Zeitschrift: Schweizerische mineralogische und petrographische Mitteilungen =
Bulletin suisse de minéralogie et pétrographie

Band: 62 (1982)

Heft: 1

Artikel: Margarite in the Central Alps
Autor: Frey, M. / Bucher, K. / Frank, E.
DOl: https://doi.org/10.5169/seals-47960

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 07.01.2026

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://doi.org/10.5169/seals-47960
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

Schweiz. mineral. petrogr. Mitt. 62, 21-45, 1982

Margarite in the Central Alps*

by M. Frey!), K. Bucher!), E. Frank')and H. Schwander’)

Abstract

A distribution map for margarite of the Central Alps based on some 270 specimens from 47 lo-
calities is presented. Margarite-bearing rocks formed during the Tertiary Alpine metamorphism
and range from lower greenschist to upper amphibolite facies. Margarite coexists with various com-
binations of the following minerais (listed in decreasing order of abundance): quartz, muscovite,
graphite, chlorite, plagioclase, calcite, epidote group minerals, biotite, garnet, dolomite, paragon-
ite, chloritoid, kyanite, staurolite, hornblende and corundum. Microprobe analyses of ten margar-
ites and six coexisting muscovites are presented. A review of the crystal chemistry of margarites
(based on 61 analyses) reveals that the dominant substitution is NaSiCa_;Al_; in analogy with the
plagioclase series. Appendix I is a compilation of margarite occurrences described in the literature.

Introduction

Optical, X-ray diffraction and electron microprobe work during the last fif-
teen years (SAGON, 1967, 1970, 1978; FrReY & NIGGLI, 1972; HOCK, 1974a, b;
FREY & ORVILLE, 1974; FRrREY, 1978; FRANK, in prep. and others) demonstrates
that margarite, CaAl,;[Al,Si,0,4(OH),, is an important rock-forming mineral.
A summary of occurrences of margarite as a prograde metamorphic mineral de-
scribed in the literature is presented in Appendix I. According to these data
margarite is found in metamorphosed pelites, marls, bauxites, basites and anor-
thosites and at metamorphic grade ranging from lower greenschist to upper am-
phibolite facies. In addition, margarite often forms pseudomorphs after other
Al-rich minerals such as andalusite, kyanite, sillimanite or corundum, and,
more rarely, after chloritoid, staurolite or even muscovite (e.g. HIETANEN, 1963;
URONO & KANISAWA, 1965; RAMBERG, 1967, p. 115; VELDE, 1970; JAN et al., 1971;
CHINNER, 1974; LANPHERE & ALBEE, 1974, p. 547; GuIDOTTI & CHENEY, 1976;
MILLER, 1977, p. 227; GuUIDOTT! et al., 1979; TEALE, 1979; YARDLEY et al., 1979;
COOPER, 1980; BALTATZIS & KATAGAS, 1981).

* Dedicated to Professor Ernst Niggli on the occasion of his 65 birthday.

Y Mineralogisch-Petrographisches Institut der Universitit, Bernoullistrasse 30, CH-4056 Basel,
Switzerland.
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The aim of this communication is to present a distribution map for
rock-forming margarite of the Central Alps and to provide further chemical da-
ta for margarite as well as some coexisting muscovite. In addition, the crystal
chemistry of margarite will be discussed in some detail. The phase relations of
margarite-bearing rocks of the Central Alps in the system CaO-Al,05-Si0,-
(C-0O-H) will be presented elsewhere (BUCHER et al., 1983).

Early descriptions of margarite from the Central Alps

During a literature search for margarite in the Swiss Alps NIGGLI (1955) was
able to find some eight references. According to this compilation GRUBENMANN
(1888) was the first to identify margarite as a rock-forming mineral. He used a
wet chemical analysis of minerals in a mesometamorphic schist from Lake
Ritom (locality 25 in Fig. 1 of this paper). This occurrence was later confirmed
by HARDER (1956, p. 245 and Table 8) who mentions the assemblage margarite-
muscovite- paragonite-zoisite-garnet with accessory quartz, biotite and plagio-
clase. The occurrence of «clintonite» described by SCHMIDT (1891) from Luk-
manier pass (locality 30 in Fig. 1 of this paper) was re-examined by NIGGLI
(op.cit.) using X-ray analysis and found to be margarite. The remaining six
margarite occurrences mentioned by Niggli are either doubtful due to the lack
of precise optical, chemical and X-ray data or are regarded as late-stage pro-
ducts; those in open fissures or joints will not be discussed further here.

