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THE

METEORITE OF EL NAKHLA EL BAHARIA.

1.—INTRODUCTION.

On the 28th June, 1911, at about nine o’clock in the forenoon, a
number of meteoric stones fell to earth in the hamlets surrounding
the village of El Nakhla el Baharia (31°19" N., 30° 21’ E.), in the
markaz (police-district) of Abu Hommos, in the north-western portion
of the Nile Delta of Lower Egypt. (See Map on Plate I).

The locality where the fall occurred is inhabited chiefly by unedu-
cated peasants, and the meteorite would probably have been lost to
science but for the action of a farmer, Mohammed Ali Effendi Hakim,
who communicated a note of the occurrence to the Arabic newspaper
“El Ahali.” It was found on subsequent enquiry that the place
and date given in the newspaper account were not quite correct,*
but the notice was instrumental in leading to investigations by which
the fact that a fall of meteoric stones had really taken place, and the
circumstances attending it, were ultimately ascertained.

Enquiries by the Geological Survey led to specimens of the stones
being procured from the peasants by the Ministry of the Interior, and
when it was evident from these that there could be no doubt as to the
meteoric origin of the stones, Dr. Hume, the Director of the Geological
Survey, personally visited the district and collected both the evidence
of eye-witnesses of the fall and about a dozen specimens, including
the largest known fragment. Later on, another fine fragment was
collected by Mr. Brigstock, of the Agricultural Department. As it
was considered likely from this further find that still more specimens

* The newspaper account gave the place of the fall as Denshal, which is about 33 kilometres
south-east of El Nakhla el Baharia, and the date as June 29th. Careful enquiries at Denshal
ghowed that no meteorites had fallen there, nor had the smoke-column heen seen. The statement
in the newspaper that one of the stones fell on a dog at Denshal, *leaving it like ashes in a
moment,” is doubtless the product of a lively imagination.



2 THE METEORITE OF EL NAKHLA EL BAHARIA.

of the stones might be in the hands of the peasants, Dahab Effendi
Hassan, of the Geological Survey, was sent to the place in October,
and succeeded in purchasing no less than twenty more of the stones,
which in his opinion are all that were in the hands of the peasants at
the time.

From the evidence of eye-witnesses, most of whom were peasants
who had been working in their fields, it appears that the stones fell
over an area about 4} kilometres in diameter, and were derived from
the explosion of a single large meteorite at a considerable altitude in
the air. The direction of approach of the object was from the north-
west, and its track, marked by a column of white smoke, is said to
have been inclined only some 30° to the horizontal. The explosion
appears not to have been a single one, but to have been several times
repeated, with a loud noise variously likened to the firing of a gun and
to the pulling-up of a railway train at a station. The column of smoke
is said to have been seen, and the sound of the explosion heard, near
the village of Birket Ghetas, which is some seven kilometres from the
centre of the area where the stones fell. Curiously enough, a peasant
who saw a stone fall about fifty metres from him near Ezbet Saber,
on the opposite side of the centre of the fall to Birket Ghetas, did not
remark any sound of the explosion, but only noticed a cloud of dust
where the stone struck the earth. The stones_buried themselves to
depths of from ten to thirty centimetres in the ground, and are stated
to have been cool when dug out. The holes showed an inclined
course, not a vertical one. :

Altogether about forty stones, of a total weight of nearly 10 kilo-
grammes, were collected. Of these, about half are completely enveloped
in a black varnish-like skin of fused matter. Some have one or more
of their faces only partially fused, while others exhibit fresh fractures
showing the greenish-grey crystalline interior. The various degrees
of fusion noticeable corroborate the statement that there were several
explosions, the partially fused surfaces being evidently the result of
the later fractures, while the unfused faces are doubtless in some
cases due to breaking up of the stones after striking the earth. Some
of the smallest of the stones, as well as the largest, are completely




PLATE 1.

