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lous pleochroic colors, X = deep reddish brown and Y, Z = pale green,
with the absorption formula X > Y = Z.
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Introduction

The study of carbonatite complexes has re-
vealed the discovery of a mica type with chemical
and optical peculiarities. The common phlogopite
has the absorption formula X < Y = Z with
pleochroic colors X = yellow and Y =Z =
brownish red, green or yellow. In some cases
phlogopite shows anomalous pleochroic colors
X = deep reddish brown and Y = Z = pale
yellow with X > Y = Z. The absorbance cannot
be visually resolved in thin sections parallel to
(001) since the absorbance of Y is almost equal
to that of Z; these are treated as Y, Z.

Biotite with the anomalous, reversed, pleo-
chroism has also been found. The term biotite,
K, (Fe?+, Mg), [SigAl;04,] (OH),, is used in
this paper to denote an iron rich mica which
is arbitrarity differentiated from phlogopite,

K, (Mg, Fett)s [SigAl,0,0] (OH),, in having
Mg: Fe < 2: 1. Phlogopite and biotite can, how-
ever, be treated together since the anomalous
optics are due to the chemical differences in the
tetrahedral sites of the mineral structure.
Pleochroism in minerals is caused by the dif-
ferential absorption of polarized light in different
crystallographic directions and is seen as dif-
ferent colors when light in the visible region is
affected. The majority of silicates owe their colors
to the presence of transition metals (e.g. Fe) and
lanthanide ions in the structures, these absorbing
light through internal 4 or f electron transitions.
The occurrence of these ions in coordination sites
disturbed from octahedral or tetrahedral sym-
metry gives rise to pleochroism (Burns, 1970).
Phlogopite and biotite with an anomalous pleo-
chroism is named by Rimskaya-Korsakova and
Sokolova (1964) tetraferriphlogopite and tetra-
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ferribiotite, respectively. This terminology is
also adopted in the present paper.

The term tetraferriphlogopite, K,Mg, [Si,
(Al, Fe3+),0,,] (OH),, shows the presence of
ferric iron in the tetrahedral sites of the mica
structure. It is known that Fe?+ may completely
replace A3+ in phlogopite (Steinfink, 1962). The
anomalous pleochroism also appears in synthetic
ferriannite KFe?+, [SiFe3+O ;)] (OH), (Wones,
1963).

This paper describes the anomalous phlogopite
found in the Siilinjirvi carbonatite complex.
Since the complex has been described in details
by Puustinen (1971), only the main features are
presented here.

The complex is located some 20 km to the
north of the city of Kuopio in eastern Finland,
at lat. 63°08’N and long. 27°44’E.

The roughly tabular, subvertical complex is
some 16 km long and up to 1.5 km wide. The
age is about 2500 m.y. determined with the K-Ar
method from richterite (Puustinen, 1972). Ages
between 1785 and 2030 m.y. from phlogopite
give unsatisfactory results for the time of em-
placement. The datings probably represent the
ages of the Svecokarelian movements, during
which the fracturing was concentrated to the
south of Siilinjirvi. Only restricted fracture
zones cut the complex and the surrounding base-
ment.

New age determinations (K-Ar) of two Siilin-
jirvi minerals were carried out by Dr. V.
Kononova and Dr. E. Sveshnikova, IGEM,
Moscow. The age for phlogopite from glim-
merite is 1850 4 40 m.y. and for richterite from
amphibole glimmerite is 2280 + 40 m.y. Both
rock samples are taken from the Sirkilampi area.

The rocks comprise (from the oldest to the
youngest) glimmerite, syenite and carbonatite
(sovite) and are intrusive into the surrounding
granite gneiss.

Glimmerite is usually medium-grained with
color varying from red—brown to black. The
rock consists of phlogopite, alkali-amphibole
(tichterite) and apatite with carbonates (less than

59,), iron oxides, sulphides and zircon being
present as accessories. In the northern parts of
the complex a serpentine-rich variety (mica
peridotite) is also found.

The carbonatite proper is a leucocratic rock,
generally medium-grained. The main constituent
is calcite with phlogopite, alkali-amphibole, do-
lomite and apatite as accessory minerals. Car-
bonatite with predominating dolomite (rauhaug-
ite) or ankerite has not been found.

