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The continental intermountainous Permo–Carbon-
iferous basins of West and Central Bohemian ar-
eas (Plzeň, Manětín, Žihle, Radnice, Kladno–Rak-
ovník and Mšeno–Roudnice basins) were filled
with molasse sediments between Moscovian and
Asselian (substage Duckmantian to Autunian;
314.2–297.1 Ma; Opluštil et al. 2016). Stratigraph-
ically, four formations are involved: the Kladno
Formation (Duckmantian – Cantabrian), subdivid-
ed into the Radnice (Duckmantian – Bolsovian)
and the Nýřany members (Asturian – Cantabrian);
the Týnec Formation (Barruelian – lowermost
Saberian); the Slaný Formation (Saberian), subdi-
vided into the Jelenice, Malesice and Otruby
(or Ledce and Kounov) members; and the Líně For-
mation (uppermost Stephanian B – lower Autu-
nian). Arkoses (sometimes kaolinized) are present
in all the four formations. The aim of this work
was to find the source of the arkosic feldspars.

The origin of alkali (potassium) feldspars in the
Permo–Carboniferous arkoses has remained insuf-
ficiently solved to date. Study of arkoses in the
Plzeň Basin, by Mašek (1962) found that “predom-

inantly granites, whose composition had largely
not been changed during destruction and denuda-
tion”, participated in their origin. Pešek (1968)
and Havlena & Pešek (1975) provided also a series
of geological proofs for the contribution of clasts
of Proterozoic metamorphic slates and greywackes
from the west. Nevertheless, Pešek's more recent
works (1994, 2004) prefer a contribution from S-SE,
particularly in the case of coarse grain clastics.

Petránek (1978) with Kukal (1984) discussed
a source of arkosic feldspars. While Petránek doubted
about the main source of feldspars in Variscean
granitoids due to their insufficient denudation,
according to Kukal (1984) the main source of ar-
kosic feldspars were granitoid massifs. Klomínský
et al. (1983) posited a contribution from the area
of the Central Bohemian Pluton due to the spec-
trum of heavy minerals with detritic gold. Vlaším-
ský (1986) also regarded granitoid rocks of the
Central Bohemian Pluton, together with Cambrian
sediments and volcanites, as an important source
of the clastic material of arkoses of the Central
Bohemian Permo–Carboniferous.
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Opluštil et al. (2016) and Martínek et al. (2017)
discovered four significant hiatuses with duration
of 1–3.6 Ma in the West and Central Bohemian
Permo–Carboniferous, after which striking changes
in the stratigraphy occured, and tried to connect
them with tectonic and climatic phenomena. These
hiatuses occur within a boundary that encompasses
(1) between the Lower and Upper Radnice Member
(313.7–312.6 Ma; lower Bolsovian); (2) between
the Radnice and Nýřany members (311.9–308.3
Ma; Leonian orogenetical phase in Bolsovian –
Asturian); (3) between the Kladno and Týnec for-
mations (305.9–304.1 Ma; Asturian orogenetical
phase in Cantabrian – Barruelian); and (4)
between the Slaný and Líně formations (301.6–
300.6 Ma; Intra-Stephanian orogenetical phase in
Stephanian B). The second, third and last case
were accompanied by striking changes of deposi-
tion centres and are therefore interpreted as
tectonic events (tectonic activity was proven in the
Central Bohemian, Litoměřice and Jáchymov faults;
Martínek, Pešek & Opluštil 2017). According to
Martínek, Pešek & Opluštil (2017), both tectonic
movements and aridization took place in the
boundaries of the Týnec and Slaný formations.

According to Pešek (1968), Havlena & Pešek
(1980) and Opluštil (2005) a deposition centre in
the Plzeň Basin was a deeply cut river valley of
NNE-SSW direction, filled with coarse grained
sediments (conglomerates and arkoses), originat-
ing in the Radnice Member. After a hiatus on the
boundary of the Radnice and Nýřany members,
a change of contribution from NW direction took
place. Even after a hiatus between the Kladno and
Týnec formations, a contribution from the NW
direction continuated in the Plzeň Basin, while in
the Kladno–Rakovník Basin, drained at the time
of the Radnice Member sedimentation toward NW,
the similar deposition centres were of NNE-SSW,
NW-SE and E-W directions, active up to the Líně
Formation (Opluštil 2005).

On the basis of U-Pb geochronology of detritic
zircon and monazite in the basin sediments, Žák et
al. (2018) discovered mixing of material from local
and distant sources of various age (Archeozoic –
Middle to Upper Carboniferous). During the con-
sequent inversion of the palaeorelief, a quick uplift
of the area to S and SW of today's basins 330–310
Ma ago (Visean – lowermost Moscovian) and a
rapid baring of Moldanubian granitoids occurred
to become a supplier of sedimentary filling of the

basins, arisen freshly in N and NE 314–307 Ma
ago (Radnice Member). Therefore, due to the study
of detritic zircon and monazite, the opinion of the
direction of the contribution changed by 180° as
against the previous publications by Opluštil
(2005) and Martínek, Pešek & Opluštil (2017).

