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The dyke swarm of fractionated tourmaline-bearing leucogranite
and its link to the Vydra Pluton (Moldanubian Batholith),
Sumava Mts., Czech Republic

Zilny roj diferencovaného turmalinického leukogranitu
a jeho vztah k masivku Vydry (moldanubicky pluton, Sumava)

(8 figs, 8 tabs)
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Dykes of tourmaline-bearing aplitic leucogranite form a swarm rimming the peraluminous, S-type granite of the Vydra Pluton (part of the
Moldanubian Batholith) at a certain distance (2-4 km). The leucogranite dykes have not been recorded any closer or even in the pluton itself.
The medium-grained, slightly cataclastic dykes are ~ 20 cm to ~ 5 metres wide, and discordant to regional foliation of the country rocks.
Leucogranite is composed of quartz + albite + potassium feldspar + muscovite = tourmaline + biotite (accessoric apatite and U-Y-P-rich zircon).
The rock shows low concentrations of Ti, Ca, very low mg number, is peraluminous (A/CNK = 1.21-1.36) and has moderate K,0 / Na,O of
0.53—1.14. Most of Ca is combined with P to form late apatite, additional phosphorus is bound especially in potassium feldspar. The
high concentration of phosphorus in potassium feldspar (0.65-0.95 wt. % P,0,) is in a sharp contrast to the low concentration of P in albite
(0.01-0.17 wt. % P,0,), and it is interpreted as a result of a late- / post-magmatic alteration. Compared to the Vydra Pluton granites, leucogranite
is slightly richer in SiO,, Na,O and Rb (200240 ppm) and strongly enriched in Sn (17-34 ppm) and B (abundant tourmaline). It is moderately
to strongly depleted in V, Cr, Ni, Sr, Ba, and LREE (X REE ~ 740 ppm). The K/Rb ratio ranges from 88 to 133, Rb/Sr=2.3-10.2. Leucogranite
is also characterized by low concentration of Th (mostly 1.2-3 ppm) and a low Th/U ratio (typically below 0.4). The new monazite U-Th
dating confirms the Variscan age (326.6 + 6.9 Ma) of metamorphism in the surrounding metamorphic rocks.
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Bohemian Massif

Introduction

The composite Moldanubian Batholith represents the
largest Variscan granite complex in the Bohemian Mas-
sif. The granitic rocks have been recently studied by
many authors (e.g., Liew ef al. 1989, Vellmer — Wede-
pohl 1994, Finger et al. 1997, Klecka — Matéjka 1996,
Matéjka — Janousek 1998, Gerdes et al. 2003 and refer-
ences in these works). The current paper discusses min-
eralogy and geochemistry of a leucogranite dyke swarm
rimming eastern margin one of the smaller granite plu-
tons. This pluton, belonging to the western branch of the
Moldanubian Batholith, is known as the Vydra Pluton,
after the local river. This name was introduced by J. Kun-
sky in 1938.

Numerous dykes of aplitic leucogranite have been re-
corded in the proximity of the eastern margin of the Vy-
dra Pluton during the detailed mapping of the map
1:25 000 sheet 22-334 Kvilda (Figs 1-2, for details see
Zagek 2005, Zacek et al. 2005). This program has been
a part of the regional mapping conducted by the Czech
Geological Survey.

The dykes intruded migmatites, less frequently other
metamorphic rocks such as biotite orthogneiss, quartz-
rich gneiss and amphibolite. Leucogranite is a subordi-
nate rock-type that forms less than 0.1 % of the mapped
area. However it is unusual in having anomalously low
Th-concentrations (mostly 1.2—-3 ppm) revealed by field
gamma-spectrometric measurements. These are much

lower than values displayed by the most common coun-
try rock — migmatite (10—17 ppm Th). The detailed study
has shown that leucogranite is an evolved granitic rock
with P-rich potassium feldspar, showing affinity to the
marginal two-mica granite facies of the Vydra Pluton.

Samples and analytical techniques

The studied samples have been obtained in field seasons
2004-2005; all localities (listed in Appendix) are situated
on the map 1:25 000 22—-334 Kvilda (see Figs 1-2 and
Zagek 2005, Zagek et al. 2005 for details). Three leucog-
ranite samples (G21, G30, G66) and samples from the
Vydra Pluton — two-mica granite (19, 45, 46) and biotite
granite (51) were analyzed for bulk chemistry (Tables 1, 2).
Five samples (G21, G30, 19, 45, 51) were studied with
electron microprobe (Tables 4-8); two (51, G30a) were
used for electron microprobe monazite dating. Modal
composition of the samples is given in Table 1. Addi-
tional 10 samples of the Vydra granite were observed in
thin sections. The field measurements with gamma spec-
trometer GRM-260/B were performed at 36 localities of
various granites throughout the mapped area (11 leucog-
ranite, 8 two-mica granite, 17 biotite granite) along with
additional measurements in other, mostly metamorphic
rocks. Magnetic susceptibility was measured in the field
using KT-5 kappameter (Table 3).

All whole-rock analyses were carried out in laborato-
ries of the Czech Geological Survey in Prague. The wet
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chemical analyses were made by V. Janovska and J. Sikl.
Trace elements were analyzed by M. Kopecka and I. Svo-
bodova using RFA and FAAS (V, Co). The REE were
analyzed by ICP (H. Kotoucova). Chondrite values used
for normalization are from Boynton (1984).
Microprobe data were obtained with the Cameca
SX-100 electron microprobe at the Masaryk University in
Brno. Analytical conditions for rock-forming minerals
were accelerating voltage 15 kV, probe current 10-20 nA,
acquisition time 10-30 s. Standards: augite (Si, Mg), or-
thoclase (K), jadeite (Na), chromite (Cr), almandine (Al),
andradite (Fe, Ca), rhodonite (Mn) and sintered TiO (Ti).
The electron microprobe dating of monazite was per-
formed with the same device, equipped with large PET
crystals. The analytical conditions were 15 kV acceler-
ating voltage and 80 nA probe current. The U was mea-
sured on M line (acquisition time 120 s, detection limit
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Fig. 1 The southern part of the Bohemian Massif situated between Pra-
gue and the state boundary, showing the main Variscan batholiths.
Frame indicates the area studied and shown in Fig. 2.

