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GEOSITE “IRON GATE” (“DEMIRKAPIYA”) IN RILA

Dimitar Sinnyovsky!, Natalia Kalutskova?, Nikolai Dronin?, lliyana Tsvetkova!, Nadezhda Atanasova’

" University of Mining and Geology “St. Ivan Rilski*, 1700 Sofia, sinsky@mgu.bg
2 Moscow State University “M. V. Lomonosov’, Moscow, nat_nnk@mail.ru

ABSTRACT. Geosite “Iron Gate” (“Demirkapiya”) is situated on the territory of Samokov Municipality, Sofia District. It is in the glacier valley of Beli Iskar River
between the summits of Golyam Skakavets (2705.9 m) and Musala (2925.4 m). Geosite “Iron Gate” is of aesthetic and scientific value. It includes the deepest part of
the largest glacier valley on the Balkan Peninsula carved out by the Beli Iskar glacier during the Wiirm Ice Age. This is the deepest place in the valley called
"Demirkapiya" or "lron Gate", due to the impressive displacement of 1250 m between the riverbed and the surrounding peaks. The Beli Iskar River valley is a typical
U-shaped glacier trough valley with steep slopes and rounded bottom and a length of 21 km between Kanara Cirque and Beli Iskar village. Side glacier moraines on
both slopes of the valley are formed during the ice age and covered later by supraglacial moraines (scree slopes). They consist of angular or somewhat rounded
particles, ranging in size from large boulders to glacial flour, obtained as a result of the rocks disintegration. The monolith granite of the Musala Body of the Rila-West
Rhodopean Batholith is cut by numerous pegmatite, aplite and quartz veins, vein-like granite bodies and dykes of diorite and granite porphyry, suitable for
demonstration of the principle of cross-cutting relationships in geology. Other important geoconservation features of the site are the glacial and periglacial landforms
and deposits, which may serve for demonstration of the manner in which glaciers work. The area is on the territory of the National Park Rila with restricted measures,
according to the requirements of such category protected areas.

Keywords: Geosite “Iron Gate”, Geopark Rila

FrEOTON ,XKENA3HA BPATA” (,,AEMUPKAMWA”) B PUNA
Jumumsbp Cunboscku!, Hamanus Kanyuykoea?, Hukonai poHun?, UnusiHa Ljeemkoea’, Hadexda AmaHacosa’

T Murro-2eonoxku yHueepcumem "Cs. Mear Puncku", 1700 Cogpus, sinsky@mgu.bg
2 Mockoscku ObpxaseH yHusepcumem ,M. B. JlomoHocos”, Mockea, nat_nnk@mail.ru

PE3IOME. l'eoton "KensisHa Bpata" ("[demupkanus") ce Hamupa Ha Teputopusita Ha obiumHa Camokos, obnact Codous. Tolt e B negHMkoBaTa JonvHa Ha p. benm
Wekbp mexay BbpxoeTe lonam Ckakasey (2705.9) n Mycana (2925.4). l'eoton "XKenssHa BpaTta" € C ecTeTuyecka W HayyHa CTOMHOCT. Toil BKMOYBa Hait-
abnbokata YacT OT Hai-ronsmata NeAHMKOBa AonnHa Ha bankaHckus monyocTpos, n3gbnbana oT Genuuckbpekus neHUk No Bpeme Ha BiopmckaTa neaHukosa
enoxa. ToBa e Hai--abNOoKOTO MACTO B fonvHaTa "[emupkanus” unv "YenssHa Bpata", nopaan BHyLuMTeNHaTa AeHuBenauns or 1250 M Mexay peyHOTO KOpUTO 1
oKonHuTe BbpxoBe. [lonuHata Ha peka benu Uckbp e TunuuHa U-o6pasHa nefHuKkoBa [OMMHA CbC CTPBMHM CKMOHOBE W 3206MeH0 AbHO M ObMmkuHa 21 km mexay
KaHapckusi uupkyc v c. Benu Uckbp. CTpaHnyHUTE NEAHUKOBN MOPEHU MO [1BaTa CKIOHA Ha AoNuHaTa ca obpa3yBaHu Mo BPEMe Ha NEHMKOBaTa enoxa 1 NoKpUTH
Mo-KbCHO OT CyMparnauuanti CKIOHOBM MOpeHW. Te ce CbCTOST OT pbbaTv unn Neko 3aobrexn KbCoBe, BapupaLyy oT ronemu BnokoBe A0 NeAHNKOBO bpalLHo,
nony4yeHu B pe3ynTaT Ha pasnafaHeTo Ha ckanute. MOHONMTHUST rpaluT Ha MycaneHckoTo Tano Ha Puno-3anagHopoponckus 6aTonuT ce npecuya oT MHOXECTBO
nerMaTUTHW, aniuTHU U KBapLOBU XWUMK, XUNONOAOGHN TpaHWUTHU Tena 1 Aaiku OT AUOPUT W rpaHUT-Nopdnp, NOAXOASLM 338 AEMOHCTPUPAHE Ha MpUHLMNA Ha
CeKyLLMTe B3aMMOOTHOLLEHUS! B reonorusita. [pyru BaxHW KOHCEPBALMOHHIN XapakTepPUCTMKN Ha TEPUTOPUSTA Ca NEAHUKOBUTE W NepurnaupaniuTe nanawadtm u
OTNOXEHMS, KOUTO MOraT i@ CriyXaT 3a AEMOHCTPaLMSA Ha HaumMHa, Mo KOWTO [elicTBaT negHuumTe. PalioHbT e pasnonoxeH Ha Teputopusita Ha HauvoHaneH napk
"Puna" c orpaHM4eHn MepKky, ChriacHo U3MCKBaHWSATA Ha Ta3W KaTeropyus 3alyuTeHn TepUTOpUN.

KniouoBu gymu: l'eoton ,XKensaHa Bpata’, leonapk Puna

Introduction 1250 m against Musala Peak. The geosite includes
supraglacial moraines developed on both slopes of the glacier
Geosite “Iron Gate” (‘Demirkapiya”) is situated on the valley.

territory of Samokov Municipality, Sofia District. It is in the

glacier valley of Beli Iskar River between the summits of

Golyam Skakavets (27059 m) and Musala (29254 m). i ;

Coordinates of the moraines near the road to Beli Iskar Dam Geological setting

are: 34T 0710994 E, 4673564 N. This point is situated 14 km The area has a simple geological structure. The first data

south of Samokov town and 8 km south of Beli Iskar village. about the native rocks belong to Viquenel (1852) who noted
that the granite forms peaks with a height of 2500-3000 m and
occupies the heights from which Maritsa River expires. On the

Category watershed between Maritsa and Iskar, the author described

white coarse-grained granite and gray granite.
Geosite “Iron Gate” is of aesthetic and scientific value. This is

the deepest place of the deepest and longest glacier valley on Hochstetter (1870) also noted Rila granite as the largest
the Balkans - the Beli Iskar River Valley with a displacement of ~ granite massive in the old crystalline body of the Rhodopes.
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Entering the Beli Iskar River Valley from the north, he
described mica gneiss with layers of amphibolite gneiss,
crystalline limestone, serpenting, and up the valley, "the rock
becomes totally granite-like with large orthoclase crystals."

Bonues (1908) made the first serious contribution to the
petrography of Rila. He described biotite granite in the valley of
Beli Iskar (Sokolets and Demirkapiya). Granites east of Beli
Iskar are described as part of the Western Rhodopes. As far as
their age is concerned, he states: "It can not be said that they
are of a younger geological age than the archaic one."

Later these granites are described as part of the so-called
South Bulgarian Granite (Qumutpos, 1939) with Paleozoic age.

fApaHoB (1943) described the so-called “West-Rhodopean
Batholith” on the territory of the West Rhodopes. According to
the author, "this is a typical batholith, the largest one of the
entire Balkan Peninsula", which is associated with the granite
batholith of Rila.

The leucocratic granite that crops out in the area, belongs to
the Musala Body of the Rila-West Rhodopean Batholith,
characterized by BbinkoB et al. (1989) as a complicated
igneous massive, with four phases of magmatic activity. The
native rock representing the second phase is medium and
coarse-grained biotite granite, intruded during the Lutetian Age
of the Eocene (42-35 Ma ago) into the granodorite of the first
phase and Precambrian metamorphic rocks. In turn, this
granite is cut by granites and plagiogranites of the third phase
and aplitoid and pegmatoid granites of the fourth phase
forming small stock-like bodies or veins. KameHos et al. (1997),
Menyesa et al. (1998) and Kamenov et al. (1999) combine the
third and the fourth phases into a single third type.

Capos et al. (2011) described the granite according to the
previous authors cited above as part of the Musala Body of the
Rila-West Rhodopean Batholith.

Fig. 1. Satellite image of the Iron Gate - the narrower part of the Beli Iskar
glacier valley between the peaks Musala (2925 m) and Golyam Skakavets
(2706 m)

According to these authors the Rila-West Rhodopean
Batholith consists of two differing in age and tectonic position
plutons. They believe that the granodiorites of the first
petrographic type are part of an older (~80 Ma)
sinmetamorphic pluton with calcium-alkaline character and
mantle magma and consider the granites of the second and
third petrographic types in age 42-35 Ma as genetically related

phases of postmetamorphic pluton with high potassium-
calcium-alkaline character.

Fig. 2. Outcrop of the granite of the Musala Body belonging to the second
phase of the Rila-West Rhodopean Batholith along the way to Beli Iskar
Dam

Geodiversity

Geodiversity of Rila was first reviewed in the light of the
geopark development by CwuHboscku (2014), Sinnyovsky
(2014, 2015) who outlined its petrographical and
geomorphological diversity. The geopark potential of Rila
Mountain, glacier formations and supraglacial activity in Rila
were subject also of several other papers (ATaHacoga,
Cunboscku, 2015; LiBeTkoBa, CuHboBcku, 2015; CuHboBCKM €t
al., 2017; Sinnyovsky et al. 2017).

The Beli Iskar Glacier valley is carved entirely in the medium-
to coarse-grained biotite granite of the Musala body which is
exposed on both slopes of the Beli Iskar River Valley between
Musala Ridge to the east and Golyam/Malak Skakavets Ridge
to the west. The granite is leucocratic, light grey to grey-white
in colour with massive and equigranular structure. The texture
is poikilitic and hypidiomorphic-granular. The main rock-
forming minerals are plagioclase, K-feldspar, quartz, and
biotite. Due to the good preservation and perfect outcrops of
the rocks they are appropriate for demonstration of the mineral
composition and magmatic crystallization processes leading to
the formation of structures and textures in igneous rocks.

The monolith granite body in Beli Iskar River valley is cut by
numerous pegmatite, aplite and quartz veins, vein-like granite
bodies and dykes of diorite and granite porphyry, which may
serve for demonstration of the principle of cross-cutting
relationships in geology. The outcrops of fresh granite allows
demonstration of the mineral composition and the processes of
magma crystallization, resulting in the structures and textures
of the igneous rocks (Fig. 3).
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Fig. 3. Outcrops of fresh granite near Waterfall Lyutidol

Morphology

In addition to the remarkable petrographic peculiarities other
important geoconservation features of the geosite are the
glacial and periglacial landforms and deposits, suitable for
demonstration of the manner in which glaciers work.

The geosite includes the deepest part of the largest glacier
valley on the Balkan Peninsula carved out by the Beli Iskar
glacier during the Wirm Ice Age. It covers both slopes of the
valley, where lateral moraines of the glacier are preserved,
covered by Holocene supraglacial deposits - scree slopes (Fig.
4). This is the deepest place in the valley called "Demirkapiya”
or "lron Gate", due to the impressive displacement between
the River Basin and the surrounding peaks.

Fig. 4. Scree slopes on the right bank of the Beli Iskar River composed of
angular granite boulders

Liujuh (1897) first established traces of glacial activity on
the Balkan Peninsula in Rila during his field trip in 1895.
However, he believed that there are only cirques glaciers, but
not valley glaciers of alpine type, because he did not
investigated the Beli Iskar Valley. He had only doubts about
the Cherni Iskar Valley, where he found glacial terraces. Later
the glacial landscapes in the area are described in the works of
Pages (1920), Oenupapes (1928, 1932), WaHoB (1954),
noBHs (1958, 1963) and others.

The Beli Iskar River Valley is a typical U-shaped trough
glacier valley with steep slopes and rounded bottom (Fig. 5).
Its length is 21 km between Kanara Cirque and Beli Iskar
village. Its accumulation zone includes also Beli Iskar and
South Zelenivrah cirques. It has also been fed by numerous
side cirques namely such as Kovach Cirque, East and West
Nalbant Cirques, North Zelenivrah Cirque, Shishkovitsa
Cirque, Devil's Cirque, Preka Reka Cirque, Darkev Cirque,
Golyam Bliznak Cirque, South Skakavitsa Cirque, Trite Mushi,
Golyama Skakavitsa and Sakan Dupka Cirques (Fig. 6), as
well as several valleys with not well differentiated cirques such
as Malak Bliznak, Toshov dol, Lyuti dol and others.

Fig. 5. U-shaped glacier valley of the Beli Iskar River

The side glacier moraines on both slopes of the valley are
covered by supraglacial moraines (scree slopes) formed
according to Matthes'’s (1930) scheme.

Fig. 6. Sakan Dupka Cirque between Golyam and Malak Skakavets peaks

The end moraine is located in the end of the valley south of
Beli Iskar village. Originally, LiBujuh (1897) considered as an
end moraine the old rupee around Iskar River near Samokov,
remaining from the extraction of spilled magnetite for the needs
of traditional forge crafts. Later, his teacher Albrecht Penck
(1925) found that the end moraine was at the village of Beli
Iskar. The scree slopes are composed of unconsolidated and
unsorted granite boulders ranging from several centimeters to
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more than a meter in size (Fig. 7). The fine-grained material
(sandy and clayey fill fraction) is washed away by the surface
water and the moraine debris are without matrix.

Interpretation

Around 11 000 years ago as the ice advance began to melt,
glacial deposits or drift were left behind. The active processes
are related to direct reworking of the rock material due to the
glacier movement (glaciotectonism). The moraines formed in
this way consist of somewhat rounded particles, ranging in size
from large boulders to glacial flour, obtained as a result of the
rocks disintegration. These are usually the ground moraines
and lateral moraines formed below the glacier surface.

Fig. 7. Lateral moraines formed as a result of the placing of chaotic
supraglacial debris on the ice surface due to the frost shattering of the
steep side slopes that remain there after the glacier retreat

After melting of glacier in the end of the Pleistocene and the
beginning of the Holocene, the rock boulders remained on the
slopes of a glacier valley, where they continue to slow down as
a result of frost weathering. These lateral moraines are formed
as a result of so called “passive processes” of the placing of
chaotic supraglacial debris on the ice surface due to the frost
shattering of the steep side slopes that remain there after the
glacier retreat (Fig. 7). The continuous accumulation of angular
boulders on the glacial moraines leads to formation of the so
called scree slopes or supraglacial moraines. They are angular
and coarse-grained with centimeter to boulder size without
matrix. These scree slopes or supraglacial moraines are
formed as a consequence of the frost weathering which attacks
the rock massive through the joints and leads to the separation
of blocks by ,plucking” called glacial quarrying in the manner
described by Matthes (1930).

The modern post-glacial alluvial deposits in Beli Iskar River
Valley, initially formed out as the ground moraine material of
glacier, are subsequently reworked and rounded by the river
stream. They are represented by poorly sorted sediments
containing stones up to boulder size (Fig. 8).

Fig. 8. The alluvial deposits are represented by poorly sorted sediments
containing stones up to boulder size

Surrounding landscape

Green Ridge Moraines are formed as supraglacial lateral
moraines on both slopes of the Beli Iskar Glacier. West of the
geosite is situated Geosite Skakavitsa including the second
highest peak in Skakavitsa share of Rila Mountain Golyam
Skakavets (2706 m). West of the geosite is the beautiful alpine
landscape of Skakavitsa — deep cirques formed the pyramidal
peaks of Golyam Skakavets (2706 m) and Malak Skakavets
(2670 m) and wooded eastern slope of Zeleni Rid (Green
Ridge). In the floor of the valley flows Beli Iskar River, which
together with Cherni Iskar River gives rise to the longest
Bulgarian river — Iskar River. Two kilometers east of the
geosite is situated Musala Peak (2925 m), the highest peak in
the Balkans.

Sensitivity and protection measures

The geosite is located in a restricted area because of the
status of Beli Iskar Dam as a source of drinking water. The
area itself is on the territory of the National Park Rila with
restricted measures, according to the requirements of such
category protected areas. Quarrying and other mining activities
are forbidden in the whole park area.

Access

The access to the geosite is easily feasible on the road from
Beli Iskar village to Beli Iskar Dam which is asphalt paved up to
the entrance of Rila central reserve. It is part of the mountain
road traversed through Dzhanka Pass in the early 20 century
to connect Samokov with Yakoruda, Belitsa and Razlog.
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3D STRUCTURAL MODEL OF TERTIARY SEDIMENTS IN NW PART OF THRACE BASIN

Gergana Meracheva’, Efrosima Zaneva-Dobranova’

TUniversity of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria; g.meracheva@gmail.bg, e.zaneva@gmail.bg

ABSTRACT. The region in the most south-eastern part of Bulgaria (northwest flank of Thrace basin) is characterized with relatively poor geological, geophysical and
drilling knowledge. The available and accessible field geological, geophysical and drilling information extremely irregularly describing the geology in that part of
Bulgaria, as well as the information from the Thrace basin in Turkey became useful for building the 3D structural model of the Tertiary sequences in that region. The
Thrace basin is characterized with very complex tectonic and lithological environment of sedimentation. This fact predetermined careful selecting the processes and
steps in building the 3D model. Both the data from hypothetical faults and folds, which is mapped out at surface geological mapping, and the data from the same
faults, which is interpreted on the sections of deep geophysical researches are used in order to build the tectonic model. In the next stage of creating the digital 3D
model, by using the information obtained from research conducted on Bulgarian and Turkish area, lithological interpretation and correlation of lateral and vertical
relations of the main stratigraphic boundaries and lithological formations in the region is done. After that interpretation, the data are applied and implemented to the
already created tectonic model, thus the complete 3D geological model is formed. As a result of the 3D structural modelling of the NW part of the Thrace basin, the
complex spatial and structural-tectonic relationships between the main stratigraphic boundaries and lithological formations and bodies can be traced, hydrocarbon
potential prospects (structures, bodies, etc.) can be identified, and their area, thickness or volume can be calculated.

Keywords: 3D geological model, tectonic model, litho-structural interpretation, NW flank of Thrace basin

30 CTPYKTYPEH MOLEN HA TEPLIMEPHUTE HACNATU B CEBEPO3AMALHATA YACT HA TPAKUACKNS BACEMH
lepzana Mepayesa!, E¢ppocuma 3aHesa-[JobpaHosa’
"MunHo-2eonoxku yHusepcumem “Ce. Mear Puncku”, Cogpus 1700, bvreapus; g.meracheva@gmail.bg, e.zaneva@gmail.bg

PE3IOME. PaiioHbT B Hali-torouatouHata yact Ha bbnrapus (ceseposanapeH 6opg Ha Tpakuiickus baceitH) ce xapakTepuanpa CbC CpaBHUTENHO criaba reonoro-
reouanyHa 1 COHAaXHa M3yyeHocTt. HanuuHata 0bLoaocTbNHA noneBa reonoxka, reouanyHa U coHpaxHa MHGOpMaLWs, KpaiiHO HepaBHOMEPHO OTpassiBalla
reonorusaTa Ha Tasu yact Ha bbnrapus, a Taka CbLo v WHopMaLUnsTa OT NPOABIKEHNETO Ha Tpakuiickus BaceitH B Typuws, nocnyxu 3a warpaxaaHe Ha 3[1
CTPYKTYpEH MOAEeN Ha TepuuepHuTe Hacnark B paiioHa. TpakuickuaT GaceliH ce XxapakTepuaupa CbC CMOXHa TEKTOHCka W nutodaunanHa obcTaHoBka Ha
CeaVMeHTaLWs, KOETo Npefonpeaens BHAMATENHOTO NoabupaHe Ha NpoLecuTe W CTbNKUTE NPy uarpaxaaHe Ha 3[1 Moaena. 3a uarpaxaaHe Ha TEKTOHCKWS Mofen
Ca W3Mon3BaHu1 AaHHUTe OT MpeanonaraeMuTe CTPYKTYPHO-TEKTOHCKM HapyLLeHWsl, HabensiaaHu npu NOBbPXHOCTHUTE reonoXK HabMoAeHUs U NOCNeaBaLLoTo UM
NpUBbP3BaHe C AaHHWTE OT AbNOOYMHHUTE reoduanyHM u3cnedBaHusA. B cneppalms etan Ha uarpaxgaHe Ha uudposus 3[1 Mopen, ocHoBaBalkv ce Ha
WH(OPMALWMATa, MONyYeHa OT u3cneaBaHus Ha Gbnrapcka v Typcka TEpUTOpKS, € HanpaBeHa NUTONOXKA MHTepnpeTauus 1 npocneassaHe Ha natepanHuTe u
BEPTUKaNHUTE B3aUMOOTHOLLEHNS Ha OCHOBHUTE CTPATMrpadpckvi rpaHuuM 1 NUTONOXKA (hopmauumu B u3yyaBaHus paitoH. Cnep nutonoxkata uHTepnpeTauus
AaHHuTe ca AobaBeHn 1 NpUBbP3aHM KbM Cb3fafeHNst Beye TEKTOHCKM MOAEN, KaTo Mo TO3W HauMH € ochopMeH LiAnocTHUs 3[] reonoxkv Mogen. B pesynTat Ha
cb3panenus 3[] CTPYKTypeH Mofen Ha ceBepo3anagHaTta 4acT Ha Tpakuiickus 6aceiH e Bb3MOXHO MpoCneasBaHe CHIOXHUTE MPOCTPAHCTBEHM W CTPYKTYpHO-
TEKTOHCK B3aMMOOTHOLUEHNS HA OCHOBHUTE CTpaTMrpaddCKu rpaHuLy 1 MUTOMOXKM (opmauum u Tena, HabensssaHe Ha NepCreKTUBHN B HE(TOra3oHOCHO
OTHOLLEHWe 0BeKTM (CTPYKTYpK, Tena v np.), u34ncnsBaHe Ha TAxHaTa nnow, febenuHa unu obem.

KntouoBu gymu: 3[] reonoxku MOAEN, TEKTOHCKM MOAENT, NIUTONOrO-CTPYKTYpHa MHTEppeTaLys, ceBeposanaaeH 6opa Ha Tpakuiickus baceitH

Introduction preconditions for the creation of 3D structural model for clearer

presentation of the geological features of this region. A 3D

|dentification and characterization of litho-stratigraphic units, structural model would allow and help to identify oil and gas
subsequently distinguishing of potential reservoirs and seals in prospects and objects as well.

tertiary sequences in the most south-eastern part of Bulgarian
territory (northwest flank of Thrace basin) is in the basis of the o ) ) ]
evaluation of the hydrocarbon potential of that region. In order Principal geological (tectonic and litho-

to trace the complex vertical and lateral spatial and structural- stratigraphic) features of the region

tectonic relationships of these sedimentary rock sequences, it

is necessary to illustrate and present them in three- The limited number and arsenal of research predetermine
dimensional space by means of digital geological model. Past  the existence of different concepts about tectonic belonging of
research for the purpose of regional and ore geology and some  the area under investigation to one or another tectonic unit
separate wells drilled in different parts of the region present (Fig.1). In earlier publication (3aHeBa-[lo6paHoBa, Mepayesa,
extremely irregular geological features of that part of Bulgaria.  2014) the issue is dealt with more details, where the area is
Oil, gas and gas-condensate fields and accumulations found in called northwest flank of Thrace basin. Some authors

the Thrace basin in Turkey, as well as the increased interest of (Boyanov and Goranov, 2001) call it South Sakar depression,
exploration companies in its Bulgarian section, are
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others (Mosues u mp., 1971) consider it as element of
Madjarovo foreland depression.

Fig. 1. Tectonic structure of the region of investigation (according to
Yovchev, 1971 with author’s additions)

The probable reason for the lack of accurate division of the
tectonic units in this part of the country, is the fact that there is
no single opinion about the faults. The most significant fault is
the Maritza fault zone, a structural element still widely
disputable according to dozens of authors, not traced on any
geological map as a continuous line. Outlined tectonic
structures are normal faults with east-west to NNW-SSE and
NW-SE direction. It is considered (Mepayesa v gp., 2017)
that these faults are an extension of the southeastward
spreading North Osmancik fault zone in Thrace basin, where in
the north part of it the faults with NW-SE direction prevail.
Numerous studies in the Turkish part of the basin give grounds
to most of the Turkish researchers (Turgut, Eseller. 2002.) to
come to the conclusion, that in structural terms the Thrace
basin is composed of great number of folds and faults oriented
to greater or lesser extent parallel to the boundaries of the
basin, which is observed on Bulgarian territory as well. The
main right strike-slip fault zone in the north part of the basin is
Terzili and it is located to the south of North Osmancik fault
zone. On the other hand, close to our border with Greece lies
the root system of Maritza fault zone, which could be a
Bulgarian extension of the Turkish Terzili fault zone. Such a
concept is also considered by Bulgarian researchers (MsaHos
u ap., 2001; l'epmxmkos u Meoprues, 2006), who, in a broad
sense, assign all subequatorial or spreading NW-SE strik-slip
faults located to the north of the Rhodope Mountains to the
Maritza fault system. These faults control the distribution of
thicknesses, relationships, and spreading of lithostratigraphic
units with Tertiary Age. The thickness of the sediments with
Tertiary age increases from north to south and from north-west
to south-east. The largest drilled thickness of the Tertiary
sequence is in R-1 Svilengrad well, where the value of 1136 m
is registered.

Tertiary sequence in the region of research consists of
sedimentary rocks with Paleogene and Neogene Age (Fig.2). It
overlies discordantly above different level pre-Paleogene
fundament and is partly or fully covered by eluvial, proluvial
and alluvial-talus sediment of Quaternary (Koxyxapos u ap.,
1995).
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Fig. 2. Litho-stratigraphic characteristic of the region of investigation

At the base of the Tertiary section, according to data from
the seismic surveys, north of R-1 Svilengrad well, a zone with
unclear configuration and characteristic sand-conglomerate
facies is observed. These rocks, by lithological features, could
be assigned to Biser and Leshnikovo formations with
Paleocene-Eocene  (?) age. In earlier publications
(Manakapyesa, CrecpaHosa, 2013), they were assumed as
analogues of the Hamitabat formation in the Turkish part.

Above them or directly on the fundament overlay with
transgression the clastic-carbonate rocks of the formations with
Priabonian age. By litho-stratigraphic features the rocks are
assigned to breccia-conglomerate, conglomerate-sandstone,
terrigenous-limestone-shale and pyroclastic-marl formations
and these are in complex spatial relationships. In some places
a smooth lithofacies replacement of the rocks from one
formation to the neighbouring is observed, and in other sectors
of the area the lithological units pass through each other by
gradual transition. In the south-east their probable correlates
are the sediments of Koyunbaba and Ceylan formations. The
rocks in the section are followed by the Oligocene deposits of
the shale-marl formation, which could be correlated with the
formations of the Muhacir group on Turkish territory -
Mezardere, Osmancik, Danismen. The Paleogene deposits are
transgressively and discontinuously covered by continental
Neogene sedimentary rocks included within the scope of the
Ahmatovo formation.
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Model building methods

For visual presentation and characterization of the complex
subsurface geological environment and relationships of rocks,
a suitable geological computer program is used. The result of
the applied processes of geological interpretation,
geostatistical prediction for volumetric representation of the
heterogeneity in the subsurface, and graphical visualisation, is
the geological model. These processes, in which a geological
characteristic of a given object is actually performed, can be
described by a section or map of some surface, or by a block
or a grid of cells. However, we should take into account the
fact that the geological subsurface is not a set of surfaces or
sections or blocks. Neither is it a continuum except in the
broadest sense of the term. This is because every geological
unit is an irregular volume with distinguishing characteristics.
The boundaries between units create discontinuities that are
further complicated by faulting, erosion and lack of
sedimentation. Within this heterogeneous complexity we are
concerned with variables that are continuously variable within
the volume of a unit, but discontinuous across boundaries
(Houlding, 1994). The spatial distribution of a geological
characteristic frequently influences the spatial variation of a
variable. In order to adequately represent such a complex
geological environment, it is necessary to consider this set of
discrete, irregular, discontinuous volumes that control the
spatial variation of variables. Within this 3D context, using the
necessary computer tools for geological characterisation, 3D
geological modelling was performed in the following order:

1. Management of spatial information;

2. Geological interpretation of the available data, as a
complex of points and lines;

3. Creation of structural framework containing the main
surfaces - faults, horizons, unconformities, geological
bodies;

4, Building of three-dimensional grid, based on the
structural  framework to  support  volumetric
representation of heterogeneity in the subsurface by
geostatistical prediction of data;

5. Enhanced graphical visualization.

Management of spatial information

The first step, before building the model, is a continuous
process in which the relevant information from performed in the
region research is collected, reviewed, analysed and
implemented in the software program. The quality,
representativeness and scale of the data used is important for
the creation of the present model, as the area is characterised
by poor knowledge. This fact determines the complexity of the
next steps in the model creation and affects the spatial
variation of the variables in creating the three-dimensional grid.
The vast majority of the information - drilling, logging, seismic
and geological data is imported into the geological software for
use in the next stages.

Geological interpretation

During the geological interpretation, faults on each seismic
section are picked and correlated, as well as the main seismic
horizons and litho-stratigraphic boundaries (Fig.3).
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Fig. 3. Geological interpretation of faults and seismic horizons

The stratigraphic interpretation was performed using the
data from the investigated wells in the studied area. In the
process of interpretation, the geological intuition and
experience of the authors, which are indispensable for the
limited information on a large part of the geology in the area,
are important. After determining the location of the wells in the
three-dimensional space in the computer program, information
from all available drilling studies is imported and used. The
digitised in advance logging data help to perform a litho-
stratigraphic interpretation and characteristic of subsurface 3D
space. The data from the defined boundaries of the
lithostratigraphic units in the wells became useful for basis
during the geological interpretation and correlation of the
seismic horizons. The geological information about the
locations and geometry of mapped on the surface faults and
formations from past geological and structural mappings in the
research area are correctly performed in the software. They
are then compared to seismic data.

Subsequent process at this stage is an interactive
interpretation of faults and seismic horizons, which allows the
correlation and control of the process in the three-dimensional
space. Initially, on the seismic sections on which wells are
projected, the main seismic horizons and stratigraphic
boundaries are picked from the data on the welltops of the
formations. In the same sections, the main tectonic breaks are
identified, each in a different colour for easier visual
recognition. Then, using the interactive drawing tools, all
boundaries are interpreted and correlated in space when each
seismic section is intersected with another. In this way, each of
the interpreted components is oriented in the 3D space, while
controlling the interpretation by simultaneous visualisation of
the process both in the 2D window - the seismic section and in
the 3D window - the three-dimensional viewpoint. In the
process of interpretation of each of the elements on the
sections it is possible to observe and model their direction,
orientation and shape in real time in 3D space.

Structural framework creation

In the next stage, the data from the interpreted boundaries
on the 2D sections is extended into 3D space and their
subsequent conversion into 3D spatial images is done. What
was created at the previous interpretation stage became useful
as input data when creating the 3D image. Using the
appropriate software tools, a structural framework has been
created, combining, extending and correlating the interpreted
data and creating surfaces (faults and main horizons) in the
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three-dimensional space (fig.4). At this stage, it is possible to
reflect and represent any elements that arise from complex
geological environment such as pinch-out, lithological
replacement, faulting, folding, and so on.

There are three main steps that have been undertaken in

creating the structural framework:

1)  Structural framework geometry definition on X, Y and Z
coordinates — on X and Y the model covers a large part
of the study area, and Z coordinates of the model
defines the bottom surface of the sediments with
Tertiary Age.

2) Tectonic modelling — a grid of interpreted faults has
been created, while the relationships between the
connected faults are presented. In this case, the
presence of listric and truncated faults, which in the
places of their intersection require increased attention
when connecting them.

3)  Horizon modelling (main geological boundaries) - grid
of points and subsequent surfaces creation, where
geological features are considered - pinch-out,
unconformity, erosion and so on.

Fig. 4. Tectonic model of the region of investigation

Three-dimensional grid building
The structural maps and fault surfaces created in the
previous stage are made up of points that are irregularly
distributed in space. This means that the distances between
the data points are randomly spaced and always create empty
spaces (“holes”) between them. Gridding fills in the holes by
extrapolating or interpolating Z values in those locations where
no data exists. Thus, gridding produces a regularly spaced
array of Z values from irregularly spaced XYZ input data. There
are several methods of creating a three-dimensional grid, each
of which is based on the calculation of the points’ values by a
specific algorithm, resulting in different results in each
interpretation. To create the current structural model, a method
is used, that best describes the results of the geology of the
area, namely the Minimum Curvature method. The preference
of the method is based on the fact that it is used in the
absence of data for much of the space. In addition, this method
is efficient and fast enough. The interpolation process, in this
case, is smooth, with minimal bending when using data values.
Thus, the final stage of creating the 3D structural model is
accomplished in the following steps:
1) A grid of pillars is built from the fault surfaces, the
combination of which forms each fault surfaces by means
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of Pillar gridding process. The basic idea is to use the
faults from the tectonic model as the basis for generating
a 3D grid of corner points for each fault. Tectonic
modelling processes are closely related to the process of
creating a grid of pillars. This allows a return to the
process of tectonic modelling and editing of the work on it
in order to improve the 3D grid of pillars forming the fault
surfaces. Of particular importance is the correct definition
of the top, middle and bottom corner points of each pillar
in the fault surfaces in terms of cell type, size, and
orientation. Based on this Pillar gridding, it is possible to
define the relationships between the surfaces
representing the stratigraphic boundaries and the
lithological formations. It is essential for building the three-
dimensional grid to connect the intersecting fragments as
early as the tectonic model. In the present case, the
presence of listric and truncated faults predetermines the
complexity of the realisation of this step as well as the
need for adequate quality control of this process. The
result from Pillar gridding is a set of pillars, both along the
faults but also in between faults.

2) At the final stage of model creation, the surfaces have
been created from the interpreted stratigraphic boundaries
and litho-stratigraphic units, and subsequently those are
implemented in the tectonic model. At the same time, the
amplitude, the offset angle, the azimuth, and the impact
zone in meters for each fault that has influenced the
distribution of the geological units in the model are
assigned and defined. For the region of investigation, the
model is complicated by the presence of a syn-
tectonic/syn-rift sedimentation zone, where the thickness
of the lithological unit on both sides of the faults should be
predefined. At this stage the relationships between the
formations, such as unconformity, pinch-out, etc., have
been defined, thanks to which the geological model fully
represents the real paleo environmental conditions of
sedimentation.

Graphical visualization

After building the geological model, it is possible to easily
visualise each part of it (Fig. 5). This is done by reorienting the
view plane or profile, changing the direction, changing the
scale, or concentrating on a particular location of the model of
particular interest. If necessary, using powerful workstations
and appropriate visualization and viewing tools, it is possible to
visualise the model from a certain angle, as well as access a
particular object and use the information contained therein.
This makes the model sufficiently informative for subsequent
activities in 3D space.

Fig. 5. 3D structural model of the region of investigation
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Results of the 3D model

As a result of the performed modelling and geological
analyses in the process of building of the 3D structural model,
geology, tectonic structure and litho-structural features in the
studied area were clarified and specified. The questions raised
in the interpretation and analysis of the input data concerning
the direction of spreading, the dip, the type and relationship of
the faults found a response in the created tectonic model. The
presence of normal faults on the north of our border with
Greece, as well as the predominant direction of east-west,
SSE-NNW to SE-NW, have been confirmed. The tectonic
model became useful for correlation of the relationships
between two main branches of the North Osmanchik normal
fault, their extension to the west and their listric character (Fig.

Geological section N

Fig. 6. Vertical section of the 3D s:t:ructural model with south-north
direction

The boundaries of the spreading of the main litho-
stratigraphic units with Tertiary Age, getting shallower on the
north and northwest to the edges of the sedimentary basin, the
unconformable relationships with the overlaying formation
could be clearly observed. The 3D structural model allowed
northwest tracking (Fig.7) in the three-dimensional space
previously identified area, located to the north of the main fault,
characterised by syn-tectonic processes of sedimentation
during the Upper Eocene Age. The area south of the main fault
zone, which has as thick sedimentary complex as the one
found north of the fault is extremely interesting.

W i cmg o

NE

Fig. 7. Vertical section of the 3D structural model with west-east
direction.
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Conclusions

Based on the created 3D structural model of the north-
western part of the Thrace basin opportunities are revealed for:
- Correlation, observation and specifying the direction,
dip, azimuth and type of the faults, as well as their

impact on the general geological architecture;

- Correlation of the complex spatial and structural-
tectonic relationships of the main stratigraphic
boundaries and lithological units in the sequence
with Tertiary Age;

- Identification of oil and gas potential prospects
(structure, non-structure bodies etc.), calculation of
their geometry and volume;

- Identification and observation of the spreading and
relationships between litho-stratigraphic units with
specific petrophysical properties;

- Prediction of migration paths for fluids with different
phase state.

The created 3D structural model can be useful for subsequent
analytical and research works related to:

- Stratigraphic modelling of geological bodies of varied
genesis — riffs, channel-levee systems etc. (Geobody
modelling);

- Facies modelling and paleo environmental modelling;

- Petroleum system modelling;

- Petrophysical modelling;

- Geomechanical modelling;

- Reservoir modelling and simulation.
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INTEGRATED GEODATABASE FOR THE COASTAL ZONE BETWEEN SOZOPOL AND
TSAREVO (SOUTH BULGARIAN BLACK SEA COAST)

Bogdan Prodanov’, Lyubomir Dimitrov!, Valentina Doncheva’, Todor Lambev’

'Institute of Oceanology “Fridtjof Nansen’, Bulgarian Academy of Sciences, 9000 Varna, bprodanov@io-bas.bg

ABSTRACT. For a complex study and interpretation of the geological conditions in the southern Bulgarian coastal zone between towns of Sozopol and Tsarevo, it
was necessary to combine a wide spectrum of data. The creation of an integrated GIS database was the initial stage preceding a complex analysis of the coastal
zone. For the purpose seabed data was used, collected by innovative remote sensing methods as multi-beam echo-sounding, mapping by SeaBat 7111 Multibeam
Echosounder System (MBES) with 100% coverage of the surveyed area, side-scan imaging, LIDAR and autonomous unmanned system for 3D mapping. Primary
sedimentological analyses of 625 sedimentary samples were presented as well as the lithology of the bottom sediments which was brought into a unified classification
system (Folk 7 classes). A contemporary shoreline was digitized at a scale 1: 5 000 from airborne orthophoto images with accuracy 0.5 m. Digital models of the
seabed and terrestrial relief were generated with an optimal horizontal resolution of 3 m and 30 m respectively. All sedimentary samples, sonar mosaics, terrain
models and orthophoto mosaics were analyzed in GIS environment and combined into an integrated database. The information was divided into three main types of
data: vector type data, raster elements and digital terrain models (DTM). Combining data of the shelf from contemporary surveys with modern technology and archival
material from the Science Fund of the Institute of Oceanology "Fridtjof Nansen" into integral geodatabase allowed us to make a comprehensive study of the
geomorphological setting and lithology of the seabed in the coastal zone between towns of Sozopol and Tsarevo.

