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1 ﬂc apcplica%ions of ’Che ?W'czroscow
n ’(71@ inws’c{ga’({on of Jeteorites,

Tha mineyal@icai inws%@a%ion of a meleoric stone
fpwse'n%s &iﬁcuﬁies very similar %o j('hose whiéh hcwe 71{%71—
erto rendered jfhe analyses and cicsm’ipj(ions of many of
jchc ﬁfnw—jm{m& terrestrial vocks unsa%isfacj(oty; foar a
meteovic stone is in fac% a fwigcmm% of a rock, %110“311

fowmccl under conditions in some wspec%s wiclely &iﬁwinj

from those which have wo&uee& the rocks of our globe.

Thc c’liﬁcuwcs alluded To arise fvom j(he minule size
and icmjoefrfec’c@ élweloqoeél m:ys’(anisa’(ion of ’Che mineral
constituents alike oj: ’(hc vock and 7(71@ aerolite; and %hgy
ho.w n jcfnetrol %aj{ﬂccl %he cﬁo«%s of j(hc chevmisjt on j(hc
one haml 1o ejfec’( %heifr sepam%e cmalyses, and of %he crYs—
’Cau@mphw on %he o’fhev Hwncl to determine 9(71@ fowns of
’Chcsc constituends, The chczm{s% indeed has endeavoured 1o

overcome %11@ ciiﬁcui@ ?ﬁy a’(’(emp%inj a éhecmicoﬂ sepam’(ion
of 9(71@ constituent minerals of jchesc ﬁm—jm{m& mixtures
info one group of suéh as arc soluble and wno’(hc« group
of %hose which are insoluble in acids, and %hefn %wa%inj
’(hc numbers oblained fa’om ’(Hc oma@scs of %hese oroups
@ %hc 1{911’( of %Heow’ficol considerations foumlecl on %hc
fowmﬂa and fprowvj(ies of known minerals, This zmc’(ho&
is ncccssomi@ on@ an app@roxima’fiw one, Swen 3¢an%£nj

jcha% @ its means we could divide a rock into two classes of
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ingredients, which we cannot in fact accw’o,’(cly do, there
remains ’(he gues%ion of how o sefpam’ce quom mch o%hw

%Hc mit@b& mincrals in, for instance, its insoluble poﬁion,

But the great interest that atlaches to whatever may
%Hfrow 1{971% on %710 His’(ow of acrolitic rocks scemed 1o
render 11 very desirable ’Cha’( some more reliable mc’(ho&
shoum be souﬁf( fo« ’(heiﬂr {nws%{ga%ion, W%‘h jfhis end
in view, and also with the purpose of basing on such
an inwes iga’(ion a scientific classification of ’(He now wvery
extensive collection of acrolites in %Hc ‘(Bfri%ish Museum, J
some six_years ago commenced a gys’(cma’fic examination of
%hcse bodies @ ’(he MICTOSCoPe, whﬂe %71@ meleorites were
beino cut in order 1o show %heifr 1001{5710& surfaces, a small
fragment of the portion detached was fastened by its flat
side To a strip of olass and carvefully worked down to the
ulmost %cmti@, Tha %mnspawn% section ’(hus fowmccl was
%Hen examined in 7(71@ Microscope, Jhe resulls 1o be oblained
@ %he s’(uo}y of such sections may be divided into such as
are structural, %hﬂrow{nj 1{971% on ’fhc physical conditions
under which the meteorite was formed, and such as are
minc«aiqgicai and concern pure@ %he pa«%imﬂow minerals

’(ho?( are %710 in\gw&ien’(s of %hc stone, From jfhe fowmw
class, we learn ’fho.j( a meteorite has ho.él a 711'59(0@; %ha’t it
has umlm:gom chom\ge su%segmn’(@ to its ﬁq’s’( consolidation
in its pwsm’( j:oa'fm, Tha ca:ys’(anim chamc%w of all %he
constituent minerals; jche fissures at one time fowmccl, %hen
ﬁucﬁ and %Hefn, in many cascs, broken across and ‘heaw&’
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and flled again, like some mineral lode; the ‘chondritic’
structure ’Cha’( G %se has iMustrated; ’(he fmc’(uw, in

al least one meleorite, of %71@ sqohewlcw 'éhon&m,’ which

haw been s«pm and severed and recemented into a comjoac%
mass, — ’Chesc are among ’fhe many fac’(s impw’n’(ecl on a
meteorite wh{éh are so many vecords %elonﬂinj to its Hisjcoty,
and which @ j(hc aid of %71@ MicYoscope we may read and
in%ewpw’(, But 1o found a classification on the structural
chamc%ws of meleorites is mot %hc same 9(711'119 as 1o arrange
’Cham accwclif@ 1o %hc{fr mimml@icc& comﬂposijc{on, 771@ two
must be combined for a fphﬂosmphicai cwmn\gemen’(,

J Propose ﬁcalinﬁ wiﬂl jfhc mincm’lqgiccd side of %hc
wo“em in the wcsenjt memoir, and To vecur heveafter to
’(ha structural composi’(ion of meteoriles, when %71@ nature

of jfhcifr injvc&icn% minerals shoﬁ haw been rendered clear,

Tha 3@%0«@1 fea%wes of ’(he MIcYoscopic sections of cor—
tain meteorites weve described ?Zy me in jchc years 1863—0u;
and ’fhe examination in j(his way Has been extended to above
o distinet aevolites, Th@ c@s%aqumﬁl% howwcfr, of %he
nuUMerous m:ys’(als scen i suéh a microscopic section is
almost 71079@1@5513 cliﬁcul%, In cases whew c@sj(au@mﬁl{c
divections are indicated @ c1eavq9¢—p1amcs or ?Zy ’(he Yraces’
on 9(71@ section of determinable m:ys’(c& faccs, some conclu—
sion as 1o %hc s\ymmc’ﬁy and gys%cm of %he c@s’ccfl can be
drawn fvom ’(he directions of s o?%ical Wimi«poﬂ sections

as indicated @ 1{971% polcwisccl in a Anown p%me. @nd oc—

‘ﬂ%h‘mdn, der Réniol. (Hkademic der Wisscnséh, Berlin, 186, P 84
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co,sionauj a section is met wi’dl 0 mcwly pamnd 1o one
of ’(he impor’(om’( faces of ’(he c@s%cd as 1o allow some
reliance 1o be fplacc& on 7(71@ omjles of s %oun&in\g p%mcs
as measured @ a delicate oyepicce 3oniome%ev, G 10%3 sc—
ries of measurements and delerminations of ’Che directions
pamnd 1o 7(71@ pw’ncipc& sections in %hc m:ys%c&s met wijfh
in these Microscopic slides has convinced me that, however
useful ’(he MIcYoscope may be in wwoﬂinj %he structure
of a meleorite and 71@1101’119 to determine iis place n a
collection of such bodies classified accofrcunj 1o j(hei« ﬁwsi—
cal constitution, it is on@ ?ar%iawy of use in c’le%wminin\g
%Hc mincmlqgicol chamc%w of jfhe constituents, Bul if %he
apzplica’(ions of pohvisecl 1{971% and ’fhe cyepicce joniomcj(w
are j(Hus limited, %71@ MICYOSCOPe Has cmo%ﬁw func’don to
pwfo«rm in such an inws’({ga%ion; for, from ’fhe cachun:y
bruised débyis of ﬂpm”fiaﬂm’ meteorites selected foer %he fw—
guen% recurrence in %hem of wcqgnisa?ﬂe minerals, and for
’(hcz mqgni’(uc& of ’(ha orains of %hcsc, one is able 1o picﬁ
out under ’fhe MIcYoscope %hc distinct pcw’a'ﬁcs of ccufh suéh

mineral,

guch paﬂf’w’&cs occasionauy offer c1eavq9e—1o1anes , O cven
a m:ys’cal face or two, 1o %hc \9oniome’wm dn a wvery few
cases ctcys%cds hawve been found sujﬁcicn’(@ comepie%c 1o lead
o a reliable cws%aﬂqngphic result? The chief advantage
of jchis mc%ho& is, howewver, %Ha’c it affords 7(710 means of

Thc ‘1{5%@15 Ojc U@‘HO 5(1119(0 1m %110 71“/171@5 1(:0%004’1%0 were %HUS Measusr CCI m %110 @4’1%1511 1(’11«501&%1
(ll‘y ‘m‘L} 1@%0 oﬂcq_quc @ OjCCSSO U von iomﬂ Si%‘lu’njﬂ’d &zﬁacl (1/3 W1sscfnsh WWn 180;




ana@sinj ’(H@ scpcwajcc minerals selected @ it but even %hus
%hc cliﬁcuwes are considerable. The ;uom’({’@ of material
at onc’s clisposoi amounts 30%@<m11y o a very fcw grains,
and of jfhcsc but a small <pvo<po*rj(ion consists of j(hc desired
mineral; in fac% 71@136 a gramme is as much as one 1s

3@%@<m1@ able to obtain in a state of wv{@,

Tha analysis of so small an amount of a silicale is a
dificult problem, To break up the silicate by fusion with al—
kalis imqo"h’es ’Che introduction of fow{gfn and non—wvolatile
inyve&ien%s; 1o estimate 9(71@ silica @ its loss on %waj(ifnj
’C'he mineral @ ammonium oy hyolfrqgen Auoride were 1o
lose who,%, n ’Che omo,lysis of such small gucm%ﬁies, is ’(he
necessary check afforded ?3?7' ’(he summing of ’(ha fpwccnjcogcs
of its constituents,

Jo distil the silica in the form of silicium fuoride, and
’(han 1o delermine i1 ei’(ﬁw as silica or as po%assium fuosil—
icate, suggested itsclf as a means @ which this check might
be sccured, (4 long series of caepew’mcfnjcs, underlaken in
order o ascertain %he best process fo*r ’Chus cle%wminif@ ’(he
silica, has resulled in a compic%e@ successful ajoplicaj({on
of %He ‘me’(hocl; and @ it so small an amount as %wo—’cen’(hs
of a gramme of enstatite or of auji%e has been ana@secl

wigfh a sa%isfac%ow resull in 9(71@ Ia%ofm%oty at jfhe @4’{%’[571

useum,



2 On a new 7\40%7103 of cma@smj Sil—

icales %710,’( do mot 3@1@’(1’%1’50 wi’(h
HAcids,

The me’(ho& a&oﬁe& for 7(11@ omalysis of silicates in
small guomjw’jgy, to which reference has alrcac@ been made,

was the followins.

Thydrogen fuoride formed from picked fuor—spar was
conducted into water, CUJHM 7(71@ saturation hacl waéhecl jfhc
point at which the liguid gave of fumes, the acid solution
was treated in a pla%inum clish wiﬂl po%o,ssiucm Auoride
s0 10?19 as any pwcifpi%a’te was fowmccl @ﬂw decantation
jchc acid was distilled, ’fhe first and last po«’a'ons beino
omitted, and the distilled acid preswwcl in a pla%ifnum
bottle, (d leaden bottle, cven when lined wi’ﬂl pure w%’(a
pwéha clepos{’(ccl from its solution in benzol, appears to

be atlacked @ j(he acid,

& small 7310«%1’%%141 retort of a capaci’gy of 30 cub, con—
Yms, (ﬁj 1) has ffed into it o Wwhbulated s%omow (ﬁj
2) wachmﬁ ncoﬂ\y 1o %hc bottom of %71@ retort; a small
tube (b ( ) enters %71@ s’(myh’c ’(u%e of %71@ s%oappw /a) at
an omﬂe above jC’hc neck of ’fhe w’(oﬂ for ’che cmwm:y of
hyolarqgen The s%ngh% tube can be s’(oemoccl m’(hc«r ?o a
small 701a%mum s%o?pe«r Uig 5) or 7@ a fwnfnel of ’(ha%

metal U@ z,. wﬁh a S%Ofppcw (f ) at ’fhe %Ofp and a fine
orifice at its lower e%j(wmfgy (72)



Fig. 1. Fig. 2. 9:‘
o 3.

