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In  Hemotiam.

WALTER FLIGHT, D.Sc. (Lonp.), F.R.S., F.G.S.

Warrer Fricar was the son of William P. Flight, of Winchester, in
which city he was born on the 21st of January, 1841. He was sent,
after a period of pupilage at home, to Queenwood College, Hampshire,
in the days when George Edmondson was Head Master, and Tyndall
and Debus were the teachers of science. Here he had the good
fortune to attract the notice of Prof. Debus, who encouraged the
youthful chemist, and in after years remained his constant friend.

From Queenwood Walter Flight went to the University of Halle,
to pursue his scientific studies, and in the laboratory of Prof. Heintz
he specially applied himself to the study of chemistry during the
winter session of 1863-64.

In 1864 and 1865 he entered the University of Heidelberg, where,
in the laboratories of the celebrated Professors Bunsen, Kopp, and
Kirchhoff, he devoted himself earnestly to acquire that thorough
knowledge of the various branches of theoretical and practical chemis-
try, and that marked facility for overcoming experimental difficulties,
which characterize the practised and careful worker.

From Heidelberg Flight passed to the University of Berlin, where
he remained until 1867, studying and working in Prof. Hofmann’s
laboratory, and for a time filling the office of his Secretary and Chemi-
cal Assistant.

Returning to England in 1867, he graduated D.Sc., in the Univer-
sity of London, and in the following year was appointed by the
Senate to the office of Assistant-Examiner under Prof. Debus, F.R.S.
(his former teacher at Queenwood).

On the 5th September, 1867, Dr. Flight was appointed an Assistant
in the Mineralogical Department of the British Museum, where, under
the direction of Professor Nevil Story Maskelyne, M.A., F.R.S., the
Keeper of Mineralogy, he carried on a series of researches into the
chemical composition of the mineral constituents of meteorites and
the occluded gases they contained.

Many of the methods by which he carried out these investigations
were originated by him in the course of his researches, and displayed
in a remarkable degree his skill and ingenuity in chemical manipula-
tion.
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Shortly after this date he was appointed Examiner in Chemistry
and Physics at the Royal Military Academy, Woolwich, and in 1876
Examiner to the Royal Military Academy, Cheltenham.

For several years Dr. Flight served on the ¢ Luminous Meteors
Committee” of the British Association, to which he gave much valuable
assistance.

Between the years 1864 and 1883 he was author of numerous
original papers; that relating to the Cranbourne, Rowton, and
Middlesborough Meteorites appeared in the Philosophical Transac-
tions: his researches were also referred to by Prof. Story Maskelyne
in two papers on the mineral constituents of the Busti, Manegaum,
and Breitenbach Meteorites, read before the Royal Society between
1870-71.

In January, 1875, he commenced to publish in the Geological
Magazine a series of articles, entitled ‘“ A Chapter in the History of
Meteorites,” of which twelve appeared in that year; nine supple-
mental essays followed in 1882, and a final one in February, 1883.
These articles form the substance of the present work, some slight
additions only having been made by the author to the first part
printed in 1875.

In 1880, Dr. Flight married Miss Kate Fell, daughter of Dr. Fell,
of Ambleside.

He was elected a Fellow of the Royal Society on June 7th, 1883.

In 1884 he was seized by illness which prostrated his mental
powers and rendered it needful for him to resign his appointment
in the British Museum in June, 1885; but notwithstanding all that
medical skill or the affection of friends could devise, he succumbed
on the 4th of November, 1885, leaving his widow and three young
children to deplore his early loss.

Dr. Flight enjoyed the regard and esteem of a very large ecircle of
scientific men, with many of whom he was on terms of intimate
friendship. It is to these more especially that this little Book is
dedicated as the last Memorial of a life full of promise, but all too
early brought to an abrupt conclusion.
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HISTORY OF METEORITES.
FROM 1869—1875.

INTRODUCTION.

IN submitting the following digest of what has been published on
the subject of Meteorites since the beginning of 1869, it should be
stated, to explain the selection of this period in particular, that up
to that year the then numerous and scattered contributions to this

uestion had been collected and published in the form of a most
careful digest by Professor Rammelsberg, in his Die Chemische Natur
der Meteoriten, 1870 ; further that Buchner’s series of papers in
Poggendorf’s Annalen on Die Meteoriten in Sammlungen, had in
many ways supplemented the work of Rammelsberg. But while, as
to the period previous to 1869, we thus possess in a form most con-
venient for reference the substance of all the then known contribu-
tions to this subject, it appears that since that year there has been no
continuation of this laborious work of collecting and examining
scattered materials. And yet it cannot be said that such is unneces-
sary, for in this interval many important contributions have been
made to this branch of mineralogical science ; meteoric falls of great
interest, as, for example, that at Hessle, in Sweden, have taken place ;
remarkable cosmical masses have been discovered, of which none are
more curious than the colossal meteoric irons of Ovifak, in Green-
land; and the presence of new meteoric minerals has been de-
termined, such as the calcium sulphide of the Busti aerolite,’ and
the rhombic form of silicic acid in the Breitenbach siderolite. It
has therefore become a matter of necessity that the work of Rammels-
berg and Buchner should be continued, and this is the justification
of the present attempt.

It is proposed to deal with the subject under the following four
divisions :—

I. To present seriatim a description of all meteoric bodies that
have been known to fall, or that may have been found, since the
1st January, 1869, with an account of all the important phenomena
attending their descent, and a description of their physical and
chemical characters, or those of their ingredient minerals as
far as they have yet been determined. In the examination of
the analyses, it will be shown that the hypothetical silicate
shepardite, which at the present time is supposed by many miner-
alogists and geologists?to form a constituent of meteorites (although

! A preliminary note of this mineral appeared in the Brit. Assoc. Report, 1862,
“ Notices and Abstracts,” Appendix ii., 190.
2 In his address * Ueber die Entwickelung der Geologie in den letzten 50 Jahren,”
delivered before the German Naturalists’ Association at Leipzig in 1872, Von Dechen
. alluded to shepardite (anderthalbfach kieselsaure Magnesia) as a characteristic
meteoric mineral.
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it has never been isolated), not only need not be assumed to be present,
but that the analytical results of these observers indicate the presence
in the aerolite of such silicates only as have on some occasion or
other been observed to occur as distinct species in a meteorite.

II. To produce a’digest of work published from 1869—1875 on
meteorites which had fallen, or had been found, at an earlier date,
giving such results as correct earlier analyses.

III. To prepare an exhaustive notice of papers published from
1869—1875 on meteorites :

(1). In their relations to astronomical questions; their probable
orbits; the phenomena attending their fall; their distribution
on the earth’s surface ; spectroscopic examination, ete.

(2). In respect to better methods of analysis; new catalogues
of collections ; and the bibliography of this branch of miner-
alogy.

IV. To examine cases of doubtful falls, pseudo-aerolites, etec.,
which have been placed on record during the above interval.

PART I

1869, January 1st, 12h. 20m. p.m.—Hessle, near Upsala.®

This is the first meteoric fall recorded to have taken place in
Sweden. The sky was cloudy, and, though apparently unobserved
at Hessle, a luminous meteor was noticed by observers at a distance.
The noise accompanying the fall resembled heavy peals of thunder,
followed by a rattling noise as of waggons at a gallop, and ending at
first with a note like an organ tone, and then a hissing sound. The
stones were strewn over a line of country lying 30° E. of S. towards
30° W. of N. Some of them fell within a few yards of a number of
peasants who were coming out of church; one struck the ice close
to a man who was fishing on the Milar Ldirsta-Viken, and after
digging a hole three or four inches deep, rebounded; when picked
up, it was still warm.

The stones differ greatly in weight, from 2Ibs. to 0-17 gramme
(about 2% grains). The smallest have the same structure and thick-
ness of crust as the largest, and are in fact small complete meteorites.
Such diminutive stones have not hitherto been noticed, and should
be sought for at future aerolitic falls.

The exterior of the stones is black; the interior bright grey, and
sufficiently porous to cling to the tongue. Though the structure of

1 0. Fahnehjelm. Meteorfallet i Fittja socken af Upsala lin d. 1 Januari, 1869,
Ocfversigt Vet. Akad. Ford. 1869, No. 1, 69.—A. E. Nordenskjold. Kongl. Svenska.
Vetensk. Akad. Handl. viii. No. 9; Pogg. Ann. cxxi., 206.—G. Lindstrom.
Kemisk Undersokning af Meteorstenarne frin Hessle. Kongl, Svenska Vetensk.
Akad. Ford,, 1869, No. 8.—K. A. Fredholm. Om Meteorstensfallet vid Hessle.
Leipzig : Fritsch.—G. A. Daubrée. Compt. rend., Ixviii., 363.
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these meteorites is so loose that they break in pieces when thrown
with the hand against the floor or frozen ground, it is a remarkable
fact that nearly all the specimens which have been collected fell
intact, and some of the heavier stones which struck the ice of the
Larsta-Viken failed to penetrate it, although the thickness was only
a few inches on New Year’s Day. This explains in some degree the
statements of eye-witnesses as to their remarkably small downward
velocity.

In appearance they resemble very closely the meteorites of Aussun
and Clarac, Haute Garonne (1858, December 9th). They have been
examined by Nordenskjold, who so arranges the results of his
analyses that he finds them to be composed of : 20 per cent. nickel-
iron (chamoisite, FegNi), with some schreibersite and rather less than
one per cent. of chromite ; a variable amount of troilite (iron mono-
sulphide); a trace of carbon, probably in the form of a hydrocarbon;
10 per cent. of labradorite ; 37 per cent. of olivine; and 23 per cent.
of ‘shepardite.’

Two great difficulties, however, are presented by this explanation
of the constitution of the Hessle meteorites. It is not only assumed
that a basic silicate, like olivine, and a sesquisilicate, or acid
silicate, like ‘shepardite,’” exist in intimate association in the same
rock-mass, but it necessitates the retention as a mineral species of
this very ‘shepardite’ which the researches of Dr. L. Smith on the
Bishopville stone have shown to be no other than a pure magnesian
enstatite (MgO,SiO,).

In the following table are given: under I. the oxygen ratios of
the mean of the total constituents from three analyses, after the nickel-
iron had been removed by mercury chloride in one case, and by the
magnet in another; under II. the oxygen ratios of acid and bases
of silicate broken up by acid; and under III the difference between
I. and IIL, or the oxygen ratios of acid and bases of silicate un-
affected by acid.

I. Total. II. Soluble. IIT. Insoluble.
Silicic acid ... 2645 ... 10-78 1567
Iron prof;xide 2:971 ... 1-858 1-113
Magnesia ... 1182 ... 7-559 4-261
Lime . 0748 ... 0219 9976 .. 0529 }7-352
Alumina .. 11431 ... 003 1-401
Soda oo 0358 0-31 0-048

In the soluble part the oxygen ratios do not widely differ from
those of an olivine, while the atomic ratio of iron oxide to magnesia,
nearly 1 to 4, is that observed in many meteoric olivines; among
others those of the aerolites of Chantonnay, Oesel. and Richmond.
From the fact that in Nordenskjold’s analysis the soluble portion was
collected after the powdered mineral had been digested fora long time
with warm concentrated acid, it is certain that some portion of any
bronzite or enstatite that might be present would undergo decompo-
sition, and this would explain the slight excess over 1 to 1 in the oxygen
ratios of acid and total bases in the insoluble part. This insoluble
portion, it will be seen, appears to be chiefly bronzite, and here again
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the ratio of the two metallic oxides, also about 1 to 4, is that of the
bronzite of several meteorites, including among them the three
mentioned above; and the Hessle meteorite is a fourth example, in
both the olivine and bronzite of which the atomic ratio of iron oxide
to magnesia is the same (1:4). The alumina has been regarded as a
constituent of the bronzite, very few specimens of that mineral,
whether terrestrial or meteoric, being quite free from this oxide ; it
could not be present as anorthite, since the chief amount is in the
insoluble portion; mnor could it be in the form of any other felspar,
as the requisite alkali is not present.

The most remarkable feature of the Hessle shower is the associa-
tion with the stones already described of other cosmical matter,
chiefly composed of carbon. It was remarked by the peasants that
some of the stones which fell on the ice near Arnd soon crumbled to
a blackish-brown powder, which formed with the snow-water a
mixture resembling coffee-grounds. Similar powder was found on
the ice at Hafslaviken in masses as large as the hand, which floated
like foam on water, and could not be held between the fingers. A
small amount, secured for examination, was observed under the
microscope to be composed of small spherical granules. It contained
metallic particles extractible with the magnet, and, when ignited,
burnt away, leaving a reddish-brown ash; heated in a tube, it gave
a small amount of a brown liquid distillate. A specimen dried at

110° had the following composition :— Equivalent Ratios.
. 43

Carbon 5 516
Hydrogen ... eor 3-8 3-8
Oxygen (calculated) g% 157 0-98
Silicic acid e 16-7
Iron protoxide ... Sy 84
Magnesia ... 16
Lime 0-8
Soda, with trace of lithia ... 1-5
100-0

The combustible constituent accompanying the stony matter in
the above mixiure appears to have the formula nCoH O, The
Hessle stones form a new member of the small class of carbo-
naceous meteorites, that is to say, such as contain carbon in the
amorphous state, or combined with hydrogen and oxygen, or in both
these conditions; it includes at present those which fell at Kaba,
Cold Bokkeveldt, Alais, Orgueil, Goalpara, and others.

It was noticed that the stones found in the same district with the
carbonaceous state were, as a rule, quite round, and covered on all
sides with a black, dull, and often sponge-like, crust. The iron
particles on the surface of the smaller stones were usually quite
bright and unoxidized, as would be the case if the stone had been
heated in a reducing atmosphere. Nordenskjold believes that the
carbon compound frequently, perhaps always, occurs in association
with meteorites, and he attributes its preservation at Hessle to the
fact of the stones having fallen on snow-covered ground.—The paper
is illustrated by a map of the district, indicating the exact points
where the larger masses descended.
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1869, May 5th, 6.32 p.m.—Krihenberg, near Zweibriicken Rhenish
: Bavaria.!

A single stone was seen to fall, the sky being clear and bright. The
noise of the explosion is described as having been louder than that
of a cannon ; this was followed by one resembling a roll of musketry,
terminating with a sound as of the rushing of steam from a loco-
motive ; the tone of the last sound increased in pitch, and abruptly
ended with another loud noise. Although no luminous phenomena
were observed at Krihenberg, a meteor was seen at Bingen, Speyer,
Neuweiler, in Alsace, and in other parts, which observers agree in
describing as emitting an intensely white light; one witness, who
saw it in the zenith, states that the light was bluish. The inclination
of the path of the meteor to the horizon is computed to have been
82°. From observations, made independently by two witnesses, it
appears that this meteor came from the point in the heavens, 82°
North Polar Distance and 190° Right Ascension. In the Atlas of
Meteors (British Association) there is given a radiant point (85°
N.P.D. and 189° R.A.) for the epoch of 2nd April to 4th May,
which is indicated as one of those that are ‘ well-defined.” It
appears, then, to be highly probable that the Krihenberg meteorite,
while traversing its cosmical path, belonged to the meteor shower,
the radiant point of which lies near § Virginis.

Vom Rath states that the stone fell from a small cloud. A little
girl was within a few paces of the spot where it struck the earth, on
the slope of a hill facing the S.E.; it entered the ground to a depth of
from three to four feet, making a perfectly vertical hole. It was
soon dug out, and when brought to the village was warm, but not hot.

The stone is of the form of a flattened spheroid, and weighed,
when entire, about 83lbs. The crust is about 05 mm. thick, and
though in most parts black, some portions possess the peculiarly
reddish-brown colour noticed on the Pultusk stones. The specific
gravity of the stone, free from crust, is 3-497; that of the crust is
3-449; as in the Pultusk meteorite, the crust is lighter than the
body of the stome. A remarkable feature of the surface are the
numerous furrow-like depressions, some 8 mm. deep, which often
anastomose and radiate from the more even crown of the stone
towards its periphery; they are confined to the more rounded
side of the stone. A newly broken surface is light grey, and ex-
hibits a net-work of fine black lines and veins of nickeliferous
iron; in one place a little gangue of metal measured 3 inches in
length and 0-3 to 0:5 mm. wide. This meteorite bears a great
resemblance, both as regards the crust and internal structure, to.
those above alluded to, which fell at Pultusk, in Poland, on 30th
January, 1868. Spherules are abundant; and other minerals

1 O. Buchner. Pogg. Ann., exxxvii, 176.—G. vom Rath. Pogg. Ann., cxxxvii.,
328.—C. E. Weiss. Pogg. Ann., cxxxvii., 617.—G. Neumayer. Sitzber. Wien.
Akad., 1x., 229. —P. Reinsch. Lithographic ¢ Suite Mikroscopischer Praeparate”
of this Meteorite, issued March, 1872; and Tageblatt 45, Versammlung der Natur«
Jorscher in Leipzig, 1872, 132. Y
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readily distinguishable are: olivine, magnetic pyrites, and chromite ;
the whole being inclosed in a ¢ sphaerolithic ” ground-mass of white
and grey grains.

Nickel-iron, containing 158 per cent. of nickel, constitutes 35
per cent. of the stone, a less quantity than is found in the Pultusk
meteorites ; magnetic pyrites amounting to 5:52 per cent., a larger
proportion than is met with in the Pultusk stones, occurs in grains,
some 1 to 2 mm. wide. The dark-coloured spherules, the presence
of which is a characteristic of chondritic meteorites, are more distinct
and numerous than those of the Pultusk stone: some are 2 mm.
wide, and are easily removed from the ground-mass. Yellowish-
white grains, some 1 mm. wide, are abundant, and here and there
are found grains of chromite, bearing octahedral faces.

Viewed in the microscope, the mass of the stone is made up of
numberless small white crystalline granules, which give colour in
polarized light ; they are stated by Vom Rath to be unacted upon by
acid, and to consist essentially of a magnesium silicate, richer in
silica than olivine. Among other curious constituents detected by
the microscope are: a very small purple-red crystal bearing faces ;
a number of bright-yellow granules in distinct crystals ; some light-
yellow long prism-like forms; and a few large granules 0:5 mm.
across, of a translucent red mineral, exhibiting conchoidal fracture.
So small a portion of the stone conld be devoted to chemical exami-
nation that none of these substances, nor even the large spherules,
could be separately analyzed. The analysis of the stone furnished,
after the nickel-iron and magnetic pyrites have been deducted, the
per-centage numbers of acid and bases, the oxygen ratios of which are
1 :1-448, the ratio in the Pultusk stone being 1:1:507. The analogy
in composition, in respect of each constituent, of two bodies from so
widely separated regions of planetary space is very striking. Vom
Rath expresses his belief that « the siliceous portion of this meteorite,
and indeed of the Pultusk stone, is mainly composed of olivine and
another, a magnesium, silicate richer in silicic acid; but whether it
be enstatite or shepardite (2Mg0,38i0,), or whether both silicates
accompany the olivine, cannot, unfortunately, be determined.”

Apart, however, from the doubts that are now entertained respect-
ing the existence of the magnesium sesquisilicate of Rose as a
mineral species, the analytical determinations of Vom Rath will
not be found, on examination, to support the theory in question. In
addition to the composition of the entire stone, which is to be found
below (I.), he gives in his paper the amounts of each of the bases
dissolved in acid during a sulphur determination (see II.).

I. Total Silicates. II. Bases dissolved III. Bases undissolved

Oxygen. Oxygen.
Silicic acid ... 46°37
Magnesia ... 2718 .. 117 468 . 1548 6°17
Time oo o 216 ... 066 016 9656 ... 169 0'45} 692
Ironprotoxide... 22:56 ... 212 471 w. 1:36 0-30
Alumina... .. 067 .. 014 . 063

Loss (Soda?)... 112
100-00




HISTORY OF METEORITES. 7

Assuming the bases dissolved to be those of an olivine, they would
require 17-90 per cent. of silicic acid to form 51:36 per cent. of an
olivine of the form FeO, MgQ, Si0, (like that occurring in the me-
teorites of Chateau-Renard and Kakova), while the undissolved
bases with 2595 per cent. of silicic acid form 4545 per cent.
of a nearly pure magnesian enstatite. There now remain only
2-52 per cent. of silica, which, with the alumina, and what may
possibly be potash, give oxygen ratios, pointing, with more accuracy
than might be expected in so small a residue, to about 4 per cent.
of what may be a- felspar. This method of regarding the con-
stitution of the meteorites of Krihenberg and Pultusk has the
advantage of assuming the existence in these stones of such
meteoric minerals only as have been isolated and clearly identified.—
In an elaborate paper on the lithology of this meteorite, Weiss states
that he detected the presence of three silicates, and by a careful study
of a fresh surface of the stone, he finds that the grey silicate, which
is probably enstatite, occurs in three distinet forms. This is a point
of considerable interest, not only as tending to confirm the above
calculations, but from the fact that three varieties of a nearly pure
magnesian enstatite likewise occur in the Busti aerolite.

Reinsch has prepared eighteen microscopic slides of this meteorite,
and made very effective pen-and-ink sketches of the more important
of them. One shows a remarkable eroded spherule of iron ; the
evenly serrated surface is inclosed in a metallic shell, or rather net,
so regular are the intervals at which this covering is broken through.
Another exhibits spherules traversed by little dykes or veins of a
mineral, which in one case is of a purple colour. Others show
a beautiful blue mineral, which he suggests may be haiiyne. Hoe
directs attention to the presence of magnetic pyrites and nickel-iron
in the crust of the meteorite, and contends that, as these minerals
would undergo change if exposed in air to a temperature at which
the silicates forming the crust fuse, the meteorite must have been
covered with a crust before it entered our atmosphere, and he
ascribes the fusion to electrical agency, as seen in the perforated
rocks (fulgurites ?) of the Lesser Ararat, described by Abich.