The emplacement of the various magmatic
phases took place in the same deep-seated frac-
ture. The carbonatitic phase was more readily
intruded into the glimmeritic rocks than into a
more compact syenite which mantles the other
rocks from almost all sides. The grading over
of the carbonatite proper into a mixed rock of
carbonate-rich glimmerite is demonstrated in
many places. Various rocks are thus distinguished
and named on the basis of the relative abundance
of the essential minerals. The different types
occur completely irregularly, the thickness of the
bodies varying from a few centimeters to tens
of meters.

Occurrence

Among the glimmerite-carbonatite rock series
of the Siilinjdrvi complex the relative abundance
of glimmerite (carbonate content 0—S5 9,), car-
bonate glimmerite (carbonate content 5—25 9,)
and carbonatite proper (carbonate content 50—
100 9,) are 18.5, 58.7 and 6.0 9, respectively
(Puustinen, 1971). These figures give the idea
of the amount of phlogopite in the rocks.

The distribution of the normally pleochroic
mica and the anomalously pleochroic mica is ir-
regular, varying in different parts of the complex
and also in adjacent types of glimmerite. The
connection between the anomalous phlogopite
and any particular rock-type or structural posi-
tion could not be specified.

In the carbonatite proper the amount of phlo-
gopite is small, the mineral occurring mainly as
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euhedral crystals, measuring in rare cases up to
10 cm.

In thin section the mica looks fresh and shows
no sign of being an alteration product of am-
phibole or pyroxene. As vermiculite has not been
discovered, this suggests that the present erosion
level of the complex has not been in a favourable
weathering position to form vermiculite by the
hydration of normal mica such as phlogopite
by loss of alkalies and addition of water. Chlorite
has been formed only in very small quantities
as an alteration product of phlogopite in narrow
foliated zones in glimmerite.

Chemical composition

The chemical composition of the Siilinjirvi
phlogopite is presented in Table 1. Atomic ratios
were calculated based upon 24 anions (O, OH, F).
The ions were grouped in Z-, Y- and X-type
cations and in the (OH, F)-group. The sum of
the Z-type cations was calculated as 8.00, repre-
senting the tetrahedrally coordinated Si, Al, and
Fe3+. Ferric iron was needed in case the tetra-
hedral sites were not filled with Si and Al. The
distribution of cations in these sites is the main
interest of the present study.

By composition, the first two analyses corre-
spond to tetraferriphlogopite, showing the pres-
ence of Fe?+in the tetrahedral sites of the mineral.
The third analysis represents, chemically, a com-
mon phlogopite. Physical or optical data for this
specimen are unfortunately not available.

In order to summarize the general relations of
the chemical composition of the mica from
carbonatite complexes, selected analyses from
the following localities were surveyed: Finland
(this paper),KolaPeninsula(Rimskaya-Korsakova
and Sokolova, 1964; Kukharenko and others,
1965; Kononova and others, 1969), Montana
(Boettcher, 1967), Siberia (Chernysheva and
Gormasheva, 1966),Quebec (Gold, 1964; Hogarth
and others, 1970) and South Africa (Gevers,
1948). The single analyses are not reproduced

TasLe 1

Chemical composition (Wt. %) and atomic ratios based
on 24 anions of phlogopite, Siilinjarvi

| 1. 2. 3
S10 51 500605 s ois visoe 41.18 40.69 43.18
THOG ovis v swmsrosei 0.04 0.04 0.32
0 N 10.57 12:19 10.22
EesQs ov-smonsins 4.55 2.73 3,45
FeB) niicwiniosis 3.80 4.72 5.24
MEO o aee 0.01 0.01 0.05
MEO wilsonnmiensamn 24.86 23.90 23.88
(80 R T 0.21 0.07 0.70
NagO o vcsovmiwsine 0.56 0.64 0.18
Ko oovovemvsmen s 9.96 9.94 10.03
POc vonisrairabuiss - — 0.12
B e e s e 0.70 0.39 0.75
HsOF oo vaiinainmbs 2.98 3.81 2.22
2 e 0.34 0.29 0.38
99.76 99.39 100.42
—~O=FR e 0.29 0.16 0.32
Total 99.47 99.73 100.10
e s 6.00 5.88 6.30
Z AN Lo 1.82 2.08 1.70
15 L e 0.18 0.04 0.00
741 bl (RN 0.00 0.00 0.06
e 0.00 0.00 0.04
Y AEe8] . viaes 0.32 0.26 0.35
Bett nvivg e 0.46 0.57 0.64
1.7 £ o S e 0.00 0.00 0.01
INBOT -« s v 5.40 515 5.20
B2 o 0.03 0.01 0.11
X SN ot s me s 0.16 0.18 0.05
N o ma TR 1.85 1.83 1.87
OB ¢ ovpoyiins 2.90 3.67 2.16
B s stnaaie sislies 0.32 0.18 0.35
I8 TR 8.00 8.00 8.00
PN s 6.18 5.98 6.30
D2 SRS R 2.04 2.02 2:03
= OB, BY) ... 3.22 3.85 2.51
100: Mg o006 84.86 85.56 83.97
Mg + Fe + Mn ...

