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1, !ntredagtian.

The application of the principles of colleid ehumistry te Geological
prablamm is of very recent greowth. Van Bemmelen in 1899 eutlined meny
of its fundemental prebiams, it was net hswever until 1909 when 3arna
published his elassi&ai papers on eellaiéal mineralagy that it attract-
ed much attentiem. 8inge then numer@na ather papers have appeared dnd
the literature of thﬁ subjeat has already becama extensive, 8o far
gealag;ata‘hawe,ghigtly eonfined their at%enti@n:ta the part colloids
have played in sedimentary processes, and the smaller though still very
important braneh, ﬁle funetion of colloids in primary ore deposits, has
been almost totally neglected, The qugstianv@f gels in primary veins
has gggéaiaily been overlooked., The deeply ereded and,naw‘&xy@aaé

veins of the moderate and deep seated zones do not today sontain géis,

whereas the shallaw~v§}ﬁi occassionally do, and it has been assumed
 that the higher temperaturee of the former would have prevented the
fezmatien'af gexa. But the relaﬁianﬁhip of pressure io the retention
of water by a gel hag not been considered and it is the purpose of this
| pa@er to show that gels can and do exﬁ&t in all types of primary ore
éapazite, from the high tamparatnre pegmatits to the shallow, low
temyaratura vein,

Siliaia ascid gel is h&re aansidereé to have playe& 2 very important

rala in.tha origin of pegma

titas-in& quartz veins; also under certain
eonditions carbenate gels were formed and loeslly have ﬁeeﬁ of éansaéy
uenge, The probeble existance of other gels in veins is indicated and
thﬁlﬁhaﬁistry'af gels is summarized in order to shew the similarities
between gel precipitation snd ordinary precipitation to which latter
process vein formation is generally ascribed, |
By the erystallization of minerals from thssé gels many of the sty

uetures gommon in ore deposits sueh as the large orystals of pegmatites
. : ’ : 7



tﬁe,ﬁéhﬁaﬁtriﬁ'ringsvaﬁé’bandiﬁgvaf'miaeralg, and the dendritic and
erborescent crystals, are explained. Furthermofe the presence of
angular uncennected inclusions in veins is expicable on the assumption

that they were buoyed up by a ?isaﬁbag,gsl nass.

11, Gels
I, The Definition of Gel, Jelly and Gelatinous Precipitate,
The wards.gel, Jelly and gelatineus precipitate, have catglassly
often baan ﬁsed intarahang&ablyy but the general custom and the one

here aéepta& is that of using gel as the inclugive temm emhraaing bath
jelly and gﬁlatinaua precipitate. A gelatinous precipitate is a gal
which shew& syneresis, that is when first farmeﬁ it sets to a stiff
viaﬁeus mass and then immediately aantraeta squeezing out part of the
liqnid.u A jelly does not shew syneresis,

Gels have often been considered as coagulated emulsions but the
distinatian between emulgions and suspensions has lately been broken
dawn, a8 many subsliances have been prepared in boih the auapenaeid and
emnlsaza state. An emulaion is generally defined as a liguid dispersed
in a 1iquid.medium and & suspensoid as a solid dispersed in a liquid
mséiua; but are the c¢olloidal particles of s susyemaei& realy s0lid?
Gan a solid retain its erystalline properties on extreme subdivision?

Hay n@t~the greatly increaged surface tension, the snormous sur-
face developed, defazm/the minute crystals and tend to form spheres?
It has been ebaerved,miareaeapieally that on erystallizing, small

- spherical bodies and globulites first form, {Ref. 1) Even, hewever,
if we assume that an emulsion is a liquid dispersed in & liquid, the
eaneepﬁian that & gel is a eoagulated emmlsien is no longer tensble,
fsr‘Vbn‘?@imaxn has shswn that gels are simply solvated preeipitates

fammeé from solutions abhve s certain degree ef suparaaturatzen, anﬂ_

kA



that theoretically any substance can be obtained in the gel form.

‘ﬁt‘ia‘ﬁ@t_n@éassaxy to sssume that these gel precipitates are de=

 finite solvated compounds. 1In fact a series of experiments have

conclusively shown that they are not. Davies (Ref. 2) by pro-
longed heating of hydrous ferric oxide under water completely |
dehydrated it, proving that no hydrates were formed, Ramsay (Ref,
3} found that the rate at whieh hydrous ferric oxide lost water

'?was ﬂat:ﬁanatan%“and'a@asequently“%here could n@tﬂhe"any-agfinite

hyarate within the tem@arature range stuﬁied. Van Bemmelen {Ref.

4) éat&zminad the isath@nm for ferric oxide and water and found

~nerindiﬂatiaa'a£ s aampaund, as maﬁ-alsa the case for the-vaper
pressure curves obtained for sillaia aeld jelly., {Ref. B) It
n is a&&umad that ths 1mquié of a gel is pewerfully alizorbed anﬂ
if&hua-rataineﬁ {R@f.'éia'

2. The ﬁweduetiwn of ﬁels and Vbn Veimarn's Law of Qerresyanding

ﬁtates f@r the lrystallizatian Era@ess.
?@n Vhimarn (Eaf. 7) haa &evalaped and aubstantiateé by & great

" variety of experimants a law which he eails, * The law of Corres-
- ponding stateg for the eryatallizatiaﬁ Preocess, " whiah.may'ba

stated thus: The degree of dispersion and the genexal physical

-appearan@e ﬁf aryatalline preeipitates are always the aama irraa«

peativs of the chamiaai nature of these preaiyitaﬁes, previded

o that the preeipitatian takeg plaee under eerr&apenéing aanditiens.