NIGGLI (op.cit.) also suggested that margarite might be an important mineral
in relatively Ca-rich mesometamorphic schists on the southern border of the
Gotthard «massif» and the lower to middle Pennine nappes. This suggestion
was confirmed in part by FREY & NIGGLI (1972) who reported in a short note
that margarite is an important rock-forming mineral in a Liassic black shale
formation of epimetamorphic grade. More detailed data were later published
by FrREY (1978). Other recent references to margarite occurrences of the Central
Alps can be found in Appendix II.

Distribution of margarite in the Central Alps

More than 270 margarite-bearing specimens from 47 localities are represent-
ed in Fig. 1. Margarite in all these samples was verified either by microprobe
analyses, X-ray diffraction studies or optical methods by the present authors.
Different symbols are used for the localities with quartz-free (No. 1-5) and
quartz-bearing (No. 6-47) assemblages. Table 1 is a list of minerals which were
encontered in margarite-bearing rocks. These rocks belong to different tectonic
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Table I Minerals coexisting with margarite in 271 specimens from the Central

Alps.

mineral name no of specimens %

quartz 267 T N
muscovite 265 97.8
graphite 235 86.7
chlorite 218 80.8
plagioclase 174 64.2
calcite 162 59.8
epidote-group 145 53.5
biotite 123 45.4
garnet 84 31.0
dolomite 84 31.0
paragonite 68 25.1
chloritoid 50 18.5
kyanite 24 8.9
staurolite 17 6.3
hornblende 11 4.1
corundum 3 1.1

units?) and occur in a variety of lithologies. The greatest concentration of mar-
garite occurrences is in the Mesozoic cover of the Gotthard «massif»
(No. 15-22, 24-38), particularly in metamorphosed graphitic pelites and marls
of Liassic age as described by FREY & NIGGLI (1972), FREY & ORVILLE (1974),
Fox (1974, 1975), FrRey (1978) and FrRaNk (1979a). Some margarite occurs in
graphite-free metamarls of the Upper Triassic Quartenschiefer formation
where this mineral was overlooked by FrRey (1969) but subsequently reported
by Fox et al. (1974).

Margarite is a major mineral in graphitic Biindnerschiefer / schistes lustrés,
that is, in metamorphosed Mesozoic marls with minor pelites of the Pennine
domain between the Simplon area in the west (No.6-9, 11, 13) and the Misox
zone in the east (No. 44-47). However, a systematic search for this mineral has
so far been undertaken only in the Simplon area (FRANK, 1979a, in prep.) and
the Misox zone (TEUTSCH, in prep.). '

Margarite seems to be a rare mineral in pre-Mesozoic pelitic schists of the
Pennine nappes. KLEIN (1976), for example, reported this Ca-mica from only
three out of about 400 samples studied from the Adula and Simano nappes
(No.41-43) and a peculiar occurrence of margarite was described by FRANK
(1979b) from a zoisite-plagioclase gneiss of the Berisal nappe (No. 10). In addi-
tion, margarite was described from two marbles of possible Mesozoic age from
the Bergell area (No. 4: MoTIcskA, 1970; No. 5: H. R. WENK, pers. comm.)

Margarite shows a simple pattern of regional distribution as do other index
minerals of the Central Alps (e. g. NIGGLI & NIGGLI1, 1965). About half of the

2y Tectonic units are designated according to the tectonic map of Switzerland (Spicher, 1980).
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margarite localities shown in Fig. 1 are located in Niggli’s chloritoid zone,
while the other half occurs in the staurolite zone. This distribution pattern may
change somewhat as more petrographic data become available. It is expected
that margarite may also be found in the Zermatt area, in the Urseren zone be-
tween the western end of the Gotthard «massif» and Andermatt (that is be-
tween localities 16 and 26), and in Biindnerschiefer rocks in an area between the
eastern end of the Gotthard «massif», Chur and the Bergell area. The present
low-grade margarite mineral zone boundary does not correspond to a reaction-
isograd (WINKLER, 1979, p. 66). According to FrReY (1978) the first margarite
was formed from pyrophyllite + calcite or from pyrophyllite + dolomite. These
assemblages are found in the Helvetic nappe zone and the Prealps (Fig. I,
No. 101-115). However, due to unfavourable bulk compositions in the south-
ern Glarus Alps and the Aar massif and lack of field data in the sedimentary
cover at the SW end of the Aar massif a reaction-isograd has not yet been
mapped.