Ball — The Meteorite of El Nakhla el Bahama.
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GENERAL CHARACTERS OF THE STONES. 3

enveloped in the fused skin, so that the explosions must have produced
fragments of very various sizes. The weights of the individual stones
range from 1,813 grammes in the largest specimens down to about
20 grammes in the smallest. The smallest fragment of which the
fused skin is entire weighs 34 grammes.

While the largest stones obtained from the fall, including specimens
given by the Ministry of the Interior and by Mr. Brigstock, are pre-
served in the Geological Museum at Cairo, various of the smaller frag-
ments have been presented by the Egyptian Government to the
national geological museums of London, Paris, Berlin, Vienna, Rome,
St. Petersburg and Washington, where they are highly prized as
additions to collections already embracing large numbers of specimens
from previous meteoritic falls in various parts of the globe. The
value of the Nakhla specimens to such collections is enhanced, not only
by the circumstance that they represent the first authenticated fall
of a meteorite in Egypt, but also by the fact that (as will be evident
from the detailed description which follows) they belong to a new type
of meteoric stone.

2.—GENERAL CHARACTERS OF THE STONES.

In form, the stones are mostly sub-angular, that is, they are of
shapes such as one would obtain by breaking up a big mass of homo-
geneous rock with a hammer and then very slightly rounding off sharp
edges. The largest specimen (see Plate II) is approximately in the
form of a double wedge, whose greatest dimension is 16 centimetres.
One or two of the fragments are nearly cubical in form; but that this
is a mere accident is proved by the variety of shape of the others.

Many of the stones are entirely, and all the others are partially,
covered with a glossy black skin, as if they had been varnished with
pitch. The surfaces in places show shallow pittings such as would be
caused by pressing the thumb into a mass of putty. In addition, the
glossy skin of most of the specimens has a finely-reticulated surface,
with an appearance something like that of certain kinds of Morocco
leather (see Plate 111, Fig. 1). With a pocket lens, this can be seen to

*



4 THE METEORITE OF EL NAKHLA EL BAHARIA.

be due toa fine network of tiny anastomosing ridges, separated by little
pits ; the ridges appear to be the traces of the surfaces of separation
of the grains composing the stone, while the pits mark the central
portions of the grains.

Where only incipient fusion has occurred, as in the case of surfaces
fractured shortly before striking the earth, the melting of the stone
has been selective, certain grains being fused and others not, showing
that the meteorite consists of at least two minerals of different degrees
of fusibility.

On freshly-fractured surfaces (see Plate I1I, Fig. 2) the rock is of a
greenish-grey colour, fine-grained and crystalline. Examination with
a pocket lens reveals a mixture cf reddish-brown and pale-green
minerals, mostly in shining erystals, but partly in a dull form in which
the green matter takes on a whitish aspect.

On comparing a fresh fracture with a surface showing incipient
fusion, it is evident that the brown mineral (hypersthene) is the more
easily fusible one, being converted into a black glass while the green
crystals (augite) are scarcely affected.

Except where protected by its black crust, the stone is very friable,
and can often be crushed into a crystalline powder between the finger
and thumb, like a piece of bad mortar.

There is no trace of the chondrules so common in stony meteorites,
the texture of the rock being remarkably uniform.

Metallic iron and nickel, too, are entirely absent. When a magnet
is applied to a powdered specimen of the stone, only a few grains are
attracted, and these appear to be oxides rather than metallic iron.

The specific gravity of the stone is 340.

3.—PETROGRAPHICAL CHARACTERS OF THE STONES.

For the investigation of the mineralogical composition of the
meteorite, I had two large thin slices cut from the specimen presented
by Mr. Brigstock, and submitted them to microscopical examination.
The slides show the stone to be a holocrystalline aggregate of augite
and hypersthene, in which the grains have an average diameter of
about half a millimetre (see Plate III, Fig. 3).
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The largest fragment.

(natural size.)




