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Abstract In the marginal part of the Kudowa Trough, on the border of Carboniferous granite and Permian (Saxonian) sediments,
features typical for the profile of chemical weathering occurring in a regolith type sequence are described. Previously
this border was interpreted as a tectonic fault. According to the authors, location of the initial cataclastic zone, followed
by weathering of granite, is incidental. The extent of soil, its structural features and mineralogy are indicative of weath-
ering in moderate-to-warm and humid climate conditions. Stratigraphic position of soil and its regional palaeogeo-
graphical and palaeoclimatic context make it possible to assume Late Westphalian (B and C, about 313–311 Ma) as the
oldest, most likely beginning date of the weathering process. This opinion does not exclude the possibility of reactiva-
tion of weathering processes in Kudowa granite in the Early Cretaceous or even in the Triassic.
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INTRODUCTION

In 2001, after heavy rainfall in the Sudetes, numerous
natural exposures appeared in road washaways formed by
ephemeral streams. Several of those exposures, developed
in the vicinity of Kudowa Zdrój, made it possible to docu-
ment in detail some of poorly recognized areas of the NE
border zone of the Kudowa Trough and crystalline rocks
of the Kudowa Granitoid Massif (KGM) and its metamor-
phic cover (Fig. 1).

The Kudowa Trough forms a lowered, diamond-
shaped block bounded by steep faults and covered by Cre-
taceous deposits. In the same sense, the name Kreide-
scholle von Cudowa was first used by Michael (1893) and
later by other German geologists (e.g. Flegel, 1905; Rode,
1934) for this unit which is in turn part of a larger regional
tectono-sedimentary unit, the Nachod Basin, filled with
Permian and Cretaceous sediments. The Nachod Basin has
a diamond shape with its edges/corners marked by
Èerveny Kostelec, �dárek, Lewin K³odzki and Nachod
(Fig. 1).

At the intersection of the roads to Jakubowice and
Kar³ów in Kudowa Górna (Figs. 2 and 3), a Kudowa
granitoid-Permian deposit contact zone displaying struc-
tural features of a weathering profile equivalent to rego-

lith, sensu Taylor & Eggleton (2001), was exposed on a dis-
tance of more than 50 m. It should be emphasized that on
the 1:25000 geological map (Gierwielaniec & Radwañski,
1955) a fault was interpreted in this area, which, according
to some authors, has major regional significance, being
a tectonic segment linking the Poøici-Hronov Fault Zone
(PHFZ) in the west with the so called “Zieleniec Thrust”
(ZT) in the south-east (e.g. Cymerman, 1996, 2004). While
PHFZ is an old tectonic zone of Variscan foundation
(cf. Franke & ¯elaŸniewicz, 2000), which was reactivated
many a time, and it is well documented by mapping,
the existence of the “Zieleniec Thrust” is based on the su-
perposition of the metamorphic rocks above the Upper
Cretaceous deposits observed in the vicinity of Zieleniec.
However, this relationship was explained by ¯elaŸniewicz
(1977a) as the reverse rejuvenation of the primary normal
faults. It is also worth mentioning that the preliminary
geophysical and map investigations carried around this
zone (Kozdrój, 1997) indicate that the alleged Zieleniec
thrust is rather a local feature, linked with gliding – per-
haps gravitational – of relatively thin (100–200 m thick)
blocks of metamorphic rocks.



This paper aims to document sedimentologically and
mineralogically the regolith, to discuss implications on its
age and the resultant implications for the evolution of

the analysed area, which was thusfar thought to constitute
a relatively young tectonic zone.

PETROGRAPHY AND RADIOMETRIC AGE OF THE KUDOWA GRANITE

The petrography of the Kudowa granite was described
among others by ¯elaŸniewicz (1977b), who pointed to the
presence of several feldspar and biotite generations, which
formed at various stages of the magmatic and post-
magmatic development of the intrusion. He also stressed
a strong cataclasis (protoclasis) of the granite, originating
during the cooling stage, and the related common presence
of mica-feldspar-quartz aggregates. Furthermore, he noted
the sporadic presence of chlorite and a sericite-kaolinite
mass. ¯elaŸniewicz (1977b) showed that plagioclase pre-
dominates over K-feldspar in the mineral composition of
the granite, and that the latter feldspar is red-coloured due
to dispersed iron compounds.

