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AssrRAcr

An electron microprobe study of coexisting plagioclase and scapolite demonstrates
that scapolite is generally more calcium-rich than the cooristing plagioclase. However,
at high calcium contents- dre reverse is true. The tendency for the calcium content of
r"apolite to increase with increasing calciurn content of plagioclase is evident. Analysis
of random scapolite standards indicate that a high SO2 antl COs potential lavours tlre
stability of meionite while a high Clz potential favours the stability of marialite.

INrnonucrron

In recent studies there is some disagreement over the variations in

composition of coexisting plagioclase and scapolite. The purpose of

the present study is to clarify the apparent conflict in observed trends,

Barth (1952) presents a tentative equilibrium diagram which shows

scapolite enriched in calcium with respect to plagioclase by as much as

60 mole per cent and usually richer in calcium by 25 mole per cent

meionite. Marakushev (1964) suggsts that under quilibrium conditions,

in the two phase assemblage plagioclase-scapolite, scapolite is generally

more calcic than the associated plagioclase. Shaw (1960) gve data

illustrating that scapolite is not always richer in calcium than coexisting

plagioclase and that there is no regular relationship between scapolite

and plagioclase. Hietanen (1967) reports that the anorthite content of

plagioclase which crystallized with scapolite is about 20'25 per cent

lower tlran the meionite content of the scapolite, this difference being

smaller toward the calcic end of the series.
With the advent of the electron microprobe, more accurate analysis

of coexisting plagioclase and scapolite has become possible. Plagioclase

glass standards were provided by D. H. Lindsley and thirteen scapolites

were selected as probe standards after undertahng chemical analysis,

cell dimension determination, specific gravity and refractive index de-

terminations.

C:rorcr AND PREpARATIoN oF ELEcrnoN Mrcnopnonr SraNnenos

Thirty three scapolite-bearing rocks \Mere crushed, sieved and the

scapolite separated. Heavy liquid separation was utilized to further
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purily the scapolite powder (-100+200 fraction). The remaining sample
was placed in a covered beaker containing dilute acetic acid for eight
hours to remove included calcite. From the thirty-three samples examined,
the thirteen purest were used for detailed study. Thee included ON8,
ON6A, Q87, and QBS which have been studied in detail by Shaw (1960)
and later by Papike (1964). Sample GL is described by Shaw et al.
(1965). Table 1 lists the mineral assemblages and localities associated
with these thirteen scapolites.

CngMrcer. axo Pnysrcer. Pnoprnrrrs or Scaporrtp Srenoanos

Seven of the thirteen scapolite samples used as standards were analyzed
by J. Muysson, McMaster LJniversity. Sample GL had previously been
analyzd by l. Muysson. Analyses by C. O. Ingamells, were available for
Q85, Q87A, ON6A, and ON8 (Table 2).

Talrn 1. MTNSRAL AsssMrLAcEs arvl locar.nrrs or, Scapor.ns Srexoa.nns

Sample Mineral
assemblage

Comments Iocalitv
on powder

Scapolite
Feldspar
Nepheline

Slight
fibrous
alteration
ancl staining

Glamorgan Twp.
Ontario

r:T Scapolite
Amphibole
Mica
Plagioclase

1/6 teldspar Pontefract Twp.
Quebec

ON64 Scapolite
Pyroxene
Sphene

Monmouth Twp.
Ontario

Scapolite Mpwapwa
Tanzonia

ON3B Scapolite
Pyroxene

Very slight
staining on
some grains

Lyndoch Twp.
Ontario

Q30 Scapolite
Pyroxene

Clarendon Twp.
Quebec

Scapolite
Apatite
Fluorite
Uranothorite
Allanite

Grand Calumet Twp.
Quebec
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The meionite percentage is given as the following ratio :

C a * M g * F e * M n * T i
N a * K * C a * M g * F e * M n * T i

The above relation m 
Cax

ay be written 
CF;-NFwhere 

Ca* : Ca 1 Mg

* Fe * Mn * Ti; Na* : Na * K; this function arises from dre general
formula established by Shaw (1960) : WnZr"OrnR rvhere W : Ca* I
Na*; Z : Si * Al; ft : volatile components Cl, CO' SOr. Each chemical
analysis was converted to gram atom values on the basis of Si + Al
: 12,000 (Table 3).

From the study of Tables 2 and 3 it appears that there is no regular
relationship between mole per cent meionite and the elements Ti, Fe,

Tasrp 1. Cotqio.