If we take tha ease ef the dauble reaction AB plua

oE gives.

o glaa B, where Sﬁ’ia & precipltata, then the laM'may be atatea
w‘mmm%ﬂ? thugs ? _.v.xim}.x(xm) K(&M) JE(BN)

3&:
where D is the disg@rsian coefficient of the precipitate {AK) and




:ﬁasgribes ‘the degree of disperaion and the general sppeavance of
~ the precipitate,
8p is the golubility in eqazvelents per liter of the precipitau&é
substance MM, | _ : .
¥p is the number of equivelents of the precipitate AM which must
_:be dey@sit&é eut of each litar of the solution in order that its
1eaneentrati@n ahall be reduced to Sp &qnivelents per litex. In
i,ather words 1t is the ameant of the preaipitate in exﬁess of the
amoynt soluble. |
V is the vigaasity of the aelutian. |
’»K{m), xma),x(m,x{:em are aagﬁi@ients expressing ﬂm aegme
of complexity (ahemiaal, physiaal or bath@ of the Various sukw
ét&neea in solutien, |

In the cage of subataneea having -1 c@mp&ritively simple ehamp
"ie&l stwuature and whiah afe nat aaseaiate& in selutien, thg

above equatian becomes
g wa- 'Y and the most impartaat

| fa@%ar hﬁrg is §§s> which is aallad the degr&e ¢f supersature
atian of the selutzen.

| Using this law Von Veimarn has prepared préeipitataa of such
vmateriais as godium chleride, barium: suiphate, aluminium hydrom-

“'ide,ksllver chloride snd many others in almost any desired degree
’ef disparsieu, ‘the precipitates renging from coarse arystals to

‘ jellieag , |
: ﬂﬁe ap@lieatian af this law to the formation of gels can @t@&w

ably best ke shown by congidering s definite reaction &nd the

~ resulting types of yr&ei@itaﬁeﬁ’farm&ﬁ;frem-&iffexent degrees of

:aﬁgérsaﬁuratian;‘ SR | S  ,’: ; :  gives‘£a$$4
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plus mhfgxgjg in which equivelent quantities of Ba(gN8), and
¥ns0, are used,

If we mix ,ﬁ* solutions then the resulting quantity of BaBS0,
20,000
will De ;i*

, of one equivelent and since the solubility of
20,000

'Basﬁé is abeut lﬁ-ﬁ eqnivelents per 1iter. than th@ value 'fﬁ

- : . 8p
‘would ba 0 %o 3 for soncentratians ”ﬁ;u to f;; In this range

2&,6!9 74000
g Tew large aryst&la will farm, eryatallizatian starting around
‘dust particles or plaaes wh&re the vessel has been serstehe&. In

the case of g%‘ laﬁs than 1 it takes seversl years far the crys-

to f@m. N
" Batwa&n values g fram 5 te 48 @ fine pawﬁﬁr ﬁentaing micre-
.geéﬁie erystels f&zms. At value ¥ aquala 48, about an ‘heur is

8p

‘ﬁﬁﬁﬁssary'fﬁr precipitatien,

If the gegree of supersaturation is less than 48 and there is
: some mgterial in the solution that the particles cen adsorbed and
- thus %@@amé charged, = suspanﬁaid @a;laiﬁ will results

with valaesvff‘betwgsn~48'and 22,000 needle,skeleton and star
| Sp

‘shaped erystals are produced. A suspensoid can form but is very
uns tgble ané settles in a short time.

¥
Vith values = 22,000 to 87,600 the preciyitate is at first

3@
gramaiar,~than aur&ym fizky and fiﬂally gslatiaaua in éharaa%ar;
ﬁhe s’ called amerpheus preaipitates are hawevgr composed of

‘erjatala.



- with values f?i, grester Hhan 87,600 gelstinous :@maigimm and

Jeliies form.
The only essential therefore io ym&ma & gal iz that the velue
BP  pe greater than 87,600 and when ihis is the case in ove form-

8y
Ang selutions, gels will resu its  The solubility of meny ore mine

amﬁ is alwost gers snd consegquently reaciiens prouducing them,
m in extremely dilute solutionms, would exeeed this
.-1;@. qﬁaﬂs is B,iﬁted &8 Iukle

gﬁ% mge e & g&t&. %‘w oxn
P s@w u% are gwm, mmmg this velue for the m&szf}ﬁm&y

of querts &nf water, 0P muet exceed 87,600 in order to produce
sl 6.50001

o gel, I ether o mrds Np must w gmﬁwx %!aw 9 p quarts
$0 m, 099 parts of water, But the aetued mywﬁﬁw az‘ sre selue
tions and the golubility of quartz in them is wiknowy, 80 that the
gve value would mot be strietly appliceble to vein quarts,
Bevertheless, this wvelne is so wuell thet it points to the possi-
Bitity o7 silics gele in sye deposits even mﬁﬁk the golubility
bz dn ore selutions mey be much greater than in water,
Hhis iy featuren afvrveine indivste msmmmﬂm from a gel
the @wﬁﬁﬁm doparves furthey mmm&mﬁm&

. & & 9 m aﬁiﬁn of Gels %o Pepus
3. 3?% trodustion, |

rigin of %ﬁ%‘&&%ﬁ ang, tﬁaﬁiw coarse erystellins character
whism in gga&law, Mush M’ *ki"m

titie mm. ~

ers %o ‘%ﬁ%ﬁmy. end the effect of these verious setors on the




‘vtexzuxe of the resulting pegmatie. A&n excellent s&mmsry'af>£ha
'fvalﬁmiﬁaas 1itera§&re‘eﬁ this subject has been given by $. B.
Eﬁgtings {Ref. B), |

Cencerning the definition of a pegmatite, Harker (Ref. 9)
'uriteai' *?he'ﬁrigiﬁaliyégmatite of Hauy (1832) was a coarse gra=
phie intergrewth @f feldepar and quartz (graphie granite) but the
name was extendaﬁ by Delesse (1849} to 21l coarse raaks, whﬁthar
gra@hie or n@t. these ascmring eammanly as veins or ﬁykes travar-
ging an erainary granite, or as a@ephyaaa, or & more or less gon=
tiﬁn¢ua fringe on - itg berdar. Bubsequent usage has. further 8X=
'bﬁﬂﬁﬁd the taxm to @éver e@rreapen&ing madifieatiena of ather plu—
~ton1a roeks, sueh as avenite, &isrite, gabbr@. ; A