PETROGRAPHICAL CHARACTERS, 5

The augite, which forms about three-quarters of the stone, is nearly
colourless in thin section, showing only a faint greenish-brown tinge.
The crystals, though mostly allotriomorphic, frequently show a strong
tendency to idiomorphism in the usual prismatic habit. Prismatic
cleavage is very strongly marked, both in vertical and basal sections,
and the crystals show in addition numerous large irregular cracks.
Many of the crystals are of a clouded aspect, which under a high power
is seen to be largely due to abundance of small irregular cracks. The
refractive index and double refraction are both high. The extinction-
angles in prismatic sections measure up to 43°. In sections parallel
to the clinopinacoid, where the extinction-angle is a maximum, twin-
ning parallel to the orthopinacoid is frequently seen, a number of twin-
lamellae usually running down the centre of the compound crystal.
In basal sections both twinning and extinction are of course diagonal
to the cleavages. Some clinopinacoidal sections show a herring-bone
structure under crossed nicols, due to extremely fine lamellation
parallel to the basal planes, which in the twinned crystal are inclined
at an angle of about 75° on either side of the vertical.* These lamel-
lations and the traces of the vertical twinning planes can be distinctly
made out even in ordinary light, but they are more conspicuous when
the section is viewed between the nicols.

The hypersthene, forming the remaining quarter of the stone, is
mostly in rounded grains, usually larger than those of the augite. It
is nearly colourless in thin section, having even a fainter greenish-
brown tinge than the augite, and does not show distinct pleochroism.
Cleavage is not very strongly marked, but wherever it can be seen the
crystals show straight extinction. Irregular cracking is very pro-
nounced, and frequently there is a yellowish-brown staining of the
crystal evidently by iron oxide, along and near the cracks. Almost
all the hypersthene crystals contain numerous minute opaque enclo-
sures, which are usually lenticular in shape and are arranged in lines
perpendicular to the principal cleavage. The refractive index and the

* A similar structure is found in the augite of the Whin 8ill of Tyne Head (TEALL, British
Petrography, p.208) and other terrestrial rocks, :
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double refraction are both higher than those of the augite. The
double refraction is thus much stronger than is usual in hypersthene,
the colours of the third order being sometimes reached. The absence
of pleochroism and the brilliance of the polarization colours give the
crystals a strong resemblance to olivine in thin section, and in fact
until the chemical investigation was made no hesitation was felt in
regarding the mineral as olivine. But as the chemical analysis (see
p- 9) proved conclusively that the proportion of bases to silica in the
whole meteorite was (like that in augite) practically 1 to 1, it was im-
possible that any appreciable quantity of olivine (in which the ratio of
bases to silica is 2 to 1) was present in the rock. Subsequent tests with
the quartz wedge showed that the crystals which had been at first
taken for olivine had the optic orientation ¢ = ¢, so that there could
be no doubt of the mineral being a rhombic pyroxene. The abundance
of systematically-arranged opaque enclosures is of course much more
characteristic of a ferriferous rhombic pyroxene than of olivine, and
these and the high content in iron (the mineral has a composition -
approximately 2FeSiO,, MgSiO,) prove it to be hypersthene. The large
proportion of iron probably explains the phenomenally high double
refraction, as it is well known that this latter increases with an increase
in the iron-content ; the absence of colour and pleochroism is less easily
explainable, as the separation of iron-oxides in the schiller-structures
and along cracks hardly looks sufficient to account for such a thorough
bleaching.

Felspars are entirely absent, the accessory minerals in the stone
comprising only a few scattered small grains of chromite, and here
and there interstitial wisps, sometimes in little radiating aggregates,
of a rather clouded fibrous-looking brown to colourless mineral of very
low refractive index and polarising in low colours. I have not been
able to make sure what this last-mentioned mineral is, but am inclined
to think that it belongs to the chlorite group. Both the iron oxides
and the doubtful mineral just mentioned are present in very small
quantity, probably both together representing about one per cent of

the entire stone.
The mineralogical composition of the meteorite, which is prac-
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PLATE

Fic. 1. Exterior view of the specimen
collected by Mr. Brigstock, showing the

reticulated surface.

