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. 1869 ]"Z:_'Un tfze S’lru,cture (g" Rubws, Sapphzres, D:amonds éc. . '_91‘ L

hmb 18" Qbserved these brmht lines: mdmatmg pmbably an outer shell of' the '
photos[;here of a gaseons mature:

. That a sun-spot is a refrmn of greater ubsorptlon. _ : |

. That ﬂccaswnally phutosphenc matter appears to be m_]ected mto thc_

chromosphere-

May not these facts md:ca!e that the absorplmn @whlch the reversnl
of -the speetrum and ‘the Iraunhof‘cr lines are due takes _place in the
photosphe'e itself or cﬂctwmolv near to 3t, instead of in an extensive outer
“absorbing atmoesphere ? And is not this conelusion =taen;\thened b} the'con- -
-ﬁ-ld(‘rﬂtlf)l] that. ntherwise the mm]v discovered bright lines 'in tlie solar
pectlum itself should be themselves reversed on Kirchhoff's theory? this,
“however, is not the case. We do not forget that the selective radmtmn of
‘the chremosphere ‘does not necessarily indicate the whole of its possible
selective absorption; but our experiments lead us to helieve that, were any
considerable quantity of metalhc mpourq ])resent their bright spectra would

nut be cutirely 1nvisibie af-stratw of The chrommpherc. h

February IR' 1.8(3‘.‘).
Lieut.- (mnvrql \BI\I‘ Plf:suk‘nt m the Chair.

The Most Noble the Marquis of Salisbury and the R:ght Hon; Lorrl
Houghton were admitted iuto the Society.

The following communications were read :

I “On the Stracture of Rubics, ;apphuc:, Diamonds, ‘and some
other Munerals.” By 1. C. Sorsy, F.R.8,, and P. J. BurLer.
Recewved Decemiber R, 1868,

[Plate V1]

For many sears Mr. Butler has had the -opportunity. of examining vely
many Tubies, sapplires, and dinnyonds, and has takeu fuh.mtﬂtre of it m
forming a most interesting cotlection, cut and rounted as uncl‘ostoplcal
ohjtt‘ts e had very c.uetuli\ studied the inclmled fluid-cavities, and -
ascertained many curivus facts. -~ Mr. Sorby had fur some time pmd ‘much’
attention to the microscopical structure of crystals, and published a paper¥ .
in which he showed that their microscopical characters often . serve to .
throw much light on the origin of rocks.  Mr. Butler therefore placed the -
whole of his collection in Mr. Serby’s hapds for caveful “t'-\mﬁimnion, and it
was decidgd that a paper should e written by the twoconjointly ; and
~since Mr. Sorby had'previeusly made muny mpermrcnts n’ connexion with -

the expansion of liquids, as already described i - pap r”'publv-hed in the .

Phliumplm‘al Magazinet, he took" ad\auta"e uf- t-}

oppurtumrv t(} ;m (‘Stl-'.

* Quarterty Journal of Geol, Foc., 1808, vol. xiv. p. 45«3 o e

t % On the Expansion of Water and ba]mf, boluuona m lI:bh Ttmpcralurea, ! Aiz-&ﬂét '
- 1839, vol. xviii. p. 8. : . -




s (1)-The strueture.of- the-various minerals as mere mlcmscoplcal obJects.

- fill them certaindy varies from 207 to 32° (. (687 (6796™R.), and this wot

Messrﬁ. Sorby cmd Butler on ﬁw Struature oj’ [Feb 18"
" gate the law of the expnnSmn of the very mtelestmw ﬂmd m{;t Wlth lll the
‘L Lavmes of sapplurc - ~ S
In descrlbmu- the ‘vartous facts,. it w1ll bL nelI tu conslder them in u:la- :

tlon to the- fo]lowmrr rmnoml p:mul;les ——

(2) The phvacal chm nctels of the, ﬂuul cay mcs as thmwmg hrrhl; on the
origin of the minerals. : - -
-(3) The mﬂuenw of soine mcluded cr\atnli on the structu:e 0[' the sur—

i roundmo' mmeral
Sa pn/m es.