1. Tetraferriphlogopite from glimmerite, Lake Sirki-
lampi. Analysis by Tapio Koljonen. (86/KP—G67).

2. Tetraferriphlogopite from sovite, Lake Sirkilampi.
Analysis by Tapio Koljonen. (204—2/KP—69).

3. Phlogopite from glimmerite, south of Lake Sirki-
lampi. (Puustinen, 1971).

1) Deficiency in the (OH, F) group is compensated
with O.

here since the data is presented in Fig. 1 as a
Si—Al—Fe3+ diagram and in Tables 2 and 3 as
a correlation matrix between the elements and
an arithmetic mean and standard deviation of
the elements.
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Fig. 1. Si—Aly,—Fe};; (atomic numbers) diagram of

tetraferriphlogopite (-) and common phlogopite (X).

The Siilinjarvi phlogopites are ringed. The figures also

shows the frequency distribution of the tetrahedrally

coordinated ferric iron. The Siilinjarvi phlogopites are
marked with an arrow.

Fig. 1 shows that the common phlogopite has
a variation almost parallel to the Si—Al line,
with an average of 3 9, relative Fe®+ in the
diagram. Tetraferriphlogopite has a larger spread
than the common phlogopite. The relative Fe®+
content, according to the diagram, is an average
of 59,. Tetraferriphlogopite superimposes on
the common phlogopite, suggesting that there
is a chemical series between these mineral types.

The common phlogopite from Siilinjirvi
(Table 1, No. 3) is anomalously situated in the
Si—Al—Fe3+ diagram, possibly due to an ana-
lytical error. The exceptional mica from the
Sebljavrskij massif (Rimskaya-Korsakova and
Sokolova, 1964) suggests that there is a series
between the ordinary distributed micas and the
theoretical tetraferriphlogopite K,Mg, [SisFe,*+
0.] (OH),.

Fig. 1 also shows the frequency histogram of
the Fe?+[*] of the selected analyses. The position
of the Siilinjirvi tetraferriphlogopites is indicated
with an arrow.

The study of the matrix of correlation co-
efficients between the elements of tetraferri-
phlogopite, expressed in atomic numbers (Tables
2 and 3), shows that Si correlates with Al[*] and
Fe?+[4], Al[*] with Fe®+[4], Ti and Fe3+[¢], Ti with
Fe2+, and Mg with Si, Al[4], Ti, Fe3+[ ¢] and Fe2+.
In the common phlogopite Si and Al[*] correlate
with K and OH, Mg with Ti and Fe?+, and Na
and OH with F. The estimation was carried out
in cases when the correlation coefficient is more
than -+ 0.50. It must be pointed out that the
correlation between Si and Al[¢] in the common
phlogopite is trivial because of the eight Z-type
cations. The correlation between Fe?®+[4] and the
other elements show that the amount of this ion

TABLE 2.

Matrix of correlation coefficients between the elements (atomic numbers) for 54 tetraferriphlogopites.

X = arithmetic mean and s = standard deviation

si AI[Y] | Festi] | Al[9 Ti Fed+[¢] | Fe?t+ Mn Mg Ca Na K OH F

3 1.00]—0.79( 0.50 —| —0.43| —0.40| —0.03| 0.08 0.50] —0.48| —0.33] 0.47| —0.49| 0.45
Ali[4] 1.00] —0.88 —| 0.s50] - 0.58] 0.16 —0.07| —0.53| 0.28] 0.26] —0.34] 0.14/—0.40
Fed+[4 1.00 —| —0.39| —0.42| —0.16| 0.09| 0.38 —0.13| —0.09] 0.15] —0.07| 0.24
Al[®

