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On %710 Micvoscoyicol Struc—
ture of Nleteorites,

Received Tune 7, 1864

For some lime ras% J have endeavoured %o
amoly to the s%uak; of meleorites the princi—
plcs 7 have made use of in the inwvestigation

of tervestrial rocks, as described in my various

pagpers, and @Sepecicﬂly in that on the micro—

scopical structure of crystals (q«uwr’c, Tourn,

Geol. Soc. 1858, wol. 1. p. 453). T Yherein
showed that the presence in crystals of “Auid—,
olass—, stone—, or gas—cavities” enables us %o
determine in a very sa%isfac’(oty manner un—
der whal conditions the crystals were formed,
There are also other methods of inguiry still

reguiring much investigation, and a number of

exepeﬂrime*n%s must be made which will occupy
much time; yel, nol wishing Yo postpone he
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publication of corlain facls, I purpose now %o
give a shorl account of them, %o be extended and

comopleted on a subsequent occasion.
P 9

In the first place it is important o remark
that the olivine of meleoriles contains most ex—
cellent “glass—cavitics,” similar Yo those in the
olivine of lavas, thus proving that the ma—
terial was ol one time in a stale of igneous
fusion. The olivine also contains "gas—cavitics,”
like Those so common in wolcanic minerals, thus
indicating the presence of some gas or vapour
(@ssun, Barnallee). To sce Wese cavities dis—
’Ci‘ncﬂy, a ccweftﬂly ¢)Mffze)ao;mél thin section and o

mckgnifyinj power of several hwnélwcl are re—

guired, The vitreous substance found in The

cavities is also met wi’(h oulside and amonjs%
the ctys%cds, in such a manner as to show that
it is he uncrystalline residue of the material in
which ’Chgy were formed (:7\4@25—7\443@?45, Bar—

17110 names 31‘1’6% %hus (S%cmm«rn) 1%&16&%‘2 wha’f me%eow%cs g more

‘P@‘Y%M‘LJQ‘Y@ V@f@*’ %O in ‘P‘YOOJC Ojc %110 various fac%s ‘PY&U‘IO‘US@ S%CL%@CI
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nallee). T is of a claret or brownish colour, and

possesses %71(2 chcwac%wis’(ic structure and O‘P%iccd

properties of arlificial glasses. Some isolated

«por%ions of meteorites have also a structure very

similar 1o thal of s’(oqy lavas, where the shape
and mulual relations of the crystals o cach
other prove that they were formed in situ, on

solidification, Bossibly some entive meleorites

should be considered to possess this peculiarity
(Stannern, Mow Concord), Wt e evidence is
?19 no means conclusive, and what ctys%aniza—
tion has laken place in situ may have been
a secondary resull; whilst in others the con—
stituen particles have all the haracters of bro—
Ren fragments (£ Gigle). This somelimes gives
rise 1o a structure wmcmﬁa%bv like %ha% of con—
solidated wolcanic ashes, so much, indeed, That

7 have specimens which, ot first sight, might

readily be mistaken for sections of meteoriles,
T would therefore appear that, after the mate—
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rial of the meleorites was melted, a considerable
portion was broken up into small fragments,
subseguently collected Yogether, and more or less

consolidated Ey macha%ical and c’hemiccd ac%io‘ns,

amongs% whiéh must be classed a sqgrgga%ion of

iron, cither in the metallic stale or in combi—

nation with other subslances. @tppwmﬂj this

?wmﬁifnj ugp occurred in some cases whe‘n ’(71@

melled matler had become crystalline, but in
o%‘hetrs %he fortms of %he epcw%ic(les lead me to
conclude that it was brofen up into detached

olobules whilst still melted (Mezé—Madaras,

@cwnanee). This secems To haw been %’he ori—
9in of some of the round grains mel with in

meleorites; for they occasionally still contain
a considerable amount of glass, and the CrYs—
tals whic‘h haw boen fo‘rme& in 11 are aww@d

in groups, radiating from onc or more poinis

on %Hc e%%cwna‘l Sﬂ?’f@c@, in such a manner as

1o indicale %‘ha,% ’(71@ were vaeiope& aﬁer ’(71@
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frqgmm%s hcul acg,uiwcl %‘heifr ¢)otwwm’c sphwoiﬁal
shape (Assun, oc). In Whis ey differ most
characteristically from the general Yype of con—
cretionary globules found in Terrestrial rocks,
in which they radiate from the centre; the only
casec thal 7 know ol all analogous being that

of cerlain oolitic grains in the fﬁeﬂowcgjs rock

at 50@¢%0rW371, which have undergone a sec—

ondary cq:ys%auiza%ion. These facls are all g,ui%e
independent of the fused black crust,

