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SCOPE AND COWTENTS: An experimental and X-rey investigation was made
of the fields of synthesis and cell parameters of eight different
canorinites; at temperatures between 200° and §00°C. and water pressures
between 10,000 and 30,000 peie Varietions in fields of gynthesis and
unit cell dimensgions wore observed with compositional changes in the
cancrinites. Analeite appeared s a second phase in some of the
systems. Polymorphism was obgerved in two of the cancrgnite COmpog=-
itions: A comparison befween thege synthetic cencrinites and four
natural csnerinites is abtiempted. The extent of salid solution
between end-members of gome of the cancrinites was studieds Discusa-
icns of equilibrium criteria, identification of producis; enaleite
formation anud solid solutlon phenomens ere given, A revised nomen-

cleture for cancrinites ig suggesteda

il




ABSTRACT

4 purvey of the literature shows thst the cancrinites heve a
complex chemistry and a confusing nomenclature., The approximete compop-
ition of these minerals cen be expressed as 3%@&15164@1’.(003 ,304,61593)
niy0, where R = No,0a,K,

Using the terminclogy and approximate compositions proposed by
Winchell and Winchell (1951) for the various end-members of this mineral,
the fielde of synthosis and cell parameters of eight different cancrinites
have been determined in the temperature range 200° to 800°C. and at
water pressures of 10,000 teo 30,000 psi, Some of the compositions pro-
posed by Winchell ond Winchell (1951) failed to synthemize cancrinites,
bub instead synthogized sodalite type minerals. As a result the nomepe
eloture of the cancrinites has been revised.

& congideration of the tempersiure limits of syntheses of canc-
rinites possibly indicates that the controlling factor in their fields of
syntheses is the cation attached to ths earbonnies hydroxide, sulphate and
chloride radicalasy rather than the anicnic redicmla themsalves: A similar
type of cantrol seems to effect the size of the unit cell volumes of
these mineralse

At low temperstures enalcite appears as a second phage in many
of the cancrinite compositionse Several possible explanations of this
low temperature analeite are discussed,

The sodium carbonate and bicarbonste cancrinites undergo a poly-

morphic trangition to e hauyne-nosesn type of mineral. 4 similar poly-
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merphism exist in godium hydroxide cancrinites.

The experimentslly determined curves possibly represent mete~
otable equilibrium, A dlscussion of the general conditions of equilibrium,
the identification of the synthetic products and their applications to
the canecrinites la givens

Preliminary investigebion of the extent of solid selution be-
tween some end-members of the cancrinites indicates that complete golid
solution bestween these end-members may not exist.

Fepults of coll parameter determinations of some of the synthetic
ganerinites show good agreement witk four natural cancrinittes' investigated
in this thesis;
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I. INTRODUGTION

The term eancrinite applies to a family of minersls of approx-
inate composition 3NaA15i04.R(GOB,SOA,GJ.,QH)MTQG where R = Na,Ca,K, This
family is o member of the feldppathoidal group and ocecurs, ususily in
winor smounts, in silica deficient ignecus rocks. The relaticnships
between cancrinite and other feldspmthoidal minersls, as well as their
origin, are imperfectly understoods In addition the chemistry and, as
a Tesulity the nomencleture of this family are nobt well established,

Aceording to Winehell and Winchell (1951) cemerinite belongs
to the hexagomel pyremidel class, with space group 663 end cell dimensions
a = 12{752, e = 5,38, Although thess euthors note that the composition
of cancrinite is wariable; thoy suggest six names that seem to apply to

end-menmbers, These sre a5 follownie

Canerinite proper 3NaAlBi0 4aCaf 0y "(QH)Z]
Microsommite 3NaA1810, 46a(C1,08),
Wischneuite 3HaAlSi0, . (HNaSOA;NaQH)
Davyne 3241310 ,;.-.(HKGDB,KDH)
Hatrodavyno INaAl8i0 4 {HaC0 3 »NalOH)
Sulphatic cancrinite 3Ha41510,, Ca[S0, s (0R),)

The names applied to gome of these end-members are sither simplified or
do not agree with the nemes used in the literature, However, in the
present thesis, this terminology and composition;was used as a starting

bagsis for all syntheses.




Because of ths diffieulties in preparing synthetic mixtures
containing sodium and potasglum hydroxides, the compositions. giverf above
were slightly modified as followsse

Cencrinite proper 3113.&185.04;0&063

Micropommite 3%1’&.11181‘04;6&612 and ,BHaﬁlSiﬁ4ﬂa(0ﬁ) 2
Yischnewite ERELARTY L (HI!&‘S%) end 3Nail3i0),«NayS0,
Davyne 3HaAl810,.HEKCO; and Bﬂaﬂsi04. K‘BGOB
Hetrodavyne 3H2A1830, . HN2C0, and 3NailSi0,.Na,004
Sulphatic

cancrinite BNaAISiO#GaB%

Six of the above ten compositions were sagily synthesized 'l}?

a eancrinite type mineral, while the other four synthesized a mineral'of
the scdalite groups It wes found desirable to revise the nomenclature

of pome of these synthetic eancrinites in order o correlate them with
the nomenclature found in the litersture. The compositicns and revised
nomenclature are shown in Table 1¢l. Of the eight comerinite-type min-
erals synthesized, five ars pure carbonete or bicarbonate end-memberg,
two end-members contain carbonate mnd sulphate and one has all of the car-
bonate replaced by the hydroxide rediaals 411 theso syntheses were
carried out in the presence of water. In addition, & cencrinite proper
wae synthesized using carbon dioxide snd no water.

The objectives of the present thesis were fouffcold. First, the
gtability fields of the varicus synthetic canerinite minerals were deterw
mined In the pressure rangse ten thousand to thirty thousand pounds per
seuare ineh; and at temperatures between 200° and 800°C., the lover temp-
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erature repregenting the approximate limit of synthesis of the cancrinite,
the upper temperaiurs bsing the approximate temperature of failure of

the pressure vessel. It was hoped that this would give some indication
of the behaviour of these minerasls with depth, and hence indicate their
possible genesis. Second, the veriation in lattice parameters between
the different types of cancrinite was determined. Third, an attempt was
made to measure, by X-ray mebhods, the extent of golid scluﬁion(l) be~
tween some of the end-members of the csznerinites. Fourth, the extent of
solid solutlon between some of the eancrinite end-members and nosean

was measured.

The results of this investigation show thet three of the con-
erinitea are ptable up to the upper temperature limit, two of the end-
members dissociate into nepheline and ligquid, and two undergo a poly~
morphic trensformation et high temperatures. Determinations of the eell
parameters agree well with those quoted in the literature for natural
canerinites. Solld solubion measurements show thai solid sclution tekes
place to a limiied extent between some of the cancrinite end-membersg and
that there is & relaticuship between the cancrinite snd th? sodelite group.

Althongh this investigetion shows the possible varieties of
cancrinite minerals, it is unlikely that these pure end-members will ever
be found in natures The results of this Investigabion therefors; cannet
be applied to nebural canerinites withoul further modificetions

(1) Positicnal—aﬁbstitutional solid solvtion, where sites are
replaced by another ione




TABLE 1.1

Sugregted Revigions dn the Nomenelature of the Caneriniies

Winchell'!s Name Compoaition

Gomposition Used

Ravised Nanms '

Hemarks

(after Winchell) in Present Study
Canerinite 3Has1si0 Aca{c% (o),  Waaisio ,+0at0 Cancrinite -
proper proper
Cancrinite o 3HaA1S10 4..63(0}1) 2 Toxy -
proper cancrinite
Nierosommite 35\1&2!151046&(61,0&)2 30aAl510,0a01, - Bynthesizes to sodalite
4 nephgline + anorthite
Mlerosommite " 4 [3aAl1si0 e Micerosonmite -
1[31aA1810, +CaClL,)
Wischnewite BHaAlSiQ 4 3NaalSi0 A.HNaSO 7 - Synthesizes to nosean
(EN8S0, ;NaOH) at temporatures greater
4 than 500°C,
Davyne 3NaAlsSio X (HKCOB. KOH) QH&A.‘LS:IQ;KE{G% Bicarbonate -
' Davyne
Davyne v EHaAlsiOéKgGOE, Davyne -

proper




Table 1.1 {(contd.)

Winchellts Hame "Gomposition

(after Winehell)

Gomposiﬁién. Used | Revisaﬁ Name

in Present Study

Rewarks

Hatrodavyme

3HaR1510 e

35!@151%@&'303_ Bicarbonate

(NaCO5.HaO) natrodavyne
Hatrodavyne i 31?&.&135‘04{3&2603 Netrodavyne -
' proper
Sulphatic IMaA1S10 3NaAlsi0, .CasS0 - Synthesizes to hauyne
canerinite tas0 Z;(GH) ] 4 4 B ' e
X 2.
Sulphatic i 7 [38aA1810 .aamB] Sulphatie -
conerinite

+ 1[30an1sio, Nallsp,]  Cencrinite




II. EEVIEW OF PREVIOUS CANCRINITE STUDIES

In order to provide 2 general background for readers of this
thesig, and to indicate the complexity of the chemisiry and nomenclature
of the cancrinite groups a review of previous studies is presented.
Chemical composition end opticel studies ¢n esch of the minerals comprise
Ing the cencrinite group is given; emch member of the group being dealt
with in turn. In addition, there ls a disoussion of the experimental
work and field relationship reported in the literature.

1. Conerinite

Rose (1839) first discovered canerinite in s nepheline syenite
from Miask in the Ural Mountains. Analyses of this mineral showed the
constituents to be 8103, Alp03, Gals NepD; Kj0 and CO2. Later snalyses
indicated that Ho0 wes of'ten present in considerable amounts, and that
there were traces of mengenmese end sulphate.

Prior to 1800, at leasi four different formlae, with varying
ratios of Aly03, 810, and C03 hed been proposed for cancrinite. In 1878
Renff gave the formmula es NaghlgSig0,,2(0a2,Nap)00343H,0s Glarke (1886)
deseribad and analyzed three specimens of cancrinite from ILitehfield;
Faines; and suggested the formula be written .Als(SiO4)8(_GO4) 20aNegHgs He
plgo strossed the similerity of caencrinite to sodalite and hydronephelite,
both in origin and in structure. Yet another formila, (NepCe),HgSig0z¢
Alg(Hal03)s, was proposed by Groth (1889)s In 1892 Thugutt suggested the
formule should be written 8NapAlpSis0iqe3Naphls0.50a003.9H20 The

pregence of sodium and caleium in these formulss suggeste that both of
6




theso elements are present in natural cancrinites.

Zambonini (1908) proposed a general formula ~mNasAloSisOge
nlay (AlNat03)8120g.pNaplisSis0ig, which indicated that caleium was un~
necessary, In 1912, Mauritz included manganese in the cancrinite formula,
which he wrote es EA(HaQKEGabEn)3A1481AozlG. Cesero (1917), in a discuss-
ion of the anelyses of cancrinite listed by Dana (1892), concluded -that
econcrinite was a combination of a dlorthosilicate and e carbonats cor-
responding to the formila [AL(ALOR)g] 5(Nap,0a)3(Sin0y)g + 4MepC03« Be-
cause this formuls did not eorrespond with the kalk-cancrinite of Lemberg
(18835 1887), or the davyne of Rammelgberg (1860); Cesero concluded that
neither cancrinite nor calcioccancrinite existed at Monte Somma, Vesuvius.
Cesarc also veported birefringence of cencrinite from Miassk Urals as
0.0222 ~ 0.0230. In & reply to thisg peper Zambonini (1912) suggested
that Iemberg's caleiccanarinite was identical to the earbonate~meionite
of Borgstrom (1915). In this paper Borgstrgm had shown that Lemberg!s
caleiocanarinite closely resembled the composition of meionite 30aAlpSinOg..
CaC03. It seoms likely from this evidence that Lemberg's calciocancrinite
wes actuglly o member of the scapolite family.

In 1920 Jakob, in a highly speculstive and' theoreticel paper
on the constitutionsl formlae of mineral silicates, deduced the formia
of cancrinite as Al(SiOA) 3835Nas(Caliay)C0q.  Gossner {1922) suggested
two possible formulae, 3FallSi0;.«Cal0z or 3MapAlySinOg.Ca(HGOg)p. Bitel
(1922) in experimental work on the fa-idepathoids, gove the compositlon
of synthetic cancrinite as 3NaA1510;.0aC03 with 3NaalSi0,.NapG0ss although
no snalyses were given. DBiswas (1922) analyzed & cancrinite from Kishen-
garh, Rsjpubana, Indie, from which he deduced the formula 11{Na,K)p0.
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7020,11A150442558102.7002.10H0:  The analysis quoted by him alse contained
0,264 MgD. Walker and Parsons (1925), desdribing caneriniite from Dun-
gannon Tounship, Ontario, gave the general formila es 0204 3R50:2A1503.
48102002, ¥From the mnnlysis quoted in their paper R0 represents mainly
Nas0 although & small amount of K0 {0.78%) is presents In a further
paper Walker and Parsons (1926) analyzed cancrinite from French River,
Ontario, with @ higher Nas0:0a0 ratio than the Duagannon specimen, but
approximately the same amount of CUp This might suggesi that bolh the
02003 and NepCO3 types of eancrinite were pregent in the French River
speoinena.

Larsen snd Fosheg (1926}, deseribing seversl genetic types of
cancrinite from the Iron Hill area, Golorado, give the refractive indices
of the vhite %o colourless cancrinite oa o, = 1,524, n, = 1501, Anal-
yo8is of this cancrinite agrees approximately with the formula 31*}&3155.34.
0al03, bub a botier agreement is given by a mixture of nepheline
{¥a81810,) , echellite (Hazﬁlés.‘;:;_()lg) »CaC03 and HyO.

In 1930, Gossner and Mussgnug reported the cell dimensions of
Miask cancrinite as a = 12,608, ¢ = 54181 bosed on & hezagonal unit cell.
The unit rhomb based cells have a magimum moleculaer weight of 1060; cor-
responding to two molecules of 3NaAlSiO;.CaC03 per unit cell. Zambonini
and Ferrari {1930), using the rotating crystal X-ray method, gave the cell
dimensiong of a cencrinite from Monte Sorma as a = .'!2,\.1733-, e = 5,108:

The formile of one molecule per wnit cell wes given as 3(Nap,0e)Al,Sin0g.
13{Naz,04)003.,nHs0 where n varies from 0.75 10 5¢4. These labter formilae
were based on X-ray measurements and not on chemical analyses,

Borgstrtm (1930), reviewing the chemistry of the sodelite and
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cancrinite groups, concluded that the variable compositions of thé canc-
rinite group were caused by iscmorphous mixtures of caleium cencrinite
(3MapAl25i008+20a003) and sodium cancrinite (3NapilaSinOg.NepCls)e A
vombination of two molecules of celeium-camerinite Lo one molscule of
sodiun cancrinite produces the characterisiic ratlo AA1503i88105:2C0n
found in many of the enslyses of naturgl canerinites, Borgetrbm also
belleved that the caloium does not have to be associated with the COy
but could be cowbined with the silicete. Thms Call;Sin0z and KpAloSisOg
could replace NapAl,Sis0g. Replacement of Naphl,SinOg by CadlySisOg in
‘the cancrinite formmls hovever, would produce meionite, not cancrinites
The Cal03 could 2lso be repleced by NagG03,0aS0y, or Gally. Ho suggeste
ion was mede by Borgstrom that KpC03 can replace the (al0f porbion of the
cancrinilte.

Pauling (1930) proposed that minerals of the cancrinite group
had o framework type of structure, based on a motif of rings of six
tetrahedra, Such a confipuration cbeys the requirements of the space
group and forms a unit cell with o = 12,88 and ¢ = 5-43- The position
of the cations; acid radicals and water molecules were not however deter-
mineds

Botween 1931 and 1933 Kozu and cé-workers published:s series of
papers on Korean canerinite. Kozu (1931), deseribing a primary cancrinite
in o godelite-nepbeline syenite from Dodo, Korem, raported a n, of 1,5238,
n, of 1,5015 using sodium lights The cell dimensions of this specimen
are a = 12,728 and ¢ = 5,1808; the specific gravity being 2:44. In & later
paper Kozu, Seto and Toyrumi (1932) showed that the snelysis of this cance
rinite corresponds to a formula 2apAlsSisOy.CeC03.H30, and that the
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unit cell conteined one and & holf molecules, In two further papers,

Kozu end Takene (1933) and Kosu, Ueda and Tsurumi {1933), the structure

of the Korean cencrinite was deduceds The gpace group wap determined as

-Gg = P63 and from considerations of Pauling's principle, unit cell moasure-
ments end donie radil, it was shown that sodivm atoms were placed in the
gpace between the (Si;Al)g01g groups, whereas the 0aC03 group wes placed
in the position of the three fold rotation axis, Thus sedium atoms are
unlikely to replace caleclum stons because these atoms were on non-equiv-
alent sitem,

Berman (1937), in a peper discusping the consbitution and
cleseification of natural silicates, gave the structural formule of the
cancrinite family es W a2y200,8h _n42-3H0 where W = Oa,Na,K; 2 = Si581;

N = §,017,0037,80, . He considered however, that the cancrinite end-member
of this group did not contain ealeium, and wrote its formuls us (Haﬂ})s_g
A148ig05,(003)1.22~30o0, He also stressed the variebility in composit-
ion of tho group within the liwmlts indicated by the group formula. Frem
the most relisble anslyses in the literature Bermesn suggested that there
was 2 tendency for calelum to inorease as sodinm and potassium decreased
and alse for the cerbonate ion to Incresse with gn increase in oaleoium,

The woter content; s indicated by these analyses, varied between 2 and

3 molecules per 2/, oxygen stoms. Finally, the A1:8i ratio was fairly
cengtant at 1:1.

Matossi (1938) measured infrared characteristic fentures to
show that the strueture of cencrinite was similar to the nepheline structe
ure, This wide-framework structurs is built up from [8104] hexagonal
rings that follow cne another alternately in layers parallel to the hex-




agonal basel pinscoid. The sodium and calcium ions are conbtained in the
wide spaces of the anionic networks, whils the large "holes" in the siruei~
ure accomodate the acid radicals,

In 1938, Meen demeribed and slenyzed a white cancrinite from
Baneroft, Ontario, This specimen had a high Cal and Ho0 conbent, but a
low Nap0 contend; small smounts of 505 end C1 were glso found, Refract-
ive indices of this specimen were n = 1,528 and n = 1.503: ¥From this
enalysis Meen proposed the formla (Na,X) 353&2316816924.1%20?3 3/48,504
Phosnix and Nuffield (1949) investigated 2 yellow cancrinite erystel from
Blue Mountain, Meblmen Township, Ontarics Cell dimensions, ohitained from
Weissenberg photographs,.gave a = 12,60Kx%, ¢ = 5,12Kz. Oplies of this
cancrinite wers n, = 1515, n. = 1:4%6. The enalyses showed 1.37% 804
ond 0,42% Cl. The genersl formila computed from eight snnlyses and based
on 2/ oxygen atoms was (ya;z{;ca,A:L_)%0_3316&6024"*(5%,603)ﬁ:zl‘-saze.».. The
present author investigated two cancrinite samples from the same quarry,
one an amber yellew colour, the obther pink. Resulis of th;ase Investigat-
iong are reported elsewhere in this thesis.

This rather lengtby chronology of the literature on cancrinite
is presented here in order to emphasigze the complex chemigiry of this min-
eral group, Largely a8 B resuit of the multitude of analyses that have
been published, the neme cancrinite has boen applied t6 alumino~-silicatess
generally heving A1:81 ratios of 1ilj aud containing varying amounts of
the cations potassium, sodium end calcium, the acid radieals carbonate,
sulphate and chloride, and waters 4 synopsis of fhe various chemical
formila and other properties of cancrinites reported in the literature,
is given in Table 2.1,




TABLE 2,1

Chemical Formmula and Other Properties of Generinite
Rep orted in the Literaturs

Author

Chenicsl Formula | Locality  |other Properties
Rose (1839) | main constituents-SiOy, A0z, [Miask; Ural
Cell, Nap0, Kp0 and 00p {Mountains

Reuff NasﬁlsSi 02 -;2(6&,21&;2)60 .

(1878) | smp 924! 3
Glarke | Alg(S10,)g(00,) CalagHy |1atontield,

(1886} % 4 Maine
Thogutd 1 8178.21!12513010«3?1&2912@ . Brevig,

(1892) | 50aC03,9H30 % Norway
Zarbonini mﬁagﬂlg&iigﬁgmﬁag(!ﬂﬁaﬁﬁg)

{1s08) 81503 plapAlsSis0yg
Meurita | H,(NaoKy0nMa)qAl, 81,0040 I pitro,

(1912) | 4ient2 302 | Fungary
Cesaro [AL(A10H),] = (HasBa) 21 {810y} a+ ‘ From analgses" Birefringence of

(1017) | .mg‘?_cag 2i5V R 6k 20? 8 - 1isted by Vesuviug Cancrive

] ‘Dana (1892) . jte = 0.0222-0,0230

Jakob | A1(810;)4A1oNa,{GaNas)CO | Theoretical

(1920) | 437273 3 Formula *
Gossner i 3NaAlsSio -;69.003 or | Theoretical !

(1922) | formila '

INephls87n0g.02(HE02)2




Table 2.1 (contd,)

Author Chemical Formuls Looali Other Properties

Eitel 2Nall18i0,,0a003 with Synthetic

(1922) 3MaAlSi0z.Naptls
Biswas 11(Na,K)20.70a0.11415034 Kishengarh,

(1922) | 258102.7C03.10H20 Rajputana,

: India

Walker and | 020+:3B50.241503448102« Dungannon
Paraons 005 where R = Na and K Tups s

(1925) Ontario
Larsen and | 3NaAlSi0,.CsC03 (approx.) Iron Rill; n, 2 1.524
Foshag ' Colorado n, = 1.501

(1926) |
Gogsner and | 3MaAl810;.0aC0 Miagk, Ural{ a = 12,604
Mussgoug | (2 molecules per unit Hounteins c= 5,188

(1930) | cell
Zambonini 3(Nap,0n) 1553504 13(Nans02) | Monte Somma | a = 12,73R
and Ferrari{ COsnE,0 where n = 0,75 To - c= 5,108
(1930} 1 5 ;2 -(%asea on X-ray determin-{
 ation of unit cell)
Borgatrgm 1 Isomorphous mixtures of Theoretical
(1930) 33823123%08&20&603 + formila y
| 3Naghly5i508.Ha,007

Kozu (1931) | EHaz‘&leiaQSpGaGOB-HzQ Dodos Korea n, = 1.’5233
and Koz n. = l.5015¢
Seto and a =12,728
Tsurumd ¢ =5.188

{1932) BaGe = 2u44




Table 2,1 (contd.}

IS

Author

Chemical If’orzmzla.

Locelity | Other Properties
- , : &
Kozu and §  ZHoaA1a81400e0a00,. 050 Doda, Korem | space group =
Tt { #HapAlaSis04eCaloqeily ’ . %
(1933)
Berman (ﬂa\;ﬁ)s gl 51,0 (C0.)0 ne ,': From snal~-
(1937) 23450 RS yoes in the |
o lipratuwre |
Meen (HasE)q Ca,Al 853405, Banercft, n, = 1,528
(1938) 1%(702.%;/2121296 624 Onteric n, = 1503
Phoonix and | (Na,KsCap81)30%s1 A140,,5~ Hethuen 2, = Lu515
Huffield , (53‘4,333&4*_%2& 24, TDe s n, = L2961
{1949) 12 Onbaric a = 12,60Ex

¢ = 5.128x
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2+ Microgommite, Davime and Hatrodavyne
The pame microsomaite was first appiied by Vom Rath (1873) end

Scacchi (1875) to e mineral from which they obtained a calculated formiles
of 4/5Nap0,3/5020441503:25105 + HaGl + 1/13CaS0;. This formle can be
reduced to 3NapAl;Bin0g.2(NaClyNey80,,Na5005) 5 in which part of the sodium
can be replaced by caleium,

Dovyne was f£irst named by Reuff (1878)« From two-analyses per-—
formed by him the following formule wes proposeds-

2{Cadl58350g)
. Caso,
3 HanAlaS1,0 2 f
Bpiianlalg o
KzﬁleiZUg

Presumably this mineral contained th;ree molecules of a caleium; potassium
or sodinm alimino-silicate together with two molecules of either Gas%_
or HeGl,.

In 1910 Zawbonini coined the term nafrodavyne for a mineral from
Veguviug similar to davyne, but differing from the davyne-microsommite
group in containing no potassium and e high 005 content.