Keywords: Bulgarian Black Sea, coastal zone, seabed substrate, Multibeam Echosounder System, GIS

WHTErPAJTHA FEO-BA3A [IAHHU 3A BPEFOBATA 30HA MEXAY CO30MOn U LAPEBO (KOXXHO BBNTAPCKO
YEPHOMOPME)

BbozdaH lMpodaros, Jllo6omup Jumumpos, Banenmura [oH4ega, Todop Jlambes

WHemumym no okeaHonoaus "®pumsog HarceH", brnizapcka akademusi Ha Haykume, 9000 BapHa, bprodanov@io-bas.bg

PE3IOME. 3a KoMnnekcHoTO M3yyaBaHe 1 WHTeprpeTaLus Ha reonoro-reoMopdonoxkute ycrosns B Gperosata 3oHa B toxHobbArapckara bperosa 3oHa mexay
rp.Cosonon v rp.LlapeBo e HyxHO KOMOWHWpaHETO Ha LWMPOK CMeKkTbp OT AaHHM. CbagaBaHeTo Ha WHTerpanHa MMC-6asa AaHHM Ge MbpBOHAYANHMAT eTan,
NpeALIecTBaLly KOMMNEKCHUs aHanua Ha Gperoata 3oHa. M3non3BaHu ca [aHHW 338 MOPCKOTO [AbHO OT MHOBATMBHM [AMCTAHLMOHHM METOAW Ha W3CnefBaHe:
kapTupaHe C MHOrombyeBa coHapHa cuctema (MCC) Seabat'7111 ¢ 100% nokpuTie, 3acHemaHe ¢ nokaTop 3a cTpaHuyeH 063op, LIDAR n aBToHoMHa BesnunoTHa
cuctema 3a 3D KkapTupaHe, KakTo 1 JaHHW OT efHOMbYEBO exonoTipaHe. 3a 625 CeaMMEHTHM CTaHLWM, ca NPeACTaBEeHN MbPBIYHUTE CEAUMEHTONOXKN aHanuau,
KakTo M MUTONOXKOTO OMMUCaHME Ha AbHHUTE CEAVMEHTW, KOSTO € NpuBedeHa B eAMHHA KnacudukaumoHHa cucTema no ®onk 7knaca. AurntanuavpaHa e
cbBpemeHHa BogHa nuHust B M 1:5 000 ot opTochoTo naobpaxerus ¢ TouHocT 0,5 m. MeHepupaHu ca umdpoBr Mogenu Ha peneda 3a MOPCKOTO ABHO U cyliaTa ¢
ONTUManHa Xopu3oHTanHa pesomniouys oT 3 m u 30m CboTBETHO. BCUukM CefnMeHTHU Mpobu, COHApHM MO3aiki, TEPEHHU MOAENM M OpTO(OTO MO3aiiku ca
aHanuanpanu B MNC cpepa v ca obeanHeHn B HTerpanHa 6asa faHHW. VHdopMaLmsiTa e nofeneHa Ha TP OCHOBHYW TUNA AaHHW: BEKTOPHW, PACTEPHMU W TEPEHHM
mopenn. CbyeTaBaHeTo Ha fJaHHu 3a Lwenda OT CbBPEMEHHI M3CMeaBaHNs C MOAEPHN TEXHOMOTM W (haKTMYECK MaTepuanu OT HayyHus (oHa Ha MHcTuTyTa no
okeaHonorus ,®putbod HaHceH” B wHTErpanHa reo-6asa AaHHU HU MO3BONM AETAWHO M3crefBaHe Ha ObHHUS CEAMMEHT M reoMOpgONoXKATE YCMOBUS B
6peroBata 30Ha mexay rp.Cosonon u rp. Liapeso.

KniouoBm gymu: Bunirapcko YepHomopue, 6perosa 3oHa, cy6eTpart, MHOTobYeBa CoHapHa cucTema, reorpadicka MHGhOPMaLMOHHN CUCTEMM

Introduction fauna, as well as planning and management of biological and
mineral resources and different types of seabed engineering

The European Habitats Directive, Water Framework activities, it is necessary to apply innovative research methods

Directive and Marine Strategy Framework Directive require  With the possibility for a large-scale presentation of available
complex mapping of the terrestrial and marine areas of each information.

European country. In order to facilitate the integrated

management of marine environment and to optimize maritime The relief forms in the coastal zone often exhibit highly
spatial planning it is necessary to improve our knowledge of dynamic character as a result of the surrounding environment
the seabed. A major drawback is the lack of Systematic survey and natural processes. The impaCt of waves, tideS, river inﬂOW,
and comprehensive study of the Bulgarian Black Sea sector of ~ sea level rise, climate and coastal geology shape their different
the Black Sea. The unprecedented levels of human impact on morphology and spatial distribution. The specific character of
the environment, in particular on the seabed, should the transition between the land and marine environment
automatically raise geological and geomorphologic mapping to supposes a complex analysis of the land processes affecting
a task of national importance. To Study the modern geo|ogica| the marine area. The integration ofa Iarge amount of different
processes and genetic interpretation of the basic types of data from a multi- and single-beam sonar system, side
geomorphological units, spatial distribution of benthic flora and scan sonar, orthophoto imaging and sampling from the surface

17



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

sediment layer allow the creation of an interdisciplinary geo-
database. Its development is the initial step in the
implementation of the project "Seabed mapping of the southern
Bulgarian Black Sea coastal zone for habitat classification”,
funded by the Bulgarian Academy of Sciences (BAS) within the
frame of a Program for Supporting the Young Scientists at
BAS, Project Ne 17-103/28.07.2017. As the project is not
completed, the report will focus on the initial layout of the
available data and start-up results.

Survey Area

The survey area embraces the coastal zone between the
ports of Sozopol and Tsarevo. Geographically, the region is a
part of the southern Bulgarian Black Sea coast, whereas in
geomorphological terms the region falls entirely in front of the
Medni Rid-Strandzha coast (Monos, Muwes, 1984). The
western boundary is the contemporary shoreline with a length
of approximately 90 km. For the correctness of the study, a
terrestrial part which has a significant impact on the coastal
zone is also analysed. More specific is a determination of the
coastal zone - open sea boundary. Based on the title, we
accepted provisionally the 25-meter isobath for delimitation.
According to the Water Framework Directive, the surveyed
marine area falls into the water bodies of BG2BS000C011 and
BG2BS000C012 with wave exposure of the coast ranging from

BLACK SEA
Bulgarian<sector

Exposed, Very Exposed to Extremely Exposed (Valchev et al.,
2014). The area of the plots is approximately 1000 km? (Fig.1).

Data and methods

In 2012 — 2018 the area between Sozopol and Tsarevo was
studied predominantly by the Institute of Oceanology — BAS
and the Centre of Underwater Archaeology — Ministry of
Culture of the Republic of Bulgaria (CUA) for different
purposes:  engineering,  archeological  hydrographic,
environmental monitoring of the bottom, habitat mapping, etc
(Fig.1, 2) Data used in the present study are acquired during
hydrographic surveys performed by Multibeam Sonar System
,SeaBat7111“ , multbeam echosounder ,MB1 Teledyne Odom
Hydrographic®, Side Scan Sonars “StarFish 450H" and ,Klein-
30007, as well as single beam echosounder ,Hydro Star 4300,
as well as sediment samples taken by Van Veen grab
(Assessment Report of Marine Environmental Status, 2013;
Todorova et al., 2015). A high-resolution sonar mosaic in a 16-
Bit rusty colour scheme of the shallowest area south of the
town of Kiten (provided by the CUA) was also used and
combined with the other data (Fig.1, 3). For the verification and
assigning a lithological substrate type to each area with similar
backscatter characteristics, sediment samples taken by Van
Veen grab were analysed (Fig.3).

Elevation, m
200m

150m

100m

—

| Sediment samples
L River system

Fig. 1. 3D visualisation of the integrated geodatabase (DTM, sediment sampling and sonar mosaics) along Southern Bulgarian Black Sea coast
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The integrated geodatabase is a set of data for the seabed
of the southern Bulgarian coastal zone in front of the Medni
Rid-Strandzha Coast. The data is divided into three basic
types: raster, vector and digital terrain models (DTM).

The raster elements were selected with priority for marine
research. They are a compilation of past studies done before
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the year 2000 and retrieved from the archives of the Institute of

Oceanology and they include:

- sonar mosaics of the seabed with high resolution
(Assessment Report of Marine Environmental Status, 2013;
Todorova et al., 2015), some of them kindly provided by the
Center for Underwater Archeology in Sozopol;

- 41 satellite images from Google Earth covering the land
between ports of Sozopol and Tsarevo; high-resolution air
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born orthophoto mosaics captured by an autonomous
unmanned system (Scientific Fund of the Institute of
Oceanology);

1: 5000 topographic maps of the area compiled in the
eighties of the twentieth century (Scientific Fund of the
Institute of Oceanology);

different kind of maps of the coastal zone: morpholitho-
stratigraphic; geological and tectonic; geological and
morphological; bathymetric; morphological and lithological
(Petrova et al, 1992a, b; Kenderova et al., 1999;
Kozhuharov et al., 2010; Bvnues, 2015, Scientific fund of the
Institute of Oceanology);

in addition, some thematic photographic material of
geological formations, phenomena and others were
incorporated in the database for more complex interpretation
of coastal geology and morphology (Xenes n gp., 2012,
Xenes, Bvnues, 2013, 2015, Xenes, 2014, Bunues, 2015).

The vector type data include point, line and polygon which
were produced by processing of DTMs, digitization of the
available raster materials and geological sampling:

- for detailed tracking of coastal formations, a shoreline in
scale 1: 5000 was digitalized;

- from the map material, various elements of the geological
base were digitalized: geological, morpho-lithostratigraphic,

562000 564000

4682000

4680000

Primorsko
.{J‘_-

|
[{Ueq

: /
D\.“\'(lf.\f\ti/_.-’ (-
e 1

) -

0
) .%

A1

4678000

562000

geological-tectonic, geomorphological, morphological and

lithological units;

- from the sonar mosaics, the varieties according to physical
characteristics of the seabed were outlined.

An essential part belonged to the large number of sediment
sampling stations. 625 samples were unified according to
different globally accepted classification systems of marine
sediments (Assessment Report of Marine Environmental
Status, 2013). The present-day practice of sediment study
shows that depending on the needs (geoengineering,
environmental or habitat mapping), in addition to Bulgarian
state standard (B[IC) 2761-86 (BAC, 1987), the sediment has
to be unified according to the globally accepted classifications
of Folk 15 classes (Folk, 1954), Folk 16 classes (Kaskela et al.,
2015) and Wentworth (1922). Using the Gradistat software
(Blott and Pye, 2001) all data were classified in all above-
mentioned class schemes and organized in the database in
such a way to display the preferable class according to the
needs.

Digital terrain models.Based on data from topographic and
bathymetric surveys, three digital terrain models were created:
- the first model covers the coastal zone between the mouth

of Ropotamo River and Lozenets. The data were kindly
provided by the Center for Underwater Archeology (Project
E/701/08 Bulgarian Black Sea bathymetric LIiDAR, 2009);
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Fig.3. Integrating different types of data sets (digital terrain model, sonar mosaic, physical varieties and sediment samplles) for seabed sediment

classification
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Fig. 4. Seabed substrate map (Folk 7 classes) of Primorsko coastal zone, South Bulgarian coast

- bathymetric terrain models have also been generated at
depths between 7 m and 30 m and between 30 m and 55
m with a resolution of 3 m (Todorova et al., 2015);

- by combining topography maps of 1: 5000 scale and 3
ASTER GDEM, bathymetric contours with depth interval of
one meter, a digital terrain model with a resolution of 30 m
was created for both terrestrial and marine parts of the
coastal zone where no sounding data exist.

Initial results

Initially available data about seabed substrate were
classified after Wentworth size class scheme (Wentworth,
1922), Folk 16 classes (Folk, 1954), Blott and Pye (2001) and
BAC 676 (BAC, 1987) sediment grain size classifications,
which enforced a comparison analysis. Discrepancies in grain
size classes were established which led to a unification of the
sediment data in the above-mentioned classifications. Figure 3
shows the application of the integrated database in the layout
of the substrate map. The DTM allowed extraction of
bathymetric contours at every 0.5 m for high accuracy
bathymetric maps of the coastal zone. The sonar mosaics
which represent the intensity of bottom sediments reflectivity
were used to identify and outline seabed physical varieties.
The lithology of these varieties was determined by means of
verification using sedimentological data (Fig.3, 4).

Using a combination of different database layers a map of
interest can be produced on a scale up to 1:5000. An example
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is given on Figure 4 - seabed substrate map which can be
used for additional habitat characterization.

Conclusions and challenges

The initial results of the integration of the database
completely follow the concept set up in the project “Seabed
mapping of the southern Bulgarian Black Sea coastal zone for
habitat classification”. The research demonstrates the
effectiveness of multidisciplinary approaches to mapping and
studying seabed morphology and geospatial distribution of the
seabed substrate. The combination of high-resolution
geophysical mapping of the seabed by multi-beam echo-
sounder and side-scan sonar, supported by sediment sampling
and video recording allowed drawing of precise large-scale
sediment maps of the coastal zone of Primorsko. As a result of
the conducted research the following results were achieved:

1. Adigital terrain model was developed for the coastal zone
between Sozopol and Tsarevo with a horizontal resolution
of 30 m;

2. Using the Gradistat software (Blott and Pye, 2001), 625
geological stations were unified according to globally
accepted classification systems Folk (Folk, 1954) and
Wentworth (Wentworth, 1922);;

3. An initial substrate map of the seabed of Primorsko
coastal zone was made using Folk 7 classes.

The main goal, also outlined in the title of the project, is to
map the seabed substrate (Folk 16 classes) as a geological
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basis for determination of submarine habitats by integrating
data from remote, geological and sedimentological surveys. It
will be achieved through achieving the following objectives:
creating an initial database of archive data in GIS environment
that will be complemented by up-to-date geospatial data on
coastal relief, underwater slope and new sediment data; based
on the already summarized geospatial information the
boundaries of the main lithological types in the studied area will
be established and geomorphological and lithological maps of
the coastal zone will be produced, which will be a basis for
subsequent extraction of information about the natural habitats.

The results, apart from the benefit for the geological study of
the Bulgarian continental shelf and the mapping of habitats,
present a geodatabase which would be useful in solving future
engineering, geological and geophysical tasks and
implementing management plans for the Bulgarian Black Sea
sector. The realization of such an interdisciplinary project will
be a significant contribution to the activity of the Bulgarian
Academy of Sciences which main goal is a gradual
comprehensive study of the whole Bulgarian Black Sea sector.

Acknowledgements: The present study was developed under the
research project ,Seabed mapping of the southern Bulgarian Black
Sea coastal zone for habitat classification” funded by Bulgarian
Academy of Sciences in the frame of "Program to support young
scientists at BAS", Project Ne 17-103/28.07.2017.
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PETROGRAPHIC INVESTIGATION OF CERAMIC ARTIFACTS FROM THE THRACIAN
SANCTUARIES IN THE EASTERN RHODOPES

Kameliya Marinova’, Stefka Pristavova’

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, k.y.marinova@abv.bg

ABSTRACT. The paper presents the petrographic investigation of ceramic artifacts found in two archaeological sites — the Thracian sanctuaries “Gluhite kamani” and
“Ada tepe” in the Eastern Rhodopes. The studied ceramic fragments from Early Iron Age (EIA) are characterized by the methods of optical analysis. The results of this
study give information related to the ceramic production techniques and also help us presume the raw material sources and the probable place of production sites.
The results of the petrographic investigation of the representative ceramic artifacts from the two archaeological sanctuary sites show that most of the investigated EIA
pottery has different temper composition (mineral and rock).The results give us information about the local raw material used for producing the pottery and a small
amount of artifacts were probably imported.

Keywords: geoarcheology, ceramic artifacts, petrography, Eastern Rhodopes

METPOrPA®CKO U3CNEABAHE HA KEPAMUYHU APTE®AKTU OT TPAKUUCKU CBETUNWLLA B U3TOYHWUTE POAOMNN
Kamenus Mapuroea®, Cmecbka lpucmasoea’
"MunHo-2eonoxku yHusepcumem "Ce. UeaH Puncku”, 1700 Cocpus, k.y.marinova@abv.bg

PE3IOME. B Ta3u pabota ce npunarat netporpadcki M3cneBaHns Ha KepamMuiHI apxeomnorniecky apTedakTin OT apxeonorniyecku 0bekTh — Tpakuiicku ceeTUnMa
L nyxute kambHUU ,Ana Tene” B W3tounute Pogonu. Vacnensanute kepamnykmu coparMeHTn oT PaHHo xensisHata enoxa(PXKE)ca xapakTepuaupanu ¢ METOAM Ha
ONTUYHMS aHanu3. MpoyyBaHeTo NPenocTaBs MHGOPMALMS, CBbP3aHa C TEXHUKUTE 3@ MPOWU3BOLCTBO Ha KepaMuKka, HacOKM 338 MECTOMONOXKEHUETO Ha U3TOYHULIUTE
Ha CypoBMHA M BEPOSITHUTE MECTa 3a NMPOMU3BOACTBO.PedynTtatuTte oT NeTporpadckoTo U3cneaBaHe Ha NPEACTaBUTENHM KEpaMUYHM apTedakTy OT ABETe CBETUNMLLA
nokasgart, Ye Mo-rofiAMata YacT OT uacnefsaHata kepamuka ot PXXE uma pasnuuyeH cbCTaB Ha KnacTuyHaTa KOMMOHeHTa (MUHepaneH w ckaneH). Monyyenute
pesynTaTi HW [JaBaT MH(OPMaLMS 3a MECTEH W3TOYHMK Ha CYpOBWHA, M3MON3BaHa 3a HanpaBa Ha Kepamu4HUTE W Marka YacT apTedakTi, KOUTO BEpOsiTHO ca
BHECEHM.

KntoyoBu aymu: reoapxeonorus, kepamnynn aptedakt, netporpacdus, Matouru Pogonu

Introduction The archeological site “Gluhite kamani” is located 4.9 km
south-west from the village of Malko Gradishte and 3.5 km

The interdiscip"nary study of archaeo|ogica| sites has been northeast of the Village of Efrem. It is situated on a hill Slope at
taking p|ace for many years, and their results comp|ete the an altitude of 500 m. The site represents a rock cult Complex
information about them to a great extent. Geoarchaeology is from the Early Iron Age, Late Iron Age and the Middle ages.
defined as the application of methods and concepts of Earth (Fig. 1). The research of the site is made by G. Neghrizov, J.
science for the needs of archaeological studies (Rapp, 2002). Cvetkova and others during the period 2008-2017 (Hexpu3os u
The petrographic study of ceramic artifacts has crucial Ap., 2017). Gluhite Kamani (meaning “Deaf Stones”) probably
importance in determining the way of manufacturing, the owes its name to the fact that there is practically no echo in the
materials used to make the ceramics, the identification of area. Its fame is due to the prominent rock formation on the top
fragment of igneous, sedimentary and metamorphic rocks in of the ridge. This rock formation is presented by Paleogene
the ceramic form, allows to identify the source of clay, used for ~ tuffs and rhyolites, dispersed in several groups from northwest
manufacturing the investigated ceramic (Kynes, 2012). to southeast (Aleksiev et al., 2000; Xenes u gp., 2010).

“Gluhite kamani” consists of rhyolites forming the region of
The aim of this study is to investigate artifacts (ceramic ~ summit Sveta Marina volcanic sub-complex. (Mopaaros 1 Ap.,

fragments), which refer to the Early Iron Age (EIA) in Thrace 2008). Besides the acid volcanic rocks in the region,
from the two archaeological sanctuary sites “Gluhite kamani” metamorphites from the Sakar metamorphic terrain, Paleogene
and “Ada tepe” located in the Eastern Rhodopes using a breccia-conglomerates, sandstones, limestone siltstones,
petrographic method. The obtained results will help us marls, tuffites, sandy and clastic limestones also crop out
characterize the temper (mineral and rock composition) of the (Podrumchenska ~ Formation,  carbonate-terrigenous-tuff
artifacts, to presume the raw material’s sources and the formation, Kurdzhali terrigenous group and Vulchepolska
probable place of production sites and give information related Formation), as well as Neogene sediments (VopaaHos 1 Ap.,
to the ceramic production techniques. 2008).
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The archaeological site “Ada Tepe” is located 2.8 km from
the City Hall of the village of Ovchari at the top of the ridge at
an altitude of 492.4 m (Fig. 2). The research of the site
consists of rescue excavations made by G. Nekhrisov during
the period 2001 — 2006 (Hexpusos u ap., 2002; Nekhrizov et
al., 2012). The site represents a cult place from the Late
Bronze Age, Early Iron Age, and Late Iron Age.

Fig. 1. Archeological site“Gluhite kamani”

From the geological point of view, the area falls within the
East Rhodope metamorphic terrain in the range of Krumovitsa
lithotectonic unit built up by marbles, migmatized biotitie
gneisses, ultrabasites, amphibolites and Kesebir lithotectonic
unit represented by metagranites. The Paleogene in the area is
presented by breccias, breccia-conglomerates conglomerates,
sandstones, limestone argillites, marls, organogenic and
clayey limestone (Shavarska and Padarska Formations) and
Quaternary sediments along the Krumovitsa River. (Capos
ap. 2008).

Fig. 2.Archeological site“Ada Tepe”

Methodology

The object of the study were 58 representative ceramic
fragments (pottery samples) from the archeological sites
“Gluhite Kamani” and “Ada tepe”. The microscopic
investigation was made through ceramic thin-sections using
microscope Meiji7390 and digital camera Olympus 5050 in
transmitted light.

The petrographic thin-sections were used to characterize the
various fabrics of artifacts by their typical texture and to obtain
some information about the mineralogy and rock composition
of their inclusions (temper). The information obtained by the
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petrographic research was statistically processed according to
Sauer, 1995 (Bezeczky et al., 2013). Detailed semi-quantitative
analysis was performed only with thin sections of appropriate
sample size and quality. For characterization of the temper and
to enable graphical presentation of the results the method
showed on Table 1 was applied.

Table 1.
Grain proportion

Occurrences within one (representative) field of view

number of grains index
Dominant more than 20 a (80)
grains
Very frequent 10-19 grains b (50)
Frequent 5-9 grains ¢ (30)
Subordinate 2-4 grains d (15)
Occurrences within five fields of view
Moderate 5-9 grains e (10)
Rare 2-4 grains f(5)
The very rare constituents were classified as follows
Very rare more than one g3
occurrence per thin
section
Traces one occurrence h (1)

All samples were analyzed with the same magnification.

The X-ray diffraction method was used to determine the
various minerals involved in the clay composition and to
determine the probable ceramic firing temperature. Powder
diagrams were photographed with a powder X-ray
diffractometer TuR-M62 with goniometer HZG3, modified for
step scanning and electronic pulse dialing. The diffractograms
were shot in the range of 4-8° 2@, with duration of exposure of
1.5s.

Results

The principal objective of this study was to assess the
mineralogical and petrographic composition of the ceramic
artifacts.

Site “Gluhite Kamani”

The ceramic artifacts from the “Gluhite Kamani” are divided
into eight groups on the basis of the rock fragment inclusions.
The mineral composition in all the groups is similar with
exception of one group - 8G (Fig. 4 A, B).

Group 1 (1G) - the ratio between matrix and temper is from
60 to 40 %. The rock fragments are represented by acid
volcanic rocks, quarzites, volcanic rocks (rhyolites) with
spherulitic texture, granitoids and schists (Fig 3 a, b). The
mineral fragments are presented by quartz, plagioclase, K-
feldspar, micas, ore minerals, small amounts of epidote and
amphibole. The main feature of the group is the presence of a
large amount of volcanic rocks (acid), and volcanic rocks with
spherulitic texture(Fig. 3b).

Group 2 (2G) - the ratio between matrix and temper is from
60 to 40 %. The rock fragments are represented by acid
volcanic rocks, quarzites and granitoids (Fig. 3c). Quartz,
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plagioclase, K-feldspar, micas, ore minerals, small amounts of
epidote and amphibole are distinguished in the composition of
the mineral fragments. The presence of a large amount of
small-size quartz grains and rock fragments mainly of acid
volcanic and a small percentage of granitoid rocks are
distinguishing for the group.

Group 3 (3G) - the ratio between matrix and temper is from
65 to 35 %. The rock fragments are represented by acid
volcanic rocks, quarzites and schists. The mineral fragments
are quartz, plagioclase, muscovite and biotite, ore minerals,
epididote and amphibole. The amount of the muscovite in this
group is more than in the previous ones. The group is
distinguished by a large percentage of schists (Fig. 3d) in the
temper component. The mineral fragments have a similar level
and differ only by their quantity.

Group 4 (4G) - the ratio between matrix and temper is from
60 to 40 %.The rock fragments are varied: acid volcanic rocks,
quarzites, schists, granitoids, intermediate volcanic rocks and
volcanic rocks with spherulitic texture. The mineral fragments
are represented by quartz, plagioclase, K-feldspar, mica, ore
minerals and small amounts epidote and amphibole. The
higher percentage of rock fragments with varied composition
and appearance of medium-sized volcanoes is characteristic of
this group.

Group 5 (5G) - the ratio between matrix and temper is from
65 to 35 %. The rock fragments are from acid volcanic rocks,
volcanic rocks with spherulitic texture, schists, gneisses. The
mineral fragments are represented mainly by quartz,
plagioclase,  K-feldspar, muscovite  (with increased
percentage), biotite, ore minerals and small amounts of epidote
and amphibole. The presence of large amounts of gneisses
and schists in the temper is distinguishing for this group (Fig.
3e).

Group 6 (6G) - the ratio between matrix and temper is from
60 to 40 %. The rock fragments are presented by quartzites,
granitoids and schists. The mineral fragments are mainly of
quartz, plagioclase (with an increased percentage), K-feldspar,
muscovite, biotite, ore minerals, small amounts of epidode and
amphibole. The presence of granitoids and schists in the
composition of the rock fragment is determinative, here.

Group 7 (7G) - the ratio between matrix and temper is from
70 to 30 %. The rock fragments are represented with almost
the same percentage as the mineral fragments. The rock
fragments are presented mainly by intermediate volcanic rocks
(Fig. 3g) and fewer quartzites, granitoids and volcanic rocks
with spherulitic texture. Typical for this pottery is the larger
percent of matrix as compared to temper and the presence of
rock fragments from intermediate volcanic rocks.

Group 8 (8G)- the ratio between matrix and temper is from
65 to 35 %. The rock fragments are of small amount,
represented mainly by granitoids, amphibolite and single
enriched by epidote rocks. The mineral fragments here are
represented by quartz, plagioclase, amphibole, epidote, ore
minerals and small amounts of K-feldspar, micas and
pyroxene. The high quantity of amphibole (Fig. 3f) and the
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epidote grains in the composition of the mineral temper are
specific for this group.

The matrix in all the groups is optically active and
represented by micaceous groundmass and clay minerals
(illite—montmorillonite).

Site “Ada Tape”

The ceramic fragments from the archaeological site “Ada
Tape” are divided into 4 groups according to their petrographic
and mineralogical features (Fig. 4A,C). Only two pottery
fragments are without analogue (Adt-15-14 and Adt-52-12) and
they are not included in any of them. For all groups, the
amount of included rock fragments is smaller than that of the
mineral fragments. The variation rock fragments and their
limited quantity do not allow their use for grouping.

Group 1 (1A) - the ratio between matrix and temper is from
55 to 45 %. The individual rock fragments are represented by
quartzites, schists, granitoids, gneisses, acid volcanic rocks,
intermediate and basic volcanic rocks and amphibolites. The
mineral fragments are represented by quartz, plagioclase, K-
feldspar, muscovite, biotite, ore mineral, amphibole and
epidote. The main factor for the pottery of this group is a
greater presence of quartz, feldspars and micas with sporadic
grains of amphibole and epidote (Fig. 3i).

Group 2 (2A) - the ratio between matrix and temper is from
60 to 40 %. The rock temper is represented by quartzites,
altered volcanic rocks (Fig. 3j), tuffs, granitoids, schists and
amphibole with low quantity compated to the mineral temper.
The mineral fragments are represented by quartz, plagioclase,
K-feldspar, muscovite, biotite, ore mineral, amphibole and
epidote. In this group, the percentage of the quantity of
amphibole and epidote increase at the expense of K-feldspar
and quartz.

Group 3 (3A) - the ratio between matrix and temper is from
60 to 40%. The rock fragments are represented by quartzites,
amphibolites, schists, gneisses and altered volcanic rocks. The
mineral fragments are represented by quartz, plagioclase, K-
feldspar, muscovite, biotite, ore minerals, amphibole, epidote
and pyroxene. Typical for this group is the presence of a high
percentage of amphibole and epidote in the temper component
(Fig. 3i).

Group 4 (4G) - the ratio between matrix and temper is from
70 to 30 % (Fig. 3h). The rock fragments are represented by
altered intermediate, acid and basic volcanic rocks, volcanic
glass and schists. The mineral fragments are represented by
quartz, plagioclase, K-feldspar, muscovite, biotite, ore
minerals. The presence of plagioclase among the mineral
fragments and high amount in the matrix is typical for this

group.

Ceramic artifact Adt-15-14 — the ratio between matrix and
temper is 60/40%. It is characterized by a large amount of
muscovite and biotite among mineral temper (Fig. 3k). Quartz,
K-feldspar, plagioclase and ore minerals are also included in
the temper. The rock fragments are limited, represented by
single quartzites, schists and tuffs.
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Fragment Adt-52-17 is made of matrix and temper in ratio temper is presented by single granitoids and schists, fragments
from 65 to 35 %. The mineral fragments are represented of chamotte (older ceramics) and carbonate. The last one fills
mainly by quartz and in a small amount by K-feldspar, all gaps and pores in the ceramic.
plagioclase, ore minerals and single epidote grains. The rock

Fig. 3. Microphotos of ceramic artifacts: a -Rock fragment of the acid volcanic rock (centre) and quartzitesamong micaceous matrix.,PPLIl, Observation
field wide (Ob.F. W.) = 1900 um; b —-Rock fragment of volcanic rock with spherulitic texture.,CPL, Ob.F. W.= 1900 ym; ¢ — rock fragment of granitoid
(centre), CPL, Ob.F. W. = 3900 um; d - Rock fragment of schist (centre). CPL, Ob.F. W. = 1900 pm; e — Rock fragment of gneiss. CPL, Ob.F. W.= 1900 ym; f
- Enriched of amphibole ceramic artifact. PPL, Ob.F. W. = 1900 ym; g —intermediate volcanic clast among micaceous matrix. CPL, Ob.F. W. = 1900 pm; h -
Fragments of acid volcanic rock among fine crystalline matrix. CPL, Ob.F. W = 1900 um.; i ~Enriched of amphibole pottery. PPL, Ob.F. W.=1900 ym; j -
Fragment of altered volcanic rock (centre) and epidote.CPL, Ob.F. W. = 1900 pm; k -Enriched of micas (biotite and muscovite) and quartzites pottery. CPL,
Ob.F. W.= 1900 pm; [-Ceramic artifact enriched of minerals- quartz, micas and ores. CPL, Ob.F. W.= 3900 ym.
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Fig. 4.The distinguished groups of the ceramic artifacts from the sites “Gluhite kamani” and “Ada tepe” according to their temper

The matrix in all the groups is optically active and
represented by micaceous groundmass. The XRD analyses
supplement the information for ceramic artifacts from the
,Gluhite Kamani“ (Ankoea u gp., 2013) and give the new data
about those from the site "Ada tepe". The results confirm the
optically specified mineral composition and register the
presence of illite, montmorillonite-illite and montmorillonite. The
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supposed temperature of the firing of the studied ceramics is
within the limit from 500-550°C to 800° (850°) according to the
determined mineral phases. The upper limit of this temperature
range is indicated by the presence of illite in some fragments
(Fig. 5). The lower limit of this range is not very clear, due to
the presence of montmorillonite and montmorillonite-illite,
which indicate temperatures from 5000 to 550°C.
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Fig. 5. XRD analyses of the ceramic artifacts from the sites “Gluhite
kamani (Gk-10-13 representative for Group 2G; Gk-53-12 representative
for group 8G) and “Ada tepe”(Adt-15-14).

Discussion and conclusion

The results of the petrographic investigation of the
representative ceramic artifacts from the two archaeological
sanctuary sites “Gluhite kamani” and “Ada tepe” with regard to
the groups described above show that most of the investigated
EIA pottery has different temper composition (mineral and
rock). The differences could be summarized in the following
way:

e The raw material used for the production of the pottery
in the site “Gluhite kamani” is enriched by rock
fragments compared to those from “Ada tepe” where
the mineral inclusions are dominant (Fig. 4 A);

e The rock fragments included in the ceramic artifacts
from the site "Gluhite kamani” are presented mainly by
acid volcanic rocks, some of them with spherulitic
texture;

e The pottery temper from the site “Ada tepe” consists of
a large variety of rock fragments - schists, gneisses,

28

granitoids, acid, intermediate and basic volcanic rocks,
amphibolites and tuffs;

e The raw material used for the production of pottery
from the site “Ada tepe” is characterized by the
presence of lot of minerals like epidote, micas and
amphibole (Fig. 4C);

e In the representative investigated pottery there is a
small quantity of ceramic with different temper
(minerals) which cannot be included into the divided
groups (Adt-15-14, Adt-52-17).

All this evidence for the ceramic artifacts from these two
archaeological sites gives us information about the local raw
material used for producing the pottery. The site “Gluhite
kamani” is situated on the Paleogene rhyolites and most of the
included fragments in the pottery from this site are from these
rocks. The other rock inclusions like bitotite, gneisses and
schists are probably from the Thracian unit (Sacar
metamorphic terrain) revealed to the north and northeast of the
site.

In the “Ada tepe” site the presence of minerals like epidote
and amphibole and rock inclusions of amphibolites, schists,
granitoids and basic volcanic rocks are the most distinct
mineral and rock temper for the divided ceramic groups (4a,c).
These types of rocks crop out in the vicinity of the site (south
and northwest) and suggest the presence of short
transportation in the valley of the river Krumovitsa and Elbasan
Dere. The possible local raw material of the EIA pottery was
also investigated through the heavy mineral fraction of the site
“‘Ada tepe” showed by the data published by Ajidanlijsky et al.
(2008). A small amount of ceramic artifacts (Adt-15-14, Adt 52-
17) are probably imported in the site “Ada tepe”.

On the basis of the petrographic features in some of the
studied artifacts (groups 8G and 3A) from the two
archaeological sites was found similarity in the mineral temper
especially in the content of the minerals like amphibole. There
are, also, a similarity according to the type of the raw material
(groups 7G and 4A) which indicates the similar way of
production using more amounts of matrix and a small quantity
of temper. These indicators could be presumed about the
relation between these two archaeological sites during EIA and
only future investigation will confirm this.
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CAMPANIAN-MAASTRICHTIAN BENTHIC FORAMINIFERA FROM THE BYALA
FORMATION (EASTERN BALKAN)
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ABSTRACT. The Byala Formation, developed in the tectonically complicated boundary region between the Eastern Fore Balkan and Eastern Balkan, is well
investigated from paleontological and stratigraphical point of view. Despite this fact, the small foraminiferal content of the Campanian-Maastrichtian part of the unit
have not been studied micropaleontologically in details. The present article is focused on the benthic foraminiferal assemblages, which are rich and diverse. The
studied samples were picked up from three sections (Byala-south and Byala-north, revealing the uppermost Maastrichtian levels, and Beliya Nos-Byala River,
compising Lower Campanian to Maastrichtian levels) and several outcrops located on the seacoast around the town of Byala, Varna district. The studied
assemblages are composed of both agglutinated and hyaline taxa with broad stratigraphical range. They are in varied proportions and show high taxonomic diversity
(totally 84 species) and specimen’ abundance. This fact provides a good opportunity for paleoecological interpretations. As a whole, the established benthic
foraminiferal fauna could be referred to the widespread in the Tethian realm hemipelagic Velasco-type fauna.

Keywords: benhic foraminifers, Campanian, Maastrichtian, Byala Formation, Eastern Balkan

KAMMNAH-MACTPUXTCKN BEHTOCHU ®OPAMWHU®EPU OT BENEHCKATA CBUTA (UI3TOYHA CTAPA MNJIAHUHA)
Bopuc Bunyes’, Casa [JxypaHos?