Some of the minerals in meteorites, usuaﬂb
considered to be ’ﬂle same as ’chose in wolcanic
rochs, have yel very haracleristic differences in
structure (Stannern), which 7 shall describe ot
ogreater lenglth on a fulure occasion. I will
then also give a full account of the micro—

scoepiccﬂ structure of meleoric iron as comzpwrc&

with thal produced by warious arlificial pro—

cesses, showing thal under certain conditions

fﬂl@ 1@%%07’ maty 1)@ o‘la’(aimél §O as %0 wwm?a%
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very clos¢b some wvarielies of meteoric origi‘n

(Mewstead, oic.).
Thew are %hus cerlain pecu‘liavi’(ies in physical

structure which connect meteorites wi’(h volcanic

rocks, and a1 the same time others in which %hgy
differ most characteristically, — facts which 7

think must be borne in mind, not only in form—

ing a conclusion as to the origin of meleoriles,

but also in a’c’(emep%itnj 1o eaeephitn volcanic ac—

Yon in general. The discussion of such g,ues’(«io‘ns,

however, should, I think, be deferred until o

movre com«ple’(e accounl can be given of all the

data on which these conclusions are founded.
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On %71@ Conclusion to be de—
duced fvo«m 9(71@ %sioe& Struc—
ture of some Jeteorites,

1864.

The microscopical study of thin sections of
meteorites 710.«1 led %he wu%‘hov to conclude %ha%
their carliest condition of which we have ev—

idence was thal of igneous fusion, as indi—

cated by the crystals of olivine containing glass—
cavities, like those characteristic of the miner—
als in terrestrial wolcanic vocks. (See Quart
FJour. Geol. Soc, wol. 4. p. 453 and Pro—
ceed. Roy. Soc, wol. 13 p. 3335 There are,
however, some meteorites, of which the ‘Ballas
Tron” may be taken as the Yype, consisting of
a mixture of iron and oliving and, if these
were melted artificially, there can be no doubt,
that, the iron being so much more dense would

8
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almos? imme&ia’(ely sink %o %he bottom, and ’Che
olivine would risc 1o the %o«p, like The slag in an
iron—furnace. This at first sight appears o be
strongly opposed to the supposition of igneous
fusion; but the author contended that, since the
force whiéh would Tend %o sctpcwa’(a ’ﬂle iron and
olivine would vary with the force of gravita—

Yion, whilst the resistance %o sepcwa%ion would
be chiefly cohesion almost independent of i1, if
the fusion had taken place where the force of

gravitation was very small, the ivon and olivine

might have remained fused and mixed Yogelher
long enough to allow of slow crystallization,
‘Bence he argued that such meteorites furnish us
with physical evidence of having been formed
whew %71@ fome of 37@4!1'%@%1’0% was tmuch smaller

than on our globe, cither near the surface of o

very small planclary body, or towards the cen—

tre of a larger, which has since been broken into

fragments,

PN T T SN 7 T e S A i, A N e
o o W e Ve s | Geml e iaw AN T R

A

7 i

B T R AT




-~ "“ 1,'. - - -~ - - - — b “ r—

On ’(he %sioeﬂ _751'5%0@ of
Nleteorites,

Broomfield, Shefidld: Tuly 1865.

Thouoh 7 am most willing to admit that
much remains to be learned before we can look
upon the following theory as anything more
than provisional, yet at all cvenls T serves o
unite a great number of facls, and is not op—
posed to any with which 7 am now acguainied, 7
shall describe he facts and discuss The objections
to ’(711'5 and o%hw %hcoq'ies in a communication
Yo the Royal Socicty.

(s shoum in my paper in ’(he ‘@rocee&in&s
of the Royal Socicly,” (13. 333), there is good
proof of the material of meleorites having been
Yo some exlen fused, and in the state of minute
detached particles. T had also met with facls
w‘hiéh scomed to show ’cha?c some 1oo<r’a'o'ns ha,&




condensed from a state of vapour; and 7 ex—

pec’(e& that 1 would be wzg,uisi’ce Yo a&oep’( a
modified nebular hypothesis, but hesitated until

J had oblained more sa’(isfac%oty evidence. The
character of the constituent paﬁic’les of mete—

orites and %heier 3em¢ol microscOpical structure

differ so much from whal is seen in Tervestrial

volcanic rocks, That i1 appears 1o me ex%wmely

improbable thal they were cver portions of the
moon, or of a planel, which differed from a
1@4:9@ meteorite in havifnj boen %'he seat of a
more or less modified wolcanic action, (4 most
careful study of their microscopical structure
leads me Yo conclude %ha% %hc«&r constituenis were

ow:gi‘nally al such a 111911 ’Cemtpwa%uw ’Cha’( %71@

were in o slale of vapour, like that in which
many now oceur in the almosphere of the sun,

as proved by the black lines in the solar spoc—

Yrum. On cooling, this vapour condensed into a

sort of comelary cloud, formed of small crystals
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and minule drops of melled stony matler, which
afterwards became move or less devitrified and

crystalline,. This cloud was in a state of greal
commotion, and the parlicles moving with great

wioci@ were oﬁen broken 119 collision. &ﬁw

collecting together to form larger masses, heal,
3@mem%e& Ey mutual imepac%, or %ha% exis%ifnj in
other parls of space through which they mowved,

gave rise 1o a variable amount of me’(amowphism.

