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T HE 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  t tenbury  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. R. 
Alderman 2 in May 1931;  and since then they have been twice 
visited by Mr. R. Bedford, of the Kyancut ta  Museum, South Aus- 
tralia, who has sent a large amount  of material and much detailed 

1 L. J. Spencer, Meteorite craters. Nature, London, 1932, 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 pls., 3 text-figs. [Min. 
Abstr., vol. 5, p. 301.] 

A. R. Alderman, The meteorite craters at Henbury, Central Australia. 
Min. Mag., 1932, vol. 23, pp. 19-30, 3 pls., 3 text-figs. With addendum by 
L. J. Spencer, pp. 30-32. 
A 
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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 composit ion--both are medium octa- 
hedrites containing 7.3 % of nickel. The larger pieces when sec- 
tioned, polished, and etched show the normal lamellar oetahedral 
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. 
- - t h e  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 26 • 15 • 13 cm. ; it is 
evidently only a weathered remnant of a larger mass. One end 
was sawn of[ (476 grams) and the cut surface polished for etching. 
The etched surface (plate XIu  figs. 5 and 6) shows kamacite bands, 
1-1�89 ram. 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 A r a b i a . . .  Geogr. Journ. London, 1933, vol. 81, pp. 1-26 
(Meteorite craters mentioned, pp. 12-14, 24-25, plates at pp. 7 and 10); and 
Journ. Roy. Central Asian Soc. London, 1932, vol. 19, pp. 569-586. See also 
his book 'The  Empty Quarter ' ,  London (Constable & Co.), 1933, pp. 157-180, 
6 pls., with appendix ' Meteorites and fulgurites' by L. J. Spencer, pp. 365-370. 

A photograph of the 25 lb. mass is reproduced in Mr. Philby's book ' The 
:Empty Quarter ', fig. 14 a. 
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At  Henbury  the meteoric  iron is abundant .  Mr. Alde rman  1 men- 
t ions tha t  he collected in 1931 more than  800 pieces with a to ta l  
weight of about  500 lb.,  the  largest  piece weighing 52�89 lb. Mr. R. 
Bedford has sent  to the Bri t ish  Museum 647 pieces of the  iron with 
a to ta l  weight of 935 lb. (424 kg.). The largest  of these pieces weigh 
292, 170�89 and 120 lb.,  others 40~, 33],  26�89 lb., &c., and  the small-  
est 0.9 gram. These two lots do not  account for all  the  mater ia l  tha t  
has been collected a t  the local i ty.  Wi th  the except ion of two pieces 
found by  Mr. Alderman just  inside the r im of crater  no. 3 and the 
masses excavated  by  Mr. Bedford from crater  no. 13, ment ioned 
below (p. 391), al l  these pieces have been found outside the craters.  
The majo r i ty  of them are small ,  cur iously twis ted  fragments.  The 
larger  pieces with the normal  concave surface and pi t t ings  of meteoric 
irons are seen in etched sections each to consist of a single crystal ,  
and  the normal  l amel la r  octahedral  s t ruc ture  extends up to the 
very  edges of the  mass, wi thout  any granula t ion of the kama-  
cite. This c lear ly  proves tha t  these masses are mere ly  weathered 
remnants  of st i l l  larger  masses, the cores of which had not  been 
raised to a t empera tu re  of 850 ~ C. by  the conduction of heat  from 
outside. 

In  only two instances 2 was any indicat ion of the  internal  crystal l ine 
s t ructure  shown by  the ou tward  form of the masses. In  order to 
determine the crys ta l lographic  or ientat ion of one of the i r regular  
masses, a sphere (4-5 cm. diameter)  was turned,  polished,  and etched, a 
Plane surfaces were then cut  paral le l  to the faces of the cube, octa- 
hedron, and rhombic-dodecahedron.  This work was very  efficiently 
performed in the meta l  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. X I I I ,  fig. 1. Figs. 2 -4  show the etching figures on these same 
three planes, which were correct ly or ien ta ted  by  Mr. Bedford on one 
piece of the iron wi thout  the  aid of first cut t ing a sphere. 

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

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

a An etched sphere of meteoric iron has been described and figured by 
V. Goldschmidt, Zeits. Kryst. Min., 1909, vol. 46, p. 193, where he mentioned 
that the same had been previously done, but not published, by K. 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. t0, 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, 



METEORIC IRON AND SILICA-GLASS FROM HENBURY AND WABAR 3 9 1  

shows no pock-marks. Similar pock-marks arc shown on the ex- 
posed surfaces of some meteoric irons from the deserts in Chile. 
C. Palache 1 asserts that  pock-marks showing a triangular pattern 
on the Baquedano iron are due to sand-blast action ; but F. Heide ~ 
thinks that  those on the Buey Muerto [not Buen Huerto] iron are 
due to the action of dew-drops condensed on the surface. 

I t  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 ~-~ cm. thick, projects from the nearly flat pit~ed surface 
of the iron. On another (fig. 15) a large curved flake projects with 
only a small point of at tachment 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�89 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 fiat 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 irlterest is the group of large irons excavated by Mr. 
Bedford in 1932 from crater no. 13 at Henbury. a 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 5lb.) 
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 �88 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. 
5-1583 

F. Heide, E. Herschkowitseh, and E. Preuss, Chemie der Erde, 1932, vol. 7, 
pp. 484-485. [M.A. 5-300.] 

s ~;Io. 13 on A. R. Alderman's plan, this vol., p. 21. 
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sandstone,  whi le  the  o v e r l y i n g  ma te r i a l  was f ine-grained and  free 

f rom big stones.  A b o v e  and  nea r  the  m e t e o r i t e  a b o u t  54 lb. of 

' s h a l e - b a l l s '  and  f r agmen t s  of i ron-sha le  were col lected.  A r o u n d  

the  c ra te r  s i x ty  smal l  tw i s t ed  pieces of i ron  (9 .5 -850  g r a m s ) w e r e  

col lected,  b u t  no si l ica-glass.  The  pa r t i a l  excava t ions  m a d e  by  

Mr. Bedford  in c ra te r  no. 11, of d i a m e t e r  15 yards ,  y i e lded  no 
m e t e o r i t e  iron. 