160 ppm), Pb on Ma line (acquisition time 300 s, detec-
tion limit 90 ppm) and Th on Ma line (counting time
120 s, detection limit 430 ppm). As standards were used
synthetic ThO,, metallic U and vanadinite (BRGM) for
Pb. Further elements determined in monazite were mea-
sured on the following lines (in brackets are the relevant
standards): P Ka, (apatite), Si Ko, Al Ko, (almandine),
La Lo, (LaB,), Ce Lo, (CeAl,), Pr LB, (PrF,), Nd LB,
(NdF,), Sm La, (SmF,), Gd LB, (GdF3), Dy La,
(DyP.O,)), Y Lo, (YAG) and Ca Ka (andradite). Concen-
trations were corrected using the ZAF(¢p{) procedure of
Pouchou — Pichoir (1984, 1985). The interferences of
Y Ly,, and Th M{, , on Pb Ma: peak and ThMy on U MB
were corrected through the procedure described by Amli
— Griffin (1975).

The chemical ages for individual measurements were
calculated using the formula of Montel ef al. (1993) with
age errors derived from standard deviations of all three
elements. From the individual age and associated error
data, the inverse-variance weighted mean and 2s error
were calculated using Isoplot (Ludwig 2003). The regres-
sion line of the individual Pb vs. Th* values (concordia
diagram) shows high degree of correlation (R* > 0.98)
and a negligible intercept, confirming thus the validity
of the dating (Cocherie et al. 1998). The measurements
of age standards performed under the same conditions
and employing identical data reduction procedures show
good agreement with results of respected analysts (e.g.
Finger, Jercinovic, Cocherie).

Leucogranite dyke swarm

The dyke swarm occupies a NW-SE trending zone at least
12 km long, extending between the village of Nové Hut¢
in the SE and Hut'ska Hora hill in the NW (Fig. 2). The
dykes of leucogranite show general direction NW-SE,
cutting Variscan metamorphic rocks, mainly migmatites
(Fig. 3a). However, this area belongs to poorly exposed
Sumava plains covered in places by extensive peat bogs.
Even though the leucogranite is relatively resistant to
weathering, the majority of the dykes were documented
as blocks dispersed in this densely forested area. Since

Table 1 Estimated mineral abundances in analyzed samples (vol. %), magnetic susceptibilities (MS) and results of field gamma-spectrometric

measurements of K, U and Th.

rock Qtz Pl Kfs Bt Ms Tur Chl Accessory MS (103 K (%) U (ppm) Th (ppm)
leucogranite
G21 38 26 26 * 10 - * Ap, Zm 0.05 3.4 5 1.7
G30 34 30 24 1 8 3 - Ap, Zmn 0.04 33 5 4.1
Go66 38 30 20 - 8 4 - Ap, Zrn, Mnz 0.04 2.7 8 2.5
two-mica granite
19 35 28 25 6 5 - 1 Ap, Zrn, Mz 0.05 4.2 9 12
45 33 24 30 7 5 - 1 Ap, Zrn, Ilm 0.09 4.8 8 22
46 35 25 30 5 5 - * Grt, Ap, Zrn, Mnz, Ilm 0.05 33 7 7
porphyric biotite granite
51 28 30 32 8 2 - - Ap, Zrn, Xnt Mnz, Ilm, Ttn 0.14 5.1 6 30

* accessoric mineral
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Table 2 Chemical compositions of leucogranites and granites from
the Vydra Pluton (major elements wt. %, trace elements ppm).

Bt gra-

rock nite

two -mica granite leucogranite

sample 51 45 46 19 G30 G21 Go66

SiO, 68.90 7246 73.28 73.80 7237 74.86 75.24
TiO, 0.43 0.20 0.17 0.09 0.14 005 0.02
ALO, | 1559 1517 1417 14.66 15.15 1429 14.59
Fe,O, 0.75 0.50 0.84 0.1 0.41 0.32  0.51
FeO 2.39 0.79 092 0.71 1.05 030 0.28
MgO 0.82 038 029 022 035 0.10 0.08
MnO 0.063  0.028 0.031 0.061 0.046 0.025 0.035

CaO 1.81 0.60 0.66 0.70 053 053 036
BaO 0.209  0.024 0.028 0.021 0.027 <0.005 <0.005
Li,O 0.01 0.024 0.018 0.028 0.03  0.006 0.004
Na,O 2.75 3.01 295 353 431 3.78  4.47
K,0 5.09 496 487 426 385 430 249
0.24 0.308 0.087 0.169 0.272 0.24  0.372
F 0.079  0.073 0.055 0.067 0.099 0.051 0.111
H,0" 0.94 099 096 0.87 096 075 0.93

H,O" 0.19 0.15 0.21 0.12 0.11 0.10 0.14
-O=F -0.033 -0.031 —0.023 -0.028 -0.042 —0.021 -0.047
Total [100.30 99.69 99.58 99.84 99.76 99.75 99.97
v 21 12 <10 <10 <10 <10 n.a.
Co 7 <5 <5 5 5 <5 n.a.
Cr 17 5 5 5 10 6 3
Ni 12 10 10 7 5 3 4
Cu 10 6 6 6 6 43 8
Zn 63 73 58 50 43 52 51
As 5 6 5 3 6 4 33
Rb 183 305 241 291 240 200 234
Sr 237 69 67 73 102 38 23
Y 31 6 12 11 15 7.3 4
Zr 302 92 112 56 37 12 22
Nb 13 12 13 11 14 9 12
Mo <1 <1 <1 <1 <1 <1 <1
Sn <2 12 5 13 17 34 34
Pb 39 29 40 33 49 35 30
U 4 13 6 9 2 4 9
La 97.50 22.00 38.80 17.50 7.80 3.10 1.30
Ce 187.90  49.20 81.20 36.60 14.30 6.00 2.60
Pr 20.80 5.10  9.50 3.70 1.60 0.80 <0.70
Nd 76.60  21.60 34.30 14.90 5.70 220 <2.00
Sm 13.85 543  7.37 3.65 2.98 1.37 <0.30
Eu 1.77 0.41 0.53 0.35 0.61 0.33 0.17
Gd 8.89 3.54 461 2.33 1.55 1.25 0.67
Tb <0.70  <0.70 <0.70 <0.70 <0.70 <0.70 <0.70
Dy 6.01 1.90 2.62 2.29 2.25 1.20 0.70
Ho 1.57 <0.50 0.67 0.59 <0.50 0.6 <0.50
Er 3.04 0.66 1.54 1.44 1.17 1.30 0.47
Tm 0.36 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30
Yb 2.44 0.58 1.12 1.48 2.18 1.06 0.89
Lu 0.38 0.10 0.18 0.23 0.35 0.17 0.15
tot REE [421.00 111.00 182.00 85.00 40.00 19.00 7.00

