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ABSTRACT A
Eight new scapolite analyses are presented.‘
Determinations of refractive index, specific gravity, and
lattice parameters are exémined in conjunction with data
available in five recent analyses. Particular reference
is made to the regular variation of per cent Cljp, COj

and SO, as a function of mole per cent meionite and the

3
relation of these components to scapblite stability.
End member formulae describing the cgmposition of scapolite
are developed.

These scapolite samples are used in conjunction
with synthetic plagioclase standards to obtain forty
three electron microprobe analyses of scapolite?plagioclase
pairs and twenty seven separate analyses of scapolite.
The former analyses indicate that scapolite from
amphibolite and granulite facies is generally more calcium-
rich than the coexisting plagioclase.

A petrographic study indicates that scapolite
associated with the above grade of metamorphism is
'indicative of a volatile rich environment typified in the

amphibolite facies by the assemblage sphene-pyroxene-

scapolite.

(ii)
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INTRODUCTION

Controversy regarding the role of scapolite in
metamorphic processes is present in the recent works of
Barth (1952); Fyfe, Turner and Verhoogen (1958); Marakushev
(1964); and Shaw (1960). Therefore the primary purpose of
this thesis is to delineate the fundamental properties and
the paragenesis of scapolite.

Little is known of the conditions necessary
for the staﬁility of scapolite. Thus any delineation of
scapolite stability requirements will further advance the
geologist's knowledge of metamorphic environments.

Scapolite, a sodium calcium aluminum silicate
which is predominately found in rocks of the amphibolite
facies, contains appreciable amounts of the volatiles
CO,, Cl, and SO3. It has become increasingly evident
that the role of these volatiles and others such as oxygen
and hydrogen is of paramount importance in metamorphic
processes. Scapolite in abundance is certainly

characteristic of a specific orogenic environment, one

1.



presumably rich in C02, Clz, and SO3.

The role of the electron probe in this study
must be emphasized. It is well-suited for studying the
relationships between scapolite and coexisting plagioclase,
which constitute one of the aims of this study.

To conduct a mineralogical study of scapolite
thirteen scapolite samples have been studied in detail,
undertaking chemical and x-ray analysis, specific gravity

and refractive index determinations.



REVIEW OF SCAPOLITE MINERALOGY

General.

The most comprehensive paperé on scapolite to
this date have been those published by D.M. Shaw(1960) and
a Ph.D. thesis by J.J. Papike (1964). Shaw reviewed
iﬁtensively the previous work and general mineralogy of
scapolite, as well as conducting research on the trace
element distribution, petrology and general geochemistry
of this mineral.

Papike conducted a detailed structural study
of a 19.4% meionite scapolite.

Part 1 of Shaw's paper reappraised earlier views
by the authors Tschermak (1883), Adams (1879), Brauns (1914),
Sundius (1915, 1916, 1919), Shannon (1921), Winchell (1924),
Barth (1924, 1927a, 1927b, 1930), Gossner and Bruckl (1927),
and Strunz (1949). Shaw agrees with many of their findings
in particular that scapolite contains the anions CO?, SOZ,
cl” and possibly F and OH as essential components. Shaw
writes the general formula of scapolite as WyZ15054-R ,

where W is mainly Ca, Na and K, Z2 is Si and Al. R is

3.



4 02H2' Cl2 or F2 for meionite (the

calcium rich end member) or b) C1, F, HCO5, HSO, or OH

either a) Co3, SO

for marialite (the sodium rich end-member). The
nomenclature is accepted as:

marialite, Mey-Meyq; dipyre, Me,q-Megy;
mizzonite, MeSO—Me80 meionite, MeBO—Meloo. It was noted
by Shaw that pure marialite has not been found and that
80% marialite is apparently the maximum attained. Shaw's
study of 136 analyses further established limits on the
chemical and physical parameters as well as confirming
and suggesting trends in some of these. It was noted that
the mean index of refraction varied approximately linearly
as a function of per cent meionite, from 1.535 (marialite)
to 1.585 (meionite). Specific gravity varied from 2.692
to 2.615 and showed a tendency to increase when plotted
against mole per cent meionite, although scatter was
considerable.

Papike (1964) stated on the basis of his struct-
ural studies that the formula for the meionite end member
Cay(AlgSigOy4)CO3 was in error, although the marialite
formula was acceptable. The samples studied by Papike

were M 730, Q 85, Q 19D-S, Q 87, ON 6A and ON 8. Five



of these samples contributed by D.M. Shaw are used in the
present study.

