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Abstract. During the Early Miocene the Salgdtarjan Formation, of Ottnangian age, originated in the Novohrad/Négrad Basin of southern Slovakia and
northern Hungary. The formation contains coal measures. The brown coal was mined at Salgétarjan, Borsod (Hungary), the Modry Kamen-Velky Krti§
area, and more recently at the Bania Dolina mine (Slovakia). Because the Baria Dolina coal reserves are almost exhausted further prospecting has been fo-
cused on the Krupinska planina Plateau, where several boreholes discovered the coal-bearing Potor Member of the Salgétarjan Formation. The boreholes
for coal prospecting drilled during the 1980s and 1990s verified the continuation of the Potor Member beneath the Middle Miocene volcanics of
Krupinska planina Plateau.

The distribution of the coal measures is tectonically controlled. The coal field of the Batia Dolina mine is limited to the north by the Sahy Antiform,
a folded and faulted structure having a SW-NE axis. To the north of the Sahy Antiform (in the area of the Krupinska planina Plateau) the Salgétarjan For-
mation coal measures are significantly controlled by the Dacov Lom Graben, where the coal seam is concentrated in the partial depressions and grabens.
The Cervenany Depression and Velky Lom Depression are both situated on the eastern wing of the Da¢ov Lom Graben. There are three coal seams in the
Barna Dolina coal field. To the north, beneath the Krupinska planina Plateau, only the third (lower) coal seam is well developed. The upper and middle
coal seams are represented mostly by coal shale. The grade of coalification is brown coal orthophase, according to vitrinite reflectance: sub-bituminous B
coal (Muttbraunkohle).
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Figure 2. Coal measures of the Potor Member (Salgétarjan Formation) in the Ipelska kotlina Depression (south of Sahy Antiform), and buried by the

Krupinsk4 planina Plateau (north of Sahy Antiform).

1 —coal field of Batia Dolina mine, 2 — coal field Vatovce. In both coal fields (1 and 2) three coal seams are present. 3, 4 — coal fields on northern slope of
Sahy Antiform: 3a — Cerveiiany Depression, 3b — Velky Lom Depression, 3¢ — Macocha Depression, 4 — Imrovka Depression. In coal fields 3a and 3b
only the third coal seam appears. In coal field 4 the third and first coal seams appear, though it’s the thickness and quality of the latter are reduced. 5 — axis

of Sahy Antiform.

exist at a depth of about 500 m. These coal reserves are not
of economic interest.

In the 1970s an antiform buried by Middle Miocene an-
desite volcanics of the Krupinska planina Plateau was dis-
covered based on about 350 coal prospecting boreholes
(Sahy Elevation, Vass et al. 1979; Sahy Antiform, Vass
2003) —Fig. 6. This antiform had a decisive role for the tec-
tonic evolution and paleogeography of the southern Slo-
vakian region during the Late Oligocene and Early Mio-
cene (Fig. 3). The coal seams of the Salg6tarjan Formation
wedge out in the antiform’s apical part. In spite of this, the
presence of the Potor Member with one coal seam on the
northern slope of Sahy Antiform was discovered by deep
boreholes (to the north of the antiform apical ridge, deeply
buried beneath the volcanics of the Krupinska planina Pla-
teau). Because the coal reserves of the Baria Dolina mine in
the Ipelska kotlina Depression were rapidly depleted by the
end of the 20" century, further coal prospecting was fo-
cused on the northern slope of the Sahy Antiform. The
prospecting boreholes, supported by geophysical methods,
uncovered new coal reserve; but the Podtor Member
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coal-measures are buried several hundred metres beneath
the Krupinska planina Plateau. Coal prospecting during the
1980s was concentrated in the area around Cervefiany vil-
lage (Laffers et al. 1990) and during the 1990s in the area of
the villages of Velky Lom, Suché Brezovo, and Lest (see
Fig. 2).

In the present paper we attempt to evaluate the results
of both coal prospecting campaigns, not only with respect
to the coal-measures but also with regard to the new data
concerning the tectonics controlling the evolution of the
coal measures.

Lithology of the Potor Member coal measures

First a description of the basic features of the Potor Mem-
ber in the Ipelska kotlina Depression, i.e. on the southern
flank of the Sahy Antiform, is given. The Potor Member
reaches 30-50 m in thickness. It is composed of cross-
bedded or massive sand/sandstone with clay and sandy-
clay intercalations, and with three brown coal seams. The
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Figure 3. Barrier effect of the Sahy Antiform as a crucial factor in the origin of Krupina Sebhka (Late Oligocene—Early Miocene) on the northern slope of

the antiform.