The majority of margarite-bearing samples occur in Mesozoic rocks and
were therefore formed during the Alpine regional metamorphism. From textur-
al evidence this is believed also to be true for margarites found in some
pre-Mesozoic rocks. More specifically, the areal distribution and textural evi-
dence suggest that all margarites were formed during mid-Tertiary time.

Textural observations

In thin section margarite occurs mainly in the matrix or as porphyroblasts
but pseudomorphic margarite was also observed.

Synkinematic margarite is found in the matrix of many phyllites and mica
schists of the lower and middle greenschist facies. If intergrown on a small scale
with other sheet silicates, especially muscovite and paragonite, it is difficult to
detect; and optical and X-ray methods (Frey, 1978, p. 114) are needed. How-
ever, almost monomineralic layers of margarite are found in some metamarls
of the greenschist facies and are then easily identified with the microscope. In
some thin sections it could be observed that these margarite-rich layers pass la-
terally into plagioclase-rich layers (Fig. 2a). From this observation and the re-
gional distribution pattern of margarite and plagioclase it is believed that much
plagioclase in Liassic black shales and the Biindnerschiefer formed by marga-
rite-consuming reactions (see also FREY & ORVILLE, 1974; BUCHER et. al., 1983,
Fig. 3).

Postkinematic porphyroblasts of margarite were found in phyllites and mica
schists of the upper greenschist and lower amphibolite facies. At localities 21
and 30 these porphyroblasts reach a length of several millimetres. In thin sec-
tion (Fig. 2b; see also FrRey, 1978, Fig. 8; FRANK, in prep.) they can be easily dis-
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\\ a) Syn- and pre-kinematically grown margarite layer
partially replaced by plagioclase. Sample EF 41, lo-
cality 11.
b) Porphyroblastic margarite. Sample MF 1934, local-
ity 21.
¢) Margarite + chlorite pseudomorphic after chlori-
toid. Sample MF 1608, locality 24,

tinguished from muscovite or paragonite by higher relief, lower birefringence,
and angle of extinction.

Magarite and chlorite pseudomorphous after chloritoid porphyroblasts were
found at locality 24 close to the staurolite «isograd» (Fig. 2¢). Due to the lack of
chemical data no detailed reaction can be proposed at present. Another exam-
ple of chloritoid replaced by margarite (and muscovite) was mentioned by
TEALE (1979).

Mineral chemistry

Mineral analyses were performed with an ARL-SEMQ microprobe operat-
ing in a combined energy and wavelength dispersive mode (TN 2000, PDP
11/04), that is, all elements were determined simultaneously at the same spot
(ScHWANDER & GLOOR, 1980). In each thin section «coexisting» minerals in
three to four areas several millimetres apart were analysed. If possible, minerals
in direct contact were used, but sometimes the distance was as large as 1-2 mm.

Ten margarite analyses are presented in Table 2. The first nine analyses are
from graphite-bearing metapelites or metamarls while analysis Sci 1519 is from
a marble. These analyses come from upper greenschist and amphibolite facies



Margarite in the Central Alps 27

Table 2 Microprobe analyses of some margarites from the Central Alps. Samples are arranged with increasing
metamorphic grade. Analysts: H, SCHWANDER and E. FRANK.

Sample No. MF 521 MF 1934 EF 1058 Blen 25 Mis 70 K1 327 G 147 EF 870 EF 1070 Sci 1519
tocality (Fig. 1) 30 21 10 37 47 42 3 1 2 5
No. of analyses 5 15 6 4 7 3 18 2 4 >
Sioz 29.87 30.30 3271 32.20 32.41 3238 30.81 30.70 30.86 29.61
T102 0.10 0.0b n.d. 0.19 0.08 0.08 0.3 n.d. n.d. 0.00
A]203 50.29 50.03 49,79 48,14 48. 89 47.96 48.19 49.74 49,92 50.34
FeQ* 0.27 0.39 3:13 0:72 0.55 0.86 0.51 0.25 0.47 0.17
MnG 0.04 0.02 n.d. 0.03 0.05 0.00 n.d. n.d. n.d. 0.0C
Mg0 0.26 0.15 0.41 0.00 0.54 0.38 0.2 0.10 0.97 0.40
Ccal 11.39 17.96 171.09 &.65 10.86 9.14 10.48 12.58 10.76 12.10
Na20 1.42 0.97 1.44 1.96 1.78 1.80 1.95 0.77 Tailq 0.92
K0 0.11 0.1 {<0.10) 0.14 0.23 0.32 0.29 3. 10 {<0.10) 0.C0
Tgta] 93.75 83,98 95.57 92,03 95.40 92.92 92.73 94.24 94 .69 94.04