On the basis of a and ¢ determinations Eugster,
Prostka and Appleman (1962), illustrated clearly that the
regular increase in unit cell volume with increasing
percentage meionite could be used to determine the composi-
tion of unanalyzed scapolite. This work was confirmed
by Papike (op.cit.), that is, that a-values in natural
scapolite increase regularly with increasing meionite
content. The value of c remains approximately constant,
regardless of scapolite composition. Infrared absorption
analysis was used by Papike to indicate that carbon was
present in the scapolite structure in co§ groups. A
study by Schwarcz and Speelman (1965) agreed with the
latter conclusion.

Structure.

Figure 1 illustrates the structure of marialite-
rich scapolite. The framework of the structure is composed
of (Si,Al)O tetrahedra forming rings of two types: a plane
passing through these rings would be parallel to (001).
Type 1 is composed of 4 tetrahedra, each joined at two

corners, with one edge parallel to the c axes. Type 2



FIGURE 1
The crystal structure of marialite
(after J.J. Papike).

FORMULA: Na4Al3Si9024C1
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is composed of 4 tetrahedra pointing alternately up and down.
The framework of thése rings forms a tetragonal structure
having a large central opening which is surrounded by four
oval cavities. These cavities are elongated parallel to c.
The longitudinal axis of each oval is éarallel to one of the
four sides of a section perpendicular to c. The large
central opening in marialite is occupied by Cl and the
o;al vertical cavities are occupied by (Na, Ca) ions.

Papike (1964) notes that.each (c1, SOZ, cog) ion is
coordinated by 4 (Na,Ca) atoms and 5 oxygen stoms.
Petrography of Scapolite Rocks.

From a study of the mineral facies in which
scapolite appeared it is evident that scapolite, although
found in all facies from zeolitic to granulite as well
as in some hornfels facies assemblages, is most prevalent
in the upper amphibolite facies. The assemblage scapolite-
pyroxene-sphene is a characteristic calcareous assemblage
of world wide distribution. This assemblage appears to
represent a particular conjunétion of geological conditions.
'The conditions for the existence of scapolite are observed
to cover a wide P,T field coupled With pegmatitic,

pneumatolytic or hydrothermal action. -



The following briefly describes the main modes
of occurrence of scapolite (after Shaw 1960)

a) in blocks ejected from volcanoes
by volcanic action;

b) in contact skarns or tactites where
sedimentary marbles have been in-
fluenced by nearby plutonic bodies;

c) in altered igneous rocks especially
gabbro and diabase altered by the
effect of hydrothermal or
pneumatolytic fluids (possibly also
by ground water action, as claimed
by LaCroix in the Pyrenees);

d) in metamorphic rocks of regional
distribution especially marbles,
greenstones, calcareous gneisses
and granulites but also in
pelitic .and psammitic varities;

e) in metamorphosed salt deposits.
(Serdyuchenko 1955).

To the above list might be a@ded primary scapolite,
such as that occurring in granulite inclusions and in
breccia and basalt filled pipes of eastern Australia,
(Lovering 1964). The suggestion was made by Lovering (1964),
on the basis of the study of such rocks, that within the
granulite facies there appears to be a progressive increase
in the sulphur content of scapolite in'equilibrium with
sulphur-rich minerals with increasing metamorphic grade.

Of the above, b) and d) are perhaps the most
common locales for scapolite. In the amphibolite facies

regionally metamorphosed rocks are locally associated
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with scarns. Some skarns have zoned structures as described
from Gib Lake (Shaw, Schwarcz and Sheppard, 1965);
progressing outwards from the centre the following sequence
was observed:

1) Dblue scapolite 2) pargasite-albite intergrowth

3) phlogopite 4) serpentinized forsterite-dolomite
marble. Shaw et al. stated that these skarns appear to

be products of partial metasomatism with H, Cl1, C, F, S,

Na and K behaving as perfectly mobile components with

fixed chemical potentials. The elements Mg, Si and Al
were regarded as slowly diffusing determining inert compon-
ents while Ca was considered as an excess component.

A zoned dike or skarn having similar mineralogy
occurs in én area of predominately migmatic gneisses in
Finland. From the core it has the following sequence:

1) scapolite 2) tremolite 3) phlogopite 4) wall rock
(crystalline limestone.) It is ascribed by Harme (1965)

to injection by alkali granitic material relatively poor in
silica.