( Natural size).

Fic. 2. Fractured surface of the same

stone, showing its crystalline structure.

{ Natural size).

FiG. 8. Thin section of meteorite
magnified 20 diameters. The upper three-
fourths of the figure show augite-crystals
in basal and prismatic section. At the
top of the field, a twinned augite-crystal
showing herring-bone strueture. At the
bottom of the figure, part of a large crys-
tal of hypersthene, containing opague
inclusions.



CHEMICAL COMPOSITION. 7

tically three-fourths augite and one-fourth hypersthene, is in good
agreement with the specific gravity of 3-40 found by direct measure-
ment, augite having an average specific gravity of 3-3 and hypersthene
one of 3-5.

4,—CHEMICAL COMPOSITION,

A spectroscopic examination of the meteorite, kindly carried out
at South Kensington by Sir Norman Lockyer at Dr. Hume’s request,
showed the lines of the following elements to be represented :—

Blament. Iilt:cnsfl‘tjr of Lines
in Spectrum.
Chromium . ... .. ..| Very strong.
ROULHNT o0 wis) osil meof ireed 5 5
Calalum .5 vl i enelleeel mslEong
ATIminm. .o e =
Magnesiom ... ... ... ..| Fairly strong.
BAAON s ey e v e i 5
DEHDPAnese * ~ o Ly e i 41
dran: et i e e s g -
Yapadismt | . e e e Bather wesk.
I tantin iy a e e e 25 o
Potassium ... ... ... ..| Slightest trace.

Sir Norman Lockyer remarks that the most distinguishing feature
in the spectrum of this, as of nearly all other stony meteorites, is the
conspicuousness of the chromium lines.

A chemical analysis of the meteorite has been made by Mr. W. B.
Pollard in the chemical laboratories of the Survey Department. The
quantitative analysis was confined to the determination of those
constituents which a preliminary examination had shown to be present
in appreciable quantity, so that although the analysis was carried out
with all the detailed care and special precautions necessary for accurate
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rock-work, it does not claim to be an absolutely complete one. The
results are :—

Per cent.
) e e o s v D08
B B e s e e MRS
B e v aos 4ea cies asor ADNTD
L e v ra e o T e N SN T
G e e e R s
) ; DT R - 0-35

99+11

In addition to the constituents mentioned above, distinet traces
of MnO, TiO,, and V,0, were found ; these are all included in the
AL, 0, in the analysis. All the iron was estimated as FeO, though
probably a very small portion of it is present as Fe,0,. Sodium was
found to be present in the chemical analysis, but was not estimated ;
since the other constituents add up to over 99 per cent, the amount
of Na,0 cannot be large. Potassium, though indicated by the
spectroscopic test, was not detected in the analysis, and can only be
present in the merest traces.

In deducing the ratio of basic to acid molecules in the stone from
the above analysis, we must remember that the microscopic exami-
nation revealed the presence of small amounts of bases in the free state,
namely, iron and chromium oxides in the chromite and in opaque
inclusions in the rhombic pyroxene. To counterbalance this, we may
for a first approximation neglect the small percentage (1:65) of Al,O;
shown by the analysis ; so heavy a molecule as Al,O, can take up only
a small proportion by weight of silica, and we may fairly assume that
in regarding the AL,O, and Cr,0, as free, and all the iron as combined
in the form of FeO, we are retaining very closely the actual ratios of
basesto acids. Taking the remaining principal constituents, we have:—