B_y far the mo:at mterestmrr Ol!J('LtE: contained in snpphues are the. fuid-
cavities.. Their gecasional preseuce has been ahvml} noticed by Brewster *;
who met with one na less’ than about § nu,h Jong, two-thirds’ full of ® llqmcl
'whlch expandecl 50 as to fill the whule- cu\ ity “hen hentvd to 82° F. "Bé C. )
“He thouﬂht the liquid was less mobile than that dt-scub{-d by hit in topaz, :
‘and could not.see a second liguid-in the cavity, lhonrrn many thousand.
-sapphlres have - been e\mnmed by the authors, 1o 5uch large cavity. has -
been found ; but several Lave been met with about %5 inch in dmmeter ; the
greater ‘number are far less, and sonie are very minute ; and they scem to -
contain only the liquid which expands so much when war aied. The size
of the included bubble varies muel, acundmn— to the tﬂmpcmtuw AL the
ordinnry heat of a room it is ﬂommm‘os (‘qtml to ‘one-halt ef the. C‘!l]m(,lf)
“of the cavity, whereas in other eases the eavity 1s quice f‘ull llm s expe-
cially the case with the very small cmme , und s to sonie c'\teut “due to
the forced dilatation of the liyquid. - Buat it we ouly take into ('unblt__l(‘}atlon
* the Targer cavities, the t'en.l'p'em'tnw .ltqll.ll‘.t'(.l- to expund tha Hluid so. as to

only in different erystals, but also, to aless extent, fu the shme specimene: As
illustrations of the form of such cavities, we refer (o I’lnte\ il. figs. 1, -; 3y
aud 1, the extent to which they nre maguified being shown 1t mch case, At
the 01'dmarv temperature the bubble in the cavity shown by fig. bis ahout
one-half its diameter, but dlswppeeus engirely at 30° .~ By mrcqu} mea-
suring thesize of the cavity ia various positions, and cmnparmg it with the &8
d:ameter of the bubble at 0° G, it wpoars that the liquid expands from":-.
100 to 152 when heated from 6° to 307 C. " Fig. 2 is a tubular cavity, and . B
shows in a very exeellent manner the bmlmw of the hqu:d when.it_ cools ~ J8
after having bee made to upand to fill the whole spnce: " At e ordmary
temperature the liquid occupies only about half the cavity; but when heated
in a water-bath to' 32°°C., it fills it entirely. . No hublble is formed until
the temperatuic has filleu to 3195 and then innumerable small bubbles are:.‘
“suddenly formed, which rise to_the upper part and unite ; but instead of
the liguid merely contracting by further conhn it still continues to boil
- for some time, as represented in the drawing. '1“0 other larﬁ'c cavitles

- X Suchtmg s Einschliisse von Mineralien in kry stalhsnrten Mmeralmn, » 121 v\ho rc-
fers to I:.dm Jom'n. of Sc., vol. vi. p. 11.} S o ‘ o :

IS
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"_T,contamed in the same apemmen alfa beluwe in; the aame manner, aml‘_-
become full and =nrldenlv hoil at nlmust ahsolutely the same temperamre,
a8 that figured.. We ucu] sc:\rcdy say that such cavities are ﬂxtremely A

rare, and are very remarkable even when merely looked ‘wpon as ‘microsgo= .
,,fﬁp,cal gh_]ectd,7ludependentlyfof;thelr interest in - connexionwik h phvsms. S
- Fig. 3isa ‘tubular cavnty of mare nregulnr fnrm, nml 18 mterestnw anags
' count of theie being two plates of the sapphire pm‘]uetmg inta the eavity
g0 as to neurl} rdivide it into three portions. ‘At the ordmary temperatuseé these S
pﬂt‘tltlmls prevent the passage of the bublle from™ one part to the othep; 7

“but by breathing on the object. thmugh a flexible tube, the slightincrease of
temperature expands the liquid so as to make the bubble small enough to
pass.d into the next compartment and a repet:tmn of the pmcess causes :t o
to pass into that at the ather end. Snch plates prn_]ectmﬂ' jnto the. cmttlﬁ‘si. s
are very common, and it 1s requlalte to pay attentlon to thls fact, singe
otherwise thiey might easdy he mlstakcn f'or crystals. of some other substance -
: mcluded in‘the cavity, w . eV '._QQ(;_[, must be extremely rare, T
since no decided case has come undel our notice. B
In esamining sections of sapphire cut in a plane more or less parallel to P
" the principal axis. of thic crystal, the: double refiuction is so stmng thattwo
images of every object lying at any depth below the’ surface ave seen, m such
a-manner as to-make them very confused. This may be avoided by using
- polarized light without an analyzer, and arranging the phme of . po]anzatmﬂ :
,‘so a5 to. coincide \nth ane of the axes of the t‘r\atﬂl “High powers may'
then be used with pc*rfmt definition ; mud they shaw many small cavities,
sometinmes of most irvegilar forms, like fig. 1 and very often thelr s:des
arc so inelined that they totally veflect txanumttc‘d light, and appear black
aud opake. 1In some specimens most of the: cavitics have lost their fluid:
Bestdes fluid-cavities, there are many small crystals of other mmerals .
'-"--'_lmlndul w sapphires; but not so many as b rulies.  The mast strllungj _
are small plate-like erystals, aften of triangular form, with one angle very =~
-acute. They are very thin, aud give ihe colours of thin-plates ; so that = -
when viewed by retlected hight L‘mhy look aunwthnm ‘ukv the seales flom FYR
buttéitly. Seen edzewise, “they Appear as icre biach lines, aud - arg ay-
ranzed parallel to the three princpal plases of the qanpnne as shown by"