In a detailed study of the petrology and geo-
chemistry of some Grenville skarns (Shaw, Moxham, Filby and

Lapkowsky, 1963) it was demonstrated for numerous localities
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in S.W. Quebec and S.E. Ontario that skarns show petrographic
transition to normal Grenville amphibolites, marbles, granites
gneisses and pegmatites. The skarns appear to have been
formed by in situ metasomatism, metamorphic differentiation,
vein and pegmatitic deposition, bulk flow and injection.

It is statéd also that skarn formation was presumably the
last event recorded in the Pre-Cambrian history of this
r;gion. The appearance of the assemblage scapolite-diopside-
sphene is again noted and recommended to denote a new meta-
facies characterized By high CO, and Cl, and intermediate
H,0 pressures. Environmental conditions were those resulting
from‘a burial of 20-25Km and a temperature of 300-400°cC.
Association of Scapolite and Plagioclase.

Turner and Verhoogen (1951, p. 390) state that
scapolite is always richer in calcium than coexisting
plagioclase. Barth (1952) invokes the following two
equations as examples of scapolitization of plagioclase.

3CaAl3Siz0g+ CaCO3 = CaygAlgSig024CO3

Anorthite Calcite ‘Meionite
and

3NaAlSi3Og + NaHCO3 === Na,yAl3Sig0,4HCO3

Albite Sodium Marialite
Bicarbonate
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His tentative equilibrium diagram shows scapolite

enriched in calcium with respect to plagioclase by as much
as 60 mole per cent and generally richer in Ca by 25 mole
per cent meionite. Marakushev (1964) claimed that when
conditions approached equilibrium as found in metamorphic
rocks of "deep seated" Precambrian complexes a definite

- relationship was established between the composition of
plagioclase and scapolite. Applying Korzhinskii's method
of analysis of extremal systems to compositional data
which had been obtained from the literature Marakushev
reached the following conclusions:

1. In the two phase assemblage plagioclase-
scapolite; scapolite is generally more
calcic than the associated plagioclase.

2. The assemblage scapolite-plagioclase-
quartz-calcite has an extremum at
which plagioclase and scapolite have the
respective compositions Angg, Megqg-

(The extremal conditions were to be

found in marbles metamorphosed at high
temperatures and pressures. This is
because at the extremum aC02 is maximized.)

3. The three phase assemblage scapolite-
plagioclase-calcite forms at low or
moderate chlorine activity. The
assemblages scapolite-quartz-plagioclase
and scapolite-quartz-calcite form only
at high chlorine activity.

Marakushev stresses throughout his paper that

the association of chlorine-rich or sulphur-rich scapolite
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is dependent upon rock type.

Shaw (1960) however, presented data illustrating
that scapolite was not always'richer in calcium than co-
existing plagioclase and that there was no regular
relationship between scapolite and plagioclase.

Synthetic Scapolite.

Eugster and Prostka (1960) synthesized marialite
f;om dry mixtures of Na,O0- 6SiO,, Al,05 and NaCl at onev
atmosphere pressure between 700° and 850°C. Meionite
was also produced at 850°C and one atmosphere from
Si05, Al;03 and CaCO3. Seeding was necessary. The
authors also note that marialite melts incongruently to
albite plus liquid at 860°c*10°c.

A comparison of cell dimensions and unit cell
volume (Eugster, Prostka and Appleman 1962) illustrated
that the cell dimensions of some synthetic scapolites
did not agree with‘those of natural scapolites.

The mean values of the cell dimensions estimated
by Eugster et al from a range gf values of different samples
are: synthetic marialite, a = 12.064, ¢ = 7.514, cell
volume = 1093.5; synthetic meionite, a = 12.174, ¢ = 7.652

cell volume = 1134.1 (all values are in angstrom units).



The abové data illustrates that both a anc c¢ are larger
in synthetic meionite than in synthetic marialite.

R.C. Speed of the Jet Propulsion Laboratory,
California Institute of Technology has attempted to
synthesize sodic scapolite over the past several years
but has only been able to obtain crystal growth in seeded
runs (personal communication).

It appears that all synthetic scapolites produced

have required seeding.

14.



CRYSTAL CHEMISTRY

Choice_and Preparation of Standards (Scapolite).