1 ?ﬂgmws 1= 4

In the side of the vetort just below the meck a straight
delivery—tube is fixed, which again fits into another plat—
inum tube U@ 5) that, after taking a curve into a wvertical

fposi%ion, is enlarged into a long g}ﬂin&w capa?fle of passing
”rwo#ly to the bottom of a testAube. The testube, into

which it is fHted by a cork, holds when properly charged
25 cub, centims. = 64 grammes of a strong solution of
ammonia (of specific gravity = 0,88), corresponding 1o 2.03
of BN and a glass delivery—tube passes o the bottom of
another test—tube, also containing a little of that alkali,

Tha mineral to be analyseci is ﬁrsj( powclewcl ex%w:me@
cm’efuny in an cgga%e morlar; of %711'5 a guom%ij@, j(ha% may
be from o2 Yo o5 gramme, is introduced into the retort
%Qge’(hw wi’fh a small p1a’(inum ball, Th@ tubulated S%Of’wpm’
(ﬁj, 2) is mow introduced into iis phce and cemented @
jchc aid of a little w%%a—ycwha varnish, and @ win&inﬁ
over its ec}ge and %ha’( of %71@ retort a s%w'jo of %Hiﬁn shec%
india—rubber, The funnel, wi’(h its ’Coqo closed, is mow
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put into the tubulure of the stopper and flled with the
hy&vqgen fuoride, which has a s’(wn\g’(h of about 32 por
cent, of acid: it contains 112 orm,  of pure hycl«qgen
fluoride, capable of rendering gascous 0.8y grm. of silicic
acid (8i0,), and of neulralising 0.95 of ammonia (5. V)
The acid is next admitled to %he silicate, and 9(71@ funnel
removed 1o give placc to the small s%opepw, which, and the
joint of jfhe pia’(imum &eiive@—%u%es, are mow sealed wi’fh
3u%%a—1oc¢cha varnish  The appam%us, as prapawcl for
use, is vepresented in flo. 65 Pure dry hydrogen is next
allowed slowly to traverse the whole oqopcwa%us, and the
retort is placed in a water—bath at 100° C. for two hours,
and Occasiono.n:y shaken to set the ball in motion. During
%his oqoem’(ion on@ a minule trace of silicium difluoride

comes over,

5The scale of fios. 1 %o g is one—half the actual size of the appcwa%us; that of fo. ¢ is one—third
%hc actual size,




U

2: ?{9wcs 5 — 6

The retort is next transferved o a bath of pamﬁn and
cavefully heated in . @ first ydrogen fluovide comes
over; and at this point of the process the flow of the
hydrogen reguires a 1tle aHtention, & aboul 132° €,
with the silicates described in this memoir, the silica first
becomes wvisible in fine flocks in ’Chc ammonia solution, and
in omo’(hczr minute ’fhe wh(ﬂc is cloucly, In from flve to
ten minutes the %cemepem’(uw has visen to 42°—145°, and so
much of ’C'he fluoride has come over ’cha’( ’fhe contents of 9(71@
tube are of a semi—solid consis’(en@, and maﬂr@ ’fhe whcﬂe
of it 710.5 in fac% passecl over, The %cemepem’(wc is allowed
to increase o 150°, and the retort then permi’(’ce& to cool,
Thc process is w]oco,’(e& ?zy in%w&ucinﬁ a fwsh cha(ga of
hyclq’qi;en fuoride into j(hc retort and of ammonia into j(hc
test—ube, and again hea’tifn\g n %71@ pamﬁn %a’(h, Jf %71@
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guantity of the silicate taken be not more than o2 grm,
fwice chm:ginﬁ 9(71@ retort is suﬁcicn%; if it amounts to oz,
’Chwe or fmw wpc’c{%ions of j(he process are wguiwcl 371@
process must in fact be vepeated so long as any fresh flocks
of silica can be scen 1o form in ’Che ammonia tube, ?inany,
0.25 cub, centim, of su%huzr{c acid are introduced into 9(71@
retort, and %he j(empwa%uw raised 1o 160°, jfhc strecam of
hy&vqgen %einj continued as ?aefowﬁ‘

Tha several ammoniacal chm:ges of ’Cha ammonia tube
arc mow ?Woujh% %qge’(hw into a p1a%inum clish wi’(h all
’che washinjs fvom ’(he test—tubes and %He cownec’(inj tubes;
and %hese are now slow@ wwpom’(e& na wa%w—?oa’ﬂl wi’(h
continual sjciwinj,

A a cortain po{fnjﬂ of the wo,pom%ion, _gjust before the

solution becomes neutral, and ’(ha ammonium fluoride begins

o become acid, all ’Cha silica in 7(11@ 011'571 is dissolwved ?Zy
the fluoride. The process is oradual, but the moment is
easﬂy determined when it is comjole%e, Then the dish being
removed from 9(71@ wa’(w—?aaﬁb po’(assium cmov{cle is added
in 511:971% excess; and absolute oicdh& cguol in bulk o %he
Ugui& in the pia’(inum vessel s ywve& on i, Botassium

fluosilicate pwciw’(a’ces, and aﬁw s’(anc’lin\g ’Cwen@—fouoﬂ
ours it is fillered and washed with a mixture of cqual
h f g

"’?‘!’l a series Oj’ 4%011)505 maclc Wiﬂ'[ a view %0 clcjfwfmmc jﬂld Cl@ﬂﬁ’CC Ojc cmw ‘Wi%jl Which ’(Hc
aac?. a%jfacﬁs various 5111420%05 cmol %hc fOTMS Ojc S111Cd 1%5(‘130} 1% was ")COUA'ICI i”[a% %710 ﬁ‘Y’S% %Uﬁ’(bicli%ﬂu Ojc
:HIC ammonia w«ﬂ 1f suﬁcwn’{ ’{rmc 130 CL‘HOWGCKI commence a% 120 6 U‘Pf %1115 %CW‘PCW'CL%WYC %O 1,.1
%wcn@—%hwc mmu%cs were 4”09‘1&151%0 fO‘Y %110 Mlﬁ Of %Hc sﬂmwm compouml %0 come over fw‘om ’fha
TC%OW‘% gj( was %0% fmmcl howwcv, j(haj( %‘HC acj(w'n O_‘]C %110 actcl was more 0%07;90%16 on once S111CCL%C
%Hcm on mw O%hm’/, or on gucw Z,
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volumes of absolute cﬂcohoI and wa’wfr, and %Hcm dried and
weighecl U'he resulls are accurale,

In ’(ha pla’(iwum retort are ’Cha bases, in %71@ form of
su(lpha’fcs, the treatment of which calls for no further

’?’G‘}’na’?’ﬁ,

% specimen of ch'oqosicle, pﬂﬂwriseﬂ and analyseci ?Zy %71@
mc%hocl here described, 31’&51051 5346 per cent; on treatment
@ fusion wi’(h po’(assium and sodium carbonate, it ave
in two cmalyses 5351 and 5354 Por cent, of silicic acid,

12



3 3716 Busti Herolite of 1852.

@mon\g ’(he meteorites wi%h in\gw&ien’(s suﬁcien’@ 1@4:9@
n %71@ orain to offer an oqopofr%uni@ for iso1a%inj and
determining their constituent minerals, is a stone that fell
in India on the 2™ of December, 1852, mear e station
named Busti, situated aboul halfway between Goruckpur
on the cast and @za%a& on the west, and conscgucn’(@

some 45 miles from Goruchpur, and mearly in 26° 4

noﬁh latitude and 82° 42’ cast 1onji%uclc,

For %he account of %he clrcumstances a%%cncl{nj %71@ faﬂ
of this meteorite I am indebled to lr. George Osborne,
at that time Resident at The Busti Station, to whose care
science owes ’fhe pwswwfh’on of %he stone ’(hajc fen ’(hem
he presented it to the ast-TIndia Company, and for sev—
cral years it stood in the Library of the India house. T
was pwscnjcccl 1o %Hc @vi’a’sh NMuseum whan Lord _ﬁc&i—
faee was gecw%m:y oj: State fm’ ‘an&ia, @ 9(71@ gccwj(a@
of State in Council, My, Osborne describes %he fan as
having taken p1ace at 10h 10m A, announcing i%self ?Zy
a sudden ceejo’los{on vmuch louder and of a more detonat—
ing chamc%efr %hom an ow’clinm:y jfhumlefrclajo, increasing in
in%cfns{@ towards its Termination. Thew was no Trace of

cloud in jthe s@, and ’fhe rcpozrj( lasted for a time %ha% A,
Osborne estimated at from %hwe to ﬁw minules, (41 Busti

’(hc wqow’f was not accompomiecl @ 9(71@ effects of concussion,

whﬂe at _@owcﬁpw’ it shooﬁ jfhc 31@55 and doors in j(hc
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houses, the sound appearing at the latter station to ap—

fpw’oach in a dirvection f«rom WHANW, @ Busti i1 scemed o

one fo,cinj 7(71@ noﬁh Yo come fﬂrom %hc zcni’ﬂv and 7(710@71

heard so Iou&@ al Busti, and aepycwcn’d\y stll more 'Loucn:y
at gomcﬁpun it was not noticed at a station 7(11{4’@ miles
west of Busti, The course of the stone was pyo%a%@ a
noqu(h—ms%c«r@ o a sou’(h—wcs’(c«rly one, the eeeplosion that

sha%’(ewcl it hav{nj occurred soon aﬁw it haci yasse& 9(71@

Ionji%uﬂe of _@owcﬁpu% Thc stones fcﬂ al a 1o1ace six
miles south of Busti, and My, Osborne obtained a small
one weighin\g about %hwc fpouncls, jow many fen was not
ascertained, but all %hc o%hws hawve been lost 51:9713( of, Jr.

Osborne havinﬁ in vain endeavoured 1o obltain a second,
The aswcj( of the specimen of this acrolite which Mo,
Osborne ?Yesm’wél is in many wsqoec%s very similar 1o 9(71@
stone that fell at Bishopwille, in Soulh Carolina, USH,
on the 25%11 of March, 1843 The form and actual size of the
stone are frepwscn’(eci in Flate 2, in whiéh two wicws from
omoosi’cc poin’cs are given, %Hc orientation being shown ?Zy
the position of the leters (4, B, €, D in the two wicws.
The crust whiéh coated %he 1@0:9@4’ fpcw’( of %he stone was
ceecap’c{onol n éhcwacjfw, Gt %hc flat end %his crust was
of a dark \yeﬂowish brown, with a few \ycﬂowish—whi’fc
porphy«i%ic—%oﬁinj pa%éhes wheve %he brown crust was
’Chifnm% In 9(71@ 1@4:9@ honow poﬁion on one side, near 1o
C in the lower view, a \yeﬂowish enamel mingled with a
very dark orey enamel is also relicved ?iy whi’(e marRings
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like ’fhc wh{%c falsepcw of a povphy@, In oﬁlefr phces %Hesc
wh{’(c or 3@11ow£571—w711'%e marRings, wi’(h ’Chm'« an\gu%w but
ungyfmmcjwicoi oullines, are scen shoxrp@ contrasted w{’fh
the black—grey enamel only, Tt is dificult to conmect the
oullines of j(71425@ yo«pﬁy@—kﬁe mavﬁ{njs wijfh %hose of
c@s%ols of any mineral un&w@inj %hem, Cwer auji’te and
enstatite alike, where 9(71@ occur in this stone, the crust

scems 1o be similar in i1s fm%wrcs, J can on@ suppose 9(71@

natural hue of 7(71@ crust, due 1o %he fusion of 7(710 silicates,
1o bea polc :yenow; but ’Cha% %71@ metallic nicﬁdifwous irom,

found hew and ’fhmfc in grains of considerable size, Has,
ciuw'nﬁ 7(71@ fusion and czispws{on of 9(71@ outer pcchs of
the stome in its carcer through the air, fused down with
fpor%ions of %71@ silicates into a davk and ?erhaps more
fusi ble enamel %ha’( Ho,s mixed umwn@ as 11 flowed ower
the less fluid olass of the silicate. The enamel, it should be
added, has jemmuy vesiculay appearances when seen under
a high power, as if gascs ho,cl cscapeci from it &u«inﬁ its
fusion,

One end of the meteorite epwscn’(c& a remarRable fea—
ture; small round ches’(nu’(—%own sqohewles, coated wi’ﬂl
3e110wish—whi%¢ fused silicate, stood out from a well—
defined module that was imbedded in this portion of the
stone mear AV in %he upper view, In %hese small sphewies
’Chcw mzﬂﬁ in one or two pIaccs be scem, wij(h a lems,

minute Oc%o.hcclﬂrol ctys’fc&s wml ’fhc lustre and colour of
301&, mlesc two minerals scemed sccwce@ to Howe been
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affected by the heat that fused the silicates in which they
are imbedded, and whiéh ’PTO%GC%@& ’Chei« surfaces from 9(71@
action of %He a%mosphezr{c oxygen; but in one or two cases

%he crust at %Hesc spo’fs was rendered darker in colour @
%he influence of %11@ nodule it covered,

N was indeed foa*’(una’(e %Ha’( ’(711'5 meteorite came in
s cn%{wjgy into the British Muscum, @ blow from a
hammw (’fhc too usual fa’(e of Indian me%eozri’(es) would
have scattered ’(he contents of ’Chis nodule as clus’c, fw

s pccu’liaﬁ%ies were on@ visible fﬂro«m %71@ oulside on
very careful inspection, (4 section was made so as o
pass ’((h«ou\gh ’(711'5 nodule; 1 was %Hen seen to be cleﬁfni’(e@
bounded @ a black line, wijfhifn which two distinct silicates
could be detected, and the polished surface was dotted with
%71@ round sﬁheﬂﬂes of ’che ches’cnu%—%own mineral ’(ha’c has
been alluded o, & wpwscn’(a’(ion of 7(711'5 section pamud
1o %He line V is given in Flate 2.