Atomic propertions on the basis of 22 oxygen atoms

Si 4.029 4.076 4.298 4,381 4.290 4.378 4.202 4.119 4.114 3.8979
Aliv 3.871 3.924 3.702 3.619 3.710 3.622 3.798 3.881 3.886 4,021
iz 8.000 8.000 8.000 8. 000 8.000 8.000 8.000 8.000 8.000 2.000
A]V1 4.024 4.010 4.009 4.102 3.918 4,022 3.949 3.984 3.959 4.032
Ti 0.010 0.005 — 0.019 0.009 0.008 0.031 - e 0.000
FeZ+ 0.030 0.044 0.014 0.082 0.061 0.097 0.058 0.028 0.046 0.01¢
Mn 0.005 0.002 = 0.003 0.006 0.000 — — o 0.000
Mg 0.052 0.030 0.080 0.000 0.107 0.077 0.041 0.020 0.183 0.080
Iy 4.121 4,091 4.103 4.206 4,101 4,204 4,079 4.032 4,798 4.131
Ca 1.646 1.724 1.561 1.261 1.540 1.324 1.532 1.808 1.537 1.742
ia 0.37 0.253 0.367 0.517 0.457 0.472 0.516 0.200 0.457 0.240
K 0.019 0.019 - 0.024 0.035 0.055 0.050 0.017 - 0.000
Ix 2.036 1.996 1.928 1.802 2.036 1.851  2.098 2.025 1.994 1.982
End-member molecules

margarite 80.9 86.4 81.0 70.0 75.6 71.5 73.0 89.3 77.1 87.9
paragonite 19.2 12.7 19.0 28.7 22.5 25.5 24.6 9.9 22.9 120
muscovite 0.9 0.9 {<1.0) 1.3 1.9 3.0 2.4 0.8 («1.0) 0.0

* total Fe as Fel

n.d. = not determined

grade. It was not possible to analyse margarites from the lower greenschist fa-
cies due to fine grain size. Some of the analyses show low anhydrous totals of
only 92-94 wt% which are presumably caused by impurities, like water, on the
surface of the thin sections. However, it is believed that calculated structural
formulae are not affected by the low oxide totals since the atomic proportions
are in agreement with the majority of other published margarite analyses as dis-
cussed later.

These ten margarite analyses show a relatively large variation in their Si/Al
ratios (0.494-0.573), which is, for the most part, higher than in the end-member
margarite (0.5). The octahedral positions are mainly occupied by Al
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(3.918-4.102) with minor amounts of Mg (0.000-0.193) and Fe (0.014-0.097)
but very small amount of Ti (0.000-0.031) and Mn (0.000-0.006). In the inter-
layer position an appreciable amount of Ca is replaced by Na (10-29% para-
gonite end-member), but K is always low (up to 3% muscovite end-member
molecule). The substitution of Na for Ca shows a rather large range in some
samples (e. g. sample Mis 70: masg ;pass 4 muy, g t0 Mags 4pa;40Muye) as depicted
in Fig. 3. Similar large Ca-Na substitutions ranges within a single thin section
were also reported by CHINNER (1974), HOINKES (1978, Fig. 7a) and SCHREYER
etal. (1981, Fig. 5) and could be caused by chemical zonation in margarite or
small-scale intergrowth of margarite with paragonite.

A chemical zonation was detected in samples MF 1934 and Mis 70 with rela-
tively Na-rich rims and Ca-rich centers. A typical analysis yielded

Ca Ca

MF 521 x 90 K e

MF 1934
Blen 25
Mis 70
Kl 327
G 147

+ » b 2 @ O

Fig.3 Ca-Na-K plot of analysed margarites and muscovites. Tie-lines connect coexisting grains.
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Table 3 Microprobe analyses of some muscovites coexisting with margarites from the Central Alps. Analyst:
H. SCHWANDER.

