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Abstract: In 1986, the KLK-1 (Klanec¢nica) borehole was drilled northwest of Moravské Lieskové as part of
a regional oil and gas exploration programme. The well reached a total depth of 662 m and was intended to verify
the occurrence and potential accumulation of hydrocarbons within the Drietoma anticline, a geophysically indi-
cated structural high in the St. Hrozenkov—Drietoma area. The drilled succession was originally assigned to the
Svodnice Fm. of the Biele Karpaty Unit down to 75 m, and to the Zlin Fm. of the Rac¢a Unit below this depth.
However, a re-examination of the preserved core material suggests that the presence of glauconitic sandstones
and an inferred middle to late? Eocene age do not support the previous correlation with the Raca Unit. The lower
interval of the borehole, below approximately 90 m, is here reinterpreted as belonging to the Bystrica Mb. of the
Bystrica Unit. The borehole cores reinterpretation is supported by the abundant occurrence of larger foraminifera,
lithologically variable quartz-glauconitic sandstones, and thick beds of dark grey silty claystones to marlstones,
all characteristics also of the Bystrica Mb. Furthermore, the western extent of the Bystrica Unit does not appear
to terminate at the Nezdenice Faults, as previously supposed, but continues westwards beneath the Biele Karpaty
Unit, albeit to a limited subsurface extent.
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Highlights

e KLK-1 borehole — depth 662 m — drilled in 1986 as part of hydrocarbon exploration — may represent one of the few
known occurrences of the Bystrica Unit west of the Nezdenice Faults

¢ 0-90 m: Svodnice Fm. (Biele Karpaty Unit — Paleocene to early Eocene quartz-carbonate sandstones)

* 90-662 m: previously assigned to the Zlin Fm. (Vsetin Mb. of Raca Unit), is here reinterpreted as the Bystrica Mb. (Bys-
trica Unit), all in Magura Nappe (quartzy glauconitic sandstones with abundant redeposited larger foraminifera, and thick
beds of dark grey silty claystones to marls; nannoplankton: middle Eocene — NP17, Bartonian)

Introduction

Drilling in the western part of the Flysch Belt
commenced before and continued during the First World
War, targeting structures considered prospective for oil
accumulation. Deep wells were drilled in the Kysuce
region, including Koriia T1 and Svréinovec SVR-1. During
the interwar period, additional wells were completed — T2
(Predmier) and S-1 (Staskov) (Plicka et al., 1958).

At the turn of the 1950s and 1960s, the B-2 well
(665 m; Oravska Polhora; Porubsky et al., 1963) continued
the verification of potential hydrocarbon accumulations. In
the 1980s, drilling depths increased to 1200 m: in addition
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to shallow mapping wells such as KLK-1 (Klanecnica,
662 m), several deep structural boreholes were realised
mainly in eastern Slovakia, including Zboj-1 (5002 m;
Durkovi¢ et al., 1982), Smilno-1 (5700 m; Lesko et al.,
1987), FPJ-1 Oravskd Polhora (2417 m; Potfaj et al,
1989), and Zborov-1 (5500 m; Wunder et al., 1990).

This period coincided with deep structural drilling
in the Czech Flysch Belt, e.g. Jablinka-1 (6506 m; Pesl
et al.,, 1982) and Gottwaldov-2 (4790 m). Although
Lubina-1 (3236 m; Lesko et al., 1982) was located south
of the Flysch Belt, it penetrated Magura Nappe flysch
successions at interval 2706-3236 m. Some boreholes
also served multidisciplinary purposes: FPJ-1 (Oravska
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Polhora) was also aimed at the exploration of a I-Br water
reservoir (Franko & Potfaj, 1983), and SVR-1 evaluated
the potential for Carboniferous coal seams beneath the
Flysch Belt (Plicka et al., 1958).

Lesko (1980) proposed drilling a 6500 m borehole to
investigate the basement of the Flysch Belt and potential
hydrocarbon accumulations in the St. Hrozenkov—
Drietoma area. Significant seismic reflectors beneath the
flysch sequences, between 4000-6500 m depth, were
targeted. Gravimetric and seismic data (Tomek, 1976)
suggested low-density bodies beneath the Bystrica Unit
in the Zarie¢ie—Kolarovice area represented Oligocene—
Miocene molasse deposits folded beneath the flysch and
Inner Carpathian units.

The Driectoma area was selected for its presumed
basement uplift, the “Drietoma Structure”, interpreted from
seismic and gravimetric data (Lesko, 1980). Reflectors at
~3500 m were attributed to the base of the Biele Karpaty
Unit, at ~6000 m to the base of the Magura Nappe, and at
~7000 m to the crystalline basement, possibly overlain by
a Paleozoic—Mesozoic to Miocene(?) sedimentary cover.
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Similar conclusions were reached by Némec (1978,
1980), who termed the structure in front of the Pieniny
Klippen Belt the “Hrozenkov Elevation” based on
seismic profiles 109R/76, 124R/76, and 124A-C/77.
Potfaj (1986a, b) later summarised geophysical data from
Drietoma—Klanec¢nica, highlighting the ambiguity in
interpreting such elevation. Although the projected deep
borehole (Lesko, 1980) was planned for 1981, it had been
never drilled.