A/CNK| 1.17 1.33  1.25 1.25 1.24 1.21 1.36
A/NK 1.55 1.47 140 1.41 1.35 1.31 1.45
K,0/Na,0| 1.85 1.65 1.65 1.21 0.89 1.14  0.56
K/Rb |231.00 135.00 168.00 122.00 133.00 178.00 88.00
Rb/Sr 0.77 442 3,60 399 235 526 10.17
f 2.84 13.16 20.28 50.51 20.41 200.00 625.00

f=1/(MgO x TiO,) = “fractionation index” following Forster — Tis-
chendorf (1994)

the exposures are scarce, the distribution of dykes shown
in Fig. 2 is only schematic.

Under the term “leucogranite dyke swarm” we under-
stand a zone with abundant leucogranite dykes; isolated
occurrences are known also outside this area. A larger
(12x10 m) leucogranite body in the vicinity of Zdikov,
in the NE part of the studied area, has been recently de-
scribed by Skoda — Palensky (2005). However the authors
presented petrographic descriptions and concentrations
for radioactive elements only. The rock characterized by
the presence of tourmaline and a low Th concentration
(below 2.1 ppm) corresponds well to the leucogranite
suite described in the current paper.

The width of individual dykes is less than 10 m, most-
ly ranging from ~ 40 cm to several meters. The whole
zone is 1 to 3 km wide; a significant swell (up to ca 5 km)
is apparent only in the area between the village of Horska
Kvilda and Churanov hill. As shown in Fig. 2, the leucog-
ranite dyke swarm is rimming subsurface extension of the
Vydra Pluton, as indicated by the Linsser density bound-
ary at —1000 m (following Sramek in Zacek et al. 2005).
However, the first leucogranite dykes appear at a certain
distance, typically 3—4 km, from the edge of the pluton.
They were not observed any closer or even within the
pluton itself (Fig. 2).

Leucogranites have mostly aplitic appearance, are
medium-grained, equigranular or slightly porphyritic. The
potassium feldspar phenocrysts (where present) are up to
5 mm long. More or less pronounced cataclastic defor-
mation is frequent (Fig. 3a). Leucogranites have very low
magnetic susceptibility of 0.01-0.06x10 SI, on average
0.03x107* SI, and relatively low total radioactivity due
to very low Th and moderate U contents.

The modal composition is simple with quartz and al-
bite prevailing over potassium feldspar. The dykes are
usually leucocratic and contain only small amount of
micas, mostly muscovite only. Rarely, brown biotite
slightly prevails over muscovite.

Potassium feldspar is rich in phosphorus (0.68-0.95
wt. % P,O,) with P concentrations increasing towards the
rim (see Table 4). Plagioclase is a pure albite, the con-
centration of CaO is mostly below 0.01 wt. %, (0.23
wt. % in one spot) and, compared to two-mica granite, it
contains surprisingly low concentrations of phosphorus
(0.0-0.17 wt. % P,O,) further decreasing towards the rim
(Tables 4, 5). Muscovite is poor in TiO, (0.07-0.23 wt.
%) and relatively rich in Na,O (0.43-0.65 wt. %) and F
(0.32-0.66 wt. %). Biotite (if present) is annite with low
mg number = Mg/(Mg + Fe) = 0.14, relatively poor in
TiO, (1.74-1.86 wt. %), and rich in F (ca 0.40 wt. %) as
well as MnO (0.4-0.9 wt. %).

Tourmaline, forming black prismatic crystals up to
5 mm long, is a typical mineral most of leucogranites and
can appear in variable amounts up to 5 vol. %. Tourma-
line shows optical zoning with small bluish cores and
wide brownish rims with many alternating darker and
lighter coloured zones (Fig. 3b, ¢). Tourmaline is mag-
nesian, X-site-vacant schorl with Al = 6.58-6.81 apfu,
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Table 3 Radioactivity and magnetic susceptibility field measurements (map sheet 22-334 Kvilda).

biotite granite two-mica granite leucogranite migmatite* Bt orthogneiss amphibolite
No of points 21 12 12 21 9 3
K (wt. %) 3.4-6.3 3343 2.3-4.3 2.0-3.4 3.34.5 0.4-1.1
U (ppm) 4-11 5-12 4-8 3.1-5.9 4.3-5.5 1.1-1.9
Th (ppm) 10-35 7-15 1.1-5.5 10.3-17.4 12.1-17.7 0.7-2.5
Th/U 2.0-5.9 0.9-2.1 0.2-0.9 1.9-3.9 1.5-5.5 0.7-2.1
susceptibility (10~ SI) 0.05-0.18 0.03-0.10 0.01-0.06 0.09-0.46 0.02-0.10 0.48-49.00

* various types of migmatites and gneisses
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Fig. 2 Geological sketch of the leucogranite dyke swarm in the area of the 1:25 000 map sheet 22-224 Kvilda (after Zacek et al. 2005). Positions
of samples and Th concentrations in granites are shown along with the main features of geology. The hidden part of the Vydra Pluton is indicated
by Linsser indication of density boundary at —1000 m (following data by J. Sramek in Zagek et al. 2005).
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Fig. 3 a — Leucogranite dyke cutting (P-plane) the metamorphic foliation (S,) of biotite orthogneiss. Churdiovsky vrch, close to the sampling
point G30; b — photomicrograph showing slightly cataclastic structure of leucogranite, sample G66. Abundant prismatic tourmaline phenocrysts
occur along with muscovite, alkali feldspar and quartz. Crossed nicols, picture width ~ 5 mm; ¢ — zoned tourmaline crystal from the sample G30,
with conspicuous halos rimming tiny inclusions of U-rich zircon (analysis in Table 8); d — The same picture in the BSE. Note anhedral apatite
grains rimming tourmaline phenocryst.

