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Retrograde metamorphism in a regional shear zone and
related chemical changes: The Kaplice Unit of muscovite-biotite
gneisses in the Moldanubian Zone of southern Bohemia, Czech Republic

Retrogradni metamorféza muskovit-biotitickych rul v kaplické jednotce moldanubika

jiznich Cech a sdruZené chemické zmény

(11 figs, 7 tabs)
STANISLAV VRANA! — JIRI BARTEK?

' ¢/o Czech Geological Survey, Kldarov 3, 118 21 Praha 1
2 Alberta Energy and Utilities Board, Calgary, Alberta, Canada

The geochemistry and petrology of the Kaplice Unit, a regional zone of muscovite-biotite gneisses 55x8 km in size, was studied. Geochemistry
of the gneisses is characterized using 27 samples for major element analyses and 15 samples for minor and trace element analyses. The data
are compared with element abundances in gneisses of the adjacent Monotonous and Variegated Units, with the aim to define respective
chemical differences. K, Rb, Cs, Ba, H,0" and Fe,0,/FeO are significantly enriched and Na, Ca, Sr, P and U are distinctly depleted in
comparison to biotite gneisses of both the Monotonous and the Variegated Units; the ratio Rb/Sr increased by a factor of 3.5. The contents
of Ti, Al, Fe!, Mg, Cr, Ce, Y, Hf, Ta and Th are closely comparable, which corresponds to behaviour of relatively immobile elements.
Extensive hydration was accompanied by significant oxidation and other chemical changes comparable to synmetamorphic acid leaching.
Microstructural relations indicate sillimanite- and K-feldspar-consuming reactions producing muscovite intergrown with biotite in recrys-
tallized quartz-feldspar fabric. Residual sillimanite occurs as minute aggregates armoured by muscovite. Abundant quartz segregation
lenses aligned in the dominant S3 foliation indicate high silica activity and carry occassional large crystals of andalusite, rare kyanite,
cordierite or rutile. Concurrent reactions in calc-silicate gneiss interbands resulted in replacement of diopside by actinolite or low-Al
magnesiohornblende and partial replacement of anorthite by clinozoisite + minor garnet. Structural and petrological data indicate that the
unit represents a regional shear zone (D3 planar foliation sets), functioning as a major conduit with a high, synmetamorphic fluid flux in the
NW roof domain of the Moldanubian Pluton in southern Bohemia. Since the intrusion of the Eisgarn pluton post-dates the S3 planar fabric
and largely pre-dates extension D4 crenulation, it is possible that the cooling two-mica granite body, structurally underlying the Kaplice
Unit, served as a source of fluids, important in the retrograde alteration of paragneisses and the accompanying chemical changes.
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Introduction

Muscovite-biotite gneisses carrying substantial amounts
of muscovite are confined to several domains in the
Moldanubian Zone of the Bohemian Massif, dominated
typically by amphibolite-facies gneisses and migmatites
in sillimanite-K-feldspar zone and some granulite bod-
ies. They include the following: (a) the Kaplice Unit in
southern Bohemia, (b) the mica schist zone at the east-
ern margin of the Moldanubian Zone, along contact with
the Moravo-Silesian Zone, (c¢) the Chynov Unit of mus-
covite-biotite gneisses east and northeast of Tébor in cen-
tral Bohemia, (d) the Kralovsky Hvozd Unit in southwest-
ern Bohemia, (e) the Rataje mica schist zone (Koutek
1933, Kachlik 1999). Comparison of information on
structure and petrology (Vrana et al. 1995, Kachlik 1999,
Babtrek 2003) indicates that the above units show dif-
ferences in deformation and polyphase metamorphism
history. Consequently, each of these domains should be
considered separately.

The muscovite-biotite gneisses of the Kaplice Unit
were interpreted both as retrograde rocks derived from
former sillimanite-biotite gneisses (Zelenka 1926) and as
prograde rocks, preserving the early, relatively low-grade
record (Pletanek — Suk 1976, Bartek 1979). Systematic
new mapping and the accompanying structural and pet-

rological work by geologists of the Czech Geological
Survey during the years 1976—1987 resulted in complete
coverage of the Kaplice Unit by published maps on the
scale 1 : 25 000 with explanations (Fig. 1). The informa-
tion indicates that the unit represents a major regional
zone of monoclinal D3 shearing, accompanied by retro-
grade metamorphism. This paper presents chemical infor-
mation on gneisses of the Kaplice Unit and examines
chemical changes that probably accompanied a high-rate
fluid flux in the regional shear zone. As these aspects of
evolution of the Kaplice Unit are closely tied to structural
setting, data on structural relations are briefly introduced.

The retrograde metamorphic reactions in calc-silicate
gneisses resulting in replacement of diopside + anorth-
ite by actinolite + clinozoisite (+ garnet) are also docu-
mented.

Data sets, samples and methods

The geological and petrological information, serving as
a basis for discussion of petrogenesis and chemical com-
position of gneisses was obtained largely by mapping on
the scale 1 : 25 000 and the accompanying structural and
petrological work.

The major elements were analyzed by methods of wet
analyses in the Chemical laboratory of the Czech Geo-
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Fig. 1. Sketch map of the Kaplice Unit showing location of the analyzed samples and numbers of 1 : 25 000 map sheets published by the Czech
Geological Survey.
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Table 1. Chemical analyses of K-rich muscovite-biotite gneisses, Kaplice Unit.

