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Pl
e . ABSTRACT

Neiva, A.M.R., 1975. Geochemistry of coexisting aplites and pegmatites and of their
minerals from central northern Portugal. Chem. Geol., 16: 153—177.

The major-, minor- and trace-elements chemistry of Hercynian granitoids and their

Y minerals from the central area of northern Portugal indicates that the composilion of the
VH’ANY . rocks and also of their minerals varies in the comagmatic sequence of granite, aplite and
pegmatite. The compositional variation appears to be the result of a magmatic fractiona-
tion process and the minor and trace elements play an imporiant role mainly in the trend
aplite— pegmatile coexisting in the same vein, particularly for the minerals. A subsequent
recrystallization of granites and aplites apparently did not alter the chemistry.

INTRODUCTION

Several aplite—pegmatite veins cutting different types of granites and
others cutting schists occur in the central area of northern Portugal. )

In the literature no references were found for the geochemistry between
aplite and pegmatite coexisting in the same vein, nor for their minerals, hence
the reason for this paper.

%
Place : 3 GEOLOAGY
S;amp i In Alijo-Sanfins, northern Portugal, there are different types of muscovite—
ere biotite albite granites and their magmas intruded the crystalline and schist—

N

metagraywacke complexes. These granites were studied geochemically by
Neiva (1971, 1973).

The older granite is the fine-grained gneissose muscovite—biotite granite
PANY (G I) and is geochemically different from the others.

' The coarse-grained gneissose porphyritic muscovite—hiotite granite (G 11),
the fine-grained gneissose porphyritic muscovite—biotite granite (G I1I), the
medium-grained muscovite—biotite granite (G IV), the fine-grained feebly
7 Porphyritic muscovite—biotite granite (G V1), the medium-grained muscovite
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granite (G VII) and the coarse-grained porphyritic muscovite—biotite granite
(G VIII) are harmonic granites with the Hercynian orogeny.

A fine-grained gneissose muscovite—biotite “‘granite” with tourmaline ((; v,
occurs in outcrops inside the granite G IV which are thought to be large
phyllite xenoliths which were intensively granitized by the G IV granitic
magma; the granite G V was not, therefore, considered in the geochemica}
study.

The granites G II—G VII form a series of magmatic differentiates with a
general increase in the amount of modal albite and muscovite and decrease
in microcline and biotite+chlorite (after biotite). The differentiation is con-
firmed chemically. G VIII is not in the sequence of those of G II—G VII.

The fine-grained feebly porphyritic muscovite—biotite granite (G IX) cuts
the granites G IV and G VIII along faults and is a less acid granite.

The fine to medium-grained porphyritic muscovite—biotite granite (G X)
is disharmonic with the Hercynian orogeny and the geochemical and geological
evidence causes G X to be regarded as a new granite not related to the earlier
ones.

The medium-grained gneissose porphyritic pink muscovite—biotite granite
(G XI), the medium to fine-grained porphyritic pink muscovite—biotite
granite (G XII) and the medium to fine-grained porphyritic red muscovite—
biotite granite (G XIII) occur in veins and small stocks and form another
series of magmatic differentiates similar to that of G 1I—G VII.

There are several aplite and pegmatite veins cutting the different types of
granites and also some cutting the schists. Sometimes aplite and pegmatite
coexist in the same vein and here only the aplite—pegmatite veins are studied.

Some aplite—pegmatite veins cut the granites and others cut the schists;
their minerals are macro- and micro-scopically similar. The pegmatites occur
as elongated homogeneous unzoned lenticles inside the aplites and they pass
laterally to them in a strip of 2 to 5 cm wide. These lenticles are elongated
parallel to the strike of the vein bodies, this is parallel to the aplite—pegmatite

vein outcrops and paralle] to their walls. But there are some exceptions,
namely those lenticles dispersed inside the aplite vein, with several oblique
orientations to the walls of the aplite vein. There are also aplite—pegmatite
veins where the pegmatite is situated near the roof and the aplite towards the
wall with a gradational passage between them. Tourmaline quartz veins some-
times cut the assemblage.

The aplite—pegmatite veins which cut the schists are generally much longer
and wider than those which cut the granites. The aplite—pegmatite veins

. which cut the granites are generally some meters to 600 m long and some

centimeters to 2 m wide; exceptionally some wide veins were found which
attain 5 m, and rarely 20 m, in width. Those which cut the schists are from
some centimeters to 3 000 m long and from some centimeters to 35 m wide.
The aplite portions are generally wider than the pegmatite.
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¢ETROGRAPHY

Every granite contains quartz, microperthitic microcline, albite, muscovite,
spatite, zircon, ilmenite and rutile. Biotite is present in almost every granite,
pxeept in granite G VII. Schorlite occurs in most of the granites. The fol-
jowing minerals were only found in some granites: sphene in G VIII and
G X1, beryl in G II, pyrite in G X1I and G XIII, fluorite in G X and G XII
and zoisite in G XIII.

The texture of the granites is subhedral-granular with some evidence of
cataclasis due to the fact that quartz shows wavy extinction and occurs in
small grains; the muscovite is sometimes bent and the edges are cut slightly.
\ost of the granites are porphyritic with phenocrysts of microcline and albite,
put the granites G IX and G X have only phenocrysts of microcline.

The aplites are relatively fine grained with typical anhedral-granular aplitic
texture. Every aplite contains quartz, potassium feldspar and albite as domi-
nant minerals, together with a certain amount of muscovite. Biotite and
chlorite are very rare and occur only in some. Schorlite, garnet, ilmenite,
cassiterite and columbite—tantalite are accessory minerals in the aplites
studied here; but they occur in very small amounts. Beryl, pyrite, fluorite,

zoisite, magnetite and cordierite were occasionally found.

The pegmatites are coarse to very coarse grained and are homogeneous.

The texture is subhedral granular and quartz, microcline, albite and muscovite
are the main constituents, while schorlite, apatite, rutile, zircon, ilmenite,
garnet, cassiterite and columbite—tantalite are common accessory minerals in -
every pegmatite. Biotite, wolframite, arsenopyrite, pyrite, blende, chalcopyrite,
galena, torbernite, magnetite, cordierite and zoisite occur in very small amounts
or are rare.

