz
and Nejd and its Dependencies,

The meteoric irons from these two localities are strikingly similar
in structure and in chemical composition—both are medium octa-
hedrites containing 7-3 % of nickel. The larger pieces when sec-
tioned, polished, and etched show the normal lamellar octahedral
structure with very narrow bands of taenite and only a few small
nodules of troilite. Neumann lines are well developed in the kama-
cite, indicating strain. On the other hand, the smaller pieces of both
irons show a partial destruction of this structure with granulation of
the kamacite, indicating that they had been heated to at least 850° C.
—the transformation temperature of a-iron to y-iron {body-centred
to face-centred lattice).

At Wabar one mass of 25 lb. (11-4 kg.)2 and six small pieces
(totalling 114 grams) of iron were collected around the craters. Mr.
Philby had heard rumours of a mass of iron ' as big as a camel', but
no such mass was found. The pieces collected are much rusted,
being in part coated with laminated iron-shale in which sand grains
are cemented. The rusting and flaking away has continued since the
material was received at the Museum. The largest piece, with an
irregular triangular cross-section, measures 26x15x13 cm,; it is
evidently only a weathered remnant of a larger mass. One end
was sawn off (476 grams) and the cut surface polished for etching.
The etched surface (plate XIV, figs. 5 and 6) shows kamacite bands,
\-l\ mm. in width, with an oriented sheen and well-marked Neumann
lines. In small patches the kamacite is granulated and the Neumann
lines obliterated. A section of a smaller piece (23 grams) of the iron
shows the complete granulation of the kamacite and plessite, and the
structure as a whole is less clear, but the narrow bands of taenite are
still bright (fig. 7).

1 H. St. J . B. Philby, Rub* al Khali: an account of exploration in the Great
South Desert of Arabia . . . Geogr. Journ. London, 1933, vol. 81, pp. 1-26
(Meteorite craters mentioned, pp. 12-14, 24-25, platea at pp. 7 and 10); and
Journ. Roy. Central Asian Soc. London, 1932, vol. 19, pp. 569-686. See also
his book 'The Empty Quarter', London (Constable & Co.), 1933, pp. 157-180,
6 pis., with appendix ' Meteorites and fulgurites' by L. J. Spencer, pp. 365-370.

2 A photograph of the 25 lb. mass is reproduced in Mr. Philby's hook ' The
Empty Quarter', fig. 14a.
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At Henbury the meteoric iron is abundant. Mr, Alderman x men-
tions that he collected in 1931 more than 800 pieces with a total
weight of about 500 Ib., the largest piece weighing 52£ Ib. Mr. R.
Bedford has sent to the British Museum 647 pieces of the iron with
a total weight of 935 Ib. (424 kg.). The largest of these pieces weigh
292, 170J, and 120 Ib., others 40J, 33£, 26£ Ib,, &c, and the small-
est 0-9 gram. These two lots do not account for all the material that
has been collected at the locality. With the exception of two pieces
found by Mr. Alderman just inside the rim of crater no. 3 and the
masses excavated by Mr. Bedford from crater no, 13, mentioned
below (p. 391), all these pieces have been found outside the craters.
The majority of them are small, curiously twisted fragments. The
larger pieces with the normal concave surface and pittings of meteoric
irons are seen in etched sections each to consist of a single crystal,
and the normal lamellar octahedral structure extends up to the
very edges of the mass, without any granulation of the kama-
cite. This clearly proves that these masses are merely weathered
remnants of still larger masses, the cores of which had not been
raised to a temperature of 850° C. by the conduction of heat from
outside.

In only two instances2 was any indication of the internal crystalline
structure shown by the outward form of the masses. In order to
determine the crystallographic orientation of one of the irregular
masses, a sphere (4-5 cm. diameter) was turned, polished, and etched,3

Plane surfaces were then cut parallel to the faces of the cube, octa-
hedron, and rhombic-dodecahedron. This work was very efficiently
performed in the metal workshop of the Science Museum in London,
by kind permission of the Director. The mass was reduced in weight
from 2285 grams {5 lb.) to 1544 grams, and the result is represented
in pl. XIII, fig. 1. Figs. 2-4 show the etching figures on these same
three planes, which were correctly orientated by Mr. Bedford on one
piece of the iron without the aid of first cutting a sphere.

1 A, R, Alderman, The Henbury {Central Australia) meteoric iron, Rec.
South Australian Museum, 1932, vol. 4, pp. 555-563, 9 figs, [Mm. Abstr., vol. 5,
p. 159.]