Sample Mineral Comments locality
assemblage on powder

O87 Scapolite
Pyroxene
Sphene
Fluorite
Calcite

F{uddersfield Twp.
Quebec

Q% $capolite
Quanz
Sphene

Clapham Twp.
Quebec

Q13A Scapolite
Augite
Phlogopite
Calcite

Huddersfield Twp.
Quebec

ON27 Scapolite
Pyroxene
Graphite
Calcite

Q85 Scapolite l/e feldspar Huddersfield Twp.
Calcite slight Quebec
Amphibole fibrous
Diopside alteration

ON47 Single crystal
of scapolite
with inclusions
of plroxene

Note: All samples except ON70 were provided by D.M. Shaw. (ON70 was a gift oI
F.W. Solesbury).

Olrnsteadville
N.Y.

Slyudyanka
Siberia, U.S.S.R.
R.O.M.
Ml8778
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Mn, Mg, P, H, Fo K, Ba, Sr. The relationship between componenrc
N-ap, C-aO, Al2O' SiOr, Cl, SO, and CO, and mole per cent meionite
within the range of composition siudied is linear and is represented by the
equ1li9l wt/s component : q + P mole /6 meionite. a and p are listed
in Table 4. Those wt/6 value having analyst's notes (see footnotes
in Table 2), indicating lack of precision, have not been considered in
the linear regression analysis.

The specific gravity of each samplq determined with a pycnometer,
is given in Table 5.

Taarr 4. LrNren Rrcnss$orv Eguarror.rs ron Mor.s le Mn us wrle corv*orvur
*@

Component Correlation
Coefficient

Soa

Coz
Na2O
CaO
AIzOs
sio2

-0.4335
3.9839
0.7201

133840
0,5249

18.8741
62.4769

+0.028
-0.492

0.0334
-0.1418

0.295
0.1r39

-02311

0.926
-0.989

0.875
-0.992

0.999
0.9?9

-0.999

- (Evans et aI. Ig69 discuss the stoichiometry of scapolite with respect to these and
other samples in detail.)

Tarrn 5. Spncrrrc Gnarrr:r or Scepor.rrr Srarvnarus

Sample Mole Vo Me s.G.,i
oN8

ON6A
oN70
ON3B
030
CA63A
Q87
w6
Ql34
oN27
Q8s
oN47

19.4
32.5
33,5
40.18
43.04
43.69
44.34
462
47.46
52.58
5930
66.2
79.34

^*
2.633
2.667
2.656
2.669
2.6n
2.681
2.674
2.672
2.ffi4
2.693
2733

* Aceuracy is estimated as I .005,
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Cell dimensions calculated, using a least squares computer program,

from measurements taken from Debye-scherrer (114.6 mm. diameter

camera) films, and difiractometer traces are given in Table 6. Quartz

was used as an internal standard.

Refractive indices (Table 7) were determined using a new set of

Cargille index of refraction liquids and sodium light. Under ideal

T-Tj.C-" 
Y*".- 

^tt C"- v*g

Sample v

oN8
ON6A
oN70
ON3B
Q30
CA63A
Q87
Q/26
Ql3A
oN27
Q85
oN47

r2.060 A
12.07s
12.068
t2.0s7
12.090
12.087
12.095
i2.099
12.1 13
12.135
12.142
tLl.54

7.s77 A
7.580
7.577

7.579
7.584
"7 <'7o

l . c  ( v

t .J  to

7.558
r. {co
l . J l c

r r02.03 A
1105.21
1103.49
1101.77
1107.81
1 107.99
1108.72
1109.46
111L59
I I 12.98
11r6.92
1118.98

*- In all cases accuracy is better than + '0005'
- hrsuffrcient sarnPle for GL.

Teslg 7. Rlrrecrnz bvorcrs or Scepolrrn Sramams
Na light; accuracy o{ refractive indices -t- 0'001

no-l-ne
Sample n@ ile 71o - ne 

2

ONB
GL
ON6A
oN?0
ON3B
Q30
C463A
Q87
q26

Q13A
oN27
o85
oN47

t.546

r.561
1.566
1.564
_t.coJ

1.559
1.566
1.570
r.570
1 <70

1.581
t592

1.542
1.546
1.546

1.548
1.548
I.J4J

I.JJU

i.552
l.cou

I.CJU

1.55d

I .JOI

0.004
0.016
0.015
0.016
0.016
0.017
0.014
0.016
0.018
0.020
0.029
0.023
0.031

t544
I.554

I.b5d

1.556
1.5565
1.}t;z
1.558
1.561
I.bo45

.t.5b4c

1.5695
1.5  lbc
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conditions with media available in steps of 0.002 and calibrated to an
accuracy of * 0.0002 an accuracy of -r-9.961 is possible. The new deter-
minations are in excellent agreement with those given by shaw (1g60).