Th@ powclm’ wo&uce& n %71@ cu’(’(inj of jfhe meleorite and
a few fwgmen’(s of %he sepwm’cecl pofr%ion, too small foy

distribution 1o ojfhw museums, were retained for chemi—
cal examination, and slides of the different minerals were
worked from some of these fragments for the Microscope,
A small nodule of 9(71@ metallic iron was also pfreswwcl
for analysis. From the fragments the different minerals
were picﬁeél out under %He MIcYoscope, and amonyg ’(Hese a

fcw spccimcns Were fmmcl suﬁaienj{@ comﬂc%c to jﬁhﬂrow
1{971’( on j(hcifr c@s%a11@vaphy,
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4 m&hami’(e—gulphi&e of Galcium,

J gave the name of Oldhamite o this mincral in 1862,
when it first attracted my attention, though 7 had not then
%Hc omoo*r’(uni@ of 104’01004’7:9 inws’(@a’(mj its

m&hami’w is a pale chcs%nu%—%own and, where pure,
transparent mineral occurring in the Busti acrolite, and
apparently also sparscly in that of Bishopville, in small
ncm’@ round sphewlcs imbedded in enstatite or auji%c, or
in a mixture of both, The ouler surface of the spherules s
3@%@«@1@ fpcw’@ coated @ caleium squpha’(e, the result of
’(hc oxidation of 7(71@ sulphiclc, Wch 7(71@ aclhwinj silicate
and this crust have been removed, the mineral is wa&i@
cleaved in %hﬂfce divections, The mean of mcwly 200 mea—
surements of the mormal angles of these cleavqgc—ﬂomcs
gave 89° gz That this anole is really 90° and the mineral
cubic in ils gys’(em, rendered pvo%aﬂe @ jfhe egual facﬂi@
of the three cleavages, is piaceél ?ngoncl doubt by the fact
’Cho,% %mfnspo,wn% sections made olofnj emlm’ fpianc, when
examined @ polcm’secl 1{971%, afford no indications wha%ewfr
of double wfmc%ion, The hmﬂmss of %he mineral is mcwly
4 its demsity is 2,58, Boiled with water it breaks up, yield—

ing a %r@h%—:yenow solution of calcium ?o@suiphiﬁes and
an insoluble residue, W£’t71 acids i1 ycaﬁi@ dissolwes wi’fh

g namc& 1% in com 11%10}1% %O @ 0101110‘11’1 @1 rec %O Of %116 gmhcm §c01031 cﬂ S‘U« ‘V@‘L} WHO in
%ha%\yccw M%Gc?. on %c‘ha’lf Of ’(hc &sm%c SOMC@ Of 6 1 u%jta on %‘}IC occasion Of %[ha% 50610@ ﬁMM‘nj,
in %‘hd mos’( 11 %CYC& S‘Pﬂﬂ% ij :HIC ‘Bw%sh P’Muscwm 1@4:96 POY%10‘71$ Ojc SC‘VCW‘Q1 1fm7:ovjcom% am'oh%cs %11&1%

ch:l foﬁcn on gmlwm %0#"7‘1%0@} cmcl were PT@SC#’Q/C& in 1%5 :\Cuswm
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cvolution of @&v@cn suljohicb and o?@posi’fion of suiphu%

The small amount of the mineral at command for analy—
s1s, %He ﬁosim%ﬂi’@ of eeecluclinj as far as Ppossi ble during
%Hc process all non—wvolatile materials f«om admixture
with the constituents of the meleorite, and, as it after—
wards pq’owcz, 9(71@ unmnecessary cpwccm’(ion of not using any
wogen% ’(haj( m{ﬂﬁ cles’wgy or pwwnj{ ’(he su%scgucnjc selec—
tion of the Microscopic octahedra that have been alluded o,
scemed 1o render a sqoecicd me’fhocl oj: cmalysis necessary,

g%fpefrimen’(al analyses of calcium sulqohiﬁe, formed ?Zy
passing ﬁ«s% bycl«qgen and su%segucn’d\y @&«qgen sulphiclc
over caustic lime ignited in a olass tube, led 1o the mwplgy—
ment of the following method?

04696 grm. of %He mineral, dried over sulphw’ic acid
for %hi«’@—s{ee hours, were placccl in a small flask with
a s’fo?oepcwc’l ﬁmn& flled wi%h wwiously boiled bul cold
water, fydrogen, purified by traversing a solution of
lead acctate and o U—tube con’(aiﬂnifnﬂ jlass moistened @

that h'gui&j was then passed by a tube through the cork
into 7(11@ flask, whenee it was conducted @ a Mm@_

tube into a solution of ; grms. of pure silver mitrale,
and thence, finally, by a second tube through a test-—ube
sirmﬂcw@ cha(gecl First a 1le of ’Che boiled waler and
s%ﬂronﬁ hy&vqgcn cmo«iﬂc were introduced ?39 jfhc funnc1

’Cu%e, and the hyo%qgen su%hic:h formed was swep% out

is CJ. Tum su1fph1olc in o1ou omcl n Ctn %u% 1%5 wcm% Of 011(3510% omcl q.;s%anmc 11@ rac %C s,
’YCSC‘YYI%1CS Owhamﬁc ﬂus j:owmccl 1% O’H%CHMCCI 443 ‘Pd’Y cnj( v% 51101.&10{1 on%am Z/.A/.[f[f Ojc su‘lfphuv
?07“1’71001 wﬁhou’( %‘hd ‘PTMMO‘US %YC@%MC%% ‘W‘l%h hy&vgqm 1% on%amccl o“nly 50: 7307‘ C'Yl%
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@ %he @&v@cn as fas% as i1 was 3@%@«@%@& 771@ action

haw’nj ceased, jfhe flask was comfu’lly haa’(ecl for six or

seven hours, when ’(hc hycl«qgen no longer discoloured lead
’Ccs%—joajocér, 3710 si lwer suiphiole was %han gfhfrowfn on a
weighed flter, washed with ammonia and waler, dried at
100°, and weighed, Some sulphur separated in the flask; this,
%@c’fhaq’ wij(h jfhe undissolved silicates and ~90’1&@fn—:ycﬂow
crystals, was collected on a dry filter and weighed, and the
sulfphuv was %hefn remowved @ carbon clisulphicle, and ils
amount determined @ jfhe difference of we{gh’c The \ycﬂow
m:ys’(o&s were picﬁeci out from %he undissolved residue, and
’Chcw remained jche silicates ’fhajc 71@& surrounded or been
entanoled with the sphcwles of Oldhamite.

The results of the first analysis arc given below as Jo,
b %hose of a second, in wh{ch 0.5061 grm. of %71@ mineral

in m%hw 10;(9@ sphewﬂcs were takem, are given as Mo, 2,

Jable 1.
1 2,

Undissolved silicate = = Zbkk — 8456

C’c’faheolm (C’s%ovm’%c) —, — 0277 —, 0.207

Dissolved silicate (enstatite) {8i0; 1159, Mo 0.3663, L0825, 0.2263, 1151
152

%si&ua@ magnesium (as magne— {:ﬂfj 1257, S 16263, 1120, 1,558}, 2.862

sium monosﬂpﬁia&) 2.933

Calcium monosulphiﬂe {8 35888, Ca 448601, {35222, ++.05+}, 20.261
80.248

Caleium sulphate (qupsum) {Ca 0830, 8O, 1033, {0856, 2054, 0270},
5.0 02423, 2520 5680

Calcium carbonale {Ca 1241, (@Oz 1,861)})
3102

Jron sulphide (Troilite) {Fe 1288, S ozz6,

2,024
Jron (probably melallic) {%e 05071 —, 0.261



The dissolved silicate, as will be scen in the segud, i
most Wie@ 1o be enstatite, ’(ha’( mineral beino ’(he move sol—
uble of 7(71@ two silicales in whiéh %he m&hami%c is imbedded,
Tha’c a ?o«%ion of jfhc magnesium 1s epwscn’f as sulephiclc
is a mecessary conclusion ffrom ’(he pwpoer’(iom of su1johu¢
and of metal in %71@ sphewles, J ho,w assumed %he sul—
phwic acid o cowespon& 1o ’fhe o*rciina@; hy&va%c& calcium
suLpha’te Wfpsum), and %71@ wsiciua@ calcium in analysis
1 o be pwsen’c as calcium carbonate, TH@ resull of %his
in’(wzpwj(a%ion of 9(71@ abowe omol:yses is %710.’(, if we deduct
%he stlicates emws%in\g %He Owhami’te ’tqge%ﬁw wml %71@ Os—
bornite and 7(71@ 1ron %hajc ’fhe sphew%s contain, we hawe
j(hc foﬂowiﬂnj comqoosi’(ion foor j(Hcsc sphcwles and %71@1'4*

oxidised coa%inj,

TJable 2,
1 2
C’lolhamﬂc tCalcium monosul— {Calcium monosul—

phide  8oz48  Sazéo, phide o261 0244,
ﬂﬂcgmsium monosul— ﬂ/ﬂo:gmsium monosul—
fphic?d 2,933 32461 73111'3@ 286z z264t
Incrustation LGypsum 3220 z.051, {roilite 2024 2305
alcium carbonate
3102 3434, Troilite —
—J

Tha magnesium suijohicie may be looked on ei’(hw as a
mechan{cc&@ mixed injw&im’( or as a constituent of 9(71@
O(lclhami%ei

F]‘Yl %hC SCCO‘HCI oma@ﬂs %[hc clcﬁucngy in %’hc ’PCW’CC’H%@C mm; [hcwc ‘LC(Z’YL C?MC %O some sman Crror in
:HIC clc%cwmma’fwn Ojc ’{hc LWC amcl a@ SUCh smaﬂ crror, u(hcw %‘}IC guanjai{y Ojc %11(7 ‘7111’?107‘(11 &15‘}30541}16

fO‘Y jfhc afnolnqs'ts 15 50 fmmuj(c, %CCO‘W.CS mcgmﬁccl CO%S‘!C&Y&KMM on cdcda%mg ’(hc ‘PGW’CC%%Q‘QC TGSMI%S
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Tha existence of ei’fhw of ’fhcse substances in a meteorite

serves 1o prove %71@’( %he conditions under which %71@ 1ngye—
diends of %ha’( rock came indo %Heiq’ pwsen% fowm were very
unlike %hosc met wi’(h on jfhc swrfo.ce of our jlo%e, Wa—
ter and fwe oxygen mus? alike haw been a%sen’c, or on@
pvcsm’( in ifnafppwc{amc gucmj(i’a'es; indeed 9(71@ existence of
%he melallic iron in j(he state of minule division in whiéh
i1 so fwguen%@ occurs in meteorites would lead o a simi—
lar conclusion, But ’fhe cvidence o,jfow?ccl @ %he acrolite of
Busti scems, further, To point to a reducing agent having
been ?chen’t ciufrinj ’fhe fowma%ion of its constituent min—
erals; whﬂe 9(71@ c@sjcawm structure of m&hami%c, and of
the Osbornite mext to be described, must ceﬂrjfa{fn@ hawve