The Kudowa granite, occurring beneath the regolith,
is usually a compact rock, inequigranular and medium-
grained, red-brown coloured, and showing significant
changes in its original structure. It consists of quartz, pla-
gioclase, K-feldspar and biotite. This rock is distinctively

cataclased, which is manifested by the reorganization of
primary fabric, the fracturing of the feldspar and quartz
grains, and the presence of fissures filled with fine-grained
feldspar-quartz aggregates, often stained with iron com-
pounds, within the feldspars and quartz. Accumulations of
iron oxides and hydroxides, occupying interstitial posi-
tions, are common components of altered granites (Fig.
4a).

Under the microscope, an intense alteration of plagio-
clase and biotite, and less pronounced changes in
K-feldspar grains, which lost their red colour in some
places, can be seen. Plagioclase underwent an almost com-
plete alteration into fine, flaky mica (Fig. 4b). Biotite was
either altered into a brown, sporadically green phase, or
was bleached (baueritized) with the release of iron that
crystallized as opaque iron oxide aggregates (Fig. 4b).

The alteration of the main minerals of the granite de-
scribed above might have occurred due to the imposition
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of post-magmatic processes related to the hydrothermal
fluid migration, and/or to low-temperature solutions that
were active during the cataclastic processes.

The granite altered in the above-described manner was
the starting material for the formation of weathering
covers, including such weathering profiles as the regolith
from Kudowa Górna described later in this paper. Further
alteration of the granite led to the fracturing of the rock
and its fragmentation into smaller pieces ranging from
a few centimetres to several dozens of centimetres in size,
and then a granular disintegration and further chemical
transformation of previously altered minerals, i.e. feld-
spars and biotite, as documented in the sample from
Jerzykowice Wielkie (Fig. 4c).

It is justified to accept isotopic dating for the estima-
tion of both the age of the intrusion and the age of the later
mineral and tectonic transformation of the Kudowa grani-
toids, and for estimating the possible and probable onset of
the exogenic processes which led to the further alteration
of the Kudowa granitoids. The most reliable radiometric
datings are presented below.

The oldest published radiometric determinations di-
rectly concerning the Kudowa granite are 301–312 Ma (the
Rb/Sr method on biotite; Borucki, 1966) and 307–328 Ma

(the K/Ar method, also on biotite; Przew³ocki et al., 1962).
Domeèka & Opletal (1974) performed K/Ar dating on am-
phibole and biotite on the gabbro-diorite and granodiorite
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(considered to be the equivalents of the Kudowa granite)
from Novy Hrádek in the Czech Republic, yielding the
following ages: 318–352 Ma, 327–361 Ma (gabbro-diorite)

and 342–378 Ma (granodiorite).The most recent dating of
the Kudowa granite yielded the whole rock Rb-Sr age of
331±11 Ma (Bachliñski, 2002).

REGOLITH FROM KUDOWA GÓRNA

PROFILE OF THE REGOLITH

The regolith has been exposed in the escarpment of the
washed-away road leading to Jakubowice, at the Kudowa-
Kar³ów and Kudowa-Jakubowice crossroads (Figs. 5 & 6).
More than 25 m long the profile is composed of:

– weathered, though consolidated, Kudowa granite
(Fig. 7a);

– fractured granite with fractures filled with fine-
grained mudstone (Figs. 4d & 7b);

– a zone of disintegrated granite (Fig. 7c); and
– bedded Rotliegendes deposits (Fig. 7d).
The consolidated granite has pink colour and only

some of the pseudomorphs after plagioclase are lighter in

colour. The material filling the fissures in the granite is ho-
mogeneous and dark brown, and it completely fills the fis-
sures, irrespective of their orientation and dimensions. The
heave of the fissures is up to 4 cm. The disintegrated granite
splits into angular granules of up to 2 cm in diameter when
sampled. The Rotliegend deposits have distinct parallel- or
cross-layering, and apart from the Kudowa granite, they
contain numerous rock fragments (including amphibolites
and quartz schists). These are dominantly conglomerates
(95%) interlayered with sandstones (4.5%) and mudstones
(0.5%). While the granite grains are angular to semi-angular
in the conglomerates, the other rock grains, usually of
finer-grained rock varieties, are rounded (after Powers,
1982). The layers are generally inclined toward 225°,
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Fig. 7. Facies types in the profile from Kudowa Górna. Disintegrated weathered granite: A – grus, B – fractured weathered granite (G).
Arrows indicate fissures filled with brown-red mudstones. C – saprolite with granitic cornstones (gc), D – Rotliegendes pebbly sand-
stones containing rounded granitic (gb) and quartz (q) clasts. Dashed line indicates bedding.