Sample No. MF 521 MF 1934  Blen 25 Mis 70 K1 327 G 147
No. of analyses 4 9 4 6 6 8

5102 45.16 46.23 46.83 47.18 46.59 46.40
TiO2 0.33 0.30 0.30 0.42 0.55 0.5

A]ZO3 34.05 34.67 33.92 32.67 33.75 33.30
Fe0* 1.48 1.35 1.48 1.50 1.59 1.55
Mn0 0.00 0.00 0.03 0.00 0.02 n.d.
Mg0 1.38 1.03 0.42 1.82 1.07 1.6

Ca0 0.05 0.05 0.02 0.10 0.05 (<0.1)
NaZO 0.68 0.32 8.65 0.65 1.04 0.78
KZO 10.85 10.75 9.82 10.42 9.99 10.19
Total 93.98 94.70 93.47 94.76 94.65 94.32

Atomic proportions on the basis of 22 oxygen atoms

51 6.194 6.198 6:325 6.325 6.248 6.249
mvo 1.806 1.802 1,675 1.675 _ 1.752 _ 1.751 _
Z ... 8.000 8.000. 8.000 _ 8.000 8,000  8.000
A]Vi 3.580 3.677 3.725 3.487 3.583 3.535
Ti 0.033 0.030 0.030 0.042 0.055 0.051
F92+ 0.166 0.151 0.167 0.168 0.178 0.175
Mn 0.000 0.000 0.003 0.000 0.002

Mg 0.244 0.206 0.085 0.364 0.214 0.321
VT 3.023  6.066  4.010 _8.067  4.032 4.082
Ca 0.007 0.007 0.003 0.014 0.007

Na 0.177 0.083 0.170 0.169 0.270 0.204
Ko 1.857 1.839 1.692  1.782  1.709  1.751
w204 1.929  1.865 1.965 1.986 1955
End-member molecules

muscovite 91.0 85.3 90.7 90.7 86.0 83.6
paragonite 8.7 4.3 9.1 8.6 13.6 10.4
margarite 0.3 0.4 0.2 0.7 0.4 (<0.7)

magg spa g Mug 4 (rim) -magg ;pa;; mug 7 (center) for MF 1934 and magg gpasg -
mu, s (rim) —~ may, gPass smu; 3 (center) for Mis 70. In samples MF 521, G 147
and Sci 1519 no chemical zoning was found while the small grain size in the re-
maining samples did not allow any conclusion. Zoned margarite was also re-
ported by JoNES (1971), but in that case the margins were poorer in Na than the
centers.

Margarite and paragonite intergrown on a scale smaller than the electron
beam presumably occurs in nature (D.J. MILTON, written comm. 1981), but no
paragonite could be detected in the ten samples of Table 2 by X-ray diffraction
methods.

Six analyses of muscovite coexisting with margarites are presented in Table 3.
As noted before (e. g. HOCk, 1974a; HOINKES, 1978) these muscovites contain
more Fe + Mg + Ti than the coexisting margarites, although the «phengite»



30 Frey, M., K. Bucher, E. Frank and H. Schwander

content of these muscovites is still rather small which may be the result of the al-
uminous bulk rock composition. In addition, the margarite component is negli-
gible (0.2-0.7 %) while the paragonite content is variable (4.3-13.6%). Note that
these muscovites are more homogeneous with respect to K-Na than the margar-
ites with respect to Ca-Na substitution {Fig. 3). Margarite-muscovitc tic-lines
shown in Fig. 3 for contacting grains or grains within a distance of less than
1-2 mm are subparallel within a single thin-section although some crossing
tie-lines do exist in MF 1934 and Mis 70. These data suggest, that at least on the
scale of several millimetres, chemical exchange-equilibrium was approached.

A few plagioclases were analysed for this study, but additional data can be
found in FREY & ORVILLE (1974) and BUCHER et al. (1983). In general, the Ca/(Ca
+ Na) ratio is lower in plagioclase than in the coexisting margarite. From Fig. 4
it can be seen that plagioclases are in some cases even more inhomogeneous
within a single thin section than coexisting margarites. These observations are
consistent with those of ACKERMAND & MoORTEANI (1973), HoINKES (1978) and
GiIBSON (1979).