Composition of alkali feldspars
in arkoses of Permo–Carboniferous
basins and surrounding granitoids

The origin of K-feldspars in arkoses of the Plzeň
Basin from the neighbouring granitoid massifs
was investigated by means of triclinicity (Kužvart

Figure 1. Position of the Upper Carboniferous – Lower
Permian basins and the Karlovy Vary-Eibenstock granite
Massif. 1 – Upper Carboniferous, Kladno Formation (conglom-
erate, sandstone, arkose, mudstone) and Týnec Formation
(arkose with conglomerate intercalations, red sandstone
and mudstone); 2 – Upper Carboniferous – Lower Permian,
Líně Formation (red sandstone, arkose, conglomerate, mud-
stone); 3 – younger intrusive complex (YIC) of the Karlovy
Vary-Eibenstock granite Massif; 4 – older intrusive complex
(OIC) of the Karlovy Vary-Eibenstock granite Massif; 5 –
kaolin deposits; 6 – direction of transport of fluvial sediments
into the Upper Carboniferous – Lower Permian basins.
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et al. 1975). For the investigation of the
origin of K-feldspars in arkoses of Per-
mo–Carboniferous basins, the results of
Neužilová's research into triclinicity and
geochemistry of K-feldspars from the
Bor Massif granites (1971) and Kladru-
by Massif granites (1983), as well as
analyses of K-feldspars from granitoids
of the Central Bohemian Pluton and
other neighbouring granite massifs,
granite porphyries, Teplice rhyolite, or-
thogneises and migmatites (Pivec 1970,
Neužilová 1971, 1973a,b, Minařík 1974,
1975, Minařík & Povondra 1976, Jiránek,
unpublished data) have not been used
so far.

To date, the most detailed X-ray study
of the structural arrangement (triclinic-
ity), the molecular composition
Or(AbAn) and the chemistry of trace el-
ements (Ba, Sr, Pb, Rb, Sn, Be) has
been carried out on 224 samples of phe-
nocrysts of K-feldspars of granites in the
Nejdek part of the  Karlovy Vary-Eiben-
stock granite Massif (Jiránek 1982a,
1983). This largest granite body of the
West Krušné hory Mts. composite plu-
ton (Klomínský et al. 2010) occurs only
20 km NW of today's rims of the Car-
boniferous basins (Figure 1). The upper
part of granites of the older intrusive
complex (OIC) is disturbed by intrusion
of the younger intrusive complex (YIC)
(Lange et al. 1972, Absolonová & Ma-
toulek 1978, Breiter et al. 1991, Breiter
et al. 1991). The intrusion of these post-
tectonic granites reached a depth of
ca 2–4 km under the original surface
(Thomas et al. 1991). According to the
results of geochronological analyses the
age of the OIC granites lies in the range
from 330 to 305 Ma, while YIC granites
are 25 milion years younger (Breiter

Figure 2. Position of the studied samples of K-feldspars of arkoses in
the Plzeň, Manětín and Žihle basins, in the Letkov Carboniferous
relics and the Merklín Carboniferous relics of the West Bohemian con-
tinental Carboniferous. 1 – boundary of Carboniferous; 2 – bodies of
granitoids; 3 – towns and villages; 4 – boreholes studied; 5 – studied
exposures of  Carboniferous arkoses (x) and granitoids (+).

2012). The OIC group of so-called mountain gran-
ites (mesocratic peraluminic monzo- to syenogran-
ites) is represented mainly by medium granular
(porphyric) biotitic granite to granodiorite (Nejdek
granite). YIC granites form a varied group of
intensively fractionated granites here accompanied
by tin mineralization (Štemprok 1986, Breiter
2001).

The strong predominance of perthitic orthoclas-
es (∆ < 0.2) and minimal values of K-feldspars tri-
clinicity in granites of the OIC as well as the YIC
is a result of magmatic origin under high tempera-
tures and relatively rapid crystallization (Jiránek
1982a) in the vicinity of their original roof. In the
case of the granites of YIC, their quick solidifica-
tion had a subvolcanic character (Rojík 2006).
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an Permo–Carboniferous basins were correlated
with the results of research into clastic relics of
K-feldspars from Permo–Carboniferous arkoses
(Figure 5a, b, c). The collection of 41 samples of
K-feldspars from arkoses represents the whole
area of the West and Central Bohemian Upper
Carboniferous – Lower Permian basins between
the towns of Stříbro and Velvary both in the hori-
zontal and vertical (stratigraphic) range (Figures
2, 3 and 4).

METHODS

The separated K-feldspars from Permo–Carbonifer-
ous arkoses were X-ray (triclinicity ∆, AbAnsolid,
Abffree) and geochemically (Ba, Sr, Pb, Rb) examined.
The X-ray study of alkali feldspars was carried out
on the X-ray difractometer Müller Mikro 111 in
ÚÚG (Czech Geological Service) in Prague by the
method described by Jiránek (1979). Neither low
grade of weathering nor the initial kaolinization of
K-feldspars influence the X-ray measured values.
X-ray triclinicity ∆ was measured from the differ-
ences of diffraction lines 131 and 131 by the classi-
cal method of Goldsmith & Laves (1954): ∆ = 12.5
(d131 – d131), where 0 corresponds to sanidine or
orthoclase, 0.2 – 0.9 to transitional microcline and
1 to maximal microcline. The content of AbAn
component in a solid solution (AbAnsolid) was de-
termined from a position of diffraction line 201 of
K-feldspar according to the graph of Jones, Nesbitt
& Slade (1969), a content of exsoluted Ab compo-
nent (Abfree) was determined according to the graph
constructed by Jiránek (1979) on the basis of ra-
tios of intensities (measured as the height/width
ratio of half the heights of the corresponding dif-
fraction peaks) of diffraction lines 201 of K-feld-
spar and 201 of albite. The contents of trace ele-
ments typical for K-feldspars (Ba, Sr, Pb, Rb) were
determined by AAS method in the laboratories of
ÚÚG (Czech Geological Service) in Prague.