The  resul ts  of Mr. H e y ' s  ana lyses  m a d e  on filings of t he  H e n b u r y  

and  W a b a r  irons are  g iven  be low under  ] and  I I I .  The specific 

g r a v i t y  (D~)  7.73 of the  H e n b u r y  i ron was d e t e r m i n e d  by  h y d r o s t a t i c  

we igh ing  of a s epa ra t e  piece,  c lean and free f rom scale, weighing  

508-2 grams.  A d e t e r m i n a t i o n  m a d e  in the  p y k n o m e t e r  on the  

filings used for analys is  gave  the  va lue  7.69, which is p r o b a b l y  too  

low. The va lue  (D~ 9) 7.66 for the  W a b a r  i ron was de t e rmined  by  

hyd ros t a t i c  weighing  of the  end-piece of 476 grams.  

Chemical analyses of meteoric irons. 
Henbury. Wabar. Nejed. 

I. II. III. IV. 
Fe . . . . . .  93.04 91.54 92.00 91.04 
Ni . . . . . .  7.26 7.54 7.30 7.40 
Co . . . . . .  0.22 0.37 0.22 0.66 
Cu . . . . . .  0-044 - -  0.037 trace 
Cr . . . . . .  nil - -  nil - -  
Pt . . . . . .  trace - -  trace - -  
S . . . . . .  0.06 0.01 O. ] 1 trace 
P . . . . . .  nil 0.08 nil 0.10 
C1 . . . . . .  trace - -  trace - -  
C . . . . . .  trace 0.013 trace - -  
Insol . . . . . . .  0.06 0-03 0.20 0.59 

Total . . . . . .  100.68 99.58 99.87 99-79 

Fe : Ni . . . . . .  12.8 12.1 12-6 12.3 
Sp. gr . . . . . . .  7.69 7.53 7.64 7.89 

I. Henbury, Central Australia. M.H.  Hey. (B.M. 1932,1433.) 
II. Henbury. A. R. Alderman, Rec. South Australian Museum, 1932, vol. 4, 

p. 561. [M.A. 5-159.] 
]II. Wabar, Rub' al Khali, Arabia. M.H.  Hey. (B.M. 1932,1136.) 
IV. Nejed, Arabia. L. Fletcher, Min. Mag., 1887, vol. 7, p. 182. 

Iron-shale is abundan t ,  ind ica t ing  t h a t  the  masses of me teo r i c  

i ron have  been cons iderab ly  reduced  in size or  c o m p l e t e l y  des t royed  

by  weather ing .  A t  W a b a r  only  smal l  pieces (up to  5 cm.) were 

col lected.  This  ma te r i a l  is r a ther  loose and  scaly,  and  ye l lowish-  
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b r o w n  in  colour ,  b u t  s t i l l  m a g n e t i c .  S a n d  g ra ins  a rc  c e m e n t e d  in 

t h e  l i m o n i t i c  m a t e r i a l .  

A t  H e n b u r y  Mr.  B e d f o r d  co l l ec t ed  a l a rge  a m o u n t  of i r o n - s h a l e  of 

v a r i o u s  types .  S o m e  is f laky,  ce l lu la r ,  a n d  f r i ab l e  ; a b o u t  45 lb.  of 

such  m a t e r i a l  was  f o u n d  a r o u n d  a n d  b e t w e e n  t h e  g r o u p  of la rge  i rons  

b u r i e d  in c r a t e r  no.  13. O t h e r  m a t e r i a l ,  f o u n d  loose on t he  surface ,  

e spec ia l ly  a r o u n d  t h e  m a i n  c ra te r ,  has  t h e  f o r m  of l a rge  s l a b b y  a n d  

l a m i n a t e d  masses ,  s eve ra l  p o u n d s  in w e i g h t  a n d  u p  to  5�89 cm.  in  

t h i c k n e s s .  Th i s  is v e r y  h a r d  a n d  c o m p a c t ,  b l a c k i s h - b r o w n  in  co]our ,  

a n d  s t r o n g l y  m a g n e t i c .  Mr. H e y ' s  a n a l y s i s  (I  be low)  of such  m a t e -  

r i a l  sugges t s  a m i x t u r e  of l i m o n i t e ,  h a e m a t i t e ,  m a g n e t i t e ,  t r e v o r i t e ,  

a n d  c h a l y b i t e  ; b u t  t h e  m a t e r i a l  is v e r y  f ine -g ra ined  a n d  on a po l i shed  

sur face  these  c o n s t i t u e n t s  w o u l d  n o t  be  d i s t i n g u i s h e d .  The  sec t ion  

shows  l a m i n a t i o n  a n d  v e i n i n g  of b r o w n  l i m o n i t e  in  a n  i r o n - b l a c k  

g r o u n d m a s s .  A few m i n u t e  specks  show a b r i g h t  m e t a l l i c  lus t re ,  

Chemical analyses of iron.shale. 
I. II.  III.  IV. 