%60% %11@ ‘)’GS%I% Ojc fusion o,% an enormous %G‘YYL‘P@‘YCL%‘WYG,

The detection of Ey&ngen 7@ @4*03%550« _@mham in me—
teoric iron tends %o conﬁwm jfhe p«o?aa%ﬂ{@ of ’(he presence

of a w&ucinj qgen’( among ’fhe conditions under which %Hesc

meteoric minerals were fo«mecl
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5 Osbornite,

Tha 3013&%—:9@“014/ Microscopic Ocj(ahe&m ’Chaj( haw been
mentioned in ’Che clesm’ifp%ion of Owhami%e were fwnishe&
@ jfhe cma@s{s of %ho?( mineral 1o ’fhe amount of on@ 0.0028
grm., the first analysis having yiclded 0.0013, and the second
0.0015 9¥Ym, ye’( cven %711'5 minute we{gh%, forming less jfhom
0.3 per cent, of ’(ha% of %he Ol&hami’(e, was divided between
upwomls of 150 c@s%als, Thesc m:ys%ols were mwﬂh&ess
capa?ﬂe of %einj measured @ ’C[he 3oniomc%ev,

This microscopic mineral I wish To name Osbornite in
honowr of My, Osborne, and in order o commemorate
%Hc impo’r’ccm% seraice ’(ho,’( 3@%%1@%1% rendered 1o science
in preserving and transmitting o London in its entively
%ha stone which 711'5 zeal saved at ’Che time of its fau, and

in wcofr&inﬁ all he could collect about ’(he circumstances

associated wi%h j(ha’( fan,

Tho,% jfhe oﬁahec%'a of Osbornite are uﬁ’@uia«” Oc%cfhc—

dra will be cumocwen’( ffrom %71@ fonowinj resulls of ’(hm’ﬂr

measurement, (4 suqoplemen%a@ lens amoh’ccl to %71@ o?gjec’(—
310,55 of ’(he ’(clescoepe of ’(he 30niomc’(a¢ enables %he observer
to determine %ha’( yos{’u’on of %71@ face of a o@S%ﬂ in w’hic’h
’(ha {Numination fq’om a narrow skt in a distant window
is al 1ts maximum, In %h{s way %he omjlcs between faccs
can be measured when %He faccs ’(hctms&ws are oo sman,
or arce 100 &uﬂ, or 100 much striated fo«r usc as wﬂeo’(o«s

of %he 1Mmage of %he slit,
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This ajowoeeima’(c mcjthocl of measuring j(he anjlcs of
so minule a m:ys’(al, when used w{%h some c@s%cﬂs of

Osbornite, gave for;

Reqular

octahe—

dron,
111,111  amean of ffleen measurements on two erystals  20° 27, z0° 31/
111,171 a mean of nine measurements on two crystals 100”31, 100" 28
111,141 amen of six measurements on two c@;s’m'ls 69° 58
111,111  a mean of six measurements on a third m:ysj(ol 20° 37’

Tha oma@sis of jfhis mineral fpwsefn’(c& a very &iﬁcuﬁ
woﬂcfm, the otal amount available being too minute for
any gucm’(i%a%iw resulls To be eeepec’(eoi f«om A Morcover
1 was founcl ’fha% ’(hcsc 1Mle c@sjfofls resisted %71@ action
of the acids when in Hheir in’(@v{@, and when crushed
%heiér minute size rendered ’(he mcmipula’(ion most cliﬁ—
cault and jfhe resulls uncertain, Boiled fo*r a 10719 whﬂe
in nitric acid %he:y were unchanje&; and cven hy&¢q9en
fuoride hacl Mo cqofpcwefn’c action on ’Chem, Th@ passe& Un—
sca’fhecl jfhﬂroujh a fusion of a small amount oj: Ol&hwmi’(e
wi’th yo%ass{um—so&ium carbonale; ’fhoujh whan fusc& w{’fh
fpo%assiucm cmom%e, a c@s’ccd of Osbornite en’a’ve@ ch'sap-—
pmwcl — pc«rhwps fa’om s escaping notice,

Tha c@sj(ols are very brittle, and aﬁw %e{nﬁ cwshecl 9(71@
powclw relains %71@ %ecm’t{fd 301:1@% colour of ’(he surface,
wh{ch is ’Chewfow intrinsic and not duc o a ’(cwnish; 1o
which cause, however, a wcwﬁ hue in two of ’(he c@sjcols

mciy haw %GG% CI‘UG,
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d few of 9(710 ctys’fols placcci na 31@55 tube and 1’9711"(@01
in a current oj: c%:y oxygen, underwend only an external
oxidation, Simﬂaﬂr@ treated in a slow current of cmoﬂr{m
they were decomposed; but they sank into the olass before
%he élcco«mposi’(ion was comfpic%e, dn exjocfricmm% was %hew—
fow made in which 7(71@ m:ys%c&s were suppo*r’(ecl ina caw”@
scoopccl into a small fwgmcn% of %hc ’Chinms% jwpcmesc
fpm’cdai’n, The Jﬂow’m was passecl %71¢th ’(he appara—
tus and %He tube 1’9%1’%@& pfrw{ous@ 1o 7(71@ introduction of
jthc oc%aheclm, in order to determine %ho.% ’the cmovim was
wi%hou% action on any pm’% of ’fhe apfpcwa’tus, :ﬂp’s ap—
pamjcus consisted of a small ube in whiéh %he pow&m’n
sﬁin%e@r was ﬂpiacccl; one end of it was drawn out so as 1o
fo««m a U tube of considerable 1@%3%71, surrounded at %710
bend @ a fwaz{@—mi%’mw, and clifppinj ul’({fma%c@ into

a %u?oc Ojc ‘PU‘Y@ wa’fc%

The whole of the available material, c%cepj( a few crys—

tals reserwed for ’Che joniome’m’, was ﬁaccci n jfhe cavitics
of 7(71@ povcelain sph'n%cfr, and cl@ c7ﬂofrinc allowed slow@
to traverse %ﬁe twbe, On %hc apph’ca’(ion of hea’( shoaf’d:y
below redness, a ﬁow was scen to commence amonyg 9(11@
minute ctys%cds, which, ex%w&inj i%sclf %hvwgh 9(71@ wholc,
lasted for a few seconds.

Tha c@s’(ols cqofpecwe& to haw somcwha% increased in

bulk; %71@ sl relained ’(Heir forms, but %Lheiﬂr metallic
lustre had left them, and their colour became of a pah

110%@ 3@110w,

2%



Th@ tube ha& become 511'971%@ iridescent in fronj( of ’fhc

asso:yecz mineral; ’che drawn—out por’a’on of it contained a
small amount of a whi’(c sublimale, and a 511'911% fuming
came wiﬁl mch Jﬂorim bubble %hﬂ’OUjh ’(He waler,

The alteved c@s%ais on being ceeeposeél to ’(he air soon be—
gan 1o cleligwsce and assumed a pas’@ consistence; 1reated
with water, 9(71@3 on@ fpoxrj(ial@ dissolved and gave the solu—
tion an alkaline veaction, This solution gave no pwciqoi’(a%e
wml ammonia, but 31’@13@3 one To ammonium oxalate, The
vesidue undissolwed ?Zy ’fh{s waler dissolved, ’fhoujh mijfhw
with case nor ;w"(e compie’tc@, n hyo’l«qgen chloride.

Zﬂp’s acid solution gave wi’fh ammonia a 511'971% precipi—
tate, which was vedissolved in acid and ycpwcipi%a’wci: it
scemed o contain a Uttle ivon, Fileved from ’Chis, ’(hc
solution fw’fhev gave a wvery distinct pwcipi’(a’(e on being
treated w{’(h ammonium oxalate and ﬁcqojc fm’ some time
warm, f\y&frcgen disodium phospha’(c gave a very 511'911% floc—

culent %wr?:icli@ to the fltrate from that pwcﬁoﬁaj(e, but
it ch‘l not ’Cha appearance of %he magnesium sall,

Tha interior of 9(71@ 1004’%1'0% of %He tube drawn out and
ficp% cool al ’Che bend @ a coolinﬁ—miee’(we was lined ?lcy a
sl{gh’d\y \yeﬂowish—whﬁc sublimale,

3'711'5 whi’(e %Oc@ was treated wml @&rqgen c?ﬂow’cie, in
which it was at first somewhat difficull of solution, and
was added 1o %hc waler into whiéh j(hc Jﬂowm hcul been
fpassecl, Tha’( Uguiél, which was acid in ils reaction, was

wo,pom’ceél down as a clear solution Hll 1 ha& become
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but a fow o%oqos, and barium chlovide was added to it %

fpwci«pi’(a%e of barium su1<p71a’£e was formed, which aﬁw
some time was filleved off and weighed, T weighed 0.0008
orm. There can be mo doubt, %Hewfow, %Ha’t Osbornite
contains suiphw as an icmjooy’(cm’( constituent, The eXcess
of barium was removed and ammonia added, which %hww
down a wery decided flocculent mearly white precipitate,
The fltrate from ’(his ?chi?i%a’(e Ieﬁ no wisible residue
on wa]oom%ion, The pyecipi%a%e i%salf wa&i@ redissolved
in @&«@cn chlovide, and was again «cpwcijo{%a’fc& ?;fy am—
monia; it resembled alumina in appearance, but it pfrowcl
to be cn%iw@ insoluble in po%ash, The cxfpw{mm%, more
’Chom once @rejoco.jcccl, of wclissolvi@ and frcpvccipi’(a’fi@ it
as before, inva«ia%@ gave a ?’OC@ insoluble in po%ash,

Dissolved again in acid and all excess of 7(71@ acid having
been removed, the addition of sodium hyposu%hi’(c pvo&ucecl,
on warming i1, a whi’(e pvecipi’(a’(e, %s%ow& to its former
condition of as mcwly neutral a solution as Possi ble, on
beino reated ?gy an cxcess of poj(assium su17o71a’fc, it ave
a whi’(e «pvec{pi’m’(@,

The insolu?aﬂi@ of %he ammon{a—pwcipi’(a%c n caus—
tic poj(ash having poin%ccl to the p«o%a%ﬂ{’@ that cither
tlanium or zirconium oxide was pfresenjt, some pveh’cmi-—
nary comfpam’a'w expwi«mw’(s were made which led 1o %he
fonow{fnj fme%ho&,

Thfree small 31@55 tubes, similar in all frespcc’(s, were

taken, and into one a pofr%ion of %he pwcipﬁa’w formed
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@ ammonia fﬂrom ’(he Osbornite was %mnsfcwe&; into a
sccond a g,uom’(i@ to appearance m’(hev less of Htanium
oxide, formed in a similar manner @ solution in acid
and prdpi%ajﬁon @ ammonia, was yuj(; and the third
was sifmﬂcwly chm:gecl wi’(h zivconium oxide, formed in as
similar a manner as Ppossi ble @ passing élﬂow'm over a
hea’tecl mixture of zirconia and chcwcool, and j(wo.%{nj j(hc
sublimale as %he mineral sublimate ha& been treated?
_ﬁy&mym Jﬂm&e and water were next added in cguofl
amounts 1o cach twbe, @& minute bit of magnesium wire
was cl@roque& into each, and %71@ chanﬂcs were wa%chaél under
jchc MIcroscope wij(h an iﬂnéh o?gjcc%iw, @ﬁw a cortain pe—
riod black po,%chcs %@cm 1o appear on ’fhcz Magnesium wire
in ’(he tlanium oxide tbe, and a muish coloration could
be fain’@ discerned: in gfhc tube wﬁh %hc fpwc{]oi’ca’w fﬂrom
%He Osbornite j(hc magnesium retained its sﬁwﬁx; %4’1'971’(%@55
cn’dw@ unstained, as did ’Che wire in ’Che zirconia tube,
@icpc’c{’a'on of ’(he ceepwimen% conﬁa’mcél 7(71@ cmicagy of %his
Test for gfhe presence of tlanium owxide, a test 1ried @
wh{ch ’C[he pwcﬁoﬁa’w f«om ’fhe Osbornite faﬂeél ifnwwia%@
to show any cvidence of %he presence of 3(710,’( oxide. @hos—
phorus was carefully looked for, but ammonium molybdate
faﬂe& 1o give any trace of an indication of s presence,
4 negative test of the above Rind would not afford

sufiicient ground for asserting the presence of zivcomium;

