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Abstract: The Cista-Jesenice pluton forms a large clongated bady (over 1000 sq. km) in the Tepld-Barrandian zane of the Bohemian Massif. It
consists predominantly of the Tis biotite granite which intruded into an anticlinorial zone of Upper Proterozoic rocks probably during Late
Cambrian {or Early Ordovician ?). This granite body was later penetrated by the Cistd granodiorite stock during Early Devonian and deeply
croded and extensively exposed before Late Paleozoic. The Tis granite and Cistd granodiorite were later affected by processes of alkali
metasomatism (fenitization) connected with hypothetical carbonatite magmatism, in the contact zone of both the granite and granediorite
intrusions. Mylonitization, fenitization and feldspathization, which occured at the contact of granite and granodiorite and on radial faults in the
granadiorite body, carry a Mo-Zr-REE mineralization. Dut ing Late Carboniferous the whole pluton was covered by continental sediments. The
pluton erops out in several isolated areas only (Tis, Jesenice-Oragov, Petrohrad and Cistd). The granite pluton of Late Cambrian age and the
Early Devonian Cista granodiorite body difter in their geophysical, structural, and geochemical characteristics,
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Introduction

This paper summarizes results of geological, geophysical,
geochemical and isotopic studies and other related investi-
gations in the Cisti-Jesenice pluton.

The first accounts of the distinctive geological and pet-
rographical characteristics of the Cistd-Jesenice pluton
were given by Smetana (1927) and namely by Orlov (1932)
who published the first chemical analysis of the Tis granite
from a quarry near Tis. Klominsky (1962) discussed the
geological aspects of ore mineralizations connected with
the Cistd-Jesenice pluton and a new Bi-Pb mineral hey-
rovskite was described (Klominsky et al, 1971). The follow-
ing mapping provided a comprehensive picture of petrog-
raphy, tectonics and age relations between individual mag-
matic types and the first description of the mineralization
(Klominsky 1960, 1963, 1966). In the course of this investi-
gation dykes of cancrinite-nepheline syenite were found
(Klominsky 1961a),

Petrophysical and petrographical investigations of the
Tis granite and Cistd granodiorite were carried out by
Stovickovd (in Bartolek et al. 1969) and Chlupacova
(1970).

The find of cancrinite-bearing syenite led Kopecky

(1969) to the discovery of alkaline metasomatism con-
nected with Mo-Zr mineralization of a genetic type yet
unknown in the Bohemian Massif (Kopecky 1982).

The subsurface extent of the pluton is known from a
borchole at Martinéves (Mt-1) near Roudnice nad Labem
(Fig. 2). In this borchole indications of weak alkaline me-
tasomatism (fenitization) were also found (Kopecky 1993),

1. The main geological features

1.1. Regional geclogy

The Cist4-Jesenice pluton crops out in Western Bohemia
on area of 118 sq. km (Fig. 1). Its exposed parts have been
described as the Tis, Jesenice-Oricov, Petrohrad and Cista
bodies. Most of the Cista-Jesenice pluton is covered by
Carboniferous (Westphalian B/C), Permian and Late Cre-
taceous platform sediments. The pluton was exposed to
weathering and erosion during Late Devonian and Early
Carboniferous (Skvor et al. 1990, Holub et al. 1991).

The pluton intruded into low grade metamorphosed Up-
per Proterozoic sequences of the Tepla-Barrandian zone
characterized by phyllitic shales with intercalations of tuf-
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1. Geological situation of the uncovered parts of the Cistd Jesenice pluton. Compiled from Klominsky ( 1966), Kopecky (1987}, Fediuk (1993)
and BlaZek et al. (1993). The granitoid bodies (numbers in circles): 1 — Orddov; 2 - Tis: 3 - Jesenice: 4 - Cistd granodiorite; 5 = "Cernd kocka®

Hill - muscovile granite.

Rock types: 1 - phyllites and graywackes of the Late Proterozoic; 2 — metabasalts: 3 - biotite granite of the Tis type; 4 — biotite granodiorite of
the Cist4 body; 5 — mylonite zone with fenites; 6 - tourmaline-bearing muscovite granite of the "Cernad kotka" Hill; 7 - Late Carboniferous
platform cover; 8 - faults; 9 - petrographical transitions; 10 - main anticlinorial structure of the Late Proterozaic: 1] — individual granitoid bodies.

faceous material, metabasalts, silicites and black shales.
Towards the W phyllites pass to two-mica schists, The
exocontact of the pluton with Upper Proterozoic shales is
accompanied by an aureole of cordierite hornfels and spot-
ted schists (Klominsky and Sattran 1965).

The spatial extent of the pluton was inferred from gravi-
metric data (Polansky and Dobe& 1957, Dobef and Polan-
sky 1967), and later verified by several boreholes, drilled in
the course of exploration for Carboniferous coal (Figs. 2,
3). The estimated thickness of the pluton is 3 to 4 km. A
positive gravity field in the Tepla-Barrandian zone excludes
interpretations by Vejnar (1967) assuming the existence of
large granitic masses ("Western Bohemian pluton®). All
deep boreholes [i.e. Ln-1, Louny (Klominsky and Sattran
1965), VL-1, Vrbno nad Lesy (Klominsky 1965), Be-1,
Bechlin (Chéb in Prouza et al. 1968, Chib 1975) and Mt-1,
Martinéves (Ledvinkovd in Prouza et al. 1986, Kopecky
1993)], situated towards NE, revealed pre-Carboniferous
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(pre-Variscan) surface of the pluton dipping toward N and
NE (Fig. 2). The deepest verified presence of the pluton
(its lower edge) is an upper granite contact in the Mt-1
borehole at a depth of ~1740 m. Transverse faults of N'W-
SE direction (as well as longitudinal faults of ENE-WSW
direction) divided the body to a number of segments during
the Variscan orogenesis and the post-Variscan platform
development of the Bohemian Massif. A rather monoto-
nous composition of the buried NE portion of the pluton
was recognized (Polansky and Dobe$ 1957, Klominsky
1965). We estimate the areal extent of the whole intrusion
to be 1000 km? (Fig. 4).

Both the Cisti-Jesenice pluton and the pre-Variscan Late
Cambrian Stod massif (510 Ma, K-Ar, 3mejkal and Vejnar
1965; 518 Ma, K-Ar, Kreuzer et al. 1991) intruded into the
main foiding structure of the hosting crystalline rocks of
Late Proterozoic age, Bene¥ (1974) considered its emplace-
ment to be associated with the two SW-NE elongated




“.-'
N e

=
-
it

[y

Mi

]

", R TR Tt
TR £
x ﬁ+ -I'I.
i"::".‘" - b
i
[ .,'1,“‘:.__ -
AR ;
! L hl T
; L1 -,llzl., LR : i
3 = L
K :.E!-T"? """"."'-.I‘:'.H'."'ﬂ- g
L] 1 LA LR = R S PP
'L-.I__.'I' |"_"'||l||'|.§"-|_ LY [} )
- !n.'l_h y 1 'I‘ : ]
Tyy byt '“'1" i I 13
E‘.\,"~r1. o LY | |I h 5
P, R Y Y :
LT PN 5 L1 AN :
LR At o) A ‘.:ﬁf"m"
LR 'I-"Jf LR AR T
I-]‘:‘-' . "I. LY il ".1‘","\ 'I,."" .l'\..tn i

LY
L]
"ll.
1 i k'.
e ) iy LY
A LA R A T LA Y
,"i‘.~'l‘,|L|ll|.'l.|11'|.||_'|l|'11,‘\ 'I.L,l||"'l
AT TR TR TS ]
"..|""'¢.'.' 11“‘111.."1'“1" "1[ :
AR AR ST 0
"'f* LR
VIR
LRI
|'|l~'l-".-|l "ﬁ
W 11;:1"‘5.*';.""'&\
I I 0 5 Y =
D e A R Y .
% ow e “"H“#ﬁ\lhh"‘i 3

o o
I=
» w
> ]
P
=
i
- o
i i~ = i

k"
%%
e, KA "-‘\""*ﬁ-g'\g
. % 1) 'u..ﬁ .,""-.‘

W bt ‘nll',.'l't‘ A

W \,,.'l A1) 1\'\'\ ot

ey WA 3
w4 F S Rl S VA }}?""-"".;‘-.
(LT A TR d
.

T LT L] 5
L, R AR A Y
LR R it

R

.'l"

AR

arboniferous basement and the structural position of the

Cisti-Jesenice pluton. 1 - phyll

£l
-

Map of the pre-(

2

¥
r

body; 4 - biotite granite of the

1T
- biotite granodiorite of the Cist

Fl

tes and graywackes of the Late Proterozoic

i

f the Bechl

iarie o

3-d

meiabasalts

2=

6 — fenites
-

body;

i
te of the "Cernd kocka™ hill

9 — structural boreholes drilled into the pre-Carboniferous basement

(rock type and its depth above/below sea level) 10 - isohypses of the

pre-Carboniferous basement.

=

=
[3a
[
Gl
L ¥l
u
=
3
g
|
1"-.,
|.i-,a.;_
g L
2F
EH
=
85
o L
51
-U.E
T E
Iﬂa‘ﬂ
A
(A

'
1

faults

949



S0P RIMDNNS — (]
'SINEJ - & {3NE] 1SEL OUMOIFT 34 1940) wnXFuInyIoKes Ay
jo sassrudoyuo pue saesisudered ‘S)EIIE B — § Si[ESEqQRISW - |
"HOZOIA0L] 21e] Josapemield pue saujAgd - ¢ [Apoq uipuaeg sy jo
uop - ¢ 'uoingd souasa _.-Eﬂw i1 Jo ayTueld S)N0iq - ¢ ‘uoISnIm
YOS YIS ) JO MNUOpoURId N0 - £ TS UOREZNIU] pUe
UOURZINUOJALL PAEIIOSSE PUE S)|NEJ — 7 {19400 Krejuaupas uuoyerd
ueastea-150d — 1 (7 314 298 SUCNDIIS-S50L2 S) JO UONEIO] J0]) SAP0
DAISTIIU ] waamiaq sdigsuone)al 2oeds 213 pue voingd ay) sso1ow
SUORXYS-5505) ((d-g) [essassuen) pue (V-V) [euipRiduo] syl ‘¢

g
2 fy

7dn

NN S R S R e A T R R A T R A N LAE
o I i //.(l__..__..__ .c_n_.fJn ,.,“..__..;H..r fﬂv{ ™, ,.,./.l/./...._.....,nf...ﬂf giel
o' (//7 A A A A ﬂ. ...::........:V/ ”I/l/( s " r_.._fl/ /.'/.l.f(.,/.. U....)f - | Jf”fm A

SE™

. k *
W.:! /..!/_. — e e e - R X
n_"_m._.(z/r. A A A :m !_,J, —~— ' H.l..lui..l.l.TJlT ) ’n_m 4
..4._L A A A A ' —_—— — : ' i M T - _l.._l,....
- o ____. r. | R TR ”;. &
0Z= A K A N A T e—— e | e T ..._..
- \J A .I..I-I.r.r..._ll..._lunl..rf e t
TR +lﬂnﬂﬂ1% . ~




extensive anticlinal structures: The Tis granite body in-
truded into the same anticlinal structure as the Kladruby
massif but the Petrohrad granite body was conformly em-
placed into the anticlinorium into which the Stod massif
also intruded. Fold axes run over long distances, and well
defined ac-cross faults and be-longitudinal faults, which
coincide with assumed deep seated shear zones, represent
peculiar features of the Late Proterozoic rock sequences of
the Tepla-Barrandian zone (Bene$ 1974).

1. 2. Age relations of the individual granitoid bodies

The Cistd-Jesenice pluton, originally considered to be a
Variscan intrusive body (Orlov 1932), and later assumed to
be pre-Variscan (Klominsky 1965), is very likely of Late
Cambrian-Ordovician age (Klominsky and Dudek 1978,
Chédb and Smejkal in Prouza et al. 1968, Chab 1975). The
rocks of the Cista-Jesenice pluton have been dated only by
the K-Ar method. The Upper Cadomian (550 Ma, K-Ar)
Bechlin diorite body (Chéb and Smejkal in Prouza et al.
1968, Tab. 1) is penetrated by 60m thick (1539-1599.9 m in
borehole Be-1) sill shaped body of amphibole-bearing bi-
otite granite of the Tis type (Fig. 3). Sattran {1981) ascribed
this body to the "Northern zone of pre-Variscan intrusive
complexes, comprising the Red gneiss complex of the Krus-
né hory (Erzgebirge) Mts., the Rumburk granite within the
Lusatian pluton and smaller granite and pranodiorite to
tonalite {Lestkov, Hanov) massifs of the Teplid-Barrandian
zone™ (Fig. 4).
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The main features of the pre-Variscan granitoids of the
Bohemian Massif were outlined by Klominsky and Dudek
(1978) and by Skvor and Klominsky (1990). They form
shallow subsurface intrusions often concordant with neigh-
bouring structural patterns. The pre-Variscan granites of
the Bohemian Massif are frequently influenced by younger
tectonometamorphic events, Lower grade of magmatic dif-
ferentiation is common when compared with the Variscan
granites,

Radiometric dating carried out in the sixties showed a
broad range of ages from 289 to 450 Ma (Tab. 1), which are
compatible with field observations. However, only data
from the casternmost part of the pluton, where younger
(probably Variscan) thermal and metasomatic processes
are not known, appear to be acceptable. Smejkal {1968)
reported an age of 550 Ma for the Bechlin amphibole
diorite and 4350, 415 and 410 Ma for biotite granite of the
Lis type which intruded as a thick apophysis into diorite of
the Bechlin body (Fig. 3). The data, obtained simuitane-
ously on both biotite and amphibole apparently indicate the
ages of Late Ordovician and/or Siturian/Devonian bound-
ary, however, an Ordovician (or Late Cambrian) age is
more probable. The intrusion of the biotite granite is weli
prescrved inside the diorite body. The effects of Variscan
tectonometamorphic events are scarce in this area of very
low grade metamorphosed Upper Proterozoic shales as
host rock of both intrusions,

The magmatic history of the Cistd-Jesenice pluton is
presented in Tab. 1. The large time span of the K-Ar data
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4. A synoptic sketch of the main granitoid bodies of the Bohemian Mussif (after Klominsky and Dudek 1978), A - the northern zone of the
pre-Variscan intrusive complexes; B - plutonic rocks of the Moravian block. 1 - the Smréiny-Krudné hory granitic massifs; 2 - the Lusatian
(Krkonode, Jizerské hory and Silesian) pluton: 3 — small granitic bodies in western Bohemia; 4 - the Central Bohemian pluten; 5 - the

Nasavrky-Skuteé pluton; 6 - the Central Moldanubian pluton,
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for both the Tis granite and Cistd granodiorite is due to the
younger affects of alkaline metasomatism as well as intru-
sions of dyke rocks around Hirky village. It is evident that
the higher K-Ar ages are more reliable. With the exception
of some intrusive dyke rocks and products of alkaline me-
tasomatism, Variscan elements in the magmatic history of
the Cista-Jesenice pluton are unlikely.