" MurHo-2eonoxku yHugepcumem "Ce. Mean Puncku”, Cogpusi 1700

2 Cogputicku yHusepcumem ,Ce. KnumeHm Oxpudcku®, Cogpus 1504

PE3IOME. BeneHckata cBuUTa, pa3BiUTa B TEKTOHCKW YCINOXHEHUS rpaHuuYeH paiioH mexay WsTtounus MpepbankaH w Matounus bankaH, e pobpe usyyeHa B
NaneoHTONOXKO 1 CTpaTorpadicko OTHOLLEHWe. HeaaBncuMo OT To3u dhaKkT acoupmauumte oT Manki dopamuHUdepy OT KaMnaH-MacTpUXTCkaTa YacT Ha eanHuLaTa
He ca bunu 0bekT Ha AeTalinHM MUKPONapEOoHTONOXKN u3cneaBaHus. Hactosilara cratus € okycupaHa Bbpxy acouuauuute oT 6eHTOCHU (opamuHudepm, KOUTo
ca 6orati 1 pasHoobpasHn. MacneasanuTe npobu ca cbbpanu oT Tpu paspesa (bsna-or, bsna-cesep, NpeACTaBALLM Hal-TOPHUTE MacTPUXTCKM HUBA, M Benmus Hoc-
Bsna peka, BKNOYBALL [AONHOKAMMAHCKO-MACTPUXTCKW HIBA) W HAKOMKO eANHWNYHI Pa3KpUTVS, Hamupalyy ce Ha Mopckus bpsr B paiioHa Ha rp. bsna, BapreHcka
obnacr. MacneaBanuTe acoumaLim ca U3rpafeHn OT TaKCOHW C armyTUHUPaHa W XManuHHa Yepynka C LWMPOKO CTpaTUrpadcko pasnpocTpaHeHne W BbB BapupaLyy
CbOTHOLLEHUs. Te Moka3BaT BUCOKO TAKCOHOMUYHO pasHoobpasve (06wo 84 Buaa) n u3obunue ot eksemnnsapu. To3u (akT npeocTass Aobpa Bb3MOXHOCT 3a
naneoeKonoXKk/ MHTepnpeTauum. Kato usano ycraHoBeHaTa GeHTocHa dopamuHudepHa ayHa Moxe Aa 6bae OTHeCeHa KbM LUMPOKO pasmpocTpaHeHaTa B
Tetuckua pervoH dayHa ot Tuna Velasco, xapakTepHa 3a xemunenariyHaTta 3oHa.

KniouoBu gymu: beHTocHM dopammunmdepy, KamnaH, Mactpuxt, beneHcka csuta, 3touHa Ctapa nnaHuHa

Introduction 1960s they have been considered to belong to the
Mediterranean type (TpucboHoBa, 1960a; Artanaco, 1961;

The Campanian_Pa|eocene Bya|a Formation is deve|0ped in CVleOBCKVl, 2007, ﬂaGOBCKM et al., 2009) Detailed reviews on

a small area in the Eastern Balkanides and it is well  the geological investigations on the unit were given by

investigated from paleontological (calcareous nannofossils, ~ CvHb0BCKY (2006) and [laGoscku et al. (2009).

ammonites, echinoids, inoceramids, and partly small

foraminifers) and Stratigraphica| (|ithostratigraphy’ It lShOUld be noted that, despite the |n|t|a| fOf‘.amf:liniferal
biostratigraphy, ~ chronostratigraphy, ~cyclic and event  studies (TpucoHosa, 1960a, b), the detailed investigations on
stratigraphy) point of view. small foraminifers (biostratigraphical zonations — Juranov, 1983;

Valchev, 2003a; paleoecological interpretations — Valchev,
The first data on the rocks of the Byala Formation were  2003b, 2004; taxonomical study — Bunues, 2001) were focused
published by 3narapcku (1907), who described them as  Predominantly on the Paleocene part of the Byala Formation.
“whitish limy marls”. Later on Boues (1926) named the rocks ~ First planktonic foramniniferal data concerning the lowermost
“Bya|a C|ayey marls”. ,D,)KypaHOB, at first (ﬂ)KypaHOB, 1984) (Campanian) levels of the formation were I’ecenﬂy pub|lshed
united them into ‘“limestone-marl formation”, and then (ValCheV, 2017) Therefore, the present article aims (i) to reveal
(Lxyparos, 1991) formalized the unit as “Byala limestone-marl  the taxonomical composition and structure of the benthic
Formation” (see also [xyparos, 1993). Initially the rocks were ~ foraminiferal assemblages from the Campanian-Maastrichtian
referred to the Northeuropean type Upper Cretaceous (Foues,  levels of the Byala Formation, (i) to elucidate the stratigraphical
1932; KoeH, 1938; botes, 1953), but since the beginning of the
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range of the taxa and (i) to estimate their paleoecological
significance.

The Byala area is of great interest because here the
Cretaceous/Tertiary boundary was first established in Bulgaria
(Stoykova, Ivanov, 1992) in the frame of Bulgarian-Austrian
project led by Prof. Anton Preisinger. Later on, the outcrops
north of Byala beach were announced as protected geosite
named “Belite Skali” (CuHboBcku, 2003) which is included in the
“Register and Cadastre of the Geological Heritage of Bulgaria”
(CvHboBckM in XKenes, CuHboBCkM, 20031).

Geological Setting

The area of study is part of the Eastern Balkanides and it
comprises the tectonically complicated boundary region
between the Eastern Fore Balkan and Eastern Balkan (Fig. 1).
It is characterized by the presence of numerous normal, reverse
and thrust faults at a various scale (Fig. 2 shows the largest
ones only). The biostratigraphical investigations conducted
previously (e. g. Juranov, 1983; IxypaHos, 1989, CuHb0BCKM,
2006) proved that there is no complete section of the Byala
Formation revealing its total stratigraphical range. Moreover, it
was established that there are cases of overturned
stratigraphical ~ successions  or  repeatedly  occurring
stratigraphical levels (xxypaHos, 1989).

South Carpathian
orogenic system

Danube Riv.

Moesian Platform

Black Sea

0 25 50 km
——

* — study area

Fig. 1. Tectonic subdivision of Bulgaria (after [laboBcku and 3aropues,
2009) with the location of the area of study

As a whole, the Byala Formation comprises rhythmic
limestone-marl successions related to climatic oscillations
(Preisinger et al., 1993a, b) which alternate with monotonous
marl intervals. Sinnyovsky (2001) described the rhythmic
intervals as “typical periodite alternation” resulting from high
frequency climatic cycles of Milankovich and proved, on the
basis of sedimenthological analyses on samples from the Upper
Maastrichtian-Danian interval, that the “marl” beds in fact are
limestones. Thus, these alternations could be considered as
cyclic limestones. The periodites are typical predominantly for
the Campanian and Danian parts of the Byala Formation. They

1 Xenes, B., [l. CuHL0BCK/ (peq.). Pezucmbp u Kadacmbp Ha 2e0noxKume
¢heHomeHu & bureapus. 188 docuema 6 5 moma. HaumoHaneH reothoHA, Aoknag
XV-1232, 2003. (Jelev, V., D. Sinnyovsky (Eds.). Registar i kadastar na
geolozhkite fenomeni v Balgariya. 188 dosieta v 5 toma. Natsionalen geofond,
doklad XV-1232, 2003.).
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consist of couples of prominent limestone beds and soft back-
weathering interbeds (Plate la, b) with periodicities of about 1 m
(Sinnyovsky, 2001; CuHboBckm, 2006).

4

a
/6,/

7 ®c-21 8

Fig. 2. Geological map of the coastal part of the Byala area (after
MxypaHos et al., 19942)

1, Dvoynitsa Fm.: medium to coarse-grained thick-bedded sandstones,
alternating with thin-bedded fine-grained sandstones, siltstones, marls and
conglomerates (Lower—Middle Eocene); 2-3, Byala Fm.: alternation of clayey
limestones and marls (2, Paleocene, 3, Campanian-Maastrichtian); 4, thrust; 5,
chronostratigraphic boundary; 6, bedding; 7, section (a) and outcrop (b): 1,
Byala-south, 2, Byala-north, 3, Beliya Nos-Byala Reka; 8, borehole

The studied samples were picked up from three outcrop
sections located on the sea coast in the surroundings of the
town of Byala (Figs. 2, 3). Two of them (Byala-south, exposed

2 [Dxypanos, C., . Cunboscku, [1. Banrenos, X. Mumnupes, M. AHToHoB, B.
Xenes, T. bantakoB, W. Yonees. [oknad 3a pesynmamume om
U3NBAHEHUEMO Ha 2eonoxka 3adava: ‘TeonoXko U  2e0MOPEOTOKKO
kapmupare 8 M 1:25 000 Ha yacm om MsmoyHus bankaH mexdy Hoc EMuHe u
c. Cmapo Opsxoso Ha nnowj 330 ke. km.”. Hau. reodoHa, goknag IV-411,
1994, — 408 c. (Juranov, S., D. Sinnyovsky, D. Vangelov, H. Pimpirev, M.
Antonov, V. Jelev, G. Baltakov, I. Choleev. Doklad za rezultatite ot izpalnenieto
na geolozhka zadacha: “Geolozhko i geomorfolozhko kartirane v M 1:25 000 na
chast ot Iztochniya Balkan mezhdu nos Emine i selo Staro Oryahovo na plosht
330 kv. km.”. Natsionalen geofond, doklad IV-411, 1994. — 408 p.).
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at the beach, and Byala-north, located north of the beach)
reveal the uppermost Maastrichtian levels (Plate Ic, d). The
third one crops out between Beliya Nos Cape and Byala River
mouth north of the town of Byala, and it comprises Lower

Campanian to Upper Maastrichtian levels (Plate le, f). Some
small scale faults, but without data for visible displacement, are
observed in the lower half of this section (Plate Ig).
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Fig. 3. Stratigraphical columns of the sections Byala-south (a), Byala-north (b) and Beliya Nos Cape (c)

1, cyclic limestones; 2, K/T boundary clay layer; 3, hard ground; 4, fault

Samples from several outcrops located on the Byala beach as
well as between Byala-north section and Beliya Nos Cape were
studied for deriving additional taxonomical data. Here,
the tectonic structure is quite complicated — the rocks are
displaced by a series of faults and folded (Plate Ih).

Benthic foraminiferal assemblages

Taxonomical diversity and specimen abundance

The studied samples revealed high taxonomical diversity of
the benthic foraminiferal assemblages — totally 84 species were
recorded (see Appendix). The Lower Campanian levels
demonstrate lowest diversity — 26 species established. The
assemblages are dominated by taxa with hyaline tests such as
Gavelinella beccariiformis (White), Nuttalides triimpyi (Nuttal),
Nuttaldes sp., Lenticulina velascoensis White, accompanied by
the species with agglutinated tests Ammodiscus cretaceous
(Reuss), A. glabratus Cushman and Jarvis, and Marssonella
oxycona (Reuss). All of them occur as rare specimens. The
secondary contributors, including some representatives of
nodosariids, heterolepids, bolivinoids, are represented
sporadically by single specimens.

The Upper Campanian samples contain more diverse
assemblages — up to 40 species were recorded. Here the
dominating taxa are the same as in the Lower Campanian, but
with increased occurrence of the species with agglutinated tests
Clavulinoides amorphous (Cushman) and C. trilaterus
(Cushman) in addition. Here, Gaudryina cretacea (Karrer), G.
pyramidata Cushman, and Quadrimorphina allomorphinoides
(Reuss) are present as rare specimens. The secondary
contributors, occurring as single specimens, are the same as in
the Lower Campanian.

The Lower Maastrichtian assemblages include up to 60
species. “New” elements of the dominating group, amongst the
above mentioned, are Aragonia velascoensis (Cushman), which
is represented by rare to common specimens, and Nodosaria
longiscata d’Orbigny occurring as rare specimens. Gaudryina
pyramidata  Cushman and  Oridorsalis  megastomus
(Grzybovski) are also rarely encountered characteristic species.
The presence of Bulimina midwayensis Cushman & Parker and
Guttulina ipatovcevi Vassilenko amongst the secondary
contributors should be noted.

The highest taxonomical diversity was recorded from the
Upper Maatrichtian levels. All the 84 taxa were established in
the samples from this part of the Byala Formation. The
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dominating species here are Nuttalides trimpyi (Nuttal),
Gavelinella beccariiformis (White), Osangularia velascoensis
(Cushman), Aragonia velascoensis (Cushman), Clavulinoides
trilaterus  (Cushman), Gaudryina cretacea (Karrer), G.
pyramidata Cushman, Marssonella indentata (Cushman and
Jarvis), Bathysiphon discreta (Brady), Neoflabellina jarvisi
(Cushman), Gyroidinoides globosus (Hagenow), Bolivina
midwayensis Cushman. Minor elements in the assemblages are
various nodosariids, lenticulinids, anomalinids, as well as taxa
with agglutinated tests.

In this stratigraphical level a “new” element was recorded —
the typical Late Cretaceous Reussella szajnoche (Grzybovski).
It occurs rarely.

Biostratigraphical markers

All the species, recorded in this study, apart from Reussella
szajnoche, are of broad stratigraphical range (Upper
Cretaceous—Paleocene), therefore it is not possible to define
biostratigraphical markers (FAD and LAD) on the base of
benthic foraminifera.

Types of assemblages

The taxonomical composition and the structure of the benthic
foraminiferal assemblages - dominating taxa such as
Gavelinella beccariiformis (White), Nuttalides trimpyi (Nuttal),
Osangularia velascoensis (Cushman), Aragonia velascoensis
(Cushman), Clavulinoides trilaterus (Cushman), Gaudryina
cretacea (Karrer), G. pyramidata Cushman, Marssonella
indentata (Cushman and Jarvis), M. oxycona (Reuss) are
typical for the Velasco-type fauna, characteristic for the
hemipelagic realm and widely known from the Tethys region
(Cushman, 1925, 1926; White, 1928a, b, 1929; Cushman,
Jarvis, 1928; Braga et al., 1975; Proto Decima, Bolli, 1978;
Tjalsma, Lohman, 1983; etc.).

Conclusion

The study of the Campanian-Maastrichtian benthic
foraminiferal assemblages from the Byala Formation recovered
from three sections and several outcrops on the sea coast in
the surroundings of the town of Byala revealed that (i) they are
of high taxonomical diversity, (i) composed of taxa with broad
stratigraphical range, and (i) dominated by species,
characteristic for hemipelagic conditions. The last fact gives a
good opportunity for paleoecological reconstruction and further
paleogeographical interpretation of the position of the Byala
Formation in the Late Cretaceous—Early Paleogene geological
structure of Eastern Bulgaria.

Appendix

Alphabetical list of benthic foraminiferal species
Allomorphina conica Cushman and Todd
Ammodiscus cretaceous (Reuss)

A. glabratus Cushman and Jarvis

A. peruvianus Berry

Anomalinoides sp.

Aragonia velascoensis (Cushman)

Astacolus gladius (Philippi)

Bannerella retusa (Cushman)

Bathysiphon discreta (Brady)

B. microrhaphidus Samuel

Bolivina midwayensis Cushman
Bolivinoides delicatulus Cushman
Bulimina midwayensis Cushman and Parker
Chilostomelloides sp.

Cibicidoides dayi (White)

Clavulinoides amorphous (Cushman)

C. trilaterus (Cushman)

Cyclammina sp.

Dendrophrya sp.

Dentalinoides fallax (Cushman and Dusenbery)
Ellipsoglandulina chilostoma (Rhehak)
Gaudryina cretacea (Karrer)

G. pyramidata Cushman

Gavelinella beccariiformis (White)
Globobulimina suteri (Cushman and Renz)
Guttulina ipatovcevi Vassilenko
Gyroidinoides globosus (Hagenow)
Haplophragmoides suborbicularis (Grzybovski)
H. walteri (Grzybovski)

Haplophragmoides sp.

Hormosina ovuloides (Grzybovski)
Hyperammina sp.

Kalamopsis grzhybovskii (Dylazanka)
Karrerria fallax Rzehak

Karrerria sp.

Laevidentalina laticolis (Grzybovski)
Lenticulina velascoensis White

Lenticulina sp.

Marginulina sp.

Marssonella indentata (Cushman and Jarvis)
M. oxycona (Reuss)

Neoflabellina jarvisi (Cushman)

N. semireticulata (Cushman and Jarvis)
Nodosarella hedbergi Cushman and Renz
Nodosaria limbata d’Orbigny

N. longiscata d’Orbigny

Nodosaria sp.

Nonion sp.

Nuttalides trimpyi (Nuttal)

Nuttalides sp.

Oridorsalis megastomus (Grzybovski)
Osangularia velascoensis (Cushman)
Osangularia sp.

Paliolatella crebra (Mathes)

Paliolatella sp.

Pleurostomella kugleri Cushman and Renz
Praeglobobulimina sp.

Pseudoclavulina globulifera (ten Dam and Sigal)
Pseudonodosaria manifesta (Reuss)
Pseudonodosaria sp.

Pullenia coryelli White

P. quinqueloba (Reuss)

Pygmaeoseistron laevis (Montagu)

P. oxystomum (Reuss)

Pyramidulina raphanus Linné

P. velascoensis (Cushman)
Pyramidulinoides sp.

Quadrimorphina allomorphinoides (Reuss)
Q. cretacea (Reuss)
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Rhizammina indivisa Brady
Recurvoides sp.

Repmanina charoides (Jones and Parker)
Reussella szajnoche (Grzybovski)
Reussoolina globosa (Montagu)
Reussoolina sp.

Saccammina complanata (Franke)

S. placenta (Grzybovski)
Saracenaria arcuata (d’Orbigny)

S. hantkeni (Cushman)

Textularia plummerae Lalicker
Trochammina sp.

Trochamminoides sp.

Vaginulinopsis longiformis (Plummer)
V. pedum (d’Orbigny)
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ot Maastrichtian

a) periodites in the upper part of Byala—north section (Upper Maastrichtian); b) cyclic limestones at Beliya Nos Cape
section (Lower Campanian); ¢) general view of Byala-north section; d) Byala-south section: the uppermost Maastrichtian
and the lowermost Danian levels; e) general view of the base of Beliya Nos Cape section (lowermost Campanian levels); f)
the Maastrichtian levels north of Beliya Nos Cape towards Byala River mouth (view to north); g) a fault without data for
visible displacement north of Beliya Nos Cape; h) thrusted and folded levels of the Byala Formation between Byala-north
section and Beliya Nos Cape.
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CAMPANIAN PLANKTONIC FORAMINIFERAL ASSEMBLAGES FROM THE CHUGOVITSA
FORMATION IN THE AREA OF JELYAVA AND ELESHNITSA VILLAGES, SOFIA
DISTRICT

Boris Valchev

“St Ivan Rilski” University of Mining and Geology, 1700 Sofia, b_valchev@mgu.bg

ABSTRACT. The Campanian turbidites of the Chugovitsa Formation, belonging to the Mediterranean type Upper Cretaceous in Bulgaria and cropping out in a narrow
strip with west-east direction in the area of the villages of Jelyava and Eleshnitsa, Sofia district, are investigated herein in terms of their planktonic foraminiferal
content. The area of study is part of the Panagyurishte Unit of the Srednogorie Zone and the samples were picked up from two sections located along the Jelyavska
and Eleshishka rivers’ valleys. The lower part of the Chugovitsa Formation in both sections comprises a 60 m package of grey, motley and violet marls referred to the
Voden Member. The samples contain poor planktonic foraminiferal fauna including predominantly Early Campanian taxa like Globotruncanita elevata (Brotzen), and
species with broader stratigraphic range — Globotruncana arca (Cushman), Globotruncana lapparenti Brotzen, Globotruncanita stuartiformis (Dalbiez),
Rugoglobigerina rugosa (Plummer). The upper levels are composed of about 300 m turbidite deposits containing more diverse and abundant assemblages
represented by Early to Late Campanian taxa including, apart from the above mentioned, Globotruncana ventricosa White, Globotruncanita stuarti (de Lapparent),
Heterohelix globulosa ((Ehrenberg), Pseudotextularia elegans (Rzehak). Two biostratigraphical zones were defined following Premoli Silva and Verga's (2004)
zonation - Globotruncanita elevata and Globotruncana ventricosa.

Keywords: planktonic foraminifers, Chugovitsa Fm., Campanian, Srednogorie zone, Sofia District.

KAMMAHCKM NITAHKTOHHU ®OPAMUHU®EPHW ACOLIMALIMM OT YYFOBULLKATA CBUTA B PAUOHA HA CENATA
XXENABA W ENELIHULA, COOUMCKA OBNACT

Bopuc Bbnyes

Munro-2eonoxku yHusepcumem "Ce. Msar Purncku", Cogpus 1700

PE3IOME. KamnaHckute Typbuauti Ha YyroBuwkata cBuTa, npuHaanexaim Ha Meauteparckus Tun FopHa Kpeaa B Bbnrapusi, paskpuBaLuy ce KaTo TscHa UBuLa C
nocoka 3anag-u3Tok B paiioHa Ha cenata XKenssa 1 Enewnnua, Coduiicka obnacT, ca uscneasaHn OT IMefHa Touka Ha CbAbpXalluTe ce B TAX acouuaumn ot
NNaHKTOHHU chopamuHncbepy. VayyaBaHusT paiioH nonaja B pamkuTe Ha [MaHartopckata eauHuua Ha CpepHoropckata 3oHa. [pobuTe ca B3eTn OT [iBa pa3pesa,
pa3nonoXeHu B JOMMHUTE Ha pekuTe Xensiscka 1 EnewHuwka. JonHata yacT Ha YyroBuikaTa cBuTa, 1 B ABaTa pa3pe3a, e u3rpageHa ot nadka ¢ AebenuHa 60 m
BKITHOUBALLA CVBM, MbCTPU W BUONETOBM MEPreni, OTHeCEHU kbM BopeHckus uneH. Mpobute chabpxat 6egHa acoumaums NpeaumMHO 0T paHHOKAMMaHCKU TaKCOHM
kato Globotruncanita elevata (Brotzen), kakTo v BuoBe € No-LUMPOKO cTpaTurpadpcko pasnpocTpaHeHne — Globotruncana arca (Cushman), Globotruncana lapparenti
Brotzen, Globotruncanita stuartiformis (Dalbiez), Rugoglobigerina rugosa (Plummer). l'opHuTe HUBa Ha cBMTaTa Ca NpeAcTaBeHu OT TypbuauTHa nocnefoBaTenHocT
¢ nebenuHa okono 300m, chabpxalya paHHO- U KbCHOKaMMaHCKW acoLuaLmy, BKIKOYBALLM, OCBEH ropHUTe BUAoBe, Globotruncana ventricosa White, Globotruncanita
stuarti (de Lapparent), Heterohelix globulosa ((Ehrenberg), Pseudotextularia elegans (Rzehak). Otaenexu ca aBe 6uocTtpaturpadcku 30HM CbIIACHO Cxemarta Ha
Premoli Silva 1 Verga (2004) — Globotruncanita elevata n Globotruncana ventricosa.

Knto4yoBu gymu: nnankToHHM hopamuumcepu, YyrosuLuka ceuta, KamnaH, CpeaHoropcka 3oHa, Coduitcka obnacr.

Introduction glauconitic sandstones in the base and 98 m carbonates),
Santonian (200 m carbonate deposits) and Campanian
The sections near the villages of Jelyava and Eleshnitsa, (including 170 m carbonate and 250 m turbidite sequences).
Sofia district, reveal almost Comp|ete succession of the The basal terrigenous level and the carbonate one the authors
Mediterranean type Upper Cretaceous in Western Bulgaria. described as “limestone-marl formation” (corresponding to the
They comprise Turonian marls, Coniacian glauconitic “first”, “second” and “third horizon” of the Maastrichtian of
sandstones, Coniacian-Campanian carbonate and turbidite BpbOnsHcku et al., 1961) and the turbiditic level — as “flysch
deposits. 3natapcku (1910) first described the rocks near the formation” (*fourth horizon” of the Maastrichtian of Bpbonsicky
vilage of Eleshnitsa referring them to the “Campanian et al, 1961). Hades and Haues (1989, 2003) followed this
substage”. Later on LlaHkos (1965) determined Maastrichtian subdivision.
age for the carbonates in the same section (the village was
named Yordankino in the period between the 1960s and the Uynes (1995) referred the rocks of the ‘limestone-marl
1980s) and Dimitrova et al. (1981) divided three levels in the ~ formation” to the Mirkovo Formation and these of the *flysch
section near Jelyava: Coniacian (113 m), Santonian (200 m) formation” — to the Chugovitsa Formation. The two formal units

and Campanian (677 m). JumwnTposa et al. (1984) refined this ~ were introduced and described by Moes and Axtotos (1976,
subdivision into Coniacian (totally 113 m including 15 m 1978) in the Stargel-Chelopech strip. Later on Popov (2005)
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united them into the Popintsi Group in Panagyurishte ore
region.

Sinnyovsky (Sinnyovsky, 2005; CuHboscku, 2007), Jaboscku
et al. (2009) and Antonov (2010) followed MoeB and AHTOHOB'S
subdivision as the first author recognized the Voden Member
of Moes and AxToHoB (1978) comprising 60 m at the base of
the Chugovitsa Formation in the sections near Jelyava and
Eleshnitsa. He also noted that “none of the previous
investigators reported the presence of large-scale slump
structures, resulting in significant augmentation of the
thickness”.

From micropaleontological point of view, the sections have
been investigated by means of planktonic foraminifers and
calcareous nannoplankton. Dimitrova (in Dimitrova et al., 1981;
OumutpoBa et al., 1984) examined planktonic foraminifers in
thin sections. She gave lists of species representing the most
characteristic taxa for every individual package in Jelyava
section. Later on Dimitrova and Valchev (2007) summarized
these data and indicated the presence of Globotruncanita
elevata and Globotruncanita stuartiformis zones. Sinnyovsky,
at first indicated three nannofossil zones (CunboBcku, 1993),
and later on (Sinnyovsky, 2005; CuHboBcku, 2007) published a
detailed Campanian nannofossil zonal scheme concerning the
upper levels of the Mirkovo Formation and the entire
Chugovitsa Formation.

The present article aims to elucidate in details the
taxonomocal composition and the structure of the planktonic
foraminiferal assemblages on the basis of isolated specimens

recovered from the Chugovitsa Formation and to estimate their
biostratigraphical importance.

Geological Setting

The area of study is part of the Panagyurishte Unit of the
Srednogorie Zone (according to [laboscku and 3aropuyes,
2009, Fig. 1). The outcrops of the Mediterranean type Upper
Cretaceous form a narrow strip with west-east direction in the
southernmost part of Western Balkan. The samples were
picked up from two sections located along the valleys of
Jelyavska and Eleshishka rivers in the northern outskirts of
Jelyava and Eleshnitsa villages (Fig. 2).
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Black Sea
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Fig. 1. Tectonic subdivision of Bulgaria (after [laboBcku and 3aropues,
2009) with the location of the area of study

714000

Fig. 2. Geological map of the area of Jelyava and Eleshnitsa villages (after Angelov et al., 2010 with modifications)

1-3) Quaternary (7 - alluvium, Holocene; 2 - deluvium, Pleistocene-Holocene; 3 - proluvium, Pleistocene); 4-6) Upper Cretaceous (4 - Chugovitsa Formation:
rhythmic alternation of limy sandstones, siltstones, mudstones, marls and clayey limestones, Campanian; 5 - Mirkovo Formation: red to rose and gray-greenish clayey
limestones, Santonian-Campanian; limestone-marl formation: gray and motley limestones and marls, Coniacian; sandstone formation: carbonate glauconitic
sandstones, Coniacian; 6 - coal formation: conglomerates and breccia-conglomerates, sandstones, siltstones, limy mudstones, marls, clays and coal, Turonian); 7)
Lower-Middle Jurassic (Gradets Formation: quartz sandstones, Aalenian-Bajocian; Ozirovo Formation: sandy bioclastic limestones and silty marls, Sinemurian—
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Toarcian; Kostina Formation: sandstones and conglomerates, Sinemurian; trrrigenous-coal formation: quartzites, quartz sandstones, sandy mudstones, Hettangian);
8) Lower Permian (Berimer Formation: breccia-conglomerates, sandstones, siltstones; Lokorsko Formation: conglomerates, breccia-conglomerates, sandstones,
siltstones); 9) Middle-Upper Ordovician (Tseretsel Formation: green mudstones, Upper Ordovician; Grohoten Formation: mudstones, silty mudstones, siltstones,
quartzites, and quartzitic sandstones, Middle-Upper Ordovician); 10) lithostratigraphic boundary; 71) reverse fault; 12) proven normal fault; 13) supposed normal fault;
14) normal bedding; 15) overturned bedding; 16) section: 1 - Jelyava, 2 - Eleshnitsa

The base of both sections (Fig. 3) is composed of marls
referred to the coal formation of Turonian age (Plate la). They
are overlaid with parallel unconformity by 7-15 m carbonate
glauconitic sandstone with inoceramid and rare echinid
remains comprising the sandstone formation of Coniacian age
(Plate la, b). The next level is composed of 220 m gray and
motley predominantly thick-bedded to massive limestones and
marls belonging to the Mirkovo Formation (Plate 1b, ¢). In
Eleshnitsa section a thin package of tephra layers (190 m

G lapparenti

above the base) is observed. In the section near the village of
Jelyava this interval is not well exposed ant it is characterized
by the presence of slump structures. The base of the
Chugovitsa Formation is represented by 60 m grey to violet
marls referred to the Voden Member (Plate Id-f). They are
overlaid by a 300 m thick turbidite succession with dominance
of the marl interbeds and marl packages in its lower levels
(Plate If-h).
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Fig. 3. Stratigraphial columns of Eleshnitsa and Jelyava sections (after Sinnyovsky, 2005, CunboBcku, 2007, with modifications) with the distribution of

the planktonic foraminiferal taxa

1, marls; 2, sandstones; 3, limestones; 4, limy marls; 5, turbidites; 6, tephra layers; 7, interval without outcrops; 8, sample

Planktonic foraminiferal assemblages and zones

The samples from the Voden Member contain poor
planktonic foraminiferal fauna including predominantly Early
Campanian taxa like Globotruncanita elevata (Brotzen), and
species with broader stratigraphic range — Globotruncana arca
(Cushman), Globotruncana lapparenti Brotzen,
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Globotruncanita  stuartiformis  (Dalbiez), Rugoglobigerina
rogosa (Plummer). The samples from the typical Chugovitsa
Formation contain more diverse and abundant assemblages
represented by Early to Late Campanian taxa including apart
from the above mentioned Globotruncana ventricosa White,
Globotruncanita stuarti (de Lapparent), Heterohelix globulosa
((Ehrenberg), Pseudotextularia elegans (Rzehak).
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Two biostratigraphical zones were defined following Premoli
Silva and Verga’'s (2004) zonation — Globotruncanita elevata
and Globotruncana ventricosa.

Globotruncanita elevata Partial Range Zone

Author. Postuma (1971). In Bulgaria it was introduced by
Banuaposa (1975) as “Globotruncana elevata” Zone.

Definition. Interval, with Globotruncanita elevata (Brotzen),
from last occurrence of Dicarinella asymetrica (Sigal) to first
occurrence of Globotruncana ventricosa White.

Common taxa. In the lower levels (the lowermost 50 m) of
the zone, despite the zonal marker Globotruncanita elevata
(Brotzen), Globotruncana arca (Cushman), G. lapparenti
Brotzen, Globotruncanita stuartiformis (Dalbiez) were recorded
as rare specimens, while taxa like Globotruncana falsostuarti
Sigal, G. hilli Pessagno, Heterohelix globulosa (Ehrenberg),
and Rugoglobigerina rugosa (Plummer) occur as single
specimens only. The middle and upper levels reveal the same
taxonomical composition, but with higher specimen
abundance.

Age. Early Campanian.

Correlation. The zone is cosmopolitan. Its taxonomical
composition is the same as in the zones described by Wonders
(1980), Robaszynski et al. (1984), Caron (1985), Abdel-Kireem
et al. (1995), Salaj (1980). In Bulgaria it was established by
Vaptzarova (1976, 1980) in the western and central north parts
of the country.

Remarks. Premoli Silva and Verga (2004) limited the range
of the zone in the Lowermost Campanian only.

Boundaries. The lower boundary was not fixed in the present
study. The upper one was established at 400 m above the
base of the sections.

Thickness. At least 150 m.

Globotruncana ventricosa Interval Zone

Author. Dalbiez (1955).

Definition. Interval from first occurrence of Globotruncana
ventricosa White to first occurrence of Radotruncana calcarata
(Cushman).

Common taxa. In the lower levels the zonal marker
Globotruncana ventricosa White occurs predominantly as
single to rare specimens and it increases gradually its
abundance in the middle and upper levels. Common taxon
throughout the entire interval is Globotruncanita stuartiformis
(Dalbiez). Species like Globotruncana falsostuarti Sigal, G. hilli
Pessagno,  Heterohelix  globulosa  (Ehrenberg), and
Rugoglobigerina rugosa (Plummer) are additional elements to
the assemblages. In the uppermost levels Globotruncanita
stuarti (de Lapparent), Pseudotextularia elegans (Rzehak),
Globotruncanella havanensis (Voorwijk), and Rugoglobigerina
penyi Broennimann were recorded as single or rare
specimens.

Age. Latest Early Campanian-Late Campanian.

Correlation. The zone corresponds entirely to the zone of the
same name of Abdel-Kireem et al. (1995), partly to ventricosa
zone of Caron (1985), Robaszynski et al. (1984), and Wonders
(1980), arca and rugosa zones of Salaj (1980). In Bulgaria it
could be correlated to Globotruncanita suartiformis zone of
Dimitrova and Valchev (2007) and Globotruncana rugosa zone
of Vaptzarova (1976).

Remarks. In the sections near the villages of Jelyava and
Eleshnitsa the =zonal marker Radofruncana calcarata
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(Cushman) was not found and therefore the upper boundary of
this zone was not defined. Thus, the entire interval above
Globotruncanita elevata zone is referred to Globotruncana
ventricosa zone.

Boundaries. The lower boundary was established at 400 m
above the base of the sections.

Thickness. 200 m.

Conclusion

The turbidite deposits of the Chugovitsa Formation are well
exposed in the northern outskirts of the villages of Jelyava and
Eleshnitsa and they provide a good opportunity for a
biostratigraphical study of the Campanian interval — four
nannofissil zones have been previously defined. In terms of
planktonic foraminifers the investigated assemblages are low
to moderately diverse and with low abundance of specimens.
On the other hand, the assemblages are dominated by species
of broad stratigraphical range. This fact is an obstacle to find
biostratigraphical markers (FAD and LAD) for a detailed
zonation — only the FAD of Globotruncana ventricosa White
was recorded in the sections and therefore only two zones
were defined.
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PLATE |

PLATE|

a) the base of the Mediterranean type Upper Cretaceous 1 km north of the village of Eleshnitsa representing the coal and the sandstone formations; b) the
sandstone formation and the base of the Mirkovo Formation 1.5 km north of the village of Jelyava; c) the Mirkovo Formation in the Eleshnitsa River valley
800 m north of the village of Eleshnitsa; d) the Voden Member of the Chugovitsa Formation in the northern outskirts of the village of Eleshnitsa; e) the
Voden Member in the valley of Jelyavska River 1 km north of the village of Jelyava; f) the uppermost levels of the Voden Member and the base of the
typical Chugovitsa Formation on the left riverside of Jelyavska River; g, h) the lower levels of the Chugovitsa Formation in the northern outskirts of the
village of Eleshnitsa (g) and on the left riverside of Jelyavska River (h).
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THE HERCYNIAN COLLISIONAL METALLOGENY IN BULGARIA

Kamen Popov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; kpopov@mgu.bg

ABSTRACT. Ordovician — Lower Carboniferous sedimentation, calc-alkaline and potassium-alkaline magmatism and tectonic deformations mark the Hercynian
collisional stage within the frame of the Neoproterozoic — Hercynian epoch. Mainly the magmatic processes define the metallogenic characteristic. The calc-alkaline
plutons control the Stara Planina Metallogenic Zone with iron, lead, copper, gold, fluorite and other deposits. The potassium-alkaline magmatism defines the
Berkovitsa-Shipka Metallogenic Zone with uranium deposits as well as with tungsten, copper, polymetallic and other ore occurrences.

Keywords: Hercynian magmatism, metallogeny, iron, lead, gold, uranium deposits.

XEPLIMHCKATA KONMU3WOHHA METANOIEHUA B BBIITAPUA
KameH IMonoe
MunHo-eeonoxku yHusepcumem "Ce. Mean Puncku”, 1700 Cogbusi, kpopov@mgu.bg

PE3IOME. XepuMHCKMST KOMM3MOHEH eTan, B pamKiTe Ha HEeonpoTepo30iiCko-XepLyHeKkaTa enoxa, ce Genexu OT OpAOBMLLKO-AOMHOKAPBOHCKa ceauMeHTaLs,
KanuueBHo-anKarneH 1 Kanueso-ankarneH MarMaTabM 1 TEKTOHCKM aedhopMaLm. MeTanoreHHaTa xapakTepucTvka ce onpefienst rMaBHO OT MarMaTiyHIUTe NPOLECH.
KanuuesHo-arkanHuTe nnyToHu KoHTponMpar CTaponnaHHCKaTa METarnoreHHa 30Ha C XemneaHu, ONOBHI, MeHH, 3naTHM, (oNyopuUToBM 1 p. Haxoamuwa. Kanveso-
ankanHuaT Marmatuabm onpegens bepkoscko-LMnyeHckata MeTanoreHHa 30Ha C ypaHOBM HaxOAWlia, KakTo W BOMGPAMOBM, MELHW, MOMMMETanHM W ap.
PYAONPOSABAEHMS.

KniouoBu Aymu: XepU'VIHCKM MarmaTtu3bM, METaNoreHns, XenesHu, ONI0BHKW, 3nNaTHU, ypaHOBU HaxoauLla.

Introduction The Ordovician - Lower Carboniferous sedimentary
complexes were formed as a result of the epicontinental

Neoproterozoic and Paleozoic rocks are exposed in the terrigenous  marine  sedimentation, ~ with  interruptions,
cores of the A|p|ne orogeny structures. They are formed during transgreSSionS and tectonic deformations. Green schist
the Neoproterozoic — Hercynian cycle, including spreading, terrigenous rocks (Dalgidel Group) overlay Cambrian rocks in
subduction and formation of magmatic arcs, collision and post- the Stara Planina Mountain area. The Ordovician — Devonian
collisional orogenesis. The collisional events from this cycle section is compounded by aleurolite, argillite, less sandstone,
are demonstrated by the presence of typical sedimentary and quartzite, lydite and conglomerate. Calcareous-terrigenous
magmatic complexes. The metallogenic processes are marked (Stakevo Formation) and terrigenous-volcanogenic (Rayanovo
mostly by the formation of iron, lead-zinc, gold, uranium and Formation) Lower Carboniferous (?) sediments were noted
other deposits related to the evolution of the magmatic (Haydutov et al., 1979; XaitnyToB 1 ap., 1995a, b; Angelov et
structures. al., 2010, etc.). The Ordovician - Lower Carboniferous

complexes in SW Bulgaria are in green schist facies, and the

terrigenous meta-rocks with meta-gabbro-dolerite

Geolo intercalations predominate (Zagorcheyv, et al., 2015; Marinova
gy etal., 2008).