having a dip of 30°. The calculated true thickness of the
profile is approximately 16 m (Fig. 8).

No features indicative of the presence of a fault surface
were observed anywhere in the exposed profile. The
boundary between the consolidated and unconsolidated
granite is irregular and gradual. Its general orientation after
the rotation of the beds to a horizontal position is 225/14
(Fig. 8). The base of the Rotliegendes deposits can be as-
sessed using textural criterion: it is marked by the occur-
rence of material other than granitic and by an increase in
grain roundness. The orientation of the base of the Rot-
liegendes, after the rotation of the profile, is estimated to
be 225/7 (Fig. 8).

MINERALOGY OF THE REGOLITH

Beginning from the lower part of the section, the gran-
ite that occurs at the base of the regolith shows a character-
istic purple-brown colour. It is compact and, despite strong
fracturing, rather weakly chemically altered. K-feldspars
are not altered, and the biotite also shows no evidence of
any chemical alteration. XRD and thermal analyses indi-

cate the presence of kaolinite and mixed-layer I/S type
mineral (Fig. 9). Such an altered granite formed at the level
of more weathered rock (saprock sensu Velde, 1991) than
the saprolite sensu Delvigne (1998) and Velde (op. cit.).

The higher part of the regolith from Kudowa Górna
(Fig. 8) developed in the granite as a typical saprolite (sensu
Delvigne, op. cit., and Velde, op. cit.) or grus sensu Migoñ &
Lidmar-Bergstrom (2001). It predominantly consists of
quartz-K-feldspar aggregates and microaggregates, often
surrounded by thin layers of post-biotite and post-
plagioclase fine platy minerals. There is no unaltered pla-
gioclase in the aggregates.

However, XRD analyses of the saprolite indicate a
more varied mineral composition with a distinctive pre-
dominance of a 10.3 Å mineral (illite-montmorillonite)
and 7 Å structure of kaolinite (Fig. 10a).

The thermal analyses (see DTG and TG plots on Fig.
10b) indicate the presence of mineral phases undergoing
dehydration at temperatures of 140°C, and dehydroxyla-
tion at 350° and 540°–570°, 650°–670°C. These analyses
provide evidence of the presence of several clay minerals,
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e.g. hydromica, illite-montmorillonite, and kaolinite as the
secondary minerals. The TG plots show the dominant
content of kaolinite in the clayey fraction.

The composition of the matrix in the Rotliegendes de-

posits is similar to the composition of the granitic weather-
ing cover lying below – quartz and hydromica predomi-
nate. A difference appears in a distinctively greater kaolin-
ite content.

OTHER OCCURRENCES OF REGOLITH

In the northern and north-eastern part of the Kudowa
Trough, the Kudowa granite occurring on the surface or
underneath Permian or Cretaceous deposits is weathered.
Apart from the exposure in Kudowa Górna, the Kudowa
granite is most strongly weathered in the zone extending
from Pstr¹¿na through Czermna to the area east of
Jerzykowice Wielkie (Fig. 2).

A poorly weathered purple-brown or grey granite oc-
curs at Jerzykowice Wielkie. Following the reasoning of
Delvigne (1998), this granite could be considered a weath-
ered rock where unmodified structural and textural fea-
tures were preserved and which shows poorly visible small
chemical changes of the main minerals on the macroscopic
scale. Its K-feldspar remains unaltered, while its plagioclase
is bleached in places. Its biotite plates change into fine-
grained flaky aggregates without luster. XRD and thermal

analyses show elevated kaolinite contents compared to the
saprock/saprolite level from Kudowa Górna (Fig. 11).