1.3. Internal structure, time sequence
and compaosition of rock types

The exposed parts of the Cista-Jesenice pluton known as
the Tis massif, Jesenice-Oracov and Petrohrad bodies and
the uncovered part of the relatively independent Cistd
granodiorite massif are separated by Upper Proterozoic
shales and Upper Carboniferous sediments (Fig. 1).

Based on field observations and petrological studies
three members of the Cista-Jesenice pluton were distin-
guished:

1.3.1. Tis granite

The oldest and most widespread member is the Tis granite
including isolated outcrops (i.e. the Tis, Jesenice-Oricov
and Petrohrad bodies), (Fig. 1). It is formed by a coarse
grained biotite granite. The intrusion incorporates platy
blocks of Upper Proterozoic phyllites at the contacts.

The Tis granite is characterized by ductile cataclasis of
different intensity, which locally passes by shear friction
into a ductile deformed texture resembling orthogneiss.
These oriented shear planes are charactenized by anoma-
lous perthitization of K-feldspar and fairly high contents of
quartz of blue color (up to 30 vol. %), (Klominsky 1966).

The westernmost granite endocontact is formed by a
hybrid melanocratic granite, showing parallel texture con-
formable with Late Proterozoic mica schists (Klominsky
1966).

The Tis granite displays the following mineral composi-
tion; K-feldspar (phenocrysts), plagioclase An.as, quartz
and biotite, (zircon, apatite and muscovite, present as ac-
cessory minerals) {(Chlupa¢ovi 1970). The superimposed
alkaline metasomatism led locally to a change in color,
texture, chemical and mineral compaositions of the Tis gra-
nite,

1.3.2. The Cista granodiorite

It crops out in an elliptical form, covering an area of 38 sq
km (Fig. 5). Its longer axis trends SW-NE. The body in-
trudes the Tis granite and Upper Proterozoic phyllites. The
Cista granodiorite contact dips periclinally from 3(0°NE to
90° E, exceptionally centroclinally as much as 85° SE (Klo-
minsky 1966). The Cistd granodiorite shows a concentric
internal structure. The more basic granodiorite developed
at the margins displays an intensive foliation. The relics of
primary flow structures are in places represented by xeno-
liths composed of Late Proterozoic country rocks.
Klominsky (1963) distinguished two principal facies of
granodiorite (as products of magmatic differentiation),
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Stovigkovd (in Bartodek et al. 1969) proposed three sub-
types:

The foliated medium- to coarse-grained hornblende bi-
otite granodiorite forms the marginal part of the body, with
parallel planar structure of biotite which often encloses
zircon. Oscillatory zoned plagioclase (Anay.an) displays
often a totally epidotized core, K-feldspar (microcline) is
rare. The heteroblastic texture with penetration of sym-
plectic texture of quartz and feldspars is an important
feature. Abundant accessories, idiomorphic titanite and
magnetite {total up to 1 %), are both accumulated into the
malfic stripes of biotite with subordinate hornblende. Mag-
netite penetrating along the interstices is evidently youn-
ger. Also the appearance of abundant zircon, apatite and
also fresh non-metamict allanite with a rim of small epidote
grains is genetically significant,

The so-called transitional type is medium- to coarse-
grained hornblende biotite granodiorite, which differs
from the marginal type by more or less granular texture and
somewhat lower basicity of plagioclase (Anjz.»). The sub-
ordinate K-feldspar is again microcline, however, ortho-
clase also appears. The accessories are present in somewhat
smaller amount when compared with the marginal zone.

The central part of the Cist granodiorite is composed of
medium-grained, unfoliated biotite granodiorite. Locally
chloritized biotite is almost without inclusions of accesso-
ries. The zonal plagioclase (Anya.2s) has locally epidotized
core, but its internal portions are often metasomatically
replaced by hematite. Unzoned, often twinned acid oligo-
clase to albite (Any), penetrated sometimes by myrmekite,

Table 1. Major events in the magmatic history of the Cistd-Jesenice
pluton as dated by K-Ar method

Body K-Ar data space relationships
rock type (Ma) (Ma)
Bechlin 550 intersected by the
amphibole diorite Smejkal in Prouza | Tis granite (348-450)
et al. (1968)
Tis 348450 intruded by the Cista

biotite granite Smejkal in Prouza | granodiorite

up to adamellite et al. (1965 (31423

Cistd 311-423 effected by alkaline

biotite granodiorite | Klominsky {1963} metasomatism
{289-300)

Hirky 2809-300 intersected by

alkaling Klominsky (1961a) | post-fenitic tourma-

metasomatism
{i.e. fenites 5.1, and

line-muscovite gra-
nite {metasomaticaly

SYCTItes ) uncifected) (290)
Cernd kodka-Hill 200300 (7, intersects fenites and
tourmaline- Kopecky 5r. (1987) | contains xenolites of
muscovile granite metasomatites s.l.
Hirky 200 (7 contains fenile
granodionite Kopecky 5r., ed. xenoliles

porphyrite {1987)

The wide time span for both the Tis granite and Cistd granodiorite is
due to a younger alkaline metasomatism.



5. The geological situation in the vicinity of the Cista granodiorite stock intrusion (according (o Klominsky 1966 and Kopecky 1985). 1 - phylilites

and graywackes of the Late Proterozoic; 2 - metabasalls; 3 — biolite

granite; 4 - biotite granodiorite of the Cist4 intrusion: 5 - centroclinally

dipping ring faults and the zone of mylonitization with fenites s.1.: 6 - tourmaline-bearing muscovite granite of the "Cernd koka® Hill: 7 - Late
Carboniferous sandstones and conglomerates; 8 — radial faults of the Cistd structure: 9 - transition from fenite to granite; 10 - anticlinorial

structure of the Late Proterozoic.

is present as well, K-feldspar is locally porphyroblastic and
obviously younger. The difference between marginal and
central parts of the granodiorite massif is in the rapidiy
increasing amount of K-feldspar vs. plagioclase, locally
reaching a ratio of about 3:1 in the internal part. Magnetite
as the most common accessory mineral (up to 1 %), repre-
sents one of the youngest rock components. For its idioblas-
tic crystailization intergranular spaces and the planes of
mechanical inhomogeneity were used. Along the cleavage
biotite is often replaced by magnetite. Idiomorphic grains
of titanite are locally opaque as a consequence of leu-
coxenization,

All these phenomena together with an increasing volume
of K-feldspar in the internal part of the stock were later
interpreted as symptoms of K-feldspathization { Kopecky
1987).

1.3.3. Granite of the "Cerni kotka* Hill

The muscovite granite of the "Cernd ko¢ka” Hill is suppo-
sed to be the youngest granitoid member (Kopecky 1987).
It forms an arc-shaped intrusion between biotite granite of
the Tis type and Upper Proterozoic phyllites (Fig. 5). This
leucocratic acid muscovite (locally tourmaline-bearing)
granite seems to be post-fenitic. It is more acidic if com-
pared with the biotite granite of the Cista type. Allotrio-
morphic apatite, zircon and hematite belong to common
accessories. Its rare pegmatitic development is rich in tour-
maline (Kopecky 1987), The rock is composed of K-feld-
spar, quartz, plagioclase and muscovite.

Klominsky (1963) noted slight mylonitization (undulose
extinction of quartz), albitization of plagioclase and musco-
vitization of microcline and described this granite as a
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near-contact leucocrate subtype of the Tis granite. This
rock type was effected neither by fenitization nor feldspa-
thization, and according to Kopecky (1987) is post-fenitic.
These characteristics along with the time-space relations
(low grade fenites are intersected by thin dykes of musco-
vite granite in the old quarry, 1650 m ESE of the chapel in
Hirky), led Kopecky (1987) to the "postfenitic* interpre-
tation of the near-contact granite.

1.3.4. Dyke rocks

The dyke swarms of the Cisti-Jesenice pluton were studied
in more detail only in the area of the Cista granodiorite
massif (Klominsky 1963, Kopecky 1987). They are repre-
sented by granodiorite and diorite porphyrites as well as
aplitic rocks. According to Kopecky (1987), they are both
of pre- and post-fenitic age. The question arises whether
the dyke suite evolved in the context of the main plutonic
activity, or was derived from younger magmatism and thus
connected only with the granodiorite intrusion. The avail-
able data appear to favor the latter interpretation. The
youngest in succession are hydrothermal quarz-aplitic veins
bearing Fe-, Pb-, Zn-, Cu-, Mo- and Bi-sulphides and bar-
ite-fluorite mineralizations.

a) Hornblende diorite porphyrites occur as dykes of a
thickness of up to 1.5 m. They are dark gray in color with
linearly oriented zoned phenocrysts of plagioclases
(Anisz0) up to 1 cm in size. The alteration of hornblende
in the matrix resulted in a mixture of biotite, chlorite and
epidote.

b} Biotite quartz diorite porphyrites are similar to the
previous type. Quartz occurs in aggregates of biotite in the
maltrix.

¢) Biotite granodiorite porphyrites form dykes upto 2 m
thick and 400 m long. They are vellow brownish with phe-
nocrysts of plagioclase (An,s.2s) up to 2 cm in size,

d) Aplites form abundant dykes (thickness varying from
3 cm to 5 m), penetrating both the Tis granite and the Cist4
granodiorite. The dykes are zonal with pegmatite occuren-
ces in their internal part. In mineral composition ortho-
clase, Na-rich plagioclase (An) and quartz prevail.

All the above mentioned types of porphyrites are rich in
apatite and zircon,

¢) Cancrinite-nepheline syenitic rocks have a genetic
relationship to other rocks of the fenite zone (see below).
Klominsky (1961a, 1961b) reported alkaline cancrinite sve-
nite in the form of dykes from the village of Hiirky, localized
at the eastern margin of the Cistd massif. Stovickovs (in
Bartosek et al. 1969), described two types of nepheline
syenite with a substantial amount of nepheline porphy-
roblasts (up to 20 %) from the same rock series. This led
her to suggest a metasomatic origin of the rock. Kopecky
ct al. (1970) interpreted these rocks as a final product of
alkaline metasomatism. Cancrinite-nepheline syenitic feni-
tes occur only in the fenite zone that originated from
granite ultramylonites, which is formed by fine-grained
muscovite-biotite albititic fenites with a pronounced folia-
tion to albitites poor in mica and lacking characteristic
foliation,
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In the internal part of the muscovite-biotite albititic
fe-nite zone very fine grained biotite-pyroxene to medium-
grained porphyric pyroxene (acmite)-cancrinite-nepheline
syenites occur. These rocks according to Kopecky (1987)
penetrate arfvedsonite syenitic fenites and biotite-quartz
syenitic fenites and rarely also the cataclastic biotite granite
and form subvertical dykes of a small thickness (up to 1m)
and length (10 m to 300 m).

1.3.5. Alkaline metasomatism

The peculiarity of the Cistd-Jesenice pluton is the alkaline
metasomatism which is characterized by Na-fenitization
and Na-K or K-feldspathization of granitoids. The first
product accarding to Kopecky (1969, 1987) forms a broad
asymmetrical rim around the contact zone between the
Cista granodiorite stock and the Tis granite and its devel-
opment was controlled by a progressive degree of myloni-
tizaton,

An earlier theory explaining mylonitization as a synem-
placement effect of the granodiorite intrusion (Klominsky
1963), has been recently reinterpreted by Kopecky (1987}
who emphasized the role of a shear strain in the relation to
an assumed ijolite-carbonatite magmatism. The ascension
of ijolite-carbonatite derived magma and metasomatic me-
dia were both preceded by mylonitization on centroclinally
dipping (conic) faults. The injections of volatile-rich deri-
vates of ijolite-carbonatite melts followed the-se faults and
created fenites s.l. in the forms of cone-sheeted dykes
(sensu of Le Bas 1977).

Similar indications of fenitization were recently recog-
nized also in the NE, buried part of the Cisti-Jesenice
pluton, in the Mt-1 and Mt-1a boreholes near Martinéves
(Kopecky 1993),

Four stages of Na-metasomatism were recognized by
Kopecky (1987). Fenitization has affected biotite granite of
the Tis type, biotite granodiorite of the Cista stock intru-
ston, as well as some rock dykes. The effects of fenitization
slightly differ in each rock type. K-metasomatism occurs
only in biotite granodiorite (Fig. 6).

a) Fenitization

Fenitization of the porphyritic biotite granite (the Tis type)
mylonite is widely developed in the NE portion of the Cista
massif. The cataclastic biotite granite passes here into dis-
tinctly foliated biotite- and biotite-arfvedsonite-quartz sye-
nitic fenite (fenitization of grades I and IT) and into arfved-
sonite-aegirine-augite syenitic fenite (grade 1I1). The two
latter rock types show typical rounded, partially strongly
albitized relic grains of primary orthoclase phenocrysts of
granite. The chemical composition of arfvedsonite is that
of magnesioarfvedsonite. Its crystallochemical and lattice
parameters as well as paragenetic association of low albite
led Ulrych (1978) to the conclusion about a low-tempera-
ture origin of fenites. Aegirine-augite is very rich in the
aegirine component. Increased contents of sphene and
magnetite in fenites and accessory zircon and allanite are
also typical.

The fenitized biotite granite (the Tis type) ultramylonite



occupies the inner belt of the fenite zone along the contact
with the fenitized granodiorite (Kopecky 1987). Fine-grai-
ned muscovite-quartz syenitic fenites to biotite syenitic
(albititic) fenites of fenitization grades I-IIT pass here into
biotite-cancrinite and biotite-cancrinite-nepheline syenitic
fenites of grade I11-1V and further into aegirine-cancrinite-
nepheline syenites. These rocks are rich in zircon and
magnetite, and contain accessory allanite, eudialyte, fluo-
rite and pyrochlore. The richest in accessories is ultramy-
lonitic fenite type, especially in biotite {phlogopite)-rich
sovite syenitic fenite, forming narrow (0.1 - 1.0 m thick)
stripes. The rock is conspicuous by primary crystallized
groundmass of carbonate rhombs.

Fenitization of the Cistd granodiorite mylonite roughly
following the SW contact between the Tis granite and Cistd
granodiorite is, according to Kopecky (1987), manifested
by a distinct foliation defined by layers of dark minerals
(newly formed brown biotite, purple-green chlorite, lepi-
domelane and arfvedsonite as with an increasing degree of
fenitization replacing biotite). These new minerals are for-
med around relics of oligoclase grains. Titanite, zircon,
allanite, wide columnar apatite and magnetite are acces-
SOry minerals.