Sample No. 1 2 3 4 5 6 7 8 10 16 20 24
SiO, 64.00 5536 66.83 62.52 60.89 64.69 60.12 5454 5998 69.14 5898  62.66
TiO, 0.72 1.00 0.86 0.90 0.78 0.78 0.70 0.71 0.90 0.65 0.80 0.81
ALO, 16.97 21.07 16.41 17.38 17.83  16.07 17.83  22.58 18.93 14.75 19.01 17.89
Fe,0, 1.01 2.58 1.36 1.72 2.12 1.99 3.17 2.89 0.75 1.13 1.45 1.81
FeO 4.65 4.79 4.03 4.00 4.26 3.55 4.55 495 3.98 3.20 5.25 3.70
MnO 0.06 0.10 0.08 0.04 0.15 0.05 0.10 0.08 0.04 0.07 0.09 0.04
MgO 2.40 2.85 2.10 2.61 3.22 2.19 2.70 2.45 3.22 1.92 3.54 2.04
CaO 0.70 0.86 0.38 0.67 0.71 0.67 0.75 0.28 1.10 0.58 0.76 0.71
Li,0 0.010 n.d. 0.006 0.014 0.009 0.007 n.d. n.d. 0.042  0.006 0.010 0.025
Na,O 1.40 1.76 1.14 1.10 1.43 1.54 1.53 1.46 1.78 1.80 1.79 2.08
K,0 3.79 5.72 3.42 4.70 3.98 4.70 4.14 5.18 5.18 3.86 4.20 4.22
PO, 0.17 0.25 0.18 0.14 0.13 0.19 0.15 0.12 0.11 0.19 0.17 0.17
Co, 0.130  0.020 0.005 0.020 0.037 0.014 n.d. n.d. 0.010 0.005 0.006 0.010
C 0.030 n.d. 0.020  0.160 n.d. n.d. n.d. n.d. n.d. 0.130  0.026 n.d.
F 0.07 n.d. 0.05 0.07 0.10 0.10 n.d. n.d. 0.04 0.05 0.08 0.06
Cl 0.01 n.d. 0.01 0.01 0.01 0.02 n.d. n.d. 0.01 0.02 0.03 0.01
S 0.010  0.007 0.005 0.005 0.010 0.010 n.d. n.d. 0.010 0.010 0.010 0.010
H,0" 3.31 3.31 3.00 3.07 3.76 2.65 3.08 3.62 2.78 1.90 3.30 2.87
H,0~ 0.12 0.28 0.33 0.31 0.27 0.52 0.49 0.41 0.22 0.21 0.24 0.32
-F ekv. 0.03 - 0.02 0.03 0.04 0.04 - - 0.02 0.02 0.03 0.02
Total 99.53  99.96 100.20 99.41 99.66  99.70 99.31  99.27 99.06 99.60 99.71  99.42
Minor and trace elements
Sc 19.3 19.7 17.4 19.4 13.7 23.8 16.3
A% 99.0 86.0 77.0 97.0 54.0 95.0 71.0
Cr 93.0 88.0 77.0 99.0 68.0 113.0 78.0
Ni 41.0 40.0 37.0 26.0 26.0 45.0 35.0
Zn 94.0 83.0 77.0 78.0 56.0 100.0 83.0
Rb 137.0 153.0 184.0 165.0 129.0 136.0 139.0
Sr 103.0 143.0 138.0 104.0 120.0 160.0 141.0
Y 41.0 20.0 26.0 22.0 22.0 23.0 27.0
Zr 134.0 154.0 226.0 149.0 177.0 135.0 225.0
Nb 17.0 22.0 20.0 15.0 16.0 14.0 18.0
Cs 14.1 6.6 9.7 14.0 8.8 7.0 7.4
Ba 912.0 792.0 896.0 1048.0 718.0 826.0 703.0
La 49.1 42.6 42.9 46.6 34.1 52.8 50.1
Ce 93.6 85.3 84.9 91.4 73.1 94.3 96.0
Nd 43.0 30.0 35.0 36.0 24.0 38.0 39.0
Sm 7.56 5.96 5.94 6.29 4.88 6.46 6.97
Eu 1.54 1.20 1.32 1.31 1.14 1.32 1.43
Th 1.3 0.9 1.0 0.8 0.5 1.0 1.1
Yb 4.9 2.9 3.3 34 3.0 2.8 3.3
Lu 0.57 0.39 0.35 0.48 0.43 0.48 0.42
Hf 3.9 4.4 6.5 4.0 6.0 4.3 6.9
Ta 2.1 2.3 2.3 2.2 1.0 0.9 2.1
Th 11.6 14.1 14.6 11.9 11.7 15.3 15.5
U 3.2 3.0 2.3 3.0 1.5 1.6 3.0

logical Survey, Prague (Bartek 1979). The location of the
analyzed Kaplice Unit samples is shown in Table 3 and
Fig. 1. Fifteen homogenized aliquots from the original
sample set were analyzed by XRF and INA methods for
minor and trace elements in Gematrix laboratory, Cernos-
ice, in 1991. The results are presented in Tables 1 and 2.
Table 4 presents averages with standard deviations for
three major compositional types of muscovite-biotite
gneisses of the Kaplice Unit.

The average composition for 11 gneisses of the Varie-
gated Unit (V-Unit in Table 4) is based on data by Bous-
ka et al. (1985) and used for comparison with gneisses
from the Kaplice Unit. The set for the Variegated Unit
comprises 9 samples from the Pilat quarry near Sobéslav

(biotite paragneisses and two hornblende-biotite parag-
neisses), and two samples from environment of Cesky
Krumlov, including a calc-silicate gneiss. This set was
compared with two sets of paragneisses (major elements
only), largely from the Monotonous Unit in the region be-
tween Tabor and Ceské Budgjovice, i.e., north of the Ka-
plice Unit. One of these sets (marked CS in Fig. 9) con-
tains analyses compiled by Suk (1973); the other set (EM)
includes paragneiss analyses from Explanations to individ-
ual 1 : 25 000 map sheets. The comparison shows a limit-
ed compositional variation of the Moldanubian paragneiss-
es in the respective areas (Vrana et al. 1993, Table 6 and
Fig. 2 showing sample location for the additional two sets
of paragneisses).
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Table 2. Chemical analyses of Ca-rich and Na-rich muscovite-biotite gneisses, Kaplice Unit.

Ca-rich gneisses Na-rich gneisses
;t‘.np'e 17 18 22 23 242 27 28 9 11 13 14 15 19 21 25
SiO, 79.14 58.14 7448 69.39 77.42 87.74 8274 6090 76.06 77.08 80.46 72.80 74.12 7637 80.68
TiO, 0.45 0.98 0.58 0.76 0.50 0.30 0.43 0.86 0.43 0.55 0.49 0.47 0.52 0.45 0.42
AlLO, 9.73 17.92 12.03 13.48 10.87 5.24 7.14 118.57 11.02 11.37 9.66 12.30 12.52 12.05 9.91
Fe,0, 0.77 1.73 0.57 0.85 0.85 0.50 0.43 1.82 0.81 1.04 0.86 0.78 0.83 0.53 0.65
FeO 1.83 4.55 2.20 3.03 1.65 0.53 1.90 3.89 1.56 1.15 1.57 3.30 2.00 1.73 1.28
MnO 0.04 0.07 0.04 0.07 0.07 0.01 0.02 0.06 0.02 0.03 0.07 0.07 0.04 0.05 0.01
MgO 0.96 3.23 1.18 2.55 0.83 0.38 1.37 2.67 0.94 0.86 0.74 1.79 1.04 0.80 0.78
Ca0O 1.34 2.24 2.37 2.72 1.35 1.45 1.60 1.18 0.59 0.84 0.69 0.72 0.95 1.04 0.54
Li,0 0.004 0.010 0.003 0.030 0.004 0.001 0.004| 0.009 0.003 0.002 n.d. 0.060 0.003 n.d. 0.001
Na,O 2.77 4.13 3.17 2.62 3.29 1.30 1.05 2.91 2.63 2.91 2.00 3.00 3.33 2.76 2.46
K,0 1.12 3.72 1.42 2.24 1.65 0.87 1.16 3.62 2.20 2.26 1.70 2.28 2.38 2.52 1.64
PO, 0.13 0.12 0.30 0.14 0.18 0.08 0.12 0.09 0.08 0.12 0.15 0.12 0.43 0.20 0.12
co, 0.026  0.030 0.008 0.005 0.036 0.005 0.005| 0.018 0.008 0.008 0.005 0.020 0.014 n.d. 0.006
C - - - - - 0.026 - n.d. 0.010 0.030 n.d. 0.030  n.d. n.d. 0.010
F 0.04 0.11 0.04 0.05 0.04 0.02 0.04 0.09 0.04 0.04 n.d. 0.04 0.05 n.d. 0.03
Cl 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 n.d. 0.01 0.01 n.d. 0.01
S 0.005 0.010 0.010 0.005 0.020 0.005 0.005| 0.010 0.010 0.005 0.005 0.010 0.010 n.d. 0.005
H,0" 0.94 2.17 0.82 1.30 0.72 0.52 1.13 2.59 1.23 0.97 0.89 1.87 1.16 0.83 1.01
H,0" 0.27 0.39 0.21 0.14 0.22 0.28 0.24 0.35 0.21 0.18 0.09 0.16 0.15 0.35 0.15
“F ekv. 0.02 0.05 0.02 0.02 0.02 - 0.02 0.04 0.02 0.02 - 0.02 0.02 - -
Total 98.56  99.51 9942 99.37 99.69 99.27 9937 199.61 99.84 9944 99.38 99.81 99.54 99.68 99.71
Minor and trace elements
Sc 19.3 19.3 9.2 14.0 7.5 5.7 18.9 8.0
A% 27 97 33 53 30 29 33 34
Cr 76 106 45 70 92 42 90 40
Ni 13 40 18 24 31 23 40 17
Zn 36 104 28 65 26 38 28 30
Rb 53 150 67 77 52 55 191 64
Sr 153 227 245 207 216 120 229 264
Y 22 23 26 23 20 17 26 21
Zr 316 215 250 257 252 341 250 256
Nb 17 17 17 15 14 14 26 19
Cs 3.5 13.3 4.1 5.1 4.5 2.5 10.7 34
Ba 374 699 387 690 497 261 530 824
La 37.1 42.7 39.8 35.1 26.4 21.4 50.6 34.5
Ce 73.0 79.4 77.7 65.8 60.9 40.9 99.7 70.0
Nd 28 34 30 27 23 21 39 24
Sm 5.24 6.30 5.51 4.98 3.84 3.48 7.19 4.57
Eu 1.09 1.52 1.97 1.27 0.93 0.66 1.42 1.02
Th 1.0 1.0 0.8 1.0 0.5 0.6 1.1 0.5
Yb 3.2 3.3 2.3 2.9 34 2.4 3.6 2.9
Lu 0.21 0.64 0.28 0.41 0.38 0.22 0.45 0.32
Hf 8.0 7.2 6.6 8.8 7.6 9.0 6.3 6.9
Ta 6.9 2.2 4.6 3.6 2.8 4.1 2.2 4.4
Th 11.9 16.4 10.8 11.5 9.9 8.0 14.8 11.6
U 3.3 1.9 3.1 <0.8 <0.8 0.9 3.2 <0.8