Er.rcrnon Mrcnopnoar Snmrcs

Analyses were made with a Ms-64 Acton electron microprobe. since
the linear regresssion line of ca versus mole per cent meionite had a
correlation coeffi.cient of 0.999; CaKq. intensities were used to determine
the, mole percentages of meionite in scapolite. All analyses were performed
with an accelerating voltage of 26kv and a beam current of 100 

^na 
caKa-

was also utilized to determine the composition of plagioclase. All specimens
analyzed were polished thin sections.

Localities, descriptions and donors of the plagioclase scapolite rocks
are listed in Table 8. The rsults of the analyses of the plagioclase
scapolite rock are listed in Table g. where possiLle plagioclase and sca-
polite grains in contact, were analyzed. Plagioclas" 

"tra 
scaporite grains

were not compared if the minerals appeared in separate gneissic bands.

Drscussrou or Pr.ecrocr,asn Scaporrrr Amer.ysns

The mole per cent meionite is plotted against mole per cent anorthite
in Figure l. Points falling above a 45o line indicate that scapolite is more
calcic than.coexisting plagioclase. From this graph the following conclu-
sions may be drawn :

I. sc-apolite is generally more calcium rich than coexisting plagioclase.
The mole per cent meionite may exceed the mole p", 

"urrt "rror-thite generally by 20/q and. by as much x S0/o.
2. There is a tendency for the ca content of plagioclase to increase

with increasing Ca content of scapolite.

Co*rposrrrouer. RspnBsrNTATroN or Eno-Mrmnrn FonMur.as

Linear regression curyes obtained from the scapolite analyses (Table 4)
confirm that there is a simple relation among the componuntr 

"f 
scapolite

and the mole per cent meionite. For this particular group of samples
end-member formulae may thus be derived. For the p'rp** of illuslra-
tion-the weight percentages of the components determinea-uy extrapolation
at the 0 and 100 mole per cent meionite points have been used to
determine the gram atom values for major ulu-urrt, in this group of
13 scapolites. The low correlation coefficient for wt/s co, us. mole /o Me
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Telr-r 8. Rocr Tvpss aup Locarrnrs or Pr,ecrocrasp Scapor'rre RocKs

Sample Ro& Type tocality

CA40

Samples supplied by D.M. Shaw

cA30

CA63B

CA75

cA76

68-81-8

69-28-64

69-3H

69-35-5

70-14G5

70-r48-3

72-198-2

72-2n2-5

7vr1v2

Samples supplied

J

8

1 0

T4

16

n

Scapolite-Pyroxene Gneiss

Garnet-Scapolite-Quartz
Gneiss

Skarn Rock: Scapclite
Diopside, Plagioclase

Skarn Rock: Hornblende
Plagioclasg Sphene

Hedenbergite.Hornblende SPhene
Gneiss

Scapolite-Hornblende-Quartz
Epidote Gneiss

Scapolite Marble

Augite-Quartz-B iotite
Scapolite-Plagioclase Schist

Quartz-P lagioclase-Scapolite-
Pyroxene Granulite

Ilornblende-Biotite Schist

Hornblende-Plagioclase-Scapolite
Gneiss

Quartz-scapolite.Hornb lende-
Pyroxene.Micrcline-Plagioclase
Granulite

Augite-scapolite-Gamet Skam Rock

B iotite-Hornblmde-PYroxene
Scapolite-Plagioclase Granulite

Plagioclase
Diopside
Hornblende
Scapolite

Grand Calumet TwP.
Quebec

Chandos Twp.
Ontario

Anorthosite in
McKenzig
Hagermarq Buree
and Ferguscn Twp.
Ontario

by I. Mason'l*"**n",

I



PTAGIOCLASE.SCAPOLITE EQUILIBRIUM

Tagr.s 8. Corrt'o.