The microperthitic microcline of the granites has undulatory extinction,
but sometimes shows well-defined cross-hatch twinning. When the granite is
porphyritic, the microcline phenocrysts are normally white, except in the
pink or red granites where they contain hematitic and goethitic pigments;
they are euhedral with cross-hatch twinning and sometimes twinned on the
Carlsbad law, but seldom on the Baveno law.

The microperthitic microcline of the aplites shows well-defined cross-
hatch twinning, but Carlsbad twinning is rare. The aplites SM-641A VI and
SM-593A VIII, which cut the granites G VI and G VIII respectively, contain
only orthoclase which was identified by determining the triclinicity and 2V.

In the pegmatites, the microcline, which is very feebly microperthitic, is
gencrally anhedral but sometimes euhedral and shows well-defined cross-
hatch twinning only in the crystals which are in contact with the aplite. The
crystals are sometimes partially replaced by albite. Graphic texture was found
occasionally.

The albite of the aplites and pegmatites and of the matrix of the granites
is twinned on the Carlsbad, Albite-Carlsbad, Albite-Ala B and Pericline laws.
Considering all the granites of the area studied, the An content varies between
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1 and 8% in granites. The phenocrysts of albite from the granites are generap.
twinned on the Albite and Pericline laws; the An content varies between 3
and 9%.
The albite from the aplites is twinned on the same laws as the albite from
the granites; the An content varies between 0 and 2%.
In the pegmatites, the albite is generally subhedral, but it also occurs in
small euhedral crystals (clevelandite), which partially replace microcline in
vuggs. The An content varies between 0 and 2%.
The albite of the granites, aplites and pegmatites is in the low-temperature
state as was confirmed by X-ray diffraction records and Universal stage. Micro.
clinization fiom the centre to the edges of the crystals of albite was some-
times found in granites and aplites.
The muscovite from the granites, aplites and pegmatites is subhedral to
anhedral, but in the pegmatites there is also a muscovite in radial arrangement
and rarely like feathers. The tabular muscovite contains inclusions of zircon
with pleochroic haloes and of apatite. By diffractometer records, using Cu—K,
radiation and some single-crystal Weissenberg photographs, 2M, structure was
found in all the muscovites chemically analysed.
Schorlite is euhedral in granites, aplites and pegmatites; it is often zoned
in pegmatittes and is brown coloured on the edges and blue in the centre. It
contains inclusions of zircon with pleochroic haloes. Schorlite partially
replaces biotite and muscovite in the granites. In aplites and pegmatites it
partially replaces quartz, potassium feldspar, albite and muscovite and also
beryl and apatite in pegmatites.

The garnet, which occurs in some aplites and pegmatites, is euhedral
almandine—spessartine with a, = 11.55 A.

ANALYTICAL METHODS

The minerals were separated with a magnetic separator and by centrifuging
with heavy liquids. A purity of about 99.9% for muscovite, 992.8% for
potassium feldspar, schorlite and garnet and 99.0—99.5% for albite was
estimated by optical examination. The principal contaminants are zircon for
muscovite and schorlite; muscovite for potassium feldspar, ilmenite for garnet
and quartz for albite.

Some chemical analyses were done completely by the classical wet method.
except for Na and K which were determined by flame photometry.

Si0,, Ti0,, Al,O;, total Fe,0;, MnO, MgO and CaO were determined in som
rock samples by XRI using the method of Norrish and Hutton (1969).

A CSIRO standard FS 25 was used. The muscovite, schorlite and garnet were
analysed by XRF.

In order to check the results, the oxides mentioned above were determined
in some samples by both methods.

CaO of the feldspars were determined by titration with EDTA.

The trace elements Be, Ga, Cr, V, Sn, Li, Ni, Zr, Sc, Y, La, Sr, Pb, Ba, Rb
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and Cs were determined by emission spectroscopy, having prepared for the
rocks a granitic base, as a standard, with a similar composition to that of the
average of the chemical analyses of the studied granites, and for the minerals
a muscovitic base, as a standard, with a similar composition to that of the
average of the chemical analyses of the muscovites of the analysed granites.
Pd was used as an internal standard. A large quartz-glass Hilger spectrograph
was used and the readings were done optically and on a Jarrell-Ash photo-
densitometer and a precision of £20—25% was obtained. The limits of
sensitivity are: Be, 5;Ga, 2;Cr, 4;V, 4;5n, 5; Li, 1; Ni, 2; S¢, 5; Zr, 5; Y, 3;
la, 10; Sr, 3; Pb, 5; Bz, 5; Rb, 5; and Cs, 5 ppm.

ClL I, Ge, W, Mo, Nb, Zn, In, Cu, Sc, Bi, Er, Y, Dy, Th, Gd, Sm, Nd, Pr,
Ce, La and T1 of micas and schorlites were determined by an Associated
Electrical Industries Ltd. MS7 spark-source mass spectrograph. The technique
of Nicholls et al. (1967) with Re as internal standard was used. A precision of
t 7% was obtained. The limit of detection was 0.01 ppm.

The obliquity of potassium feldspars was defined as A =12.5 X (d,3, — d,3,)
and the error should not exceed +0.003 though it may reach £0.005. 2V was
measured conoscopically with the Universal stage and the estimated error is
£1°,

‘GEOCHEMICAL RELATIONSHIP BETWEEN THE APLITES AND THE PARENTAL
GRANITES '

The chemical analyses and trace elements of the aplites, pegmatites and
granites they cut and of the aplites and pegmatites which cut the schists and
their parental granite are given in Tables I and I1.

The aplites generally contain more quartz, albite and less potassium
feldspar, biotitet+chlorite than thr parental granites which indicates that the
aplite is a differentiate of the parental granite.

The differentiation is also confirmed chemically because it is found that the
aplites generally contain more SiO,, Na,O, Sn, Rb, Cs and less Al, 03, TiO,,
Fe,0,, FeO, FeOy, MgO, Ca0, K,O, Li, Zr, Sr, Pb and Ba.