Bartek (1979) presented numerous microprobe analy-
ses of the rock forming minerals used for estimates of
metamorphic PT-conditions. New microprobe analyses
are presented for calc-silicate gneisses and some other
samples. Mineral compositions were analyzed by Z. Kotr-
ba on ARL-EMX and CamScan-Link eXL microprobes
in the Czech Geological Survey, Prague. An accelerat-
ing voltage of 15 kV, a beam current of 3 nA and a count-
ing time of 80 seconds were used. Natural minerals were
used as standards and the ZAF correction program was
employed.

Geological setting of the Kaplice Unit

In terms of its structural position, the Kaplice Unit is the
lowermost metasedimentary member of the polycompo-
nent crustal stack of southern Bohemia in the context of
D3 structures. The unit, comprising muscovite-biotite
paragneisses, with quartzite and calc-silicate gneiss in-
tercalations, forms northwestern roof of the Variscan
Moldanubian Batholith (Fig. 1). The unit trending NE-SW,
55 km long and 8§ to 10 km wide, is at the southeastern
border in a continuous intrusive contact with Eisgarn
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Table 3. Location of muscovite-biotite gneiss samples from the Kaplice Unit.

Sample No. | Map sheet 1 : 25 000 Sampling site
1 32-241 Velesin 600 m west-southwest of Kladiny
2 32-241 Velesin 500 m west of Zubcice
3 32-241 Velesin 750 m northwest of Kladiny
4 32-243 Kaplice 3.4 km south of Jistebnik
5 32-243 Kaplice 1.3 km south of Jistebnik
6 32-243 Kaplice 500 m south of Jistebnik
7 32-243 Kaplice 640 m south-southwest of Omlenicka
8 32-243 Kaplice southern edge of Hnévanov village
9 32-234 Svetlik 1.2 km southeast of Slubice
10 32-421 Rozmberk n. VIt. | 650 m west of Rozmberk n. VIt.
11 32-224 Borovany southern edge of Pasinovice village
13 32-224 Borovany southern edge of Pasinovice village
14 32-241 Velesin 500 m west of Zubcice
15 32-241 Velesin 750 m southwest of Kladiny
16 32-243 Kaplice 750 m southwest of Michnice
17 32-243 Kaplice 3.4 km south of Jistebnik
18 32-243 Kaplice 1.3 km south of Jistebnik
19 32-243 Kaplice 500 m south of Jistebnik
20 32-243 Kaplice SE end of ridge south of Rozmital na Sumavé
21 32-243 Kaplice top of Chudé&jovsky vrch hill
22 32-234 Svetlik 1.2 km southeast of Slubice
23 32-421 Rozmberk n. VIt. | 650 m west-southwest of Rozmberk n. VIt.
24 32-421 Rozmberk n. VIt. | 1.7 km south-southwest of Rozmberk n. Vlt.
24a 32-412 Vyssi Brod 300 m south of Malsin
25 32-224 Borovany 500 m southeast of Stradov
26 32-242 Trhové Sviny 800 m southwest of Polzov
27 32-242 Trhové Sviny 1.3 km southeast of Todné
28 32-421 Rozmberk n. VIt. | 1.2 km south-southwest of Rozmberk n. Vlt.

Table 4. Major, minor, and trace elements in three main compositional groups of gneisses of the Kaplice Unit and in gneisses of the Variega-

ted Unit.
Major elements Minor and trace elements
High-K High-Ca High-Na V-Unit High-K High-Ca High-Na V-Unit High-K High-Ca High-Na V-Unit
(n12) m7) m7) ( 11) m7) @6 (2 (@l m7) (@6 (@2 (11
X s X S X S X S
SiO, |61.64 430 7558 9.70 77.08 3.00 60.85 4.10 Sc 184 103 135 185 |[Sm| 630 490 590 7.10
Tio, | 0.80 0.10 057 023 048 005 0.74 0.16 \% 83.0 45.0 57.0 - Eu| 132 124 122 1.36
ALO,|18.06 2.10 1092 420 11.26 1.10 1747 1.70 | Cr 86.0 72.0 650 88.0 Th| 090 0.80 0.80 0.97
Fe O, 183 0.76 081 044 0.79 0.16 1.00 0.24 Ni 36.0 250 290 19.0 Yb| 340 2.80 3.30 3.10
FeO | 424 0.61 224 130 180 0.72 476 0.77 |Zn 82.0 50.0 58.0 108.0 Lu| 045 036 038 0.42
MnO |0.075 0.030 0.045 0.020 0.040 0.020 0.090 0.040 |Rb| 149.0 77.0 130.0 108.0 Hf | 5.10 7.90 6.60 5.40
MgO | 2.60 0.52 150 1.00 099 0.37 285 0.4l Sr| 130.0 195.0 247.0 324.0 Ta| 1.80 4.00 3.30 1.20
CaO | 0.68 021 187 056 0.77 0.19 283 1.80 Y 26.0 22.0 23.0 26.0 Th| 13.50 11.40 13.20 13.40
Na,O| 1.57 029 262 1.10 273 042 295 1.10 Zr| 171.0 272.0 227.0 - Uu| 250 1.70 190 3.20
KO | 445 071 174 098 214 034 322 1.00 |Nb 17.0 16.0 22.0 -
PO, | 0.16 0.04 0.15 0.07 0.17 0.12 0.20 0.06 Cs 9.6 5.5 7.0 6.3
CO, | 0.03 0.04 0.02 001 0.01 001 055 048 |Ba| 842.0 485.0 677.0 626.0
F 0.07 0.02 0.05 0.03 0.04 0.01 - - La 456 33.8 42.6 37.6
S 0.01 0.00 0.01 0.01 0.01 0.00 - - Ca 884 663 850 90.2
H,0"| 3.05 049 109 054 1.14 035 178 075 |Nd 35.0 27.0 31.0 415