Spencer (1923) deseribed a devyne~like mineral from St. Jobn's
Island in the Red Ses. Two smell erystals of this colourless minsrsl
showed a good prismetlc clesvage, refractive indices of n, = 1,530 and
n, = 1.5355 and o chendosl avalysis corresponding to the formla {(Na,k) n
(¥g,08) (A1,X) ¢B35005. 20,0 where X = (OR),,80,,005501,, This formula diff—
ered glightly from previously proposed formulse, and the mineral probably
conplsted of a mixture of the davyne and microsommites of Vom Hath, Scaecchi
and Rauff,
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In 1925 Gossner quoted the davyme formula es 3[8i04,Na,Si0pA1504]
08,504-(3‘&012 and concluded that davyne wes a double compound between
hauyne and & hypothetical calcium sodslite. Niggli (1926) considered
that both microsommite and davyne were a combinaticn of minerals similer
to those of the hauyne group; the primcipel constituent of davypo being
3NM1045_6a612 uwith HaCl and E52504 replacing GaGJ.z. Gossner and
Mogsgrug (1930), using & davyne crystel from Monte Somma, Vesuvius, de-
termined tho cell dimensions of the hexagonal erystal ag a = 12.;,80&,_
¢ = 54358 The wnit rhomb-besed cell of this orystel hed a mazimm
molecular weight of 1120 corresponding to two molecules of 351043112'&;
GaSOla por unit eell. X-ray photographs of devyne and canerinile suggegi~
ed a close relationghip betwesn these minerels. Gossner and Fussgnug
were also able to trace a relationship between davyme and hauyne. By
setting the cuba diagonel of hauyne parailel to the ¢ axis of davyne;
they showed that the cell sides were gimilar,

The literature on davyne, natrodavyne and microsommite indic-
ates thet bhese minerazls are varieties of cancrinite in which part or all

s”" L
Fr R

thet no compositional distincetion hss beon made betwsen these thrse mine

of the cezxbobnbeshes been replaced by chloride, and sulphate. It appears

erals; oxcept for the mineral natrodavyne whichk contains a high €Oy
contents Although poms authors irace a relastionship betweern davyne and
members of the sodalibe family, particularly hauyne, no ¢lear evidence
is sighted as to whether this relationship occurs as solid solution or
merely as compositional similarity. A synopsis of the chemical formils
and other properties of microsommite, davyne and natrodavyne reported in
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the literature is given in Table 2,2,
3+ Sulphatic Cancrinite and Wischnewilte

The first occurrence of sulphatic cancrinite wes reported by
Larsen and Steiger (1916), Invesbigating uncompahgrites in the Beaver
Croek arsa of Coloradeo; these authors discovered a peculier cancrinite
gpecimen in which almosit ome half of the 00p hed apparently been replaced
by SQB‘ This mineral appeared to be derived from melilite and was assoCe
iated with epatite and perovskite, Analysis of a pure specimen,geve 4.65%
S0y and 3.,18% GOy, This minoral had a poorly developed cleavege parallel
to the prism facepy and showed lower refractive indices and birefringence
then normal cancrinites. From considerationa of the opticel and chemical
properties, lLargen ond Steiger concluded that cancrinite and sulphatic
cancrinite were clogely related and that e complete isomorphous geries
might exist between normal ca:ncrinite and a mineral in which all the cerw
bonate was replaced by sulphate. '

In 1929 Zaveritzky desoribed a bluish mineral occurring:as small
nesty and veinlets of nepheline in pegmatiteveins in the nopheline syenites
of the Ilmen Wountainss Analysis of this mineral indicated tl;;xt it con~
tained conpiderably more sulphate then the Colorado specimen {503 = 6,25%,
CQ@ = 0.89%) » and also had lower refractive indices and birefringence.

The lower birefringence with the incressed sulphate content seemed to supp-
ort Larsen and Steiger!s (1916) predicticn thet an isomorphous series

might exist betwesn the pure carbonate and purs sulphste end-members in
which the birefringence would decrease as the sulphate conbent inereesed.

Beljenkin (1931) reported a sulphate-cancrinite from the Vistnevy




TABLE 2.2

Chomiesl Formila snd Other Properties of Davyme, Hairocdavyme
and Microsommite Reported in the Iiterature

(1930}

eell dimengions - davyne

£

Author Chomicsl Formila Locality  Dther Properties
Vom Rath BNapAlo8150g.2(Nall;Nay80,, | Monte Somma
(1872) end | Ray00g)-umicrogsomite } Vesuvius
‘Seacehi
(1875)
Remff 2(Catl;8ix0) | [02S0; Monte Somra
(1878) 3 | NaphlsSis0g Ale0l { Vesuvius
EahlnSinlg ‘
~ davyne
Zambonini | Similar to davyne but | Vesuvinvsg
{1910} conteining no potsssium
and a high C0» content -
natrodavyne
Spencer (Ve ), (Hg,0a) (Al,x) | stu Jomnts |no= 1.5%0
(1923) | S150pp228,0 uiifre X = D(om),y | Ielend 7 fo. = L3
SGA, 003: 03.2 - dav_vna? ' Red Sea ‘
Gossner 3 [810 ,ﬁagsmzm Oa] 0aSO;, | Theoretical .
(1925)  |Cally 2 degme” = >+ | formila, ;
Niggli 3NaflSio .Gaclg with NaCl Theoretical :
{1926) and Ifazsé' replacing CaCls formila
i davyne '
Qossner end, | 3510y.418a,C0e80, ~ from | tonte Somma 2 = 12,808
Missgnug { X~ray determinafions of { Vesuviug o= 5.35&
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Mountaing in the Scuthern Urals: This specimen had similar physieal
appearance snd optical properties ho Zavaritzky's mineral but also showed
a good hexsgonal prismatic cleavage and ocoasional fine eross-hatched
twimning, /Analysis of s specimen conbeining 8,68 scolecite and 2,42
gibbsite, gawve 5.02% 804 and 0426% G0ps A formuls of 311&@1281203.&@3260&‘
3H,0 was proposed for this mineral: Beljankin also proposed that this
mineral be renamed wischnewite rather ithan sulphatic cancrinite. From
the formula given by him, the name hydrous-nosean would have been mors
upproprizte, ag the formuls corresponds ito that of nosean with three mole-
cules of waler.

In 1941 Stewart reported an occurrence of sulphatic eanerinite
in the pegmatites at ALIt a' Mhuillin, Loch Borolan, Scotland., This groy=-
ish blue mineral was sssocizted with orthoclasey melanite and dark mica
slong with accessory calcitey sphene, zircon and orthite, Optically, the
refractive indices are similar to the Ilmen Mountaing specimen, but the
birefringence was glightly lower. Analysis showed the ratio of 5042005
to be 5:93 to 1:90. This ratic gives a higher SO3 content than the Gol-
orado specimen; but a lower S04 content than the sulphatic canerinite from
the Ilwen Mountains., A& useful comparison between the Scottish sulphatic
canerinite and the wischnewife of Beljankin camnnot be madé because of the
Impurities in the wischnewite specimen. Using the general formula for
the cancrinite groups proposed by Bermen (1937)y and the enslyses of
Stewart, Larsen and Steigéers and Zavaritzky, the general formula for sule
phatic cancrinite would be (Na,K;0e,57)g g(S3,41)750,;(S0;2005) «1-58,0.
Stewart also suggepted thot.the variasble water content might influence
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the optical properties of these sulphatic canerinitess

Beljankin (1944), in a further poper on the relationship be-
tween wizelnewite and sulphatic canerinite, proposed that all the specim-
eng raferred to og sulpbatic cancrinite should be gelled wischnewite.
This proposal was based on the facht that no complste lsomorphous miseib—
i1ity between the carbonate and sulphate end<members had been cbserved.
In support of this observation was the finé microeline type twinning noted
on the specimen from the Vishnevy Mountains and also the snomslous bi-
oxiality reported for the Scottish specimen.

In an attempt to resolve the guestion of the nomencleture of
the sulphate rich cancrinites using Xeray methods, the author of this
thesiy synthesized caonerinltes with compositions closely resembling those
reported by both Stewart {1941) and Beljankin (1944). Botk iypes of syn~
thetic canerinites produced patterns similar t6 the patiern given by s
specimen of sulpbatic cancrinite from Allt a' Mhuillin, kindly supplied
by Professor Stewart, Further details of these synthetic sulphatic canc-
rinites appear later in this thesis. Teble 2,3 gives a synopsis of the
chenical formila and other properties of sulphetic cangrinites and wisch-
newites reported in the literature.

4e Field Pelstionships of the Gencrinite Minerals

Canerinites normally occur assoclated with intrusive feldspath-
oidel rocks. Field relationships indicate that cancrinites have two common
genetic habitse They may cccur as primary minerels in syenites; or as
alteration or reasction products of other minerals, principaily nepheline
end calcites

Pirgoon and Washington (1907) in their study of the geology of




TABLE 243

2L

Chemical Formula end Other Properiieg of Sulphatice Ganerinite
and Wisechnewite Reported im the Literaturs

Author Chemical Formuls Locality | Ofher Properties
Tarsen and no formle given, but from 1 Beaver Greeky | Sole = 2,443
Steiger | anelyses one~hnlf of the CO0s | Golorado n, = 1509

(19186) had been replaced by 504 n, = 1.500
{sulphatie cancrinite) f
Zoveritzky | mo formula given 1 Ilmen I n = 1.492-1,493
(1929) 803 = 64258, COy = 0.89%% Hountaing, birefringence =
{sulphatic canerinite) i Busein ] 0.0007 |
' S:G. 7—",2:35
Beljenlin 3Na,41,581,0..82,50, 30,0 Vighnevy n = 1,489
(1931) (&iﬁaiitg) R g Hountaings, birefringence =
N Southern 1 0,0007
} Urals :
Stewart  (lie,K,0n,8r)¢_g(S1,41)3505, | Loch Borolan | n, = 1502
(1941) (80;5004)21=58,0 = general | Scotland n, = 1457

" formule for sulphatic

- canerinite

| SlG; - 2-423




Hed Hill, New Hempshirs, reported microscopic amounts of cancrinite in

a. hornblendic-grano-miaskose (hornblende syenite?) which forms the
groater pard of the Red Bill massif: Here the cancrinite occurred as an
alteration product of nephelines They also reported micropoopic canc-
rinite in a nepheline syenite from the same area, where it was assoclated
with the last products of erystellization, namely nepheline and sodalite.

Walker snd Parsons (1926) found fairly large masses (3 - 4
inches) of cancrinite in o nepheline gyenite from French River,; Ontario.
Surrounding this canerinite was an alteration product which they sus—
pected wes hydronephelite or ranite.

In 1926 Larsen and Foshag reported an cecurrence of cancrinite
from Iron Hill, Golorados In ithis locality the mineral cecurs in et
least five gonetic habitss (1) as an alteration product of nepheline;

{?) as s romotion product bstween nepheline and caleite; (3) ez a mineral
in contact metamorphic limestone; (4) 28 a primary mineral in cancrinite-
syenite; (5) as a hydrothermel replacement of mélilite. ILarsen and
Foshag desceribe in detall the lest mode of ovcurrence; Cancrinite-besr-
ing rosk occurs as o veinlet cutting across the partly altered uncompahe
grite (o coarse grained rock conpisting mainly of melilite with pyroxens,
blotike, perovskite and spatite). The csnerinite grains enclose poikol—
itically grains of monticellite and titaniferous gernet; green hornblende
and remants of perovskite are also presents. Toward the bordersg of the
veinlets phlogopits, calelte, garnet, ehlorite and zeolites cccurs Iarsen
and Foshsg considered that the csnerinite appeared to be closely asscc—
inted both in space and in time of formation with the monticellite, vege

uvianite snd garnet,.
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Marray-Hughes and Fitch {1929) descfibed & emncrinite-syenite
from Nambala, North-western Rhodesla, This rock consisted of micwcline,
anorthoelass, lepidomelene, hastingsite and riebeckite, Micrometrie
analysis showed that 6:3% pale yellow or colourless cencrinite and colcite
occurred interstitially in the rock; and the authors believed these were
lats stage magnmaiic minerals, A sodelite-syenite from the same area .
ghowed large crysials of nepheline with irregularly developed patches of
cancrinite; In snother variety of this rock sodalite appesred to have
replaced nepheline and cancrinite along ¢leavage plenes. The association
of canerinife and feldspar in the csnerinite sysnite is highly umusual,
end might puggest that the caneriuite reported by Murray-Hughes and Fiteh
did not have the usuel silica deficient composition; but was similar to
the meapolite type of cancrinite suggested Borgstrbm (1930). Unfortunntely
no analysis of the cancrinite is givens

Shand (1930)s in a theoreticel paper supporting Dalyte (1910)
hypothesis on the origin of feldspathoidel rocks by reaction betwsen magma
and linestone; eited field occurrences which he believed proved that
cancrinites were formed during the assi;%iih?:icn of limestone by alkeline
magmagy Quinn (1937) found 2 smell emount of canerinite present in the
nepheline-sodolite syenites of the Red Hill, Hew Hampshire,rocks of the
White Mountein magms seriess Petrograpbic evidence indicated that this
cancrinite was present as an alteration of other feldgpatholds, principe
ally nepheline and sedalite. Chayes (1942) found minor amounts of canoe-
rinite in the nepheline rocks of the Baneroft,; Ontarioc, region, Under
the mleroscope the cancrinite appeared Iying betwsen nepheline and caleite




grains, or ccoasionaglly as subedrel crystals independent of nepheline.

In meny coses the cancrinits was traversed by minute inclusions of sodal-
tte, In coarge pogmatites in the same srea Chayes found that cancrinite
oceesionally replaced scdalite,

Unfortunetely, descriptiona of Lleld cecurrences of ¢ancrinites
do not give much indication of the temperature and pressure comditions
under which the mineral was formed: The common associstion of esnerinite
with nepheline and ezleite is to be expscied; the association with soded-
ite is more complicsbed, As canorinite usuelly ocours only in small
amounts; chemical anslysis and opticsl properiies are not given in papers
degling with the field relationships. Ap a result, it is usually imposs-
ible to deduce the variety of canerinite under discussion.

5v Experimental Studies of Cenorinites

The first synthesis of canerinite wes probasbly performed by
Friedel (quoted in Borgstrom, 1930} in the early n:tne:been ndreds. Une
fortunately no deteils of this synthetic work are available to the
uriter.

Eitel {1922) investigated the binary system unepheline-calcium
carbonate wnder s carbon dioxide pressure of spproximately 110 Kg/émz.
Gancrinite of composition 3NeAlS10,,0a003 was found to melt incongruently
at 1253°C. as shown in Figure 2.1; This incongruenit melting temperature
indicetes that on cooling a mell of composition 80 to 100 weight per cent
nepheline and 0 to 20 weight per cent caleite, the first erystalline
phose io appesr will be carnegeile followed al some lower tempersture by
nepheline whioh, below 3253"6,? will formt cancrinite and nephelines




FIGURE 2,1
The sygtem nepheline~galeiie showing
field of synthesis of canerinite (after Eitel)
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Thugy in this composition range the CaGOB portion of the cemcrinite will
be disgocisted above the incongruent melting temperature} proviideci’ +the
structural formule of cmnerinite is BNaAlSiOA.GaGOB. Eitel's experim-
ents did not however indicate whether the carbonete existed as an ion
in the crystsl struciurey or how it was oriented in the framework of
[ 810;] and [ A20;] tetrahedral units. Further experimentel work on the
system (NapsCa)~(C05AL;5190a) » shown in Figure 2.2, failed to prove the
exigtence of a pure godium carbonate cancrinite, but did indicate a
series of orymtalline solid solubtions existing between the hypothetical
sodivm carbonete cancrinite and the normal ealciumecerbonate csnerinite,
Kozu, Ueda and Teurumi (1933}, using differentisl thermal
analysis techniques, investigetod the thermal properties of Korean cancw
rinite under aimospheric pressure, Nessurements of the linear expansion
of this mineral, both parallel end perpendicular to the ¢ axisy showed
irregularities arcund 900°C,s These irregularities were believed to be
due to the rapid escape of the €0p at this temperature, causing internal
deformation of the crystal and transforming it into the nepheline~type
gtructure. The change in weipht of the powdered cancrinite during heat-
ing from 20°C. to 1000°C. on a thermo-balande indicated four distinet
bresks on the curve ab 300°C., 460°0., 800°C. and 910°C, Becsuse chem~
ical analysis of this specimen had shown the essentizl volatile constit-

uents to be 0, ~H50 and GOy, the suthors concluded that the break at
-BOQ°C3 indicated the complete evaporation of ~HyO» the break at 460°C:

probably represented both the evaporation of +Hs0 and €05, with complete




FIGURE 2.2
The system (Hazcsf.)---(cfij3 #41,81,04)
showing field of synthegis

of sodium esrbonate cancrinite (after Eitel)
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eveparation of +H,0 at 800°0: and complete evapcration of €O, at 910°C.

Hyart and Michel-Levy (1949) synthesized a mineral of compos-
ition NadlSiO,.3H,0 that gave the same X-ray pattern am cancrinite, and
which they called hydroesmerinite. In the seme paper, Wyart end Michele
Levy described an artificiasl hydrothermal product that contained no caleium,
but gave & cancrinits pattern, which they named paraéancrinite. Ina
later paper, Wyart {1949) reported synthesizing a csnerinite from mix-
tures of Ky0, Hep0, Aly03s 530 and WayC003s+ This canerinite together
with minor analeite formed at temperatures of 360° to 420°Cs; and had
parameterg of a = 12,65 % Q;OEK, g = 5415 : 0,,023—, If oxcess Haﬁﬁog was
ugedy both canorinite and sodalite were synthesized ms well developed
orystals, the former having n. = 1,492; n. = 1,489, end s chemieal com-
position corregponding to the formula

ﬂaﬂqﬂ’?u aSQSj']-i12'04(330‘:’&81’&&26030.162)

If this eencrinite was then treeted at 500°C. with a solution rich in
ﬁraecoﬁ Ha-nepheline was formed,

Unfortunately in Wyart and Michel-lavy's work neither the press-
ure nor the temperatures could be accurately determined. The autoclaves
which thoy used could withstand a maximum pressurs of 700 Kg/cm2 at
500°0. The names hydrocanerinite and psracascrinite ssem undesirable,
because the former resembles nepholine hydrete in composition and the
letter is probably similar to the devyne or natrodavyne of Winchell and
Winchell {1951).

Barrer and White (1952) succeeded in synthesizing a cenerinite
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of composition B(ﬁaae,mz%,zsmz) ,Ha-2003 by using a gel, of composition
ﬁazﬁ_;[\lzos-ﬂsm » treated with excess of aqueous sodium carbonate. At
atmogpheric pressure in the temperature interval 300° to 420°C. the cane-
rinite synthegized had n, = 1500, n. = 1.497 and unit cell dimensions
of & = 12,63R; ¢ = 5,188, In addition, these investigators synthesised
2 "Basie" cancrinite containing no carbonate ion st temperatures of aboub
360°0, and, in the presence of excess sodium hydroxide, this cancrinite
gave. an X-ray powder patitern almost identical with neturel cenerinite,
but the unit cell dimensions voried from a = 12,478 4o & = 12_._’?33, and

¢ from 5'4072 to 5.208. '

In a further paper Barrer, Hinds and White (1953) demeribed
canerinite synthesis using a gel of the snalceilte composition which, in
the prosence of execess sodium hydroxide, produced z 100 pér cent yield
of canerinite at 450°C. in a pericd of four days. Using an excess of
Ha,8e0 L end 5 ce of NaDH, cancrinite wes produced at 360°C. in a porisd
of twe days: This mineral was called selenatic cencrinite, and hns not
been found in nature.

Sand, Hoy end Ogbora (1957); studying the system ﬁa20~53203~
8105-1,0 using hydrothermal bombs and gels obteined from sclutions of
netal-organic compounds; synthesized canerinite in the temperature range
250° to 460°C. and at a pressure of 15,000 pais. This cancrinite was of
the podium carbonate type. Irg addition & hydroxy cancrinite containing

no carbongte ion was encountered.




111, EXPERIMENTAL AND ANALYTIGAY, METHODRS

d. Deseription of Apparatug
The apparetus used in this study consists of an hydraulie pump

to supply pressure, This pump was connected to gix pressure vessels or
“homba" conbaining the cherges to be synthesized, snd heated by controlled
furnaces 1o supply the temperature required.

(1) The Hydraulic Pump

The bydreulic pump used was supplied by the Americen Insirument
Compeny, Inc.y Silver Spring, Meryland, under the model number 46-2175.
Fressures up o 30,000 psi can be deyeloped rapidly, using the long handle
and lever system supplied with this model. The dimensions of this pump
are as followss~ piston dismeter, 4 inch;y stroke, 1.15 inches; displace~
ment per stroke, 0,06 cubie inches; and o0il reservoir volume, 254 cuble
inches. The pressure was recorded on z Bourdon gauge and could be main-
tained to within & 500 psi. High pressure tubing was used %o conduct the
water pressure to each pressure vessel.

(ii) The Pressures Vessels

The pressure vessels, of bombs, used in these experimenis wers
the cold seal test tube type designed by Tubtle (1949)s These bombs, man-
ufactured from "Stellite 25%; -~ an alloy of cobalt, chromium and tungsten =
are capable of withstanding hiph temperatures and pressurese The dimensions
of eech bomb are ss follousi= outside diameter, 13 inches; inside diameter,
3/8 inch; and length, 12 inches. These can be operated for prolenged per-
iods of time (l.e. over two days) at temperatures of approximetely 850°C.

30
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under a pressure of 20,000 psi. AL lower pressures higher temperatures
are permissible, The tempersture is maintained in each bomb by a cylind=-
ricgl furnsce, es deseribed below.

{i111) The Temperature Apparatus

Fach bomb was heated by e "Hevi-Duty® furnace, end controlled
by a Bristol Indicabing Millivolimeter Pyrometer Controller (model 478L})
and a chromel-alumsl thermocouple,

The eylindrical furnace, manufactured by the Ideal Furnace
Companys has en inside diameter spproximately the same as the outside
diameter of the bombs Tomperatures as high as 1100°Cs can be produced
by this furnace. The heating clement conmists of heavy duby nicrome wire
with an apbestos insulation, Each furnsce was closed by a loop of wire
attached to the framework supporting the homba.

The controliers used in the first part of this sbudy were not
correctly calibrated, snd a working curve of seinal temperature versus
recorded temperature bhad to bs used for esch centroiler and its thermo-
couples These working curves are aceurate to & 10°C. During the latter
half of {this study the conirollers had been correctly calibrated using a
potentiometer, and were believed accurate to £ 590,

Ench thermoscuple consisfed of a positive chromel wire {(con-
taining approximately 90 per cent nickel and 30 per csnt chromium)s and
a negative slumel wire (coniaining approximetely 95 per cent nickel, 5
per cent aluminium, mongenese end silioon)s The wires used.were No., & AWGs
The high nickel content and the large dismeter of this thermocouple wire
made it resistant to oxidetion and therefore capable of recording temper-

atures from 0° to 1250°C, Using these thermocouples ths controllers
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wera able fo record temperatures from room tempersture to 11009C..

Adthough the pressure had to be the same for the six bombs;

the temperasture for each bomb could be individually controlled,

2. Experimentsl Methods

(i) Semple Preparation

Iry mixtures of the variows cancrinite compositions were prew

pared by first mixing the components of I%aAJSiIGA, and then adding the

required weight of carbonate, sulphate, hydroxide or chloride in the

correct moleoular proporiion.

The manufactureris name, grade and lot

number of the varicus chemicals used in these mixbures are given in Table

%
TABLE 3,1
Chenicals Used in the Proparation of
Synthetic Canerinite ixiurecs
Formile ¥anufecturer Crade Lot No.