‘The word pegmatite is used in this paper in eﬁe above sense,

The modern hh&@&iﬁ%-@f the origin of gagmatitea ali'faveur
erystallisation from & magma of law vigecosity, whase fluidity is
due ts the presence of water and gases, ﬂhe;magnituée of the role
played by the gases ia uncertaing some investigatérs give it eon-
‘siderable i&partanaa, whereas others give it a‘auﬁ@réinate role.
But most agree that the presence ef a8 relatively large amount of
water has been an &asential factor in the davelayment of pegmati~
| txa grawﬁha; |
In thig peper it is maintained that waler and gases, when pre-
- ment, have affeeted;the erystallizatian, bat only to a minor éegr~
ae, aud eentrary to the grevailing iaaa it is held that pegmatites
arystalllzea, not from a fluld magma, but from a visaaus sllxcic

acid gel¢

- B &,aritiaal &&rvey of the Canses whieh may influence Pegmatitiec

&rewths.




Bastin (Ref, 10) has made an admirable survey of the origin
of ihevpegmatites of Maine. The following peints may be ngﬁed:
1. %hé textural differences between granite and granite peg-
matites of Maine could not have been due to differences of temp~
erature and pressure because: ;
{a) 1n>many ylaees pegmatites were found éutting granitess,
both of which were consolidated from the same ign@@us intrusien,
| (b) Xn plaaes pegmatitss were found aetually enelosed by
granites, L o -
te) @ranitas were fauné graﬁing into gegmatites.v
@bvieusly, then, pegmatites and granites were fanmeé under the

praatieally the same temp&ratur& and pressure.

R« The textural differences between granite and granite pegia-

tites of ﬁﬁiﬁe, c@uid nét have been due to differences in sconstit-
uents: o o o |
~{a) The aaaeﬁtial.émnstitu&nts of the pegmatites are the same
as those of the granites aﬁd-pra@iigally in the same propertion,
though slightly'méxe7aaid¢ |

.:gk) In the case of the min@r ¢snat;taents, although many raver

mingrals.ééaar‘éhiéfly_in'gegmatites, yet m@st'pegmatites contain
 vary few or no rare'minerals. By far the greater nimber of the
pegmatites of Kaine eanﬁain no anusal or rare minerals, - Thus in
 many ¢ages, pegmatites have developed their peeuiiar texture and
ne rare minarals have been left to indicate that minerslizers lika
fluerine, ahl@rine, or boron, ete,, were ever present, While p 4
these elements, when greaent, may contribute to pegmatxtie structe
ure, they are not essential,

“From the sbove it would seem that diffarenees in the eamp@sit-

ion of the essentzal or miner constituents of psgmati%as have not
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caused the g@gmatiti@ texture,

5. The textursl differenees between granltea and granits‘
pegmatites, ef ﬁaine, eauld not have been caused by the gases
‘because:

(a) If the gases existed when the pegmatite magna. eaeled they
must eith@r have been eeccluded or escaped:

ii} iha escape of sueh.material, especially chlerides, fluori-
~ &&3, or bwerates, wmulé ¢ause @entaet metammrphism, wh&reaa there
_'is ne evidence of e@nta@t metamermhiam.

(ai) if the gases have remsined and become oecluded then the

pegmatites shodld have a greater percentage of geses than the

granites, but Bastinkf@nﬁé no noticeable difference in the gas

contents, nefwere miaraliﬁia cavities more commen in thg pegnati tw
. _ = . ,
 Thus from ahe evidence presented by Bastin it is seen that the
’taxturea of the Haine pagmatxtea are not éue to dszerent aenﬁi~
vtlang of teamperature snd pressure, n@t (7 ﬁhe d&ffsr&nces 1n the
| constituent minerals or vilatile gases.
| Heny 1n?asuigat®rs have laid great 3tresa on the lmpertan@e
f;sf the goscalled mineralizafa in the formatien of pegmatitie
- growths, their effwt being at’&rzh‘utaﬁ to lowering of the vis-
i a@slty &né the lowering of the melting gaint of the magma. But,
a8 haa been seen, this has been over«emphagiszed, Xn addition to
Bagtin's criezezam it may ce pointed out that the fleur;ns, chlor-
‘1133, b@ran, etc., conld net- @asaibly exist as such 1n pegmatites,_
.baeause they waal& altack the silicales or even gquariz, Water it
self &Ftask&.ﬁiliaatas'ar:qw&xtz and forms silicde 2cid at the
}Mt&mperatura of pagmatite faxmatien, For similsr reasons the scids

 1suah a8 hydrmfluexze acx&, hydreehlarie aeid, could n@t exist as



u

‘5&@&,; When present, thede alementé muet be in chemicsl combinati-
- on as minerals radieals, such ms found in chlor-apatite, topaz, or
t@urmaliae, and while these might favdur fluidity or lowering of
the melting point, they certainly would not do s¢ to the extent as
that infer red for free fiuorine, ahlarine, hydroehlorie acid, or

-a%hzr mineralizers.

3; ﬂheany of the Origin of ﬁ@gmatitas.
' Xm the previous section various factors which might have affec-
'ﬁted the pegmatitic growths have been disauased and found to be in-
: ad@qu&te in themsalves to account for the textures, We shall en=
daavgur #e skow that the essemﬁia& cause of paavﬁﬁitie grewﬁhs is
axystallizati@n fram & siliaia seid gel which results in the for-
matian ef large cxyztais.

