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;. On ’fhe ?\%iwoscoqoicc& Structure of
Neteorites,

Received Tune z, 1864

For some time pasj( J hcwc endeavoured o wpply 1o j(hc
s%uc@ of meleorites %he fpw'nciples J ho,w made use of n
%hc inws’({ga’ﬂ'on of Tervestrial vocks, as described in my
various papers, and espccian:y in that on the miwoscoépiccﬂ
structure of crystals (Quart.  Tourn. eol. Soc. 1858,
vol, 4 P 455), J ’Chawin showecl %Ha% 7(71@ presence in
c@s%als of "fluid—, jlass—, stone—, or 3as—cav{%ies" enables
us to determine in a very sa’tisfac’cm:y manner under wha%
conditions jche c@sjcols were fwmecl Thcw are also o’(hw
methods of InguiTy still YegUITINng much investigation, and
a number of eaeqoevitmm%s mus? be made which will occupy
much time; 3@%, not wishing 1o pos’cponc %71@ pu%’ca’don
of certain facts, 7 purpose now to give a short account
of ’fhecm, to be extended and comﬁcj(ecl on a su%seguen%

occasion.?

In %he first place 1 is imepov’(an’( to remark %ha’f
jfhe olivine of meleorites conlains most excellent zﬂass—
cavities,” similar o j(hose n %71@ olivine of lavas, %hus
proving ’fho.jc 9(71@ material was at one time in a stale of

ioncous fusion, The olivine also contains “gas—cawitics,’

13’710 names given ’(hus (S%ammvn) indicate wha’( meteorites I more epcw%icdm*@ wfcv Yo in pvoaf

of jchc various facj(s prcw’ously shated,



like jChosc so common in wvolcanic minerals, ’fhus inéb'ca’(ifnj
’Chc presence of some gas or vaPoUr (@(ssum @m’noﬂee),
Jo sce 7(71@5@ cavities distinctly, a ccwefuny pwpcwccl 7(711'%
section and a mcgnifyinj power of several hwn&recl are
w;uiwcl, Thc vitreous substance fowml in ’Che cavitics is
also met w{’fh oulside and amonﬂs’c jche m:ys%ols, in such a
manner as 1o show j(ha’f it s 9(71@ uncgs’(awm vesidue of
%he malerial in which %71@ were formed (ﬂéezé’—maﬂwas,
@avnancc), R is of a clavet or brownish colour, and
Ppossesses %71@ chamcjcw{s%ic structure and oep’ficc& pvomvjﬁes
of artificial olasses. Some isolated ?Ofr%ions of meteorites
hawe also a structure very similar 1o jfha’f of s%owly lavas,
whew jfhc sho.joc and mutual relations of j(hc cfr\ysj(ols
to mch O%HM prove ’fha% %71@ were formed in situ, on
solidification, @’ossﬂ:@ some entive meteoriles shoulcl be
considered 1o Possess this pccuh'm’i@ (S%anmwn, New Gon—
cowu, but %71@ cvidence is @ no means conclusive, and who,%
c@s%awﬁza’(ion ho,s taken place in situ may chc been a
scconcia@ resull; whﬂs’( in o’(he«s %71@ constituent pofr’a'c%s
have all the characters of broken fragments (i’ ﬂqﬂe)
iﬂp’s somctimes gives rise fo a structure wmaﬂrﬁa%@ like
j(ho,% of consolidated wolcanic ashes, so much, indeed, %ha%
J have specimens which, at first sight, might readily be
mistaken for sections of meteorites, TN would %Hewfow
appear %ho,j(, after j(he material of jche meteorites was

melled, a considerable poﬂion was broken up into small

fq’qgmen’(s, su?oseguen’(ly conec%cél %(29@%110‘1’/ omél more or IGSS
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consolidated by mechanical and chemical actions, amongst
wh{ch must be classed a sggfgga’(ion of iron, ei’(hm in
%hc melallic state or in combination wi’(h o%hw substances,
@pépmmﬂy jﬂp’s breaking up occurred in some cascs when
%71@ melted matter haol become c@s’fanim, but in o’ﬂlm’s

%hc fowms of %he paa*’cicbs lead me o conclude %Ho,% it
was broken up into clcj(aéhccl 310%u1es whﬂsj( still melted
(Mczé—maﬂams, @Mnaﬁec), This scems 1o haw been 9(11@

origin of some of 9(71@ round grains mel w{’fh in meleorites;
for %he:y Occasiom&@ still contain a considerable amount
of 31@55, and %71@ c@s%oﬂs which che been formed in
it are av«anjccl in groups, mclia’(inj from ome or more
po{fn’cs on the external surface, in such a manner as to
indicate 7(71@% %71@ were &we%fpe& aﬂev 3(71@ fwgrmen’ts hacl
acguiwcl jcheiﬂr pwsen% sphwoiclol shapc (@ssun, e%c) In
this they differ most haracteristically from the gemeral
@pe of comw’(iona@ 31o%u1es found in tervestrial rocks,
in whiéh j(hgy radiate fﬂrom ’(he centre; jfhe on@ case %ha’(
7 Anow at all cmolq90us %e{nj %ha’( of cerlain oolitic
orains in the fﬁcﬂowogs vock at Scafr%oroujh, which have

umlcf@om a scconc?a@ c@s%awza%{on, These jcac%s arc all
gu{%c ifnclcepefnclen% oj: %he fusccl black crust,

Some of the minerals in meteorites, usuc&@ considered
o be %71@ same as %hosc in volcanic focﬁs, haw 3@% very
chamc%wis%{c diffevences in structure kg%omnwn), which 7

shaﬂ describe at 3¢ca%c¥ 1@%3%11 on a fuj(wc occasion, J
will %hen also give a fuﬂ account of %he miwosaoepicc&