Another borehole within the Drietoma elevation was
initially proposed by Kysela (1984 in Potfaj & Bodis,
1987) in the Drietoma Valley, but the location was later
changed to the right-bank valley of a Klanec¢nica tributary
opposite the settlement of Plevovec, but was ultimately
relocated and drilled in the valley of its left-bank tributary
northwest of Moravské Lieskové village, approximately
40 m from the stream, on the right bank at an elevation
of 345 m (approx. 48.86236° N; 17.76045° E; Potfaj et al.,
1986; Dvorakova et al., 1989).

Drilling of the KLK-1 borehole took place from
August to November 1986, reaching 662 m instead of the

mKLK"[ - borehole

/\cross-section Fig. 8
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Fig. 1. Geological map displaying the location of the Klane¢nica KLK-1 borehole (geological map of Elecko et al., 2008).
(Biele Karpaty Unit: 477 — Drietomica Beds, 478 — Svodnice Fm., 481b — Javorina Beds, 481c — Ondrasovec Beds,

482-513 — Pieniny Klippen Belt)
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planned 650 m. Project documentation and detailed well
evaluation are not preserved in the Geofond archive; only
brief characterisations exist (Potfaj et al., 1986; Potfaj &
Bodis, 1987).

The borehole was part of hydrocarbon exploration in
the Flysch Belt, targeting the verification of an anticlinal
structure in the Nova hora area. Objectives included
assessing basal sequences of the Biele Karpaty Unit
and, where possible, the tectonic footwall, alongside
petrogeochemical analyses (organic content, maturation)
and reservoir properties (Potfaj et al., 1986).

Lithostratigraphic interpretation by Potfaj et al.
(1986) assigned the uppermost 75 m of the borehole to
the Svodnice Fm. of the Biele Karpaty Unit (Paleocene to
early Eocene) and below a breccia interval interpreted as a
thrust zone of the Biele Karpaty Unit; from approximately
75 m depth the underlying succession was assigned to
the Zlin Fm. of the Raca Unit. Methane emissions were
observed within the tectonic breccia at 75 m. At depths
of 118, 134, 216, 318, and 505 m, methane-rich Na—Cl—
HCOs-I-Br waters were encountered, with maximum
flow rates of 0.1 to 3.5 1:s™! and temperatures up to 16 °C.
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Fig. 2. Lithostratigraphic scheme of the Slovak western part of the Magura Nappe (Hok et al., 2019).
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Iodine concentrations reached approximately 27 mg-1™".
These waters are hosted in fracture-controlled reservoirs
within sandstones and sandy claystones (Potfaj & Bodis,
1987). Rock physical properties of the KLK-1 were
studied by Dvorakova et al. (1989).

Simplified KLK-1 borehole profile (detailed description:
Potfaj et al., 1986, p. 49; Potfaj & Bodis, 1987):

0-7.3 m: Quaternary alluvium: brown sandy-clayey
gravels and clays with sandstone pebbles.

7.3-75.6 m: Svodnice Fm., Biele Karpaty Unit:
alternating sandstones and claystones. The
sandstones are predominantly fine-grained to silty,
less commonly medium- to coarse-grained, with
Ta, Tb, and Tc Bouma intervals. They are grey,
laminated, contain muscovite, and show abundant
plant detritus on lamination surfaces. Basal
bed surfaces commonly exhibit bioglyphs. Bed
thickness ranges from 1 to 250 cm. Claystones are
grey, calcareous, occasionally dark grey, often with
silty admixture. Dark grey claystones dominate
within the deeper parts. The sandstone-to-claystone
ratio is approximately 0.6, increasing to 0.8 at
greater depths. Both sandstone proportion and bed
thickness gradually increase with depth. At interval
25-25.5 m, a light grey marlstone to limestone
occurs (so-called “treskun” or “ruin marble”; Fig. 3;
Marko et al., 2003). The succession is tectonically
disturbed, with zones of slaty cleavage.

72.2-75.6 m: Tectonic breccia composed of fine-
grained laminated sandstones within a slaty clay
matrix.

75.6-80.5 m: Light grey calcareous muscovitic fine-
grained sandstones, 5-20 cm thick, interbedded
with grey to dark grey calcareous claystones,
5-10 cm thick. Sandstone-to-claystone ratio ~0.7.

80.5-84.3 m: Tectonic breccia of strongly shaly grey
calcareous claystones containing fragments of
fine-grained laminated muscovitic sandstones and
siltstones, with two beds of 15-20 cm thick fine-
grained sandstones.

