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This paper presents the study of a part of a column under the main coal
measure at the drill hole GS-1, including the first and the second underlying coal
seams and some of the sediments beneath them. Among the recorded fossils
gyrogonites of Charophyta prevail; previousy unknown among meiofossils in the
area, they indicate depths of water to ca. 7 m. The mollusks comprise species
known from Gacko and other sites in the Dinaric Alps. The ostracodes are
comparable to those known from freshwater biofacies of Middle Europe.

The age was corroborated by Nitellopsis merianii, an organ-species of
Eurasian Miocene and “Harrisichara” sp. a descendant of the Eocene-Oligocene
genus Harrisichara. The final decision on age was reached according to the
presence, in close lying Plevlja, of the organ-species Rhabdochara langeri, a key
fossil for Lower Miocene upper part and equivalents of Burdigalian.

K ey wor ds: Charophytes, gastropodes, ostracodes, freshwater, L ower Miocene,
Hercegovina.
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INTRODUCTION

Geological setting. The importance of the borehole GS-1 lies in the
description of the poorly known lower part of the Dinaride Lake system
(Krsti¢ et al. 2003). There ecology of charophytes and ostracodes, as the
position of different mollusks, was unknown. Ostracodes of the upper part,
above the main coal seam, were studied in severa sites (Krsti¢ 1987, 2000).

The Gacko coal-bearing depression lies in the SE part of the Dinaric
Alps. Its Neogene was divided by Milojevi¢ (Milojevi¢ 1966, Cici¢ &
Milojevi¢ 1977) into 11 units. The Explanatory booklet of BGM “Gacko”
(Mirkovi¢ et al. 1980) distinguishes it from bedrock to the top: “Basal
conglomerate”, the “Underlying sediments with the 11 underlying coal
seam”, overlain by “Marls with Fossarulus and the First underlying coa
seam”, “Melanopsis marl with main coal seam” and only two more units
above them. Oluji¢ (Krsti¢ et al. 2007) performed the column as presented
here (Fig. 1).

MATERIAL AND METHOD

This structural drill hole was studied within the joint project by Czech
Republic and Republic of Srpska meant to increase the capacity of the
power-plant “ Gacko”. The borehole was sampled randomly at places were
mollusks were visible. Geologica activities were performed mainly by
“Geozavod” from Zvornik, not to mention the Czech crow. “Geozavod”
enlisted speciadists from various areas of paleontology of the Geological
Institute, Belgrade, and beyond.

The column of thedrill hole GS-1

The drill hole is 185 m deep (Krsti¢ et al. 2007) The uppermost part of
the column, up to 38 m, includes marly sediments with varying amounts of
sand, occasionaly including fossils. The so-called Youngest coal (Ng)
was penetrated between 38,55-38,70 m, belongs to huminite, and its woody
variant was found at 40,00-40,60 m. This lignite coal was underlain by the
Congeria layer 40,60-57,40 m ('Ng), containing sub-vertical cracks at
52,60-54,00 m. This layer covers the so-called Main coal measure (°Ng),
at 57,40-74,30 m depths with thin intercalations of marl and sandy marl,
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laminated in places (62,00-62,10 m). This coa often includes wood pieces
of differently sizes. The next layer is a 32 m thick sandy-marly sediment
(°Ng), reaching 106,20 m of depth (with sub-vertical cracks at 79,00-79,90;
90,35-90,55; 91,00-91,35; 94,70-94,90; 97,30-97,50; 98,25-99,00 m) and
containing a layer of grey marl at 87,00-93,20 m. From 106,20 to 120,70 m
deep there is the so-called First underlying coal seam (“Ng) with
alternating coal and silt. It is laminated at 107,00-109,60, 113,00-115,40,
116,00-117,15 m. The lowermost part of cod isintercalated by 10 or 5 cm
of marl having sub-vertical cracks just below the first underlying coal.
From 120,70-132,50 m depth there is again an aternation of yellow and
grey marl (3Ng), also laminated in the upper part (120,70-123,60 m). From
a depth of 132,50 m some greyish-green (tuffogenous) fossiliferous silty
mar| starts. The so-called Second underlying coal seam, at 160,70-169,80
m deep, is about 10 m thick (?Ng). Besides the layer of silt it also includes a
thin tuff bed at a depth of 165.00-165.15 m. Under the second underlying
coal seam some laminated grayish-yellow silt starts (Ng) at a depth of
169,80 m and reaches a depth of 182 m. Then a grayish-green (tuffogeno-
us) marl with CaCO; concretions, comprising sub-layers of green clay, was
penetrated for only 3 m, while the drill hole ends at 185 m.

The 7 paleontological samples were taken only from a 65 m stretch, at a
drilling depth of 107.0-172.70 m. Gastropods and gyrogonites were quite
fragile due to the activity of ulminic acids from the coal. The same agent
may have produced the ostracodes' high transparency.

RESULTS

Samples from the drilling among meiofossils at GS-1 yielded charophy-
tes, gastropodes, ostracodes, seads and fish teeth. Only two samples were
processed for palynomorphs and they, as microfossils, are discussed last.

Composition of paleontological samples

The structura drill hole GS-1 contained various plant and animal
fossils. Charophyta are represented by gyrogonites. In one sample
carbonized vascular plant seeds were found. A very rich association of
palinomorphs included spores and pollen. Animals: mollusks were re-
presented only by gastropods, and associated ostracodes; fish teeth were
quite rare.
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107.00-107.40 m Lacustrine chalk with insignificant amount of sand (*Ng)

125.95m

126.50 m

130.85m

Planorbis puli¢i Brusina 1897 — about 140 damaged shells

Pseudoamnicola (Staja) sostariciana Brusina— 42

Segmentina sp. — 2

de-coiled Limnidia apertural parts— 3 fragments

Succinea sp. juv. ex gr. S. drnisiana — 1 apex

Chara molassica Straub — 75 gyrogonites

charophyte thalli — several fragments

Fishes Cypridinae — 1 pharyngeal tooth

Candona? aff. paracandidula malz & moayedpour — 1 RV and
6juv.

Candonopsis sp. juv. — 1 valve

Cypridopsis sp. juv. — 1 valve

Relatively rich association of palynomorphs (see bellow)

Lacustrinechalk, silt, mollusk shellsexcelently preserved (°Ng)

Pseudoamnicola (Limnidia) skhiadica (Bukovski) — 7 shells.

Pseudoamnicola (Sgja) sostaric¢iana Brusina— 2 adults & 1 juv.

Fossarulus sp. ind. — 2 fragm.

Planorbis sp. ind. — 1 fragm.

de-coiled Limnidia apertural parts— single fragment

Chara molassica notata (Grambast & Paul) Soulié-Méarsche —
880 gyr.