The ratios Na,0/K,0, Fe**/Mg, Mn-10%/Fe?*, Li-10*/Mg, K/Pb are greater,
Ga-103%/Al is greater or similar and K/Rb, K/Cs, Sr-10%/Ca, Sr-10%/(K+Ca),
Ba-10%/K, Ba-10%/(K+Ca) are lower in the aplites than in the parental granites.

Some of the results obtained by comparing the trace elements of the aplites
with those of the parental granite are in concordance with the findings of the
other investigators: ¢f. Vlasov (1966) for Sr, Li, and Rb; Hahn-Weinheimer
and Ackermann (1967) for Ba; Ratiyev (1964) for Cs. But they disagree with
Stravov and Znamenskii (1961) for Cs.

GEOCHEMICAL RELATIONSHIP BETWEEN THE PEGMATITES AND THE PARENTAL
GRANITES

With few exceptions, fhe pegmatites have more SiO,, Sn, Rb, Cs and less
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P Ca 28 25 25 35 o5 25 25 5 3 25 5 25 25
b Sn 18 & 59 1w 33 3 58 <9 33 58 B L8 b=
9 n 185 550 a3 57 13 6 158 ) 0 I3 58 6 125
5S¢ - - - - - - - - a - - - -
or 168 21 P 21 13 17 13 35 21 13 155 Y .
p Y [ ) » - = a = n 4 s ] 22 N
ia 45 26 . » - - ] - - - » - -
Sr 8 13 9 4 ¢ 5 9 4 3 7 7 7 27
: Fy 28 10 15 15 15 15 - 10 - 15 15 15 15
' 3 174 2 18 B . . . 13 . . " 18 6
] 2 256 8:C REC 20 €80 545 a0 6:0 e30 680 |t 330 1€00
cs 35 190 200 52 a8 22 7 29 8 30 738 P 19¢ A
P
'&; Analyst: A. Neiva, 2
ok n.d. = not detected; #* = below the limit of sensitivity.
83 A = aplite; G = granite; P = pegmatite. )
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Al, 03, TiO,, Fe, 05, FeO, FeO;, MgO, CaO, Li, Zr, Y, Sr, Pb and Ba than the
parental granites. Variations of the same kind hold between the aplites ang
their related granites, which implies that the pegmatite is some kind of
differentiate of the parental granite.

The pegmatites, which contain more albite than the parental granite,
naturally have more Na,0; and the others with less Na,O than the corre.
sponding parental granite have less albite.

Some pegmatites have less K,0 than the parental granites because they
also have léss microclinetmuscovite+biotite and others have more K,O be.
cause they also have more microcline+muscovite.

The ratios Fe®*/Mg, Mn-10%/Fe**, Li-10%/Mg, K/Pb are greater; Ga-10°/At
is similar; and K/Rb, K/Cs, Sr-10°/Ca, Sr-10%/(K+Ca), Ba-10%/K, Ba-10%/(K+(s,
are lower in the pegmatites than in the parental granites.

Some of the results found here are in concordance with the findings of

other investigators: cf. Viasov (19686) for Ti, Li, Y, Sr, Rb, Cs and K/Cs ratio;
and Vejnar (1968) for Li.

GEOCHEMICAL RELATIONSHIP BETWEEN THE PEGMATITE AND THE APLITE
WHICH COEXIST IN THE SAME VEIN

The pegmatites generally have more K,0, Rb, Cs, similar or less Ba, Ga and
less Al,O,, FeO,, Na,0, H,0+, Li, Zr than the aplites coexisting in the same
vein.

The pegmatites H-592A IV and H-593B VIiI, howéver, have less Cs than the
coexisting aplites which is due to the fact that the Cs content of the muscovite
of those pegmatites is lower than that of the muscovite of the associated
aplites.

The fact that pegmatites generally contain less Li than the coexisting
aplites agrees with other authors, cf. Vlasov (1966)and Vejnar (1968).

Sn content is the same or higher in the pegmatite than in the coexisting
aplites agrees with other authors, cf. Vlasov (1966) and Vejnar (1968).
muscovite from the pegmatite H-592A IV is lower than that of the muscovite
from the aplite H-592 IV; but Sn can be more or less in the pegmatite than
in the coexisting aplite cutting the schists. '

The normative Or/Ab ratio is always greater in the pegmatite than in the
coexisting aplite.

The ratio Ga-10%/Al is constant and K/Rb, K/Cs ratios generally decrease
from the aplite to the coexisting pegmatite.

GEOCHEMISTRY OF THE MINERALS FROM THE APLITE—PEGMATITE VEINS
POTASSIUM FELDSPAR

Some major, trace elements, obliquity and 2V of the potassium feldspars
are given in Tables Il and iV.

The potassium feldspar from the aplites and pegmatites generally contains
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more Rb, Cs, similar Ga and less Ca, Sr, Pb, Ba than the microcline from the
parental granite, as would be expected if the aplites and pegmatites are to be
regarded as differentiates of the parental granite,

In the aplites, the potassium feldspar generally has less Na than the micro-
cline from the parental granite, which also happens in the microclines from
the pegmatites which cut granites, and as Na and K vary inversely, they have
more K than the microcline from the parental granite. As the microclines
from the pegmatites which cut the schists are more perthitic than the others,
having some blebs of albite, which are probably due to replacement, they
have more Na and less K than the microcline from the parental granite (G X).

The ratios Sr-10°/Ca, Rb/Sr, Rb/Ba, Cs*10%/K are greater and K/Rb,
Sr-10%/K, Pb-10%/K, Ba-10%/K, Ba/Sr are lower in the potassium feldspar
from the aplites and pegmatites than in the microcline from the parental
granite, which confirms the differentiation. However, the Sr-103/Ca ratio of
the microcline from the pegmatites which cut the schists is lower than that
of the microcline from the parental granite (G X), which is certainly due to
schist contamination.