75.6—-662 m: Zlin Fm., Raca Unit: alternating sandstones
and claystones. The dominant lithology is dark grey
to brown silty calcareous claystones, 1-4 m thick.
In the upper parts of cycles, thin 1-3 cm layers of
bluish-green non-calcareous claystones occur. Rare
pyrite streaks and nests are present in the brown
claystones; contacts with grey-green claystones are
usually bioturbated. The sandstones are represented
by three types: a) greenish-grey glauconitic, fine-
grained, with muscovite-rich laminae; b) light grey
arkosic, displaying well-developed grading from
coarse to fine-grained, some of which contain larger
foraminifera, with bed thicknesses from a few cm
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up to 5.5 m; c) grey, poorly sorted, medium- to
coarse-grained wacke sandstones up to 2 m thick.
The sandstone-to-claystone ratio is ~0.3, locally
higher in sandstone-dominated zones. Beds dip up
to 40°, locally up to 75°. The succession is folded,
with several overturned sequences; cores are cross-
cut by calcite veins, and open fractures are present
throughout the borehole.

Methods

Revision of KLK-1 was carried out as part of the
geological mapping and research of the Biele Karpaty Mts.
region during 2016-2020 (Peskova et al., 2021; Tet'ak et
al., 2024) studying 48 core samples (Tab. 1). Samples
were macroscopically examined and photographed.
Two grey calcareous claystone samples from depths of
386.8 m and 482.2 m were analyzed for nannoplankton
assemblages, while two quartzy glauconitic sandstone
samples from depths of 197.0 m and 568.5 m were studied
petrographically. Modal analysis of 500 grains per thin
section was performed using an Eltinor 4 point-counting
system.

Results

Based on the inspection of preserved core samples, we
note a striking similarity in the macroscopic appearance
of the glauconitic sandstones with the sandstones of
the Bystrica Mb. (Tab. 1). We conclude that neither the
presence of glauconitic sandstones nor a middle to late?
Eocene age justify assignment to the Zlin Fm. (Vsetin Mb.)
of the Raca Unit. In the upper part of the borehole, down
to approximately 90 m, we agree with the assignment to
the Svodnice Fm. of the Biele Karpaty Unit, consistent
with the sequence observed in the vicinity of the borehole
(Potfaj et al., 1986; Peskova et al., 2021).

Below the ~90 m, the borehole is reinterpreted as the
Bystrica Mb. of the Bystrica Unit, characterized in core
samples by abundant occurrence of larger not determined
redeposited foraminifera in quartzy glauconitic sandstones
and thick beds of dark grey claystones. In certain cases, the
Svodnice Fm. of the Hluk succession of the Biele Karpaty
Unit with glauconitic sandstones could be considered (cf.
Tet'ak, 2016); however, its Paleocene to early Eocene age
is older than the middle Eocene age determined for the
sediments. The glauconitic sandstones from the borehole
cores differ macroscopically indistinctly from those of the
Vsetin Mb.

Nannoplankton analysis (Korabova in Peskova et al.,
2020; Tet'ak et al., 2024) confirms a middle Eocene (NP17,
Bartonian) age for samples at 386.8 m and 482.2 m. The
assemblage, although low-diversity (Tab. 2), includes
characteristic species typical of the middle Eocene: Cycli-
cargolithus floridanus (RotH & HAy) BUkRry, Reticulofe-



Macroscopic description of KLK-1 Klane¢nica borehole core samples (explanations of abbreviations:

Tetak, F. et al.: Alternative interpretation of the Bystrica Unit in Klanecnica KLK-1 borehole (Magura Nappe)

Tab. 1

cgs./mgs./fgs. — coarse-/medium-/fine-grained sandstone, Qks — quartz-carbonate sandstone, tectonics — tectonically

fractured and calcite-healed).