fig, 2. llmp gy m'\li crystals “and the minute fuid- mutw: cause’ man} .
..(l})l)lflnta to appear mnlL\ by teected, and somewhat brawn by trans- .
mitted light ; and Luzmg arranged.in zones velated. to the fﬂrm of the crya- S
. tal, they ullen shm's, as it were, tnes of gmwth - :

Rubues LT Lo
Though the :uhv and the sapphire are of course esseutlallg the same‘
' nnnemi vet their strugture is in many respects as clmracteustwauy different’
as their mlour. “The auwher of the flujd-eavities in rubies 15 far 1es=i and
‘the larger cavities are very rare, and’ onl} contain what A[PERTS to he water -
or 8 saline agiicous solutlou, Bs 18 sho“ ] b_y the amount of expansmn v&hf:n_-_- e

Y
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B the speclmen i3 heated 0. the tempemture of bmlmg watcr. ‘ 'l‘hose con. '
taining a similar fluid to that included in sapphires do occaswual!y ocour; .

~and when they are mmute, they are extremely interesting, since they’ show o

‘the spontaneous movement of the bubbles to gronter perfection- than any

mineral that has come under our notwe 'llnu is perhaps to some cxtont-;._ ‘

- due to ‘the nature of the’ luquul which is more mobile than the saline.

aqueous, solutions contained inthe cavities of the quartz of granite and

- syénite. Ttis. mnmf'estly a molecular movement analogous to that seen in~ -

all._matter when very minute purtlcles are suspended in a llqmd 80 ag'to

- allow freedom of motion ; and the rapidity of the movement is certainly

-+ . dependent on the size of the particles.  It’is not seen- to. advantage if the

" diameter of the bubbles is more than b5 of an inch ; but when'itis about
FTEv0 they move to and fro in the most surprising: manuer, with such rapl- |
: dwy that the ey¢-can scarcely follow them. . '
- _The number of small crystals of other minerals mr'luded in tulncs is often
very great, There must_be a at lenst fonr different kinds ;- but it would be .

~difficult to determine what minerals they all are. Some are very well che- - .

racterlzed octahedrons, vanously modified ; and, as shown by fig. 5, their
. planes are very generally arranged . parallel to plancs of the ruby;, and to
~.the small plate-like erystals already. mentioned in deseribing snpphire..

These octahedrons have no influence on polarized light, andin gener al form
~ - and character correspond so closely with spinel that it seems very probable

that they are that mineral. Lor some time we thought they were angular -
" fluid-cavities filled with liguid; but when cut across m the sections they
are -clearly seen to be solid, thongh less hard than ruby. Many of the
other mduded crystﬂ]s are of such very rounded forms that, if it were not
for their action on polarized light, tlm might. eamly be mistaken for cavi-
ties filled with some fluid, Most of these munded crystals are colourless ; ‘but
* some are of more or less dark orange-red colour, and are certnmly not the

same mmcm] as the. colourleas or the octahedral cry stals ; ‘and in all proba- o
blhtv the thin and flat _are 4 fourth kind. Ocmsmnally alternating plates. L
_of ruby with their axesin different positions gave rise to a beautiful scries of; .

coloured stripes when examined with polanzed lloht

- Spinel. :
- The ruby spinels from Ceylon sometimes contain. ﬂuld cavities whlch‘

differ in a striking manner from those of any other mineral that has come -

-~

~ under our notice. One of these is shown in ﬁtr They are to a great extent
- filled with a yellow substance, indicated by the shading, which seems to be
cither a solid or a very viscous liquid. It incloses transparent, somctimes -
~well-defined cuble erystals, which have no action on polarized light; tranlil '
parent, prismatic, or plate- like crystals, which strongly - depolarize ity and
black opake c1ystals, cither in larger pieces or. mere grains:  The rest of

- the cavity is in each case about one-third full of a colourless liquid, which

seems to contract on the apphcanon of heat, because it pabses entlrcly mto e
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: -vapour, 89 occurred in spme of' the eavmes in’ topaz descr;bed by Brewster.-
- In this change it must expaml 2bout six hundred times less than when -

~ water passes -into steam.. Spinel also incloses crystuls of scvelal -other.
) mmemls wh:ch we have not yet been able to 1dentlfy a

o Aquammma. . : .
_ The most strlkmg pecullar:ty of this mineral - is the occurrence of num-
bcrs of ﬁuxd cavities contammg ‘two - ﬂmds aud, a vacu:ty, as shown by -

i o
. “g S R Emerald.

