





























































































































































































































































































































TABLE 10

Coexisting Scapolite and Plagioclase

Analysis by Microprobe (D.R.H.)

Sample Mean # of _ Standard K'
Scap-Plag Deviation
Pairs

Donor D.M.Shaw

CA 30(s)* 62.3 3 2.7 1.30
" (p)* 56.1 2.8

,CA 40(S) 67.10 4 1.36 4.81
" (P) 29.78 2.43

CA 63B(S) 34.40 2 3«11 2.29
" (P) 18.65 3.89

CA 75(S) 54.9 10 6.6 1.32
" (P) 48.0 6.2

CA 76(S) 59.2 7 5.3 2.30
" (P) 38.7 1.8

68-81-8(S) 68.3 10 1.3 3,10
ak (P) 41.0 4.3

69-28-6A(S) 57.9 10 1.9 2.62
i (P) 34.4 1.3

69-35-4(S) 64.9 6 3.6 2.08
" (P) 47.1 3.4

69-35-5 (S) 63.3 7 8.9 0:93
7 (P) 64.9 3.8

70-146-5 (S) 41.7 3 1.7 1. 62
" (P) 30.7 0.3

70-148-3(S) 59.6 4 1.0 1.80
o (P) 45.0 1.6

72-198-2(8S) 63.1 9 4.9 3.37

' " (P) 33.6 1.9

72-202-5 (S) 73.0 4 3.9 4.90

" (P) 305 .1
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TABLE 10 CONT'D

Sample Mean # of Standard K'
Scap-Plag Deviation
Pairs
73~110~2 (8) 83.5 10 2.9 1l.28
" (P) 31.0 4.3

Donoxr I .M.Mason

3(s) 82.7 4 4.4 2.46
" (P) 66.1 1.9

8(S) 83.2 4 4.3 3.44
" (P) 59.1 4.9

10(8S) 73.5 4 9.2 1.82
" (P) 60.4 1.3

14 (S) 70.7 10 3.8 1.28
" (P) 65.3 2.04

16(S) 73.4 9 5.3 1.76
" (P) 61.1 2.8

27 (S) 79.69 9 4.0 2.54
" (P) 60.8 4.9

111(S) 76.2 9 4.2 3.48
" (P) 47.9 6.4

205 (S) 78.5 10 5.1 3.47
" (P) 51.2 4.2

209 (S) 72.1 10 14.0 1.42
" (P) 64.5 3.9

226(S) 77.3 10 4.9 3.44
" (P) 49.7 2.7

353(S) 75.8 10 7.7 2.54
" (P) 55.2 3.0

355 (S) 75.2 10 4.6 1.49
" (P) 67 0 38

356 (S) 78.3 10 8.2 2.96
" (P) 54.9 3.4
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TABLE 10 CONT'D

929.

Sample Mean # of Standard K'
Scap-Plag Deviation
Pairs
357(S) 80.6 10 3.3 0.83
" (P) 83.4 4.5
381 (S) 18 .2 10 3.8 2.91
" (P) 51.0 6.6
Donor R.Bradshaw
193(S) 76.0 10 -2 1.65
" (P) 65.7 2,2
194 (S) 80.0 10 T ed 2.73
" (P) 59.4 8.5
230(S) 78.8 6 4.7 5.75
" (P) 39.3 0.9
256 (S) 65.1 2 1.6 0.95
" (P) 66.2 2.6
Donor E.L. Speelman
S44(S) 69.8 10 1.8 1.98
" (P) 53.9 2.9
S48 (S) 75.6 10 4.01 1.64
" (P) 65.4 3.9
S49 (S) 71.8 10 1.4 2.28
" (P) 52.7 4.5
S51(S) 72.9 9 3.8 0.39
" (P) 87.3 3.2
S53(S) 65.3 10 2.3 1.52
" (P) 55.4 2.8
S54(S) 70.2 10 4.3 2.86
v (P) 45.2 2.7
S105 (s) 61.6 5 3.2 1.33
" (P) 54.7 o



100.