1869, May 20th, 11.20 p.m.—Moriches, Long Island, Suffolk Co.,
New York.!

An unusually brilliant meteor was seen at New Haven, New
York, Philadelphia, Hartford, and many other places. It appears
to' have moved, nearly horizontally, at an elevation of fifty miles,
along a visible path of about 200 miles, and to have exploded over
the Atlantic somewbat N. and E. of Boston. The time of flight is
estimated at five seconds, which indicates a velocity of forty miles

1 E, Loomis. Amer. Jour. Sc., 1869, xlviii. 145.
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per second. Three minutes after the passage of the meteor, “a
terrific sound” was heard at Moriches, which shook the house of
the observer to the very foundation. The angular diameter of the
meteoric body is estimated to have been 30, the distance from
Moriches at the time of the explosion, thirty-nine or forty miles,
the altitude twenty-eight miles, and the actual diameter 1843 feet.
It recalls to mind the celebrated meteor of 1783, August 18th,
9:30 p.m., which traversed Europe from N.W. to S.E.!

1869, May 22nd, 10.5 p.m. Paris time (9.45 p.m. Vannes time).—
Kernouve, 2 kilometres from Cléguérec, Arrondissement de
Napoléonville, Morbihan, France.?

A meteor was seen moving in the direction from S. to N. It very
soon burst, throwing off a number of greenish-white sparks, which
almost immediately lost their brilliancy, and in two and a half or
three minutes an explosion was heard. At Vannes, the very intense
bluish-white light, which lasted for some seconds, resembled that
of burning magnesinum. The stone penetrated the soil of a meadow
to the depth of one metre, and was quite covered by the loose earth
thrown up by the shock; when exhumed it was broken up by the
peasants. A young girl, distant only a few metres, was the sole
witness of the fall ; the leaves and ends of the branches of some
trees close at hand bore marks of having been scorched. The stone,
when perfect, probably weighed about 80 kilogrammes, and was of ’
a conical form; the crust is of two kinds: an outer black enamel
rugose and blistered, and an inner simple coat of glaze; in some
places grains of iron projected through both crusts. The interior is
a dark grey colour, and is very compact and granular. The iron is
disseminated in very brilliant grains; here in veins some centi-
metres long, there in masses several millimetres in diameter. The
magnetic pyrites (troilite ?) occur but rarely in veins, sometimes in
masses 3 centim. long, and 2 millim. broad. Occasionally grains of
an enstatite or felspar are seen. In texture this stone bears a great
resemblance to the aerolites of Pultusk (1868, January 80th). The
density of the meteorite is 3:747; it gelatinizes with acid, giving
off hydrogen-sulphide. Pisani states that the iron sulphide is not

! May 20th-22nd, appears at the present time to be a period during which
meteoric falls may be looked for. During the last six years the following five falls
have occurred : 1868, May 22nd, Slavetic, Croatia.

1869, May 20th, = Moriches, New York.
1869, May 22nd,  Cléguérec, France.
1871, May 21st, Searsmont, Maine.
1874, May 20th,  Virba, Turkey.
? De Limur. Compt. vend., Ixviii, 1338.—F. Pisani. Compt. rend., 1xviii, 1489,
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attracted by the magnet; he has, however, given it in the form of
magnetic pyrites in the following total composition of the stone :

Nickeldiron: safrt W 5000 1720:50
Magnetic pyrites (?) ... ... ... 545
Dissolved s?liate et (et R ] sacfin0 1200,

Undissolved silicate ... ... ... 4022

100-77
The nickel-iron is composed of :
Iron = 92-44 Nickel = 7-56 = 100-00
and the silicates of :
§i0, ALO; FeO MgO CaO Na,0
A, Soluble .. 2904 298 22:31 4295 1:36 1:36 = 10000
B. Insoluble... 65694 6°37 989 2193 3563 234 = 10000

1869, September 19th, 9 p.m —Tjabé, near Pandangan, Bodgo-
Négoro, in Residence Rembang, Java.!

A meteor, the brilliancy of which is stated to have surpassed that
of the moon, was seen about nine in the evening to move in a north-
easterly direction over the village of Tjabé. It was observed at
Pandangan, the chief place of the district, as well as at Bodgo-Négoro,
chief town of the division, lying east of Pandangan. At the same
time a meteorite fell at Tjabé, at a distance of about twenty metres
from the house of a native named Sokromo. The sound following
the appearance of the meteor is described as an explosion, as loud as
that of a cannon, followed by a noise resembling that caused by a
carriage crossing a bridge; this lasted some time. The villagers
sought in vain for the spot where the meteorite fell ; at six o’clock
next morning, however, it was found at the place already mentioned,
at a depth of two feet in soil which had been hardened with a long
drought. According to the report drawn up by the President of
Rembang, it was remarked by the villagers that the aerolite, when
found, was still so hot that it could not be touched with the hand.
This statement, however, must be received with caution.

This stone, the only one found, weighed about 20 kilogrammes. It
is covered with a dull greyish black crust, 0-5 mm. in thickness;
the fresh fracture is dark grey, and exhibits a number of brilliant
points : here and there brilliant plates 1 mm. square are met with,
as well as a small number of very dark, almost black, grains of
spherical form, with a diameter of about 2 mm. The mass of the
stone is coarsely granular, and is so very hard that portions are only
detached with a hammer with great difficulty.

The specific gravity of the metallic portion is 6-8; the magnet
removed 14 per cent. constituents, which consist of two alloys of
nickel-iron, containing respectively 6:2 and 12-5 per cent. of nickel ;
in one portion of the stone was found 6-17 per cent. of troilite. The
density of the stone is 3:695.

! E. H. von Baumhauer. Archives Néerlandaiscs, vi. No. 4 (1871).—G. A.
Daubrée. Compt. rend., 1871, 16th December.
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The analyses of the rocky portion yielded the following results :—
8i0,. Al,0;. FeO. MnO. MgO. CaO. Na,0. K;0. Chromite.

A. Soluble ... 3472 070 26:14 065 3570 161 0-48 Trace — =10000
B. Insoluble... 60'83 4-74 12:92 0+60 1414 330 153 0'82 1'12=100-00

The soluble siliceous portion, forming 45:94 per cent. of the non-
metallic part of the aerolite, consists of an olivine in which the
oxygen ratios of FeO and MgO are as 2:5. As in most analyses
of meteorites, where the separation of the silicate of the form
2R0,8Si0, is attempted to be effected by means of acid, the silica in A,
the soluble portion, is insufficient to form an olivine. The silica of
B, the insoluble portion, on the other hand, is not only present in
ample quantity, to make good what is wanting in A, and to supply
the silicates of the form RO,Si0,, but is in sufficient excess to lead
Baumhauer to assume the presence of a bisilicate in the insoluble
portion. If, however, the requisite amounts of silica be apportioned
to the protoxides of iron, manganese, magnesium, and calcium of A
and B, to form the respective silicates, there remain in the insoluble
portion the following constituents, the oxygen ratios of which, as
will be seen below, do not differ widely from those of an albite or
orthoclase :

5i0,=5326 ; Al,0=113; K,0=0'16; Na,0=039.

Baumhauer traces a resemblance, in point of composition, between
the aerolites of Tjabé and Mezd-Madaraz (1852, September 4th), by
comparing his results with those published by Atkinson,' who
analysed the latter stone in Wohler’s laboratory. About the time of
the publication of this paper of Baumhauer’s (1871), Rammelsberg?
announced the result (see infra) of his examination of the Mezo-
Madaraz stone, which differs very considerably from those arrived
at in the earlier analysis; where, in the insoluble portion of the
‘Mezo-Madaraz stone, Atkinson found no iron protoxide, Rammelsberg
finds 13-27 per cent. It will suffice in this place to mention that
the later analysis of the Transylvanian aerolite does not indicate
the presence of an excess of silica, and yields numbers which point
to the presence of an olivine, like that found in the meteorites of
Hainholz (1856) and Shergotty (1865, August 25th), and of a bronzite
resembling that occurring in the aerolite of Chantonnay (1812,
August 5th).

1869, October 6th, 11.40-45 a.m.—Stewart County, Georgia.®

‘When this stone fell, the sky was somewhat hazy, but there was
no cloud. An observer at Bladen’s Creeck heard a roaring rushing
sound in a north-westerly direction ; in a moment it appeared to be
directly westward; then a loud explosion, followed by six other

1 E. Atkinson. Jour. Prakt. Chem., 1856, 357. Phil. Mag. xi. 141.
2 C. Rammelsberg. Zeit. Deutsch. Geol. Gesellsch., 1871, 734.
3 J. E. Willet and J. L. Smith. Amer. Jour. Sec. 1. 335, and 339.
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reports, occurred. After these explosions a peculiar whizzing sound
was heard, produced apparently by some large irregular body
moving rapldly away, while a smaller one passed to the south-west
with such a noise as is caused by a flying fragment of a shell
This piece, it was found, descended about two miles and a half from
the point where the explosion occurred ; it weighs about 12% ounces.
Two men, who were looking in the direction of the explosions at the
time they took place, state that'they saw a quantity of vapour much
like a volume of steam escaping from an engine-pipe, which was
violently agitated, and increased in bulk after each report, but dis-
appeared soon after the last of them. Some labourers close at hand
saw directly after the explosions something like a thin cloud cast its
shadow over the field in which they were. The stone, already
alluded to, and which was seen to strike the ground by two negroes
who happened to be at work about twenty paces distant, appears to
have come from the north-west, at an angle of about 30° with the
horizon ; it passed to a depth of ten inches into the soil. It has an
irregular, seven-sided form, the longest side being about 2% inches
long, and is covered with a black crust. The specific gravity is 3:65.
The explosion appears to have been heard over a region about 30
miles N.E. and S.W. and 50 or 60 miles N.W. and S.E.

The fractured surface has a greyish aspect, and exhibits numerous
greenish spherules, with white granular interstitial matter, and occa-
sional particles of nickel-iron, troilite, or chromite. The nodules are
sometimes more than 3 mm. in diameter, with an imperfect fibrous
crystalline structure, the radiation usually commencing from one side
of the spherule; they are more or less opaque, and of a dull, bottle-
green colour, with a hardness of about 6. Analysis of this selected
mineral gave the following results :—

Oxygen Ratios,

Silicic acid ... 4862 ... 299 1

Alumina ... 805 ... 379 } Ll

Iron protoxide 11:21 ... 2-51 14:31

Magnesia ... 30°18 ... 11-80 }
98:06

The formula of this mineral, with a portion of the silica replaced
by alumina, a not unfrequent occurrence in minerals like hornblende,
hypersthene, ete., is therefore RO,8i0, and it is probably a bronzite.
The nickel-iron has the composition :

Iron = 86-92; Nickel = 12:01; Cobalt = 0-75 = 100
and that of the rocky portion is as follows:
8i0,. AlL,0;. FeO. MgO. Ca0. Na,0.

A. Soluble 41-08 0-32 1845 4106 — - =100-91
B. Insoluble 5603 689 1521 2101 010 297 =101-21
The author deduces the following for the composmon of the stone :
Nickel-iron ... O ook Iooha ol B b o8 stk e, | N7
Magnetic pyrites (‘?) i
Bronzite, olivine, albite or ohgoclase, and chromite . . 869

1000
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1869, November 6th, 7 p.m.—Fawley, near Southampton.'

The correspondent observed two meteors: within a few minutes of
seven o’clock on the evening of that day, which was a Saturday, and
on the following Wednesday discovered a ¢ meteorite’ which weighed
more than 1 1b. avoirdupois. “It had not penetrated the ground
more than half an inch.” From the description of what he found, it
appears that he picked up a nodule of marcasite, which had probably
been left exposed on the surface after heavy rain had washed away
the surrounding soil.

\

1869, December 25th.—Murzuk, Fezzan [Lat. 26° N. ; Long. 12 E.
of Paris].?

The letter of M. Coumbray, communicated to the Geological
Society by Mr. R. H. Scott, announced the fall of an aerolite, or
bolide, at Murzuk, in the presence of a group of Arabs. The bolide
on falling is described as having “exploded with a sound resembling
pistol shots and a streng odour.” The intelligence was eommunicated
to the Vienna Academy by Haidinger, and to the Berlin Academy by
Dove; and Mr. Greg, in the British Association Repert, states that
it fell on the 26th December, and that it weighed 6000 lbs.

It appears highly probable, however, from a statement laid before
the Berlin Academy by G. Rose® at a more recent date, that no
meteoric fall took place. According to letters received from the
Austrian Consul at Tripoli and Hag Ibraim Ben Alua, Shiek of
Murzuk, a corporal, who was on guard at the gate of the town on
the night of the 25th, heard a series of explosions, like the discharge
of nine muskets. Hearing the alarm, the officer collected five men,
and, sallying forth, they met a man, who stated that the noise was not
the report of guns, but the explosion of a meteor, which burst in the
direction of a little village called Namus. The writers of the letters
were of opinion that no meteorite had been found.

Meteoric Iron. Found in 1869 or 1870.—Shingle Springs,
Eldorado County, California.*

This mass, said to be the first discovered in California, was rescued
in 1871 from the forge of a smith, who found it in a field near Shingle
Springs. It weighed about 85 lbs., and its largest dimensions were
24 and 29 c.m. It is very homogeneous, only two small masses of

1 A.T. Smith. The Standard, November, 1869.

2 M. Coumbray, Jour. Geol. Soc., xxvi., 415. Ggeor. Mae., VII. 236.—R. P.
Greg. Rep. Brit. Assoc. 1871,—Bullet. Meteorologico, ix. 4.—G. Rose. Monatsber.
Berlin Ak., November, 1870.—G. Tschermak. Sitz. Wien. Ak. June, 1870.

3 G. Rose. Monatsber. Berlin Ak., 1871, 804.

¢ B. Silliman. Amer. Jour. Se. [3] vi. 18,
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pyrites (troilite ?) being visible on one of the sides. The crust to a
depth of from 4 to 5 c.m. is remarkably hard. The density 7-875
(that of some pieces removed by the planing tool being 8:024) is
above the average density of meteoric iron, and this is most probably
due to the presence of an unusually large proportion, more than
17 per cent., of nickel, as the subjoined analysis indicates.

Tron . SSONEIRE0 Y 8111480 Carbon ... ... .. 0071
Nickelfhe: T8 o= 0 17173 Silieiam. ... .o e 0:032
Cobalt ... .. ... 0-604 Phosphorus ... ... 0-308
Aluminium .. .. 0088 Sulphur os it S OR0N'D)
Chromiom ... ... 0020 Potassium e aea (2096
Magnesium ... .. 0:010

Calcium s it 03163 99-987

Another remarkable feature of this iron is the obscure characters
of its erystalline structure : when etched, the acid discloses a confused
granular surface, exhibiting under a lens a reticulated structure with
numerous brilliant points and V-shaped lines. The Eldorado iron
resembles that of the Cape of Good Hope, analyzed by Uricoechea,
in the absence of Widmannstittian figures and in the presence of a
large per-centage of nickel.

The meteoric irons which contain most nickel (and cobalt) are :

Nickel Cobalt. Total.
Grenville, Tenn. ... ... 1710 2-04 19-14 per cent.
Tazewell Co., Tenn, ... 14°62—1502 0:43—0'50 — ~
Cape of Good Hope ... 15-09 2:56 1765 ,,

Few analyses have detected more than 10 per cent. of nickel in an
iron, and the average amount of this metal in eighty analyses com-
pared by Silliman is not above 7-25 per cent.

This is not the earliest notice of the Eldorado iron. In June, 1872,
Shepard® published a short note on it in the same journal. He
determined the specific gravity to be 7-80, and found only 8-88 per
cent. of nickel, as well as 3:5 per cent. “insoluble, consisting of a
mixture of Fe,0; and FeQ, with minute silvery particles of supposed
phosphor-metals.” The examination was evidently an imperfect one.

Meteoric Irons found in 1869.—Staunton, Augusta Co., Virginia.?

This is the fourth recorded instance of meteorites having been
found in the State of Virginia. Three masses of meteoric iron have
recently been met with: No. 1, weighing 56 lbs., was turned up by
a plough, five miles somewhat E. of N. from Staunton, in lat. 38°14/
N., and long. 79°1/ W.; No. 2 weighs 361bs., and was met with
one mile S.E. of No. 1; and No. 8, which weighs 3% lbs., was found
half a mile still further S.E. i

They were covered with a dark brown crust § to % in. thick; on

1 O, U. Shepard. Amer. Jour. Sc., [ﬂﬁi. 438,

, [3

2 J. W. Mallet. dmer. Jour. Se. ii. 10; Brit. Assoe. Report (Brighton),‘
1872, 77; Proc. Royal. Soc. xx, 365; Pogg. Ann. cxlvii, 134, ,
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exposure to moist air, a liquid, containing iron, nickel, and chlorine,
exuded from many parts of the surface. This iron, which exhibits
feeble magnetic polarity, and has a specific gravity of 7-83 to 7:85,
is compact and highly crystalline, and contains occasional grains of
troilite. Traces of Widmannstittian figures can be detected even
without acid; but this reagent developes them in great beauty, and
with considerable resemblance to those of the Lenarto and certain
Mexican specimens. The irons were cut so as to give different
projections of tlie same crystalline structure; in No. 1 the bands of
iron and schreibersite intersect at 120° and 60° in No. 2 they ap-
proach 90° and in No. 3 are at about 60°.

The author states that by prolonged action of acid, white, pliant,
and strongly magnetic laminz of schreibersite are brought to view.
He does not appear to have analyzed them, but, to judge from obser-
vations made on other irons, it seems highly probable that the
plates are not schreibersite, which is very brittle, but an alloy free
from phosphorus, and containing about one-third its weight of
nickel. The three masses gave on analysis the following results:

No. 1. No. 2. No. 3.

Inoniey Lo SRERE T 88708 88:365 89-007
AN IR, P sl LI IR G 10-242 9-964
ohal i o et ST N ¢ K0:398 0428 0-387
(CODPEL, 3% Goavnisoes betouat L. uafa0:003 0-004 0-003
Tin B atoe it s it Sl X (200 0-002 0:003
Manganese ... .. .. .. trace. =5 trace.
Garbonr=tis o s LRl o2 0185 0122
Phosphorus ... ... ... .. 0341 0:362 0-376
Sulphur m = Tpases e latlse s U8 0-008 0-026
Silicalisiily s S s Skt 0061 0-061 0-056

Ghilorme™ i, 1L IR 0N 1110008 0:002 0004

99-872 99659 99-947

The chlorine is not of meteoric origin; a solid piece of No. 1,
weighing 50 grammes, and quite free from flaws or fissures, con-
tained no chlorine whatever. Some portion of the siliceous residue
from the action of the acid probably consists of silicide of iron;
when magnified 500 diameters, and examined by polarized light, it
is found to consist of an amorphous powder, and rounded transparent
grains of 0-0025 to 0-0100 mm. diameter, and with well-marked
doubly refracting characters.! The three masses are, beyond ques-
tion, portions of the same fall.

Pieces of this iron have been forged. One, which was hammered
cold, could be beaten into any desired shape; a second, which had
been exposed to a red heat in vacuo, could only be forged in the cold
with much difficulty; while a third piece that had been subjected
to a white heat could not be forged at all, and crumbled under the
hammer when reheated. Mallet is of opinion that the brittleness
arose from the melting out of the phosphide, “leaving the iron

! The residue left on treating the Tuczon iron with acid appears to have borne a
great resemblance to this substance. Compare with the description given in Buchner’s
Meteoriten, p. 183.
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porous.” As the amount of phosphorus present was but small, and
did not exceed one per cent., it may have rendered some portion of
the iron, ¢cold short.”

The gases occluded by this iron were collected by Mallet and
analyzed. The material consisted of some turnings and a solid piece
of the metal. The cutting apparatus employed to reduce them to
the requisite size was heated to a red heat, and quenched in water,
to remove all traces of oily matter. Graham extracted from the
Lenarto iron 2:85 times its volume of gas; Mallet obtained 3:17
volumes from his specimen. The latter was heated during four-
teen and a half hours at a red heat, and then to an incipient white
heat. During the first two and a half hours 52 per cent. (I.) of the
entire gas was removed ; in the next 2 hours 20 minutes, 24 per cent. ;
(I1.), and in the remaining nine and a half hours, 24 per cent. (IIL.).
Below are given for comparison the composition of these three
quantities as well as that of the gas occluded in the Lenarto iron and
that of manufactured iron :

Virginia Iron. Lenarto Shoeing
- %3 ~ Iron.  Nails,
I. IL. III. | Total. !

Hydvogen: ...* ... ...[=82:12 10°52 3°19 3583 8568 || 350
Carbonic oxide ... ... 1599 | 11-12 | 11-22 | 38-33 1°46 50-3
Carbonic acid ... ... 785 1-02 0-88 975 T 77
Nitrogen ... ... ..| 6°06 1-45 858 | 1609 9-86 70
5202 | 2411 | 2387 [100:00 | 10000 |100-o

These results unfortunately do not admit of very exact comparison,
as only a portion of the gas extracted from the Lenarto iron was
quantitatively examined. Although the relative quantity of hydrogen
in the Augusta iron is much less than in the Lenarto iron, it amounts
to 14 times the volume of the iron, while manufactured iron under
ordinary pressure takes up only 0-42 to 0-46 of its volume of this
gas. Mallet’s results have shown Graham’s view, that the pre-
dominance of carbonic oxide among the occluded gases is indicative
of telluric origin, to be no longer tenable. In connexion with these
differences in composition of the gaseous constituents of meteorites, it is
interesting to notice that the observations of Secchi and Huggins have
shown that carbon plays an important part in certain cosmical
regions, although the spectroscopic evidence in the case of this
element is as yet less definite than it is in regard to hydrogen.