_ Some of ‘the speclmens ‘which we lmve exammed ‘are 50 full of ﬂmd—'i_ o
caﬂtles that they are only partially transparent. -They différ entirely . -

. from those already described, and contain only one llqmd which does not -
' seusﬂ)ly expand when warmed. = In all probublhty this i8 a- strong saline
aqueous solutlon, shice the cavities also inclose cubic crystals, as shown
by fig. 8, which djﬁ&ﬂh‘e on_the anuhmtmn of hcat and l‘fcrvstalhze on
_’coulmg On the whole, therefore, these cavities are very simtlar to those
found in ‘the quartz of some granites, and in some of the mmerals fmmd n-
 blocks’ ejected from Vesuvius, as deseribed in Mt. %rby § paper on t.he
mlcroscoplcal strugture of crystals, alrendy. refer red to.

Dm mont,

Few, if any, of the s]]ecnmens ofdlamond that have come under our notlce
contain abjects similar to those which, in the opmmn of Goppert*, are evidence.
of its having been derived from v(‘getab]c remains, but we have been able to
study to great advantage some facts which ‘do not appear to have presented
themselves to either Gupp(,rt or Brewster, We have e\ammed twenty-one
objects similar to the two described by Brewster, in his. paper in the Trans-
actions of the (;rvolorrtcal Societyt; and this has-enabled us to. clear up some
of the difficulties to whieh he alludes, dnd has led us to prOpose a different
e\plunatlon 1lc thought that the black specks, which were surrounded
by a Llack cross when C\ammccl with polarized light, weére minute cavities§

“hut at the same time he admitted that they were so small that it-was not -
possible to say whether they contained a fluid or were empty. Judging from
what we have seen of such small examples, we considér it impossible to say.
whether théy are cavities or inclosed crystalé; but forti‘matel)wd have:
met with several of such a size aud characterithat it was quite easy to see .
that they were crystals.  Fig. 9 is a most e\cellent e\ample of ‘this fact.
The form is clearly that of a erystal, and it depolarizes light very powerfully..
Its refractive power must be very much less- than that of didmond ; for the .

“inclined planes totally reflect thc transmittcd' light, and thus look q"uife'f .
black, as shownin the figure. "1t s this cir cumstance which causes many s

Agaler oclosed crystals to appear | like mere black specks,

* “Ugber Einsehliswe i Dlamuuh " \uluurkundige Ve rhandehnﬂml. Hnurlcm

1864, S oY 2ad uenes, wi il p. —hd. -
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S Brewnter has sbovm that the 1rregtilar &epolarizmg aetion bf dnamenﬂ i
' _'-_analogous to that.of an itregularly haydetied guim 3 ahd this mnch inters
“feres with the perf'ectwn of the black etossesseen rotind the inclused ciys--
tals, and sometimes even neutralizes this action. Sl ng a getieral rule,

_‘menns of 2 plnte of selenite wlnch gives the blue of the first order, the tints

a black CI’OSSflS seen ; ‘and, as- deseribed by Brewster, when exammed by

- “of the sectots'in the line of ite prmcipal axia are depressed in the snme-"' .

mantier 15 when such a black crogs is- pl‘odtlted by the eomptession of
n-lass—thus proving that the inclosed crystals have exerted a pressuré om’
-the surroundmo' diamond. We, ‘however, do not imagine that the crysta]s.ﬁ
‘Thave increased in size, but ‘that probably they have prevented the uniform

. contractios of the diamond, which, as already mentioned, fnust have been .