XMg = Mg/(Mg+Fe) = 0.15-0.43, total X-site vacancy
29-50 mol. %, with F concentrations ranging between
0.09-0.59 wt. %, poor in CaO (0.0-0.17 wt. %), TiO,
(0.0-0.50 wt. %), and MnO (0.07-0.23 wt. %) — see
Fig. 4. Tourmaline crystals usually show a moderate com-
positional zoning. Typically Ti, F, Na and Ca abundanc-
es increase towards the rim, while Al, XMg and X-site
vacancy decrease in the same direction. Tourmaline in
quartz-tourmaline nodules in the wall-rock migmatite
(sample 118 from Hut'ska Hora hill) shows a similar zon-
ing pattern but its composition changes over wider range,
from Mg-Na-rich foitite to Ca-rich Fe-dravite. It is sig-
nificantly richer in Mg, Ca and Ti, likewise the tourma-
line from segregations in gneisses of the Kaplice Unit in
southern Bohemia (Fig. 4, Table 7, see also Zacek — Vra-
na, 1999). Another abundant accessory mineral is apa-
tite in the form of anhedral grains up to 0.5 mm long fill-
ing interstices and rimming other minerals (Fig. 3 ¢, d),
demonstrating its delayed/late crystallization. Very tiny
U-P-Y-W-rich zircon grains, ~3—5 microns in diameter,

occur mainly as inclusions in tourmaline phenocrysts and
contain ~ 6-7 wt. % UO,, P,O,, Y,0, and 0.74 wt. %
WO,, (Table 8). The inclusions of U-rich zircon in tour-
maline are surrounded by conspicuous deep blue pleo-
chroic haloes (Fig. 3¢). Similar U, P, Y -rich zircons have

Table 4 Minor elements (wt. %) detected in feldspars and garnet.

biotite granite two-mica granite leucogranite
plagioclase range range range
An (mol. %) | 21.00 22.00 5.00 10.00 0.00 1.00
BaO <0.01 <0.01 <0.01
SrO <0.01 0.16 <0.01 <0.01
P,0, 0.07 0.12 0.22 1.00 <0.01 0.17
K-feldspar range range range
Na,O 0.80 .10 0.51 0.71 045 0.53
BaO 0.37 0.57 <0.01 0.10 <0.01
SrO 0.01 0.06 <0.01 0.10 <0.01
P,0, 0.03 0.09 020 050 065 0095
garnet range
P,0, 0.03  0.13
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Table 5 Chemical composition of feldspars.

rock biotite granite two-mica granite leucogranite
db 51 51 19 19 19 46 46 G30 G30 G66 G66
mineral Pl Kfs Pl Pl Kfs Pl Kfs Pl Kfs Pl Kfs
SiO, 63.15 64.68 65.17 65.65 63.57 6695 63.80 68.82 64.09 6791 63.94
ALO, | 2329 1857 21.81 21.06 19.16 20.87 1878 19.81 18.97 19.55 18.84
FeO"! n.d. n.d. 0.07 n.d. 0.11 n.d. n.d. n.d. 0.06 n.d. n.d.
MnO 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 4.65 0.04 1.93 1.02 0.00 1.33 0.07 0.23 n.d. n.d. n.d.
Na,O 9.03 1.05 10.13  10.73 0.51 10.48 0.66 11.33 0.49 1148 0.45
K,0 0.30 15.34 0.37 0.12 15.72 0.07 15.57 0.09  15.80 0.09 16.03
BaO 0.01 0.38 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
SrO n.d. 0.06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
PO, 0.09 0.08 0.41 1.00 0.54 0.11 0.24 0.06 0.95 0.17 0.68
total |100.55 100.23  99.89 99.56 99.60 99.81 99.12 100.34 100.37 99.20 99.94
XAn 0.218 0.002 0.093 0.049 0.000 0.065 0.003 0.011
XAb 0.765 0.093 0.886 0.944 0.047 0.930 0.060 0.984 0.045 0.99 0.041
XKf 0.017 0.896 0.021 0.007 0.953 0.004 0.937 0.005 0.955 0.01 0.959
XCn 0.000 0.007
XSr-Cn| 0.002
n.a = not analyzed, n.d. = not detected
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Fig. 4 a, b — Chemical composition of tourmaline from leucogranites in the diagram Na-Ca-vacancy (a) and Mg-Fe-Al (b).

been recently described by Breiter et al. (2005a) from
fractionated Podlesi Granite (Krusné Hory Mts.).

The Vydra Pluton

The Vydra Pluton is a NNE-SSW (in the south W-E)
trending granite body, approximately 12 by 3 km. It is
situated at the Czech — German border, ¢. 10 km south
of Kasperské Hory in the Klatovy District, southern Bo-
hemia. The pluton represents one of numerous granite
bodies cropping out in the broader area of the Sumava
Mts. — Bohmerwald. Most of the arca belongs to the
Monotonous part of the Moldanubian Zone (Jencek —
Vajner 1968, Dallmeyer et al. 1995) built, apart from
granite bodies, by sillimanite — biotite + cordierite mig-

matite and gneiss with minor orthogneisses, amphibolites,
quartzites, and calc-silicate rocks. According to map of
the total Bouguer anomalies with the Linsser indications
of density boundaries (Sramek in Zagek et al. 2005), the
Vydra Pluton represents an apical part of a larger hidden
granite body, as indicated by an extensive gravimetric
low. The central part of the exposed pluton is formed by
porphyritic biotite granite. Equigranular two-mica gran-
ite rims the eastern margin of the Vydra Pluton, forming
a zone 1-2 km wide (including its hidden part). The con-
tact was not observed in the field, but the two-mica gran-
ite most probably represents a marginal facies of the same
granitic body.