“Harrisichara” sp. — 21 gyrogonites

Chara cf. longovata Papp. — few specimens

Candona? aff. paracandidula juv. — 1 valve of an older larva

Cypridopsis biplanata Straub, sensu Soka¢ — afemale RV

Cypria sp. ind. cf. C. sp. Krsti¢ 1987 — 1 damaged female LV

Bradleystrandesia aff. besti (Malz) juv. — 4 valves of various age

Clayey-marly silt, gray in color (°Ng)

Ancyluscf. illyiricus Neumayer — 5 apices and many fragments
Héelicidae sp. et gen. indet. — a protoconch and parts of the whorls
Succinea sp. ex gr. S. drnisiana — 1 apex and a part of whorl
Planorbis puli¢i Brusina— 1 whole and 8 damaged shells
Fossarulus sp. ind. — 1 fragment

Cyprias. cf. C. . Krdti¢ 1987. — 2 fragments of adults& 1LV juv.
Carbonized plant seeds - 4 specimens

Calcareoussilt, light gray (*Ng)

Fossarulustricarinatus Brusina— 790, mostly apices

Planorbis puli¢i Brusina— 3 shells

Succinea sp. ex gr. S. drnisiana — 1 apex and 2 damaged shells

Lymnaea (Omphiscola) aff. servica Kovalenko — 1 damaged
shell

Helicidae sp. et gen. indet. — severa fragments, also of the
apertural rim

Chara cf. molassica Straub — over 300 gyrogonites

“Harrisichara” sp. — 139 gyrogonites

Chara aff. woltzii (Unger) — 38 gyrogonites

Sohaerochara sp. — 27 gyrogonites

Chara molassica notata (Grambast & Paul) Soulié-Mérsche —
22 gyr.

Candona? aff. paracandidula Malz & Moayedpour — LV
female, LV and RV male, 54 juv.
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142.05m Greenish clayey marl (tuffaceous) (*Ng)

Fossarulus tricarinatus Brusina — 155 apices and 24 whole specimens

Succinea sp. ex gr. S drnisiana — 5 apices and several fragments

Lymnaea (Omphiscola) aff. servica Kovaenko — 2 fragments

Planorbarius or Biomphalaria? sp. (network lines) — 2 damaged
exemplares

Shaerochara sp. — 126 gyrogonits

“Harrisichara” sp. — 27 gyrogonites

Nitellopsis cf. meriani (Braun) Unger - 7 gyrogonites

Candona? aff. paracandidula Malz & Moayedpour — 29 juveniles LV
+RV

Fish teeth, one hook-like and other conical — 2 teeth

162.30m Coal with 23% of ash and 16% of evaporable matter (>Ng)

172.70m Silt, sandy, with a component of the lacustrine chalk (*Ng)

Pseudoamnicola (Limnidia) skhiadica (Bukovski) — 50 ap. and shells

Fossarulus tricarinatus Brusina 1870 — 1 apex + amost smooth
fragments

Succinea sp. ex gr. S drnisiana — 1 apex and alarger fragment

Helicidae sp. et gen. indet. — several larger fragments

charophyte talii, 2 fragments

Candonopsis cf. arida Sieber, sensu Malz & Moayedpour — 2 LV and
1RV femades, LV and RV juv.

Candona? aff. paracandidula Malz & Moayedpour— 1 LV male, 21
juvs of various ages

Cypris sp. nov. — fragment of an adult RV and 11 late molts

Cyclocyprissp. — LV and RV female

Pseudocandona sp. juv. — 4 valves of varioudy aged molts

Cypridopsissp. juv. - 1 LV

A very rich association of palynomorphs ( see below)

The systematic position of some species is more closely presented in
following pages.

SYSTEMATIC PALEONTOLOGY
Charophytes

Fhaerochara sp. (M. Il figs 1-4) — In the studied samples it is
relatively rare. Its fully rounded shape, small size and the shape of the basal
plate visble from the specimens of Maoce site (reported by Krsti¢ et al
2008) match the genus Sphaerochara.

Chara molassica molassica Straub, 1952, (Pl. Il, fig. 6) - This was the
most common gyrogonite at 107.0, 125.05 and 130.85 m, with up to several
hundred specimens within a single sample. The spiral cells of gyrogonites
are concave while its two sharp ribs seem merged at the suture. Its shape
could be more or less elongated.
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Chara molassica notata Grambast & Paul, 1965., Soulié-Mérsche,
1989., (PI. 11, fig. 10) - It differs from the previous taxon in having a row of
small pustules of variable density along the middle of its concave cells.
According to Straub (1952) it is larger than the previous form. At Gacko
(125.95 m) the ellipsoid notata are more common than the pyriform ones.
Chara cf. longovata Papp, 1951, appears at a depth of 125.95 m in the drill
hole GS-1. It was described from Pannonian E, in Vienna Bassin. The height
of our specimens varies between 0.5-0.6 and its width is around 0.35 mm.

“Harrisichara” sp. (M. | figs 16 a-c, Il fig. 11) - This is the largest
taxon of charophytae algae (stoneworts) at Gacko, abundant at the open pit.
The “ Harrisichara” sp. gyrogonite is barrel-shaped (the typical specimen)
or, rarely, ovate (M. 11, Fig. 11). On the side view it shows 8-9 whorls. The
apex is dlightly flattened (PI. | fig. 16c). The base is mostly columnar
around the basal pore, but not in the typical secimens where it is flattened
and the column around the pore is very short. The basal pore is sometimes
situated on a low stalk (in the ovate forms) but most often it sits on a quite
small protrusion at the middle of the flattened basis. The ends of the spira
cells around the basal pore are not widened (PI. | fig. 16b). The basal plate
was not studied. The spira cells are covered with tightly arranged large
tubercles, with the rare exceptions in the stunted pyriform specimens (PI. 11
fig. 11). It is possible to see thin ridges along the sutures but not the sutures
themselves. The size of the photographed specimen: height 1.66 mm,
diameter 1.47 mm. The pyriform specimen is poorly calcified and
somewhat smaller: height - 1.40 mm.

Nitellopsis merianii (Braun) Unger, 1850 (PI. Il figs 12-14) - The
specimens from Gacko, GS-1 at a depth of 142 m, are placed into
Nitellopsis merianii. In the poorly calcified specimens from different sites,
such as in Plevlja where the figured (PI. 11 fig. 13) specimen comes from,
the opening around the basal pore does not have the funnel-form structure
while the partecalcines are much thinner and concave. In fully calcified
gyrogonits, asin N. merianii from Maoce Lower Miocene (shown by Krsti¢
et al. 2008) and from Middle Miocene of Tavnik (M. | figs 14-15), the
shape is very variable. In Tavnik, besides the typical pyriform ones there
are adso globular forms, where the convex spiral cells are uneven and
sutures between them deep (PI. | fig. 14). There are about 7 whorls in
sideview. One pyriform gyrogonite of Tavnik has only 4 spira cdls. N.
merianii has a wide stratigraphic distribution throughout the Miocene, in
Europe and Asia (Soulie-Maérsche et al. 1997), and intrudes in NW Africa
where again both morphs, N. merianii merianii and N. merianii globula, as
presented by Soulie-Marsche et al. 2002, appear together.
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Gastropodes

We will comment only on the few gastropoda species: Fossarulus
tricarinatus Brusina, 1870 - The forms F. buli¢i buliéi Brusina, 1897, and
F. buli¢i complanatus Brusina, 1897, from the same locality, are syno-
nymous. Nearly smooth F. eginae eginae Brusina, 1882, F. eginae
ecarinatus Brusina, 1882, and probably F. minilifers Brusina, 1876 appear
also to be synonymous. According to the practices of his time, Brusina
separated them into different taxa;, however, they may only be different
morphotypes of a single species geographicaly or ecologicaly separated.
The sexual dimorphism is not applicable for the genus Fossarulus. Some
variants in the drawings in the Brusina's (1897) monograph must be
attributed to the artist who altered specimens during the drawing process,
combining parts of various specimens (cf. Brusina 1894: p. 195, the whole
first paragraph).