- very frregular, even where no such- lmpedlment was present. A few of the
. crystals inclosed in rubies give rise to similar black crosses, ay shown by
~fig. 11 ; and we are informed by Professor Zirkel that lns brother-m-:'_

law Professor Vogelsaug has prepared a thin' scction of a specimen of *

_ partially dewtnﬁed glass w}uch also shows black crosses rouud the meloscd_ S

erystals, ‘ S ' e
. Brewster suggested tlmt this phcnomenon in dmtnoml was due fo the

e]astlc force of an intlosed ‘gas or liquid, and eompared. it with what is -
~géen in the case of some cavities in amber. “ We, however, find that the -
optical character of the crosses secen round the undoubfed eavities in
ambér is the very reverse of that in the case of diamond, and cabnot be
expliined by the mere mechanical action of an included elastic. substance,
but is similar to the change to a crystalline state which has oceurred over
the whole external surface, fmd on hoth sides’ of cracks passmg ﬁom it
inwards, -

The optical propertles, However, are not the cnly eudenee of' eontractiou ‘
round crystals inclosed in diamond ; for actual cracks are often-seen to pro-
ceed from them, These present the striped appenrance shown in fig. 10,
owing to more or less perfect total reflection from their waved strface. -

- The same kind of phenomennn"may- be seen in sapphire, nand still better in=

spinel; as shown by figs. 12and 13.  Sometimes there is asystem of radia- -
-~ ling eracks nearly in one plane, terminating in a transverse crack uhlch
surrounds the whole, asvin fig. 12 and-in other cases there are various
‘complicated wavy cracks in (hﬁelent planes, as in fig. 13 There scems
to be some connexion between this structure and the nature of .the in-
- cluded minerals ; for round some kinds itis very common, but round others
very rare or quite absent ; and it appears probable that it inay be referre(l .
to unequnl eontraction in cooling from a high temperature ; and, if 50, the -
results wonld necessarily depeud on a variety of circumstances,  Now. -
that attention has-been dirceted {o it, it will prolably be found to bea
Yery common pecuharlty of certain classes of minerals, and sewe ‘to throw
" a good deal of light on their origin, : :

Crystals ﬂtrrounded hy mdmtmg cmcks on amuch larger f-;cnle have o

4 - - . EE L s e e ‘_’ ; o o.

Sy
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_--been obaerved bv Mr. David I‘orbes*, and may, we thmk, be explamed m

a similar manner, - - - :
‘The crysta]s formed in blowplpe beads kept %t for some. t:me over the;

"'lamp, also furnish good Hlustrations of 1hese facts.. . Phosphate of* mrcoma"_ .

YR depoqltpd in_enhes from .t borﬂ"{ bead to which - much miecrocostic salt.
- has been' ‘addeds and wheit examined with ‘the microscope whilst. coolmg,
cracks like those deseribed - in diamonid snd spmel are .gech 1o -be: f'ormed _
round many of the crvstals, which .are evldentlv due to'the rrystals con-.__

tracting less than the surrounding material,  On the contrilty, the long =
- -prisms of borate of baryta deposited from' solution in borax are scen to .

séparate from the horix on roolmg, aid to be filled with transverse crncks,_ .

" like those i in schorl inelosod i quartz, whu.h 19 clear]\ 0_ ing to then‘ con-'._ o

* tracting more t]mn the: bmn\. L L R

7 [mgﬁ-éamheam JG’HL’) rtl e '

Beforc dmcnsslmz the natute of ﬂmd cavltles m conviexion w1th the
origin of - the vaTious mmemls, e think it lmst to. desmnlme the remark- -
!thlc properties of the liguid included in the gapphire,’ and o point out.

what it seems to be. Brewster, in his - ‘paperon the fluid-cavities in .
topazt, says that the more expansible liguid contained in them expands.

~one-fourth. its <ize, when hvnt(’d from H0° to 30° F, or thirty-one and a
qnnrlm‘ ‘times as much ns ‘water ; and, as already stated, he found that the - -
fluid in sapphire expands about one-half when heated to 82° F. . Though
this amount of v\{mmnn is” very. remarkable, vet, when the relative.
expansion at” various temperatyres is examined, it will be seen to be still
mare remarkable. Very fortunately the tubular eavity in sapphire, shown
by fig. 2, 1s ‘most admirably fitted for esperiment, Mere wspection shows
rh.lt its gencral Jiameter is very uniform ; and that it is llgallv so ‘can- be
proved by eausing the liguid to - pass from one end to the other; forat -
[174°C. the ltngth of the column of liquid was 23 of an iuch, whether: -
it was at the end A or B, The total c¢ffective length of the eavity is S,
The specimen inelasing this ¢avity was fistened to a picce of glass, and
this was fixed in a beaker containing water, supported so that the eavity
was in the foeus of the nrierascope under a low power, The t':"mperatme'
wns raised very slowly, and was maintained for some minutes at each parti- © -

cular degree at which it was thought «desirable to weasure the volume of -

the liquid; and this was unsually repeated over and over again .when the
- heat was both vising and falling, so ‘s to obtain ns acenvate a- result as

possible. In making the neasurements with the mmrnmeter, eare waa'-"“

tnken 1o allow for. the lapvrmg wmds. of the cuutv and thie curved surﬁace
of the lquid. - The results are given in degrees Centigrade, T]!O“gh‘_
- the expansion below 30° wag very ment (‘onqmred with’ that of [y nther‘
: Lnown substances e\col)t lulmd ['nll)DlllC acid nnd mtrmm 011(10, wlwn the