1869 (and 1871). Trenton, Washington Co., Wisconsin.!

An additional fragment of this meteorite, weighing 16% lbs., was
found in 1869 ; and another, weighing 35 lbs., was dug up in 1871.
All the six fragments (143 lbs.) now collected were found in the
same field.

! J. L. Smith. Mineralogy and Chemistry, 348.—J. A. Lapham. Am. Jour. Se.,
[31iii. 69.
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1870, January 23rd.—Nidigullam, near Parvatypore, Vizagapatam
District, Madras. [Lat. 18° 41’ 20” N.; Long. 83° 28 30" E.]*

A meteoric iron, weighing 407 tolas (about 101bs.), fell at Nidi-
gullam, and penetrated the ground to the depth of twenty inches.
Those who saw the meteor describe it as very large and beautiful,
and as exhibiting increased brilliance when it burst. The explosion
was followed by a series of rumbling noises. The meteorite passed:
over Parvatypore from N. to S.; the people of the village were
greatly alarmed, and one man, near whom it fell, was stunned. The
villagers ¢ carried it off to their temple, and, much alarmed, were
found making pija to it.” The author of the notice in the Proceedings
considers that this aerolite contains no stony matter, and he states
that it is marked with striee lying obliquely to its greatest length,
which is 6} inches. The lamented Dr. Stoliczka, however, was of
opinion, from the description of the striation, that it is a stone con-
taining much iron, ¢“like the Mooltan aerolite which fell some short
time ago.”? 1If it be metallic throughout, as Saxton asserts, it is the
third 3 iron recorded to have fallen in India, and one of the very few
the descent of which has been witnessed. Among these very few is
the iron of Jullunder (Jilandher), Lahore, the history of which has
quite recently been studied by H. Blochmann.* According to the
Igbalndmah 1 Jahangiri, a dreadful explosion was heard in a village
near Jullunder on the morning of the 10th April, 1621 (old style),®
and “a lightning-like lustre shot along the heaven and descended to the
earth, and disappeared.” Muhammad Sa’id, the Collector of Jullunder,
rode to the spot, and ordered the burnt ground where the meteor
struck to be dug. The deeper his men dug the hotter and crisper
the ground became “till they alighted on a lump of iron, which was
so hot that it seemed to have come that very moment out of the
oven. His Majesty (Jahangir) sent for Ustad Datd, who was well-
known in those days for the excellent sword-blades that he made,
and ordered him to make the lump into a sword, a dagger, and a
knife ; but the iron would not stand the hammer, and crumbled to
pieces.”® He mixed the meteoric iron (ahan ¢ barg, lightning iron)
with common iron, and forged the weapons. This meteorite is calcu-
lated to have weighed 5-27 lbs. Troy.

1 G. H. Saxton. Proe. Asiat. Soc. Bengal, 1870, 64.—This fall is stated by Mr.
Greg, in the Report Brit, Assoc., 1870, to have taken place December 26th, 1869.
P3 TIhi3 is probably the meteorite of Lodran which fell 1st October, 1868 (see

art I1.).

3 The second is that found at Prambanan, Soerakarta, Java, in 1865 ; if we include
under the word * India’ not only the British possessions, but the foreign settlements
in the Indian Archipelago.

4 H. Blochmann, Proc. Asiat. Soc. Bengal, 1869, 167,

5 This fall, in Mr. Greg’s Catalogue, bears the date April 17th, 1620.

8 Compare with Mallet’s experiments in forging the meteoric iron of Augusta
County. (See page 14.)
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1870, June 17th, 2 p.m,—Ibbenbithren, Westphalia.!

This stone was seen to fall. It is stated that a flash of light was
succeeded in about one minute by a noise as of thunder, which
attracted the attention of many persons within a radius. of some three
miles, and three minutes later the stone was seen to fall by a peasant
distant some hundred paces. Tt entered the ground to the depth of
07 metre in a well-trodden footpath ; a fragment (30 grammes) was
afterwards found 800 to 400 paces from the spot. The meteorite,
which weighs 2:034 kilog. and is almost perfect, has the form of a
flattened spheroid; and the black crust, which is somewhat less than
0-1 mm. thick, bears on its surface a great number of very minute
‘ridges of fusion’ that are less marked than in the aerolites of Stannern
and Pultusk. On the posterior portion of the stone the fused matter
has streamed along the surface. The stone, moreover, exhibits
curious depressions, resembling the marks which are made by
fingers on a plastic mass.

The body of the stone is of a remarkably light colour, and consists
of a greyish-white granular mass, through which are very unequally
distributed numerous large and small grains of a light yellowish-
green mineral. Some attain a size of 3 mm., and all that were
examined were so deficient in crysta'-faces, and even in cleavage-
planes, that an accurate determination of their form could not be
made ; judging from the cleavage, however, this mineral appears to
be rhombic. It has a specific gravity of 842 and the following
composition :

Oxygen.
Silicic acid ... 54-51 29-07
Iron protoxide ... 17-53 ... 3-89
Manganese protoxide ... 029 0:06 1482
Magnesia 26-43 o 10-57
Lime ... 1-04 0-30
Alumina 1-26 0-59

101-06
or that of a bronzite of the form ($Fe03Mg0)SiO,.
The pale grey very friable interstitial matter, freed as thoroughly
as possible from the grains of bronzite, was next examined. The

specific gravity is 3-40, and the mean composition of two analyses is
as follows :

Oxygen.
Silicic acid ... 54-47 29-05
Iron protoxide ... 17-15 3-81
Manganese protoxide ... 0:28% v ig. o= 006 {479
Magnesia 26-12 1045
Lime ... 1-39 0-40
Alumina 1-06 0-50
100-47

It is seen, then, that the interstitial mineral and the grains have

! G. Vom Rath. Monatsber. Ak. Wiss. Berlin, 1872, 27; Pogg. Ann., cxIvi. 474.
2
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the same composition, and that the constitution of the Ibbenbihren
meteorite is one of the simplest of any meteorite yet investigated.
It not only consists essentially of a single silicate, but contains
neither chromite, magnetic pyrites, nor sulphur compound of any
kind. A trace of metallic iron was met with, and some reddish-
yellow graing with a brilliant surface, which have not been ex-
amined. Can they be the curious mineral found in the stone of
Busti, which appears to be a compound of zirconium (or titanium),
calcium, and sulphur? The black crust is strongly magnetic, some
of the iron protoxide of the bronzite having been converted during
the passage of the stone through the atmosphere into the higher
and magnetic oxide.

While this meteorite very nearly resembles that of Manegaum, it
approaches still more closely in composition to the bronzite of the
Shalka stone. It will be remarked that the meteoric bronzites far
exceed terrestrial bronzites as regards their per-centage of iron oxide.

We now know four aerolites consisting of a single silicate :

Chassigny (1815, October 3rd) ... ... ... Olivine.

Bishopville (1843, March 25th) ... ... ... Enstatite.

Manegaum (1843, June 29th)...
Ibbenbiihren (1870, June 17th)

Vom Rath’s paper is illustrated with a drawing of the stone.

In a short supplement in Poggendorff’s Annalen is given a brief
description of a microscopic section of this stone, prepared by
Buchner, of Giessen. The entire slice is seen to be made up of
rounded bronzite grains, without any heterogeneous ground mass unit-
ing them. By rotating the Nicols the most brilliant play of coloursis
observed, the entire stone presenting crystalline characters. Little
clefts filled with fused material cross the field in every direction.
Two very small red granules were observed in the bronzite ; their
composition is not known. Similar bright coloured grains have
been met with in meteorites by Wohler and other observers.

11 } Bronzite.

1870, October 27th, 3 a.m.—Forest, Ohio. [Lat. 40° 50’ N.;
Long. 84° 40 W.]!

The meteor exploded with a report like that of a heavy siege gun,
followed by two or three reports in rapid succession. The firmest
houses were shaken to the foundations, and thousands of sleepers
aroused in an instant. People awake at the time were startled to see
the night suddenly lighted into day and again relapse in darkness.
The time between the extinction of the light and the sound of the
explosion is estimated at from one minute to half a minute. An
observer at Patterson, a mile from Forest, states that the meteor
came from the direction S. 35° W. The descriptions of its size are
of the usual vague kind : one man makes it as large as a beer-keg,

‘1 J. L. Smith.  Amer. Jour. Se., 1870, xlix. 139.
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another as a load of hay, while a third observed a tail thirty feet
long and three feet wide !

The report appears to have been heard for fifty miles around, if
not at still greater distances. No fragments of the meteorite have
been found.

Found 1870.—Kokomo, Howard Co., Indiana.'

A Tump of meteoric iron was found in plastic clay under a bed
of peat. It is described as a flattened, irregularly-shaped mass,
rounded on one side and concave on the other. It is 5 inches long,
3% inches wide, and 1% inches thick ; and it weighs 4 lbs. 1} oz.
It is granular, like fine steel, and is malleable; and though harder
than common iron, can be wrought into any form. No quantitative
analysis of this iron has yet been made, but the presence in it of the
following elements has been determined : nickel, cobalt, tin, carbon,
phosphorus, and perhaps sulphur. By acid the Widmannstittian
figures are developed in great perfection.

Found 1870.—Ilimag, Desert of Atacama, Chili. [Lat. 26°S.;
Long. 70° W.]?

This, the most recent addition to the little group of irons and
siderolites which have from time to time been found on the desert
and cordilleras of Atacama, in about the latitude of the Tropic of
Capricorn, partly in Chili and partly in Bolivia, was acquired for the
Vienna Collection in 1870. It is a very interesting specimen of
meteoric iron, apparently nearly complete, and weighing about 51
kilog. It bears a rough resemblance to a shield, being convex on one
side, somewhat hollow on the other.

Over the entire concave side are shallow hollows from 3 to 4 cm.
in breadth, and these in turn are marked with smaller hollows.
The whole surface is also covered with three systems of fine parallel
lines, forming a network; two of these are at once apparent, the
third only after careful inspection: they are Widmannstittian figures
developed by the natural oxidation of the surface. The positions
of the blunted edges between the shallow cavities are seen to be
closely connected with the course of these traversing lines, and the
meteorite is, as regards its crystallographic characters, formed
alike throughout.

The second side exhibits sharper ridges and a greater number of

1 E.T. Cox. Amer. Jour. Sc., 1873, v. 155.
? G. Tschermak. Denkschrift Wien. Akad. Math. Naturw. Classe, xxxi. 187.—
E. Ludwig, Sitz. Wien. Akad., Ixiii. 323.
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the smaller hollows, which are only one-fourth or one-third the size
of those on the concave surface, and have much steeper sides. Here
also is seen the network of lines, still more distinct, and traversing
corresponding directions. Two systems intersect at an angle of about
70°; the third, which is only occasionally visible, forms equal angles
with the other two. If these lines be sketched, as has been done by
Tschermak in his memoir, it becomes apparent that they correspond
with a 110 face (rhombic dodecahedral face) on meteoric iron, which
in the Widmannstittian figure is an isosceles triangle, with the angle
of the apex equal to 70° 82". The lines or lamelle forming the equal
sides of the triangle are perpendicular to the 110 face; while the
lamelle of the third system form with the 110 face, angles of 35° 16’
and 144° 44, Tt thus becomes clear why it is that the lines inclined
to each other at an angle of 70° stand out so distinetly, while the
others are less readily detected: the former meet the cut surface
perpendicularly, the latter at a comparatively slight inclination.

The original surface is gone, but it was probably pitted, and the
iron presents the appearance of having at one period formed a portion
of a larger mass. In the different characters of the hollows on the
two sides, it bears a general resemblance to the Agram iron, on
which von Widmannstitten in 1808 first developed the figures that
bear his name.

This aerolite, mineralogically considered, contains : iron; nickel-
iron ; schreibersite ; and troilite.

The iron occurs in three distinct forms: as beam-iron (Balkeneisen);
as tanite or fillet-iron (Bandeisen) ; and as interstitial iron (Fulleisen).!

The beam-iron is seen on an etched surface in the form of long
stripes, which often extend right across it; they are 1 mm. and
sometimes 2 mm. in breadth, and occupy the greater part of the
surface, traversing it in three directions. One of these intersects
a second at an angle of about 83°, and the third at about 97°. If the
cut surface were parallel to a cubic face, only two of these directions
would be seen, and they would intersect at an angle of 90° The
face of the section, however, happens to lie somewhat out of the
plane of the (100) face, and is nearly parallel to the face of a
leucitoid (811), for which face the angles of the trapeze, in Tscher-
mak’s drawing, are 82° 59" and 97° 1",

If etched, the beam-iron takes a set lustre, which Haidinger termed
crystalline damaskining. Kach stripe, when viewed in particular
directions, exhibits a sheen, in intervening directions appearing
dull ; the orientation of the lustre, is not the same in all the stripes,
a group, irregularly distributed, always shining forth at the same
moment, A single stripe of this form of iron, if only slightly
etched, exhibits, under the microscope, very fine etched figures of two
kinds : fine threads 0:01 mm. broad, which are straight along one
side and serrated on the other; they have the same habit and
traverse the same directions as the etched lines that were first

! Von Reichenbach distinguished four varieties of iron developed by etching :
Balkeneisen, or kamacite ; Bandeisen, or tdnite; Fiilleisen, or plessite; and Glanz-
eisen, or lamprite (Pogg. Ann., cxiv. 99). 3
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observed in the Braunau iron.! These threads are the sections of
lamellze which are inclosed in definite erystallographic orientation
in the beam-iron. When one of them meets a plate of tinite, the
former is as a rule terminated, not unfrequently to be eontinued in
the next stripe of beam-iron ; some, however, which meet a fillet of
tinite at an angle of about 70° are seen to pass through the last-
mentioned mineral. The other appearance, developed by slightly
etching the beam-iron, consists of small oblong areas with fine
hatching. Seen in favourable light, all the parallel sunken lines
shine out along one slope; and if the plate be rotated through 180°
they light up again along the other; in intervening positions they
appear- dull. These brighter areas are often in parallel position,
though not invariably so; if, however, the angles be measured
which they make with the fillets of ténite and with the cubic
lamelle, it is observed that in point of relative position they exactly
accord with the etched lines on the Braunan iron. They never
penetrate the plates of tinite. When the corroding action of the
acid is prolonged, these appearances are destroyed, and are replaced
by etched lines and etched cavities.

The etched lines have the same characters as those of the Braunau
iron, but they are shorter and more difficult to measure. The section,
as stated, is not exactly parallel to the face 811, so that the following
determinations of some of the angles which the etched lines make
with lines parallel to 100 are only approximate :

Observed. - Caleulated for
100 811
27° 26° 34’ 25° T
63° 63° 26’ 64° 7'
86° 82° 53’ 85° 40’
109° 104° 2 110° 47
119° 3 119° 45 117° 49

while the angles which the etched lines form with lines parallel to
111 are: -

Observed. Calculated for
100 811
23° 30° 58’ 23° 51
45° 45° 0’ 45° 24’
53° 52° 7 48° 58"

69° 71° 34 70° 30

These observations place beyond doubt the fact that the deeper
lines thus brought out are the usual lines of etching.

The cavities, produced by the action of acid, are very small, about
0-005 mm. across, and have a rounded, sometimes quadratic, outline;
the more perfect having the form of rounded cubes. They are most
abundantly met with on the fillets alluded to above, those in the
same piece of beam-iron being similarly orientated, and it is to them
and the parallel serration of the fillets that the crystalline damas-
kining is due.

In the beam-iron are inclosed schreibersite and troilite, but graphite
was not observed. The schreibersite is only met with in this form

! J. G. Neumann. Aus der Naturwiss. Abhandl. (W. Haidinger), iii. Abth. 2,45.
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of iron, and occurs there in rounded particles and elongated forms,
which proceed from plates of this mineral, many of which lie parallel
to an octahedral face. It occurs very frequently round about the
remarkable lamellze of troilite {see infra) that lie parallel to the
faces of the cube.

The fillet-iron (Bandeisen), or ténite, presents itself on the etched
surface in the form of prominent bands or fillets between the stripes
of beam-iron, and they are sections of lamelle lying parallel to
those of the beam-iron,—in other words, to the octahedral faces.
This form of iron, though in such thin plates, is found by the
microscope to be a fine tissue of heterogeneous substances. One
of these is nickel-iron, which coats the lamellz of tinite. A section
of this mineral is dull in appearance, but the boundary is brilliant;
while outside it, lie brilliant points of not unfrequently regular form.
The framework and the points have the yellowish colour of nickel-
iron. The duller field, when strongly magnified, is seen to consist
of exceedingly fine plates of nickel-iron, which lie in two different
directions, for the lines intersect at 90°. The material lying between
these plates, which has been removed in greater abundance, is pure
iron. The lamell® of tinite are often penetrated and traversed by
fine plates of beam-iron.

The interstitial iron (Fulleisen), which, as the name implies,
occupies the areas between the minerals already mentioned, is
abundantly present in masses sometimes extending to the breadth of
1 cm. It is made up of tdnite and beam-iron, and is a representation
of the structure of the entire meteorite on a smaller scale, with such
modifications as seem to indicate that after the large lamellee of
beam-iron and tinite were already formed, the matter inclosed
between them became solid, and, shaping itself in accordance with the
same laws in a limited area, produced this variety of meteoric iron.
It occurs in two forms that vary but little from each other. In
one, fine stripes of beam-iron intersect, while between them is
tdnite : this is an exact reproduction of the coarser structure of the
meteorite. In the other (and this is observed in the larger masses)
the square form is provided along its boundary with stripes of beam-
iron, the remainder appearing granular through a number of little
particles of beam-iron being ranged together with nickel-iron
between them.

The occurrence of troilite in lamellse has been observed for the
first time in this iron. They lie parallel to the cubic faces, and,
unlike those of tiinite, do not traverse any considerable portion of
the etched surface. The largest are 3:5 cm. long and 1-5 wide, and
have a thickness of from 0-1 to 02 mm. They have a sharp outline,
homogeneous structure, and are easily recognized as consisting of
the brittle bronze-coloured sulphide which decomposes with acid.
These lamellae are covered on either side with a layer of beam-iron,
which separates them from the tinite, the interstitial iron, and the
lamellz of beam-iron that are parallel to the octahedron; whenever
one of the last-mentioned plates happens to be situated near a lamella
of troilite, it will be found that the troilite has broken through it.
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The troilite seems to have been formed first. After it had become
covered with a layer of beam-iron, the octahedral lamells (the
tinite and the beam-iron) appear to have been developed ; and last
of all the interstitial mass, likewise in accordance with the law
which governed the formation of the octahedral lamellee.

The troilite of this iron occurs almost entirely as cubic lamells,
but rarely in the familiar nodular form. On examining the irons of
the Vienna Collection, Tschermak discovered thin plates of troilite,
covered, as above, with beam-iron, in the meteorite of Jewell Hill,
Madison Co., North Carolina, found in 1856. The lamelle are
Jjust as abundant, have the same orientation as those of the South
American iron, and are about one-third the size.

These two irons differ but slightly in composition :

Ilimaé. Jewell Hill.
Iron ... 91-53 91-12
Nickel ... 714 7-82
Cobalt ... 041 0-43
Copper ... trace. ... trace.
Phosphorus ... 0-44 0-08
9952 99-45

The paper is illustrated with four beautifully executed plates : two
showing the natural markings of the surface, the other two the

figures developed by etching a section.!

1 The following meteoric irons and siderolites from this region, several of which
probably belong to one fall, have now been reeorded ; the greater number are pre-
served in one or other well-known collection, and have been submitted to examination.

g) 1827. Siderolite (Brit. Mus. Coll.). Atacama, Bolivia.—Reported on by
Bollaert (Journ. Royal Geogr. Soc., xxi. 1278; and by Reid (Chambers’ Jour., March
8, 1851), who places the locality in lat. 23° 30" S. and 45°to 50 leagues from the coast.
According to R. A. Philippi (Jakr. Min., 1855, 1), masses weighing 120 to 150 1bs.
were found one league from Imilac, in the centre of the Atacama Desert. Imilac is
35 leagues from the coast, 40 leagues from Cobija, and 35 from Atacama. Rose

laces the locality in Chili. (In Stieler’s Atlas, Atacama Mt. is in Bolivia; the
g)esert of Atacama, partly in Chili, partly in Bolivia ; the Province of Atacama, in
Chili; and Atacama Alta in Bolivia.) This will be the meteorite analyzed by
Frapolli, and described by Bunsen in 1856, the metallic portion of which contains:
Fe=88-01; Ni=1025; Co=070; Mg=0-22; Ca=0-13; Na=0-21;
K=015; P=0-33  =100-00.

(2). 1858. Irom (Brit. Mus. Coll.). Atacama, Bolivia.

(3). 1862. Siderolite (Brit. Mus. Coll.). Sierra de Chaco, Desert of Atacama.—
Rose places this in Chili, and the position of Chaco is stated to be lat. 25° 20’ S. and
long. 69°20° W.; he (Ber. Berlin Akad., 1863, 30) could not develope etched figures
on the nickel-iron, which had the composition: Fe=88:55; Ni=11'5; the meteorite
resembles that found at Hainholz some years earlier.

(4). 1868. Siderolite (Brit. Mus. Coll.). Copiapo, Chili.—In the dmer. Jour. Se.
(1864) xxxvii. 243, C. A. Joy describes a siderolite from the Janacero Pass, 50
English miles from Copiapo, Province of Atacama, Chili. The sgec. gravity of this
specimen is 4-35, and it is composed of nickel-iron, troilite, and silicates. J. L.
Smith (Amer. Jour. Se., xxxviii. 386) considers it to be identical with the Sierra di
Chaco meteorite described by Rose (see No. 3). Captain Gilliss, of the United
States Observatory at Washington, believes ¢ Janacera’ to be a misprint for
¢ Jarquera,’ the name of a river which rises in one of the Atacama passes.