Depth [m] | Lithology Stratigraphy | Figure
17.4 fgs. Qks plant detritus, convolute and wavy laminated Svodnice sst.
25.2 limestone brownish-grey bioturbated limestone Fig. 3
25.8 fgs. Qks plant detritus, pyrite, laminated, + siltstone laminated, plant detritus Svodnice sst.
314 mgs.-(fgs.) Qks, plant detritus, massive, muscovite, tectonics Svodnice sst.
37.7 fgs. quartzy, dark green to glassy, laminated, a lot of glauconite _
48.6 fgs. Qks, plant detritus, laminated, (muscovite), tectonics Svodnice sst.
65.2 fgs. Qks, plant detritus, massive?, tectonics Svodnice sst.
77.2 fgs. Qks, plant detritus, cross bedded, muscovite, tectonics Svodnice sst. | Fig. 4A
89.0 (sgill’?sllt):,ligg’igzigard grey calcareous, plant detritus, fissured (filled by fgs. .
928 fgs.'quartzy greenish-grey, a lot of glauconite, muscovite, plant detritus, _
laminated
108.6 i!ltl)éifela\ygitr?sn)e hard calcareous grey, fissured, plant detritus, tectonics (rusty a claystone
124.6 silty claystone brownish-grey calcareous, plant detritus, tectonics claystone
129.6 marlstone light grey, pyrite fills bioturbation), fissured, tectonics claystone
133.4 mgs. pooyly sorted (?s]ump) ma;sive, larger foraminifera, less glauconite, _
plant detritus, muscovite, tectonics
142.6 silty claystone to siltstone light, plant detritus, tectonics claystone
144.8 siltstone light grey, plant detritus, muscovite, ?glauconite claystone
153.3 fgs. laminated, plant detritus, muscovite, medium glauconite, tectonics
156.3 siltstone brownish-grey calcareous, plant detritus, muscovite, medium -
glauconite
163.5 fgs. Qks laminated, muscovite, plant detritus, (?no glauconite) Svodnice sst.?
169.8 claystone light, soft, calcareous claystone
197.0 mgzcg?”ft%sp%ﬁst greei%tumsassive, a lot of glauconite, larger foraminifera, glauc. sst. gig. 4B,
208.6 fgs. quartzy, a lot of glauconite, laminated, plant detritus, muscovite glauc. sst. Fig. 4C
2117 ﬂl&ztgg\ﬁtg'aEg;;%vggﬁ?é)g;‘r%yr,nti)ri]gttté:jbation (filled by fgs.), plant detritus, claystone
212.4 silty claystone brownish-grey, plant detritus, muscovite, tectonics claystone
263.7 claystone dark grey, muscovite claystone
266.5 fgs. grey quartzy, a lot of glauconite, laminated, plant detritus, muscovite
271.5 mgs. quartzy, medium glauconite, massive
279.3 fgs. quartzy, a lot of glauconite, tectonics, fissured
285.5 ((:’L%)(zfj?:gi}fg;[Stone claystone dark brownish-grey, bioturbated, plant detritus, claystone
313.2 gleat)r/ﬁat)srj?_?g:gugfr)lli?;())ne dark brownish-grey calcareous, bioturb., plant claystone
317.8 fgs. quartzy, a lot of glauconite, larger foraminifera, laminated, plant detritus
342.0 silty claystone grey, plant detritus -
383.5 fgs. quartzy, a lot of glauconite, laminated, tectonics
386.8 claystone grey calcareous plant detritus, muscovite
425.0 mgs. to fgs. quartzy massive, a lot of glauconite
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Tab. 1 — continued

Depth [m] | Lithology Stratigraphy | Figure

436.5 fgs. quartzy, a lot of glauconite, larger foraminifera, massive

441.2 claystone dark grey, plant detritus, tectonics -

469.5 fgs. quartzy, a lot of glauconite, massive, tectonics
482.8 claystone dark grey calcareous
531.5 fgs. quartzy, a lot of glauconite, muscovite, plant detritus, laminated

561.4 silty claystone dark grey, plant detritus, bioturbation (filled by glauconite fgs.)
568.5 cgs. grey quartzy, larger foraminifera, massive, a lot of glauconite, (tectonics)
580.5 silty claystone dark grey, plant detritus, bioturbation (filled by glauconite fgs.)
608.5 mgs. to fgs. quartzy, a lot of glauconite, larger foraminifera

619.5 silty claystone dark grey, plant detritus, muscovite _

635.0 siltstone-(fgs.) laminated, plant detritus, a lot of glauconite, muscovite,
) tectonics

660.0 silty claystone dark grey, plant detritus, muscovite, (laminated), tectonics -
661.0 fgs. quartzy, a lot of glauconite, (laminated), (plant detritus)

nestra bisecta (Hay, MoHLER & WADE) RoTtH, R. hillae  Coccolithus formosus (KampTnER) WisE, and Zygrha-
BUKRY & PERCIVAL, R. lockeri MULLER. The samples con-  blithus bijugatus bijugatus (DEFLANDRE) DEFLANDRE, as
tained Helicosphaera compacta BRAMLETTE & WILCOXON,  well. Potfaj et al. (1986) reports the similar assemblage
Coccolithus pelagicus pelagicus (WALLICH) SCHILLER, Re-  from the depths 121 m, 184 m, 374 m and 552 m.
ticulofenestra cf. dictyoda (DEFLANDRE) STRADNER, Sphe- Petrographically analyzed sandstone samples from
nolithus anarrhopus BuUkry & BRAMLETTE, S. moriformis depths of 197.0 m and 568.5 m are medium- to coarse-
(BRONNIMANN & STRADNER) BRAMLETTE & WILCOXON,  grained, from moderately to well-sorted, and from
slightly to very well-rounded, unidirectional, calcareous
Tab. 2 glauconitic  sublitharenites to subarkoses (Tab. 3).
Nannoplankton species determined in claystone Glauconite occurs both as intergranular cement and as
samples from KLK-1 borehole. oval grains. No chloritization was observed. Fossil organic
fragments are variously represented by larger and small
foraminifera, filaments, and, for example, red algae. Lithic
fragments include carbonates (micro- to sparitic), felsite
fragments, and less commonly sandstones, phyllites to
Coccolithus formosus (Kamptner) Wise gneisses, and granites are present. Calcite cement (sparite)
Coccolithus pelagicus pelagicus (Wallich) Schiller binds the sandstones.
Coccolithus sp.
Cyelicargolithus floridanus (Roth & Hay) Bukry
Discoaster deflandrei Bramlette & Riedel
Helicosphaera compacta Bramlette & Wilcoxon
Chiasmolithus grandis (Bramlette & Riedel) Radomski
Chiasmolithus sp.
Pontosphaera multipora (Kamptner) Roth
Reticulofenestra bisecta (Hay, Mohler & Wade) Roth
Reticulofenestra cf. dictyoda (Deflandre) Stradner
Reticulofenestra hillae Bukry & Percival
Reticulofenestra lockeri Miiller
Sphenolithus anarrhopus Bukry & Bramlette
Sphenolithus moriformis|Brannimann & Stradner) Bramlette & Wilcoxon
Zygrhablithus bijugatus bijugatus (Deflandre) Deflandre