Pseudoamnicola (Limnidia) skhiadica (Bukowski, 1895) is a small
gastropod. The specimens from the Greek island Kos were later divided
into two subspecies — the nominal, smooth one, and the carinated one P.
(Limnidia) skhiadica conica Willmann, 1981. The second subspecies
cannot be distinguished in the material from Gacko, even though conical
subspecies had un-whorled the last whorl and the broken apertura
unwhorled fragments were recorded in the samples at depths of 107.00 and
125.95 m. In some of shells from Gacko the aperture is partly un-whorled.

Fragments of a large planispiral snail, similar to genus Planorbarius,
may also belong to the African taxon Biomphalaria. The surface of the
shell is covered by crisscrossed striae.

Ancylus cf. illyiricus Neumayer, 1880, was found at a depth of 126.5 m.
The sample includes five specimens — two larger (P. I, fig. 10) and three
smaller (M. 1, fig. 11). They arein an excellent state of preservation, soitis
possible to seethe faint radial ribs diverging from the smooth protoconch.

Some pelecipods (congerias) are known from the bed covering the main
coa seam (at 42-57 m in GS-1). A specimen from another place in the
“Gacko” mine was reported by Mandi¢ (in 2007) as Mytilopsis frici
(Brusina).

Ostracodes

Ostracodes are rare and have very transparent valves. Living together
with charophytes, ostracodes have primarily less CaCOs in the minuscule
lenses inside its chitin network. An acidic environment was corroborated by
the presence of Ericaceae growing in the peat habitats that lead to the coal
deposition.
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Cypria sp. Krsti¢, 1987, was found in Plevlja, at the site of Rabitlje,
with the valves partially deformed, like in most other cypridacea, and
unlike small cytheracea which have a stronger shell.

Cyclocypris sp. (PI. 111, figs 7-8) matches C. ovum (Jurine) sensu Janz,
1997 in shape and size. The species includes severa similar recent species
(cf. Fuhrmann & Pietrzeniuk 1990, Pietrzeniuk 1991, Krsti¢ 1995, 1996).
Its Lower and Middle Miocene relative cannot be placed in this recent
taxon.

Candona? aff. paracandidula Maz & Moayedpour, 1973 (M. 111 figs 1-
-3) — Female shells from Gacko are similar in shape to the LV female from
Eggerian equivaents of Germany (Malz & Moayedpourl973; Pokorny
1986: 303), but Gacko specimens are lower (more Slender). Larger
juveniles of both regions are very similar to each other, while younger
molts are nearly the same. The length of the figured (damaged) LV female
from Gacko should exceed 1 mm while the German specimens are
insignificantly smaller (0.88-0.98 mm). The height of our figured specimen
is0.526 mm.

Candonopsis cf. arida Sieber, 1905, sensu Malz & Moayedpour, 1973
(M. 1l fig. 5-6) - The species C. arida Sieber, 1905 was described from
Middle Miocene of Steinheim (Lutz 1965: 273 as Sarmatian; Schudack &
Janz 1997: 439 as middle part of Middle Miocene). C. arida has aregularly
rounded inner margin and length of 0.685-0.759 mm for LV (Janz 1997:
26). The measurements of the photographed LV of an adult female from
Gacko are 1-0.841 and h-0.396 mm — so it is larger and more Sender. The
length of a photographed LV of alast? molt was 0.676 mm. In the Middle
Miocene type locdlity of C. arida, Lutz (1965) mentioned C. kingdleii and
Janz (1997) corrected the reference to C. aff. kingseii according to its
greater size and more dender shape than in recent representatives. The
species kingdeii has a “square” shaped inner margin. From this feature it
matches Candonopsis arida of Sokac¢ (1979: Pl. |, figs 8-9 no sizeis given).
From the soft limestone of the vicinity of Sinj, containing (according to
Susnjara, in Soka& 1979) 80-95% of CaCOj; (local name “muljika’). Sokag
(1979) dso determined the species Candonopsis kingdeii Brady &
Robertson. The form photographed by Sokac¢ (ibid: Pl. | fig. 7) does not
belong to the genus Candonopsis at all, but to a species from the genus
Pseudocandona, as there is a molt, determined by Soka¢ (M. 11 fig. 2) as
Candona praecox Straub.

Cypridopsis sp. (P. 11, fig. 10) is, according its shape, close to the
ovate C. biplanata Straub, 1952, sensu Soka¢, 1979. Such determination is
incorrect as C. biplanata belong to semimarine biofacies (OMM by Straub
1952). In our small samples it was represented by only one, dightly
damaged valve.
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Bradleystrandesia aff. besti (Maz 1977) (Pl. 1ll, fig. 9) — Juvenils,
determined as B. aff. besti, is difficult to attribute to any known species.
This genus was found by Straub (1952: 495) in Obere SlRwasser Mollase
the part of Miocene column of Ulm area and by Lutz (1965: 300) close to
Regensburg in Upper Miocene lower part. Malz (1977: 243-244) placed it
in the genus Kassinia Mandelstam, 1960, and described the new species
besti on the basis of 11 specimens. In the Middle Miocene of Steinheim
basin, Janz (1997) found Srandesia pustulosa and two other molt
specimens of this genus, Srandesia sp. (ibid: 41) and Srandesia(?) sp. juv.
(ibid: 41-42), one of which may be conspecific with the one from Gacko. It
is questionable how many species there are in Miocene, as only juveniles
are known. Thisis the first time that this genus has been collected from the
Lower Miocene of the Balkan Peninsula. The genus was attributed to the
fauna of the northern hemisphere (Meisch 2000). Recently it was proved
that the genus has a global range while 5 species were mentioned as
pleuston (on drifted islands) in Brazil (Higuti et al. 2007).

Palynomor phs

Pollen and spores were analyzed from two samples taken at a dept of
107,40 m and immediately below the Second underlying coal seam, at a
depth of 172.70 m (see Appendix). The studied plant association was very
rich and diverse. It inhabited the shores of Neogene Lake as well as nearby
areas. Humid subtropical elements were represented by genera Taxodium,
Glyptostrobus, Nyssa, Cyrillaceae, Cyperus, Arecaceae and certain species
of Ericaceae and Polypodiaceae. Warm-temperate elements include
abundant Alnus, Pterocarya and Rus, while Engelhardtia, Carya, Corylus,
Ulmus, Carpinus, Tilia, Acer and Castanea were less represented.
Xerophilous elements were dominated by species from family Sapotaceae,
with a smaller percentage of Leguminosae, Castanopsis and sclerophyllous
types of Quercus. The species inhabiting colder areas and higher atitudes
were represented by Picea, Fagus and a few kinds of Pinus.

DISCUSSION

Pal eoecology

A shallow freshwater lake characterize the layers below the main cod
measure, i.e. in the studied part of GS-1 borehole. The most important
indicators, besides lacustrine chalk, were charophyta, while ostracodes are
good indicators of paleosalinty.
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The snow-like flakes of calcium carbonate fell mostly from Potamoge-
ton leaves, in the daily photosynthesis cycle that transformed soluble
bicarbonate into insoluble calcium carbonate (Jakovljevi¢ 1951). So was
lacustine chalk formed, so important in sediment place determination.