5). (No date). Siderolite (Brit. Mus. Codl-}].}. Atacama, Bolivia.
6). 1866. Irom (Brit. Mus. Coll.). Cordilleras of Atacama, Chili.—M. Daubrée
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Found 1870.—Iquique, Peru.!

This mass of iron was discovered on a mountain slope on the
western border of the pampa of Tamarugul, ten leagues east of
the harbour of Iquique. It lay at a depth of from two to four feet
below the surface, being imbedded partly in a bed of nitre, of the
hardness of stone, partly in the overlying soil. When found, the
metal was so hard that two chisels were broken in an attempt to
remove a fragment of it. A piece that had been heated became
malleable, and was beaten into very thin plate.

The Iquique iron is in the form of a slab, 6 cm. in thickness; on
one side it is convex, bent somewhat inwards on the other, with a
deep cavity on one part of the surface. The former is covered with
ridges, running obliquely across its side, and in most cases parallel
to each other. The weight of this block of metal is 21 1bs., and the
specific gravity 7°925. 'When cut, it takes a fine polish, and exhibits
strong metallic lustre and a steel-grey colour. Four analyses have

(Compt. rend., 1xxvi. 569) describes a large iron. weighing 104 kilog., acquired in
1867 for the Paris Collection. It was found in November, 1866, on the west slope
of the high cordillera of the Andes, between the Rio Junecal and the Salt-works of
Pedernal, 50 leagues N.E. of Paypote. (The difficulty of transporting heavy masses
across such an arid region is very great; according to Dr. Phillippi (Zhe ZTémes,
August 31st, 1874), it only rains about once in from 20 to 50 years.) This mass
bears on the surface the systems of lines which Tschermak observed on the Ilimaé
iron, and Damour finds them agree in composition. They are probably all members
of the same aerolitic fall.

(7). (No date). Iron (Brit. Mus. Coll.). Sierra di Deesa, Chili—Under this
name M Daubrée has given (Compt. rend.,1xxvi. 671) a description of a brecciated
iron from the cordillera of Deesa, near Santiago, acquired in 1867. It closely re-
sembles the iron found in 1840 at Hemalga, in the Desert of Taleahuayo, in Chili.
It contains 2-4 per cent. of silicate, which has been chemically examined by Meunier.
(8itz. Wien Ak.,1xi.).

8). 1866. Jron (Brit Mus. Coll.{. Juncal, Cordilleras of Atacama, Chili.

9). 1864. Siderolite (Berlin Coll.). Atacama, 50 miles from Copiapo.—It
appears probable from the rough description of the locality that this may be the
same meteorite as the one mentioned under No. 4, although the dates do not corre-

“spond. In that case J. L. Smith’s view of the identity in character of the meteorites
will have to be extended to Nos. 3, 4, and 9.

(10). 1870. Iron (Vienna Coll). Ilimaé, Desert of Atacama, Chili.

(11). (No date). Siderolite. Taltal, Desert of Atacama,—J. Domeyko (Compt,
rend., Ivili. 551) deseribes some masses of considerable size on the high plateau of
the Desert near the copper mine of Taltal, south of Imilac. The spec. gravity of a

fragment was 5°64.

(12). 1863. Siderolite (Vienna Coll.). Copiapo, Chili. —Described by Haidinger
(Sitz. Wien Akad., xlix. 499), as a coarsely granular brecciated meteorite. The
nickel-iron, according to Von Hauer, consists of : Fe=93; Ni=6'4.

(13). 1859. Iron? Toconado, Desert of Atacama.—J. J. von Tschudi, writing
under the above date to Haidinger (Sitz. Wien Akad.,xlix. 494), mentions a meteoric
mass, weighing 80 arobas (20 cwt.), which lies 20 leagues N.E. of Toconado. He .
states that it agrees in structure and appearance with the Atacama iron lying 50
leagues southward.

! G. Rose. Abdruck aus der Festschrift der Gesell. Naturforsch. Freunde zu
Berlin, 33. Berlin : Diimmler, 1873. 3
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been made of it, three by A. Raimondi, of Lima, and one by Rammels-
berg, that last quoted, with the following results:

I IL . Iv.

Iron .. .. .. 8142 .., 8561 .. 8759 ... 8166
Nickelyy. o S BN SHIN U 1453700 0% 12:88) 0. 1 15249
- {00balt St g ey & 970519,
Insoluble portion ... £4 one oshi 2260
99-93 99-98 99-97 10000

The insoluble constituents of IV. were: iron 2-17; nickel 0-37 ;
phosphorus 0:05; and a residue, that withstood the action of
hydrochloric acid, 0-07. .

The attention of the reader will be raised by the unusually large

per-centage of nickel present in this meteorite, it being as high as, or
higher than, that of the aerolite of Shingle Springs (see page 13). We
saw that the American iron, and the one from the Cape of Good Hope,
found at the end of last century, resembled each other not only in the
quantity of nickel in the alloy, but in the fact that neither of them
developed figures when etched. The Peruvian iron forms a third
example of this class, for it also shows no Widmannstittian figures :
by treatment with acid it takes a pale grey colour, and is dull. In
lieu, however, eight fine straight parallel stripes, singularly unlike
any markings usually observed, are seen to traverse the etched sur-
face, almost directly across the greatest length of the block. Four
of these crossing near the middle of the surface appear fo be
equidistant from each other, like lines on ruled paper; the remaining
four lie in pairs, one on the right, the other to the left of the group
of four, the whole number, as stated, being in parallel position.
The spaces between the members of the first pair and of the second
pair respectively exhibit for some distance the same lighter surface
that gives prominence to the stripes themselves. These stripes do
not appear to be in any way connected with the ridges on the outer
surface, and though evidently brighter than the face generally when
seen in certain directions, are duller than it when viewed in others.
Very similar stripes were noticed on the Cape iron! already men-
tioned ; in fact, till Rose made these observations, it was the only
iron which was known to exhibit such phenomena. As to their
cause, the author has not advanced any explanation beyond attributing
them to the position of the small particles composing the stripe.
They present some of the characteristics of the plates of beam-iron
observed in the Atacama and many other irons.
. This iron apparently contains no sulphur, and the sections of little
inclosed crystals, such as those met with in the Cape iron, which
Baumhaner believed to be of pyrites (FeS,), but which Rose main-
tained were of magnetic pyrites, were in vain sought for.

Two plates, copied from photographs of the aerolite, are appended
to the paper.

It rarely happens that Widmannstiittian figures are developed in

! G. Rose. _Aus Abhandl. Berl. Akad. Wiss., 1863, 70.—E. H. von Baumhauer.
Archiv. Néerland. des Sciences Ezactes et Natur., ii. 377.
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irons containing more than nine per cent of nickel. With a know-
ledge of the difficulties attending the complete separation of nickel
and cobalt from iron and of the different action of the re-agents,
employed to bring these metals into solution, on the phosphides,
rich in nickel, which frequently accompany them, it would not be
advisable to lay too great stress on the results of earlier analyses of
meteoric irons as pointing to any general conclusion when the details
of the processes made use of cannot likewise be studied. It is
worthy of note, however, that the irons mentioned below, with the
per-centage of nickel found in them, give lines occasionally, but no
figures :
Oktibbeha Co.=59:69; Caille=17-37; Babb’s Mill=17-1, 14:7, and 12+4:
Howard Co. (1862) =12:94; Atacama (1862) = 11'5; Krasnojarsk = 10-73;
Tucuman =100 ; Livingstone Co., Kentucky = 10-0; Zacatecas=9-89; and
Szlanicza =891,

While the following irons exhibit them in great perfection :

Elbogen=8:5; Lion River=67; Lenart6 =6'55; Madoc=6°35; Sevier Co.=
6+5 and 5°8; Schwetz=>5-77; Tabarz=56'69; Cambria=5'7 and 6:0; Asheville
=60; Cohahuila =353 ; and Ruff’s Mountain=3-12.

Meteoric Irons found August, 1870.—Ovifak (or Uigfak) near
Godhavn, Kekertarssuak or Island of Disko, Greenland [Lat.
69° 19 30” N.; Long. 54° 1’ 22" W.]?

The interesting story of the discovery of these enormous masses
by Prof. Nordenskjold is already known to the readers of the
GEroroGroaL MAGAzZINE through a translation of his original memoir.
‘While exploring in Danish Greenland in 1870, his attention was

! A, E. Nordenskjold. Redogdrelse for en Expedition till Gronland &r 1870.
K. Vet.- Akad. Forh., 1870, 873. (See translation in GEoL. Maa., IX. 289, ef seq.)
—D. Forbes, Abstract Geol. Soc., No. 238, November 8th, 1871. Chem. News,
November 17th, 1871.—A. E. Nordenskjold. Remarks on Greenland Meteorites.
Abstract Geol. Soc., December 20th, 1871.—T. Nordstrém. Ofv. Vet. Akad. Forh.,
1871, 453. See also Geon. Mac., VIIL. 570, and IX. 88.—A. E. Nordenskjold.
Les Météorites. Revue Scientifique, 1872, ii. [2], 128.—G. A. Daubrée. Compt.
rend., Ixiii. 1268, Compt. rend.,xxiv. 1542. Compt. rend.,lxxv. 240. E. Ludwig.
Min. Mitt., 1871, i. 109.—E. Hébert. Séance Soc. Géol. de France, February 5th,1872.
Revue Scientifique, i. [2], 858,—E'. de Chancourtois and M. Jennatez. éance Soc.
Géol. de France, February 19th, 1872. Revue Scientifigue, i. [2], 905.—G. A.
Daubrée. Séance Soc. Géol. de France, May, 20th, 1872. Revue Scientifique,i. [2],
1169. dmer. Jour. Se., iii. 71 and 388.—F. Wohler. Nachricht. K. Gesell. Wiss.
zu Gottingen, 1872, No. 11, 197. Pogg. Ann., cxlvi. 297. Ann. der Chem., clxiii.
247. Nachricht. K. Gesell. Wiss. zu Gottingen, 1872, No. 26. Ann. der Chem., clxv.
313.—G. Rose. Zeit. Deutsch. Geol. Gesell., xxiv. 174.—G. von Helmerssen. Zeit.
Deutsch. Geol. Gesell., xxv. 347.—C. Rammelsberg. Ueber die Meteoriten (Samm.
wiss. Vortrdge), pages 14 and 18.—C. W. Blomstrand. Ber. Deutsch. Chem. Gesell.,
iv. 987.—G. Nauckhoff. Svenska Vet. Akad. Handl., 1872, i. No. 6. Ber. Deutsch.
Chem. Gesell., Vi. 1463. Mineralogische Mittheilungen, 1874, 109.—G. Tschermak.
Mineralogische Mittheilungen, 1874, 165. Der Naturforscher, 1874, Nos. 49-52.—
For a map of Disko see Geographical Mag., February, 1875.—J. Lawrence Smith,
Compt. rend., 1xxx. 301,
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directed to the possibility of meteorites being met with in Disko Island,
by the accidental discovery of a block of meteoric iron in some
ballast which had been taken in at the old whaling-station at Fortuna
Bay, near Godhavn, and he urged the Greenlanders to search the
district. for masses of that metal. He proceeded to explore Omenak
and other islands north of Disko, and, on his return to Godhavn at
the end of August in the same year, not only learned from the
Greenlanders that masses such as he was seeking for had been found,
but he was shown a specimen of meteoric iron in confirmation of their
statement. The masses were discovered, not at Fortuna Bay, but further
westward along the shore, at Ovifak, between Laxe-bugt!® and Disko
fjord, a spot than which there is none more difficult to reach along
the whole of the coast of Danish Greenland, as it lies open to the
south wind, and is rendered inaccessible by even a very moderately
rough sea. Nordensk;jéld at once ohartered two whale-boats, manned by
Greenlanders, and set sail for Ovifak, where, the sea being calm, they
were able to land, and the stone at which they lay to proved afterwards
to be the largest block of meteoric iron that they were to discover.

For the description which Nordenskjold gives of the condition
under which these masses are found, we refer the reader to the
GrorLocroaL MAGAZINE, and proceed to consider the more recently
published report of Nauckhoff, the geologist of the expedition
of 1871, of the peculiar geological characters of the rocks at Ovifak
(Blafjell, or Blue Cliffs) with which they are associated.

The surface of the south-western and western portion of the
island of Disko is composed of basalt, which extends as far as
Smith’s Sound, and was probably erupted in Miocene times. In only
a few points of the island, Godhavn, the islets of Fortuna Bay and
Nangiset, the primitive rock is observed. It consists for the most
part of slaty gneiss, passing over in some places into mica-schist
and often traversed by veins of pegmatite. Granite was nowhere
seen.

Immediately overlying the gneiss is a basalt breccia of dark
blackish-green colour, some two hundred feet in thickness. In
places the large angular fragments are cemented together with
calcite ; as a rule, however, they are so small that the rock at some
distance appears homogeneous. Few cavities are observed, and they
are usually filled with calcite, rarely with zeolites. Above the breceia
lies a bed of basalt-wacké of rust-brown colour, and with amygda-
loidal structure, the cavities containing apophyllite, chabasite, levynite,
stilbite, desmine, mesotype, analcime, and other zeolites. Qver this
again rises a bed of basalt of vast thickness, sometimes attaining
one thousand feet, and of a dark greyish green hue; it occurs not
unfrequently in vertical regular six-sided columns. The texture is
generally crypto-crystalline, though exhibiting in places the char-
acters of anamesite and dolerite; the few cavities are filled with
chalcedony, rarely with zeolites. At Ovifak the cliffs rise to a

I See Geor. Mag., 1872, Vol. IX. PL VII. :In this map two bays called Laxebugt
are given; the one mentioned above is situated to the south of Disko fjord.
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height of 2,000 feet above the sea-level. The upper portion consists
of compact dark-coloured basalt. Proceeding downwards on the
nearly vertical face, we see thick beds of red-wacké and basalt-clay,
until already at mid height the face is hidden by vast screes of
large and small fragments of basalt. Where the cascades of surface-
water have removed the finer portions of the talus, and the face can
be inspected at greater depths between the larger blocks of basalt,
the basalt-wacké is seen which overlies the breccia.

On the shore below these screes between high and low-water,
and within an area of about fifty square metres, twelve large and
many small iron masses were found. The six largest weigh
respectively 21,000 kilog., 8,000 kilog., 7,000 kilog., 142 kilog.,
96 kilog., and 87 kilog." AR

Thanks to the kindness of Prof. Nordenskjsld, I am enabled to give
a representation (see Plate) of the largest mass (about 19 English
tons in weight), which is now preserved in the hall of the Royal
Academy at Stockholm. -This magnificent block is about two metres
in Jlength and 17 metres wide. The second block, weighing about
nine tons, has, as a compliment to Denmark, on whose territory the
meteorites were found, been presented to the Museum of Copenhagen.
Another of the masses, weighing 195 lbs. 8 oz., has been acquired by
the British Museum. The aggregate weight of metal coliected by
the Expedition amounted to 36,700 kilog.- The woodcut, repre-
senting the three largest blocks, is from a sketch made by Nordstrém
in-1870. :

For the earlier account of the discovery of these masses the reader
is referred to Nordenskjold’s memoir,' and Nordstrém’s paper. The
expedition of that year, 1870, having no means of bringing such vast
masses to Europe, a new expedition was equipped by the Swedish
Government in the -following spring, consisting of the gunboat .
“Ingegerd,” Capt. F. W. von Otter, and the brig “ Gladan,” under
the command of M. von Krusenstern, who brought the meteorites to
Denmark in September, 1871.

! Geown. Mac. 1872, Vol. IX. pp. 461, 462, and Plate VITL.
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Nauckhoff in his paper draws attention to one remarkable block,
about 200lbs. in weight, which lay three feet below high water.
On the under-side it was covered with basalt grains, cemented to-
gether with hydrated oxide of iron, and consisted of coarsely crystal-
line iron, containing much carbon, and which readily weathered.

Sixty-five feet N.E. of the spot where the largest block lay, a ridge
of dark brown basalt-like rock comes to the surface. Through its
superior hardness it had withstood the denudation better than the
loose basalt-wacké on either side of it. It is soon lost to sight, but
reappears to take a direction towards the spot where the large iron
lay. The rock forming this ridge resembles ordinary compact
basalt, and is of finely granular texture. Near the margin it be-
comes crypto-crystalline, and is seen under the microscope to
consist of labradorite, greenish-brown augite and black grains of
magnetite. It will be found, when we come to speak of the analysis
of the rocks accompanying this iron, to accord in composition with
the basalt itself. It differs from it, however, in having the presence
of two accessory constituents which are disseminated through the
parts forming the edge of the ridge, and are: a greenish hydrated
ferrous silicate resembling hisingerite, and a yellowish brown iron
sulphide. The analyses of the former mineral, it will be seen in the
sequel, show that it is not identical with the chlorophzite so often
occurring in basalt; the sulphide completely accords in composition
with the troilite of meteorites. The columnar structure, so often
found in basalt, was not noticed, the cracks occurring near the sides
appearing to be all parallel to the margin. The surface of a freshly
broken fragment displays peculiar smoothness and lustre. On the
east side of this ridge, and in the solid rock, a piece of much-weathered
iron was found inclosed by Nauckhoff; while another member of the
expedition, Mr. J. Steenstrup, detected metalliciron on the west side of
the ridge. An analysis of thisiron, apparently of the same kind as that
analysed by Lindstrom, will be referred to later on. While blasting
this basalt, a rock was hit upon which was at once seen to differ con-
siderably from the matrix. It consists of a greenish ground mass,
inclosing spangles and grains of iron, and occurs in rounded masses
that are separated from the basalt by a coarsely crystalline greenish
shell, about 20 mm. thick as well as by an outer rusted brown
crust. The boundaries of these masses were well defined; in no
instance were they detected passing over into the basalt.

The masses of iron lying in the basalt ridge had usually an ellip-
soidal form and a rusted crust, which allowed of their being easily
detached from the basalt. Nauckhoff succeeded in removing six
lumps, the aggregate weight whereof was 150 Ibs. This iron is
hard and crystalline, exhibits Widmannstiittian figures, and is in
every respect like that of the large loose blocks. Moreover, like
them, it unfortunately possesses the property of exuding a yellow
liquid (ferrous chloride), and of weathering away. It was noticed
that these inclosed masses had their major axes parallel to the direc-
tion of the ridge, and that they were in a way connected with each
other by little veins of weathered iron.
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Nordenskjold states that the large free blocks of metal had a tombac
to rusty-brown colour, and, when found, exhibited metallic lustre
on parts of their surface. Here and there, fragments of basalt, similar
to that of the ridge, were found adhering to them. The inner parts
contained none of the rock, and his analyses detected the presence
of little silicic acid. They were strongly polar, the upper surface
attracting the mnorth, the lower side the south pole of a magnetic
needle.

The iron of the large masses is crystalline and brittle, so that
pieces can readily be removed with a hammer; the metal of the
ridge is tougher, and has a rougher fracture. The presence of
troilite was rarely detected in the detritus; a few black magnetic
grains were met with which, by their octahedral faces, were recog-
nized to be magnetite.

The characters of the polished sections of the different masses
differ greatly : in some the surface shows rounded areas of varying
brightness and shades of colour, with parts of a brassy yellow
(troilite) ; others are more homogeneous, or appear to be made up
of fine prisms of *carburetted nickel-iron.” Some, not all, exhibit
figures when etched.

Though containing little sulphur, the Greenland irons, since they
have been brought to Europe, have shown a marked tendency to
crumble to pieces. On the shore at Ovifak, sometimes exposed to the
wash of the ewaves, sometimes left high and dry, but preserved
at the constant temperature of the sea, which varies little throughout
the year, the masses apparently underwent little change. Already
during the passage, however, many fragments crumbled away, and
when unpacked at Stockholm two months later, and placed in
a room of ordinary temperature, others broke up into a reddish
brown powder. A freshly fractured lustrous surface of one of the
masses began to rust at one place, expand and crumble away;
while the remainder experienced no change, till at length the oxida-
tion extended into the interior and the whole fell to pieces. In a
hermetically sealed glass tube the iron is preserved unchanged; but
in another tube with a fine crack oxidation continued. In alcohol
no change takes place ; in air, dried by sulphuric acid, the change
is greatly impeded. Attempts to preserve them by coating them with
varnish were of slight avail. The cracking is caused by dilatation,
and takes place with such force that masses of metal, on which
chisel and saw were without effect, are broken and bent out of
shape during oxidation.

Nordenskjold found that a fragment of the largest iron, when
heated to redness, gave off more than 100 times its volume of
a gas which had a bituminous smell. It was evidently gas not
simply occluded by the metal, but was produced by the decomposi-
tion of “the organic matter in the meteorite,” through the reducing
action of those compounds on the oxide of iron associated with
them. When such iron is treated with mercury chloride very little
gas is evolved; in aqua regia it dissolves, leaving in some cases
a carbonaceous residue, in others very little residue of any kind; -
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by the action of hydrochloric acid a gas is given off which has a
penetrating odour resembling that of some hydrocarbon. By treat-
ment with acid a humus-like compound appears to be generated,
which is soluble in ammonia, insoluble in acid, and can be oxidized
only with difficulty by long boiling with very strong acids.

In Nordenskjold’s paper are given the earliest analyses of these
irons:

I. Fragment of one of the large iron masses: this specimen evolved more gas
than II. and ITI. Specific gravity =5:86—636. Analysed by Nordenskjold. II.
Fragment of iron, more compact and less crystalline than I., probably from the
basalt ridge. Small grains were observed to be malleable. The specimen from
which this was taken subsequently crumbled away. Specific gravity =7-06—7-06.
Analysed by T. Nordstrém. III.. Fragment of iron from the basalt ridge, which
exhibited well-marked Widmanstittian figures. In external appearance this iron
exactly resembled II. Specific gravity=6-24. Analysed by G. Lindstrom.