1 —shore line, 2 — sabkha evaporites, 3 — clastic littoral deposits (shallow shelf), 4 — pelitic deposits (deep shelf), 5 — normal fault, 6 — antiform axis, 7 — di-

rection of marine incursions into sabhka, 8a — compression, 8b — extension.

lower (third) coal seam overlies the base of the P6tor Mem-
ber. Its maximum thickness is 5 m. The seam’s lower part
(approximately 1/3 of its thickness) is composed of coal
shale with thin layers of the coal. Most of the coal seam of
brown coal are of variable quality. From 5 m to 30 m above
the lower seam is the middle (second) coal seam, which is
also of variable thickness (maximum 5 m). This seam con-
sists of three layers of coal shale with average thicknesses
varying between 55 cm and 78 cm. The upper (first) coal
seam is from 15 m to 30 m above the middle seam; its thick-
ness (about 3 m) and quality are relatively uniform. The
coal shale intercalations are very thin or are absent (Vass et
al. 1979).

On the northern flank of the Sahy Antiform the thick-
ness of the Potor Member reaches a maximum of about
50 m. This member is comprised of sandy-clay, sand/sand-
stone. There is only one coal seam along its base, which is
an equivalent of the lower (third) coal seam. At the top and
in the middle of the member are layers of coal shale with
thicknesses less than 1 m. These represent the equivalents
of upper and middle coal seams. The thickness of the lower
coal seam is variable. The maximum thickness in the
Cerveniany Depression is 6.7 m, and in the Velky Lom De-
pression it is about 4 m. The coal is not homogeneous. It is
intercalated by coal shale, and its petrographic characteris-
tics vary from a xylitic dedritic brown coal to a clayey

semidetritic coal. The coal seam lithology in both partial
depressions is shown schematically in Figs 4 and 5.

Tectonic influence on the evolution
of the Potor Member coal

The crucial tectonic factor in the origin and evolution of the
Potor Member coal measures was the Sahy Antiform
(Fig. 6/1). The direction of the antiform’s axis is NE-SW.
The antiform originated during the Kiscellian (Oligocene)
in a paleostress field in which the main compression was
oriented in a NW-SE direction (Fig. 6/IIA). During the
Egerian the compression was replaced by extension in the
same direction, and the antiform was broken by longitudi-
nal faults. Those faults are epigenetically confined to both
flanks of the antiform (Fig. 6/I1IB). In the Early Eggenbur-
gian the main compression rotated to the vertical position,
and extension in a NE-SW direction caused the breaking of
the antiform by perpendicular faults (NW-SE), thus caus-
ing the development of the Dacov Lom Graben (Vass et al.
1993; Fig. 6/11C).

When the Pétor Member was deposited in the apical part
of the antiform, conditions were unfavourable for coal sedi-
mentation. In the top of the antiform the coal seams are ei-
ther missing or the lower coal seam is present in a reduced
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Figure 4. Scheme of the lithology of the third coal seam of the Potor Member in the Velky Lom Depression,
and caloric value Q;" as function of coal quality: A — coal of economic interest, B — coal of potential eco-

nomic interest (after Bartek et al. 1998).
1 — coal, 2 — clay/claystone, 3 — caloricity.
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Figure 5. Lithology of the third coal seam of the P6tor Member from bore-
hole CV-8 in Cervetiany Depression, and the ash contents as a function of
coal quality.

1 —coal, 2 — coal shale, 3 — ash contents in dry state.

thickness (less than 1 m, Madar in Bartek et al. 1998). The
Potor Member is developed on the northern flank of the
antiform, but is comprised of only one coal seam, an equiva-
lent of the lower (third) seam (Fig. 4). The middle (second)
and the upper (first) coal seams are missing. They are re-
placed by layers of coal shale. An exception is the occur-
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0.25 8.24 the geologic evolution of the

0.17 south Slovakian Lower Miocene

9 was the Dacov Lom Graben. This

graben originated in the Early

00 m Miocene stress-field with verti-

cally oriented maximum com-
pression, and extension acting in
a NW-SE direction. The faults
that confine and/or longitudinally
divide the graben originated ear-
lier (i.e. Oligocene faults of em-
bryonic Dacov Lom Graben, see
Fig. 6/1IA).