Crystal chemistry of margarite

The following discussion is based on 10 analyses from Table 2 and 51 micro-
probe analyses taken from the lriterature (JoNEs, 1971 [2]*; ACKERMAND & MOR-

o] 20 40 60 80 100

I 1 L L 1 | O

PA T MA
K 327

AB L ]H N I AN

PA ;8 i | A MA
EF 440 LU

AB T T T T rI ”IJ'I'I'I T T L AN

N e — i | YT
Mis 70 -

AB T T T T I 3 l|1 T 1 AN

0 20 40 80 B0 100
Ca/(Na+Ca)

Fig. 4 Ca/(Na+Ca) plot of coexisting margarites and plagioclases. Samples
K1327 (locality 42) and EF 440 (locality 9) come from slightly above the stauro-
lite “isograd” while sample Mis 70 (locality 47) is located just below the staurolite
“isograd”. Mineral assemblages are listed in Appendix I1.

* number of analyses.
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Fig. 5 Histograms showing the formula proportions of 60 margarites.

TEANI, 1973 [6]; Fox, 1974 [1]; HOCK, 1974a [2]; GUGGENHEIM & BAILEY, 1975 [1];
GUuIDOTTI & CHENEY, 1976 [1]; CHoprIN, 1977 [5]; MILLER, 1977 [1] and written
comm., 1981 [2]; HOINKES, 1978 [2] and written comm., 1981 [2]; Frey, 1978 [1];
GiBsoN, 1979 [6]; GuipoTTI etal., 1979 [2]; TEALE, 1979 [4]; CRAWFORD et al.,
1979 [1); CooPER, 1980 [5]; LABOTKA, 1980 [3]; BALTATZIS & KATAGAS, 1981 [1};
SCHREYER et al., 1981 [3]). ‘

Atomic proportions

Fig. 5 shows the distribution of some elements expressed as atoms per formu-
la unit in the form of histograms. The following points are worth mentioning:

(1) Siranges from 3.93 to 5.03 and the majority of natural margarites have
a higher Si-value than end-member margarite (Si = 4.00). Tetrahedrally coordi-
nated Al varies accordingly from 2.97 to 4.07.
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(2) Octahedrally coordinated Al shows a narrow range of values from 3.75
to 4.10, that is with only small deviation from the 4.0 value of end-member mar-
garite.

(3) Other octahedrally coordinated atoms are, with a few exceptions noted
below, only present in small amounts. Fe (total Fe calculated as Fe2+) ranges in
all but one sample from 0.01 to 0.13. One margarite shows an unusually high
Fe-content of 0.39 (MILLER, 1977) which might be due to an inclusion, since two
other analyses from the same specimen yielded low Fe-contents of 0.05 atoms
per formula unit (MILLER, written comm. 1981). Mg ranges from nil to 0.19
while Ti (0.00-0.03) and Mn (<0.01) show very small amounts. Other elements
which are only rarely reported include Cr (0.00-0.20 in 16 margarites) and Li
(0.002 wt-% Li,O [FrEey, 1978] and <40 ppm Li[CHoPrIN, 1977}).

(4) The sum of the cations in octahedral position ranges from 3.83 to 4.28
and is in most samples slightly higher than in end-member margarite
(£Y = 4.0). This effect is believed to be real and not only caused by analytical
error, that is most natural margarites show a slight tri-octahedral character.

(5) Caranges from 1.00 to 1.82 with a maximum around 1.6. These values
are distinctly less than that for end-member margarite (Ca = 2.0). This is mainly
caused by the replacement by Na, which ranges from 0.17 to 0.90 with most va-
lues around 0.4. The K-content is always small (< 0.10) except for two of the an-
alyses reported by SCHREYER et al. (1981) which show unusually high K-con-
tents of 0.15 and 0.35 atoms per formula unit. These two analyses were done on
«apparently homogeneous» material, but the presence of an «intricate inter-
growth of margarite with muscovite or fuchsite» (SCHREYER et al., op. cit., p. 200
and Fig. 4) suggests the possibility that a mixture of margarite and muscovite
may have been analysed. Trace amounts of Ba (0.002 atoms per formula unit)
are reported only from two samples by GUIDOTTI et al. (1979).