Figure 3. Position of the sampled boreholes in the sur-
roundings of the town of Slaný in the Kladno–Rakovník
Basin of the Central Bohemian continental Permo–Carbon-
iferous. (For explanations see Figure 2.)

Figure 4. Simplified geological profiles of the studied boreholes in the Plzeň and Kladno–Rakovník basins with the points
of sampling. 1 – Quaternary; 2 – Upper Cretaceous; 3 – Lower Permian – Upper Carboniferous, Líně Formation; 4 – Upper
Carboniferous, Slaný Formation, Otruby (Ledce + Kounov) members; 5 – Slaný Formation, Malesice Member; 6 – Slaný
Formation; Jelenice Member; 7 – Týnec Formation; 8 – Kladno Formation, Nýřany Member; 9 – Kladno Formation, Radnice
Member; 10 – Neoproterozoic; 11 – granitoids (undifferentiated); 12 – loss of core; 13 – drawn samples; 14 – K-feldspars
enrichment.

The published data on the structural arrange-
ment (triclinicity) and the content of trace ele-
ments of K-feldspars of the granitoid massifs in
the surroundings of the West and Central Bohemi-
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RESULTS
The results of X-ray measurements and chemical analyses of handly separated K-feldspars from Permo–
Carboniferous arkoses are stated in Table 1.

Folia vol. 55, No. 1–2, 2021

Table 1. Results of measurement of individual samples of K-feldspars in Carboniferous arkoses (Composition of K-feldspar,
AbAnsolid and Abfree in %; Ba, Sr, Pb and Rb in ppm; ∆ = triclinicity; Kf = K-feldspar; Or = orthoclase; Mi = microcline;
Ab = albite; An = anorthite).

N Locality/Borehole Kf ∆ Mi AbAnsolid   Abfree Ba Sr Pb Rb

1 Ži-5 (444.2) Or100 23 0 2200 280 91 300
2 Ži-5 (412.35) Or70 Mi30 0,74 18 0 1900 170 92 317
3 Ži-5 (266.1) Or80 Mi20 0,77 18 0 2100 220 87 380
4 Ld-4 (439.1) Or80 Mi20 0,79 18,5 0 2300 220 82 393
5 Ld-4 (350.2) Or100 18,5 0 2800 240 86 316
6 Ld-4 (309.25) Or100 16 0 2000 230 92 370
7 Pí-2 (343.85) Or100 20,5 0 3000 280 76 395
8 Co-35 (443.7) Or100 16 0 2500 310 98 337
9 Co-40 (272.5) Or100 18 0 2700 280 99 348
10 Vo-6 (185.5) Or100 27,5 0 3341 303 87 368
11 Vo-6 (176.1) Or100 31 0 2866 260 91 367
12 Vo-6 (128.7) Or95 Mi5 0,82 32 0 2696 288 83 356
13 Vo-6 (101.9) Or95 Mi5 0,70 30 0 2150 213 74 428
14 Vo-6 (67.3) Or100 30,5 0 2884 314 85 359
15 Kp-19 (69.1) Or100 29 0 2374 222 82 458
16 Bs-5 (131.3) Or100 29 0 1863 184 81 426
17 VÚ-1 (311.3) Or100 32 0 1729 211 93 402
18 VÚ-1 (115.5) Or100 32 0 2275 211 90 375
19 Senecký pool Or100 24 0 2200 300 90 330
20 Chlumčany Or100 24 0 1900 310 121 394
21 HB 3/73 Or50 Mi50 0,83 21 0 1800 160 78 351
22 Záluží Or100 20 0 2000 200 84 372
23 Ledce Or90 Mi10 0,66 20,5 0 3200 410 100 301
24 Švihov, building stone Or100 33 0 2508 295 98 346
25 Buková Or100 33 0 2571 259 87 342
26 Tymákov Or80 Mi20 0,80 20 0 1900 590 106 341
27 Lipí Or100 17,5 0 1800 190 83 362
28 Libenov Or60 Mi40 0,74 18 0 2800 270 101 313
29 Nečtiny Or100 18 0 2800 300 95 316
30 Přehořov Or70 Mi30 0,67>0,99 20 0 1900 150 60 231
31 Bř-4 (239.3) Or100 29,5 0 2687 290 73 375
32 Bř-5 (48.0–50.0) Or100 19 0 1900 250 78 328
33 Ke-4 (762.1) Or60 Mi40 0,84 17 6,3 1935 240 67 320
34 Ke-4 (444.7) Or90 Mi10 0,76 32 7,0 1326 161 87 352
35 Ke-4 (432.1) Or70Mi30 0,59 26 6,7 1155 136 68 421
36 Ke-6 (1008.5) Or100 28 0 2239 324 68 268
37 Lo-6 (578.6) Or95 Mi5 0,76 27,5 0 2177 224 92 378
38 Lo-6 (530.2) Or90 Mi10 0,86 29,5 0 2589 268 106 346
39 Lo-6 (513.5) Or90 Mi10 0,80 35 0 2768 276 94 326
40 Lo-6 (491.0) Or95 Mi5 0,81 29,5 0 2383 241 91 297
41 Mt-1 (455.5) Or100 29 6,5 2221 245 82 258
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Triclinicity. All 41 samples analysed are ortho-
clases, sometimes with an admixture of transition-
al to maximal microcline with ∆ = 0.59–0.99.
In 59 % of samples, there is a pure orthoclase, in
20 % an orthoclase with an admixture of 10 % of
microcline, in 14 % an orthoclase with an admix-
ture of 30 % of microcline and only in 7 % of the
cases the content of microcline reaches up to 50 %.
In one case (a sample of Přehořov in the Žihle
Basin) there are, besides prevailing orthoclase,
two different microclines with ∆ = 0.67 and 0.99.
(For comparison: Among 123 samples of K-feld-
spars in the OIC granites of the Karlovy Vary–
Eibenstock Massif, there are according to Jiránek
(1982a) 83 % of pure orthoclase, 12 % of ortho-
clase in mixture with 20–80 % of transitional mi-
crocline with ∆ = 0.44–0.73, and 5 % of pure tran-
sitional microcline with ∆ = 0.19–0.71.)