Localities for the samples are shown in Fig.1.
“High-K” gneisses: 1, 2, 3,4, 5,6, 7,8, 10, 16, 20, 24
“High-Ca” gneisses: 17, 18, 22, 23, 24a, 27, 28
“High-Na” gneisses: 11, 13, 14, 15, 19, 21, 25

Listing of samples included in respective compositional groups:

“V-Unit” — average composition of gneisses of the Variegated Unit (Vrana et al. 1993, based on data by Bouska et al. 1985)

muscovite-biotite granite, which is a marginal, relative-
ly late member of the Moldanubian Batholith (~330-320
Ma, Gerdes et al. 2002). The Kaplice Unit is split in two
parts by the N-S trending Kaplice-R6dl fault zone with
a major sinistral component (Fig. 1). At the northwest,
the unit is in contact with sillimanite-biotite paragneiss
of the Monotonous Unit. This contact is represented east

of the Kaplice fault zone by examples of tectonometa-
morphic transition envolving sillimanite-biotite gneiss
modified by newly imprinted S3 shear foliation and fab-
ric reorientation, resulting in gradual transformation of
the parent gneisses to muscovite-biotite gneiss of the
Kaplice Unit. The regional pattern of this transition is
complicated by late, semi-brittle strike-slip faults, e.g. the
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Strazkovice fault (Vrana 1979) and some late transver-
sal faults. In the segment west of the Kaplice fault zone,
the contact between the Kaplice Unit and the structural-
ly overlying sillimanite-biotite gneiss of the Monotonous
Unit coincides with a ca. 100 m wide zone of late, semi-
brittle mylonites, indicating a late relative displacement
of the two units.
At the SW, the Kaplice Unit is terminated on late, NW-
SE trending faults of the Sumava (Bohemian Forest)
- S4 mountain chain that brought to the surface relatively
deeper crustal domains. The last fault-bound slices of the
Kaplice Unit at its southwestern termination are tectoni-
cally inserted in Weinsberg biotite granite (Pelc 1990).
At the NE, the Upper Cretaceous sediments of the Tte-
boin Basin overlie the Kaplice Unit and obscure its pos-
sible continuation toward the NE.

Structural relations

Fig. 2. Sequence of the superimposed shear-deformation structures in Structural relations are documented on mesoscopic to thin

the Kaplice Unit. Relative age: S1 > S2 > S3 > S4. Estimated preser- section scale by field and microsconic work associated
vation of structural generations in the Kaplice Unit: S1 <1%, S2 <3%, y p

S3 >90%, S4<5%. S3 domain is indicated by medium grey colour, With the regional mapping (Fig- 1)~.A1temati9n of mas-
S4 domain by light grey colour. sive (“meta-greywacke”) gneisses with mica-rich, strong-

" oL e - bt e ‘#—p | _‘ J."‘ 3
Fig. 3. Structural relations. a — Foliation S1 in part overprinted by S3 foliation, S4 at top right is a late fracture cleavage; Strazkovice quarry,
sillimanite-biotite gneiss 1 km north of the Kaplice Unit; view toward the S; b — relations of S3 and S4 shear foliation to S2 planar structure
defined by quartzitic and mica-rich bands in the Kaplice Unit, view toward the N; Horni Svétla 5 km northeast of Frymburk; ¢ — deformation of
S3 foliation by S4 crenulation cleavage in mica-rich gneiss of the Kaplice Unit, view toward the SW; d — S3 planar fabric deformed by S4 crenu-

lation in biotite quartzite, borehole at Todenska hora hill, 5.5 km west of Trhové Sviny.
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A .
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Fig. 4. a — F4 crenulation folds deform S3 schistosity in mica-rich paragneiss of the Kaplice Unit, Ms muscovite, Bt biotite; b — chlorite (Ch)
aggregates in S4 schistosity defined by muscovite (Ms) and biotite (Bt), mica-rich paragneiss of the Kaplice Unit, east of Néchov village;
¢ — newly formed actinolite (Ac), clinozoisite (Clz) and garnet (Grt) in retrogressed calc-silicate gneiss, ZubcCice quarry; d — fibrolitic sillimanite
aggregate mantled by muscovite against biotite. Photomicrographs in transmitted light, single polarizer.

ly foliated gneisses (Cech et al. 1960) has been recorded
early as a typical lithological feature of the unit. There
is a strong evidence that this lithological layering and
planar structures (S3) correspond to superimposed shear-
ing, re-foliation, and transposition of local lithological
domains. The evidence includes examples of mesoscop-
ic and outcrop-size relics (localized low-strain domains)
preserving older structures (Fig. 3). Occasionally, trails
of fine opaque particles in plagioclase and biotite, mak-
ing an angle of up to 40° with S3 mesoscopic foliation
clearly exclude the possibility of the dominant foliation
corresponding to bedding. A sequence of structures des-
ignated conventionally as D1 to D4 (Vrana 1979, 1992)
and shown schematically in Fig. 2 is based on observa-
tions and measurements of a large number of outcrops.
Simple criteria of field determination of the relative age
of planar structures, as indicated by intersection relation
and structural superposition, show that the individual sets
of planar and linear structures exhibit coherent and reg-
ular time relations. Corresponding structural generations
and patterns are also documented in paragneisses of the
Monotonous Unit to the north of the Kaplice Unit. The
early structures D1 and D2, extensively overprinted by

D3 shear foliation, occur northwest of Trhové Sviny (Vra-
na 1979). However, the late crenulation cleavage D4 ap-
pears to be confined to the mica-rich gneisses of the Ka-
plice Unit. In the Kaplice Unit the pre-D3 structural relics
are only preserved on the scale of metres. The regionally
prevalent, monoclinal S3 foliation trending NE-SW and
dipping to the NW is an important reference structure, as
is the case over much of the south—central Bohemian part
of the Moldanubian Zone. The D3 deformation event is
responsible for a strong structural transposition on regional
scale, resulting in parallelism of lithological layering.