Na, 81044 91,0 Fisher Scientific Go.  Techmicel 763366

ﬂlﬂlsqéﬂg@ R BePe 2760
, 55.02.::320 Yallinekrodt CaPe 75908

Chemical Works

CaGOB Beker and Adamson AiGaBs K 120

H32003 British Drug Houses "Analart 430574

HaliC0y " fAnglavt 17906

C0as0,+2H0 n inglar? 14883

@003 Unknown Tuknoun Unknown

KH{}OB British Drug Houses " Ainalart 24574

Ca(0H), Unknown Unlmown Unlmown

CaCl, British Drug Houges B Analar® ‘735828

Hals0 A w "Analar®

675762
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The eomposition NellSi0 . vas prepared by mixing oLSiQa s 7)11203
and NazsiQB together by weight in the molecular proportion: NaQSiOB,
43%r v 81,05, 36%: « 5105, 213, « 510, and y41,05 were used boceuse thay
are reactive components, and were prepared separately by heating spectro-
graphically pure silicic acid and sluminium ¢hloride at 1525°C; for thres
hours and 750%C. for one hour respectively in order to achieve the re-
quired trangformations. The Na25103 was prepared from HazSiDB.?Hgﬁ by
evaporating the water in a drying oven and welghing the compound as
ﬁaQSiOBQ

After the {hree chemieals had been weighed out in the correed
proportions to form HafxlSi%, ‘they were placed in an hour-glass miwer,
or in a wig-l-bugs; and mized until the powder became homogenoous.
Throughout this study pericdic checks were made by heating thies mixture
under waber pregsure snd ascertaining that the product synthesized was
actually nephelines The fmot that nepheline was sasily synthosized ine
dicated that the mixing was adequats,

The molecular proportions by weight of nepheline to the vorious
_ carbonates, sulphates and hydrozides are given in Table 3.2» The dry mixe
tures of cencrinite compositbion were then pleced in & dessicator until
required,

{ii) Sealing of Sample

The different types of caneriniie were synthesised Ly placing
the starting materiel and waler in gold cylinders which wdre then sealed
and weighed: The mothod of sealing the eynlinders is one which was de~
scribed by Yoder (1958): The procedure, with minor changes mede by the
author, was as follows. One end of a gold eylindery 25,0 mm. I.Longg out—

L
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side diameter 3,0 mm., ingide diameter 2,5 mm., was crimped and peened
with a small hemmer and anvil, and then welded shut in a carbon arc.
Approximately 10 to 15 mg. of digtilled water was then added to the cyl-
inder by means of a capillary tube. About 40 to 50 mg. of the powdered
starting material was added, and the top edge and iuside lip of the cylw
inder wiped with a "Kleenex! tissue. Four to 6 mm. of the open end of
the eylinder were then crimped and peened, The orimped end of the cyl-
inder was placed in a small vise whose jaws were approximately 1 mm.
thick, and the vise tightened.

TABLE 3.2

Molecular Proporiions of Nepheline to Other

Compounda in Synthetie Canerinito Mixtures

Name of Cancrinite Formala Weight Per Cent Nepheline
Canerinife proper 3NaAl510y.CaC03 8098
Sulphetic cancerinite 3Nal1S510,.Cas0, 71e23
{Winchell)
Wischnewite (Winchell) BNaAlSi{JA,NaHSUA 78402
Davyne proper NahlS10, «KyC05 75451
Bicarbonate davyne BNaAlSiOAa}{HCOB 80.98
Natrodavyne proper BHaAISiOA.IIaz{SOB 80.08
Bicarbonste natrodavyne 3NaAlSi0, «NaHC03 83.53
Mierogommite 3Hail1810 4.0&312 7934,
(Winchell)

Hydroxy cancrinite 3NaAlSio A.Ga.(OH)z 85,19

The vise was then placed in a direct current electrical system.

This system consisted of a 110 volt D.0. supply; a variable resistor seb
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at 20 ohms, a switch and a spectrographic carbon electrode contained in
an insulated holder. Upon completion of the weld, the cylinder wes ex-
emined undef a binocular microscope {35x) for defeets, If none were pre-
sent the cylinder was removed from the vise, weighed; end placed in one
of the bombs.

(i31) starting of Hun

At the beginning of each run sealed cylinders containing the
mixture of the sample to be synthesized were placed in esch bombe Each
run congisted 6f six hombs, and each bomb contained one to four eylinders,
The bombs wers inserted into the pressure cireuilt, tiphtened; and the
pressure ralsed to the desired valune. If no lsaks developed in the presg-
wre eircuit, the thermocouples were ingerted, and the furnaces plasced in
position, As the temperature inoreased, the pressure also increased, and
it was neceessary to lower the pressure to the required value by a pressure
roleage valve.

(iv) Quenching of Kuns

At the end of sach rmm the furneces and pyrometer controlliers
were unplugged eand the furnaces swung cpen. A bucket of cold water was
raised immedistely umder each bomb, As the temperature decreased it wes
necessery to mainisin the pressure st the required value in order that
the gold coylinders would not burst. 'After each of the bombs hsd been
cooled to room temperature, the pressure was released, the bombs loosenedy
and the gold cylinders removed and weighed, If the weight remained the
samey or within % 0.0002 gms. of the starting weight, the experiment was
congidered to have taken place in a olosed system. If the weight had

changed the exporiment was considered to have taken place in an open systemy
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and therefore to have absorbed water or leached maborial, Those runs
invelving open oysitemg sould not be used in determination of fields of
synthesis, of cell dimensions, nor in the determination of solid solut-
ion between end-members.
3+ Annlytical Mebhods

{3) Deaseription of X-ray Unit

A1 of the products synilegized in the bombg were X-iayed on
a Philips Zeray unilt fitted with o Noreleo HMigh Augle Diffractomster.
The settings oo the X-ray machine were as followsi— volteges 30 kves
amporage, 15 ma.j anpgulor aperture; 1°; receiving slit, 0.006 inches.
For determingtions of the pheges present, the diffractometer sétlinga
ugod were scanning rate 1°20 per minute; chert speed, 1/8 inch per min~
ubes rate meder seale factor, A3 miltiplier, 13 and time constant, 4.
For determinations of d specings and solid sclution phenomena the
diffractorieter setiingp used wore scanning rate, 1/4°20 per minute; chart
speeds 1/8 ineh per minute; rate meter seele factor, 43 multiplier, 1;
end time econelant, 4. AL high 20 angles the rate nober scale fsctor wes
set ot 2:

411 phese determinations and solid solutlon measurements wers
made using OuK« rediation with s nickel filter. Determinnotions of d
spacings were made uging OuK« radistion uith a nickel filter, and in a
few cases with FeEx radiebion and a manganese filter.

{i1) X~ray Determination of Phase(s)

In order to X~ray the synthesized product(s), the powdsr was
removed from the gold eylinders znd ground in an agate mortar. Toluene
wag added to the mortar to facilitate grindings Fach run wes ground to

.,
*
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pass 200 megh, thus minimizing any error introduced by varying grain sizes
The ground powder was then run upon the diffractomeier to determine the
phase(s} present. The machine was allowed to run from 10 to 60°20 a8
this interval conteined sufficient pesks to permit identifiestion of the
product(s) encountered in this gtudys

{i11) X-ray Determination of d Spacings and Cell Dimensions

In order to determine the d spacings of the synthetie canerin-
ites the ground powder was mixed with some quariz of the same grain size.
The quartz specimen used wag collected from Olivers B.C.. The purity of
this specimen was checked by mixing it with O.P. NaGl (Fisher Scientific
00,5 Lot number 781836) and comparing the 4 spacings of the quartz with
those given in the A«S.TM. index (1954)s Teble 3.3 gives the comperison
between the celoulated d spacings and the observed d spacings for the
0livers Bi.C. quartz. The powdered mineral with quarts standard was run
upon the diffractometer from 10° to spproximately 120°20.

TABLE 3.

fomparison botween Celauleted and Obgerved
d_Spacines for 0liver, B.0., Guarts

Plane d (oale.) d {obs,)
1010 Le26 4226

1011 34343 34343
1012 2.282 2,283
2020 2:128 24128
1122 1.817 1,815

2131 1541 1.541
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The diffractometer pattern was removed and the quartz peaks
identified and indexeds; Each peal on the pattern wes bisected ot app~
roximately two-thirds of ite height, using eu architects ruler, Perpen-
dieular lines were then drawn from the mid-point of the peek to the base
of the patiern: The distence belween each conerinite peuk and a neigh-
bouring cquartz pesk was then messured, using the architects rulers The
distences obtained were converted to degrees. Hence from e knowledge of
the values of 28 for the quariz peaks, the 28 value for each cancrinite
peak was obiained. Finally, the d spacings were found Irom tables.

An approximate value of the cell dimensions of each synthetic
cancrinite was elgo determined from the powder pattern. The value of
8ine for each cancrinite peak was calculated. These observed sin?g
values were compared with the calcoulated 5in?9 values for every possible
plane, thus jindexing each peak on the powder pattern. The cell dimensions
of all planes were then found from the equabion:e~

Sinzghklob , = A2 (1% + Bk + K°) . _l_f 1?

3a2 462
where A = wavelength of radiation used
a = & dimenaion
¢ = ¢ dimepsion
For plsnes of the type kXio and 0001 the o and ¢ dimensions could be ob-
tained divectly from this equation. For planes of the type hkil the values
of sin?o cbs. were taken for two planes, having similar 20 values,' and
the a and ¢ dimensione found by aolving these equations simultancously.
The & and ¢ dimensions obtained for each plsne were then plotted

2
as & funchion of % (cggng + °9§29) + This function rapidly approaches
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zero ag B approaches 90°. For example at 10°9, the value of the funciion
is 5,572; at 2592 the value is 1,913; and eb 50°9 the value is 0.506.
Theoreotically the valus of the a and c dimension extrapolated to the zero
value of this function, or 90°@, should give a good estimate of the true
e and ¢ dimensions. This method ums proposed by Nelson and Riley {1945)s

{iv) Xwrey Detormination of Solid Soluilon FPhenomena

In order to investipate whether solid solution existed between
‘the various end-meumbers of the etancrinite group, intermediate members
were prepared and synthesized. The intermedisie and end-members of the
solid solution geries being investigated were mixed with qusrtz and rum
wpon the diffractometer which was set to oseillzte over the Interval
26-28°28, At least six pabtlerns were run over this range which contained
the peeks 1011 quertz and 2131 cancrinite, The distances between peaks
were then messured on the Horeleo Film Illuminator and Memsuring Device.
The distances between pezks were p}cﬁte& a8 & funciion of compoaition to
determine the extent of solid solution. 4 discussion of the usefulness
of this method is included in 2 later section entitled "Discussion of
Results®, }

4». Probloms Encountered and Sources of Error

A number of problems were encountered during this studys irst,
the preossure was very sensitive to changes in éoom temperature, slight
draughts causing considerable fluotuations in pressure, The pressure was
belisved accurate to £ 500 psi for most experiments. Second, the pyro-
netera were not correetly celibrated for the first half of this study;
and & set of correction curves had to be constructed, so thet one could

deternine the temperature of the bombs, These curves, it is beliaved,
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wers sccurgte to & 10°0, During the second half of the study the pyro-
meters were correcily caolibrated and the tempersture controlled %o with-
in & 5°0, The position of the thermccouple in reiation to the bomb was
elgo found to be important; and plasticine wes used to keep the thermo-
couples rigidly in places '

The third and most importent difficully was caused by lesching
and sbgorpbion of water \in the gold cylinders. Because many of the care
bonates and sulphates nsed in the starting miztures were soluble in water,
runs whip:h had leached or absorbed water had to be discardeds It was also
found that gynthesis which had taken place iu en open system could not
ba reproduceds In a few runs, under temperature and pressure conditions
thaet produced cancrinite in a cleosed sysiem, nepheline was produced in
an open system,y This would indicate that the earbonatie had been leached
by uater.

Pourth, the rate of guenching the runs wes importent as the forp-
ation of metastable phases had to be prevented. Throughout this study
no petastable phases were encountered exceplt at lower temperstures whers
snalcite appeared, possibly ag a wmobaglable phase. Fifth, the composit-
ional errors in preparing the starting mixtures wers believed to be neg—
ligible.

There wére three sources of error in the analytlesal methods
used in this study. First, errors caused by the X—ray diffractometer;
second, errors in the cell dimensions mnd d aspacings caused by the measur—
ing techniquej ond third, errors in the golid solution messurementss The
latter two errors were the mopt important.

Errors in the Xeray diffractometer may have been caused by
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diffractoneter response, variation in the goniometer speed and/or chart
speed, The X-ray diffractomster used wes new, and 21thongh it had =
known error it wes believed to give constont readings. Thus the errors
caused by diffractometer response; and the goniometer end chart speed
were believed to be negligible,

The errvors in the determinations of @& specings of the synth-
etic canerinites were caused by the rather diffuse peaks preduced by the
synthetic materiel, possibly as a result of disorder, snd by the method
of measuring these pesks, The former made accurate biseotion of some of
the peaks difficult. Using the architects ruler snd a sharp 4H pencil,
the distence betwéen pesks could bé measured to ¥ 0.01°20, Thus at low
values of 26 the d spacings are accurate to & 0!013, and at higher wvalues
of 26 to ¥ 0,0014.

Bocause the deferminabions of cell dimensions were made from
the game diffractometer patierns used in the determinations of the 4 spac-
inga, similar types of errors epply. The average error in 8indg was

¥ 0,0002. This results in s large error in a end ¢ dimensions at small

268 anglesy bubt st larger 20 angles this error is much smaller. For example

at 8°20 the error in the a dimension is ¥ 0.253, wherses at 50°28 thers
o
is en elmost negligible error in the a dimension, of = 0.00014., Examinat-

ion of the graphs of = and & versus & (“gizg - °°92§~) show that the error
in a is approximstely ¥ 0;023,; and the erir in g is about & 6.;023.

Solid golution meassurements were made by oseillating each semple
three times between 26 and 28°208. The ealenlated shanderd devietion was

less than 0,016°20 for the distance 204573, T 282131 cancrinite.




IV, EZPERIVENTAI RESULTS

The cenérinites investigated were easily synthesized at the
pressure and tempersture conditions ueed in +thig study. 0f the twelve
posgible end-members suggested by Winchell snd Winchell {1951); comprise
Ing two end-members for ¢ach of the six named varieties of this mineral,
three do not produce a cancrinite-type mineral when synthesized from
their congtituents. The end-members that could not be synthesized to
2 canerinite; produced, in each cage, a mineral of the podalite femily.
The following compositions failed to produce cancrinitesi-

3Wal1510,,Ca0l;, - microsommite (Winchell)

BHaAISiGA.BI*IaS% - wisclmewite (Wincholl)

3&&&3&.@4@3&304 ~ gulphstic cencrinite (Winchsll)
As a result of synthesizing cancrinites of differing compositions; buk
given the same name ss Winchell and Winchell; it is suggested that the
following revised nomenclature be used for the cancrinifegs=

cancrinite proper - 3HeAlSi0)4Celly

hydroxy ecanerinite - 3NaAlsi0 dgﬁa(OH)z

devyne proper - 3HellSi0 A QGOB

bicarbonate davyne - 3NaAl830, .. KHCO,

natrodavyne proper - BEaAISiOA.Naz‘COB

bicarbonete natrodavyne — 3HaAls8i0 1;.5&003

nicrosommite - 4[3Mer1830,.Ca(0H) 5] + [3MaA1510,,0a0L,]
sulphatic cancrinite - 7 [31\!&&155.04103.6031 + [3N=A1810 , «NaHSO 4]

The latter two nemes do not strictly apply to end-members as they are
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combinations ¢f cancrinite~type molecules and molecules of the sodalite
type. It wes found for microsommite and sulphetic cancrinite that these
combinetions produced a diffraction patiern thet wea closest to the
pattern given by netural cancrinite specimens.

Usping the revised nomenclature, the cancrinites can be con-
veniently divided into five carbonste and bicarbonate varieties, cne
hydrozide variety and two mixed variefles; one containing hydroxide and
ehloride radicals; and the other carbonate and bisulphate radicalss It
is probabls thet a number of other endemembers may exisbe For example;
it is knowm that the composition of nepheline end sodium bydroxide pro-
duce a cancrinites Thisg is discussed in Chapter ¥,

1. Garbonste and Bicarbonate End-members
() Ganerinite Proper (3R2815i0 4,095‘03)-
Field of Synthesis

Generinite proper was found to be siable in the closed system
up ko 775°C. at a water pressure of 20,000 psi, this being the approxime
abe temperature 1limdt of the aspparatus at this pressure. Hepheline was
encountered in the open systems at temperatures grdater than 550°C.; at
a weter pressure of 10,000 psi,and ab temperatures greater than 600°C.,
at a water pressure of 304000 psii. This breakdown curve is of littls
significance, as it can be cauged either by the leaching of the 83803;
or by the disscciation of GaG‘OB at those slevated temperatures and
DProssuress.

At temperatures of 200°C, and less end abt water presswrea
ranging from 10,000 t6 25,000 pei znalcite together with cencrinite occurs
in ths cloged systema. The field of this enaleite was not asceriained,




Attempis were made to synthesize and dissocciste canerinite
using KOH solution instead of wabter, G0, (in the form of dry ice) in-
stead of water, and dry synthesis. The latter case failed to gynthegize
cancrinite or to give a recognivable product. The other cases produced
e canerinite but did nob assist in its breakdown. It ig interesting that
cancrinites can be synthesized by replacing the water pressure by CO,
pressure, The resulting cancrinite hag 4 spacings and cell parameters
similar to dencrinites synthesized under water pressure. The resulis
of all cancrinite syntheses are given in Table Z.l.

d Spacings and Cell Dimensions

The d spzcings; latbice planes and cell dimepsions of regular
synthetic canerinite are given in Table 4.2. A graph of o and ¢ dimensions
and also of eell volumes (0.866 aac.) veraus %(g%i% + 93__9___%) is given in
Figure 4¢la The d gpacings obtained differ slightly from those given in
the A,8,T«M. {1954) card index, probably due Lo compositional differences.
The cell dimensiong of synthotic cencrinite ave a = 12,59 % .022. (approx-
imstely) o = 5.27 & 028 {approzimately), with & resulting cell volume of
7i0 X 5‘23.-. Algo included in Table 442 ere the d spacings, labtice plenes
and cell dimensions of cancrinite synthesized with G0, pressure onlys

(11) Davyne Proper (3H2A1810,.K;003)

Field of Synthesgis
. The oxperimental dabta end dissoclation curve for davyne proper
ere given in Teble 4.3 aond Figure 442 respectively. Davyne proper
dissociates into nepheline, and possibly 3‘20()3,. between A25° and
450°C. et a water pressure of 10,000 psi, and between /50% and 500°C.
at a weter pregsure of 30,000 pai. In the pressure rsnge 15;000 to 30,000




TABLE Z.1

Eaperimgntal Daty on Osnerinite Proper

Water

Phases

No. of Initial  Final Temper- Tima
Run Woight Woight Presmure aturs {brs.)
{gns) {gms) {pei) (°C.)
1 (%) 0.6080  0.6080  15;000 550 156  Canerinite
2 (X) Ou6143 0,643 15,000 525 156  Canerinite
3 (%) 0.6153  0.,6153 35,000 500 156  Cmnerinite
£\(X) 0.6263  0:6262 15,000 00 156  Csncrinite
5 (X) 0.6125  0,6123 20,000 520 135  Cancrinite
6 0a5923 0.5%00 20,000 550 135  Oasnerinite
7 05961  0,5931 20,000 650 135  Nopheline
g (X) 0.5662  0,5861 15,000 625 156  Cancrinite
9 0.6051 0,6041 35,000 650 156  Canorinite +
| fispheline
ao 0.5860 05826 15,000 675 156  Cancrinite +
) ) Nepheline
il 0.6058 06047 15,000 425 156  Cancrinite
12 (X) 0.5760  0.5760 10,000 550 235  Cancrinite
13 05901  0.5975 10,000 600 235  Cencrinite +
| Hinor Nepheline
1, (%) 0.5804  O.5804 105000 650 235  Canerinite
15 06021 0.6001 10,000 525 235  Canerinite «
' , | Hepheline
16 (X) C.5976  0.3977 23,000 600 120 Cancrinite
is 0.6038 0.6029 23,000 700 120  Canerinite +
, _ Hegheline ¢
19 0:6043 06018 30,000 650 96  Hepheline + 2
20 0u5942 045933 30,000 725 96  Cancrinite +
| Minor Hepheline
21 (%) 0.6037  0.6039 20,000 625 14,  Gaporinite
22 (%) 0.5753  0.5753 20,000 600 120  Cenerinite
23 (X) 0.5928 05527 37,000 725 140 Cencrinite
24, (%) 0.5867  0.5867 37,000 650 10 Cencrinite
25 (X) 0,5836  0.5836  15;000 350 192  Conerinite
26 045852 0s5847 20,000 675 228  Oancrinite +
‘ » o Hinor Nepheline
27 045860 045850 20,000 700 228  Cencriniife
28 (X) 0.5808 045806 20,000 650 228 Canerinite + 7.
: , Minor Hepheline
29 (X) 0x5713  0.,5712 20,000 650 228 Canorinite
30% (%) 0,5682  0.5660 20,000 675 228  Oancrinite + v

¥inor Hepheline ¢
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Table 4.1 {contd)

No. of  Initial  Final Water  Temper-~ Time Pheses

Fun Weight Woight  Pressure ature (hras)
{gms) {gms) {psi) (°C.)
31#(X)  0.5708  0,5707 20,000 650 228  Camerinite + ve
_ . Minor Hepheline?
32 05912 0s5901 153000 650 516  Cencriniie
33(X)  0.5896  0.5895 15,000 650 516  Cemcrinite
34X 05724 0.5725 15,000 700 516  Canerinite
35 0:5936  0.5600 15,000 700 516  Canerinite
36 (X) 0,578 0.5748 15,000 650 .+ 516  Canerinite
37 0.5736 0.5800 20,000 650 520  Nepheline
38(X)  0.5854  0:5853 20,000 775 520  Cancrinite
39 0.5803 05837 20,000 550 520  Hephelins
0(ory)f¥) 0:5924  0.5925 20,000 550 520 7 .
Z1(K0H) 0.5657 0:5764 23,000 525 168  Cancrinite +
, A Hepheline
42(EOH)  0.5614 0.563, 23,000 650 168  Cancrinite
4300 05057  0.5957  23;000 650 168  Conerinite
& only).(x)
4&(30%) 045685 0.5682 23,000 525 168  Cancrinite
)
45(005  0.5731 05731 23,000 675 168  Cancrinite
.'Zq o)(X) 7
68 0i5546  0.5546 23,000 250 168 Analeite +
Canerinite
47“2;}{0%) 05887 0.5950 23,000 700 168  Hepheline + ot (2)
AB(X% 05862  0.5862 15,000 250 156  Oancrinite
49 0.5782  0.5806 15,000 300 14  Cancrinite
50(KOH) 0,6012 0,6117 15,000 700 144,  Canerinite
51(C0,  0.5670  0.6110 15,000 250 144  Analeite +
, i , Rephelina %
52(Dry) 0.5510 0.,5816 15,000 250 144  Analeite +
| Hepheline 7
53&332 ) 025611 0.5613 15,000 550 144  Cencrinite
onty .
54(X)°  @.6020  0.6020 10,000 300 232  Cenerinite
55 (X)  0.5871  0.5870 10,000 200 67  Canerinite +
‘ Analeite %
56 (X)  0.6102  0.6104 25,000 200 48  Canorinite
57 (X)  0,6099  0,610L 25,000 200 .8  Cancrinite +
Analecite
58 (X)  0,5872  0.5873 20,000 150 506  Cenorinite +

Analeite
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'.I_.'able 4ed (contd,)

No« of  JYuibiel ~ Final Weter  Temper-~ Time Phages
Fimn Weight Weight  Pressure ature {hra.)
(gus) {ems) {psi)  (°C.)
59(X) 045761 0:5762 15,000 200 408  Canerinite +
. Analeite %
o . Minor Calcite
60 (X) 0.5886  0:5886 15,000 200 408  Canerinite +
Analcite +
'Y % , ‘ Caleite
63(8XX)  p.5012  @.5012 15,000 200 142 Ganorinite +
Angleite +
Galcite

# = material used in these runs consisted of cancrinite previously
synthesized in the closed system.

(S) ~ "seeded” with netural cancrinites
(X) - closed system




TABLE 4.2

d Spacings, Cell Difonsiong and Gell Valumes of Syntuetic

Cancrinite Proper, Syntbesiszed with M0 and COy Pressure

Radintion = CuBx, Filier = Hi, Standerd = Quarts

Ss0e54
Regular cancrinite pre
Synbhesized with H,0 pressure

d I (vismal) | nA1 a(® o cell
6,35 35 21320 12,67 | = | -
e65 65 1011 | 3IR57(1) | 5.15 705
3.649 40 3020 { 12.63 - | -
3.217 100 2131 1 12,59%(1)] S5.14 {705
3.035 15 31401 12,63 - -
2,923 7 s03ln 7 2 -
27351 20 4040 12,63 - -
2.611 15 3UL1Y 12.63(1) | 5.2 | 707
24564, 15 0002 - - 5:13 -
2,503 5(ditfa) 3250 368 | = -
2,11 12 40211 12.59(2) | 5.37 | 710
2,162 5{dirss) 511 12,59(2) | 5.17 710
2,301 12 3360 12,60 | - -
1,870 5 4042 | 1R.59%(2)] 5:14 706
1791 5(diffs) 43704 12,38 i | -
1745 5 52701 32,38 e -
1.582 5{aiff.) 6171 | 1&59{ 3 5414 | 706
L.g2b  5(vediffy) | 531 ::2.59(3; 5027 - 710
1.082] 1 ] 5493) 125903 5,17 | 710

Se0e43
Concrinite pre
Synthesized with COy pressure
, -t ; cell

d{ I (viewsl)] mdl el | o) ol (83 )

Lab3 65 10T} 12.65(1) | 5.3 708




d I (viewal) | mar | a® (%) m"-ﬁs)
34646 50 | 3030 12.62 b= -
3:485 30 'f_,, : Z
3.217 ipo 2131 12.65(1) I 5.11 708
2,909 § 25 } 30317 ‘ T |
2.734 15} 4040 12.62(2) - -
2,607 { 7 3141 | 12.59% 5415 707
2,554 | 30(difrf.) oogz - 510 -
2,503 5 3250 | 12.61 | I -
1..741 : 15 ; 5270 12.55 - -~
1+333 5 5382 12.62(2) | 513 708

~ determined by comperison of gin 29 obs. and sinze
calee values.