The preeess by whieh ailiaie acid would be fanmed mey be brief*
1y% presented, The originsi basaltia mo ther magma, of Dely and
| Bowen {Ref, 11), from which differentistion pr@ﬁa@es the gran;tes,

gabbrés, and other igneaus rocks, does not contein guartz., Later
processes of differentiation produce the quartz, which must hava
come from the degampasiti@n of the ariglnal silieates. This
ahanga of silaaates to anhydrous quarts could not heva tak&n place
| directly, but intanme&iata silieie aaid must have been formed

nsinae the MEIME

aantazns water. A1l siii@ates on deaemnasing in
- the presence of water f@xms siliecie aeié¢ Silieia acid is fexma&
by %hs aetion of steam, earbam daoxzde, alkaline carbonates, or -
acids if present, on the slli@utes. {Rer, 12) Even water and
feldapar en prelangeé h@atiﬁg produce silicic acié.

ihe small smount of sxixalc acid so f@zmﬁﬁ in the solidfying
magne, rxses to. hhe top of the raservmir, sinee it is immiscible



/in and lighter than the szlieates of the magma. Thus a well of
silici@ acid agoumulates at the tep and this may later be squeazea'
eut inte ﬂisaarea f@rming pegmatites an& veins, - The éxfferenee
betw&en pegmatitia end grenitie taxtura are thus due t& the éampa—
ritivé absence ef silieie a@id gel in the latter, since siliecic

% aotd has separated to the top, In brief, pegmatites have orystal-

'vlizeé from a silisie aeid gel, whereas other igneaus rogks have
nat.

ﬁiueraliz@rs, - aalleé, if present have little affeet on the
atahiliﬁy of @ha si&isia acid gel, ?@r instance, tungstie acid
ﬁr&mslybdie aeid'waa&ﬂ.inﬁreasa the viseeaity-af the gel very
glightly anﬁ W$ﬁld pxaueat the gel from the peptizing action of
th@ alkalies«

B ?r@af %hat @ala favour the E%zmatien of Large Gryatals.

ﬁatach@k anﬁ_maay @th@r ax@erimanﬁera found in inva&tigating
‘,S@isagang rxﬂgs that unaaually large eryatala ‘were ﬁavelnped..
E&taehek obtained 18&& chloride erystala 15 =ms, leng in agar.
’Ehlmas §Ref, 13) pradu@ad erystals of. ailver di@hramata in ailieic
a@iﬁ gel which in one month greW't@ the size of 5%51! s, told
'ané many’@ther sﬁbatances have azsa heen crystallized from g&ls,
In all cases anasually xarge @&ystals have been obtained, much

‘1arger than ‘would have been preduced withﬁut the use of the gel,

|
v S

a lead iedide preciﬁitat¢ is faxmeé which does not agmw aryﬁtalli«

 ?@: axamgla, if lead aeetate ke pdded te aa potassium iodide
na eutlines ta ﬁhﬁ eya, but if the 1ead aeetat& is plaged in o
silicie acid gel and the potassium iedide is allowed to diffuse
into it, the rasulting lead iodide is netieeably-erystallina‘

Perfeat haxag@hz of nearly B mms. dia. can be obtained hy this
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.g$tk@é.v Accprding to Holmes {(ref, 13) theory, the action of gels
iﬁ faveuring large éﬂy&t&ls is‘ehieﬁly &u& to the capillary struee-
ture of the gel, which retards diffusian greatij. &s is wall,khawa
1arge¢§ryatals ars formed if diffusio# is veryzsla#;v De Schultien,
by_thevsléW'admixxﬁre afvextrem&iy éﬁl&t@ sslutiahs:ef_aariam"
ohloride and sulphuric scid, ebtained orystals of barium sulphate
_that in a m@ﬁth:maasuxgs 5 rmg, Dreaper abtainaﬁ_lavge»ﬁrystala
"kyﬁ~aging.a'singzé'aagixxamy tmba;fiileéfwiﬁh'ﬁ%ilaaé’éaetaﬁe and
"immafaﬁﬁ in 5% E&éx@éhlariﬁ acié.'f@&jstals of lead chloride
,‘ﬁgatiy_i.mm, long formed in the capillary tube due to slow dif-
~lfaﬁi§n; ?ﬁbimes;(ﬁﬁfa'14}‘abtatnedEarge erystals by allowing the
wf&éaaﬁing'ﬁalaﬁiénﬁ, %@‘&iff&se through puwwdered silies, gelatin,
"agar, fl@wers af sulpkmr, barium.snlpaate. atC,. Wi%h@mt doubt
aay'eempaat wass of iﬁsaiable partiales nay funatian a8 a gel in

favouring the fezmatien of 1&&@@ eryﬁta&s.i

B Suggesﬁive ?azma ef ﬁxy%t&llizati@n f@und in ?agm&titss which
ean be x&preﬁu@ad in gels,

'ﬂgaéiaxing-aggxegaﬁéa; tres-like, sr,l&af»lihe~far&s,'ata., are

'°'all'ea£11y prepa:ed”by~aliawing substances to resct in a gel, One
| weii known ex@m@l& is the lead tx&é yrepa#aé‘by Simon {Ref. 15) in
7a'silieic aéid gel aantaining 19&& acetate, ﬁ‘piaae of zine or
 tin was pressed into the tep of a silicie aéid gel, whieh had set,
and & splendidly bx&nahing tree of lead formed in = few days.

‘The silicic acid gel was made by adding egﬁEIVVélamaa of ¥ acetic
acid to 1,06 specifiec gravity'aaﬁiumzsiiieaﬁe, then adding lead
‘meetate and allowing the liwuid Yo set %4 o gel,

| Similarly raﬁiatiag‘tetx@keéranaf.af eaypagyean &e'made by re~

~ dueing copper sulphate inm siiiéie.a@iﬁ,gal by hyérexylamine hyéraQ
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-¢hloride (ref. 16). Freezing of gelatin gel containing water

| Pﬁedncas aborescent ice cryestals. Theugh it is possible for rade

‘ial aggregates, ﬁreanlik@ forms, ete., to be formed without the |

'asevef a gel, yetl thgy are so easily produced, and so character-
igiiﬁiéﬁ,etﬁs%&llizgti@n frém‘gels, th&t the well-known radiating
ery&tal_typeshanébQ@ﬁaaiﬂﬂal eborescent and dendritic types found
in pegmatiﬁas suggest a erystallization frem a gel origin.