The kinematic characteristics for structures D1 and D2
are absent. D3 has been characterized as an extension
deformation (Lobkowicz et al. 1996), with top-to-NW
transport. The D4 crenulation cleavage with S4 dipping
to the south, i.e. opposit to S3, carries evidence of an
extension deformation with top-to-south sense of move-
ment (Fig. 3). Quartz segregation lenses with large crys-
tals of andalusite and rare cordierite are deformed by D4.
Gneisses showing D4 crenulation exhibit recrystallization
of the muscovite-biotite quartz mosaic along the axial
planar cleavage (Fig. 4), however, chlorite often appears
as an additional phase in these domains (Fig. 4).
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1.0 % Table 5. Microprobe analyses of minerals in chlorite-muscovite-
+ biotite paragneiss showing a strong D4 crenulation.
09 + +F Mineral | Biotite Muscovit  Chlorite  Ilmenite
08 = Sio, 36.76 48.81 25.51 0.06
08 - + TiO, 2.00 0.49 0.14 55.25
O O o P ALO, 20.16 37.46 24.05 0.08
8 O o® [ FeO 20.09 1.21 26.23 41.90
0.7 O o ] MnO 0.10 0.00 0.27 2.26
A|VI o O o @ MgO 9.33 0.73 13.32 0.06
06 o ° /o) 'Y CaO 0.00 0.00 0.00 0.00
' [ ] [ Na,O 0.06 0.56 0.00 0.00
(@) K,0 8.47 8.94 0.02 0.00
05 | o0 o Total 96.95 98.20 89.53 99.61
(@) Number of ions
24(0+0OH) 18(0O+OH) 4 cats
0.4 Si 5.449 6.210 2.630 0.003
AlY 2.551 1.790 1.370
: : A 0.971 3.826 1.553 0.005
0.20 0.30 . 0.40 0.50 Ti 0.223 0.046 0.010 2.111
Ti Fe* _ _ _ _
Fe* 2.490 0.129 2.262 1.780
O Muscovite-biotite paragneisses @  Sillimanite-biotite Mn 0.012 - 0.023 0.097
(* sillimanite) paragneisses Mg 2.062 0.139 2.047 0.005
) o Na 0.017 0.138 - -
+ Cllotleuscortosiote 0 Guarates K| iee e oy

D4 crenulation

Fig. 5. Plot of Al"'vs Ti per formula unit of biotite in sillimanite-bi-
otite paragenisses (Monotonous Unit adjacent to the Kaplice Unit) and
in muscovite-biotite gneisses (Kaplice Unit) based on calculation of bi-
otite analyses to 22 (O).

The airborne regional magnetometry mapping result-
ed in recognition of a large number of several km long
linear anomalies running NE-SW, parallel to the region-
al trend of the Kaplice Unit (Salansky 1967). Detailed
surface magnetometry profiles proved (Salansky
et al. 1983) that at least some magnetized zones are dip-
ping to the SSE, parallel to the south-dipping crenula-
tion cleavage S4. This indicates that much of superim-
posed oxidation postdates S3 transposition foliation
and lithological layering that dip to the NW. The oxida-
tion is conserved by amphibolite—facies mineral assem-
blage but magnetite production in a form of finely
dispersed particles continued during crystallization of
chlorite+ilmenite in S4 crenulation cleavage. Magnetite
crystals up to 0.5 mm across, dark grey-brown biotite
(parallel Y, Z) rather than the ordinary bright brown bi-

otite and grey-green or blue-green tourmaline rather than
the ordinary light brown type are typical in several sam-
ples of oxidized gneisses with predominant S3 fabric.

Petrology
Paragneisses

Muscovite-biotite gneisses have mainly the following
mineral assemblages:
muscovite+biotitet+plagioclase+quartz
muscovitetbiotite+sillimanite+plagioclase+quartz+garnet
chloritet+muscovite+biotite+plagioclase+quartz
muscovitetbiotite+staurolite+plagioclase+quartz+andalusite,
sillimanite

The last mineral assemblage, in some cases with cordi-
erite, represents sites near contact with Eisgarn granite.
Biotite in muscovite-biotite gneisses contains mainly
0.28 to 0.32 Ti ions per formula unit (Fig. 5, Table 5).
Biotite in biotite or sillimanite-biotite parag-

Tremolite

(e JEEN
o o

Actinolite 81o Magnesiohornblende

neisses of the Monotonous Unit (muscovite-
free, or carrying a minor, late low-T musco-
vite), structurally overlying the Kaplice Unit,
and from localities in the northern part of the

3 65
0% e

933 63

Mg/(Mg+Fe2*)
o
(é)]

Ferroactinolite Ferrohornblende

2 Kaplice Unit near to the Monotonous Unit,
contains 0.33 to 0.46 Ti ions per formula unit.
Muscovite has only a rather low phengitic
substitution of 3 to 9 mol. % and 13 to 16
mol.% paragonite (Bartek 1979).

0.0

8.0 7.5 Si in formula

Fig. 6. Composition of actinolite and low-Al magnesiohornblende in calc-silicate
gneisses and quartzites in the Kaplice Unit. Symbols indicate the range of amphibole

composition in individual samples.

6.75 Sillimanite disappears concurrently with
progressive development of S3 shear foliation
and with proliferation of muscovite. In gneiss-

es with D4 crenulation, fibrolitic sillimanite is
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Table 6. Composition of minerals in calc-silicate gneisses.

absent or it occurs in relict aggregates

Sample | 3/4* 3 33 65 76a 33 33 33 33 armoured by muscovite (Fig. 4).
Mineral | Act Act Act  Mg-Hbl Mg-Hbl Grt Grt Czo An Garnet is distinguished from gar-
Si0,  [52.09 5211 51.50 50.21  49.94 38.81 37.72 39.08 44.52 nets in higher-grade gneisses in the
TiO, 0.07 0.16 006 0.14 046  0.10 032  0.00  0.00 Moldanubian Zone by its relative
ALO, | 329 339 359 584 577 2173 2239 2957 34.45 X y 1t ;
FeO  |12.62 1679 1854 1601 1661 2121 17.46  2.95%  0.05 rarity, abundance of dusty inclusions
MnO 085 086 071  0.83 081 740 13.04  0.17  0.00 and irregular shapes. Seven garnet
MgO [15.94 1230 1125 12,14 1237 137 064  0.02  0.00 analyses in gneisses of the Kaplice
Ca0  [12.88 1178 1229 1172 1125  9.66 8.10 2331 18.60 . . o
Na, 0O | 014 023 016 033 025 001 000 000 073 Unit (Bartek 1979) show (mol.%)
K,0 006 010 011 035 020 000 000 002 002 2.6-8.9 Grs, 7.0-10.0 Prp, 7.4-28.0
Total [97.95 97.62 9821 97.57  97.67 10030  99.67 95.12 98.37 Sps (typically 16-25 Sps), and 61.4—
Numb 76.6 Alm. Minor garnet in retro-
f“.m °r 24 (O+OH) 16 cats 16 cats 8 cats 32 (O) nor g . .

of ions gressed calc-silicate gneisses with
Si 7530 7.660 7.607 7.391  7.353  6.000 5.862 3.080 8.342 newly formed actinolite also contains
AlVY 0.470  0.340 0393 0.609  0.647 0.000 0.138  0.000 e .