1. II. III.
Iron ........ do0aoam0aeano 8449 ... . 8634  ...... 93-24
Nickel...... 248 ... LEOE e 1-24
Cobalt 0-07 Coodo 036 ... 0-56
COPPEE: “eso oo iuneiioseasnse 05 2T s 0195 & oot 0-19
Phosphorus.......ceaneneeees 0: 208 5 v Soe 007 ... 0-03
SulphUr .uverrveece cov cuves 1-52 022 ... 1-21
Chlorine 0-72 1-16 0-16
Alumina trace 0-24 —
Lime ... .. trace 0-48 J —_
Magnesia ... 004 0329 s trace
Potash......... trace 00T e att 0-08
Sodw 1o R trace  ...... 014, Rt 0-12
Silicic acid...... trace  ...... 0:66 ... 0-59
Insoluble portion........... 0:05i 0 llT L 4-37 Fiom
Carbon, Organic Matter, ) 4.4 371 Carbon... 2-30
Oxygen, and Water ...§ = =" Hydrogen 0-07
100:00 9993 99:79

Nordstrém analysed the carbonaceous residue of the compact iron
II., after digestion with double chloride of copper and sodium, and
iron chloride, and found, when a quantity of ash is deducted, that it
is composed of :

Carbont s MR o e 6359  ...... 6364
Hydrogen™ ., Lo N2 326 ... 3:55
Oxygen (by difference)..... 3315 ... 32:81

100-00 100-00

These numbers yield no satisfactory atomic ratios, and it is not
improbable that the carbon is present in two allotropic modifications,
as well as a constituent of a complex organic compound.

In 1872 two interesting papers were published by Wohler on the
results of his examination of this iron, especially that from the ridge.
The specimen he chose for examination came from a vein of metal
several inches wide and some feet in length, which was inclosed in
a rock “that presents a marked difference in composition from the
basalt breccia whence it protrudes.”” He describes this iron as
bearing a close resemblance to grey cast iron; it has a bright lustre,
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is very hard, is quite unalterable in air, and has a specific gravity=
5-82. Nordenskjold, as we have seen, extracted gas from the metal
of the larger masses by heating it. Wohler finds that the iron
of the vein evolves more than one hundred times its volume of a gas
that burns with a pale blue flame, and is carbonic oxide, mixed with
a little carbonic acid. The “iron,” in fact, contains a considerable
amount of carbon, as well as a compound of oxygen ; and, according
to Wohler, can at no time have been exposed to a high temperature.
After it has been heated, the iron becomes brighter, and, though more
soluble in acid, it still leaves a carbonaceous residue. A fragment
heated in dry hydrogen, with a view to determine the amount of
oxygen present, formed a quantity of water, and lost 11-09 per cent.
of its weight. It contained, in other words, 11-09 per cent. of
oxygen.” It is not stated whether the water corresponded in weight
to that amount of oxygen. Hydrochloric acid acts very slowly and
imperfectly on this metal, evolving first sulphuretted hydrogen, and
then hydrogen possessing the odour of a hydrocarbon, and leaves a
black granular magnetic powder, which, though insoluble in cold
acid, generates on the application of heat a gas with a strong odour
of a hydrocarbon, leaving a residue of amorphous sooty carbon and
slightly lustrous graphitic particles. In iron chloride the ¢iron”
dissolves without evolution of gas, about 80 per cent. of a black
residue remaining, which, after having been dried at 200° C., lost by
ignition in hydrogen 19 per cent. of its weight, water being pro-
duced. It is now very readily attacked by acid, evolves sulphuretted
hydrogen, and gives a residue of nearly pure carbon in powder or in
graphitic scales. Iron chloride and acid appear, therefore, in the
main, to remove the free metal only, and to be without action on
the compounds with sulphur and oxygen. The ultimate composi-
tion of the specimen he analysed is as follows :

143, e S e s 8064 Sulphurt: LS ied.b 2-82
Nickel e 1519 Carbon 369
Cobalt 0-47 Oxygen’ & ol Rovones 11-09
Phosphorus 0-15

100:05

‘Wehler was disposed to regard the oxygen, constituting so consider-
able a portion of an apparently metallic mass, as present in the form
of a diferrous oxide, Fe,0, were it not that, according to this view,
there would be no iron provided for combination with the sulphur
and carbon. As, however, Nordenskjold found magnetite in or near
other Ovifak irons, Wohler regards that constituting the veins as an
intimate mixture of magnetite, of which there would be 40-20 per
cent., with metallic iron, of which there would then be 46:60 per
cent., the sulphide, carbide, and phosphide, as well as the alloys
with nickel and cobalt, and some carbon in isolated particles. The
latter probably undergo no change when the magnetite and carbide,
by the action of heat, generate carbonic oxide.

A specimen of the iron from the basalt has also been investigated
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by Daubrée; he describes it as having a metallic lustre and being
nearly black. He found its composition to be:

1.

Iron in the free state..... - 40940
Iron in combination ...... - 30-150
Carbon in the free state % 1640
Carbon in combination ...... 5 3-000
Nickelsoouddsesoacibaessaioss 2:650
Cobalt........ 0-910
Phosphorus.. 0-210
Arsenic ..... 0410
R e oz an ot Paaste 2:700
Silicium .. s 0075
Nitrogen 0-004
OXYZEN ..onererovoreenns 12-100
‘Water (hygrometric)...... 0-910
‘Water in combination ... 1-950
Chromium, Copper, etC....coseeereens o5 1-010
Calcium sulphate, chloride, ete. ......... 5000 1-354

100-013

In his second paper he gives analyses of two more specimens :

II. Light grey iron, possessing metallic lustre. It is not homogeneous, as it
might be assumed to be from its lustre and colour. When crushed in a mortar, it
is divided into two parts: the one crumbles to fine powder, the other is flattened
into plates, requiring much trituration to break them up. III. Metallic grains
mechanically separated from the rocky portion in which they were distributed.
These spherules exhibit figures, when etched, and contain silicate distributed in very
fine pieces throughout their mass; in one rounded fragment the silicic acid of this
silicate amounted to 11-9 per cent. of the total constituents.

II. III.
Iron in the free state ... ... ... 80:800 ... 61990
Iron in combination ... .. .. 1600 .. 8110
Carbon in the freestate ... ... 0300 .. 1100
Carbon in combination ... ... 2600 ... 3600
Silicium ... .. e eee e 0291 L —
W aberi . e R S e N 0700 T —
Calcium chloride... ... ... ... 0233 .. 0146
Iron chloride ... ... .. ... 0089 .. 0114

Caleium sulphate... .. ... .. 0053 .. 0047
Copper... .. s s oo e frace. ... ftrace.

It will be seen that in specimen III. the amount of carbon is the
same as in I., and that specimen II. also contains a considerable
quantity. Specimen I. is distinguished from II. by a large propor-
tion of combined iron. By treatment with alcohol, calcium chloride
was extracted and determined in I.; with cold distilled water, the
soluble salts were removed from II and III. 1. contains more lime
sulphate and less chloride than II. and III.

These meteoric masses are distinguished by the amount of carbon,
free and combined, which they contain ; by the presence in them of
a large proportion of iron in combination with oxygen, but in what
state of oxidation is not clearly ascertained ; and by the occurrence
of soluble chlorides and sulphates, especially calcium sulphate,
thronghout their structure. No salt of potassium has been detected
in them, nor, which is very remarkable, has sodium chloride been
found, although carefully sought for. The intimate distribution of
these salts throughout the Ovifak iron is certainly an indication that

3
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they must be numbered among the original constituents of these
meteorites.

Daubrée noticed that specimen II. showed a marked tendency to
absorb water and to rust away; a few days sufficed to make this
apparent. The local nature of the oxidation he attributes to the
irregular distribution of the deliquescent salts. Among these com-
pounds, instead of iron chloride, to the action of which the
decay of meteoric iron has usually been ascribed, calcium chloride
appéars to play the most prominent part. In support of this view
it may be remarked that No. IL iron, the one most liable to change,
is that which contains the greatest proportion of this salt, the amount
being six times that met with in No. 1. iron. ,

Calcium and magnesium sulphates were noticed by Daubrée to
form constituents of the Orgueil Stone, and the latter salt is also
present in the aerolites of Kaba and Alais. All these are carbon-
aceous meteorites. May the calcium sulphate of these irons, as well
as that of the above-mentioned aerolite, be a product of the oxidation
of a calcium (magnesium) sulphide such as occurs in the meteorite of
Busti, which stone also contains, among other constituents, augite
and metallic iron ?

The greater stability which these masses exhibited so long as they
were in polar latitudes is no doubt due to the reduced tension of
aqueous vapour; had they fallen in regions further south and been
exposed to a milder climate, they would without doubt have long since
fallen to powder.

In his second paper Wohler points out the probability of the No. 1L
iron which Daubrée examined being of the same kind as that
which he himself analysed. He remarks that, although Daubrée
found this variety of the metal to show a tendency to oxidize even
in a few days, his specimen had remained bright and unchanged
after it had been a year in his collection.

Nauckhoff, whose exhaustive examination of the rocks associated
with the Ovifak irons we shall immediately turn to consider, analysed
the spangles and spherules which can be removed by a magnet from
the rock that occurs in rounded masses in the basalt ridge, and of
which the composition is given in the table of his analyses under III.
Some of these spangles could be pulverized only with difficulty, and
were readily flattened out; the spherules, though so hard that a
sharp steel file would scarcely touch them, were easily crushed. They
had the following composition :

Tron) et NG 825 Phosphoric acid ... ... trace.
Nickel f.../ Yueen st b wnd 1e2 2416, AUTIINA s poks Salya s bl gy 11O
Cobalt i, o7 200wyl (80 Nickel and Cobalt oxides 0-44
Oopper &85 3. 000 JER0i'S Magnesia ... ... .. 033
Hydrogen ... .. .. 028 Lime- At/ Ak 108 BEGR 105 1110:50
Carbon .. .. .. .. 164 Soda s, Jontpls it 000
Sulphur... ... ... .. 016 Potash X MEERRST £..., trace.
Chlorine . «... .. h7 1036 Repidue s e, s =. . 6707
Magnetite ... ... .. 3042

Silicic acid &2 W Ll 0:26 102:64

In the basalt of the ridge, of which an analysis is given under IL
in the same table, a compact, very brittle, yellow, or slightly brown
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mineral occurs in thin flakes, sometimes in nodules of the size of
a pea; it is invariably penetrated and usually surrounded by
a mineral resembling hisingerite, to which attention will presently
be directed. The mineral has a hardness of 5 to 55, and easily
fuses before the blowpipe with evolution of sulphurous acid to a
magnetic regulus. It has the composition :

Equivalent

Ratios.
Tan?, ot .5 %, 2o 52:94 ¢~ 5T:91 £.% 2'068}2,258
Nielceltf ©..5 5024606407 16068 “tui.r 01190
Copper ... ... ftrace. ... trace. ... —
Sulphur ... ... 3341 .. 3656 .. 2285
Silicate;, o..toiont 1869 Sl | =T g =

100-00 100-00

Thesenumbers give the formula (Fe,Ni) 8, or that of theiron (nickel)
monosulphide or troilite, which has hitherto only been met with in
meteorites.

Intimately associated with the troilite, and evidently a product
of its oxidation and further alteration, is the mineral already men-
tioned, the fresh fracture of which is of a light olive-green colour,
which by exposure to the air soon becomes brown, and after some
days turns quite black.

Its specific gravity is 2919, and composition :

Oxygen.
Siliciciacidiil § g v, | oha 1 T0EE s 116390
Iron sesquioxide ... .. .. 5149 .. .. 1544
Iron protoxide... .. .. .. 38l .. .. 085
W Al e B S e 15;00 ot AN 3102065

100-56
These numbers indicate the formula:
Fe0,8i0,+3(2Fe,0,.38i0,) +14H,0

as that of the mineral. Nauckhoff, however, draws attention to the
rapidity with which the oxidation of the pulverized mineral takes
place : five days after the analysis was made the per-centage of iron
protoxide in another portion had fallen to 3:47, and after three weeks
to 1:55. 'The original unchanged mineral was probably a hydrated
ferrous silicate.

The following rocks from Disko Island have been examined by
Nauckhoff :

I. Section of a six-sided basalt column from Brededal, east side of Skarfvefjell,
and about 10" E. of Godhavn; showing compact dark greyish-green ground-mass
with crypto-crystalline texture; under the microscope crystals of a felspar, angite
and magnetite are recognized. Fusible before the blowpipe.—II. Basalt from the
east side of the ridge at Ovifak, where the iron and breccia were found. Fusible
before the blowpipe.—III. Rock occurring in rounded masses, with green foliated
crust, in the basalt ridge, and inclosing spangles and spherules of iron, some 6—7
mm. in diameter; these exhibit Widmannstittian figures. Appears to be a very
finely granular mixture of a felspar with a small amount of a green mineral, prob-
ably augite, and imperfectly crystallized magnetite, which latter usually surrounds
the spangles of iron; olivine is only occasionally met with, in grains the size of a
pea. Melts with difficulty before the blowpipe.—IV. Very hard brown-coloured
mass inclosing rock in which iron spangles are found ; it closely resembles III. The
ground-mass econsists of a felspar, probably anorthite, the crystals of which are
occasionally large, and show marks of twinning, and a great number of reddish
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octahedra closely resembling spinel. Small particles of a greenish mineral of the
appearance of augite are also to be distinguished. Spangles of iron are very rarely
found in the felspar ; and magnetite is apparently absent. Melts very slowly before
the blowpipe.—V. Rounded lump of grey rock from the basalt ridge; it was
covered with a dark green vesicular crust, from 15 to 20 mm. thick. Through the
ground-mass, which appears to consist of a felspar, were disseminated numerous
brilliant greyish scales, besides some very black magnetite or graphite. Augite
sparsely distributed ; abundance of red spinel in some parts, none in others. Melts
with great difficulty before the blowpipe.—VI. The dark greenish-brown crust of
V, closely resembling that of the rounded masses III. It consists of a felspar
inclosing a brown and a green augite-like mineral, and, in places, clusters of
granules of spinel. Melts with great difficulty before the blowpipe.—VII. Light
grey foliated rock from Ovifak, the exact cireumstances of the occurrence of which
are not known. The ground-mass consists of a mixture of a felspar with a grey, ﬁnel‘)l7
foliated mineral with graphitic lustre. Red spinel is met with abundantly in bot
constituent minerals. ~This variety of rock, like those from the ridge, is
covered with a rust-like erust. It breaks easily, and always parallel to the scales.
Before the blowpipe it melts with difficulty on the edges.— VIIL. Compact, slightly-
weathered breccia, filling a fissure two to three inches wide in the basalt ridge,

arallel to which it runs. It is a black granular mass, deveid of metallic lustre, and
incloses fragments, some with edges sharp and angular, others with the corners
rounded, of a rock exactly like that forming the ridge.—IX. Loose, much-weathered
breccia, from the top of the ridge, in irregularly-shaped fragments. It can be
broken in pieces with the hand, is much rusted, and closely resembles the product
of the oxidation of the metal blocks. Like the preceding specimen, it incloses
rounded fragments of the rock forming the ridge. The specific gravity is about
midway between that of iron and of magnetite.—X. The broken-up basalt, resembling
that of the ridge, inclosed in the weathered breccia IX.
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Tschermak examined two microscopic sections of the Ovifak rocks,
and compared them with sections of the meteorites of Jonsac,
Juvinas, Petersburg, and Stannern, which consist chiefly of augite
and anorthite, with little or no nickel-iron; they form a class which
(. Rose termed ‘eucritic.” Both sections exhibit a crust, as meteorites
possess ; it is, however, 50 altered by oxidation, that it is not possible
to determine whether it is the fused crust usually noticed on a
meteorite. The crystals of felspar, which, according to Nauckhoff’s
analyses, must be regarded as anorthite, are fully developed ; they
penetrate the augite, iron, and magnetite, and must evidently have
been formed before them. They are completely transparent, and
have but few and large cavities, which are filled, partly with black
granules, partly with a brown substance of irregular form; some
traversing the length of the crystals are filled with a transparent
glassy substance. The augite is of a light greenish-brown hue,
traversed here and there by flaws; it fills gaps between the other
constituents, as has been often observed in dolerites and diabases,
and encloses individual black grains. In the section containing iron
the colourless felspar encloses a black or brown substance running
the length of the crystals, or dust-like fine black granules, or larger
round transparent bodies of a violet colour, which may be the
mineral Nauckhoff regards as spinel. Side by side with the felspar,
brown grains, less numerouns than in the former section, are seen,
and these are probably augite. Black particles, moreover, occur,
which by reflected light appear to be semi-metallic, and are probably
magnetite, as well as others that are likewise black, but devoid of
lustre, which seem to be graphite. A few small grains of troilite
were also recognized. In the second section, which bore a general
resemblance to the first, the felspar crystals were larger, the
matrix being made up of finer crystals. In some of the felspar
crystals cloudy pale brown patches were observed, which, when
viewed with a higher power, were found to be due to numberless
minute elongated inclosed granules lying in parallel position, or to
others that were shorter and more rounded. These appearances recall
those noticed in eucritic meteorites, like that of Jonsac, except for
the fact that the inclosed particles are of smaller size. The larger
cavities in the felspar are filled in the same manner as in the other
rock section from Ovifak. The structure of eucritic meteorites is
tufaceous; that of the Ovifak rock very compact. This distinction,
however, has often been observed in meteorites. Many chondritic
meteorites are tufaceous; while others, having similar chemical com-
position, like the aerolites of Lodran and Manbhoom, are compact
and crystalline. The augite of the Ovifak rocks has not the charac-
teristically filled cavities observed in that of certain eucritic meteor-
ites; but in the augite of some meteorites, as those of Shergotty and
Busti, for example, they are equally wanting.

The meteorites of Ovifak in some respects resemble the carbona-
ceous meteorites, though they differ greatly from them in other
characters : especially in the appearance of both metallic and rocky
portions. They form a new type in the series of meteoric rocks,
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and fill the gap that has hitherto separated the carbonaceous from
other meteorites.

If some differences are to be traced between the remarkable rocks
and irons of Ovifak and known meteorites, others still greater
present themselves, when we compare the Greenland masses with
terrestrial rocks, even with the basalts and diorites, near which it
might be proposed to class them, on account:of the occurrence in
them of magnetite, and of the crystalline arrangement of their silicates.
Iron has not hitherto been found as metal inclosed in basalt, except
on very rare occasions (as by Andrews in the basalt of Antrim,! and
then only in fine particles, and apparently not alloyed with nickel
and cobalt), while troilite is a meteoric mineral, and has never been
met with in a terrestrial rock.

But if the weight of evidence favours the assumption that these
masses are of meteoric origin, there remain the following considera-
tions, to which attention has been drawn by Rammelsberg, sup-
porting the view that they may possibly have been erupted.

Of the rocks composing the globe, the greater portion accessible to
us have been modified by the action of water. There is one class
of which this cannot be said: the molten masses brought to the
surface by volcanos, the various rocks we term “lava.” However
they may differ as regards constituent minerals, they have amongst
them a family resemblance, and it is with them that the meteoric
rocks may be compared. The old lavas of Iceland and Java consist
of augite and anorthite, us do the meteorites of Juvinas, Jonsac and
Stannern. The “bombs” of the prehistoric volcanos of the Eifel
are composed of olivine, augite, bronzite and chromite, minerals that
are commonly met with in meteorites. Hence arises the question :
Are these masses, so similar in their lithological characters to the
meteorites, samples perhaps of the inner unchanged nucleus of
our planet? Does the original mass of the earth differ only in
point of magnitude from the fragments which yield to its attraction ?

The mean density of the earth is greater than that of the minerals
composing the rocks of the outer crust. The volcanic rocks and the
meteorites, which in point of chemical constitution are basic, are
alike denser than this crust. The presence of metallic iron, a
characteristic feature of meteorites, points to the absence of water
and free oxygen as one of the essential conditions for their form-
ation. Terrestrial rocks rarely contain iron, but it is replaced by an
oxidized form of iron,—magnetite; only in combination with
platinum is it found in the metallic state. May the rocks of the

! A. E. Reuss detected the presence of iron in some Bohemian basalts by Andrews’
method. (Kenngott's Uebersicht Result. Min. Forschungen, 1859, 105.) At a meeting
of the American Association for the Advancement of Science, held at Hartford, J. L.
Smith (Revue Scientifigue, 1875, June 5th, No. 49, 1167,) maintained the great
importance of the study of basaltic rocks as affording us the only means of becoming
acqluamted with the mineral constitution of the greater part of the globe. e
called attention to the existence of metallic iron and the presence of nickel and
cobalt in the basalt of Arizona, and alluded to some researches on which he had
been recently occupied which had convinced him that at temperatures which we are
able to produce by artificial means the oxides of iron can be dissociated.



HISTORY OF. METEORITES. 39

interior of our globe contain this, the most important of all the
metals, in an uncombined condition ?

It has been pointed out by Daubrée that a region like Greenland,
where doleritic rocks cover so wide an area, appears in a marked
degree to present the conditions necessary and favourable for the
upheaval of masses from very considerable depths.

Another phase of the question to which he directs attention
should also be mentioned. It appears not improbable that the basalt
of Greenland, which contains more than 20 per cent. of iron oxide,
may during eruption have undergone reduction such as he imitated
in his laboratory some years since. This theory is the more ad-
missible from the fact that in the region under consideration, between
Lat. 69° and 72° numerous large beds of lignite, as well as graphite,
occur, especially in the island of Disko, in which Ovifak is situated.