8T is remarkable %ha’( in 5(1[1'5 cxtpw{mcn% %hc same infernal iridescence of %hc 31ass be was
observed as in %ha c%pcw’mcnj( wijﬂl ’(ha fminavol, and ’(110 Jﬂovi&c sublimed in ﬂlc same manner and
w’%’h ’fhe same appearance,
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on the other hand, it would scem a fair epwswmcpjcion
%ha’( tlanium al least is mot p*esen’( in Osbornite, Tha’(
%Hc melal to wh{éh %Hcsc reactions arc attribulable is mot
zirconium, however, may be afirmed with some cm”fcuin@,
Aoy, 50«7@ has made %he @f}’qgnos’c{c chamc’(m of %his
clement a Sfpeciol s%uc}y; and I gave %ha% 3@%%1eman m’(hw

movre ’Chan hcﬂf of ’(hc minute amount 7 possessccl of ’(hc
fpwci«pi%a’(e& oxide,

e examined it in a Microscopic borax bead, and asserts

%710,% 71@ faﬂecl to obtain %he c@s’tcds chcwac%wisjc{c oj: Z1yco—

nium, and that the chicf and wo%a?@ the on@ constituent
of %711'5 substance is tlanic acid, as ’Che c@s%anine cie«posi%

in jfhc bead e%ac’(@ accords wi’(h ’fhc very peculio;r fowms

assumed under %He same conditions @ j(Ho,’f oxide,

w{%h $0 inﬁni%esimol an amound of substance al onc's
élisposcd 1 scems 1Mepossi ble 1o inws’({ga’w fuo”(hw 9(71@ na—
ture of jﬂp’s cdlement, Ewen ’(he cme’(hools of ’che spcc’cfrum—
cmc@sis are not 3@% reduced 1o a fozwm available fozr do—
’(@vminifnﬁ 7(11@ nature of an clement of ’ﬂp’s group in so
minule an amount, Thaj( 1 is mot zirconium %he cvidence
of s0 accurale an eeqoezrimen’cﬂis% as b, Sofr@ may be
taken 1o prove; ’(710,’( it is Hlanium scems scamly com—
pa%i ble w{’fh %Hc compcwa%iw e%pwimcnjcs T made w{%h it
and with titanium loride, T is cerlain, however, that
Osbornite consists of calcium, and wha’( may be PYOVISION—
cd@ Termed a ttanoid clement, possﬂa@ titanium itsclf,

wi’th a trace of iron and combined wij('h sd?ohw in some
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peculiarly stable form. This form can hardly be that of
a combination of %71@ sulfphicks of ’(710 metals mew@; one
cannot well conceive such a compowncl fresis’(inj 7(71@ action
of acids. The suhohicles of %71@ melals of %711'5 cIo.ss, howcwﬂr,
are little Anown; whﬂe ’C[hosc of calcium associated wml
oxygen in 9(71@ fowm of who,% arc termed oeiysdph{czes need
also fu«r’(heﬁr inws’@a%ion,

The fact of the Osbornite c@s’(als being met with occa—
s{onol@ n ’Che vcwie’@ of auji%e, which will be pwsm’@
described, as an inyve&icn% of ’(h{s meteorite, and which
is for the most pcw’( confined to that nodule of the mete—
orite in which ’(he mclhami%e occurs, su\g\gcs’(ecl a secwéh in
jfho?( silicate for an oxide cowesponclinj 1o wha’c hacl been

fowml in %He Osbornite, Th@ «pwdpi’ta%es ’C’hzrowrn down @
ammonia from ’(he acid solution of ’CH@ bases in ’Che ob’ﬁw—
ent cma@ses of %71“% auji’tc were %hewfow ?wou\g‘h’t %@ejfhw
and examined, iﬂl@ contained some ferric oxide; but j(His
was associated wi’(h a small amount of a colourless oxide
en’ﬁ'w@ insoluble in po%ash, which, when tried ?Zy j(he Tests
’Chaj( haci been cmﬂgyeol wi’fh j(he Oshornite pvceiepi’(a%e, ave
exac’c@ ’Che same resulls as ’Chese hacl given, The clich@roism
of 7(711'5 auﬂi’ce is very marked; and on 100@[@ %hﬂroujh one
of s faces (Yhe face 0 1 o) a tint (like that of the bluish
anatase from @mzﬂ) s scen ’Cha’( appears to be due 1o
certain minude interlaminated 10@@% pwmea%inj jfhe aujijcc,
but which vcgu{w %71@ Microscope fo*r j(hm'v c%hi bition,

In whatever manner, whether as a constituent base in
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the auoite itsclf, or as a forcign %oczy interlaminated with
it in ’(he divection of ’(he «piomes 001,010, %he cvidence
of ’(hc auﬁi%c ocs 1o confirm 7(710,’( of %hc cma@sis of %he
Osbornite, no:mc@, %Ha’( a metal mm’@ related 1o, if it
be not Hlanium is p«csen’( in %o’(h minerals, @ossi%@
’(hc minute interlaminated mineral alluded o may consist

of Osbornite of sufficient thinness 1o be %mmpcwcnj(, and
to give the colour alluded to, Tt is remarkable that the
metallic shecn on %hc p%frw 100 of 9(71@ auﬁijcc is of a
olden yellow by reflected light, and exhibits the bluish
tint @ transmitted 1{911’(.

Tt may not be out of place here to call attention to a
s{njula« 301clcn—gc11ow incrustation, cubic in ’fhe form of
its pcw%{cbs, obtained @ Frofessor Mallet, of Alabama
Uniwersi’@, USH, @ hea’cin\g metallic zivconium o an
intense hea’t in a furnace wijfh lime and aluminium, These
cf@sj(als were not ana@sc&, but 1t is mot impossimc that
subphwr from ’Che fu& m{gh’( hcwe sumoliecl %71@’( ingre&ien%,
and jfho?( jChcsc c@s’(als were in ’fhe{v nature cmc&qgous 1o

those revealed 1o us in this meteorite, for like the Osbornite

m:ys’(als ’fhgy were not atlacked @ the strongest acids (see
Hmerican jouzwnal of Science, Series 2, vol. 28, 1859, .

346).
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6 Th@ &uji%ic Constituent of %71@ Busti
Gevolite,

(dssociated wi’(h jfhe sphcw%s of calcium sdphiou %ha%
haw been described as occurring in a nodule in %His acYo—
lite, and also less plcn%iful@ distributed %hﬂrough 7(71@ rest
of its mass, is the silicate, To which allusions have olwac@
been made as a vcwiejgy of cmji%e, and as con’taifni'n\g traces
of an clemend wi’(h some of ’(he éhe«miccd cho,mc’(w{s’fics
of titanium, This silicate is of a pcdc vio’[c%—\gw:y colour,
in’a’ma%c@ mixed in %he foq‘fm of m:ys’tawm orains wml
cmo’(hw silicate pﬂrcsen’(@ 1o be described, Thasc c@s%awm
1i1ac—3«rgy grains, when isolated as much as Possi ble from
the other minerals, Wcsefn’( a few m:ys’tcﬂ faces, among
wh{éh onc as a cleavqge—plome is promimn’c Th@ rest
are very {cm]owfec%; and 1% is e%%wme@ clijﬁcuﬁ o 3@’( any
measuremends %71@’( arc at all reliable from ’(ham Th@ 90—
niometrical observations, howww, were suﬁcie"n’(, ’(qge’(hw
wi’fh %he opjc{col chamc’(efrs of jchc mineral, o determine
’Cha’( it %e%njeﬁ to ’Che o%’gue gys’fcm, These measuremends
gave %He fonowifn\g a«ppﬂroximo,’(c valuesi—

%Hosc af ciiopsic’lc Tvci@

001,100 = about z5° 30, 23" 59

001,110 = aboul 8°, 20° 20
110,100 =45 g4 Yo 4z 2d, 4 23
110,/ 1078 8§ o8 20, 8° ¢
100,001% =535° 25 Yo 5 15/, 55" 50’
00,1 10= 100 &, 100° 57’
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¢ slide cut for the microscope from a fragment of
%he nodule was fowml 1o eaehi?n”( a section of one of ’(he
c@sjfois of ’fh{s mineral cut very mcw@ pamuel 1o %he
plcmc of gymmc’t@, Jwo of jfhe 049@5 %ounclinj %His section
were parauelj %he one 1o a series of lines TUNNING ’Chfroujh
’(hc c@s%cd cowesponélinﬁ to i1s clcavqge—fplomcs, 7(71@ o’(he«
1o cerlain bands %710.7( are cons%anj(@ «pqﬂescn’c in jchis auji%e,
3@%@«@1@ pw}’auel to %he plome 0 0 1, and formed of a w‘hi’(e
&w%@ wfma’({fnj silicate, no doubt of jche enstatite mext
Yo be described, intercalated in Microscopic 1@@% throuoh
%he auji%e, These two eozges w«pwsen% %71@ plwnes 100 and
0 0 1 as seen in a section nco;rly pamud to %he p%mc of
symmetry, They gave a normal angle of 0 0 1, 10 0 = z5°
15/, In diopside this angle is 23° 54

Iig?f( %mvwsinﬁ ’Chis section of %he c@s’(cd between
crossed MNicols is at its maximum of extinction when Po—
larised in a fp?@qw ?Maucl or pcﬁfpcnciicdm* o a 11'%@,
making with 0 0 1 an angle wery mear o 22° 45, and
with 1 0 0 an afppvoeeimo?(c anole of 52° 30", In clioqos{cle
%he sccond mean line makes cowcsponclinj omj%s of 22° 5’
and 51° ¢ wi’ﬂl %hese normals, Thcse measuremends were
made 13?7' an ¢yepiece 30%1’0%@@’(@4’ ffted 1o jfhc MIcroscope,
and havinj a fixed sepi&e«—h’m to indicate j(hc plcmc of
fpo1arisa’(ion, whﬂe a ro%a’(inj line is emﬁgﬁye& to measure
on a 3«@31&@’(@& circle 9(71@ inclinations of %He ec}ges and o’(he«

divections in %he section,

@ section made pamuﬁ to j(hc 1o1cmc 100 c%hi bited one

32



of the optic axes on the limit of the field of wiew in a
N 5we=m%m:9’s po%wiscoqoe, The phm con’(ai’ninj %11@ oqo’({c
axes is pwpcncliculwr 1o 7(71@ colgc [100,001] and %he
Opjﬁcal cho,mc’m in j(hc contre of ’fhe field is fnggaj({w,

Tn all ’che abowe ws«yaea’ts 9(71@ mineral accords wi’(h clioep—

side,

WHW looked %71701{971 in a divection mcwly normal 1o
0010r 010, or indeed in any divection 700;}’@“@1 to the
zone civcle Lo 0 1, 0 1 0], %71@ m:ys%ak show a remarRable
ciiéhwo{sm, which is, however, cspcciauy CONSPicUOUS when
jchc divection is ma«@ normal 1o %he fplcme 00 L

If the section is pcwo.nd to the <p1cmc of gymmc’(@, light
fpo1a¢isec1 na <p1ome pe«pen&imﬂm 1o ’(he primipc& section
con%ain{nﬁ ’fhe acute mean line and %hc axis of gymmc%@
is transmitted, of a «pc&e pink lilac; when the c@sj(cd i
turned 90°, so as 1o %w’n\g %he same p«im«&poﬂ section into
pamndism wi’fh %hc plcmc of polcwisa’({on, %he transmitted
tint is bluer, exhi %{%inj a palc slate—blue or lavender,