Charophytes inhabit different depths but they grows underneath and in
between the stems of floating plants avoiding places with water nuts.
Gyrogonites are only in the shallow water above 7 m, exceptionally to 10 m
water depth (Soulié-Mérsche et al. 2002). The presence of the genus Chara
may indicate a shallow water table, while the genus Nitellopsis may live in
deeper lakes (Schudack & Janz 1997).

The ostracodes bellow the main coal seam of Gacko, similarly to those
published from the sediments of Sinj (Sokac 1979), do not include typical
halophilic or even halotolerant forms. However, the main coal overburden
a Plevlja, the Rabitlje-site, includes the inhabitants of saline lakes such as
Snometacypris, Clonocythere and others (How et al. 2002).

Analysis of pollen and spore association from both samples are
interpreted in terms of paleoecology by comparison with extant relatives.
The edge of the marsh was characterized by periodic flooding and was
overgrown by a typica swamp forest, with a dominance of Taxodium,
Glyptostrobus, Nyssa, Arecaceae, Cyrillaceae, Cyperus and Polypodiaceae.
Representatives of Ericaceae are probably characteristic of acidic, peat
habitats. Behind the swamp foret, in the areas where the water level was
more stable throughout the year, there were some riparian forests
dominated by species from the genera Alnus, Carya, Pterocarya and
Engelhardtia. In the area further away from the swamp, behind the zone of
the riparian forest where humidity levels were quite low, there were some
zona polydominant forests presented mostly by deciduous termophilous
species from the genera Corylus, Ulmus, Carpinus, Castanopsis, Castanea,
Rhus, Tilia, Acer, some representatives of family Cornaceae, and the more
xerophilous elements of Sapotaceae and Leguminosae. Even further from
the depositional environment, in the areas of higher altitude, there were
some associations of Fagus and Picea. The different Pinus species could
inhabit various habitats within the studied area, so their position could not
be precisely determined.

Biostratigraphy

The Tertiary layers of Ulm (southern Germany) were studied by Straub
(1952) and range from youngest Oligocene to Lower Miocene. Other
authors studied ostracodes of the Lower Miocene of Bavaria, e.g. Sieber
(1905), Lutz (1965), Mdz & Moayedpour (1973), Mdz (1977), Janz
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(1997). Schudack & Janz (1997) studied charophyta there. The Lower
Miocene ostracodes, defined by mammals, was recognised in the northern-
most Czech Republic (Pokorny 1986, Witt 2001). In the Balkan region,
Kochansky-Devide and Sliskovi¢ (1978) studied Miocene Congeria and
determined its age as “most probably Ottnangian”.

Certain localities in the Dinarides, such as Otilovi¢i near Plevlja and 30
km further toward the SE at the site Maoce (Krsti¢ et al. 2008), are of
Lower Miocene age according to charophyta biostratigraphy. The site
Plevlja-Ctilovi¢i includes rare gyrogonites with spiral cells ornamented
with regularly spaced transversal riblets, attributed to the species Rhabdo-
chara langeri. Soulié-Mérsche had determined Rhabdochara cf. langeri at
the site Maoce (ibid). Therefore the age of the mentioned site is the upper
part of Lower Miocene. The genus Harrisichara existed during Eocene and
Lower Oligocene, but, it seems that a younger relative of Harrisichara is
present in GS-1 (here as “Harrisichara”).

I sotopic detection was intended with the sample (5 kg) from a tuff layer
at the transition from ®Ng into °Ng. The firm result was not obtain (de
Leeuw et al. 2008) according to posibile contamination by overlaing
Quaternary cover.

Palynomorph association from Gacko has many similarities to palyno-
morphs from the Early Miocene locality Kakanj in Bosnia (Panti¢ et al.
1966: 192-193).

CONCLUSION

The part of the drill-hole GS-1 column studied from a paleontological
standpoint included the so-called First and Second underlying coal measure
a Gacko (Fig. 1). Lamination and thin layers were occasionally present
around the First underlying coal seam, perhaps indicating transport of sand
in sublittoral. The subvertical splittings under the lower bed of the First
underlying coal seam may indicate desiccation cracks or plant roots. The
fossil-bearing marl between the two underlying coal seams corroborates
that bioturbation occurred on the bottom of a stable lacustrine environment.
Below the so-called Second underlying coa measure there is again
lamination, alternating with the fossil-bearing (bioturbated) layers, indica-
ting well oxygenated lacustrine water. The intercalations of green tephra
clay, inthelast 3 meters of the drilling, show distant volcanic activity.

Variations of biotope, especidly the lake depth, may be estimated by
comparing various samples. The greenish-yellow silt from 172 m deep
includes few smal crumbs of lacustrine chalk. The most common
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gastropod is Pseudoamnicola skhiadica while ostracodes are very diverse
and characean gyrogonites are absent altogether. The presence of Succinea
and terrestrial helicids together indicates the vicinity of the shore. The
sample from 172.7 m of depth contained a very rich and diverse plant
association (see Appendix). It used to inhabit the edges of the deposition
basin, aswell asthe spacesin the inside of the mainland.

Representatives of subtropical swamp vegetation were Taxodium,
Glyptostrobus, Nyssa, Cyrillaceae, Cyperus, Arecaceae, as well as some
types of Ericaceae and Polypodiaceae. The broad-leaved deciduous
elements included a larger number of Rhus and riparian forests elements
such as Alnu and, Pterocarya, while pollen of Engelhardtia, Carya,
Corylus, Ulmus, Carpinus, Tilia, Acer and Castanea were recorded in
smaller numbers. The xerophilous elements are dominated by species of
Sapotaceae, while they also included smaller numbers of Leguminosae,
Castanopsis and scleromorphous Quercus. At the highest altitudes Picea,
Fagus and certain species of genus Pinus grow.

Silt at 142 m depth is greenish due to a small tephra influence. Also, it
seems to be the source of fossils re-deposited in the following sample. The
shells of Fossatrulus tricarinatus were mainly well-preserved, including
the morphotypes of both — lesser (fine-carrinate specimens) and higher
water energy (robust-carinate ones). Charophytae gyrogonites do not
appear in great number. The presence of Succinea and Planorbarius (or
Biomphalaria?) would indicate very shallow water, along a close-lying
shore.

Grey marly silt a 130 m depth did not show re-sedimentation
structures, but the large number of apices of Fossatrulus tricarinatus still
indicates reworking from an older layer. There were abundant gyrogonites.
They might originate in the sparsely grown meadow from the vicinity,
although reworking is aso probable. Ostracodes and Succinea are very
rare. The depth is ca 2 meters.

At a depth of 126.5 m the environment changed abruptly. The land
snails (Helicidae, Succinea) and plant seeds both brought from shore
prevailed. There were no charophytes, possibly indicating turbid water. The
preservation of Planorbis puli¢i would be re-sedimentated. The only
autochthonous organism was the thin-shelled small Ancilus illyricus. This
layer correspondsto a shallow but high energy lottic environment.

Lacustrine chalk at 125.95 m depth was deposited in a somewhat
deeper and cam water, where the aquatic plants (Potamogeton, Nympha-
ceae, but not Trapa while have to characeans opposite requirements of
nitrogen and phosphorus) were regularly producing flakes of CaCOs during
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photosynthesis. The growth of charophyta was much denser, building
meadows. Gastropods and ostracodes are rare. Water depth could be
estimated as more than 7 m.