In a paper on the anomalous magnetic characters of iron sesqui-
oxide, prepared from meteoric iron, recently communicated to the
French Academy by Dr. Lawrence Smith, he announces that the
investigation of this iron, on which he is at present occupied, has
convinced him that the Ovifak metallic masses are of terrestrial
origin.

The fact, observed by Nordenskjsld and Wohler, of the evolution
of a large amount of gas by Ovifak iron when heated, led these
observers to the conclusion that it could never have been exposed to a
high temperature. Tschermak, however, points out that this phe-
nomenon has only been observed in experiments conducted at ordinary
pressure; and it must not be forgotten, he maintains, that these
masses, though surrounded by a heated medium, were at the same
time subjected to the superincumbent pressure of a vast layer of
fluid basalt. They may, moreover, have originally had a different
composition, and the oxygen, which plays so essential a part in the
gaseous evolution, may have been taken up subsequently during ex-
posure to the atmosphere.

Daubrée draws attention to a reaction, mentioned by Stammer, and
thoroughly investigated by Gruner,! that, in the presence of iron
oxide, or even of iron under certain circumstances, carbonic oxide
breaks up, depositing carbon, partly in combination with iron, partly
in intimate mixture with iron oxide; and that this reaction, which
has been found to occur at 400°, does not take place at very high
temperatures.

Nordensk;jold’s paper is illustrated by a plan of the shore at Ovifak,
where the irons were found, and by a sketch made on the spot by
Nordstrom of the three largest masses, showing them partly im-
mersed ; whilein a plate are given representations of seven of the
blocks—one showing very distinotly the manner in which the metal
is rent during oxidation. Nauckhoff has appended to his paper in
the Mittheilungen a drawing of the gangue, indicating the position
of the smaller pieces of iron and the breccia. Four excellent photo-
graphs of the larger masses have been published by the Hofphoto-
graph Jaeger, in Stockholm.

1 E. L. Gruner. Compt. rend., xxiii. 28; xxiv. 226.
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One of the largest blocks, weighing 10,000 1bs., was offered for
sale in New York for 12,500 dollars in gold, and smaller specimens
at eight dollars per 1b.

As is well known, implements of meteoric iron have from time to
time been found in the possession of the Esquimaux. Some recent
specimens, inserted in bone handles, from Esquimaux kjeekkenmoed-
dings, were described by Steenstrup at the Congrés international
d’ Anthropologie et d’ Archéologie préhistoriques & Bruwelles (Session
de 1872). Figures of a number of these implements are to be found
in the Matériaux pour Ihistoire primitive et naturelle de UHomme,
9 Année, 2¢ Série, Tome IV. 2¢ Livraison, 1878, 65, the original
paper with illustrations appearing in the Compt. rend. de la 6¢
Session, 242, and plates 24, 25, and 26. J. Steenstrup examined more
than twenty of these implements, and gives drawings of seven of
them, four of which are reproduced in the following woodcut.

Fig. 1. is a barbed weapon with iron point ; Fig. IL is an axehead
set in bone, with a socket of wood; Fig. 8 is an “Ullo,” a tool f(_)r
cutting leather; and Fig. IV.is a knite with a blade of meteoric
iron, formed like the earlier known implements. Prof. F. John-
strup, Professor of Mineralogy in the University of Copenhagen,
determined the presence of about 3 per cent. of nickel in these irons,
and found them to distinctly exhibit Widmannstittian figures,
He believes that the metal has not been subjected to the action of
heat. It is not a little curious that among the Esquimaux tradition
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has”always pointed to the Island of Disko and the neighbourhood of
Waigat, those districts, in fact, whence they procured iron, as the
area where the earliest settlements took place in Greenland.!

Cryoconite found 1870, July 19th—25th, on inland ice, east of
Auleitsivik Fjord, Disko Bay, Greenland.—Meteoric metallic
particles found in snow, which fell:—1.) 1871, December—
Stockholm.—2.) 1872, March 13th—Evoia, Finnland.—3.) 1872,
August 8th—Lat. 80° N.; Long. 13° E—4.) 1872, September
2nd —Lat. 80° N.; Long. 15° E.*

Early in December, 1871, there was a heavier fall of snow in
the neighbourhood of Stockholm than any that had occurred there
within the memory of living persons; and it presented to Norden-
skjold an opportunity of determining whether the snow brought
cosmical matter to the earth’s surface. A cubic metre of apparently
pure snow, collected towards the end of the fall, left on melting a
small black residue. From some of this substance, when heated,
a liquid product distilled over; a portion when burnt left a red ash;
while a magnet extracted particles which, when rubbed in an agate
mortar, exhibited metallic characters, and on being treated with acid
proved to be iron. Although the possibility must be admitted
that this material may have been derived from the chimneys and
iron roofs of the city, already covered with a thick layer of snow,
the result was sufficiently interesting to make it desirable that a
similar experiment should be tried with snow falling remote from
towns. For this purpose snow was collected on the 13th March,
1872, by Dr. Karl Nordenskjsld at Evoia, in Finnland, to the north
of Helsingfors, and lying in the centre of a large forest. It was
taken from off the ice of the Rautajerwi, at a spot which is separated
by a dense wood from the houses of that northern station. When
melted, this snow yielded a soot-like residue, which under the micro-
scope was found to consist not only of a black carbonaceous sub-
stance, but white or yellowish-white granules, and from it the magnet

! Dr. L. J. Hayes, the arctic explorer, in a letter to Prof. Shepard (4m. Jour. Se.,
1866, xlii., 249), speaks of a flake of meteoric iron which he obtained at Port Foulke
in 1861 from an Esquimaux, who had carefully preserved it and other fragments to
make (with an ivory blade) the edge of a knife. The iron, it was stated, had been
detached by means of flints, and was obtained from a place called Savisavik (savik
=knife) 20 miles S. and E. of Cape York, N. Greenland, in Lat. 76°. This does not
appear to be the same source of metal as that described in Ross's Poyage to Bafin’s
Bay, 1819, 105, as Sowallick (iron mountain), between Cape Melville and Cape
York (Lat. 76° 12’ N, Long. 65° 53' W.), which is N.W. of the latter Cape.

2 A. E. Nordenskjold. Redogtrelse for en Expedition till Gronland ar 1870, 28.
(See also GeorL. MaG. IX. 856.) Compt. rend., 1xxvii. 463. Jour. Prakt. Chem.,
X. 366. Pogg. Ann., cli. 154.
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removed black grains, that when rubbed in a mortar were seen to
be iron. Here again the material was too small in amount to allow
of a determination of the presence of nickel and cobalt; in other
words, to establish the meteoric origin of the metal. The Arctic
Expedition of 1872 presented an opportunity for the collection of
snow in a region as far removed as possible from human habitation.
On the 8th August, the snow covering the drift-iceat Lat. 80° N. and
Long. 13° E., was observed to be thickly covered with small black
particles, while in places these penetrated to a depth of some inches
the granular mass of ice into which the underlying snow had been
converted. Magnetio particles were abundant, and their power to
reduce copper sulphate was established. Again, on the 2nd September,
at Lat. 80° N. and Long. 15° E., the ice-field was found covered
with a bed of freshly fallen snow, 50 mm. thick, then a more com-
pact bed 8 mm, in thickness, and below this a layer 30 mm. thick
of snow oonverted into a crystalline granular mass. The latter was
full of black granules, which became grey when dried, and exhibited
the magnetic and ohemical characters already mentioned; they
amounted to 01 to 1‘0 millegramme in a cubic metre of snow.
Analysis of some millegrammes enabled Nordenskjsld to establish
the presence of iron, phosphorus, cobalt, and probably nickel. The
filtrate from the iron oxide gave a small brown precipitate, which gave
a blue head with borax. The portion insoluble in acid consisted of
fine angular colourless matter, containing fragments of diatoms.
This dust from the polar ice north of Spitzbergen bears a great
resemblance to the remarkable substance, cryoconite,! which was
found in Greenland in 1870, very evenly distributed in not incon-
siderable quantity on shore-ice, as well as on ice thirty miles from
the coast and at a height of 700 metres above the sea. The dust of
both localities has probably a common origin.

The cryoconite is chiefly met with in the holes of the ice, forming
a layer of grey powder at the bottom of the water filling the holes.
Considerable quantities of this substance are often carried down by
the streams which traverse the glacier in all directions. The icehills
which feed these streams lie towards the east, on a slowly rising
undulating plateau, on the surface of which not the slightest trace of
stone or larger rock masses was observed. The actual position of
this material, to which Nordenskjold has given the name of cryo-
conite («pdos ice, and xgws dust), in open hollowson the surface of
the glacier, precluded the possibility of its having been derived from
the ground beneath.

The grey powder contained a not inconsiderable amount of organic
matter, which, even at the low temperature of the ice, undergoes
putrefactive decomposition. A quantity, amounting to from two to
three cubic metres, which was lying in the dried-up bed of a glacier
stream, emitted a very offensive odour, bearing some resemblance to
that of butyric acid.

1 A, E. Nordenskjold. An Account of an Expedition to Greenland. Gror. Maa.
Vol. IX. p. 355.
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When examined with the microscope, the chief constituent of this
powder appears to consist of colourless, crystalline, angular, trans-
parent grains, among which are a few yellow and less transparent.
Some had distinet cleavage-surfaces, and were possibly a felspar ;
other erystal fragments, having a green colour, were probably augite ;
while other black, opaque particles could be removed with a magnet.
These foreign constituents, however, are present in so small a
quantity that if all the white grains consist of one and the same
mineral, it may be regarded as homogeneous. The specific gravity of
this mineral is 2:63; the hardness apparently inconsiderable, and
the form probably monoclinic. It resists the action of acids: by
long digestion with sulphuric acid 7-73 per cent., with hydro-
chloric acid 16-46 per cent. were dissolved. Lime carbonate was
not present. According to Lindstrém’s analysis, it consists of :

STHRETT0 oo omooadtooooes 62:65
Phosphoric acid .............. 011
Aluming ....eeieeieeerancnnenns 14493
Iron oxide .. ...ecvveevyenen.. 074
Iron protoxide .........ccecet 4-64
Manganese protoxide ...... 007
TG conre R o o 5:09
Magnesia ....ccoeeeceaeniaenns 300

This composition corresponds with the formula :
2R0,Si0, + AL05,38i0, 4 H,0.

The origin of this cryoconite is highly enigmatical. That it is not
a product of the weathering of the gneiss of the coast is shown by
its inferior hardness, indicating the absence of quartz, the large pro-
portion of soda, and the fact of mica not being present. That it is
not dust derived from the basalt area of Greenland is indicated by
the subordinate position iron oxide occupies among the constituents,
as well as by the large proportion of silicic acid. 'We have then to
fall back on the assumption that it is either of volcanic or cosmical
origin.

That dust can be carried enormous distances has been well
established. Darwin 2 refers to instances of dust having fallen on
ships when more than a thousand miles from the coast of Africa, and
at points sixteen hundred miles distant in a north and south direction.
If the Greenland dust were volcanic, it would probably have been
wafted from Iceland or Jan Mayen, or some as yet unknown volcanic
region in the interior of Greenland. Nordenskjsld found it to bear
the closest resemblance under the microscope to the ash of
Vesuvius (1822), and a specimen of that which fell at Barbadoes
and probably came from St. Vincent. Looked at in the mass, how-
ever, it is at once seen that the volcanic ash is of a brownish
red ; the cryoconite is grey. The magnet when placed in contact with
the Vesuvian ash extracted nothing; out of that from Barbadoes

1 This passed off when the mineral was heated to temperatures ranging from 100°
to 2 red heat.

? C. Darwin. Journal of Researches. . . . . Vogage of H.M.S. Beagle, new ed.
1870, p. 5.
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it drew magnetic particles, which, however, were not metallic, nor
did they contain nickel or cobalt.

The cryoconite, nevertheless, whencesoever it comes, contains one
constituent of cosmical origin. Nordenskjold extracted, by means
of the magnet, from a large quantity of material, sufficient particles
to determine their metallic nature and composition. These grains
separate copper from a solution of the sulphate, and exhibit con-
clusive indications of the presence of cobalt (not only before the
blowpipe, but with solution of potassium nitrite), of copper, and of
nickel, though in the latter case with a smaller degree of certainty,
through the reactions of this metal being of a less delicate character.
Moreover, ammonia removes from cryoconite a humus-like substance
that, among other characteristics, in its powers of resisting powerful
oxidizing reagents, closely resembles the organic compound found in
the residue of Ovifak iron after treatment with acid.

Hail, which fell at Stockholm in the autumn of 1873, was found
by Nordenskjold to contain grey metallic particles that reduced cop-
per from its sulphate. Although the roofs of the buildings surround-
ing the Academy, in the courtyard of which these hailstones fell, are
of iron, the grains were rounded, and of light colonr, instead of a
reddish-brown, and the observation is of sufficient interest to allow
of its being placed on record.

It has been shown that small quantities of a cosmical dust,
containing iron, cobalt, nickel, phosphorus, and carbonaceous sub-
stances, fall with other atmospheric precipitates on the earth’s surface.
Nordenskjold, in his paper, allades to the theory, already advanced,
we believe, by Haidinger, that this deposit may play an important
part in the economy of nature in supplying phosphorus to soils
already exhausted by the growth of crops. His observations, more-
over, are of value from the light they throw on the theories of
star-showers, aurorse, etc. The small but continuous increase of the
mass of our planet which appears to take place may lead students of
geology to modify the view at present held, that from the time of
the first appearance of vegetable and animal life upon our planet it
has undergone no change, in a quantitative sense—in other words,
that the geological changes which have occurred have been confined
to a difference in the distribution of material, and not to the intro-
duction of new material from without.

When the instances of the fall of soot-like particles, blood-rain,
sulphur-showers, etc., which have from time to time been described,
are considered, the view pronounced by Chladni, that these pheno-
mena are due to the precipitation of large quantities of cosmical dust,
appears of great import. The black carbonaceous substances which fell
with the Hessle meteorites, and coated some of them, may be quoted
as an illustration. Some meteorites, moreover, are so loose and fri-
able in texture that they are very readily reduced to powder, as the
Ornans meteorite (1868, July 11th), while that which fell at
Orgeuil (1864, May 14th) breaks up when placed in water. If this
stone had not fallen on a day when the atmosphere was dry, portions,
if not the whole of it, would probably have reached the earth’s sur-
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face in the form of powder. These atmospheric deposits may have a
very varied composition. .The dust which fell in Calabria, in 1817,
contained chromium. The red rain that fell at Blankenberg, in
Flanders,? in 1819, owed its colour to the presence of cobalt chloride.

In 1872 three papers were published in the Comptes rendus,® on the
origin of polar aurore, which called forth one from Baumbauer,*
where he refers to a theory as to their origin propounded in his
thesis De ortu lapidum meteoricorum (Utrecht, 1844). After having
shown the connexion which apparently exists between the planets,
their satellites, the comets, the shooting-stars, the meteorites (“ qui,
pour moi, sont de petites planétes”), and the zodiacal light, a disk of
asteroids or cosmical matter massed together near the sun, he gives
expression to the following views respecting the polar aurorz: Not
only solid masses, large and small, but clouds of ¢uncondensed
matter probably enter our atmosphere (probabile etiam est nebulas
materiei primigeniz sine nucleo condensato in atmospheram venire).
If, from our knowledge of the chemical composition of the stones and
irons which fall to the earth’s surface, we may draw any conclusion
respecting the chemical constitution of these clouds of matter, it
appears possible that, as many of these stones consist partly, and
the irons almost entirely, of iron and nickel, the attenuated cloud-
like matter may also contain a considerable proportion of these mag-
netic metals.

Let such a cloud, the greater part of the constituents of which have
magnetic characters, approach our earth, which we have been taught
to regard as a great magnet. It will evidently be attracted towards
the poles of this magnet, and, penetrating our atmosphere, the parti-
cles which have not been oxidized and are in a state of extremely
fine division will, by their oxidation, generate light and heat, the
result being the phenomenon which we term a polar aurora. Obser-
vations have shown that the seat of these phenomena is about, not
the geographical, but the magnetic poles. Not a few facts, even at
that time, could be advanced in support of the theory, which assumes
the occasional presence of metallic particles in the higher regions
of our atmosphere. More than once such particles had been dis-
covered in a fall of hail. Eversmann® found in the hailstones which
fell on the 11th June, 1825, at Sterlitamak, 200 wersts from Oren-
burg, Siberia, crystals of a compound of iron and sulphur, in which
Hermann found 90 per cent. of that metal.® In hail which fell in

1 L. Sementini. Atti della Reale Acad. delle Scienze, 1819, i. 285. Gilbert’s
Ann., Ixiv. 327. 2 Meyer and Van Stoop. Gilbert's Ann., Ixiv. 335.

3 Le Maréchal Vaillant. Compt. rend., lxxiv. 510 and 701.— J. Silbermann.
Compt. rend., 1xxiv. 553, 638, 959, and 1182.—H. Tarry. Compt rend., 1xxiv.
549.

4 E. H. Von Baumhauer. Compt. rend., Ixxiv. 678.

5 E. Von Eversmann. drchiv féir die gesammte Naturlehre, iv. 196.—A. Neljubin.
Archiv fir die gesammte Naturiehre, x. 378.—R. Hermann, Gilbert’s Ann., lxxvi.
340.

¢ Though von Baumhauer cites this instance, it does not appear that the metallic cha-
racter of the “crystals’’ was fully established in this case. Neljubin found them to
consist of 70 per cent. iron oxide, and 17'5 per cent. of other metallic oxides. In
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the province of Majo in Spain on the 21st June, 1821, Pictet ' found
metallic nuclei which were proved to be iron; and the hail which fell
in Padua on the 26th August, 1834, was observed to contain nuclei
of an ashy grey colour. The larger ones were shown by Cozari® to
be attracted by the magnet, and to contain ironand nickel. ‘It would,”
wrote Baumhauer, “be very interesting, in verification of this
theory of the origin of polar auror, to detect in the soil of polar
areas the presence of nickel.” - This theory, which at the time it was
promulgated appeared so rash that it met with severe criticism by
the great Berzelius,® has gained support from recent researches;
among others, the discovery by Heis of the simultaneity of boreal
and austral aurorz, the relation between the aurorse and the meteor
showers, the perturbations of the telegraph lines, which not only
accompany, but forecast an auroral display ; and the identity of the
light, principally that of the green portion of the spectrum, in
zodiacal and auroral light, as established by Respighi.t

In connexion with this subject, reference should be made to the
discovery by Reichenbach some years since of the presence of nickel
in soils. From the Lahisberg in Austria, a conical hill some 300 to
400 metres in height, and covered to the summit with beech-trees,
he took samples of soil from the thick underwood, and found
therein traces of nickel and cobalt. Other specimens from the
Haindelberg, Kallenberg, and Dreymarcksteinberg, adjacent hills,
yielded the same results, and that from the Marchfeld plain also
revealed traces of nickel. These hills consist of beds of sandstone
and chalk, and are quite free from metallic veins. It has already
been suggested that impoverished soils may have their fertilizing
powers renewed by the precipitation of cosmical matter containing
phosphorus.

1871. February 4th. 2:20 p.m.—Konisha, Minnesota.®

The meteor appeared to come from N. of E. When it reached a
point 4° N. of W. of Konisha (Lat. 45° 10; Long. 94° 10), and was
at an elevation of 38° it exploded with a detonation like the com-
bined roar of a park of artillery. The concussion was so great that

fact, this substance appears to have been an impure limonite, like that which fell at
Iwan, in Hungary, on the 10th August, 1841, and was probably not meteoric.

1 M. Pictet. Gilbert’s Ann., 1xxii, 436.

2 D. L. Cozari. .Ann. Se. Regn. Lomb., 1834, Nov. e Dec. New Ed. Phil. Jour.,
xxxvii. 83.. :

3 Jahresbericht, xxvi. 1847, 386.

$ L. Respighi. Compt. rend., Ixxiv. 514.—The green ray is that known as 1241
in Kirchhoff’s scale; and near it is another of less brilliancy, 1826 in the same scale.
—For a description of a spectroscopie examination of the zodiacal light see a paper
by A. W. Wright (4rck. se. ph. et. nat., October, 1874).

5 Amer. Jour. Sc., 1871. i, 308.
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it shook the houses. From four different points on a base-line
of 42 miles observers were not able to mark any divergence from the
general direction of N. 86° W. The distance from Konisha must
have been considerable at which the explosion of the meteor took
place. No meteorites have yet been found.

1871. March 24th. 2 a.m. (local time).—Urbino, Province of Urbino
and Pesaro, Italy.!
A brilliant meteor was observed by Serpieri at the Observatory of

Urbino, which left a persistent streak. It was attended with an
explosion.

1871. March 24th. 425 a.m. (local time).—Volpeglino, Piedmont,
Italy.?

This meteor is described in a Turin newspaper by F. Denza. Its
apparent course was from a Cygni across ¢ Andromedz to near &
Piscium. The nucleus had a diameter of 25°. The colour was of a
brilliant white, and it left a very persistent ruddy streak along
its whole course. It burst with a violent detonation, which was
heard about half a minute after its disappearance.

1871. April 12th. 815 p.m. (local time).—Lodi, Monecalieri,
Piedmont, Italy.?

A very large and brilliant meteor traversed the heavens from 111
+ 7 to 105 + 2, and burst with a loud detonation, which was heard in
houses with closed doors. The account of this meteor is communi-
cated by F. Denza, of the Observatory of Moncalieri.

1871. May 21st. 8:15 a.m.—Searsmont, Maine.*

The explosion attending this fall resembled the report of a heavy
gun, followed by a rushing sound like the escape of steam from a

1 Brit. Assoe. Report, 1871. Obs. Luminous Meteors, 37.

2 Brit. Assoc. Report, 1871. Obs. Luminous Meteors, 36.

3 Brit. Assoc. Report, 1871. Obs. Luminous Meteors, 36.

4 (. U. Shepard. _dmer. Jour. Se. [3], ii. 133.—J. L. Smith. Amer, Jour. Se.
[3], ii. 200.