Fe~O~ . . . . . .  78-45 83.31 74.63 79.50 
FeO . . . . . .  8.32 (as Fe2Oa) 3.91 3.68 
NiO . . . . . .  5.28 5.76 9.79 6.44 
CoO . . . . . .  0-32 --- 0.49 - -  
H~O . . . . . .  5.08 9.15 8.02 8.19 
CO2 . . . . . .  [2-55] - -  0.35 - -  
SiO~ (insol.) ... trace 0-53 1.09 0.36 

Total . . . . . .  100.00 98.75 99-93 98.17 

Fe :Ni . . . . . .  14.8 12-9 7-2 11.6 
Sp. gr . . . . . . .  4-24 - -  3.73 - -  

Limonite. Haematite. Magnetite. Trevorite. Chalybite. 
I. 35.10 27.23 13.38 17.58 6.71 

II. 63-22 ? ? 18.07 - -  
III.  52.63 - -  12.59 30-72 - -  
IV. 56.58 9.18 11-85 20.20 - -  

I. Henbury, Central Australia. M. It.  Hey. Ca and Mg absent. (B.i~. 1932, 
1549.) 

II. Henbury. A .R .  Alderman, loc. cir., p. 562. 
III .  Cation Diablo, Arizona. O.C.  Farrington, Amer. Journ. Sci., 1906, ser. 4, 

vol. 22, p. 306 (analyst, H. W. Nichols). Also Al~O 8 0.05, CaO 1-27, 
P 0.10, C1 0.08, S trace, C 0.15. 

IV. CaSon Diablo. E .V .  Shannon, U.S. Nat. Mus., 1927, vol. 72, art .  21, p. 7. 
[M.A. 3-534.] Two other analyses of iron-shale from Cation Diablo are 
given by W. Tassin, Smithsonian Miscell. Coll., 1927, vol. 50, p. 213. 
The iron-shale from the Hoba meteorite (nickel-rich ataxite) is much 
richer in nickel (this vol., p. 15). 
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but  these do not reduce copper from a solution of copper sulphate. 
A thin section is quite opaque. 

' Shale-balls ', similar to those found around the meteorite crater 
near Cafon Diablo in Arizona, are also found at Henbury. These 
consist of a cluster of curved and cracked plates of the iron-shale, 
thus presenting a rugose surface. Green nickel stains are sometimes 
shown on the broken surfaces of a nodule. Only one ' shale-ball '  
still containing a core of metallic nickel-iron was received ; this con- 
tinued to rust, and unfortunately has since broken up. I t  was found 
buried in crater no. 18 above the group of large irons. ' Shale-balls '  
evidently represent small masses of iron that  have completely rusted 
away, probably while buried in the ground. Some small (1 cm.) 
balls, resembling crinkled peas, perhaps represent globules of molten 
iron shot out from the craters. 

Silica-glass is very abundant at Wabar. Mr. Philby's photographs 
of the craters show the cindery masses thickly strewn over the surface 
of the ground ; and the walls of the meteorite craters here appear to 
be built entirely of this material. The occurrence is unique, and, 
unfortunately, is not readily accessible for study on the spot, but a 
good selection of material was brought back by Mr. Philby. Most of 
it is highly vesicular, and has much the appearance of cinders or of 
iron-furnace slag. I t  is not the cinders of the legendary '  city destroyed 
by fire from heaven '  nor a volcanic lava. The low density and 
refractive index at once suggested a silica-glass (for pure silica-glass, 
d 2.20, n 1.46), and this is confirmed by the chemical analyses given 
below. Each specimen appears to be an individual bomb, which had 
no doubt been eiected from the craters by the explosions. These 
bombs are of two main types : 

(a) The larger bombs have a rough and cavernous surface, often 
showing ropy forms (fig. 16) much like the surface flow of a basaltic 
lava. The surface is dull and dark grey or black in eolour. The 
largest piece brought back by Mr. Philby measures 21 • 15 • 10 cm. 
and weighs 928 grams. They consist mainly of a bluish-grey or 
brownish glass full of bubbles of all sizes up to 6 cm. across. The 
interior surface of the bubbles is highly glazed, and blue, green, and 
brown in colour. Embedded in this material are often fragments of 
a snow-white glass (fig. 17) in which the bubbles are smaller, and also 
flaky fragments of sintered white sandstone. The white glass is 
welded into the grey glass, while the fragments of sintered sandstone 
are only partly enclosed. 
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(b) Smaller bombs {figs. 18, 19, 20) consist inside of a very cellular 
snow-white glass, resembling pumice (seen on the broken portion at 
the top of figs. 18, 19). Outside they consist of black glass with a 
highly glazed surface and almost free from bubbles. This black glass 
is often only a thin skin on the surface of the bomb, but in some cases 
it forms the larger part. On some specimens there is an open net- 
work of black globules, or only one or two small isolated patches on 
the surface of the white glass. The surface of the black glass is often 
beset with minute pimples (figs. 18, 19, 20). Small and very light 
pellets consisting of cellular white glass with a thin, glazed skin of 
black glass, were collected in large numbers by the Arabs accom- 
panying Mr. Philby's expedition. Unfortunately, his collection of 
these ' black pearls '  was lost in transit, and only one larger specimen 
(2 cm. in diameter) came to the British Museum. 

In micro-sections the Wabar silica-glass shows colourless and 
brown portions, both of which are optically isotropic. Fig. 24 of a 
fragment from a larger bomb shows an area of white glass surrounded 
by brown glass; in the white glass is a grain of shattered quartz. 
Fig. 23 shows a section of one of the smaller (1 cm.) bombs, with 
the brown glass of the exterior streaking into the cellular white glass 
of the interior. In addition to the many bubbles of all sizes, 
numerous small black spots are shown, ranging from 0.14 down to 
0.003 mm. in diameter, and further to mere dust. 