. We quote a few referenges:

ﬁinégren {ﬁef. l?}. “Spodumene ccours in Eits Mine, Bla@k Hills

.ﬁguth i&k@ﬁa, in;arystals resenmbling tree trunks ag mueh as 42' in

Iengﬁh.” |

Williams ﬁ@f. 13), *E@%g crystals of black taur,al*ae forming

. raﬁiating groups gometimez twe feet in diameter,®

| ,zﬁirbamkﬁ,fﬁﬁf. 18}, ?Ebar‘sauthaxﬁ ené,afvthia;vein ig o depo~
sit of l@pid@iitg mica 10 feet thiek at the widest part and apaagq
ing in éetaghe@_heéiag.f@x sﬁ#eral hundred feet, It is fine grai-

:iheé; shows & pele @hxple'@aler. In places it is pure, in othera
*fill&d with large aggregatea of piﬂk tourmaline (rubellzta). Some

of thg,aggregatas.a:e;g foot across, others are long and slender

with eborescent forms."
6. Arve ?@gm&tiﬁé Meagmas Fiuid or Viscous?

vﬁ@@@rﬁi&g to present ﬁenéeptians.yegmatitsa are su?ysa&d to haw
EGryatéllizaé‘fraw a fluid mass; whéreas according to the gel hyp-
othesis they erystall ized from a visgous masss.
Beveral gaelegxsts have observed that the pagmatitﬁ magma must
hﬁﬁ% been vzaceus‘ |
As far back as 1885 Blake (Ref. 29} writes emneerning the peg-
, k&tites of Blaek Eills: YALL the enatituanvs ef the dike appear
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“ﬁefha&E'er&stallizeéﬂir@m 2 SQniiflﬁiﬁ_ﬁasty g&g&a, in which the
teigmaﬂﬁs were free to arrange themselves from one side of the dike
%o the other and te c¢rystallize out sglowly, IBis is indicated in
seversl weys, but strikingly by gigentic erystals of spodumene
-stfetehing~aeress'%he'maas et Elta in,éﬁraight-lines for 20 to 40
feet in the midst of quartz snd Teldspar.®
‘-gastin [Ref, 21) writes: "Fregments of the wall reck ere very
 frequently f@ﬁn& inclosed in the border p@rti&ns of the granite
mmgses of Mpine, The phenomenon is lems common in the case ef the
. pegmatites, bub wes nevertheless observed &t.se?er&lxlaéalitiaﬁ.:
On the highasﬁ postion of Stresked maumﬁaiﬁ.a.nﬁmker of pateches
of gchist of & few aquare_yaré% in sren warﬁ‘ﬁasﬁgagyarﬁﬂﬁly‘ﬁﬁ#
elosed by peg&aﬁita$; Emsll schist fraguments are also iﬁelasad
by pegmatites. In the Beothbay Herden region, ¥W. H. Bmmons, of
the Beologlesl Survey of the United Siates, who visited Mount
Mica a yearglater than the ﬁrﬁﬁaf}-Whan‘e$¢$Va%isn had preceeded
farther, observed 8 few foetl below tha sehist hangiﬂg wall,aahiat
fragman%a which appear %o be whelly inclesed in the n@gmatites.“
| . The sehist of these fragments made large angles with the schis-
tosity of the walls from which they hsd evidently been dislodged.
Ehe gegmati%as aheweé ne bendiﬁg mf tns minerals er other changes
: iﬁ chargeter near thg‘fragments.‘ in th& instance cited, the |
- sehliet fragments appear te hava‘baenjeanght wy while the pegmatite
mass was still partly or whelly fluid and the éangity of the magma
. W&s‘$mffiqiant‘gt lzzst in £h£ %bnﬁt_§iea-¢xém@le to float the
fragments, ¥ - : - : .
|  From the &bcve &t appears thet at least some pegmatitea were
formed from viscous magmes. |

1t has often been siated that pegmatitie magrss wer@'sa fluid
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1that they were able 1o pemmeaﬁa minate sraaks ang fiasures in the
. eaantry reek. Gals are also capable of being aquaeaad into minute
fisﬁures, althaugh leaa xeaéily, but ¢an penetrate withnut dif-
| fieulty the type. af opening which pegmatites are found to £iil.

;v; High &em@erature Frassure Experiments on Silicic Acid Gel,

One of the first quastiens thaﬁ naturally arises is whether
_silicie aeiﬁ gel can exist at the temﬁerature of pagm&tite @cn~
akid&ti@m. The limiting temperatures and pressures ai whiah
silicic acid gelly retains ita waters are ungertain (Ref, 22).

ity it %‘
At erﬁinary §ressura 1ﬁfﬁea$an§msst of its water at 1@9‘@.. but

a little r&aains up . ts ﬁiz%é., igﬁitiau by the blawgzge being
ﬁeaesaaxy to aemgletely ﬁehyarate this seid. At greatef-praesur@s_
wat@r wmul& be rataznad at higher tamgeratures, h@eause there is

& aantra@ﬁiemvaf the total volume of siliea plus water in the

fsrmatian.af tha gel, It ﬁharefare seems px@hable that it 6@31&

A axist in yegmatitas since slphs quartz is the nsmmal

guartz of pegmatites, snd e@nmeqaently e”ygtazlizatian
of the guartz must hava taken @iaae balaw 575°¢.

ff“ﬁ{ifam_gxﬁ@g to vaxi:y,%hig.aanalus;an_expgx;mgnts on.