48 HISTORY OF METEORITES.

boiler. It probably came from the south, as the report was heard at
‘Warren, 12 miles to the S.W., but not at Searsmont, 3 miles to the
N.E. About two minutes after the explosion a woman saw the
earth thrown up at a spot about 30 rods distant from her. The
meteorite entered the hard soil to a depth of two feet, making a
vertical hole, and striking some large pebbles which shattered the
stone. It weighed altogether 121bs., the largest fragment being 21bs.
When dug out, 25 minutes after the fall, it was still hot. The
form of the complete stone is described as of an oval subconical
figure, with a flat base, and resembles the Durala meteorite
(1815, February 18th) preserved in the British Museum. The crust
of the base is perfectly black, and more perfectly fused than that of
the sides ; it is moreover of unusual thickness, amounting to about
1-16th of an inch. The colour of the interior is a bluish-white and
is very uniform. More than half the stone is made up of rounded
grains of the size of mustard-seed, with fine-grained white or
greyish-white interstitial matter, which Shepard calls chladnite, but
which would perhaps now be more correctly termed enstatite. The
larger globules are bluish-grey, with an occasional faint tinge of
yellow, are vitreous and translucent, have two imperfect oblique cleav-
ages, and bear a resemblance to boltonite. Minute grains of iron are
thickly scattered through the mass, with a few grains of troilite and
one little black mass, which was probably graphite. The specific
gravity of the stone is 3:626—3:701. Dr. Lawrence Smith traces a
great resemblance, as regards the crust, between this stone and that
which fell at Mauerkirchen (1768, November 20th); but both
observers agree that in other respects, more especially in spherular
structure, it is like the meteorite of Aussun (1858, December 9th).
It is to be regretted that the constituents of this stone, which can
apparently be so readily isolated, have not been subjected to separate
analysis.

The total composition of the stone is as follows :—

OLivine vuvueeeeseeseess A St izl nin bl el 65 0 i 148:04
Bronzite, hornblende, with a little albite (or orthoclase) and chromite 39 27
Wity e TR npaon b S e o Do e O cee 14-63
Magnetic pyrites (7) 3:06

100-00

The nickel-iron consists of :
Iron = 90°02; Nickel = 9:05; Cobalt = 043 = 99'5

and the stony portions, soluble and insoluble in acid (and alkali),
amounting respectively to 52-3 per cent. and 47-7 per cent., have the
following composition :

Si0, ALO; FeO MgO Alkalics Fe,Sg

A. Soluble .ceueeveeens 4061 e 19-21 3634 3+06
B. Insoluble ......... 5626 201 1302 2414 210

99-22
97-52
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1871, Spring of.—Roda, Province of Huesca, Spain.!

The exact date of the fall of this meteorite is not known, but it is
stated to have occurred during the spring of 1871, at a spot two
kilometres from Roda. Two fragments, in the possession of Pisani,
weigh about 200 grammes, and appear to have formed the half of a
stone which was of the size of a fist. It is covered with a black
crust, which is continuous and brilliant in places where this species
of lustrous varnish has run. The interior is ashey-grey, with greenish
grains resembling peridot (some of them several millimetres in
diameter) scattered throughout the mass. The grey surface is, how-
ever, not of a uniform tint, but presents two irregularly shaped
areas, one being grey, the other yellowish-grey. The stone is very
friable, and is without action on the magnetic needle. Before the
blowpipe it is fusible; becoming black and feebly magnetic.

" Only a small portion, 14:75 per cent., of the meteorite is broken
up by acid, that unacted upon amounting to 85:97 per cent. Below
are given, in addition to the composition of the constituents separated
by acid, the results of an analysis of the minerals constituting
the mass of the stone:

Si0, AlO; Cr,0; FeO CaO0 MgO K,0and N2,0 S
(S R s
A, Soluble. 3885 4-81 .. 2427 821 2386 ... =100-00

B. Insoluble. 52:93 195 039 1629 192 26-52 .o =100:00
C. Total. 5151 230 0-34 17-04 2-31 26-61 0-80 0-40=101-31

The soluble portion appears to be an iron olivine, mixed
probably with a little anorthite ; the insoluble portion consists
chiefly of bronzite, or, according to Pisani, probably hypersthene,
with the specific gravity of which mineral that of the meteorite
more closely accords. The sulphur and the chromium are, it is pre-
sumed, present as magnetic pyrites and chromite; no nickel what-
ever was detected.

The yellowish-green grains were very slightly attacked by
acid, only 6 per cent. being soluble in that reagent. Their com-
position proved to be—

Silivigsacidia Sin st T Al 10y s 2208
Alumihas e 203 S & 2:83 ... 1-3

Iron protoxide R 2T 11'1) 4409
Magnesia ... .. .. .. 1720 38 }

9883

These numbers indicate, according to Pisani’s view, the presence
of a hypersthene rather than a bronzite, a hypersthene richer in
iron than that of Farsund, Norway. The ratio of iron oxide to
magnesia is the same as that in the bronzites of the Hainholz,
Shalka, Borkut and several other meteorites.

On some grains of this mineral a well-marked cleavage was dis-
tinguished along one direction; in others a disposition to cleave

! F. Pisani. Compt. rend., Ixxix. 1507,—G. A. Daubrée. Compt. rend., Ixxix. 1509.
— Der Naturforscher, viii. 92.

4
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along a second direction was remarked; on examining such frag-
ments in the polarizing microscope, however, one of the optic axes
was almost always seen, while the other was invisible. The angle
of the optic axes, as measured in oil, was approximately determined,
making 2H=104°. The bisectrix is negative; but whether it was
the acute or obtuse bisectrix, was not determined.

This meteorite is remarkable for containing no metallic iron, and
a very large proportion of bronzite or hypersthene.

Daubrée, during an examination of microscopic sections, noted
many characters which favour the assumption that the chief consti-
tuent of this meteorite is bronzite rather than hypersthene. Such
are: the absence of dichroism, the frequent occurrence of theright
angle in the contour of the crystals, and the fineness of the striz,
peculiar to bronzite. 'When magnified 800 diameters, most of the
crystals are found to enclose yellowish-brown rarely translucent mat-
ter, with very varied contour, and occasionally with a crystalline form,
that of a modified oblique prism, which is that of pyroxene. They
are ranged in rectilinear series, which are not always orientated
parallel to the axes of the crystal. Here and there, adhering to the
crystals, a brown vitreous substance, which is without action on
polarized light, is seen; and in it occur cavities of relatively large
dimensions, closely resembling those usually found in basaltic rocks.
The Roda meteorite, with the single exception that it contains no
iron, bears a great likeness to the meteorite of Lodran (1868, October
1st), and establishes a new link between cosmical rocks and those
belonging to our planet. If, says Daubrée, we were to refuse to
admit the testimony of those persons who aflirm that they witnessed
the fall of this fragment of rock, the characters of its crust would
fully attest its cosmical origin.

1871, November.—Montereau, Seine-et-Marne, France.!

«“Tt is stated that a meteorite, weighing 127lbs., lately fell near
Montereau. It came from the east, and burst with a loud explosion,
emitting a bright blue light. It is an irregular spheroid, and is
black (on the outer surface only ?). It is to be sent to the Academy
of Sciences.” No more recent information respecting this meteorite
has reached me.

1871, December 10th, 1-30 p.m.—Gemorceh, ete., near Bandong,
Java.

Three strange explosions were heard, and six stones were found.

The largest, weighing 8 kilog., fell in a rice-field in the village of

! Nature, November 30, 1871.—R. P. Greg. Brit. Assoc. Report, 1872, 79.
2 G. A, Daubrée and R. Everwijn. Compt. rend., Ixxv. 1676,
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Goemoreeh, and penetrated the soil obliquely to the depth of one
metre. A second, 224 kilog. in weight, and a third, weighing
0-68 kilog., fell in a rice-field about 2200 metres S.W. of Babakan
Djattie, and 1500 metres from Tjignelling, or 3700 metres from the
spot where the first stone struck the ground. The three remaining
stones weighed in all 150 grammes.

The stone second in size, now in the Paris collection, is an
irregular block, with rounded edges. It is completely enveloped
in a dull black crust, and the natural surface exhibits numerous
cavities of different size, which bear a great resemblance to those
produced on quartzite by exposing it to the oxy-hydrogen flame.
A fresh fracture is grey, and enclosed in the silicate forming the
greater portion of the stones are three kinds of granules, which have
metallic lustre : the one, of an iron grey, which is at once identified
as nickel-iron ; the second, of a bronze-yellow, which often possesses
‘a blue or yellow tint, is troilite ; and the third, black and insoluble,
is chromite. The siliceous portion, when examined under the micro-
scope, was found to be made up of transparent, much-broken grains,
which are, throughout, crystalline.

The stone was examined in Java by Dr. Vlaanderen, who found
it to have the specific gravity 3:519, and the following composition :

Si0, AL0; FeO MnO MgO CaO X,0 Na,0 Fe Ni
A. Soluble. 28:669 2:377 28:036 0-199 21-290 0-498 1-479 1-164 8:227 1-712
B. Insoluble. 51-218 6:352 10-796 trace 13-633 1-908 0-452 3-741 ... ...
Co S Chromite.
0-233 3540 ... = 97-424
11074 = 99174
The analyst’s method of grouping these constituents shows the
meteorite to have the following mineralogical composition :

Olivine 47-26
Augite. 2098
Felspar . 17-:00
Nickel-iro 2:81
Troilite . 544
Chromite, 441

9790

If we assume that the iron oxide in the insoluble portion of this
meteorite, which is stated in Vlaanderen’s analytical results to be in
the state of peroxide, to be, as is more probable, in the form of
protoxide, this portion of the stone appears to consist of a bronzite,
in which Fe : Mg is as 1:1, and a felspar with the oxygen ratios of
RO : R,0; : Si0, as 1-04:2:96 : 116 or those of an albite or ortho-
clase. About 60 per cent. of the minerals in this meteorite may
be broken up by acid, the remaining 40 per cent. withstanding its
action.

1 Annales des Mines, 1869, xix. 29.
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Meteoric Irons found 1870 or 1871.—San Gregorio, ete., Bolson de
; Mapimi, Mexico.!

With the object of fixing with greater precision the geographical
position of the meteoric masses that have from time to time been
met with on the Mexican Desert, Dr. Lawrence Smith communicated
a paper to the Amer. Jour. Science. There were already known
the Cohahuila meteorite of 1854 (No. 1); the Cohahuila meteorite
of 1868 (No. 2) ; the Chihuahua iron of 1854 (No. 38), still at the
Hacienda de Conception, weighing about 4000lbs.; and the Tucson
iron (No. 4), found in 1854 on the north side of the Rio Grande; it
is in the form of a ring, and weighs from two to three thousand
pounds. Another mass (No. §) has since been heard of on the
western border of the Mexican Desert, which from the locality has
been named the San Gregorio Meteoric Iron.* Tt measures 6 feet
6 inches in length, is 5 feet 6 inches high, and 4 feet thick at the
base, and is in the form of a sofa. On one part of its surface the
date “1821”°3 has been cut with a chisel, and above it stands
the inscription : « Solo dios con su poder este fierro destruird, porque
en el mundo no habra quien lo pueda deshacer.” (God alone with his
might this iron will destroy, for in the world is no one able to break
it in pieces.) It lies within the enclosure of a hacienda, having
been hauled to the ranch years ago by the Spaniards, who, so the
story goes, thought to use it for the manufacture of farm implements.
Its weight is estimated to be about five tons. An examination of a
fragment showed it to consist of :

Iron =95'01; Nickel = 4'22; Cobalt = 0-51 ; Phosphorus=0-08; Copper =Trace;
Total = 99:82.

Still more recently we have news of the discovery, in the central
portion of the desert, of a meteorite (No. 6) larger than any previously
found in that region. It should be stated here, that in addition to
meteorites No. 8 and No. 4, Juan Urgindi mentions other larger
ones at Chupaderos, 20 leagues N.W. of No. 4. L. Smith’s paper is
illustrated with a little map indicating the relative position of these
masses. He is of opinion that they are the result of two falls. The
Tucson iron (also called the Signet meteorite and the Ainsa meteorite)
he finds to possess characters which distinguish it from the other five.
The latter probably fell at an epoch far remote, moving from N.E. to
S.W. during their descent. Nos. 1 and 2 fell first, 85 miles apart.
The distances between the larger masses are—from No. 2 to No. 6,
135 miles; from No. 6 to No. 5, 165 miles; and from No. 5 to
No. 3, about 90 miles.

In a paper on some of the meteoric irons of Mexico, D. J. Correjo

1 J. L. Smith. _4mer. Jour. Sc., 1871, 335. See also H. J. Burkart. Newes
Jahr. Min., 1871, 853. J. Urgindi. Amer, Jour. Sc., 1872, iii. 209.

% This is probably the meteoric iron of which earlier mention is made by W. H.
Hardy in his Zravels in the Interior of Mewico in 1825-1828, London, 1829, 481.

3 Burkart gives the date 1828.
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(La Naturaleza, Periodico eientifico de la Sociedad mexicana de Historia
Natural, i. 252) reviews what has been published about the Mexican
irons, and gives some additional facts respecting them. A recent
number of the journal contains an indignant protest on the part of
the Society with reference to the destruction of the large mete-
orite, called  Z%e Descubridora,” ordered by the Mexican Society of
Geography and Statistics (dmer. Jour. Se., vii. 75). A detailed
description of this meteorite will be found in Part II. (See the
Mexican Meteorites.)

1871.—Victoria, Saskatchewan River, British North America,
[Lat. 53° 45’ N., Long. 111° 30" W.].!

In 1870 Captain Butler received orders from Lieut.-Governor
Archibald, of Manitoba, to proceed on a mission to the Saskatchewan.
While returning from the Far West he passed, on the 25th Decem-
ber, 1871, through the village of Victoria, which lies on the North
Branch of the river, about midway between Fort Edmonton and
Fort Pitt, and was shown, in the farmyard of the mission-house of
that Station, a curious block of metal of immense weight. It was
rugged, deeply indented, and polished on the edges by wear and
friction. Longer than any man could say, it had lain on the summit
of a hill out on the southern prairies. It had been a medicine-stone
of surpassing virtue among the Indians far and wide, and no tribe,
or member of a tribe, would pass in the neighbourhood without
visiting this great medicine. It was said to be increasing yearly in
weight. Old men remember to have heard old men say that they
had, at one time, lifted it easily from the ground; now, no single
man can carry it. Not very long before Captain Butler saw this
meteorite, it had been removed from the hill on which it had so long
rested and been brought to Victoria. When the Indians found that it
had been taken away, they were loud in the expression of their regret.
The old medicine-men declared that its removal would bring great
misfortune, and that war, disease, and dearth of buffalo would afflict
the tribes of the Saskatchewan. This was not a propheey made after
the outbreak of small-pox which was devastating the district when
Captain Butler was there, for in a magazine published by the Wes-
leyan Society of Canada, there appears a letter from the missionary,
announcing the predictions of the medicine-men a year prior to Cap-
tain Butler’s visit, and concluding with an expression of thankful-
ness that their dismal prognostications had not been realized. A few
months later, however, brought all the three evils upon the Indians.
Never, probably, since the first trader had traversed their land had
so many afflictions of war, famine, and plague fallen upon the Crees
and the Blackfeet as during the year succeeding the removal of

! The Great Lone Land. By W. F. Butler. London: Sampson Low. 1872.
Page 304.
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their Manito-stone from the lone hill-top upon which the skies had
cast it.!
This iron has not yet been analysed.

1871.—Rockingham Co., N. Carolina.?

This meteoric iron, a small specimen of which is in the Vienna
collection, is described as exhibiting the ordinary lamells and figures.
It contains iron chloride in the form of a solid green substance
enclosed in the metal itself. This compound was first observed by
J. L. Smith in 1852 in the Tazewell iron.

1872, July 23rd, 520 p.m. (Tours mean time).—Lancé and
Authon, Canton of St.-Amand, Loir-et-Cher, France.?

An observer, reports M. De Tastes, stationed between Champigny
and Brisay, in the Canton I’Tle-Bouchard, noticed during full sun-
shine a sudden increase of light, and raising his eyes saw a brilliant
meteor, which was of a rosy orange colour, and appeared to be double,
traversing the heavens with enormous velocity from S.W. to N.E.
Its brilliancy suddenly increased as it separated into two luminous
globes and passed out of sight in the direction of Tours. At 5:26 he

1 The supernatural attributes ascribed by savage or superstitious races to
meteorites are not a little curious. The large block of meteoric iron, found near
the source of the Brazos River, Texas, Lat. 34° N.; Long.100° W., was held by the
Comanches to possess healing virtues. (B.F.Shumard. Zrans. Ae. Se. 8t. Louis, 1860,
i. 622.—0. Buchner. Die Meteoriten, 161.) The iron of Charcas, Mexico, was
built into the wall of the church, and held in peculiar veneration, especially by
women, who paid it worship, believing that in return for efferings made to it they
would be shielded from the misfortune of sterility. The soldiers of Bazaine, however,
carried off their fetish, and it has been placed in the Paris Collection, sawn asunder,
polished, etched, and analysed, without apparently causing any sensible diminution
in the average increase of the Mexican population. (S. Meunier. Za Nature, i. 294.)
The meteoric stone which fell at Durama, Wanika-land, East Africa, in 1853, was
anointed with oil by the natives, dressed with beads, and set up as a god. (R. P.
Greg. Phil. Mag. Suppl., January, 1863.) The meteorites of Khetrie, Rajpootana,
India, which fell in 1867, were treated with less respect; being regarded as the
missiles of an offended deity, the greater part of them were seized upon by the natives
and ground to powder to remder them harmless. (R. Waldie. Proc. Asiat. Soc.
Bengal, 1869, 169.) Compare also with Nidigullam iron (page 16).

% G. Tschermak. Mineralog. Mitt., Jahrgang 1872.—J. L. Smith, Am. Jour. Sc.,
1874, vii. 395.

3 L’ Union Uibérale, Tours, 26th July, 1872.—Le Loir, 4th August, 1872.—M. De
Tastes. Compt. rend.,1xxv. 273.—G. A, Daubrée. Compt. rend., Ixxv. 308 and 465.—
G. A. Daubrée and M. Jolly. Compt. rend., Ixxv. 505.—P. de Fleury. Note sur les
Météores d’origine cosmique a propos de I’Aérolithe du 23 Juillet, 1872. Blois:
Imp. P. Dufresne, 1872.—M. Nouel. Notice sur le bolide du 23 Juillet, 1872.
Vend6me, 1873.—G. A. Daubrée. Compt. rend., 1xxix. 277.—L’Institut, August
6th, 1874.—La Nature, ii. 159.—R. von Drasche. Mineralogische Mitt., 1875, 1. 1.
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beard a sharp sound, unattended by an echo. The inhabitants of the
Communes Monthodon, Neuville, Chiteaurenant, Beaumont-la-Ronce,
and Dammarie, north of Tours, were alarmed by a tremendous ex-
plosion, which shook the houses, and a small cloud of smoke was
seen in the direction of Saint-Amand, still further north. Had this
happened at night instead of in an atmosphere illumined by the
evening sun, it would certainly have attracted the notice of more
than the few observers whose attention happened at that instant to
be directed towards the sky. The meteors, though seen distinctly
separately by many observers, were close together, and had the
appearance of two candle flames proceeding horizontally at a very
low elevation.! The loud report, which to many persons appeared
to be two reports in rapid succession, was followed, as is so often
the case in explosions of this kind, with *“rolls of musketry,” lasting
30 to 40 seconds.

A large meteorite fell in a field at La Haye de Blois, near the bound-
ary of the commune of Lancé and Saint-Amend, and penetrated the
soil to a depth of 1'4 metres. The explosion detached the hinder
portion of the meteorite, which fell as one block to the ground, but
which, when taken out of the hole, broke into three pieces. The
anterior portion of the stone was shattered into fragments, which
were scattered over a stubbled field of wheat. The owner of some
cultivated land near St.-Amand was within 200 metres of the spot
where it fell. It weighed altogether 47 kilog. The trajectory of
the meteorite appears to have been nearly parallel to the plane of
the horizon, and the velocity is calculated to have been 640 metres
per second.

A search having been instituted in the neighbourhood for other
meteorites that may have fallen at the same time, a second stone,
weighing 250 grammes, was found a few days later at a depth of
half a metre below the surface, at a point two kilometres from the
village of Pont-Loiselle in the Commune of Authon, and 12 kilometres
to the S 'W. of the spot where the first stone fell. These two places
are on the line of the trajectory of the meteor. Here, as in the case
of the fall of other meteorites—for example, those of Orgueil, Tarn-
et-Garonne (1864, March 14th)—the smaller stone fell first. A
superficial inspection will convince the observer of the common
origin and similar constitution of the two stones.

The crust of this meteorite is dull, and shows in different parts
the manner in which the air has affected the heated surface during
the descent. A freshly-fractured surface of it differs from that of a
great number of meteorites in being of a very dark grey or black
colour, recalling that of certain basalts; it possesses a spherular
structure, the grains not exceeding 1 mm. in diameter. Many are
transparent and colourless, while some are of a yellowish-green ;
when examined in a microscopic section, these are seen to be full of
flaws and to act powerfully on polarized light; here and there are

1 A similar instance of the division of 2 meteor into two during its passage through

the atmosphere (which may be represented thus +——#) was observed at the
Nicobars, 1874, May 31st, 5:30 p.m. (Proc. Asiat. Soc. Bengal, 1874, No. viii. 156.)
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particles of the bronze-like yellow hue of iron monosulphide or with
metallic lustre; the latter are rarely more than } mm. in diameter,
and are malleable. The specific gravity is found to be 3:80; but
whether this is the density of the silicate freed from nickel-iron, is
not stated.