The above features make it possible to classify this
rock as one altered in an early stage of chemical weather-
ing. Changes of this type are typical of the lower (deeper)
part of the weathering profile. However, though it is from
the upper level, and is more thoroughly altered compared
to the weathered granite from Kudowa Górna. It cannot
be ruled out that the higher kaolinite content indicates
weathering in conditions different from those documented
by the section from Kudowa Górna, despite the structural
and textural features of this rock not distinguishing it in
any specific way.

A granite with unmodified primary structure and tex-
ture occurs at Czermna. Its K-feldspar is unaltered but its
plagioclase shows slight alteration. Similarly, its biotite
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changed colour to dark green and lost its luster. XRD and
thermal analyses indicate the presence of hydromicaceous
minerals (Fig. 12). Therefore, it is a poorly weathered gra-
nite from the level adjacent to saprolite. Saprolite, or

rather alterite sensu Delvigne (1998), should show disaggre-
gation of rock but with the preservation of the primary
granite fabric.

SEDIMENTARY OVERLAY ABOVE SOILS

THE CARBONIFEROUS

The oldest non-metamorphosed and palaeontologi-
cally evidenced deposits directly overlying the Kudowa
granitoids or their metamorphic mantle occur in �dárky
(Czech Republic) near the border with Poland. These are
variably-grained clastic deposits containing coal interlay-
ers, which at the beginning of the 20th century were re-
ferred to as the �aclerskie Beds of Westphalian age
(Schatzlarer Schichten sensu Petrascheck (1905, 1922,
1923) and Berg (1925) or �acléøské vrstvy sensu Nemejc
(1933) and Hynie (1949). Gierwielaniec (1965), based on
the lithological similarity to deposits occurring in Poland
in the vicinity of Pstr¹¿na and north of Jakubowice and
Darnków, also classified them as Westphalian.

The age of those deposits was narrowed down in sub-

sequent studies (Nemejc, 1953, 1958; Tásler et al., 1979). In
a review work by Tásler et al. (1979), the authors divided
the Westphalian into �acléøské vrstvy in the vicinity of
�dárky-Pstr¹¿na and petrovické vrstvy north of Hronov,
and called them Westphalian B and C, respectively.

On the synthetic lithotectonic profile of the Polish
part of the Intrasudetic Basin (Nemec et al., 1979), equiva-
lent deposits under the topmost part of the �acleø Forma-
tion were classified Westphalian B; the authors classified
the overlying deposits of the Glinik Formation West-
phalian C, and did not distinguish Westphalian D in the
proposed profile. In studies dedicated to palaeogeographi-
cal reconstructions of the Intrasudetic Basin (e.g. Mastalerz
et al., 1993; Bossowski & Ihnatowicz, 1994a, b), these de-
posits were interpreted as the upper part of the �acleø For-
mation (Westphalian B-C). One can conclude that the
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most probable time span in which the oldest non-
metamorphosed deposits directly overlying the Kudowa
granite or its mantle rocks were formed was between 308
and 313 Ma.

It must be emphasized that pebbles of intensely weath-
ered granite first occur in the top of an over 60-m thick se-
ries of deposits (dolsko-�dárecke vrstvy) in which they
constitute a characteristic horizon of “granite-quartz con-
glomerate” (hronovske slepence, according to Czech
authors), which was called “okruchowiec” by Gierwielaniec
(1965). Underneath, pebbles of metamorphic rocks and
quartz are dominant in the conglomerates. Therefore, the
onset of the direct weathering of the granitic basement
must have occurred closer to the upper limits of the sedi-
mentation time span, i.e. about 308 Ma.

Additionally, it must be emphasized that the West-
phalian deposits do not show evidence of any epigenetic
transformation (no altered mica or feldspar, the presence
of carbonaceous flora remnants), and that they lie directly
over unweathered basement rocks – mica schists (in the vi-
cinity of Pstr¹¿na) or amphibolites and partial granite (the
area north of Jakubowice and Darnków) (compare:
¯elaŸniewicz, 1977b) (see mineralogical data at the end of
the chapter). This means that if any weathering soil was
created in those places, it had to happen before 308 Ma or
perhaps even before 313 Ma, as indicated by some well-
evidenced occurrences of dolsko-�dárecke vrstvy (West-
phalian B) that directly overlie “palaeo-, residual- or re-
deposited soils over crystalline basement” (p. 36, Tásler et
al., 1979).