Biotite granite is a medium- to coarse-grained, mostly
porphyritic rock, in which prismatic feldspar phenocrysts
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Table 6 Chemical composition of micas, garnet and ilmenite.

rock biotite granite two-mica granite leucogranite
sample 51 51 51 19 19 46 46 46 46 G30 G30 G66
mineral Bt Ms Ilm Bt Ms Bt Ms Grt-c  Grtr Bt Ms Ms
Sio, 3488 47.75 n.a. 3534 46.40 3503 46.86 36.76 36.49 3398 46.15 46.87
TiO, 3.06 0.44  53.29 3.10 0.73 2.21 n.d. n.d. 0.03 1.86 0.23 0.07
Cr,0, 0.01 0.03 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
ALO, 18.43  36.10 n.d. 18.80 35.63 19.07 34.80 21.01 2092 1931 3504 35.64
FeO'! 23.35 1.74  40.36 23.46 1.36  23.95 1.30 34.86 29.97 27.37 1.58 1.82
MnO 0.29 0.02 4.80 0.29 n.d. 0.86 n.d. 6.65 11.77 0.49 n.d. n.d.
MgO 5.98 0.89 n.d. 5.96 0.66 4.24 n.d. 1.36 0.84 2.49 0.59 0.27
Ca0O n.d. n.d. 0.02 n.d. n.d. n.d. n.d. 0.36 0.46 n.d. n.d. n.d.
Na,O 0.08 0.35 n.a. n.d. 0.79 n.d. 0.42 0.03 n.d. n.d. 0.65 0.52
K,0 9.54  10.00 n.a. 9.54 9.99 9.39 10.27 0.02 n.d. 8.86 9.80 9.03
BaO 0.43 0.34 0.24 n.d. n.d. n.d. n.d. n.a. n.a. n.d. n.d. n.d.
P,0, n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.13 0.10 n.a. n.a. n.a.
F 0.21 0.19 n.a. n.a. n.a. n.a. n.a. n.d. n.d. 0.41 0.36 0.66
-O=F -0.09 -0.08 -0.17 -0.15 -0.28

SUM 96.17 97.77 98.72 96.50 95.56 9475 93.65 101.18 100.58 94.61 94.25 94.59

n.a = not analyzed, n.d. = not detected

Table 7 Chemical composition of tourmaline of leucogranites and of quartz-tourmaline no-
dule from migmatite.

sample G66-c G66 GO66-r G30-¢c G30-r 118-c 118  118-r
Sio, 36.79 3586 3553 3693 36.54 37.51 36.64 36.50
TiO, n.d. 0.16 0.36 0.33 0.20 0.21 0.90 0.92
ALO, 3498 33.63 33.13 34.65 34.19 3522 33.18 33.05
FeO" 11.12 1322 13.77 9.44  12.50 8.54 8.11 8.50
MnO 0.12 0.22 0.20 0.07 0.16 0.09 0.08 n.d.
MgO 2.25 1.66 1.39 3.93 1.87 4.13 5.35 5.57
Ca0O n.d 0.07 0.06 0.14 0.06 n.d. 0.44 0.79
Na,O 1.61 2.00 1.81 2.02 1.59 1.52 2.07 1.87
K,0 n.d. 0.06 0.05 0.04 0.04 n.d. n.d. 0.04
F 0.09 0.47 0.55 0.30 0.39 n.d. 0.35 0.46
-O=F -0.04 -020 -023 -0.13 -0.16 -0.15 -0.19

total 86.92 87.14 86.61 87.72 8736 8723 8697 87.50
Si 6.080 6.021 6.016 6.033 6.066 6.079 6.023 5.981
Ti 0.000 0.020 0.046 0.040 0.025 0.026 0.111 0.113
Al 6.813  6.656 6.610 6.671 6.690 6.726 6429 6.382
Fe?* 1.537  1.856 1949 1290 1.735 1.157 1.115 1.165
Mn 0.017 0.031 0.029 0.010 0.022 0.013 0.011 0.000
Mg 0.553 0.416 0351 0956 0.462 0.999 1311 1.359
total Y 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
Ca 0.000 0.013 0.011 0.025 0.010 0.000 0.103 0.191
Na 0.516  0.652 0.593 0.640 0512 0486 0.873 0.815
K 0.000 0.013 0.011 0.009 0.008 0.000 0.000 0.013
X-vacancy 0.484 0.323 0384 0.327 0470 0.514 0.025 0.000
total X 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.019
F 0.049 0.247 0.293 0.155 0.202 0.000 0.181 0.236
Xmg 0.265 0.183 0.153 0.426 0.210 0.463 0.540 0.539

n.d. = not detected

(5-20 mm long) represent 20—30 vol %. The rock con-
tains 20-30 vol. % quartz, 20-35 vol. % of plagioclase
(An,, ,,) and 30-40 vol. % of potassium feldspar (micro-
cline). The amount of brown biotite ranges between 7 and
12 vol. %. Muscovite mostly reaches up to 2 vol. % (Ta-
ble 1). Chloritization of biotite is scarce. In one thin sec-
tion from isolated granite intrusion at Horni Otygl, SE
of Mt. Sokol, about 5 vol. % of cordierite was present.

Xenotime (crystals up to 250 microns), apatite and zir-
con are abundant accessory minerals; titanite, monazite
and ilmenite are scarce.

Potassium feldspar is enriched in BaO (0.37-0.57 wt.
%) and SrO (0.03-0.09 wt. %), the concentration of
P,O,is low (0.03-0.09 wt. %). The concentration of
P,O, in plagioclase corresponds to 0.07.0.12 wt. % (see
Table 4). Biotite is annite with mg number ~ 0.3, the
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highest among the granite samples studied. It is rich in
TiO, (2.9-3.1 wt. %) and poor in MnO (~ 0.3 wt. %)
as well as F (0.13-0.21 wt. %). Muscovite contains 0.4—
1.0 wt. % TiO,, 0.28-0.35 wt. % BaO and 0.12-0.19
wt. % F. Scarce and tiny ilmenite contains 4.5 wt. %
MnO and 0.24 wt. % BaO. The mineral chemistry is
presented in Tables 4-6.