The Hercynian collisional stage covers the time from the
Ordovician to the Lower Carboniferous, when the sedimentary
or volcano-sedimentary rocks, Stara Planina grandiorite-
granite and Stara Planina potassium-alkaline complexes and
the associating mineral deposits were formed (Fig. 1). The pre-
collisional basement consists of Neoproterozoic ophiolite
(ultramafite, gabbro, cumulates, dikes and pillow lava), high
grade metamorphites as well as by Neoproterozoic — Cambrian
low grade metamorphic rocks, as green schist, marble, meta- . . . . .
diabgse, tuff metg-gabbro fo r%eta-granitoid and others plutons, which are found in SW Bulgaria (Kraishte region) and

(Haydutov et al., 1979; XaiayTos u ap., 2012; Marinova et al. are intruded along NNW structures, belong to the same
2008: Zagorche\’/ ot al 2015, etc). ’ ’ ’ complex. The petrography of these rocks was studied by

numerous authors (OQumutpos, 1946; benes, 1960; [paros,
1961; Bytos, 1962; [Oumutpoea u ap., 1964; YyHes, 1967;

The Stara Planina granodiorite-granite complex (XaigyToB u
ap., 1995a,b) is represented by subequatorial series of plutons
in Western and Central Stara Planina Mountain. They are
compounded by hypabyssal granodiorite and granite, rarely
diorite and gabbro. The Belogradchik, Rayanovtsi, Sveti
Nikola, Kopilovtsi (Kopren), Petrohan (Berkovitsa), Mezdra,
Rzhana, Etropole, Vezhen, Karlovo, Tvarditsa and other
smaller plutons are determined. The Lyutskan and Ruy
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Kyikun u gp., 1971; UeaHos u gp., 1974; Kamenov et al,.
2002; Dyulgerov et al., 2006, 2010a; Marinova et al., 2008,
etc.). On the basis of the rare elements ratios Kamenov et al.
(2002) define these rocks as calc-alkaline to high potassium
calc-alkaling, and of island-arc type. Furthermore, Dyulgerov et
al. (2010a) show that the rocks have crustal-mantle origin with
predominant crustal component. The calc-alkaline plutons cut
the Old Paleozoic rocks and are covered by the Upper
Carboniferous sediments, which mark their Upper Devonian —
Lower Carboniferous age (XaigytoB u gp., 1995a,b). The
absolute age data (360-314 Ma) of these rocks confirm this
conclusion (Amov et al., 1981; Kamenov et al., 2002; Carrigan
et al., 2005; Peytcheva et al., 2006; Dyulgerov et al., 2006;
Nedialkov et al., 2007, etc.)

The Stara Planina potassium-alkaline complex (XaingyTos
ap., 1995a,b) is represented by the Seslavtsi and Svidnya
plutons and small bodies in Shipka Mountain. Syenite, quartz-
syenite, monzonite, gabbro-syenite, ultramafic cumulates and
dykes from micro-syenite, granite porphyry, syenite porphyry,
lamprophyre are determined (Qumutpos, 1946; Angelov et al.,
2010; Dyulgerov, 2011). The complex includes the described
by Popov et al. (1988) Zverino volcano-plutonic structure
(trachyandesite, trachybasalt, monzodiorite porphyrite, granite

porphyry, syenite porphyry, quartz-syenite), the volcanic rocks
in Belogradchik area (XaigyTos v gp., 1995b), the Proboynitsa
pluton (granosyenite, quartz-syenite, shonkinite) (Marinov,
1995), Prokop pluton (monzodiorite) (Marinov, 1982) and small
plutonic bodies and dykes (granosyenite, alkaline quartz
syenite and shonkinite), together with potassium metasomatic
alterations over the older rocks (Marinov, 1995). The rocks are
related to metamorphosed, enriched mantle source
(Dyulgerov, 2011; Dyulgerov and Platevoet, 2013). They are
intruded in different Paleozoic rocks, including the calc-alkaline
plutons, and are overlaid by the Upper Carboniferous
sediments (TeH4oB n AHes, 1963; Popov et al., 1988; INonos
Monoga, 1990; XaigyToB w Ap., 1995a,b, etc.). This marks
their Lower Carboniferous age, which is confirmed by the
absolute age determinations (350 — 303 Ma) (Dyulgerov et al.,
2010b).

The collisional stage is characterized by development of fold
and fault structures. The antiform positions of the rock
complexes are delineated, as Caledonian and Neoproterozoic
units are outcropped within them. Small fold structures are
noted, most often with subequatorial to east-southeastern
direction, as the planar and linear structural elements mark
three to four deformations (Angelov et al., 2010).
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Fig. 1. Metallogenic scheme of Bulgaria for the Hercynian collisional stage from the Neoproterozoic - Hercynian epoch.

1 - Post-Paleozoic rocks; 2 — Upper Devonian-Lower Carboniferous Stara Planina potassium-alkaline Complex; 3 — Upper Devonian-Lower Carboniferous sub-
alkaline volcanic rocks; 4 — Upper Devonian-Lower Carboniferous Stara Planina granodiorite-granite Complex; 5 — Ordovician-Lower Carboniferous sediments; 6 —
Neoproterozoic and Cambrian metamorphic rocks; 7-8 — Metallogenic zones: 7 — Berkovitsa-Shipka (BSZ), 8 — Stara Planina (SPZ); 9 - Ore regions (BR -
Berkovitsa, SV - Svoge, TR - Tran); 10 — Ore fields (a — Chiprovtsi, b — Gorni Lom, ¢ — Pesochnitsa, d — Lyutskan, e — Ruy, f - Buhovo, g — Proboynitsa, h - Kurilo, i
- Zverino, j — Shipka); Ore deposits and occurrences by type: (11-12 scarn) 11 —iron, 12 — uranium-bearing molybdenum-tungsten, (13-23 — hydrothermal) 13 - iron
vein, 14 — molybdenum, 15 — copper-pyrite massive sulfide, 16 — copper vein, 17 — lead-zinc, 18 — polymetallic, 19 — gold polymetallic, 20 — uranium, 21 - gold, 22 —

barite, 23 — fluorite stratiform;

Ore deposits and occurrences by numbers on the map: 1 — Martinovo, 2 — Chiprovtsi, 3 — Lukina Padina, 4 — Martinovo-2, 5 — Gorni Lom, 6 — Byala Voda, 7 -
Pesochnitsa, 8 — Pesochnitsa-2, 9 — Bov, 10 — Hristo Danovo, 11 — Kobilya, 12 — Kazanite, 13 - Zlata, 14 - Yamka, 15 — Krushev Dol-2, 16 — Krastato Darvo, 17 -
Busintsi, 18 - Beli Bryag, 19 — Lomnitsa-1, 20 — Zelenigrad, 21 — Logo, 22 — Nadezhda, 23 — Zlogosh, 24 — Seslavtsi, 25 — Goten, 26 — Chora, 27 - Borcha, 28 -
Chamilov Kamak, 29 - Proboynitsa, 30 — Kurilo, 31 — Ignatitsa, 32 — Levishte, 33 — Gabrovnitsa, 34 - Prekop, 35 — Bedek, 36 — Shiroka Polyana.
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Metallogeny

The metallogenic processes, related to Hercynian collisional
events, are determined mainly by the evolution of the calc-
alkaline and potassium-alkaline magmatic complexes. Series
of different ore deposits, described by KoctoB (1949),
Hukonae n Towes (1964), Lparos, (1960, 1971, Dimitrov
(1964), Oumutposa u ap. (1964), Oparos n ObpeteHos (1974),
Croitkos (1976), ToHes,(1980), Atanacos u [Masnos (1982),
Popov et al. (1988), Munes u gp., (2007), etc., are formed as a
result of these processes.

In the general metallogenic analysis of the Bulgarian territory
Mosues (1960), Munes u BoraaHos (1974) and [umutpos
(1988) noted part of the studied Paleozoic deposits, connected
to the Hercynian or Caledonian (?) magmatism, in the frame of
the Balkan or West Balkan Metallogenic Zone. However, this
zone is formed during the Alpine tectonogenesis, with typical
Alpine ore mineralizations. The described ores, related to the
Paleozoic magmatism, are formed as a result of earlier
tectonomagmatic processes and are included in other
metallogenic units.

The modern methods of the metallogenic analysis are based
on paleo-tectonic principle. Thereby, within the Neoproterozoic
— Hercynian geotectonic cycle is differentiated the Hercynian
collisional stage. It is characterized by the calc-alkaline and
potassium-alkaline hypabyssal magmatic complexes, which
determine the positions of the Stara Planina and Berkovitsa-
Shipka Metallogenic Zones respectively (Fig. 1).

The Stara Planina Metallogenic Zone is determined by the
plutons from the Stara Planina granodiorite-granite complex
and the ore deposits connected with them. Skarn iron and
hydrothermal lead-zinc, gold, copper, fluorite and smaller
polymetallic, gold-polymetallic, molybdenum, barite, iron and
other ores are found. The ore formation associates with
metasomatic alterations represented by Ca-skarn around the
contacts with marbles, as well as with the distinct silification
accompanied by sericitization, epidotization, carbonatization,
etc. The ore bodies are lens-like, bedding, irregular, columnar,
and nest-like in the marble beds or veins and share zones in
the fault structures cutting the different rocks. Depending on
the ore type, the main ore minerals are magnetite, galena,
native gold, chalcopyrite, fluorite, pitchblende, molybdenite.
The Berkovitsa and Tran Ore Regions and individual ore
manifestations are differentiated (Table 1).

The Berkovitsa Ore Region is controlled by the Sveti
Nikola, Mezdra, Petrohan and some smaller plutons. They are
intruded in Neoproterozoic ophiolite, Neoproterozoic -
Cambrian green schist, volcano-sedimentary and metaplutonic
rocks and Ordovician — Lower Carboniferous sediments. The
Chiprovtsi, Gorni Lom and Pesochnitsa Ore Fields are
distinguished.

The Gorni Lom Ore Field (S from the town of Belogradchik)
is marked by the copper-pyrite massive sulfide Gorni Lom
deposit and series of ore occurrences (Hukonaes u ToHes,
1964; [iparoe, 1971). They are represented by complicated ore
veins in faults along the pluton’s contacts.
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The Chiprovtsi Ore Field is developed SW from the Sveti
Nikola pluton, in Neoproterozoic — Cambrian rocks. The
Martinovo skarn iron deposit, the hydrothermal Chiprovtsi lead-
zinc (Fig. 2) and Lukina Padina fluorite deposits, and barite,
lead-zinc and copper ore occurrences are traced
consecutively. The ore is developed in a zone of boudinaged
marble (Hukonaes u ToHes, 1964; Dimitrov, 1964; [paros u
OBperteHoB, 1974; AtaHacos u NaBnos, 1982).

The Pesochnitsa Ore Field (NW from the town of Berkovitsa)
is connected to the Mezdrea pluton. The skarn iron
Pesochnitsa-1 (Drena) ore occurrence, the hydrothermal
copper Pesochnitsa-2 (Bistrovets) ore occurrence, efc., are
localized in its contacts with the Paleozoic marble
(Cramboncku, 1961d).

The Bov-2, Kobilya, Hristo Danovo and Kazanita
molybdenum ore occurrences are individually formed, outside
the ore fields.

The Tran Ore Region (W Bulgaria) is determined by the
Ruy and Lyutskan plutons, intruded in the high grade
metamorphic rocks and in the green schist, metadiabase, tuff
and gabbro. The Lyutskan and Ruy Ore Fields and the
separate Zlogosh ore occurrence are distinguished.

The Lyutskan Ore Field (W from the town of Tran) (Fig. 2) is
controlled by the Lyutskan pluton. The Zlata, Yamka, Krushev
Dol and Krastato Dere gold deposits and numerous ore
occurrences are found. They are represented by quartz-sulfide
ore veins within NNE faults cutting the granitoid and
metamorphic rocks (Oparos, 1960; Munes u gp., 2007). The
Beli Bryag and Vodopada uranium ore occurrences are also
noted (Ctorikos, 1976).

The Ruy Ore Field (NW from the town of Tran) is determined
by the ores related to the Ruy pluton. The Ruy, Lomnitsa-1,
Zabel, Zelenigrad polymetallic and Logo and Nadezhda gold-
polymetallic ore occurrences are found. They are represented
by quartz-sulfide ore veins or brecciated zones ([QumuTpos,
2007 ).

The Zlogosh gold ore occurrence (NNW from the town of
Kyustendil) is marked by quartz-sulfide veins, concordant to or
intersecting the foliation (Munes u gp., 2007).

The Berkovitsa-Shipka Metallogenic Zone is controlled by
the magmatic bodies from the Stara Planina potassium-
alkaline complex and the associated ore deposits. It covers
Western Stara Planina Mountain, between the towns of
Belogradchik and Shipka. Considerable uranium deposits and
tungsten, copper, polymetallic and rare earth mineralizations
are found. The host rocks are represented by alkaline plutons,
older granitoids and different Paleozoic schists and marbles. In
the individual areas they associate with metasomatic
alterations as silicification, sericitization, berezitization,
greizenization, albitization, K-feldspatization, low temperature
Na-metasomatites, etc., and with Ca-skarns in some places.
The ore bodies were formed along the contacts between the
plutons and host rocks or in faults, often complicated in
structure. The ore formation was favored by the host marbles
and schists. Lens-like, nests, stockwerks, columnar, vein and
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Table 1.

Characteristics of the Hercynian collisional ore deposits in Bulgaria

Ore Ore Field | Deposit, Main Secondary of importance and | Structural | Ore bodies, | Host rocks Metasomatic
Region Ore occurrence minerals rare minerals position morpholog alterations
y
STARA PLANINA METALLOGENIC ZONE
Berkovitsa | Chiprovtsi | Martinovo (Fe) magnetite pyrrotine, chalcopyrite, sphalerite, | granitoid- lens-like, ophiolite - Pt; Ca-skarns (biotite,
Ore Ore Field galena, n. gold, bismutite, joseit, | marble pipe-like, greenschists, amphibole, garnet,
Region petzite n. bismuth, electrum, contact nest-like, marble, diabase, | pyroxene) epidote,
irregular tuff - Pt-Pzs; quarz, titanite,
granitoide - Pzz | calcite
Chiprovtsi, galena (+Ag) | sphalerite, chalcopyrite, pyrite, marble columnar, silicification,
Zhelezna, arsenopyrite, markasite, pipe-like, chloritization,
Chervenata Skala tetrahedrite, bournonite, vein-like, carbonatization
(Pb, Ag) boulangerite, polybasite, nest-like
pyrargyrite, stephanite,
pyrostilpnite, n. silver, n. gold
Lukina Padina (F) | fluorite quarz, calcite, barite, ankerite, marble lens-like
cinabar, pyrite, galena, sphalerite,
etc.
Martinovo 2 (Ba) barite ferrodolomite, quarz, ankerite, fault veins
calcite, galena, tetrahedrite,
chalcopyrite
Yavorova Glava, chalcopyrite, | galena, sphalerite, pyrite, marble, fault | lenses,
Martinovo-N, Ostra | tetrahedrite | antimonite, n. silver, Pb-Sb, Cu~ veins
Chuka, (Cu) Pb-Sb sulfosalt
Gorni Lom | Gorni Lom, Byala pyrite, magnetite, hematite, pyrrotine, fault zone share zone silicification,
Ore Field Voda, Gorni Lom-S, | chalcopyrite | sphalerite, galena carbonatization,
Rakov Vrah, epidotization,
Lumparitsa (Cu) albitization,
sericitization
Pesochnits | Pesochnitsa-1 magnetite, chalcopyrite contact lens-like, greenschist, Ca-skarns -
a Ore Field | (Drena) (Fe) hematite granitoid - irregular marble Pt-Pz; | garnet, epidote,
Pesochnitsa-2 chalcopyrite, marble granitoid calcitt_e, quarz,
(Bistrovets) (Cu) chalcocite amphibole,
chlorite;
silicification
Individual | Bov, Hr. Danovo, molybdenite, | pyrrotine, arsenopyrite, fault veins granitoid, silicification,
occurrence | Kobilya, Kazanite pyrite chalcopyrite metamorphite sericitization
S (Mo)
Tran Ore | Lyutskan Zlata, Yamka, Erul | pyrite, n. scheelite, uraninite schapbachite, | fault veins, granitoid - Pz> | sericitization,
Region Ore Field | Krushev Dol, gold; n. silver, pitchblende, wolframite, share zone | metamorphite, | silicification,
Krastato Darvo, chalcopyrite, galena, tetrahedrite, gabbro - Pt-Pz1 | carbonatization
Busintsi, (Au); Beli | pitchblende | sphalerite, molybdenite
Bryag, Vodopada
L)
Ruy Ore Ruy, Lomnitsa-1, pyrite (Au), | sphalerite, hematite, scheelite faults veins granitoid;
Field Zabel, Zelenigrad | galena, greenschist, tuff,
(Pb Zn Cu Au); chalcopyrite metadiabase
Logo, Nadezhda Au | (Au)
(Pb Zn Cu)
Individual | Zlogosh Au (Pb Zn | pyrite, n. arsenopyrite, magnetite, galenite, | faults veins granitoid
occurrence | Cu) gold sphalerite, chalcopyrite greenschist
BERKOVITSA - SHIPKA METALLOGENIC ZONE
Svoge Buhovo Ore | Seslavtsi 1, 2, 3, pitchblende | pyrite, chalcopyrite, tennantite, contact lens-like, monzonite, quartz-
Ore Field Goten, Chora, galena, sphalerite, nickeline, syenite - nest-like, syenite Pz,; sericitization,
Region Borcha, Chamilov gersdorffite, millerite, black shale | pipe-like, black shale Pzs; | beresitization
Kamak (U) rammelsbergite, bravoite, vein-like,
arsenopyrite, hematite, stockwerk
Proboynitsa | Proboynitsa, Byalo | pitchblende | chalcopyrite, pyrite, hematite, faults nest-like, greenschist; greisenization,
Ore Field | Gabare (U) galena, bornite, sphalerite, lens-like, granitoid; K-alc | albitization,
arsenopyrite, covellite, veins, syenite, silicification, Na
molybdenite, stibnite, markasite, columnar, | shonkinite low t°
stockwerk metasomatites
hydromicatizaiton
Kurilo Ore | Kurilo, Katina 1,2, | pitchblende | chalcopyrite, barite, calcite faults vein-like, terrigenous
Field Tayna (U) stockwerk | sediments (Pzs-
q)
Zverino Ignatitsa, Levishte | pyrite, arsenopyrite, markasite, fault zones | veinlet- montzodiorite, | K-feldsparisation,
mineralized | (Cu) chalcopyrite, | hematite, titanomagnetite, disseminate | shonkinite, secondary
area pyrrotine d syenite, granite, | quartzite,
Gabrovnitsa (Pb Zn | pyrite, tennantite, pyrrotine, hematite, Pz; propylitization,
Cu) galena, iimenitite, bornite sericitization,
sphalerite, kaolinization,
chalcopyrite
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Ore Ore Field | Deposit, Main Secondary of importance and | Structural | Ore bodies, | Host rocks Metasomatic
Region Ore occurrence minerals rare minerals position morpholog alterations
y
Individual | Prekop (W, Mo, U) | molybdenite | scheelite, uraninite contact lens-like, montzodiorite Ca-skarns
occurrence marble — irregular (andradite,
montzo- diopside,
diorite hedenbergite)
Shipka Bedek, Shiroka magnetite, | hematite, pyrite concordant | share zone, | greenschist Pzs;
mineralized | Polyana, Tsiganski fault zones, | vein-like syenite Pz,;
area Ushetsi, Solta, (Fe) faults

sSsw NNE

y'vvvv\,:"z /’ 14
3
e .

Fig. 2. Ore deposits: a) Martinovo; b) Chiprovtsi; c) Seslavtsi; d) Proboynitsa (plane of the central part); ) Lyutskan Ore Field.

1 - Quaternary sediments; 2 — Priabonian — Oligocene volcanic rocks; 3 — Mesozoic sediments; 4 — Upper Carboniferous and Permian sediments; 5 — Lower
Carboniferous K-alkaline pluton; 6 — Devonian — Lower Carboniferous granitoid; 7 — Silurian black shale; Neoproterozoic-Cambrian rocks (8-11): 8 — marble, 9 — green
shale, 10 — Struma diorite and gabbro, 11 - high grade metamorphic rocks; 12 — ore bodies; 13 — Lower Carboniferous K-alkaline dyke; 14 - gold vein; 15 — uranium
ore vein, 16 — fault and brecciated zone.
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share zone types of ore bodies are observed. The main ore
mineral in the uranium ores is nasturan (pitchblende), and in
the other ores are molybdenite, magnetite, galena, sphalerite,
and chalcopyrite. The Svoge Ore Region and some small
individual ~ tungsten-molybdenum  mineralizations  are
differentiated (Table 1).

The Svoge Ore Region is defined by the development of
Seslavtsi, Svidnya and Proboynitsa intrusives, Zverino
volcano-plutonic structure and smaller bodies and dikes. The
Buhovo, Proboynitsa and Kurilo Ore Fields and the Zverino
mineralized area are distinguished. Rare earth and uranium
mineralizations in the Svidnya pluton are also found, west of
the town of Svoge.

The Buhovo Ore Field (NE from Sofia City) is controlled by
the Seslavtsi pluton. The Seslavtsi 1, 2, 3 (Fig. 2), Goten,
Chora, Borcha and Chamilov Kamak uranium deposits are
found here (Croitkos, 1976; ToHes, 1980). The ore is formed
along the northern and eastern contacts of the pluton with
Paleozoic, predominantly Silurian rocks, in association with a
fault system.

The Proboynitsa Ore Field (in the area of Bov and Lakatnik
villages) is related to the homonymous pluton. The Proboynitsa
uranium deposit (Fig. 2) and several ore occurrences are found
(Cromkos, 1976; [paromaHoB u gp., 1995¢). The ore is
developed in complicated fault structure, which cut the pluton
and the Paleozoic metamorphic rocks.

The Kurilo Ore Field (NE from Sofia City) is controlled by
small bodies of K-alkaline rocks intruded in Paleozoic
terrigenous sediments. The Kurilo uranium deposit and several
ore occurrences are found. The ore mineralization is
developed in the cutting areas between sub-equatorial and
northeastern faults (Croiikos, 1976; [paromaHoB u Ap.,
1995¢h).
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FIELD OBSERVATION OF THE BURIED WEATHERING CRUST IN THE OSHTAVA
GRABEN (SOUTHWESTERN BULGARIA)

Ivan Dimitrov', Valentina Nikolova', luli Paskov?

1 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; idim68@abv.bg
2GLAVBOLGARSTROI, 3-5 Str. Damyanitsa, 1619, Sofia,

ABSTRACT. Geological and geomorphological features of the area of Oshtava graben (southwestern Bulgaria) are presented in the paper. The area is characterized
by fault tectonics and the predominant basement rocks are granites. In the current research special attention is paid to the weathering crust which is covered by
Neogene sediments. This deep weathering is related to the subtropical conditions in the late Neogene. The weathering crust is preserved under the clastic sediments,
formed as a result of the deep erosion. The accumulation of these clastic materials is connected to the Messinian salinity crisis in late Neogene when changes in local
and regional erosion bases (Aegean Sea level) led to the deep river incision, followed by areal erosion and deposition. Buried under these sediments the rocks of the
denudation surfaces weathered chemically but without washing and removal of the weathering products, which continue to accumulate under the clastic formations.
The aim of the current paper is to direct the attention of researchers and experts to the deep weathering in Southwest Bulgaria, which has not been investigated in
detail until now. The topicality of the research is determined by the significance of the buried weathering crust and the impact that it could have on the environmental
processes and infrastructure.

Keywords: weathering crust, granite, Oshtava graben

NONEBN W3CNEOBAHUA HA NOrPEBAHATA W3BETPUTENMHA KOPA OT OLWABCKWA TPABEH (HOFrO3AMAQHA
BBINrAPUA)

Wean Jumumpoe’, BanenmuHra Hukonoea’, Onuii Mackos?

" MurHo-2eonoxku yHugepcumem “Cs. Mgan Puncku”, 1700 Cogpus; idim68@abv.bg

2[JIABEOJITAPCTPOW, yn. famsHuua 3-5, 1619, Cocpust

PE3IOME. B cratusta ca NpefcTaBeHW reonoxku 1 reomopgonoxkn ocobeHoctu Ha paitoHa Ha Owasckus rpabeiH (tOrosanagHa Bbnrapus). PaitoHbT ce
XapakTepuaupa C pasnomMHa TEKTOHWKa, a npeobrajaBaluuTe KOPEHHW CKanu ca rpaHuTU. B HacTOSWOTO u3cneaBaHe e ofbpHaTO CMeuManHo BHUMaHWE Ha
W3BETPUTENHATA KOpa, NOKPUTA C HEOTEHCKM CeaMMEHTY. [IbNGOKOTO U3BETPSIHE € CBbP3aHO CbC CYGTPONMYHUTE YCIOBUS B KbCHUS HeoreH. /3BeTpuTeHaTa kopa e
3anaseHa noj KnacTuyHUTE CeanuMeHTH, obpasyBaHu B pesynTaT Ha Abnboka eposusi. HaTpynBaHeTo Ha Tean KnacTWYHU MaTepuani e CBbp3aHo ¢ MecuHckata
Kpu3a npe3 KbCHUs HeoreH, korato NpoMeHUTe B MECTHUTE W PETMOHANHNUTE epo3noHHK 6asu (HMBOTO Ha Erelicko Mope) BOASAT A0 AbnBGOKO BPsi3BaHe Ha pekuTe,
nocnesBaHo OT NNoWHa epo3ust W KNacTMYHO CceauMeHTooTnaraHe. MorpeGaHu NoA Teau CeAuMEHTU, CKAnuTe, W3rpaxpaliy [eHyAaLUMOHHUTE MOBbPXHUHM,
U3BETPAT XMMUYECKM, HO 683 OTMMBAHE W OTHACAHE Ha U3BETPUTENHUTE NPOAYKTH, KOWUTO MPOLbIKABAT fja Ce HAaTPYNBaT Nog KnacTuyHuTe obpasysaHus. Lienta Ha
HacTosiaTa CTaTusi € 1a Haco4M BHUMAHWETO Ha M3CefoBaTeENM U eKCepTU KbM AbrOOKoTo M3BeTpsiHe B HOrosanapHa Bbnrapus, koeTo 40 MOMEHTa He e
noapoGHO M3cneaBaHo. AKTyanHocTTa Ha TemaTukata e oBycroBeHa OT 3HAYMMOCTTA Ha M3BETPUTENHATA kopa W Bb3AEWCTBMETO, KOETO T OKa3Ba, BbPXY
WHpaCTpyKTypaTa.

KniouoBu gymu: nssetputenHa kopa, rpaHuti, Oiascku rpabex

Introduction Glomar Challenger. The culmination of the crises led to
desiccation of the Mediterranean that took place about 5.5 Ma
At the beginning of the Cenozoic a circum-equatorial sea ago. Such a catastrophic event had a great impact on the
current existed that spanned the entire Earth. It flowed landscape of the entire region. The lowering of the base-level
unimpeded through the Tethys Sea and warmed the planet. As of erosion led to deep incision of rivers that drained in the
the continents continued to separate, the Tethys Sea gradually Mediterranean. Deep Messinian canyons are recorded
closed, cutting off the circum-equatorial currents (Bryden and throughout the region. It also led to unusually active Late
Kinder, 1991). It cooled the Earth as the cooling culminated in Miocene groundwater movement and Karstification. The
the ice ages. These events shifted significantly the global sea climate became drier and cooler. This was a change from the
level. The isolation of the Mediterranean from the world ocean, generally warmer climate of the Neogen.
happened in the Burdigalian (20-15 Ma) but the most
pronounced climatic event happened 7-5 million years ago and In this paper, the effects of the late Neogene erosion and
is known as the Messinian Salinity Crisis (MSC), also referred deposition in part of Southwest Bulgaria are discussed. The
to as the Messinian Event (Hsii et al., 1977). This event was aim is to direct the attention of researchers and experts to the
first discovered in 1970 by drilling on a number of localities in deep weathering in the Southwest Bulgaria, which has not
the Mediterranean of several hundreds of meters of salts by been investigated in detail until now. The paper has been
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elaborated on the basis of field observation and literature
review.

Study area

The area of study of the current research is located in
southwestern Bulgaria and is part of the western slopes
(foothills) of Pirin mountain (Fig. 1). It is situated into a regional
tectonomorphologic domain known as the Struma lineament
(3aropues, 1988). The area comprises a series of tectonic
troughs named: Blagoevgrad graben, Simitli graben and
Sandanski graben. The orientation of this chain of troughs is
NNW — SSE. They are constrained by the Vlahinski, Verilski,
Ograzhdenski and Belasishki elevated blocks to the west, and
to the east they border the mountains Rila and Pirin. The time
of initiation of this linear structure cannot be accurately defined
but it dates back at least to the beginning of the Eocene.
Although the troughs are constrained by faults, the evolution of
the lineaments could be related to the global climatic events
too.

During the Neogene, until the beginning of the Quaternary
temperature drop, the region of the present southwestern
Bulgaria was affected by subtropical climatic conditions. The
global climatic changes in the late Neogene, related to the
drying of Mediterranean Sea (MSC) shifted the erosional
bases of the rivers, which combined with tectonic reasons,
resulted in deep areal erosion and deposition of coarse clastic
sediments in Messinian time. Buried under these sediments
the granites and metamorphic rocks of the denudation surfaces
continued to weather chemically but without washing and
removal of the weathering products, which continued to
accumulate under the clastic formations. During the
Quaternary the main river acquired its present valley and the
flows from west and east cut and partially removed the late
Neogene sediment cover, although parts of it are still on place.
The sediments of the Struma lineament recorded the change
of the rivers erosional bases. Very distinctive rock formations
were deposited in the lineament area during the Messinian
time. These formations known as Kalimantsi and Sandanski
Formations (Kojumdijgieva et al., 1982) have been dated and it
appears that their deposition corresponds to the time of the
deepest erosional incision of the rivers flowing towards the
Aegean Sea (Zagorchev, 2002). In the time span 7-5 million
years ago very fast and deep erosion and deposition, and
subtropical weathering, happened in the troughs of the Struma
lineament. The clastic rocks are locally derived, poorly sorted
and usually very coarse. They covered denudation -
accumulation surface carved over variegated fundament.

Geological settings

Extends of the Oshtava graben

In the Bulgarian literature (3aropuyeB u Mapunoa, 1990,
1993) the Sandanski graben is shown as containing two
dissimilar parts. The northern part is an elevated terrace at the
western slopes of Pirin Mountain that has fundament of
granites and metamorphic rocks. This part comprises a hilly
terrain, east of the Kresna gorge, and separated from the
gorge by an elevated ridge (Figures 1 and 2). The southern
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part of the Sandanski graben, south of Kresna, comprises a
wide fluvial plane of the river Struma.
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Fig. 1. Location of the area of study with colored representation of the
topographic elevation.

Features of the northern part of the graben will be discussed
in the paper. The difference between the northern and
southern part is that the northern part is considerably elevated
compared to the southern one and it seems to reflect different
geologic evolution. Most of all it contains evidence of a river
flow, presumably the predecessor of river Struma, that flowed
easterly, and on elevated level, compared to the present
position of the river in the Kresna gorge. This older river we call
Paleo-Struma in accordance with other authors (f.e. Ivanov,
Bozukov, 2017). The area east of the Kresna gorge is best
described with the name of Oshtava graben, rather than
naming it as Sandanski graben.

The generalized geomorphic situation of the Oshtava graben
(or Oshtava area of the Sandanski graben) is shown on
Figures 2 and 3. North of the village of Brezhani it borders the
Oranovo-Simitli graben and south of Kresna it passes into the
wider fluvial plane of Struma. Both the northern and the
southern border domain are lower in hypsometric sense and
lacking the ridge of fencing hills from west, thus the area of the
Oshtava graben can be examined as an elevated older terrace
compared to the northern and southern domains.

Judging from the coarse clastic sedimentary rock, that once
covered it completely, the Oshtava graben was fluvial valley
between the Messinian and the beginning of the Quaternary
but remained as an elevated terrace after river Struma
acquired it present valley in the Kresna gorge.
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Fig. 2. Morphological features of the terrain east of the Kresna gorge, between the settlements of Brezhani and Kresna.

From west to east, zones elongated in north-south direction are recognized and named as: Kresna gorge, fencing hills, paleodislocation; denudation plane, and
mountain slope. The paleodislocation is a deep, and relatively straight valley of fault predisposition that is interpreted as the valley of the predecessor or the river
Struma. The fencing hills, paleodislocation and the denudation plane are transected by the present tributaries of the river Struma. The depression between the fencing
hills and the mountain slope can be discerned also on the slope map shown on Figure 3.
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Fig. 3. Slope map of the terraineast of the Kresna gorge, between the
settlements of Brezhani and Kresna

53

Rock formations in the Oshtava graben

The following rock formations outcrop in the Oshtava graben:
1. Predela metamorphic complex of inferred neoproterozoic
age (MunosaHoB u ap., 2008, 2009). It comprises tectonically
inserted sleeve of various iron-rich metamorphics in
amphibolite facies;
2. Maleshevska metamorphic complex, comprising mostly
sialic rocks - gneisses and schists, injected with anatectic
melts;
3. Cranites of the North Pirin pluton. The dating of these
granites by Bosmkves u Jlunos (1971, 1976) yielded 30-41
Ma. Age of 92 +/- 22 Ma was accepted for the national
geological map of Bulgaria (3aropueB n Mapuroea, 1993). Age
of 32.99 +/- 0.39 Ma was accepted for the national geological
map in scale 1:50 000 (MunosaHos u ap. 2008, 2009).
4. Sandanski Formaton (Kojumdgieva et al., 1982) that
contains sandstones, alevrolites, sandy clays, grits and
conglomerates of the Late Miocene - Meotian to Pontian
regiostages. These regiostages from the Central Paratethys
domain correspond to the Messinian and Zanclean of the ISC
stage division (Gozhyc, et al., 2015), spanning between 7.2
and 3.6 Ma.
5. Kalimantsi Formation (Kojumdgieva et al., 1982),
comprising very coarse conglomerates with various proportions
of pebble, cobble and boulder fragments in sandy matrix and
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Meotian, Pontian and Dacian fauna. It has rich assemblage of
giraffes’ remains of late Miocene age (Geraads et al., 2005).

6.  Alluvial deposits of Quaternary age are found only in the
valley of river Struma and in narrow river terraces in the area.

The granites covered with discontinuous cover of the
Kalimantsi Formation are the most widespread in Oshtava
graben. Small exposures of boulder conglomerates and
sandstones reveal that the entire area of the Oshtava graben
was covered by Late Neogene clastic rocks.

Fault network

Three fault orientations dominate in the region. These are N-
S, NW-SE and NE-SW. The N-S faults seem to be older than
the rest. They control the boundaries of the sedimentary basins
and the flow of the larger rivers prior to the Quaternary. At
present, they are intersected and locally displaced by the
active NE-SW faults. The entire length of the Oshtava graben
is controlled by the splays of one such fault. It controlled the
river flow of the predecessor of Struma and was sealed by
coarse clastic sediments of the Kalimantsi Formation. Wedges
of conglomerate still exist on several places in its valley.

The Quaternary rivers following the NE-SW faults, such as
Mechkulska, Oshtavska, Krivodiska, Vlahinska and Solunska
transected the older N-S valleys, partially removing their clastic
infilling (Fig. 4).

s Granite
Granite

A —

T \
P Conglomera}g/

p—
——

Fig. 4. Junction of the Paleo-Struma valley of Neogene age, striking N-S
and Vlahinska river valley, of Quaternary age, striking E-W.

The Vlahinska valley displaces Paleo-Struma at least 250 m to east (eft on the
picture). At the junction, in front on the picture, a sleeve of Kalimantsi
Formation is exposed in the old valley that is partially eroded by the river
Vlahinska

Geomorphological settings

In the unpublished geological reports (KoctraguHos v gp.,
1968) for the region are recognised 7 erosion-denudation
levels, 2 levels of floodplains and 6 upper river terraces. The
average height of the planation surface on Figure 2 varies
between 600 and 800 meters a.s.l. and the heights of the
fencing hills, that separate it from the Kresna gorge, are also
between 600 and 800 meters a.s.l., however, because the
planation surface is inclined to the west, the fencing hills stand
higher compared to it. The planation surface and the fencing
hills have some flat tops at different levels, which imply that

54

they represent different erosional levels related to the different
position of the local erosional base but the Quaternary erosion
and likely tectonic denivelation complicate their differentiation.

Paleotopography and water flow

Since the Neogene topographic features are partially buried
by clastic rocks, the water follows a complicated path in the
Oshtava graben. Surface waters are drained by the N-S
valleys and are driven under the Neogen sediments, where
they run as subsurface flows until they discharge into the E-W
valleys of the Quaternary streams. Thus, the fault network,
combined with the barrages of still uneroded Late Neogene
sediments deposits in the N-S trending fault valleys, creates
two distinct water pathways: hidden subsurface pathway from
north to south and visible surface pathway from east to west.

Quantification of the weathering crust

There is stark contrast between the degree of weathering of
the granites in the Quaternary Kresna gorge, where the
granites are virtually fresh, and those in the region to the east
of the fencing hills, where granites are deeply weathered. This
can be explained with the fact that the weathering products
that formed in dry subtropical conditions, were trapped under
the Neogene sediments without the opportunity for washing
and removal. Under the sedimentary cover there was abundant
supply of water, so the weathering has continued until present
day. In contrast, in the Kresna gorge all weathering products
are immediately washed out.

Given that the Oshtava graben was formed predominantly on
granitic basement, the ISRM (International Society for Rock
Mechanics) chart (Fig. 5) is used for quantitative description of
the weathering.

WEATHERING PROFILE

Fig. 5. Chart of weathering staged after ISRM (1978).

All six weathering stages can be found in the area of study
and the only thing that varies is the thickness of the layers. The
variation is due to: 1. geomorphological position of the outcrop,
which is: valley bottom, slope, wide or narrow hilltop; 2. time of
removal of the clastic cover, and 2. the tectonic predisposition
of rocks, as the faulted rocks weather much deeper.

In general, wide and flat surfaces have thicker crust of class
W5 and W4 and the weathering of classes W3 and W4
reaches much deeper. In the vicinity of fault zones weathering
of class W4 was found in boreholes at depths of 90m and
beyond. In the slopes of the N-S trending valleys, where the



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part |, Geology and Geophysics, 2018

Neogene cover was recently stripped the weathering crust is
much thicker than in the slopes of the Quaternary streams
flowing from east to west.