P f]{'fé:s]?fe M{."’rl:':;]:?r Molecular Proportions.
T e e et 49-98 604 0828 0-828
FeO 19-58 72 0+272 l
CaO 15+12 56 0+270 0-845
Mg0 - oot 199 10°3 0°303 |
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It is thus clear from the analysis that at most only a very slight
average deviation from the metasilicate composition RO.Si0, is possible.
Now we know from the microscopic study that about three-fourths of
the rock is augite, which is a metasilicate having the composition of
RO.Si0,, where R is Fe, Ca, or Mg. It follows that the remaining
quarter of the rock, consisting of a rhombic mineral, must also be a
metasilicate. The preliminary petrographic examination of a thin
section indicated that this thombic mineral was either an olivine rich
in enclosures, or a rhombic pyroxene with unusually high double-
refraction and no pleochroism. The chemical analysis at once decides
the point, for the olivines are orthosilicates having the general formula
R,Si0,, while the thombic pyroxenes are metasilicates (R 8i0,), and it
is clearly the latter molecular composition which is indicated. The
observation with the quartz-wedge (see p. 6), showing that the ver-
tical axis of the rhombic crystals coincides with the axis of minimum
elasticity, confirms this conclusion.

To determine whether the rhombic pyroxene is bronzite or hy-
persthene was the next step, and here again chemical analysis was of
service. The two minerals are distinguished by the relative abundance
of FeO in the base as compared with MgO, and while augite is scarcely
acted on by strong hydrochloric acid, the more ferriferous rhombic
pyroxenes are partially decomposed by this reagent.* A sample
of the finely powdered stone was therefore digested for some hours in
warm strong HCl, and the proportion of bases in the dissolved por-
tion determined. This yielded the following results (in percentage
of the whole rock) :—

WOl AL G, o) e gal S or B A
o A R R R e S R
R L e e T

The figures indicate the molecular proportions in the dissolved
mineral as 39 FeO, 4 Ca0O, 19 MgO, so that the monoclinic pyroxene
present is a variety rich in iron, having approximately the formula

—

* Rosenbusch. Mikroskopische Physiographie der petrographisch wichtigen Mineralien, Zweite
Hiilfte, 4. Auflage, Stuttgart 1905, pp. 204, 148,
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MgSi0,, 2FeSiO,, with a little lime replacing the other bases. This
corresponds to hypersthene, and the species of the thombic pyroxene
is thus determined. -

The above proportions of bases found in solution require respect-
ively 6-90, 0-81, and 3°29 per cent of Si0O, to form silicates of the form
RSiO,, so that on the assumption (which is not quite true, but probably
nearly so) that all the hypersthene and none of the augite was attacked
by the acid, the figures indicate that hypersthene constitutes 22 per
cent of the entire stone. This is slightly less than the microscopic
slide would lead us to expect, and doubtless a small proportion of
hypersthene remained undissolved. The data do, however, render it
clear that the lime is mainly in the augite, and on the same assump-
tion as is made above, namely, that all the hypersthene is dissolved
and all the alumina is in the augite, a simple calculation shows that
the approximate composition of the augite is :—

Percentage. B{:{',;fllt“ Molecular Proportions,
8i0, sl+1 60°4 0348 08438
FeO 14-8 72 0+205
ta0) 18°8 56 0 336 0-889
MgO 13°1 403 0" 326 ;
Al,O4 32 102 0°022
100+0

The bases exceed the acid radical slightly in proportion, which
is what we should expect from the presence of a little free iron oxide
and the probability that a small proportion of the combined iron
estimated as FeO is really in the form of Fe,O,, The result shows
that the augite has approximately the formula 2FeO, 3CaO, 3MgO,
8810,, with a very little alumina, and is thus a variety rather poor
in lime but fairly rich in iron. As in the case of the hypersthene,
the colour in thin section is slightly weaker than the relatively high
iron-content would lead us to anticipate.

The small amount of chromium indicated by the analysis is doubt-
less entirely in the chromite grains which are sparsely scattered through
the rock. The traces of TiO, and MnO are most likely combined with

1>
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gilica in the augite and hypersthene. The small amount of H,0
indicated is probably in part hygroseopic, and in part derived from
the interstitial (chloritic ?) mineral of which the petrographic exami-
nation indicated the presence in very small quantity.