Chalk with a sparse presence of sand appears at a depth of 107 m,
supporting the transport of sand from littoral for lamination forming. Small
gastropods were floated with sand grains as charophyta gyrogonits.
Ostracodes are rare. The water depth is less than 6 m. The sample from
107.4 m of depth included arelatively poor plant association that could not
be used to determine a more detailed reconstruction of vegetation,
especially as most of the palinomorphs were determined only to the family
level (see the Appendix). In contrast to the sample from 170.7 m, this
sample includes representatives of Asteraceae, which may indicate a wider
distribution pattern of steppe or other lowland areas. This sample also
includes higher amounts of large fragments of plant matter (remains of
woody tissue of various shapes, sizes and structures), indicating the
potentially greater energy of the relief at the time when this sediment was
deposited — the strong torrential watercourses transported the large plant
fragments to the deposition basin together with the terrigenous.

*kkk*k

Thanks to the paleontological analysis of drill hole GS-1 we could, for
the first time, clearly distinguish the occurrence of a shallow feshwater
level below the main coal seam in Gacko, and in the whole Dinaric lake-
-system. Above the main coal there is a level with congeras (deposited in
dightly saline hard water) of a relatively deep lake. Its depth was greater
than 10 m, evident from the absence of gyrogonites there.

The lake gradually became shallower with the appearance of an
increasing number of islands (cf. Katzer 1921: 30, fig. 8; Krsti¢ et al.
2003). The biofacies of the later phase of a mineralized 1ake were more
uniform (cf. Kochansky-Devide & Sliskovi¢ 1978) while the lake surface
area seasonally varied (cf. Karaman & Beeton 1981).

After the deposition of Miocene sediments in the pre-formed dilatatio-
na depression, the front leading edge of the Ku¢ zone moved in a
southwestern direction, pushing the Neogene of Gacko Plain into a shallow
syncline (Mirkovi¢ et al. 1980). The detailed study of paleostress in the
Central Dinarides “indicates a NE-SW contraction as well as a subordinate
NW-SE extension related to early Miocene shortening of Dinaric orogenic
wedge” (1li¢ & Neubauer 2005).
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Appendix
Palinomorph assemblages from GS-1, 107,40 m

Pityosporites microalatus Th. Pf. 1953 (Pinus haploxylon)
Pityosporites sp.

Tricolporopollenites cingulum pussillus Th. et Pf. 1953 (Castanopsis)
T. cingulum oviformis Th. et Pf. 1953 (Castanea)

T. aff. megaexactus (R. Pot. 1931c) R. Pot. 1960 (Cyrillaceae)
Tricolpropollenites microreticulatus Pf. Th. 1953

T. macroechinatus Trevisan 1967 (Compositae, Tubuliflore-type)
Araliaceoipollenites edmundi R. Pot 1960 (Araliaceae-Cornaceae)
Tricolpopollenites microhenrici Th. et Pf. 1953 (Cupulifere)
Tetracol poropollenites obscurus Pf. Th. 1953 (Sapotaceae)

T. sapotoides R. Pot. 1960

T. biconus Pf. Th. 1953 (Sapotaceae)

Umbeliferae

cf. Cercidifilum sp.

Foarganiaceaepollenites sparganioides (Mayer 1956) Krutzsch 1970 (Typha)

Oleaceae-type

Palynomorph assemblages from GS-1 172.70 m

Sereosporites sp.

Laevigatosporites haardti Pf. Th. 1953 (Polypodiaceae)
Verrucatosporites microverrucatus Krutzsch 1967

| schyosporites asolidus Krutzsch 1967

Monocol popollenites sp. (Arecipites sp.)

I naperturopollenites dubius Pf. Th. 1953 (Taxodiaceae-Cupresaceae)
I naperturopollenites hiatus Krutzsch 1950 (Taxodium sp.)

I. radiatus Krutysch 1971

Pityosporites microalatus Th. Pf. 1953 (Pinus haploxylon)

P. alatus Th. Pf. 1953 (Picea sp.)

Platycaryapollenites miocaenicus Nagy 1969 (Engelhardtia sp.)
Subtriporopollenites simplex Raatz 1937 ex Potoni¢ 1960 (Carya sp.)
Triporopollenites coryloides Pflug 1953 (Corylus sp.)

Ulmipollenites undulosus Wolff 1934 (Ulmus sp.)

Carpinipites carpinoides (Pf. 1953) Nagy 1985 (Carpinus sp.)
Alnipollenites verus R. Pot 1934 (Alnus sp.)

Polyatriopollenites stellatus Raatz 1937 (Pterocarya sp.)
Intratriporopollenitesinstructus Th. Pf. 1953 (Tilia sp.)
Nyssapollenites kruschi Nagy 1969 (Nyssa sp.)

Faguspollenites minor Nagy 1969 (Fagus sp.)

Tricolporopollenites cingulum pussillus Th. et Pf. 1953 (Castanopsi< sp.)
T. cingulum oviformis Th. et Pf. 1953 (Castanea sp.)

T. aff. megaexactus (R. Pot. 1931c) R. Pot. 1960 (Cyrillaceae sp.)

49
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Rhiopites pseudocingulum (R. Potonié 1931) R. Potonié 1960 (Rhus sp.)

Araliaceoipollenites edmundi (R. Potonié 1931) R. Potonié 1960 (Araliaceae-
-Cornaceae)

Tricolpopollenites henrici Krutzsch 1961. (cf. Quercus)

T. asper Pf. Th. 1953 (Quercus sp.)

T. microhenrici Th. et Pf. 1953 (Cupuliferae)

T. liblarensis Th. Pf. 1953 ssp. liblarensis (Cupuliferae-Leguminosae)

Aceripollenites sp.

Cyperaceapollis sp.

Tetracol poropollenites obscurus Pf. Th. 1953 (Sapotaceae)

T. sapotoides R. Pot. 1960

T. microrhombus Pf. Th. 1953 (Sapotaceae)

T. biconus Pf. Th. 1953 (Sapotaceae)

Umbeliferoipollenites sp.

Ericipitesericius (R. Pot. 1931b) R. Potonié 1960 (Ericaceae)

?Goniaulax cf. reticulatus Nagy 1969

?Histrichosphaeridae gen. et sp. indet.

Acknowledgements

The paleontological samples were sent to the Geoingtitute by the
Institute for Copper Research, Bor. The drill hole GS-1 was drilled by
Geozavod, Zvornik. We are grateful to them for the printing permit. In
determining the gyrogonites of Charophyta we were sincerely helped by
Ingeborg Soulie-Méarsche, Institut des Sciences de I'Evolution, (UMR
5554/CNRS)-Palecenviron-ments, Universite Montpellier 2, France. Some
references were provided by M. Schudack (Freie Universitét, Berlin). The
paper was carefully reviewed by C. Martin-Cosas, Departement d’ Estrati-
graphia, Paleontologia | Geoscience marine, Facultat de geologia, Universi-
tat de Barcelona, who gave much of histime to improve the text.

Thanks to the generosity of the NHMuseum, Belgrade the translation
was performed by Zeljko Stanimirovi¢ and the proofreading was done by
Mrs Beverly Lynch.

REFERENCES

Brusing, S. (1894): Zvezdan (Planorbis Pavlovi¢i Brusina und Ancilus serbicus
Brusina), in: Fragmente der serbischen tertidre Malacologie (in Serbisch, ohne
Abbildungen): VIII, Annales geologique de peninsule balkanique, Beograd
5(1): 193-199.