Ti[]. ..... 1.00 0.41] 0.65 0.10 —0.70] —0.06[ 0.23] —0.24] —0.20[ —0.29
Fed+[8] 1.00 0.34f 0.07/—0.63] 0.13] 0.23] —0.39| —0.23] —0.20
Pl o 1.00] 0.29] —0.77| —0.12[ 0.01| —0.15| —0.34] —0.10
Ml 1.00 —0.14/ 0.03] —0.08/ 0.39] —0.37[ 0.18
MG i 1.00] —0.25 —0.18| 0.36¢| —0.07[ 0.29
B Rk 1.00 —0.02] —0.12| 0.39] —0.22
e 1.00f —0.20] —0.08| 0.10
K s 1.00{ —0.34 0.40
OH -...cca 1.00[ —0.36
Bt 1.00
PrE LIS 5.60 2.03] 0.30] 0.00 0.58 0.02] 4.81 0.20| 1.72| 4.39] 0.30
B mssie it 0.23] 0.47, 0.28 — 0.47 0.03] 0.7 0.121 -2 0:% 1.020 Q.27
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TABLE 3.
Matrix of correlation coeﬂiiicnts between the elements (atomic numbers) for 25 common phlogopites.
X = arithmetic mean and s = standard deviation
| Si Al[4] | Fedt[1] | AI[9] Ti Fed+[?] | Rer+ Mn Mg Ca Na K OH F
81 S vz, 1.00{—1.00 —| —0.23] —0.20[ —0.16] 0.09] —0.27[ 0.40] —0.04| 0.07[ 0.59] —0.64| 0.40
Al[%] 1.00 —| 0.231 0.20 0.16)/ —0.09| 0.27( —0.40] 0.04/ —0.07[ —0.59] 0.64 —0.40
Fea+ 4]
Al[f] 1.00f 0.29) 0.02 —0.19) —0.16| —0.20| 0.25| 0.01| —0.15 —0.35| 0.03
T weeisn 1.00f 0.09] 0.56/f 0.25/—0.60] 0.15 0.13] —0.04| —0.11] —0.10
Fed3+[6] 1.00f 0.18/ 0.12| —0.45{ 0.41| —0.10/—0.37| 0.28 —0.32
Fe2¥ ... 1.00 0.17) —0.60[ 0.03] 0.11] 0.10] —0.04| 0.08
M 1.00] —0.31) —0.02| —0.03| —0.12| 0.34| —0.13
M o 1.00] —0.25| —0.10] 0.20[ —O0.40[ 0.04
€ woions 1.00f —0.07| —0.44| 0.04 —0.29
Na oo i 1.00] —0.09f —0.34] 0.65
K i o 1.00] —0.40] 0.32
OH ::v 1.00[ —0.53
B ke 1.00
X 5.49( 2.511 0.00] 0.20f 0.15/ 0.27] 0.58 0.02] 4.85] 0.06] 0.28 1.65 3.33 0.23
Bl oo o 0.25] 0.25 —| 0.23 0.0 0.08] 0.27] 0.04f 0.59 0.06] 0.19] 0.21l 1.23] 0.4
TABLE 4.

is mainly dependent on the relative amounts of
Si and Al in the mineral composition.

Tables 2 and 3 also show that tetraferri-
phlogopite has a higher Si, Fe3+, OH and F
content and on the other hand a smaller Al, Ti,
Mg and Na content than the common phlogopite.
Comparing the standard deviations between both
types of mica, large differences exist in Al, Fe3+,
and OH. In some analyses the H,O+ (Wt. %)
is expressed anly as H,O, this fact explaining
the relatively large variation of OH.

Physical properties

The unit cell parameters, the 1M polytype
assumed, of the chemically analyzed Siilinjirvi
tetraferriphlogopites (Table 4, Nos. 1 and 2)
were calculated from silicon calibrated X-ray
powder diagrams. The accuracy obtained corre-
sponds to probable errors of 0.01 A and 0°10'.
The results are in agreement with the values
usually given for phlogopites.

Absorption properties of the Siilinjirvi phlog-
opites were examined with a LEITZ microscope
photometer with a KNOTT light measuring
device. The direct light of each thin section was

Physical properties and urit cell dimensions of
tetraferriphlogopite, Siilinjarvi

1. 2

[ T 1.561 1.559
B P e Selienies Bsasnsrasie 1.600 1.607
WEG ;< mvoris mrs ot 0.039 0.048
R s P dslaeles e 1. br. d. . bt
b AT R L gr. . gr.
B (Blee) oo 2.839 2.846
a5 (A) merememnanine 5.33 5.34
B5¢ cxpomi vmien beisoens st 9.26 9.25
Ct wisib s tatatiete i eraliniors 10.29 10.29
I e O 99° 58’ 99° 56
agsinf () comses 5.25 5.26
Vo (AS) wisivs vonmames 500.3 500.3