{ ) — numbers in brackets refer to groups of & and ¢
values polired simultansouplys Other values
détermined from a single eguabion.




FIGURE 4.1

Cell dimensiong and cell volumea

_;L(cos 20 + cos 20

versus
sin 8

===} for synthetic canerinite praoper
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TABLE

Experiwentsl Date for Davyne Proper

51

Hoa of Initial Final Hater  Tempor- Time Phases
Run H?fightj, Weight Prespurse aturs {hrs.)
| gus) (gma) {psi) (°¢.}
DIAX¥*  0.6082 046080 10,000 500 232 Davyne
DI5SX 0.6038 0.6452 10,000 450 232 Nepheline
DRIX®  0.5995  0.5995 25,000 450 186 Davyne
D22%  0.6013 05973 25,000 500 186 Nepheline
D23X  0.5940  0.5951 25,000 200 /8  Davyne
D2X¥  0.5821  0.5822 15,000 400 100  Davyme
D27X*  0.6183  0.6181 153000 450 100 Davyne
DRSE¥  0.6027  0.6026 15,000 600 100  Nepheline
D31X 0.6030 0.5956 20,000 550 50 Hepheline
D32X  0.5859 045844 20,000 150 50 Davyne + Nepheliue ?
D33%*  0,5907  0.5907 20,000 450 50 Davyne
DX 0.5757 0578, 20,000 500 50 Davyne <+ Nepheline
D36E®  0.6082  0.6082 15,000 600 6% Nepheling +
400 76 Minor Davyne ¢
D37X  0.59%0 05884 35,000 500 140 Nepheline
D38X  0.6092  0.6116 25,000 500 95 Davyne + Hepheline
DAIX  0.6007  D.5979 20,000 500 o5 Hepheline + Very
_ Hinor Davyne
D43 0.6164  0u6145 25,000 500 95 Davyne + Nepheline
DA 0.5955  0.5933 10,000 450 150 Nepheling + Davyne
DL7ER  0.5956 0.5957 10,000 500 180 Nepheline
DAB8X  0.6196  0.6185 10,000 400 1%0 Hepbeline +
. Minor Davyme
DLOX®  0,6168 0.6158 20,000 500 122 Davyne + Nepheline
DSOX  0.6067  0.6075 15;000 500 162 Davyne + Nepheline
D5IX¥  0.5860  0.5862 20,000 250 162 Davyne
D56X  0.6032  0,5910 10,000 450 188 Nepheline +
Minor Davyne
DS7X® 045957  0.5955 10,000 450 188 Hepheline
DSBX®  0.5892  0.5892 10,000 400 138 Davyne
DE2X®  0,5968  0.5970 29-30;000 500 95 Nepheline
D53X 0.5866 0.5884 29-30,000 450 g5 Nepheline
DELX®  0.5828  0,5828  20-30,000 400 95 Davyne
DE5E*  0.5563 045563 20,000 550 148 Nepheline
DEBX 05654 0.5685 15,000 5C0 4L Nepheline
DEEXH  0,5780 05778 15,000 550 14 Yepheline




Table 4.3 (contd.

52

Hos of Initigl Final Water  Temper~ Time Phesea
Run  Weight  Weight Prespure ature {hrs.)
(gms) (gms) (poi) {°C.}
DEYX¥ 00,5570 045568 10,000 425 195 Davyne + Very
Minor Hepheline
D7IE®  0,5460  0.5480 15,000 500 145 Hepheline
D73X®  0:5289  0.5288 20;000 650 72
575 13 .
500 11 Hepheline
) 200 70
D75% 0:5611 045465 155000 650 72 Hepheline
(1) 400 88
D77EENMY 0.5784  0.5683 10,000 650 160 Hepheline
D’?SK (1) 0.5997  0.5980 25,000 500 Gl Hepheline
0.5905 05749 10,000 650 224 Hepheline
33832(* 0,6028 0.6023 25000 200 126 Nepheline + Davyne ¢
DE5Z% 8 5672 O. 5672 25,000 550 126 Nepbaline
pe7xe(d* CaB650  0.5652 25,000  &50 126  Nepheline
0.6013 30,000 75 Nepheline

DU4E  0.6043

450

(1) =~ starting mixture contained 42 weight & K003 in exzcess of
stoichiometric reguirements, charge contained .0058 gma Hy0

»0153 gos powder

{2) = starting mixture contained 42 weight % K0 in excess of
stolchionstric requirements, cherge aontained +0042 gns H0

# — olosed system

40166 gms pouder




FIGURE 4.2

Field of synthesis of davyne proper

(closed. system, curve drawn visgually)
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pei, thig breakdoun curve is egsentially verticel, implying that the
reaction involved in the dissocimtion of davyne proper 4in this pressure
renge 1g almost wholly femperature dependent. HNo K2003 wag dotectod
in the dissociated products, possibly due to the %603 going info sol~
ntion and remaining in solution even in the quenched productsy or due to
the insbility to detect K2003 in the X-ray patterns. Both of these
possibilitieg will be discussed more fully in a later chepter.

Ho enalelte was detected in the closed systems et temperaturss
as low as 150°C.

d Spacings and Cell Dimensions

The d spacinge, latiice planes and eell dimensions of davyne
proper are given in Table 4.4+ 4 graph of 2 and ¢ dimensions and also
of eell volumes versus %(%iﬁ%~ * 5-9-3-.-2") is given in Figure 4.3: The
cell dimensions of synthetic devyne proper obbained from this graph are

= 1273 & .azi (approxinately), ¢ = 5,17 & 502}; (approximaiely), with

a regulting cell volume of 727 £ 54 ,

(1441) ?iearbona‘_he BDavyna (3!1&&183’.04.3}{603)

Fleld of Synthesis

The ficld of synthesis of bicarbomate devyne is almost ident~
ical with that of davyne propers Again, the dissociation product given
by the X~ray pattern is nepheline only. In this case, the sbsence of
KHO4 in thesge patterns could be caused by this product being present as
8 glass at the digsociation temperatures. At atmospheric pressure, KHGG3
melts at temperatures ranging from 100° 1o 200°C. Minor anzlcilte was
detected in one run st o temperature of 150°C, and st a waker pressure

of 205000 pai, in the closed system. The experimental date and breakdown
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TABLE 4ol

d_ Spacings, Cell Dimensions and Cell Volumes of Synthetic Davyne Proper

Sample Nos - D21X
Rediation - CuB«x
Filter -~ Hi
Standard o Cuariaz

a I {visual) lhl‘:'i'l a(%) c(ﬁ) Gell Volume (‘33)
470 50 1071 12,75 5.18 729
3:979 50 121 312,59 5414 706
3,672 35 3030 12,73 - -
3251 . 70 23 =750 5420 732
3115 100 370 1295 2 - -
2.997 10 3051 12.75(1) 5,20 732
24754 20 4058 w2 - -
2,579 40 0002 - 5:18 -
2:436 15 O 12875(R) 5.18 729
2.353 15 2tz 12,763 5.20 733
2078 10 (aifr,) 4751 a2.75(9) 5,16 726
2,033 5 s51 12,7515 - 5,18 729
1,931 5 (aife.) 4981 12.7204) 5,17 724,
1.621 7 5B 12.7204) 5,17 724
L5727 {aige,} 5380 1270 - - -
1,489 10 4372 12,763 5420 733

( ) = numbers in brackets refer to groups of a and ¢ values solved
similtanenusly. Other values determined from & single
eguation.




FIGURE 4.3
Cell dimensions and cell volumes

2 2
versus %(-3-91%% + -993—-9) for synthetic davyne proper
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curve for bicarbonato davyne are given in Table 4.5 gnd Figurs 4.4 res-
pectively.

d Spacings and Cell Dimensiong

The d spacingss lattice planes end cell dimenpions of bicar-
bonate davyne sre shown in Table 4.6. A greph of a end ¢ dimengions to-
gether with cell volumes versus %(-3—9%2% + 9%39-) is given in Figure 4.5.
The ¢ell dimensions of gynthetie bicarbonate davyne, obtained from this
graph, ere similar o davyne propers; the a dimension being 12.73 + 028
(epproximately) and ¢ dimension being 5,20 % ,02R (approximatoly), with
resulting cell volume of 726 < 533'.

{iv) Natrodavyne Proper (3N¥ailsSio 4‘“32003)

Field of Syntheais

Natrodavyne proper transforms at a temperaiure bet}v:efan 600°
and 650°C. in the water pressure range from 10,000 to 30,000 psi into 2
high tempersture form with d spacings and cell dimensions similar to
nogean (6Ne.AISiO4._1‘IaZSO 4}, The transformation curve, given in Figure
4e6 ig almost independent of pressure. No low temperature runs were
carried out in this system, although one run et 250°C, and water pressure
of 20,000 pei failed tc show any ansloites The experimental data for
netrodavyne proper are given in Teble L.7.

d Spneinga and Cell Dimensions

The d spacings, latitice planes and cell dimensions of natrodavyne
proper are presented in Table 4.8; the plot of 2 and ¢ dimensions and
call volume versus %‘(%’%'Qﬁ' 9-95?249-) is shown in Pigure 4.7« This curve
yvields on a dimension 12,67 * 02k (approximetely) and a ¢ dimension of
5,18 X ;023 {approximately), and aaresul*bing cell volume of 719 = 533,..
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TABLE 4

Experimental Data for Bicarbonate Davyne

Ho« of Initial Final Water Temper-~ Time Phasss

Weight  Welght Pressure alure (hrsa)
{gus) (gms) {psi} (°C.)

0.5930 0:5900 20,000 725 163 Hepheline
0.5991  0u5940 20,000 500 163 Nopheline
0.5835  0.5834 20,000 650 163 Nopheline
0.5796  0.579% 20,000 550 163 Nepheline
0,5806 0.5811 15,000 250 144 Davyne ?
0.5874  0.5875 15,000 300 Al Davyns
0.5828  0,5829 15,000 500 144 Nepheline
045705 0.5706 15,000 550 144 Nepheline
045780 0.,5730 155000 700 144 Nepheline
0:5927  0.5925 10,000 500 232 Davyne + Minor
Hepheline
0,5786  0.5788 10,000 450 232 Hepheline
0.6000 0,5968 10,000 400 232 Nepheline
0:5755 045755 10,000 300 232 Davyne
05823 0.5823 25,000 500 186 Nepheline
0.6025  0.6767 25,000 200 48 Davyne + Nepheline
0.5952  0.6484 25,000 450 186 Analeite <+ Minor
Hepholine
0,6089  0,6516 25,000 550 48 Nepheline
400 138
0.5993 045993 15,000 400 100 Davyune
0,6056  D.6010 15,000 450 100 Y¥epheline
0,6055 046052 20,000 500 138 Hepheline
0.6242  0,6242 20,000 150 50 Davyne + Analcite +
Minor Nepheline
0,577  0,5771 15,000 450 140 Davyne
0.5976  0,5912 25,000 450 65 Nepheline ?
0,594 045914 25,000 500 95 Nephelline + V.
Minor Davyne 7
0.6050  0,6050 25,000 450 95 Nepheline
045969, 0.6339 10,000 400 190 Analcite + 7
0,6009  0,6007 10,000 500 190 Nepheline
0:5981 045983 20,000 550 162 ¥epheline
0,6152  0.6459 20,000 300 162 Anslcite
0,5929  0,5929 10,000 400 188 Davyne

0,5998  0,5998 10,000 400 188 Davyne




Tab

»5 {eontd.
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No, of Initial Final

Water Temper— Tims Phnges
Hun  Weight  Weight Pressure ature (brs.)
{gus) (gms)  (psi) {=C.)
D59%  0u5927  0.5928 30,000 500 95 Nepheline
Déo 0.5922 0.5773 30,000 450 95 Hepheline
D6l 0.5776  0.6118 30,000 400 95 Analeite +
_ , Repheline
D70% 05760  0.5758 10,000 425 195 Davyne 4+ Hopheline
D7L®  0.5517  0.5518 20,000 650 72
575 13 Nepheline
500 i1
) o 400 70
1723 0.5538  0,5521 15,000 650 'g.; Hepheline
400
D80 0:5834  0.5784 25,000 400 61 Davyne
DaGE 0.5893 0.5893 25,000 450 126 Hepheline
bog® 0s5811 05811 30,000 450 75 Hepheline
Dol 0. 5800 0.5800 30,000 400 75 Davyne
D3 450 75 Nepheline

0,5815

0.5815

30,000

# « gloged system

t




FICGURE .4

Field of gynthesis of bicarbonrte davyne

(closed system, curve drawn visually)
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TABLE 4.6

d Spacines, Cell Dimensions and CGell Volumes of Bicarbonate Davyne

Sample Ho. = D25
Radiation - CuKx
Filter

- Ni

Standard - Quariz

Cell Volume (33)

a I (vieual) hkil a(d) e(X) |

6,36 35 130 12.68 - -
470 éo 1m w275t 5,18 729
3,670 50 3030 1270 - -
3.246 100 a5 1) 5,18 726
3114 30 - 7 7 2
2,757 30 0l 12,73 - -
2,635 15 i 127203 5419 727
2,587 20 {v,diff.) 0002 - 5:17 -
2,438 15 W 1728 5,19 727
2,178 5 {aiee,) 45 32,7009) 5,20 726
1,76, 5 (e 452 12,00@ 530 726
1,59 5 (diffy) LB0 12075 - -
1,252 5 57 e 723

5e24

{ ) ~ numbers in brackets refer to groups of a end ¢ values solved

simultaneounlys

In cases where the pame eguabion hap been
used to determine tuwo sets of values, the most reasonable set
of o and ¢ values has been taken.
from o single equation.

Other values determined

. values determined by direct comparisen of theoretical sin®8
velue with observed ain®@ values.




FIGURE 4.

Cell dimensions snd cell volumes

2 el .
versus %(-g-i‘-’ﬁ-g + 5_:_0_8__@_) for synthéetic bicarbonate davyne
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FIGURE 4.6
Field of synthesis of natrodavyne proper
{closed system; curve drawn visually)
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TABLE 4.7
Experimental Date for Natrodavyme Proper

Hos of Initial  Final Water  Temper- Time Phapes
Fun Weight Weight Pregsure aturs {brs.)
(gms} (gos) (pai) {°C.)
F20X# 0.5888 0.5890 20,000 750 95 High Hatrodavyna
F21zx# 05828 0.5828 20,000 700 95 High Natrodavyne
F23X 0:.5985 0.6011 20,000 500 95  Hetrodavyne proper
F2LX 0.5923 0.5933 20,000 200 95  Hatrodevyne proper
?25% 0.6273 046252 25,000 450 g5  Hatrodavyne proper
F26X, 0.6186 0.6055 25,000 700 95  Hepheline
FR7X 0.5984 045973 254000 500 95 Hatrodavyne proper
FRgxs 0.5782 0.5782 25,000 750 95  High Natrodavyne
F35K 0.5898 05948 10,000 800 190 High Hatredasvyne
F36% 0.5550 0:5958 10,000 550 190  Hatrodavyne proper
FI7X3* 0.5756 0,5758 10,000 500 190  Hatrodevyhe proper
PLOXH -0.6209 0.6209 20,000 550 122  Habredavyne proper
FLIX 0,6157 0:6148 15,000 550 10  HNahrodevyné proper
435 0+ 5590 0.55%0 15,000 500 140  Katrodavyne proper
FAGE 0.6114 0.6131 20,000 250 162  Hetrodavyne proper
F51X% 05970 0.5970 10,000 550 188  Matrodevyne proper
F52%HE 05747 045749 10,000 600 188  Watrodavyne Proper
) 4 High Batrodavyne
F55% 0.5436 05773 30,000 500 95 Ineleite 4 Habtro-
davyne proper (minor)
56X 0.5803 0:5792 30,000 550 95  HNatrodavyne proper
F57X% 0,591 0.5915 30,000 600 95  HNatrodavyne proper
F58% 0.5725 0.5804 20,000 600 148 Hepheline
F59X 05640 0+6124 15,000 550 144  Hepheline
FEDX 0.5727 0.5712 15,000 600 14  Eairodavyne proper
POLX 05625 05537 10,000 650 195  Hetrodavyne proper
" . 4 Hepheline
FeoxH 0:5676 0:5676 10,000 650 195  High Natrodavyne +
! Ve Minor Natredavyne
_ proper
POTX 05465 0.5369 15,000 650 145  Nepheline 4 Minor
, Hatrodavyne proper
FEGYLH 0.5509 05509 15,000 550 15 Hatrodavyne proper
FoOx= 05668 95.5666. 15,000 650 U5 High Natrodavyne
F7OX 0.5703 05708 20,000 650 72
575 13 Natrodavyne proper
500 11 + Nepheline

400 70
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Table L7 {contd.
No. of Initial Final Yater  Temper- Tims Phases
Run Weight Height Fressurs ature {hre.)
(gms) {gms) (psi) (°Cy)
F72X 045616 0,5591 15,000 650 160  High Natrodavyne
4 Natrodavyne
proper
¥73%% 045610 0.5612 25,000 500 61  Netrcdavyne proper
F75% 045777 0:5556 153000 650 gg Nepheline
\ 400

rEOXH D.6052 0.6052 25,000 550 61  Hatrodevyne proper
FoIx* 045866 0.5868 25,000 600 61  Hstrodavyne proper
FEOK 05888 0.5838 255000 650 126  Fepheline
FO2X 0.5594, 0.5493 15,000 650 141 Nepheline 4+

, High Hatrodevyne
PoLX® 0,5562 0.,5562 15,000 600 141 Natrodevyne proper
¥o8x 05745 0.5765 30,000 650 75  Hatrodavyne proper
FOO9x# 0.5673  0.5674 30,000 650 75  High Natrodavyne
F103%* 046010 0.6012 20,000 650 168  High Natrodavyne
PID4ZH 045872 05870 205000 600 168  Hatrodavyne proper
T110X 045886 0.,5985 15,000 700 82 High Hatrodavyne

200 84
FLI1XH* 05824 0.5824 15,000 700 g2 Hatrodavyne proper
400

B4

% u gloged system




TABLE 4.8

d Spagings, Cell Dimensions end Cell Volumes of Synthetig Natrodavyne Proper

Sample Ho, -~ FAOX
Redintion = CuKe
Filter - Fi,

Standard - Quarts

4 I (visusl) RKI1  a(d) () Coll Volums (&)
6.36 50 1}20 12&6? - b
469 65 1011 12,67 5‘,17 719
4:15 15 2130 12,67 -
3.663 70 3030 12.69 -
3.234 300 2131 12,67 5.7 719
2.628 10 3141 12,63 5.26 727
2,589 15 0002 5,18 -
24515 5 3250 3.2.6%5 - -
2,426 20 2041 12,6342 5 5,26 727
2.264 7 (@iff.) 381 126735 5,17 719
2,372 5 4151 12, 67 5017 719
2,021 5 (diffs) 5051 5,18 721
L9775 {airf.) 5160 12.71 3 -

1.883 7 w2 12.63(4 5,19 717
1.804 7 332 12.63; 5+19 717
1.758 10 gdiff ;ng 4152 32-‘69{53 (6) 5-.16_ 720
1,705 5 (airf.) 431 12,6900 5.16 720
1590 10 (@ife) AP 126740 5,17 719
e Tem 2 ozag o B
1327 7 fdiffJ fﬁ% 12.‘68{,2; 5,17 720
1,297 5 sdiffg.; 5163 12.67\ 5.17 719
1.081 5 53 12.67:58 5.17 719
0. 9161, 5 (diff o) 5 12,63 5.18 716

{ } - numbers in btrackets refer to groups of a and ¢ values solved

simulteneously.

Other values deterpined from a single squation

or from comparison of 8in®e cals, and §ins obs. valued.




FIGURE 4.7

Cell dimengions and cell volumes

; < 2
versus '%‘({;’zz g + °°§ By for synthetic natrodavyne proper
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The d spacinggs latitice plenes and cell dimensioms of the high
temperature natrodavyns formy; similar to nogean; are gilven in Table 4.9,
This mineral ig cubic and gives an 2 dimension of asbout 9—.023 which com-
peres with the s dimeneion of nosean, given as 9.;.;04ﬁ on the AiS.THM.
index cards This high temperaturs form hag been named high natrodavynes

(v) Bicarbonate Natrodavyne {3WailSiD 442{5111063)

Field of Synthesis

The ezperimental data and breakdown curve of bicarbonate natrow
davyne are given in Table 4:]0 and Figure 4.8 rospsectively. Bicarbonate
natrodavyne algo trangforms into a nossan-type mineral between 600° and
650°C: in the water pressure range 15,000 to 253000 psi, Vo ansleite
was detected for this compesition in the closed system.

d Spacings and Cell Dimensions

The & spacings, cell dimsnsions and lattice planes for bicarb-

onate nairodavyne are given in Teble Z.1ls A graph of 2 and ¢ dimensions

c052

sin @ 7
This graph gives & = 12,67 % ..‘OR}L (appromately) ;e=5,16% .02 {app~

4 298 @) ig shown in Figure 4.9

roximately)s and a resulting cell volume of 717 % 53,3 « DBoth these dimen—
gimns ere slightly swaller than those of natrodavyne proper, The d
spacings, lattice planes and cell dimensions of the high tempersture form
of bicerbonaste natrodavyns are given im Table 4.9. This high temperature
form has heez; noned high bié"‘arbonate natrodavyne.

2o Sulvhete, Hﬁro;ide and Chloride FEnd.members

(1) Feilure to Synthesize the Microsommite, Wischnewite
and Sulphetic Qanerinite End~memberg; Proposed by
Wincholl and Winchell (1951)

Attempts to synthesisze the micropommite end-member, using the




TABLE 4.
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d Spacings, Iattice Plenes and Cell Dimensions of the

High-Temperature Hatrodavyne MPolymorphs?®

Sample Ho, ~ F2IX
Hadisation - Oullx
Filter - Hi
Stendard -~ Quoriz

F31
Cul«
Hi
Querts

d I (vz.sue.l) d for nosean Rkl d T {visusgl) bkl
(AgS:Trﬁq)

6438 70 6a 00 110 b, 40 30 110
FAR A 10 4eB2 200 - -
3.676 100 3.69 231 3.676- 100 211
3:296 10 * 22@ s . L
2.88 25 .&6 310 2 852 25 310
2.600 35 2,61 222 2,603 0 222
24496 5 - 320 - - -
24404 o - 321 2,406 5 321
2,249 5 2426 400 - - -
Ra120 <20 2.13 411 2125 20 FA RN
1.76Z, 12 1.78 510 1,765 7 510
1.589 7 1.60 440 1e589 5 440
1.498 5 - 600 1499 5 600
1.461 5 - 611 or 532 1.469 5 611 or 532
1,388 5 - 541 - -
1,356 5 - 622 1,357 5 622
1.327 5 - 631 1.325 5 {diff.) 631
1.299 5 - Lbd 1,299 5 (diffs) yI5A




Table 4.9 (contd.)

Daterminetion of c¢ell dimension:

sinzg _L(h +1 + 19

= k(b2 + k2 + 19)

= lowsslt common multiple of
8in®0 X intoger

Kaz.a_z.
‘Ji_a_.

2 L (wkere K = 0,0073 from
obseivation)

- - n B

2377 23771
=lds =l -0

Hence o = 9,028

Determination of cell
dimensions

12
a-tz(hzi-kz%lz)

70

= K(B® + k2 5 18)

= lowest common
mliiple of 8in?6 X

integer

)\2.