These black spots show a metallic lustre by reflected light, but the 
idea that they could be metal appeared at first to be so improbable 
that they were thought to represent small bubbles filled with the 
grinding powder used in the preparation of the section. When, how- 
ever, a fragment of the glass was crushed in oil on a microscope 
slide, it was seen that these small spots became isolated. A small 
piece of the glass was crushed (not ground) in an agate mortar, and 
spheres were then picked out from the powder with a magnetic 
needle, to which they adhere in long strings and clusters by the 
thousand (fig. 22). The spheres readily break away from the glass, 
but minute fragments of glass still enclosing a sphere are also 
attracted. They are perfectly spherical with a highly polished steel- 
grey surface. In a solution of copper sulphate, copper is deposited 
on their surface. A count of the conspicuous black spots in an area 
of 4: • 4 em. in the dark glass in fig. 24, i.e. in one square millimetre 
of the micro-section, gave about 120, corresponding to about 1330 
per cubic millimetre, or one and a third million per cubic centimetre ; 
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while a similar count in an area of the white glass in fig. 23 gave 
two million per c.c. 

Analysis of these metallic spheres made by Mr. M. H. Hey (oll 
0.03 gram, after deducting silica-glass) gave Fe 91.2, Ni 8 n o/ �9 , / o ,  corre- 
sponding to the ratio F e : N i  = 10-4. Rotation and Laue X-ray 
photographs taken by Mr. F. A. Bannister of single spheres show that  
the material is body-centred cubic with a cell-side a 2.856 ! 0 . 0 0 5  ~-., 
proving it to be a-iron. Each sphere consists of a sub-parallel group- 
ing of smaller individual crystals. 

With the kind permission of Professor Sir Harold Carpenter, these 
spheres of nickel-iron in a section of the silica-glass have been 
examined by Dr. J. M. Robertson in the Metallurgical Laboratory of 
the Royal School of Mines. He reports that  the smaller sections 
(from 0.025 down to 0.0005 ram. in diameter) are usually of a 
single crystal, while larger ones (up to 0.07 ram.) generally consist 
of several grains. The individual grains have not smooth polyhedral 
outlines, and numerous inclusions are situated at  their boundaries. 
In each grain there is an indistinct type of martensitic structure, 
which seems to be more pronounced in the smaller than in the 
larger spheres (but this is not brought out in the photomicrographs, 
figs. 27 and 28). These observations correspond with what would 
be obtained by the rapid cooling of an iron-nickel alloy containing 
Ni 4-9 %. 

At Henbury the silica-glass is much less abundant and is less 
obvious. I t  also is of two main types. (a) Dark dull-brown to black 
cellular masses with much the appearance of cellular limonite, and 
sometimes showing an indistinct ropy surface. The vesicles are 
small, rarely exceeding 1-2 ram. across. Some pieces are sintered 
fragments of sandstone with the bedding planes of the rock curved 
and crumpled, and free from bubbles. The largest piece sent by 
Mr. Bedford measures 10 • 10 cm. (b) Small bombs with a black 
glazed surface often beset with pimples (fig. 21) and with a brown 
cellular interior. In some of these the black glass is splashed on 
portions only of the brown glass. Some of them show a certain 
resemblance to tektites and are exactly like some of the smaller 
bombs and drops from Wabar (cf. fig. 20). Material of type (a) was 
collected by Mr. Bedford in 1931 close to the rim on the west side 
of the main crater (no. 7) ; that  of type (b) was collected by him in 
1932 along a narrow strip of ground extending eastwards for a 
distance of a mile from the same crater. 
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In micro-sections the Henbury glass is dark-brown and in par t  
opaque with impregnated limonite, being colourless only in portions. 
I t  is optically isotropic and in places encloses a residue of small 
grains of quartz. Fig. 25 shows a section of a small bomb with the 
surface layer of black glass almost free from bubbles. Here only few 
black spots are seen, and very few metallic spheres were extracted by  
a magnetic needle from the powdered material. A micro-section of 
one pale-brown glazed fragment showed in ordinary light the structure 

FIG. 27. FIG. 28. 
Photomicrographs (by Dr. J. M. Robertson) of etched sections of spheres of 

nickel-iron in the silica.glass from the meteorite craters at Wabar, Arabia, 
x 820.  

of a sandstone with a dark material surrounding each grain; but; 
between crossed nicols all the grains are isotropic. This is a silica- 
glass (fused sandstone) free from bubbles. 

Chemical analyses of the white and black glass selected from bombs 
of type b from Wabar are given below under I and I I  respectively. 
Deducting the amount of iron present in the white glass, 1 the ratio 
of Fe : Ni in the black glass is 15. This is near to the ratio of Fe : Ni 
in the meteoric iron. The much higher ratio in the Henbury black 
glass (analysis I I I )  can only partly be accounted for by the iron in 
the original sandstone. 

The abundance of nearly pure silica-glass at Wabar is clearly due 
to the fusion of the clean desert sand. Immediately south of the 

1 A micro-section of the piece of white glass analysed showed none of the 
metallic spheres. 
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Chemical analyses of sillca-glass and sandstone from Wabar and Henbury. 
(By M. H. Hey.) 