Z/.



structure of metcoric iron as comjoawcl with that wo&uec&
@ various artificial processes, showinj ’Cha’( under cerlain
conditions ’(hc latter may be obtained so as to resemble

very c’Losd\y some wvaricties of meteoric origin (%ws%mcl,

oc.),

/

Thcw are ’(hus certain «peculiari%ies in ﬁwsiaal structure
which connect meteorites w{%’h volcanic rocks, and at %he
same time others in which they differ most characteristically,
— fac’(s whiéﬁ J ’(hinﬁ must be borne in mind, not on@ in
forming a conclusion as 1o j(he origin of meteorites, bul
also in a’t%emp’(inj to cxﬁm’n volcanic action in general.
The discussion of such gues’a’o’ns, howww, shouw, J %hifnf(,

be &efcwccz until a more comqolejfc account can be 31’4!@% of

all ’(h@ data on wh{ch ’(hesc conclusions are founclecl



2 On %he Conclusion 1o be deduced ffrom
’CH@ %siecﬂ Structure of some Me—

teorites,

1864.

The mic«oscoqoicc& s’(ué@ of ’(Hin sections of meleorites
ha& Ted 9(71@ au’fhw to conclude jfhaj( ’(heiﬂr carlicst condition
of which we have cvidence was that of igneous fusion,
as indicated ?Zy %he c@s%c&s oj: olivine con%ainin\g :ﬂass—
cavities, like %Hosc chamc’(w{s%ic of jfhc minerals in terres—

trial wolcanic rocks, (See Quart. Jour. Geol. Soc., vol. .
P #5% cmcz @wccecl % SOC,, vol, 1z. P 555) Thew are,
howwwl some meteorites, of whiéh j(he "Ballas Tron’ may
be taken as the @pcj consisting of a mixture of iron and
oliving; and, if %hese were melted cw’(iﬁciall% %Hefre can be
no doubt, %ha%, %71@ iron being so much more dense would
almost imme&{a’w@ sink to the bottom, and the olivine
would risc 1o %71@ %010, like ’Che s’lcg in an iron—furnace.
’Ihis al first sfﬂﬁ appears to be sjcﬂronj@ Ofpposc& 1o %he
supeposi’a’on of 1gneous fusion; but 7(71@ au%ho« contended
’Cha’(, since ’Che foree whiéh would tend 1o sejoam’(e 9(71@
iron and olivine would vary wi%h ’fhe force of 3«avi%a%ion,
whilst the vesistance to separation would be chiefly cohesion

almost inclepe%cien’( of i1, if %He fusion hacl taken fplace
where 9(71@ force of 3mvi%a’(ion was very small, 7(71@ iron

-
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and olivine m{gh’( haw remained fuse& and mixed %@c%Hw
long enough o allow of slow crystallization, Fence he ar—
3uc& 7(714% suéh meteorites fufmish us wi’(h phys{cc& cvidence
of havinj been fowmc& whew jﬂle fom of 3vavi%a%{on was
much smaller %hcm on our 3101:@, emlcfr near ’(he swrface of
a very small ﬁam%a@ %oc@, or towards 7(71@ cendre of a
larger, which has since been broken into fragments.



3 On %Ha %siwfl jis’(ow of Nete—

orites,

Broomfield, Sheffeld: Tuly 1865,

Though 7 am most mw@ 1o admit ’Cho,% much remains
to be learned before we can look upon ’CH@ following %71@0@
as a@’(hinﬂ more %hom p«ovis{onol, 3@% al all cvents it
serves To unite a great number of facts, and is not omoosecl
to any wiﬂl whiéh Jd am now acgum”nj(ecl, J shan describe

%he fac%s and discuss %He ngjcch{ons o ’(his and o’(hw %heow’cs
in a communication 1o %Hc %ol godc@

(s sho«wn in my paper in ’thc @’frowe&mjs of ’fhe %cﬁ
Socw@j (15 555) ’Chew is 3003 woof of ’che material of

meteorites hwmﬂ been 1o some extent fusccl and in %he
state of minute detached particles, 7 had also met with
fac’(s which scemed o show %Ha’( some ?oy%ions Ha& con—
densed fyom a state of VaPoUt; and I cxpcc%c& %ha’c 1 would

be vcguisi’(@ to acloep’f a mo&iﬁccl nebular %ypo’(hesis , but 71@5—
ftated until 7 hacl obtained more sa’(isfac’(oty cvidence, The
chamc’tw of 9(71@ constituent paﬂicles of meteorites and ’c’hm

3ene¢a1 emicfroscop{col structure differ so much from wha’f
is scen in Tervestrial wolcanic rocks, %Ha’( it appears to me
eee%wmc@ imp«o?aoﬁe ’(hajf %hgy WEre Cvey yo«%ions of %he
moon, or of a epflwnc%, which cliﬂ"eml fﬂrom a 10,4:9@ meleorite