There is much evidence to indicate that such a soil
cover could have formed over a rising and subsequently de-
nudated massif related to the intrusion of the Kudowa
granite. Part of the �acleø Formation (Westphalian B ac-
cording to Nemec et al. (1979), Westphalian A-B according
to Tásler et al. (1979)) forms an upwards grain-fining se-
quence (Nemec et al., 1979). The sequence additionally
shows an increase in the degree of stratigraphic condensa-
tion up the profile (Tásler et al., 1979; Bossowski &
Ihnatowicz, 1994). These are typical features of cyclo-
thems related to denudational cycles of landscape develop-
ment. In the terminal phase of these cycles, if the climatic
and hydrogeological conditions are favourable, residual
soil covers may develop (compare Taylor & Eggleton,
2001).

Assuming such a scheme of evolution for the area in
question, the probable onset of the rise (or period of rise)
should be deemed as synchronous with the beginning of
development of the �acleø Formation megacycle, which
took place at the termination of Westphalian A, i.e.
313–315 Ma. This was a period in which the sedimentation
of the lampertické vrstvy accompanied the denudation of
the risen massif (Tásler et al., 1979). The development of
the soil cover and its erosion coincided with a period of
sedimentation of the dolsko-�dárecke vrstvy, i.e. between
308 and 313 Ma. From about 311 Ma, the erosion was more
intense; the development of the topmost part of the �acleø
Formation (petrovické vrstvy, according to Tásler et al.,
1979) was its effect, and a new denudation-depositional
cycle was thus initiated.

PETROGRAPHY
OF THE CARBONIFEROUS DEPOSITS
FROM PSTR¥¯NA

Sample 1. It consists of quartz conglomerate of beige-
grey colour, strongly lithified, with a mineral composition
distinctively akin to granite. The rock shows features of a
very poorly sorted material. The main components are
quartz grains ranging from 5 to 30 millimetres in size. Fine
mica flakes and white clayey cement are clearly distin-
guished in the matrix. XRD and thermal phase analyses
(Fig. 13) definitely stress the presence of a clay mineral
from the mica, I/S and kaolinite group.

Sample 2. This is a fine grained, purple-brown col-
oured sandstone. The mineral composition is akin to a
granitic material (quartz, feldspars, biotite, haematite).
Fine biotite plates show significant changes manifested by
the loss of luster and colour change from black to dark
green. In the light of phase analyses, this sample contains
chlorite, hydromica and a small amount of kaolinite.

Sample 3. It is a light grey conglomerate with a brown
pigment, poorly sorted, largely composed of very poorly
rounded quartz grains ranging from a few to 20 millimetres
in diameter. The colour of the rock is purple-brown in an-
other part. The fine-grained matrix contains, among
others, quartz and feldspars, and there is not too much
cement. XRD and thermal analyses show the presence of
a micaceous mineral and rather significant content of kao-
linite. It is a sedimentary rock which could have originated
due to the redeposition of a granitic saprolite similar to
that described from the vicinities of Kudowa Górna,
Jerzykowice Wielkie and Czermna (compare Fig. 10, 11
and 12).

Sample 4. It consists of fine-grained and equigranular
quartz sandstone containing a hydromica and kaolinite in
the position of a cement. The material for this rock could
have but did not have to originate from a granitic saprolite.

THE PERMIAN

The Permian deposits in the area of the Kudowa
Trough, by comparison to the area of the Intrasudetic Ba-
sin, are classified under the upper part of the Rotliegend –
the Saxonian (Petrascheck, 1934; Dziedzic, 1957; Gierwie-
laniec, 1965). Their textural and structural features, and the
presence of distinct horizons enriched in calcium carbon-
ate (caliche), make it possible to correlate them with the
uppermost part of the Lower Permian found in the vicin-
ity of Radków, i.e. with the Conglomerate from Wam-
bierzyce (see Œliwiñski, 1984). As for the age of those de-
posits, it is only possible to say that they are younger than
268 Ma. The thickness of Permian deposits in the area of
the Kudowa Trough does not exceed 2000 m.