Fenitization of porphyrite dykes mostly occurs in the
Hirky area (Kopecky 1985). Foliation of fenitized por-
phyrite is more distinet in comparison with the surrounding
fenitized granodiorite and/or granite. Biotite recrystallized
first and was replaced by alkaline hornblende (arfved-
sonite) and slightly alkaline pyroxene (acgirine-augite).
The third stage of fenitization of porphyrites is rich in
sphene, fluorite and allanite, as well as zircon and pyro-
chlore, concentrated in dark purple-colored belts of a thick-
ness to 5 em. These stripes are highly enriched in LREE as
well as Nb-Ta, Zr and Ti (Kopecky Ir. 1990).

K-feldspathization islimited in the internal portion of the
Cistd granodiorite body and along the radial faults (Ko-
pecky 1987),

b) K-feldspathitization of the central portion
of biotite granodiorite (the Cista stock)

The inner mylonitization- and Na-fenitization-free part
underwent potassium feldspathization {microclinization).
According to Klominsky (1963), this part of the grano-
diorite intrusion is enriched in K-feldspar and depleted in
plagioclase and magnetite. Large poikilitic microcline phe-
nocrysts (to 1.5 em) include primary zoned idiomorphic

o Ak

6. The diagrammatic section across the fenite zone near the village of Hirky (according to Kopecky 1985). 1 - biotite granodiorite of the Cista
stock intrusion; 2 — slightly cataclastic and albitized biotite granodiorite of the Cistd stock intrusion; 3 — cataclastic biotite granite of the Tis type
and the IInd stage of fenitization: 4 — biotite granite ol the Tis type (myionitization free); 5 - cataclastic biotite granite of the Tis type and the

Ist stage of fenitization; 6 ~ late stage of fenitization and biotite ultramylonite of the biotite granite of the Tis type; 7

— faults,
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oligoclase crystals (strongly sericitized and epidotized) and
these microcline phenocrysts are enclosed by newly formed
plagioclase. Primary quartz is strongly undulose, in contrast
to newly formed hypidiomorphic quartz grains.

c) Na-K-feldspathization at radial faults
in the vicinity of Hirky

These processes are confined to the evolution of radial
faults later in succession {Kopecky 1987), Newly formed
albite and K-feldspar and a generation of apatite, zircon,
galena, sphalerite, chalcopyrite, arsenopyrite and uraninite
are common. Granodiorite transforms to a metasomatic
albitite (syenite) with zircon and apatite in clusters of
sericite replacing biotite or feidspars. In zones of repeated
mylonitization, fragments of albitized granodiorite are ce-
mented with carbonates (H-25 borehole, [depth 2194 to
220.0 m and 222.55-224.20 m), E of the village of Hiirky),
which exhibit rich impregnations of Pb-, Zn-, Cu-sul-
phides with accessory fluorite, apatite and zeolite. In a
more intensively mylonitized zone (depth 202.30-202.45
m) uraninite stockwork mineralization occurs in feld-
spathized and slightly carbonatized granodiorite (Ko-
pecky 1985). The rock was partly recrystallized with
newly formed arsenopyrite, apatite, zircon and rutile.
All these accessories are enclosed in carbonate clusters.

The radiometric age of fenitization determined by the
K-Ar method (whole rock) on biotite-cancrinite-nepheline
syenitic fenite is in the span of 300-289 Ma (Klominsky
1963).

1.4, Tectonic development
of the Cistd granodiorite massif

Klominsky (1960, 1963) first carried out a systematic inves-
tigation of the internal structure of the Cist4 granodiorite
stock and recognized two principal tectonic systems within
the body:

(1)} "granite tectonic” system, syngenetic in origin, caused
by cooling of the stock intrusion and described as an Q-1.-8
system.

(2) NE/SW and NE/SW trending fault system closely
associated with the post-Variscan development of the Bo-
hemian Massif.

Kopecky (1969) recognized the following structures:

a) Foliation. An internal structure formed by oriented
distribution of planar shaped mineral constituents in the
endocontact zone. Caused by stress anisotropy within the
crystallizing melt close to the contact. Klominsky (1963)
explained the anisotropy by differentiation of the grano-
diorite intrusion, where the relatively basic (mafic) and
biotite rich subtype has concentrated along the endocon-
tact zone of the granodiorite intrusion.

b) Faults. Kopecky (1969, 1970) described the following
main fault systems:

(1) A centroclinally dipping ring fault system recognized

in the fenite zone along the contact of the granite with

the central granodiorite stock.

(2) The younger system of radial (subvertical} faults,

trending to the center of the inferred ring structure.
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The first of these fauit systems is generally accompanied
by mylonitization, and served as a feeding zone of fluids
producing Na-fenites.

2. Geophysical pattern of the pluton
2.1. Petrophysical properties of rocks

2.1.1. Tis granite

The Tis granite from the vicinity of the Cista body was
petrophysically characterized by Chlupidova (1970) as a
low-density granite with very low magnetic susceptibility
and low radioactivity (Tab. 2a).

Fe-Ti minerals of the Tis granite are ilmenite, rutile
(sagenite) and hematite. Sulfides are scarce. Magnetite 1s
almost absent. In the area SW of Cistd, higher radioactivity
is a result of both abundant pyrite and higher U-contents.
These features might be explained by minor fenitization of
the Tis granite in this area (Chlupacova 1987).

2.1.2. Cista granodiorite

Geophysical properties reflect a distinct zonal composi-
tion of the granodiorite intrusion (Tab. 2b).

a} Grain densities

Grain densities decrease from the marginal hornblende
biotite granodiorite towards the central biotite grano-
diorite ranging mostly from 2.63 to 2.66 g.cm™. The densi-
ties reflect very low contents of dark minerals and a high
amount of feldspars. In contrast, porosity increases from
the marginal to the central type. This trend is probably
influenced by alteration of central parts of the granodiorite
body represented by epidotization of zoned plagioclases,
sericitization, kaolinitization and hematitization of plagio-
clases, martitization of magnetite, and chloritization of
biotite (Bartoiek et al. 1969). It is likely that porosity of
I % to 2 % is developed not only in the surface part of
granodiorite but also at the depth of several kilometers and
causes relatively low natural bulk density. Bulk density is
about 2.60-2.62 g.cm~ based on laboratory measurements
and gravimetric interpretation.

Magnetite is a common and typical accessory mineral in
all three rock types of the granodiorite body. The chemical
composition of magnetite reveals a nearly pure and stoi-
chiometric end member (Curie-temperature of 575 "C and
Mdssbauer spectroscopy).

A study of thin sections and magnetic anisotropy showed
that magnetite partly crystallized along already existing
fabric features, and thus is probably epigenetic (Bartodek
¢t al. 1969, Chlupé&dova et al. 1975).

b) Magnetic susceptibility

The magnetic susceptibility is variable, indicating different
amounts of magaetite in individual rock types on regional
as well as local scale. The highest values reaching 10 to



Table 2a. Petrophysical properties of the Tis granite from the Cistd
segment (calculated using data of Chlupédova, 1970)

Rock Nlp Dg . Db . | Pef N Th u K
type (g-em™} | (gem™} | (%) [ (107°SD) | (ppm) | (ppm) | (%)
biotiteto |7 (M |2650 |2.594 21 (0100 |97 |39 3.8
MIUSCaVI{e- D 10010 9 049 10040 27 13 0.4
blnli]e Tis
granite
muscovite 15 |M (2642  |2577 |25 |ooso |37 [s67 |as
granite D {0.008 0.024 0.8 (0027 E02 |27 {2

N — number of samples; p - statistical parameter; M — arithmetical
mean; D - standard deviation; Dg - grain density; Db - buik density;
Pef - porosity; ¥ — magnetic susceptibility;

" — the anomalous value of 30.7 ppm is not included into calculation;
the contents of Th and U were recalculated using standards since 1972
(measured by gamma spectrometry).

Table 2b. Petrophysical properties of the Cistd granodiorite
(after Bartodek et al. 1969 and Chlupadovi et al. 1975)

Type marginal transitional central
Rock amph-biotite amph-biotite biotite
ranodiorite granodiorite ranodiorite
fenitized) (slightly fen.) E[;ntm-fcniti:n: d}
N 7 ) 7
gl 32 34
P M D M D M B
Dg(gem™)y | 2674 0005 | 2653 0007| 2641 0007
Db (gem™) | 2654 0014 | 2606 0030| 2577 0031
Pef (%) 0.7 0.4 1.8 1.0 2.5 1.2
< (107SI) | 11.830 1257 | 5270 3057 4923  L.117
Jmn (nT) 164} 91 6} 29 48 48
p 1532 1275 | 1254 0152 L16R  00M]
Th {ppm) 8.2 0.8 14.6 2.0 2001 28
U {ppm) 3.1 0.2 4.4 1.1 H.1 3.1
K {ppm) 1.6 0.2 2.1 0.2 2.7 (.3

Explanations see Table 2a.

Table 2c. Distribution of Th, U and K in fenites from the locality
Hirky, Tis granite, vicinity of Cista

Rock N Th {ppm) U K
’ (eom) | (%)
fenitized biotite granite, 25 |AM | 538 125 [29
stage I, H-4 borehole GM [31l6 83 |28
fenitized biotite granites 17 [AM (70.0 21.3 |28
stage II, H-4 borehole GM [ 31.2 18.1 2.6
muscovite-piotite syenitic |29 |AM | 19.9 11.1 |26
fenites, H-4 borchole GM (138 99 |24
syenitic fenites rich in I8 1AM | 806 194 |29
zircon, JK-1 borehole GM | 539 16.9 2.8
aegirine-cancrinite nephe- |11 |AM | 128 10,1 35
line syenites, Hirky 2 |AM 3400 59 |48
lepidomelane-cancrinite- 1 - 47.2 10.2 |36
nepheline syenite, Hiirky |

AM - arithmetical mean, GM - geometrical mean; statistical values
tor the JK-1 borehole (NE of the villape of Hirky) were calculated
using data of Chlupddovi and S{ovickova {1971} and corrected accord-
ing to standards of the laboratory in Brmo since 1972, measured by
gamma spectrometry,

7. Magnetic anisotropy of the Cisté granodiorite (Chlupadovi et al.
1975). Mean directions of principal susceptibilities in individual locali-
ties: 1 ~ maximum; 2 - intermediate: 3 - minimum susceptibility; large
circles — magnetic foliation.

15 . 10* 81, are characteristic for the marginal type. In this
rock magnetite shows excellent dimensional orientation
which is evidenced by a high degree of magnetic anisotropy
(Hrouda et al. 1971, Chlupééovi et al. 1975). The mineral
Is conform to the planar fabric owing to preferred orienta-
tion of biotite flakes and lensoid aggregates of light mine-
rals. The high magnetic anisotropy originated th rough mi-
metic crystallization of magnetite, whose fabric reflects
structurc of the primary rocks. Anisotropic behavior of
magnetic susceptibility was also shown for the transitional
and the central type of granodiorite, even though the latter
type is macroscopically massive, without any apparent ori-
entation. However, the degree of anisotropy is much lower
than that of the marginal type. The dimensional orientation
of magnetite in this case is also planar and mimetic in
origin, As seen in Fig. 7, magnetic foliations are nearly
vertical throughout the whole body and the magnetic linea-
tion is often nearly horizontal (Chlupadova et al. 1975).
This pattern of magnetic anisotropy reflects very likely the
effect of combination of both a simple shear and pure shear
deformation caused by a penetrating and sol idifying grano-
diorite mass {Chlupicova et al. 1975).

c) Radicactivity

In contrast to grain density and magnetic susceptibility,
radioactivity shows an increasing trend from the marginal
to the central type. The marginal type being weakly, the
transitional type medium and the central type strongly
radioactive (in the sense of an average value of radioactivity
of granodiorite, Tab. 2b),

2.1.3, Fenitized rocks

Fenitization changed the original petrophysical properties
of the Tis granite, Cistd granodiorite and some grano-
diorite porphyrites during the transformation of their struc-
ture and mineral composition.

Fenitized rocks occur in the zone near the village of
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§. Distribution of magnetic susceptibility in fenites. Left side: histograms after Chudédéek et al. (1983): a - fenitized pranites and ultramylonites,

stage II; b, ¢ — mica fenites and ultramylanites, stage I11; d — albitites.

Right side: histograms constructed using data by Jelen and Rackova (1972): e - fenitized granites, stages [ and 11; f - mica fenites and ultramylonites,
stage II. g — mica fenites and ultramylonites, stage III; h — nepheline syenites, stage IV

Hirky. A remarkable increase in magnetic susceptibility
during fenitization was found in fenites which originated
from the Tis granite, especially in those which underwent
ultramylonitization (Fig. 8).

It is apparent that magnetic susceptibility increases sta-
tistically with the intensity of fenitization. The highest val-
ues occur more frequently in fenites of the final stage, i.e.
in syenites containing nepheline, Fenites of the first and
second stage exhibit only low magnetic anisotropy, slightly
higher than that of the parental rocks, while fenites of the
final stage display extremely high magnetic anisotropy.
Magnetite in fenites of the third and fourth stage crystal-
lized partly during component movements — axial compres-
sion and slip along one set of planes - and partly through
imitation of fabric elements already present in rocks (Hrou-
da et al. 1972). At about the same time radioactive trace
elements were imported (Chlupd&ova and Sfovitkova 1971,
Chudééek et al. 1983). It is not clear whether distribution
of Th and/or U reflects the intensity of fenitization. High
contents of these elements were found in fenites of the first
and second stages. Autoradiography has confirmed that the
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principal carriers of Th are dark metamict minerals, filling
microcracs, which must have been formed later than the
rock itself (Bartoick et al. 1980). The contents of Th and/or
U vary widely in all types of other fenites, As documented
by alpha autoradiography, titanite is only slightly radicac-
tive. Allanite, zircon, eudialyte and pyrochlore {(described
from concentrates of heavy minerals) are the most commmon
among radioactive accessories of fenites and their activity
varies widely (Chlupacova 1987). There are other dark and
strongly radioactive accessories which remain unidentified.
Examples of autoradiograms are shown in PL. I-IV; and Th,
U and K contents are given in Tab. 2¢c.

2.2. Geophysical pattern
of the Cista granodiorite stock intrusion

2.2.1. Gravitational ficld

There is an intensive negative gravity anomaly of elliptic
shape over the region of the Cistd granodiorite massif
(Fig. 9). Its existence points to an individual and inde-
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9. Gravily pattern of the Cistd-Jesenice pluton (after a map of Bouguer anomalies in the scale 1 : 200 000 of Ibrmajer ed. 1963). 1 - Proterozoic
rocks; 2 — Tis granite; 3 - Cistd granodiorite; 4 - Carboniferous and Cretaceous sediments; 5 - Tertiary sediments; 6 — Tertiary volcanics; 7 -
isoanomals of g (um.s™); 8 — outling of the Cistd-Jesenice pluton at the base of Carboniferous (after Klominsky 1966); 9 — extent of the pluton

at depth ot 1300 m (after Dobed and Polansky 1967).

pendent position of the Cista granodiorite within the Cista-
Jesenice granitic pluton. Detailed gravity measurements
provided an absolute minimum in g of —100 gum.swhich is
located 1 km WNW of the village of Velka Chmelidtna,
This negative anomaly was interpreted as a result of a
stock-shaped body of uniform density of 2.52 g.em*with a
root at the depth of about 10 km (Odstréil in Gnojek et al.
1982). This is in good agreement with previous profile
gravity interpretations made by Dobes (in Kopecky et al.
1970). The Tis granite which covers about 1000 km2 and is
mostly buried under a sedimentary cover (Fig. 9), has very
likely a much smaller vertical extent (2-3 km), producing
only a moderate negative anomaly of =20 to -30 um.s?
(Dobes and Polansky 1967).