Content of AbAn component in the solid solution
(AbAnsolid) ranges between 16–35 % (average 24.6 %).

Content of exsoluted Ab component (Abfree) is
equal to zero in 95 % of samples, which indicates

that the original perthitic albite was secondarily
leached off, because albites and plagioclases under-
go kaolinization earlier than K-feldspars. Only
four samples from two boreholes in the Kladno–
Rakovník Basin, three from the borehole Kralov-
ice Ke-4 (depth 432.1–762.1 m; Otruby Member of
the Slaný Formation and Nýřany Member of the
Kladno Formation) and one from the borehole
Martiněves Mt-1 (depth 455.5 m; Líně Formation),
contain 6.3–7.0 % of Abfree and indicate then fresh-
ness of feldspars at greater depths.

Contents of Ba range between 1,155–3,341 ppm
(average 2,303 ppm), contents of Sr 136–590 ppm
(average 257 ppm), contents of Pb 60–121 ppm (av-
erage 87 ppm) and contents of Rb 231–458 ppm
(average 350 ppm).

The values of triclinicity and the trace elements
contents in K-feldspars of Permo–Carboniferous
arkoses for individual basins are stated in Table 2,
together with the values for K-feldspars in the OIC
of the Karlovy Vary Massif. The same results for
the Kladno, Týnec, Slaný and Líně formations, are

Table 2. Summary of results of measurement of K-feldspars in Permo–Carboniferous arkoses for individual basins in com-
parison with K-feldspars of the older intrusive complex (OIC, mountain granites) of the Nejdek part of the Karlovy Vary
Massif (n = number of samples; φ = average; ∆ = triclinicity, Or = orthoclase, Mi = microclase, Ab = albite, An = anorthite).

Triclinicity AbAnsolid Ba (ppm) Sr (ppm) Pb (ppm)    Rb (ppm)

Plzeň Basin 59 % Or100
(n = 26) 41 % Or95 Mi5 to 16 – 33 % 1700-3341 160-590 74-121 330-458

Or50 Mi50
∆ 0,66 – 0,83 φφφφφ = 24,4 % φφφφφ  = 2375 φφφφφ  = 268 φφφφφ = 90 φφφφφ = 364
φφφφφ = 0,76

50 % Or100
Manětín + Žihle 50 % Or70 Mi30 17,5 – 20 % 1800-2800 150-300 60-101 231-262
basins to Or60 Mi40
(n = 4) ∆ 0,67 – 0,99 φφφφφ = 18,4 % φφφφφ = 2325 φφφφφ = 228 φφφφφ = 85 φφφφφ = 306

φφφφφ = 0,80

36 % Or100
Kladno-Rakovník 64 % Or95 Mi5 to 17 – 35 % 1155-2768 136-324 67-106 258-421
Basin Or60 Mi40
(n = 11) ∆ 0,59 – 0,86 φφφφφ = 27,5 % φφφφφ = 2125 φφφφφ = 241 φφφφφ = 82 φφφφφ = 334

φφφφφ = 0,77

59 % Or100
ΣΣΣΣΣ Upper 41 % Or95 Mi5 to 16 – 35 % 1155-3341 136-590 60-121 231-458
Carboniferous Or50 Mi50
(n = 41) ∆ 0,59 – 0,99 φφφφφ = 24,6 % φφφφφ = 2303 φφφφφ = 257 φφφφφ = 87 φφφφφ = 350

φφφφφ = 0,77

Karlovy Vary 82 % Or 100
Massif 11 % OrMi 7 – 24 % <120-4800 100-500 28-104 44-400
(OIC) ∆ 0,44 – 0,73
(n = 123) φφφφφ = 0,56 φφφφφ = 13 % φφφφφ = 2349 φφφφφ = 360 φφφφφ = 68 φφφφφ = 300

Jiří Jiránek, Josef Klomínský & Jana Jiránková, Source of K-feldspars and kaolinitization in arkoses of West
and central Bohemian continental Permo–Carboniferous
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stated in Table 3. No significant differences be-
tween K-feldspars of individual areas (basins) and
formations were found, and therefore, in seeking
the primary source of K-feldspars it was possible
to use the statistical sets for the West and Central
Bohemian Permo–Carboniferous as a whole.