TABLE 10 CONT'D

Sample Mean # of Standard K'
Scap-Plag Deviation
Pairs
S 162 (S) 54.8 10 1.8 1.66
" (P) 42.3 2.1
S 164 (S) 72 0 10 38 2.69
" (p) 48.9 2.2
S 165 (S) 13.6 10 6.7 2.60
* {P) 51.8 3.7

* (S) indicates mole per cent meionite
(P) indicates mole per cent anorthite

WILLS MEMORIAL LIBRARY
McMASTER UNIVERSITY



TABLE 11

101.

Scapolite Analyses by Microprobe (D.R.H.)

Sample # of analyses Mean Standard Deviation
Mole %
Me

Donor D.M.Shaw

cA 1 4 17.2 2.5
CA 19 5 33.9 4.3
CA 56 5 54.4 1.8
CA 81B 5 32.4 1.4
«CA 105B 5 58.3 242
D1 4 52.3 2.2
ON 19 5 63.5 8.9
ON 22 5 54.0 2.2
ON 34 4 56.5 0.9
Q 7 5 67.8 2.2
Q 24cC 5 47.4 0.7
Q 27 5 42.0 1.3
Q 31B 5 34.7 1.7
P 1 5 40.1 5.1
68-81-8 5 81.5 2.9
69-53-6 5 54.9 0.89
70-143-8 5 73.9 2.0
70-146-4 5 53.2 8.0
70-147-1A 5 64.4 0.7
71-50-7 5 67.3 2.4
630628 5 59.1 2.2
Donor D.Jennings

3An-34 5 57.0 2.1
Donor A.W.Kleeman

PV 17 5 55..7 1.6
157-48-A 5 61.0 2.3
KS 5 46.0 1.7
9250 5 65.3 .7
Donor E.L.Speelman

S 1l6-3 5 59.0 1.0
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P FIGURE 25
Mole % Me vs Mole % An
Note: All scapolite samples above the

indicated 45° line are richer in
Ca than the coexisting plagioclase.
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The Equilibrium Coefficient: In an exchange

reaction of the type

Il

(A)Z + (B)W (B)Z + (A)W
where A and B represent components and ( )2z, ( )W

represent phases, the following equation applies:
4 w
2 G =aG® + RT ln%'—d\‘”—
dA = C?B
.where AG = the free energy change of reaction and
A G- = the standard state Gibbs free energy change.
=z - B
Qg = activity of B in phase Z =9g Xg

¥ = activity coefficient

IB = mole fraction of B in Z
L3 z z
Note: XB + Xa =1

alse X85 + X =1

By definition & G = 0 at equilibrium, also for an
ideal solution & =/ for all ‘components in all phases.

Therefore at equilibrium

=z wW
0 =4¢®+rr 1n X8 ° X4

XZE o X 4
-4G° = RT 1n (/;Cl’a’?/ l;?w)
- X
The expression (1=X=) _x:,

Xs (1—XX)

is recognized as the equilibrium constant.
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The general case presented is that of a simple
exchange reaction. The reaction between plagioclase and
scapolite is however more complex. The reaction between

these two minerals is presented as follows:

(NaA1813 8" 33NaCl) + CaA1281208 + .33nCO2 + .lSO3
Ma in Scap. An in Plag.
33ca’ 167

+e a + no, ———

) + NaAlSi_O_ +. 33Na

(CaAl,_ si, o .33Ca(003)n (SO3) 3%g

2728 «3

Me in Scap. Ab in Plag

_+.167Cl2

The equilibrium constant for the above reaction is written:
I V4
K< K<
/_——/‘\\ 33
SC°P p/ay /—\_/\———\
Qe o Qs ] [
/€70

P P N o

The term K' may be further simplified assuming that 2

2~ Mole fraction = I

Thex;efore K, - 'X;‘:,P. (] xp:’a )
(1~ X3 X 57
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where —X::Prefers to the mole fraction of meionite in
scapolite.