Since synthetic standards were not available

natural scapolite standards have been used in this study.

Criteria for Selection: The following factors

must be considered when choosing standards:

l.

Standards should cover a large range of chemical
composition.

Standards should be numerous enough to allow for
internal checks and to obtain good working curves.

Standards should be unweathered.

Standards should be homogeneous, that is lacking
inclusions and showing no zonation.

Sufficient amounts of each standard should be
available for further study.

Standards should be obtained from a wide range of
geologic environments to prevent the effects of
local variation in physical and chemical parameters
from producing misleading results.

If possible, rocks from which the standards are
obtained should be lacking in minerals having
physical properties similar to scapolite. ' Such
minerals would be difficult to separate.

15,



16.
After megascopic examination thirty-three

scapolite bearing rocks were first crushed using a jaw
crusher, (all fines were discarded to prevent contamination
of the bulk samples.) Then with steel mortar and pestle
tﬁe rock was broken into particles having an average diameter
of 3 mm. from which numerous scapolite grains were hand
picked. These grains were further crushed and sieved. The
-100, +200 fraction was retained, washed to remove fines and
then passed through a Frantz magnetic separator. A 15° x 159
slope and a current of 1.5 amps. separated the majority of
the scapolite from the mafic minerals. That portion of
the powder containing abundant scapolite was rerun under
a variety of slope and current combinations to further
purify the scapolite portion. Finally, the least magnetic
fraction was washed and retained for further processing.
Heavy liquid separation was used to further purify the
scapolite powder. The specific gravity of a tetrabromethane
mixture was adjusted, first so that scapolite would barely
float; secondly so that it would sink. This procedure
was repeated until the scapolite fraction was relatively
pure. A time interval of eight hours was required for

separation at each stage. The floating or sinking portion
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was frequently stirred to prevent foreign minerals from
becoming entrapped by surrounding gcapolite grains. Since
a small proportion.-of scapolite was discarded due to
density differences, the sample retained should possess
consistent and uniform chemical and physical properties.

It was assumed that the grains which were retained for use
as probe standards would represent this most abundant
fraction. After washing thoroughly with acetone the
remaining sample was placed in a covered beaker containing
dilute acetic acid for a period of eight hours to remove
included calcite. The sample was then washed with acetone,
dried and finally examined by means of a petrographic
microscope. From the thirty-three samples examined,
thirteen which were thought to be the purest were kept
for detailed study. Included in these thirteen were
Oﬁ 8, ON 6A, Q 87 and Q 85 which have ﬁeen studied in
detail by Shaw (1960) and later by Papike (Ph.D. thesis, 1964).
G.L. is described by Shaw et al (1965). Table 1 lists the
mineral assemblages associated with these thirteen scapolites.
Plagioclase Standards.

The plagioclase standards used were synthetic glass
sampies contributed by D. Lindsley, Geophysical Laboratory

Washington. These cover the range of plagioclase composition


http:proportion.of

TABLE 1

Scapolite Mineral Assemblages and Localities

SAMPLE MINERAL COMMENTS LOCALITY
ASSEMBLAGE ON POWDER
ON 8 Scapolite Slight ; Glamorgan Twp.
Feldspar fibrous Ontario
Nepheline alteration
and
staining
GL Scapolite 1% feldspar Pontefract
Amphibole Twp. Quebec
Mica
Plagioclase
ON 6A Scapolite Monmouth Twp.
Pyroxene Ontario
Sphene
ON 70 Scapolite - Mpwapwa,

Tanzania.
(gift of Dr.
F.W. Solesbury)

ON 3B Scapolite Very slight Lyndoch Twp.
Pyroxene staining on Ontario..
some grains

Q 30 Scapolite Clarendon Twp.
Pyroxene Quebec
CA 63A Scapolite Grand Calumet
' Apatite Twp. Quebec
Fluorite
Uranothorite

Allanite




TABLE 1 CONT'D

19.

SAMPLE MINERAL COMMENTS LOCALITY
ASSEMBLAGE ON POWDER

Q 87 Scapolite Huddersfield
Pyroxene Twp. Quebec
Sphene
Fluorite
Calcite

Q 26 Scapolite Clapham Twp.