The plane 1 0 0 presents a somewhat facile cleavage,
fmuéh more waélily obtained ’Chcm cleavqges which are also
met with on the plomcs of the form 1 1 0, the latter being
in’cewu?%col and uneven, The 1o1cme 100 1is also conspicuous
for a remarRable metallic Tustre, wcauin\g %710,% seen on

some Rinds of cliaﬁoge, but of a fine 301&0% hue,

Jwo analyses of ’fh{s mineral @ jfhe me%hool olwac@
described, the silica being distilled as silicium difluoride
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and determined as po%assium fuosilicate, awve j(hc foﬂowinj

Y @5%1%55_

1L 2. Jhean, C’aﬂgcn ralios,
Silicic acid 55380 5559 55401 20.28
ﬂﬁajncsia 23,621 23036 23328 9351
Lime 2002 19942 19.981 5209

Jron oxide 0.28 0309

Soda 0.554 Logg]

:ﬁﬁhia a frace  [a trace]

100:304 99435

Viewed as a mqgmsium and calcium silicate jchc per—
ccfn%o:ge composi%ion becomes —

Tha fovmﬁa L5/ 8 :\(L‘? 3/ 8 @a)giqz vcguiﬂfcs

Silicic acid  g6.165 56,604
Magnesia 23612 23585
Lime 20.223 10811

This does not accord with the analyscs of the o«&ina@
varictics of augite, in which the calcium is usuc&@ N excess
of %71@ magnesium,

B is, however, to be obscrved that a small deduction

/

of jche cowesyon&mj magnesium silicate (cns’ta’(i’(c) has 1o
be made @ reason of 3(71@ presence of ’Che wh{’(c mineral
intercalated in 1@@% oionﬁ jfhc direction pa«aﬂﬁ 1o j(he
plcme 00 1, and sometimes also to a sccond plcme of ’(hc
c@s’(cd, This mineral s doubtless %hc enstatite next %o
be described, and its presence would on@ mo&ify %hc true
formula of the augite by adding to the proportion of the
magnesian constituent, The amount of one e;uivc&en’c of

enstatite o ’fhwe of auji’ce jfho?( %his c%plana%ion would
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reguire, is move than Microscopic observations would war—
vand; and 1% is pvo%aﬂc %ha% ’Che auji%e {%self is vicher in
magnesium %hom is usual in Terrestrial auﬁijces,

Tha small amount of %71@ oxide %ho,% in %711'5 auﬂij(c cor—
responds to the ingredient of Osbornite that T identify
wi’(h a lanoid metal, is met wi’ﬂl n %he pwcipi’ca’(e ?Zy
ammonia from ’fh@ solution of jﬁha bases, and is included

wi’t’h ’(he iron oxide in %71@ abowe analyses.

35



Enstatite as a Constituent of ’Che
Busti NMeteorite,

Besides the augitic mineral that has just been described,
%hew is pvesm’( in %his meleorite omo%her silicate which 1s

in facjc its most impw’(cm’( in\gw&ien’& The cmﬁi’(e is p«csen’(
in 34*0@%@5% gucmj(i’gy in %he nodule j(ha’( contains %he calcium
suLphick, %Houjh it is mel wi%h in smaller amount in %he
o’(hw pm”(s of ’(hc meteorite, Bul associated wi’(h it cvery—
where, and otherwise forming the mass of the stone, is the
mineral T have next To describe. (s seen in a microscopic
section, i1 pwsen’(s ’(71@ appearance of a number of more
or less fissuved cqus’(ois with different degrees of trans—
parency, sometimes gui%c clear, sometimes mcwly opaguc,
and wi’(h a more or less symtme’wical po@goncﬂ oulline,
Thesc c@s’aﬂs are imbedded in a magma of ﬁm—ﬁm‘ine&
silicate, Through which a sort of irrcoular meshwork of
an opaguc whi’w mineral is seem to mrmify, WHen ’(he
ingredients ave mcéhan{ccmﬂ scfpam%ecl and examined, i1 is
not dificull to distinguish what scem to be three different
minerals, One is vave; 11 is colourless and ’C«mnsqoawn’(, and
may be obtained in small 51011'%%@«5 ’(hajc haw 9(71@ appear—
ance of being j(he result of a definite cIeavqge, The 1itle
fplanes %hus obtained are too oﬁm mew@ divisional sur—
faces wi%hou’t c@s%anqgmphic significance; and whew ’(hgy
possess a more cleﬁni’(c chwmc%efr, ’fh@ wcsen’( suéh rude
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faces %hajc jﬂlc values oblained for ’(he cmjlcs can mwly be
relied on, (Another form of the mincral mass is thal of
a grey scmi—’womspawn% 51011'%’(@@ mineval, 7(71@ fwymcn’(s
%ainj 3@110%1@ very composi’tc, From ’fhcsc two wvarictics
J faﬂe& n o%’(m'fninj %he measurements of an entive zome,
’(hc p%mes in which %e1on3¢c1 1o 7(71@ same individual, and
%he o.’(’(emp’( o cleawe j(Hcsc minute individuals cqocw% on@
serves 1o c!lcs’(quy %hem Th@ %711'4’3 form is %ha’c of a dark
orey 311'5%@%1'119 c@sjcawm substance tabular in form and
very opaguc, T wesen’tccl cicav@cs inclis%im’f@ marking
%he faces of a prism, for whiéh ’(he mean of several mea—
surements gave an angle of 88° z5' / a1° 25" ; and to
the planes (2 1 0) of this prism a dull face (0 0 1) is
fpe:rpemucdm, whiéh seems in %his case to be a second and
less facﬂe cleavcggc.

Tha resulls su?gjoimcl were oblained fo’om seven sclected
fragments of the other forms of this mineral. They lack
the important check which the polariscope affords; for the
substance was usuauy too opaguc fw ’(he us¢ of ’fhis instru—
mcnj(, or clse too composi’fc 1o give any value o j(hc resulls
obtained wi’(h it The fvo:gmcfn’(s exjowimen%e& UPon were
ex%wmc@ minute and ffro:gﬂe, oﬂen breaking into powc?w
while being mounted for the goniometer, and the angles

are mcessm’i@ on@ ajojofroxi‘ma’(e.



Found, In @wci’(an%acﬁ enstatite,

100,110 aboul 4¢° 45° 52’
110,14 108 10 to 88 88° 15
100,201 48° 3 41° 12
010,012 aboul 40° 40° 21

The planes 1 0 0 and 1 1 0 are cleavages, In some cases,
3ene¢a11y whew ’(he c@s’(als are very comfposi’ce, a clecwage
scems o run pamnd oa 7o1omc inclined al 73° 1o 24" 1o
’Che face (1 0 o) and 90° 1o ’(hc face (o 1 o), (s ’Che foercms of
’(ha mineral presen’d%j ’dp's plam contain calcium, J ho,w
been uncertain whe’(hw to attribute 9(71@ {mpov%omce of ’(711'5
plcmc in cerlain specimens to an intermixture of auji%e
wi’(h ’Che enstatite, The plome 1041s also a cOnspicuous one
on the m;ys%cds of enstatite in the Breitenbach meteorite,
and the angle (;f Y ) which it makes with the planc 1 0 0
in %ha’( mineral is very meay ’Cha’c of %he inclination (;5"
59') of ¥he planes 1 0 0 and 0 0 1 of diopside.

Thc chemicol omoi:ysis of jChesc %hwe minerals shows %ha%
%Hgy are waﬂy enstatite under &iﬁewn’t aspec’ts, WHew j('he

substance contains no lime i1 pwscn%s i’(sclf as a simﬁy
pris«ma%ic mineral, the dark arey tabular vcwicj@; where
lime is pfrcse'n%} ’Choujh 1o %71@ amount of less ’(hom 2 por
ce"n%,, ’(he c@s’(oﬂinc structure becomes more comjoleee, and
it is faﬂr more &iﬁcu?c 1o obtain picces in wh{ch i1 is suiﬁ—
cien’(@ definite in chamc’tw 1o allow of any measuremends

at all. A scems pw%aﬂe %ha’( %he auﬂi’ce s 1n jCphase cases

9A dubious plane.
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blended in minute gucmja"@, by a sort of tessellation, with
%he enstatite, somcwha’( as ’Chc enstatite is scen to be in—
tercalated in narrow bands between Iciyws of 7(71@ auji%e
olwaoly described, although the enstatite in the latter case
s in much 1@4:9@« relative amount, But 7 ho,w failecl
to obtain sa’(isfac’toty ‘PYOO:‘)C of %hc actual presence of 9(71@

o.uj{%c fﬂrom ’the oﬁicol chamc%efrs of jfhc sections of j(hc
mineral as seem in %he MICTOSCOPC; %houjh j(71425@ fvcgue%ﬁ\y

e%hi bit a structure in a 711971 clggwe comqoosi%e in ils crYs—
talline characters, the principal sections of the different
fpcw%s of %he mineral %einj n %hese cases ch'sposeci at all
sorts of anjles of mutual inclination, Thc cmalysis of
’fhcsc minerals 3{01&6& %71@ foﬂowinj numbersi—
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Dark arey tabular vcwie’gy,

Bercentages.  Oxygen ratios,

Silicic acid 52,592 30718
ﬂ/ﬂajncsia #0.64 16238
Lime - —
Tron oxide 1438
Bolash 0.39%
Soda 0.906

100,975

%omsqocwm’( whi%e vcwie@,

?cwcnjtq_qcs, Oaﬂqc*n ratios.

Silicic acid 58432 31166
Magnesia 38.042 15,564
Lime 1673 04329
Tron oxide 1177
L,To%ash 0.332
Soéla 0.352

100,022

Semi—%mfnspawn% orey wwic’@,
1

@Mcm’(@cs, C’eﬂgcn ratios,

Silicic acid 57037 30410
ﬂ/ﬁ@msia #0524 16,212
Lime 2204 0.655
Tron oxide 0.862
Soda -
Fotash -
Xiﬂlia —

100.222

2,
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@cwcﬂ%@as, Oﬂgcn ratios,

Silicic acid 52.961 30.912
Magnesia 39.026 15598
Lime 1524 0435
Tron oxide 0.154
Soda 0.68
?o%ash 0.569
Ii’(hia —
20.914
5:
@Mcen’(egcs, Oﬂgcn ratios,
Silicic acid 52,254 50802
ﬂ/ﬁ@msia 38307 15,342
Lime 2376 0.628
Tron oxide 023
Soda 0.657
@oj(ash 0.569
Lithia 0.016

100.102

Tha 34’0@%@4’ 70@4’% of %11@ soda and 73@‘)’% of %he fpo%ash n
%hese cmalyses, as in %hose of 9(71@ auji%e, is ceer’(ai%ly due 1o
an impua’f[’@ traccable Yo a minute amount of jfhesc bases
con%amina%inﬁ jfhe hy&ﬂrmmowc acid emplgyc&, Tha iron
is epfresen’( pm”(@ as metallic fron in a state of minulest
subdivision, in small pa«r’( also wi’(hou’c doubt in combina—
Yon in %he magnesian silicate, In cvery case jfhe bases are
51{971’@ in cxcess of %71@ amount w;uis{’(e foer %He fowmuia
of enstatite, Tt would scem highly probable, from the com—
parison of %hesc wi’(h 9(71@ Anown ana@scs and wi’fh suéh as

J shall have 1o offer of other meteorites, that where in these

bodics ’(he conditions under whiéh %he rock was fwmc& WeYe

suéh jfha% %he silicic acid was in excess of jfha% frcguiw& @
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the formula for enstatite, it has remained uncombined in
%he form of a c@s%aniseci silica wi’(h %71@ specific 3vavi@
of ffuscaz guwr’(z; but %ha’f whew ’(hc magnesium and o%hw
bases were in cxcess, a basic silicate with the formula of
olivine absorbed ’fhe supp’[cmm%m:y po«%ion of ’C[hese bases.
w710w calcium is pwscn’t, it fpfo?oa?a@ converls info an
o.uj{%c a povj(ion of jfhe malterials jthaj( o%hwwise would 90