Silica-glass Sandstone 

W a b a r  W a b a r  H e n b u r y  W a b a r  H e n b u r y  
(white) (black) (black) 

(B.M. 1932,1165a). (1932,1158). (1932,1546). (1932,1167). (1932,156 

I.  I I .  I I I .  IV. V. 

SiO~ ... 92.88 87-45 68-88 92.0~ 86-71 
TiO~ ... 0-12 0.15 3-64 0.12 0-32 
ZrOs ... n i l  - -  - -  n i l  ni l  
A120a ... 2-64 1.77 5.60 2.80 3-84 
CrsOs ... n i l  - -  - -  n i l  ni l  
FesOa ... 0-23 0-28 8-46 0.60 2-84 
FeO ... 0.53 5-77 7-92 0.19 0.46 
NiO ... n i l  0.35 0.28 ni l  n i l  
CoO ... - -  t race  t race  - -  - -  
CuO ... - -  n i l  t race  - -  - -  
MnO ... 0.01 0-01 0-05 0-01 0-005 
MgO ... 0.47 0.60 2.03 0.45 0-90 
CaO ... 1.46 1-90 2.51 1.19 1.00 
SrO ... 0-01 0-01 n i l  0-01 n i l  
BaO ... n i l  - -  - -  ni l  n i l  
NasO ... 0.42 ~ ,  0.39 0-03 1.03 0-13 
KsO ... 1.61 ) 0-58 1.43 1-04 1.15 
Ps05 ... t race  t race  n i l  ni l  ni l  
CI ...... nil  - -  - -  t race  nil 

SO s ... n i l  - -  - -  t race  t race  
S . . . . . .  n i l  - -  - -  ni l  ni l  
COs ... nil -- -- 0.58t nil 

HsO + ... 0.32 0.04 0.03 0.20 1-85:~ 
H20  - ... 0-11 0.08 0.05 0-22 0.82 

Tota l  ... 100.81 99-3---8 100-91 100-50 100-03 

Sp. gr. (D~) 2-10 2.24 2-31 2.50 2-37 
Ref. ind  . . . .  1.468 1.500 1.545 - -  - -  

* Separa t ion  of a lka l i s  p robab ly  inaccura te .  
~" CO s as  difference between loss on igni t ion  and  to t a l  water .  
:~ Loss on ign i t ion ;  a l l  o ther  de te rmina t ions  of wa te r  a t  + l l 0 ~  by  the  

Penfield method.  

c r a t e r s  i s  a n  o u t c r o p  of  s a n d s t o n e ,  m a r k e d  o n  Mr .  P h i l b y ' s  p l a n  1 a s  

' g y p s u m  ' .  T h i s  i s  w h i t e  o r  c r e a m - c o l o u r e d  a n d  v e r y  s o f t  a n d  f r i a b l e .  

W h e n  c r u s h e d  in  o i l  o n  a m i c r o s c o p e  s l i d e  i t  s h o w s  s m a l l  s p l i n t e r s  of  

q u a r t z ,  a n d  m i c r o - s e c t i o n s  c o u l d  n o t  b e  p r e p a r e d  b y  t h e  o r d i n a r y  

m e t h o d .  S e c t i o n s  of  m a t e r i a l  h a r d e n e d  w i t h  r e d - s t a i n e d  b a k e l i t e ,  

1 Geogr. Journ.  London, 1933, vol. 81, pp. 10, 234, and  ' The E m p t y  Quar te r  ', 
p. 180. 
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kindly prepared at the Building Research Station at Garston, near 
Watford, show shattered grains of quartz giving undulose extinction 
in a groundmass of powdered quartz (fig. 26). Sintered fragments of 
this sandstone are enclosed in the larger bombs of silica-glass. An 
analysis is given in column IV above. The country-rock at Henbury 
is a ferruginous sandstone consisting of small angular grains of quartz. 
Analysis V is of a small light-coloured fragment early received from 
Mr. Bedford and is less ferruginous than samples sent later. 

Deductions from the observations recorded above. 

The facts briefly recorded above provide  ample  scope for speculat ion.  
I t  is clear tha t  very  high t empera tu res  were involved,  and the hea t  
mus t  have been developed by  the impact  of large masses of meteoric 
iron. A simple calculat ion from the kinet ic  energy �89 2 of a large 
mass of i ron moving with p lane ta ry  veloci ty  gives indeed tempera-  
tures far in excess of any  t ha t  we m a y  be called upon to account  for. 

Very l i t t le  mois ture  is present  in the deser t  sand at  W a b a r  and the 
h ighly  vesicular  s t ructure  of the  sil ica-glass must  have been caused 
by  the boiling of the  silica. Tha t  si l ica was a c t u a l l y  vaporized is 
proved by  the condensat ion of b lack  glass on the surface of the bombs 
of white glass ; and the pimples  on the surface of the  black glass are 
dew-drops of silica. The presence in this b lack  glass of iron and nickel  
in abou t  the same ra t io  as in the  meteoric iron proves t h a t  a pa r t  of 
the  meteor i te  was also vaporized.  The mil l ions of t iny  spheres of 
nickel-iron enclosed in the sil ica-glass represent  a rain, or ra ther  
drizzle, of mol ten  metal ,  condensed from iron and nickel vapours.  
The fact t ha t  these spheres are in t ima te ly  in termixed with the  
vesicular  sil ica-glass suggests t ha t  this  rain fell into a pool of boil ing 
silica. Some of them no doubt  also represent  drops of mol ten  meta l  
from the meteor i te  incorpora ted  in the sil ica-glass (as seen in slags 
from meta l  furnaces) ; bu t  no larger  globules of meta l  were found. 

F r o m  these considerations we can provis ional ly  fix the following 
points  on a ' geological t h e r m o m e t e r '  

Transformation of a-iron to ),-iron ~ C. 
(body-centred to face-centred lattice) ... 850 

Melting-point of nickel . . . . . . . . . . . .  1452 
. . . .  iron . . . . . . . . . . . .  1535 

silica . . . . . . . . . . . .  1710 
Boiling-point of nickel . . . . . . . . . . . .  2900 

,, ,, iron . . . . . . . . . . . .  3200 
. . . .  silica . . . . . . . . . . . .  3500 .9 
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These are the boiling-points calculated for the pressure of one 
atmosphere ; at the enormous pressure which must have prevailed at 
the meteorite craters they were no doubt considerably higher. 