1. = light, d. = dark, br. = brown, gr. = green and
r. = reddish

1. Tetraferriphlogopite from glimmerite, Lake Sirki-
lampi. (86/KP—67).

2. Tetraferriphlogopite from sévite, Lake Sirkilampi.
(204—2/KP—69).

adjusted to 100 9, and the readings were meas-
ured using a galvanometer with an accuracy of
0.1 9,. The absorbance was measured from the
optic directions X and (Y, Z), respectively, of
the same crystal. Polarized white light was used
to avoid the specific absorbance of different
wave lenghts and to allow the mica to be studied
using optical microscopy. The results are pre-
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TABLE 5.

Absotrbance ratios between optical X and (Y, Z) direc-

tions, pleochroic colors and optic angles of 21 tetraferri-

phlogopites and 11 common phlogopites from Siilinjirvi.

GT = glimmerite, FGT = foliated glimmerite, CGT =

carbonate glimmerite, SCT = silicocarbonatite and MPT

= mica peridotite. v.=very, d.= dark, l. = light,
r. = reddish, br. = brown and gr. = green

Rock Abs. Hcoehrots Ref.
type ratio 2ve No.
% Y, Z
SEY . 0:15 | & 2 bt | o Lgr 5 733
MPT . 0.16 » » 0— 5 823
[ 0.17 » » 5—10 948
CGT . 0.22 » » 5 741
GT. .. 0.22 » » 0— 5 790
SCT . 0.31 » » b 734
CGT . 0.35 » » 5 769
GE .. 0.37 » L. gr. 0 771
GI .: 0.39 » » 10 789
GT .. 0.42 » » 5—10 735
GE .. 0.52 br. » 0— 5 800
GT .. 0.55 » » 5 746
MPT . 0.55 » v. L. gr. 0 842
MPT . 0.55 » » 0 838
MPT . 0.61 » » 0 794
GT .. 0.62 1. by 1. br. 0— 5 795
GT .. 0.65 » » 5 1093
SCT . 0.76 » » 0 q77
CGT . 0.80 » » 5 739
GT . 0.88 » » 5 760
CGT . 0.95 » » 0— 5 744
CGT . 114 » » 5—10 743
(G 1.12 » » 0 1806
GT .. 1.16 » gr. 0— 5 762
CGT . 1.24 » » 15 780
FGT . 1.58 » d. gr. 0— 5 1086
FGT . 1.92 » » 10 811
FGT . 2.74 » » 10 740
CGT . 3.68 | w. 1. bt » 10 779
FGT . 4.82 » » 15 774
FGT . 5.05 » » 15 822
FGT . 6.15 » » 15—20 807

sented in Table 5 as ratios between the absorbance
of the optic directions. In this manner the error
due to the thickness of the thin section is avoided.

It is observed that the phlogopites with an
anomalous pleochroism have a ratio less than
1.00, in other words, the transmitted light is
absorbed more in the optic X direction than in
the (Y, Z) directions. In some cases the ab-
sorbance is almost equal in both optic directions.
It is also found that the mica from foliated
glimmerite is on the common phlogopite side,
this suggesting that under shearing the abnormal

phlogopite changes its optical properties and also
chemical composition and results in a green
colored phlogopite with a normal absorption
sheme.

It can be seen that the optic angle of the
abnormal phlogopite (2V = 0—5°), estimated
from conoscopic observations, is smaller than
that of the normal phlogopite (2V = 5—20°).
There is also a positive correlation between the
absorbance ratio and the optic angle in all in-
vestigated phlogopites.

It is suggested that the micas with the ab-
normal pleochroism (absorbance ratio less than
1.00) represent micas which have ferric iron in
the tetrahedral sites of the mineral, in other
words they are tetraferriphlogopites.

Interpretation of absorption spectra by ligand
or crystal field theory have explained the cause
of the abnormal optical properties of tetraferri-
phlogopite (Faye and Hogarth, 1969). The rel-
atively intense red-brown color which appears
when polarized light vibrates perpendicular to
(001) is largely due to the strong absorption of
blue-green wavelengths together with the more
intense background absorption of the shorter
wavelengths. The transmission of red, orange
and yellow gives rise to the red-brown color.
In the phlogopite structure each Fe-tetrahedron
is linked to an apex of an octahedron by an
unique Fe?+—0 (unbridged) bond that is per-
pendicular to (001). The absorbance in this
direction is caused by a charge transfer Fe?+[¢]
—0%- and the d—d transitions of Fe®+[4] which
have their maximum intensily parallel to the
optic direction X and also impose relatively
sharp absorption spectra peaks in the ultraviolet
region.