In some foew cases, when the whole mass was
fused, all cvidence of a previous history Has
been obliterated; and on solidification a structure
has been produced guite similar to that of ter—
restrial wolcanic rocks. Such me%a,mo‘rephoseﬂ or
fused masses were sometimes move or less com—
plelely broken up by wviolent collision, and the
fragments again collected together and solidified.
Whilst these hanges were taking place, various

metallic com?own&s of iron were so introduced

as to indicale %ha% %11@ stll existed in fwe
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space in the shape of wvapour, and condensed
amongst the previously formed particles of the
meteorites, (A1 all cvents, the relative amount
of the melallic constituens appears To have in—
creased with the 1a,epse of time, and ’(71@ often
crystallized under conditions differing enlively

from %hose w‘hioh occurred whm mixed metal—

lic and s%oqy materials were me’(amoqﬂephose&, or
solidified from a state of igneous fusion in such
small masses %ha% %’he force of 3«’@4!1'%@%1’0% was

too weak %o seepcwa%e the constituents, althouoh

they differ so much in specific gravity. (Report
of Bril. (ssoc. 1864) Bossibly, however, some

meleoric irons hcwe been pfocluce& in %'his man—

ner by the occurrence of such a sctpcwa%ion. The
hy&rocw%om wiﬂl which some few meleorites

are imep¢q9na%¢&, may have condensed from a

state of vapour at a w‘la%iwly late pevio&.

7 therefore conclude provisionally that mete—

orites are records of %he existence in p‘lam%aty
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space of pbysica‘l conditions more or less similar

o those now confined to the immediate neigh—
bourhood of the sun, al a period indefinitely
more remote than that of the occurrence of any

of the facts revealed to us by the study of Ge—
ology — at a period which might, in fact, be

called rre—’krws%w’az.
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On %11@ Structure and O@r@ifn
of Nleteorites,

@Abstract of lecture delivered by B. €. Sorby,
RFS, cc,, ot the Museum, South Kensinglon,
on March 10, 1873.

The study of meteoriles is naturally divisible
into several very distinct branches of inguiry,
Thus in the first place we may rogard them
as shooting slars, and observe and discuss their

radiant poinls and their relation to the solar
sys%em. This may be called ’che astronomical

aspect of the guestion. Then, when solid masses
fall to the ground, we may s%uc}y their chemical
comeposi%ion as a whole, or ’cha’c of ’(he sepcwa’(e

mineral constituenls; and 1@5%13, we may s%ualfy

their mechanical structure, and a«pzply to this in—
ws’(iga’(ion %he same me%ho&s which hcwe 31’@1&@&

such impoﬂwn% vesulls in the case of lerres—
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trial rocks. So much has been written on the

astronomical, chemical, and mineralogical as—
poct of my subject by those far more competent
than myself o deal with such guestions, that J
shall confine my remarks almost entirely to the
mechanical structure of meteoriltes and meteoric
irons, and movre especicﬂly Yo my own observa—
tons, since %hgy will, at all cvenls, have the
meril of greater originalily and movelly. Time
will, however, not permil me o ender into the
detail cven of this single department of mg
subject,

In %vea%ing %his g,ws’(ion i1 arepecweél 1o me

very desirable o exhi bit you accurale vo—
productions of the natural objects, and T have
therefore had prepared pholographs of my origi—
nal drawings, which we shall endeavour to show
by means of the oxylydrogen lime—light, and 7
shall modify my locture o meet the reguire—
menls of the case, exhibiling and describing

16




szpecial cxamtp(les , rather than a%%mzp’( o give
an accounl of meteorites in general. Morcover,

since the Hime ol my &isposol is short, and their

oxternal haracters may be studied o greal ad—
vanlage ot the British Museum, I shall confine

my remarks as muéh as possi ble 1o %hm'fr minute

internal structure, which can be seen only by ex—

amining epfropwly tthpcwzJ sections wml more

or less high m@nifyitnj powers,
‘Bj fcw %he 3«’@4%4* ‘P@‘Y’% of may observations

were made about a dozen years ago. 7 prepared o
number of sections of meteorites, meleoric ivons,
and other obsects which might throw light on the
subject, and my very best thanks are due To Brof.
Maskelyne for having most kindly allowed me
to ’Choroujhly examine ’(he very excellent sevies
of thin sections, which had been prepared for
him. During the last ten years my attention