Depth
Nannoplankton species

Q0| 386.8m

O @@ @ 482.2m

Age
Fig. 3. Light brownish-grey marlstone to limestone (so-called
“treskun” or “ruin marble”) from the 25-25.5 m interval.

Middle Eocene | @
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Fig. 4. Polished slabs from sandstone samples of the Klane¢nica KLK-1 borehole: (A) laminated fine-grained quartz-carbonate sand-
stone with muscovite and plant detritus, tectonically fractured — depth 77.2 m (Svodnice Fm.); (B) grey, massive, medium- to fine-
grained quartz—carbonate sandstone with muscovite, abundant glauconite, larger foraminifera, and plant detritus — depth 197.0 m
(Bystrica Mb.); (C) laminated fine-grained quartzy sandstone with muscovite, abundant glauconite, and plant detritus — depth 208.6 m
(Bystrica Mb.); (D) medium-grained quartzy sandstone, medium glauconitic, massive — depth 271.5 m (Bystrica Mb.); (E) laminated
fine-grained quartzy sandstone with abundant glauconite and plant detritus — depth 317.8 m (Bystrica Mb.); (F) laminated fine-grained
quartzy sandstone with abundant glauconite, tectonically fractured — depth 383.5 m (Bystrica Mb.); (G) massive medium- to fine-
grained quartzy sandstone with abundant glauconite — depth 425.0 m (Bystrica Mb.); (H) massive fine-grained quartzy sandstone with
abundant glauconite, tectonically fractured — depth 469.5 m (Bystrica Mb.); (I) massive coarse-grained grey quartzy sandstone with
larger foraminifera and abundant glauconite — depth 568.5 m (Bystrica Mb.); (J) medium- to fine-grained quartzy sandstone with abun-
dant glauconite — depth 608.5 m (Bystrica Mb.).
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Tab. 3

Modal composition of glauconitic sandstone samples of the KLK-1 borehole at depths of 197.0 m and 568.5 m.
(Legend: Qm — monocrystalline quartz, Qp — polycrystalline quartz, Silicite — chert, Plg — plagioclase,
Kfs — potassium feldspar, Ls — sedimentary rock fragments, Lc — carbonate rock fragments, Lm — metamorphic rock
fragments, Lv — volcanic rock fragments, Ms — muscovite, Bt — biotite, Acc — accessory heavy minerals,
Fos — fossils, Gl — glauconite, Mx — matrix, Cm — cement).

Depth Qm Qp |Silicit| Plg | Kfs Ls LE Lm Lv Ms Bt A Fos | Gl Mx | Cm

1970m | 44.04| 1242| 05 0.33] 166 | 099 | 745|033 | 033 | 464 | O 083 | 579 | .11 0 |19

5685m | 381 | 3238| 19 19 | 686|095 | 095|038 | 286 | 1.52 | 0.76 | 1.33 | 114 | 057 | O 8.38

Fig. 5. Representative nannoplankton species from claystone samples of the Klane¢nica KLK-1 borehole, observed under crossed
nicols, Bystrica Mb. of Zlin Fm. Scale bar = 10 um: (A) Cyclicargolithus floridanus (RoTH & HAy) BUKRY, depth 482.2 m; (B)
Coccolithus formosus (KampTNER) WISE, depth 386.8 m; (C) Coccolithus pelagicus pelagicus (WALLICH) SCHILLER, depth 386.8 m;
(D) Discoaster deflandrei BRAMLETTE & RIEDEL, depth 386.8 m; (E) Cyclicargolithus floridanus (RoTH & HAY) BUKRY, depth 386.8 m;
(F) Helicosphaera compacta BRAMLETTE & WiLcoxoN, depth 386.8 m; (G) Cyclicargolithus floridanus (RoTH & HAY) BUKRY, depth
386.8 m; (H) Coccolithus pelagicus pelagicus (WALLICH) ScHILLER, depth 386.8 m; (I) Helicosphaera compacta BRAMLETTE
& WiLcoxoN, depth 482.2 m; (J) Reticulofenestra cf. lockeri MULLER, depth 386.8 m; (K) Reticulofenestra bisecta (HAY, MOHLER
& WADE) ROTH, depth 482.2 m.
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mm

Fig. 6. Quartzy glauconitic sandstones of the Bystrica Mb. from samples of the Klane¢nica KLK-1 borehole (IIN and XN pairs): (A-J)
grey, massive, medium- to fine-grained quartz-carbonate sandstone with muscovite, abundant glauconite, larger foraminifera, and plant
detritus — depth 197.0 m; (K—P) massive, coarse-grained, grey, quartzy sandstone with abundant glauconite and larger foraminifera —
depth 568.5 m.
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Discussion

Pesl (1968), who introduced the Vsetin Mb., points out
that the Vsetin Mb. is very similar to the Bystrica Mb.,
with the most important diagnostic feature distinguishing
the Bystrica Mb. from the Vsetin Mb. being “the presence
of hard bluish-grey, whitish, and yellowish-weathering
marlstones to limestones and marls with shell-like
prismatic disintegration — the so-called Lacko marls”.
Potfaj et al. (1986) document claystones to marls with
thicknesses up to 300 cm in the interval 84.3—-141 m in
their borehole description.