The structural properties and trace element con-
tent of K-feldspars in Permo–Carboniferous arkos-
es were compared with the structural properties
and trace element content in 63 separated K-feld-
spars phenocrysts from mountain granites (OIC)
of the Nejdek part of the Karlovy Vary Massif
(Jiránek 1982a, 1983). For the comparison of K-
feldspars in Permo–Carboniferous arkoses and the
Karlovy Vary Massif (both the OIC and YIC), the
binary Ba and Rb diagram (Figure 5c), the ele-
ments entering into the K-feldspars lattice prefer-
entially in the extreme phases of their crystalliza-
tion (Ba in the oldest and Rb in the youngest types
of granites), was used.

DISCUSSION
The appearance of K-feldspars in Permo–Carbonif-
erous arkoses (white to pink, originally big phe-
nocrysts with rare inclusions of quartz and biotite,
sporadically muscovite) and their structural ar-
rangement and trace elements contents point to
the intrusive origin. The dimensions of K-feldspars
grains even at a considerable distance from the
possible sources show that their origin must have
been in porphyric types of granitoids. The unifor-
mity of all the examined K-feldspars of the West
and Central Bohemian Upper Carboniferous –
Lower Permian arkoses indicates that they origi-
nated from one single source. The supply of K-feld-
spars to the whole investigated area from this
source occurred during the period 17.1 Ma (314.2–
297.1 Ma; Moscovian–Asselian), during which 7.5
Ma represented the sedimentation hiatuses, indi-
cates the long-term exposure of a large relatively
homogeneous granite massif.

Table 3. Summary of results of measurement of K-feldspars in Permo–Carboniferous arkoses for individual members and
formations of the West and Central Bohemian basins (n = number of samples; φ = average; ∆ = triclinicity, Or = orthoclase,
Mi = microcline, Ab = albite, An = anorthite).

Triclinicity ∆ AbAnsolid Ba (ppm) Sr (ppm) Pb (ppm)    Rb (ppm)

Radnice
Member, 75 % Or100  18 – 29 % 1863-2200 170-300 81-92 300-426
Kladno 25 %  Or70
Formation Mi30 φφφφφ = 23.5 % φφφφφ = 2041 φφφφφ = 234 φφφφφ = 89 φφφφφ = 343
(n = 4) φφφφφ = 0.74

Nýřany
Member, 55 % Or100 16 – 35 % 1729-3341 211-590 67-121 268-458
Kladno 45 % Or95 Mi5
Formation to Or60 Mi40 φφφφφ = 25 % φφφφφ = 2394 φφφφφ = 273 φφφφφ = 90 φφφφφ = 359
(n = 20) φφφφφ = 0.70 – 0.84

45.5 % Or100
Týnec 54.5 % Or95 17.5 – 33 % 1800-2884 150-314 60-101 231-428
Formation Mi5 to Or50
(n = 9) Mi50 φφφφφ = 23 % φφφφφ = 2289 φφφφφ = 226 φφφφφ = 83 φφφφφ = 345

φφφφφ = 0.70 – 0.84

Otruby
(Ledce+Kounov) 33 % Or100 26 – 32 % 1155-2687 136-290 68-87 352-421
members, 67 % Or90
Slaný Mi10 to Or70 φφφφφ =29 % φφφφφ =1723 φφφφφ =196 φφφφφ =76 φφφφφ =383
Formation Mi30
(n = 3) φφφφφ = 0.59 – 0.76

Líně 75 % Or100
Formation 25 % Or90 18 – 29 % 1900-3200 245-410 78-100 258-328
(n = 4) Mi10

φφφφφ = 0.66 φφφφφ = 22 % φφφφφ = 2530 φφφφφ = 201 φφφφφ = 89 φφφφφ = 301
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The values of K-feldspars triclinicity, without
the parallel geochemical data, are not an unambig-
uous source indicator, because they do not differ
among the various granitoid rocks in such a range
as the contents of trace elements. A good many
candidates for the source of K- feldspars in Permo–
Carboniferous arkoses, chosen on the basis of tri-
clinicity values and of chronologically correspond-
ing age towards Permo–Carboniferous sediments,
can be excluded by determination of trace elements
typical for the various phases of K-feldspars gene-
sis, particularly geochemically opposite Ba and Rb
(Figures 5a, b, c).

Figure 5a. Graphs of Ba/Rb (ppm) contents of K-feldspars
in Permo–Carboniferous arkoses in comparison with fields
of their contents in the Kladruby Massif (Neužilová 1983),
Sedmihoří Stock (Neužilová 1983), Merklín Massif and the
Tis granite of the Louny Massif (Jiránek, unpublished data).
The points mark the studied K-feldspars in Permo–Carbonif-
erous arkoses, M = sample of K-feldspar in the Merklín Mas-
sif by Krchleby, T = sample of K-feldspar in the Tis granite
of the Louny Massif from the borehole Mt-1 (1,680.5 m).

Figure 5b. Graphs of Ba/Rb (ppm) contents of K-feldspars
in Permo–Carboniferous arkoses in comparison with fields
of their contents in the granitoids of the Central Bohemian
Pluton (Minařík 1974, 1975; Neužilová 1973a,b; Jiránek,
unpublished data; the Čertovo Břemeno type according to
Minařík and Povondra 1976). The points mark the studied
K-feldspars in Permo–Carboniferous arkoses, M = sample
of K-feldspar in the Merklín Massif by Krchleby, T = sam-
ple of K-feldspar in the Tis granite of the Louny Massif
from the borehole Mt-1 (1,680.5 m).