has been dirvected to very different subjocts, and
7 have done 1i¥le more than collect material
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for the further and more complete study of
meleorites, When 7 have fully ulilised Phis
material 7 hcwe no doubt %ha% J shan be adle

to make the subject far more complele, and
may find i1 necessary Yo modify some of my
conclusions, 7 cannot bul feel that very much
more remains to be learned, and I should not
have attempled To give an account of whal 7
have so far done, if 7 had not been particularly
ashed Yo do so by Mr. Lockyer. A the same
Yime I Yrust That 7 shall ot all cvents succeed in
showing that the microscopical method of study

yields such well-marked and imporlant facts,

’(71@’( in some cases %'he examination of o*nly a
single specimen serves Yo decide between rival
%heoeries,

In examining wml %he naked ¢ye an entive
or broken meteorite we see ’(ha’( ’(he oq*{gimfl 0%—
ternal oulline is very irreqular, and thal it is
covered by a crust, usually, but not invariably

18




black, comparatively thin, and guite unlife the
main mass inside. This crus? is usua‘lly dull, bul
someltimes, as in Yhe Stannern meleorite, bright

and shining, like a coating of black varnish, On

examininj wi’(h a micvoscope a %‘hin section of

the meteorite, cul per«pen&iculcw Yo this crust, we

see %ha% 1 is a Yrue black jlass ﬁna& wiﬂl small
bubbles ; and ’(ho,% %he contrast between it and ’(he

main mass of the meleorite is as comolete as
f P

possible, and the juncltion between them sharply
defined, except when portions hawve been ingected
a short distance between the crystals. We thus
have o most complete proof of the conclusion
that the black crust was due to The True igneous
fusion of the surface under conditions which had
1i#tle or no influence ol a greater depth than o.01
of an inch, In the case of meteorites of different

chemical comgposition, e black crust has not re—

tained a true jlass:y characler, and is sometimes

0.02 of an inch in Yhickness, consisting of two
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very distinct 1@@4’5, the internal showing par—

ticles of fron which hcwe been mi%‘heﬂr melted
nor oxidised and %hc oxide melted up wml %he

surrounding s%o‘ryj matler. Jaking wety%hinj

into consideration, the mic'roscopicol structure
of the crust agrees perfectly well with the ex—
planation usually adopled, but rejected by some
authors, that it was formed by the fusion of
the extornal surface, and was due Yo the very
fra?icl hm%i'nj w‘hic’h takes «place whe‘n a %oc}y
moving wml 1o1am’(aty w'lociiy rushes into ’(71@

eo;r’ch's a’(mosﬁerc — a hea’a’fnj 50 mtpi& %71@%
%’he swrfo,ce is melted ‘bcfow %he Hm% has time

1o epem’(m%e %@on& a very shaﬁ distance into
the interior of the mass.

WHen we come Yo examine the structure of The

original interior part of meteorites, as shown
by fractured surfaces, we may often see with

’ﬂle naked ¢ye ’c’ho,’c %hgy are motitled in sua‘h a
way as 1o have many of the characters of a brec—
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ciated rock, made up of fragments subscguently
cemented Together and consolidated, Mere rough
fractures are, however, wery misleading. G

much more accurale opinion may be formed

from the examinalion of a smooth fla? sur—

face. Facts thus observed led Reichenbach 1o

conclude thal meleorites had been formed by the
collecting Yogether of the fragments ep'rwiously

separated from one another in comels, and an
examination of %’lp’fn ’Crcmspcwen% sections wi%h
hioh magnifeying powers and improved methods
of illumination, proves still more conclusively

their brecciated structure. The facts are, how—

ever, ‘2/@‘1:9 CO‘M*P(IQ%, cmcl some are ‘no% eo.sily CxX—

plained, Leaving this guestion for the present,

7 will endeavour to point out what appears to
be the very carliest 'his%oty of the material, as
recorded by the internal structure,

R is now nearly twenly years since T first
showed that the manner of formation of miner—
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als and rocks may be learned f«om %‘hm'fr Mmicro—

scoyica’l structure. J showed that when ctys%cds

are formed by &posﬁion from waler or from

a mass of melted rock, they often catch—up por—

Yions of this waler or melted stone, which can

now be seen as cavities containing fuid or glass.