863

Sample Rock Type Iocality

t I t

205

2W
226

353

356

J J l

381

Samples supplied by E. Speelman

Scapolite-Garnet-Plagioclase
Gneiss

Anorthosite : Plagioclase
Diopside
Hornblende
Scapolite

Anorthosite : Plagioclase
Hornblende
Biotite
Scapolite
(Diopside)

Microcline-Biotite-Oua-rtz
Gneiss

Plagioclase-Quartz-B iotite
Hornblende Gneiss

Diopside-Plagioclase-Scapolite
Gneiss

Plagioclase-Quartz-Biotite
Hornblende Gneiss

Scapolite-B iotite-Homblende
Gneiss

Scapolite-B iotite-Hornblende-
Plagioclase Gneiss

Quatz-Biotite-Plagioclase-
Scapolite-Hornblende Gneiss

Quartz-Biotite-Homb lende
Gamet Gneiss

s-44
s-48
s*49
s-51
s-53
s-54

s-l05

s-l62

s-l64

5-Ib5

Minden Twp.
Ontario

Chandos Twp.
Ontario

Wollaston Twp.
Ontario

Near the village Sorfinnset
County Gildeskool
Norway

Samples supplied by R. BradsLnw

193

194

230

256
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Tasrr 9. MrcRopnosp ANar.ysss ron Car<rurt oF CoucrnNc Scapor.rrr arvo Pr.acrocr-asn

Sample Mean Number of Standard K' *

S : mole /e Meionite Scapolite-Plagioclase Deviation
P = mole % Anorthite Pairs

Samples supplied by D.M- Shaw

cA30 (s) 623
(P) 56.1

cA40 (s) 67.10
(P) n.78

cA63B (S) 34.40
(P) 18.65

cATs (s) 54.9
(P) 48.0

cA76 (S) 59.2
(P) 38.7

68-81-8 (S) 68.3
(P) 4t.0

69-28-6A (S) s7.9
(P) 34.4

69-35-4 (S) 645
(P) 47.r

69-35-5 (S) 63.3
(P) 64.e

7O-t4G5 (S) 4t.7
(P) 30.7

70-148-3 (S) 59.6
(P) 45.0

72-19U2 (S) 63.1
(P) 33.6

72-202-5 (S) 73.0
(P) 35.5

73- l1C:  (S)  83.5
(P) 3r.0

10

2.7 1.30
2.8

1.36 4.Br
2.43

3.ll 2.N
3.89

6.6 1.32
6.2

5.3 2.30
1.8

11.3 3.10
a.J

1.9 2.62
1.3

36 2.M
2.4

8.9 0.93
3.8

r.7 1.62
0.3

1.0 1.80
1.6

4s 3.37
1.9

3.9 4.90
1.1

2s 1t.28
4.3

t0

t0

* See page 867.

10
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Teslr 9. CoNt'o.

865

Sample Mean Number of Standard K' 'N'

S = mole /e Meiontte Scapolite-Plagiclase Deviation
P = mole V lv;Lorthite Pairs

Samples supplied by I. Mason
3 (S) 82.7

(P) 66.1

8 (S) 83.2
(P) 5e.1

r0 (s) 73.5
(P) 60.4

14 (s) 70.7
(P) 65.3

16 (S) 73.4
(P) 61.1

27 (S) 7s.69
(P) 60.8

111 (S)  762
(P) 47.e

205 (S) 78.5
(P) 5r2

209 (S) 72.r
(P) 64.5

226 (S) 77.3
(P) 4e.7

3s3 (S) 75.8
(P) ss.z

35s (S) 75.2
(P) 6?.0

3s6 (S) 78.3
(P) 54.e

357 (S) 80.6
(P) 83.4

38r (S) 752
(P) 51.0

4.4 2.46
1.9

4.3 3.4
A A

9.2 r.82
1.3

3.8 r.n
2.04

5.3 1.76
' 2.8

4.0 zV
4S

42 3.48
o.4

5.1 3.47
42

14.0 1.42
3.9

4.9 3.44
2.7

7.7 2.54
3.0

4.6 1.49
c c

8.2 2.96
J.a

3.3 0.83
4.5

3.8 2.91
6.6

l0

10

10

t0

10

t0

10

l0

i0
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Tenp 9. Corst'p.