La®

R =22, (uhere E = 0.0073
.4&2 from observat-

Hence a

ion)

= 23771 - 23771
%0073 0,0292

= 9,028
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TABLE 4,310
Experimental Data for Bicarbonste Netrodavyne

How of Initisl  Final Water  Temper- Time Phases

Run Weight Weight  Pressure ature {hrs.)
{gma) {gus) (psi) (°Gs)
Fl 0.6096 06027 20,000 650 50 Nopheline 4 Bicarb,~
Hatrodavyne
¥2 0.5952 0.6215 20,000 700 50 Nepheline
¥3® 0, 6067 0,6069 20,000 550 50  Bicarbe~Hetrodavyne
¥4 0,6041 0.6606 20,000 500 50  Hepheline
F5 0.6095 0.6183 20,000 450 50  Nepheline %
F6 0+5863 0.5880 20,000 150 50 fncleite + Bicarbi-
Netrodavyne
T7H 06240 0.6240 15,000 700 10 High Bicarb.i=
¥atrodavyne
¥a 0.,6200 0.6512 15,000 150 10  fnaleite + Bicarbe-
_ _ Hatrodavyne %
F9 0.5824 0.5941 15,000 500 140 Nepheline
Fio 0.5%904 025920 15,000 450 140 Bicarb,-Hatrodevyne
‘ , + Anglecite ¢
Fii% 0.5788 0.5786 15,000 650 10  High Bicarb,-
» A Hetrodavyne
F1z 0:5895 0.6051 25,000 450 95 Anslcite + Minor
_ Bicarb.-Natrodavyne
Fi3% 045902 0:5902 25,000 650 95 High Bicarbe—
Nelrodgvyne
Fi4% 05990 045990 255000 600 95 Bicarb,~Natrodavyae
ri5 06107 0.6016 25,000 550 95  Nepheline
16 0.6032 0.6020 20,000 700 95 7
F17 0.6127 0.6074, 20,000 750 95  High Bicarb.-Natro-
, davyne + Hapheline
¥i3 0.5982 0.6080 20,000 600 o5 Hepheline
Fl9 0,6257 0.6247 205000 500 95  Hepheline + Minor
, _ Bicarbe-Natrodavyne
F29 0.6140 0.6153 25,000 500 95 Bicarb.~Natrodavyne
F30% 00,5850 0.5850 25,000 750 95 High Bicarbee
Hatrodavyme
P3LE 0.6008 0. 6007 255000 750 95 High Bicarbee-
. ‘ Hatrodavyne
¥32 0.6013 05902 104000 200 190 flepheline
33 046094 0.6106 10,000 550 150 Hepheline +

_ Bicarb.-Natredavyne
F34¥ 05929 0:5931 10,000 500 190  Bicarbs,-Hatrodavyne
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Foi of  Initial  Finel Water  Temper~ Time Phases
Run Weight Weight  Pressure ature (hrs.)
{gus) (gms) (psi) {°C.)
rage 0.6155 0.6155 20,000 650 122  THigh Bicarbee
. . Hatrodavyne
?35% 0.6046 0.6046  20;000 600 122  Bicarb,-Natrodavyns
. 4 T» Minor ‘
‘ Hepheline
FLL, 0:5888 0.5865 15,000 550 180  Hepheline
F45% 0.6104 0.6103 15,000 600 1,0  Biesrb.-liztrcdevyne
FLT 0,6132 0,6123 20,000 300 162  Bicarb.-Hztrodavyne
¥/8 0s5818 0,5783 20,000 400 162  Bicarb.~Hatrodavyne
. , , + Minor Analeite .
FL9 0.5522 0.5930 20,000 250 162 Mmalcite + Minor
. Bicarb.~Natrodavyne
F50%* 0.5666 0:5666 10,000 550 188  Bicarba.-Netrodavyne
¥53 0.6130 0,604 30,000 650 95 Nepheline
YA D.5932 0.5933 30,000 600 95  High Bicarbe~
Natrodavyne
FG2 025541 Q.543L 10,000 650 185 Hepheline +
_ Bicarb.-Natrodavyne
F65 0.5705 0,563 10,000 650 195  Hepheline 4,
_ Bicarb,=Natrodavyne
L/ A 045836 05825 10,000 650 160  Biearb.-Neirodavyne
_ - , + Hepholine
76 0.6075 0:6057 10,000 600 160  Hepholine +
Bicarb,~Natrodavyne
Fes 05665 0.5743 10,000 650 22,  Hepheline 4 High
Bicarb.~Natrodavyne
+ Bicerbe=latro-
, davyne
F86 0,5921 0:603, 10,000 600 22,  Hepheline
¥o5 0.58%6 0.5885 30,000 550 75  Hepheline
96 0.5636 0:5652 30,000 550 75 Hepheline
F100 0.5956 0,5818 20,000 700 108
450 60  Hepheline
Fi07® 0.5874 0.5874 10,000 650 188 High Bicarbe=
Hatrodasvyne
Fi08% 046050 600 88

06049

10,000

Biearbs~Hatrodavyne

¥ =~ ploged system




FIGURE .8
Field of synthesis of bicarbonate natrodavyne

(closed system, curve drawn visually)
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TABLE 4411

d_Spacings, Oell Dimensions end (ell Volumes of Bicarbonate Netrodavyne

Sample Noe - F3
Badintion -~ CuKe
Filter - Hi
Standard - Quartz

d I (visugl)  hkil a(g) 0(?&) Cell Volume (HB}
408 75 011 12,670 5,16 717

8 I3 Y2 7 e -
3423, 100 2131 12.6?&} ) 516 717
2,996 10 3031 12,65\ 5.18 718
2,741 50 4020 12465, - -
2,622 25 41 12,67 516 737
R B S A
2.522 25 205 12,670 5.3 727
2,172 10 (v.diff,) 4151 12,67 5,16 717
2,112 7 (v.diffs) 336 12,67 - -
1,880 10 (Qiff.) 4042 12_.6?@; @ 5 719
L2315 (aer) 3z 126700 ) sy 719
L1757 15 (Qiff.) 4152 12,67 5,17 719
1,702 10 (vodiff.) 4371  12.66 Z 5,14 713
l.590 15 év..diffa) 2133 12.635, 5417 71,
1325 5 (diff.) 4263 172 5.16 723
0,9112 5 5165  12:66(7(9) 5,3, 713

!

¥ « possibly represents an unidentifiable second phase.

{ ) ~ numbers in brackets refer to groups of & and ¢ velues solved
simultanecusly.
equation.

Other

values determined from & single




FIGURE 4.9

Oell dimensions and cell wvolumes versus -%(ggizg + c°329)

for synthetic bicerbonate natredavyme
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formla BﬁaAlSi()A«(}aclz resulted in a mixture of nodalite '(BHBA}S:'LQ&;
NaCl), sncrthite (Cadl,Si0y)s nepheline and possibly NaCl and OaCl,.
Scdalibe, snorthite and possibly nepheline were detected in the X-ray
pattern of the products. & possible reaction cen be writtens—

2 microgpommite mixture + ni,0—»>sodalite + anorthite + nepheline +

HaGl 4 GaCly.

1. GUaAlS30,.20a01, + nfly0—>3NadlSi0Nell, + CahlySizOg + NaslSio,

+ NaGl + GaCl,,

The theoretically possible NeCGl and CaCl, may be mesked by other products
in the J-ray pattern.

The composition 3NaAlS8i0,.NaH30, s termed wisclmewite by Winchell
and Winchell (1951), synthesized to a nosean~type mineral. This product
wag found to be steble st tomperatures as high as 800°C, in the water
pregsure range 10,000 to 25,000 peis At temperatures lower than 500° to
525°0, in this pressure range, analeite appeared elong with the nosesn-
type mineral inm the closed systems Regular synthetic nosean (6ﬁaA1$i.O¢¢
HaQSOAJ produces no analeiie phase when synthesized in the temperature
range 200° to 800°C. (Van Pebeghem ~ personsl commmication).

The composition 3HaAlSi0 20280, 5 ealled sulphatic cancrinite
by Winchell and Winchell (1951), synthesized 4o 'z hauyne-nosean siructure
and was found to be stable up to about 800°C. sl water pressures of
10,000 to 30,000 psit.

These results indicate either that pure sulphate and chioride
cancrinites do not exist in nature or that they exist under radicslily
different conditions from their carbonate counterparts. Ain attempt to
determine the amount of sulphate radicel that could be accommodated in
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the regular formile of cancrinite proper was made by synthesizing a series
of products between canerinite proper ('BPIaAJ.SiOA.Ga‘G%-) end bisulphate
nosean (3;}51&&135.04.;%11804), It was found that compositions richer in
sulphate than seven cencrinite molecules to one bisulphate nosean mole-
cule produced a product having e diffraction pettern more characteristic
of the nosenu~typs mineral, OCompositlions of approximately this seven fo
ne ratic produced a product with X-ray patierns similsr to the cencrinite
mineral. This compogition wag arbitrarily named sulphatle cancrinite

end has the formilage~

7[30e41810,.0aC05]+ [3NeAlSi0,).NalSO,]

Similarly by synthesizing a series of products between the comp-
ogitlicns of hydroxy cancrinite (31‘19.1115104. Ca(0H)n) end BNaAlSiG&GaGJQ
(the microgommite of Winchell) it was found that the ratic four hydrexy
canerinite to one microsommite resulted in e product similar to cencrin~
ite, This composition was arbitrarily termed microsommite and has the
Lormilgge.

4[30ap1810 e Ca{0H) 2] + [3Na81510 0 CalGl,]

(31) Sulphatic Cancrinite (7[3NaAlSi0, ,Cal0q] -+ [3Nedl510,.

Fleld of Synthesis

Sulphatde cinerinite of this composition can be synthesized in
the cloged system from 400° to 800°C. in the water pressure range 10,000
to 25,000 psi. Anslcite appeared at temperatures below 300°C. in the
water pressure range of 10,000 to 20,000 psi. The experimental data for
sulphatic cancrinite ere given in Table L.12.

d:Spacings and Cell Dimegs‘iqns

The 4 spacinge, lattice planes and cell dimensions of sulphekic
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Bxperinontal Data for Sulphatis Cancriniis

No. of Initial TFinal Hater  Temper- Time Phases
Run Height  Weight Pressure alure {hras.})
(gms) (gms)  (pei) (C.)
A30 0.6089  0.6075 25,000 750 95  Sulphatie Canerinite
A3l 0.6198 0.6202 25,000 700 95 Sulphatic Cancrinite
A32% 0,6372 0.6372 25,000 500 95 Sulphatic Cancrinite
A33 0.5911 0:5947 25,000 450 95 Sulphatic Cancerinite
A3, 0a5723  0.5740 10,000 450 180  Sulphatic Cancrinite
A35 0.5968 045940 10,000 550 150 Sulphatic Canerinite
A36% 0.5914 0.5914 10,000 500 150 Sulphatic Cancrinite
A3TH 05850 045850 10,000 400 190 Sulphatic Cancrinite
A38% 06010  0.6008 20,000 600 122 Sulphatie Canerinite
A39 0.6132  0.611, 20,000 650 122 Sulphstic Cancrinite
A0 045942 05907 153000 775 140  Suiphatic Cancrinite
) + Nepheline
BAI% 00,5905  0.5905 15,000 450 140 Sulphetio Cancrinite
242 0.5865 045856 20,000 300 162  Sulphatic Cencrinite
, 4 Anolelte + Nepheline
A3%  0,5916  0.5916  R0,000 400 162  Sulphatie Cancrinite
7AA 0.5805 0.58% 20,000 250 162 Sulpratic Cancrinite
+ Analcite
A4S 0.5596  0.5647 10,000 300 188  Sulphatic Cancrinite
_ + Analeite
hyL 045690  0:5682  10;000 200 188  Nepheline + Sulphatic
Canerinite
ALT 0.5725 05740 30,000 650 95  Sulphetic Cancrinite
AB®  0.5694  0.569, 20,000 750 148  Sulphatic Gancrinite
A50 05471 0.5382 10,000 80O 195 Sulphatic Cancrinite
P + Hepheline
AS2% 05749 05748 15,000 300 160 Sulphatic Cenorinite
+ Analclite
453 0+5986 0:6321 10,000 800 160 Hepheline
A55%  (0,5897  0.5896 10,000 800 22/  Sulphatic Cancrinite

MIA%® 06065  0.6065 25,000 600 95  Sulphstic Camerinite

¥ = gloged sysbem
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cancrinite are glven in Table 4.13. A graph of the a and ¢ dimensions
together with cell volumes versus é(ﬁ-g—g Y -‘-’-g-a-?ﬁ} is given in Figuve
%:10s This groph yields an a dimension of approximetely 12,59 & ¢02§
and 2 ¢ dimension of approximately 5,18 + .,.023 with resulting cell vol-
ums of 712 & 533; Thege results sre very similar to those obtained for
canerinite propers
(iii) Hydroxy Cencriniie '(SNaAISiG4¢Ga(0ﬁ)2)
Pield of Synthesie
The experimentel data of syhthetic cancrinite are given in Table
4elle OConcrinite of this composition is found in the closed system be-
tween 400° and 800°C. at water pressures between 10,000 and 30,000 pai.
At temperatures around 400°C. in the water pregsure range 10,000 to
20,000 paiy ansleite appears in addition o hydroxy cancrinites
d Specings and Cell Dimensions
The d spacingss latiice planes and cell dimengions of hydroxy
canerinite are glven in Table 4,153 the plot of & and ¢ diwensions and
cell volumes versus -2,;(2¢;§_2§ +99;-;2§) is shoun in Figure 4.11. Thig graph
gives a = 12,60 % q#ﬁ?gsipproﬁ.mately) s =51, % 028 (approximetely),
and & resulting cell volume of 708 X 533 « The dimensions sre also similer
to thoge of cancrinite proper,
{iv) Microscmmite A[SﬂaAlS:I:D ,:Ca(0l)p] + [3Manlsio, .Cally]
Ho field of synthesis was determined for this mineral
d Spacings and Cell Dimensian;gs
The d spacings, lattice plenes and cell dimengiong of microsommite
ere given in Table 4.16; and the plob of a and ¢ dimensions and eell

2 _ _
volumes versus %(:;223 4.9-9;?-9) ere given in Figure 4.12: This graph
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TABLE L.
& Spacingg. Cell Dimensions snd Cell Volumes of Synthetie Sulphetic Cancrinite

Sample Ho. - A32
Radistion -~ CuBx
Filter -~ Hi
Standard < GQuarts

4 I {viouel) kil a(g) a(‘g) Cell Volume (33)
6434 35 120 12.63 - -
467 50 1001 12570 5:16 706
baldd, 15 2130 12,6 - -
3.652 50 3030 12.64 - -
3,219 100 2131 12,5743) 5,16 706
34035 5 {ﬁiff-.) 240 1283, - -
2,970 5 {Qiff,) 3031 12,59V 5415 707
2,731 30 040 1261 - -
2,611 20 1 12,5902 5415 707
24569 20 0002 - 5als -
2.502 5 (difg;) 3250 12,59 - -
2.415 20 OB 25917, 521 715
2,255 7 3251 1259 5421 715
2,164 7 4151 12,5044 5421 715
2,103 25 330 12,82 - -
2,013 5 5051 12, 5(5) 5411 708
1,869 10 (diff.) 4042 12,6505, 5,11 708
1.793 10 (giff.) 4370 12.59 - -
L6 10 (difr) 5270 1259 - -
1,580 7 {v.diffs) 6171 12,57 5 5416 706
1,492 7 (aa£e:) 5381 12,59 7} 5,19 712
1449 7 (aien) 52l 128900 5419 712
1,320 5 (aier.) 2263 12.57\% 5:16 706
1,259 5 (Vﬁdiff&_) 535210:0 12,58 g - -
1.2, 5 6392 maséfag 5,21 712
1.133 5 (@1ff,) 545,10,2 12,56 5421 712

( )} - numbers in brackets refer to groups of a and ¢ values solved
gimultanecusly. Other values determined from e single equation.




FIGURE 4.10

2n 2
Cell dimensions and cell volumes versus -%,r(:?s 8 , 20878,

met e
for synthetic sulphatic cancrinite




cell volume (AY

c(A)

{ 1

l (cos )
SIN e+

30 40

cose)

50

8




82

TABLE 4,14
mmmenml Dats for Hydroxy Cancrinite

No, of Iniltisl Final Water  Temper- Time Phases
Fim  Weight  Weight Pressure ature {bra.)
(gus)  (gms)  (psd)  (°C.)

Gl 0.5988 0.,6023 25,000 600 95 Hydrogy Cancrinite
G2 0.06146 0,671 25,000 450 95 Hydroxy Cancrinite
G3 0.6088 05992 15,000 500 140  Hepheline
G4 0.,6016 046244 15,000 550 10  Hydroxy Gancrinite
G5 0.5783 05770 15,000 600 10  Hydroxy Cancrinite
+ Nepheline
a6 06028 045925 15,000 75 140  Nepheline
a7 0.5834 Ga5855 20,000 550 162 Hydroxy Canerinite
coa® 0s6001  0.6001 20,000 450 162 Hydroxy Cancrinite +
_ ¥ Minor Analeite
G9 0:5957  0:6075 20,000 400 162  Hydroxy Cancrinite
Gio¥  0,6000  0:6002 20,000 300 162  Hydroxy Cancrinite
‘ + Inslcite
GIL¥ 045510  0.5510 105000 300 188  Hydroxy Cencrinite
+ Anolcita
012 0: 5645 05630 10,000 600 188  Nepheline ,
G13%  0.5629  0,5629 10,000 550 188  Hydroxy Canerinite
614 0:5751 0,597 10,000 800 i88  Hepheline
15 0.5611 045553 30,000 650 95  Hydroxy Cancrinite
G156 0.5637  0u5654 30,000 550 95  Hydroxy Cancrinite
GI7% 05690 045692 30,000 500 95  Hydroxy Cancrinits
GI8®  0.5870  0.5872 30,000 400 95  Hydroxy Caserinite
GloH 0.5315 0.5315 20,000 600 148 Hydroxy Cancrinite
320 05515 0s5521 20,000 750 18  Hydroxy Cancrinite
G21%  0,5669  0.5667 20,000 550 148 Bydroxy Cancrinite
G22%  0,5593 0:5593 20,000 450 148  Hydroxy Cancrinite
+ Minor Analecite %
@23 0.5427 05342 15,000 600 1%  Bydroxy Csncrinite
G4 0.56802 0.5784 15,000 550 142, Hydroxy Cencrinite
G25 0:5210  0.5160 10,000 800 95  Nepheline + 2
GR6%  0,5520 045518 15,000 300 160  HBydrozy Cancrinite
& + Analeite
GR7*  0,5622  0.5620 15,000 £00 160  Hydroxy Cancrinite
Geg 0.5961 045857 10;000 800 160  Nepheline

G30 Ds5942 0:5870 10,000 800 22f  Hepheline

¥ w cloged system




TABLE Z415

d Spacings; Cell Dimensions end Gell Volumes of Bydroxy Csnerinite

Sample Hoa = GI7

Hadintion o Cule
Filter _
Stondard - Quariz

- Wi

a I (visual) wEL  ad) o) Coll Tolume (3
4463 40 6 2.6 5412 705
34842 i3 7 *? 2 -
3641 25 3030 12,60 - -
3.211 100 2L 12,600 5,12 705
2.999 15 (aiff.) 3120 1248 - -
2.879 10 2 2 7 -
2,731 40 4050 12.61 - -
2.603 25 s 126703 5.13 713
2571 40 0002 - 5,14 . —
2,411 20 W0 12.67(3) 5,13 713
2,101 15 3360 12,60 - -
1.867 5 (qiff.) 4022 12.5903) 5.12 703
1747 5 (aer.) 452 12,61(4) 54 708
3504 5 (vadiffy) 4481 12,59(3(6) 5.1 704,
1492 7 (waifr,) 5@ 12,640) 51, 708
1.319 5 {v.aier,) 4963 12,61(5) 5.15 709
L1525 (vdirf,) 5383 12.58(6) 5.14 704
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( } -~ numbers in brackets refor to groups of a end ¢ values solved
Other values determined from a single equation,

gimltaneously,




FIGURE 4.11
Cell dimensions and cell volumes versus -%(&‘I%...zg- +
sin

for synthetic hydroxy-canerinite
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TABLE .16

& Spacings; Cell Dimensions snd Cell Volumes of Microsommite

Sample No, - H24

Radiation = OCuBx

Filter - Hi

Standard - {mariz
d I {visusl) md1  a(f) of)  cell volums ()
6434 25 120 12,63 -~ -
46 50 1011 12.61(1) 5,16 711
3.644, 45 3030 12,62 - -
3223 100 2131 12.614Y) 5,16 711

2,731 25 1040 12,61 - -
2.612 25 3171 12.59(2) 5,17 710
gaﬁgg 25 ggg2 12 512 -
,.5 ' 7 20 !59 - ——

2,411 30 a1 12,5903 5,37 710
2,103 25 3360 12.62 - -
2,011 10 5051 12,63(3) 5412 707
1,870 7 042 12,59 5¢14 706
1,795 7 4370 .61 - -
1,582 7 6171 12.56( ) 5..24 716
1,493 5 3143 2 -
1.486 5 5381 7 -
1,319 (Mf.) 4263 12,595 5 :4 706
1:212 5 {Giff.) 634s10,1 12456 4 5.2, 716
1,153 5 5383 12,59 706

5.‘14

{ ) - mubers in brackets refer to groups of z and ¢ values solved

simltaneously..

or by direcct comparison of ginRe

Other values determined from a gingle equation
cale. and 8in?d oba, values,.




FIGURE 4.12

, _ 2 2
Cell dimensions and cell volumes versus #{S98 g + cog 8)
sin &

for synthetic microsommite
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gives a = 12,59 £ .02R (approximately)s o = 5.14 £ .02 (approximately),
end o resulting cell volume of 706 % 51?;3 .
3« Solid Solution Mengurements

The possibility of solid sclution existing betueen the carbonate
m}d biearbomate end-members of the canerinites was investigated by syn~
thesizing variong mixbures of intermediate compogitions The intermediate
products from closed systems were X-rayed, ueing quartz as a standard,
by oseillating six times belween 26920 and 28°28, This interval conteing
the 1011 quertz peak end the 2131 conerinite pesk. The distance between
‘thege peaks wes meesured gix times and the average disteuce plotted ageinsh
compositions The standerd deviation wag also calenlated and plotted, If
these curves are linear it ig probable that compleite golid solution exists
between the end-members; non-lineer curves, or gbsence of smooth curves,
probably indicate the sbaence of solid solutions This theory is more
fully explained in Chaplber V.

(i) Cancrinite-Natrodavyne Proper

The regulis of golid solution measurements between {these end=
nembers are given in Table L.17 and a plot of 29(101-1 qbze = 2131 cance)
versus composition is shown in Figure 4.13. This curve indicates that
8 possible golid solution eﬁsts‘ between pure gancrinite and 50 weight
per cent cancrinite and between pure natrodavyne proper and 50 weight per
cent natrodavyne.

(ii) Cancrinite-Bicarbonate Natrodavyne

The results of solid solution on these éhd-members are given in
Table 417 and a plot of 26¢1071 q{z. - 2131 canc,} versus composition
is shown in Figure 4.l4s This curve is similar to that for cancrinitee




Results of Soiid Sclution Measurements

(1) Cencrinite-Natrodayyne Proper; Temperature = 450°C.s Pressure = 20,000 psi

Sample Compogltion Average Stendard

Humber (weight per cent) 283071 qtz.~R131 canc, Deviation
{degroea) (degroes)

8.0454 100% Oanorinite 14062, <0 czz,

26 753 Ceng. + 25% FKedave 1,076 ¢ 0.022

M37 50% Canc. + 50% Hedav. 1.099 - 0,016

29 25% Cencs * 75% Nadav, 1,007 E o.g:g

o,

F52% 100% Natrodevyne 0,928

ll

(ii) Cencrinite-Bicarbonate

Natrodavynes Temperature = 500°C.: Pressure = 20,000 pai
8.045 1004 Cencrinite 1.06% £ 0,024
M58 763 Canc. + 2% Bienadev, 1.059 do.012
M55 51% Cané. + 49% Bi-nedav. 1,105 * p.011
¥53 264 Cance. + 74% Biw-nadav, 1.019 i 0'011';
0.0

F34 100% Bicarbenate Natrodavyne 0,529

.La

{iii) Davyne Proper =

Natrodevyne Fropers Temparsiurg = 450°C.3 Pressurs = 15,000 pai
DRIX 100% Davyne Proper 0,770 x < 0,027
MEL 76% Dave + 2% Nadav, 04757 = 0.019
HBS 5:'-»5% DB.V. b 3 ISSQS% N&d&?‘ Dﬁ??é " GQO]-S
HBl 26% I}&VM + 74% I‘I&d&% 00820 "" 0.802
F52%  100% Natrodavyne Proper 0,928 % g.012
{iv) Bicarbonate Davyne =
Bicarbonste Natrodawvynes Temperel = 400°C,; Pressurs = 20,000 psi
D25  100% Bicarbonate Davyne 0787 £ 0,006
M/ 76% Bi-dav. + 24% Bi-nadav. 0,768 Z 0,014
M5  51% Bi-dav, + 49% Bi-nadav. 0,892 Z 0.022
M60 26% Bi~dav, + 74% Bi-nsdav, 0.887 - 0..03.3

F3L 100# Bicarbonate Natrodavyne 0,929 £ 0.015

il
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_Ta‘ble é.’lz (con‘bd.i

Sample Composition 20, = Aversge Standard
Humber (woight per cent) 1011 qtz.=2131 canc. Deviation
(degrees) (degrees)

(v) Qanerinite-Bicarbonate Devyne; Temperature = 400°C.; Fressgure = 20,000 psi

8.0u54 16007 Conorinite 1.064, . * 0.024
Mg 75% Canc, + 25% Bi-davs 1,091 £ 0.013
M3 50% Cance + 50% Bi-dave 1.118 £ 0,021
M7 25% Cange + 75% Bi~dave 1.083 = 0,013
M2 10% GCancs + 90% Bi-dav, 04981 £ 0,024

D25 100% Bicarbonate Devyne 0.787 L 0,015
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FIGURE .13

Popsible solid solution in the system

canerinite-natrodavyne proper
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FIGURE 4,14
Possible solid solution in the system

canerinite-bicarbonate natrodavyne
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menbers are given in Table 4417, and the graphk of 26
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natrodevyne propsr in that it indlestes possible solid solution belusen
pure bicarbonate natrodavyne and 50 weight per cent bicarbonste natro-
davyne, end that poseible solid solution exists between pure cancrinite
gnd a2 50 weight per cenlt cmncrinite.