We may %hus Jis%injuish between cer;ys%auim

mim‘mls jc owme& 119 ‘P‘u‘?’ély a;wous or 119 rum@

igneous process; for example, between minerals
in wveins and minerals in wvolcanic lavas, In
s%u@inﬁ meteorites i1 wpepecwecl 1o me desirable,
in the first place, Yo ascertain whether the crys—
talline minerals fowncl in %’hem were ov{gi%a‘lly
formed by deposition from waler or from a
melted s%oqy material analqgous to %hc slqgs
of our furnace or the lava of wolcanoes. One
of %71@ most common minerals in meleoriles is

olivine, and when mel with in volcanic lavas

this mineral usua‘lly contains o‘nl«y a few and

small olass cavilies in comparison with those
K P
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seen in such minerals as auji%e, The ctys%cﬂs in
meleorites are, moreover, only small, and thus
the dificully of the guestion is considerably in—
creased, howewver, by careful examination with
high magnifying power, I found well—marfed
lass—cawvities, with perfectly fixed bubbles, the
enclosed ~9flass 'beifnj sometimes of brown colour
and having &eeposi’(e& cgs’(ais. On he con%raty
7 have nover been able to detect any trace of
fuid—cavities, with moving bubbles, and There—
fore it is wery probable, if not absolulely cor—
tain, that the crystalline minerals were chiefly
formed 'lly an igneous process, like those in lava,

cvncl ana1q90us vo1cwnic ‘YOC.RS. :ThQSQ ‘Y¢S¢CWC‘]1¢$

wqa,uiw a m@nifyi@ power of 400 0T 600 linear,

Bassing from the structure of the individ—
ual crystals To that of the aqoregate, we find

%ha% in some cases we haw a structure in ev—

ory rospect analogous to that of erupted lavas,
though cven then there are wery curious differ—

AT NG A NN T SR




U7 T RN R S e N A i e, A © e, e 7  p s o 1 - N 7 . 2 Ja - A P & 7
i W . » A' V ‘ ) . |‘ v ) | ¥ |« ) ( ) L D I\ " ‘ ) U ) ‘ [} ( ) 10 ¥ U

Y -

ences in detail. By methods like those adopted
by Daubrée, there ought to be no more difi—
cully in arlificially imitating the structure of
such meleorites than in imilating that of our
ordinary wvolcanic rocks. N is, however, doubl—
ful whether meteoriles of any considerable size
uniformly possess this structure, The best ex—

GM‘P1¢$ g 1[@4’@ seen are Oﬂly jc ‘rcgmz‘n%s cnclose&

in the general mass of the BPetersburg meleorite,
which, like many others, has exacﬂy the same
Rind of structure as that of consolidated wol—
canic Wuff or ashes. This is well shown by the
Bialystock meteorite, which is a mass of brofen
crystals and more complex fragmenis scattered

promiscuously through o finer—grained consoli—

dated dust-—like ash,

Blassing from his group of meteorites, which
are more or less analogous to some of our Ter—
vestrial wolcanic rocks, we must now consider

the more common wariclies, which are chiefly

2%




composed of olivine and other allied minerals,
"The Mezé—Madaras meleorite is an excellend
iMustration, since the oulline of the fragments
is well seen, on accounl of the surrounding con—

solidated fine malerial being of dark colour. In

i1 we sece more or less ivr@ulav spheerica’l and

very irreqular fragmenis scatlered promiscu—

ously in a dark highly consolidated finc—grained
base,. By far the larger part of these particles do

not either by their oulline or internal structure

furnish any posi’h’w informalion wsyec%ifnj the
manner in which they were formed, bul careful
examination of %his and o%hefr cma(lqgous mete—

orites, has enabled me To find thal the form and
structure of many of the grains is Totally un—

like %ha% of any J hcwe cver seen in tervestrial
rocks, and epoin%s 1o very sepeciofl ﬁysicai condi—

Yons. mlus some are almost spherical Jxro?s of

True jlass in %he midst of which cw;ys%als haw

been formed, sometimes scatlered tpvomiscuously,
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and sometimes &«zposi%ccl on the external surface,
radiating inwaﬁ'ﬁy; %71@ are, in facl, epcw%iany
devitrified globules of glass, exactly similar %o
some artificial blow—pipe beads.

As is well Rnown, glassy particles are some—

times given off from Yerrestrial wolcanoes, bul

on efn%eeri‘nj ’Che a%mosephew ’(71@ are imme&ia’(ely

solidified and vemain as mere fibves, like Bele's

hair, or as more or less irreqular laminae, like
pumice dust, The nearest approach o the glob—

ules in meteorites is mel with in some arlificial

pro&uo’(s. By directing o strong blast of hot

air or steam into melted 31@5@ furnace slag, it
is blown into spray, and usuaﬂ@ gives rise To
peav—shape& 310%1@5, cach having a 1on3 hair—
like tail, which is formed because the surround—
ing air is too cold to retain the slag in o state
of perfect fluidity, Uery often the fbres ave the
chief product, 7 have mever observed any such
fbres in meleorites. If the slag be hot enough,
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some szﬁlews are fowmecl wi%hou% tails, analo—
gous 1o %hose chwac’(wis%ic of meteorites. 771@
fovma’a’on of such alone could not wppcwen’ﬂj