Two-mica granite is an equigranular medium-grained,
locally slightly cataclastic rock. It consists of roughly
equal quantities of quartz, potassium feldspar, and pla-
gioclase (An_ ) with a weak normal compositional zon-
ing. Both plagioclase and potassium feldspar are enriched
in phosphorus (0.2-1.0 and 0.2-0.5 wt. % of P,O,, re-
spectively), and poor in BaO and SrO (Table 4). Musco-
vite content varies between 6—10 vol. % and this mineral
usually slightly prevails over brown biotite (2—7 vol. %).
Biotite is annite with mg number 0.2-0.3, enriched in
TiO, (2.2-3.1 wt. %) and MnO (0.3-0 .9 wt. %), poor in
Na,O (below 0.01 wt. %). Chloritization is scarce. Mus-
covite contains 0.4-0.8 wt. % Na O and 0.5-0.8 wt. %
TiO, (Tables 5, 6).

Rarely, cordierite, garnet and sillimanite occur in small
quantities. Apatite and zircon are abundant accessory
minerals; ilmenite, monazite and allanite are rare.

Garnet occurring in sample 46 as a cluster of euhedral
crystals 0.3 mm across, is Mn-rich almandine (63-78
Alm, 15-33 Sps, 2-5 Prp, 1-2 Grs, mol. %), enriched in
phosphorus (0.03-0.13 wt. % P,O,) — see Table 6.

Chemical composition

Leucogranites contain 72.4-75.2 wt. % SiO,, 14.3-15.2
AlLO,, 0.08-0.35 MgO0, 0.36-0.53 Ca0, 3.8-4.5 Na,O and
2.5-4.3 K,O (Table 2). They show low concentrations of
TiO, (0.02-0.14 wt. %), low mg number, are peraluminous
with A/CNK = 1.21-1.36 and have moderate K,O / Na,O
of 0.53—1.14. Majority of Ca is combined with P to form
apatite. Excess phosphorus is bound mostly in potassium
feldspar; as noted above, the plagioclase plays a little role
in the total phosphorus budget.

Leucogranite is slightly enriched in SiO,, Na,O and Rb
(200-240 ppm) and strongly enriched in Sn (17-34 ppm)
and B (abundant tourmaline), compared to both facies of
the Vydra Pluton. On the other hand, it is moderately to

=
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strongly depleted in V, Cr, Ni, Sr, Ba, Y, and Eu, as well
as the total REE (~ 7—40 ppm). The leucogranites are
poorer in LREE and relatively enriched in HREE com-
pared to the Vydra Pluton granites (Fig. 7). The concen-
trations of U are 2—8 ppm, Th = 1.1-6.5 ppm (typically
1.2-3 ppm); the Th/U ratio ranges between 0.2—1.4, but
mostly is below 0.4 (Fig. 5).

The “fractionation index” F = 1/(MgO x TiO,) follow-
ing Forster — Tischendorf (1994) is for the three analyzed
samples 20, 200 and 625. For comparison, the two-mica
granite has F = 13, 20, 51, and the biotite granite F =
2.8. The K/RD ratio ranges from 88 to 133, Rb/Sr =2.3—
10.2, La /Sm_= 1.42-1.65. The Harker plots and binary
diagrams of selected trace elements vs. SiO, show high
negative correlations of silica with Ti, Fe, Al, Mg, Ca,
Sr, Y and Zr and positive correlations with Na, Sn and
A/CNK (Fig. 6).

Vydra Pluton. In the R -R, plot of De La Roche et al.
(1980) (not shown) the two-mica granite corresponds to
granite, the sample of biotite granite lies at the bound-
ary between granite and granodiorite. Both rock types are
peraluminous, highly potassic, (see Table 2).

Two-mica granite has A/CNK = 1.25-1.33, the ratio
K,O0 / Na,O = 1.21-1.65 is higher than in leucogranites
and lower than in biotite granite. The concentrations of
Sn are elevated (5—13 ppm), concentrations of total REE
vary between 82 and 182 ppm. The concentrations of U
are 5—13 ppm, Th = 6.5-22 ppm (mostly 7-13 ppm); the
Th/U ratios range between 0.6 and 3.1 but mostly are
below 2.0 (Fig. 5); Rb/Sr = 3.6-4.4, La /Sm = 2.6-3.3,
EwEu* = 0.3.

Biotite granite has A/CNK = 1.17, the KO /Na,O =
1.85. The concentration of Sn is very low (below 2 ppm),
but other trace elements are higher than both in leucog-
ranite and two-mica granite, the total REE concentration
is 421 ppm. The concentrations of U are 4 to 11 ppm,
and Th 14 to 31 ppm; the Th/U ratio ranges between 1.6
and 5.9, but mainly between 2 and 5 (Fig. 5); La,/Sm =
4.4, Eu/Eu* = 0.5.

Monazite dating

Leucogranites have not been dated due to lack of mona-
zite but two new U-Th-Pb monazite electron microprobe

* |sucogranite
61 & two-mica granite a] o
5L O hiotite granite _
5 -
- 4T m]
~— -
3t ¥
= m
2+
1
1 1
20 o

Th (ppm)

Fig. 5 a, b — Th versus U and Th versus Th/U for leucogranite and two-mica granite and biotite granite of the Vydra Pluton.
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Fig. 6 Major and trace element plots vs. SiO,, and A/CNK vs. SiO, for leucogranite samples. Two-mica and biotite granite samples of the Vydra

Pluton are plotted for comparison.

ages were determined in two samples: granite (sample 51)
and orthogneiss (sample G30a), see Fig 2.

Sample 51: biotite granite from the central part of the
Vydra Pluton, monazite crystals are scarce and small,
about 5 microns across.