Yo constitute enstatite,

In none of %71@ pa«r’(icﬂa«r meteorites Hi’fhev’(o examined

in jfhc Museum ia%om’(oty has a trace of alumina been
found, though it has been ccwefuny looked for, and conse—
g/uen’(@ no fe1spa’(hic in\gwcliefn% ho,s been detected in ’Chem
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§ _@emml @na@sis of %Ha Busti Nle—

teorite,

In order to determine app«oxima’ce@ ’fhe pvopoﬁ{ons
in whiéh jfhe &iﬁewn’t in\g‘reclie%% minerals were p«rese'n% in
%hc meteorite, and 1o ascertain whajfhw any o%hczr mineral
710.& eswxpc& detection, an cma@s{s of ’Che f«@mcn%s and
dust of ’(he stone fzro«m %71@ m@ﬁ%owhooal of %71@ nodule
con’(ain{f@ jChc/: suhohi&es and ’Che auji%c was made, Thc ma—
tertal cmplgyccl was %ho,jc obtained on cujc’finﬁ ’fhc meleorite
?gg a city wheel—saw, used 1o pfrwcfn’( %71@ introduction of
fow{gn substances, 1824 grm, were taken fofr cmalysis, The
su(lphu« was determined, as in the case of the Oldhamite,
as su%hick of silver, and as sepam’(ecl @ means of carbon
&isulphicle, f@a’(cél wi’(h hyéquqgm 011104’1'01@} and aﬂwwaﬂr&s
with po’(ash, there was dissolved @ those reagents and
?ﬁy the carbon ciisuip‘hio’l@ 16833 per cent, the residue being
83.123. The soluble <pcw’( gawve %71@ resulls in column 1, %71@
insoluble fpoxr% jChosc in column 2; %he su%ohwr and su1p71u¢{c
acid %einﬂ swmoosecl 1o be wescn’t as calcium su%hicle and
sulfpho,%e ws?oec’(iwly,
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f?cwcnjcq_qcs, O%&gcn ratios,

Calcium su1<p71a’£c 0442
Calcium monosulph{clc 4133
Jron oxide 0.194
Silicic acid 6514 3474
Lime 0.022 0.006
ﬂﬂc@ncsia 5055 2.02
Botash 0.099 0.012
Soda 0.8 0.03
Iiﬂ[ia — -

16.572

2.

@cwan’fcgcs. C’eﬂgcn ratios,

Tron oxide 0841
Silicic acid 46357 24,227
Lime 12375 3535
ﬂ'ﬂcgmsia 23.260 9209
Bolash 0.1 0.023
Soda 0455 0.113
Lithia 0.019 0.01
82,503

Th@ insoluble pcw’t in ’(his cmc@sis would cowesqoorncl 1o
a compos{%ion 51’05(7\4;\95/ Ca,/ ), which, if we consider %710

4%/
calcium as %ci@ pycscnjc as a constituent of jfhc cw\gi%c and

’C'he fo«mula of %his mineral to be 31’05(?\@5/8&5/8), will
give foq’ %hc insoluble silicale of ’CH@ rock in ’Che m{gh%owr—
71003 of ’fhe nodule a compos{%ion of two cguivolen’(s of
augite To one of enstatite. (ds the analysis of the soluble
fpo«%ion showecl ’Cha’c some of ’Che above minerals hacl been
dissolved, it was %hwgh% advisable To determine who,% and
how much of %hcvm were rendered soluble @ 9(71@ action
of Eycﬂl@rqgen ch%fricle in 9(11@ cold, For %his purpose some

fresh malerial, sclected f,omj(@ from 7(71@ m{gh%ouvhoo& of
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the module, «po;r’d:y from a po«’(’[on of the meteorite con—
s{s’(iﬂnj en’({w@ of silicates, was submitted 1o ’Che action
of a mixture of onc of hyclaﬂqgen é}ﬂwi&e and two of wa—
ter for s{x’@—si% howrs at ozrélincw\y ’(cmpem’(uws, Some
subphuw’f%ec’l hycqugen was given off and 4410 per cen?, dis—
solwed, By a fw’jfhw treatment of 7(71@ insoluble poa’%{on
wi’th soda 1.204 por cenl, was removed from i, The acid
haci dissolved 0.501 per cen?, silica, an amount of calcium
cowcsponclifnﬁ to 1285 per cent, of mcnwmi%c, 1896 per
cont, of magnesia, and 0,564 per cent. of iron. The oxygen
ratios of jfhe silica and magnesia dissolved are as 0.01 1o
0.258, and show %ha’( of ’fhe 3601 per cend, magnesian sili—
cales extracted about 2.65 per cenl, was olivine, jfhe residuc

bei ng enstatite

©Tn 1863 M. William Dancer cmcdcuscol some of ’(1115 powc?w fvom ’fhc cu’f’(my of ’fhw meleorite
in ’fhc Iofbova%om of mwofessov Bunsen ol ﬁc1dc1%cg Thc resulls, whmh "hc was so 300& as Yo «p1ace
in my hcm&s, were as foﬂow——
i0 = 5223
g0 = 22
%0 = #.28
Mn0 = o.01
Cal = 118
MO = 08
5a50 = 158
Ca. B0, = Trace
Eabl = o.01
NS = 0.z6
30 = Yrace
Li0 = Yrace
50 = 0.02
Jotal = 904z
“The mass of the stone,” he says, 'is wi&mﬂy a monosilicate of magnesia, lime, po%ash, and lithia;
%’hc iron and mickel c%is%i@ in small paﬁidm as nichel—iron ’(ogc%‘hw wijﬂl a small fpov%ion of
manganese, Thc pcwm’(@c of substance soluble in waler is 103; jﬂps consists of sul«phwlc of sodium,
Jﬂowdc of calcium, sulpha’(c of lime, and traces of mhm and po’fas’h C’ﬂc course ffrom such material

as was in :\(:4’ g(DamCCﬂ" S hcmals 1% was waosm Hc jaﬂ’ hMﬂ %O SCPCM’CL%C %[hc C?.’lﬁ:CYC‘H% mmcvoﬂ.s
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d foa*qmﬂa foqf gfhe auji’(e mj(hw frichw in lime would
no doubt give a truer statement of %he com?osi%ion; but
i is as imposs{?ﬂe to scpcwo,’(e ’fhc small amount of en—
statite infercalaled in ’fhe 1@@«5 of jthe auji%e, as 11 is
1o &is%in\guish and remove %71@ latter mineral f«o«m ’C[he en—

statite wi’(h wh{éh it appears n 3@%@4’@1 to be so in%ima’(c@
blended,
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g 1771@ Hction of (Hcids on %71@ Enstatite
and @uyi’w,

(ds it aﬂpjocomcl of some impoﬂomcc to determine jﬂlc
ciggvee to whiéh %hese melcoric mincrals were soluble in
%hc acids used for sepcwa’(inj 9(71@ silicates of a meteorite,

and whe’fhw an olivinous constituent could be fownol in

%he Busti acrolite associated wiﬂl ’CH@ enstatite, or wml
some o’(hw silicale, ’(hcz cwji’(e and %hc enstatite described

n %71@ PYeVIous sections were submitted %o ’fh{s solwend
action. @Pwma%e@ 3{9@5’(@& for many Hows at 100° C. in
s’cﬂronﬁ hycl@rqgen Jﬂoricle, diluted wi’(h its volume of waler
and in caustic poj(ash fov ten or twelve howrs 1o remowe
the scpcwa’(e& silica, cach of the three forms of enstatite
vp«ow& 1o be acted upon; and %he resulls in ccufh case showecl
%ha% jfhe acid exercises si(mp@ a solvent action upon %he
mineral wi’chou’( sepam’finﬁ 1 into two or more distinet
silicates,

Tha subjoined Table records %hesc aeepwimcn%s, The clif—
fwcn’f ﬂejwcs in which j(hc acid dissolwed %71@ minerals in

ei%hw casc was &ue %O %Lh@ more or 1055 COW‘P1@%G ChCW QC%Q‘Y

of 7(71@ trituration 1o which %He minerals 71@& been su?gjcc’(ccl

T deemed 11 desivable in one casc (cmcl T selected ’(he
’tmfnsepawn’( vom'c’@ for ’(his puvposc) to me’( %71@ process

%71’1’00 %1"71105 SO as %O Yemowve Ct’fw clou?o’( as %O %h@ ‘HCL%M”Y@ Ojc

%Hc action excrcised 139 ’fhe acid,
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Of the greyish—white varicty, 10686 grm. was submitted
to the action of acid for twenty hours at 100°, and subse—

gwn’@v to %ha’t of po%ash, to remowe scjoam%ecl silica, for
twelwe hours, T 3%@1&@&

Nineral dissolved = 0.1006 orm,, viz, in acid, 0.0475 =
bi45 por cent; in po%as’h, 0.0531 = 4.969 = 414 per cent,
Mineral unacted on = 0,068 = a0.586 per cent,

The cma@s{s of %he duly per cen?, dissolved is given in
column 1 of the Table.

Of jchc orey tabular vafr{c@ of enstatite 04428 9rm, were
treated by hydrogen chlovide for sixteen hours at 100°, and
su%segucn’(@ (@ po’(ash fo«r a similar Yime,

The dissolved pov%ion was 0.0115, 1z, @ acid, 0.0047 =
3129 per cent,; ?Zy yo%ash, 0.0068 = 4.6 per cent, = 2.229
por cent,

Tha residue unacted on was 0.1363 = 92.19 Pper cent,

Tha 7.220 por cent, dissolwed gave on aﬂnalysis numbers
%hc o.pp«oeeimo,%c com]oosi%{on of which is given in column
2,

Of the white va«ie@ of the enstatite 0.2082 grm. 3%@1&@&
on a first Treatmen? for twenly hours with acid, and
su?osegum’(@ wi’fh po’(ash,

Dissolved mineval = 0.0264, viz, TZy acid, 0.0164 = z.82z
per cend; @ po%ash, 0.01 = 4.803 por cent, = 1268 per cent,
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and undissolved = 01818 = 82.319 por cent,

Th@ appq’oeeivma’fc composij(ion of jfhc 12,68 of dissolved
mineral s 3iven in column 3

On a sccond treatment of 9(71@ undissolwed por’(ion,

whewof aﬁw two wars fuﬁhm’ trituration 0.1624 Qrm,
were operated on as before with acid for thirty, and with
fpo’(ash foaf twelwe howrs,

Tha mineral dissolved = 0.1137 VIZ, ?gy acid, 0.0437 =
41,200 pey cend,; @ po%ash, 0.0 = 20024 pey cen, = 62.84

‘P@’Y C@‘n%.

Mineval unacted on = 0.0539 = 32.16 pevy cent,

On a ?721%3 rcatment in a similar way 0.0424 Grm,

31’@1&@&:

Of mineral dissolved = 0021z, viz. by acid, 0.0001 =
21437 poy ceni,; @ po%ash, 0.0126 = 2971 = 5118
OF mineral unacted on = 0.0207 = 4882 per cent,

1 2. 3
Silicic acid 5408  fag1 6224
ﬂﬂagncsia 2367 1353 b1

Lime 1048 0220 0432
Jron oxide 0482z 0626 o0gz6
Botash 0421 0528 0504
Z(i’fhia — trace  trace
Total o131 2,068 12846

Soda found ou26 121z 1042



In ’(710 last two trcatments of ’thc whi’(e silicate jchc

gucm’(i’cics, 0.0437 and 0.0041 orm,, of in\gw&ien?s dissolved
@ ’fhc acid and 0.07 and 0.0126 of silicic acid dissolved ?Zy

%h@ ‘PO%CLSH weye j(OO SWCLII jCO‘Y cren amwomma%c omol sis,

The ratio of stlicic acid 1o ’C’h@ bases, m\ﬂec’fm\g ’(he small
amount of ’fhe fommv dissolved @ %he acid, is in ’fhe last
casc in the ratio of 584 Si0, 42 %ascs, that of the
cmalysis of ’Chis whi’(e vcm'e@ giving a ratio of 584 ¢ 416,

Tha élggwe to which ’(He au\gi’ce is soluble was determined
@ su?gjccjc{fnﬁ %his mineral 1o a trcatmend similar o %ha’c
?ﬁy wh{ch j(he enstatite was dissolved; 0.2714 9rm, s0 treated
for e{gh’wetn houfrs @ acid, and a similar time @ po’(ash
at 100° C,, oave 02614 of unchanged, and 0.0195 of dissolwed
mineral, This coweSpOfmls 1o 2384 per cont, of %71@ latter
and 02.616 of %71@ foa’mm’,

Thaw can be 1ittle doubt fq’om ’Chese resulls %ha% ’Che action
of acid on jchc minerals wi%h 7(71@ fowmﬂa of enstatite or

of auﬁi’(e is ’(Ha% simjoly of a solvent,
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10 The Tron of %ha Busti NMeteorite,

¢ small pepita of The ivon, weighing 0199z grm., con—
tained in ’(he melcorite was cmalyscél, @ small gucm%i’@ of
silicates and oj’ 311'59(071{119 Zgéhw{%wsi%e was %ﬂ at fws’t

undissolved @ @&*@G” Jﬂovicle, @ second treatment wi’fh
acid dissolved ’Che latter.