occur unless %he spray were blown into an atmo—

sphere heated up Yo near the point of fusion, so
that the glass might remain fluid until collected
into olobules. The relention of a rue vitreous

condition in such fuse& s%om:y malerial would

depend on both the chemical composition and
the rate of cooling, and its permanent relention

would in any case be imepossime if %hc oafigi‘ncd

lassy globule were afterwards Jiep’( for a long

Hime at a %em?wa%uw somewha% under %ha% of
fusion. The combination of all these conditions
may very well be looked upon as unusual, and
we may thus explain why grains containing true
jla,ss are comepcwa%iwly very rare; but ’(7101&971
rare they point out what was the origin of many

others. In 1149 far the greater number of cases
’(71@ 3@%@'01 basis 'has been comtpie%ely devilyi—
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fed, and the larger crystals are surrounded by
a finc—grained stony mass. Other grains occur
with a fan—shaped arrangement of crystalline

needles, which an incautious, non—microscopical

observer miﬂﬂ confoum'l wi’fh simepie concre—

Ytions. They hawve, however, a structure entirely

different from any concretions met with in tor—

rostrial rocks, as for example that of oolitic

grains. In them we often sce a well—marked

nuclous, on which radiating crystals have been

Jeposi%e& eg,ua“;y on all sides, and the exler—
nal form is manifestly duc o the growth of
%’hese cer;ys%ak On %ha con%rcm:y %hi grains in

meteorites now under consideration have an ex—
Yernal form independent of the crystals, which
do not radiate from the centre, but from ome
or more places on the surface. They have, in—
deed, o structure absolutely identical with that
of some artificial blowpipe beads which become

ctys%anim on coo’lirn\g. wml a little care %hese
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can be made Yo crystallise from one point, and
’(hm %hc cq:ys’(cds shoo% oul from %'ha% epoin% in
a fan—shaped bundle, until the whole bead is
alteved, In %his case we c1ea¢b 7 %ha% ’Che
form of the bead was duc To fusion, and existed

prior to the formalion of the cq:ys’(als. The
general structure of both these and the previ—

ously described Sephwica(l grains also shows %ha%

their rounded shape was not due Yo mechanical
wearing. Morcover, melted globules with well—
defined oulline could not be formed in a mass

of rock pressing against them on all sides, and
J therefore arque thal some at least of the con—

stituent <pcw%ic1es of meteorites were o‘riginany

detached glassy globules, like drops of fiery rain,

@*no%’hefr remarRable chcwac’(er in ’che con—
stituent paﬁi&es of meteorites is %ha% %hgy are
oﬁen mevre fmgmen%s , a1%71W371 ’(he entive ‘bony

before being broken may originally have been
only one—forticth or one—fifticth of an inch in
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diameler, Tt appears Yo me hat thus Yo break
such minute epav%ic%s whefn %‘hgy were ep'ro?m'bly

in a separale stale, mechanical forces of greal

ifn%efnsi’@ would be rcg,uiwcl @3 _ffcw %hc 3«@4%@«'
number of meteorites hcwe a structure w’hich in—

dicates That this breaking up of the constituents

was of very 3@mm1 occurrence.

@ssumifnj %hm ’cha’c %he ?cw%idu were orig—

inally detached like wolcanic ashes, it is guite
clear that they were subscguently collected to—

3@%71@' and consolidated, This more %hwn any—
hing else appears to me a very greal &iﬁcu’l’@ in

’ﬂle way of our a&o«p’(inj %ic’he*n%ach's come’(cw:y

theory. Volcanic ashes are massed together and
consolidated into tuff, because they are collected
on ’Che 37011%& Ey %he 3ravi’(a%~iw force of ’Che
carth, A appears to me very dificult to under—
stand how in the case of a comet there could
be in any <pwr’c a suﬁcienﬂy s’(eroeng 3¢avi’(a’(iw

fmu 1o collect %71@ élisywseél dust into haw& s%o*rg.;
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masses like meteorites. ﬂf i1 were not fov %his

aeppcwefn% &ijﬂicu’l’gy we m{g?ﬁ suppose %ha% some
of the facts here described were due To the heal

of the sun, when comets aeptpvoach so near Yo it

’(71@’( %he conditions may be epq*ac%icany almos? so—

lar. Comels may and probably do contain many
meteorites, bul I think thal their structure in—
dicates that they were originally formed under

conditions far more like ’ﬂlose now exis%ifng at

the surface of the sun than in comets,

The particles having been collected together,
%71@ comtpown& mass has wiﬁenﬂy oﬁefn un—