Figure 5c. Graphs of Ba/Rb (ppm) contents of K-feldspars
in Permo–Carboniferous arkoses in comparison with fields
of their contents in granitoids of the older (OIC) and
younger (YIC) intrusive complex of the Krušné hory Mts.
(Jiránek 1983) and in granite porphyries of the Fláje Mas-
sif (Jiránek, unpublished data). The points mark the stud-
ied K-feldspars in Permo–Carboniferous arkoses, M = sam-
ple of K-feldspar in the Merklín Massif by Krchleby, T =
sample of K-feldspar in the Tis granite of the Louny Massif
from the borehole Mt-1 (1,680.5 m).

Figure 5c.

Jiří Jiránek, Josef Klomínský & Jana Jiránková, Source of K-feldspars and kaolinitization in arkoses of West
and central Bohemian continental Permo–Carboniferous
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The Merklín Massif and Tis granite of the Lou-
ny Massif, on which the Carboniferous sediments
directly transgrade, were the only local and chro-
nologically closely limited sources of arkoses feld-
spars on the basis of the Carboniferous in the re-
spective areas. A sample drawn from the basis of
the transgrading Nýřany Member in the Merklín
Carboniferous relics 2 km NE of Krchleby points
to the dissimilar character of K-feldspars of the
Merklín Massif (Or100Mi0; AbAnsolid 31 %; Abfree
0.5 %; Ba 439 ppm; Sr 18 ppm; Pb 34 ppm; Rb 114
ppm; Figures 5a,b,c), and similarly the sample of
K-feldspars from the borehole Martiněves Mt-1
from the basis of Radnice Member of the Kladno
Group, transgrading over Tis granite (Louny Mas-
sif) at a depth of 1,680.5 m (Ba 296 ppm; Sr 46
ppm; Pb 41 ppm; Rb 173 ppm; Figures 5a, b, c).
Moreover, K-feldspars of the Čistá-Jesenice Massif
(a component of the Louny Massif) are, according
to Kužvart et al. (1975), microclines with ∆ =
0.78–0.93. K-feldspars of the Stod Massif, accord-
ing to the same authors, also have increased tricli-
nicity (∆ = 0.25–0.36). Likewise K-feldspars of the
Kladruby Massif (360–330 Ma) have 57.5 % micro-
clines with ∆ = 0.63–1.00 (Neužilová 1983) and
besides they have different trace chemistry (higher
Ba and lower Rb; Jiránek, unpublished). There-
fore, the granitoids of the Merklín, Stod and Kla-
druby Massifs, or an extensive body of Tis gran-
ites of the Louny Massif, could not have been a
significant source of K-feldspars of Permo–Carbon-
iferous arkoses (Figure 5a).

Owing to the various values of the measured
parameters, the majority of the Central Bohemian
Pluton including the Čertovo Břemeno type or the
Červená type with microclines (Figure 5b), the
YIC granites of the Krušné hory Mts. pluton (Fig-
ure 5c), granite porphyries (Fláje Massif), Teplice
rhyolite, Lužice granites and orthogneisses, gran-
ites, orthogneisses and migmatites of the Mold-
anubicum can be also excluded as a possible
source.

Trace elements contents close to those of K-feld-
spars in Permo–Carboniferous arkoses as well as
being found in the granites of the OIC of the Kar-
lovy Vary Massif, are exhibited by K-feldspars of
the marginal type of the Central Bohemian Pluton
and Moldanubian granites of Weinsberg and Eis-
garn types. These could hardly serve as a source
material of arkoses owing to the limited dimen-

sions of bodies in the case of the marginal type,
and, in the case of Moldanubian granites, owing of
the fact that they might have only become a possi-
ble source during the sedimentation of the Radnice
Member (as shown by results from the works of
Žák et al. 2018), despite the greater length of
transport towards the Kladno-Rakovník Basin.
The marginal type of the Central Bohemian Pluton
could provide a source of K-feldspars only in the
case that it would form an extensive mantle of the
pluton during the long period of 17.1 Ma, that we
do not consider as probable. The only possible
source of K-feldspars of Carboniferous arkoses re-
main mountain (normal) granites of the older in-
trusive complex (OIC) of the Krušné hory Mts.,
exposed today in the Slavkov and Nejdek (Nejdek-
Eibenstock) part of the Karlovy Vary Massif.