Brusina, S., (1897): Materiaux pour la faune malacologique neogene de la
Damatie, de la Croatie et de la Slavonie avec les especesde la Bosnie, de



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2009, 2: 35-61. 51

I"'Herzegovinae et de la Serbie. Djela Jugoslavenske akademije znanosti i
umjetnosti, Zagreb 18. 1-43.

Cigi¢, S. & Milojevi¢, R. (1977): Terestricko-limnicke naslage tercijara u Bosni i
Hercegovini. Geologija BiH |11 Kenezojske periode: 67-107. In: ed. “Geoinze-
njering”. — Sarajevo.

de Leeuw, A. de, Mandic O., Kuiper K., Harzhauser, M., Krijgsman, W., Bulic, J.,
Pavelic, D. & Vranjkovic, A. (2008): Towards a chronostratigraphy for the
Miocene Dinarid Lake System: New 40Ar/39Ar ages and expanded magneto-
stratigraphic dating. In: Geophysical Research Abstracts, vol. 10 EGU2008-A-
-08765, 2008. SRef-ID: 1607-7962/gral EGU2008-A-08765, EGU Genera
Assembly 2008 (Wien).

Fuhrmann, R. & Pietrzeniuk, E. (1990): Die Ostrakodenfauna des Interglazials von
Grabschiitz (Kreis Delitzsch); Altenburgischen naturwissenschftliche Forsch-
ungen-Altenburg 5: 202-227.

Higuti, J., Machado Veho, L. F., Lnasac-Tona, F. A. & Martens, K., (2007):
Pleuston communities are buffered from regional flood pulses: the example of
ostracods in the Parana River floodplain, Brazil. In: Freshwater biology 52:
1930-1943 (ed.). — Blackwell publ.

Ili¢, A. & Neubauer, F., (2005): Tertiary to recent oblique convergence and
wrenching of the Central Dinarides. In: Cinstrains from a paleostrass study.
Tectonophysics (ed.) 410(1-4): 465-498. — Elsevier.

Jakovljevi¢, S., (1951): Short course in ecology with basics of hydrobiology. —
Nau¢na knjiga, Beograd. [in Serbian]

Janz, H., (1997): Die Ostrakoden der kleini-Schichten des miozénen Kratersees
von Steinheim am Albuch (Stddeutschland). Stutgarter Beitrdge Naturkunde,
Stutgart, B 251: 1-101.

Karaman, G. & Beeton, A. (eds). (1981): The Skadar Lake and its biota. — Biol o3ki
zavod Titograd, Ingtitut Smithsonian Washington, Center Great Lakes Milwa-
ukee, Titograd.

Katzer, F., (1921): Diefossile Kohlen Bosniens und Hercegovina 2. — Sarajevo.

Kochansky-Devide, V. & Sliskovi¢, T. (1978): Miocenske kongerije Hrvatske,
Bosne i Hercegovine. Paleontologia Jugoslavica, 19: 1-98, Zagreb.

Krgti¢, N. (1987): Ostracodes from Rabitlie and Otilovi¢ci Neogene, Plevlja,
Montenegro. In. CG ANU, od. prir. nauka, 1: Zbornik radova posveten
akademiku Z. Besi¢u: 75-94. — Titograd.

Krsti¢, N. (1995): A new Cyclocypris subgenus - Laevicypris. In: Richa, J. (ed.):
Proc. 12" symp. ostr. “Ostracoda and Biostratigraphy”: 37-42. — A. A. Balkema,
Rotterdam / Brookfield.

Krsti¢, N. (1996): Cyclocypris species of the C. ovum group in the Quaternary of
Vojvodina (Yugosavia). In: Proceedings 2™ European ostracodol ogists Meeting:
141-144. - Brit. Micropal. Soc., London.

Krsti¢, N. (2000): Some ostracodes from the Dinaric Alps Neogene and its
paleocecology. In: Geology and metalogeny of the Dinarides and the Vardar
Zone (Proc. Intenational Symposium): 207-217. — Zvornik.



52 KRSTIC, N. ET AL.: FOSSILS FROM THE DRILL HOLE GS-1 NEAR GACKO

Krdti¢, N., Oluji¢, J. & Dordevi¢-Milutinovi¢, D. (2007): Lower Miocene
Charophyta of Gacko (Dinaric Alps). In: 15" Meeting of the Group of
European Chariphytologists (GEC), Programe & Abstracts: 11. — Belgrade.

Krsti¢, N., Savi¢, Lj., Jovanovi¢, G. & Bodor, E. (2003): Lower Miocene lakes of
the Balkan Land. Acta Geologica Hungarica, Budapest 46(3): 291-299.

Krsti¢, N., Soulie-Marsche, 1., Zic, J., & Dordevié¢ — Milutinovié, D. (2008): Miocene
Charophyta of Maoce, Plevlja (Montenegro Dinarides). In: Schedule, Lectures
and Contacts, 5" IRGC symposium 2008: 12. — Rostock.

Lutz, A. K. (1965): Jungtertidre Siifwasser-Ostracoden aus Siiddeutschland. Geolo-
gisches Jahrbuch, Hannover 82: 271-330.

Malz, H. & Moayedpour, E. (1973): Miozane SuRwasser-Ostracoden aus der Rhon;
Senckenbergiana lethaea, Frankfurt a/M 54(2/4): 281-309.

Malz, H. (1977): Cipridopsine Ostracodes aus dem Tertiar des Mainzer Beckens;
Senckenbergiana lethaea, Frankfurt a/M 58(4/5): 219-261

Mandi¢, O. (2007): Report on the Gacko mine observations. — Documents of the
Geozavod, Zvornik

Meisch, C. (2000) (ed.): Freshwater Ostracoda of Western and Central Europe.
SiRwasserfauna von Mitteleuropa 8(3). — Spektrum Akademischer Verlag
Gustav Fischer, Heidelberg-Berlin.

Milojevi¢, R. (1966): Influence of latetertiary tectonic movements to entire
geological structure of Bosnian-Hercegovine Dinarides. Geoloski glasnik,
Sargjevo 11: 9-32. [in Serbian with short German summary]

Mirkovi¢, M., Kalezi¢, M., Pgovi¢, M., Raskovi¢, S., Cepi¢, M. & Vujisi¢, P.
(1980): Karta i Tuma¢ za list Gacko K 34-26 — Beograd. [in Serbian with
English and Russian summary]

Panti¢, N., Ercegovac, M., & Panti¢, V. (1966): Palynologische untersuchungen
und stratigraphie der terrestriche-limnischen tertiaren ablagerungen des
Zenica-Sargjevo beckens. Geoloski anali Balkanskog poluostrva 32: 183-210.
[in Serbian with German abstract]

Pietrzeniuk, E., (1991): Die Ostrakodenfauna des Eem-Interglazials von Schonfeld,
Kr. Calau (Niederlausitz). Natur und Landschaft in der Niederlausitz, Son-
derheft: 92-116. — Cottbus.

Pokorny, V., (1986): Freshwater ostracodes from the Lower Miocene of Tuchorice
(Bohemia, Chehodlovakia). Acta Universitatis Carolinae, Praha 3: 281-315.

Schudack, M. & Janz, H. (1997): Die Charophyten der miozéner kleini-Schichten.
Sonder-veroffentlichungen Geologisches Institut der Universitét, Kiel 114:
427-449.