The first solution contained a trace of phosphoric acid,
and a small guom%i’@ of hy&vqgen sulphicie came off from
jchc iron &w{f@ its solution, Thc melallic constituents of
the dissolved pozr’(ion were sejoam’(e@ determined, and an
analysis was also made of ’Che gchwi bersite, The resulls

were:

Silicales 16225 per cent,

Sé}lwi bersite:
Jron = 0236
Nickel = 0195

Fhosphorus = 0,02

1.001

Iron 29.069
Nickel  z205
100.000

or, omitting the silicate,

Jron—mnick alloy Tron apopa, Nickel 3800 — 98208
Schwi bersite Tron 0884, Nickel 023, ?hosphoms 0.084 — 1202
100.000
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Tha guomjci’@ was fwr too small 1o cncourage a sccmfh

for cobalt and other melals
Besides 9(71@ nicﬁelifefrous irom, which is disseminated

very spcwsc@, and in po:r%i&cs sinﬁulavly uneguol as re—
gards their size and distribution, and with which troilite
is associated in very small gucm%i’gy, Jp'omi%e is pwsen’(
as a constituent of small but afppwciamc amount,

¢ crystals of this mineral are distinet, and sometimes
Y s

fpwsen% minute brilliant faces and 300& cm\gles fow mea—

suwmen’(, Onc Ojc %Hcse 3@‘2!0 %71@ 5011'& aﬂ@b Ojc a T@Ulaﬁ’
OC%CJ’LGCI?’O%.
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1 On ’fhe Man@cmm Nleleorite of
181/.5.
Of %71@ circumstances ajc%enol{nj %he fo.n of %hc Jane—

gaum meteorite, and of its appearance as seen in section in
%Hc microscope, J gave some account in 7(71@ @hﬂosoﬁﬁcﬂ
Magazine of 1863,

Jd was pvcﬂuﬂe& at ’fhajc time from making chefmicc&
omalyses at ’(710 ‘ZBw’Cish NMuseum, and was unable to in—
ws’@a’te w{%h any precision 7(71@ nature of ’fhis stone, which
is one of those that, in the well—defined haracter of a chicf
in\gw&ien%, offers considerable advcm’(otges for ’fhe Inguiry
on which 7 am enquecl

Tha meteorite feﬂ on %Hc 29%11 of jwrw,“ 1843, at NMane—

oaum in Khandeish, at half pas’( three o' clock B, ¢

very small fpcw’( of i was pwse«rwcl; and of ’(his a 1ittle
fwgmcn% was sent 1o %Hc ‘ZBW'%isH NMuseum, as one among

many valuable contri butions of %hc kind ffrom jfhe (Asiatic
Soc{e’@ of Zijcd,

¢ examination and the analysis of this meteorite had
Y

%hewfow o be yc«fovmccl on wvery minule gucmjc{’fies; in

fo,cj( on a few orains of débri's %ha’( ha& become oie%aéhe&
fﬂrom ’(ha briftle ittle stone,

Thc cla%c usuaﬁ,g asswmc?. %0 %7115 faﬂ vz, jfhc 10“1 Of 7“1‘1{, 1S crroncous, Thc %YUC olaq.; Of %710
fan 1$j1v0%) in %HC H\Cahafa%’(a O.CCO‘LL%% Of 1% as iﬂlc %1114’01 CLM.) Of %‘hd fmonj(h Ui’SCW(h such, on frhuvsdm;

7 am indebted to General ﬁunmnjham for the 1c1cn’aﬁca%1on of this date with the 24t of Tune, 1843
[For the account see Journal (s, Soc, Bengal, vol. 13 p. 880.0
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Tha conspicuous injw&im’( in ’(his meleorite is a pcﬂc
3@110w—3¢een, or «pfrifmw’ose—colouw& mineral, wml a tint
similar 1o %ha’c of a very f,ooia pcw’&o’( or ch@sou%e, occur—
ring in ctys’fanim grains cemented j(qge’(he«, in a state of
very 511;971’( a jr@a%ion, @ a whi’w opaguc silicate, whiéh
in a microscopic section has a flocculent appearance,

Tha 3mmﬂcs of ogreen minerals fpwsefn% n jfhe Micyo—
scope ’(hc appearance of j(o’tem%ly gymmc’(vica1 c@sjtals , and
arc scen of cvery size, from ’(710,% of a small pin's Hco,cl
1o %Ho,% of a Microscopic dust,

In sepam’(inj this green mineral from the fragile mass,
7 hcwe never succeeded in o?a%aifnifnj a ctys%ﬁ of 1 endive,

Tha mineral is enstatite; if, at least, we ave fo in—
clude under %his name cvery isomw?ohous mixture of iron
and magnesium stlicates wijth jﬂle fowmﬂa :7%3[05 and
m:ys%a“ise& in %71@ p«risma’fic sys’fem, but wi’fhou’( %he dis—
’Cinjuish{nﬂ fm%uws eijfhw of hy*pws’fhem or of diaclasite,

Jwo of %he grains selected ffrom jfhc p{cﬁccl ogreen mineral

for measurement gave the following vesults, —

ﬂﬂaﬂcﬁaum enstatite, @wi%fn%ac’h enstatite,

100,110 = aboul 46° 45° 52’
100,201543° 4 48° 44
110,17 10 = about 88 88° 16
110,101=58 34 58° 24/

mle CO‘WL‘PCL’YiSO’n Ojc jfhesc ‘YYIGCLSWYGW@%%S W‘lg{h %11050 O?J—

tained fa’om 9(71@ enstatite of ’Che ‘éBwi’(an%aéh siderolite given
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in the second column will suffce for the identification of

%he two minerals as enstatite.

Tha cmalysis of ’Cha Manggaufm mincral was pwforfmecl
@ %he mc’(hool of distillation cdwacly described, 0.2658 9rm,

was ’(aﬁen,

per cont. Oaiy_gc% ratios.

Silicic acid = 014805 55699 20.206
Magnesia = 0.0606 22.299 9119
Tron monoxide = 0.0546 20.541 4504
Lime = 0.0035 1316 0.326

0.20635 100.355

If we allow for j(he pyo‘boﬁe presence of a little auji%c,

cowcsponclinj pyoepovj(iona’te@ to j(he lime fowncl in 9(710

analysis, %711'5 JVancgaum mineral will have jfhe fowmﬂa
of an enstatite «iéhw in iron ’(ho?( cven jcho,% of jfhe Byeo—

tenbach siderolite, the fqﬂrmu1a for which is G/ 5 Mo 1/5
ffe) 31’05, Zﬂle fowmﬂa (2/ 3 7\@ 1/ 3 ’J(e) 5102 wgw’ws a
pcwen’(@c compos{%ion of Si0, = 542 7\4190 = 24 Fe0
= 212, which would accord very c1osc1y with that of the
Manggaum enstatite if we deduct ’(71@ L5 per cond, of silica
’(ha’( %71@ oma@s{s Qives in excess,

The specific 39’0,4!’[@ of jfhe JMancgaum enstatite s 3198,
s havclmss is 5—ob.

& small portion of the meteorite was taken for anal—
ysis in s en’({w@, @ black mineral disseminated in a
band TUNNING %hfroujh 1 in minuie c@sj{awm pcw’c{c(lcs is
chqfomi%c; its fowmﬂa is assumed as ?egvzq, 04028 grm,
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was analysed by the hydrogen fuoride method, and gave
%he foﬂowinj resulls:—

per cend, Oagigcn ratios,

Silicic acid = 0,218z 53629 28.602
Magnesia = 0.0951 23,32 0328
Jron monoxide = 0.0835 204326 .55

Jron monoxide = 0.0013

51170m1'um sesguioxide = 0.0029

Lime = 0.0061 1495 0427
04076 99949

Tha stlicic acid in %His scvmple of jfhe entive meleorite 1s
n 7(710 exact p«opoﬂion «reguisﬁc foq’ jfhe enstatite foq’mu%;
1 is %hewfow not impfro?mme ’(ha’f %71@ eXcoss fownol n 9(710
green enstatite may haw been duc to an crror in %710
analysis m’(hw %hcm 1o %hc presence of ci’(hc@r fwe silica
or of a silicale wi%h a h{ghw fpwfporjcion of %h{s injvc&icn%,

Tha Manggaum meleorite contains a very minute
amount of meteoric iron, far oo small for isolation
and omo,lysis; indeed j(he fpov%ion taken fov cmalysis could
hcwcny haw confained a trace of it

This meleorite 1s in’(evcs’(inj as presen%inj us wiﬂl an
instance of a meteoric rock constituted of a sin\gle silicale,
and that enstatite. Tt differs from the mass of the Busti
meleorite in ’(ha’f j(he latter 1s a mowly purc magnesian
enstatite, whﬂe ’Cha’( of Mancoaum is a 111971@ ferriferous
one, Tha two meteorites concur also in %71@ 1{971% %71@ jfhﬂrow
on ’(ha nature of ’(ha floceulent opaguc whi’te mineral scen
in 9(71@ MicYoscopic sections of many meleorites, In ’Chase
two cascs, at least, that mineral is enstatite,
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0l 0l 0l 0l 0l

In concluding this memoir, in which 7 have endeavoured
o deal as exhaus’fiw@ as possime wi’(h ’fhe constitution
and chamc’(ws of two yemarkable meteorites, J wish 1o
record %11@ 3«00.’( services vendeved me in its {nwsj@ajc{on
by Dr. Fight, Essistant in my Department at the British
Nluseum, 1o whose momipula’(oty skill and cave T am

3«@@%@ indebted in %he chcmicol ﬂpa«% of jfhe {ngui@,
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12 gxp1ana’(ion of %710 Flates,

122 Olate 1

%:9u¢e 1 and ?{91&% 2 frepwscn% sections of c@sj&ﬂs of
’che aujij(c as seen in ’fhe Microscope wi’fh a power of 45
lincar; that in fo. 1 is mearly in the zome [1 0 0, 0 2
0J and a little o%’gw to the plane 1 0 o; that in flo. 2
is 513'971’@ o%’guc to the picmc 0 0 1, and a liMle so also
to ’Che zone Lo 0 1, 0 1 01 The lines &, & indicale ’(he

planes of vi bration,

?@we 3 and ?1"91”’0 4 w?ofrcscn’( sections, as seem in a
MIcYoscopic slide cut from ’('he meteorite, of c@s’(c&s of
enstatite, 3(710,% in flo. 3 being mcw@ in %Hc zone of jfhc
prism fplcmes, and ’fho.’c in flo. 4 being nea@r@ pewpencucuh«
to these.

122 Olate 2.

%pwsen%a’(ion of 7(71@ Busti meteoric stone, in two
views laken fﬂrom omoosi’(c poin’(s, 771@ letter V' indicales
%he posi’(ion of ’(he nodule con%cvinifnj ’C[he Ol&hami%e and

Osbornite, of which a section is also Wfpwsen%ccl in %he

Flate, @l jfhc &mw{njs are of %71@ natural size.



Flate 1

3 3"1:9uw IO &:ys%cfl of @wgﬁc ¥45



Flate 1

4 371:9uw 2 5@5’(@1 of &uﬂﬁ@ %45
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Flate 1

5 ?iqwc 3 @ 5@5%1 of Enstalite ¥45
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Flate 1

6: ?fyuw 4 @ @tysj(cd of Enstalite X35
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Flate 2.

z: Blate 20 Meteorite that fell at Busti near Goruckpur, India on Dec, 2™, 182,