{iii) Davyne Proper-Nntrodavyne Proper

The resulits of golid solution méasuremsnts on davyne proper=
netrodavyne proper ars given in Table 4.17, and the graph of 29(101'1 obis
- 2131, can cu) versus composition is shown in Pigure 4:15. This greph
indicetes possible golid solution in the compogition renge 25 to 75
weight per cent davyne proper, bub that no solid aoclubicn sppears %o
exist between the pure end-menbers and intermediate producta.

{iv) Bicarbonste Davyne-Bicarbomste Natredavyne

The results of golid solution measurements between these end-

(1011 gtz. - 2131
cencs) versus composition is shoun in Figure 4416, This graph indicates
that possible solid solution exists between 50 and 100 weight per cent
bicarbongle netrodavyne.

{v) Cancrinite Proper-Bicarbonate Davyne

The regults of solid solution measurements on cancerinite proper
and bicarbonate davyne are given in Table 4,17; and the graph of 28 (2671
atz, — 2071 czne,) yersus composition in Figure 4.17. This grapk indiec-
ates thab solid solution may exist between pure csnerinite and 50 weight
per cent cancrinite. No s0lild solution appears to exist in cancrinite

rich compositionsa




FIGORE 4,1
Possible solid solution in the systen

davyne proper-natrodsvyne proper
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FIGURE 4.16
Possible golid solution in the system

bicarbonate davyne~bicarbanate natrodevyne
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FIGURE 4.7
Poggible solid solution in the system

r

cancrinite~bicarbonate davyne
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4e Syntheals of Sulphatic Cenorinite, Using the Formuls of
Steuart (1 . and Wisehmewite, Using the Formtla of
Boljsnkin (10944

An atbempt was made to golve the controversy about the differ
ence between sulphatic csnorinite and wisclmewite, by synthesiging mine
erals with approximately the sams composition ds that given by Stewart
(1941) for sulphatic cancrinite from Loch Borolan; Scotland, end thab
given by Beljankin (1944) for wischmewite from the ¥ishnevy Gory Mountains,

For pulphatic cancrinile, the consbtituents used were nmade up
according to the proportions given in Stewartls (1941) analysis,
omitting the minor smomnt of Sr0 {0.32 weight per cent) quoted by him,
Wisclmewlte wae prepered by mixing in the correet proportiocns the cone
stituents quoted by Beljenkin (1944}, cmitting minor amounts of TiO,
{010 weight pér cent), Fen04 (0.56 weight per cent), Fed (0,11 welght
per cent), MaO {0.09 weight per cent), Mgt (0.09 weight per cent) and
CL, (0409 weight per cent).

Both these sterting composiitions synthesized e canorinite-~type
mwineral in the temperature range 300° to 450°C. et a water pressure of
15,000 to 20,000 psi. A comparison of the é spacings of both synthetie
sulphatic cancrinite pnd synthetic wischnewite, ligted in Table Z:18,
shows that there is oonsiderable difference in these synthetic minerala,
and therefore no justification in Beljankin!s (1944) suggestion that
sulphatic cancrinites should be celled wischnewites.




d_Spacings of Sulphstic Cancrinite end Wisclmewite
Syn thesized Using the Formulae Given by Beliankin (1944)

Sulphatic Conerinite Hischnewite
Radiation - CuK« Radiation - CuKe
Filter - Wi Filter - Ni
Standerd -~ Quartz Standard - Quartsz
Sample Ho.~ A29a Semple No.~ B36b
d  Intensity (Visuel) - a Intengity {Vieusl)
Le66 25 1 473 50
3.673 100 - 34929 25
3259 100 3672 60
2919 10 342357 160
2,737 15 3.012 20
2.61 35 24756 25
2,576 20 - 2643 o
2:,18 20 24605 1o
2,103 A5 2436 10
2,015 5 2.351 7
1.872 o] 24101 5
L. 749 5 2,030 5
1582 5 1,765 5 (diff.g
1.500 5 1,604 5 {aiff.
1:416 5
13294 3
1,353 5




V. DISCUSSTON OF RESULTS

The present investigetion of synthetic cancrinites in the
temperature range 200° to 800°C.; end at water pressures between 10,000
and 30,000 pei, indicates that of the six end-member formulae of the
group proposed by Winchell and Winehell (1951) at least three do not
synthesize a cancrinite type of mineral under the conditions of thig
investigaticns The fact that these minersls synthesized o members of
the sodslite family indicetes that there is a possible relationghip bew
tween the canorinite and podalite groupss Becavse of failure to synthes—
ize gome of Winchella' canerinites, aud becsuse some of the compositions
have boen modified, it is suggested that tho nomenclaturs of the cancrine
ites be reviged,

In addition, this investigation indicetes that there is cone
siderable variation in the fields of synthesis end cell dimensions of
cancriniteo with compositional variation. Solid solution measurements
demonsirate that a limifed sovlid solution is possible belwsen some end=-
members of this family.

The experimentelly determined stabllity curves probably reprege
ent metastable equilibrium ag some of the reaptions were not reversed.
The general problens of mefasteble equilibrium in experimentally deter-
mined systems, and their bsaring on the canerinite stabiiity fields pre-
gented in this thesis, are discussged in the firgt seetions of thig

chapier.




1, Problems of Bouilibwium
The fields of synthesis and boundary ourves presented in Chap-

ter IV are bolieved io repregent conditions of metasitable equilibrium.
The conditions required for experimentel mineral synthesis to take place
under equilibrium conditions have been discussed by Fyfe (1960), who has
shoun that the ease with which equilibrium is reached depends on (a) the
free cnergies of the starting materials compared to the free energy of
the resulting mineral and its dissociabion producis in the regicon of
theequilibrium temperature; (b) the grain size of the sterting materials;
and {c} tho ability to guench the experimentally formed phnsess The
ondy proof of equilibrium bowevers is the reversing of the resetiom.
Some of these conditions ere conaidereéd for the cancrinite stability
CUrTRts

4 phase or ngsemblage of phases is stable only if the free
energy of the phage asgemblage is lower than sny sguivalent phase or
assemblage, Ab the equilibrium temperature thorefore, ths equilibrium
phase will havé the lowest free epergy. Thermodynamic daba on cancrin-
ites are ingsuflieient to determine whether the phases are stable, OCon-
giderationa of the sterting materials however, do indiceie thdt these
have relatively high free energies of formation; as at loast two of them,
oL = origbobalite end y~ alumina, are knowm to be metestable at the
temperatures and preggures used in this investigation. This indicates
that there is a possibility that they will not reaet to give the mas'h
stable phase but merely another metastable essemblage. Unfortumg&‘aly ia‘r
is necessery to use theme highly reasctive starting materials b&;@;@the

\,\

more stable oxides have such 2 low free energy that they prob I?.!g@ﬁill

[y
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not react to form the desired products in a rossoneble ime. The poss-
ibility of using less reactive canstituents in the synthesis of cancrine-
ites wae not investigated in the present thesis.

In theorys en dquilibeium boundery between sssenbleges csn be
egbablighed by converting one asscmblage to another by Infinitesimal
chonges in pressure or temperature from the walues given by the boundary
gurvag. in practice, it is usually necessary to change thesge conditions
congiderablyy dus to the sluggishness of reuctiong near equilibrium
conditiong. It was found impossible to reverse the reaction in the davynes
by lowering the tempersture as much ss 250°C. (see stebility date on D74)s
However, in the system natrodavyne proper one run was reverged over a
temperature rangs of 300°C: (gee Fwliz). This inability to reverse the
reactiong iz considered as evidence that gome of the curves may not re-
present stable equilibrium,

Fyfe {1960) also considers the grein size of the starting mote
erials to be important in the synthesis of equilibriunm assemblages,
e:{ee;s‘si'ﬁrely fine meterials having large surfaee energies. Throughout
this investlgation the grain size of the stariing meterials was faivly
uniform at -~ 200 mesh and probgbly did not ineresse the free energies of
thege materiasls, The legt condition for proof of equilibrium, the abil~
ity to quench the experimentnlly formed phasesy was thought to be fule
£illed in this investigations glthough impossible to check,

The evidence indicates that the stability curves determined in
this investigstion may represent metasbable eguilibrium, Absolute proof
of metasteble squilibrium cannot be established until mora thormedynamic
date are available, It is also possible that by lowering the temperature
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nore than 250°C, and jintressing the reaction bime, reversibility would
ocour for the davynes: The success of this experiment howsver, would
only indicate that the equilibrium boundary curve lay somelhere bebween
broad teuperature limits.
2e. Problem of Anslclte at Low Temnoratures

fnplcite wes detected at low femperaturss in soveral of the
pystenmy invegtigated. Thip analeite field was only delineated in one
system, the bisulphate nosean (314&&155.0441%3804), and extends from 475°C..
at 10,000 pei to 525°C,, at 23,000 psi.. In determinations of the fields
of syntheais of cancrinite proper, analeite wag detecled at tempersiures
up to 250°C,, in the alosed system, in the hydroxy-cancrinite system
aneloite is stilk present at 450°C. at a water pressure of 20,000 psi
and in the sulphatic eancrinites analeife is présent at 300°C.. between
10,000 end 20,000 psi. These temperatures are not necessarily the upper
1imit of the stebility of ansloite but merely represent the upper tempe
erature 1imit ab which snaleite wag dobected in this investigabion.
Unly minor eneleite was detected in the bloarbonate davyne system, and
no analeite in the davyne proper and natrodavynes, although very few exe
poeriments were run with these compositions in low temperature environmenta.

1t conld not be definitely established whether the anslicite or
the cencrinits were metagtable; 25 bolh products were obgerved in the
X~ray diffractograms. In the caneriniie system, two runs (59 and 60)
were allowed to rm for over 400 hours, bui still contained pesks of both
of these ninerals, snd in'eddition the mein celeite peak, Another run
(63) vas "goeded™ with z small amount of natural vancrinite, but also pro-
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duced cencriniltes analoite and calcite peakss Possibly experiments of
mich longer duration would have proved whether cancrinite or analoite
wag the matnstable phases ¢r whether this ig en equilibrium assemblage
on & univarient line,
In the case of saneriniié propors the following thecretlcal
equationg can be postuleted to explain this snalcelfet-
(L) 1 concrinite mix + 1H,0—>1L enaloite + 1 nepheline
+ 1/2 NapQulls03 + 1 caleite —>1 cancrinite.
(ii) 1 eancrinite mlx + nH,0 — 1 enaleite i 1/3 cancrinite
+ 2/3 calcita + 1/2 Nay0.41,05 —> 1 concrinite,
(311) .1 cencrinite mix + nH,0—>1 snaleite + 1 nepheline
+ 1/2 02A1,0 , + /R He,00; + 1/2 ealeite—>1 cancriniton
Of these three emuations the second one seems mopt 1ikelys es no nephel-
ine could be detected in any of the I~ray patierns containing snpleites
No Hazﬂmlzda was deteeted in these patiterns. The zbzeénce of :zaga.mzog
is very possible sg this compound is very soluble in weter and therefore
mzy be removed in solution when the capsule is opened.
A similar oquobion can be formilated for hydroxy-cancrinite.
ving—
1 hydroxy-cancrinite mix + nilh0 —>1 ansleite + 1/3 hydroxy-can-
erinite + 2/3 Ga(0H)p + 1/2 Nag0.Al503.—>1 hydroxy-cencrinite.
Ho Ja{0H)y or Hap0.A1,04 were detected in the X-roy pabborns.
The field of analeite in the bigulphate nosean composition was
well egtublished over the pressure range 10,000 to 23,000 psi. The
1ikely equntion for this metastable ansleile is
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1 bisulphate nogean mix + niy0 —> 1 snaleite + 1/3 bisulphate
nesean + 1/2 Nay0.41505 + 2/3 HaHs0; —>1 bisulphate nosesns
Bramination of the Y-ray patterns containing snalcite indicated that both
sngleite and bisulphote nogesn were pregent in the temperature rsnge
Z00° o 450°C. In this ranpge NaAlSO /1 is nlpo a possible product, but
wag difficult to detect as the mein Hafls0, peak occurs in the same pos-
ition as the main ansleite peak. With the exception of ¢me run at 3509,
no nepheline wes detected, and it is possible thet at this temperature
the nepheline and the HeH30, had not combined to form bisulphate nosean.
3s Jdentifiestion of Products

In all experiments in hydrothermal synthesis there is an un~
certainty in the composition of the phases produceds This problem is a
gerious ona that cannol be readily solved, as it is usually impossible
to chemically anaelyze the small amounts of synthesised phases, and hence
prove that the resviions predicted have in fact cccurred; For example,
it is not possible to say that the cancrinites synthesized on the low
temperature side of the reaction curves actuelly have the compositlon
stateds It is theoretically posaible thet the hydroxide radical hes
*"eg;tere& the ptrueture in place of oxygen or some obher anion, and 4% is
pbssible also that 005 does not enter into the phase but exisis as &
gas and ig lost as soon as the capsule is opened, This, of course, is
also trus of syntheses on the high temperature side of the reaction
curveg. However, one is meed to the difficulty of identifying products
on the high temperature aside of the resction curves, and consequently
fails to recoguize that this isg alwgo a resl problem on the low temperate
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ure side.

A1 products synthesized have been examined microscopically
and by X~rvay diffraction methodg. In the caneriunite proper compogition
two rung were mado without water but merely in 2 GO abtmosphere end no
major difference could be detected between cancrinites synthesized in
this faghion and those synthesized wnder water pressures In addition
a cencrinite hag been mynthesized in whiech the cerbonate rsdieel has been
replaged by & hydroxide radiecal., These hydroxy cencrinites have slightly
different d spseings and coell dimensiong from cancrinite propers syn~
thegized in the presence of excess waters

The poswibllity of the hydroxide radical entering the structure
of natrodavynes in pleae of the carbonate radical was investigeated by
synthesising & cancrinite composed of nepbeline mixturs and approximately
6N godium hydroxide solutlion, This cencrinlite is presumebly similer to
the "basic cancrinite" pynthesized by Barrer and White (1952) using co-
precipitated gels. It is significent that thls sodium hydroxide cancrin-
ite had uniformly higher d spacings than eifher netrodavyne or bicarbon-—
ate notrodavyne. The d spacings of the sodium hydroxide cancrinite as
well os those for natredavyme snd bicarbonate nstrodavyne sre preseated
in Table 5,1s If the carbonate and bicarbonate radicals of the natro-
davynes are replaced by the hydroxide radicel it would be expscted thab
their d spacings would bs gimilar to those of the sodium hydroxide cance
Tiniteg, The resulis shown in Table 5,1 indicate thet this iz not the
caggy and therefore gtrongly support the contention that the low temper-

ature natrodavynes aetusliy have carbonate and bicarbonate compositionsa
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TABLE Sad.
d Spocings for thetiec Nabtroda ~

Bicarbonate Netrodavyne spd Sodium Hydrozide Cancrinite

Bediation - Cula
Filter -~ N3
Standard - Gaaris

' Sodium
Hatrodavyne Bicarbenate Natrodavyne — Hydroxide Canerinite
3NaA1510; +NagG0s 3Nah1S30, .HalC0 HaA1810/,xNa0H
T40x ‘ : an" ‘

I {visual) d | 1 (visual) d 1 I (visual) d
50 6436 L0 6.33 ; - -
65 4469 75 L8 | 80 470
15 beld - - ] - .
70 3663 - - | 8o(aiff;) 3.672
- v A , 75 31397 1 - -

100 3eR3% 100 323 | 100 252
- - s} 2,99 | - -
. - 4 10 2874 ' - -
50 RSTET 50 2sTLY 35 2,758
10 2.628 25 2,622 I 30 24634,
- - 30 24584 30 2,589
15 2:515 |} ic 2,516 | 15 24566
5 24426 25 22422 - 15 20431
20. 2.264 10 2:239 - -
7 2,172 .+ 10 2.172 5 2184
5. 2,113 7 2,112 R -
-, T - - 15 2,006
5 1:883 | 1o 1.880 5 1,886
7 1.804, 5 14803 - -
10 1.7 : 15 1757 7 1,763
5 1,705 10 1,702 - -
10 1:590 15 1.590 5 1.593

Further evidence of carbmate composition is given by con-
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sideration of natural cencrinites: From chemical analyses and Yimited
atructural determinations of these cancrinites, it appears that co,
readily enters the cencrinite structurse.

For these reasons the suthor feela reasonably confident that
‘the compositions of the various phases are as stated. Assuming the com-
positions of the synthesized phases are es stated, the problem of ident-
ificgtion of the phngses formed from the gtarting materisls and of the
dimsociation producta by Ze-ray methods requires some consideration. The
synthetic canorinites formed from thelr congbituent oxides, carbonates,
hydrozideg and sulphates gave X-ray patterns which in the majority of runs,
conpisted of the pure canerinitess These wers proved to be the pure pro-
ducts by determination of their d spacings and corresponding cell dimen-
siongs In a fow cases, it was found impossible to index snd assign cell
dinenslona to e few of the minor peaks. The d specings of these pesks
wers chocked with the d spacings of severel likely components and no
ecorrelation was found. Those extraneocus pesks, usually of low inbdensity,
possibly represent some unidentifiable phage. From X-ray considerstiongs
it appesred that the starting materials hed reascted to produce slmost
100 per cent yields of cmncrinita.

Investigation of the dissocistion products of davyne proper and
biearbonzte davyne showed thoet the dissocistion product consisted only of
nepheline, even in the glosed system. The apparent disappearance of
K5C04 and KEGO:; as revenled iu the X-ray pabiern can be explained in sove
eral weys. First, in the case of KHCOs, which melts at approximately
2009, at abmospherie pressure, the EHCO; may be present as a gless at
‘the high temperature of dissocistion and therefere not appear in the X-ray
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pattern. Second, both K,003 and K00y are fairly soluble in water, and
mey be removed In solution when the sapsules are opened. Thirds the

K2393 and KHCOg may not appear on the X~ray pattern beceuse the intenmity
of peaks ig dependent o the soattering factors of the atoms which in tum
depend on the stomic numbers of the ztoms. Thuss it is possible that
K003 and KHGOg, having relatively much lower atomic numbers than the
three nepheline molecules, would have less intense peaks than the nephw
eline, Each of the popsibilitics mentioned ebove was examined experim-
entally.

The second possibility wes examined experimentally by synthesize
ivg a davyne proper conteining /2 welght psr cent K00 in excess of the
stolohiometric proportions required by the formule {see stebility data on
D87 % B)s The ratio of water to powder in this sample was ome to four,
When this mixture was taken sbove the dissocistion temperstures cnly neph-
eline wag detecled in tho X-ray pattern, indieating that even the ezcess
E5004 was probably soluble in water ab theps temperatures.

The third possibility was tested by I-raying a mixture of nabural
nepheline and ;003 in the same proportions es the davyne formula. This
produced & diffractogram containing peaks of nepheline and 32%3‘- This
mey indicate thal thediseppearance of the K;003 in the breskdown producis
of davyne proper is due to the solubility of K003, The formation of
KGOy a8 & glass is unlikely as K,00, does not melt at atmospheric pressure,
until spproximately 800°C,

The firat possibility could nol be tesited by X-ray methods.
Optical examinebion of the dissccistion products of bicarbomste davyne
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indicated that glass might be present. Unfortunately the synthetic pro-
ducts, both sbove and below the disgociation temperatures of all the
systems investlgated, were poorly erystallized and not amenable to opitical
examinebion. Some products synthesized just below the boundary curves
revesled minor nepheline crysials in sddition to some glass. This indie-
ated that the diesscciation takes place over a range of temperatures.

The problem of solubility of NapG0j and HaHCO3 in the natro-
davynes did not oecur. The transformation products in these gystems, as
determined by X-roy methods, are diseussed in a later section of this
chapter.

4o Influonce of Time of Reasction on Products

The length of the experimentel runs is interesiing for two
roagens, Firat, the time required to synthesize canerinites, and second,
the infliuence of rezction times on the breskdoun curves of these minerals,

The average length of the experiments was six to soven deys
{144 1o 168 hours) and depended on the water pressurs used; longer time
being required at lower pressures. This time wog found to be guffiecient
‘to give a reasonebly good product for Xersy identification. The minimum
time used was 48 hours and the meximum time 520 hours, The minisum time
gave o good products indicaiing that canerinites can preobably be synthos-
ized in a few hourps The longer experiments did not zlter the gbability
curvesy nor did they promote the breakdown of cancvinite propers This
shows thet within the limits used in this studys time is not en imporitent
paramster.

5« Influence of Composition on Stability Fields
Of the five carbonate and bicerbonate canorinites synthesized,
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it weg found that the devymes containing potepsium carbonnte and bicarb-
onete dissocisted at the lowept bempersturesy +the natrodavynes combaine
ing sodium carbonate and bicarbonate trangformed st & temperature approx-
Imately 1509C, higher than the potassium csncrinites; and lastlys the
caleium carbonate cancrinite did not dissociste at the upper temperature
1imit of this study. In additiony neibther the sulphsie nor hydroxide
end-memberg digsocciated at a temperature of 800°C.

Analcite ocowrrad, parbticularly in the opened capsules; abt low
temperatures in most of the systems; buit the limits of this field were
not fully determined for the various cancrinitege

6. Influence of Composition on Cell Dimensions

The determinations of cell dimensions of the varlous synthetic
eancrinites from powder patterns were not as sccurabe sg would have been
obtained with single crystal meothods. These dimensicnsy although subject
0 considerable variation caused by the mathemsiical complexzities of the
method of Nelson end Riley (1945} do indicate a definlte variation in
coll volumes {whers volume is 0;3_669.2:3)» with compogition, . The spresd in
volumen on sach determinstion did not exceed 2 per eent and in meny cases
wag lower,

Of ‘the carbonate snd bicarbonate cencrinitess the davynes l,fjmn-
taining potassium have the largest cell volumes, the sodium cenerinites
{natrodavynes) have intermediste cell volumes, and the common ealeium
cenerinites (cancrinite proper) have tho emallest eell volumes. The
addition .of sulphate, in the form of NaHE0, to cancrinite proper in the
correct proporticn for sulphatic cancrinite does not alter the cell volw
ume, Thie is to be expected as sulphatic cancrinite contsing a large pro-




portion of the cancrinite moleculé. The substitution of the hydroxide
radical for the carbonebde radical in the hydroxy-cmnerinifes also produces

only a slightly smeller cell volume., The cell dimensions and corresponde

ing cell volumes of the synthesized cencrinites ave given in Table 5.2.