It should be pointed out that Gierwielaniec (1965) al-
ready indicated that the deposits regarded as Rotliegendes
represent two facial varieties. One, which has a broader ex-
tent, is represented by coarse-grained conglomerates and
sandstones of pinkish to brown colour, layered, and con-
sisting dominantly of feldspar and granite (40–50%), quartz
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(up to 30%) and clasts of metamorphic rocks (up to 30%).
The other lithological type occurs locally between Ku-
dowa Górna and Dañczów, and it consists of angular clasts
of the Kudowa granite and mica schists and additionally
“the pebbles are lithified with a rich clay-kaoline cement,
locally impregnated with iron hydroxides” (Gierwielaniec,
1965). The latter description is analogous to the above-
described part of the regolith profile from Kudowa Górna.

THE CRETACEOUS

The Cretaceous within the Kudowa Trough fills a tec-
tonic depression of the same name, and occurs in patches
around the Trough’s margins (Fig. 2). The age of the oldest
Cretaceous deposits has not been precisely determined.
Originally classified under the Middle Cenomanian
(Michael, 1893; Gierwielaniec, 1965) conglomerate and cal-
careous sandstone from Kudowa, the shell conglomerate
and siliceous-calcareous sandstone from Jakubowice

appear to have a limited extent, grading sideward into glau-
conite sandstones containing Actinocamax Plenus (Upper
Cenomanian) and upward into sandstones and mudstones
with I. labiatus (Lower Touronian). The main portion of
the deposits in the area of the Kudowa Trough is made up
of calcareous mudstones of the Middle Touronian (I. la-
marcki), the thickness of which is almost 500 m in the
deepest part of the depression. Thus, it can be assumed that
the Cretaceous deposits are not older than ca. 98 Ma.

In the area in question, one of the oldest counterparts
of the Upper Cenomanian, always occurs directly upon
the Kudowa granite. The lowermost deposits almost al-
ways contain intensely weathered constituents of the base-
ment, particularly clasts of granite and kaolinitized feld-
spar (see Gierwielaniec, 1956; Gierwielaniec & Turnau-
Morawska, 1965). In places where the intensity of weather-
ing was weaker, the deposits usually contain more calcare-
ous cement.

THE AGE OF THE SOILS: DISCUSSION

Soils developed from crystalline rocks of the Kudowa
Granitoid Massif either outcrop directly on the surface
(e.g. in the area of Jakubowice) or occur under deposits of
different age, which was evidenced both in boreholes and
via geological surveying (Fig. 1). In the vicinity of
Czermna and east of Jerzykowice Wielkie, granitic soils
occur under Cretaceous deposits (Upper Cretaceous, Ce-
nomanian). In Kudowa Górna and Jerzykowice Wielkie,
they are overlain by the topmost Rotliegendes deposits
(Lower Permian, Saxonian). In Pstr¹¿na and north of Ja-
kubowice and Darnków, soils over amphibolites occur un-
derneath the �acleø Formation (Upper Carboniferous,
Westphalian B-C). In each case, the soils can be classified
under one or several zones typical of a regolith profile
sensu Taylor & Eggleton (2001).

Had it been certain that the soils constitute relics of a
solid soil cover developed over the whole area synchro-
nously, the age interpretation for individual occurrences
would have been relatively straightforward. The upper age
limit would have been determined by the oldest unweath-
ered deposits which overlie the soil, and the lower age limit
would have been bound by the age of the source rock for
the soil. The above results clearly show that soils which are
not overlain by deposits could have formed at any time af-
ter the development of the source rock; thus, in order to
univocally establish their age, one should refer to other im-
plications or to radiometric age.

As for the weathered granite overlain by unweathered
Cretaceous deposits (Czermna, vicinity of Jerzykowice
Wielkie), it is known that the soil cannot be younger than
95 Ma because this is the approximate age of the so-called
calcareous sandstones of Upper Cenomanian age, which
mark the beginning of the transgressive profile of the Cre-
taceous almost in the whole area of the Kudowa Trough.
The uneven boundary and poor roundness of the material
constituting the calcareous sandstone may indicate both
relatively fast inundation of the ground surface and re-

markable lithification of soils which covered the area. It
must be pointed out that before the development of the
Kudowa Trough in the Quaternary (cf. Don & Wojewoda,
2005), Cretaceous deposits formed continuous cover in
this region. Thus, at present, in every place where the soils
grade sideward from underneath Cretaceous deposits to
soils outcropping directly on the surface, pre-Cretaceous is
the most likely age of their formation.