in havinj been %71@ scat of a more or less cmoéliﬁe& vol—
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canic action, (4 most comful s’(uo@ of 7(71@1'4’ miwoscoqoiccﬂ
structure leads me o conclude 9(710,’( %heia’ constituents weve
owlgincd@ at suéh a 711971 jcempcm%uw %Ho,% %hgy were in
a state of vaPour, like that in which Many now occur in
%71@ a’(mosﬁhew of %11@ sun, as ?yovecl @ %71@ black lines
n %he solar spcc’(wfm, On coolifnj, jfhis vapour condensed
into a sort of cometary cloud, formed of small crystals
and minute &roqos of melted 5%0@ matler, whiéh aﬂwwm’ﬂs
became more or less devitrified and c@sj(auifnc, This cloud
was in a state of great commotion, and the pcw’a'cbs MOVing
wi%h 3¢ea% veloci@ were oﬂen broken @ collision, @ﬁw
concc’cifnj ’nge’(hw to form larger masses, heo?(, 3@%@m’(¢c1
@ mutual imjoac%, or ’Cho,% c%isj(inﬁ in o%hefr ya«%s of space
%Hfroujh which %Hgy moved, gave risc 1o a variable amount
of me’(amomhism JIn some few cases, when jfhe whole
mass was fused, all cvidence of a PYeVIous hisj(oty has
been obliterated; and on soli&iﬁca’(ion a structure Ho,s been
fpa'o&ucccl gui%c similar 1o ’(ha’t of tervestrial wolcanic vocks,
Suéh me%amovphoscol or fused masses were sometimes more
or less comjole’(e@ broken up @ violent collision, and the
fﬂrqgmen%s again collected ’(qge’(hea’ and solidified, CLUHNS%
these changes were taking 7o1ace, various metallic compowncls
of iron were so introduced as to indicate that ’Chgy still
existed in free space in 9(71@ shwpe of vapour, and condensed
amonjsjc %71@ pwv{ously fov«mccl pofr’a’ﬁcs of %hc meteorites,
A all cvents, the relative amount of the metallic con—

stituents appears to haw increased wi’(h ’Che 1a«pse of time,

g



and jthgy oﬂen c@sj(awzc& under conditions &iﬁc«inj en—
’(iwly fwm ’Chose whiéh occuryed when mixed metallic and
5%0@ malerials were mc’(amo«phose&, or solidified from a
state of 19Meous fusion in such small masses ’fhaj( 9(71@ fovcc
of jmvijfa’a'on was too weak 1o sepam’(e ’(he constituents,
ol’(houjh jfh@ differ so much in specific 3mm’@ (3{’@1004"( of
Brit, Hssoc, 185+) Bossi %@} howewver, some meteoric irons
have been p«o&ucecl n %h{s manney Tgy jfhe occurrence of
suéh a sepamja'on, The Eyclwcwr%ons w{’(h whicﬁ some fcw
meleorites are impﬂrggna’fccl, may have condensed from a

state of vapour at a re1a%ive@ late pevio&,

J ’Chewfow conclude ?yovisionanj %ha% meleorites are
records o:f %Hc existence in pianc%a@ space of physiccﬂ
conditions more or less similar %o j(Hose now conﬁm& 1o ’(hc
immediate neigh?oouﬂloo& of %71@ sun, ata fpew'o& in&eﬁni’(e@
more remote ’fhom %ha’( of jfhe occurrence of any of 7(71@ fac’(s

revealed o us @ ’(he s’(uo@ of _@eo%iy —ata pc«io& whiéh
migh’( , in fact, be called pre—‘?ewes%m’al
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4 On %he Structure and Oﬁ’@i% of JNbe—

teorites.

Abstract of lecture delivered @f C. Soﬂiy, 3135, cle,, ot
the Museum, Sou%h Kensinglon, on Mardy 10, 1822

Tha s%ucly of meteorites is na%uml@ divisible inlo sev—
eral very distinct branches of INguiry. Thus in 9(71@ first
plo,cc we may frggcml ’(hcm as shoo’(iﬂnj stars, and obserwe
and discuss %heiv radiani poin’(s and %heiqf relation 1o j(he
solar gys%em, This may be called 7(71@ astronomical o,s?occ’( of
the gues’fion, Then, when solid masses fall o the ground,
we may s%uc!y their chemical composi’tion as a whole, or
%ha’( of 9(71@ sefpcwa’(e mineral constituents; and lastly, we
may s’(uc}y their mechanical structure, and ajoply to this
investigation the same methods which hawve 31’013@1 such im—
fpw’ccm’( vesulls in %71@ case of Tervestrial rocks, So much
has been written on the astronomical, chemical, and miner—
alogical aswa’( of my subject by those far move compc’(en%
%hom myself to deal wi’ﬂl sucfh gues%ions, ’Cha% J shan con—
fine my remarks almost cn’({frc@ 1o %he mcéhcmiecﬂ structure
of meleorites and meteoric ivons, and more espeeieﬂ@ 1o
my own observations, since %71@ will, at all cwvents, ho,w
the merit of greater ovfginoli’gy and fnovd’@, Jime will,
howewver, mot peﬂrfmi’t me Yo enter into the detail cven of

%711'5 sin\gﬁle élqocw’cmen’( of my su?gjec’(,
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In %«ca’(‘[f@ %711'5 gues’fion it aep«pcomol o me very desiy—
able 1o eaehi bit o _you accurate wwo&uc’dons of ’(he natural
objects, and J hawe %chfow had pwqocwe& pho%@mphs of
my original drawings, which we shall endeavour to show @
means of %11@ oeiy@c’qugcn Ume—%;h’c, and I shan mocufy
my lecture to meet %he w;u{wmm%s of ’fhe case, exhi bit—
ing and describing s«pcciol cxamples, rather than a’(’fcmp’f
to give an account of meleorites in \9emm1, Horcover,
since ’fhe time ol my &isposc& is shoﬂ, and jfheiﬂr external
characters may be studied o great advantage at the British
AMuseum, J shan confine my remarks as much as possi ble
1o ’c’hm minute internal structure, which can be scen on@
@ examining pvopw@ yyepomol sections wijfh more or less
711971 cmcgfnifyinj powers,