The boreholes drilled for coal
prospecting campaigns in the
1990s were focused on evaluating
the quality and quantity of the
coal measures beneath the volcanics of the Krupinska pla-
nina Plateau (Laffers ed. 1990, Bartek et al. 1998). This ac-
tivity, accompanied by geophysical methods (Madar in
Bartek et al. 1998), indicated the pronounced effects that
the Dacov Lom Graben had on the Potor Member coal
measures on the Sahy Antiform’s northern flank.

The faults of the Da¢ov Lom Graben not only confined
the graben, but also subdivided it into partial depressions
and high blocks (Fig. 6/IIC). The thickness, lateral exten-
sion, and quality of the P&tor Member lower coal seam are
thus strongly controlled by fault tectonics. On the high
blocks the coal seam is either absent or is strongly reduced,
while it is present in the partial depressions. Its largest thick-
ness occurs in two depressions of the eastern Datov Lom
Graben wing: in the Velky Lom Depression and the Cer-
veniany Depression (4 m, and 6.7 m, respectively — Fig. 7).

Similar and even smaller thickness of the lower coal
seam also occur in the Bafia Dolina coal district on the
southern slope of the Sahy Antiform. The entire thick-
nesses of the Potor Member and the Salgétarjan Formation
are similar (ca 50 m and 200 m, respectively). The influ-
ence of the Dacov Lom Graben on the P6tor Member, and
the quality and distribution of its coal, in the Ipelska kotlina
Depression was noted by Vass et al. (1979). The mobile
zone of the Dacov Lom Graben during the Ottnangian was
favourable to the origin and continuation of the swamp and
bog environments that produced the coal.

Properties of the coal
on the Sahy Antiform northern flank

The lower coal seam of the Potor Member on the Sahy An-
tiform northern flank is sunk to a depth ranging from 200 to
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Figure 6. I: Remnants of the Sahy Antiform confined by NE trending faults and transversely broken by the faults of the Dacov Lom Graben.

1 — normal fault, 2 — strike-slip fault, 3 — axis of Sahy Antiform, 4 — paleostress directions (black arrow: compression, empty arrow: extension),
5 — isohypses of pre-Cenozoic basement

II: Variations in the paleostress field in time (after Vass et al. 1993).

A —Middle Kiscellian: Maximum compression oriented in NW-SE direction. The Sahy Antiform originated and the early Dacov Lom Graben began to
open.

B — Late Oligocene: Paleostress event when maximum compression rotated from NW-SE direction to NE-SW direction. The NW-SE extension caused
the development of faults confining both flanks of the Sahy Antiform.

C — Early Miocene: Maximum compression rotated to the vertical position, while extension was working in a NE-SW direction. The fault activity of the
Dacov Lom Graben culminated
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Figure 7. Early Miocene and lower Middle Miocene (Badenian) faults and blocks in the area between the villages of Cervetiany, Brusnik, Modry Kamei,
and Horné Plachtince and their relationship to the Sahy Antiform. The figure shows newly defined partial depressions within the Dadov Lom Graben. See
the asymmetric distribution of the third (lower) coal seam of the Potor Member (Salgétarjén Formation) within the Dacov Lom Graben.

The oldest faults are of SW-NE direction, they confine the Sahy Antiform being generated in the paleostress field with maximum compression in NE-SW
direction during and after the Egerian (Late Oligocene). Those faults are epigenetically broken by the faults of the Dac¢ov Lom Graben, Early Miocene in
age, and originating in the Early Miocene stress field with vertically oriented maximum compression and with extension in a NE-SW direction. The
youngest faults epigenetically break the fault systems of SW-NE and NW-SE direction, and had been generated in the Badenian in a paleostress field with
maximum compression in a NNW-SSE direction. All paleostress field and fault directions are in present coordinates.

1 —axis of Sahy Antiform, 2 — normal faults, 3 — strike-slip, 4 —relative thickness of coal seam, 5 — borehole, 6 — Late Oligocene — Early Miocene graben
(Dacov Lom Graben), 7 — lower Middle Miocene (Badenian) grabens and high blocks
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650 m, though the most common depth is between
400-600 m. The coal thickness varies from 0.6 m to 6.7 m.
The coal quality is inhomogeneous. Within the coal-seam
are intercalations of coal-shale, and even in the coal itself
the ash contents and caloric value are variable (Table 1).