The issue of the age of the weathered granite overlain
by Rotliegendes deposits in Kudowa Górna and Jerzy-
kowice Wielkie is more complicated, primarily because
the Rotliegendes deposits display effects of intense weath-
ering, and therefore it is possible that the basement weath-
ered together with the overlying deposits, after the sedi-
ment deposition. In that situation, the uppermost age of
the soil is bounded by the non-weathered Cretaceous de-
posits occurring above the Rotliegendes. However, in such
a case, the record of the weathering processes in the base-
ment and the sedimentary cover should be the same. What
is more, hydrogeological and climatic conditions favour-
ing this particular type of weathering should potentially
occur in the period between the deposition of the Rotlieg-
endes and the Cretaceous transgression.

In every place where non-weathered deposits of Upper
Carboniferous age occur above crystalline rocks’ soil, we
can conclude with certainty that the soil is older than those
deposits and younger than the rocks from which it devel-
oped. Summing up, the “undoubted” events can be put
into the following order:

– the intrusion of the Kudowa granite (342–320 Ma)
– the rise and denudation (erosion) of the metamor-

phic mantle of the Kudowa Massif (before 313 Ma) (West-
phalian A)

– chemical weathering, the erosion of soils and sedi-
mentation (313–311 Ma) (Westphalian B-C)

– the erosion of soils and of the basement, physical
weathering, and sedimentation (299–268 Ma) (Saxonian)
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– the erosion of soils and of the basement, sedimenta-
tion (98–85 (?) Ma) (Cenomanian–Santonian).

Less convincingly evidenced events, although pro-
bable because of the regional context, include chemical
weathering of outcropping Sudetic rocks, which occurred
prior to the marine transgression in the Late Cenomanian,
but after the deposition of the Rotliegendes. This time
span equals nearly 200 Ma (268–98 Ma) and includes peri-
ods favouring chemical weathering. The conditions pre-
vailing over the area of the Sudetes in the Saxonian, i.e. a
dry climate, high insolation, intense physical weathering
and the short-lasting, ephemeral deposition of sediments
(see Lützner, 1988; Wojewoda & Mastalerz, 1989) rule out
deep chemical weathering at that time. However, at time
of the marine transgression, a major part of the present day
Sudetes had to be relatively level and covered with residual
kaolin soils, including soils developed over Permian and
Triassic deposits (¯uk, 2002). This is evidenced by features
including the rapidity of the transgression, the almost iden-
tical profiles of the Cenomanian, and the lack of any litto-
ral facies of this age in the Sudetes (see Wojewoda, 1997;

Don & Wojewoda, 2005). It is additionally evidenced by
the lithology of the younger deposits – the sandstone-clay
megacyclothems of the Touronian and Coniacian must
have formed from analogous material which was available
on the land surrounding the Cretaceous basin (Wojewoda,
1986, 1997 and 2003). This opinion is also shared by other
researchers studying the Cretaceous in the Sudetes and in
the neighbouring areas (e.g. Skoèek & Valeèka, 1983;
Störr, 1983).

The early Cretaceous (documented by kaolin soils in
the Bohemian Massif) but also the Late Jurassic (docu-
mented by kaolin soils and terra rossa type soils in Mo-
ravia) should be considered as the most probable period of
soil cover formation in the Sudetes. Also, conditions fa-
vouring deep chemical weathering prevailed at these lati-
tudes in the Triassic, which is perfectly documented by the
kaolin soils of that age in Scandinavia. An extensive sum-
mary of the occurrence and characteristics of soils of differ-
ent ages in Europe is presented in papers by Migoñ &
Lidmar-Bergström (2001, 2002).

SUMMARY AND CONCLUSIONS

All the specimens described in this paper sampled
from soils, i.e. from the regolith in Kudowa Górna and
from the basement of the Cretaceous in Jerzykowice Wiel-
kie and Czermna, represent altered Kudowa granite. The
affinity is demonstrated by mineral composition and by
advanced cataclasis.