By far %71@ 3¢ea%c¢ par% of my observations weve made
about a dozen years ago, J pﬂrcpcwccl a number of sections
of meteorites, meteoric irons, and other objects which might
’Chww 1{9%’( on ’(he subject, and my very best ’(hcmﬁs are
due 1o Frof. masﬁc@m for having most ﬁincﬂy allowed
me 1o %horoqgh@ examine jfhe very excellent series of ’fhm
sections, whiéh haol been pyejocwecz for him During ’(he last
ten _years my attention has been divected 1o very different
subjects, and 7 hawve done little more %hom collect material
for ’(he fw’(hw and more comjo1e’(e s%uc}_y of meteorites.
WHM J have fuﬂy wlilised 7(711'5 material 7 hawve mo doubt
that 7 shall be able to make the subject far more comepie%c,

and may ﬁﬂn& it necessary Yo mo&ify some of my conclusions,
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T cannot but fcd %hajt very much morc remains 1o be

IGCW %@Clj CL%CI g ShO‘ULJI %O% hcwe a%%G‘YWP%GCI %O 3ive an o,ccown%

of who,j( J have so far done, if I hacl not been pcw%iculcw@
asked 1o do so by Ay, Lockyer, @ the same time I
trust jfha’c 7 shau al all cvends succeed in showinj %ha%

%hc mioroscopicol mejfho& of s%uc@ yiel&s suéh well—marked
and {mﬂpov%omj( facts, that in some cases the examination
of on@ a sin:ﬂe Sfpccime’n scrves to decide between riwval

%hcow’c&

JIn examining wij(h ’(he naked cye an entive or broken
meteorite we see that the original external outline is very
iwggulcw, and ’Cha’c it is coveved ?zy a crust, usuolly , but not
invofria%@ black, compam’(iw@ 9(711'%, and gu{%c unlike j(he
main mass inside. This crust is usuc&@ dull, but sometimes,
as in %hc Stannern meleorite, %«r{gh’( and sh{ninj, like a
coo,’(inj of black varnish, On examining wi’fh a Microscope
a thin section of the meteorite, cut fpcﬂoc%cliculcw to this
crust, we see ’Cha’( it is a true black 31@55 flled wi’fh small
bubbles, and ’fha% 7(71@ contrast between it and %he main mass
of the meteorite is as complc’(c as possi ble, and the junction
between them shcwfp@ defined, e%ce?’( when por%ions hawe
been injected a shoq’% distance between ’(hc c@s%ols, We

’(hus ch a most complc%c woof of ’(he conclusion ’fha’f
%he black crust was due o jfhe Yrue 19neous fusion of 9(71@
surface under conditions whiéh hacl 1#le or mo influence

at a greater élejojch than 001 of an inch, In the case of
meteorites of different chemical co«mjoosi’(ion, %he black crust
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has not retained a truc jlass:}; cﬁamc’(efr, and is sometimes
0.02 of an inch in %hicﬁness, consis’(ifn\g of two very distinct
1@@%, %he internal showing f,oo;rja'cbs of iron which have
been nei%hefr melted nor oxidised and 7(71@ oxide melted up
wi%h %he suwoumlin\g s%o’@ matler, ﬂaﬁinj wm:y’([hin\g
into consideration, ’fh@ miwoscopicol structure of ’fhe crust
agrees pwfcc’(@ well w{’fh %he e%ﬂomo.’({on usucfl@ aélo?%ecl,
but ﬁ’gjec%ec!l @ some au%hoers, ’(ha% 1 was formecl @ 9(11@
fusion of jche external swfo,ce, and was duc %o ’(hc very
mﬂpicl h@a’(inj which takes 101%@ whcfn a %oo}y MoVing w{’fh
fp1ane%a@ ve1oci@ wshes into ’(he eowj(h’s a’t«mosﬁlew —a
hea’a’nj 0 mpicl %ho,% 7(710 su«facc is melted ?mfow %71@ hco,’(
has time o pem’cmjce %@on& a very shoq*’f distance into jﬂlc

interior of %71@ mass,

w7len we come To examine ’Che structure of %71@ oﬁginc&
interior pcw’c of meleorites, as shown @ fractured sur—
faees, we may oﬂen see wi’(h gfhe naked oye ’(ha’c ’(71@ are
mottled in such a way as 1o have many of %Hc chamc’(ws
of a brecciated vock, made up of fwgmcn’(s su?osegwnj@
cemented together and comsolidated. Meve rough fractures
are, howwev, very mis1eaclin3, % muéh more accurale
opinion may be fo««mecl fa’om 7(71@ examination of a smoojfh

flat surdace. Facts thus observed led Reichenbach o conclude
%ha’( meleorites Haci been foa’me& ?gy %71@ coﬂec’(inj %qge%hcfr

of ’fhe fﬂro:_gmenjcs fpww'ously scpamj(c& jca’om one cmo’fhw n
comels, and an examination of %h{fn ’(mfns’pawn% sections

wml 711911 m@nifyinj powers and izmjmfowci me’(ﬁo&s of il—
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lumination, proves stll move comlusiw@ their brecciated
structure, The fac’cs are, howww, very comfp1e%, and some
arc not casi@ ceeﬂaimcl, ieavinj %his gues%ion fw %he
prcsenj(, T will endeavour %o poinj( oul wha’( appears 1o
be ’Che very carliest his’(ow of 9(71@ material, as recorded @