The contents of water W' vary from 11.56-33.19%.

The ash contents A? are 26.83-58.94%.

The sulphur contents S are 1.6-4.74%.

The arsenic contents A are 11-76 g . t*\.

The caloric value Q; is 5.45-14.56 MJ . kg™

The degree of coalification is brown coal orthophase.

The organic geochemistry of the coal, according to
Rock-Eval pyrolysis, is as follows:

T.O.C. is from 6.26% to 49.9%, s, (bounded hydro-
carbons): 7.68-48.14 mg.g', HI (hydrogen index):
75-266 mg . g, T,,..x (Maximum temperature of pyrolysis):
388°—428 °C and R (vitrinite reflectance): 0.36-0.49%.

According to Rock-Eval pyrolysis the organic matter of
the coal is of terrestrial origin (dry land plants, Fig. 8). Ac-
cording to microscopic photometry the coal matter is com-
posed of vitrinite macerates, particularly by humotelinite.
The grade of coalification corresponds to sub-bituminous
B coal (Muttbraunkohle).

The total coal reserves are of 76 765 kt. The economic
reserves are 22 934 kt, while the potentially economic re-
serves are 12 098 kt, and prognostic sources are of
41 733 kt.

The coal of the northern flank of the Sahy Antiform is
currently not of economical interest. The main reason is
the depth of the coal seam, which is buried by a thick com-
plex of Krupinska planina Plateau volcanics (400-600m).

Conclusion

The coal field discovered on northern flank of the Sahy
Antiform lies deeply buried by the Krupinska planina Pla-
teau neovolcanics. These coal measures belong to the Sal-
gobtarjan Formation. They are of the Ottnangian age, and
originated within the Early Mio-
cene Novohrad/Noégrad Basin.

The coal measures of the 1998, Laffers ed. 1990)
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Figure 8. Projections of the coal seam (third coal seam) from the Sahy
Antiform northern slope in a modified van Krevelen’s diagram. The or-
ganic matter of the coal seam is of kerogen type III and derives from dry
land plants.

The development of the coal seam was tectonically
controlled. First, the Sahy Antiform (a folded and faulted
structure) divided the coal field in the Ipelska kotlina De-
pression (coal district of Baiia Dolina and Vétovce coal
field) from that on the antiform’s northern flank. The coal
seam’s evolution was strongly influenced by the Dacov
Lom Graben and its partial depressions and high blocks.
The largest coal seam thickness and relatively better coal
quality occur at the Cervenany and Velky Lom partial de-
pressions situated on eastern wing of the Dacov Lom
Graben.

The coal is deeply buried by Middle Miocene volcanics
of the Krupinska planina Plateau. It is for this reason that
the coal fields on the Sahy Antiform northern slope are not
of economic interest.

Table 1. Quality parameters of the Potor Member coal on northern slope of Sahy Antiform (after Bartek et al.

Potor Member on the northern
flank of the Sahy Antiform con-

parameters of coal quality

d . iy .
3" coal seam in Velky Lom Depression 3" coal seam in

Cerveiiany Depression

. 1 . 2
economic reserves pOtBHCl’dlly reserves

tain only one coal seam equiva-

lent of the lower (third) coal | caloric value Q [MJ.kg™']

0.64-16.9

7.48-12.97 5.45-13.16

8.29-9.78

seam of the Bana Dolina main

coal field in the Ipelska kotlina | Water contents W' [%]

11.56-33.19

18.25-27.03 (P 24.96)

Depression (the southern flank
of the Sahy Antiform). The

d
thickness of the coal seam varies ash contents A™ [%]

9.93-88.87
(D 48.48)

26.83-65.6!
(D 42.23)

34.43-58.94

from 0.6 to 6.7 m. The coal qual-
ity is inhomogeneous. Within the
coal seam there are intercala-

sulphur contents s¢ [%]

1.6-3.44

2,74-4,74 (@ 2.26)

tions of coal shale, and even in

Areen; A -1
the coal itself the ash contents | 2rSemiccontents As'le-t]

5-169
(P 36)
11-76"

16-24

and caloric value significantly

vary. ! coal of economic reserves, 2

coal of potentially economic reserves
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