Sample Mean Number of Stanitard K' 'r

S = mole /o Meionite Scapolite-Plagioclase Deviation
P = mole /6 Anorthite Pairs

t0

t0

I q l

194

Samples supplied by R. Bradshaw

(s) 76.0
(P) 65.7

(s) 80.0
(P) 5e.4

(s) 78.8
(P) 3e.3

(s) 65.r
(P) 662

32 1.65
22

7.1 2.73
u.5

+ . t  J . f o

n o

1.6 0.95
26

1.8 1.98
2.9

4.01 1.64
3.9

r.4 228
4.5

3.8 0.39
3.2

2.3 r.52
2.8

4.3 2.86
2.7

3.2 1.33
2S

1.8 1.66
2.1

3.8 2.69
2.2

6.7 2.60
J . a

230

256

Sarnples supplied by E.L. Speelman,

s4A (S) 6e.8
(P) 53.e

s48 (S) 75.6
(P) 65.4

s4s (s) 7r.8
(P) 52.7

ssr (s) 72p
(P) 87.3

ss3 (s) 6s.3
(F) 5s.4

s54 (S) 702
(P) 48.2

sl05 (s) 61.6
(P) s41

s162 (S) 54.8
(P) 52.3

sl64 (s) 72.0
(P) 48.9

sr65 (s) 73.6
(P) 51.8

l 0

10

10

10

10

10

10

10
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allows this cmrponent to be treated in a qualitative manner only. fu
previously mentioned the stoichiometry of scapolite is discussd in more
detail in the light of new analyses, (see Evans et aI. Ig6g).

. The-compositional variation in the samples studied may be represented
in tlre form Ca,NasAlpSiqO,4(COu), (SOJ" (Cl), where x and- g define

the mole per cent meionite 
"r ;ffi 

and p, e, r, s, and t are functions of

. 3 x 3 x xx and g; p:3 + 
;;  a, 

q:9 - 
#u, r: f  (x,a) increasing ^ ;11

approaches t; 5: -0.05444 + 0.3544 
;h,t 

: | - l.23SS;h
The appearance of negative valuq for SO, and Cl suggest that

s_capolite may become unstable at the 0 wt/p componealt value or
that anion substitution may be complete at these values of. mole /a
meionite, (Evans et al.). Substituting )c : 4, U : 0 in the above equations
the formula for meionite is CarAluSiuOrr(COu)r,r) (SOr)(..).
If g : 4, x : 0, the formuh f"r mariaiit" iJ tilrntrsi,o,r{co,),(,)(Cl)
where p(r) indicates that p is a function of r.

The above formulae for meionite and marialite may be used as
repraentational end-members in a scapolite plagioclase reaction.

within the sample studied the compositional variation of scapolite
may be defined by two end members only. The sodic end member
is rich in chlorine and the calcic end member is rich in carbonate and
sulphite ions; SOu indicates an analytical component as opposed. to a
structural cornponent.

The reaction between plagioclase and scapolite minerals is presented
as follows (The formulae for meionite and marialite have been reduced
to minimize coefrcients): NaAlSi,O*.0.33NaC1 f CaAlrSi,O, * 0.33nCO"

Ma in Scap. An in Plag.
+ 0.1SO, * 0.33Ca+ + * 0.167nO, :_:'>-

CaAl,Si,O".0.33Ca(CO,),(SO,)., * NaAlSi,O, * 0.33Na+ + 0.l6ZCl,
Me in Scap. Ab in plig.

n is an undefined function of mole per cent meionite. The equilibrium
constant for the above reaction is written :

6 : aioT" aE!* [f"r, ]''u' [a*u]''u _^ - 
m;e . aXla-t 

: K' .K"

f is defined as fugacity. The term K, may be simplified, assuming that
R

otr 
: activity of A in B, which may be assumed to be equal to mole

fraction. From the data available, only the function K, may be evaluatd.
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In Table 9 the range of K, 11.28 to 0.3g indicates that K,,is
important in plagioclase-scapolite equilibrium reactions and that non
equilibrium associations may be prsent in some of the samples.

Truprnerunr Errscrs

Hietanen (1967) has illustrated that the calcium contenr of scapolite
and plagioclase increases with increasing grade of metamorphism. Figure I
would suggest that while this may generally be true, at higher rempera-
tures sue.h as those of the granulite facies, the Ca content of scapolite
with respect to that of plagioclas e may decrease or maintain a relatively
constant value.

CoxcrusloNs

Scapolite-plagioclase assemblages of low calcium content are typified by
scapolite which is more calcium rich than the coexisting plagioclase. When
the calcium content of thse minerals is high, however, scapolite may be
more sodic than the coexisting plagioclase. Those assemblages having
a calcium rich scapolite are thought to be indicative of high metamorphic
grade.

Upon consideration of a possible reaction between scapolite and
plagioclase it is concluded that f"orf.r, and f,so. are important factors
in the distribution of Ca between plagioclase and scapolite. Furthermore,
analysis of the scapolite standards indicates rhat a high SO" and CO,
potential lavours the stability of the Ca rich end member, *Lil" a high
Cl, potential favours the stability of the sodium rich end member.
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