%hc infernal structure,

T is now neaﬂr@ %wcn@ _years since J ﬁvs% showc& ’(ha%
j(he manncy of foqffma’(ion of minerals and rocks may be
Tearned f«rom ’(heiﬂr :micfroscoqoical structure, 7 showcél ’(710,%
when m:ys’(als are fofrmc& @ olcposi’(ion _ffﬂrom waler or
ffrom a mass of melted rock, ’Chgy oﬂe% ca’(ch—up 100«’({0%5
of ’ﬂp’s waler or melled stone, which can mow be seem as
cavitics conjfaifnmj Auid or jlo.ss, We may %hus &is%{nﬁuish
between c@s’(anim minerals fo«mc& @ mwe@ agucous or
@ puw@ igneous process; fw eeecvmfﬂ@ between minerals
in veins and minerals in wvolcanic lavas, In s%uc@inj
meleorites it cuppecwc& to me desivable, in the first fpbcc,
1o ascertain whe%hw %Hc cf@s%aw“ne minerals fowncl in
%hem were W{gi%c&@ fowmc& @ clefposi%ion fq’om waler or
fwm a melted s%o“@ material omolqgous 1o %hc 510:95 of
our fwnaoe or %71@ lava of volcanoes, One of %71@ most
common minerals in meleorites is olivine, and when met
wi’th in wvolcanic lavas ’(111'5 mineral usuaﬂ\y confains on@
a faw and small 31@55 cavitics in comparison wi’(h j(Hose
seen in suéh minerals as auji’(e, The m:ys’(c&s in meleorites

are, Mmoveovey, on@ small, and thus the &iﬁcﬂ@ of the

gues%ion is consi&em?@ increased, however, @ coweﬁﬂ
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examination with high magnifying power, J found well—
marked j1ass—cavi%ies, wi’(h pevfec’c@ fixed bubbles, 9(71@
enclosed j1ass beino somctimes of brown colour and having
deposited crystals, On the contrary T have never been able
to detect any trace of fuid—cavities, wijfh Moving bubbles,
and %hewfow it is very pyo%am% if not a%solu%cly cerlain,
that the crystalline minerals were chiefly formed by an
igneous process, like ’(hose in lava, and cmc&qgous volcanic
rocks, Thesc wseo;réhas reguire a mognify{nﬂ power of 400

or 600 lincar,

@Dassifnj ffrom ’C'he structure of ’(he individual c@s’(cds
to ’(ha’c of ’(he qg\gw\ga’(c, we ﬁnél ’(ha’c in some cases we
hwc a structure in overy frcsmc’c cmcﬂqgous to j(ha’c of

cwp’(ecl lavas, though cven then there are very curious

cliﬁewmes in detail, @3 me’(hocls like %Hosc a&oqo’(ecl @
Daubrée, there ought o be no move diffculty in artificially
imitating the structure of such meteorites than in imitat—

ing that of our ovdinary wolcanic vocks. T is, however,
ciou%’(ful whejfhw meleorites of any considerable size uni—
fowm@ possess jﬂp’s structure, The best e%a‘mﬂcs J hcwc
seen are on@ férozgmen’(s enclosed in ’Che 3@%@«@1 mass of

%hc @e’(ws%m:g meteorite, which, like many o’(hws, has ex—
actly the same Rind of structure as that of consolidated

volcanic tuff or ashes. This is well shown by the Bialy—
stock meteorite, which is a mass of broken c@s%c&s and

move comp%% j@r@mcnj{s scattered péromiscuous@ ’c‘h«oujh
a ﬁmer——\gmim& consolidated dust—like ash,
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Bassing from this group of meteorites, which are more
or less cmcdqgous to some of our tervestrial wolcanic rocks,
we must now consider %hc more common wariclics, which
are chicﬂg coemjooscci of olivine and oj(hcér allied minerals,
The Mezé—Madaras meteorite is an excellent illustration,
since jfhe outline of ’fh@ fwzgfmcn%s is well scen, on account
of the surrounding consolidated finc material being of dark
colour, In it we scc more or less iwcjﬂﬂm’ sphefricc&
and very iwggulcw fv@mm’(s scattered fPﬁ’O‘m{SCUOUSIy in
a dark highly consolidated fine—orained base. By far the
1&0:9@4’ pcw’t of ’fhesc paﬂi&es do mot emlw @ ’fhm’fr outline
or internal structure furnish any posi’a’w ifnfoq’cma%{on
frcspcc%inj the manner in which %‘h@ were formed, but
ccwefd examination of %his and O%HM cmcﬂqgous meteorites,
has enabled me o find %ha’t %he form and structure of
many of ’fhe grains is ’Co’fa’[@ unlike %ha% of any I hawve
cver scen in tervestrial rocks, and poin’(s to very spem’c&
fphysiccﬂ conditions, Thus some are almost sphwicol c%’oqos
of Truc jlass n ’fhe midst of which c@s%als have been
formed, sometimes scattered Womiscuous@j and somctimes
c‘lqoosi%c& on ’(he external surface, mclia’(inj inwardla; %71@
are, in fact, partially devitrified globules of glass, exactly
similar o some artificial blow—pipe beads.

s is well known, ﬂass:_y pow%icies are sometimes given
off from tervestrial wolcanoes, bul on cfn%w{fnj 9(71@ atmo—
sﬁlcw ’Che:y are imme&ia%c@ solidified and remain as mere