AM 0090 0247 0232 0404 0354 3959 3963 2746 7.615 significant spessartine (Table 6).
Fe¥ B B B _ _ 0029 0000 0097 0.008 Since gneisses have normal, low—
Ti 0.008 0.017 0.007 0.015 0.050 0.011 0.037 0.000 - MnO abundances and garnet con-
Fe** 1.525  2.064 2290 1.971  2.045 2713 2269 0.097  0.000 . 1

Mn 0.104 0.107 0.088 0.104 0.101 0.969 1.716 0.004  0.000 mcre?sfed Mn stabilizes garet qnder
Ca  |1995 1855 1945 1849 1774 1600 1349 1968 3738 | conditions that fall at a margin of
Na 0.039  0.052 0.046 0.094  0.071 - - 0.000  0.266 garnet stability field.

K 0.011 0.019 0.020 0.065 0.039 — — 0.000 0.005 In the Contact zone Of Eisgarn
Alm 4842 4125 granite, 0.1 to 1.5 km wide, an-
Sps 1729 31.20 dalusite, cordierite and coarse silli-
Prp 5.63 2.70 e e

Grs 2757 23.84 manite III appear as additional phas-
Ti-Grs 0.31 1.02 es (Waldmann 1930, Cech et al.
Adr 0.78 - 1960) and others. Pletanek — Suk
Explanation: (1976) delimited migmatization and

Act — actinolite
Mg-Hbl — magnesiohornblende
Grt — garnet

Czo — clinozoisite

An — anorthite
Location of the analyzed samples is shown in Fig. 1

CaO
O Kaplice Unit
A Variegated Unit
s Monotonous
Unit

1/2Na,O

1/2K,0

Fig. 7. A plot of muscovite-biotite gneisses of the Kaplice Unit and
biotite gneisses of the Variegated and Monotonous Units in CaO —
— 1/2Na,0 — 1/2K,0 (mol. %) diagram. The values were calculated as
katanorm numbers and allow comparison of rocks in terms of the rel-
ative normative content of An, Ab, and Or.

contact metamorphism zones in the
area southwest of Kaplice.

Calc-silicate gneisses

Quartzites free of Ca-rich minerals

form several horizons up to 100 m
thick, mainly in the NE part of the unit. Calc-silicate
gneisses accompany these quartzites or occur indepen-
dently as scattered lenses and pods. The sample set in-
cludes variation from diopside-rich samples nearly free
of retrogresssion to samples showing a moderate to com-
plete reaction of diopside to actinolite or low-Al magne-
siohornblede. Composition of retrogression amphiboles
is presented in Table 6 and Fig. 6. Incipient retrogression
results in actinolite aggregates around diopside but many
samples show a complete replacement of diopside by ac-
tinolite. In contrast to this, reaction of calcic plagioclase
to clinozoisite and minor Ca-rich garnet is often rather
limited. The structural relations indicate the following re-
actions:

5 diopside + H,O — actinolite + 2Si0, + 3CaO
3 anorthite + H,O + CaO — clinozoisite

ey)
2

Geochemistry of paragneisses

Twenty seven whole-rock analyses of gneisses from the
Kaplice Unit are used for compositional characterisation.
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Minor and trace elements were analyzed in 15 samples.
They are compared with 11 samples from the Variegated
Unit and 8 samples from the Monotonous Unit in terms
of normative Ab, Or and An (Fig. 7). The samples from
the Kaplice Unit form three major clusters that are des-
ignated for convenience as high-K, high-Na, and high-
Ca groups. The term “high” has a purely relative mean-
ing with reference to our set of analyses and relative
abundances of K O, Na,O, and CaO. Mica-rich gneisses
plot as a well-defined group of high-K rocks that are dis-
tinct from other Moldanubian gneisses in adjacent areas,
mainly owing to a high content of muscovite (Fig. 8). In
quartzitic gneisses and quartzites, there is no simple cor-
relation between Na, Ca, and K contents and the content

line contain variable amounts of musco-
vite and/or K-feldspar in addition to bi-
otite, plagioclase, and quartz.

10 11 12

of SiO,. Several samples of quartzitic gneisses with 79
to 88 wt.% SiO, are split mainly between high-Ca and
high-Na types; three samples of the high-Ca group rep-
resent actinolite-bearing quartzitic gneiss to quartzite.
Table 4 shows calculated average contents of major,
minor, and trace elements for the three compositional
groups. The bulk average composition of the high-K
group shows for several major elements concentrations
similar to the average for paragneisses of the Variegated
Unit (Table 4, column V-Unit). The data are compared
in Figs 9 and 10 with element abundances in gneisses of
the adjacent Monotonous and Variegated Units, with the
aim to define respective chemical differences. K, Rb, Cs,
Ba, H,0"and Fe,O,/FeO are significantly enriched and
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Fig. 10. Trace element and mg vs. SiO,
plots for three compositional groups of
gneisses from the Kaplice Unit, com-
pared with data for paragneisses from
the Variegated Unit.

Fig. 11. Chondrite-normalized REE val-
ues (Boynton 1984) for three composi-
tional groups of gneisses from the Ka-
plice Unit compared with data for
paragneisses from the Variegated Unit.

Cs Ta Cr
75

6 7 8 9

mg

Sample/ REE chondrite

85

65

3.0

1.5

42 44 46

Th Ce

La
34 38 42 46

80 90

70

3.5

125 1

115

£ 3 zs
<o ]
> & T 8- O
O :,7
g Llo') I I I I
60 70 60 70 60 70
SiO, Si0, SiO,
XX o XX
o o 1 T o
o E’ e m % Je N
o s 3
& 8 T
60 70 60 70 60 70
SiO, SiO, SiO,
HEY o
. O o @
_ & 9 A S X
_‘ A -
] A 3 o <
1 I 1 1
60 70 60 70 60 70
SiO, SiO, SiO,

% High-K gneisses (n 12)
& High-Ca gneisses (n 7)
¢ High-Na gneisses (n 7)

e Variegated Unit (n 11)

% High-K gneisses (n 7)
2 High-Ca gneisses (n 6)
¢ High-Na gneisses (n 2)

® Variegated Unit (n 11)

A
60 70
SiO,
O
XX
60 70
SiO,
[E
- <O
e
A
I 1 I
60 70
SiO,
_ PAY
@
1%
B o
T T T
60 70
SiO,
(=)
8 —
S
e —




54

Journal of the Czech Geological Society 50/1-2(2005)

Na, Ca, Sr, P and U are distinctly depleted in muscovite-
biotite gneisses of the Kaplice Unit; the ratio Rb/Sr in-
creased by a factor of 3.5. The contents of Ti, Al, Fe!,
Mg, Cr, Ce, Y, Hf, Ta and Th are closely comparable,
which corresponds to behaviour of relatively immobile
elements. The REE abundances for the three composition-
al types of Kaplice gneisses and for gneisses of the Var-
iegated Unit are closely similar (Fig. 11). The GCDXkit soft-
ware (Janousek et al. 2003) was used for comparison of
chemical data and their presentation in diagrams.