TABLE 5,2
Cell Dimensions and Cell Volumes

of Synthetic Canerinites

Hame al®)
Cancrinite proper 12,59
Davyne proper 12;73
Bicarbonate davyne 12,73
Hatrodavyne proper 1267

Bicsrbonate natrodavyne — 12.67

Sulphatic canorinite 12:59
Hydroxy-canerinite 12,60
Vicrosommite 12.5%

2
5427
5,18
5:20
S«lg
5516
5alB8
s
5.14

710
27
730
720
X7
711
707
706

A consideration of Table 5,2 showg thal the major changes in

eell volumes are produced by varisticns in the cabtions rather than by the

carbonate, sulphate and hydroxide radicales If the canerinites have

framework type structures with large open spaces, capable of accommodat—

ing the potassiuvm, sodium and calcium ions combined with the acid radicals,

it is reagonable that the duvynes would have the lasrgest cell volumes as

the ionic radiug of potasgium is lsrger then that of sodium snd caleium,

This however, does not explain why the natrodavynes have a larger coll

*
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volume than cancrinite propery as caleium snd godium haveé similer ionic
radiis A complete explanation of veristion in cell volume with composite
ion cannob be given undil the strueture of cancrinites is more definitely
established,,
7s Hich Temperature Products in the Nelrodavynes
The bigh temperature product in the netrodavynes cousigted of
s minergl resembling the nosean~hauyne group. There are two passi‘iéle
explenationg to geecount for this products. Pirgts thet the transition
represents polymorpbism from & hezagonal low natrodavyne fo & cubic high
natrodevynes Secondy thed the trangition product represents a "basic-
nogean? ; such as has been synﬁimaiaed by Barrer and White (1952): This
poesibility can be ropresented by the dquationj-
1 natrodavyne 4 nfi;0 %‘ 1% "basic-nogean” + COp
fee, Hak1S10,,Hay00; + B0 0% (1a,0,1441,0,,3510,.2000H)
+ G0y |
This secand possibility wae investigated by synthesizing a mine-
eral of the composiition of nepholine 4 HaOH, This produced = nossan-
bauyne~type minerzl, bnt with different d spscings from the nogean~heuyne-—
type mineral produced by the regular natrodavyne compositionz. A comp-
arigon of ‘the 4 spacings of high natredavyne. high biearbonate natrodavyne
and this "basiz nosean® is given in Table 5,3. The faot that the d spac-
ings of this "basic nosean™ differ from those of the high temperature
natrodavynes Indicate that polymorphism exists in natrcdavymes. As men~
tlened in a previous section of thisg cheptery the composition nepheline
+ HaOHy synthesized at low temperatures; produced a cancrinite-type
pabtern bub with different 4 spacings from the natrodavynes {Teble 5.1)
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This indieates that polymorphism also exisis in the composition nepheline

+ HeOHs; producing ai low tepperalures = godium hydroxide cancrinite, and

at high temperatures s Ybasic-nosean®s The exect transibion boundary

for sodium hydroxide cancrinites transforming to "hasic-noseans" was not

astablished but liss betusen 400° and 700°C. at a water pressure of

15,000 poi.

TADLE 5,3

A Comparigon of d Spacings of High Natrodawyne
Proper, Hich Bicarbonate Natrodavyme and “Basie-Nogean®

High Natrodavyne High Bicarbonate THagic-Nopeeny
Proper , Hetrodavyne _ .
F21x (JNeAlSi0;.Nay003)  T3L (3MaAlSio,.NaHCO,) (Ha41810, . xNa0H)
I (visual) d I (visual) a I {visual) d
70 6438 30 6440 * 40 6020
10 3676 100 3.676 100 3,687
25 2,848 25 2.852 0 2,860
35 2600 o) 2.603 75 2:608
5 24496 - - - -
10 PRIALTS 5 2,406 15 2e415
20 2,120 20 2,125 20 2,127
20 1,764 7 1,765 20 1771
7 1.587 5 1,589 15 1.598
5 1,498 5 1.499 10 1.506
5 5 14,460 15

1,461

‘1465

The type of polymorphism involved in the natrodavynes is not ex~

actly lmowm. It is popsibly dilatational polymorphism, caused by slight

displacements of the stoms, but bresking no chemical bonds. This type of

polymorphism is achieved by a simple differential dilabation in which the
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structure expands along one axis and contracls at right apgles to this
axis. Gossner end Mugsnug (1930) have shown that the heuyne structure,
which ig similer to noseany can bs changed to the cancrinite strueture by
dilatation of one of the cube diegonals. Dilatational polymorphism is
also chars,et;rize& by its rapidity and reversibility., The boundary curves
for these natrodavynes urs well defined, indiceting rapid iransformation.
One attempt to reverse the reackiovn in the system nabtrodavyne proper was
suceegsful botween 700° and 400°C. ab a water pressure of 15,000 pais It
is not known whether dilatational high temperature polymorphs can be
quenched, ‘

8. Extent of Solid Sointion dn the Danorinite Family

In thiz thesis no complete sttempt has :been made to delineate
the t;a.l‘iqus binsry systems between the carbonate and bicarbonate end-mep-
bera of the cancrinite family, It was assumed that a plot of chenge in
eell volume with composition would give a sitrsight line for lideal binary
golid solution (Zeny 1956)s The mssumpbion was algo mode that the para-
meter 25}(3_0‘5_'1 quarts - 2131 cancrinite) Wos @ measure of eell volume,
This was proved to be corredat, as experiments phowed that a plot of change
in volume versug composition gave curves of the ssme shape as the 28
versus compopition curves. Using these assumpbions, tesis were made to
see whether there wes solid solubion between the end-members. In the event
that no complete solid sclution wes observed, no further experiments were
ndertaken,

The regulbe of solid solution measurements indicate that solid
golution in the cencrinite fawily is possibly wery limited, and that in

none of the five cases investigated is complete golid solution observed.
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The end-members, cancrinlite-natrodavyne proper and cancrinite-
bicarbonate natrodavyne show similar types of curves (see Fipures 4.13
end 4414)» each having a distined break ab 50 welght per cent cancrinite,
but being approximately linear botween bobh end-members end this break.
Ro reascnable explanation for the irregularity in this curve can be given
without further experimentations The end-membergy davyne properenatro-
davyne proper (see Figure 4.15) indicate possible scolid solution between
25 and 75 weight per cent davynes This is an unexpected renge for solid
golution to ocour in, bubt o determination of actual cell volumes plotied
apainst composition gave a similar type of curve, The end-momberss; biw-
cerbonate davyne-biearbonete natrodavyne {(see Figure 4.16) show that
solid solution may exist between 50 snd 100 weight per cent bicarbonate
netrodavynes Finally, the end-memberg, cenerinite preper-bicerbénate
davyne {See Figure 4.17) indicete thab solid soluticn is possible between
50 and 100 weight per cent cancrinite proper. The ressonsbly smooth curve
between zero and 50 weight per cent cencrinite proper cannot be explained,

The evidence of solid golubion betweon the cancrinites as deter-
mined from these measurements, must be regaerded merely as a preliminery
investigation for theoreticel and praetical reasons. Theorstlcallys ideal
binary solid golution should prodiice & linesr,; or at least a smooth, curve
with no sharp breskss From structural congiderations it is most unlikely
that golid golution would oceur ab intermediate compositions, and not at
the end portions of the disgrems, However, this situation has been fownd
to be true for davyne proper-natrodavyne propers and has been verified by
plobting esll volumes against cnmpasitign« In practice the straight lines
determined may extend further than shown. This would be possible if o




115

solvuz had been realised, and would produce two phesesy ane of a mejor
compesition; the obher of minor composition that might not be reécognized.
The possibility of a solvus being realized in thepe systems is unlikelys
due to the sluggishness of wmixing in silicates,

O« Rolationshin between tho Osncrinite and the Sodalile Femilies

A congideration of the chemical composition and geologicel en-
vironment of the cencrinite and sodslite mineral families suggests thab
there is some rolationship between them: Chemically, these families are
similer in that they ere composed of mepheline molecules plus chloride
and sulphate saeltsy geologically they often cceur together in alkalic
rocks. This invesbtigation further puggests thet ithere is z sirong eimile
arity between the two families and may indiemte thab carbonate vorieties
of the podalite fanlly are feasgible ab high tempsraturess as hae been dige
cussed in the section on polymorphism of natrodavynes.

In 1915, Lursen and Stelger, reporting the first ccourrence of
sulphatic canerinite, suggested that a complote range of minerals might
exist betueen the carbonate cancrinites and the sodium suliphate nnss;:m'.
Thip observation has been to some extent confirmed in the case of synthetic
mineralg in this composition ranges

Hixtures of the cancriniie proper molecule (3%!&&15104;;0&303)
and the bisulphate nosean molecule (3NaAlSiQ,.NaHSO,) were synthesized in
various proportionss It was found that compositions richer in sulphate
'I;hzln geven cencrinite to one nogean retained the characteristic peaks of
the nosean pattern oun the diffractogramsy while in compositions richer in

carbonate thon this ssven to one retio there were the characterighic canc-

3
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rinite peaks and no nogean pesks on the diffrasctograms, This indicates
that, at the single temperalure end pressure at which this phencmens was
investigated, the cancrinite molecmle can accommodate zpproximetely 23
weight per cent of the bisulphate moleeuls, Similar results were obtained
for a mixture of the devyne proper molecule (3NaAlSiO;wE;C03) end the
sulphate nosean molegule (6HeAlSi0.NasS0s)s Investigetions of the com-
position between hydraxy cancrinite molecule (3NaAlSi0;.Ca(CH)p) and the
hypothetical calcium sodalite molecule (3NeAlS1O,.0aCly) showed that come-
positions richer in the c¢hloride than four hydroxy-cancrinite to one
hypothetical ealeium sodalite produced characteristic sodalite pmaks ¢n
the diffrectogramg, while compositions richer in the hydrozide molecules
produced peaks characteristic of the hydroxy cancrinite. This indiested
that the hydroxy éancrinite nmolecule can accommodets approximately 51
weight per cent of the calecium scdalite moleculs.

Those results do not indicate that complete solid golution ex-
ista between the sodalite and canerinite families, at the temperatures
and pressures used in this investigstion as peaks of both cancrinite snd
podalite could be dstected in the sodslite~rich fields. OComplete solid
solution howevery is unlikely between minerals belonging to different
orystgl systems.

The experimentsl resulis pregented here are insufficient to de-
fiz}itaiy establish the relationships between these two families, tut do
indicate a great similarity between thom. One notable difforence however,
is that the synthetic sodalites appear to be higher temperature minerals
then synthebic canerinites, as none of the sodalite family disscciste at

the temperatures and pressures of this investigation. {Ven Peteghem - oral
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commmnication).
10. Geolozic Implications

The fact that the nine cancrinites with different compositiong
wore synthesized is in sgreement with the snelysis of the literature theb
indicates natural cancriniite can have a wide range of compositidn. It
is noteworthy that can»rinites rich in K0 have not been recorded in the
literature,:

The oxperimental data end dissocliation produets show that cance
rinites are moderately high temperature minerals, some of which are re~
action products of nepheline and possibly eslecite (or some other cerbon-
ate or sulphete). This is algo in accordence with the fact that natural
¢ancrinites are commonly found in close association with nepbeline end
caleium bearing rocks, and hove been reported as “resciion rime” around
pepheline grains {Pirsscn end Woshington (1907}; Lersen and Foghag
{1926))s

The presence of the nosean~iype high temperasture polymorph in
natrodevynes has not been reported in the litersture. It is possible hoi
ever, that some of the noseans reported may actually be of carbonate com-
position; The faect that nogemms are relatively rare, and that only a few
analyses ave available could easily result in carbonate noseans nob being
detected, as their optical properties and orystallographic features are
very pimilar to the reguler noseens,

The presence of ansleite at low temperatures in the synthetic
systems indieates that analoite can appear as a hydrothermel alteration
product of cencrinite. This hes not been reported inm the literature; tui
analcite hes been deseribed ag a possible gecondary mineral efier sodaliie
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in the Kola Peningula by Lebuntzov {1927) who proposes the resctioms-—
* 2(3MapAlySi500a4Nall) + nHy0 = 3(NephlySi 0y542H50)
+ 3(41,03:mEp0) + ANeCL + 6NoOH

11 Justification of Revised Nomencletuve on the Basis
of Experimentsl Reguils

As a result of being mable 16 synthesize some of the cancrinite
speciep proposed by Winchell and Winchell (1951), end the fact that the
davynes and natrodevynes gynthesized with either carbonate or bicarbonete
redicalss each with glightly different cell dimensionss it seems justifi-
able to revise the ncmenclature of the cencrinite group proposed in
Table 1.l of Chapler 1.

The term wischnewite with composition 33?1'6.&1185.04@=(Ha11834gﬁa0}1)
should be zbandoned as it does not synthesise z cencrinits type minerals
The terms microsormite with composition 3Wall8i0;.0a0l; and sulphatic
oanerinite vith compopition 3WaldlSi0 4&&8{)4 are alsc undepirable for the
semo reasm,. It is pospible that a considerable amount of Ga(OR)o added
to both thase compopitions would synthesize a cencrinite minerals This
has bsen shown to be the case for microgsommite, snd it is therefore pro-
posed that the term microsommite be restricted o a minersl of composition
4] Mah1810) «0afOR))] + [INaA1810,.0a00p]« The tern sulphatic cencrinite
hag been arbitrarily aseigned t6 the mineral of compositicn ?[31@&&135;64'4
0al03] + [3HzAl8i0;eNaliSO,] + The term cancrinite proper as used by
Winchell and Winchell has been split into two terms, one referring to the
pure carbenate composition 3&&&155.04,5&363 and designated eancrinite
propers the other referring to the compogition lacking carbonste - 3&&&3.85.‘04.

Ca{OH); and designated hydroxy cancrinite,
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The end-members used in the present study will probably never
be found in nature, bub the revised terminolegy could be used for nsturel
cancrinites on the basis of the prediminant cation and eeid radical

progent,




VI. SOME DATA ON WATURAT CANCRINITES

Four specimens of natursl ecanerinite were investigated in an
atbempt to correlate thess natural cencrinites with their synthetic count-
erparts. These specimens consisted of a yellow cancrinite from Red Hill,
Rew Hampshire; two specimens of cancrinite from the Americen Nepholine
Company quarry et Blue Mountain, Methuen Township, Ontario, ons a yellow
cancrinite, the other a purplish-pink cancrinite; and the fourth a
specimen of sulphatic cancrinite from the AIlt a' Mbuillin quarry at
Loch Borolan, Scotlands. For the New Hampshire specimen the d spacings
and field of gtebility were determined; for the other three specimens
only the d spacings and cell dimengions wore determined.

1. Red Hill, New Hempshire, Cancrinite

The Red Hill, Hew Hampshire, cancrinite is s typical lemon-yellow
coloured specimen, with n.,= 1,506 and a very low birefringence. This
canerinite oceurs asgociated with a nepheline-syenite forming part of
the White Mountain Magma series deseribed by Guinn (1937).

Several grams of this cancriniie were separated from the rock
and crushed to pass 200 mesh. This material wae then placed in cgpmules
elong with water, and an attempt made to find the field of stebility of
this mineral., It was found that, in the closed system, the gample did
not dissoclate at temperatures as high as 750°C. and at water preesures
roanging from 10,000 to 37,000 psi. Iowever at temperztures ranging from

525°C. et 10,000 psi to 650°C. at 37,000 pei, nepheline started to appear

¢
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in the open systems, The data for these rung are given in Table 6.1,
and the disscciation curve for the open system, drawn visuallys is given
in Tigure 6,1.

TABLE 641
E:merimerital Data for Red Hill, New Hompshire, Cancrinite

No. of Initisl TFinal ' Water Temper-  Time Phases

Fun  Woight Ueight  Pressure ature (hrs.)
{gma)  (gms) (psi) (°c.)
¥ . 0.5744  0.6473 15,000 400 70 Cancrinite
3% 0,5916 0,6056 15,000 360 70 Oencrinite
6% 0.5881 045820  15.25,000 700 72 Nepheline
T 046354 0.6312  15-25,000 650 72 Hepheline
g 0.6316 0.6281 15-25,0000 600 72 Nepheline
9 0.6074.  0.6075 15,000 525 144 Oancrinite
g 0.5786  0,5746 15,000 550 4k Gancrinite
11 0:5311  0.5221 15,000 575 144 Cancrinite
1o 05985 0,6036  25-30,000 580 122 Canerinite
13 06450 046490 25,000 610 122 Canerinite
E - 046215 0.5550 25,000 650 122 Nepheline
15% 0.6123 0.6635 10,000 500 75 Cancrinite
16 0.6319 0.6318 10,000 540 75 Cancrinite
17% 0.6040 0,6276 10,000 520 75 Concrinite and
7 Nepheline 7
1g% 0.6218 0.6830 10,000 600 o2 Canorinite and
Hepbeline
g% 0,615, 0.6585 10,000 625 02 Cancrinite and
, ‘ Nepheline
Yepheline
21 0:6109 0.6237 10,000 625 168 Cancrinite and
Nepheline
R2% 0.6108 0.6111 105000 645 168 Cancrinite and v.
Minor Hepheline
23% 0.6110 0.6144, 20,000 550 g0 Canerinite
2% 0.6140 0.6116 20,000 650 S0 Qancrinite and v..
, Minor Nepheline
25% 06140 0.6147 15,000 675 92 Cancrinite

26% 046217 0,6197 15,000 650 66 Qancrinite




Teble 6,1 {contd.)

Mo, of Initial Finsgl Hater Temper- Time Phases

Fun, Weight Weight  Pressurs ature (hre.)
{gms)  (gms) {psi) {°C.)
28 0.6813 0.7060 20,000 725 119 Nepheline
29 0.6099 0.6097 20,000 650 119 Cancrinite
30% 0.6150 0.6167 20,000 700 119 Hepheline and v.
Hinor Cancrinite
31 0.6013 06007 15,000 625 156 Canorinite
32 06173 0.6172 15,000 650 156 Ganerinite and
‘ Hepheline
33% 0.5967 0.5985 15,000 575 326 Canerinite
34 0.5849 045850 10,000 200 235 Cencrinite
35% 0.5944 0.5995 20,000 €00 156 Cancrinite
36 0,6093 0:6083 15,000 700 96
: 537 &6 .
430 24, Cencrinite
270 6
. 180 1
e 0:6121 0.6149 37,000 650 140 Gancrinite and
Y¥epheline
3% 045992 035924 37,000 725 U Cancrinite and v,

¥inor Hepheline

#* — vpen system

Ho caleite was detected in the open systems ab the higher temperatures,
presunably heving been lesached from the cepsules or baving dissociated
at high pressures. The nepheline in e few cases was very minor, which
ney indicate that in the open systems the breskdowm

canerinite = nepheline + caleite %
takes place over a range of temperature in the open system. This reaction
is obgerved under the microscope for many natural rocks. Ho investigation
was made to detech enaleite at low temperatures.

The d spacings and cell dimengions of the Red Hill cancrinite




FIGURE 6.1_
Dissociation curve for naturel cancriniie
from Red Hill, New Hampshire,

(mostly in open system, curve drawn visually)
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wore determined by the same methods used for the synthetic materisls.

-Table 62 gives the d specings end osll dimensions cbtained for the une

heated cancrinite, using in one case CuKx radiastion, in the other case

FeRo radistions

d Spacings and Gell Dimensions for Unheated
Hed Hill, New Hampghirs, Canarinite

GuEx Rediation
A= 1.54188

Filter

- Ni

Stendard - Quartz

FeKoe Radiation
A = 1.93738
Filter — ¥n
Stendard - Quartz

a I hkeil a c d I hkil L& e
(via~ {vie~
1ual) ual)

6.33 50 1120 12,63 -~ (628 70 1120 12,56 -
4e€h 70 1011 (1)IR:61 5,13 465 40 10t (1)12,44 9
3.644 70 3030 12,6 - [3.639 <90 3030 (1312.62 -
3.213 100 2131 (1)12.61 5,13 [3.211 100 2121 (1)3z.62 5,10
3.022 5 3140 12,58 - [2.566 20 0002 - 5418
2,965 5 3031 (2)12,68 5.04 |2.,415 20 4041 {(2)12,61 5,18
2,734 L0 4040 12,61 =~ (2,325 15 20227 2 2
2,608 25 3141 ‘(2)(3)12. 5.04 [2.150 10 151 ()12,0m %
2,564 15 002 5‘413 2,089 20 3360 12,53 =
2499 5 3250 12.58 2,012 5 5051 {2)12.61 5,18
\3.408 5 4041 {3)12.59 5.-14 1.867 5 L042 (3)12.59 5,11
2,150 15 /4351 {4)12,54 5.12 |1.792 10 4370 3)12,59 =~
2,010 5 5081 (4) (5)12-,62 5,10 {1,576 5 4480 1261 -
1.867 5 4042 (5)12.62 5,10 11,491 5 5381 {£)12,58 5,19
1,789 5 4370 12,57 - 11342 5 L8R (5)12.58 5,15
1,745 10 5270 12,58 -~ 11,319 5§ 4263 (5)12.58 5,15
1,577 10 4480 12,61 =« 3,132 1 5,5,19,2 (4)12,58 5,19
1489 10 5381 (6)12.56 5.21
1441 1o 5272 (6)12,56 5,21 6,/”10;2
1.3,2 5 5053 (7)12.63 5.09

QT

4432
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Table 6+2 (contd.) -

d I KL a a | a I higl a e

(vig- (vig~

ual) ual)
1318 5 4363 (B)12,56 5415
1212 5 6392 (7)12.63 5.00
1,133 1 6,4,10,2 (8)12.56 5.15

or_,
5,5,10,2

(1) -~ pumbers in brackets refor to groups of & end ¢ values solved
gimultaneously, Obher values determmed from g single equation
or by direct comparison of 8in®g calc. and gin®G obs. values,
The caleulations of the cell dimensions of this cancrinite from the diffracto-
groms using both Culx and FeKx radistion give a = 12,608 % 028 (approximately)
and o = 5,128 (approximately):; The plobs of %(2?-3-2-% & -‘5";—-2-9-) versus & and
;c‘for CuKy are shown in Figure 6.2, The expariri:ztal data, d gpacinga and
cell diménsions of the Red Hill canerinite are very similar to the synthebic
cencrinite, which might suggost a vompositional pimilarity to the synthetic
niterial,.

2, Blue Mountain, Mellmen Township, Cencrinites

(1) Yellow Specimen
This specimen is en arber yollow carerinite with averagé n = 1.506
{approxinately) and occurs in a nepheline syenite rich in blotite. Ssmples
of cancrinite from the same loeality were desgeribed by Phoenix snd Nuffield
(1949,
. The d spacings and cell dimensions of this cancriniie were deter~
mined in a similar manuer to the obher specimens and are shown in Teble 6.i3.




FIGURE 6.2

2 2
Cell dimensi ver 1(eos 8 . gog' s
nelons versus HometT e )

for natural cancrinite from Red Hill, New Hampshire
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TABLE 6.3
Spacings and Oell Dimensiong for Blue Mountain,

Methuen Township,

Cancrinite

Radiation - CuBx; A — 1.5418R8; Filter — Nis Stendard - Quarts

127

Yolloy Spscimen Pink Specimen

4 I hkil a a d 1 hkil a c
(vis- {vis~
ual) ual)
6,31 30 1120 12,59 - | 6,36 35 1120 12,72 -
5446 5 2020 12,62 = | 4.64 60  10Il (1)12.63 5,12
4e64 50 1011 12,59 5.1 | 414 12 2130 12,64 -
413 10 2130 12,62 - | 3.639 o0 3030 12,60 -
3,639 50 3030 12,60 = | 3.220 100 2131 {(1)12.63 5.12
3.215 100 2131 12,59 5.14 | 2,976 7 3031 (2)12.57 5.19
3,030 5 3140 12i62 -~ | 2,730 60 4040 12,60 -
2,967 5 3031 12,59 5.14 | 2,606 50 303X 12359 5.14
2,731 40 04O 12,61 - | 2,562 20 0002 - 5,12
2,608 20 314 (1)12;59 5,14 | 2.503 10 1012 (3)12,55 5.14
2,557 25 0002 5.11 | 2.410 45 4041 {2)12.57 5.19
2,408 15 4041 (l)l2~59 5.14 | 2.250 20 3251 12,59 5.14
2245 10 351 (2)12.59 5.15 | 2,162 20 L1501 (4)1R.59 5.17
2,359 7 4151 12,59 5.14 | 2,100 80 3360 12:60 =
2,200 12 3360 12,60 - | 2009 10 5081 (4)12:59 5.17
2,010 5 5051 (3Y12.72 5.13 | 1.868 12 4042 (3)12.55 5.14
1.867 10 4042 (3)12,72 5.13 | 1.791L 12 4370
Or 3252 12,58 -

1791 7 3252 (2)12,59 5.15 -
.75 7 4152 (4)12,60 5.11 | 1746 12 4152 (5)12.67 5.10
1.693 5 4371 (4)12:,60 5.11 | 1.577 20 4480 12,61 =
l.626 5 3362 (5)12.55 5.17 | 1492 20 3143 (6)12.57 5.15
1,578 7 6171 (5)12.55 5.17 | 1.448 15 5272 (5)12.67 5.10
1.560 5 5162 (6)12,66 5,10 | 1.349 i 5491 7 2
1492 12 313 (7)12:59 5.14 | 1.325 10 3363 ? 2
L4477 5272 (6)12:66 5,10 | 1.136 12 2 ? ?
1,411 5 3253 {7)12.59 5,14 | 1133 5 6283 (6)12.57 5.15
1343 5 5491 (812354 5,17
1,320 10 4263 (8)12.54 5.17 |
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Table 6.3 (contd.)

a I hedl a a
{vig-
ual)
1:R49 5 634,100 12,57 =
1214 5 654310,1 (9)12:57 5413
5 5383 (9)12,57 5.13

1.151

( ) = numbers in brackets refer to groups of a and ¢ velueg solved simul-
teneously, Obthor values detormined from o single squation or by
direct comparisen of gine oplo. end sin?d obs, values.