The Kalimantsi Formation in the area was locally derived and
it contains boulders of granite, included in sandy matrix, which
was also derived from granite, so sometimes it is difficult to
distinguish it from the spherically weathered granite. For this
purpose a field test can be used using steal tipped hand tool
like hammer or mattock. It was found that the steel tool cannot
penetrate in spherically weathered granite (Fig. 6) for more
than 1-2 cm, while is can penetrate in the matrix of Kalimantsi
conglomerates (Fig. 7) considerably deeper.

R

Fig. 6. Outcrop showing spherical weathering of granite as the spherical
cores are also weathered. The exposure is located immediately under the
Kalimantsi Formation which follows upsection.

The weathering of the metamorphic rocks produces clay rich
diluvium that is thicker than in unweathered domains.

.

Fig. 7. Exposure of Kalimantsi Formation located close to the granite
basement.

Engineering geological effects of the weathering
Weathering strongly influences the strength properties of the
rocks. It alone, without any other negative influence, can shift
the position of the rock in the widely used rock mass
classification systems such as RMR or GSI (Bieniawski, 1989,
Hoek and Brown (1997) towards the classes of poor and very
poor rocks, with regards to the road and tunnel construction.
Since the uppermost, strongly weathered part of the section, is
thick at least several meters most of the excavations and many
foundations are done inside it. These make the foundations
vulnerable to soil creep (Fig. 8 and Fig. 9) and water erosion

(Fig. 10). The geodynamic processes that accompany the
weak layers of weathered rock are easily recognizable on the
slopes of Oshtava graben. Inclined trees and ravines are
common in contrast to the modern Kresna gorge, where the
rock falls are a danger.

Fig.8. Slope of N-S trending fault valley with intensely weathered granitic
slopes. Multiple channels are seen on the slope as well as root excavation
and tumbling of trees.

The weathering crust modifies not only the mechanical
properties of the terrain but also its hydrological ones. In
general the fracture reservoirs are of small capacity but the
weathered crust of the granite has porous properties, which
impose hysteresis on its water discharge potential.

Fig. 10. Ravine in flat hilltop with thick weathering crust to south west of
Oshtava village.
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The hysteresis is expressed in that rain water is accumulated
in the porous weathering crust and does not immediately
impact the surface runoff.

Conclusions

Subtropical weathering crust was sealed under the late
Neogene clastic formations of the Struma lineament. Under the
cover of clastic sediments the chemical weathering continued
until recent days. There is a sharp contrast in the weathering
profile of the Quaternary rivers and those of the Neogene fault
valleys that were buried under clastic sediments. At present, in
the region east of the Kresna gorge, the erosion of the
Neogene sediments is at its final stage revealing beneath them
buried weathering products. The expansion of the road
construction projects east of the Kresna gorge shall take into
account challenging engineering conditions, which are not well
known to this moment.
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UNESCO GEOPARK INITIATIVE AND BULGARIAN GEOCONSERVATION

Dimitar Sinnyovsky

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, sinsky@mgu.bg

ABSTRACT. Twenty years ago at the ProGEO'98 meeting in Belogradchik, Bulgaria, the UNESCO GEOPARK initiative was announced. This year the scientific
conference “Geoparks and Modern Society” devoted to this event will be held in the small northwest town with participation of geoconservationists from more than 15
countries from four continents. The Geopark initiative was launched as an instrument for coordination of the efforts to promote the international recognition of
significant examples of the Earth’s geological heritage, popularize knowledge on the Earth'’s history and trigger local sustainable development. Its original version was
designed to set up a world network of areas called “geoparks”, where significant geological features are recognized. Despite the initial enthusiasm, after a series of
procedures, in 2001 the UNESCO Executive Board surprisingly decided that the UNESCO geosites/geoparks programme should not be pursued. Meanwhile the
initiative received a huge international response and dozens of geoparks were developed in the frame of several years. At present, the European Geoparks Network
comprises 71 Geoparks from 23 countries and the Global Geoparks Network includes more than 120 geoparks. Bulgaria was one of the first countries in Europe with
scientifically developed geopark “Iskar Gorge”. Unfortunately, due to lack of funding, this geopark remained in a working version. Despite the perfectly developed
documentation and professional scientific description of 72 geosites, the next project, Geopark “Belogradchik Rocks”, underwent two unsuccessful applications in the
European Geoparks Network for the same reason. The new geopark projects “Rila” and “Burgas Lakes” are still in development. The main themes of the Bulgarian
geopark projects are completely different and require individual approaches. Regarding the growing requirements of the Global Geoparks Network, development of an
upgraded evaluation methodology for geosites in geopark environment, including both generally accepted and specific characteristics is necessary. This should be
among the main purposes of the newly established National Committee of Geodiversity and Geoparks which has to take up its mandate as recommended by
UNESCO's International Geoscience and Geosparks Programme from 2015.

Keywords: UNESCO GEOPARK Initiative, Bulgarian geoparks initiatives

MHULMUATUBATA HA IOHECKO 3A rEOINAPKOBETE U BbJITAPCKATA TrEOKOHCEPBALIUA
Humumsbp CuHboscku
MunHo-2eonoxku yHugepcumem "Ce. Mear Puncku", 1700 Cogpus, sinsky@mgu.bg

PE3IOME. Mpean ABageceT roanHm Ha cpellata Ha ProGEQ'98 B Benorpagunk, Bbnrapus, 6e o6sseHa uHnumatmeata Ha GEOPARK Ha FOHECKO. Tasun roguHa B
Marnkus ceBepo3anajeH rpaj Lie ce npoBede MexayHapoaHa HayyHaTa KoHdepeHUus "TeonapkoBeTe M CbBPEMEHHOTO 06LLEeCTBO", NOCBETEHA Ha TOBa CbOUTME, C
Y4acT1eTo Ha reosalyuTHULYM OT NoBeye OT 15 AbpXaBy OT YETUPK KOHTUHEHTA. MHnLmMaTUBaTa 3a reonapkoBeTe CTapTvpa KaTo MHCTPYMEHT 3a KOOpPAWHUPaHE Ha
ycunusiTa W HacbpyaBaHe Ha MeXOyHapoLHOTO MpW3HaBaHe Ha 3HauMMW MPUMEPM Ha reomnoXKOTO HacnefcTBO Ha 3emsiTa, NOMyNspusMpaHe Ha NosHaHusTa 3a
ucTopusiTa Ha 3emsiTa 1 NPUHOC KbM YCTONYNBOTO MECTHO pa3suTie. OpurMHanHaTa Bepcusi Ha MHULMaTUBaTa € fia ce Cb3aaje CBETOBHA MpeXxa OT 30HU, HapeyeHu
"reonapkoBe”, MpUTEXaBaLLy BaxHN reonoxku 0cobeHOCTU. Bbnpeku mbpBOHAYanHUs eHTycuasbM, cnef nopeauua ot npouegypw, npea 2001 r. M3MbAHUTENHUST
cbBeT Ha FOHECKO wn3HeHazBalLo peluu, ye nporpamata "l'eocaitose/l eonapkose” Ha KOHECKO Hsima aa 6bae cneaBaHa. B cblyoTo Bpeme vHUUMaTUBaTa NOMy4m
OTPOMEH MeX[yHapofieH OT3BYK M B paMKuTE Ha HsIKOMKo roauHu 6sixa paspaboTeHn feceTku reonapkose. [MoHacTosiem EBponelickata Mpexa OT reonapkose
obxsalua 71 reonapka ot 23 gbpxasu, a [nobanHata Mpexa BkntouBa Hag 120 reonapka. Bbnrapus e egHa oT mbpeuTe CTpaHu B EBpona ¢ HayyHo pa3paboTeH
reonapk "Mckbpcko aedune”. 3a chxaneHne nopaaum nunca Ha uHaHCUpaHe To3W reonapk octasa B paboTeH BapuaHT. HesaBucumo ot nepdekTHo paspaborteHara
AOKYMEHTaLMs 1 NpoeCvOHaNHOTO HayyHO OnMcaHWe Ha 72 reoTona, CneppalmsaT npoekt [eonapk "benorpapuuwkute ckamn’ npeTbpns ABe HeyCnellHu
kaHoupatypu B EBponeiickata mMpexa no cblyaTta npuynHa. Hoeute npoektw "Puna" u "Byprackute esepa” Bce olje ca B HauyaneH cTaguit Ha paspabotka.
OcHoBHUMTE TeMW Ha BbRrapck1Te NPOEKTM 3a rEONAPKOBM Ca HAMbIHO Pa3NuyHK U U3UCKBAT MHAMBMUAYaNEH Noaxos. Mo OTHOLIEHWE Ha HApaCTBALUMTE U3NCKBAHMUS
Ha mobanHata Mpexa OT reonapkoBe € Heo6X0aMMO pa3paboTBaHETO Ha YCbBbPLUEHCTBAHA METOZONONMS 3a OLiEHKa Ha re0TONUTE B NapKoBa Cpefa, BKIo4BaLla
kakto obLjonpueT, Taka M cneuudnyHM Xapaktepuctuku. ToBa TpsbBa Aa 6bae cped OCHOBHMTE LienM Ha HOBOCH3fadeHns HaupoHameH koMuTeT no
reopasHoobpasue 1 reonapkoBe, KOITO TpsibBa a BNe3e B CBOUTE NPaBOMOLLMS CbINIACHO NpenopbkuTe Ha MexayHapoaHaTa nporpama 3a reoHayku v reonapkose
Ha FOHECKO o1 2015T.

KntoyoBu pymu: Mhuumatneata Meonapkose Ha FOHECKO, Gbnrapckyu reonapkosu MHULMATVBK

Introduction Bulgarian Geological Phenomena was created on the basis of
a remarkable database including well illustrated scientific

This year marks 20 years since the announcement of the ~ dossiers of 188 geosites in Bulgarian, English and Russian,
UNESCO GEOPARK Initiative at the ProGEQ'98 Meeting in evaluated according to the original Bulgarian methodology
Belogradchik (Patzak and Eder, 1998). This event produced a developed specifically for assessment and characterization of
big impact on the Bulgarian geoconservation. It prompted the the nominated geosites. At the same time, as the essence of
financing of a big project for compilation of a National inventory ~ the project, the scientific foundations of the first Bulgarian
of geosites and designation of areas with significant geological geopark Iskar Gorge were laid, presented at the 3rd European

heritage appropriate for geoparks establishment. Within four Geop_ark_s .
years after the meeting a State Registry and Cadastre of the Meeting in Eggenburg, Austria (Jelev et al., 2002).
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Historical review of the GEOPARK initiative

The idea for creation of a global network including areas with
geological heritage of international value under the auspices of
UNESCO was first hinted in the “Draft Programme and Budget
1998-1999” (document 29 C/5, para. 02036) as an initiative to
‘promote a global network of geo-sites having special
geological features” (UNESCO General Conference, 1997). It
was announced at the ProGEQ’98 Meeting in Belogradchik as
a new UNESCO GEOPARK Programme which acts in the
framework of two internationally agreed action plans (Patzak &
Eder, 1998): the Agenda 21 for Environment and Development
into the 21st century including education, public awareness,
training and capacity building, and the 1972 Convention for
protection of the World cultural and natural heritage. This
initiative was launched to create a UNESCO GEOPARK
Programme “in response to the numerous requests from the
Member States expressing their interest in improving the
international recognition of their national geological heritage”
(Patzak & Eder, 1998).

Fig. 1. Participants in the ProGEQ’98 meeting in Belogradchik among the
Belogradchik rocks

The Division of Earth Sciences took the initiative to
coordinate international efforts to prepare the framework of
future conservation activities and launching of a new dedicated
programme endorsed at the 156th session of the UNESCO
Executive Board (UNESCO Ex. Board, 1999a). It was aimed to
promote the international recognition of significant examples of
the earth’s geological heritage, popularize knowledge on the
earth’s history and trigger local sustainable development. Its
original version was designed to set up a world network of
natural “parks” where “significant geological features” are
recognized. Pursuant to the programme, the Executive Board
undertook an initiative on geoparks, focused on the
preservation of significant examples of the geological
environment intended to contribute to the local sustainable
development. According to this document the Geoparks
programme was envisaged as a separate entity designed to
complement the World Heritage Convention and the Man and
the Biosphere (MAB) programme.

At least initially, it was planned to make use of the existing
structures of the IGCP Programme for the further development
of this new initiative. Geoparks, designated to integrate
geoconservation with biological conservation like “natural
parks”, were envisaged to be under the exclusive authority of
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the government in the country where it is situated. As a
consequence the Geopark initiative encouraged identification
of geodiversity in many nature parks with established
infrastructure, budget and management plans to provide a
geological framework of their natural heritage.

Considering the approval of this initiative by the 29th
UNESCO General Conference (1997) and having examined
document 156 EX/11 Rev. of the UNESCO Ex. Board (1999a),
at its 30th session the Director-General was invited to
implement the corresponding plan of action by preparing a
feasibility study on developing a UNESCO geosites/geoparks
programme and to submit it to the Executive Board preferably
at its 159th session but not later than the 160th session
(UNESCO Ex. Board, 1999b, Decision 3.3.4, p. 11).

The result of the feasibility study was reported at the 160th
session of the UNESCO Executive Board (2000a) with a
conclusion that geological heritage promotion is an important
recognized need, and that an alternative to the World Heritage
List is required for the recognition of geologicall
geomorphological sites of national, regional and international
importance that may not rank as of World Heritage value. In
other words, geoparks are proposed as an alternative
UNESCO designation because not all of the world’s
scientifically or historically important geosites could meet the
‘outstanding universal value’ criterion required by the 1972
UNESCO World Heritage Convention (Hose, 2012).

After considering various approaches to geological heritage
conservation and referring to the support expressed by
governmental and scientific agencies in many countries, the
feasibility study recommended that the geoparks activity
should be integrated into the World Network of Biosphere
Reserves within the MAB programme, through developing a
“Geoparks seal of excellence”. It should have three main
purposes: 1) the use of geological sites in educating the broad
public, 2) the use of their potential as a tool ensuring
sustainable development, and 3) the conservation of the
geological heritage for future generations.

The Director-General presented the results of the feasibility
study at the sixteenth session of the MAB International
Coordinating Council in November 2000 (UNESCO Executive
Board, 2000b). Some delegations agreed on the importance of
safeguarding geological sites, but disagreed on making such
activity an integral part of the function of the World Network of
Biosphere Reserves. Following the recommendation of the
MAB International Coordinating Council against inclusion of a
Geoparks programme as part of the World Network of
Biosphere Reserves the UNESCO Executive Board made the
same conclusion and invited the Director-General “not to
pursue the development of a UNESCO geosites/geoparks
programme, but instead to support ad hoc efforts with
individual Member States as appropriate” (UNESCO Ex.
Board, 2001a,b).

This short but dramatic period of the early history of the
UNESCO geoparks initiative is indicative of the enormous
difficulties faced by its supporters in the Member States.
However, the idea turned out to be attractive and was well
accepted in many European countries. Meanwhile in June
2000 the European Geoparks Network was established at



Lesvos, Greece, by four regions of different European
Countries—France, Germany, Spain and Greece. Over the
next few years many natural parks in Europe applied to join it.
Many countries started to recognize and estimate geological
sites or landscapes of international value within their national
boundaries. In February 2004 in Paris, the UNESCO
international group of experts decided to establish Global
UNESCO Network of Geoparks. It was also decided to include
the existing 17 European Geoparks and 8 new Chinese
Geoparks in the Global UNESCO Network of Geoparks which
now includes more than 120 global geoparks. In October 2005
the European Geoparks Network signed the “Madonie
declaration” according to which it is recognized as the official
branch of the UNESCO - Global Geoparks Network in Europe.

Despite UNESCO's central role in establishing this network,
its relationship to Geoparks has been defined as ‘ad hoc’ for
over a decade. However, this ‘ad hoc’ arrangement does not
allow UNESCO and Geoparks to capitalise upon many of the
potential benefits of a more formalised relationship (UK
National Commission for UNESCO, 2012). The growth of the
Geoparks network has also created potential long-term risks
which need to be addressed. According to the UK National
Commission for UNESCO (2012) the geopark access to
UNESCO branding could help raise the profile of sites,
strengthen recognition of Global Geoparks as a brand and
convey internationally recognized quality and standards. As a
result of the long term international efforts UNESCO’s General
Conference approved, on 17 November 2015, the International
Geoscience and Geoparks Programme (UNESCO General
Conference, 2015) in order to provide an international status to
a former Global network of sites of geological significance
UNESCO. Thus, the Geopark concept underwent a new
development and the existing geoparks received the label
“UNESCO Global Geopark’.

Bulgarian initiatives

The first Bulgarian geopark “Iskar Gorge” was developed
under the project of the Ministry of Environment and Water for
the Register and Cadastre of the Bulgarian geological
phenomena. The problems and perspectives of this area were
discussed at the 3rd European Geoparks Meeting in
Eggenburg (Jelev et al., 2002).

The Iskar Gorge is a remarkable 100 km long canyon
crossing the Balkan Mountain, where metamorphic, igneous
and sedimentary rocks of the whole Phanerozoic Earth history
are exposed: Neoproterozoic-Ordovician diabase-phyllitoid
complex, Early Paleozoic (Ordovician, Silurian and Devonian)
graptolithic black shales, Carboniferous anthracite coal
deposits with well preserved megaflora, continental terrigenous
and volcano-sedimentary Permian deposits, complete Triassic
section including the famous Buntsandstein facies and Alpine
carbonate Triassic, representative Jurassic section, Urgonian
type Lower Cretaceous, Mediterranean (volcano-sedimentary)
and North European (platform) type Upper Cretaceous,
Cretaceous/Tertiary boundary iridium layer, Paleocene,
Eocene and Neogene sediments, as well as different genetic
types of Quaternary deposits including loess. It includes unique
geological phenomena of scientific and educational value as
for example Ordovicion-Silurian, Silurian-Devonian, Jurassic-
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Cretaceous and Cretaceous-Tertiary  chronostratigraphic
boundaries, sequence-stratigraphic successions, global impact
events, deformational phases marked by angular
unconfornities, neotectinic events, different genetic types of ore
deposits and deposits of industrial minerals. Besides its
geological advantages as a real canyon with its neotectonic
evolution, forming it as one of the most impressive canyons on
the Balkans, the Iskar Gorge preserved several outcrops of
historical value for the Bulgarian geology, as for example the
outcrop near Chelopek village, which is one of the first fossil
deposits in Bulgaria, where in its “Inoceramid Cretaceous”
marked with “1” on Fig. 2, Franz Toula (1878) described first
Upper Cretaceous fossils in Bulgaria — ammonites, echinoids
and bivalves.

"~ ':\.:u _F.l.- Fed

beologische harten Skiase
der Routen ibar den

BERKOVICA BALKAN

il ud d '--hl._l.‘l d (R

b ISKER SCHLUCHTzach SOFIA
von FRANZ TOULA.

(H-2 r'lx'}‘h'n'.l-'fl 1873

Maabistal 1. 285000

Fig. 2. Part of the first map of the Iskar Gorge by Franz Toula (1878) at a
scale 1:288000 made in 1875 during his route Sofia-Berkovitsa-Vratsa-
Ljutibrod-Sofia: 1 - Inoceramid Cretaceous; 2 — Orbitolinid Cretaceous; 3
- bryozoan sandstones; 4 - Caprotina (Requienia) type limestone

The foundations of the Geopark Iskar Gorge were developed
according to the existing UNESCO criteria for a geopark in
operation at that time: 1) it embraces a territory, including one
or more sites of scientific importance, not only for geological
reasons but also by virtue of its archeological, ecological or
cultural value; 2) it has a management plan designed to foster
sustainable socio-economic development (by geotourism); 3)
in its territory should be demonstrated methods for
concervation and enhancing geological heritage and provided
means for teaching geoscientific disciplines and broader
environmental issues; 4) it has to be proposed by the public
authorities, local communities and private interests acting



together; 5) it could be part of a global network that will
demonstrate and share best practices with respect to Earth
heritage conservation and its integration into sustainable
development strategy.

Unfortunately, due to lack of funding, this geopark remained
in a working version for many years. Now a new initiative of
three Iskar municipalities — Mezdra, Svoge and Novi Iskar is
about to revive this wonderful project and reinforce the efforts
to create “Iskar Canyon” Geopark (Fig. 3).

The concept of the next geopark project “Belogradchik
Rocks”, founded in one of the most disadvantaged areas in
Europe - Northwest Bulgaria, is based on the famous rock
ensemble of the Belogradchik Rocks, considered to be the
most famous geological phenomenon in Bulgaria with global
significance. It is based also on the remarkable geodiversity of
the area between the Balkan ridge and the Danube, including
almost all petrographic types of sedimentary, igneous and
metamorphic rocks belonging to all Phanerozoic systems.
Despite the perfectly developed documentation and
professional scientific description of 72 geosites, it underwent
two unsuccessful applications in the European Geoparks
Network for the same reason as geopark “Iskar Gorge”.

Fig. 3. The mayors of the Iskar municipalities Svoge, Mezdra and Novi
Iskar decided to use the remarkable geological heritage of the Iskar
Gorge, as for example of its entrance near Lyutibrod village, and to
reinforce the development of Geopark “Iskar Canyon”

Nevertheless, during all these years the Bulgarian
geoconservationists continued to work on identifying
geodiversity in three perspective geopark areas -
“Belogradchik Rocks”, “Rila” and “Burgas Lakes”.

Documentation of the aspiring Geopark “Belogradchik
Rocks” is entirely completed on the basis of the existing
methodology for evaluation and characterization of geosites,
and only financial support to fulfill the recommended by the
GGN Bureau actions is required. Recently the geological
setting of the area was reviewed by Tronkov and Sinnyovsky
(2012). Up to now this wonderful geological phenomenon has
been estimated by many experts and ordinary people. Words
of admiration over the beauty of Belogradchik Rocks have
been expressed by many writers and poets. It is not possible to
mention all the works of art and science inspired by their
appearance, as for example the famous aquarelle of Felix
Kanitz from 1873 (Fig. 4). However, it is worth to remember the
inspiring comparisons to other remarkably beautiful places of
nature in different parts of Europe made by the French traveler
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Jerom Adolf Blanqui (1843): “The narrow mountain gorges of
Olioul in Province, Pancorbo Pass in Spain, the Alps, the
Pyrenees, the wildest mountains of Tirol and Switzerland hold
nothing that can be compared to this”.

Recently the Belogradchik Rocks became the most famous
opera scene in the world and the cannons from Kanitz's
aquarelle have been replaced by stage sets (Fig. 5).

Now the rocks are the majestic background of the spectacles
of the summer festival of the Sofia Opera and Ballet ,Opera of
the Peaks - Belogradchik Rocks” where spectacles are
performed in the open air inside the Belogradchik Fortress.
This wonderful idea attracts many visitors from Bulgaria and
abroad and contributes to the global promotion of the natural
and cultural potential of the Belogradchik Rocks.

Fig. 4. View of the Roman fortress “Kaleto” at the top of the Belogradchik
Rocks - aquarelle by Felix Kanitz from 1873

Fig. 5. The summer festival of the Sofia Opera and Ballet “Opera of the
peaks - Belogradchik Rocks 2018”

Geopark Rila (CwHboBckm, 2014; Sinnyovsky, 2015;
Sinnyovsky et al, 2017a) is at a stage of scientific
characterization of geomorphosites related to the main theme
of the geopark — fossil glacial geomorphology and alpine
landscapes. Additionally, several geotrails of historical value
for the Balkan geology and geomorphology are under
development. Rila Mountain is the highest mountain on the
Balkan Peninsula. It has wonderful alpine landscapes but also
remarkable cultural heritage dating back to Roman times. The
famous middle age Rila Monastery attracts millions of visitors
every year. This makes the task of creating Geopark Rila very
difficult and responsible, because the main theme of the
geopark should be involved in the context of the remarkable
spiritual heritage of the mountain.



Besides places and events related to its centuries-old
history, the mountain also offers many opportunities for
popularizing well-forgotten events occurring during the new
history of Bulgaria. The so-called Kaiser's roads which were
built by Tzar Ferdinand 100 years ago to connect Bulgaria with
the newly liberated Bulgarian territories south of Rila, can be
turned into wonderful geotrails (CunboBckn n gp., 2017) to
demonstrate both the Quaternary glacier formations and the
wonderful alpine landscapes (Fig. 6). These roads are known
for having passed the high guest of Tzar Ferdinand, the
German Emperor and King of Prussia Kaiser Wilhelm Il at the
end of the Second World War. At the sight of Pirin Mountain
from Nehtenitsa area under Yakoruda Cirque he exlaimed: “O
wonderful incomparable picture! Who in Europe has ever
thought that the Balkan Peninsula hides such magnificent
scenarios and mountain landscapes”.

Fig. 6. The Kaiser’ Road through Zavrachitsa Pass

Geopark “Burgas Lakes” (Sinnyovsky et al., 2017b) is the
newest idea, devoted to the wonderful maritime landscapes,
focused on the Quaternary sea level changes, lagoon
formation and beach sand modeling. Its initial stage includes
investigation of the concepts concerning the sea level changes
of the Black Sea due to a Bosporus two-way exchange of
water between the brackish or freshwater Black Sea and the
fully marine Mediterranean Sea driven by the Milankovitch
climatic cycles. The catastrophic sea-level rise due to an
abrupt Early Holocene saltwater flooding of the Black Sea
announced by Ryan et al. (1997a,b), linked to the biblical
legend about Noah’s Flood, triggered tremendous interest by
the wide public.

Important part of the region's geodiversity are the old marine
terraces outlining the ancient shorelines of the Black Sea
basin: the Nymphean, the Neoeuxinian, the Karangatian, the
Early Euxinian and the Chaudinian (Fig. 7). They are
represented by flattened surfaces or sediments dated on the
basis of rich bivalvian fauna. Ramsar sites and dune habitats
are subject of intensive research due to the rare and protected
inhabiting species. These biotopes are the link between
geodiversity and biodiversity within the lake complex and have
a high potential for geomorphosites and geoecotrails to be
developed for geotourism purposes (Sinnyovsky et al., 2017b).
The remarkable geodiversity of the area is complemented by
the ruins around the ancient towns Anhialo (Pomorie) and
Apolonia (Sozopol) testifying to the long history of life on the
Black Sea coast. The establishment of a Geopark on the Black
Sea coast will add this unique seaside to the European
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Geoparks Network and will expand its geography to the lullaby
of the ancient European civilization — Pontus Euxinus.

Fig. 7. The Atanasovsko Lake is part of the Burgas Lake Complex,
formed after the subsidence of the Black Sea coast in the last several
thousands of years

Conclusions

The main themes of the Bulgarian geopark projects are
completely different and require individual approaches. The
diverse themes presuppose development of an upgraded
evaluation methodology for geosites in geopark environment,
including both generally accepted and specific requirements.
The present paper represents the history of the UNESCO
Geoparks which was discussed at the International Conference
“Geoparks and modern society - protection, promotion and
sustainable use of Earth heritage in park environment’ in
Belogradchik, dedicated to the 20th Anniversary of the
UNESCO GEOPARK Initiative announced at the ProGE0’98
Meeting in the small northwest Bulgarian town. The Bulgarian
experience in geopark development and the previous
achievements of the Bulgarian geoconservation shows that
many efforts should be made for recognition of the Bulgarian
geoparks as Global Geoparks. Despite its natural beauties and
advantages, surpassing many geoparks with the label "Global
Geoparks", without administrative and legal changes,
Bulgarian geoparks have no chance to become part of the
Global Geoparks Network. Although Geoparks initiative is a
bottom-up process, without state funding, this idea is
condemned to failure in Bulgaria. An important role in this
direction could be taken by the establishment of a National
Committee of Geoconservation and Geoparks, according to
the recommendations of the International Geoscience and
Geoparks Programme (IGGP). This committee, recognized by
the National Commission for UNESCO, will coordinate
identifying and evaluation of the geological heritage, raising
public awareness of its importance, and will promote the
development of new UNESCO Global Geoparks, provide
information at the national level about the global and regional
networks of UNESCO Global Geoparks, and initiate supporting
actions for sustainable development of geopark areas in the
country.
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TECTONOMORPHOLOGIC CHARACTERISTICS OF ZAVALSKA MOUNTAIN,
SW BULGARIA

Radostina Rizova’, Georgi Nachev?, lvan Dimitrov’

1University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, r.rizova@mgu.bg

ABSTRACT. Zavalska Mountain (Kitka peak, 1180 m) is the westernmost morphografic edifice from the Zavalsko-Planska mountain chain of the Western
Srednogorie. In geologic sense it was studied extensively in the course of mapping initiatives in different scale but in geomorphologic sense it is insufficiently studied.
The purpose of the paper is to analyze the lineament pattern of the Zavalska Mountain using modern technical tools. For the purpose of the investigation detailed
digital topographic model of the terrain was made. Analysis of the lineament network was performed in GIS media. The lineament data were processed using
stereographic software. The results received were analyzed in the context of the known geological fabric with emphasis on the tectonomorphologic significance of the
lineament directions. The results shed light on the mechanism of formation of the Zavalska Mountain.

Keywords: tectonomorfologic characteristics, linear structure, lineament network, neotectonic

TEKTOHOMOP®OJ10XKKA XAPAKTEPUCTUKA HA 3ABAJICKA MIIAHWHA, 103 BBIITAPUA
Padocmuna Pu3zoea’, leopau Hayee!, UeaH JJumumpoe!
"MuHHo-2eonoxku yHusepcumem ,Ca. Mear Puncku”, Cogbusi 1700, r.rizova@mgu.bg

PE3IOME. 3aBancka nnaHuHa (8. Kutka, 1180 m) e Hait-3anagHata mopdorpadcka noctpoitka oT 3asancko-lnaHckata nnaHuWHcka peauua Ha 3anagHoTto
CpepiHoropue. B reonoxko OTHOLIEHWE € WU3y4eHa B XOAA Ha KOHOWLWMOHHUTE TEOMOXKMA KAapTUPOBKA B PasNuYHM Mallabu, HO B reoMOpONoKKO OTHOLLEHME €
cpaBHuUTENHO cnabo m3yyeHa. LlenTa Ha ctatusTa e ga ce aHanusnpa NMHEAMEHTHUS! PUCYHBK Ha 3aBasicka niaHuHa Ypes M3Mnomn3BaHe Ha MOLEPHW TEXHUYECKM
cpeAcTBa. B xoga Ha w3cneaBaHeTo € HanpaBeH AeTaineH gurutaneH Tonorpadpcku Mopen Ha TepeHa. B TUC cpepa e u3mbnHeH aHanua Ha NuHeameHTHaTa
Mpexa. JIMHeaMeHTHUSIT pUcCyHbK e 06paboTeH cTaTucTuyecku 4pe3 ctepeorpadicku codTyep. M3BeneHnTe pesyntatu 3a NUHEAMEHTUTE ca aHanusupaHu B
KOHTEKCTa Ha U3BECTHUSI TEOMNOXKKN CTPOEXK C aKLIEHT BbPXY TEKTOHOMOPCEPONIOKKOTO 3HAYEHWE HA OTLEMHUTE IMHEAMEHTHMU NOCOKW. [MonyyeHuTe pesyntatv XBbpnsit
CBETNMHA BbpXY MexaHu3ma Ha 0bpasyBaHe Ha 3aBarncka nnaHuHa.

Knioyosu AyMu: TEKTOHOMOP(OMOXKM aHamnu3, IMHeaMeHTHa Mpexa, INHeNH CTPYKTYPW, HEOTEKTOHMKA

Introduction

The purpose of this article is to make a detailed analysis of
the lineament network of Zavalska Mountain, using modern
GIS tools, with the aim to clarify the neotectonic evolution of
the area.

Slivnitsa \

o % i 'Mﬂecmkamax
L * 1077
Zalavska Mountain (Kitka, 1180.7 m) is the westernmost } : § = /e*
mountain of the Zavalsko-Planska mountain range of the 03 £ o v S mremie e
Western Srednogorie (Fig. 1). The main ridge of Zavalska =) 7S Pl 1 & Y i
Mountain stretches from northwest to southeast. The length of s AT Py Aty

the ridge reaches 20 km and the width is 4-5 km. The higher
part of the mountain reaches the village of Zavala, and to the
southeast it continues with the ridges of Tsrancha and Fig. 1. Geographic position of Zavalska Mountain in SW Bulgaria.
Breznishki Greben.

To the east, the connection between Zavalska and Viskyar

On the northwest, a saddle near the village of Prodancha Mountains is mads by a water dividing ridge over the Zavala
(971 m) separates it from the Ridge Greben, then passing on Village, anng which passes the main water divider of the
to Serbian territory. The northwestern and western slopes of Balkan Peninsula. To the southwest, the valley of the
the mountain are limited by the Vrabcha and Butrointsi Yablanitza River separates the Zavalsa Mountain from the
depressions. To the northeast, the hills reach the small Ezdemirska Mountain and the Straja, and a saddle at 878 m
Burelska valley - the westernmost of the Sub-Balkan valleys. connects it to Lubash Mountain.
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Stratigraphy

Zavalska Mountain is built-up of Upper Cretaceous volcanic
and sedimentary rocks and Quaternary deposits (Fig. 2). The
Upper Cretaceous rocks in the area are well studied
(CvnboBcku 1 gp., 2012). Most of the sedimentary and volcanic
rocks are considered to be of Campanian age (MapuHoBa n
ap., 2010).

The marl-limestone unit, introduced by 3aropyeB n Ap.
(1995), reveals from the village of Vishan to the southeast. It
overlies with sharp lithological transition the limestone-marl
unit, limestone unit or conglomerate-sandstone unit. It is
covered with a sharp lithological contact by the marl-tuffite unit.
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Fig. 2. Geological map of Zavalska Mountain, SW Bulgaria (by MapunoBa u gp., 2010).

Legend: 1 - Sandstone-marl unit: bituminous argillites; 2 - Sandstone-marl unit: reef limestones; 3 - Sandstone-marl unit: marls, sandstones, clayey
limestones, limestones; 4 — Sandstone unit: quartz sands, fine-grained conglomerates, marls; 5 — Flish unit: alternation of argillites, marls, calcareous
sandstones, fine-grained conglomerates, limestones; 6 — Vidrishki volcanic complex - amphibole, pyroxene-amphibole andesites; 7 - Vidrishki volcanic
complex — pyroclastic - tuffite unit; 8 - Marl-tuffite unite: marls, siltstones, tuffites, tuffs, limestones; 9 — Babski volcanic complex - large latites and
trachytes porphyry; 10 - Babski volcanic complex: pyroclastic unit: 11 — Babski volcanic complex: Bunch of psammite-aleurite tuffs; psammite ashy tuffs,
tuffites, epiclastites; 12 — Marl — limestone unit: alternation of clayish limestones and marls 13 - Geclogical boundary; 14 — Proven fault; 15 - Unproven
fault.
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The Babski volcanic complex, introduced by Grozdev
(Anrenos u gp., 2010), is exposed as a wide strip (2-4 km)
from the state border near the village of Vrabcha to Breznik. It
contains volcanic products with a distinct basic composition, as
well as highly alkaline latites and trachytes.

The Vidrishki volcanic complex was introduced by Grozdev
(Anrenos u ap., 2010). The complex includes pyroclastics and
various sediments, named as pyroclastic-tuff unit as well as
crosscutting bodies of andesites. The area reveals also the
effusive and sub-volcanic bodies of the complex.

The tuffite-marl unit, introduced by Grozdev (AHrenos u ap.,
2010), is exposed as a relatively wide NW-SE oriented strip
south of the village of Prodancha.

The Flish unit (3aropyeB n ap., 1995) is exposed as two
broad (500-800 m) stripes with NW-SE direction passing
through the outskirts of the villages of Prodancha and Krusha.
This is a folded package underlying the Krasava syncline.

Sandstone unite, introduced by Grozdev (AHreno u fap.,
2010), is exposed as two broad (400-800 m) stripes with NW-
SE direction, passing in the vicinity of the villages of
Prodancha and Krusha. They build-up the linearly extended
ridges of Tsrancha, Greben and others, which represent the
main folded limb that shapes the Krasava Syncline.

The sandstone-marl unit was introduced by 3aropyes u ap.,
(1995). The unit has a large areal spread to southeast of the
village of Garlo. It is the main rock assemblage of the Krasava
Syncline.

Quaternary.(Holocene). Alluvial deposits from flood-plains
and flooded terraces. The alluvial deposits form the floodplains
of the Yablanitsa, Konska, Kalia Barra and other rivers. They
are made of quartz sands and clayey sands with thin layers of
impure, sandy clays. Among them gravel lenses are found.

Tectonics

In tectonic terms, the study area falls within the Sofia Unit of
the Western Srednogorie (MBaHoB, 1998). The northern
boundary of the unit is placed on the Sub-Balkan fault zone
(outside the survey area) and the southwestern border is
placed along the Pernik fault zone with a general direction of
120-140°, located southern of the area of study. The larger
structures recognized in the studied area from south to north
are the south vergent Dragovska Anticline, the south vergent
Krasavska Syncline and the Galabovska Anticline. In the past,
Late Subhercinian (Pre-Maastrihtian) onset of the earliest
folding was inferred, because Maastrihtian shallow sea
sandstones and clays were believed to cover discordantly the
sedimentary and volcanic rocks of Koniacian-Santomian age
(f.e. Nachev and Nachev, 2003). Later studies (CuHboBCKM 1
ap-, 2012, 2013) have proven that Maastrihtian rocks are not
present in the region, so the earliest onset of folding
deformation must be ascribed to the Late Campanian. Since
that time the total deformation progressed significantly, for
example the limbs of the Krasava Syncline are isoclinally
folded and locally overturned (Qumutpos, benes, 1970). The
stages of this deformation are difficult to recognize, however
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the opening of small, fault controlled sedimentary basins filled
with Oligocene sediments mark the Post-Lutetian, lllyrian
deformation stage as particularly important for the region. In
general the geological maps for the area show a uniform strike
of the fault formation in the range 120 -140° although this
appears an oversimplification of a more complex structural
setting, in which more westerly striking beds overprint the NW
striking once (Fig. 3).

s

Fig. 3. Structural diagram of 52 bedding planes uniformly distributed over
the study area after 3aropues u ap. (1990)

Methods and analysis of the lineaments

To make precise relief pattern for the selected area,
topographic maps in 1:25 000 scale are used. All are
georeferenced in the WGS84, UTM35N. Horizontals are
vectorized in the ArcGIS environment and the ArcScan tool
after color division in PhotoShop. For better accuracy and
reliability in inscribing and verifying the geometry of plotting,
topology and error checking of this type were built in ArcGIS
Workstation.