Sample G30a: biotite orthogneiss, medium-grained
foliated pre-Variscan granite, most probably of Lower
Ordovician age (following recent dating of similar rocks
from the Bavarian side, Teipel ef al. 2004). The orthog-
neiss is cut by the leucogranite dyke (sample G30),
which is clearly younger, discordant to regional folia-
tion (Fig. 3a). Abundant monazite forms elongated crys-
tals oriented parallel to foliation, mostly grown in the
cleavage of biotite flakes. The mode of monazite occur-
rence provides an evidence for its secondary metamor-
phic origin.

1000

& leucogranite
Y/ two-mica granite
B biotite granite

00
|
<X
{

Sample/ REE chondrite

0.1

La Ce Pr Nd Sm Eu Gd Ttk Dy Ho Er Tm Yb Lu

Fig. 7 Chondrite-normalized patterns of REE in leucogranite, marginal
two-mica granite and biotite granite samples form the Vydra Pluton.
Abundances are in ppm, normalized by chondrite values (Boynton
1984).
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Both samples yielded Variscan, within the error iden-
tical ages: sample 51: 327 + 35 Ma (5 measurements);
sample G30a: 326.6 £ 6.9 Ma (15 measurements) (Fig. 8.)
The large error in the case of the former sample is caused
by scarcity of monazite crystals in the studied rock, re-
sulting in small number of measurements.

Discussion and Conclusions

Leucogranite dyke swarm occurs in metamorphic coun-
try rocks at the eastern periphery of the Vydra Pluton,
approximately following the line (from the SE to NW)
Nové Huté — Zlata Studna — Hut'ské Hora (Figs 1, 2). The
shape of the Vydra Pluton, including its hidden part, is
well documented by isolated granite bodies mapped in

Table 8 Chemical composition of monazite (biotite granite) and
zircon (leucogranite).

51 — biotite granite — monazite G66 zircon*

PO, 3073 3032 3076 | Si0, 2427
La,0, 1501 13.64 925 | ZrO, 46.18
Ce,0, 3026 2846 2501 | ALO,  0.10
vo, 012 021 040 | HfO, 1.59

$io, 0.7 045 041 | PO,  6.56
PbO 005 0.10 013 | CaO 039
Y,0, 161 1.3 224 | ThO,  0.00
Pr,0, 3.09 317 310 | UO, 679

Nd,0, 1172 1116 1214 | Y,0, 6.63

Gd,0, 098 1.04 2.59 | MnO 0.10
Sm,0, 1.77 2.01 3.46 FeO 1.08

ThO, 3.02 6.43 8.31 F 0.00

Ca0 071 113 162 | WO, 074
Dy,0, 048 036 084 |Yb,0, 123
Er,0, 020 003 0.3 | S,0, 021
Total 99.92  99.62 100.41 | Total 9588

*La, Ce, Ti — below detection limit

d
Biotite granite, sample 51
.14,
=00 3%x +0 0042
0.121 R =959
0.104
s 008
= 008
0.044
Mean = 327 £ 35 [11%] $5% cani.
.00 Yitd by data-pt ems only, 1 of 5 rej.
' MSWD = 0.044, probability = 0.998
D T T
Q 2 4 5 8 10

Th* (e

the vicinity of Horska Kvilda and Filipova Hut (Zacek
2005) and supported by Linsser indication of density
boundary at —1000 m, which is parallel with the leucog-
ranite dyke swarm. The leucogranite represents fraction-
ated peraluminous S-type granite influenced by late- and/
or post-magmatic boron-rich fluids. The amount of tour-
maline in leucogranite varies between 0-5 vol. %. The
strong enrichment in B and P presumably resulted in low-
ering magma viscosity (Dingwell et al. 1993, Johannes
— Holtz 1996), enabling the emplacement of thin, dm-
sized leucogranite dykes (compare Figs 5-7, Table 2).
Potassium feldspar is the main host of phosphorus in
the dyke leucogranite, whereas the P concentration in
associated albite (An ) remains surprisingly low: P, O_**
=0.24-0.37 wt. %, P,O**= 0.65-0.95 wt. %, P,O** =
0.0-0.17 wt. %. In two-mica granite of the Vydra Plu-
ton, both albite (An__ ) and potassium feldspar are im-
portant phosphorus reservoirs, depending on P,O "%
sample 19: P,O,Y® = 0.17 wt. %, P,O = 0.22-0.54
wt. %, PO = 0.41-1.00 wt. %; sample 46: P,O,V* =
0.09 wt. %, P,0.**= 0.0-0.24 wt. %, P,O*" = 0.0-0.22
wt. %. In addition, both mentioned types contain also ac-
cessory apatite, which is late in the crystall-ization se-
quence. Feldspars of biotite granite contain low concen-
trations of phosphorus (P,O."* = 0.24 wt. %, P,0 "=
0.03-0.09 wt. %, P,O.” = 0.07-0.12 wt. % and the main
host of phosphorus is apatite (see Table 4). As document-
ed above, biotite and two-mica granite show about equal
concentrations of phosphorus both in plagioclase (An,, ,,)
and in potassium feldspar or a slight preference of phos-
phorus in albite. In contrast, leucogranites are character-
ized by strong enrichment of phosphorus in potassium
feldspar. This dichotomy may be connected with a late-
/ post-magmatic alteration, during which phosphorus is
easily released from plagioclase lattice (London 1992,
Breiter 1999, Breiter et al. 2002). Major- and minor- el-

Orthogneiss, sample G30a
0.3
Mean = 3266 £ 6.9
[2.1%5] 95% conf. ¥ T L0t DO
0251 Wid by data-pt errs only, 0 B -ngaln
of 15 raj.
MEWD = 0.45. praobability
F 02 =055
=
By
0.157
013
a '
& & 10 15

Th(%

Fig. 8 A and B — Th* vs. Pb isochron plot for biotite granite (sample 51) from the central part of the Vydra Pluton (A) and for secondary meta-
morphic monazite from orthogneiss sample G30a (B), which is a host rock to the leucogranite sample G30.
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ement characteristics, and common trends of the three
granite types in the binary plots clearly show that the
marginal two-mica granite of the Vydra Pluton is inter-
mediate between the biotite granite and the leucogranite
(see Figs 5-7). This relation can be seen as an evidence
for a common magma source of the Vydra Pluton and the
leucogranite dyke swarm.