The value K' can be determined from probe studies (Table 10).
'As may be seen from equation 1) the scapolite;
plagioclase equilibrium is a function of fugacity of

2+

Cl,, CO,, SO;, and the activity of Na' and ca” .

2I 3l

The range of K' (11.28 to 0.39) indicates that
K" is important in plagioclase—scapolite equilibrium
reactions. From equation 1) the following conclusions
may be reached:

1. Fugacity of CO,,Cl, and SO; influence the
equilibrium between scapolite and plagioclase
as do the varibles temperature and pressure.

2. In particular, a CO, and SO3 rich environment
favours the stability of meionite and a 012
rich environment favours the stability of
marialite.

3. Diffusion of Ca2+ and Na' ions may be
significant in establishing equilibrium
between plagioclase and scapolite.

Discussion of Scapolite Analyses: The limits

of scapolite composition of those samples analyzed by
means of the probé are 17.2 and 83.5 mole per cent

meionite. Pooling these data with those of D.M. Shaw
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a histogram was obtained plotting frequency of analyses
versus mole per cent meionite. Figure 26 illustrates
that natural scapolite is restricted to the compositional
limits of 17.2 and 84.9 mole per cent meionite. These
per‘cent values are reasonably close to the 0 weight per
cent intercepts for C1(80.92 mole % Me) and S04 (15.36
mole % Me) as determined from linear regression curves;
‘close enough to infer that these ions are controlling

factors in the stability of scapolite.

Extremal States: From the graph plotting mole

per cent meionite versus mole per cent anorthite, Figure
25 it is obvious that values representative of the
anorthosite samples do not represent extremal values as
predicted by Marakushev. This does not however disprove
the existence of the extremal composition. To suitably
investigate such a problem it would be necessary to
study assemblages covering a wide and known range of
intensive variables.
Wavelength Shift.

A comparison of the wavelength of SK«; in pyrite
marcasite, barium sulphite and barite suggests that the
sulbhur in scapolite occurs as sulphite. This study

made in conjunction with H.P. Schwarcz was a preliminary
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FIGURE 26
Mole % Meionite vs Frequency of Analysis.
The data for this histogram were obtained
from probe analyses by the author and
satisfactory analyses of scapolite

obtained by D.M. Shaw. (1960).
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study on wavelength shift and must be refined to present

quantitative data.



PETROLOGY

Petrogenesis of Scapolite.

Skarn zones, contact zones and pegmatitic areas
all may be associated with an abundance of volatiles.
These volatiles are undoubtedly important in the formation
of scapolite. Textural evidence supports the assumption
that scapolite in some cases may form as a result of
diffusion of volatiles along fissures or crevices.

Plate 2 illustrates a preference for scapolite

to form along fractures.

Plate 2: Anorthosite IM-3
Crossed nicols, illustrating initial stages of scapolitization

* For all photomicrographs Scale: 1 inch = 1.2 m.m.

111.
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However scapolite formation does not appear to be
exclusively controlled by fracturing. Plate 3
illustrates an intersertal replacement texture in

which scapolite is completely surrounded by plagioclase.

Plate 3: Anorthosite IM-3 )
Illustrating intersertal scapolitization, crossed nicols.

Undoubtedly nucleation sites have been provided by
imperfections in minerals of these anorthositic rocks.
The same rock types may show scapolite with a mosaic or

equigranular texture (Plate 4).
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Plate 4: Anorthosite S-44
Illustrating equigranular texture, final stages of
scapolitization, crossed nicols.

In former plates scapolite appears to be secondary in

the latter primary. Plate 5 illustrates both a replace-
ment and an equigranular texture. It is interesting to

note the abundant inclusions of apatite in the plagioclase
suggesting the abundance of volatiles during crystallization
of the anorthosite. 1In all previsus samples scapolite

was less abundant than the other major minerals. Plate 6
illustrates an example of scapolite in abundance. This

plate shows a granoblastic texture.
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Plate 5: Anorthosite S-54

Illustrating equigranular and replacement texture, crossed
nicols.