*,

silicic seid gel under high temperature and pressure
wate_sagri@é out. Pure dialyzed sili@iﬁ’aeid, of a

7
’//«’*"ff"‘}

,

T
}//////V///%’//f

'k:awﬁ*water céntant was'piaeed'inm a élased steel tew~
8t %ube and heateé under its own vapar pressure, the
: ,%em@eratnre being noted %y weans ef a th@zmecauple.
After heat:ng for a éafinxte length af time, the test
ﬁabe was chilleﬁ ané th& aentents immadiately removed

and analyzed far watex. To insure that it was gel

.

wat&r and nat simyly mechanically intermixed, the r&sm
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?% S0 A

- idues from the exmeriment were first dehydrated in a deﬁswmme

th@n the gel wmwater was éete:mzneé by ignitian with the blowpine,

,Ehe apraratus used consisted of & steel teat tube, as shown in

- the diagram, closure being effected by means of a screw (4) whieh

“eurved lips {@) of the. gyening.

.
2.

B 5?7

6e
,i- i@at@r.

RN

..

forced a cap (B}, having 2 curved lgwer end, tightly over the

The reeults abtained on these exaeriments were tebu)ated in

;table I,

No. of Expt.

&mount of 8ili$ie
Aeid Gel ﬁseé dn

@mama

'?ereantage of
- Water in Gels.

Time heated
im;aaah.

E@m@..af Boub,

Time in Dego-

ﬁaraentage
Lose of Water

in the Desgi-
_eat@r. .

FPercentage
 doss on Ig-

; nition by
-+ the Blawa
.gﬁpe. &@1

'by'

ed

&@1‘

1.
8.8169

68,26

noo + €0
-84 hrs,

11,01

s,
6.,1250

61,90

24 1/2 hrs.

- 650¥50°,

gé~hrs.

i ' 5' 41
6.7204  6.8271

41,90 3,70

26 hrs. 1 week

650600 6505000

. 24 hre. 24 hrsy

16.82 14,02

5.32

Ehe figures in line B give the pereehtage of wa&er retatned

tha gel at the temperatures and. p essures of the ex@eriments.
will e nati@aﬁ tha% in exper imsnt no, 4 the gel still eantain-
5.32%‘watar althaugh it had been heated for s week. Thus gels

.aan exiat at tampar&%urea at least as high as 6@@93 under pregsure



To chech whether drying in the dessicator was effeetive in re-
moving all the mechanical water, fhe depydrated silica obtained

after the final blowpipe ignitions of experiments 3 and 4 was

mixed with approximately 15% water and left in the dessicator to

dry. Weighingd were made each hmr inm order to dete:&ime the
The results are givédn in table II.

rate of loss of the water,

Hours in the
Dessicator.

Table II

Less of Water
from Residues

—Of Expt. No.3

| Loes of Water

from Residues
in Bxpt, No.&

L.
2,
e
4.
..
6.
7,
8.

Water at Start
Water Left

9,121 %

5.390

1,214
,736
.385
.016
.001

" 8.704 %
3.876
1.004

.802
.257
.052
014

2000
14,801 %
15,040 %

0.239 %

. 002
14.711 %
14.890 ¥

0.178 %

The results indicate that practically all the mechanical water

disappeared within 8 hrs, Therefore in the experiments where the

residues from the bemb heating were left in the dessicator for 24

hours the mechanical water would have completely evaporated; and

in addition the gel water would have probably been patially de-
hydrated., The figures | in line 8, table I, then represent minimium

values for the water content of the g-eis under the experimental
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¢onditions, _

The above values cannot of course, be strictly applied to ore
deposits, as'out'kﬁewieége of ore deposition is ne quantitative.
However, since the temperature of ore solutions is lower and the
pressure of the overlying roeks greater than those used in the
gxperimeﬁts, gele af'#eing would retain mere waler than the g@ls‘
af-tha experiments. In bxiaf, ge1$'§f congiderable water content

ean exlst in ore deposits.
V. 'The Relation of Gels to Quartz Veins.

Xt has'regentlgzﬁaen,a&vagaﬁa& that Si1i§i$~&gié‘iéﬁ§he ancesg~
~ter of vein gaa,r%;;z (Bef, 23); and as thséaeg veins are .mam to
Brade inte pegmatit@s'whigh.wava&aa believe to hav&'eryatallized
‘ffam sllicic seid gel, the relation of gels ta'thﬁae two types of
ﬁﬁgﬁﬁiﬁs offers problems which have mueh in gomwon. Recently,
{Ref. 23), gelatinous silice in veins has been fazim. In piercing
' the Simplon tunnel a gelatinaus.quar%z vein wasg améévared,'and-at
the Great Augtrelia Hine, Glonelurry, ﬁpaenslanﬁ, mili@& in all
stages from an ardznary liguid te veins whmch cauld be eut with
& knife was discovered. zevingx, (ﬁsf. 23), hag alsa reported the
presence of gels in some. of the veins of Taﬁmania.

ﬂparr, {Ref, 24) has recen%ly put foreward the hypothesis that
many high tempexatare quartz veins, er veindikes as he prafers to
 &&11*tham, have intruéaé inte their present yasitiénbas a viscous
mags much sfter the~marﬂer of éike intrusions. In support of this
he cites numezaaw sxamples of angnlar inelusions of couwntry reeck
,Mn& aarlier minersls in veinms, in such yasi&xmng &haa they could
‘nat posaibly have been @revzausly connected, He argues tha% the
}viawaus'vgindikes gaught up thgs@ fragmanta and held tham susp@n-
ded in their present noaitzen whilm crystalllzatien ef the vein
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}material ook piaae (ref.25), Only in one place éaes Spurr éwell
on the nature of the quartz veindikea and there he states that
silieca ;elly more nearly approximates te his conception of vein-
iaikes than do hot spring solutions. Wevwish to extend this |
opinion to o ﬁefinite gtatement that qaartz velns sryatallized t%
fram silicic aezd Jelly, and in auppert of this we nate, _
1;‘ ﬁhe ahave mantianed examples of gelatinaas silica in veins.
2. The experiments raeazdea in this paper h&ve shown that silicie
acid gel un&&r pressure ¢sn exist at higher temperatares ‘than
those pr evailing during the f@xmatian of veins.