' Quartz Quebec
Sphene

Q 13A Scapolite Huddersfield
Augite Twp. Quebec
Phlogopite
Calcite

ON 27 Scapolite Olmsteadville
Pyroxene N.Y.
Graphite
Calcite

Q 85 Scapolite 1% feldspar Huddersfield
Calcite slight Twp. Quebec
Amphibole- fibrous
Diopside alteration

ON 47 Single crystal Slyudyanka
of scapolite Siberia,
with inclusions U.8.8.R.
of pyroxene R.O.M. M18778

Note: All samples except ON 70 were provided by D.M. Shaw.



from An0 to An100 in 10 mole per cent intervals, and have

been studied in detail by J.V. Smith (1966)

Determination and Discussion of Chemical Properties of

Scapolite Standards.

Seven of the thirteen scapolite samples used
as standards were analyzed by J. Muysson, McMaster
University; Table 2 presents the chemical analyses.
Sample GL had previously been analyzed by J. Muysson.
Analyses by C.O0. Ingamells, Rock Analysis Laboratory,
Pennsylvania State University were available for Q 85,

Q 87A, ON 6A and ON 8.

In order to examine the various physical and
cﬁemical trends, graphs of physical and chemical variables
were plotted against mole per cent meionite. The meionite
percentage is given as the following ratiou:

Ca + Mg + Fe + Mn + Ti
Na + K+ Ca + Mg + Fe + Mn + Ti

The above relation may be written

Ca*
Ca* 4+ Na*

Ca + Mg + Fe + Mn + Ti

where Ca%*
Na* = Na + K
This function arises from the general formula established



TABLE 2

SCAPOLITE ANALYSES

21.

Wt% ON 70 ON 3B Q 30 CA 63A Analyst's
Notes

5i0,  53.06 52.20 52.50 52.04

Tio, 0.00 0.02 0.00 0.01

Al,03 23.20 23.74 23.45 22.55%  *Could be low
F interferes

Fe,03  0.19 0.07 0.10 0.10

MnO 0.02 0.01 0.01 0.01

MgO 0.02 0.15 0.34 0.09

cao 9.88 10.43 10.45 11.05

Na,0 7.65 7.45 727 7.20

K,0 0.95 0.58 0.86 0.93

P,0 0.00 0.03 0.00 0.00

HyO' 0.08 0.22 0.20 0.14

H,0 0.03 0.01 0.09 0.00

co, 2.18 2.53 1.77 -

Sro 0.07 0.21 0.10 0.32

BaO 0.00 0.00 0.00 0.00

S0, 1.10 1.1%% 0.88 0.6%*

**]loss of precision

c1 1.90 1.5%% 2.00 1.6%*

F 0.00 0.00 0.00 0.76

Sum  100.33  100.25  100.02 97.40

Less 0.43 0.34 0.45 0.68 0=Cl,F

Total 99.90 99.9 99.57 96.70



TABLE 2 CONT'D

22,

Wt.% Q 26 Q 13A ON 27 ON 47
sio, 51.67 50.14 48.98 44.05
Tio, 0.00 0.00 0.02 0.01
Al,0,  23.98 24.57 25.51 28.67
Fe,0, 0.16 0.03 0.25 0.08
MnoO 0.01 0.00 0.00 0.01
MgO 0.02 0.06 0.08 0.07
éao 11.30 12.56 14.11 18.65
Na,O 6.30 5.70 4.63 2.55
K,0 1.07 0.93 1.27 0.24
P,0g 0.01 0.01 0.01 0.00
H,0" 0.11 0.07 -- 0.26
Hy0 0.03 0.22 - 0.13
co, 2.55 3.04 - 3.20
Sro 0.20 0.25 0.14 0.19
Bao 0.00 0.00 0.00 0.00
S0, 1.08 1.16 - 1.63
cl 1.75 1.52 - 0.03
F 0.00 0.00 - 0.00
Sum 100.24 100.26 (95.00) 99.77
Less 0.39 0.34 0.01 = Cl,F
Total 99.85 99.92 99.76



TABLE 2 CONT'D

23.