The highly polished surface of the tiny spheres of nickel-iron 
indicates that oxygen was excluded from the surrounding atmosphere. 
A large meteorite moving through the earth's atmosphere has in front 
of it a cushion of highly compressed air at a very high temperature, 
and oxygen will be largely burnt up with the iron. At the impact 
on the earth's surface there will be a further and sudden development 
of gas from the vaporization of part of the meteorite and of the 
materials of the earth's crust. The earth's atmosphere will be blown 
away in a fiery blast, as was witnessed in the case of the Siberian fall 
in 1908. 

The sudden development of a large volume of gas would give rise 
to a violent explosion. Generation of steam from water in the sur- 
rounding rocks would also have some effect. I t  seems clear that the 
few meteorite craters at present known are not merely dents on the 
earth's surface made by the percussion of meteorites, but that they 
are explosion craters. Their closest analogy is given by the craters 
formed by military mines and by high-explosive shells. 1 Everything 
is ' back-fired' out to form the crater, and bombs of molten silica are 
sent flying through an atmosphere of silica, iron, and nickel vapours. 
Smaller pieces of metal torn off in a plastic condition from the surface 
of the meteorite are scattered around. In such fragments the 
temperature exceeded 850 ~ as proved by the change in their 
structure. Large masses of iron, also found outside the craters, which 
still preserve their original structure, were not heated to this tempera- 
ture. Time is required for the conduction of heat into the interior 
of a large mass, and these larger pieces must be merely weathered 
remnants of still larger masses, representing in fact the cores to which 
the temperature did not reach 850 ~ These larger masses were 
perhaps torn asunder along planes of the octahedral structure by the 
force of the explosion. 

The effects of a violent concussion, due either to the direct impact 
of the meteorite or to the subsequent gaseous explosion, are seen in 
the Neumann lines in the kamacite of the unheated meteoric iron, 
and in the extensive shattering of the quartz grains in the sand- 
stone. 

1 Pictures of such craters are given in the general article on meteorite craters 
in Geogr. Journ. London, 1933, vol. 81, plates facing pp. 231, 235. 
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The only record of a large mass of meteoric iron being found bur ied  
inside a crater  is in the smal les t  (10-yard) crater  a t  Henbury  (p. 391). 
Here the force of the  explosion was ev iden t ly  not  sufficient to ' back-  
f i r e '  the main mass out of the crater.  I t  seems very un l ike ly  tha t  
large meteoric masses will ever be found buried inside larger  craters.  
There must  be wide var ia t ions  in the condit ions and in the  results a t  
different craters.  This is shown by the very  different appearance 
and character  of the silica-glass a t  Wabar  and Henbury ,  and a t  
Meteor Crater in Arizona. 1 Groups of craters,  as a t  W a b a r  and 
Henbury,  mus t  have been formed by  a shower of a corresponding 
number  of large meteori tes .  

Meteoric irons from other localities in Arabia. 

A small  piece of iron was picked up by  Mr. Phi Iby  on March 4, 
1932, on the sand-dunes at  Naifa. This spot ~ (19 ~ 56'  N., 51 ~ 13' E.) 
is abou t  110 miles (177 kin.) south by  east of Wabar ,  and is in the  
region where fragments  of meteoric  stones were collected by  
Mr. Ber t ram Thomas in 1931 and b y  Mr. Ph i lby  in 1932. a The small  
mass weighs 8 grams and is bean-shaped,  measuring 2 • 1.2 • 0.8 cm. 
I t  shows concave depressions and the surface is smooth and free from 
rust .  A small  area when levelled,  polished, and etched showed the 
same crysta l l ine  s t ructure  as the  Wabar  iron, with kamaci te  bands  
1-11 ram. in width  and narrow bands of br ight  taenite .  The kama-  
ci te and the plessite areas show the same granulat ion as in the  smal ler  
piece of the W a b a r  iron. This piece of meta l  had no doubt  been 
t ranspor ted  from W a b a r  by  the Arabs ; though,  of course, there  is the  
poss ib i l i ty  tha t  i t  fell where found as pa r t  of the Wabar  shower. In  
the l a t t e r  case the meteor  must  have t rave l led  from the south, the 
larger  masses tha t  formed the group of craters  a t  W a b a r  carrying 
farther.  

The ' N e j e d '  meteoric  irons weighing 131 lb. and  137 lb. were said 
to have fallen during thunders torms in 1863 and 1891 in the ' Wadee  
Banee K h a l e d ' .  The first mass was received a t  the Bri t ish Museum 

1 A. F. Rogers, A unique occurrence of lechatelierite or silica glass. Amer. 
Journ. Sci. 1930, ser. 5, vol. 19, pp. 195-202. [Min. Abstr., 5-16.] 

See map in this vol., p. 335, copied from Mr. Philby's map in Geogr. Journ. 
London, January 1933, vol. 81. 

3 W. Campbell Smith, A new meteoric stone from Suwahib, Arabia. Min. 
Mag., 1932, vol. 23, pp. 43-50; Meteoric stones from Suwahib, Arabia. Ibid., 
1933, vol. 23, pp. 334-336. 
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in 1885 and was described by  the late Sir Lazarus Fletcher. 1 The 
second mass was brought  to the Museum in 1893, and is now in the 
Field Museum in Chicago. The accounts given with the two masses 
did not  tally, and the locality ' Wadi Bani K h a l e d '  has not been 
identified. In the Vienna meteorite catalogues by A. Brezina (1896) 
and F. Berwerth (1903) the locality is given at latitude 28 ~ 0' N. and 
longitude 45 ~ 0'  E. ; but  in H. A. Ward 's  Chicago catalogue (1904) 
it is given at 24 ~ 15' N., 46 ~ 25' E., which is close to Riyadh the 
capital of Nejd. These are only guesses. No place of this name is 
known to Mr. Philby. In  the correspondence relating to the ' Ne jed '  
irons Mr. Philby recognized (allowing for errors of transcription from 
the Arabic) the name of the Shaikh of the tribe to which belonged 
the man who had dug the well of Um m  a| Hadid, 14 miles from 
Wabar. 2 The ' N e j e d '  iron is identical in crystalline structure and 
chemical composition with the Wabar  iron (being of the common 
type of medium octahedrite containing Ni 7.3 %), and it is therefore 
very probable tha t  these masses had really been transported from 
Wabar  by the Arabs. 