* Td. New Thil, Journ, Ju]v 1857, ' e
T Teans. Roy. Roe, Edin, 1824, vol. 1. p 1.
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temperature rose. above 30° it Was so ve; y e\m aordmary ﬂmb it'was. ‘ot i
until after lmvmg performed’ the experiment. over and.aver again that Mr.-
, Sorby felt. conﬁdence in' the results. This will not betha it surpnsmg
. when we state that from .31° to' 32° the appareut e\pausl(}n of )the liquid .

4o less than—onc-fourthof- the bulk it occupies- at. 31° the length of

the . colpmin. inereasing for tliat single degree - from TAL to 507 inch.
- This is about 780 times as great as the expansion of water would D¢, ‘and
~even 69 times as much as that of air und pelmunent gases, - Tt was. not -
possible to ascertain the amount of expansion” ahove 32° (., because ‘the - .
awty was quite filled at that temperature. I the e\[nauslon increase at
tlle same inereased rate, the liquid wonld seon occupy severnl tlmes aswmugh -
-space; but it seems very probable that hefore-then it would pass-inta - the
- state of gas.  At-all ¢vents it appears as if this enormous rate of expansion -
indicated a closc appmach to a fresh physical condition. “The following -~
- Table gwes the results of the experiments; and it has been found, by drawing -
‘them as a curve, that thvw—gmmzd—rchrtmns mdrcate that there caunot be.
any serious error ; but at the same time, consﬂdermo-all the. cxrcumstanceq,_ :
- they must only be ]uo]\ed upon as tolerably gcod approumutmns to the
trath, : '

TP'm_pernture._' I anumf’;.l'
: ' .o . S S
O0C.. .. e e, 100 -
R I O {1
20 L ceee 113
25 i e 22
7. R e, 300
20 ..., el 130
30 ... e e 1B0G

;1 NP S

_ 32 i Liiooo. 217 _ _
‘The apparent espansion of the liquid is doubtless to,some extent in-
~creased by the. condensation of the gns, as the space occupied by it is
 diminished. -When in-the luwhly expanded condition this liquid appears
to be remmkablv elastic, I:inthelot has shown, iu his paper on forced
~ dilatation *, that the force withiwhich liquids adhere to the interior of a glass
- tube . is safficient to prevent their contraction to the normal volume, if
they have been heated so as to ‘expand and quite fill the tube, and then
“cooled to a temperature below that requisite to fill it. - This fact st
~ always be bgrne in-mind in studying fluid-caviiies, and- e‘cp]a«ms why the
bubbles, &3 it were, hesitate to return, and then make their appearanee. with -
a sudden start.  Such a forced dilatation is very remarkable in the case
described ; for though it was reqmaltc to raise the temperature to 32° C. to
fill the. pawty no vacuity was formed until it fell to 31°; and therefore it
seemﬂ-.éns if the force of coliesion were sufficient to streteh it to consxd&mhly -

* Annales de (‘lumw au' 3o b xxx. ‘33" o s
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: ._more tlmn 1ts normal binlk, ev en’ perhaps to the cxtent of onc-fifth or one-

" fourth. - Moréovér, in the case shown in fig. L., the hquul Hpauded 80 -

asto ﬁlI the cavity at about 30° C. ; and.yet-it can be heated up. to 42"_-5’-

: ‘wntlmut barsting it, thoufrh, even if the expansion - did not continue to
increase, “and were the same for each d(‘glee as from 317 to 32°, the normal .

-volume would bé about four tnnos that of the eavity, .m-wiut,h in any case
scems only .to be c-xplmned by supposing that its t‘!aqttcnty is uost remark-‘

" ably gleat mare like that of a-gas than of a liguid. . ‘There was no- dﬂuded-

- evidence of its pnssing intoa gaseoits stutc, as docs ou:ur when cavmes con-r o
" tain a less amount of hquld ok : : : e
_ Slmmler * hag shown that the physw'\l propertles of the llqutd in topnz,.'__’.--‘.
as nhserwd by Brewster, agree more nearly with those of 11qu1d carbonic’
aeid tlnn with those of any other known substanee. Duna, in his ¢ Minera- =
logy ' (5th edition, 1868, p. 761), calls it Brewsterlinite, and says 1 that its