The chemical data for aplitic leucogranites rimming
the Vydra Pluton, especially similar REE patterns, high
boron and high concentration of phosphorus in alkali
feldspars, indicate similarities of these small dykes to ore-
bearing albite — topaz — Li-mica granitic systems, for in-
stance Homolka granite, Moldanubian Batholith (Fryda
— Breiter 1995, Breiter — Scharbert 1995), Podlesi gran-
ite system, Krusné Hory and Beauvoir granite, France
(Raimbault et al. 1995), and Hnilec granite, Slovakia
(Broska et al. 2002). These rocks have been studied in-
tensively during the last decade because alkali feldspars
and not phosphates were found to be the main reservoirs
of phosphorus in the rock (London 1992, Bea ef al. 1992,
London et al. 1993, Pichavant et al. 1992, Wolf et al.
1994, Raimbault ef al. 1995, Fryda — Breiter 1995, Breiter
1998, Breiter — Scharbert 1998, Mysen et al. 1999, Breit-
er et al. 2005b). Similarity of these rocks is also docu-
mented by the presence of unique, P- U- Y-rich zircons,
described recently by Breiter ef al. (2005a) from Podlesi
granite (Table 8). The leucogranites studied are also close
to some dyke rocks; e.g. to Lasenice porphyries report-
ed by Klecka — Vankova (1988) or to alkali-feldspar gran-
ite porphyry dyke swarm reported from the vicinity of
Milevsko, Central Bohemian Pluton (Vrana 1999). Small
aplite — leucogranite dykes are locally very common in
the broader area of the metamorphosed basement of the
Sumava Mits. based on published and manuscript geolog-
ical maps of the Czech Geological Survey (e.g. Babtrek
et al. 2000), as well as several personal communications
(e.g. A. Seifert, V. St&dra, 2005). However, these rocks
have been little studied so far.
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G21 — blocks 50-100 cm in size, 1 km south of Ceské Chalupy, directly by the road.
G30, G30a — blocks 100-150 cm in size, 300 m NW from the Churanov hill (1119 m), at forest road. Both orthogneiss (G30a) and leucogranite (G30)

occur there. Leucogranite dykes are discordant to the foliation in orthogneiss.

G066 — block ~ 1 m across, 500 m NW of the U Tti Jedli hill, at the forest road, 2.5 km NE of Horska Kvilda.

The Vydra Pluton

19 — two-mica granite, blocks 1-4 m in size at the forest edge, 250 m SSE of Vydii Most, Horska Kvilda.
45 — two-mica granite, artificial exposure at the road 250 m NW of Dolni Otygl.

46 — two-mica granite, big natural outcrop “Hradky”, 2 km N of Rokyta.
51 — biotite granite, natural outcrop in the forest, 500 m NW of Rokyta.

188 — quartz-tourmaline nodule 10 cm across, enclosed in migmatite, directly at the old forest path “Zlatéa stezka”, 450 m north of Hut'ska Hora.

Zilny roj diferencovaného turmalinického leukogranitu a jeho vztah k masivku Vydry (moldanubicky pluton, Sumava)

Béhem geologického mapovani listu 22-334 Kvilda v letech 2003-2005, bylo pfi vychodnim okraji masivku Vydry (peraluminicky granit S-typu, ktery
patii k zapadni vétvi moldanubického plutonu) zjisténo velké mnozstvi drobnych zil a télisek aplitického leukogranitu, které diskordantné pronikaji
okolnimi metamorfity. Tyto zily o mocnosti ~20 cm az asi 5 m lemuji pluton v urcité vzdalenosti, obvykle 2—4 km a jsou koncentrovany v pasmu o délce
nejméné 12 km a $ifce 1-3 (5) km; nebyly vSak zjistény k plutonu blize, ani v plutonu samém. Leukogranity se skladaji z kiemene, albitu, draselného
zivee a muskovitu, vétSinou pfistupuje také Cerny turmalin, hofe¢naty X-vakantni skoryl (az 5 obj. %) a biotit, akcesorické jsou apatit a U-Y-P-bohaty
zirkon. Hornina se vyznacuje nizkymi koncentracemi Ca a Ti, ma nizkou hofe¢natost (mg), je peraluminicka, A/CNK = 1,21-1,36, pomér K,O / Na,O
vykazuje stfedni hodnoty: 0,53—1,14. Vétsi ¢ast fosforu v horniné je vazana ve formé sekundéarniho apatitu, jeho vyznamna ¢ast je vSak vazana zejména
v draselném Zivci (0,65-0,95 hm. % P,0,), zatimco v albitu jsou koncentrace P,O, nesrovnatelné nizsi a to jen 0,01-0,17 hm. %. Anomalni distribuce
fosforu v ziveich je interpretovana jako disledek pozdné magmatické ¢i post magmatickeé alterace, ktera vedla k pfednostnimu uvolnéni fosforu z mfizky
albitu a ke vzniku sekundarniho apatitu. Srovname-li chemické slozeni leukogranitli s granity masivku Vydry, leukogranity jsou relativné bohatsi SiO,,
Na,O a Rb (200-240 ppm), siln¢ pak obohacené o Sn (17-34 ppm) a bor (hojny turmalin); naproti tomu jsou to horniny stfedné az siln€ ochuzené o V,
Cr, Ni, Sr, Ba a LREE (S REE ~7-40 ppm). Pomér K/Rb se pohybuje v rozmezi 88—133, pomér Rb/Sr pak 2,3-10,2. Dalsi charakteristickou vlastnosti
leukograniti je jejich pomérné nizka radioaktivita, zejména pak nizké koncentrace Th (vétsinou 1,2-3 ppm), a velmi nizky pomeér Th/U, obvykle pod
0,4. Nové U-Th datovani na monazitu potvrdilo variské stafi (326,6 +6,9 MA) metamorfozy okolniho krystalinika.