Discussion
Mineral composition and retrograde reactions

Variation in biotite composition in muscovite-biotite
gneisses as compared to sillimanite-biotite gneisses in-
dicates significant differences in metamorphic conditions.
Titanium in the muscovite-biotite gneisses carrying low-
Ti biotite is contained in part in accessory ilmenite. Com-
parable ilmenite is normally absent in sillimanite-biotite
gneisses of the Monotonous Unit, which contain Ti main-
ly in Ti-rich biotite. The trend of biotite compositions to
low Ti and high AlY! contents, shown most clearly by a
sample with strong D4 crenulation (Fig. 5), is typical for
retrogressive evolution of the Kaplice gneisses.

The following reactions are responsible for transfor-
mation of the original (higher-temperature)
sillimanite+K-feldspar amphibolite-facies gneisses to
muscovite-biotite gneisses:

garnet+K-feldspar+H,O—biotite+sillimanite+2quartz (3)
K-feldspar+sillimanite+H,O—muscovite+quartz (4)

The reaction (3) is indicated by:

— relative rarity of garnet which is present in minority of
samples,

— the presence of fibrolitic sillimanite-biotite and silli-
manite-quartz intergrowth structures, corresponding to
coeval crystallization of the minerals as indicated by the
reaction (3),

— the rarity or absence of K-feldspar,

— the abundance of quartz segregation lenses.

The reaction (4) is indicated by:

— folded fibrolitic sillimanite aggregates overgrown by
and enclosed in muscovite and by various stages of fi-
brolite replacement by fine muscovite,

— the rarity or absence of sillimanite in muscovite-rich
samples,

— the rarity or absence of K-feldspar,

— the abundance of quartz segregation lenses.

Chemical changes

In evaluating the chemical changes superimposed on the
original gneiss compositions associated with the D3/M3

and D4/M4 events, it is realized that the original (pre-
D3) compositions remain uncertain in part. Nevertheless,
information on the little mobile to immobile elements (Ti,
Al, Fe', Mg, Cr, Ce, Y, Hf, Ta, Th, and REE) indicates
that paragneisses of the Moldanubian Zone in proximity
of the Kaplice Unit can be considered as rocks close in
composition to the original compositions of gneisses of
the Kaplice Unit. The interpreted changes in concentra-
tions of some elements are summarized in Figs 9 and 10
on the basis of comparison of average composition of the
Variegated Unit gneisses and high-K gneisses. H,0",
Fe,0,/FeO, K, Rb, Cs and Ba are significantly enriched
and Na, Ca, Sr, P and U are distinctly depleted. The ra-
tios of depletion or enrichment for individual oxides and
elements are summarized in Table 7. Comparison of Rb,
Cs and Ba abundances in the three gneiss types shows
that these elements are enriched in the high-K gneisses
by a similar factor as K. Depletion in Sr is indicated by
comparison of Ca/Sr and Rb/Sr ratios in high-K and Var-
iegated Unit gneisses. The CaO contents, when compared
to other Moldanubian gneisses, also suggest depletion in
calcium. The higher Zr abundances in high-Ca and high-
Na gneisses, in comparison to high-K gneisses, probably
indicate a role of size-sorting and resistance to weather-
ing in accumulation of detrital zircon, as the former two
types have significantly elevated quartz content.

Petrological information on metamorphic reactions (1)
to (4), which indicate significant hydration and musco-
vitization, and also structural information, give important
support for the role of chemical changes accompanying
shearing and recrystallization.

Independently of mineralogical and structural criteria,
the chemical data provide basis for consideration of a
retrograde metamorphic event as indicated by superim-
posed chemical alterations induced by a high-rate fluid
flux. The regional shear zone, coinciding with the Ka-
plice Unit and its pervasive planar refoliation structure,
appears to have functioned as a higher-permeability fo-
cussed flow channel (Thompson — Connolly 1992). The
high-rate fluid flux aided in pressure solution and fabric
re-orientation processes. Under the conditions of a low-T
part of amfibolite-facies, a fraction of fluids was con-
served in retrograde (hydration) reactions. Well-individ-
ualized blasts of chlorite and small-scale intergrowth of
chlorite with biotite significantly contribute to the high
water content of 3.05 wt.% in K-rich gneisses. This sit-

Table 7. Ratios of oxides and elements in high-K gneisses of the
Kaplice Unit and gneisses of the Variegated Unit.

Ratios Significant Significant
near unity enrichment depletion
Sio, 1.01 Cr 0.98 H,0* 1.71 CaO 0.24
TiO, 1.08 Ce 0.98 K,O0 1.38 Na,O 0.53
AlLO, 1.03 Y 1.00 Rb 1.38 P,0, 0.80
FeOt 1.04 Hf 0.94 Ba 1.35 Sr 0.40
MnO 0.83 Th 1.01 Cs 1.52 U 0.78
MgO 0091 A/CNK 1.60
Fe,0,/FeO 2.06
Rb/Sr 3.49
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uation suggests that retrogression continued in upper
greenschist facies, into chlorite stability field during re-
crystallization accompanying D4 crenulation. Chlorite
growth of the type described is different from a young-
er, superimposed and relatively locallized hydrothermal
chlorite production, such as associated with brittle, cata-
clastic deformation in the Kaplice-Rodl fault zone.

The following indications of a high hydrous fluid flux
are notable:

(1) “hydrous” mineral assemblages are prevalent in
muscovite-biotite gneisses and result in relative rarity of
garnet that is present only in accessory amounts in mi-
nority of samples,

(2) calc-silicate gneisses with the early assemblage
diopside + calcic plagioclase transformed to actinolite+
+plagioclase+clinozoisite (+garnet) assemblage provide
evidence of a retrograde hydration,

(3) the abundance of quartz segregation lenses, occa-
ssionally with large crystals of andalusite (individual
crystals up to 15 cm long, aggregates up to 70 cm long),
cordierite (rare, up to 25 cm long), kyanite (individual
crystals to 20 cm, aggregates up to 50 cm long), rutile
(rare, up to 16 cm long); the largely sheet-like quartz
lenses are oriented parallel S3; the presence of the enu-
merated minerals in addition to quartz indicates their for-
mation under respective metamorphic conditions; signif-
icant quantities of fluids were instrumental in local
accumulation of some elements (Si, Al, Ti),

(4) slightly increased boron abundances, compared to
gneisses of the Monotonous Unit, are indicated by com-
mon accessory tourmaline in muscovite-biotite gneisses
of the Kaplice Unit. Localized boron metasomatism re-
sulted in transformation of gneisses to nearly monomin-
eralic tourmalinites, which inherited planar fabric after
the parent gneisses (Zagek — Vrana 1999). Such tourma-
linites are distinct from somewhat later, discordant, frac-
ture- and breccia-impregnating veins and tourmaline-
quartz aggregates. The widespread accessory tourmaline
can be considered as a geochemical signature indicating
a probable granitic source of the fluids operating in ret-
rogression.

The extensive hydration was accompanied by signifi-
cant oxidation and other chemical changes comparable
to synmetamorphic acid leaching.