" composition is unknown. The facts-at Simmler’s cornnand were not inall
respects satlsfactoryM51nce the amomnt_of expansion given by Brewster - -

' was from 10° to 267 C,, -whereas that of hqmd carbonie: acld obﬂened by

Thilorier was from 0° 'to 30% and, as shown above, the-expansion’ Ill-_

creases so much as the temperature rises thiat. the average raté for 1° i

very indefinite. * 'The only reliable method is therefore to compare the e‘z—‘_.'
pansiot between equnl degrees of temperature. *\cco:dmg to Thilorier + _
liquid carbonic acid, wlnen heated from 0° to 30° expanda from 100 to 145,

One of the experiments described above showed that the liquid in sapplnrej

~expands from 100 to 152 and the other from 100 to [50, which is the
most reliable. - This agrees so closely with the expausion of llquld carbonie
acid, that the difference might easily be due to a slight error in the ther-
mometers, The expansion of ordinary liquids is not to be compared with it,
nor is that of liquid sulphurous acid. Dr. Fraukland lias kindly ascer-’
tained this fact, with special reference to the ease in- question,-and found =
that from 0° to 32° €, the expangioi-was ouly from 100 to 104 .30 ‘instead
of to 217. ; '
~ Aceording to Amlu,eﬁ'* the expansion . of - lxqmd nitrous oude is not
much inferior to that of liquid carbonic acid, being, from 15°-to 207, 00872
for each degree, which differs decidedly from that of the liquid in snpphires.
The occurrence of nitrous oxide in minerals is also go very much more im- "
probable, that, on the whole, it seems as 1f we shouhl be justified in con-
cliding provisionally that it is liquid carbonic acid, which, like water, should-' .
tllcreime be classed amongst natural lululd mineral substances, e
Brewster has shown § that when cavities in topaz contain less than ones -
third of their volume of the expansible liquid, it doeés not expand when

heated, |)l}.t paszscs enhrely into the state of 4 compressed vapour. Un- -

* Pogg. Ann, yol. cv. I 4(10
1 Gumnelin's Handbook of Chemistry, Cavendrall bouetya'l‘muslatum, vol. i, S ’25‘
t Liebig's Aun. voloex, p. 1, : :
§ Trans Ray. Soc, Edin, vol, x, p 24, _ o
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{'mtunately hc does not. state the temperatme ut. whu.h this occurs, nor does.i-

"he seem to have tricd *~ ascertain the exact limit of the volume, which must, -
however, lie' betw -+ ~.half and’ onc-third. Cagmard-Latonr* found

“that when ether and ot ]1qu1ds sealed up in small strong tubes, witha-

———certain’ space left empty, were heated, they expanded very much, and sud- -
- denly passed into the state of vapour, The temperature, pressure, and vo- - -
‘lume at which this change took place var u’d very considerably, Ether c\-._
panded to nearly double its volumo, and passed into yapourat about 200°:C.,

“with an elastic force of 37 or 38atmospheres, ~ Alcohol e\p‘mded to about. -

three times its volume, and passcd into vapanr at about 260°.C., with an

clastic- force of 119 atmospheres; whereas water. appeared to expand o -

nomly four times its volume, and 1eqnmd a temperature near that at which
_zinc melts. (328° C., Daniel). When in this highly expanded state, the -
liquu]s were very. mobtle, and seemed mucli more compressible than under
other circumstances ; for they did not birrst the tube, if too much had been -
senled up iu it, until after- theirnormal volnme would’ have been decidedly -
_greater than its capacity. No one could fail to see that these phenomeua_
have much in common with what oceurs st a lower temperature in the case .
- of the llqmd inclosed in sapphire, and that they are of great importance

in eonnexion with the origin of fluid-cavities: Since they become full of -

liguid at a compmatwely low. temperature, it was not unreasonable to sup-
pose that the minerals in which they oceur must have been formed where
the heat was scarcely above that of the atmosphere ; but these facts seem
‘to show that the occurrence of such fluid-cavities is quite reconcilable with
a very high temperature ; for lt is obvious that if, at n great depth below

the surface, heated, highly compresse 1l gaseous carbonic acid were inclosed -

in prowing cnsta}s it might condense ou cooling so ns to more or lesm wm-f o
. pletely fill the eavities with the Zguid acid. ' .- o '
If the same prnwlples eould be applud i the ease of “ater, we should
be led to infer that it could not exist in a liquid stateat a }nghc: tempe-
rature than that of dull vedness, u;rncapmulmn closely with what Mr. Sorby .
deduced from the fluid-cavities in some voleanic rocks. In that case, a¢-
cording to Cagniard-Latour, the liquid when condensed would occupy. _