Linear structures are generated using Global Mapper and its
Generate Watershet feature. ArcGIS tables are then
generated, containing information about the direction of each
line. The received data is processed in a text file, maintained
by Stereonet. A rose-diagram with 24 classes and 1252 linear
structures was generated.

Introduction in the terminology

In the beginning of the last century the term lineament was
introduced in the works of some tectonicians such as Hobbs
(1904). In their view, the lineaments are "characteristic lines in
the face of the earth" (Challinor, 1964). The most significant
lineaments are the ridges of hills, the boundaries of the
elevated mountain areas, the river valleys, the coastal lines, as
well as the boundary lines of the geological formations of
different petrographic types. They are believed to be
associated with deep faults or zones of intense fracturing,
along which vertical or horizontal movements of the crust
happened.
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Tectonicians, such as Moody and Hill (1956), Moody (1966)
etc. as well as geomorphologists (e.g. lepacumoB, PaHTcMaH,
1964) consider the linear structural elements on the surface of
our planet for morphostructural elements. These are all areas
of linear tectonic discontinuities.

Lineaments are studied wusing structural-geological,
structural-geomorphologic and morphotectonic analyses. The
study of the lineaments clarifies the relation of the orographic
directions with the fault structures.

In Bulgaria, the terminology of lineaments was introduced by
the tectonician E. Bonchev in a number of works (e.g. boHues,
1963, 1971). Later this topic was also adopted by some
geomorphologists. From morphostructural point of view, the
problem of the lineaments and lineament zones in Bulgaria
was examined by Muwes n gp. (1986). According to these
authors, 5 series of lineaments can be discerned on the
territory of Bulgaria — two diagonal (NW and NE), two
orthogonal (E-W and N-S) and one local (NNW). According to
their study, the territory of Zavalska Mountain is in the so called
Kraishtid lineament series, which encompasses lineaments
striking 160 — 170°. They can be classified as local according
to Hobbs (1904).

According to boHues (1971), Zavalska Mountain is localized
in the Kraishtid structural zone, located in Western Bulgaria,
south of the Western Stara Planina Mountain. The specific
feature of this area is that it is split in blocks, separated by
faults. There are a number of faults striking at 160°, to which
almost the entire river-valley network is attached.

Analysis of the lineaments and discussion

The rose diagram of the linear structures is shown on Figure
4. It has a very strong maximum of 136°, another at about 105°
and two weaker at N-S and at 44°.

Fig. 4. Rose diagram of the 1252 linear structures

The map of the linear structures in Zavalska Mountain is
shown on Figure 5. In the Bulgarian tectonic literature, no
model has been presented so far to explain the overall picture
of the occurrence of these lineaments. However, it is quite
clear that the area is dominated by folds with northwest and
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southeast striking axes and there is a significant number of
proven faults with similar strike.

These data fit into a well-known and well-studied tectonic
model, which seems to be valid for this region as well. This is
the wrench faulting model, which gained popularity with the
classic publication of Moody and Hill (1956) and was further
developed by authors such as Wilcox et al. (1973), Sylvester
(1988), and others. What is important is that in this model the
formation of folds and fractures is considered as a single
process.

In short, the geotectonic development of the area can be
reduced to the following events and processes:

There was strike slip shear motion statistically averaged by
the direction of 136°. Probably this shear has been active from
late Cretaceous to present day with periods of higher intensity,
for example during the lllyrian phase.

The strike slip motion does not exclude reverse and normal
fault translations but they are subordinated to it. Parallel to the
fault shearing is the folding of the volcanics, the folding being
the geometric effect of the shear movement.

The folding can be also a result of transpression (Sanderson
and Marchini, 1984), which includes a portion of pure shear in
addition to the simple shearing. In any case, the axes of the
folds, being formed in this way, are oblique to the direction of
shear.

In case of a left shear, they rotate counterclockwise, and in
case of a right shear they rotate: clockwise to the direction of
shear.

At the onset of deformation they are initiated at a higher
angle to the direction of shear but with its advance this angle
diminishes never reaching full parallelism between the fold
axes and the direction of shear.

From the geological maps (3aropues 1 ap., 1990; AHrenos u
ap., 2010), it is established that the strike of bedding does not
coincide completely with the direction of the faults (Fig. 3), as it
tends towards more westerly strikes, correspondingly to
counterclockwise motion of the fold axes, compared to the
strikes of the faults. This results from the fact that there are
parasitic folds of a lower order on the terrain whose axes are
oriented obliquely to the general direction of the strike-slip
shear. In this sense, the maximum of lineaments of 105°
reflects these folds. This maximum reflects both erosion of
susceptible beds in fold limbs and extensional faults parallel to
the fold axes. In theory these faults would be mainly reverse
faults but limited strike and reverse motion is possible. On the
other hand, the maximum of 136° corresponds mainly to strike
slip faults. The kinematic sketch of these relationships is
shown of Figure 6.

The results of the study comply with paleostress
reconstructions in Northwest Bulgaria made by Kounov et al.
(2011). Paleostress reconstruction from fault plains inferred
that "From the late Oligocene to the earliest Miocene, SSE-
NNW transtension generated coal-bearing sedimentary basins
and anticlockwise rotation of the main tensile axis happened by
almost 50° with respect to the previous tectonic stage”.
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Fig. 5. Digital elevation model and linear structure derived from the hydrographic networkof the region

strike slip fault
I

normal fault

Fig.6. Kinematic sketch of the tectonic elements inferred from the
lineament analysis and the geological descriptions of the study region.

Our study confirms the anticlockwise rotation of the structural
elements, which can be result only from regional sinistral strike
slip shear. On the other hand it is not obvious that this rotation
happened only from late Oligocene to the earliest Miocene as it
may have been initiated by even earlier sinistral shear
contemporaneous with the opening of the basin that contains
this volcano sedimentary assemblage.

To answer this question further studies and dating of the
faults and folds have to be made in this seeming simply folded
assemblage. It is noteworthy that a rose (Fig. 7) generated by
the beds shown of Figure 3 produces very similar pattern as
the lineament picture on Figure 5. This is a clear indication that
the lineaments are produced predominantly by selective
erosion of beds and thus are controlled by the folds.
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Based on palecstress reconstruction from fault plains the
authors inferred that "From the late Oligocene to the earliest
Miocene, SSE-NNW transtension generated coal-bearing
sedimentary basins and anticlockwise rotation of the main
tensile axis happened by almost 50° with respect to the
previous tectonic stage”. Our study confirms the anticlockwise
rotation of the structural elements which can be results only
from regional sinistral strike slip shear.

Fig. 7. Rose of 52 bedding planes from the studied area after 3aropues u
Ap. (1990).
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Conclusions

The studied region has a pronounced linear structure. The
lineaments network is due to tectonic predisposition in which
tight folds and numerous faults dominate. The data from the
geological literature and these of the lineament analysis are in
accordance and allow for a tectonomorphological model that
includes simultaneous sinistral strike slip motion and folding in
which erosional forms are formed in directions visible on the
rose diagram.

The data shed light on the mechanism of formation of
Zavalska Mountain. Moody (1966) classified the orogenic
edifices into the following types: (1) linear uplifts with
longitudinal fault zones; (2) autochthonous fold belts; (3)
uplifted fault blocks; (4) domal uplifts; and (5) volcanic chains.
The data accumulated so far suggest that Zavalska is a
mountain from the first class. It is one of the pop ups related to
the strike-slip tectonics of the region.
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CATALYTIC CARBON NANODOTS FOR OXYGEN REDUCTION REACTION
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ABSTRACT. This report provides a new perspective for practical application of the electronics properties of carbon nanodots as an electrocatalytic layer on the
graphite working electrode. For that purpose, ultra-small nitrogen doped carbon nanodots (C-dots) with average diameter between 1.5-2 nm were synthesized by
microwave assisted pyrolysis and after that were immobilized chemically onto the graphite surface of the electrode. As environmentally friendly electrocatalyst for
oxygen reduction reaction (ORR) our data show that the bare C-dots alone are not able to form stable electro-catalytic film for ORR because of their high water
solubility. However, the chemically conjugated nanoparticles exhibit ORR electrocatalytic activity in acid or basic media. These properties open a new range for
practical application in the field of ecotechnology and environmental protection.

Keywords: carbon nanodots, environmental friendly electrocatalyst, oxygen reduction reaction
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PE3IOME. Tasu ctatws npefocTaBs HOBa MepCMeKTMBA 3a MPaKTUYECKo MPWUIOKEHWE Ha €eneKTPUYHWUTE CBOWCTBA HA BBINIEPOAHM HAHOTOYKM, KaTo
eneKTpoKaTanuTUYeH Cnoi BbpXy rpaduteH paboTeH enekTpod. 3a Tasw Len ynTpa Mankv asoT-CbhAbpXalyn BbrmepogHuTe HaHoToukn (C-dots) cbe cpepeH
AvameTbp Mexay 1.5-2 nm 65xa CMHTe3MpaHy, Ype3 MUKPOBBIIHOBA acuCTUpaHa MMponusa 1 cref ToBa bsxa XuMuyeckn UMoBUNM3MpaH BbPXY rpadmTeHata
MOBLPXHOCT Ha enekTpoaa. Kato ekonorocbBMECTUMM KaTanu3aTopu 3a peaykuns Ha kucnopod (ORR) nonyueHuTe aaHHu nokassar, ye C-dots He ca B CbCTOsHME
camn no cebe cu fa obpasysat crabuneH enektpo-katanuTinyeH dunm 3a ORR, nopagu TaxHaTa BUCOKa pas3TBOPUMOCT BbB BOAHM pasTBOpU. Bbnpeku ToBa,
XMMUYECKN KOHIOTMpaHuTe HanodacTuuy npossseaT ORR enekTpokaTanuTM4yHa akTWBHOCT B Kucena WMM OCHOBHA Cpeda. Tesn CBOWCTBA OTKPMBAT HOBM
Bb3MOXHOCTY 3a TAXHOTO NMPaKTU4YECKO NPUNOXEeHWe B 06NacTTa Ha ekoTeXHONOrMuTe 1 ONa3BaHETo Ha OkonHaTa cpeaa.

KniouoBu AYMU: BbIMepoaHN HAHOTOYKK, eKOJ'lOZOC'bO6p83HU Kamanusamopu, d)omooxucneHue

Introduction In basic environment:
02 +4e-+ 2H.0 2 40H- Eo=0.401V

The negative consequences of the anthropogenic Oz +2e- + H20 2 HO2~ + OH- Eo=-0.065V
environmental pollution create a prerequisite for the
development of modern ecotechnology for clean energy In acidic environment:
generation. One such approach is the development of O2+4e-+4H'22H,0  Eo=1229V
membrane fuel cells, microbial fuel cells, etc., which utilize the 02+ 2e-+ 2H* 2 H20; Eo=0.670V
reduction of oxygen in order to generate electrical energy
(known as oxygen reduction reaction or ORR) (Huang et al., In order to increase the performance of the working
2017). The reduction of oxygen in water solution can proceed electrode (cathode) our efforts are concentrated on the
basically by two general pathways and the reaction occurred development of effective and low cost electrocatalysts (known
on the cathode electrode. The pathways are dependent on pH as platinum-free) that are able to increase ORR peak current
conditions and thus ORR mechanism basically differs in basic and reduce the electrochemical overpotential. The reason is
or acidic conditions (Yeager 1984), as shown on the equation because the noble metals as platinum and its compounds are
below: considered as the most effective ORR catalysts, however the

high cost and poor global distribution limit its practical
application (Lin et al., 2014).
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During the last decades a lot of efforts have been made to
develop an effective and non-precious electro-catalysts as
alternatives of the platinum based on light elements (carbon,
hydrogen, boron, oxygen, etc.). The recent studies have
focused on carbon based nanomaterials, which are of
particular interest, because they have various attractive
benefits (Li et al., 2012), such as electrocatalytic activity
dependent on their structure and morphology, cheap
production, easy chemical modification and long-term stability.
Herein we employed nitrogen-doped carbon nanodots (C-dots)
as electrocatalyst of ORR in both basic and acidic aqueous
solutions. C-dots are reported to be composed of polyatomic
carbon domains surrounded by amorphous carbon frames
(Zhu et al., 2013). The nanoparticles are highly fluorescent and
can be fabricated in one step reaction by microwave assisted
pyrolysis. Their abundant of organic groups shell allows to be
immobilized on the graphite electrode through chemical
conjugation. Thus, the presented report suggests a novel
approach for producing effective electro-catalyst as alternative
to platinum for ORR.

Experimental Procedures

Materials. Citric acid, 1,2-ethylenediamine, sodium nitrite,
sodium bicarbonate, potassium hydroxide, sulfur acid and
concentrated hydrochloric acid were purchased from Wako. All
the chemicals used within the experiments were of an
analytical grade without any further purification. All solutions
were prepared with deionized water. Graphite rods (model: Uni
0.5 Mm Hb Nano Dia Blended Hi-quality Mechanical Pencil
Leads, made in Japan) with 1.2 nm diameter were used as a
working electrode (cathode).

Fabrication of graphite electrode chemically coated with
carbon nanodots. The nanoparticles were prepared by the so
called “bottom up” method. For that purpose 1 g of citric acid
was mixed with 10 ml deionized water and 0.2 ml of 1,2-
ethylenediamine was subsequently injected in the reaction
mixture. The precursors were well mixed by magnetic stirrer to
obtain a clean transparent solution. Then the mixture was
subjected to microwave pyrolysis in 150 ml Beher glass for 180
sec in conventional microwave oven (600 W). After the
pyrolytic reaction a yellow-brown pellet was formed at the
bottom of the glass vessel. Its aqueous solution has acidic pH
= 3.5. The pellet was dissolved again in 10 ml deionized water
and cooled down in an ice bath. In another glass vessel blue
nitrous acid (HNO2) was prepared by simple mixing of ice,
concentrated hydrochloric acid and sodium nitrite (NaNOz) at
temperature close to 0 °C. 2 ml of the freshly prepared nitrous
acid was mixed with the solution of carbon nanodots. During
the formation of diazonium salts the fluorescence of
nanoparticles disappeared. This fluorescence quenching effect
was an indicator for the monitoring of reaction end. The
chemically activated nanoparticles [C-dots-N=N*] Cl- were
mixed with the graphite electrodes in sodium bicarbonate
(NaHCOs) buffer solution. Thus, an energetic reaction of
chemical conjugation occurred on the graphite surface. During
the reaction bubbles were formed on the fabricated electrode
surface as a result of neutralization of the bicarbonate buffer
with the acidic solution of the nanoparticles.
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Electrochemical measurements. The measurements were
conducted by a conventional three-electrode system utilizing a
Saturated Calomel electrode (SCE) and a platinum wire as a
reference and counter electrode. The working electrodes were
(i) unmodified graphite electrode, (ii) graphite electrode
chemically modified with carbon nanodots and (iii)
polycrystalline platinum disk electrode as a control experiment.
For ORR measurements, 0.1 M KOH and H.SO4 solutions
saturated with oxygen were used. Before measurement the
solutions were subjected to bubbling with oxygen for 30 min to
achieve their complete saturation at ambient temperature
(Gara & Compton, 2011). One control experiment with
solutions saturated with nitrogen was performed too.

Result and discussion

Physicochemical characterization of the carbon nanodots.
The physicochemical characterization of C-dots was performed
using Fourier transform infrared spectroscopy (FT-IR), dynamic
light scattering (DLS) and X-ray photoelectron spectroscopy
(XPS). DLS analysis showed nanoparticles size distribution in
the range 1.5-2.5 nm with 2 nm average diameter. By this
analysis no aggregations were found. FT-IR analysis showed
absorption bands at 3000~3500 cm-", which were associated
to the combination of stretching vibrations of amino (Hz2N-),
hydroxyl (HO-), and alkyl (C-H) functionalities. These organic
groups are responsible also for the hydrophilic nature and
stability of C-dots in aqueous solution. The transitions at 1566,
1402, 1184 and 768 cm-' are assigned to v(C=0), v(C=C),
v(C-0) and v(C-C) vibrations, respectively (Zhu et al., 2013).
XPS analysis was performed, focusing on the C 1s, N 1s and
O 1s regions of the carbon nanodots. XPS analysis for C 1s
region shows main binding energy (BE) peaks at 285.1 eV and
287.0 eV, which correspond to functional groups of aliphatic
carbons and to carbons in C=0, C-O-H and C-O-C,
respectively. The region for nitrogen (N 1s) at 407.5 eV was
observable with a dominant peak.

Electrochemical activity of unmodified graphite electrodes.
Cyclic voltammograms were measured for the unmodified
graphite macroelectrodes (as control experiment) in a range of
scan rates in H2SO4 solution saturated with either oxygen or
nitrogen gas. As we expected, in the majority of experiments
with saturated oxygen there was a response for ORR
electroactivity of the graphite. Nevertheless, the control
experiment with solution saturated with nitrogen gave very little
response with most nothing except a response for the
breakdown of solvent (in case of organic solvent as methanol).

Electrochemical activity of graphite electrode coated with C-
dots. The ORR electroactivity of the immobilized C-dots on the
graphite electrode was evaluated in basic and acidic media as
explained above. On Fig. 1 are shown typical linear sweep
volammograms obtained from (i) unmodified graphite electrode,
(i) graphite electrode coated with carbon nanodots, and (i)
polycrystalline platinum disc electrode. The experiments were
performed in oxygen saturated solutions of 0.1 M potassium
hydroxide (Fig. 1A) and 0.1 M sulfuric acid (Fig. 1B). The figure
shows that the unmodified electrode and the platinum
electrode have an ORR peak current (I) and ORR onset at —
552 pAcm-2 and -0.35 V, and at -559 pAcm-2 and -0.038 V
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(vs SCE), respectively in basic solution. In acidic solution the
unmodified electrode and platinum disk have ORR peak
current and ORR onset at -662 pAcm-2 and -0.51 V, and at -
717 pAcm=2 and -0.47 V (vs SCE), respectively. In both
experiments as theoretically expected the polycrystalline
platinum disk electrode displays optimal oxygen reduction
reaction activity. It is clear further on both figures that in basic
or acidic solution modified graphite electrode becomes less
electronegative. In case of KOH the ORR onset of the coated
electrode shifted from -0.35 V to -0.27 V (shifting by 0.08 V)
and the peak shifted from -552 pAcm2 to —484 pAcm-2

(shifting by 68 pnAcm-2). In the case of the acidic solution the
change is even more significant. The ORR onset of the coated
electrode shifted from -0.51 V to -0.16 V (shifting by 0.35 V)
and ORR peak current shifted from -662 pAcm-2 to -597
pAcm=2 (shifting by 65 uAcm-2). The analysis of the figure
proved that the modification of the electrode with carbon
nanodots enables ORR to occur at a less electronegative
overpotential compared to that of unmodified electrode. As a
result the electrochemical reaction proceeds at less
electronegative ORR onset and the achievable current density

is increasing.
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Fig. 1. Linear sweep volammograms of unmodified graphite, graphite electrode chemically coated with nitrogen doped carbon nanodots and platinum disk

electrode in (A) 0,1 M solution of KOH and (B) 0,1 M solution of H2SO4

The obtained data concluded that the addition of fluorescent
nitrogen doped carbon nanodots on the electrode surface
caused beneficial alteration to the ORR signal output. The
reason is because in both basic and acidic solution the
nanoparticles have a 2 electron pathway ORR mechanism. In
the case of H2SO4 the obtained H202 was the major reaction
product (Martinez-Perinan et al., 2018). It was important to test
the operational stability during longer period of exploitation of
the modified electrode in order to claim for its practical
industrial applications. All experiments show that the modified
electrodes have initial increase in their relative current output
(during 90 min exploitation). These were important results for
the practical use of the electrode as cathode in fuel cells.
However, after few hours’ exploitation (less than 4) their
current gradually decreases. Note that the nature of graphite
electrode is with low adhesion which enables dissolution of its
rough surface into the electrolyte during the friction with liquids.

Another practical advantage of the fabricated electrode is the
resistance of the carbon nanodots to poisoning as inhibition of
the catalytic centers with hydrogen sulfide, carbon oxide and

7

methanol. These mentioned compounds have been shown to
reduce significantly the ORR activity of all platinum based
electrocatalysts. In addition, the presence of the nano-layer on
the electrode reduces the charge transfer resistance and thus
improves the electrochemical response. This property could
find application in the biosensors technologies too.

Conclusion

We reported the fabricaton and electrochemical
characterization of graphite electrode modified with nitrogen
doped carbon nanodots towards the ORR in basic and acidic
media. All experiments show increasing of the ORR signal
output, which caused increasing of the achievable current too.
Thus, the electronegativity of the ORR onset potential of the
modified electrode was decreased. Future work is orientated to
improve the stability of the nano-layer on the electrode surface.
This might offer cheap, stable and effective alternative of the
platinum based cathode materials.
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MATHEMATICAL FLOW MODEL OF THE KRASNOVO THERMOMINERAL FIELD
(SOUTHERN BULGARIA)

Nikolay Stoyanov?, Stefan Zeinelov!

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, nts@mgu.bg

ABSTRACT.A generalized conceptual scheme of the hydrogeological conditions in the region of the Krasnovo thermomineral field is developed. This concept is
implemented in a three-dimensional model of the flow structure. The modeled area includes the upper part of the thermomineral reservoir to a depth of 400 m and
covers a territory of about 72 km2. Within these boundaries four hydrogeological units are determined: a fault-fissure conductive complex, a fractured poor water-
bearing complex, a fault-drainage spring complex, and a Quaternary-Neogeneaquifer complex. The developed flow model is used to calculate the water balance
revenue and expenditure elements for the fault-fissure complex and for the spring complex. The obtained model solutions are used as a base for the performed
quantitative assessment of the Krasnovo field water resources. The boundaries of the sanitary protection zone around the existing facilities for extraction of thermal
mineral waters are determined. The computer programs Modflow and Modpath are used.

Keywords: hydrogeological model, mineral water resources,thermomineral field, water budget

MATEMATUYECKUW ®UNTPALMOHEH MOLEN HA TEPMOMWHEPANTHO HAXOOMULLEE KPACHOBO (H0XXHA BBITTAPUA)
Hukonaii CmosiHoe?, CmechaH 3eliHenos!

TMuHHo-2e0m0xKU yHUBEpCUmMem “Cs. MsaH Puncku’, Cogpusi 1700;nts@mgu.bg

PE3IOME. PaspaboteHa e obLya KOHLENuus 3a X1aporeonoXk1Te YCroBus B pailoHa Ha TepMOMMHepanHo Haxoauie KpacHoso. KoHuenTyanHata cxema e
UMNMeMeHTMpaHa B TpUMepeH MaTemMaTuiecku Mofen Ha punTpaLmoHHoTo none. MogenHata obnact 0bxBalya NOANOBBPXHOCTHOTO MPOCTPAHCTBO BLB Bofoctopa
Ha HaxoaMLeTo Ha TepuTopus C nnowy okono 72 km2 n go gbnbounHa okono 400 m. B Te3n rpaHnLmM ca JETEPMUHWPAHW YETUPU XMOPOrEONoXKM eanHULM -
Pa3NoMHO-MyKHATUHEH NPOBOASLL, KOMMIEKC; MyKHATUHEH CNaboBOAOHOCEH KOMMIEKC; Pa3NOMHO-APEHAXEH M3BOPEH KOMMIEKC 1 KBaTEPHEP-HEOTEHCKN BOLOHOCEH
komnnexc. C hunTpaLmOHHNA MOAEN Ca W3YMCTIEHN NPUXOAHUTE W PA3XOAHUTE eNeMEHTU OT BOAHMA 6anaHc Ha pa3noMHO-NYKHATUHHWSA NPOBOAALL KOMMNEKC
Pa3noMHO-ApeHaXHNs M3BOPEHKOMNNeEKC. Bb3 OCHOBA Ha MOAENHWTE PELEHNs € HanpaBeHa KOMMYEeCTBEHA OLeHKa Ha BOAHMTE Pecypc Ha Haxoawilie
KpacHoBo.OnpegeneHa e caHMTapHO-OXpaHUTeNHaTa 30Ha OKOMO AeNCTBALLNTE CbOPbXeHNs 3a 40OMB Ha TEPMOMUHEPANHW BOAM. M3non3BaHn ca KOMMIOTbPHUTE
nporpamu Modflow n Modpath.

Kniouosu AYMU: XMOPOreosnoxkn Mmoaen, pecypcu Ha MuHepanHu Boau, TepMOMUHEPanHo Haxoauile, soaeH 6anaHc

Introduction water facilities, without taking into account, analyzing and
assessing the characteristics of the composite and boundary
One of the areas rich in thermal mineral water in Bulgaria is hydrogeological units, the hydraulic connections and the water
the Sredna gora thermomineral water-bearing system, formed exchange between them, the influence of the boundary
in the deep parts of the granite-gneiss massif of Sashtinska conditions and pOSSible external impaCtS, the flow StrUCtUre,
Sredna gora (Figure 1). Separate parts of this system are the the water budget, the boundaries of the sanitary-protection
thermal mineral fields Hissarya, Pesnopoy, Krasnovo, Strelcha ~ Zones (SPZ), etc. In fact, there are similar deficiencies in the
and Banya (Panagyurishte), where some of the most famous published data about most of the thermal fields and
national balneological centers are built. The listed fields have manifestations of the Sredna gora thermomineral water-
been known and used since ancient times, and in the last 100- bearing system.
150 years they have been increasingly exploited and
thoroughly researched. Detailed data and different estimates of For a detailed, well-grounded and more precise assessment
the genesis, water and heat resources, chemical composition, of the water budget, a three-dimensional (3D) model of the
yield and use of the thermal mineral waters are presented in a Krasnovo field was developed using Modflow program. Based
|arge number of monographS, articles, scientific repor[s and on the model solutions, the flow structure is determined, the
notes. Systematic information on the thermal System and its elements of the water bUdget are calculated and the local and
composite fields is contained in a number of summary reports regional resources of the thermal-mineral waters are
(AsmaHoB, 1940; Llepes, 1964; Metpos v gp., 1970, 1998; estimated. Using the Modpath program, the boundaries of the
Benderev et al., 2016; Pentcheva et al., 1997, and others). SPZ around the exploited water sources are defined.
Publications and archive sources for the area of the
The schemes and resource assessments, presented in thermomineral field (Xpucrosa, 1961; Lepes, 1964; MeTpos u

various information sources for the Krasnovo field are too fip., 1970, 1998; lNenues, 1999) were also used.
general, mainly based on data on the flow rate of the drainage
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General information about the thermomineral
field

Thermomineral field Krasnovo is located at the southern foot
of Sashtinska Sredna gora Mountain, about 2 km east of the
village of Krasnovo. The main reservoir is formed in the deep
parts of a fissured and tectonically disturbed rock complex,
including parts of the Matenica pluton (mty2C), the Smilovene
pluton (smyd:1C) and the Arda group (ArPeC) (Figure 1).
Thermomineral waters circulate by faults, and on the terrain
they appear from the Quaternary-Neogene sediments, filling
the Krasnovograben.

The warm springs have been used since ancient times, and
documented studies and activities for more efficient utilization
of the field began in the early 20th century. In 1928, Krasnovo
capture was built, which captured two springs with a total flow
rate of 2 I/s and a temperature of 53.5 °C. In the period 1958-
1961, based on detailed geophysical and drilling studies, the
main normal dip-slip faults which formed the Krasnovograben,
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Fig. 1. Location of the studied area. Geological background

7 Proluvial deposits, prQp
Proluvial-talus deposits, pr-dQp
Alluvial-proluvial deposits, a-prQp - Matenica Pluton, mty;C

tectonic disturbances and thermal anomalies in the spring zone
were mapped (XpuctoBa, 1961). At a regional level, studies
outline a stepped graben filled with clayey and sandy-clayey
sediments. From the three deep boreholes (C-1, C-2 and C-3)
drilled in the graben bedrock, the most perspective is C-1
(Figure 1). It is built in the spring area, at about 150 m from the
existing capture. Its depth is 160 m. At 127 m below the
ground, it enters the cracked and fissured granite bedrock,
where it reveals a very conductive pressure zone hydraulically
connected to the main reservoir. The other two deep boreholes
(C-2 and C-3) have been identified as being without potential
due to very low artesian flow rate (up to 0.3 I/s), insignificant
relative flow rates at pump mode and temperature below 35
°C. The uncaptured spring Gyola located in the spring area
with a flow rate of 0.2 I/s and a temperature of 21 °C is also of
no significance. The water drained from these sources is not
directly connected to the main reservoir but is a result of the
mixing of thermal mineral water and fresh cold water.

GEOLOGICAL CROSS-SECTION LINE U
KRASNOVD BATHS
Bt T

My

17 Ahmatovo Formation, ahN; [
'+7+" Streicha Pluton, sty;P

. Smilovene Pluton, smy5,C
* * " Undivided Arda Group, ArPeC

4—+—= Reverse fault

Note: The maps and the profile are compiled on the basis of the geological map of Bulgaria M 100000 — map sheet Panagyurishte and Karlovo (Mnues u Kaykos,

1990; Pycesa u dp., 1990) and unpublished materials (Xpucmosa, 1961)

The capture and C-1 borehole are the only existing water
abstraction facilities in the Krasnovo thermomineral field. They
are with artesian character, forming a complex drainage
system very sensitive to external and internal impacts.
Observations on the flow rate and the temperature of the
drained waters also show that the exploitation resources of the
field in the last six decades have been gradually decreasing,
which is explicable for deep high pressured water-bearing
structures. In the initial stage of the joint operation of the two
facilities (1960), the outflow from C-1 was 24.5 /s at 55 °C and
the initial flow rate (2 I/s) decreased to 1.2 I/s. For ten months,
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the flow rate of C-1 decreased to 14 I/s at 55.2 °C, and the flow
rate of the capture increased to its initial value of 2 I/s. In
1998/1999 the flow rate of C-1 was about 6-7 I/s at a
temperature of 554 °C and the flow rate of the capture — 1.5
I/s at 52 °C. In the beginning of 2018, the outflow from C-1 was
55 Ils at a temperature of 53 °C, and the flow rate of the
capture was 1.25 I/s at 49.6 °C. According to its chemical
composition, the water from the Krasnovo field refers to the
nitrogenous thermae, but besides N contains also H2S. Its total
dissolved solids (TDS) concentration is about 0.3 g/l, and the
type of the water is HCO3-SO4-Na, with a neutral to alkaline
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pH. The microcomponents Li, Be, Ga, Ge, Se, Rb, Cs etc. are
presented. The helium content is 234 Pa, and the radioactivity
is 25 Em. Water is suitable for the treatment of kidneys,
gallbladder, liver, digestive system and musculoskeletal
apparatus. The resource assessments made so far, on the
thermomineral field, are based on observations on its flow rate,
chemical composition and temperature regime.

Conceptual model of the thermomineral field

On the basis of the current geo-tectonic knowledge of the
region and the available information about the studied site
(XpuctoBa, 1961, Kaukos 1 Unues, 1994, Pycesa v ap., 1994),
the following general conception for the hydrogeological
settings in the range and the adjacent territories of the
Krasnovothermomineral field was assumed (Figure 2).

Watershed area. The watershed area of the field covers an
area of 72 km?, including parts of the Gerenska River basins
and its northern tributaries Krasnovska, Banskidol, Drenovdol
etc. (Figures 1 and 2). The terrain is heavily intersected, with
altitudes varying from 1273 m on the ridge of Sashtinksa
Sredna gora to 320-350 m in the spring zone. The river
network density is about 1.4 km/ km? and the average value of
the surface runoff is 2 I/s/km2.

HYDROGEOLOGICAL MAP

\\ :

1000 2000 3000 m

Watershed
L____\Boundary

- Fractured poor water-bearing complex (A-Pz cmx)

- Fault-fissure conductive complex (f A-Pz cmx)

- Fault-drainage complex - Spring zone (f1a A-Pz cmx)

- Fault-drainage complex - Peripheral zone (f1b A-Pz cmx)
i} - Quaternary-Neogene aquifer complex {Q-N cmx)

- Capture Krasnovo

- C-1 borehole

Fig. 2. Hydrogeological map of the watershed area of Krasnovo field

Basic hydrogeological units. According to the assumed
working hypothesis, four main hydrogeological units are
separated in the watershed area of the thermomineral field and
its periphery, the surface outcrop and boundaries of which are
illustrated in Figure 2.

* Faultfissure __conductive _complex___(fA-Pz-cmx). It s

developed by the Krasnovo graben tectonic structures, and
the associated river and deep gullies fault zones. It is built of

75

faulted, fissured and secondary altered intrusive and
metamorphic rocks. The Palaeozoic granites (mty2C)
dominate the graben and SE part of the watershed area,
where the main thermomineral reservoir is formed at a depth
of about 1000 m. In the central part of the watershed area,
the fault-fissured complex is attached to the Precambrian
gneisses (ArPeC) and in the N-NW - to the Paleozoic
granites and granodiorites (smyd1C). The hydraulic
conductivity k is most often in the range of 0.01 to 0.1 m/d,
with the high values being associated with the upper part of
the cross-section — up to a depth of 100-200 m.

parts of the Paleozoic and Precambrian rocks that are not
affected by the tectonic deformnations. Up to a depth of 50-
100 m, the rocks are very fractured and secondary altered,
and below in the cross-section the open fissures gradually
dwindle or are completely absent. The hydraulic conductivity
varies widely from about 0.02 m/d in the upper part of the
rock massif to 0.001 m/d and is lower in depth.

the most fractured parts of Paleozoic granites (mty2C),
where several sub-parallel and sub-meridian faults intersect.
It covers a small territory in the SE part of the Krasnovo
graben (the area of drainage of the thermomineral waters),
which includes the Krasnovo capture, C-1borehole, the
spring Gyola and other smaller scattered springs along the
Banskidol River. Fault-drainage spring complex is the main
path to the surface for the deep thermomineral flow and is a
very important factor that determines the quantitative and
qualitative parameters of the spring waters and partially
limits the resources of the thermomineral field. The hydraulic
conductivity in this zone ranges from 0.1 to1 m/d.

formed in the sediments that fill the Krasnovski graben and
is built of conglomerates, clayey sands, sandy clays and
clays with a total thickness of 100-150 m. The predominant
presence of the fine-dispersed fractions implies the low
water permeability of the medium. The hydraulic conductivity
is about 0.03 m/d, and in some parts it is up to 0.2-0.3 m/d.

Recharge and discharge. The main recharge is from
infiltration of rainwater and river water. It occurs in the outcrop
parts of the rock complexes. It ist most intense in the outcrops
of the fault-fissure conductive complex. The average infiltration
rate W is between 3.0E-05 and 7.5E-05 m/d. It is determined
by the assumption that between 2 and 5 % of the
precipitations, whose annual sum in the area is 538 mm
(Konesa u [lenesa, 1990), are infiltrated in the subsurface
space. The cold water infiltrating by faults maintains the water
budget and the high pressure in the main reservoir. In depth,
their temperature reaches 55-60 °C under the influence of the
geothermal anomaly in the deep parts of the Paleozoic plutons.
The main direction of the thermomineral flow is S-SE and the
average gradient is 0.015. The piezometric heads in the
bedrock of the graben are very high, and at the lowest SE part
of the catchment area are 10-15 m above the terrain, which
generates the ascending thermomineral flow in the fault-
drainage spring complex. Part of this stream is drained by the
capture and C-1 borehole, and another part is discharged and
mixed with the cold waters of the Quaternary-Neogene
complex and emerging on the surface as scattered springs
with low flow rate and low temperature (20-25 °C).
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Composition of the flow 3D model

The flow model FM3D is a 3D simulation of the flow structure
in the region of Krasnovo thermomineral field, taking into
account the complex hydrogeological conditions and all
external influences, including the activity of the capture and C-
1 borehole. The basic points and input parameters in its
composition are as follows:

« FM3D is compiled with Modflow computer program. The
model area covers the subsurface in the watershed area of
the thermomineral field with an area of 72 km2 and up to a
depth of about 400 m.

+ Spatial discretization is made with an uneven orthogonal
grid. FM3D includes two model layers - ML-1 and ML-2
(Figure 3). According to the differences of the
hydrogeological parameters in the model layers, four model
zones are defined (Tables 1 and 2), which simulate the
spatial distribution of the hydrogeological units of different
rank (Figure 3).

* The relief of the lower and upper boundaries of the model
layers and zones are consistent with the morphological
features of the terrain and the spatial forms of
hydrogeological units. The ground surface is set as the
upper boundary of the ML-1.

+ The regional flow is modeled with a boundary condition of
third kind under the General Head Boundary (GHB) scheme
along parts of the outer boundaries of the model area.

+ The Gerenska River and its tributaries are simulated as 3D
objects with relevant geometry and hydraulic characteristics.
They are defined as a boundary condition of third kind using
the River program package.

« The infiltration recharge is set in all cells of the first model
layer with the Recharge program package. According to the
permeability of the surface layer, 3 model zones with
different infiltration rates were introduced — MZ-W1, MZ-W2
and MZ-W3 (Figure 4), which respectively simulate the
surface propagation of fA-Pz-cmx, A-Pz-cmx and QN-cmx.
The introduced values of W in these zones are: W1 = 2.0E-
04 m/d, W2 = 1.0E-04 m/d and W3 = 5.0E-05 m/d.

* The upstream flow from the main reservoir is set on the
bottom of the ML-2 layer in the MZ-2.3a zone with a
boundary condition of second kind by the Specified Flow
program package. The initially accepted flow value was
corrected for model calibration.

+ The capture and C-1 borehole are modeled as 3D objects
with  corresponding  coordinates and  construction
parameters. They are set to work with a constant level of

Table 1.

Hydrogeological units, model layers and model zones

drainage with a boundary condition of first kind by the
Specified Head program package.

« The model calibration uses data from the long-term
exploitation of the facilities and data on water levels in the
rivers.

- Model zone MZ-1.1
- Model zone MZ-1.2
- Model zone MZ-1.3
- Model zone MZ-1.4
- Model zone MZ-2.1
- Model zone MZ-2.2
- Model zone MZ-2.3a
- Model zone MZ-2.3b
- Specified Head

1- River

|- GHB

3D GRID FRAME

GHB

]

West iﬂf

2D GRID FRAME

MODEL LAYER

"\ MODEL LAYER
ML-2

GHB

Fig. 3. Geometry of the model layers amd zones. Boundary conditions.