dergone considerable mechanical and c@s’(aﬂim
changes. The fragmends have sometimes beoen
broken in situ, and "faulted;” and ctys’(anisa%ion
has taken <p1a,ce, analogous o that mel with in

me%amoqo’hic rocks, which has more or less, and

sometimes almos? en’(iwly , obliterated ’c'he 0rigi—

nal structure. The sim?lles% exeplama’cion of this
chwn‘ge is o suppose %ha% aﬁw consolidation me—
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teorites were wwiousb hea%eél to %cm«pcfm%wres
somewhal below heir point of fusion. Those
which have the structure of truc lava magy
in some cases be ¢,oofv“‘fio‘ns w‘hio‘h were ac’(udb
remelted. We have also this striking fact, that
meleoric masses of compound structure, them—
selues made up of fragmends, have been again

broken up into compound fragments, and these

collected together and consolidated along with
fresh malerial, To form the meleorites in Pheir

pfescn% condition, I’@{gh s a joo& examzp'le

of this complex structure.

Another remarkable fact is the occurrence
in some meleorites of many wveins filled with

material, in some wspec%s 0 ana1q90us 1o %he

black crust, thal ot one time J felt induced o
belicve that %71@3 were cracks, into which the
crust had been ingocted. Akburfur is o good
example of this, and scems Yo show that under

whalever conditions the veins were found, Hhey




were injected not only with o black malterial,
but also wml fron and mozgm%ic Ryw”(es.

Jaking, then, all the above facls into con—
sideration, it appears To me that the conditions

under which meteorites were forme& must haw

been such ’(ha’( %he ’(emepwa’mw was 711971 efnoujh

to fuse 5%0@ masses into jlass; 1’11@ par%ides
could oxist in&?mﬂmny one of %11@ o%her in

an incandescent atmosphere, subject o wiolent

mechan«icol disturbances; ’(ho,% ’ﬂle fow:e of grav—
itation was great enough o collect these fine

pav’cicles ’(Qge’(hefr into solid masses, and ’c‘ha’c
’(hese were in such a situation ’(710,% ’Chgy could

be metamorphosed, further broken up into frag—

menls, and again collected %Qge’che‘r. Al %hese
fac’(s agree so a&miraﬂy wi’ﬂl wha’c we Rnow

must now be taking place near the surface of the
sun, 9(71@’( 7 cannot bul ’(hifnﬁ ’(ha%, if we could
o*nly obtain specimens of the sun, we should find
%ha% %heiq' structure ctg‘reeél very c‘losely wml %ha%
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of meteorites. Considering also that the welocity
wml whic'h %‘he red flames hcwz been seen to be
thrown oul from the sun is almost as greal

as %ha% necessary 1o carry a solid 19033 fcw oul

ifn%o plam%aty S‘PM@, we ccvn‘no% hél‘P ‘WO%J«@‘Y—

ing whether, after all, meteorites may not be

portions of the sun recenily delached from it
?19 %71@ violent disturbances whiéh do most cer—

tainly now occur, or were carried of from il

at some carlicr epefrioci, when these disturbances

were move intense. (A the same time, as poifn’ce&

oul by me many years ago, some of the facts 7
haw described may indicate %ha% meteorites are
the residual cosmical matlter, not collected into

planels, formed when the conditions now met

with only near the surface of the sun esxtended
much further oul from the centre of the solar
system. The chief objection to any greal eaten—
sion of ’c’lp’s Bypo%hesis is %ha% we may doubt
whether the force of gravitation would be suf—
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ficient Yo explain some of the facls, In any
case J think thal ome or other of these solar
theories, which to some exlent agree with the
speculations of the late Mr. Brailey, would

exep(laitn %he remarRable and very sepecicfl micro—

scopical structure of meteorites far betler than
thal which refers Them o portions of a wolcanic
plandt, su?aseg/wn’dy broken up, as advocated by

Meunier, unless indeed we may venture to con—
clude %ha% %‘he material mig?ﬁ stll relain its
original structure, duc to very different condi—
Yions, previous to its becoming part of o planet.
At %hc same Yime so 1ittle is zposi%iwly known
wspcc%i‘ng the original constitution of the solar
s_ys’(em, that all these conclusions must o some

esxtent be looked upon as only provisional,

7 will now procwél o consider some facls

connected wi’(h meteoric iroms. The so—called

Widmansta¥ s figuring, secen when some of

these ivons are acted on 15; acids, is well—known;
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but in my opinion the preparations are often
very badly made. When properly prepared, The
surface may be salisfactorily examined with
a magnifying power of 200 lincar, which is
reguired to show the full detail. We may then
see that the flouring is due o o very reqular

cq:ys%anisa%ion, and to the setpwra%inﬁ oul one
from the other of different compounds of iron
and nickel, and Pheir phosphides. When mete—
oric iron showing this structure is artificially

me’l%ec’l, %hQ Y¢$u1%iﬂj ‘P‘?’O&‘uc% &O¢$ tno% SHO‘W %h@

original structure, and i has therefore been

contended %ha% meteoric iron was mever in a

stale of igneous fusion. In order Yo Throw light

on this guestion, I have paid very much atlen—

tion to the microscopical structure of nearly all
Rinds of arlificial irons and steels, by studying
surfaces polished with very special care, so as

