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	Abstract 
The Lower Miocene Ibar Basin is located 200 km south of Belgrade (south Serbia), covering an area of approximately 320 km2. It is a northwest-southeast elongated tectonic depression with a maximum length of 20 km and width of 12 km, which consists of several coal deposits (Ušće, Tadenje, Jarando, Progorelica) and boron mines (Pobrdje) and deposit (Piskanja). At present, coal is exploited in two underground mines: Jarando and Tadenje, and open pit Progorelica. The present study is based on thirteen channel coal samples and thirteen core shale samples from different locations of the Ibar basin. Coal samples were taken from Jarando and Tadenje underground mines, and Progorelica open pit. Shale core samples were taken from Piskanja deposit. 
The paleorelief of the Ibar Basin consists of Paleozoic, Mesozoic and Tertiary rocks. Paleozoic is represented by chlorite schist. Mesozoic sedimentary rocks include Triassic limestone, dolomite, marble, sandy marlstone and marlstone, and Jurassic hartzburgite, serpentinite, gabbro, rodingite and other rocks of the ophiolite mélange. Tertiary igneous rocks are Oligocene/Miocene dacite-andesite lava flows, and Neogene quarztlatite/rhyodacite extrusions and pyroclastic rocks. Sedimentary rocks are mainly Neogene in age and are made of conglomerate, sandstone, marlstone, three to nine coal seams, coal shale, shale, and claystone. 

The Ibar Basin is characterized by high volatile bituminous coals. The basin is filled by coal-bearing clastic to carbonate rocks deposited over serpentinite and volcanic rocks. Sedimentation was followed by basin subsidence resulting in formation of a 1500 m thick sequence (based on geophysical exploration). The Ibar Basin was formed during Miocene large scale extension in the NE Dinaride segment (Harzhauser and Mandić, 2008) of the Alpine-Carpathian-Dinaride system. The Miocene extension led to exhumation of deep seated core-complexes (e.g. Studenica and Kopaonik core-complex; Stojadinović et al., 2013), as well as to the formation of extensional basins in the hanging wall (Ibar Basin). The basin was deposited in shallow lake and swamp in the earliest stages, later in alluvial and in the latest phase in lacustrine environment. 
The swamp stage, cyclically repeated several times, influenced formation of three to nine coal seams in the deepest parts of the basin. Later post-depositional thermal overprint in the Ibar basin influenced higher thermal maturity of organic matter (OM) confirmed by measurement of vitrinite reflectance. The mean random vitrinite reflectance values in coal samples range from 0.75%Rr (Progorelica) to 0.90%Rr (Tadenje). Microscopical investigation revealed that vitrinite is the prevailing maceral group (80.3–95.4 vol.%, mmf). The most abundant maceral is collodetrinite (30.1–70.7 vol.%, mmf) with variable amount of collotelinite (3.4–35.6 vol.%, mmf) and vitrodetrinite (0.4–34.6 vol.%, mmf). Content of gelinite and corpogelinite is relatively low (<7 vol.%, mmf). The liptinite percentages range from 3.8 to 19.1 vol.%, mmf, with sporinite and liptodetrinite as the most abundant macerals. Suberinite, cutinite, resinite and exsudatinite are present in variable amounts. The percentages of inertinite (mainly inertodetrinite, and funginite) range from 0.4 to 4.2 vol.%, mmf. Molecular composition of saturated fraction of coal samples is typical for terrestrial OM and characterized by notable predominance of odd long-chain n-alkanes (≥n-C27), considerable amounts of hopanoids (dominated by C30 17α(H)21β(H) hopane) and acyclic isoprenoids (pristane and phytane), whereas steranes (with prevalence of C29 5α(H)14α(H)17α(H)20R) occur in low amounts. Diterpenoids, sesquiterpenoids and non-hopanoid triterpenoids are identified in low quantities. The main constituents of coal aromatic fraction are naphthalene and phenanthrene derivatives. Perylene, pyrene, benzofluoranthenes, benzohopanes, mono- and triaromatic steroids, as well as aromatized non-hopanoid triterpenoids with oleanane and lupane skeleton (indicators of an angiosperm input) are present in lower amounts.
The alluvial clastics are represented by synkinematic breccia-conglomerates, sandstones and marlstones. 
The lacustrine phase is characterized by laminated dolomitic marlstones and claystones rarely intercalated with sandstone lenses. The mean random vitrinite reflectance value of OM varies from 0.63%Rr to 0.79%Rr in Piskanja deposit. The vitrinite percentages range from 7.5 to 42.9 vol.%, mmf, with collodetrinite as the most abundant maceral. Liptinite is the prevailing maceral group (21.7–86.0 vol.%, mmf), with alginite (telalginite and lamalginite), liptodetrinite and sporinite as the most abundant macerals. The content of inertinite (mainly fusinite and semifusinite with variable amount of inertodetrinite) ranges from 1.0 to 35.7 vol.%, mmf. The most abundant compounds in saturated fraction of shale samples are steranes and n-alkanes, indicating notable contribution of eukaryotic OM. n-Alkane patterns show variable odd to even ratio and dominated by mid-chain (n-C21-25) or long-chain (≥n-C27) homologues, whereas C29 and C28 5α(H)14α(H)17α(H)20R steranes represent the most prominent compounds in sterane distributions. Acyclic isoprenoids and hopanoids (with prevalence of C30 17α(H)21β(H) hopane) are present in considerable amounts. Low pristane to phytane ratio, followed by presence of β-carotane implies deposition of OM in reducing environment. Diterpenoids, sesquiterpenoids and non-hopanoid triterpenoids are identified in low quantities. Aromatic fractions comprise mono- and triaromatic steroids, aromatized hopanoids, as well as naphthalene and phenanthrene derivatives. Perylene, pyrene benzofluoranthenes, benzohopanes and aromatized triterpenoids are present in notable lower amounts.

Both vitrinite reflectance and apatite fission track data of the Tadenje and Piskanja sediments imply post-depositional heating episode which started around 17 Ma and lasted 10−8 Ma (Andrić et al., 2015) and reaching the maximum temperatures between 100–130°C. The apatite fission track data indicate local thermal perturbations, detected in the SE part of the Ibar Basin (Piskanja deposit) with the time frame ~7.1 Ma, which may corresponds to the youngest hydrothermal phase in the region.
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