Hydrogeological unit Geoloical unit Lithographic Geology Model Model
1srank 2nd rank g characteristic index layer zone
Fractured poor water- Near-surface zone ) ) ML-1 MzZ-1.1
bearing complex Desp zone Matenica pluton granites, v2C ML-2 MZ-2.1
- - Smilovene pluton granodiorites, smyd1C
Fault-fissure conductive | Peripheral zone Arda group gneisses ArPeC ML-1 MZ-1.2
complex Deep zone ML-2 MZ-2.2
Fault-drainage spring Spring zone ) ) MZ-2.3a
M I ML-2
complex Peripheral zone atenica pluton granites v2C MZ-2.36
] Spring zone Prolluvialand alluvial- prQp MZ-1.3
aautercomplr. prllvaldeposis conds, congonerses | U0 | ML
4 P Ahmatovo formation »cong ahNi. MZ-1.4
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["""1- Model recharge zone MZ-W1
[ |- Model recharge zone MZ-W2
[C—_1- Model recharge zone MZ-W3

MZ-w1
MZ-W2
MZ-W1
MZ-w2 MZ-w2
MZWT  yzwe
MZ-W3 MZWS
’ MZ-w3
NZ-W2 MZ-W1

Fig, 4. Model zones with different recharge rate in model layer ML-1.

Table 2.
Hydraulic conductivity k and active porosity no of the model
zones

Hydrogeological unit | Model zone k, m/d No, -
Fractured poor water- MZ-1.1 1.5E-02 2.0E-03
bearing complex MZ-2.1 7.0E-03 1.0E-03
Fault-fissure conductive MZ-1.2 5.0E-02 3.0E-03
complex Mz-2.2 2.5E-02 2.0E-03
Fault-drainage spring MZ-2.3a 1.0E00 1.0E-02
complex MZ-2.3b 1.5E-01 7.5E-03
Quaternary-Neogene MZ-1.3 1.0E-01 5.0E-03
aquifer complex MZ-1.4 3.0E-02 2.5E-03

Note: The values of k and no are defined by literary data (Spitz and Moreno,
1996; CmosHos, 2015, and others).

Table 3.

Water budget of the fault-fissure conductive complex (fA-Pz-cmx)

Model solutions

Structure of the flow field. The model solution for the
distribution of the hydraulic heads in the two model layers
(Figure 5) presents the flow structure in the watershed area of
the thermomineral field under the conditions of continuous
exploitation of the capture and C-1 borehole.

Water budget. Groundwater resources. Using FM3D, the

water budgets of the fault-fissure conductive complex (fA-Pz-

cmx) and the fault-drainage spring complex (f1A-Pz-cmx) are
composed, which are very closely related to the formation,

circulation and drainage of the thermomineral waters (Tables 3

and 4). The presented results provide the basis for the

following summaries and conclusions regarding the water
resources of the thermomineral field.

« The total discharge of the circulating groundwater in the
spring zone is 28.5 I/s.

+ The regional water resource of the field is estimated at 26.4
I/s, assuming that it is formed from the upstream flow of the
main thermomineral reservoir and the hot water entering the
spring zone from the deep parts of the fault-fissure
conductive complex and the fractured poor water-bearing
complex.

+ The local water resource of the water abstraction facilities
(the capture and C-1 borehole) is 6.75 I/s, with guaranteed
chemical composition and temperature of the abstracted
thermomineral water and with a tendency for a slight
decrease in the outflow in the near decades.

FLOW IN, QN I/s FLOW OUT, QouT, I/s
Inflow from adjacent to the water catchment area complexes 24.45 Draining to adjacent to the water catchment area complexes 19.09
Inflow from rivers 6.48 Draining to rivers and gullies 52.39
Inflow from the Quaternary-Neogene aquifer complex 5.69 Draining to the Quatemary-Neogene aquifer complex 28.58
Inflow from the fractured poor water-bearing complex 81.37 Draining to the fractured poor water-bearing complex 27.61
%Pg];\ﬂ;ggoma:i:er;asﬂ:\-lgﬁlnage zone and upstream flows by deep fauls | 46,7, 5(::12% Ittc; the fault-drainage zone and downstream flows by 24.81
Recharge from infiltration of precipitation 17.82
Total flow in: | 152.53 Total flow out: | 152.48
Balance error 0.03 % (difference)
Table 4.
Water budget of the fault-drainage spring complex (f1A-Pz-cmx)
FLOWIN, QIN, I/s FLOW OUT, QovT, I/s
Inflow from the fault-fissure conductive complex and upstream flows Draining to the fault-fissure conductive complex and by deep
by deep faults from the main reservoir 2481 faults 16.72
Inflow from the fractured poor water-bearing complex 1.58 Draining to the Quatemary-Neogene aquifer complex 5.02
Inflow from the Quaternary-Neogene aquifer complex 212 Water intake facilities — capture and C-1 borehole 6.75
Total flow in: 28.51 Total flow out: 28.49
Balance error 0.07 % (difference)

Models for determination of SPZ boundaries

The boundaries of subzone Il and subzone Il of the SPZ
around the capture and C-1 borehole are calculated using the
ModPath program. Two mass-transport models, MP3D-1 and
MP3D-2 are compiled, taking into account the determined by
FM3D flow structure. The values of the active porosity no
specified in the model zones are accepted according to the
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lithology and/or the secondary alterations in the water-bearing
medium (Table 2). By MP3D-1, the boundaries of subzone Il
have been determined at a computing time of 400 days, and
with MP3D-2 the boundaries of subzone Ill at a calculation
time of 25 years (Figure 6). These periods have been chosen
with accordance to the normative documents in Bulgaria.
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Conclusion

A modern concept of the hydrogeological structure and the
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Fig. 6. Boundaries of SPZ around the capture and the C-1 borehole

recharge conditions, circulation and drainage of the
thermomineral and cold waters in the watershed area of
Krasnovo field was implemented by the developed models.
The model solutions determine the complex flow structure in
the artesian aquifer system and quantify the water resources of
the field as well as the parameters of the optimum yield and
the boundaries of the SPZ around the water abstraction
facilities. The obtained results enable a better understanding of
the mechanisms of formation and movement of thermomineral
waters and provide new data about their resources. These
results have also an important practical significance for a more
efficient exploitation of the field. The presented methodological
approach can be successfully used in solving of other similar
hydrogeological problems.
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RESEARCH TO DETERMINE THE DEPENDENCE BETWEEN THE ENVIRONMENTAL
TEMPERATURE AND THE TEMPERATURE OF NATURAL GAS USED FOR THE
DOMESTIC SECTOR AS A CONSUMPTION FACTOR
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2 Gastechnika Ltd, 1000 Sofia, Totleben 63, filkov@gastechnika.com

ABSTRACT. In this report we present a current issue related to the recalculation of the volume of natural gas used in the domestic sector and the dependence on the
weather conditions of the coefficients involved in these corrections. Several methods of data processing were used, including: regression analysis and artificial neural
networks ANN. The gas distribution companies in the course of the operation of the gas distribution networks solve this problem, related to the accuracy of reporting
the consumed quantity of gas, depending on its priorities and expert capacity. To this end, colleagues from Sofia Gas have conducted a study and observed
differences in readings of the reported amount of gas per user, in which the consumption was measured with a gasmeter without temperature correction and with a
temperature correction gasmeter. On this basis, by additionally mounted temperature sensors and volume correctors of the Gas Center experts, we have conducted
an experiment to specify the impact of environmental parameters on a model for adjusting the volume of gas. On the basis of the data used for the heating periods in
2016/2017, the report presents a mathematical model, which defines a function describing the gas temperature dependence on the daily air temperatures. Using
Artificial Neural Networks (ANN), relationships between air temperature and soil temperature are determined for different gas flows. A software application has been
developed to predict the temperature of the soil depending on the climate zone and average air temperature. The results of solving this problem and the possibility to
forecast are the opportunities to improve the effective management of the Gas Distribution Networks.

Keywords: natural gas, applications for natural gas consumption, flow measurement, correction factors for natural gas consumption

W3CNEOBAHE 3A ONPEOENAHE HA 3ABUCUMOCT MEXXOY TEMMNEPATYPATA HA OKONTHATA CPEA U
TEMNEPATYPATA HA MPUPOHUA FA3 U3MON3BAH 3A BUTOBUS CEKTOP, KATO ®AKTOP 3A MPEABWMXOAHE HA
NOTPEBJIEHUETO

MapmuHn Bosioxues?, [puzop ®unkoe?,

T MunHo-2eonoxku yHusepcumem "Ce. Mear Punicku", 1700 Cogpusi, martinb@mgu.bg
2["asmexHuka OO0/, 1000 Cocpus, 6yn. TomnebeH 63 filkov@gastecnika.com

PE3IOME. B HacToswms Aoknaa npepctassme aktyaneH npobnem, CBbp3aH C npeuauncnssaHe Ha obema Ha 13nonasaHus npupopeH ras B 6UTOBUS cekTop
3aBUCMMOCTTA Ha KOe(ULIMEHTATE Y4acTBaLLY B TE3n KOPEKLMM OT MEeTEOPONOryHUTe ycnoBus. 3non3sanu ca Hskonko MeTofa 3a obpaboTka Ha AaHHUTe, Mexay
KOMTO: PErpeCOHEH aHanma 1 3kycTBeHn HepoHHM Mpexin ANN. [azopa3npeaenuTenHuTe ApyxecTsa B NpoLeca Ha ekcnroatauusiTa Ha ra3opasnpefenurenHuTe
Mpexu pelasat To3n npobnem, CBbP3aH C KOPEKTHOCTTA B OTYMTAHETO Ha MOTPeBEHOTO KOMMYECTBO ras, B 3aBMCUMOCT OT CBOMTE MPUOPUTETM W EKCnepTeH
kanauwTeT. B Tasn Hacoka kbM MOMeHTa konerv oT Codnsras Afl ca npoBenu uscneaBaHe 1 Habniofasany pasnuky B NOKa3aHMsITa Ha OTYETEHOTO KONWMYECTBO ra3
33 eavH noTpeduTen, Npu KOUTo e U3mMepeHo noTpebneHneTo ¢ pasxogomep Ge3 TemnepaTypHa KOpeKUMs U C pa3xogomep C TemnepaTypHa kopekuws. Ha Tasu
6a3a, ypes AOMbIHUTENHO MOHTWPaHM AaTyMUM 3a TemnepaTypa M KOpekTopu 3a obem CMme peanusupani eKCriepuMEHT C LieNl YTOYHSIBaHe Ha BMUSHUETO Ha
napameTpuTe Ha OKOMHaTa cpefa 3a U3Bexaame Ha Moden Ha kopurnpaHe Ha obema Ha rasa. Ha ocHoBaTa Ha 13Mon3BaHu faHHW 3a OTOMNMTENHUTE NEPUoAN npe3
2014/2015 roguHa B Aoknaga € npeacTaBeH MatemMaTidecku Mofen, Ypes KoiTo e onpedeneHa (yHKLMS OonucBalya 3aBMCMMOCT Ha TemnepaTypaTa Ha rasa ot
[HEBHUTE TemnepaTypu Ha Bb3gyxa. Ypes m3nonssaHu M3kycteHn HesponHu Mpexu (ANN) ca onpepmeneHn Bpb3kM Mexay TemnepaTypata Ha Bb3gyxa W
TemnepaTypaTa Ha no4saTa npu pasnuiHu Aebutyn Ha rasa. MsnonasaHo e COthTyepHO NPUNOXKeHNe 3a NPefcka3BaHe Ha TemnepaTypara Ha noysata B 3aBUCMMOCT
OT KMMaTYHaTa 30Ha W CpeaHaTa TemnepaTypa Ha Bbagyxa. Pesyntatiute OT peluaBaHeTo Ha TO3W npoBnem e 1 NpefocTaBeHnTe Bb3MOXKHOCTM 3@ MPOTHO3MpaHe
ca Bb3MOXHOCTUTE 3a NoAobpsBaHe Ha eeKTUBHOTO ynpaBneHue Ha a3opasnpeaenuTenHuTe Mpexy.

KniouoBu AYMU: NPUPOAEH ras, 3adaBku 3a n0Tpe6neHv|e Ha NpupoaeH ras, namepBaHe Ha nebur, Kopurupatiu Ct)aKTOpI/I npu n0Tpe6neH|/|eTo Ha NpupoaeH ras

Introduction Natural gas, like all gases, is a highly compressible fluid and
its volume depends on and varies according to the pressure

The purpose of this report is to systematize and present and temperature at which it is measured. In the gas practice
information on the result of a study to establish a relationship basic conditions are defined, characterized by a fixed
between the volume and temperature of the natural gas used temperature and pressure conditions under which to trade with
in the domestic sector and the relationship of these natural gas. For basic comparison conditions, when
parameters to the ambient temperature as a key factor in measuring physical quantities such as volume, reference and
predicting the consumption of natural gas. measurement conditions are used, which are published in

BDS EN 13443 and are 20 ° C (293.15 K) and 1 atmosphere
(101 325 Pa).
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Correct  determination and  metrologically  accurate
measurement of the volume of compressible fluids, as well as
the natural gas used in households, is related to the ability to
obtain accurate gas pressure and temperature data in the so-
called working conditions. This data must be consistent with
the exact moment at which the flowmeter reads the volume of
the gas passing through it.

The consumption of natural gas in household consumers is
measured by flowmeters without built-in temperature or
pressure correction. The technology for determining gas
consumption in this case is related to adjusting the monthly
reporting volume in accordance with the average temperature
(T) and atmospheric pressure (P), and not so much with a
compressibility factor (Z) which is acceptable to the extent that
the correction coefficient of over-compression (Kz) at
atmospheric pressure is with a value determined by BDS EN
ISO 12213-2 (http://www.bgc.bg/zfactor/AGA8-
92DC_clear.php?).

In accordance with the state-of-the-art technology in the
measurement, the temperature and pressure correction can
also be performed on-site by using temperature and pressure
sensors that are mounted in place called "Smart" flow meters
that are integrated into the Commercial Metering Tool (CMT)
and are capable of a one-way or a two-way commands and
data transfer. As long as this type of flow meters is not yet
widely used, correction factors are used to recalculate the
volume of gas, mainly related to the need to recalculate the
volume of gas from temperatures close to 0° C (for the heating
season) to 20 ° C (KEBP, MNMoka3aTenu 3a ka4ecTsoTo..., 2004).

Most EU countries have solved this problem by selecting 0°
C for base conditions and thus minimizing the error of lack of
temperature correction in the winter months, Table 1 (BDS EN
13686:, 1998).

In real terms, for companies supplying gas to consumers,
most of the commercial metering devices (CMDs) are from
batches that do not have the ability to recalculate the volume of
gas at a standard temperature (20 °C). In these cases, the use
of a technique to give an idea of the actual temperature of the
gas used (dwurkos, 2010) is important for the accuracy of
reporting and gaining confidence from gas users.

This study ends with several conclusions and suggestions
that, in our opinion, would minimize the possibility of technical
discrepancies between the actual amount of household gas
used and that reported by the flow meter.

Table 1
Basic temperature conditions at which natural gas is traded in
countries around the world

# Country Conditions

temperature, °C pressure, Pa
1 Austria 0 101 325
2 | Belgium 0 101 325
3 | Bulgaria 20 101 325
4 | UK 15 101 325
5 | Germany 0 101 325
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6 Denmark 0 101 325
7 India 0 101 325
8 | Spain 0 101 325
9 Italy 0 101 325
10 Hungary 0 101 325
11 | France 0 101 325
12 | Holland 0 101 325
13 | Sweden 0 101 325
14 | Japan 0 101325
15 | China 20 101 325

Scope of the problem

The reached length of the urban distribution network in the
developed gas supply regions is more than 1590 km and
continues to increase. In these networks-260000 potential of
consumptions (Hukonos, 2007), the distances that natural gas
passes from the point of reading its physical parameters into
the points of entry to the populated areas, the automatic gas
regulator stations (AGRC), to the points for measuring and
reporting natural gas to consumers, are significantt. The
measurement of these input parameters can not be related to
the physical state of the gas in the places where the consumed
amount of household gas is taken into account. In addition, the
use of temperature correction (temperature-correcting and
volume-correcting) commercial metering devices (CMDs), as
discussed above, is not wide-spread.

At the same time, precise information about temperature and
absolute gas pressure is essential for the accuracy in
accounting for and invoicing the actual amount of gas
consumed.

To solve the problem described, a survey was conducted
and three control samples were collected to gather data about:
+ Average monthly air temperature for the surveyed region;

* The hourly consumption of gas for three types of objects
surveyed;

* The air temperature in the vicinity of the flow meter location;

+ Soil temperature in the studied region.

Processing of the task

Experiments include the sequential installation of two flow
meters that measure the volume of gas simultaneously. The
flow meter (1) is of the GMT G 2.5 type, with no gas
temperature readout, and the second flowmeter (2) is the
Galus 2100 TCE type, which recalculates the gas volume
according to its temperature. In the monthly reports on
flowmeters 1 and 2 there is a difference between the registered
gas volumes due to the use of the temperature correction in
the flowmeter 2 automatically performed by the CMD. From the
ratio of the reported quantity of gas from the two flow meters,
applied to a specific period (month), it is also possible to
establish the value of the correction coefficient for the studied
region under the conditions specific to it. With the obtained
coefficient, the readings of the flowmeters in the region are
corrected for each reported period.
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The sequentially located flow meters are a very good basis
for continuing the experiment. However, they do not provide
sufficient data which, by processing as information, allows us
to conclude how the temperature of the gas is influenced by
the ambient temperature and what the dependence of gas
consumption on this temperature is. To achieve these goals,
the experiment has been extended and has passed the next
scheduled stage.

In order to establish the actual gas parameters (temperature
and pressure) recorded at the sale to the customer, an
experimental set up with two electronic temperature and
pressure correctors connected to existing diaphragm
volumetric flowmeters was built. The flow chart is shown in
Figure 1. The temperature of the gas and the impulses from
the counter of the flow meter are input at the inlet of the
corrector 1. At the output of the same corrector, the same
pulses are output synchronously, entering the input of the
corrector 2. In this way, the corrector 2 simulates the same
expense as the pulses are synchronized over time. At the
same time, the temperature input of the corrector 2 is fed by
the ambient temperature signal. Both pressures of the
pressure inlet are supplied with atmospheric pressure. For the
purpose of the experiment, the two correctors are
synchronized over time and report the data in their memory
every hour. Flowmeters are approved under MID, Measuring
Instruments Directive.

Fig 1. Connecting scheme

To find differences and analogies for different types of
clients, this scheme has been transferred to 3 sites with the
following features:

Object 1. Multi-family house. Research in the period:
January-February 2016; High monthly consumption of natural
gas; Flow meter located in a cabinet outside the building near
the ground;

Object 2: Apartment in a residential building. Research in the
period: March 2016; Low monthly consumption of natural gas;
Flow meter located on floor 4 of the building;

Object 3: Office space. Research period: December 2015;
Flow meter located outside the building at a height of one
meter from the ground elevation; Average monthly
consumption per customer type.

Essential laws and anomalies in the survey

Considering the daily consumption data and comparing them
with the changes in the temperatures of the gas and the air by
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hours for all three sites, the results are in the direction of:

* In terms of household gas consumption in settlements, the
temperature of the gas is strongly influenced by the air
temperature, regardless of where the flow meter is located:
inside or outside the building (Figs. 2, a, b, c);

* The temperature of the gas follows the temperature of the air
tightly, exceeding it by one degree;

* In the case of consumption close to the maximum, realized at
minimum temperatures, the gas temperature falls by half to
one degree below the air temperature due to the throttle effect
obtained in the regulator at the flow meter inlet;

* For all objects, 60 to 70% of gas consumption accumulates
during a period when minimum temperatures are measured.

The three studies clearly outline the characteristic

dependence of the two measured temperatures. Accordingly,
at lower air temperatures the gas temperature is lower and the
gas consumption is increased. This difference is in some cases
up to 30% and the reason for this is the higher energy
consumption associated with compensating for heat loss at low
ambient temperatures.
In Figure 2,a in red there is a line describing the change of the
gas temperature, and in blue is the line of the change of the air
temperature. The measurement period is limited to the broken
green line, after which the set up is transferred to another
object.

3asucumocT Ha Trasa ot Teb3ayxa

Fig. 2,a. Temperature of Gas and Air.

In the following case are presented the results obtained from
the temperature measurement in the residential building set up
(relatively constant) and the results of the measurement of the
hour temperature of the gas and the hourly gas consumption.

—Tamagyxol —=

Fig. 2,b The result of metering

In this case, the dependence that is obtained when the
temperature and the amount of gas used in the household are
reduced. In the surveyed period, about 65% of the
consumption was recorded at the minimum set temperatures.

The third study has a clearly expressed sine wave of the
temperatures obtained during the light and dark of the day.
Regardless of the typical increase of the air temperature during
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the day, the gas temperature without delay changes in parallel
with the air temperature. In this case, there is an increased
consumption at minimum temperatures (Fig. 2 c). Figure 2c
clearly shows the relationship between air temperature (blue
line) and gas temperature (red line).

Fig. 2 c. Temperature in object ,,C”

At lower temperatures, the consumption is higher and due to
the throttle effect, there is a decrease in the temperature of the
gas below the air temperature by another degree, a degree
and a half.

Impact of soil temperature

Regarding the influence of the temperature of the soil on the
gas temperature, we can say that it is essential and
determinant in the gas transmission system and does not
affect the temperature of the gas from the gas distribution
networks. Of relevance to this topic are the following
observations.

The 24-hour temperature fluctuations in the snow cover
penetrate into small depths (20-30 cm) and as a result, on a
monthly basis, they remain relatively constant. The average
diurnal temperature of the soil in the depth decreases during
the summer and grows in the winter, in the transition seasons
(spring and autumn) there is a much more complex distribution
of this temperature with depth. The vertical distribution of the
soil temperature has a significant effect on the surface layer. In
the summer, when the direct sunlight is the main factor in the
warming of the soil, the soil under grassy areas at all depths is
colder than in the streets and pavements.

In winter, when the predominant role plays the radiation, the
soil under the vegetation is warmer than the bare terrain, but in
winter the snow cover plays a major role in the formation of the
thermal regime of the soil. Snow reflects strongly the solar
radiation and at the same time radiates almost as a black body
a long wavelength radiation. For this reason, the radiation
balance on the surface of the snow, as a rule, is negative.
Under the influence of radiation heat loss the surface of the
snow is heavily cooled. At the same time, the snow has a small
thermal conductivity, increasing with its density.

As a result of the small heat conduction, the temperature
inside the snow layer sharply increases with the depth. As a
result, the surface temperature of the soil under the snow is
always higher than the temperature of the non-snow-covered
parts and may affect the ambient temperature of the gas panel
in which the flow meter is located.
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In addition, the criterion for the thermal properties of the soil
is its thermal conductivity. Soil is a bad heat conductor and its
average thermal conductivity is 26 times lower than that of
water. That is why if the soil is dry the heat transfer is slow.
This explains the heating rate on wetter and drier soils. Slow
heating of moist soils is due not only to evaporation but also to
faster heat transfer to deeper layers. Accordingly, their slow
cooling during the night is due to the compensation of heat
from the deeper layers.

As a result, we can conclude that the change in the surface
layer of the soil may affect the ambient temperature, but since
in Bulgaria the CMDs are located in panels and are not
outdoors, the main factor influencing the temperature of the
gas remains the temperature of the air. These results can also
be seen through the SCADA system of the gas company.

Possibility for gas demand prediction

From hourly consumption for the period and gas
temperatures, analyzes were made to determine a function
describing dependencies between the two parameters.

After a series of samples, it was found that a function of type
(1) best describes the daily gas consumption according to the
average daily temperature. This function is (Bosmxues , 2012):

(1)

Investigating the results of the analysis, it was assumed that
the functions obtained through data using air temperature gave
more accurate estimates.

Y=-1E-04x3 + 0.0047x2 - 0.0772x + 0.6197

It can certainly be assumed in the specific case of this study
that the ambient temperature (in this case the air) is most
correlated with the gas temperature. This conclusion requires
that the air temperature be used when determining the
correction coefficient for calculating the volume of gas under
standard conditions (1 atm. and 20°C).

Conclusions

The survey and research covered a period of 4 months and
was realized with the logistic support of colleagues from the
gas distribution company of Overgas Network AD.

Investigating the results of the analysis, it was assumed that
the functions obtained through data using air temperature gave
closer results to those with the gas temperature. It can
certainly be assumed in the specific case of this study that the
ambient temperature (in this case the air) is most correlated
with the gas temperature. This conclusion makes it necessary
to use the air temperature when determining the correction
coefficient for calculating the volume of gas under standard
conditions (1 atmosphere and 20°C).

Most of the gas consumption is realized in the periods when
the air temperature is close to the minimum registered value.
This observation determines the need to adjust the volume to
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give a greater weight to the average minimum temperature to
form a correction factor when needed.

In the case of correction coefficients for temperature set on
the basis of average monthly temperatures possible technical
losses on the volume of natural gas for thin client (100 m3 /
monthly consumption) could reach 2.8% relative value, while
for large domestic customers (300 m3 / month) - a relative
error in the order of 2.4%.

The possible SOLUTION is in two directions: The first option
does not require capital costs but requires a change in the
regulatory environment and consensus in the gas community.

We propose the basic conditions for trade in natural gas to
be changed to 0° C. Such is the good practice studied in
developed gas countries like Germany, France, Spain, the
Netherlands, Italy and others.

The second option will give the most objective results with
respect to the reported gas quantity both for the seller and the
customers and is related to the replacement of flowmeters with
those capable of performing at least temperature correction of
the measured volume of gas.

We consider this correction to be key in measuring accuracy.
The other pressure adjustment is also important, but the
pressure at the flow meter input is a controllable quantity and
the process itself is under the control of network operators.
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Only in this option it is not necessary to apply a medium-
weighted coefficient to all users, which will inevitably place a
particular group in a more favorable situation and will be less
favorable as an approach to other consumer groups.
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INCIDENTS IN NATURAL GAS TRANSPORT
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ABSTRACT. Attempting to reduce greenhouse gas emissions makes natural gas highly preferred fuel, as evidenced by statistics. Safety and efficient fuel
transportation to distribution networks have been posing more and more challenges to facilities and people. Statistical analysis of gas pipeline incidents in production
and transportation is presented. This shows different types and frequency of incidents. Quantitative analysis of the main reasons for emergency leakage from
transmission pipelines is made. Event trees are mapped showing likelihood of various emergency scenarios leading to fire, jet fire, vapor cloud explosion, and non-
ignition dispersion. There is a need for a national regulation of different standards for emergency planning that are not yet in place in our country.

Keywords: natural gas, transport, incidents
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PE3IOME. CtpemexbT KbM HamansiBaHe Ha Bpe4HUTE EMUCUM B OKOMNHATa Cpefa Npasu NPUPOAHWS ra3 U3KIKUMTENHO NPEANoYNTaHO roOpUBO, KOETO Ce A0Ka3Ba OT
cTatucTukata Ha fobusa. lMpean3sukartencTsara npea CbOpPbXEHNSTa M YoBeka CTaBaT BCe MO-rofiemMy B ycunvsTa UM Aa TpaHcnopTupat besonacHo v no Hait-
eeKTUBEH HauNH FOPUBOTO 30 pasnpefenuTenHUTe Mpexu. HanpaseH e CTaTUCTMYECKN aHann3 Ha AaHHW CBbp3aHy ¢ [oOuBa , TpaHCMopTa, BuAa W YecToTaTa Ha
WHUMOEHTATE Npu TpbOEH NPeHOC Ha NPUPOAEH ra3. XapakTepuaupaHi ca KonM4ecTBEHO OCHOBHUTE MPUYMHKM 3a aBapWIAHO W3TU4YaHe OT MPEHOCHM ra3onpOoBOAMN.
lMocTpoeHn ca AbpeeTa Ha CbOWTUSTA, NOKa3BalyM BEPOSITHOCTTA 33 peanusipaHe Ha pasnuyHu aBapuitHu CLieHapuW, BOAELLM A0 noxap, dakenHo ropeHe ,
ekcnno3ns Ha obnak oT napu 1 Ancnepcust 6e3 3anansaHe. OBocHOBaHa € HeOBXOAMMOCTTa OT HaLMOHaneH pernameHT Ha pasnuyHM HOpPMW 3a aBapuitHO

nnaHupaHe, KaKBUTO B CTPaHaTa He CbLeCcTByBar.

Knto4yoBy gymu: npupoaeH ras, TpaHCMopT, MHLMAOEHTY

Introduction

Natural gas is driving a number of economies around the
world, because it is compliant with modern environmental
standards. The increased demand has led to the development
of gas transmission networks to satisfy the markets. The more
the transmission network evolves, the closer they are to
settlements and sites. Such gas installations hide potential
risks of a larger accident or ecological disaster. To avoid any
incidents, it is necessary to thoroughly study documented
cases of uncontrolled leakage of natural gas and to analyze
the applied prevention methods. For this purpose, a statistical
analysis of the frequency of the incidents was made, which
allows quantifying the main causes of emergency leakage.
This data would allow us to describe possible scenarios of
development in case of potential accidents. The survey is
centered on the gas transmission network in the European
Union. It would serve to assess the risk of future projects in
real gas distribution facilities.

Trends in natural gas extraction

The methods of exploration, extraction, storage and
transport of natural gas have changed in recent years thanks
to technological advances. Initially, the search was carried out
by examining folded structures with traces of hydrocarbon
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accumulation. Given the location of the deposits, this is a long
and difficult process. As consumption increases, there is a
growing need for more efficient ways to detect raw material.
The main purpose of the prospecting is to obtain a detailed
picture of the depth and volume of the field before the start of
the actual extraction process. In the past the preferred fields
were the ones of small depth, great potential and easy access.
Nowadays these preferred natural gas sources are exhausted.
This fact forces geologists to look for non-standard and
innovative methods for discovering new natural gas deposits.
The most commonly exploited are the conventional ones,
which are located in the so-called “traps”. They are
accompanied by the presence of oil and water. With the help of
new and innovative technologies in recent years, more and
more unconventional fields are being discovered and
developed. The raw material is placed in coal or shale layers
beneath the surface. In the shale deposits most of the natural
gas has already migrated from the rock. Due to the
considerable geological differences between the conventional
and unconventional fields different technologies for their
extraction and processing have been developed (IaBnosa,
KocTtoga, 2012).

As more and more fields are being developed natural gas
has become an extremely attractive product. It is expected that
the share of natural gas in the global energy market will reach
40% by 2020. This is due to increased electricity consumption
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and the replacement of liquid fuels in transportation. (Hukonos,
Bosimkues, 2011). Figure 1 shows the growth of natural gas
production over the last quarter of a century. Statistics show
that more than one third of the world's yield is shared almost
equally between the USA and Russia.
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Fig. 1. Global natural gas extraction

Natural gas transport

Due to objective (engineering) and subjective (geopolitical)
reasons, transport is perhaps the most difficult part of the gas
market. Innovative methods such as Liquefied Natural Gas
(LNG), Compressed Natural Gas (CNG), Natural Gas Hydrates
(NGH), and others are alternatives to pipeline transport.
According to sociological studies, CNG technology is beneficial
in small fields and at small distances. For larger distances and
fields it is economically advantageous to apply LNG technology
or a pipeline transport.

When it is necessary to cross water basins of considerable
depth and length, LNG transport in vessels is overpaying the
pipeline method. But the LNG technology has significant
limitations from economic point of view. The construction of a
re-gasification terminal is economically justified with natural
gas consumption greater than 12.106 m3/ day (Hwkonos,
Bosmkues, 2011).

Despite the scientific and industrial advances in natural gas
transportation methods, the pipeline remains the main and
most preferred one. Different types of gas pipelines are
differentiated depending on their purpose. In the primary yield
prior to purification and obtaining the final product, the gas
together with the desired and undesirable substances are
transported to processing plants through small diameter
pipelines. After processing the raw product to the desired state
the product is distributed via a gas transmission pipeline
system. This way the gas reaches the global distribution
network.

The aim of this report is to provide more information on the
transmission gas pipelines. They operate under high pressure
and they are controlled by different compressor stations
depending on the length of the pipeline and its capacity. Feed
stations that lower the working pressure of the main gas
pipeline are the ones that manage the gas distribution network
in urban and industrial areas.
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Accidents in gas pipeline transport

Highway pipelines are facilities of fundamental importance
for the security of energy supply. Any failure in them causes
delays, reductions or suspensions of deliveries. This results in
inconveniences and/or losses to the end user. This conclusion
is based on studies and reports conducted by European Gas
Pipeline Incident Data Group (10 Report of the European
Gas Pipeline Incident Data Group 2018, 9 Report of the
European Gas Pipeline Incident Data Group 2015, 8t Report
of the European Gas Pipeline Incident Data Group 2011).
These reports have collected data from 17 gas distributors and
from stations across 142,794 km of gas pipelines.

The frequency of accidents on transmission pipelines is
calculated as the number of incidents over a given period of
time is divided by the total length of functioning gas pipelines in
the same period as presented in Table. 1. An accident is any
uncontrolled (unmanageable) leakage of natural gas from a
steel pipeline which is on shore.

Table 1.
Frequency of accidents
) Number | Number of = Frequency [N'1000
Period Expositi ! 9% LL | 95% UL
ki of years | incidents [N] posttion (kmyr} km.yr] '

19702007 38 173 3150000 0372 0351 | 0394
1970-20100 4 1248 3550000 0351 0333 0372
19702013 44 1309 3980000 0328 0311 0.347
1970-2016) 47 1366 4410000 0310 0294 0.327
1977-2018( 40 1143 4120000 0278 0.262 0.284
196720180 30 723 3440000 0210 0.195 0226
199720180 20 418 2530000 0.165 0.150 0.182
2007-2018( 10 208 1390000 0.150 0.130 0.472
20122018 5§ a7 720000 0.136 0110 | 0.165

The statistical data from the EGIG reports show that by
increasing the diameter and thickness of the tube wall the
number of incidents decreases. This information is a basis for
starting an average frequency of 95% above the upper limit
confidence interval.

F = 0.275 events/(km — year) (1
The occurrence of an emergency event is a consequence of

many factors which may subsequently be established or not.

The reasons for uncontrolled leakage of natural gas are

classified by EGIG statistics as:

o External impact from activities carried out by "third parties"
near the pipeline leading to external damage to the pipe,
including:  agricultural ~ activities,  construction,  road
construction, efc .;

o Construction defects and material defects, including tearing,
installation errors, poor welding, etc.

o Corrosion - external and internal, galvanic, cracks;

o Earth moving - landslides, earthquakes, breakdowns, floods
and mining activities;

o Operator error during hot tap made;

e Other and unknown - project error, lightning, maintenance,
and other uncertain.

Figure 2 presents the distribution of incidents occurrence
according to the registration periods.
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Fig.2. Percentage distribution of incidents for reasons

The accidents caused by gas leakage can damage the gas
pipeline to varying degrees, which requires a fault
classification. According to the latest 10th EGIG report from
2018 they are directly related to the size of the facility.
Depending on the size of the hole, we distinguish three types
of uncontrolled leaks through:

e Pinhole - a hole less than 2 cm in diameter;
e Hole — a hole greater than 2 cm in diameter and
less than or equal to the diameter of the pipe;
e Rupture - the diameter of the hole is larger than the diameter
of the pipe.

Table 2.
Frequency [F] of accidents for reasons
F per 1000km/year
Reason Hole size
Pinhole Hole Rupture

External impact 0.0169 0.0197 0.0060
Corosion 0.0360 0.0014 0.0000
Construction defects 0.0227 0.0016 0.0024
Operator error 0.0043 0.0014 0.0000
Earth moving 0.0069 0.0085 0.0069
Others 0.0126 0.0016 0.0009

Modeling of emergency events

For the purpose of this study, a probability of random events
are modeled. Such events can occur everywhere. For
example, in the case of failure of a technical device the data
presented in the incident reports using Basis theorem [2], it is
possible to calculate the conditional probability of realization of
each scenario, to construct events trees and to determine the
relative frequency of the accident scenarios to the final
consequences (losses).

P(B|A)P(A)

P(A|B) = o

(2)

The listed variables are as follows:
P (A) - probability of event occurrence A
P (A|B) — probability of occurrence of the event A given
that event B has occurred;
P (BJA) — probability of occurrence of B assuming A has
occurred;
P (B)-probability of event occurrence B.

When talking about an emergency event, we are referring to
an uncontrolled leakage of natural gas. There are three
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different types of pipeline structure problems: breakthrough,
hole or rupture. The distribution of frequencies between these
three types in gas pipeline is shown in Figure3.

| Pinhole | 0664 j—f 18EM |

Hole

[1kn'yr) [Leakage | 2754E-Qdfmmt——ti | 0228——p{ 62605 |

s Rupre | 0408 fm| 297E05 |
ETR

Fig.3. Event tree

Applying the model shown in combination with statistics from
EGIG reports allows us to build event trees for each type of
uncontrolled leakage (breakthrough, hole, rupture) of natural
gas, depending on the cause of accurrence. Figures 4, 5 and 6
show contingency probabilities for accidents.
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Fig. 4. Events tree - Pinhole

Any development (scenario) of the emergency leakage leads
to a different, eventually extreme emergency event - different
forms of combustion or dispersion.

e EX - Explosion. Rapid combustion (deflagration or
detonation). Very often after the explosion the gas continues
to jet fire (JF);

o + JF — jet fire (Jet Fire). It is combustion in the gas stream,
limited by the range of gas ignition, i.e. by mixing it with the
air that the jet ejects upon its leakage from the pipeline
breakdown;

o FF - deflagration burn (Flash Fire) in an unlimited gas cloud,
which creates a limited overpressure for a short time. It
occurs in an environment where combustible gas and air
form a combustible gas-air mixture. The flame front moves
rapidly into the combustible mixture and accelerates but
does not reach the speed of the sound. This is deflagration
burning at a speed of several tens of meters. Compared to
the explosion, combustion is so slow that the combustion
gas expands prior to the ignition and can not form an open
airborne wave with energy sufficient to cause damage;

o VCE - Vapor Cloud Explosion;

o Dispersion (DISPERSION) or distribution of gas without
ignition.
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The accident statistics, which have occurred or have not
occurred, allows us to calculate the probability of occurrence of
an adverse event (Fig. 7). A summary of the development of
scenarios in the event tree (Fig. 7) for adverse events is given
in Table 3. The frequencies in the table that are assumed to be
probabilities and are used in the risk assessment are provided.