: Plate 6: Hornblende-Scapolite-Sphene-
Plagioclase Gneiss, CA 76, crossed nicols.
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Scapolite here abutts sharply against all minerals
including plagioclase. Plate 7 illustrates a poikiloblastic

texture.

Plate 7: Scapolite-Plagioclase-Hornblende
Gneiss. Note poikiloblastic texture, crossed nicols.

The author has noted that in certain gneisses scapolite
forms bands. This may indicate that either certain
layers within the rock act as permeable layers conducting
volatiles to nucleation sites thus allowing scapolite to
form or that volatile rich sediments have held these
voiatiles until metamorphism resulted in the formation

of scapolite bands. Plates 8 and 9 indicate the
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formation of bands and stringers of scapolite in
paramphibolite. (These photographs were contributed by
D.M.Shaw.) These stringers and the bands of scapolite
are probably representative of former diffusion paths
for volatiles.

Zoning in skarns is commonplace. Previously,
two zoned skarns have been mentioned. A third zoned
‘skarn was observed by the author when accompanying D.M.

Shaw on a field trip to the Haliburton area. The skarn

was located in the Haliburton town quarry.

Plate 8: Paramphibolite
Illustrating stringers of scapolite.
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Plate 9: Paramphibolite
Illustrating bands of scapolite.

The country rock, a dolomitic marble showed lineation
parallel to the dip of the skarn zone. The zonal sequence was
from the centre: scapolite, dolomite containing abundant
clinopyrbxene, and finally phlogopite. This type of
zoning observed in the field in mahy skarn zones may be
explained by diffusion of volatiles and other mobile
elements. In the case of the Haliburton quarry skarn
structural control is evident.

The source of volatiles resulting in the formation
of scapolite is problematic. Volatile rich environments

may be a result of intrusion of sediments or else high
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grade metamorphism of such.
Mineral Facies.

From the mineral assemblages observed in scapolite
bearing rocks a facies diagram was constructed. Figure 27
presents both AKF and ACF diagrams. The positions of the
tie lines are strictly for the purpose of representing
phase assemblages and are not intended to indicate more
than an approximate mineral composition of any individual
phase. The ACF diagram is essentially similar to that
presented by D.M. Shaw (1960). However, biotite was
included in preference to phlogopite as biotite is more
abundant than the former mineral. It must be noted
however that phlogopite is abundant in skarn type
deposits. The presence of microcline coexisting with
scapolite is indicated in the AKF diagram. The author
also feels that this facies characterized by the sphene-
diopside-scapolite assemblage is sufficiently unique and
widespread in the Grenville-type rocks to justify
classification as a separate subfacies of the amphibolite

facies.
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FIGURE 27

Facies Diagrams for Scapolite Assemblages.
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CONCLUSIONS

It has been illustrated clearly that the
proportions of Na,Ca,Al,Si,COz,SO3 and Cl vary in a
regular manner either decreasing or increasing in an
approximately linear fashion between the scapolite
end members marialite and meionite. An intensive
study involving specific gravity, refractive index and
cell parameter determinations has further delineated,
within reasonable limits the variation of physical
properties with increasing mole per cent meionite.

One of the principal conclusions of this study is
that scapolite stability limits appear to be reflected
by the proportions of SO3 and Cl.

Upon consideration of a possible reaction
between scapolite and plagioclase it is concluded that
fco , and fc_1 and £ are three important factors in

2 2 S03
the distribution of Ca between plagioclase and scapolite
in an exchange reaction.

Probe studies have demonstrated that scapolite is
generally more calcium rich than the coexisting
plagioclase, and that the mole per cent meionite may
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exceed the mole per cent anorthite generally by 20% and
by as much as 50%.

Due to the large percentages of volatiles
necessary for the formation of scapolite it may be
stated that the presence of scapolite is indicative of
a volatile rich "wet" environment, typified in the
amphibolite facies by the assemblage sphene-pyroxene-

scapolite.
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