The results of measurement of K-feldspars from
the OIC and Permo–Carboniferous arkoses are not
always identical in all aspects (see, for example,
a comparison of recorded values in Table 2 and
a correlation of the properties of K-feldspars of
Permo–Carboniferous arkoses with the OIC of the
Nejdek part of the Karlovy Vary Massif in Table
4). The more striking differences occurred, howev-
er, only in the case of the contents of albite-plagio-
clase component in the solid solution (AbAnsolid).
This parameter is higher in K-feldspars from arko-
ses and points to their lesser degree of exsolution.
Such a disproportion can be explained by exposure
of the upper part of the massif with a lesser grade
of exsolution of the albite-plagioclase feldspars in
the period of the Permo–Carboniferous sedimenta-
tion. Comparison of trace elements correlations in
K-feldspars of arkoses and the OIC, shows a most
distinctive positive Ba/Sr correlation in both, while
a Ba/Rb correlation practically does not exist.
A negative Sr/Rb correlation in the OIC K-feld-
spars is, in the case of arkoses, less noticeable.
A positive Sr/Pb correlation exists in K-feldspars
from arkoses, as opposed to the OIC. However, it
is necessary to take into account that the number
of analyzed K-feldspars from the OIC is three times
higher than that from arkoses. Some K-feldspars
from arkoses have relatively increased Rb contents
compared to K-feldspars in today's granites of the
OIC (Figure 5c), which presupposes earlier mag-
matic phases. The character of K-feldspars shows
a source from the OIC rocks, which must have
already been denudated at the beginning of the
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Kladno Formation sedimentation, even though it
might have concerned the rocks slightly different
from the currently exposed rocks of the same gran-
ite massif.

The most eastern samples we have been studying
(boreholes Beřovice Bř-5 and Martiněves Mt-1),
occur at a distance of up to 90 km from today's
Karlovy Vary Massif rim. Therefore, the horizon-
tal and vertical range of the Carboniferous basins
required huge volumes of the source porphyric
granitoids, and it is questionable whether today's
dimensions of the Karlovy Vary granite massif in-
dicate that it was sufficiently large to supply them.
However, it is necessary to realize that besides the
granite feldspars, also other regional rocks took a
considerable share in the sedimentary filling of the
Carboniferous basins (Havlena & Pešek 1975, Pe-
šek 1994, 2004) and arkoses represent only a part
of the basin filling material.

et al. 2018), or N (Martínek et al. 2017), the re-
sults of our study of K-feldspars give evidence at
least for the source of big arkoses feldspars to be
NW in the area of today's Karlovy Vary Massif
both for the whole time of sedimentation (314.2–
297.1 Ma; Moscovian–Asselian) and in the whole
basin range up to a minimal distance of 90 km
from the source (along the line Budyně nad Ohří –
Velvary – Kladno). The same direction of input
(NW) was unambiguously confirmed by sedimento-
logical study of the Nýřany Member sediments in
the Kaznějov quarry with application of paleoflu-
vial analyses (Lojka et al. 2016).

Primarily after the period between the Radnice
and Nýřany members (Bolsovian – Asturian) in
which the Leonian orogenetical phase occurred,
fierce runoffs from the source area started, as it is
proved by the whole fragments of mechanically dis-
integrated granite material in boreholes Kozolupy
Kp-19 (69.10 m, Nýřany Member) and Vochov Vo-
6 (67.30 m, Týnec Formation) in the Plzeň Basin
and even in the borehole Lotouš Lo-6 (491.00 m,
Týnec Formation) in the Kladno–Rakovník Basin.
This sedimentation hiatus of tectonic origin is an
important geological event starting large-scale
bearing of the Karlovy Vary-Eibenstock Massif
granites. It represents the strengthening of inva-
sion of detritic material from the Krušné hory
Mts. mountain granites into the Nýřany Member
and Týnec Formation of the Plzeň and Manětín
basins. However, the question of origin from the
only NW source complicates a presence of detritic
gold in both the Manětín and Plzeň basins
(Klomínský et al. 1983). Particularly the mineral-
ogical composition of heavy minerals (garnet, il-
menite, rutile, staurolite, tourmaline, monazite,
native gold, but also cassiterite and topaz) points
to the polygenetic origin from various rocks of the
Krušné hory Mts. crystalline complex and the Bar-
randian Neoproterozoic and Paleozoic.

In view of the fact that arkoses do not fill up the
whole sedimentary profile of the basins, explana-
tion of the K-feldspar origin might be repeated run-
offs of mechanically weathered granite material
from the predecessor of today's Karlovy Vary Mas-
sif, while material of different composition also
came from other directions. It was enabled by the
NW direction of contribution, functioning in the
bigger part of both basins for the whole period of
sedimentation. Runnoffs of Permo–Carboniferous

Table 4. Correlation coefficients of AbAnsolid and trace ele-
ments of K-feldspars in Permo–Carboniferous arkoses and
mountain granites (OIC) of the Nejdek part of the Karlovy
Vary Massif (according to Jiránek 1983; n = number of sam-
ples, Ab = albite, An = anorthite).

Carboniferous arkoses (n = 41)

Ba Sr Pb Rb

+0.10 –0.05 –0.01 +0.21 AbAnsolid

+0.44 +0.24 –0.15 Ba

+0.47 –0.20 Sr

+0.04 Pb

Mountain granites (OIC)
of the Karlovy Vary Massif (n = 63)

Ba Sr Pb Rb

+0.10 +0.13 +0.18 –0.01 AbAnsolid

+0.54 +0.17 0.00 Ba

+0.05 +0.55 Sr

+0.38 Pb

Directions of transport of arkoses
source material and their position in the
sedimentary area of Permo–Carbonifer-
ous basins

While according to the current results of investi-
gation of the West and Central Bohemian Permo–
Carboniferous basins the material should have
been transported predominantly from S-SW (Žák

Jiří Jiránek, Josef Klomínský & Jana Jiránková, Source of K-feldspars and kaolinitization in arkoses of West
and central Bohemian continental Permo–Carboniferous
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arkoses material must have been very fierce (bol-
son type of sedimentation), because sometimes
whole blocks of  unweathered granite material,
whose disintegrated remains were found not only
in the Plzeň Basin but also in the varied runoff
layer in the Kladno-Rakovník Basin (ca 82 km
from the Karlovy Vary Massif), were transported.