2.2.2. Magnetic field

A complex magnetic anomaly AZ was revealed over the
whole granodiorite body and fenite zone during a ground
magnetic survey (Cejchanova 1958). This study also led to
distinguishing the Cista granodiorite from the Tis granite
and to the discovery of "veins" of alkaline syenite rich in
zirconium (Klominsky 1961a, 1961b, 1963). A pattern of
magnetic anomalies AT over the Cista massif was obtained
through a recent airborne survey carried out in the scale of
1 : 25 00 (Gnojek et al. 1982), (Fig. 10a). The marginal
regions of granodiorite in the NW and SE of the structure
arc characterized by steep horizontal gradient AT, while
isolines overlap in the SW part of the granodiorite body
providing evidence for a lesser plunge of the Cista grano-
diorite body. An anomaly in the NE correspends to the N-S
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10a. Map of AT [nT) anomalies, measured in an elevation of 80 m above the surface. Magnetic pattern of the Cistd structure and distribution of
uranium and thorium over its surface outcrop, after acrogeophysical measurement {Gnojek et al. 1982).

trending fenite zone, cropping out in the vicinity of the
village of Hirky.

Analytical continuation of the magnetic field upwards,
on a level of 400 m, has been calculated (Fig, 10b). Local
anomalies were obliterated and such a method provided a
good idea about the distribution of both highly and weakly
magnetized parts of the Cistd intrusion. An intensive arc-
shaped anomaly is located in the SW, over the marginal
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facies of granodiorite with a similar clearly visible anomaly
over the fenitized zone in the NE.

223, Distribution of k, U and Th

The distribution pattern of K, Th and U over the Cistd
massif was obtained by low level gamma-ray aerospec-
trometry {(Gnojek et al. 1982). The Cistd granodiorite is



m ﬁﬂ!ﬁﬂd Y . r1.

40
'-._"'.
— -
R~ “Kiggetné
--q
_;,, 3 / Rerichy
IS (1.5 O
qauzs 5 ‘-‘l <
.“ "1

3
'lll‘

rKiekovice

intensively magnetic facies
weakly magnetic facies
geotogical boundaries ond faults

borehole

1Ub. AT anomalies, calculated as an analytical continuation of the ficld upwards to the level of 400 m.

poor in K {contents below 2 %), while K-contents over 2 %
are more commeon in the Tis granite.

In contrast to potassium, U-contents are higher in grano-
diorite (3 ppm of U), except in marginal parts, than in the
Tis granite, which is characterized by values ppm (Fig.
10c). Small maxima, exceeding S ppm were found south of
the village of Sosefi, over the fenitized zone, and in the
vicinity of the village of Velka Chmeli¥tn4, in the northern
part of the massif. Higher values of U associated with an
arc-shaped zone occur westward of the village of Nova Ves.

However this zone, as apparent from geoelectric survey,
does not seem to be promising in terms of ore mineraliza-
tion (Krs and Petrdk 1983),

The central and northern parts of the Cist4 granodiorite
are slightly enriched in Th in comparison with other parts
of the structure (Fig. 10d). Th-contents higher than 12 ppm
were found over the fenitized zone. Other elevated Th-con-
centrations occur near the village of Velkd Chmeli$tni and
along the earlier mentioned ring structure near the village
of Nové Ves. It scems that this structure may represent a
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10c. Distribution of U [ppm] contents of both trace radioclements measured in an elevation of 80 m above the surface.

zone enriched in radioactive elements, connected perhaps
with later metasomatism.

A detailed ground radiometric survey of the fenitized
zone confirmed its anomalous radioactivity, Two N-§
trending bands were identified, one with strong Th enrich-
ment, the other bearing anomalous U-values, Both anoma-
lies are nearly spatially coincident, but overlap only partly
(Anft and KriStiak 1982, Anft 1983).
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3. Geochemistry

3.1, Methods

Data on eighty representative samples covering almost all
known rock types from the Cistd-Jesenice-(Louny-Marti-
néves) pluton were compiled from older (Klominsky 1961a,
1961b, 1963, 1966, Chdb 1968, Cadkovi et al. 1984) and
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10d. Distribution of Th (ppm) contents of both trace radioelements measured in an elevation of 80 m above the surface.

more recent papers (Kopecky Jr. 1990). Complete rock
analyses including silicate analyses, XRF analyses of minor
and trace elements As, Ba, Cr, Nb, Ni, Rb, 51, Y, W Zn,
and Zr, optical emission analyses of B, Be, Cu, Ga, Mo, Sn
and W and INAA or ICP analyses of REE, Th, U, Hf, Cs
and Ta, were newly obtained for 44 samples.

It is necessary to note that the data from the project
"Regional Geochemistry of the Bohemian Massif“ (Cad-
kovi et al. 1984) cover a large spectrum of elements only

from the outcropped parts of the Cistd-Jesenice pluton.
There are no chemical data from the part of the pluton
covered by platform sediments.

The data were processed by several multivariate statis-
tical methods. Grouping by cluster analysis was tested
against geological field data to identify possible new rock
types.

Chemical composition of all main rock types is summa-
rized in Table 3.
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Table 3. Geochemistry of the main rock types from the Cistid-Jesenice pluton

No. 1 3 10 13 14 18 22 27 42 !
Rock type AT AT Al B n FUB PFG F3 BA3
Si0; 7434 9| 75.27 75.66 70.48 70.41 57.88 74.54 60.36 60.51
TiO; 0.21 0.12 0.15 0.29 0.23 2.15 0.07 0.01 0.22
ALO 13.22 13.12 12,81 15.49 15.85 93] 13.71 21.07 13.59
Fe:0 0.41 0.45 0.32 0.94 0.78 2.55 0.13 0.86 0.46
FeC 1.51 1.01 1.33 1.22 0.75 14.68 0.16 2.04 1.00
MnO 0.04 0.04 0.03 0.06 0.05 1.11 .01 0.13 0.07
MgO 0.41 0.17 0.12 0.63 0.55 .91 0.05 0.15 0.52
CaO 0.65 0.45 0.49 2.23 2.22 4.29 0.34 1.13 R.34
Na,O 3.56 371 3.54 5.27 5.47 0.96 3.92 5.88 4.52
KO 4.68 4,61 4.65 2.46 2.81 7.18 5.7 5.68 3.52
P20 0.09 0.11 0.07 0.12 0.10 0.23 0.30 0.02 0.05
cOy 0.02 .01 0.01 0.0 0.01 n.d. n.d. 0.76 5,07
[%%] 99.14 99,07 99.15 99.20) 99,23 99.25 98.94 98.09 97,87
Li 54 ppm 53 39 20) 17 1234 10 300 40
Rb 131 145 121 37 54 448 130 140) 78
B 50 29 28 27 27 n.d. n.d. n.d. n.d.
Sr 27 10 20 609 889 327 28 570 706
BHa 464 2435 397 1020 H58 n.d. n.d. 557 T67
Y 3l 28 24 2 4 167 15 244 13
La 15 13 10 27 23 265,41 24 | 5294 20.3
Ce 27 23 17 34 42 450 4.4 960.6 30.8
Sm 3 3.1 2.3 33 2.4 6.3 1.0 413 1.7
Eu 034 0.21 0.28 1.16 0.87 245 0.1 1.9 04 |
Tb 0.3 0.2 0.3 0.6 0.7 3.89 0.4 6.17 1.0
Yb 3.0 2.00 8 1.1 0.6 9.2 0.85 16.6 (1.4
Lu 0.4 0.2 #1 0.1 0.1 1.08 0.04 2.5 0.2
Zr 117 81 | 100 89 78 82 21 2161 122
Th 10) 7 9 8 L7 n.d. n.d. .. n.d.
Nb ,; 5 3 10 10 176 4 98 15
Ta 0.2 03 0.2 1.7 0.8 n.d. n.c n.d. n.cl.
Cr 25 12 18 37 15 206 16 5 31
Mo 7 5 4 2 150 3 2 1
U 3 6 4 6 6 11 o 7 6
Ni 48 12 54 39 29 235 2 3 3
Zn 53 57 46 38 30 1589 4 153 27
Ga 18 15 23 16 12 n.d. n.d. 68 10 B
Sn 3 5 4 2 1 74 24 16 1
Pb py) 13 22 20 0 15 21 46 13
Cu 4 3 3 3 1 8 4 5 4

| = AT=Tis granite (southern part of the body); 3 - AT=Tis granite {(northern part of the body), 10 — AJ=Jesenice granite {Petrohrad body):
13 - AC=Cists pranodiorite (SW part of the body); 14 - B=Cistd granodiorite (central part of the body); 18 - FUB=biotitc ultramylonite syenitc
fenite (H-13A bore hole, 37.5m); 22 - PFG=muscovite granite Cernd kodka” Hill {SE-rim of the Cistd granite); 27 ~ F3=III-I1V stage of
fenitization of albitite mylonite with arfvedsonite (H-28 borehole, 105.7m); 42 — BA3=strongly albitized granodiorite (H-28 b.h., 423.5m),
n.d.=not detected.
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3.2. Geochemical classification and interpretation

Based on cluster analysis and field data six groups of rocks
were identified:

1. 'Tis granite (A) with subtype of the Tis granite s.s. (AT)
torming the Tis granite body, the Petrohrad granite (AJ)
forming the Jesenice-Oricov and Petrohrad granite bodies.

2. Cista granodiorite (B),

3. Pre-fenitic dyke rocks (almost all subsequently feni-
tized),

4. fenites s.l. (F1-F3) with ultramylonite fenites (FUB),

5. albitized and K-feldspathized Cista granodiorite with
granodiorite porphyrites (BA1-BA3),

6. post-fenitic rock dykes (occur rarely) and the tourma-
line bearing muscovite granite ("Cerna ko¢ka® Hill)
(PFG).

Four rock types represent magmatic intrusive bodies
both prefenitic and postfenitic (i.e. granites s.., grano-
diorite and associated dyke rocks), while fenites s.l. and
feldspathized rocks have their origin in processes of alka-
line metasomatism.

Magmatic differentiation and later metasomatic proc-
esses have significantly influenced the geochemistry of ma-
jor, minor and trace elements. This can be documented on
Rb/Sr and Rb/Zr plots (Figs. 11a, 11b), where differences
between both the older Jesenice granites (Petrohrad and
Tis) and the younger granodiorite are evident. A relative
enrichment in LILE (Rb as well Na, K) in the Tis granite
and an accumulation of incompatible elements such as Zr,
Nb and Sr in the Cistd granodiorite is illustrated in the
Rb/Zr plot (Fig. 11b).

The REE patterns {(Fig. 12a) clearly reflect the character
of the main rock types. Apart from dvkes and metasoma-
tites, all three main plutonic types are characterized by
different REE plot. Both subtypes of the Jesenice pluton
(1. Petrohrad and Tis) have similar REE patterns. The
Petrohrad-subtype is rather enriched in bulk REE-contents
while the Tis-subtype has a stronger negative Eu-anomaly.

Granodiorite is geochemically different from granites in
terms of higher contents of Ba, Ce, Nh, 5r, Th and lower
contents of Li, Rb and Y. The positive Eu-anomaly which
is comparable with the distribution of Fu in the Sténovice
granodiorite massif (western Bohemia, vicinity of Plzen,
Cadkovi et al. 1984)) seems to have magma derived from
a different source than other granites of the Cista-Jesenice
pluton. Both the presence of Ca-rich plagioclases and a
positive Eu-anomaly (relative Eu-cnrichment) are sympto-
matic for cumulate derivates.

All types of fenites (i.e. fenitized granite and fenitized
ultramylonites) are remarkably enriched in REE with
strong prevalence of LREE (Fig. 12b). Albitized grano-
diorite shows a similar pattern (Fig. 12¢), however, with the
lower REE contents. The position of slightly feldspathized
granodiorite (sample No. 43) reflects the Eu-enriched cha-
racter of non-metasomatized rocks.

The REE patterns of fenitized (or feldspathized) dykes
resemble those of granodiorite and are associated with
magmatic activity during which the granodiorite intruded
(Fig. 12d).

Among the post-fenitic rocks the muscovite tourmaline-
bearing granite ("Cernd kotka* Hill) situated between the
SE-contact of granite and crystalline schists in the vicinity
of the town of Cista (Fig. 12e, anal. No. 22}, bears mention,

The REE pattern reflects magmatic differentiation and
the succession of several magmatic subtypes. A relative
REE-enrichment in the Petrohrad subtype is in accordance
with the Rb/Sr plot, and could support the suggestion of a
muitiphase intrusion if compared with the Tis granite (Fig,
11). The REE pattern with higher (La/Lu)cnratio supports
the idea of a later intrusion of the Tis-subtype.

Both plutonic and dyke rocks were plotted in the Q-
ANGR diagram of Streckeisen and Le Maitre (1979) (Fig.
13). Granite of the Tis-subtype reflects a slight alkaline
tendency if compared with the Petrohrad-subtype. This is
in good correlation with both Rb/Zr and REE plots. Fenites
and rheomorphic syenite fenites fall into the field under-
saturated in silica and/or foid-bearing rocks.

The de La Roche R1-R2 multicationic diagram (after
Batchelor and Bowden 1985) (Fig. 14), based on data from
well-defined tectonomagmatic environments, gives the dis-
tribution of all principal rock-types.

A very good discrimination of different rock types was
obtained on the Zr + Nb + Ce + Y vs. (K20 + Na,0)/CaO
plot (Fig. 15). This diagram is thought to be relatively
insensitive to moderate degrees of alterations. It was origi-
nally used to distinguish A-type granites (Whalen et al,
1987}, considered as medium differentiated. They occupy
the more alkaline and more Zr, Nb, Ce, Y enriched seg-
ment of the diagram. The fenitized granite mylonites, feni-
tes and/or alkaline syenites also plot within the field pro-
posed by Eby (1990) for A-type granites.

The A-type granitic suits are assumed to be emplaced
Into non-orogenic setting (within plate setting during the
waning stages of subduction zone-related magmatism). Ex-
cluding high §iO;, the granites are also characterized by
high alkali (Na;O+K;O = 7-11 %) and low CaC (below
1.8 %) contents and high FeO,/MgQO ratio. The major
element chemistry corresponds to occurrence of iron-rich
micas, amphiboles, pyroxenes and their peralkaline (Na-)
varieties: ricbeckite-arfvedsonite and aegirine-augite., Also
the higher contents of high field strength elements (HFSE),
are distinctive, and they are symptomatic for fenitess.l. The
distinction of all main rock populations is striking (Fig. 15).