The results obtained for the geochemistry of the relationship between the
microcline from the pegmatites and the microcline from the parental granite
are in concordance with the findings obtained by other investigators, cf.
Heier (1962) and Smith (1974), but disagree with findings of Walenczak
(1959) for Ga.

According to Heier and Taylor (1959), the Sr content in the potassium
feldspar from Norwegian granites is directly proportional to the Ba content
and this is also the case for the potassium feldspars from granites, aplites and
pegmatites here.

The potassium feldspars from aplite and pegmatite coexisting in the same
vein generally do not show any differences for their major and trace elements.
Though, in some cases, pegmatite potassium feldspar tends to have a slightly
greater content of Ab, mostly marked in H-558B I1I, SM-615 and SM-10A;
Rb and Cs contents have a tendency to be slightly higher, and Ba and Sr con-
tents to be lower in the potassium feldspar from the pegmatite.

The ratios Rb/Ba, Rb/Sr, Cs-10%/K generally slightly increase and K/Rb,
Ba-10°%/K and Ba/Sr generally slightly decrease from the potassium feldspar
of the aplite to that of the coexisting pegmatite in the same vein, but there
are rare exceptions.

ALBITE

Some major and trace elements of albites are given in Tables V and VI.
The albite from the eplite and pegmatite generally has more Na and less Ca,

Sr, Ba than the albite from the parental granite, which indicates differentiation.

The ratios Na-10%/Ca and Sr-10°/Ca are higher in the albite from the aplites
and pegmatites than in that from the parental granite, which confirms the
differentiation.
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Potassium feldspars from Parental granites and aplites and pegmatites coexisting in the same vein cutting the granites
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E TABLE III = 3
' Do X, .
A 3
A -
. X

GI Al Pl GII AIll PII GII ANl Pl GVI AVI pvi G VIT A VIl
SM SM SM average SM SM SM H H SM SM SM

e

Al 3 WEn a0

average SM "
426 635 635A  oftwo 578B 578A 568 958A  558B 594 - p41A  ga1 of two 633 ]
K 1307 1348 1354 1265 13.23  13.12 1281 1346 1324 13.17 1256 1251 13.07 13.64 ]
Na 047 036 032 ggo 047 057 056 033 050 0.50 092 096 050 go5 4
Ca 0.24 - - 0.30  0.05 — 0.34  0.05 - 0.09 0.02 - 0.18 — E
B 2V 84 83 81 83 81 85 83 85 81 88

71 84 88 86 ﬁ
A 0.76 0.78 0.68 0.75 0.70 0.78 0.76 0.85 0:68 0.89 0.38 0.76 0.90 0.84 3

Trace elements (ppm):

Y . G 25 20 20 23 25 20 25 11 25 11 20 20 25 11
- Li 4 15 34 18 . 34 22 2 15 34 8 34 42 10 3
X . Sr 160 80 150 100 38 20 120 80 65 100 4 3 35 30
4 Pb 70 32 32 220 70 32 100 45 70 45 22 10 25 15
N Ba 700 43 125 810 250 43 800 250 100 410 10 6 78 10

Rb 1600 1950 1950 1120 2000 2400 1400 1650 2450 1740 2250 2800 1900 2050

Cs 32 100 . 100 18 100 160 32 37 55 58 180 135 60 275

TABLE 1II (continued)

XII PXI
AVIIl PVI GX AX PX GXI AXI P X1 GXII A

M SM  SM
| o GMvm S53A b Sral S86C  286A 8 sgles ggieA §79 639  639A
“ ggiSA 26 593A 593B  of four 286C 286A 585 5

13.12
‘ . 13.26 13.28 13.24 13.26
! 20 13.12 13.26 13.12 13.14 ¢ 1326 1312
3 No oay o%% 13'32 13'52. 047 040 051 040 045 0.4 8'33 0. 0.57
s o o g'gg 04 — 018 014 011 0.26 0.06 .
2 Ca  0.09 . -

87 85 84
82 86 87 5 5 .80
2V 86 82 I Pnca Coes lama nrs__oan. a0 -0.76 ._0.81 __.0.85._ .0.8¢
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TABLE III (continued)

BT T L T N T

PVII GVII AVII PVII GX AX PX GXI AXI PXI GXI AXI PXIH
SM SM SM H average SM sM SM SM  sM SM SM SM
633A 46 593A 593B of four 286C 286A 585  586B 586A 579 639  639A

K 13.36 12,53 13.32 13.20 13.12 13.26 13.12 13.14 13.26 13.28 13.24 13.26 13.12
Na 037 0.76 045 053 047 040 051 040 045 048 042 049  0.57
Ca 009 030 — - 0.18 014 011 026 006 — 013 - 0.01
© 2V 86 82 73 87 86 87 82 86 87 83 87 85 84
a 0.83 073 038 08 08 08 075 078 090 076 0.81 085 0.80

k Trace elements (ppm):
; Ga 20 25 25 20 24 25 20 11 25 20 25
i Li 3 6 15 6 5 " 3 * 2 10 6
3 Sr 30 140 7 6 96 150 150 65 130 10 11
. Pb 15 220 32 45 45 45 45 10 45 22 15
3 Ba 5 900 20 20 550 950 250 43 800 10 10
i Rb 2900 1040 1500 1700 1565 1200 1700 1900 1300 2100 2150

1 Cs 82 14 180 260 35 10 100 125 10 100 137

Analyst: A. Neiva.
— = not determined; * = below the limit of sensitivity.
A = aplite; G = granite; P = pegmatite.

. i - PP R I

L s

€91

St S

PP o e ko RN T e e N e e e e e " ot




-
A

“u

R S

.
[N SO PR W S WIS S 4

»

)

ry o
6 5 £

2

[N
"‘J]

My

- a

.
.al

b
“3n
dq

Y
<ul

*\s’

164

[N
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[2a]
<
3

Pegm.
SM
603A
12.92
0.59
0.19
80
0.66

Apl.
SM
13.03
0.59
0.08
88
0.86

603

Pegm.
SM
13.07
0.55
0.10
84
0.70

10A

Apl.
SM
13.40
0.37
0.10
81
0.69

10B

Pegm.