Hadid is the Arabic name for iron, and A1 Hadida, i.e. place of the 
iron, is identified by  Mr. Phi lby with the site of the legendary city of 
Wabar, mentioned in semi-classical Arabian writings as having been 
'des t royed  by fire from heaven ' .  The ' r u i n s '  are the meteorite 
craters and the ' c inders '  the abundant  silica-glass. This spot is a t  
21 ~ 29�89 N., 50 ~ 40' E. From information given to Mr. Bertram 
Thomas, during his journey across the Rub '  al Khali  in 1931, he 
provisionally placed the legendary city of ' U b a r '  on his map at about  
19~ 52�89176 a Farther  north he passed within ten miles of the 
meteorite craters, but  unfortunately missed them, and Mr. Philby is 
the only European who has visited the spot. The identi ty and loca- 
tion of ' W a b a r '  or ' U b a r '  or ' Obar '  ( o r '  Ophir ') are, in fact, still 
matters for discussion# 

1 L. Fletcher, On a meteoric iron seen to fall in the district of Nejed, Central 
Arabia, in the year 1863. Min. Mag., 1887, vol. 7, pp. 179-182. 

2 Details in H. St. J. B. Philby's book ' The Empty Quarter ', London, 1933, 
p. 179. 

a Bertram Thomas, Geogr. Journ. London, September 1931 ; ' Arabia Felix ', 
London, 1932. 

4 See H. St. J. B. Philby, Journ. Roy. Central Asian Soc. London, 1932, vol. 19, 
p. 569 ; 1933, vol. 20, pp. 488, 495 ; and Bertram Thomas, ibid., 1933, vol. 20, 
pp. 259, 441,491. 
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E X P i r A T I O N  OF PLATES X I I I - X X .  

Meteoric iron and  silica-glass f rom the  meteor i te  cra ters  a t  H e n b u r y  
(Central  Austral ia)  and  W aba r  (Arabia).  

(Photographs  by  H. G. Her r ing ;  photomicrographs  by  F.  N. Ashcroft . )  

PLATE XI I I ,  FIo. 1. Meteoric iron : Henbury .  The sphere  was cu t  and  e tched  
to de te rmine  the  crystal lographic or ien ta t ion  of the  mass .  The  black tr i-  
angles m a r k  the  poles of the  oc tahedron  and  the  whi te  squares  the  poles of 
the  cube. Section planes  were t hen  cu t  parallel  to the  faces of the  cube, 
octahedron,  rhombic-dodecahedron.  (B.M. 1932,1529.) Same size. 

- -  FIo. 2. Meteoric i ron:  Henbury .  E tched  sect ion approx ima te ly  parallel  
to a face of the  cube, showing the  bars  of kamae i te  making  angles  of near ly  
90 ~ . 

- -  FIG. 3. Di t to .  Paral lel  to a face of the  oc t ahedron ;  angles of 60 ~ 
- -  FIG. 4. Dit to.  Paral lel  to a face of the  rhombic-dodecahedron;  angles of 

70 ~ 32' and  54 ~ 44'.  
FIGs. 2-4 show sections on the  same piece of iron (267.5 grams).  (B.M. 

1932,1432.) Same size. 

PLATE XIV,  F ins .  5 and  6. Meteoric iron : Wabar .  E tched  end-sect ion of the  
25 lb. mass ,  pho tographed  a t  two angles  of l ight ing to show the  or iented 
sheen  from the  kamaci te  bands .  The kamaci te  is g ranu la ted  in places.  
(B.M. 1932,1136b.) Same size. 

- -  FI(~. 7. Meteoric i ron:  Wabar .  E tched  sect ion of small  piece weighing 
23 grams,  showing the  g ranu la t ion  of the  kamac i te  between the  t aen i te  
bands .  (B.M. 1932,1137.) •  

- -  FIG. 8. Meteoric i ron:  Henbury .  E tched  sect ion of small,  twis ted  piece 
weighing 511 grams,  showing the  curved lamellae and  g ranu la t ion  of the  
kamaci te .  (B.M. 1932,98.) Same size. 

- -  Fin.  9. Meteoric i ron:  Henbury .  E tched  sect ion of small, curved piece 
weighing 65 grams ,  showing fu r the r  obl i tera t ion of the  s t ruc tu re .  (B.M. 
1932,1486.) • 2. 

PLA~'~ XV, F~o. 10. Meteoric i ron:  Henbury .  Mass weighing 33 lb. (15 kg.), 
showing different  types  of scu lp tur ing  produced by sub te r r anean  and  sub- 
aerial  weather ing.  The mass  was found s t and ing  up wi th  the  half  to the  
left  bur ied in the  ground.  (B.M. 1932,1424.) • ~. 

- -  F~G. 11. Meteoric i ron:  Henbury .  Mass weighing 1240 grams,  pock- 
marked  by  wind-act ion,  br inging out  the  oc tahedra l  s t ruc tu re  (shown below 
on the  left). Unde rnea th ,  where the  mass  was res t ing on the  ground,  pock- 
ma rks  are no t  developed. (B.M. 1932,1428.) • ~-. 