Another distinguishing feature may be the lithological
variability of the sandstones. Even a macroscopic
inspection of the sandstone samples from the borehole
suggests an affinity to the Bystrica Mb. It is notably
lithologically and texturally diverse, with abundant shells
of larger foraminifera. Tet'ak et al. (2016) emphasize the
lithological diversity of glauconitic sandstones of the
Bystrica Mb. from the Orava region, explaining it by the
spatially and temporally varied character of the source
area and transport. They distinguish five main types
of sandstones, including slump and debris flow bodies
observed also in the KLK-1 borehole.

The increased occurrence of larger foraminifera in
the glauconitic sandstones of the Bystrica Mb. has been
mentioned in several studies (Kohler & Salaj, 1999; Bucek
& Tetdk,2020). Kohler & Salaj (1999), based on apparently
redeposited material from the Bystrica Mb. at the Skareda
locality west of Byt¢a, assign the described assemblage
with Orbitoclypeus douvillei douvillei (SCHLUMBERGER),
O. varians angoumensis LEss, and Asterocyclina stellata
adourensis LESS to the early Lutetian. Bu¢ek & Tetak
(2020) studied larger foraminifera in more detail from
the Javorniky and Orava localities. Older species, from
the Ypresian to Bartonian, were redeposited into the
sediments. The age of the sediments can be represented
by the youngest species of the Lutetian SBZ 13-16 to
the younger Bartonian SBZ 18. The occurrence of larger
foraminifera in the Vsetin Mb. is reported but not so
typical.

Potfaj et al. (1986) reported the age of sediments from
the deeper part of the borehole, based on nannoplankton
assemblages, as at least late middle Eocene, possibly
even late FEocene. This age does not exclude
correlation with either the Vsetin or Bystrica members.
The described assemblage includes: Coccolithus pelagicus
(WALLICH) ScHILLER, C. cf. eopelagicus (BRAMLETTE &
RIEDEL) KAMPTNER, Reticulofenestra umbilica (LEVIN)
MARTINI & Ritzkowskl, R. cf. coenura (REINHARDT)
RotH, Chiasmolithus grandis (BRAMLETTE & RIEDEL)
Rapowmski, Ch. expansus (BRAMLETTE & SULLIVAN)
GARTNER, Ch. cf. gigas (BRAMLETTE & SULLIVAN)
RaDOMSKI, Nannotetrina fulgens (STRADNER) ACHUTHAN
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& STRADNER, N. cf. pappii (STRADNER) PERCH-NIELSEN,
Discoaster saipanensis BRAMLETTE & RIEDEL, D. tani
nodifer BRAMLETTE & RIEDEL, D. barbadiensis TaN,
and Cyclicargolithus floridanus (RotH & Hay) BUKRY.
At present, this assemblage can be considered of middle
Eocene age (NPI15). Based on the youngest species,
Reticulofenestra umbilica (NP16-NP22), the sediments
can be assigned at most to the upper part of the middle
Eocene. However, this would not exclude the Vsetin Mb.

Potfaj et al. (1986) interpret the lower boundary of the
Biele Karpaty Unit at the base of the tectonic breccia zone
at a depth of 72.2 to 75.6 m. Furthermore, the sandstone
samples from depths of 77.2 and 89.0 m are clearly
quartz—carbonate sandstones, more characteristic of the
Biele Karpaty Unit. Another zone of tectonic breccias
occurs at a depth of 80.5-84.3 m. The nearest sandstone
core sample from 92.8 m already belongs to glauconitic
sandstones. Therefore, we estimate the tectonic interface
slightly lower than previously assumed, at approximately
90 m.

The sandstone sample from 163.5 m, based on
macroscopic examination, can be classified as quartz-
carbonate sandstones typical for the Svodnice Fm. Potfaj
et al. (1986) document occasional sandstones without
glauconite, or sandstones containing carbonate fragments,
as well. Such sandstones were observed in the same
stratigraphic position in co-occurrence with glauconite
sandstones, in smaller quantities, at several places on the
surface in the southernmost part of the Bystrica Unit in
the Puchovska dolina Valley (Tetak, 2024), which may
indicate that the borehole intersected the southernmost
tectonic slices of the Bystrica Unit.