Sr isotopes

Assuming a closed system behaviour of muscovite-bi-
otite gneisses of the Kaplice Unit, Zoubek et al. (1977)
interpreted Rb-Sr isotope analyses on five whole-rock
samples to the age of 523+38 Ma, considered as the age of
regional metamorphism. Based on average Rb (142 ppm)
and Sr (187 ppm) contents, a maximum pre-metamor-
phic age was calculated approximately to 600 Ma. ¥’Sr/
8Sr in four samples ranges from 0.7268 to 0.7386 and
one aberrant sample has ¥’St/**Sr = 0.7135. The latter
sample contains 101 ppm Rb and 384 ppm Sr and thus
significantly deviates from the present information on

Sr content (average of 130 ppm Sr) in high-K gneisses
(Table 4).

For comparison, there is a database of unpublished
8Sr/*Sr analyses of biotite paragneisses from the Mold-
anubian Zone north of the Kaplice Unit, in the region
between Ceské Bud&jovice and Tabor. The samples were
analyzed by J. Bendl in 1993 in the Laboratory of the
Czech Geological Survey. One set of 13 samples gave
87Sr/%Sr values in the range of 0.7113-0.7287. The av-
erage for 11 samples is 0.7178 (after omission of two
samples with the highest #”Sr/*Sr ratio). Eleven samples
from the Sobéslav area (Bouska et al. 1985), included in
the sample set for the Variegated Unit (Table 4), gave an
average of 0.726. After omission of two marginal high
values, the average for 9 samples is 0.7173.

Compared to the above data sets, the ¥’St/*¢Sr values
for the four high-K samples from the Kaplice Unit
(Zoubek et al. 1977) are rather high and indicate anom-
ality in the Rb-Sr system. This can be considered as
corresponding to the high increase in Rb/Sr ratio in the
high-K gneisses in the process of retrogression, the as-
sociated influx of K, Rb, Ba, Cs, and a contemporane-
ous depletion in Sr. Consequently, since the time of
ca. 330-320 Ma before present (a probable datum of ret-
rogression and acid leaching), situation in high-K gneiss-
es had switched to increased production of radiogenic Sr.

The abundances of Rb and Sr in high-K gneisses and
the major change in Rb/Sr ratio indicated by the present
study, show, if compared to Moldanubian biotite (+ sil-
limanite) gneisses, that the Rb-Sr system is profoundly
disturbed (Table 7). Thus, the rocks are not suitable for
dating using whole-rock Rb-Sr isochron.

The study of the Rb/Sr isotope system in granulites of
Lower Austria (Arnold — Scharbert 1973) and in silliman-
ite-muscovite-biotite gneisses and migmatites in the Bo-
hemian-Moravian Upland (Gorokhov et al. 1977) gave
results falling in a broad range, including some values
similar to data from the Kaplice Unit. The relations could
be discussed only on a basis of additional information
including details of metamorphic and geochemical his-
tories. Some of the muscovite-biotite gneisses analyzed
by Gorokhov et al. (1977) (e.g., Kutna Hora-Svratka
Unit) may have experienced similar processes as gneiss-
es of the Kaplice Unit, though the geological setting was
probably different in various respects.

Stratigraphy

Zoubek et al. (1988) suggested that the Kaplice Unit has
a status of a stratigraphic unit, the youngest one recog-
nized in the presumed stratigraphic scheme of the Mold-
anubian Zone of southern Bohemia. This interpretation
is invalid in the light of the present evidence for a re-
gional shear zone status of the Kaplice Unit.

The Moldanubian gneisses studied and compared are
clearly distinct from the Upper Proterozoic (Riphean-
Vendian) clastic sediments of the Tepla-Barrandian region
(Bohemicum) in central and western Bohemia (Bartek
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1979, Chab et al. 1997), that contain a substantial share of
geochemically less evolved (first cycle) detrital material,
including intermediate and basic volcani-clastic material.
This distinction was already recognized on the basis of
major element petrochemical study of the Kaplice Unit.

Possible implications for the origin of other units of
muscovite-biotite gneisses in the Moldanubian Zone

The results from the geochemical study of the Kaplice
Unit indicate that a similar approach could be used for
clarification of genetic aspects of other units of musco-
vite-biotite gneisses in the Moldanubian Zone. Koutek
(1933) suggested retrogressive origin of muscovite-biotite
gneisses of the Rataje Mica Schist Zone at the junction
of the Moldanubian Zone and the Kutna Hora Crystal-
line Complex and Kachlik (1999) presented geochemi-
cal evidence on the origin of these muscovite-biotite
gneisses by retrogression of Moldanubian biotite parag-
neisses (+ sillimanite). The basic condition for a compar-
ative geochemical study is the preservation of parent
equivalent lithologies in proximity and structural evi-
dence of superimposed deformations, which were poten-
tially important for a synmetamorphic fluid flux. Search
for and documentation of older relict minerals pre-dat-
ing the retrogression, as is the case with calc-silicate
gneisses in the Kaplice Unit, is also important.
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Retrogradni metamorféza muskovit-biotitickych rul v kaplické jednotce moldanubika jiznich Cech a sdruZené
chemické zmény

Prace predklada vysledky geochemického a petrologického studia muskovit-biotitickych rul kaplické jednotky na zékladé analyz hlavnich prvka ve
30 vzorcich a stopovych prvki v 15 vzorcich. Data jsou porovnana s obsahy v rulach jenotvarné a pestré jednotky. V rulach kaplické jednotky jsou
obsahy K, Rb, Cs, Ba, H,0"a Fe,O,/FeO vyrazn¢ navysené a obsahy Na, Ca, Sr, P a U jsou vyznamn¢ sniZené ve srovnani s obsahy v biotitickych
pararulach jednotvarné i pestré jednotky. Pomér Rb/Sr je vyssi 3,5x. Obsahy Ti, Al, Fe', Mg, Cr, REE, Y, Hf, Ta a Th jsou blizce srovnatelné, coz
odpovida vlastnostem prvkl s nizs$i mobilitou. Vyznamna hydratace byla doprovazena oxidaci a dal§imi synmetamorfnimi chemickymi zménami,
podobnymi procesu kyselého vyluhovani. Mikrostrukturni vztahy indikuji reakce konzumujici sillimanit a K-zivec. Hojné sekre¢ni ¢ocky kiemene
orientované podé¢l ploch regionalni stfizné foliace S3 svédci o vysoké aktivité SiO, uvolnéného v retrogradnich reakeich. Tyto Cocky obcas obsahuji
velké krystaly andalusitu a vzacné kyanitu, cordieritu a rutilu. Soub&zné reakce v erlanech zahrnuji zatlaGovani diopsidu aktinolitem nebo
magneziohornblendem chudym Al a ¢aste¢nou reakei bazického plagioklasu na klinozoisit a akcesoricky granat. Strukturni a petrologicka data indikuji,
ze kaplicka jednotka predstavuje regionalni zonu stfiznych deformaci (D3) s funkci vysokého synmetamorfniho pfikonu fluid. Protoze kaplicka jednotka
je v piimém nadlozi plutonu muskovit-biotitického granitu typu Eisgarn, ktery je ponékud mladsi nez stiizna foliace S3 a star$i nez krenulaéni klivaz S4,
je pravdépodobné, ze hlavnim zdrojem fluid byla krystalizace magmat tohoto plutonu.