Notes on the genesis of kaolin deposits
in arkoses of Permo–Carboniferous basins

As opposed to Pouba & Špinar (1954), Pouba (1959),
Kužvart (1969), Kužvart et al. (1975) and Kužvart
et al. (1983), who considered kaolin deposits in all
four Upper Carboniferous – Lower Permian forma-
tions as uniform in genesis (kaolinization of arko-
ses immediately after sedimentation with possible
continuation of the kaolinization processes in the
Cretaceous up to the Miocene in some cases),
Jiránek (1976), Jiránek et al. (1990) and Wilson &
Jiránek (1995) posited different ways for the gene-
sis of the deposits of kaolins.

No kaolin deposits are known from the Radnice
Member of the Kladno Formation (Duckmantian –
Bolsovian). The kaolinitization in the Nýřany
Member (Asturian–Cantabrian; e. g. the deposits
of Chlumčany, Orlík, Ledce, Obora, Tymákov) did
not begin in the Carboniferous and occurred in
near-surface conditions of the younger favourable
climatic periods (Cretaceous–Miocene). On the oth-
er hand, the biggest Czech kaolin deposits of Ka-
znějov and Horní Bříza did not originate by ka-
olinization of sedimentary arkoses, but by sedi-
mentation in the fluviolacustrine facies (a system
of open lakes in the deeply cut, probably tectoni-
cally predisposed valley of NNE-SSW direction,
presupposed by Pešek 1968 and Opluštil 2005) un-
der oxidation conditions as conglomerates and
sandstones with clay (kaolinitic) cement. In this
process, kaolinite originated by pre-sedimentary
kaolinization of feldspars ex situ, predominantly
during transport. Kaolinization of the bigger clasts
of feldspars might have occurred after sedimenta-
tion, while in the Cretaceous–Miocene deferriza-
tion of kaolins took place.

These conclusions were first evidenced by field
observation (Jiránek 1976): (1) alternation of ka-
olin beds and non-kaolinized arkoses (0.X–X m) in
the lower parts of the deposits of Horní Bříza and
Kaznějov; (2) abundant intercalations of kaolinitic

clays and siltstones (often of dark red colour), rep-
resenting redeposited earlier kaolinized material,
which would moreover have been a barrier to pen-
etrating kaolinization solutions in the case of post-
sedimentary kaolinization (Lojka et al. 2016 found
also interlayers of paleosoils); (3) findings of fresh
feldspar clasts inside intensively kaolinized rocks,
which Kužvart (1969) incorrectly considered as
a proof of  post-sedimentary kaolinization; and (4)
geochemical characteristics, non-corresponding to
the primary kaolinic profiles (irregular distribu-
tion of the major and trace elements in the verti-
cal profile, common growth of trace elements, al-
kalis, and REE with the declining content of ka-
olinite; Jiránek 1982b). While the content of ka-
olinite in this type of sediments (i. e. in differently
granular sandstones and conglomerates) does not
change with the depth due to the fluent contribu-
tion of already kaolinized material, in the case of
post-sedimentary kaolinization of arkoses the ka-
olinite content should distinctly decline with the
depth.

These conclusions were later supported by elec-
tronic microscopy SEM (Jiránek et al. 1990). The
sedimentary origin of kaolinite in the deposits of
Horní Bříza and Kaznějov is shown by all-direc-
tion oriented isolated hexagonal plates of kaolin-
ite, which in the case of kaolinitization in situ
from feldspars would be arranged parallel and
would have filled up the original space of feldspar
in the shape of more or less hexagonally limited
columns. In addition, the SEM images also show
that non-abundant bigger clasts of fresh feldspars
transported in the clay suspension were kaolin-
itized after sedimentation.

The genesis of the kaolins in the Týnec Forma-
tion (Barruelian–Saberian) and rare kaolin depos-
its in the Slaný Formation can hardly to be recog-
nized due to the fact that no such deposit is ex-
ploited in present. Kaolins in arkosic sandstones
of the Líně Formation (Stephanian C – Autunian)
in the surroundings of Podbořany were partly ka-
olinized immediately after sedimentation and their
kaolinization was completed in the Cretaceous up
to the Miocene.

Folia vol. 55, No. 1–2, 2021
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CONCLUSIONS

K-feldspars in Permo–Carboniferous arkoses of the
West and Central Bohemian basins were analysed
by X-ray and AAS and the results were compared
with known data for K-feldspars in granitoids of
the Bohemian Massif. All K-feldspars samples
studied both in the areal and the stratigraphic ex-
tent (Moscovian–Asselian) present an uniform
type that corresponds to the K-feldspars of the old-
er intrusive complex (OIC) of the Karlovy Vary
Massif situated NW of the basins. Occasional
strong runoffs of the granitoid material from that
granite massif supported the K-feldspars of arkos-
es in the basins. Kaolinization of their feldspars
took place differently in the particular formations;
pre-sedimentary in the case of the deposits of Ka-
znějov and Horní Bříza in the Nýřany Member,
synsedimetary and post-sedimentary in the Líně
Formation and post-sedimentary in the rest of de-
posits in the Nýřany Member of the Kladno For-
mation.
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