13.30
0.44
0.05

86
0.81

SM

185A

Apl.
SM
185
13.15
0.41
0.24
84
0.70

Pegm.
SM
13.07
0.60
0.02
82
0.73

615

Apl.
SM
615A
13.26
0.43
0.10
82
0.74

Pegm,

13.00
0.62
0.05

81
0.69

SM

605A

SM
605
13.00
0.53
0.19
82
0.76

Apl.

Pegm.
SM
604A
12.89
0.60
0.19
85
0.81

13.02
0.50
0.23

85
0.85

SM
604

Granite GX  Apl.
average
of four

0.47

0.18

0.85

13.12
Trace elements (ppm):

Microclines from parental granite and aplites and pegmatites coexisting in the same vein cutting the schists

K

Na

Ca

2V 86
o

20

6
10
10
10

20

3
10
32
20
75

2250

20

6

75
35
90
2050
180

20
18
38
32
100

2000
180

24
96
45
550
1565
35

Ga
Li
Sr
Pb
Ba
Rb
Cs

2250
152

Analyst: A. Neiva.
A = aplite; G

granite; P = pegmatite.
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The albite from the aplite and pegmatite coexisting in the same vein do
not show any difference in Na, K and Ca, but Sr content is the same or lower
and Rb content is the same or higher in the albite from the pegmatite. Be
content seems to be higher in the albite from the pegmatite, when detected,
and Ga content is about the same in both.

WUSCOVITE

The chemical analyses and trace-element contents of muscovites are given
in Tables VII and VIII.

The muscovites from the aplites and pegmatites generally contain more CI,
F, Be, Ge, W, Nb, Zn, Sn, Li, Cu, Bi, Er, Rb, Tl, Cs and less Ti, Cr, V, In, Gd,
Sm, Nd, Pr, Ce, La, Pb, Ba, £Ce than the muscovite from the parental granite
which indicates differentiation.

The ratios Mn-10%/Fe**, F-10%/K, F/Li, F/Rb, Sn/Ti, Li-10%/Mg, Cs-10°/K
are greater and K/Rb, K/T1, V-103/Fe**, Ni-10%/Fe?*, Ni-10%/Mg, Ba-10°/K,
Ba-10%/(K+Ca), Nd/La, Rb/T], = Ce/Z Y are lower in the muscovites from the
aplites and pegmatites than in those from the parental granites. The muscovites
from the pegmatites present also greater Fe?* /Mg, F/Cs and lower Cr-10°%/Fe**,
Sc-10%/Fe?*, Sc-10*/Mg ratios than the muscovites from the parental granites.

The results obtained between some trace elements of muscovites from the
pegmatites and of the muscovite from the parental granites are in concordance
with findings of: Serafim (cited by Gilberg, 1964) and Odikadze (1967, 1971)
for F, and (1967) for Nb; Vejnar (1968) for Li; and Vlasov (1966) for Cs.
However they disagree with findings of Shimer (1952) reported in Odikadze
(1967) for F; and Vejnar (1968) for Sn and Rb.

The major elements of the muscovites from the aplite and coexisting
pegmatite in the same vein generally do not show any differences, except in
the case of Mg, and this makes the FeO,/MgO ratio variable. However the
determination of MgO by XRF is not very reliable, so the variation in Mg
may be illusory. There is a general tendency for Al in the Z group to be higher
in the muscovite from the pegmatite.

Cl is much the same, Ge, Sn, Er, Rb, Tl and Cs are also similar but can be
also slightly more in the muscovite from the pegmatite than in the muscovite
from the coexisting aplite; F, Nb, Zn, Cu tend to be slightly more and Cr, In,
Ba tend to be less. There are a few exceptions: for Sn in IV, Cs in IV, VII,

VIII and XI.
The ratio Li+10%/Mg is generally greater and K/Rb, Ba+10*/K and Ba-103/

(K+Ca) ratios are lower in the muscovite from the pegmatite than in the
muscovite from the coexisting aplite.

SCHORLITE

Neiva (1974) studied the schorlites from these granites, aplites and pegmatites
and also from some other aplites and pegmatites which do not coexist in the
same vein.
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Albites from parental granites and aplites and pegmatites coexisting in the same vein cutting the granites

Ty

Gl Al PI GII All PII GIII Al PrPII GVl AVI PWVI Gvlli AVl
SM SM SM average SM SM SM H H SM SM SM H SM

426 635 635A oftwo 578B ©578A 568 5568A 558B 594 641A 641 266 633

TR

K 054 049 054 042 047 039 051 035 051 026 046 046 035 0.29
Na 8.06 8.44 842 778 847 849 804 838 828 8.48 842 845 846  8.55
Ca 061 004 002 120 ~ 0.05 067 029 027 022 010 005 016 0.06
20 (111)~206 (171) 4 1 0 9 0 1 6 4 4 4 1 4 2 1
206 (132)~26 (131) } An(%) 6 2 5 9 3 3 6 6 0 3 3 3 2 5
Opticaily 3 i 1 7 5 4 2 3 2 1
Trace eiements (ppm):
¥ Be ) - »- 400 18 * 36 5 22 60 * 10 » » M
: ‘Ga 25 25 25 28 25 25 25 25 15 25 11 25 25 25
E v 6 * - 9 * - 10 * * 5 * * 5 *
X Sr 65 15 10 83 30 & 65 30 30 38 18 10 30 12
Ba 200 8 43 25 10 * 18 10 10 * » » » *
: Rb 30 40 65 9 10 10 20 20 45 » 12 12 10 *
:
:
3
E
4
k.
.E
%
!
4
peid
inued pXlI GXOn AXu P
TABLE V (continued) I GX AX PX X1 AXI M M M sM
GVIIl AVII PVI sM M 39A
p VIl verage SM SM 8A 579 639 6
oM H H averag 286A 585 586B 58
M 93A 5938  of four 286C
633A 46 5 45 050 042 054 0.46
041 050 G0 G40 826 840 845
019  0.46 g.léi s so1 847 849 835 BI o ois  00s 008
K 865  1.96 . 010 068 014 005 0.50 . :
Na — 0.86 0.0% . 5 4 1 4
Ca " a 4 4 9 2 3 3