Every analysed sample of the granite displays a similar
degree of mineral alteration under weathering conditions.
Assuming the division of the weathering profile according
to Delvigne (1998), they constitute granitic soil, fractured,
yet preserving original structure and texture, in which
some of the fissures are filled with secondary clastic mate-
rial (e.g. the sample from Jerzykowice Wielkie). The den-
sity of the fracturing could not be high at the time of their
development, as no intense chemical alteration is visible in
the fragments of the weathered granite. It is not possible to
rule out that the observed consolidation of the soil is the ef-
fect of later lithification of the rock, which previously,
during weathering, reached a saprolite stage, being a mate-
rial in a state of disaggregation sensu Delvigne (1998), de-
spite the fact that the degree of alteration of particular con-
stituents could not have differed much from its present day
form. It should be pointed out that similar observations
were made by ¯uk (2002), who pointed to secondary lithi-
fication of the saprolite profile on the Ró¿ana Pass, which
had developed on Triassic sandstones directly under Creta-
ceous deposit cover.

The alteration of primary components appears as illiti-
zation and kaolinitization of plagioclase and alteration of
biotite, reaching into the hydromica and I/S (10.3 Å) for-
mation stage. Such phenomena are observed in weathering
profiles originating in conditions of a limited water supply
into the rock and a lack of organic components in the solu-
tions penetrating the rock (not very low pH) (e.g. Wilson,

2004). In turn, the presence of kaolinite may indicate a
more intense alteration developed locally in plagioclase.
This process could have taken place during another, later
stage of weathering.

The sedimentary rocks from the Carboniferous of
Pstr¹¿na also show similarities to the mineral composition
of the Kudowa granite. This similarity is marked by the
presence of red-coloured K-feldspar, plagioclase and biotite
which, together with quartz, are also the main components
of the granite. This is also evidenced by the similarity of
the mineral composition in the conglomeratic lithologies,
including the presence of hydromica, and the presence of
biotite plates, locally altered into iron hydroxides, in the
sandstone. A characteristic feature is the common presence
of haematite, found both in the K-feldspar in the granitoid,
and staining the weathered granite and deposits that over-
lie it.

The reconstruction of conditions in which the de-
scribed soils over the Kudowa granite developed can not be
univocal. Assuming that the studied material represents
the whole profile of a regolith, it should be concluded that
they could have formed in a moderate, not very humid cli-
mate, with limited vegetation (Velde, 1991). Such condi-
tions could prevail in the transitional period between the
Carboniferous and the Permian.

However, assuming that we can see only a part of the
original profile of the weathering cover, which was previ-
ously much thicker, it is possible to accept with high prob-
ability that we may be dealing only with the lowermost
section, which gradually passes downward into unweath-
ered granite. In this case, it can be inferred that such a
weathering cover could have developed in a humid and
warm climate, such as that which prevailed in the Upper
Carboniferous (see Górecka-Nowak, 1995, 2002).
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Although the soil in Kudowa Górna occurs above the
strongly tectonically engaged granite (cataclasite), the tran-
sition between granite, soil and Rotliegendes deposits is
gradual and under no circumstances can it be regarded as a
tectonic fault boundary. Such a transition rather implies
that the soils overlie faults of Carboniferous age (or older),
some of which were later reactivated. The reactivation of
faults accompanying the sedimentation of the Permian de-
posits or those beneath the Cretaceous deposit cover is
demonstrated only by flexural deflection and steepening of
layers (e.g. Czermna-Dañczów Flexure sensu Gierwiela-
niec, 1965).

Our data shows that the Kudowa section of the north-
ern tectonic border of the Kudowa Trough was not signifi-
cantly reactivated between the Late Carboniferous and the
Late Cretaceous. It means that the studied border cannot
constitute the segment which would join the Poøici-
Hronov Fault Zone in the west with the so-called Zieleniec
Thrust in the south-east (see Fig. 1). The interpretation as-
suming the continuation of the PHFZ to ZT (Cymerman,
1996, 2004) is thus not confirmed, which also casts doubts
on the real existence of the alleged “Zieleniec Thrust” that
has not been observed by other authors.
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