Sieber, E. (1905): Fossile SuRwasser-Ostrakoden aus Wirttemberg. Jahrbuch
Verein Vaterland Naturkunde. Wirttemberg, Stuttgart 61: 321-346.

Sokag, A. (1979): Miocene ostracode fauna at Sinjsko polje (in Croatian wot
English summary). Geol. Vlesnik, Zagreb 31: 137-144.



BULLETIN OF THE NATURAL HISTORY MUSEUM, 2009, 2: 35-61. 53

Soulie-Mérsche, 1., Benammi, M. & Gemayel, P. (2002): Biogeography of living
and fossil Nitellopsis (Charophyta) in relationship to new finds from Morocco.
Journal of Biogeography 29: 1-9.

Soulié-Mérsche, I., Gemayel, P., Chaimanee, Y., Suteethorn, V., Jaeger, J. &
Ducrocqg, S. (1997): Fossil Nitellopsis (Charophyta) from South-Eastern Asia.
Taxonomy and Biogeography. Alcheringa 21: 141-156.

Straub, E. W. (1952): Micopaleontologische Untersuchungen im Tertidr zwische
Ehingen und Ulm a-d- Donau. Geol ogisches Jahrbuch, Hannover 66: 433-524.

Witt V. (2001): Lower Miocene freshywater ostracods from the Merkur-North
open-cast mine (Most Basin, northern Bohemia, Czech Republic). Bulletin
Czech Geological Survay, Praha 76; 227-234.

DOCUJIH U3 BYIIOTHHE GS-1 KO I'ALIKOT', PENYBJINKA CPIICKA

HAJIEXIA KPCTUR, JOBAH OJIVIUR, CJIABUILIA DAJUH,
JIECA POPBEBUR-MWIYTUHOBUR, JbbAHA TAHACKOBIR

PE3UME

Jleo cryba OymioTwHE, KOjU j€ TAJICOHTOJIOMIKH TIPOY4YEeH, o0yxBara
Ilpeu u Jpyru momuHcku cinoj yriba y lamky (cm. 1). Oxo Ilpsor
MOJIMHCKOT yIJha YECTO CE jaBJba JAMHHAIMjA M TAaHKU CIOjEBH, IITO OW
yKa3uBajao Ha nejcTBo Tanaca. CyOBepTHKAIHE IMyKOTHHE HCIOJ YTJbEHUX
cliojeBa yka3uBaje OM Ha HMCYIIMBamke, CBEHTYAJIHO HAa TParoBe KOpema.
®docunonocuu nanopu umely nea [loguHcka yribeHa ciioja mociaeauua cy
OmoTrypOanyje W 03Ha4YaBajy CTAOWIAH j€3epCKH PEKUM; FHHUXOBa 3€JICH-
kacrta 00ja moTtuiana ou ox TedrTa mpuMeca, MOXK/1a yCie I peTaloKaBama.
Hcnon npyror moJWHCKOT YIjba MOHOBO CE jaBJba JIAMUHAIM]a Y CMEHH ca
(hoCHIIOHOCHUM CJI0jeBMMa IITO yKa3yje Ha JOoOpo aepucaHy BOAY je3epa.
[Ipocnojun 3eneHe TydoreHe IHMHE, ca THOCIeIma 3 Merpa OyIIOTHHE,
(hopMupaHU Cy TIOJ ICjCTBOM Y/IaJbeHE BYJIKAHCKE aKTUBHOCTH.

Ha ocHoOBy caapxkaja mojenuHux mpoda MOXKe Ce MPaTUTH BapUpamke
Oomoroma, moceOHO myOmHE jezepa. 30or Tora heMo OKpEHYTH OITHC
OYIITOTHHE - 0JT03/I0 Ha TOpe.
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3enenkacro-xyhkact aneBput ca 172 m cagpxu U rpyMyJbULE je3ep-
cke kpene. Hajopojuuju je myx Pseudoamnicola skhiadica mox cy octpa-
KOJIU DPa3HOBPCHH 3axBasbyjyhu OTCycTBY Xapa. SUCCIN€a u TepecTpuyu
XeMUUUAN yKasyjy Ha Onusuny oOane. [IpeacracBHumu cyOTporicke Mou-
BapHE BereTandje Hace/baBamu cy obamue nemose (Taxodium, Glypto-
strobus, Nyssa, Cyrillaceae, Cyperus, Arecaceae, ka0 U HEKe BpCTE
Ericaceae u Polypodiaceae). On apkrotepuujapHe ¢uiope y Behem mpoiieH-
Ty 3aCTYILUBEHH Cy eleMEHTH TajepHjckux mryma Alnus, Pterocarya n Rus,
nok cy Engelhardtia, Carya, Corylus, Ulmus, Carpinus, Tilia, Acer u
Castanea nalhenn y mamem 0pojy. On KcepoQuiiHUX eleMeHaTa JOMUHH-
pajy Bpcre dammimje Sapotaceae, a y Mamoj MepH u Leguminosae,
Castanopsis u ckiepomopduu Quercus. Ha Behum BucuHama paciu cy
Picea, Fagus u Heke BpcTe pona Pinus.

AneBput ca 142 m, 3eneHkact yciex mpuMmeca Tyda H3riena Ja je
u3Bop Qocuia nperonoxkenux y cienaechoj npoou. Jbymrypune Fossatrulus
tricarinatus cayyBaHe cy 4ecTo LieJie TaKo Jia Ce Pa3IMKyjy MOP(POTHIIOBU
Mame (IpUMepITd HeXKHUX pedapa) u Behe eHepruje cpenaune (ca CHaXHUM
pebpuma). ['mporonura uma mame. [IpucyctBo Succinea u Planorbarius
yKa3uBajio OM Ha BeoMa IUTUTKY BOJY, Y OnM3uHU obaje.

CuBH narmopoBuTH ajeBpuT Ha 130 M He campku BHIJBHBE CTPYKTYpE
mpeTanoKaBama, ald orpoMaH Opoj Bpxosa Fossatrulus tricarinatus
yKa3yje Ja cy HCIpaHdh U3 CTapHjer cioja, KakaB je oHaj Ha 142 m.
['mporoHuTH CUTHHX W KPYNMHHX Xapa cy OpOjHH, a MOXZIa MOTHYY Ol
npopelere moaBoAHE JNHMBaAC y ONU3MHM, Maza je TOPEKIO0 M3 CTapHjer
cinoja BepoBaTHWje. OcTpakomu M SUCCINEA, Koja HacejbaBa JE0 TPCKE
W3HaJ BoJie BeoMa cy peTku. JlybuHa oko 2 m.

Cpenuna ce, Ha 126,5 m, Harno mema. [Ipeormalyyjy KomHEHHU MyXeBU
(Helicidae, Succinea) u cememe HaHeTo ca obanme. Xapa HeMa jep
n3berasajy MmytHy Boxy. OuyBanoct Planorbis pulici ykasyje na nperaio-
’KaBawe. JeanHu ayTOXTOHM opraHu3am je cutaH Ancylus illyricus tanke
JpymTypurie. CpennHa je J0THIHA.