wt.% ON 8 G, ON 6A 0 87 Q 85
sio, 57.89 55.44 54.73 52.10 47.17
Tio, 0.01 Trace 0.01 0.02 0.03
Al,03 21.62 22.89 .22.85 23.79 26.29
Fe,04 0.07 0.00 0.08 0.23 0.15
MnoO 0.01 0.00 0.00 Trace 0.01
Mgo 0.03 0.30 0.03 0.18 1.00
cao 4.81 7.72 8.29 11.13 14.31
Na,0 10.50 9.36 8.55 6.86 3.82
K,0 1.16 0.22 1.08 0.87 1.01
P,0¢ -- 0.05 -- -- --
H,0" 0.44 0.22 0.13 0.07 0.93
Hy0 0.06 0.03 0.00 0.10 0.50
co, 1.11 1.85 1.69 2.14 2.66
S0, 0.03 0.18 0.39 0.80 1.42
c1l 2.96 2.30 2.19 1.85 0.56
F 0.00 0.00 0.00 0.11 0.04
Sum 100.70 100.37 100.02 100.25 99.90
Less 0.67 0.48 - 0.49 0.46 0.14 0=Cl1,F
Total 100.03 99.89 99.53 99.79 99.76
Note:

Total Fe as Fe20
--indicates no determination



TABLE 3
Gram Atom Values and Corresponding Mole Per Cent Meionite
(Si + Al = 12000)

Sample ON 70 ON 3B 0 30 CA 63A
Element

si 7919 7812 7861 7943
i 0.0 2.2 0.0 1.1
Al 4081 4188 4139 4057
Fe 21.3 7.8 11.2 11.4
Mn 2.5 1.2 1.2 1.2
Mg 4.4 33.4 75.8 20.4
ca 1579 1672 1677 1807
Na 2213 2162 2111 2131

K 180.8 110.7 164.2 181.0
p 0 3.8 0 0

H 79.6 219.6 199.8 142.5
c 444 516.9 361.8

Sr 6 18.2 8.6 68.7
Ba 0 0 0 0

s 123,2 123.5 98.8 68.7
c1 480.5 380.4 507.5 413.9
F 0.0 0.0 0.0 366.8
Na* 2395 2273 2275 2312
ca* 1608 1717 1765 1842
AN 1047 1021 968 850
W 4003 3990 4040 4153

% Me 40.18 43.04 43.69 44 .34



TABLE 3 CONT'D

25.

Sample Q 26 Q 13A ON 27 ON 47
Element

Si 7757 7607 7436 6791
Ti 0.0 0.0 2.2 L.l
Al 4243 4393 4564 5209
Fe 18.0 3.4 28.5 9.2
Mn 1.2 0.0 0.0 1.3
Mg 4.4 135 18.1 16.0
éa 1818 2042 2295 3080
Na 1834 1677 1363 762

K 205 179.9 246 47

P ARl 12 1.2 0.0
H 1110.1 70.8 ey 267.3
(4 522.6 630 - 673.5
Sr 17.4 21.9 12.3 16.9
Ba 0.0 0.0 0.0 0.0
S 121.6 132.0 e 188.5
cl 445 .2 391.0 e 7.8
F 0.0 0.0 = 0.0
Na* 2039 11857 1609 809
Ca* 1841 2059 2344 3108
AN 1090 1153 — 869.9
W 3880 3915 3953 3918
% Me 47.46 59.30 79.34

52.58



TABLE 3 CONT'D

Sample ON 8 GL ON 6A Q 87 Q 85
Element

si 8334 8054 8046 7803 7243
Ti 1 - 1 2 4
Al 3666 3946 3954 4197 4757
Fe 8 . 9 26 18
Mn 1 -- - -- 1
Mg 7 55 7 41 231
Ca 744 1234 1309 1786 2362
Na 2934 2639 2435 1995 1137
K 214 41 203 167 198
P — — . . —
H 422 214 127 70 950
c 218 371 339 438 558
Sr - —— e i i -
Ba e = psiee = i
S 3 20 43 90 163
cl 721 589 544 471 146
F . -= _— 52 19
Na* 3148 2680 2638 2162 1335
Ca* 753 1289 1322 1829 2598
AN - 942 980 927 1051 886
W 3901 3969 3960 3991 3933
% Me 19.4 32.5 33.5 46.2 66.2

Na* = Na + K, ca* = Cca + Ti
= i+ M =
W = Ca* + Na* g + Mn, AN C+F+Cl + s



27.

where W = Ca* and Na¥*

2 Si + Al

R

volatile components, C1, COog, SO3**
Each chemical analysis was converted to gram atom values
on the basis of Si + Al = 12,000. The data so obtained

are tabulated in Table 3.