2 See fig. 11; on another specimen there are poor indications of an octahedral
fracture.

3 An etched sphere of meteoric iron has been described and figured by
V. Goldschmidt, Zeits. Kryat. Min., 1909, vol. 46, p. 103, where he mentioned
that the same had been previously done, but not published, by It. Vrba in
Praha.
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Many of the masses of iron collected around the Henbury craters
are small pieces curiously twisted and bent (fig. 14). Etched sections
of these show the bands of the lamellar structure to be bent and
crumpled (figs, 8 and 9), The kamacite and plessite are granulated
but the taenite still persists. These pieces were no doubt torn in a
plastic condition from larger masses by the force of the explosions
which made the meteorite craters. But it is evident that they have
been further broken up and reduced in size by oxidation proceeding
along cracks, as seen at the top in fig. 8.

The surface markings of the Henbury irons show a great diversity
in character. In all cases they appear to be the result of sculpturing
by weathering processes. No clear evidence was detected that the
original surface on any of the masses had been preserved. All the
surfaces are coated with a thin skin of iron rust, which varies in
character depending on whether the masses were found buried in the
ground or on the surface exposed to the air. On buried masses the
scale is usually thicker, softer, and lighter in colour, while on exposed
surfaces it is thinner, harder, and darker in colour. The scale gives
a dark brown streak and is strongly magnetic.

The small nodules of troilite scattered sporadically through the
iron must act as centres for the attack of weathering processes. Free
sulphuric acid from the decomposition of the troilite will act directly
on the iron and will probably also give rise to electrolytic action. In
the case of buried masses this acid will be retained by the surround-
ing soil and the action will be continuous, giving rise to the larger
broad concavities up to 10 cm. across (fig. 13, left of fig, 10, and
right of fig. 15). But on exposed surfaces the acid will not be held,
and the pittings will be smaller {2-3 cm.).

In desert regions the exposed surfaces will undoubtedly be corroded
by the action of sand-blasts, and possibly the sculpturing from this
cause may be of different types. One Henbury iron with a smooth
upper surface has much the appearance of a faceted pebble (' drei-
kanter'). The scoop-shaped pittings on the exposed portion shown
to the right in fig. 10 are probably the result of wind-action, being
quite different from the broad concavities shown on the buried
portion to the left. The prominently pock-marked upper surface
shown in fig. 11 was also no doubt produced by wind-action. Here
the sculpturing has faintly developed the octahedral structure of the
iron (lower left-hand corner). These pock-marks measure 1-3 mm.
across. The under side of this iron, where it rested on the ground,
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shows no pock-marks. Similar pock-marks are shown on the ex-
posed surfaces of some meteoric irons from the deserts in Chile.
C. Palache1 asserts that pock-marks showing a triangular pattern
on the Baquedano iron are due to sand-blast action; but F. Heide 2

thinks that those on the Buey Muerto [not Buen Huerto] iron arc
due to the action of dew-drops condensed on the surface.

It must be at once admitted that no explanation can be offered
for some of the peculiar external forms shown by the Henbury irons.
On one specimen (B.M. 1932,1431) a sharp spine of metal, 1£ cm.
long and J-£ cm. thick, projects from the nearly flat pitted surface
of the iron. On another (fig. 15) a large curved flake projects with
only a small point of attachment from a solid mass of iron. This may
be due to weathering along a curved crack with possibly the help of
insolation. The large mass of 170£ lb. (77£ kg.) (this vol., p. 30)
shows normal pitting over most of the surface, but along one edge it
is scooped out transversely by a series of wide parallel grooves. This
mass was found in 1931 at about 30 yards south of the Water Crater
(no. 6), and has been very generously presented to the British Museum
by the Kyancutta Museum. The flat S-shaped piece (D in fig. 12)
and the thin arc-shaped piece (fig. 13) clearly owe their shape to
weathering, being weathered remnants.

Of special interest is the group of large irons excavated by Mr.
Bedford in 1932 from crater no. 13 at Henbury.3 This is the first
record of any considerable mass of meteoric iron having been found
buried inside a crater. The four masses (292, 120, 24, and 51b.)
with a total weight of 441 lb. (200 kg.) are shown in fig. 12 in the
relative positions as found. Surrounding and between them with a
thickness of J-2 inches there was about 45 lb. of flaky iron-shale.
When received at the Museum some loose scale was scraped from the
surface of the iron, and further rusting has since taken place. The
four pieces are clearly weathered remnants of a single larger mass.
Crater no, 13 is 10 yards (9 metres) in diameter and 3 feet (1 metre)
in depth. The irons were found at a depth of 7 feet from the bottom
of the crater, i.e. 10 feet below the level of the surrounding ground.
Immediately around and beneath the irons were broken blocks of

1 C. Palache and F. A. Gonyer, Amer. Min., 1932, vol. 17, p. 357. [M.A-
6-168.]

2 F. Heide, E. Herschkowitacli, and E. Preuss, Chemie der Erde, 1932, vol. 7,
pp. 484-iS5. [M.A. 5-300.]

3 No. 13 on A. R. Alderman's plan, this vol., p. 21.