PLAT~ XVI,  FI(~. 12. Meteoric iron : Henbury .  Group of four  masses ,  A 292 lb., 
B 120lb., C 241b., D 51b. ( total  weight  441 lb .=200kg . ) ,  in the  relat ive 
posi t ions as found a t  a depth  of 7 feet  in the  10-yard cra ter  no. 13. (B.M. 
1932,1359-1362). • 71. 

- -  :FIG. 13. Meteoric iron : Henbury .  Wea thered  r e m n a n t  (197 grams),  show- 
ing the  large shallow concavi t ies  produced by sub te r r anean  weathering,  
which has  given rise to the  curved outline.  (B.M. 1932,1517.) • ~ .  

- -  Fz(~. 14. Meteoric i ron:  Henbury .  Wea the red  r e m n a n t  (157 grams) of 
a twis ted  f r agmen t  to rn  off by the  explosion. (B.M. 1932,1518.) • ~i.  
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- -  FIG. 15. Meteoric iron : Henbury. Mass weighing 5 lb. (2288 grams) show- 
ing a large flake nearly detached. The upper surface is pock-marked and 
the lower (buried) surface shows broad concavities. (B.M. 1932,1426.) • ~. 

PLATE XVII, FIG. 16. Silica-glass" Wabar. Outer ropy surface of a large 
bomb. (B.M. 1932,1143.) Slightly reduced. 

- -  FxG. 17. Silica-glass : Wabar. Broken surface of the same bomb, showing 
brecciated fragments of white glass with small bubbles embedded in grey 
and blue glass with large bubbles. (B.M. 1932,1143.) Slightly reduced. 

PLATE XVIII, FIG. 18. Silica-glass : Wabar. Complete bomb consisting inside 
of highly vesicular white glass (shown at the top) and a highly glazed 
exterior of black glass with pimples on the surface. (B.M. 1932,1147.) 
Same size. 

- -  FIG. 19. Silica-glass: Wabar. Another view of the same bomb, photo- 
graphed with a film of moisture on the glazed surface to suppress the h ~ h  
lights. (B.M. 1932,1147.) Same size. 

- -  FIG. 20. Silica-glass : Wabar. Small bombs of black glass showing pimples 
onthehighlyglazedsurface. [The fibres are cotton-wool.] (B.M. 1932,1158.) 
Same size. 

- -  FrG. 21. Silica-glass: Henbury. Small bombs of black glass showing 
pimples On the highly glazed surface. Two of these approximate to the 
button shape and one to the dumb-bell shape of austra]ites. 1 (B.M. 1932, 
]542.) Same size. 

- :FIO. 22. Minute spheres of nickel-iron isolated from the silica-glass of 
~Vabar, attracted to a magnetic needle. • 80. 

PLATE XIX, FIG. 23. Silica-glass: Wabar. Micro-section of a small bomb (like 
fig. 20), showing the black (brown in section) glass of the exterior streaking 
into the vesicular white glass of the interior. The black dots are spheres 
of metallic nickel-iron embedded in the glass. (B.M. 1932,1159b.) •189 

- -  Ftc.. 24. Silica.glass: Wabar. Micro-section of a fragment from a large 
bomb (like fig. 17), showing a patch of white glass surrounded by brown 
glass. Embedded in the white glass (at the right) is a shattered grain of 
quartz. The black dots are metallic nickel-iron embedded in the glass. 
(B.M. 1932,1159r x40. 

PLATE XX, FrG. 25. Silica-glass : Henbury. Micro-section of a small bomb (but 
larger than those in fig. 21) of black glass, showing the glazed surface free 
from bubbles and the vesicular interior dark with iron oxide. [The crinkly 
edge in some of the bubbles is the bakelite used for hardening the section.] 
(B.M. 1933,11.) • 28�89 

- -  Fxo. 26. Sandstone: Wabar. Micro-section showing shattered grains of 
quartz in a groundmass0of powdered quartz. The material is very friable 
and could be sectioned only after being impregnated with bakelite (red- 
stained): this was kindly done at the Building Research Station at 
Garston, near Watford. (B.M. 1932,1168.) • 

FIos, 27 and 28 in the text, p. 397. 

1 See L. J. Spencer, Origin of tektites. Nature, London, 1933, vol. 131, pp. 
117-118, 876; Compt. Rend. Acad. Sci. Paris, 1933, vol. 196, pp. 710-712. 
|Min. Abstr., vol. 5, p. 304.] 
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Fig. 7 
Fig. 8 

L. J, SPENCER: METEORIC IRON FROM WABAR AND HENBURY. 
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Fig. II 

L. J. SPENCER : METEORIC IRON FROM HENBURY, CENTRAL AUSTRALIA. 
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L. J. SPENCER : METEOI~IC IRON FROM HENBURu CENTRAL AUSTRALIA. 



MII~I. MAG., vol. xxiii. P~ate XVII. 

L. J. SPENCER: SILICA-GLASS FROM WABAR, ARABIA. 

Fig. 17 



~-IN, MAC-., vol. xxiii. Plate XVIII.  

L. J. SPENCER: SILICA-GLASS FROM WABAR, ARABIA, AND (FIG. 21) FRO~I 
HENBURY. CENTRAL AUSTRALIA. 

Fro. 22. SPHERES OF NICKEL-IRON ISOLATE]) FROM SILICA-GLASS. 
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L. J. SPENCER : SILICA-GLASS FROM WABAR, ARABIA. 



MIX. MAG., vo1. xxiii. Plate XX. 

L. J. SPENCER: FIG. 25. SILICA-GLASS FRO~i HENBURY. 

FIG. 26. ~ANDSTOI~E FROM WABAR, 