Data for both the Petrohrad (Jesenice) granite-subtype
and for the Cist4 granodiorite plot into the field of I- §- and
M-types granitoids (OGT field). This group exhibits dis-
tinctively low contents of Zr, Nb, Ce, Y and a low ratio of
(K+MNa)/Ca as a consequence of cumulate fractionation. It
represents magma in combination with the lower crustal or
mantle derived source. This latest interpretation corre-
sponds with the REE-pattern of the Cistd granodiorite
intrusion {Fig. 12). The plot of sample No. 22 in the
Zr+Nb+Ce+Y vs. (K:0+4Na;0)/CaO diagram and REE
-pattern of the post-fenitic muscovite (tourmaline-bearing)
granite support the theory of a spatially and temporally
different character of this intrusion as compared with other
granitic rocks of the Cista-Jesenice pluton.

For the discrimination of the tectonic regime during
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12. Pattern of chondrite normallized REE-values (after Nakamura
1974), The averape values of rock types are used for:

a) - main intrusive bodies of the Cista-Jesenice pluton. ! - Cistd
granodiorite; 2 - Petrohrad sublype of granite; 3 — Tis-subtype of
granite; 4 — nonfenitized aplites; 5 - postfenitic muscovite granite
("Cernd Kocka* Hill}.

b) = fenites s.l. from the vicinity of Hirky. 1 - fenites s.l. of lower
degree; 2 - fenites s.l. of higher degree; 3 - Ultramylonite biotite
fenites; 4 — Petrohrad subtype of granite (added for comparison).

¢) - feldspathized rocks s.|. from the vicinity of Hirky. 1 — Cistd
granodiorite (non-feldspathized); 2 - strongly albitized granodiorite
(Cistad body); 3 - slightly albitized granodiorite (Cistd body); 4 -
posi-fenitic granodiorite porphyrite (added for compariscn).

d) ~ aplite and fenitized granodiorite porphyrites from the vicinity of
Hiky. 1 - aplites; 2 - fenitized granodiorite porphyrites.

¢) - post-fenitic muscovite granite ("Cernd kocka® Hill) and dykes of
post-fenitic granodiorite porphyrites and aplites. For comparison val-
ues of the Petrohrad granite subtype are plotted. 1 — post-fenitic
granite (anal. No. 22); 2 - post-fenitic granodiorite porphyrites; 3 -
aplites; 4 - Petrohrad subtype of biotite granite.
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intrusion the most effective elements are Rb, Y (Yb), Nb
(Ta). Contents of Y (Yb) and Nb (Ta) are assumed to be
independent on alteration. According to Pearce et al.
(1984): "...this projection plot yiclds complete separation
of the VAG-field (volcanic arc granites) and WPG-field
(within plate granites). The discrimination line between
WPG-field and ORG-field {ocean ridge granites) could be
overlapped by both types caused by WPG from attenuated
continental lithosphere” (i.e. overiap below the dashed line
in the plot Y vs. Nb; Fig. 16a)"...because the influence of
Rb-inclusions in K-feldspars of LILE-rich rocks facies
should separate the VAG-field from syn-COLG-field (syn-
collision granites) (or ORG-field from WPG-ficld resp.)

and thence the values from attenuated continental litho-
sphere can be little more shifted below the dashed line of
the field WPG, the graph (Nb+Y)/Rb carries most of the
discriminant power.” (Fig. 16b).

All granites and granodiorites and associated "non-me-
tasomatized” dykes plot into the fields of the VAG +
syn-COLG (Y vs. Nb) or VAG [(Nb+Y)/Rb], but the
distinct grouping of each of the rock types is evident. The
lowest values of the Cista granodiorite of all types involved,
apparently suggest its derivation from a high-fractionated
and HFSE-depleted mantle (or lower crust) source of cu-
mulate character. The plot of muscovite granite with tour-
maline praves (similar to the other diagrams) its relatively

Table 4. Distribution of REE, Ta and Hf contents in heavy-mineral fractions of fenites s.1. from the vicinity of Hirky

Rock group La Ce Nd Sm Eu Gd Yb Hi Ta
minerals [ppm] [ppm] {ppm] [ppm] [ppm] (ppm] [ppm] [ppm] [ppm]
nepheline syenite 2133 3 459 5 459 186 15 50 656 13 958 50

al, pc, zr, af, px, € b.L b.f. h.T. h.f., b.L, L ht. h.f. h.L
syenite fenite 12 620 27 768 19327 1918 172 760 1141 8 551 376
al, pc, zr, af, px, ph, & b.f. h.f. h.tf. b.f. b.L. LL. h.f. h.f. b.I.
albitite fenites 5 446 5 850 3 288 303 21 14 1274 13902 222
al, pc, zr, af, mz, & LL. £, L. L. Lf. I.L h.f. h.f. b.L |
wltramylonite fenite 2670 6 038 2 346 4 30 260 728 12 969 260
al, pc, zr, af, ph, mz, ¢ LE, L.£. LI L£. Lf. h.f. h.f. h.f. h.f.
granodiorite porphyrite 1 958 2 963 1169 177 22 103 136 1074 142
al, pc, zr, mz, ¢ b.L. LE. b.f. LE. LI LL h.f. h.L. h.f.

Minerals as likely concentrators are as follows: af - arfvedsonite, al - allanite, € - eudialyte, mz - monazite, pc ~ pyrochlore, ph - phlogopite,

px — pyroxene {acgiring-augite), zr — zircon, LE - light fraction, h.£. - heavy fraction, b.f. — both fraction.
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independent source, Syenitic fenites and zircon -rich biotite
(phlogopite) ultramylonites both exhibit features of A-type
granites and in the diagram (Fig. 16b) both plot into the
WPG-field. High Nb, Y and Rb as well as Zr+REE con-
tents together with higher amount of alkalies (Na»K pre-
dominance) are assumed to be derived from UP-mantle
partial melts enriched in HFSE. The alkali-rich melts are
suggested to be derived from primary magmas occurring
along the assumed 15% partial melting line.

The values of (Nb+ Y)/Rb (Fig. 16b) of both the Tis and
Petrohrad (Jesenice) granite types plot into the VAG-field.
The relative abundance of Rb, could imply the selective
additional introduction of Rb (probably from subduction
components introduced into the upper mantle/lower-crust
region). The crustal source could be quartz diorites and
graywackes and its melting yields high Rb-magmas. The
theoretical magma derivation from the substratum of gray-
wacke composition (with minor metabasalt/quartz diorite
lenses) seems to be in a good agreement with Rb-contents
of both the source rocks and granites of the Cisti-Jesenice
pluton,

The post-collision granites plot into the VAG-field of the
diagram. Granites of the Cistd-Jesenice pluton plot into the
VAG-field and this fact corresponds with a probable me-
chanism of the intrusion event, i.e., pulsing introduction of
magma masses into the postorogenic environment of very
low metamorphosed rock sequences of the Tepla-Barran-
dian Late Proterozoic in the period of Early Paleozoic,
most likely in Late Cambrian or Early Ordovician {c.f.
granite intrusion into the Bechlin diorite body, Be-1 bore-
hole, Chab 1968, 1975).

3.3. Ree distribution in fenites and feldspathized rocks

The regional geochemistry project {(Cadkové et al. 1984)
and the latest structural borehole H-28, (Kopecky Jr. 1990)
have yielded the complete REE values for all fenitized
rocks.

REE, Th, U, Hf and Ta contents were also determined
from mineral (both heavy and light) fractions of ferites and
feldspathized rocks and relative volumes of individual min-
erals were assessed (Hoffman and Trdlicka 1988).

Individual minerals were determined by RTG-methods,
In Tab. 4, likely REE-concentrators in mineral fractions are
given:

The prevailing amount of an individual element is bound
either in the light fraction (1.1.) or in the heavy fraction (h.f.)
or the element is equally distributed in both fractions (b.f.).

La, Ce and Nd are mainly concentrated in allanite and in
the phlogopite-rich bands of arfvedsonite fenites. Arfved-
sonite, aegirine-augite and phlogopite in biotite-phlo-
gopite ultramylonitic fenites seem to be the main mineral-
concentrators of Gd and Eu. Pyrochlore is the only min-
eral-concentrator of Ta. Hf (as weil as Th, Zr and U) is
exclusively contained in zircon and monazite; Yb concen-
trates in monazite and sudialyte.

According to bulk analyses of fenitized rocks the
LREE/HREE ratios increases in the final stage of fenitiza-
tion, The maximum bulk contents of REE (reaching

1770 ppm) are in aegirine-cancrinite and nepheline syeni-
tic fenites and in hornblende-biotite uitramylonitic fenites.
LREE/HREE ratio in albitites and fenites of the Cistd
massif and those in ijolite-carbonatite complexes are analo-
gous, The enrichment in LREE is characteristic for the late
stage of ijolite-derived metasomatism, i.e. for the highly
differentiated melts enriched in volatiles. High contents of
REE were also found in the fenitized stripes of (pre-fenitic)
dykes of granodiorite porphyrites.

3.4, C and O isotopic composition of fenites

Isotopic compositions of carbon and oxygen in biotite-
phlogopite-carbonate streaks of fenites and younger car-
bonate veinlets in fenites were reported by Kopecky et al.
{1987): "In the biotite-rich sivitic types of fenites that
originate in the ultramylonite zone there are syngenetic
streaks of white coarse grained carbonate paraliel to the
foliation of the rock and containing larger crystals of bi-
otite, molybdenite, apatite, titanite, allanite and arfved-
sonite. The studied carbonates from fenites and feldspa-
thized granodiorite form four basic genetic groups: 1) syn-
genetic streaks, 2) metasomatic impregnations, 3) dyke
breccias and 4) join veinlets. In conformity with the results
of petrographic study, assumed origin and isotopic compo-
sition, nine genetic groups of carbonates can be distin-
guished”.

The great variability of 8 '*O and & C values even within
a single mineralogical type testifies to highly variable con-
ditions of dissclving CO; and HCO™ in water. With the
exception of one sample from borehole H-26, the isotopic
composition of carbonates belongs neither to primary ig-
neous carbonatites, nor intrusive association carbonatites
or near-surface association carbonatites,

Closest to the C and O isotopic composition of primary
igneous carbonates are syngenetic carbonate streaks in
biotite-rich sdvitic syenite fenites. The brecciated carbon-
ate streaks and patches mineralized by sulfides in the feld-
spathized granodiorite on the radial faults of the Cista
structure, have composition close to intrusive association
carbonatites, corresponding to later stage low-temperature
carbonatite dykes from ijolite-carbonatite complexes (Ko-
pecky et al. 1987).

4. The ore potential of the pluton

According to archive documents, the oldest exploration
works were carried out on Au and Ag ores near the village
of Hiirky, strating in the 16th century.

The objects of occasional exploration were mostly hy-
drothermal quartz veins with base metal ores. Kratochvil
(1958) mentioned several locations of base metal minerali-
zations of Ag-bearing galena, Au-bearing pyrite, arseno-
pyrite, sphalerite and rarely molybdenite (formerly "bour-
nonite®), mostly in quartz veins described from several
localities.

More recently exploration of ore mineralizations in the
vicinity of the (fvisté granodiorite massif was carried out by
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Klominsky {1962). He described these deposits as belong-
ing to an Au-Fe-quartz formation type with quartz veins
bearing pyrite, molybdenite, sphalerite, galena and also a
new Bi-Pb mineral - heyrovskite with the empirical formula
Pbass{Ag,Cu)p.azBizsoSecs (Klominsky et al, 1971).

Klominsky {1962) deseribed occurrences of quartz veins
with molybdenite, pyrite and galena mineralizations near
the village of Libyné, a quartz vein mineralization with
pyrite, and heyrovskite near the village of Kralovice, a
disseminated sulfide mineralization NW of the village of
Kralovice and a vein, barite mineralization near the village
of Otéveky.

All these occurrences and formerly mined deposits are
penetically associated with the final stage of the Variscan
magmatism in this region (Klominsky 1962) .

The most recent investigation of the ore bearing poten-
tial in the vicinity of the Cistd massif was carried out by
Kopecky (1982, 1983, 1985). A sulphidic molybdenite min-
eralization was found, spatially and genetically connected
with alkaline metasomatism. As seen in the molybdenite
disseminated ores are closely related to the final stage of
MNa-fenitization. Molybdenite replaces mostly arfvedsonite
and biotite. The richest molybdenite accumuiations are In
the biotite-rich bands of biotite ultramylonites.

Kopecky (1982, 1983) calculated for the sector "Hurky-
north 1“ reserves of 6.278 Mt of 0,1 % Mo-ores and for the
sector "Harky-center” a quantity of 5.0 Mt of 0.15 %
Mo-ores. To the molybdenite mineralization the highest
contents of Zr (up to 0.2 %) as well as REE, Nb, Ta, Y are
closely related (the four last mentioned components occur
exclusively in ultramylonites and rheomorphic syenites).

Crystalochemical studies on the position of Re (Te, Se)
in molybdenite from fenites were carried out by Dribek et
al. (198%a, 1989b, 1993). Very low contents of Re (1 to 4
ppm), Te (3 to 27 ppm) and Se (48 to 52 ppm) were found.
Re, Te and Se isomorphously replaced Mo and 5, respec-
tively, These low contents indicate homogeneous (isomor-
phic) distribution of Re in the crystal iattice of molybdenite.
The & ™S values in MoS; obtained from fenites (from -0,7
"l up to +0,5 “/) are very homogeneous and according to
Hladikova (in Drabek et al, 1989a) indicate a deep (upper
mantle/lower crust) source of molybdenite sulphur.

New evaluations of the ore potential of Mo-ores (Chrt
and Jurak, 1990} arrived at higher reserves without eco-
nomic rentability. The Mo-mineralization is inhomogene-
ous and Mo-enriched segments form spatially isolated cy-
lindric bodies. The accompanying components {i.e. Zr,
REE,Y) are present in an unfavorable form and scarcely
can ameliorate economic rentability,

Kopecky (1985) described some other mineralizations,
which are genetically connected with the carbonatite-ijolite
metasomatism;

A Pb-Zn-Cu sulfide mineralization of highly differenti-
ated carbonatite source, later in succession, was found in
borehole H-25 in the albitized and feldspathized biotite
granodiorite E of the village of Hirky (Kopecky and Dri-
bek 1983, Dribek 1983).

A uraninite vein mineralization was found in the bore-
hole H-25 (202.3-202.45m)} in a veinlet together with cal-
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cite, sphalerite, chalcopyrite and galena in mylonitized and
hydrothermally altercd granite and aplite (Kopecky 1983).
This mineralization is localized on the radial Hirky fault.
Quartz and bictite are replaced by albite, K-feldspar and
sericite (and/or calcite).