4 5
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k: TABLE V (continued) A
} -
\ PVII GVIII AVII PVIII GX AX PX G X1 A XI P X1 GX AXII PXuU '
3 SM  SM H H average SM sM SM sM SM sM sM SM 4
f 633A 46 593A 593B offour 286C 286A 585 586B 586A 579 639 63%9A 5
[} - s
K 0.19 0.46 0.16 0.31 0.56 0.33 0.41 0.50 0.45 0.50 0.42 0.54 0.46 f}
E Na 8.65 7.96 8.64 8.52 8.01 8.47 8.49 8.15 8.39 8.40 8.26 8.40 8.45 X
4 Ca — 0.86 0.05 0.10 0.68 0.14 0.05 0.50 0.16 0.09 0.42 0.06 0.06 i
i 20 (111) -2 6 (111) 0.5 8 4 4 5 2 3 5 4 1 4 1
3 26 (132)-206(131) ) An(%) 0.5 6 2 3 3 4 4 i 5] 4 5 3 \
o Optically 1 4 4 5 3 1 3 1 g
s i3
3 Trace elements (ppm): |
¥ Be 170 18 15 200 . . . . . . . A
E Ga 25 25 25 25 25 25 15 25 30 25 25 :
j v . 13 . * 8 6 * * 8 * »
3 Sr 4 120 30 15 52 45 100 28 40 15 10
i . Ba * 100 * - 25 10 6 [¢] 10 * ®
‘L Rb - 36 * 10 64 22 10 60 22 45 45
“ Analyst: A. Neiva. :
3 — = not determined; * = below the limit of sensitivity. .
3 A = aplite; G = granite; P = pegmatite.
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TABLE VI
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Albites from parental granite and aplites and pegmatites coexisting in the same vein cutting the schists )

Granite GX  Apl. Pegm. Apl Pegm. Apl Pegm. Apl Pegm. Apl
average SM M SM SM SM SM SM SM SM SM
of four 604 604A 605 605A 185 185A 10B 10A 603 603A

K

0.56 0.50 032 0.21 0.48 0.12 0.16 0.12 0.37 0.12  0.35

Na 8.01 8.33 851 861 8.46  8.67 8.67 8.64 8.47 8.67 8.49

Ca 0.68 0.21 0.11  0.05 0.02 0.05 - 0.09 0.11 0.04 0.09

206 (111)-20 (111) 5 1 1 1 2 1 2 1 1 2 2

20(132)-26 (131) | An(%) 3 5 1 4 4 3 3 5 2 6 4

Optically 4 2 0 1 1 2 1
Trace elements (ppm):

Be ' * 10 60

Ga - 25 15 20

Vv 8 * *

Sr

52 10 10
Ba 25 5 5
Rb 64 20 *
Analyst: A. Neiva.

— = not determined; » = below the limit of sensitivity.
A = aplite; G = granite; P = pegmatite,

TABLE vl

Muscovites from 1;arental granites and aplites and pegmatites coexisting in the same vein cutting the granites

ran

1 t Sw AW orwIn cx sz P tx A yn. cxt  Axn "

re L b . o - e . “1‘ 5:-‘:1 Avfr::: 5;—6‘:; ::e:;: a6 B-TOMA 25373 dvemape 280 DR20ES :v::? SFA9AED 5054 Sr-572  ST-£39  SX-6394

S TeNe EMAL RSl e B BN ba of four — .z.::: — I —

< - 7.0 45.61 4620 45, K N .7 PR o ¢ < > R

‘sta, 25.69 45.3¢ £5.15 42,58 43.50 45.C% ‘:_;: 4:_: 4::;.; :.“ o o - e s e T s :.‘Z ’:.:: ;::: ):.‘: = =
"*‘; Sy v s Z': ”'7’ ".—:’ .00 32,55 3268 3545 M1 3450 .7 32.97 ”‘f‘ ’:.: ’;'; ta na D26 12m LM
”2t‘ B o B e 3’.: ,o’% E:" e o e o g o o o o":“ :‘X’Z 1.02 1..66 1.45 Al 2. L 1.
","; o - - o : v o b . S o ae 1 o ‘e r Xt (ra 0. LR

el 1l.e2 1,81 1,74 241 2.3 .58 ° 0,07 614 2.07 0.11 0.0 c.C: ©.15 ©.69 [ A% £.¢7 €. ¢
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TABLE VII

Muscovites from parental granites and aplites and pegmatites coexisting in the same vein cutting the granites
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¢ — = not determined; n.d. = not detected; ®* = below the limit of sensitivity.
y A = aplite; G = granite; P = pegmatite.
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TABLE VIII 3
Muscovites from parental granite and aplites and pegmatites coexisting in the same vein cutting the schists
Granite Apl. Pegm. Apl. Pegm. Pegm. Apl. * Pegm. Apl. Pegm.
GX SM-604 SM-604A SM-615A SM-615B SM-615C SM-185 SM-185A SM-603 SM-603A
Si0, 45.74 45,29 45.21 46.77 45.13 47.20 45.50 45.67 45.58 45.58
TiO, 0.60 0.23 0.43 0.09 0.06 0.06 0.21 0.17 0.10 0.10
AlLO, 32.97 34.79 33.90 35.81 34.18 33.00 34.85 34.96 36.49 36.23
Fe,O, 0.91 0.68 1.09 0.51 0.60 0.21 n.d. n.d. n.d. 0.01
FeO 2.34 3.04 2.19 2.03 2.66 3.09 2.22 2.40 1.66 2.09
MnO 0.06 0.15 0.15 0.04 - 0.05 0.06 0.10 0.09 0.04 0.08 R
MgO 2.17 0.41 1.11 1.00 1.29 1.41 1.46 1.01 0.58 0.41 4
Ca0 n.d. n.d. n.d. n.d. n.d. n.d. 0.09 0.25 0.15 0.11
Na,O 0.41 0.44 0.49 0.53 0.50 0.57 0.40 0.56 0.73 0.58 b
K, 0 10.86 10.42 10.28 9.50 10.70 10.62 10.02 10.21 10.06 10.23 s
Cl 0.02 - 0.04 0.07 0.10 0.14 0.14 - — - - 3
F 0.03 015 - 005 0.13 0.25 0.37 — - - - 3
H,0+ 4.04 4.12 4.79 4.06 4.20 4.03 4.40 4.60 3.81 4.15 f
H,0- n.d. n.d. n.d. n.d. n.d. n.d. 0.10 n.d. 0.09 0.15 3
100.15 99.76 99.76 100.57 99.76 100.76 99.35 99.92 99.29 99.72
O=0 0.00 0.01 0.02 0.02 0.03 0.03 .- - - -
O=F 0.01 0.06 0.02 0.05 0.11 0.16 - - - -
100.14 99.69 99.72 100.50 99.62 100.57 99.35 99.92 99.29 99.72
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TABLE VIII (continued)