The Bystrica Mb. crops out as well in the southernmost
tectonic slice of the Raca Unit in Javorniky Mts., up to
a thickness of 450 m (Mello et al., 2005). At the time of
drilling the KLK-1 borehole, this position was not known.

Since the Vsetin Mb. occurs in the northern (external)
part of the Raca Unit, it is unlikely that the Biele Karpaty
Unit would rest on the external part of the Raca Unit
without the central part of unit with the Babise Mb. and the
southern part with the Kycera Mb., as well as the Bystrica
Unit with the Bystrica Mb., being preserved at the surface.

At the surface, the Bystrica Unit essentially ends at the
Nezdenice Faults, which are among the most prominent
neotectonically active transverse faults of the Flysch Belt.
This was already pointed out by Potfaj & Bodis (1987). The
Bystrica Unit crops out southwest of the Nezdenice Faults
only in minor occurrences near the VIEnov municipality.
The continuation of the Bystrica Unit in the subsurface
of the Vienna Basin and the Rhenodanubian region has
not been proven (Stranik et al., 2021). The Klanec¢nica
borehole was one of the arguments for terminating the
Bystrica Unit at the Nezdenice Faults in the subsurface.

It can therefore be assumed that the Bystrica Unit
may continue subsurface to a limited extent further west,
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where the outer margin of the Biele Karpaty Unit crops
out; the sediments of its upper middle Eocene and younger
parts have not been preserved, and it is likely that folding
had already begun in this part of the Magura Basin in
connection with the Rhenodanubian Zone (Tetak et al.,
2019).

A detailed technical report with a thorough evaluation
of the KLK-1 core is not available in the Geofond
archive, nor is the drilling project, which later studies
refer to (Kysela, 1984 in Potfaj & Bodis, 1987). Only
preliminary brief information from Potfaj et al. (1986),
Potfaj & Bodis (1987), and Dvotakova et al. (1989), as
well as a few preserved core samples, can be used. Based
on these data, we assign the deeper part of the borehole
to the Bystrica Mb. of the Bystrica Unit and estimate the
boundary between the Biele Karpaty and Bystrica units at
approximately 90 m depth.

In the near-surface part of the Magura Nappe, we agree
with the conclusion of Potfaj (1993): “... we could look
for the Bystrica Unit in the rear part of the Raca Unit
in a ‘scar’ position (i.e., forming only a narrow, steeply
inclined zone at the southern boundary of the Raca Unit).”
However, according to our conclusions, the Bystrica Unit
may have locally significant volumes at greater depths
underlying the Biele Karpaty Unit.

Conclusions

The KLK-1 borehole, drilled northwest of Moravské
Lieskové village in 1986 as part of hydrocarbon exploration
of the Driectoma Structure, reached a total depth of
662 m. The upper 90 m of the succession confirmed the
presence of the Svodnice Fm. (Biele Karpaty Unit). The
succession below the tectonic breccia at approximately
90 m, previously assigned to the Zlin Fm. (Raca Unit),
is here reinterpreted as the Bystrica Mb. (Bystrica Unit).
This interval is characterised by quartz-rich glauconitic
sandstones with abundant redeposited larger foraminifera,
and thick beds of dark grey silty claystones to marls.

N A P P E KLIPPEN
T Y U N I T BELT
Bystrica Unit
S
Novéa hora p
. Klaneénica:

Fig. 8. The geological cross-section with the Bystrica Unit interpreted in the complex structural elevation beneath the Bosaca Nappe
in the KLK-1 borehole (based on Peskova et al., 2021). A few minor backthrusts dislocate the structure. (Bystrica Unit: 29 — Bystrica
Mb.; Biele Karpaty Unit: 32 — Svodnice Fm., 36 — Javorina Mb., 37 — Ondrasovec Mb.; 39 — Klippen Belt in general).
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Examination of preserved core material, together
with analyses of selected samples (nannoplankton and
sandstone petrography), indicates that the occurrence
of glauconitic sandstones and a middle to possibly late
Eocene age alone are insufficient to justify assignment of
these sediments to the Vsetin Mb. (Ra¢a Unit) or to the
Bystrica Mb. (Bystrica Unit).

The KLK-1 borehole may represent one of the few
known occurrences of the Bystrica Unit west of the
Nezdenice Faults. The unit continues beneath the Biele
Karpaty Unit, indicating that its western extent is not
terminated by the faults.
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Alternativna interpretacia bystrickej jednotky vo vrte KLK-1 Klane¢nica
(magursky prikrov)

Hlboky vrt na preskimanie podlozia flySového
pasma a potencialnych akumulécii uhl'ovodikov v oblasti
Starého Hrozenkova a Drietomy, ktory navrhoval Lesko
(1980), mal dosahovat az 6 500 m. Oblast’ Drietomy
bola vybrand kvoli jej predpokladanej elevacii podlozia,
»drietomskej Struktire* alebo ,hrozenkovskej elevacii®.
Gravimetrické a seizmické udaje (Tomek, 1976; Némec,
1978, 1980) v tejto oblasti naznaCovali pritomnost’ telies
s nizkou hustotou pod flySovymi a vnutrokarpatskymi
jednotkami. Potfaj (1986a, b) neskor zhrnul geofyzikalne
udaje a zdoraznil nejednoznacnost’ pri interpretacii takejto
elevacie. Hlboky vrt, pldnovany na rok 1981 (Lesko,
1980), sa neuskuto¢nil.