only one:foyrth part of the cav lty, and it would scarcely be likelv to con- -

tain any fixed salt in solution; whereas the fluid-cavities in -the mmernls 3

of e_}ected blocks are often. two-thirds full of what scems to have been &

- supersatirated solution of alkaline chlorides.” The phvnmnonn now undel
consideration should certainly be borne in mind in studying voleanic action ;.
and it is possible that some cavities now containing water may have been-

formed by the inclosure of very hlwhly wm}nebsed steaur, I some - cases

the gequisite pressure would be enermous, and Utllﬂl facts scem to show that -
it was more generslly caughtrup in a liquid state. : o
The civities in emerald are very interesting in connexion with tliis sub_]ect oL

and qlso_f‘mmsh,stmng evidente against the opinion that the liquid wasnot
* Ann, de China_ic, 1822, t/ xxi, pp, 127 & 1798 5 ¢, xxid. .p_.-41_0. . -
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present when. the crystals were iormod bat pcnctmted mLo the ﬂmd cawtma; :
at a subsequent, period, and cither fllcd vacant spaces, or. rcmmed and re-
])luoed the material of glass cavitics, as suggested by V ogebung In the

_specimens ‘which we have examined, each of the cavities (-uutmne what g “

"o douht-an aqueous saline solutmn, and, 43 shown by fig, 8, one_or more

cubie crystals, pmbnhlv chloride of- potmsm m, which digsolve on the appli-
cation of Leat, and are depus:t(’d again on cooling. These cm'ltms ate thug
analogous to those met with in-the’ qunrl? of somie glamte aud in the mi-

“nerals of blocks ¢jected from v csuving ; and it secms dlihcult if not impos-. .

sible, to explain ‘them P\(‘(‘pt by supposing that a ..3“'()1]8' salme solution

was caught up by the mineralat the time of its formation. « In some; c:\ses:;-ﬂ'
‘the amount of suchsaline matter is o great in comparison to the Hquid,~

*that a high te mpvmttno'wou]d bLe rognisite ‘to make it all (11‘530]1.’{‘. Tt
' 'alaoqemm pmhahle that, xf“atu muhl pm(tmtmntusmhcn stals, 1t would.
soon be Test when they were 1\(-]nt dry. This certsinly oceurs i some’’

soluble salts, éspecially. those contaiiing combined water, and in some .

_mmem]s of loose texture; but we hare never Sein’ evidence of it when _
flaid-cavities are completely inclugid-iiv shaed and dense substances. fike -
quartzor emerald:  Though in some instances the size of the bubbles does”
“not bear a uniform relation to that of the envities, y‘t lu mAany cases the B
general proportion is very similar in enchy gpecimen ; aud the exceptions can
ensily be explained by supposing that oceasionally “small bubbles of gns
were caught up along with the water, or tlint there was soure variation in -
either temperature or pressure during the growth of the-erystal; all of

which conditions werd discussed e Mr, thx s paper already . referred to.

We have not had the opportunity of stidving many o\mnplm of cavities
which ‘contain two t‘mlq probably water and hqu:d carbonic -acid, and-
therefore forbear to Sav much about them. Aeccording to Brewster ¥ the
temperature at which those in topaz hecome full corrésponds very: rloqely
with what we have observed in the case of sapphire, so that the - ('arl)cmlc ,
acid might have been inclosed either as a highly dilated liquid, or as a
highly (*(Jm]n(qsm] gas; hat sinee the other Hiquid has deposited erystals
whicl dissolve ot the ﬂpphmtmn of heat Z, it seoms most probable lhat the :
water was eaught up in a liquid state, somctimes pmlmps holdmﬂ A con-
siderable amount of carbonie acid in solution as a gas,

On the whole, therefore, the various facts deseribed in this | papcr seem {0

rhow that ruby, &ﬂppinre, spinely.and cmerald were formed at o moclcrately”_“:.’_ "

high temperature, under so grent a pressure that water might be present in
a Jiquid state.  The whole structure of diamond is so peculiar that it can
scarcely be looked upon as positive evidence of o Ligh temperature, though
not at all opposed to that supposition,  The : ﬂm‘nu- of fluid-cavities con-
tatning wauter or a saline solution” dees not h\ any means prove. that water

* l’lnlosnpluu der (n,ulogw undd mlkmkl».npia(lm Geatmnaslmi en, \l’ml.r- 1867 )Pp 100,
106. '
¥ Trand, Rog. 8oe. Bdin. vol, x. p, 1 ef seq, s : P

b Nee .Bl,cu.tc ]m[ltl, PLil, Mng lbh, \o] \ut p. 40
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