Granite  Apl. Pegm. Apl. Pegm. Pegm. X
GX SM-604 SM-604A SM-G15A SM-615B SM-615C

Trace elements (ppm):

Be 8 36 36 28 28 36

Ge 0.17 0.17 1.6 0.19 1.0 1.1

Ca 102 110 110 90 90 105

W 4.0 5 119 7 20 9

Cr 13 * * * * *

\Y 34 * * * * * ;
Mo 0.20 0.10 0.26 0.30 0.80 0.30 t
Nb 23 26 41 61 114 123 g
Zn 30 80 208 210 576 660 3
Sn 144 370 300 220 * 175 £
Li 1460 3400 1500 2000 900 1500 F
Ni 5 * * * * * :

Zr . 24 * * * C R * :

In 5 0.30 0.40 1.5 12 0.40 .
Cu 11 18 27 22 12 29 i
Se 6 0.11 3.0 1.1 1.4 11 %
Bi 0.90 1.0 1.7 3.0 1.5 1.9 1
Er 1.0 1.6 1.8 1.1 2.6 2.9 i
Y * 0.02 0.22 0.34 0.30 *

Dy * x * * * *

Tb * % " * * *

Gd 1.9 0.60 * 1.8 1.4 1.2

Sm 0.60 * * * * *

Nd 8 1.7 1.3 5 0.80 0.60

Pr 1.8 0.20 0.18 * * *

Ce 1.7 1.3 * * 1.4 *

La 6 1.3 0.47 * 1.4 1.3

Sr * 10 * 4.0 175 *

Pb 5 ® * * * *

Ba 79 20 15 10 * *

Rb . 1780 3300 3000 2400 2500 3000

T 0.20 0.80 0.37 0.40 2.6 0.80

Cs 137 1200 1000 150 135 200

Analyst: A. Neiva. :
= =not determined; n.d. = not detecled; * = below the limit of sensitivity.
A = aplite; G = granite; P = pegmatite.

e

e b d s o

It can be seen that the variation between the trace elements of the schorlite
of the aplite and that of the coexisling pegmatite in the same vein is similar
to the variation found between the schorlite of granite and aplite or granite
and pegmatite, which shows that.schorlite is a good mineral to present the
trend of differentiation.

- = "
TN TR T "L’Wm“,_‘”, T To e T ™ Sy e T T
- LRI S A e .




. P
Cfmra b o Ai vt At

3

S e e > 13
L A A T

172

GARNET

Only the garnet (variecy almandine—spessartine) from the aplite H-578B
and of the coexisting pegmatite H-578A could be separated and analysed for
both major and trace elements (Table IX).

The only noticeable differences among the major constituents are less Mn(),
more total FeO and negligible Fe,0; in the pegmatite garnet. Furthermore,

the garnet from the pegmatite contains more Ga, Sn and Li. The ratio Li-10',y;

is greater in the garnet from the pegmatite.

TABLE IX

Garnets from an aplite and a pegmatite coexisting in the same vein cutting the granite G 1}

Apl. Pegm. Apl. - Pegm,
SM-578B SM-578A SM-578B SM-578A

Si0, 34.99 35.00 End-members (mol %):

TiO, 0.03 n.d.

AlL,0, 20.62 20.73 Almandine 61.1 62.7

Fe,O, 1.92 n.d. Pyrope 2.5 5.3

FeO 26.06 28.76 Spessartine 36.4 32.0

MnO 14.99 13.14

MgO 0.71 1.52 Trace elements (ppm):

Ca0 0.08 n.d. .

Na,O 0.10 0.09 Ga 11 50

K,0 0.08 0.06 Sn * 45

H,0+ 0.13 0.46 Mo 8 *

H,0- n.d. n.d. Li 25 110

Zr 175 175

99.71 99.96 Sr 10 *

Analyst: A. Neiva.
n.d. = not detected; * = below the limit of sensitivity.

ORIGIN OF THE GRANITES, APLITES AND PEGMATITES

Figs.1 and 2 illustrate the relationship between the distribution of nor-
mative Ab+An, Or and Q of the granites, aplites and pegmatites and Figs.
3 and 4 also illustrate the same relationship after removing the orthoclase
corresponding to corundum and making the necessary recalculations. The
position of the isobaric minimum-melting curve in the system Ab—Or—Q—11:0.
determined at pressures Py o from 500 to 10000 bar (Tuttle and Bowen,
1958; Luth et al., 1964), is given for comparison. As anorthite occurs in very
small amounts in every rock analysed, it was added to albite.

In Figs. 1 and 2 the granites are situated on the potassium-rich side, which
is due to the fact that they contain a large amount of micas, particularly
muscovite, and also they are generally situated more towards this side than
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Or

Abean 70 [1:3 Or Ab < An

hg 1. Distribiition’of normative Ab+An, Or and Q of the parental gianites and aplites and
pcgmatites coexisting in the same vein éuntting the granites. The isobarie minimum-melting
ciurve for the system. Ab—Or—Q—H,0 determmed at pressures PH o feom 500—10°000 bars
['[‘utt.le and Bowen, 1958; Luth-etal. ,1964) is given.