5. Discussion and concluslons

The Cista-Jesenice pluton, exposed as several seemingly
isotated bodies, continues below the platform cover (Upper
Cretaceous, Upper Carboniferous and Permian) to the NE
and in the vicinity of Roudnice n. L.-Bechlin plunges into
the Upper Proterozoic basement. The extent of the pre-
Carboniferous outcrops of the Cista-Jesenice pluton is
estimated to be 1000 km?, The pluton is monotonous in
composition, formed by biotite (+/- hornblende) granite to
adamelite, could be subdivided into 2-3 subtypes.

The body intruded into slightly to medium metamor-
phosed Upper Proterozoic sediments of an asymetrically
anticlinorial structure with a slightly inclined 5E-limb. The
fold axis plunges moderately to NE and consequently the
outcropped part of the pluton represents its apical part. Its
shape, inferred from gravitational pattern as well as from
boreholes is assumed to be that of a flatted body with
vertical extent of 2-3 km, most likely an asymmetrical
ethmolite {Klominsky 1965) with root zone situated SE-E-
wards (Fig. 3}.

[n paleogeographical interpretations of the Central Bo-
hemian region a continental "dry land” character 15 as-
sumed for the period of Middle Devonian (Givet) to Late
Carboniferous (Westphalian B/C) when the first continen-
tal {fresh water) sediments transgressed from NE toward
SW. Consequently, for a long period of time (65 Ma) no
sedimentation was documented in this region. According
to Holub et al. (1991) the absence of sediments in this
period may have two reasons:

(1) No material sedimented in this period, or
(2) Rare and discontinuous sedimentary cover was remo-
ved soon after deposition.

The hiatus was probably caused by Variscan orogenesis.
The Late Carboniferous sedimentation is interpreted as a
postorogenic molasse sequence.

The Cist4-Jesenice-(Louny-Martinéves) pluton {(empla-
ced most likely during Late Cambrian), must have been
exposed very rapidly by erosion during Late Paleozoic. In
Late Carboniferous (Westphalian B/C), the first platform
molasse sediments transgressed towards SW after the ter-
mination of Variscan events. In this period humid climate
prevailed and the occurrences of abundant Late Carbonit-
erous arcose sediments resulted from erosion of long ex-
posed parts of the pluton.

For explanation of the geochemical and space variability
of the Cistd-Jesenice pluton five principal stages in its
development are suggested:

(1) Emplacement of the pluton {in Late Cambrian)

(2) Intrusion of the Cistd granodiorite with associated dyke
swarms {in Late Silurian in a chain of events closing the
Barrandian Paleozoic Basin)



(3) Alkaline metasomatism s.l. and Mo-Zr mineralization
(in Late Devonian or Early Carboniferous ?)

{4) Intrusion of post-fenite dyke rocks

{(3) Hydrothermal vein mineralizations (most probably
Late Variscan and/or post-Variscan),

It is evident that during Early Carboniferous the pluton
rose from the surrounding landscape as a mountain range
and possibly as an island separating the evolving Late
Carboniferous sedimentary basin into two segments,

The intrusion of the Cista-Jesenice pluton occurred wit-
hin a contemporaneous extension of the surrounding rock
environment and along a pull-apart opening segment of the
Barrandian Upper Proterozoic. As the tectonic precursor
we propose a WSW-ENE-running shear zone which was
probably reactivated by some Early Paleozoic event,

The intrusion could have continued subsequently step by
step (without magmatic assimilation of mantle rocks) into
the folded, subsequently opening anticlinorial structure
(Brun et al, 1990).

As seen in boreholes Be-1 (Bechlin) and Mt-1 {Marti-
néves) during consolidation granites registered a weak re-
gional deformation event. The final shape, a flattened
ethmolite, resulted from both the anticlinorial opening and
an oriented stress field during emplacement.

The Cista granodiorite body geochemically differs from
other granitic rocks of the Cistd-Jesenice pluton. The Cista
granodiorite evolved in a different tectonic regime. The
strong negative gravitational anomaly partly shifted NE-
wards has been interpreted as a NE-inclined cylindric stock
body plunging beneath and parallel with the bottom of the
already existing granite pluton (Klominsky 1961b). The
massif has some features of granitoids derived from source
“contaminated” by Upper Mantle material.

Excellent dimensional orientation of magnetite in the
Cistd granodiorite body is evidenced by a high degree of
anisotropy of magnetite and by preferred orientation of
biotite [caves and lensoidal aggregates of light minerals.
These features reflect the structure of marginal portion of
the body which had been formed carlier. This pattern of
magmatic anisotropy was interpreted as an effect of com-
bination of both shear and pure shear deformation in the
penetrating and solidifying granitoid mass (Chlupadovi et
al. 1975).

In the most-recent structural study (Schulmann et al.
1992) the marginal structural features are interpreted as
magmatic foliation parallel to the shape of the stock result-
ing from intense deformation under conditions of sub-
solidus. This conclusion corroborates earlier interpreta-
tions of Chlupacova et al. (1973) concerning foliation of
magnetite aggregates. This preferred orientation is best
developed at the E-margin of the Cisti granodiorite body.
The most intense deformation is concentrated into the
NE-SW trending shear zone, which is assumed to be a
sinistral strike slip comprising a component of normal fault.
The polyphase emplacement of the Cist4 granodiorite body
was most probably made possible by an extensional move-
ment along this shear zone.

The geochemical properties together with the geophysi-
cal and structural characteristics of the Cistd granodiorite

reflect deep-seated (mantle derived 7) magmatic source.
The rock chemistry also represents a low differentiated
source {Rb > Sr). The positive Eu-anomaly indicates feld-
spars of the cumulate origin.

The NE-SW trending shear zone along the SE-margin of
the pluton spatially relates to a similar structure recently
described from the borehole Mt-1 near Martinéves (Ko-
pecky 1993). Both mylonitization and fenitization of biotite
granite of the Tis type are introduced by a cataclasis of
mineral grains and newly-formed biotite, alkali amphibole
(arfvedsonite), partly depleted and recrystallized quartz
and newly-formed abundant zircon and apatite.

This newly described occurrence of alkaline metasoma-
tosis in borehole Mt-1 represents a slightly more developed
equivalent of Na and K fenitization known from the vicinity
of the village Hirky.

A similar phenomenon was described on fenite xenoliths
(together with alkaline syenites and sévites) from the Ter-
tiary diatreme of the Ko&fal Hill near Litoméfice (Kopecky
1967; the first such occurence in the Bohemian Massif).

Aside from the above discussed characteristics of the
Cista-Jesenice pluton, unambiguous temporal and genetic
relations among individual rock types and intrusive bodies
remain unsolved. Due to the lack of more reliable isotopic
(Rb/Sr ete.), geochemical (from the covered part of the
pluton) and mineralogical data further genetic interpreta-
tions are scarcelly possible.

Acknowledgments

The authors would like to express their sincerest thanks fo Associated
Professor I Ulrnyeh (Charles University, Prague), Ing V. Skvor and Dr L.
Kopecky for a critical review of this paper and for numerous fruitful
discussion. Our special thank belongs to D K. Zdk, Dr M. Novik and
O K. Breiter (Crech Geological Survey) for their comments and careful
editing of the English version of this manuseript.

Recommended for print by 1. Ulrech
Transtated by the authors

References

ANFT, A, (1983} Gamma spectrometry measuring at the Hirky local-
ity. — MS GPUP, Liberec. {in Czech)

ANFT, A, - KRIATIAK, ], (1982): Gamma spectrometry measuring at
the Hirky locality, - MS Geofond, Praha. (in Czech)

BARTOSEK, J. - CHLUPACOVA, M. - KaSmriec, 1. - MASEK, J. - ZEMCT-
Kova, I. (1980): Application of petrophysics in economic geol-
ogy. — MS Geolfond, Praha. (in Czech)

BARTOSEK, I. - CHLUPACOVA, M. - Stoviékova, N, (1969): Petroge-
nesis and structural position of small granitoid intrusion in the
aspect of petrophysical data. - Sbor, geol. VEéd, uzita Geolyz., 8,
37-68. Praha.

BATCHELOR, R. A, - Bowber, P. (1983): Petrogenetic interprelation
of granitoid rock seres using multicationic parametres, — Chem.
Geol., 48, 43-55. Amsterdam.

Benes, K. (1974): Distribution of granitoid bodies in the Bohemian
Massif and their relationship to fold and fracture tectonics. -
Krystalinikum 10, 31-3%, Praha.

BraZex, Jet al. (1993); Guultlgicq] map 1 : 50 000 of the sheet 12--14
{Rakovnik). - MS Archiv CGU, Praha.

Brun, I, P. - Garus, D. - CoGNE, ). P. - LEDRU, P. - VIGNERESSE, 1. L.
(1990): The Flamanville granite (NW France): an unequivocal
example of a syntectonically expanding pluton. — J. Geol., 25,
271-286. Clarendon Press. Oxford.

123



CADKOVA, Z. - HakovA, M. - JAXeS, P (1984): Katalog analys regio-
nélni geochemické sité, — MS Archiv CGU, Praha.

Cercnanovi, B. (1958): Magnetic measuring in the Kladno-Rakov-
nik basin. - MS Geofond, Praha. {in Czech).

Dongs, M. - PoLansky, 1. (1967): Kladno-Rakovnik basin, Reinter-
pretation of geophysical results, - MS Inst. Applied Geophys.,
Praha. (in Czech).

DRABEK, M. (1983): Mineralogical and geochemical research on the
molybdenite of the Bohemian Massif. - MS UUG, Praha. {in
Czech).

DRrRABEK, M. - HLaDikOVA, J. - KvaCeg, M. (1989a): Trace elements
and isotopic compaosition of sulphur of the molybdenites of the
Bohemian Massif. = MS CGU, Peaha. (in Czech).

DaApex, M. - Kvater, M. - KORECKOVA, 1. - WEIss, D, (1989%): Tel-
lurium contents in the molybdenites of the Bohemian Massif. -
Vitst, Ust?, Ust. geol., 64, 43-46, Praha.

DrApeg, M. - DrADkovA, E. - Kvadeg, M. (1993): Distribution of
rhenium, tungsten and selenium in molybdenites of the Bohemian
Massif, — V&st, Ces. peol. Ust., 68, 11~17. Praha.

Epy, G. N. {1990} The A-lype granitiods: A review of their occurence
and chemical characteristics and speculation on their petrogene-
sis, — Lithos, 26, 115-134. Amsterdam.

FEDiuk, F. {1993): The report of geclogical investigations in the
north-western part of the Cistd-Jesenice massif. — Zpr. geol. Vyzk,
v Roce 1992, Praha. {in Czech).

GroJEE, . - LEIskovA, L. - OpsTrova, V (1982): Airborne magneto-
metry and gamma spectrometry of the Cisté-Jesenice massif and
the eastern part of the Dyje massif. - MS Geofond, Praba. (in
Czech).

Horrvan, V. - TRoLCKA, Z. (1988): The assesement of contents of
REE, Th, U, Hf and Ta in heavy minerals fraction from fenite
rocks of the Hiirky locality near Cist. - MS UNS, Kutna Hora.
{(in Czech).

HowLun, V. - PESEK, 1. - SkoCex, V. (1991): Morfology and the charac-
ter of basement of Carboniferous and the source arcas of the
Central Bohemian region in the period of Upper Devonian up to
Westphal B. — Sbor. IV. Uhelné geol. konf,, Pir. fak., 3543, Praha.
{in Czech).

Hroupa, F. - CHLUPACOVA, M. - REn, L. (1971} The mimetic fabric
of magnetite in some foliated granodiorites as indicated by mag-
netic anisotropy. — Earth planet. Sci. Lett., 11, 381-384. Amster-
dam.

~  {1972): Changes in the magnetite contents and magnetite fabric
during fenitization, as investigated by petromagnetic methods. -
Neu, Jh, Mineral,, Abh., 117, 61-T2. Stutigart.

CiAg, J. (1968): Be-1 borchole. The intrusive rocks in the Permocar-
boniferous basement, In V. Prouza et al: Be-1 borehole.— MS
CGU, Praha. (in Czech),

—  {1975):The intrusive rocks of the structural borehole Bechlin by
Roudnice n. L. - Sbor. geol. Véd, Geol,, 27, 55-78. Praha. (in
Czech).

CHLuPACOVA, M. (1970): Petrophysical grupt:rtics of the Tis granile
from north-western Bohemia. - Cas. Mineral, Geol., 15, 3,
193-216. Praha,

- (1987);. Geophysical features of the Cistd ring structure. - In
Kopecky sen. {ed.): Proc. First Seminar on Carbonatities and
Alkaline Rocks of the Bohemian Massif and Ambient Regions.
59-85., Geological Survey, Prague.

CHLUPACOVA, M. - STovickovA, N. (1971): Petrophysical characte-
ristics of JK-1 drill hole rocks in the Cistd massif region. — MS,
Geofond, Praha, {in Czech).

CHLUPACOVA, M. - Hroupa, F. - REmL, L. (1973): The [abric, genesis
and relative-age of the granitic rocks of the Cistd-Jesenice massif
{Czechoslovakia), as studied by magnetic anizotropy. — Gerlands.
Beitr. Geophys,, 84. Leipzig.

CHET, J. et al. (1985): Barite resources cvaluation at Hirky locality.
— MS archiv CGU. Praha. (in Czech).

CHET, J. - JurAk, L. (1990): The results of the molybdenite investiga-
tion near the village of Hirky. — Geol. Priizk., 4. Praha. (in Czech).

CHUDACEK, S. - KrsovA, M. - CHLUPACOVA, M. - BERNARDOVA, M.

124

MARESOVA, Z. (1983} Petrophysical characteristic of the fenitization
zone {bearing Mo mineralization) in the Cistd massil (central
Bohemia). - Sbor. Geol Véd, uZiti Geofyz., 18., 105-133.
Praha.

[srMAIER, J. (Bd.) (1965): Gravity map of CSSR. Map of total Bou-
guer anomalics 1 : 200 D00, sheets M-33-X1V Teplice, M-33-AX
Plze#. — Ustf. ust. geol. Praha.

JELEN, M. - Rackovi, H. (1972} Geophysical investigation of alka-
line igneous rocks of the Bohemian Massif. Hirky locality. — MS§,
Geofond, Praha. {in Czech]).

KLominsky, 1. (1960): The report of geological mapping of the Cistd
massif, ~ Zpr. geol. Vyzk. v Roce 1959, Praha. (in Czech).

—  (1961a): The finding of alkali-syenite rocks with cancrinite in the
Cistd massif. — Vést. Usté. Ust. geol., 36, 335-356. Praha. (in
Czech).

- (1961b): The éﬂﬂlﬂgiﬁﬂ interpretation of geophysical measure-
ments of the Cistd massif. - Geol. Prizk., 6., 34]1-342, Praha. (in
Czech).

—  {1962): The hydrothermal mineralization of the Cistd massif
{Western Bohemia). — Acta Univ. Carol,, Geol., 159-176. Praha.
(in Czech).