fbres, like Fele's hair, or as more or less irreqular lami—
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nac, like pumice dust. The nearest afmofroaéh to the olobules
in meleorites is mel wi’(h in some artificial péroéluc%s, By
&iwc’(inﬁ a 5%4’0119 blast of ho’( air or steam into melled
31@5@ furnace slag, it is blown into spray, and usuau:y
gives rise 1o pmér—s(hafpecl \fﬂo%ﬂes s eaéh havin\g a Ionj hat’&r—
like tail, which is formed because ’fhe suwounclinﬂ air is too
cold to retain the slag in a state of perfect fuidity. Very
often ’(he fibres are %he chief pro&uc’a J have never observed
any such fibres in meteorites, Jf ’(hc 51029 be ho% enough,
some Sphcws arc formed without tails, analogous 1o those
chamc%wis%{c of meteorites, 3'71@ forma’don of suéh alone
could not afppomnj@ occur unless 7(71@ spray were blown
into an a’fmosphcw hca%ccl up to near ’fhe po{fnjc of fusion,
s0 j(ha% jche 31@55 m{gh’( vemain fuid until collected into
3lo%u1es, The retention of a truc vitreous condition in suéh
fusccl s’ton:y material would clcﬂpc"ncl on %ojﬂl ’fhe éhecmiccd
comjoosi’(ion and ’fhe rate of coo1in3, and its pemomen%
retention would in any case be 1Mepossi ble if ’fhe wfgimﬂ
31as§y olobule were afterwards ficp’( for a long time at a
j(ecmjocm%wc somewhat under that of fusion. The combina—
tion of all %Hese conditions may very well be looked upon
as unusual, and we may %hus ceep%»in w?ly grains con—
taining truc glass are comjoafm%{w@ very rave; but though
rare ’(h@ poin% out wha’c was ’Che origin of many 0%71—
ers, In @ far the greater mumber of cases the general
basis has been completely devitrified, and the larger crys—
tals are surrounded @ a fine—grained 5%0@ mass, O’(hw
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grains occur wi’fh a fcm—shajoecl o,wanjcmenj( of cﬂ@sj(awm
needles, whiéh an incautious, non—microscoqoicc& observer
m@h’( confound wi’fh simﬁc concrelions, TH@ have, how—
cver, a structure entively different from any coneretions
met wi’fh in Tervestrial rocks, as for eeewmp% jfha’c of oolitic
orains, In jchem we often sce a well-marked nucleus, on
whiéh mclio.%{nj c@;s%ols haw been clcjoosij(c& cgucﬂ@ on
all sides, and ’Che external form is mcmifas’(ly due 1o 9(71@
3¢och71 of %hese c@sjcals, On 3(710 con’(m@ 7(71@ grains in
meteorites now under consideration haw an external form
1'7143@70@%4%%% of ‘?726 m:ys%als, which do not radiate from jfhe
centre, but from onc or more p%,ces on jfhc surface, Th@
have, indeed, a structure a%so’[u’w@ identical wi’(h %710.7( of
some artificial MO«wqoijoe beads which become c@s%anim on
coolinj, ‘wl'%h a 1ifile care %Hesc can be made 1o c@s’(anisc
from ome yo{fnjﬂ, and then the cfr:ys%a(ls shoot out from that
fpoifn% in a fcm—shape& bundle, until %He whole bead s
altered, In ’(his case we c1ecw7:y see ’(ha’c %71@ form of ’(he
bead was duc to fusion, and existed prior to the formation
of the m:ys%c&s. The general structure of both these and
%he pww’ously described sqohwiccd grains also shows %710,’(
jfhcifr rounded shapc was not due 1o mcéhomiaol wearing,
NMorcover, melted globules with well—defined outline could
not be j:cwmecl in a mass of rock pressing cigaifns’( %hefm on
all sides, and T therefore arque that some at least of the
constituent pcw’ficﬂcs of meteorites were oerfgifnauy detached

olassy olobules, like drops of fiery raim,
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&%o’(hev remarkable chcwac’(cfr n 7(71@ constituent paﬂr’d—
cles oj: meteorites is %ha’( %hgy are oﬂen mere fwgmen’cs,
oi’choujh %he entive ?aoc@ Taefow ?wirn\g broken may origi—
nally have been only one—forticth or one—fifticth of an
inch in diameter, N appears to me ’(ha’( ’Chus to break
such minute pafr’cicles when %hgy were pﬂro?m?o@ in a sep—
arate s%o.’(c, mechanical fowcs of jwa’t in%cnsi’@ would be
wguiwcl, ?By fcw 9(71@ 3«@@%@« number of meleorites howe
a structure whiéh indicales %ho,’( %his %waﬁinj up of %he
constituents was of very gemeval occurrence,

&sswminj %hcfn %ha’( %he pcw’fides were oarfgifnaﬂ:y do—
%acheci like volcanic ashesl it is gw”(e clear ’Cha’c ’Ch@ were
su%scgvum%@ collected %qgc’fhw and consolidated, This movre
’(hom a@’fhmﬁ clse appears o me a very jwa’( &iﬁcﬂ@
in the way of our adopting @{giéhen%achfs cometary theory,
Volcanic ashas arc massed ’ngejfhw and consolidated into
tuff, because they are collected on the oround by the gravi—
tative force of the carth, Tt appears 1o me very diffcult o
understand how in ’(hc casc of a comet %ch could be in any
pafr’( a suﬁcicnjc@ s’(ﬂronj 3«@471”(0.7({4!0 fowc to collect %hc
ciisqoersecl dust into hcwcl 5%0@ masses like meleorites, "Jf
i were not fo« j(his oxppawn% &iﬁimﬂ@ we fmfﬂfi suppose
j(ho,’c some of ’(hc fac%s hew described were due o ’fhe haa’f
of %he sun, whan comets apfproaéh so near o 11 %ha’c 9(71@
conditions may be pmc’(icolly almost solar, Comets may
and pvo%am\y do contain many meteorites, but 7 ’Chinﬁ ’(ha’f
%heier structure indicates %Ha% j(hgy were or{ginany fowmecl
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under conditions fcw more like ’Chose now c%is%inj at j(hc
swrfacc of %71@ sun %Hcm in comels,