5.—Pos1TIoN OF THE NAKHLA METEORITE IN CLASSIFICATION.

Meteorites are usually classified in three great divisions :—

(@) Siderites, or meteoric irons;

(b) Siderolites or Lithosiderites, composed of a mixture of iron and

stone;

(c) Aerolites or Lithites, or meteoric stones.

Since our Nakhla meteorite consists entirely of stony matter,
it obviously falls into the third of these great divisions, viz., that of
aerolites, or meteoric stones.

The aerolites or meteoric stones have themselves been variously
subdivided. In the latest (1909) classification of M. Stanislas Meunier,*
who has charge of the French national collection of meteorites at the
Paris Museum, the stony meteorites are grouped according to their
mineralogical composition and structure, as follows : —

Clags. Mineral Composition.,
Chassignite .. oo wee oo ..o Almost entirely olivine.
Eukrite ... ... ... .. ... .| Anorthite + olivine.
Shergottite... ... ... .. ... ...| Augite + maskelynite,
SHAlkite - oi- con ven i e o CHIVING S BYoNEISE
Ureilite ... wvo eee vee vee +u| Olivine + augite + diamond.
Angrite ... ... .. ... .. ..| Olivine + augite + monticellite.
Orgueillite... ... ... ... ... ...| Olivine + carbonaceous matter, earthy in
~ structure.
Borkewelite ... ... ... ... ... Olivine + carbonaceous matter, compactin °
structure.

The classification adopted in 1904 by Dr. Brezina,} the former

* (Guide dans la Collection des Météorites. Museum National d'Histoire Naturelle, Paris, 1909,
p. 13.

1 Quoted in the * Catalogue of the Ward-Coonley Collection of Meteorites," by Dr. H. A, Ward.
Chicago, 1904, p. 97.

#**
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eurator of the great Vienna collection of meteorites, was very similar,

being, for the non-chondritic stony meteorites, as follows :—

Class.

Mineral Composition.

Chladmite == .05 -
Veined Chladnite ...

Chiefly bronzite.
Bronzite, black or metallie-veined.

Angrite . F o e Chiefly augite.

Chassignite ... ... Chiefly olivine.

Bustite Bronzite + augite.

Amphoterite Bronzite + olivine.

Rodite =5 o 0t Bronzite + olivine, breccia-like.

Eukrite Aupite + anorthite,

Shergottite... Augite + maskelynite.

Howardite.... Bronzite + olivine + augite + anorthite.

Breceia-like Howardite

Leuncituranolite ...

Ditto, breceia-like,
Leucite + anorthite + augite + glass.

It will be apparent that there is no precise place for the Nakhla
meteorite, consisting of augite and hypersthene, in the above classi-
fications. As augite is the principal constituent, we might class it
on Dr. Brezina’s scheme with the Angrites, a very rare type of meteorite
represented by only one fall, which he defines as * chiefly augite.”
But the accessory mineral in the Angra dos Reis specimens is olivine,*
and in our Nakhla stone it is hypersthene. A similar difficulty arises
with the class Bustite of Dr. Brezina, which is defined as “ bronzite
and augite ” ; apart from the distinction between hypersthene and
bronzite, which in itself is hardly perhaps great enough for a basis of
classification, Bustite is defined by M.. Meunier ¥ as containing
metallic iron in easily-visible granules, while Mr. Fletcher } states
that it contains “ diopside, enstatite, a little anorthic felspar, with
some little iron, oldhamite and osbornite,”

The meteorite of El Nakhla therefore appears to be of a new type,

~somewhat akin to Bustite, but containing its rhombic pyroxene in

the form of hypersthene, and free from felspar, metallic iron, and

* Bee M. Meunier's description in his * Revision des Pierres Météoriques,” Autun, 1897, p. 104.
Also Mr. L, Fletcher's “Introduction to the Study of Meteorites.” (British Musewn Guide-book),
1908, p. 45.

Tt %Guide,” 1909, p. 13.