From a study of Tables 2 and 3 it appears that
there is no regular relationship between mole per cent
meionite and the elements Ti, Fe, Mn, Mg, P, H, F, K,
Ba, Sr, F. In Figures 2 to 8, th % C1, SO3, C02, Na20
cao, A1203 and Si02 have been plotted versus mole per
cent meionite. The relationship between each component
and mole per cent meionite appears to be linear, represented
by the equation Wt % component =<+ A8 mole % Me. For
each chemical component o< and4& have been determined and
the values of these at 95% confidence limits. The
values so determined have been presented with the graphs
of the above mentioned variables. Those Wt% values
having analyst's notes indicating lack of precision have
not been considered in the linear regression analysis.
As gxpected wt% Na20, Cao, A1203, Si0y versus mole
per cent meionite have high correlation coefficients.

** Sulphur is considered as occurring in the
form SOE as indicated by wavelength studies,

discussed in a later section.



28.

FIGURE 2

Mole % Meionite vs Weight % Cl
Linear Regression Equation
Wt. % Cl = 3.9839 - 0.0492 Mole % Me

ox¢ =
Confidence Limits at 95% Level
3.6941 <% <4,2737
-0.0552<8< -0.0433

Correlation Coefficient = -0.989

Analyst's Notes:
ON 3 Loss of precision in analysis.
CA 63A o

ON 27 not determined

(These samples not included in regression =

analysis)
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30.

FIGURE 3
Mole % Meionite vs Weight % S04
Linear Regression Equation
Wt % SO5 = -0.4335 - 0.02?2 Mole % Me
Confidence Limits at 95% Level
-0.8933 << <0.0263
0.0188 <38 <0.0376
Correlation Coefficient = 0.926
Analzg;'s Notes;:
ON 27 not determined
CA 63A loss of precision
ON 3B o

(These samples not included in linear
regression analysis.)
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32.

FIGURE 4

Mole % Meionite vs Weight % CO2
Linear Regression Equation
Wt. % CO, = 0.7201 + 0.0334 Mole % Me

2 o P
Confidence Limits at 95% Level
0.0457<e< < 1.3945
0.0194 <,3 <0.0473

Correlation Coefficient = 0.875

Analyst's Notes:

CA 63A not determined

ON 27 "
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34.

FIGURE 5

Mole % Meionite vs Weight % Na,0

Linear Regression Equation

Wt. % Na,0 = 13.3840 - 0.1418 Mole % Me
o< -

Confidence Limits at 95% Level'

12.8063 << <13.9617

-0.1536 <,8 <-0.1300

Correlation Coefficient = -0.992
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36.

FIGURE 6

Mole % Me vs Weight % CaO

Linear Regression Equation

Wt. % Ca0O = 0.5249 + 0.2295 Mole % Me
o< =

Condidence Limits at 95% Level

0.2116 << <0.8382

0.2228 <3 <0.2361

Correlation Coefficient = 0.999

Note:

Q 85 not included in linear
regression analysis.
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38.

FIGURE 7
Mole % Me vs Weight % Al,O04
Linear Regression Equation
Wt. % Al,05 = 18.8741 + 0.1139 Mole % Me
=< P
Confidence Limits at 95% Level
18.0494 <= <19.6988
0.0972 < 8<0.1306

Correlation Coefficient = 0.979

Analyst's Notes:

CA 63A Could be low, F interferes.

(This sample not included in linear
regression analysis). -
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40.

FIGURE 8

Mole % Me vs Weight % SiO2

Linear Regression Equation

wWt. % SiO2 = 62.4769 - 0.2311 Mole % Me
=< &

Confidence limits at 95% Level

62.0662 <X <62.8876

-0.2395 <38 <-0.2227

Correlation Coefficient = -0.999
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42.

The correlation coefficient for weight per cent CaO versus
mole per cent meionite equals 0.999. This however excludes
the point Q 85 which deviates from the linear regression
equation by more than 6 mole per cent meionite and 1
weight per cent CaO. It was noted that Q 85 contained 1 per
feldspar of unknown composition. The probe results
(see later) indicate that scapolite is more Ca-rich than
the coexisting plagioclase; this may account for the
deviation from the determined linear curve. In view of
the above and its extreme departure from the linear
trend this point was omitted from the linear regression
analysis.

Considering the volatiles C1, COz, and SO3,
the following points are notable: Cl has a correlation
coefficient of -0.989 indicating that mole per cent
meionite is an e#cellent indicato