VY30pak ca 125,9 m TanoxeH je y Maio ny0Jp0j ¥ MUPHO] BOJH, Y KOjOj
BOJIGHE LBETHUIE, TOKOM (OTOCHHTE3€e, W Jajbe MNPOHM3BOAC MaxyJbe
CaCO;. XapodurHe anre pacTy MHOro rymhe W CKOpoO Ja rpaie Ipase
noaBoxHe nmBane. IlykeBu cy peTku kao m octpakoau. JlyOmuna Boze je
Beha og 7 m.
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Jesepcka kpenma ca maino mecka, koja ce jaBjba Ha 107 m, moTBphyje
TEPEHCKY IPETIIOCTaBKY O JI¢jCTBY Tajlaca Ha HAaCTaHaK JamMuHarje. CHTHU
MyXeBH Cy (IIOTHPaHHU 3ajeIHO ca 3pHIMa IIecKa a Xape cy, Kao ayTOXTOHE,
pacne m3mely Bummx Ousbaka ca umjer cy aumha Bejane maxyibe CaCOs.
360or Tora mTO Cy Xape Mpey3uMaie KaIIHjyM OCTPAaKOAW CY pETKH.
Hy6una Boze je Omiia Mama og 6 m.

*kk*k

3axBasbyjyhul MaJICOHTONOWIKO] aHanu3u OymoruHe GS-1 mpBu myT ce
caja jaCHO pPa3HKyje IUIMTKOBOAHO-CIATKOBOJHH HHBO MWCIIOJ TJaBHOT
yIJbeHOT HHMBOA y ['allkoMm, ainu u y LeJIOKYIHOM JIMHapHICKOM CHUCTEMY
jesepa. V3Ha riaBHOT yrJbeHOT MaKeTa Halla3u ce HUBO (TaJIOXKEH Y CIIaHOj
M TBPIOj BOIH) y J0OCTa QyOOKOM je3epy, 3HaTHO ayosbem ox 10 m, rume
BUIIIE HEMa THPOTOHHOTA Xapa.

JuHapuacko Jesepo je Omiio BeIMKO Kao (CeBepHa) IMOJIOBHHA JaHAIl-
wer Kacnmja. Kacuuje Jesepo ormmmhasa, any MOCTENEHO W Y3 T0jaBy CBE
Beher u Beher Opoja octpBa. buodanurje MuHepanTu3oBaHOT je3epa KacHe
dase cy yjennauyene (ymopenu Kochansky-Devide & Sliskovi¢ 1978) a
MOBpIIMHA je3epa Bapupa. buio je Behe 3umm u y npoiehe, kam ce Boga
OBOT KapCTHOT je3epa u3/u3aja a JIeJoBH je3epa crajayin pacejaBajyhu npu
TOM HCTE BPCTE KOHTEpHja y CBOje ylajbeHe AenoBe. TOkoMm cyBe ce30He
je3epo ce MoBIAYmWIo U cMamuBaino. Mcro To ce camga poraha ca Ckamap-

CKHMM Je3epoM M BeroBUM rouimuM (urykryanujama 1o 6 m (Karaman &
Beeton 1981).

[Tocne Tanoxema MHOICHCKHX CeAMMEHaTa, y paHuje (hopMUpaHO]
JMJIATAlMOHO]j IeTpecHjH, uelio HaBnake Kydke 30He je, Ipi CBOM KpeTamby
npema jyrosamany, yopano HeoreH ['apauxor [losba y INIMTKY CHHKIMHATY
(Mirkovi¢ et al. 1980). MeraspHa crTyamja maneoctpeca y LleHTpaaHum
Huuapuguma “ykazyje na CH-J3 cabujawe u, y maroj mepu, C3-JU
paszenauerve noee3ano ca O0reMUOYeHCKUM ckpaliusarvem Junapuockoe
kauna” (11i¢ & Neubauer 2005).
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PLATE 1.

Fossarulustricarinatus BRUSINA, 1870, GS-1 from 142.05 m
(1) with strongly defined and (2) with weak longitudinal ribs,
height about 8 mm.

Lymnaea (Omphiscola) aff. servica KOVALENKO, 2004, GS-1 from
142.05 m, height 2.67 mm.

Succinea sp. ex gr. S drnisiana juv., GS-1 from 107.4 m, height
2.55 mm.

Pseudoamnicola (Saja) sostariciana BRUSINA 1974, GS-1 from
107.4 m, height 0.96 mm.

Segmentina sp., GS-1 from 107.4 m, width (under the 45° angle)
1.11 mm.

Planorbis puli¢i BRUSINA, 1897, GS-1 from 107.4 m, widths 3.0
and 3.5 mm.

Pseudoamnicola (Limnidia) skhiadica (Bukovski, 1895), GS-1
from 125.95 m, height 3 mm.

Ancilus cf. illyricus NEUMAYR, 1880, GS-1 from 126.5 m, length
(11) 2.16 and (12) 0.96 mm.

Seeds, GS-1 from 126.5 m length (13) 1.15 and (14) 1.08 mm.

Nitellopsis merianii globula (MADLER) SOULIE-MARSCHE ET AL.,
2002, Upper Miocene, Tavnik near Kraljevo, size ca: height
1.156, diameter 1.08 mm.

16.(a-c) “Harrisichara” sp., GS-1 from 130.85 m, height 1.66, diameter

1.47 mm.
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PLATE 2.
Group “Gyrogona medicaginula (LAMACK, 1804)" sensu NOTz-
oLD, 1975.
Sohaerochara sp., GS-1 from 142.05 m, height 0.34-042 mm.

Chara aff. woltzii (UNGER, 1850), GS-1 from 130.85 m, height
0.55 mm.

Chara cf. molassica STRAUB, 1952, GS-1 from 130.85 m, height
0.59 mm.

“Lychnothamnus (Rhabdochara)” sp., GS-1 from 130.85 m,
height 0.78 mm.

Lychnothamnus (Rhabdochara) praelangeri CASTEL 1967, with
transversal ribs on spiral cells, Plevlja, Otilovici, point 301, height
about 0.95 mm.

Chara molassica notata GRAMBAST & PAUL 1965 sensu SOULIE-
-MARSCHE, 1989, GS-1 from 130.85 m, height 0.65 mm.

“Harrisichara” sp., stunted variety, GS-1 from 130.85 m, height
1.40 mm.

Nitelopsis merianii (BRAUN) GRAMBAST & SOULIE-MARSCHE
1972, Plevlja, Otilovi¢i, point 301, height of the gyrogonite 1.40 mm.
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PLATE 3.
Candona? aff. paracandidula MALZ & MOAYEDPOUR, 1973,
femaleLV (a) and detail (b) GS-1 from 130.85 m.

Candona? aff. paracandidula MALZ & MOAYEDPOUR, 1973, RV
juv. of 5" and LV of 4™ moltings, GS-1 from 125.95 m.

Pseudocandona sp., RV juv., GS-1 from 172.7 m.

Candonopsis cf. arida SIEBER, 1905, sensu MALZ & MOAYE-
DPOUR, 1973 juvenile (5) and adult (6), GS-1from 172.7 m.

Cyclocypris sp., GS-1 from 172.7 m.
Bradleystrandesia aff. besti (MALz, 1977) juv., GS-1 from 125.95 m.
Cypridopsis cf. biplanata Straub, 1952, GS-1 from 125.95 m.

Cypris sp. nov., a part of LV adult (11) and RV juvenile, GS-1
from 172.7 m.

All the ostracode valves have the same magnification— see the scale.