3. The graﬁatian af quartz veins inte pegmatites and the oon~
sequent similarity of arigin‘

4, The visaosity af the ore solutions, as indicated by the many
' knawn exgmples of unaanﬁe@ted inaiuai@ns, points rather to a gel
than to ‘& dilute selution,

Be The aeneentrie mineral rings whzch are often found in veins
and whieh ogecur in inereasing distance between the bands from the
@enter autwarﬁs 1ike the stru@tures wh;eh ¢an be repraduaed by

vryﬁhmi@ yreei@itatiaa fronm gels.
"¥I. The Relation of Gels tomCarbonate Veing,

, éerﬁgiﬁ‘unusual features of many garbonate veins are explicable
by asguméng erystallization from = gel, At Velardena {Ref. 27),
Hexico, Spurr found inclusions of galems and sphalerite in & cal-
- glte vein; Jagd agaiﬁaat &eergetewn-hg notes thg Preserice of ange-
ular inéluai@ﬁs aflklsnae‘iﬁ & rhodochrosite gamgue, He aceounts
for these inelusions by the aagum@tian that these aeysaiﬁs were
intruéed a8 viscaus sarbanata veindikes, Miller {Ref, 28) has
publiah&d an illustrati@n of an ore specimen from Cobalt in which
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‘there are at least twenty-five well defined bands of smaltite

al#ernating with bapds of caleite. Bastin {Ref. %9}:rémarka

eénverniag fhié, %The most plausible explanation aﬁd‘the one

réeantly adopted by a number afystadents of ore depeaita as aw

tentative explanatien for sueh pﬁanamena, is the rythmiec pre-

,‘eipitatian hypethasia develageﬁ by Leisegang. Bastinhawaverg i
£

-

i makes ne mention ef a ea#b@nate gel at Cobalt though rythmie &
'pxeaipitation assumes erystallizatien from a gel. The presence
;af inelusiong of country rock in the veins of Cobalt have been
'Zyeintéd out by Wh1tahead fﬁef. 3@). apﬁrr Ref, 81),'heliavas
this indicates the viaaﬂus vaindike nature of ‘he aalutiana.
VVEan&ritia (Ref. 53) erystals of native silver and.smaltite also
 ‘§aiﬁt to a gel origin. |

- From this evidence we prsaent the hypa%hasis that the Cobalt
Teras erystallized from a caleium carbonate gel.

in order to test thia hypothesis axperim&ntally, aa attempﬁ
;iwag made to synthealﬁ@,tﬁ@ congentrie banding of millax;te and
f,éazaite. This association is found at Gobalt though not so common
};éé;ﬁhe smaltite n:@él@ite rings, but as the latter‘prasentéd
 many experimentsl difficulties the former was chosen.

& ealecium carbomate gelatinous precipitate was obtained by
mixing saturated solutions of ecalg¢ium chloride and sodium car-
i §én§£¢. The galiwas then glaeed-iﬁ tha.battémva£ a»é tubé where
?fi%’synereaized and the supernant liquid was yaured~éff.1‘ﬁiiute

;Jammenium sul@hz&e Was then added to ene arm of the U tube and

1 aenaentrated nickel sulphate te the other., In two weeks fine N

:;banés of millerite a@paared and at tha end of o manth a series

“ af ten very fine rings were vlaible. As 1t was imp65$lbl& to
yhotagrayh then g &raWing is subatitutad.
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,Cone, NiSO, . The combined evidence furnished by this syn-

thésis, the inclusions of country rock and the

e SR S - dendritic crystals found at Cobalt, strongly

-

-

i B support the hypothezis that the Cobalt ores orige
- | ik s, ,
S gl inated by erystallization from a caleiam carbon~
= o1 ate gel,

- -
- R

As rhodochrosite and siderite veins also see~

A asfionally contain inclusions ‘and minersl bands -

4

?I:ﬁ. The %ssi’bility of Othey t‘%ela in Ore Bepeaaits..

: they may have originated as géi!.m Therefore the
o Bondsof NS. jdes is extended to a generalization that sll
e&x‘a@mte mim might ‘have been inigteded as gels

4l Gel.

M has previsualy been yamted yut gels are simply precipitatv-

P exseeds 87,600,
sp :
¥ost of the ore mimmls are. almast insoluble in. water and even

es fes:;m&& fram 8 salummn whsre the value

though their aalubilzty in vam salutions may be wnsidembly

. gmater, yet it is mneaim}ale ‘&hat it is atill 80 slow that even

reactions between éila'ﬁe aealutimw would praﬁwe them a8 gela,
" fhe peint we wish to emphasise is that aertain at:maturea such

as banding of mmemla, dendritie, aborescent and large crystala, |

- and the presence of separated unconnected angular inclusions may

| larity te ordinary precipitation p@intad out.. Mwn the value —m.

be explained by erystallization from gels; and when _thas:e. are
pPesent the possibility of a gel erigin should be considered.
Every ore mineral is a theoretically possible gel.,

1‘. ‘ l’y

e candltzans for gel pxedmtien are discussed and its simi-
¥p

8p.