~  {1963): The geology of the Cistd massif. - Sbor, geol. Véd, Geol.,
3, 7-29, Praha. {in Czech),

- {1965} The Pre-Carboniferous basement. In: Deep borehole
VL - 1, Vrbno nad Lesy. — M5, Geofond, Praha. (in Czech).

—  (1966): The report of geological mapping of the W-part of the

ista-Jesenice pluton. — Zpr. geol, Vyzk. v Roce 1965, Praha. (in
Czech).

KiLominsky, I. - Dupex, A, {1978): The plutonic geology of the Bo-
hemian Massif and its problems. - Shor, geol. Vég, Geol, 31,
47-69. Praha,

Kiomifnsky, I - Rieper, M. - Kirr, C. - MrAz, L. {1971); Heyrov-
skyite, 6]PbossBinoa{ Ag.Cu)one].(5.BiaSs) from Hiirky, Czecho-
slovakia, a new mineral of penctic interest. — Mineraliuvm Depos.,
6, 133-147. Berlin.

KLOMINSKY, J. - SaTTRAN, V. {(1963): The Permocarboniferous base-
ment in the vicinity W of Labe river. - Sbor. geol. Véd, Geol., 9,
109177, Praha.

Korecky, L. Sr. (1969): The finding of fenitization near Hirky in the
Cistd granodiorite massil, - Vst Usti. Ust. geol., 44, 301-305,
Praha. {in Czech).

- (1971a): Carbonatites - prognoses STD of the resources potential,
- MS, UNS, Kutnd Hora. (in Czech).

— {1971b): Relation between fenitization, alkaline magmatism, ba-
ryte-fluorite mineralization and deep-fauit tectonic in the Bohe-
mian Massif. - Upper Mantle Project Programme in Czechoslo-
vakia 1962-197). - Geological Survey 10. Prague,

~  (1982): The finding report of the Mo-deposit in the Cistd massif.
{ The siluation stage Lo the date 18, 06, 1971). - M3 CGU, Praha.
{in Czech).

—  (1983): The finding report of the uraninite mineralization (UO2)
in the Cista massif. - MS CGU, Praha. (in Czech).

—  {19835): The report of the investigation of Mo-Zr minecralization
of the Cisti-Jesenice massif. - MS Archiv Ces. geol. (st., Praha,
{in Czech).

—  (1987): The Cista ring structure, Czechoslovakia. — In: Kopecky,
L. Sr. Ed.: Proc, First Seminar on Carbonatites and Alkaline rock
of the Bohemian Massif and ambient regions. - Geol. Survey,
Prague.

Korecky, L. Sr. - DOBES, M. - FiaLa, J. - Stovickova, N. (1970): Fe-
nites of the Bohemian Massif and relation between fenitization,
alkaline volcanism and deep fault tectonics. — Sbor. geol. VEd.,
Geol., 16, 51-112. Praha.

KoPECKY, L. Sr. - DrADEK, M. (1983): The finding of U and Pb-Zn-
Cu-ore mineralization in the Cistd massil. - Geol. Prizk., 28, 8-9.
Praha. (in Czech).

KoPECKY, L. Sr. - SMEIKAL, V. - HLADIKOVA, T, {1987): Isotopic com-
position and origin of carbonatites in atkaline - metasomatic and
cognate rocks of the Bohemian massif, Czechoslovakia. In: L.
Kopecky Sr. Ed.: Proc. of the First Seminar on Carbonatites and



Alkaline Rocks of the Bohemian Massif and Ambient Regions.
177-196. Geol. Survey, Prague.

KRorecky, L. Sr. (Ed.) (1987): Proceedings of the First Seminar on
Carbonatites and Alkaline Rocks of the Bohemian Massif and
ambient Regions. - Geol. Survey, Prague. 196 pp.

KROPECKY, L. Jr. (1990): The report of investigation on the borehole
H-28. - MS Czech geol. Survey. Prague. (in Czech).

= (1991): Distribution of the REE in fenites and feldspathized rocks
from the H-28 borehole in the Cista ring structure (W, Bohemia).
- Abstracts, §, C, E, A. V. R., Charles University. Praguc.

KratocHviL, J. (1958): Topographical Mineralogy of Bohemia. -
Makl. CSAV, Praha. (in Czech).

KRreUZER, H. et al. {1991): Ar/Ar confirmance of cambrian, early de-
vonian and middic carboniferous events in tectonic unites an
western margin of the Bohemian Massif. - Z. Geol. Pal, [, 1/2
Stutigari.

KRS, M, - PETRAK, P (1983): Investigation of disseminated sulphides
in central Bohemia: Case histories and geophysical technigues. -
Sbor. geol. Véd,, uzitd Geofyz., 18, 79-103. Praha, {in Czech).

LE Bas, M. 1. (1977): Carbonatite-nepheline volcanism, — J. Willey &
Sons. London. 347 pp.

LEpvINkOVA, D. (1986); Petrography of the plutonitic racks from the
Mt-1 borehole. In: V. Prouza et al. (1986): Investigation of the
Carboniferous coal resources in the Creataceous basement. — MS
CGU, Praha. (in Czech).

OrLOV, A. (1932): Petrography of the Cistd-Jesenice granite massif, -
Vést. Kril. Ces. spoled. Nauk.,, Tf. mat.-pfirodovéd., 2, 2-29.
Praha. {in Czech).

PEARCE, J. A. - HARrIS, N. B. W - TinpLe, A. G. (1984): Trace ele-
ment discrimination diagrams for the tectonic interpretation of
granitic rocks. — J. Petrology, 25, 956-983. Oxford.

Poransky, I. - Doses, 1, (1957): The gravimetry investigation on
Kladno-Rakovnik coal basin. - MS CGU, Praha. (in Czech).
ROHLICH, V. - Stovickova, N. (1968): Decp structures of the Bohe-

mian Massif, - Viést, Usti. Ust. geol. Praha, (in Czech).

SATTRAN, V. (1981): Relation between plutonism and metallogeny, -
RENDICITI SIMP, 38, 53-63. Cagliari.

SATTRAN, V. - KLominsky, J. (1970} Petrometallogenetic series of ig-

neous rocks and endogenous ore depositsin the Czechoslovak part
of the Bohemian Massif. — Sbor, geol. Véd,, loZisk, Geol. Mineral.,
12., 65-154. Praha.

ScHULMANN, K. - VeNERA, Z. (1992): Structural study of the Cisté
massif. - Proc. Ann. Rep, Inv. Struct. Basement Bohemian Massif,
Prague.

SMETANA, V. (1927): Report of mapping on the sheet Podbofany -
Rakovnik in 1927 in the Zihle vicinity. - Shor. St. geal. Ust., odd.
Geol., 7, 47-51. Praha. (in Czech).

SORENSEN, H. Ep. (1977): The Alkaline Rocks. - J. Willey & Sons.
London. 622 pp.

STRECKEISEN, A, - LE MAITRE, R. W. (1979): A chemical approxima-
tion to the modal QAPF classification of the igeneous rocks. - Neu
Jb. Mineral., Abh., 1976, 1, 15-17. Stuttgart.

SvOBODA, J. (Ed.) (1966): Regional Geology of Czechoslovakia. Part
1.: The Bohemian Massif. — Ces. geol. tist. Praha,

SKVOR, V. et al. (1990): Geological structure of the Bohemian massif,
In: I.LH. Bemard (Ed.): The deep metallogenctical investigation
of the Bohemian massif. - MS CGU, Praha. {in Czech).

SkvoRr, V- KLoMinsky, 1. (1990) The plutons of the Bohemian Mas-
sif. In 1. H. Bernard (Ed.): The deep metallogenetical investigation
of the Bohemian Massif. - MS CGU, Praha. (in Czech).

SMEIKAL, V. (1968): The Be-1, borehole. K-Ar analyses of the intru-
sive bodies from the Permocarboniferous basement. - MS CGU,
Praha. (in Czech).

SMEJKAL, V. - VEINAR, Z. (1965); Zur Frage des pracvaristischen Al-
ters einiger Granitoide des Bédmischen Masse. - Geochemie
v Ceskoslovensku. Sbornik praci 1. geochemické konference
v Ostrave, 1965,

Urrycn, I, (1978): Magnesioarfvedsonite from fenites near Hirky in
the Cistd massif. (W Bohemia). — Cas. Mineral. Geol., 23, 67-70,
Praha.

VAR, Z. (1967): Petrogenesis correlations and metallogeny of
some West-Bohemian granitoid bodies. — Vést. Ustf. Ust. geol.,
42, 41-53, Praha. {in Czech).

WHALEN, 1. B. - CURRIE, K. L. - CareeLL, B. W (1987): A-type gra-
nites: geochemical charactenistics, discrimination and petrogene-
sis. = Contr. Mineral. Petrology, 95, 407-419. Berlin.

Cistecku-jesenickf pluton v zdpadnich Cechéch:
geochemie, geologie, petrofyzika a rudni potencial

{Resterred anglickeho fexiu)

LusoMirR KOPECKY, J1. - MARTA CHLUPACOVA - JTOSEF KLOMINSKY - ADOLF SOKOL

Predlozeno 24. éervna 1994

Cistecko-jesenicky pluton se vyskytuje jako oviiné protaZené téleso v tepelsko-barrandienském krystaliniku {bohemiku)
Ceského masivu. Je pfevaZné pouze z granitu tiského typu, ktery intrudoval do oteviené antiklinoridlni struktury hornin
svrchniho proterozoika, a to nejspiSe koncem kambria nebo zaddtkem ordoviku a vytvofil tak zplodtély ethmolit.

Nejspide béhem devonu byl tento granit pfi svém jv. okraji proniknut pném ¢&isteckého granodioritu a rojem Zilnych
hornin, které jsou prostorové témérf vyludné vizdny na ckoli grancdioritové intruze. V obdobi devonu a svrchniho karbonu
byl pluton postupné obnaZen a jako horsky hibet zpodatku éisteéné rozdéloval formujici se svrchnokarbonskou kladen-
sko-rakovnickou pinev. Celd oblast plutonu byla vystavena silnému vétrini a odnosu horninového materidlu.

Patrné zacitkem karbonu byla kontaktni zéna mezi kruhovou intruzi granodioritu &isteckého pné a stardi intruzi
Cisteckého granitu dreena a mylonitizovana a postiZena procesem fenitizace — Na-alkalické metasomatSzy — za vzniku
souboru fenitl a reomorfnich syenitovych fenitdi a alkalického kankrinit-nefelinického syenitu. § tfmto procesem, prozatim
téméf ojedinélym v Ceském masivu, je spojen celkem unikatni vyskyt molybdenitové a zirkonové mineralizace spolu
s vysokymi obsahy prvki lehkych vziacnych zemin,

Ve westfalu C a D postupuje nova platformnf panevni sedimentace, jejiZ produkty zakryly pfevdZnou &ast plutonu. Na
dnesni povrch tak pluton vystupuje jako nékolik izolovanych téles (tiské, jesenicko-ordgovské, petrohradské a distecké).

Obe télesa — jak hlavni ethmolitickd intruze Zuly tiského typu, tak peii ¢isteckého granodioritu - se vzajemné li§f jak
svymi geofyzikdlnimi projevy, tak i strukturnimi a geochemickymi charakteristikami.
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Vysviitiivicy k obrdzkom

1. Pfehledné skica geologické situace vychozovych partil Cistecko-je-
senického plutonu zkompilovand podle geologickych map Klomin-
ského (1966), Kopeckého st. (1987), Fediuka (1993} a BlaZka a kol.
(1993). Nézvy jednotlivich granitovych téles (Zisla v krouZku):
| - orafovské: 2 - tiské; 3 — jescnické;, 4 - Cistecky granodiornit,
muskoviticky granit télesa "Cernd koka". Horninové typy: 1 - fylity a
metadroby stfedodeského svrehnfho proterozoika; 2 — metabazalty;
3 - biotiticky granit liského typu; 4 — biotiticky granodiorit Zisteckého
pné; 5 - mylonitové z6ny s fenitizaci s.1.; 6 - turmalinicky muskoviticky
granit typu "Cerni kofka®; 7 — platformni sedimenty svrchniho kar-
bonu a permu; B - zlomy; 9 — petrografické pfechody; 10 - hlavni
antiklinoridlni struktury svrchnoproterozoického krystalinika,

2, Mapa pfedkarbonského podkladu a strukturni pozice distecko-je-
senického plutonu. 1 - fylity a metadroby svrchniho prolerozoika;
2 - metabazalty; 3 - diorit bechlinského télesa; 4 — biotiticky granil
at adamelit Sistecko-jesenického plutonu; 5 — biotiticky granodiorit
gisteckého pné; 6—fenity .1, a mylonitové zény, 7- muskoviticky granit
s turmalinem typu "Cerné kodka®; 8 - zlomy; 9 - hlavalstrukturni vrty,
které pronikly a2 do krystalinika v podledi platformnich (povariskych)
sedimentil (je oznaden horninovy typ a idaj o nadmoiské vylce, tj. kde
byl ve vriu zastifen); 10 - izohypsy nadmoiskych vySek pfedkarbon-
ského reliéfu,

3, Podélny (A-A') a pfitny (B-B") fez pfes pluton, ze kterého vyplyvaji
vziijemné prostorové vztahy mezi intruzivnimi télesy (situace fezi jo
vyznadena na obr, 2). 1 — povarisky platformni sedimentarni pokryv,
2 - zlomy, mylonitizace a s ni spjatd fenitizace s.).; 3 - biotiticky
granodiorit &isteckého pnd; 4 - biotiticky granit Sistecko-jesenického
plutonu; 5 - diorit bechlinského télesa, 6 - fylity a metadroby barran-
dienského svrchniho proterozoika; 7- metabazalty; 8 - svory, pararuly
a ortoruly saxothuringika {na SZ£ od litoméfického zlomu), ¥ - zlomy;
10 = strukturni vriy.

4. Souhrand skica hlavnich granitoidnich téles Ceského masivu (podle
Klominského a Dudka 1978). A - severni zdna prevariskych intru-
zivnich komplexi; B - plutonické horniny bloku moravika. 1 - grani-
tické masivy Smréin a Krudnych hor; 2 - luzicky pluton (granitoidové
masivy Krkonod, Jizerskych hor a Lufickych hor); 3 - fistecko-je-
senicky pluton; 4 - stfedodesky pluton; 5 — nasavrcko-skutedsky pluton;
6 - centrilni moldanubicky pluton.

5. Geologickd situace okoli &isteckého granodioritového pné (podle
Klominského 1966 a Kopeckého st. 1983), 1 — Iylity a metadroby
svrchniho proterozoika; 2 — metabazalty; 3 - biotiticky gramit; 4 - bic-
titicky granodiorit fisteckého pné; 5 — kruhové kuzelove zlomy a zona
fenitizace s fenity 5.1.; 6 —turmalinicky muskoviticky granit typu "Cerna
koéka®; 7 - svrchnokarbonské piskovee a konglomerdty: 8 — radidlni
zlomy Cisteckého pné; 9 - pfechody mezi fenity sl a granitem;
10 - antiklinoridini struktury barrandienského svrchnibo protero-
zoika.