Yo avoid any effect like burnishing, and then
ac%i‘ng on %hcm vory cawfuny wﬁh ex%wmely
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dilute nitric acid. In this manner most beau—
’(ify and instructive specimens may be obtained,
showing a wery greal amount of delail, and

treguitrinj a mqgnifyitnj power «vcw:yifnj ugp 1o al

least 200 lincar, In illustration of my subject
7 will call attention 1o only o few leading
Wpes of structure. In the first case we have
9rey pig—iron, showing laminac of 3m¢p‘hﬁe
promiscuously arranged in all «posi’b’ons, on the
surface of which is a thin layer of whal is
pw%any iron uncombined with carbon, whilst
the intermediate spaces are flled up with whal

are probably two different compounds of iron

cvnci car 1)0%.

White chilled refined ivon has an entively

different structure and more uniform crystalli—
sation, the structure is very remarkable and

beavtiful, mainly due Yo the varying crystalli—

sation of an irn’(e‘nseb hard comepouml of iron

cmcl CGY?JO%J a*ml %he %‘WO o%hw soﬂw CO‘M‘PO“J%&S

"‘»’ Al \
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met with in 97y pio.

Malleable bar iron has an entively different
structure, and shows fbres of black slag, and
a more or less uniform crystallisation of iron

with a varying small amount of carbon.

Cast stecl differs again very much from any
of the previous. Tt shows a finc—grained struc—
ture, due To small radiating ctys%ols, and mno

plates of graphite.
The difference between any of the above and

meleoric iron is ex%wmely 3wa%.

ﬂn %116 case Of @055@%1@‘7’ «me%cﬂ we haw a

ctys%anim structure a«prwachinj in some places

more mcwly 1o %714’( of meleoric iron., We see a
sort of Widmanstatt's figuring, bul it is duc %o

the seepam’(ion of free iron from a comepou*n&

containing a 1i¥tle carbon, and not 1o a variation

in the amount of nickel.
The nearest approach o the structure of me—

Yeoric iron is mel wi’(h in %hc central epoﬂion of
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thick bars of Swe&is‘h iron, ﬁctp% for some weeks
at a ’(emepera%uw below their mellting epoi‘n%, bul

111911 efnoujh 1o give rise 1o wc@s%auisa%ion. We

%he‘n 3@’( a comtple’ce seepcwa’(ion of free iron _fffrom
a comepoum'l containing some carbon, and a cTYys—
talline structure which, as far as mere form is
concerned, most closcly corresponds with that
of meleoric iron, as may be al once seen on
comparing %hem.

These fac%s ciearb indicate %ha% %he Wid—
manstall' s flouring is e resull of such a com—
plele separation of the constituents and perfect
crystallisation as can occur only when the pro—
cess takes p‘lace slowly and gradually. They
appear 1o me Yo show ’(ha’( meteoric iron was
hopt for a long tme ot a heal just below the
point of fusion, and thal we should be by no
means justified in concluding that it was not
¢)ofwzcw'oq,cs’ky melted, Similar primitples are ap—

piica%1¢ in the case of the ivon masses found in

39




Disco, and it by no means follows that they are
melooric because %'hgy show the Widmanstalt s
fouring. Difference in he rale of cooling would
serve very well %o exylain the diffevence in the

structure of some meteoric iron, which do not

differ in chemical composition; bul, as far as
the general structure is concerned, 7 think thal
we are g,ui%e at li ‘bw@ Yo conclude that all may
have been melted, if this will beller cxplain

other phenomena, On his swp«posi%ion we may

account for the separation of the iron from the
s%@ melooriles, since under conditions which
brought into play only a moderate gravitative
force, the melted iron would subside through the
melled stone, as happens in our furnaces; whilst

at the same time, as shown in my paper read at

the meeting of the British (ssociation in 1864,

where the sepcwa’(ing force of gravitation was

small, %hg«y might remain mixed togelther, as in
the Ballas iron, and others of that fype.
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In conclusion 7 would say thal though from

want of adeguate malerial for investigation 7
feel thal whal 7 have so far done is very in—
complete, yet T think thal the facls T Hawe
described will, al all ecvends, serve %o prove
that the method of study emyployed cannot fail
1o yd& most wvaluable resulls, and o throw

much 1{971% on many epfo?ﬂems of 3¢ea’t interest

and importance in several different branches of

sctence.
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