~_unﬁer pressur@.

the éegxéa'@f sup&réatﬁratiﬁn,‘ékae&és 8%,600 & galiresalts‘

The influence af‘Variaué‘fééﬁarQ; such as temperature, pres-
sure, composition, the presence of gases and mineralizers, en
the texture of pegmatites, has been exsmined and found to be
viﬂadeqnate to explain such structures, ‘

A hypothesis is adVaneed to show that during the eenaelzéatien '
of a magma, silicic aeid is separated in the last stages of éif@
ferentiation and rises to the top of the mage, reservoir, ' Upen
release of pressure the silicic aeid intrudes adjacent fissures,
forming pegmatites and veins. | |
B Crystallization from such a gal”favars the development of lare
- ge orystals, as has been shown by several experiments. It alse
tends to faxm ra&iaﬁiag, aeeaasienally aborescent snd aenaritia

aggxegateﬁ, all @f uﬁiah are known in yegmatites, quartz, and-

_carbonate veins,

High tempersture pressure ax@aximents on silieic aeid gel _
- show that it ean exiast at tem@eratnrea at least ag high.as seo°e%

*#Zrafare it cen exigt in veins.

Quartz veina»axe hsld to. hawa eriginatad fram silieia aeié
- gels. : - . ‘ . . o
The eanaentxie bands of millerite and ealaite, f@und at @@balt

. hava been pynthesized and & hypothesis put farewaré that ‘the erea

of Cobalt crystallized from a. ealelum carbonate g&l. ,
- ALY vein mimerals are sansidexed thearetieally yassible in

'tbe gel form, ‘?fen@eertain struet&xes, which can be explained by
erystallizatien from & gel, are fauné in ore deposits, the preha-
»‘hility Shﬁﬂld be eanaiéered.

ﬁhe relatisn af gels to ere depeaits, LT @ﬁtlined in this

yaper. warrants rurther invaatigatian, an&‘it 1a.heped that in
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ﬁh@,fata?e this‘wazk'wili be\gx&eﬁded.

Avpendix,
&. Hote on the Formation of Agates.

In a recent artiele on Rstardeé ﬁiffasi@n and é;,]sjie pre~
eipitmien, ata.nfiald writes, (Ref. 33), %Agate stmetﬁre hasg
| baan aserahed ta tha formation of @miaegang ringa by diffusien

of solution thraughr gelatineus sili@a. ﬁhe éisa@very of g@lat~

enous silica in the ﬁimylen tunnel is of interest in this conne-

atian. @n axam&ng eertain agatea the writer was 3tru¢k by the

" fact that many of th&m show bands whieh are equally sp&aed and

‘not at gueaessiv&ly inar&aaing distanees as in the @réinary Leis~

egang rings,® |
"Thenwriter daaa naz cansider that agatea zn general gan b&

helé to be pvadneeﬁ by 1@iseg&ng xeactlﬁn. out of & large numher 1 ':

exmmined but very few seem to be axplieable @nly alaﬂg these
1ines, by far the greater number allawiag af ether explanatiana.L
Ea&h specimen @f agat@ needs to he examined by its&lf, “the his~-
tamy of each being @f ne@easity a separste aatity, and. enly eem,
pareble with others by an aeei@ental repreduatiaa af & similar
series of events,” , _

In exeming several sgates wa alae find %hat many of them gane
- ‘met be ax;laine& by Ehythmic preeipitatian, and we feel justified
in.prexanting a short note to ghow that eertaan definite agates,
typieal of vaxiaua glasses; are nat fenmeé from L@isegang re-
actions, |

Xf aga#es Wﬁ?& faxmad\by tha raa@tian of éaffmsing solutions
thr@ngh gaiatﬁnaus silxaia aﬁié, then congentric rings, from tha
‘ diffasing genter ahsulé.he femme&. The distanee betwean the ring
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,ahbuld inereaze-@ﬂ%ﬁarﬁs. Inéividuai‘hnds skould be of wniform

width, since diffusion is equal in all directions of the gel,
kv Also if diffusion has taken plage from two or more @9inta in the
"gel, lemnisaataa should be formed whan the rings meet.

The fallewing~features in agates és net seem. to aaineida with

.th@ above points, |
| -En agates, as in xa. l, thgre are white bands whi@h do not
o form B e@mplata @irale but w&ich are beﬁwaen banﬁa thaﬁ é@.}'

in m@ny*agatea tha éistanees betwaeﬂ ths banéa are a@t suaaaa~

| siwaly inereasing eu%y
, ‘#he'firgt‘amé.gsagné_bxggkﬁ-whi@agban&s,are further apart than
'; the'aaeaﬁé*amd third,

ards Trom the ;Mnta;r., For exsuple in Ne. 3

In @ther agateﬁ as in Fo. 2 hamés are feuﬁd at the edg@a, |
>with very Qlear syaees in the aenter._ If formed fr@m a gal there
shguld}be 8 sarias af rzﬂgs fram ths genter to the adge.
| This agate also sh@ws the aalatisn cavity through which thu
gasluii@n enteraﬁ. o | | o |
_ xm gome agates the width of tha indiviéual banéa vamy as in
‘*?K@.,l ring (a)¢- | | |
'1 E@wa?ar-agatea with lemniseataa are known as in §9‘ 5, and
_‘ thaae owe their axigin to xhythmie praaiyztatiaﬁ.
| A@ these are rapresentative types thea mgst agates are fexmw
','eﬁ by c;..;,;.sta,uimtian of successive solutions in s eavity, A
1;f@w however, ave faxmaa by r&awt&ana of diffuﬁing dolutions in
ailiais a@id gel, e

&‘tenﬁative @ritsria for reeagnitiaﬁ @f the arigin af agates
Amight be ontlineQVaa fsllows' ; , ,
»IZ. agatss faxmed hy erysta&lizatian of sueaessive selutiona have
a@me ef the fall@wing feaﬁnves.

1. Inaamyle%e rings.‘
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2, Individual abnds vary in width,
3. Distance between bands does not progressively increase

~ from the center outwards.

4. The presence of solution cavities from which the

solutions enséred.

IX. Agates formed by reactions ofusolutions in gels have the

fellowing features: o |
1. Individuel bands of uniform width,

2. The distance between the bands increase progressively

- from the center outwards.
3. The bands are complete, _ |
The presence of lemnisestes alse indicate erystallizatien
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