Tha pm”(icies having been collected ’nge’(hw, %he com—

pouml mass ho,s wi&enj@y oﬁen wncle@om considerable
mcchcmiccﬂ and c@s%awm chmjes, U'he quogmcn’ts Have
sometimes been broken in situ, and ”faul’(e&;“ and CTYS—
tallisation has taken placc, analogous to that met with in
mc’(amowphic rocks, which has move or less, and sometimes
almost en’(iwly, obliterated ’Che o«{ginol structure, The sim—
101@5’( ceep1ana%ion of ’fhis chanjc is 1o suppose j(ha’( aﬁw
consolidation meleorites were vcw{ous@ hm’ca& 1o ’(cmpem—
tures somewha’c below ’(‘hei@r yoin’( of fusion, Those w‘hioh
haw %Hc structure of true lava may in some cases be
por%ions w'hich were ac’(ucﬁ:y remelted, We 'hcwc also %his
s’(rif(in\g fac’(, %ha’( meleoric masses of compowml structure,
%hcmsdws made up of ff@men’(s, haw been again broken
up into comjoouncl fwgmcn’(s, and gfhcse collected %@c%Hw
and consolidated oﬂonj wi’ch fwsh material, 1o form ’(he
meleorites in %h@iﬁ’ pwscn’( condition, i,dfﬂe is a 30051

ceecumjob of ’fh{s comjo(lcee structure,

@no’(hev remarRable fact is the occurrence in some mete—
orites of many veins flled wml malterial, in some wspcc’(s

0 omolqgous 1o ’fhe black cws%, j(ha% at onc time 7 fd’(
induced Yo belicve that %hgy were cracks, into which the
crust hacl been iw’ec%ecl &ﬁ?m«rfu« is a 3003 e%ample of

%his, and scems 1o show ’(hajc under wha%ww conditions

the veins were found, they were injected mot only with a
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black material, but also with iron and magnetic «Ryw"ws,
Jaking, then, all the above facts into consideration, it

appears to me ’(ho,% ’Cha conditions under whiéh meteorites
were formed must have been such that the %cmpcm%we was
711971 efnouﬁh 1o fuse sjtoqy masses into ﬁass; ’fhe paﬂi&es
could exist inclepencien’(ly one of %71@ o’(hm’ in an incandes—
cent a’(mosﬁhew, subject to wiolent mcchanicol disturbances;
that the force of gravitation was great enough to collect
%hese fine pa«r’(icles ’nge’(heq’ into solid masses, and ’ﬂla’c ’Chase
were in such a situation %Ho,% jfhgy could be mc%o.mm’phosecl,
further broken up into fragments, and again collected to—
3@%110«, All %hese fac’(s agrec so a&mim%ly wi’(h wha’( we
hnow must now be taking placc near the surface of the
sun, that 7 cannot but think that, if we could only obtain
specimens of ’Che sun, we shouw find ’C[ha’( %heiér structure
ogwe& very close@ wi’fh ’(ho,’( of meteorites, Consiﬂwinj
also that the welocity with which the ved flames have been
seen 1o be %hrown out from ’(he sun is almost as 3«@@% as
%ho,’( necessary to carry a solid %oc@ far out into planc’cm:y
space, we cannot helep wondering whether, after all, me—
teorites may not be por’a’o’ns of ’(he sun woen’(@ cie%achccl
from it @ jfhe violent disturbances which do most cw%o,{nly
now occur, or were carried off from it at some carlicr pe—
viod, whe% %hese disturbances were more intense, (41 9(71@
same time, as poin%ccl out ?39 me Many years ago, some

o:f %71@ fo.c%s J ho.w described may indicate jfha’f meleorites

are ’(he vesidual cosmical matter, not collected into <p7,ome’ts,

22



fowmccl when jﬂle conditions now met wi’(h on@ neay j(hc
swrface of %71@ sun extended much fw’(her out fvom 9(71@
coendre of %hc solar gys%em, Thc éhicf o?gjcc’c{on 1o any 3«0@’(
extension of 7(711'5 hypo’(hesis is %hajc we may doubt whe’thmf
%71@ fowe of 3ravi%a%ion would be suﬁcicfn’( 1o eeqﬂm’n some
of jfhc fac’cs, In any case J ’fhinﬁ %ha% one or o’(hm of
these solar theories, which o some extent agree with the
speculations of the late Iy, Brailey, would explain the
remarkable and very spac{ol mim’oscop{cal structure of me—
teorites fo:r bettor %hom %710.% whiéh frcfws ’(hcm 1o poﬁ({ons
of a volcanic piane’t, su%scgumﬂy broken up, as adwvocated
?Zy Aeunier, unless indeed we may venture o conclude
that the material might still relain its original structure,
due 1o very different conditions, PrYeVious to its becoming
pcw’( of a plcme’(, A ’fhe same Hime so little is posi%{w@
known fresycc%{nj ’(he or@incﬂ constitution of jchc solar
gys’(emj %ha’c all j(Hese conclusions must to some exten? be
looked upon as on@ pa’ovisiom&,