1 Loe. cit.

o ¥

Lar ™1

S -t
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sulphides. If it be desirable to give a name to a new class in which
the Nakhla meteorite must at present be placed by itself, we may
term it *“ Nakhlite,” after the place of its fall, defining the term “Nakh-
lite” as signifying a stony non-chondritic meteorite free from metallic
iron and composed essentially of augite with a subordinate amount
of hypersthene.* If the rock occurred in the earth’s crust, we should
class it as a pyroxenite (websterite), but so long as we are ignorant of
the origin of meteorites it is probably just as well to have separate
names for these stones to distinguish them from terrestrial rocks.

6.—REMARKS oN THE ORrigIN orF METEORITES.

Though not by any means common, rocks called websterites,
having essentially the same composition as the Nakhla meteorite,
occur in certain places in the earth’s crust. But apart from the fact
that these terrestrial rocks are not found associated with active vol-
canoes, a consideration of the circumstances of the fall of the meteorite
forbids any assumption that it can have been ejected from any existing
volcano on the earth’s surface. The long column of smoke, and the
fused condition of the surfaces of the fragments, show that the stone
must have entered the earth’s atmosphere with a velocity so great as
to cause intense heating, fusion, and even vaporization of the surface-
portions of the stone by friction with the earth’s atmosphere; and there
is no earthly volcano capable of throwing out stones with a velocity
at all comparable with this. We conclude that the stone came to us
from space ; after a voyage lasting, it may be, for countless ages, its
path approached that of the earth so closely that it was captured by
the earth’s attraction. The fact that the stones embedded themselves
in the soil to depths of only about half a metre or less shows that the
velocity with which the fragments struck the earth was of the order

* This name has already been proposed for the meteorite by M. Meunier (Comptes Rendus of
the Paris Academy, September 4, 1911), who from a superficial examination believed it to be of a
new type containing anorthite felspar. Though the stone is of a type hitherto unknown, the
supposition that it was felspathic was erroneous.

1 Rosenbusch, “Mikroscopische Physiographie der massigen Gesteine,” Fourth Edition. Stuttgart
1907, p. 479, 4
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of only about 100 metres a second ; but owing to the resistance of the
air increasing with the approach of the meteorite to the earth’s surface,
the velocity must have been rapidly diminishing, and the stone at its
first entry into our atmosphere must have been travelling at a speed
of many kilometres a second. In fact we have no certain knowledge
that meteorites differ in any essential respect from the meteors or
“ shooting stars ”” of which one can see so many on any dark night
when the sky is clear, and whose velocities are known frequently to
exceed 30 kilometres a second. But while the vast majority of shoot-
ing stars are so small (Newcomb and Harkness estimated the average
weight to be less than the tenth of a gramme *) that they are entirely
vaporized long before reaching the solid earth, meteorites are bodies
large enough to withstand the loss by vaporization of their surface-
portions and still reach the earth.

There is no reason to think that the Nakhla meteorite entered
the earth’s atmosphere as more than a single large stone. That it
arrived in fragments is due to explosions produced by irregular stresses
within the mass, caused partly by the expansion of its frictionally
heated outer surfaces and partly by the compression of the air in front
of it. The fragments show distinctly that there were several of these
explosions at different altitudes; for while the surfaces of some of
the fragments are completely fused, other pieces show only a partial
fusion, and others, again, an unfused fracture. The explosions may
well have been pretty violent, for the extreme fragments were found
separated by more than four kilometres, and the sound was heard for
miles round.

Although meteorites are generally believed to be merely large
“shooting stars,” it is a curious fact that no periodicity has been
noticed in their fall comparable with that of meteor-showers. Shooting
stars, though they can be seen all the year round, are most numerous
at certain seasons, when the earth is at definite points of its orbit ;
meteors are abundantly seen, for instance, in November and August
of most years. But of the hundreds of recorded falls of meteorites on

* See Young, © General Astronomy,™ 1904, p. 474,