In common phlogopite, where no transition
metals exist in the tetrahedral sites, the pleo-
chroism can be directly related to the electronic
interaction of the Fe?+ and other ions in the
octahedral layer parallel to the cleavage plane
(Faye, 1968).

Determinations of the refractive indices were
carried out in oil immersion mounts, the ac-
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curacy being - 0.003. Refractive indices of
several other phlogopites from Siilinjirvi showed
a relatively small range between 1.580 and 1.620.

The density of the phlogopites was measured
with a pycnometer. The results show almost
equal values and are in agreement with the
chemical composition.

Discussion

Boettcher (1967) states that the occurrence of
tetraferriphlogopite appears to be almost entirely
restricted to carbonatites, kimberlites and ultra-
mafic rocks, however, some examples have also
been reported for iron formations (Rimskaya-
Korsakova and Sokolova, 1964), pegmatites
(Foster, 1960) and trachyte lavas (Anwar, 1956).
The relatively common occurrence of this mineral
type in carbonatite complexes has also proved
in the present study.

In the Kovdor massif, Kola Peninsula, tetra-
ferriphlogopite is constantly found as an ac-
cessory mineral in the late carbonatites and also
developed as fringes around phlogopite (Kono-
nova and others, 1969); the formation of the
mineral was apparently accompanied by a certain
increase in the agpaiticity of the medium. In
general, the mica was formed by metasomatic
processes from olivinites and from the sur-
rounding alkaline rocks; this opposite opinion
of the primary origin of phlogopite is not verified
in Siilinjdrvi. In the Turja Peninsula Kranck
(1928) has observed that the anomalous phlog-
opite is an alteration product of biotite in
carbonatite dikes, where it especially seems to
occur in connection with melanite and calcite.

In the Rainy Creek ultramafic complex, Mon-
tana, Boettcher (1967) suggests that the unusual
phlogopite, which occurs in the xenoliths of the
glimmerite core, results when Al-deficient ferro-
magnesian nodules are brought into contact
with a biotite-saturated melt in a milieu of high
pu,o and fo,. The phlogopite with normal
cores and reversed borders may represent the

6 15143—72

partial adjustment of earlier mica to this environ-
ment.

Phlogopite with normal and anomalous pleo-
chroic zoned structures, as described by Boett-
cher (1967) applied to the Montana glimmerite
and by Larsson (1943) of the Kalix kimberlite
dikes in Sweden, has not been observed in Siilin-
jarvi.

It has been proposed that the anomalous
optics may be the result of Mn contents similar
to manganophyllite which has the same type of
pleochroism as tetraferriphlogopite. This, how-
ever, is contrary to the chemical analyses of tetra-
ferriphlogopite which shows only minor contents
of Mn (compare also Table 1).

Chemical analyses of tetraferriphlogopite nor-
mally show high Fe,O; contents and the ferric
iron predominates over the ferrous form. The
deficit of Al in the mineral compensated for by
Fe?+ in the tetrahedral sites. The presence of this
ion is observed as a change in the absorption
formula and the pleochroic colors. Tetraferri-
phlogopite has further a higher content of silica,
water and fluorine than the common phlogopite.
Foster (1960) suggests that the low Al,O; con-
tent, rather than low SiO, content, is the reason
for the insufficiency of Al in formulas containing
little or no octahedral Al. This is also in agree-
ment with the present observations.

In Siilinjirvi the emplacement of magmatic
phases took place in a narrow deep-seated in-
trusive channel, the conditions, therefore, repre-
sent an almost closed system.

Phlogopite in glimmerite can be regarded as
a primary crystallization. The emplacement of
carbonatite magma have converted the original
common phlogopite to tetraferriphlogopite in
some restricted areas. This is suggested because
the anomalous mica occurs especially where the
carbonate content of the rock is locally high.
The presence of optically transitional types be-
tween tetraferriphlogopite and common phlo-
gopite suggests the large variation of the chemical
and physical milieu during the crystallization.
The absence of zonal structures, however, shows
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that the equilibrium has been attained in glim-
merite and also in the mica that has been affected
by the carbonatite magma.
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