Vrt KLK-1 bol realizovany v roku 1986 (cca
48,862 36°; 17,760 45°) adosiahol hibku 662 m. Projektova
dokumentécia a podrobné vyhodnotenie vrtu sa v archive
geofondu nezachovali. Existujt len stru¢né charakteristiky
(Potfaj et al., 1986; Potfaj a Bodi$, 1987). Potfaj et
al. (1986) interpretovali najvrchnejsich 75 m vrtu ako
svodnické stuvrstvie bielokarpatskej jednotky (paleocén
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az star$i eocén) a pod intervalom brekcii povazovanym
za nasunovu plochu bielokarpatskej jednotky bolo
interpretované zlinske suvrstvie racianskej jednotky.
V tektonickej brekcii v hibke 75 m boli zaznamenané
emisie metanu, v hibke 118 m, 134 m, 216 m, 318 m
a 505 m zas prilev Na—CI-HCOs—I-Br vody bohatej na
metan s maximalnym prietokom 0,1 az3,51 - s™! a teplotou
do 16 °C. Koncentracia jodu dosiahla priblizne 27 mg - 1™
(Potfaj a Bodi$, 1987).

Na zaklade makroskopickej prehliadky zachovanych
vzoriek jadier sme zaznamenali vyrazni podobnost’ vo
vzhl'ade glaukonitovych pieskovcov z vrtu s pieskovcami
bystrickych vrstiev (tab. 1). Dospeli sme k zaveru, Ze ani
pritomnost’ glaukonitovych pieskovcov, ani vek stredny
az neskory eocén nedokazuju zaradenie k vsetinskym
vrstvdm  zlinskeho suvrstvia racianskej jednotky.
V hornej ¢asti vrtu, priblizne do hibky 90 m, suhlasime
so zaradenim k svodnickému stvrstviu bielokarpatskej
jednotky. Je to v sulade s horninami pozorovanymi
v blizkosti vrtu (Potfaj et al., 1986; Peskova et al., 2021).
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Pod hibkou asi 90 m vrt reinterpretujeme ako bystrické
vrstvy bystrickej jednotky. Naznacuje to hojny vyskyt
vicsich foraminifer a hrubé vrstvy tmavosivych ilovcov vo
vzorkach jadra v kremitych glaukonitovych pieskovcoch.
Podrla litofacidlnej podobnosti by sa dalo uvazovat aj
o svodnickom suvrstvi hluckého vyvoja bielokarpatskej
jednotky s glaukonitovymi pieskovcami (Tetak, 2016).
Jeho paleocénny az ranoeocénny vek je vsSak starsi ako
strednoeocénny vek stanoveny v pripade sedimentov
z vrtu. Podobne, kedze sa vsetinske vrstvy vyskytuju
len v severnej (externej) Casti racianskej jednotky, je
malo pravdepodobné, ze by bielokarpatska jednotka
lezala priamo na vonkajSej Casti racianskej jednotky bez
pritomnosti internejSich casti magurského prikrovu, ktoré
vystupuju na povrchu.

Glaukonitové pieskovce z vrtu sa od pieskovcov
vsetinskych vrstiev makroskopicky liSia len nevyrazne.
RozlisSovacim znakom méze byt litologicka a textrna
variabilita pieskovcov spolu s hojnymi schrankami
vacsich foraminifer. Tetdk et al. (2016) zddraziuju
z Oravy litologicku pestrost’ glaukonitovych pieskovcov
bystrickych vrstiev a vysvetl'uju ju priestorovo a casovo
rozmanitym charakterom zdrojovej oblasti a transportu.
Rozlisuju pat’ hlavnych typov pieskovcov vratane sklzov
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a tlomkotokov, ktoré¢ boli pozorované aj vo vrte KLK-1.

Analyza nanoplanktonu (Korabova in Peskova et al.,
2020; Tetdk et al., 2024) potvrdzuje vek vzoriek z hibky
386,8 m a 482,2 m stredny eocén (NP 17, barton). Potfaj et
al. (1986) uvadzajii podobné spolo&enstvo z hibky 121 m,
184 m, 374 m a 552 m.

Preskimanie zachovaného horninového materialu
naznacuje, Ze samotny vyskyt glaukonitickych pieskovcov
a stredny az mozno neskory eocénny vek nie su dostatocné
na zaradenie tychto sedimentov k vsetinskym vrstvam
(racianska jednotka), ale ani k bystrickym vrstvam
(bystrickej jednotky). Vrt KLK-1 méze predstavovat’ jeden
z mala zndmych vyskytov bystrickej jednotky zépadne od
nezdenickych zlomov. Bystricka jednotka pokracuje pod
bielokarpatskou jednotkou, ¢o naznacuje, ze jej zapadny
rozsah sa tymito zlomami nekon¢i.
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