+ = pranites; s ="apliles; » = pegmatltes @ = minimum-meliing poirt.

Fig. 2. Distribution of normative Ah+An, Or and Q-of the-parenial granite G X.and aplites
and pegmatites ¢oexisting in the:same vein cutting the schists, For further details see, legend

Flg 1.

the asso¢iateéd aplite and pegmatite, except for the pegmatites 1, II, and SM-
603A.

After removing the ofthoclase corresponding to the corundum content
(corresponding to micas) (Figs. 3-and 4],‘ thegranites are close to the minimum-
melting curve, which confirms that a silicate meit was involved in the origin
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F'ig' 3. Distfibution of recaleulated normative: Ab+An, Or and Q of the-parental granites-and
apiites and pepmatiles coexisting in the saine vein cutting the granites, alter the orthoclase
tdrresponding to corundum has beewt removed. For furl,hcr details sce 1cgcnd of Fxg 1.

hg 4. Distribution of rccalculatcd normative. Ab+An; Or 'md Q of {he parental granite
G X ang aphtes and pegmatstes ¢ooxisting in the same vein cutting fhe schists. For further
details see legend ol Fig. 1.
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of the granites. However, the aplites are now situated towardsthe Ab+ An~Q
side line, which indicates that they underwent recrystallization with some
albitization.

After removing the orthoclase corresponding to corundum (micas) (Figs.

3 and 4), all the aplites have less Or than the parental granites which indicay.
that the muscovite is primary.

Most of the pegmatites have less Or than the parental granites (Figs.1 ang
2), and when Or corresponding to corundum is removed (Figs. 3 and 4) some
pegmatites have less Or than the parental granites, so their muscovite is primy.
ry. Other pegmatites show then more or similar Or to the parental granite,
which may indicate that they have some secondary muscovite.

The granites have their origin in different pulses of granite magmas probabi
by partial refusion and they underwent recrystallization; their albite is prima.
ry, because they are not associated with magmas of more basic composition
and they are close to the minimum-melting curve (Figs. 3 and 4) (Neiva, 1971.
1973).

As the granites contain biotite, the author calculated fo,»fu,0and Py o
of the granite magmas using this mineral (Neiva, in press). )

Considering the temperature of crystallization of 700°C, fo, was calculated
by the Fe**—Fe?**—Mg triangular diagram of biotite by the method of Wones
and Eugster (1965). Also fy o was calculated according to the method of the
same investigators and Py g was then deduced.

Considering Piotal > Pu,0, Ptotal would be > 2 kbar for G 1I-G VI,
>1 kbar for G VIII, >4 kbar for G IX and > 5 kbar for G X. The results, at
least for G IX and G X were in agreement with Neiva’s conclusions (1971,
1973), based on the mineralogical composition (mainly absence of sillimanite
and kyanite) and chemistry of the granites, that the rocks were formed at
depths greater than 15 km. It was impossible to calculate Py o for G I, G XI—
G XII, because G I biotite had a suspicious position in the Fe®"—Fe®"—Mg
diagram and G XI—G XII biotites presented oxidation which was especially
noteworthy in G XII biotite.

Using muscovite and considering the temperature of crystallization of
700°C, fo, is 1077 calculated by the equation log fo, = 33 000/T (°K) +
17.2 + 15% of Wones and Eugster (1965) which is similar to the average fo,
calculated (107'%) by biotite using the Fe’*—Fe?*—Mg triangular diagram.

Using the Wones and Eugster’s method (1965) fH,0 was determined with
muscovite from the granites as for the determination of fy o with biotite.
Py, 0 was calculated based on the fy_o. Both fyg o and Py.o were very low,
which must be due to the fact that there is not any proper method to do
these calculations using muscovite. If the temperature considered should be
less than 700°C, fH,0 and Py o would be lower, as the calculation method
implied.

Considering the temperature of crystallization of 700°C, fu,0 and Py,0
for the aplite and pegmatite magmas were also deduced using muscovite.
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As the temperature for muscovite crystallization must decrease in the
sequence granite - aplite > pegmatite, Py o values were obtained assuming
:he temperature for muscovites from aplites and pegmatites to be lower than
700°C. They were so low that the temperature for muscovites from aplites
and pegmatites should not be much less than 700°C. :

Burnham (1967) found that at water pressures of 4.0 kbar and higher,
muscovite crystallizes as a primary phase from the water-saturated melt,
whereas below 4.0 kbar alkali feldspar or quartz appears at the liquid instead
of muscovite, thus as the granites were formed at water pressures about or
above 4 kbar, the muscovite from granites, aplites and pegmatites is mainly
primary.

According to Burnham (1967), in the rocks or magmas which contain
normative corundum, the magmatically derived aqueous phase ordinarily
enters the stability field of muscovite only at its highest temperature limit,
which is about 682°C at 4 kbar according to Althaus et al. (1970) and about
710°C at 5 kbar according to Storre and Karotke (1972), so the muscovite
from granite, aplite and pegmatite is mainly primary.

An attempt was made to find out which could be the position of the
aplites and pegmatites in the model of Jahns and Burnham (1967) for the
derivation and crystallization of the granitic pegmatites. It was concluded
that the aplites containing lenticles of pegmatite are the product V in the
same model and they could apparently have been formed by two processes
K and I. However, the latter is not appliable here because it involves marked
reduction in total confining pressure on the system, and it was already shown
by muscovite that Py_g of the magma increases in the sequence granite -
aplite » pegmatite.

The process K (“partitioning of nonvolatile constituents between silicate
melt and increasing amounts of aqueous fluid with diffusion of materials
along concentration gradients, especially in the aqueous phase; crystallization
from both fluid phases, segregation of solid products according to amount
and degree of interconnection on the aqueous fluid, and reaction between
solid phases and the fluid phases’) is responsible for the formation of the
aplite—pegmatite veins.
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