7 will now paﬂoccc& to consider some fac%s connected w{’fh
meleoric ivons, The so—called Widmanstall's fouring, scen
when some of ’Chese irons are acted on @ acids, is well—
Anown; bul in My opinion ’fhe fpw]oam%ions are oﬁen very
%a&@ made, waen pfroyefr@ pveepawcl, j(hc surface may
be sa’(isfac’(oﬁ@ examined wml a m@nifyinﬁ power of
200 lincar, which is wf;uiwcl to show 9(71@ full detail. We
may then sec that the flouring is duc to a wery regular
m:ys%aﬂisa%ion, and 1o ’fhe sepam’tinﬁ oul ome from %he
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other of different compounds of iron and micel, and theix
fphosphi&es, WHM meteoric iron showiﬂnj ’Chis structure is
mj(iﬁcic&@ melted, 9(71@ wsupcinj pyoclucjc does mot show %he
original structure, and it has therefore been contended that
meleovic ivon was mever in a state of igncous fusion, In
order 1o jfha’ow 1{971’( on 7(711'5 gues%ion, J have pa{cl very
much attention to the microscopical structure of mearly all
Rinds of artificial irons and stecls, 7@ s’(u@in\g surfaces
polishe& wijfh very s]occiol cave, so as to avoid any offect like
burnishing, and then acting on them very ca«@fuﬂ\y with
e%’(mme@ dilute nitric acid, In %His manney mos? ?aecm%ify
and instructive specimens may be obtained, showing a very
oreat amount of detail, and YeQUITIng a magnifying power
varying up o at least 200 lincar, In illustration of may
subject I will call attention 1o on@ a few 1caclinﬁ @pes
of structure, In the first case we have grey pig—ivon,
showing laminac of jmjohi’te pvom{scuously arranged in
all posi’({ons, on ’(he surface of which is a jfhin Io:yw of
who.% s pfro?:a%@ iron uncombined w{’fh carbon, whﬂsj( ’(ha
intermediate spaces are flled up wi’fh who,% are pvo%a%@

two clifr'ewn’( comjooumls of iron and carbon,

ﬂﬂrﬁe éhinccl wﬁnccl iron has an cn’({w@ cliﬁcwn% struc—
ture and more uniform c@s%anisa%{on, the structure is very
remarkable and %mu%ifd, maiﬂn@ due 1o ’(he Varying crys—
tallisation of an finj(cnsc@ hawi compouml of iron and
ccw%on, and j(he two ojfhefr soﬁw compouncls met w{’fh n

ey pio.
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NMalleable bar iron has an entively different structure,
and shows ﬁ%fres of black 51059, and a more or less wnifofrm
c@s%anisa%ion of iron wi’fh a varying small amount of
carbon,

Cast stecl &iﬁws again wery muéh fﬂrom any of 9(71@
previous, Tt shows a fine—grained structure, duc to small
mclia’(if@ c@s%c&s, and no pla%es of 3¢ap71i%e,

The difference between any of the above and meteoric
iron 1s cee’(wmc@ 3%@%

In %71@ case of Bossemer metal we haw a m:ysjcawm
structure ajopwaéhinj in some fplaccs more mcwly 1o %ha’(
o:f meleoric ivon, We sec a sort of Widmanstait's ﬁjuyinj,
but it is duc to %he se«pcwa’(ion of fwe iron from a compouml
con%ai%inﬁ a little carbon, and not to a wariation in jfhc
amound oj: nickel,

Tha nearest appﬂroaéh to ’(hc structure of meleoric iron is
met wi’ﬂl in j(hc central po«jdon of ’ﬂp’cﬁ bars of ch&ish
irom, ﬁejo% for some weeks at a ’Cempem’(uw below ’C[hm'fr
meﬁinj poin%, but high enough 1o give rise 1o a’ac@s%aw—
sation. We ’(hm jcjc a comepie%c sejoo.m’(ion of fwe iron
from a comjooun& con%aininj some carbon, and a cTYs—
talline structure which, as far as mere form is concerned,
most c1oscly cowespomls wi’(h jfho,% of meleoric iron, as
may be al once scen on comparing %Hem,

Thcsc facj(s c’lccw@ indicate 7(71@’( jfhc Widmanstat's fio—
uring is ’Che resull of such a comqole%e sefpcwa’cion of 9(71@

constituents and fpm’fcc’( c@s%anisa’(ion as can occuy on@
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when the process takes «phce slo«w@ and 3va&ua1@, They
appear o me to show ’cha’( meleoric irvon was Jie?o’c for a
10%3 time ot a hea% gust below 9(71@ poin% of fusion, and
that we should be by no means_justified in concluding that
it was not prew’ously melled, Similar p«rimiﬂcs arc ap—
ﬁicaﬂe in ’fhe case of ’fhc ivon masses found in Disco, and
it @ no means follows ’(ha’f j(hgy are meteoric because j(hc:y
show the Widmanstatt's fouring. Difference in the vate of
coounj would serwe very well 1o explain %hc difference in
the structure of some meteoric iron, which do not differ in
éhefmicc& composi%ion; bul, as far as %He jmewﬂ structure is
concerned, I ’Chinﬁ ’(ha’( we are wi’(e at li %w@ to conclude
that all may hawve been melted, if this will better ceeﬂpia{fn
o’chw «phenocmena, On %711'5 supposi%ion we may account for
%he sejocwa%ion of 9(71@ iron from 9(71@ s%owly meteoriles, since
under conditions which ?wou‘iﬂﬁ into ﬂpio;cy on@ a moderate
3¥avi%a%ive foree, j(he melled ivon would subside ’fh:rou\gfh
%He melled stone, as happms in our furnaces; whﬂs’( at
the same time, as shown in My paper read at the meeting
of the British (ssociation in 186:, where Hhe separating
force of 3mvi’(a’(ion was small, ’Chgy m{g?ﬁ remain mixed

together, as in the Gallas ivon, and others of that @pc.

In conclusion J would say j(ha’( ’fhoujh from want of
aczegua%c malerial foer inves’({ga’don J fecﬂ %ha’c who,% J

have so far dome s very {fncomﬁc%c, 3@% J %hinﬁ %ha’(
jche facts 7 hawve described will, at all cvenlds, sevwe 1o

prove %ha’c %71@ me%ho& of s’tuo@ emﬁgye& cannot faﬂ to
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3ic1& most wvaluable vesulls, and Yo throw much light on

many w"omems of 3«@@% interest and imjom”ccmce in scveral
&iﬁcwfn% ?ofrcméhes of science,
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