By treatment with water 012 per cent. of sodium chloride was
extracted from a portion of this meteorite. As this salt is so common
a constituent of the earth’s crust, it seemed at first sight probable
that it owes its presence to infiltration of water holding it in solu-
tion. The clay-like soil, however, in which the Lancé meteorite lay
during three days was dry, and the vitrified crust.covering the stone
would preclude an infiltration of salt to its centre, from which part
the fragment analysed was taken. Moreover, the absence of calcium
salts, which would be expected to be associated with it, was fully
established. The sodium chloride® of the Lancé meteorite, like the
calcium chloride of the Ovifak iron (see page 33), appears beyond -
question to be of cosmical origin. The probable presence of what must
be a trace only of copper was ascertained by spectrum analysis. No
carbon was met with. :

An analysis of the stone showed it to possess the following com-
position :

1. Iron, as nickel-Iron... . woo vee wes eee e oo 781
2. Iron and other metals combined with sulphur ... ... 9:09
3 Sulphur combined with the above metals ... ... ... 519
4 FSilicictacids PSS el S R S R R 7200
b-wllTon fprotoxide S e Tl eel eeel ot 11:33
6. Manganese protoxide ... ... .. e e e wew 0°05
R o Tie s o e e o] 3-8
8 iSodinmchloriders ™. -RE v -2 -0 AN RIS Sl L B 0012
9. Constituents not acted upon by acid ... .. .. .. 8344
10. Hygrometric water... ... ... .. .o .o 1-24
99-33

The constituents Nos. 4, 5, 6, and 7 make up 42:44 per cent. of
the stone, and are those of an olivine in which the oxygen ratio
of Fe: Mgis1: 2, the same as that of the olivine of Chassigny,
Alais, and other meteorites.

By acting upon a portion of the meteorite with hydrogen and
chlorine successively at a high temperature it lost 84:98 per cent. in
weight. It appears from this that the iron and manganese oxides
of the olivine underwent reduction, and the water was removed by
the first reagent, while the iron, nickel, and cobalt, either free or
combined with sulphur, together with this sulphur, as well as the
two metals forming constituents of the olivine, which, it appears,
lose their oxygen when treated with hydrogen, were, one and all,
removed by the action of chlorine. They amount together to 34-66
per cent. Daubrée concludes from this that the residue consists of

! Scheerer found this chloride in the meteorite of Stannern (Jowr. de Phys., Ixi.,
469).—In some hailstones which fell 1871, August 20th, 11 a.m., at Zurich, some
of which weighed 12 grains, Kenngott found cubes or fragments of cubes of sodium
chloride. He believed that they might have been carried by the wind from North
Africa.
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the silicate which withstood the action of acid, together with the
silicic acid and magnesia of that which gelatinizes in contact with
this reagent. It is to be regretted that the composition of the
insoluble portion, which eonstitutes one-third of the stone, and of
which we are told that it consists at least of two substances, one
colourless (enstatite ?), and the other almost black (chromite ?), has
not been determined. In its general aspect the Lancé meteorite re-
sembles that which fell at Ornans (1868, July 11th).

Since the publication of these papers recording the fall and the
examination of the Lancé stone, a letter has been addressed to
M. Daubrée by M. Jolly, stating that an observer, who was at
Chincé, Commune of Jaulnay, Canton of Saint-Georges, Dép. of la
Vienne, heard two loud explosions, which appeared to come from
the direction of Chatellerault, and a hissing noise, such as would be
caused by the rapid passage of a large body through the air. This
point is forty kilometres to the S.W. of that reported on by M. De
Tastes. In Aug., 1874, Daubrée announced the discovery of four more
meteorites belonging to this fall. They weigh 3 kilog, 0-62 kilog.,
0-60 kilog., and 0-30 kilog. The first had fallen near the Sablet,
between Authon and Villechauve; the second and third were found
about 100 metres apart at points north of Authon and about three
kilometres from Prunay ; and the fourth had fallen in the Commune
of Authon.

The most recent contribution to the history of this meteorite is a
paper by von Drasche, who has examined its mineralogical characters.
His memoir is illustrated with three drawings of the stone itself,
and twelve displaying its microscopic structure. The crust is about
0-5 mm. in thickness, and exhibits on one part a number of fine lines,’
which appear to be the result of the oscillation of the meteorite about
its centre of gravity during its transit through the atmosphere; on
the posterior surface the crust has an appearance as if it had been
pricked with fine needle-points, a phenomenon which the author
attributes to a disengagement of gas from the meteorite while the
crust was still soft. (Compare with Wright’s experiments on the
evolution of gas from the Jowa meteorite.) Von Drasche’s descrip-
tion of the grains which make up the rock confirms and extends that
given by Daubrée. The microscopic sections exhibit numberless
spherules of remarkable structure: some have a perfect circular
section, are colourless and translucent, and consist either of a con-
geries of crystals lying apparently in no order, or a few crystals
symmetrically arranged about a point; one is made up of a compact
group of polygons, which, when magnified, presents the appearance
of the facetted eye of a fly. They probably consist of olivine, and
are the white granules observed on the freshly fractured face of
many meteorites.

One spherule presents a very unusual appearance: it is colourless
and exhibits no change with crossed Nicols; from a point lying
excentrically within the circle eight fine bands radiate at angles of

1 The great stone of Timochin (1807, March 13th) bore on its black crust mark-
ings which resemble iron wires.
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45° towards the boundary of the spherule, and from each of these
again proceed other and shorter bands at about the same angle.
‘With a power of 240 these bands are seen to be hollows filled with a
dark-green flocculent substance. The homogeneous ground-mass of
the spherule is fractured in many places, the cracks traversing these
bands as well. Another spherule, of which also only one was met with,
and which was sufficiently large to be recognized with the naked
eye, consists of a nucleus surrounded by a ring of material, about one-
third the radius of the section in breadth. The central portion is
filled with a dark-brown opaque mass ; the envelope is traversed by
a number of lines or veins which break it up into sectors and is an
aggregation of small colourless crystals enclosed in a fine network
of a brown fibrous mineral, probably the same substance which
occurs in the nucleus. While the above ingredients of the Lancé
meteorite consist probably of olivine, another class of spherule,
readily distinguished from them, appears to be formed of bronzite.
These bodies, which are made up of a finely fibrous mineral, arranged
excentrically within the spherule, are of the kind described and
figured by (. Rose, which have since been shown by Tschermak to
occur in the stone of Gopalpur (which see). Certain of these
spherules, as met with in the Lancé stone, are so compactly fibrous
that little light can penetrate even a thin section of them; in one
where the radiating crystals diverge from a point on the circumfer-
ence of the spherule, they are seen with a high power to merge
towards the margin into a flocculent material.

Other spherules are a tangle of bronzite crystals, some being very
thin and of great length. Individual crystals of eolivine, some
1 mm. in length, were often met with; but only one large isolated
crystal of bronzite was observed. Von Drasche is of opinion that
the iron sulphide is present in the form of magnetic pyrites,
and that the insoluble portion of the stone will be found to con-
tain a felspathic mineral of the kind occurring in the meteorite of
Gopalpur.

1872, August3lst,5'15a.m. (Rome mean time).—Orvinio (formerly
Canemorto), near Rome. [Lat. 42° 8 N.; Long. 12° 26’ E.]!

A meteor was seen at daybreak by many observers in the pro-
vinces of Rome, Umbria, Abruzzo, and Terra di Lavoro. At first it
appeared like a large star of a red colour. It increased in brilliance

L A. Secchi. Compt. rend., Ixxv. 666.—G. S. Ferrari. Richerche fisico-astrono-
miche intorno all’ Uranolito caduto nell’ agro Romano il 31 di Agosto, 1872. Roma:
Tip. Bell. Arti. 1873.—P. Keller. Pogg. dnn., cl. 171. Mineralog. Mitt., 1874,
258.—M. le Chevalier Michel-Etienne de Rossi and G. Bellucei. A¢¢i dell’ Ace.
pontif. di nuovi Lincei, 1873.—Les Mondes, 25th December, 1873.—L. Sipéez.
Mineralog. Mitt., 1874, 244.—G. Tschermak. Sitz. Ak. Wiss. Wien, Ixx. November
Heft, 1874.
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as it traversed the sky, in a northerly direction, leaving a white
train. At a certain point it became brilliantly white, and then
vanished, a luminous cloud remaining, which was visible for a quarter
of an hour. 'The meteor appears to have crossed the coast-line at a
point near Terracina, to have passed over Piperno in a direction 7°
W. of N,, and, moving N.N.E. over Cori and Gennazzano, to have
exploded over the latter town. After the lapse of two to three
minutes, two reports were heard, the first like that of a cannon, the
second like a series of from three to six guns fired in rapid succession.
The greater part of the stone fell at Orvinio, over which place the
second explosion appears to have taken place, and some fragments
were carried further northward.

Six fragments of the meteorite, weighing collectively 3-396 kilog.,
have been found :—No. 1, weighing 4% grammes, fell with a hissing
" noise near a peasant at Gerano; No. 2, weighing 92 grammes, fell at
La Scarpa, within ten metres of a farmer, who picked it up while
hot; No. 3, weighing 622 grammes, was found two or three days
after the fall a few centimetres below the surface, in a stubbled field
at Pezza del Meleto, between Orvinio and Pozzaglia; No. 4, 1242-5
grammes in weight, was found a week after the fall, close to Orvinio:
the grass around it had been somewhat singed ; No. 5, weighing 432
grammes, was picked up a week after the fall at Pezza del Meleto;
No. 6, weiging 1003 kilog., was found on the 8th May, 200 metres
distant from No. 4, at a very trifling depth, while turning up the soil
of a field. At the time of the fall a man was passing the spot where
fragments numbered 4 and 6 were found. Immediately after the
explosion, he heard the sound of a heavy body striking the earth,
and he fell on the ground with fear. At the same time, or a little
later, a fire broke out in a barn filled with hay in the village of
Affile, and the occurrence was, with general consent, ascribed to the
meteorite.

In September, 1873, Keller learnt that two more small fragments
had fallen near the village of Anticoli Corradi ; one fell near two boys
who were tending cattle. The boys became alarmed at the hissing
noise, and believing this projectile to be aimed by the Devil, they
picked it up, and threw it far away from them. The other stone was
observed to fall on the bare rock, and to break in pieces. The frag-
ments were collected, but as they were held to be of no value, they
were subsequently lost. In the case of this aerolite, as in that of
others, the smaller fragments appear to have fallen before the larger.

The velocity of this fall must have been very slow. The authors
do not state whether any of the fragments could be fitted together ;
their specific gravity ranged between 3-58 and 8:78—in one, richer
in metallic constituents, it amounted to 4:598. Two of the fragments
bear portions of the crust lying in pits and hollows. It is only § mm.
thick, has a pitch-black colour, and exhibits in some places a waxy
lustre. The mass of the stone is of a lead grey colour, being darker
than that of the aerolites of Pultusk and Monte Milone. A polished
surface exhibits metallic grains, some 2 mm. in diameter, and a green
silicate, probably olivine. The ground-mass appears to be made up
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of two minerals, one clear and uniform, the other dull and less
homogeneous. The stone acts powerfully on the magnet.

In Ferrari’s memoir is given a plan of the country near Rome, on
which is indicated the track of the meteor and the positions where
the stones fell. The line of flight, a singularly devious one, is seen
to pass immediately over the summits of M. Leano, M. Sempreviso,
M. Lapone, and quite near to that of M. Gennaro, the chief moun-
tains of the district, and suggests the gravitating action of these
more elevated masses of the earth’s surface on the path of the
meteor. A sketch of the latter, the trajectory of which is computed
to have been inclined 27° to the plane of the horizon, accompanies
the map.

The paper of M. Le Chevalier Michel-Etienne de Rossi gives the
analysis and observations of Prof. Bellucci, of Perugia. When
heated to 120° the powdered mineral lost 1875 per cent., and by
treatment with water a little potassium and sodium chloride were
dissolved. (Compare with Daubrée’s examination of the Lancé stone,
page 56.) The magnet removed 29:04 per cent. and acid 45-04
per cent. The analysis of a portion of the stone gave the following
numbers : silicic acid =46-72; aluming =16-84; magnesia=197;
iron = 2559 ; iron oxide (fer oxydé) =4-82; sulphur = 2-24; nickel
with trace of cobalt = 1-37 ; with traces of calcium, chromium,
manganese, arsenic, and phosphorus. Two points are worthy of re-
mark in this analysis : first, the astonishingly large amount of alumina
present, far in excess of that found in any other meteorite. In the
absence of a second and confirmatory analysis, it may be assumed
that insufficient ammonium chloride was employed, and the greater
portion of the 16-:84 per cent. is magnesia, which precipitated with
the alumina. The second point is the occurrence of arsenic, which
is of extreme rarity in a meteorite ; it is stated to be present in
the iron of Braunau and the olivine of the Atacama and Krasnojarsk
siderolites.

Tschermalk’s report of his examination of this stone appeared in
the winter of 1874. The structure developed on cutting the stone is
unusual and remarkable, consisting of light-coloured fragments (1.),
surrounded by a compact dark cementing material (IL.). The former
are yellowish-grey, enclose spherules and particles of iron and
magnetic pyrites; are, in fact, normal chondrite, and resemble the
mass of the stone which fell at Seres in Macedonia (1818, June).
The latter encloses numerous particles of iron and magnetic pyrites,
for the most part uniformly distributed; the portion nearest the
enclosed fragments bears very distinct indications of having been at
one time fluid, and conveys the impression that this cementing
material was at one time in a plastic condition while in motion.
Along the boundary of these two very dissimilar portions flaws are
seen, in which nickel-iron has crystallized in delicate plate-like
forms; and here, moreover, the fragments are darker, harder, and
more brittle than those of the centre, which argues the exposure of
the cementing material to a very high temperature while in a plastic
condition. Both portions have nearly the same density and appar-
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ently the same chemical composition and mineral characteristics.
The Orvinio stone resembles, in fact, certain brecciated volcanic
rocks which consist of a ground mass throngh which granular frag-
ments of the same rock are distributed, as when older crystalline
lavas are interpenetrated by others more compact and of a more re-
cent period. The light-coloured fragments are, as stated, chondritic;
the spherules are usually of one kind, lying in a splintery matrix of
the same mineral, containing some nickel-iron and magnetic pyrites.
Among the transparent constituents, olivine is recognized by its im-
perfect cleavage; a second mineral, with a distinct cleavage along
a prism of nearly quadratic section, is evidently bronzite; while
a third, which occurs in fine foliated or fibrous particles, may be
either identical with the above or be a felspathic ingredient.

The meteoric rocks possessing chondritic structure are regarded
by Tschermak as tufas, which have undergone detrition; and their
spherules to be such particles as, by their superior toughness, have,
during the trituration of the rock, instead of breaking up into
splinters, acquired a rounded form. A black material is observed
to coat the fragments of the rock and to fill the finer flaws existing
between them, whereby their transparent character is considerably
impaired ; this has also been noticed in the meteorite of Tadjera
(1867, June 9th).

The dark-coloured cementing material contains two ingredients:
an opaque semi-vitreous constituent, and particles in every way
similar to the dark crust of the fragments from which they may
probably have been detached ; many of them can still be recognized
as olivine and bronzite. The nickel-iron and magnetic pyrites of
this portion of the stone are more finely divided than in the frag-
ments, and have often a rounded form. The metal of this portion,
as well as in the other, exhibits no Widmannstittian figures; but in
both, by treatment with acid, lines are developed like those of the
Braunau iron.

The two species of rock : the chondritic fragments (I.) and the
darker cementing material (II.) : have the following composition :

I II.

Silicic aeid ... ... .. .. .. .. 3801 .. .. 38682
Alumina ... ... ... . w222 0 L 2381
Chromium oxide ... ... ... .. .. trace ... ... trace
Iron protoxide... ... .. ... .. .. 685 .. .. 941
Magnesia... ... ... .. .. .. .. 2411 ... .. 21'69
Lime ez e “r  aeeeee ere e 233 .. ... 2:31
Soda... ... i w. ao n e . 146 L. ... 096
Potash ... ... ... .. .. ... .. 0381 .. .. 026
Iron... .. ... . .. . o .. 2284 .. .. 2211
Nickel, with trace of cobalt ... .., ... 215 .. .. 304
Sulphur ... ... .. .. a0 o .. 194 L L. 204

101-42 100-95
Specific gravity ... ... .. . .. 3675 3:600

These results establish the similarity in composition of the two
portions, and, as Tschermak points out, the erroneous character of
Belucei’s analysis, to which attention has already been directed.
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Tschermak’s paper is illustrated with a plate, giving a figure of
the meteorite he examined; a drawing, actual size, of the section,
showing very distinctly the appearances of fusion; and three micro-
scopic sections, magnified 20 diameters, of the two rock varieties
composing the greater part of the stone.

1872, November 3rd, 5-30 p.m.—Nairn, Scotland.!

A meteor of unusual brilliancy was observed to take a direction
from E.S.E. about 20° from the horizon. The sky was so lighted up
for two or three seconds that the observer could have seen to pick a
pin from the ground. Darkness followed, and again the light burst
forth stronger than before, and shortly afterwards a sound was heard
as if three or four cannon had been discharged at the distance of a
quarter of a mile. The meteor appeared to move from the southern
part of Banffshire, towards the centre of Inverness-shire, and to
burst somewhere near the source of the river Nairn. It was also
observed at Glasgow.—A second very bright meteor was seen about
9:15 (G. M. T.) at Bristol and Portsmouth,? passing from the zenith
down towards 10° E. of the Pleiades in Taurus. A sound as of an
explosion was heard three seconds after its disappearance.

1872, November 13th, 2 a.m.—‘ Sevenstones” Light-ship, The
Scilly Islands.®

A letter, addressed by the Secretary of the Corporation of the Trinity
House to the President of the Royal Society, states that at the above
hour a meteor burst over the “Sevenstones” light-vessel, moored about
93 miles E. by N. of the Scilly Islands. The watch were struck sense-
less for a short period, and on recovery they observed ¢ balls of fire
falling in the water like splendid fireworks,” while the deck was
covered with cinders, “ which crushed under the sailors’ feet as they
walked.” The writer states that the “cinders”’ were, there is reason
to fear, all washed off the decks by the rain and sea before daylight.
Miss Carne, of Penzance, and Mr. Talling, of Lostwithiel, to whom
I applied for information, did not succeed in obtaining any further
details respecting this remarkable occurrence.

! H. D. Penny. Brit. Assoe. Report, 1873, Obs. Luminous Meteors, 369.
2 E. B. Gardiner. Brit. Assoc. Report, 1873, Obs. Luminous Meteors, 365.
3 R. Allen.  Proc. Royal Soc., xxi. 122.
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1872, November 30th, 2'8 p.m.—Slough, England.!

The descent of this ‘meteor’ was witnessed by Sir J. C. Cowell,
who states that it fell one mile east of Slough, and about 150 yards
south of the Great Western Railway. He writes that the phenomenon
occurred during a short and sharp thunderstorm which passed over
North Hants and East Berks. It is a question whether this was not
a form of ball-lightning. ¢The explosion was similar to that of a
heavy gun when fired.” A sketch accompanying the notice repre-
sents the fire-ball striking a ploughed field, between the observer
and some trees. It is not stated whether any search was made at
the time for a meteorite.

1872, December 12th, 4:53, p.m.—Lexington, Kentucky.?

The meteor took a direction S.45° E., and exploded with a loud
noise at an altitude of about 20 miles, the cloud remaining
several minutes. The inclination to the horizon was probably not
less than 30° or more than 60°. The fragments of the meteorite,
which have not yet been found, probably fell 20 or 30 miles N.W. of
Lebanon.

A number of meteorites have fallen about this date, and they are
separated in a group by an interval of some days from the aerolites
of the earlier and later days of December. The members of this
group are :—

1858. December 9th. Aussun and Clarac, Haute Garonne, France,
1870. December 9th. Tjabé, Bodgo Négoro, Rembang, Java.
1871. December 10th. Gemorceh, near Bandong, Java,

1836. December 11th.(?) Macao, Brazil.

1872. December 12th. Lexington, Kentucky.

1795. December 13th. Wold Cottage, Thwing, Yorkshire.

1798. December 13th.(?) Xrakhut, Benares, India.

1803. December 13th. Missing, Eggenfeld, Bavaria.

1813. December 13th. Luotolax, Wiburg, Finland.

1807. December 14th. ‘Weston, Connecticut.

Found 1872.—Los Angeles, California.?

A very brief account is given of a mass of iron weighing 80lbs.,
which was found at Los Angeles. Itis stated that its specific gravity
is 7-905, and that, when acted on with dilute nitric acid, the smooth
surface exhibits innumerable scales of schreibersite, but that the
usual figures are not developed.

1 Sir J. C. Cowell. Nature, 26th December, 1872.

2 D. Kirkwood. Amer. Jour. Sec., 1873, v. 318.
3 C. T. Jackson. Amer Jour. Sc., 1872, iv. 495.
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Found December, 1872.—Neuntmannsq.orf, Saxony.!

A block of iron, weighing 251bs., now preserved in the Dresden
Museum, was found in 1872, at Neuntmannsdorf, two feet below the
surface of the ground. As I could meet with no announcement of
the constitution of this meteorite, I conceived it possible that it
might form a new member of the interesting little group of sidero-
lites to which the Breitenbach, Steinbach and Rittersgriin meteorites
belong. I learn, however, from Professor Geinitz, that it is a metallic
mass, and that it has been analyzed by Lichtenberger with the
following results :— '<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>