6. Schematicky fez fenitovou zdnou pobliZz obee Hirky (podle Ko-
peckého 1985). 1 - biotiticky granodiorit pné &istecké intruze, 2 - slabl
kataklasticky dreeny a albitizovany biotiticky granodiorit pné Cistecké
intruze; 3 - kataklasticky dreeny biotiticky granit tiského typu IL stadia
fenitizace; 4 — biotiticky granit tiského typu (nemylonitizovany); 5 -
kataklasticky biotiticky granit tiského typu 1. stadia fenitizace; 6 -
biotiticky ultramylonit nejvyEiho stadia fenitizace vznikly z bioti-
tického granitu tiského typu; 7 - zlomy.

7. Obraz magnetické anizotropie €isteckého granodioritu {Chlupa-
fové etal. 1975), Hlavni sméry susceptibility na jednotlivych lokalitach:
1 — maximélni susceptibilita; 2 — stfedni susceptibilita; 3 - minimalni
susceplibilita; velké kruZnice — magneticka foliace,

8. RozloZeni magnetické susceptibility ve fenitech. Leva strana: histo-
gram podle Chudidka et al.{1983). a — fenitlizované granity a ultramy-
lonity IL stupng; b - ¢ - slidnaté fenity a ultramylonity IT1. stupné; d -
albitity. Pravi strana — histogram sestrojeny s pomoci dat Jelena a
Rackové (1972): e - fenitizované granity 1. a II. stupné; £ - slidnaté
fenity a ultramylonity II. stupné; g —slidnaté fenity a ultramylonity I1L
stupné; h — nefelinicke syenity 1V, stupne.

9. Tihovy obraz &istecko-jesenického plutonu (s pouZitim map Bou-
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guerovich anomalii v méfitku 1 : 200 (3 - Ibrmajer et al. 1965). 1 -
proterozoické horniny; 2 - tisky granit; 3 - &istecky granodiorit;
4 = svrchnokarbonské a kfidové sedimenty; 5 - terciérni sedimenty;
6 - terciérni vulkanity; 7 - izolinic g(m.s-2); 8 — piedpokliddany rozsah
tistecko-jesenického plutonu v podlo#i karbonskych sediment( (podle
Klominského 1966} 9 — piedpokladany rozsah plutonu v hloubce
-1300 m pod urovni moiské hladiny (podle Dobede a Polanského
1967).

10. Magneticky obraz ¢istecké struktury a rozloZeni U a Th na povr-
chovych vichozech dle leteckého geolyzikdlntho méfeni (Gnojek et al.
1982). a — mapa AT [nT] anomdlii, méfenych na vyikové hlading 80 m
nad terénem; b - AT anomalic piepodtené na viikovou hladinu 400 m
nad terénem; ¢ - distribuce obsahd U [ppm] ziskané méfenim na
viskové hlading 80 m nad terénem.; d — distribuce obsahd Th [ppm].

11a. Vzdjemné vztahy mezi obsahy Rb a 5rv granitoidech. 1 - grano-
diont Cisteckého pné; 2 - petrohradsky subtyp granitu gisteckého
plutonu; 3 — tisky subtyp granitu Sisteckého plutonu; 4 - fenity s.l.
niziiho stupné fenitizace; 5 - fenity vy3Siho stupné femtizace;
6 — postfeniticky muskoviticky granit typu "Cernd kodka"; 7 - post-
fenitické Zily granodioritovych porfyritd; B - Zily fenitizovanych grano-
dioritovych porfyritd; Y- silné albitizovany granodiorit Sisteckcho pné;
1} - slabé albitizovany granodiorit Sisteckého pné; 11 — aplity {nefeni-
tizované).

11b. Vztahy Rbvs. Zr v granitoidech. 1 —distecky granodiorit; 2~ fenity
s.l. niZéiho stupné fenitizace; 3 - fenity 5.1 vy5iiho stupné fenitizace; 4
— biotiticky ultramylonitovy syenitovy [enit; 3 — nefenitizované Zilnc
hominy; 6 - muskoviticky granit "Cernd kocka" (jv. okraj ¢isteckého
granitu); 7 - postfenitické granodioritové porfyrity; 8 — nefenitizované
aplity; 9 - petrohradsky subtyp granitu; 10 - tisky subtyp grapitu; 11 -
silné albitizovany granodiorit Gisteckého pné; 12 — slabé almtizovany
granodiorit Sisteckého pné; [3 - fenitizované Zily granadioritovych
porfyriti,

i2, Normalizované kfivky REE (podle Nakamury 1974} zprume-
rovanych hodnot jednotlivich horninovyich typd pro:

a — hlavni intruzivni télesa granitoidd distecko-jesenického plutonu:
1 - &stecky granodiorit; 2 — petrohradsky diléi typ granitu; 3 - tisky
diléi typ granitu; 4 — aplity nepostiZend {enitizaci; 5 - postieniticky
muskoviticky gramt {typ "Cernd koCka™);

b - fenity s.1. 2 okoli Hirek: 1 - fenity s.l. niZifho stupné [enitizace;
2 — fenity s.1. vy38iho stupné fenitizace; 3 - ultramylonitové biotitove
fenity; 4 — petrohradsky diléi typ granitu {pfipojen pro porovnani).

¢ — feldspatizované horniny s.1. 2 okoli Hirek: 1 - granodiont &istec-
kého pné (neleldspatizovany), 2 silné albitizovany granodiorit Gistec-
kého pné; 3 - slabé albitizovany granodiorit &isteckého pné;
4 — postfeniticky granodioritovy porfyrit (pfipojen pro porovndni).
d — aplity a fenitizované granodioritové porfyrity z okoli Hirek:
| - aplity; 2 - fenitizované granodicoritové porfyrity.

e — postfeniticky muskoviticky granit ("Cerna kotka") a postfeniticke
granodioritové porfyrity a aplity. Pro porovnéni jsou pfipojeny ddaje
petrohradského dildiho typu granitu: 1 — postfeniticky granit (anal. £.
22); 2 - postfeniticky granodioritovy porfyrit; 3 —aplity; 4 - petrohrad-
sky dliléi typ biotitického granitu,

13. Klasilikace hominovych typl istecko-jesenického plutonu v dia-
gramu Q-ANOR, podle Streckeisena a Le Maitra (1979): Q = 100
Q/(Q + Or + Ab + An); ANOR. = 100 An/(An + Or). 1 - granodiorit
Cisteckého pné; 2 — petrohradsky diléf typ granitu; 3 — tisky dfI&i typ
granitu; 4 — fenity s.1. niZ&fho stupné fenitizace; 5 - fenity s.1. vyBSiho
stupné lenitizace; 6 — postfeniticky muskoviticky granit {"Cernd
kadka*), 7 - Eily postfenitickych granodioritovych porfyritd, 8 - feni-
Hzované granodioritové porfyrity; 9 — silné albitizovany granodioril
disteckého pné; 10 - slab albitizovany granodiorit éisteckého pag; 11
— nefenitizované Zilné horniny (bez rozlideni); 12 - rumbursky grani
luzického plutonu; 13 - biotitové ultramylonitové fenity; 14 - aplity.

14. Diagram R1-R2 de La Roche {podle Batchelora a Bowdena 1985).
R1=48i-11{Na+ K)-2{Fe + Ti}; R2 = 6Ca + 2Mg + Al Jednotliva
pole predstavuji zdrojové oblasti magmatu béhem orogenetického
cyklu (&sla v kroufcich): | —derivity a produkty frakcionace svrchniho
zemského pl43tE; 2 - intruze v obdobf pred kolizf, 3 - intruze v obdobi
po kolizi a po vizdvihu; 4 - intruze v zévéru orogenetického cyklu
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Autoradiogramm of thin section. Radioactive accessories. Crushed syenitic fenite, magnilication x 70 (Hérky, borehole JK-1),
Photo by L. Kasparec.
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Photomicrography of strongly radioactive grain filling of intergranular space. Syenitic fenite poor in micas, magnification x 70 (Hirky, borehole
H-9). Phato by L. Kadparec.
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Photomicrography of a dark, strongly radioactive mineral (pyrochlore 7) and zircon. Syenitic fenite poor in micas, magnification
x 40} (Hirky, borehole JK-1). Photo by L. Kadparec.
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Photomicrography of eudialyle. Rheomorphic aegirine-cancrinite-nepheline-syenite, magnification x 40 (Hdrky locality). Photo by L. Kaparec.



("pozdné orogenni™); 5 - anorogenni intruze; & - intruze tzv, syn-
koliznf, 7 - intruze v postorogennim obdobi,
Vysvetlivky symboli viz obr, 13,

15. Diskriminaéni diagram Zr4+Nb+Ce+Y vs. (K + Na)/Ca), dle
Whalena et al. (1987) vytvofeny pro A-typy granitd: OGT = pole pro
[-, 5- a M-typy granitl; FG = pole pro vyrazné frakcionované [-typy
granitd; fenity se vétdinou zobrazujl mimo vymezend pole. 1 — grano-
diorit gistecké intruze; 2 - petrohradsky diléf typ granitu; 3 — tisky diléi
typ granitu; 4 - fenity s.1. nisiho stupné {enitizace; 5 — fenity s.1. vyisiho
stupné fenitizace; 6 — postfeniticky muskoviticky granit ("Cerné kod-
ka"); 7 — Hly postfenitickych granodioritoviich porfyritd; 8 - Zily feni-
tizovanych granodioritoviich porfyritd; 9 - silné albitizovany grano-
diorit; 10 - slabé albitizovany granodiorit; 11 - Zilné horniny ne-
postizené fenitizact; 12 - biotitovy ultramylonitovy fenit; 13 — aplity.

16a. Diskriminadnf diagram Nb+Y vs, Rb, podle Pearce et al. (1984)
pro identifikaci granitd z riznych geotektonickych prostfedi: syn-
kolizni granity {syn-COLG), granity vulkanickych obloukd (VAG),
vnitrodeskové granity (WPG) a granity oceédnskych hibetd (ORG).
1 - granodiorit &steckého pné; 2 - petrohradsky dilél typ granitu;
3 — tisky dilgi typ granitu; 4 - fenity s.l. niZsiho stupné fenitizace;
- fenity s.l. vySiiho stupné fenitizace; 6 - postfeniticky muskoviticky
granit {"Cernd kotka™); 7 - Zily postfenitickych granodioritovych por-
fyntd; 8 — Zily fenitizovanych granodioritovych porfyritd; 9 - silpé
albitizovany granodiorit &steckého pné; 10 - slabé albitizovany grano-
diorit édisteckého pné; 11— Zilné horniny nepostifené fenitizaci;
12 - biotitové ultramylonitové fenity; 13 - aplity.

16b. Diskriminaéni diagram Y vs. Rb podle Pearce et al, (1984),

LA

1 - granodiorit &isteckého pné; 2 - petrohradsky dil& typ granitu;
3 — tisky dil&i typ granitu; 4 — fenity s.. niZsiho stupné fenitizace;
3 — fenity s.]. vyS8iho stupné fenitizace, 6 - biotiticky ultramylonit;
7 — postieniticky muskoviticky granit ("Cernad kodka"); 8 — Zily post-

fenitickych granodioritovych poriyritd; 9 - Zily fenitizovanych grano-
dioritovych porfyritd; 10 - silné albitizovany granodiorit &isteckého
pné; 11 — aplity; 12 - slabg albitizovany granodiorii €isteckého pné;
13 - Zilné horniny nepostizené fenitizac,

Vysvalliviky k tabulkdm

l. Hiavni epochy v magmatickém vyvoji fistecko-jesenického plutonu
interpretované na zikladé dat K-Ar.
2a. Petrofyzikalni viastnosti tiské zuly z oblasti Cisté (propodteno

s uZitim dat Chlupadové, 1970). N - vypodet vzorkd, p — statisticky
parametr, M — antmeticky primér, D — standardni odchylka, Dg -

zrnitostni hustota, Db — celkova hustota, Pef - pardzita, x — magnetickd
susceptibilita.

2b. Petrofyzikalni vlastnosti granodioritu pné &istecké intruze (podle
Bartoska et al. 1969 a Chlupacoveé et al. 1975). Vysvétlivky viz tab. 2a.

2c. Distribuce Th, U a K ve fenitech od Hilrek u Cisté z tiské Zuly. AM
— aritmeticky primér, GM - geometricky promeér; statistické hodnoty
pro vit JK-1 {sv. od Hirek) byly propodteny s uZitim dat Chlupadové
a Slovickové (1971) a korigoviny pomoei standardd laboratofe v Brné
od r. 1972, méfenych spektrometrii gama.

3. Chemické sloZeni hlavnich horninovych typid &istecko-jesenického
plutonu, AT - iska Zula (). fast télesa u Tisu); AJ - Zula z télesa u
Petrohradu; AC - granodiont &steckého pné z jz. &isti télesa; B -
granodiorit fisteckého pné z centrélni Casti télesa; FUB - biotiticky
ultramylonitovy syenitovy fenit {vri H-13, hl. 37.5 m); PFG - muskovi-
tickd Zula s turmalinem typu "Cerné koéka® z jv. okraje disteckého
masivu; F3 - IT1, a [V stadium fenitizace albititového mylonitu s arf-
vedsonitem (vrt H-28, hl. 103,7 m); BA3 - silné albitizovany grano-
diorit (vrt H-28, hl. 423,9 m); n.d. - neanalyzovino.

4. Distribuce prvkd vzacnych zemin, Ta a HF ve frakcich téZkych
minerald hormnovych slicha z fenitd s.1. z okoli Hirek. Akcesorické
minerdly, ve kierych se prednostné koncentrujl vwie uvedené prvky,
jsou tyto: af - arfvedsonit, al — allanit, e - eudialyt, mz — monazit, pc -
pyrochlér, ph - flogopit, px - pyroxen (egirinaugit), zr — zirkon, L1, -
v lehkeé frako, h.f. - v tézke frakci, b.f. —v obou frakcich bez vyraznych
preferenci.

Vysvétliviky k priloham

l. Autoradiogram vybrusu. Radioaktivni akcesorie, mylonitizovany
syenitovy fenit, Hiirky, vt JK-1, avétSeni 70x. Foto L. KaSparec

11. Mikrofotografie silné radicaktivnich intergranularnich vyplni. Sli-
dami chudy syenitovy fenit, Hdrky, vit H-9, zvétieni T0x. Foto L.
Kadparec

IT1. Mikrofotografic tmavych silné radioaktivnich minerdld (pyro-
chldru? a zirkonu). Slidami chudy syenitovy fenit, Hiirky, vrt JK-1,
zvétieni 40x. Foto L. Kadparec

IV Mikrofotografie eudialytu. Reomorfni egirinicky kankriniticky ne-
fcliniticky syenit, Hirky, zvétSeni 4ih. Foto L. KaSparec
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