The & and ¢ diwengions as obtained from 4 plot of %{93??2%;4& 293.2.'.9.) vorsus
a2 and o (Figure 6,3) give an a value of 12.580% +028 (approzimetely) and
a o value of 5911,,3 % 028 (approximately), This agrees fairly well with
the values of a = 12,60 Kx (a = 12,628) and o = 5,22 Ex (e = 5.138) obtained
fron Wolssenberg photopraphs by Phoonix and Fuffield (1949)e

{i1) Pink Specimen

Thin specimen oceurs in the same rock sample ss the conorinite
deseribed abovesy but was not mentioned in Phoenix end Nuffield¥s paper.
Under the petrographic mlcroscope this semple im volourless and has average
1 = 1,509 (approximately).

The d ppacings and cell dimensions of this specimen are given
in Table 6.3y and & plot of %‘gﬁz&g‘* £°g_f.9.) versus o and ¢ dimengions in
Figure Gilds« This graph gives spproximately a ::.*‘_,12.»583 by <028 and ¢ =
5.158 < Lo28,

T'hese velues are very similar to the coll dimensicng obtained



FIGURE 6.3
2 2

Cell dimensions versus S{S95 2 . cos"8
%(sin g 8 )

for natural cancrinite from Blue Mountain,

Methuen Township, Ontario {yellow specimen)
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FIGURE 6.4
2 2
Cell dimensions versus S(S08 € , cog @
‘é‘(s o+ )
for natural cancrinite from Blue Mowmtain,

Mothuen Township, Ontario (pink specimen)
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Tor the yellow scmple, desplte rather dissimilsr physicel characteristics.
It wes considered that the different colour of the semples might be caused
by a variation in the trace element content of the two samples. Spectro-
graphic analyses on both gamples were kindly done by VMr. B. Crufb, the
regults of which are shown in Table 6.4. The semlquantitative spectro-

graphic analyses of the Blue Houniain, Methuen Toumship, Ontario; cancrin-
* ites indicate that there is very little difference in trace clement content

bebween the yellow and pink specimens. The results were determined by
vigual comparisons of line intensities of the cancrinites with tho intense
ities of the Spex Industries G-Standerds. In both ssmples the trace elem~
ents were present in very minor amounts; and therefore the elementa pres—
ent are either mejor or are very low. The only ’diffarence in frace
element content is in mengonese, there being aboubt ten times more mangen-
ess in the yellow specimen than in the pink one« It seems unlikely thot
this difference would agcoumnt for the variation in colour between ths two

specinenge
TABLE 6.4
Semicuentitative Spectrographic Analyses of
Blug Mountain, Methuen Township, Osuerinites
Percentage | Yellow Cancrinite Pink Canerinite
Major ai;ment i Aly Cay Mo, Si, (Fe) | 21, ca, Na, s1, (Fa)
g .
Ol = 1:0% ‘ (Fe) | (Fe)
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Table 6.4 {contds)

A

Percenbage Yellow Conerinite | Pink Cancrinite
0,01 = 0pl¥ 7 (Fn) | -
0.00L ~ 05013 ; (¥n)y Pb | g (Pb)
0,0001 =~ 0,001% b cuy Mg { Ous (Fb), Mg
< 000001% v& CI’,; B,’ Ag,v GD, 3 v! ﬁr-?’ 3?'!- J,ig? Co

{trace) ' W (very wesk) |
Found, but not meag- Ky Ga K, G
ured due *to sbsencs : '
in G-stendard or
high CH i
Looked fﬁr"" bub B&; In, Rh',. Au, P; BG, Ba,,' In, BRh, Au, P, Bes
not detected g gny Ti; Hi’ Ge, L@-} Su. _ Sne Ti, Ei; Ge, 1o, B¢

Values In brackeis were measured on more than one line and fall at ths
boundery of two composition groups.

inalyst - E. Cruft.

From congideraticas of the 4 spacings and cell dimonsions of
both the Blue Mountain cancrin.i'hea and the Red Hill caneriniite it appears
that these natural specimens are similsr and maey represent fairly normal
calcium earbonate canerinitess

3» Sulphatic Cevorinite from Loch Borclan, Scotiand

This spocimen was kindly supplied by Professor FyH.. Stewart of
the University of Edinburgh: The sulphatic caperinite is greyish-blue in

eolour end occurs in large cleavable magsses in pegmatites and veins in

et
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borolenite (melanite-rich pmoudoleucite syenite). This minersl is asg-
ociated with melanite, orihoclase and derk mica, and with accessory
calcite, sphenes ziveon and orthite, Tha refractive indices, reported
by Stewart (1941)s are n., = 1:502; ne = 1,497,

The coll dimensions snd 4 gpacings obtained on this sulphatie
canerinite are given in Table 6.5. A plot of %(Eg-?;—g- " .?.P_g._zﬁ) versus a
and ¢ dimensions (Figure 6,5) yields en = dimension of 12,68 % 028 &nd
8 ¢ dimension of 5,18 £ 028,

TABLE 6.5
d Spacings and (ell Dimensions of Sulphotie

Canerinite from Ioch Berolsn, Scotland
Radistion = Guxs - 1,5418R; Filter - Wi: Stenderd - Quarts

) . ¢} g

d I (visual)  hkil a{a) e(4)
636 30 1120 12,72 -
470 45 1011 (1)12.63 5420
3.666 60 3030 1270 -
34242 100 2131 (1)12,63 5420
2748 35 4040 12.69 -
2,626 25 311 (2)12:72 5,26
2592 25 0002 - 5.19
24523 15 3250 12,70 -
2427 30 4041, (2)12.72 5426
1.872 15 4042 7 ?
1,759 20 L152 (312,66  5.18
1,703 15 371 (3)12.66 5.18
1.593 15 2133 (£)12.68 5,17
135853 1o 4480 12.68 -
1.502% 15 5381 (4)12.68 5.17
1.86 10 4372 (5)12.,75 5417
14352 15 4482 (6;1%.68 5.18
1,338 5 4263 (5)12.75 5417
1,300 5 5163 (7)12.63 5520
1.268 5 555+10,0 12,68 -
1244 5 6;&;1031 (6)12368 518

6064 (7)(6)12.,68  5.18
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Teble 6.5 (contd.)

( ) ~ numbers in brackets refer to groups of a and c values solved
simdltaneously. Other values getermined from a single equation
or by direct comparison of sin“g cale,and 8in®8 obs. valuos.

Thage larger cell dimenpiong iudicate that this specimen is a
different type of cencrinité from sither the Red Hill or Blue Mountein
minerals, These cell dimensions are almo larger than those of the syne-
thotic sulphatic cencrinite and probebly reflect the difference in
oompositiong the synthetie materisl having a much smaller sulphate to
¢cerbonete ratic end containing no potassium, r

The d spacings of the sulphebic cancrinite synthesized accord-
ing to the spalyses of Stewart (1941) (ses Table 4.18) did not correlate
well with the d ppmeings obteined for the natural specimen, although
there is a general similarity in d specings betwsen these semples. This
nay be cauged by slight veristions in composition between the syntheiie
specimen and the composition quoted by Stowart, or could be eamsed by diff-
iculties in preparing synthetic mixtures from chemical annlysis contalning
2 fairly large numbsr of components.
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FIGURE 6.5
2

2
Cell dimensions versus H(S28°8 . cos By
gin & 122

for natural sulphstic cancrinite from Loch Borolan; Scotland
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VII. SUGGESTYOHS FOR FURTHER WORK

The present regearch on the cancrinibe minerals has indiceted
that some fubure work on this family might be profitable, Investigation
of the upper limits of stability of canerinite proper, bydroxy cancrinite
and gulphstilc cancrinite should be undertsken, in addition to the relai-
ionghip between the cencrinite and godeliite families; the substitution
of other cations and acld radicels in the general cencrinite ,fcrmzlé;‘
the structure of canerinites and the overall problems of metastability
in synthetic t':az;crinites._ In this chapter; each of these problems will
be considered I;r,iei‘ly and an attempt made to ghow why the solution of
these problems would olarify some of the work done in the present invest-
igation.

Three of the elght synthetic cencrinite members investigated
did not bresk down at temperatures of 800°C. It is likely that these
gynthebic cancrinites will dissociate st temperatures higher than 800°C.s
or by using catelysts at some temperature under 800°C. In the case of
canerinite proper, the addition of potassium and 0O as catalysts failed
to promote dissocistion. Therefore, investigation of the upper limit of
stability shounld be underisken using apparatus with a higher limit of
temperature and water pressuras, Such an investigebion, patticulariy for
cancrinite proper; might give a better indication of the origin of cancrin-
ites.

A definite relmbionship between the cancrinites snd the sodale

136
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ites 18 implied in the formmla of Winchell and Winchell (1951) and has
been to a limited extent verified in the research reporied in this thesis.
The extent of solid solution between cancrinite proper and godelite, mnd
betiesn canerinite proper end nosean, should be determined in order %o
definitely establish what limits of solid solution are possible between
the two mineral groups.

The present investigation has also shown that a large number of
cations end acid radicels can be substitubed into the general cancrinite
formle, TFurther work on the synthesis of caneriniteg conteining cations
in the range of ioni¢ radius close to potassium, sodium and caleciumy and
vbher acid radicals guch as Ss0 4"'*', should be done.

One of the most profitable future studies on this mineral fanmily
would be a thorough determinaticn of the structure of sasnerinites, This
would be. most useful in the determination of the extent of solid solubion
betuwecen the different cencrinite end-memberg; in the correct represgent-
ation of the cancrinite formula and in the distribubtion of cations between
‘the nepheline and aecid salt portions of the eanerinite formulas

Lastly, mn investigabtion of the stability fielda of synthetis
canorinites should be made using sterting materinls which are more
gtable than those used in the present study. This would enable the equi~
1ibriom stebility fields to be more accurately establighed, as has been
expleined in the chapter entitled "Discussion of ResultsW,




VIIT GONGLUSIONS

Experimental investigation of gynthetie cancrinites ab temper-
atores of 200° to 800°C. and at waler pressures betwsen 10;000 and 30,000
psl indicates that cancrinites can be synthesized with a variety of diffw
erent compopifionss. Some of the formulae of the cancrinite end-members
proposed by Winchell and Winohell (1951)s notably the pure sulphate and
chioride end-members, synthesized members of the sodelite family. The
failure to synibesize these end-members has resulied in the establishment
of a new srbitrary nomenclature, in which the termp sulphatic canerinite
and miorogommite have been used to represent cancrinite compogitions coue
tzining minor suiphate and chloride respestively,

' The curvas determined iv this thesis possibly represgent meba-
stable equilibrivm; The temporature of dissccietion of the carbonate
cancrinites appareontly depende upon the type of carbonate presents The
potassium csrbonate canorinite (davyne) dissocistes at 450° to 500°C. to
nepheline and probably K;C03; the sodium carbonzte cancrinite (natrodavyme)
transforms at 600° to 650°C: into a polymorph similar to nosean, and the
caleium cerbonste cancrinite (cancrinite proper) does not disscciate at
a temperature of 800°C. The replacement of the bicarbinate ion for the
carbonate ion does not appreciably alter these curves, nor does the re-
placement of the hydroxide ion for the carbonate ion in caleium carbonate
canerinites promote their dissociation, The compesition represented by
gulphetic cancrinite did not dissociate st 800°C, Ansleite in addition
to cancrinite, was detected at low temperatureg in many of these compositiong.
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Determination of the call parameters and cell velumes of the
oight aynthetic cancrinites indicates thaet in the carbonate and blcerb-
ongte varieties the size of the wmit cell also depends on the cation of
the carbonste radical. The potassium carbomate and bicarbonate canerin-
ites (davynes) have the largest cell volumes, the sodium cerbonate and
bicarbonate cancrinites (natrodevynes) have intermediate cell wolumesy
and the ealeium cavbonade canerinites (cenerinite proper) have the smalle
est cell volumes of the carbopete varietles, Hydroxy cemerinitess sule
plhiatic canorinites and microsommites have similar or glightly smaller cell
volumes then cencriniie propers The predominent control in the size of
‘the oell volumes of synthetic cancrinites appears to be the egtion etiech-
ed to the carbmate, sulphste; hydroxide and chloride redicals, rather
than the enienic radicals,

Limited investigation of the extent of golid solution between
the carbonate end-members of the canerinites indicates that complete solid
golution botween thase end-membérs may not exist.

This inveptigation confirmg that cancrinites have o complex
chemistry. In addition the cell dimensions determined from the synthetic
cenerinites are in good sgreement both with those reported in the liter-
ature for netural canerinites snd with those determined on four spscimeng
of natursl cancrinite examined in this thesiss-




BIBLICCRAPHY

Hote: Papera read in abgtracted form whers indicated.

Amorican Society for Testing Moterials (A.S.TelMs) (1954} Cumlative
alphabetical and grouped numerical index of Z-ray diffraction dotes
Technical Publication, 48-D, 367 D«

Barrers HuMes Hinds, L. and White, E.A. (1953)., The bydrothermal chemistry
of gilieates. Pard III, rooctiong of analeite mnd leucite, Ja
Choms Soces 287, pps 1466-1475.

~and White, E.A. {(1952). The hydrothermal chemistry of the
pilicates. Part II; synthebic crystalline aluminosilicates.
Js Chems S0C.; ‘2__3&; Phe 1551-15?1.

Beljonkin, D&S, {1931). Zur Mineralogie wmd Chemle eines Feldspatvertreters
aug ggg Miachmewy Gory® (Ural). Zentr, Min. Abbe Ass DPs
150196, .

. (1944)x Vischoevite, and nob sulphatic canorinite. Compte
Bend. (Doklady) Aced. Scias URSS, 42, ppe 304-305.

Bermens He (1937)« Oonsiitution and classificaticn of the natural
silicates, Awor. Minerale, 22; pp. 342-408.

Biswogy Sels (1922), On the cencrinite from Kishengerh, Rajputenas J.
Depte Sci.y Caleutta Univa, é, PDs 127=130« (Min. Abstas
2? Pe 3’?)0

Borgstrom, L.H. (1915), Identitat von Kalkonmorinit und Mejonit. Ofvers.
Fingke Vebengk-Soc. Forh. Helsingfors, 57, 48ds Ay 6: 3 DDe
(Min. Abstes 1y e 422).

(1930), Chomisus der Minerslien der Sovdalith und der
Oanerinitgruppe. Zelt. Krist.; 74, pp. 113-130.

Cesaro, G« (1917). 1z cancrinite Lz sus formols =~ Le gus birifrangenza
- Le gus nen esistensga al Soims, Riv. Min. Crist. Italiana,
LBy DPDe 6579« (Min. Abste, L5 ppe 109-110).

Ohayes, F. (1942), Alkaline and corbonate inkrusives near Banerofhs
Ontarios Bull. CGeol, Soas Amerss 53; ppe 449512,

Clarke, FiW. (1886). The minerals of Litehfield; Maine. Am. Journ. Soi.,
431, ppe 262-271.

140




11

Daly, ReAs (1910}s Origin of the alkaline rocks. Bull. Geol. Soce Amelas
21, pp. 87-118.

Dana, E.S. (1892)s The System of Mineralogy, Gth Edition, J. Wiley
and Scns, New Tork, 1134 p.

Eitely W, (1922), Uber das System GaC04-Nasl5i0, {Caleit-Nepholin) und
den Canerinit. NReuss Jahrb. .ﬁiﬂ&’ 23 Ppe 45-61.

Fyfe, WeSi (1960). Hydrothermal synthesis and determination of equili-
brium between minerals in the subliquidus region. dJour.
Geolass ,€>§, Phs 553-5664

Gossner, B. (1922), Zur chemischen Konstitution von Silikaten. Zentr.
Min, pp, 193-201. (Min. Abste; 2, De 421).

(1925). Die Bezichungen von Davyn zu Houyn. Zembrs Min., Abt.
Auy PP@.16Q~1?7§ (Einb Abstij_ég Pa 203}&

.and Mussgnog, Fs (1930). %Iber Davyn und geine Bezielmmgen zn
Haltyn und Generinit. Zeit. Hriste, 735 pps 52-60; (Min. Abgtes
é’ D« 279): A

Groth, P.H. {1289). Tabellarigehe %beraicht der Mineralien, Braunschyeig:
167 p. (from Borgstrem (1930)).

e anae i "

Jakob, J. (1920). Zur Konstliution der Silikaten. [Helv. Chim, Acta.y 3,
PDe 669704

Rozuy Ss (1931). Preliminery note on studiee of cencrinite from Korsa.
Japan. J. Geol, and Geogras Qs ppe 1~Ze

; Betos K. and Tournmi, S. (1932), Chemical composition of
cancrinite from Dodo, Korza. FProc. Imp. dcad. Tokyo, B,
PPQ‘ 432"'435*»

and Tekane, K. (1933)s Crystal structure of cencrinite from
Dodo, Korea. Froce. Imp. Acad. Tokyo, 9, ppe 56-59, 105-108,

s Ueda, J. and Tourumiy S. (1933). Optical end thermal properties
of cancrinite from Dodo, Koreams. Froe. Imp. Aced. Tokyo, 9
Pha 1316,

Labunbtzov,; AJN. {(1927). les Zeolithes des Monts Chibines et lLajawrurt
en Laponie rupse. Trav. Musee. Min. Acaed. Sel, URSS, 2.
PPe 91~300. (Min. Abstes 4s ps 373}

Largen, E.S« and Foshag, WF. (1926). Cancrinite as a high temperature
hydrothermal mineral from Colorvado, Amer. Mineral., 1l
DD« 300*303?




142

larsen, B.S, and Steiger, G, (1916). Sulphstic ecancrinite from Colorados
am, Jowrn. Sciss 42, pps 332-334.

Lemberg, 7+ (1883), Zur Kemntniss der Bildung und Umwandlung von
9ilikaten, Zeit. Deubsch., Geols Goses 35, Pps 557-618,
- {Ecor, Geolsy 325 pe 645 (abstraction))s

{1887), Zur Kenniniss der Bildung und Umwandlung won Silikaten,
. Zelbt. Deutsch. Geol. Geses 39, Dps 559~600. {Beon, Geols, 32,
pe 651 {abstraction)).

Matossi, F. (1938); Ergebtnisse der Ulirarotforschung. Ergeb. exakb.
Naturwiss.; 17, pp. 108-163, (Chem. Absbis 33, pe 463).

Hauritzy Ba (1912), Syenitiypen v Ditro in Sicbenbiirgen, Mathe us
Waturuiss: Bers Ungarnss 30s 178 pe (from Borgstron {1530)).

feeny V3B (1938). 4n unususl cancrinite. Univ, Toronté Studiesy Geol,
Series, 41, pps 35-38,

Murray-Hughess R. and Fitehs A.A¢ (1929). The geology of part of North-
vestern Bhodesia. Geole. Soc. London, (uard, Jours; 85,
Phs l10¢. 1663

Nelson, JeBs and Hiley, D.Pe (1945)¢ 4n cxperimental investigetion of
extrapolation methods in the derivation of accurste umit cell
dimensione of crystals. Proe, Physical Soce, 57, pp. 160<177.

Biggli, Pe (1926), Lehrbuch der minerelogie, II, Berlin, 208 p. (from
Borgetrom {1930)).

Paulingy L. {1930)« The structure of some podium and ealcium alumino-
silieatss, Proo, Nat. Acsd. Scil,s 16, ppe 453-459: (Chems
Abﬁtt} _£3 Pe 972)‘

Phoenix, R. znd Buffield, E.W. {1949). Cancrinite from Blue Mountain,
Ontario. Amer. Mineral,, 34y ppe 452455,

Pirgson, LyV, end Washington, H.S. (1907). Contributions to the geology
of New Hompshire, III on Red Hill, Moultonboro. Am. Journ.
Sﬂii 3 ___3_’ PPs 257"276 2 433"4470

Qulnn, Ay (1937)s Petrology of the alkaline rocks st Xed Hill, Hew
Hompshire, Bulle G@ol. Socs,s Amer.y 48; pp. 373~402,

Rommelsborgs KeF. {1860). Handbuch der mineralchenie., Wi Engelmann,
Loipsig, .1038 pe (from Borgstrom (1930)).

Reuff; H. {1878). Hber die chemische Zusammensetwung des Hephelins,
Cancrinits ung mikrogommits, Zeit, Erigtss 2, ppe 445-459.
(from Borgstrom (1930)).




143

Roge, Gs (1839)s Beschreibgn einiper neu mineral vom Ural. Poggs Anne,
48, (from Borgstrom {1930)).

Send, L.Bes Roy, R. ond Osborn, E.F. (1957): Stability relstions of
some minersls in the EIa20~M203-Si02=-H20 systems Econ. Geol.s
52, joisty 169~179

Scacchi, A (1873). Accademia delle mecienze fisiche e malemalische
Hapless Attl. Napoli, 60 p. (from Borgstrom (1930)).

Shand, S.J« (1930)s ILimestone end the origin of feldspathoidal rocksa
Gools Mogas 67, pow 415-426.

Spencer, LaJe (1923). & description of a devyne-like mineral and its
pscudomorphs from Saint John's Island in the Red Sea, Frelim,
Geol: Report, Geol: Surv. Fgypt, Appendix II, ppe 27-36.
(Hin.n Abstg, a’ pi 306); 7 '

Stewart, F.Hs (1941)s On sulphatic caserinite and emaleime from Loch
Borolan, Assynt. Min. Mag., 26, pp. 1-8

Thugutty S.J, (1892), HMinerslchsmische Studien. Zeit anorg. Chemie.s
25 pps 64-107, 113156, (Beon. Goolss 32, p. 658,
{abstraction) ).

Tubtle, 0 (1949). Two pressure vessels for silicate-water studies,
Bull. Geols Soc. Amer.; £0; pp. 1727-1729.

Vom Rath, Gs (3873)s Mlvosommits Ber. Berls Akades 27, Pe 4s (from
Bergstram (1930)).

Walker, TeLs and Parsonss A.L. (1925), Zvanescent pink sodalite and
agssocinted minerals from Dungannon Township, Ontarios TUnlve
Toronto Studies, Geol. Series, 20, pps 5-13,

) , (1926)s Zeolites and related minerals
from Lake Nipigon, Ontario, Unly, Toronto Studies, Geols
Seriesy 225 pps 15-19.

Winchell, A.N. and Winchell, H. (1951). Elements of optical mineralogys
Part II - descriptions of minerals, 4th Edition, J. Wiley
and: Song, New Yorks 551 pe

Wyart, J¢ (1949)s Hydrothermal synthesis of minerals. Disc. Faradey
S00ey 35 PPs 3R3-324.

and Michel-Lovy, M. {1949). Crystallization deg melangs
Ha Xy _ﬁcngiO en presence dleau sons pression {(formation de
nepheliney Kg.lsilite, hydrocanerinite, hydrosodalite, mica).
Compt« Rend. Acad. Sci. Paris, 229, pp. 131-133:




154

Yoder,; HeSe» J7a {1958). Washington, D.Csy UuS.2. Private Communication,

Zambonini, P (1S08)« Contributions to the study of the hydrous
silicates. Attl, R. Aked. Sci. Napoli, 34, 130 p. {from
Borgstrom {1930)).. .

, . {1910). Mineralogia Vesuviana., Heues Jahrb. ¥in, Geol.s.

;é? (Gh@mp Absts, .23 Pe V?&)a

‘ {1018)s A proposito di un recente lavors del Profs G. Cesuro
gulla cancrinite e sulla non esistensza al Honte Somma di
questo minerale. Riv. Min. Grigb, Italians, 49, pp. 90~93.
{Min, Abstas ds Do 3.10).

and Ferrari, A. (1930). Sulla identita di struttura eristallina
~della cancrinite del Honte Somma conguells di migs. Abti,E.
m{is. Iliﬁceig cl; ;SCi‘t fis- mﬂt. na.‘b-‘ Roma) _1_-_1__’ Pp.- 782"788.
(Min, Abstes 4y De 355)a '

Zavaritzlyy A.Ne (1929), Sulphatic cancrinite from the Ilmen Mountaing
(South Ural)s Mem. Soc. Bisse. Mine, 38, ppe. 201-207. (Mine
Absts.y 4y De 379)e

Zeny E~an (1956)» A criticism of Vegard's law. Amer, Mineral., 41,
DPe 5235244




=

ERRATA

Page 11 For "alenyzed" regd "analyzed"
Page 16 For "sighted" read "cited"
Page 33 For "eynlinders" read "eylinders"
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