Substitutions in margarite

The most important substitution in natural margarites seems to be the cou-
pled substitution Na+Si4+ = Ca2+Al3+ in analogy with the plagioclase series
(Fig. 6). The reason for the fact that most data points lie above the join marga-
rite-paragonite is not clearly understood at the present time. Since Li can not be
analysed with the microprobe this element is rarely reported, but if so the re-
sults do not suggest that the substitution NaLi = Ca O (SCHALLER, 1967) to-
wards the tri-octahedral end-member ephesite, Na(LiAl;)[A1,51,0,0)(OH),, is
important in these margarites. On the other hand a correction for a possible
Tschermak-type substitution (as discussed below) would move the data points
to the left, that is even farther away from the join margarite-paragonite.
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Fig.6 Na/(Na+Ca) vs Si/(Si+Al1Vi) diagram for 60 microprobe analyses of
margarite.

It is difficult to decide how Fe and Mg are substituted in the octahedral layer
since the ferric/ferrous iron ratios are not known from microprobe data (al-
though Fe3+ should be minimal since most specimens with margarite also have
graphite present) and because margarite show low Fe- and Mg-contents (Fig. 5).
Three possible substitutions would be: AlivAlvi = Si(Fe2++Mg), 2AI+ =
3(Fe+Mg)2+, and Al3+ = Fe3+. The first mentioned substitution is well docu-
mented for the series muscovite-celadonite. However, using a triangular Si-Al-
(Fe+Mg) plot (not shown here), the margarite data points showed a relatively
large scatter along the Al-Si side which was somewhat reduced if a correction
for the Al/Si ratio was applied caused by the above mentioned substitution Na-
Si = CaAl. With the low (Fe+Mg)-contents, which amount (with one excep-
tion) only up to 2% in such a Al-Si-(Fe+Mg) plot, no correlation towards a hy-
pothetical end-member as e.g. Ca(Mg,Fe) Al[AlSi;0,,J(OH), could be detected.
Similarly, a 2Alvi vs 3(Fe+Mg) plot (not shown here) displayed a large scatter
with only a very weak correlation.

In Fig. 7 margarite analyses are plotted in a Ca-Na-K diagram together with
some microprobe analyses of paragonites (ACKERMAND & MORTEANI, 1973 [9]*;
ERNST & DAL Piaz, 1978 [8]; Fox, 1974 [7]; GiubpotTt et al., 1979 [2]; HOcK, 1974a
[4]; HoFFER, 1978 [3]; HoLLAND, 1979 [1]; KrROGH, 1980 [3]; MARESCH & ABRA-
HAM, 1981 [1]; MILLER, 1974 [1]; MILLER, 1977 [3]; THOMPSON et al., 1977 [2]). The
composition range of muscovites is also schematically indicated. As noted be-
fore (e.g. ACKERMAND & MORTEANI, 1973; GiBSON, 1979) margarite shows main-
ly a solid solution towards paragonite as is true also for muscovite. The more
Na-rich margarites generally seem to contain also a slightly higher K-content
(see also Fig. 3). Although the solid solution in paragonite is not as extensive as
in the other two di-octahedral white micas the Ca/K ratio is quite variable and

* number of analyses.
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Ca

K y » ——

Fig. 7 Ca-Na-K end-member white mica diagram. The open circle refers to a “sodium-margarite” analysed by
wet chemical methods (AFANASEV & AIDINYAN, 1952). The two crosses refer to margarite analyses possibly con-
taminated by muscovite (SCHREYER et al., 981). Other data sources are given in the text.

many paragonites show similar amounts of Ca and K. The microprobe data for
margarite and paragonite are consistent with the experimentally determined
asymmetric solvus with a maximum at about maggpa,, (FRANZ et al., 1977). The
most Na-rich margarite analysed by microprobe technique is reported by
ACKERMAND & MORTEANI (1973) and has the composition masggpasy,musg,.
Note, however, that a «sodium-margarite» formed by intrusion of a pegmatite
into amphibolite has the composition ma,; ypa;; smus as determined by wet
chemical technique (AFANASEV & AIDINYAN, 1952; cited in DEER etal., 1962,
p. 97).

Although some differences exist, the solid solution behaviour between the
three di-octahedral white micas margarite, paragonite and muscovite is similar
to that in the series alkali feldspars-plagioclases.
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