Table.3.
Frequency violations by size (scale)

Violation
‘ Rupture Hole Pinhole SUM

For violation 287E-05 6.28E-05 1.83E-04 2.75E-04
Dispersion 5.09€-06 3.22E-05 1.226-04 1.59E-04
Ignition 247E-05 3.06E-05 6.06E-05 1.16E-04
Immediately 4.28E-06 1.38E-06 8.23E-06 1.39E-05
Delayed 2,04E-05 292E-05 5.24E-05 1.02E-04
Explosion 3.73E-06 1.66E-07 1.65E-07 4,06E-06
close 1.28E-06 1.65E-07 1.45E-06
VCE 244E-06 1.66E-07 261E-06
JF 2.09E-05 2.75E-06 5.10E-05 9.94E-05
FF 2.92€E-06 9.50E-06 1.24E-05
Conclusion

Trends in natural gas extraction, including new deposits and
new technologies, suggest that in the years to come, its
consumption will continue to grow. This is likely to lead to new

gas transport projects. These new projects must also be safer
than before.

For conventional pipe conveyance, the analysis of the
incidents outlines the following main conclusions:

As the depth of laying increases as well as the wall
thickness of the main pipelines, the incidents decrease.
Modern solutions are rightly oriented to anti-corrosion
protection - both internal and external, in view of the events
(Fig. 2).

Increasing the age of existing pipelines increases the
likelihood of incidents caused by corrosion.

Incidents caused by the movement of earth masses and of
unexplained nature have increased in recent years.

The extensive study of accidents in the natural gas facilities
has led to constantly decreasing incidents in the growing gas
pipeline network across the EU.

The EU's clear policy of achieving energy independence for
its member states, including Bulgaria, recommends of
interconnector links in the Union. The implementation of these
projects is related to the assessment of safety risks in the
design, construction and operation of the facilities.

New natural gas facilities will require a thorough examination
of the problems related to the lack of standards for emergency
(short-term) planning of atmospheric pollution from natural gas
combustion products in incidents.
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EMERGENCY ACTIONS AND NEUTRALIZATION OF OIL SPILLS
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ABSTRACT. In the exploration, production, transport and storage of il resources there is a risk of oil spills. In the marine environment, these spills cause serious
environmental damages. The International Convention for the Prevention of Pollution from Ships (MARPOL 73/78) and other international conventions have led to a
significant reduction of oil spills worldwide, regardless of the increasing volume of oil trade and the expansion of exploration and production of oil at sea. Despite these
remarkable improvements, oil spills continue to occur throughout the world. Statistics show that between 1.7 and 8.8 million tons of oil are spilled each year in the
world seas and oceans, more than 70% of which are directly related to human activity. Every oil spill has different characteristics and most appropriate neutralization
method should be selected according to the spill type. In the present material are presented various engineering solutions for neutralizing oil spills, aiming at
minimizing the negative effects and securing the affected areas.

Keywords: oil spills, neutralization, health, safety, impact on the environment, sustainable development

ABAPWUWHW OEACTBUSA U HEYTPANU3UPAHE HA HEDTEHU PA3NUBY
CmaHucnase SIHkoe!, Bnazosecma Bnadkosa’
"MunHo-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cocpusi, yankovstanislav@gmail.com; blagovesta.viadkova@mgu.bg

PE3IOME. Mpw npouecvTe Ha Npoy4BaHe, NPOU3BOACTBO, TPAHCTIOPT U CbXPaHEHWe Ha NETPOMHM PeCcypCH ChLLECTBYBA PUCK OT pa3nuei. B mopckata cpeaa Tesu
pasnueM Npeau3BUKBAT CEPUO3HA EKOMOTUYHN KaTacTpodu. MexayHapoaHaTa KOHBEHLMS 3a NpedoTBpaTsBaHe Ha 3ambpcsiBaHe OT kopabu (MARPOL 73/78) un
APy MEeXOyHapoAHW KOHBEHLUMM AOBEfOXa A0 3HAYNTENHO HaMmansBaHe Ha NEeTporHWTE pasnuBi B CBETOBEH Malab, Bbhpekn Bce mo-ronemus obem Ha
TbProBuATa C NETPON W PasLLNPABAHETO Ha MPOYYBAHETO M NPOWU3BOACTBOTO HA HE(T B MOpeTo. Brnpeku Tean 3abenexuTtenHn nogobpenus, NeTponHuTe pasnuem
NpoAbIKaBaT fia ce Cry4yBaT B Lenus ceat. CtatucTukara coun, Ye BCska roOAMHA B CBETOBHUTE MOPETa W OKeaHu ce WU3XBbpnAaT mexay 1,7 - 8,8 munnoHa ToHa
HedT, noseye oT 70% OT KOMTO Ca MPSKO CBbP3aHW C YoBelLkaTa AeMHOCT. Beekw HedhTeH pasnuB MMa pasnuyHa xapakTepucTuka W cnoped Tuna Ha pasnuea
cnegga pa 6bae n3bpaH Hal-MOAXOAALMAT METOA 3a HeyTpanuaupaHe. B HacToswws matepuan ca NpefcTaBeHW PasnnyHM WHXEHEPHU peLleHus 3a
HeyTpanuanpaHe Ha HedpTeHN pasnuem, LIENALLYM MUHUMIU3MPaHe Ha HeraTuBHUTE edhekTi 1 0besonacsiBaHe Ha 3acerHaTuTe 30HM.

KniouoBu gymu: HedpTeHM pasnuem, HeyTpanuaupate, 3apase, 6e30nacHOCT, Bb3AECTBIME BbPXY OKONHA CPeaa, YCTOMYMBO pa3BuTie
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Introduction

-

The contemporary period of development of society is
characterized by ever-growing contradictions between man
and the surrounding environment.

g

-

5

Such a contradiction is the use of hydrocarbons as a major
source of energy, as well as of vital products such as plastics,
lubricants, fertilizers and chemical raw materials, all of which
will continue to be necessary in the future. Current trends in
energy consumption show that this situation is unlikely to
change much in the future. In fact, the production and

World Crude Oil Production, Millions of Barrels per Day

consumption of oil and petroleum products are increasing —
globally (Figure 1), and hence the risk of pollution. The growth

of the Bulgarian economy leads to a significant increase in Fig. 1. Global crude oil production

energy consumption and with it the import of liquid fuels. The (nttps://commons.wikimedia.org/wiki/File:World_Oil_Production.png)

ports, as part of the transport and technology infrastructure, . . . .

products. At the same time, they are trying to attract transit oil- developing emergency situations such as oil spills.

gas transmission complexes and to develop exploration wells
in the exclusive economic zone of the Bulgarian Black Sea
section (Lytko, Maspaunos, 2009).
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Sources of oil spills and their consequences

The discharge of oil from ships, offshore platforms or the
transport of oil through pipelines is the result of both accidental
and "normal" operational discharges.

Accidental discharges (oil spills) arise when vessels collide
or are at distress into the sea (engine disruption, fire,
explosion) and break down near the shore, when there is a
leak from offshore drilling rig or when a pipeline breaks down.
Many things can be done to avoid incidents, but there will
always be unfortunate situations that cause incidents.

Operational  discharges, on the other hand, are
predominantly intentional and "routine" and, to a very large
extent, can be effectively controlled and avoided. The main
sources of oil spills are all transport - technological and
transportable engineering - technical facilities, namely:

Sea ports and oil terminals

Some the most common risk areas for possible oil spills are
the approaches to ports and waterways, ports themselves and
especially oil terminals (Fig. 2), which by definition are with
intensive maritime traffic, hence it always involves risk. Oil
terminals are high-risk facilities due to the significant quantities
of oil and petroleum products stored in them as well as due to
the need to be in close proximity to the sea, since the main
method of supplying them is through tankers.

Fig. 2. Oil terminal

Stationary and floating oil production and oil exploration
platforms

Fig. 3. Oil platform

The platforms (Fig. 3) intended for permanent use are
designed with a very high safety factor and increased criteria
for preventing oil spills and ensuring environmental protection.
However, the security measures taken are not always
sufficient. The most typical oil "eruptions" are caused by
equipment failure, corrosion, human error and extreme natural
impacts.

Pipelines

As risk areas for possible emergency oil spills from pipelines
can be defined all modular connections and overload hoses of
the pipelines (Fig. 4). They are usually equipped with highly
reliable and duplicated system pressure monitors as well as
early warning systems for faults, and their cellular structure
limits possible spills to the amount of a single section. The
reasons for these spills can be varied - defects and corrosion
of the material, erosion of the underlying earth layer, tectonic
movements, damages from ship anchors and bottom trawls.

Fig. 4. Oil pipeline

Maritime transport and specialized vessels for oil
transport

Maritime transport is one of the least polluting types of
transport. Nevertheless, the tankers are huge, not
maneuverable and despite the modern tendencies for their
construction with double hull, very vulnerable as construction
vessels (Fig. 5). Several times a year ships deviate from their
course due to technical failure, bad weather or human error
and cause more than 50% of the total spilled oil each year.
From the point of view of the risk of terrorist attacks, the
tankers have no protection.

Fig. 5. VLCC Tanker
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Natural sources

Hydrocarbons have been discharged into the oceans and
seas by natural hydrocarbon seepages (oil springs) on the
seabed and along the coast for thousands of years (Fig. 6).
These springs are fed by naturally accumulated hydrocarbons
that emerge on the surface through faults and cracks.

The effects of the oil spills

They can be as different as the sources themselves. The
size of the spill affects the type of the environmental damage
though it is not the only factor of significance. In some cases,
like that of Atlantic Empress, for example, despite the huge
amount of oil spilled, the observed environmental
consequences are negligible. While the effects of a spill from
Exxon Valdez, which is almost 8 times smaller than that of the
Atlantic Empress, are colossal.
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Fig. 6. Natural hydrocarbon seepage on the seabed

Exxon Valdez oil spill covered about 2100 km of coastline
and caused the death of between 100,000 and 250,000
seabirds, about 2,800 otters, about 12 river otters, 300 seals,
247 eagles, 22 orcas, and an unknown number of salmon and
herring. 1400 ships, 85 helicopters and 1100 people were
involved in the cleaning of the spill, and Exxon paid up to $ 4.5
billion for cleaning and damages. The effects of the ail spills
can be divided into two main types - environmental and
economic.

The environmental consequences are related to the
effect, damage or complete destruction of animal species,
plant species and even entire habitats. Typically, for oil spills at
sea, most affected are the animal species whose natural
environment and existence are closely related to water.

The economic consequences are related to disruption of
the normal functioning of various sectors of the economy
dependent on the sea. If an oil spill reaches, for example,
tourist beaches, they become unfit for visitors, from which
coastal communities and businesses (hotels, restaurants, and
attractions) depend heavily. Another sector which is heavily
affected by oil spills is fishing and fish farming.

Historical overview of oil spills

Oil spills had occurred into the environment through cracks
and breaks before mankind began its use. Probably the first
man-made oil spills occurred shortly after Aug. 27, 1859, when

industrial mining began after Edwin Drake's oil drill reached oil
for the first time in Pennsylvania.

Although catastrophic spills nowadays occur relatively rarely,
smaller ones are frequent phenomena. Such spills occur from
oil exploration, oil extraction activities, shipments of oil through
ships, pipelines, rail and road tankers. In addition, frequent
spills are caused by the consumption of petroleum products,
e.g.by vessels that transport oil only as fuel.

It is important to note that in most sources of information, oil
spills are measured in tons, with one tonne approximately
equal to 7.33 barrels or 1165 liters. In this calculation, an
average value of 0.858 (33.5 API) is used for the specific
gravity of the oil, although these values may range from below
0.770 to above 1. For this reason, the actual volume of spilled
oil is difficult to be measured, in most cases the values that are
given are approximate.

Analysis of the trends in the oil spills

An integral part in the planning of measures for oil spill
response is the study of oil spills over the previous years as
well as the study of possible sources (Fig. 7). Such sources,
for example, are vessels, pipelines, oil platforms, land
transport, etc., often requiring different methods of response.

1970- 1979
Quantity of oil spilled - 4 760 281 t.

Other 0.1%

Barges
0.6%
Exploration
and production Other Vessels
of Qil 12.8% Qil facilitiey Fipelines 0.2%
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1980 - 1989
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Fig. 7. Ratio between the different sources of oil spills and the quantities
spilled oil for a decade between 1970 and 1999
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An analysis of the trends of areas suffered oil spills was
made by analysts of the Oil Spill Intelligence Report, who
reported that since 1960, spills of 10000 gallons and more
have occurred in 112 countries. However, some areas suffer
more spills than others, such as:

The Gulf of Mexico - 267 spills;

Northeastern US coast - 140 spills;

The Mediterranean Sea - 127 spills;

Persian Gulf - 108 spills;

North Sea - 75 spills;

Japan - 60 spills;

Baltic Sea - 52 spills;

Great Britain and La Manche Channel - 49 spills;
Malaysia and Singapore - 39 spills;

The west coast of France and the northern and
western coasts of Spain - 33 spills;

o  Korea - 32 spills.

According to the International Tanker Owners Pollution
Federation (ITOPF), as a result of vessel incidents (without
calculating spillages from oil drills and spillages during wars
such as that in the Gulf 1990-91, which totaled over 1.5 million
tons of crude oil) for the 1970- 2016 period globally, vessels
have spilled approximately 5.73 million tons of oil, with more
than half of that quantity being spilled in the 1970s (Fig. 8).

4
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1990 - 1999
20%

1980 - 1989
20%

1970 - 1979
56%

2000 - 2009
3%

2010 - 2016
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Fig. 8. Oil spills caused by vessels over the decades, as a percentage of
total spillage for 1970-2016. (ITOPF 2017)

The spills in recent years have dropped drastically, from
around 319,000 tons per year in the 1970s to around 19,600
tons per year in 2000-2009 and slightly below 5,600 tons per
year over the period 2010-2016 (Table 1).

Table. 1.
Quantities of oil spilled from vessels during the decades 1970-
2016 (ITOPF 2017).

Year Quantities of oil spilled from
vessels (t)
1970-1979 3192 000
1980-1989 1175000
1990-1999 1134 000
2000-2009 196 000
2010-2016 39000

Today, the volume of oil spilled by vessels is a small part of
the total volume delivered safely to its destination each year
(Fig. 9). The reported total quantity of oil spilled in the
environment in 2016 is approximately 6000 tons and the total
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quantity of oil and oil products transported by sea in the same
year is approximately 3055 million tons.

It is important to note that the volume of spilled oil for a year
can be seriously affected by just one large spill. Such
examples are the spills from AMOCO CADIZ (1978) - 227,000
t, ATLANTIC EMPRESS (1979) - 287,000 t, Ixtoc 1 (1979) -
470,000 t, CASTILLO DE BELLVER (1983) 250 000 t, EXXON
VALDEZ - 37 000 t, ABT SUMMER (1991) - 260 000 t,
Deepwater Horizon (2010) - 670 000 t.

Amount of spilled oil from vessels
—— Quantity of transported oil and petroleum products from vessels
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Fig. 9. Statistical ratio between transported oil / spilled oil from vessels
for the period 1970-2016. (ITOPF 2017)

Behaviour of the oil spill

When an Oil or petroleum product is spilled into the sea, it
undergoes many processes. The aggregation of these
processes is called the behavior of the oil spill (Fig. 10).
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Fig. 10. Behaviour of the Qil Spill. (ITOPF 2011)

The development and the effect of a spill is determined by its
behavior. For example, if the oil evaporates quickly, the
cleaning will be easier and more dangerous, due to saturation
of the atmosphere with the evaporated hydrocarbons. In
another case, the oil spill may be attributed to surface currents
or winds in the vicinity of polluted areas or to the coast where it
will cause severe damage to the environment as well as to the
economy of the state. On the other hand, the slick can be
taken to the sea where it is naturally dispersed and has less
direct impact on the environment and almost none on the
economy.

For this reason, a detailed knowledge of the behavior of the
oil spill is essential to anticipate its environmental impact and
to develop effective cleaning strategies.
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The first group of processes that influences the behavior of
the oil are those of the weathering, they represent a series of
processes in which the physical and chemical properties of oil
are changing. These processes are not permanent and change
over time (Fig. 11) and are almost entirely determined by the
type of oil or petroleum product, as well as by environmental
conditions.
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Fig. 11. Time characterization of processes influencing the behavior of
the oil spill (ITOPF 2011)

The second group of processes is related to the movement
and distribution of oil on the sea surface. Unlike weathering
processes, they depend to a lesser extent on the type of oil or
petroleum product and more on the weather conditions.

When looking at the behavior of an oil spill in the sea, a
distinction is often made between persistent and non-persistent
oil (Fig. 12).
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Fig. 12. Sustainability of spilled oil in the marine environment (ITOPF
2011)

As a general rule, persistent types of oil and petroleum
products dissolve and disperse slowly in the marine
environment and usually require cleaning. They usually include
some types of crude oil, lubricants and heavy diesel used by
ships. These types of oil pose a potential threat to natural
resources when spilled, in terms of impacts on wildlife, habitat
suffocation, and oiling of tourist beaches.

By contrast, non-persistent types of oil and petroleum
products are rapidly dispersed by evaporation. As a result, the
spill of such petroleum products rarely requires active cleaning.
Non-persistent types of petroleum products include gasoline,
light diesel and kerosene. The effects of such spills may
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include staining on vessels in ports and at high concentrations
- acute toxicity to marine organisms.

Oil spill response methods

There is not yet a fully satisfactory method of dealing with
large oil spills, although many of them in the last decades of
the 20th century have made great advances in the
technologies for monitoring, response and cleaning, as well as
in their management and coordination.

In essence, the response to oil spills aims to hold, collect
and remove enough of the spilled oil to resume the affected
economic activities, and the processes of natural recovery of
the marine environment to cope with the remaining quantity as
quickly as possible and with minimal residual negative impact.

The methods currently in place to treat oil spills are diverse
and their knowledge is essential.

For example, in order to determine the likely migration path
and potential spill area, different monitoring tools such as
aero monitoring, GPS tracking buoys, and satellite imagery
may be used.

Floating containment booms can be used to limit the spill,
which may be positioned around the spill source or the inlets of
rivers and canals, ports, water inlets, and around sensitive
areas such as protected areas and reserves. For collecting
spilled oil, it is possible to use skimmers and pumps to
physically separate the oil from the water and collect it in
collecting tanks. Another approach to such separation is the
use of various natural or artificial sorbents (e.g. straw,
sawdust, polyester and polyester fibers, polyurethane,
polypropylene, etc.) to absorb the oil from the water, and
afterwards to retrieve it after their collection. Where
appropriate, it is permissible, to use surfactants and solvents
and to disperse them over the slick to aid the natural
dispersion of oil into the sea and thus to accelerate its
biodegradation.

In any case, the most important decision-making point -
which method of response to ail spill to be applied is the "Net
Environmental Benefit Assessment” (NEBA). This is a
structured approach and an important process used by the
authorities involved with the management and stakeholders
during the preparation, planning and cleaning of the oil spill.

Operations to tackle oil spills depend to a large extent on
their size. For this reason, depending on the amount of spilled
oil, spills are classified into three groups (HaumoHaneH
aBapwveH nnaH, Cogus, 2011):

e Small spill - from 1t0 25 t;
o Average spill - from 25 to 1000 t;
e Large spill - more than 1000 t.

Means of monitoring

The concept of pollution monitoring includes the
comprehensive set of measures and systems for assessment
and remote monitoring of oil pollution. These are, for example,
vessels and aircraft specially equipped with Side Looking
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Airborne Radar (Fig. 13); sensors for measurement in different
areas of the electromagnetic spectrum (optical, infrared or
ultraviolet); drones for visual observation; tracking buoys;
satellite imagery; sampling equipment.

Spill monitoring tools allow us to: accurately determine the
coordinates of the slick; determine the size of the slick and the
direction of growth; determine the direction of movement of the
slick, the prevailing meteorological conditions and the state of
the sea; determine the slick's proximity to economically
important sites and ecologically sensitive areas; determine
locations for cleaning operations where they will perform most
efficiently; identify the highest concentrations of hydrocarbons;
target the means for treating the spill; report on the
effectiveness of cleaning operations; monitor the natural
dispersion of the spill.

SLAR
antenna

clean sea surface oil slick

Fig. 13. Scheme of operation of Side Looking Airborne Radar
(http:/lwww.seos-project.eu/modules/marinepollution/marinepollution-
€02-502-p03.html)

Oil Booms

Actions to controllliquidate oil spills begin by physically
restraining or stopping of the oil leakage from the source,
limiting and collecting freely floating oil before spreading over
large areas and reaching the shore. Such physical retention
and collection is a preferred method in the oil spills response
and is usually carried out by the deployment oil booms. There
are two basic methods for the use of booms - Passive and
Active:

In the passive method, the booms are fixed at key positions
in order to minimize the impact of the oil on the protected zone
(Fig. 14).

Fig. 14. Exclusion oil boom

The active method of application is where the booms are
actively used to contain and recover offshore oil through a
variety of systems and configurations depending on the
intended purpose and available resources.

The active use of oil booms is the most commonly used and
preferred method of oil spill response. The collection is carried
out by their controlled dragging through the oil slick, retaining
and concentrating the oil from the water surface into a dense
layer to allow more efficient subsequent pumping by skimmers
and pumps.

Such a dragging is usually done by a combination of boats in
the "J" (Fig. 15), "U" or "V" (Fig. 16) configuration, by single-
vessel oil spill recovery systems (Fig. 17) or through utilization
paravane systems (Fig. 18).

Fig. 15. Offshore oil boom deployed in a “J” configuration (IOGP Report
522, 2015)

Fig. 16. Offshore oil boom deployed in a “V” configuration (IOGP Report
522, 2015)
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Fig. 17. Single-vessel double-sided oil spill recovery system (IOGP
Report 522, 2015)
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Fig. 18. Paravane (IOGP Report 522, 2015)

System for collecting of oil spills through collection
screens (Sweeping arms)

These systems are very similar to the single-ship two-sided
collection systems, but solid collection screens are used
instead of booms (Fig. 19). These systems allow oil spills to be
collected at worse meteorological conditions than the
maximum allowable for use of oil booms; therefore, they are
often preferred as reserve equipment.

System for controlled in-situ burning

This is a process of controlled burning of oil floating on the
water surface near the spill site (Fig. 20). In order to carry out
such combustion, the oil should be concentrated and a source
of ignition applied. Under ideal conditions, incineration on site
has the potential to remove relatively large quantities of oil
from the sea surface and hence the dangers it can cause to
ecosystems and the environment.

Fig. 19. Qil collection system via sweeping arms

Fig. 20. Controlled burning of oil on the sea surface (IOGP Report 523,
2015)

Dispersants

The use of dispersants is one of the most effective methods
to minimize the environmental and socio-economic
consequences of a spill. With proper and timely
implementation, they can significantly hamper the penetration
of a spill in coastal habitats and tourist areas as their use
significantly increases the rate and degree of natural
dispersion of the oil under the action of the waves, thus
promoting the processes of its natural biodegradation, by
reducing the surface tension in the contact surface between oil
and water, which facilitates oil breakdown of very small oil
droplets under the influence of waves.

Dispersants are a mixture of two or more surfactants in a
solvent. Each surfactant molecule contains an oleophilic part
(attracts oil) and a hydrophilic part (attracts water), thus
engaging with both the oil molecules and the water
simultaneously (Fig. 21).

- water
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Fig. 21. Operation method of surfactant (IOGP Report 532, 2015)

The formation of small droplets of dispersed oil in the water
column makes oil much more easily available to naturally
occurring hydrocarbon-degrading microorganisms (Fig. 22), so
that the possibility of biodegradation increases significantly.

. «——— microorganism

Fig. 22. Hydrocarbon-degrading microorganisms - converting hydrocar-
bons into carbon dioxide (CO2) and water (H20) (IOGP Report 532, 2015)
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Sorbents

Sorbents are a wide range of organic, inorganic and
synthetic products designed to collect and retain oil from the
water. Their composition and configuration depend on the
material used and their intended use.

Sorbents are most effectively used during the final stages of
coastline cleaning to collect small amounts of oil that cannot
easily be recovered by other cleaning techniques.

They are not suitable for use on the high seas and are
generally less effective in more viscous types of oil (such as
heavy fuel oil) and in highly weathered or emulsified oil,
although some sorbents are specially formulated for use in
more viscous oil types.

A wide variety of materials can be used as sorbents. These
include: organic materials such as peat, sawdust, paper pulp,
agricultural crops, cork, chicken feathers, straw, wool and even
human hair; inorganic materials such as vermiculite and
pumice; synthetic materials (Fig. 23) such as polypropylene
and other polymers.

Synthetic sorbents are usually most effective in extracting
oil. In some cases, they can achieve a ratio of collected oil to
sorbent of 40:1 compared to 10:1 for organic products and only
2:1 for inorganic materials (HauuoHaneH aBapweH nnaH...,
Codpus, 2011).

Fig. 23. Sorbent sheets. (ITOPF 2012)

Conclusion

Today there is a wide variety of methods for oil spill
response. The ultimate goal of all of them is the complete
liquidation of the oil spill and the reduction of its harmful effects
on the environment and human health.

Achieving this goal requires an adequate strategy based on
detailed knowledge of these methods, the impact of weather
conditions on them, and the biology and ecology of the
endangered region. An essential component of such a
comprehensive strategy is to ensure the safety of personnel
involved in its implementation.

QOil spill response is a complex process that cannot be
managed only by the use of a particular method but must be a
combination of multiple techniques and methods for achieving
maximum efficiency of cleaning and protecting biological
resources.

Another major component in the preparation of an
operational plan to respond to oil spills is to ensure safe
working conditions for the personnel involved in its cleaning.
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Containment and recovery operations are mainly carried out
in a variable, unpredictable and hazardous environment (fire
and toxic fumes, poor weather conditions). Work in such
environments may further increase the operational risks arising
from the handling of engineering and technical means to
neutralize oil spills. Long working shifts and the non-routine
activities that staff must perform should also be taken into
account.

For this reason, it is essential to carry out an overall risk
assessment of the planned work activities.

The planning and choice of methods for oil spill response
should be based on a comprehensive understanding of
operational, environmental and logistical  constraints,
application techniques, as well as knowledge of the potential
benefits and negatives which arise by them. It is also important
to bear in mind that the effectiveness of all these methods can
be seriously affected by the environment.

In any case, such decision-making should be based on an
assessment of the net environmental benefit analysis and risk
assessment for the health and safety of the working teams
involved in the application of these methods.
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ABSTRACT. Remote sensing is applied often in Earth observations. It includes acquiring, processing, and interpreting images and multispectral data, acquired from
optical sensors mounted on airborne and satellite platforms. For better object-oriented interpretation of remotely sensed data the reference spectral features of well-
described objects are required from laboratory, field, and satellite sensors. In-situ laboratory and field remote sensing measurements provide a significant part of the
spectral data for interpreting spectral images with different spatial resolution and creating thematic spectral reference libraries. Including data from different
experiments into an accessible reference spectral library ensures their continued exploitation, provides a basis for their qualitative assessment, and allows them to be
exchanged between specialists from different research and applied sciences. Creating, updating and maintaining a spectral reference library requires periodic
laboratory and field experiments, including spectrometric and other type of measurements, in this case, of rocks. The reflectance rock features are used for updating
regularly the library with the necessary information. This study suggests that collected spectral data from the field spectrometric measurements of the different
exposed rocks and laboratory spectral measurements of the samples collected in the field campaign will be used for filling in the reference spectral library. The
obtained spectral reflectance features could be used in airborne and satellite image classification and for comparison with reference reflectance spectra from other
spectral libraries. To obtain the data for filling in the presented spectral reference library, spectrometric systems, assembled in the Department of Remote Sensing
Systems at the Space Research and Technology Institute of the Bulgarian Academy of Sciences, based on models of Ocean Optics spectrometers Inc. were used.
The spectrometric system TOMS /Thematically Oriented Multi-Channel Spectrometer/ was used to perform laboratory and field spectrometric measurements. Field
spectrometric measurements were performed during petrology training on established geological routes. Laboratory spectrometric measurements were performed in
the Spectral and Photometric Measurements Laboratory of the Remote Sensing Systems section. The resulting reflecting spectra can be used to classify satellite
images and compare them with the reference reflection spectra from other spectral libraries.

Keywords: Earth and planets remote sensing, Earth observations, laboratory and terrain spectrometric measurements, spectral data, spectral library

CNEKTPANHA PEQEPEHTHA BUBNTMOTEKA 3AMBJIHEHA C OTPAXATENHU XAPAKTEPUCTUKU HA CKANU
HeHuua bopucosa’, banyw BaHywee?, [JoliHo [Temkos!

TMHemumym 3a KocMudecku uscnedeaHusi u mexHonoauu, bbreapcka akademus Ha Haykume, 1113 Cocpusi; dborisova@stil.bas.bg
2MunHo-2e0M0XKU yHUSepcumem "Ce. MeaH Puricku", 1700 Cocpusi; banushev@mgu.bg

PE3IOME. W3BecTHO €, Ye 3a M3yyaBaHe Ha nnaHeTy, Ce M3Non3saT pasnuiHN SUCTaHLMOHHW METOAM Ha u3cneaBaHe. Chluo Taka, npu HabrogeHusTa Ha 3emsata
JUCTaHLMOHHUTE M3CNeaBaHUs ca YecTo M3nonasaHu. Te BKMKOYBAT MpoLecuTe Ha nonyyaBaHe, 06paboTka M MHTepnpeTaums Ha U306paxeHUst U MHOrOKaHamHm
CnekTpanHu aHHW, PerMCTPUPaHI OT ONTUYHW CEH30PH, KOUTO Ca MOHTMPAHU Ha CAMOMETHW U CTbTHUKOBM NaThopmu. 3a NoBULIABaHe HA TOYHOCTTa NpW 0BEKTHO-
OpUEHTMpaHa UHTEPNPETaLMS Ha JaHHUTE OT AUCTaHLMOHHUTE U3CTeBaHNs Ha U3ydYeHnTe W JoBpe onucaHu 0GEKTH Ce M3NCKBA MPOBEXAAHETO HA U3MepBaHus Ha
€TaroHHW CMEeKTPanHU XapaKTepUCTUKM, KOUTO Ce MomnyyaBaT OT NlabopaTOpHW, MONEBW W CMBbTHUKOBM CEH30pU. JlabopaTopHUTEe M MOMEBUM AMCTAHLMOHHM
U3MepBaHUs OCUrypsiBaT 3HAUUTENHA YacT OT CrIEKTPasHUTE [aHHWU 3a MHTEPNPeTUPaHe Ha CMeKTpanHu u3obpaxeHus ¢ pasnuyHa NpoCcTPaHCTBEHa paspenuTenHa
CnocoBHOCT W 3a Cb3faBaHe Ha TeMATUYHM CNIEKTPanHu pechepeHTHU BUBNMoTekW. BkiouBaHETO HA AaHHM OT Pa3fUYHM eKCrIEPUMEHTU B AOCTBMHA pedhepeHTHa
cnekTpanHa GrbnuoTeka rapaHTVpa TAXHATa NPOLbIDKUTENHA EKCoaTaLys, OCUrypsiBa OCHOBA 3a TAXHATa KayecTBEHa OLiEHKa 1 N03BONSIBA MOMYYEHUTE faHHM Aa
ce OOMeHSIT Mexay CheuvanucTit oT pasmuyHu HayyHu W NpuUnoxHW obnact. Cb3paBaHeTo, aKTyanuaupaHeTo U MOLAbpkKaHeTo Ha pedepeHTHa TemaTuyHa
crnekTpanHa pedepeHTHa GubnuoTeka U3MCKBa NEPUOANYHI NAaBGOPaTOPHY W MONEBM EKCMIEPUMEHTM, BKMIOUUTENHO CMIEKTPOMETPUYHM U ApYTi BUSOBE U3MEPBaHUS
Ha OTANeEHW 0BEKTU Ha U3CNeABaHe, B KOHKPETHUS Cryyaii - Ha ckanu. CneKTpanHuTe OTpaxaTernHW XxapakTepuCTUKA Ha Ckani Ce M3Non3BaT 3a PeoBHO NoMbBaHe
Ha CcbafasaHaTa GubnuoTeka ¢ HeobxoaumaTa uHGopMaums. TakbB BUA U3CefBaHe npeanonara U3MepBaHeTo Ha CMeKTpanHu OTPaxaTenHu XapakTepUCTUKM Ha
CKanu npy TEPEHHU EKCIEPUMEHTM Ha PasrNiHU CKaHU PasKpUTUsS U MPOBEXAaHe Ha NabopaTopHU CEKTPOMETPUYHI U3MEPBaHM Ha CkanH1 06pasuy, Cbbpanu oT
MecTaTa Ha MpoBeXAaHe Ha TEPEHHUTE M3MepBaHWs. B HacTosWMs [oknaf aBTOPUTE MPELCTABAT eTanuTe 3a MONyYaBaHETO Ha [aHHWTe, FeHEpUPaHETO Ha
cnekTpanHata pedepeHTHa GubnuoTeka BbB BMA Ha Gasa OT AaHHW W 3aMbiBAHETO M C MOMyuYeHWUTe CEKTpanHu OTpaxaTernHu XapakTepucTuku Ha ckanu. 3a
nonyyaBaHe Ha [aHHUTE, C KOWTO Lie ObAe 3ambfiHeHa MpefcTaBeHaTa cnekTpanHa pedepeHTHa GMGNMOTEKa, Ca M3NOM3BaHW CNEKTPOMETPUYHU CUCTEMM,
acembnvpaHy B cexuusi ,CUCTEMM 3@ AVCTaHLMOHHM M3CreaBaHus” B VIHCTUTYTa 3a KOCMUYECKN U3CefBaHNs U TEXHONOMMM KbM Bbrirapcka akagemmus Ha Haykute,
6a3svpanm Ha mMopenu Ha cnekpomeTpu Ha Ocean Optics Inc. Cbc cnektpometpuyHata cuctema TOMS /Thematically Oriented Multi-channel Spectrometer/ ca
npoBefeHn nabopaTopHU 1 NOMEBN (TEpPeHHM) CNEKTPOMETPUYHU M3MepBaHs. TEPEHHUTE CNEKTPOMETPUYHIM U3MEPBAHUS Ca peanuaupaHyu no Bpeme Ha y4eGHU
NpaKTMKK MO NeTporpacms No YTBLPAEHU TeoNoXKN MapLpyTh. NlaGopaTopHuUTe CNEKTPOMETPUYHN M3MEepBaHNs ca OCbLIECTBEHW B Nabopatopus ,CnekTpantu u
(hOTOMETPUYHY U3MepBaHUS” KbM Cekums ,CUCTEMM 3a INCTAHLMOHHM u3cneaBanus”. MonyyeHuTe oTpaxkaTesHu CNeKTpU MoraT fia ce U3nonaeat 3a Knacudukaums
Ha CITbTHUKOBI N306paXeHIst 1 ia Ce CPABHAT C PEPEPEHTHUTE OTPaXaTENHIU CEKTPU OT APYI CMIEKTPanHN GubnuoTeku.

Knio4yoBn gymu: OMCTAHUMOHHM U3CrefBaHusi Ha 3emsiTa M MiaHeTUTe, HabniogeHus Ha 3emsita, nabopaTOpHU U TEPEHHU CMIEKTPOMETPUYHM U3MEPBaHMS,
CreKTpanHu aHHu, CriekTpanHn 6uénuoteku
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Introduction

The in-situ reference spectral data are very important in
Earth observations for supporting mineral exploration and
mapping geology, for recognizing minerals and rocks by their
spectral signatures, and for the future planning of satellite
missions. Remote sensing measurements made in laboratory
and on the field (in-situ) provide helpful information for
research studies and for analyzing data from sensors located
on airborne and satellite platforms. Analysis of spectral data
obtained in the laboratory and on the field, and from various
other platforms, requires a knowledge base that consists of
different spectral features for known and well-described
different objects.

The U.S. Geological Survey (USGS) spectral library is the
biggest one and is related both to Earth observations and
spacecraft mission planning (Kokaly et al., 2017). The USGS
spectral library presents a knowledge base for the
characterization and mapping of materials and provides
important compositional standards. As part of the spectral
library and at the same time as independent thematic spectral
libraries  the  Jet  Propulsion  Laboratory  (JPL)
(https://speclib.jpl.nasa.gov/documents/jpl_desc, July 2018),
John Hopkins University (JHU)
(https://speclib.jpl.nasa.gov/documents/jhu_desc, July 2018),
Arizona State University (ASU)
(http:/ites.asu.edu/spectral/library/index.html, July 2018), the
ASTER/ECOSTRESS projects  (https://speclib.jpl.nasa.gov/,
July 2018), collect spectral data from laboratory and field
spectrometric measurements. The JPL and JHU libraries
contain reflectance spectra, the ASU library contains emittance
spectra and the ASTER library contains both of them. Another
spectral library for the storage of spectrometer data and
associated metadata is the SPECCHIO spectral database
system (Hueni et al., 2011). Spectroscopic data are also
acquired at the Keck/NASA RELAB (Reflectance Experiment
Laboratory) supported by NASA as a multi-user spectroscopy
facility (http://www.planetary.brown.edu/relab/, July 2018) and
these data are used for filling in the RELAB Spectral Database
(http://www.planetary.brown.edu/relabdocs/relab_disclaimer.ht
m, July 2018)

For processing the spectral data from the ASTER Spectral
Library and the ENVI Spectral Libraries Spectral Python (SPy)
a pure Python module is used. SPy is free, open source
software distributed under the GNU General Public License
(http:/iwww.spectralpython.net/, July 2018). Thematic spectral
libraries in ENVI software could be created using the Spectral
Library Builder from a variety of spectra sources, including
ASCII files, spectral files produced by spectrometers, other
spectral libraries, and spectral profiles and plots. The collected
spectra are automatically resampled to an input wavelength
space using Full-Width Half-Maximum /FWHM/ information
(https:/lwww.harrisgeospatial.com/docs/spectrallibraries.html,
July 2018). In the RELAB the Modified Gaussian Model (MGM)
software is used (http://www.planetary.brown.edu/mgm/, July
2018).

The USGS spectral library contains information about
spectral features and characteristics mainly of minerals and
rocks but also of soil and vegetation. Based on the specifics of
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the researched object, thematically oriented spectral libraries
started to be created (Ruby and Fischer, 2002; Fang et al.,
2007; Rivard et al., 2008).

The thematic spectral libraries have a significant application
in the integration of in-situ measured spectra and specific
properties of the studied objects and remotely sensed spectral
data (Tits et al., 2013). Applications of the spectral libraries
using various methods for processing and interpreting of
spectral data have been made (Rivard et al., 2008; Xu et al.,
2018).

Laboratory and field spectrometric measurements of rocks
have been continuing for more than 30 years performed by
different teams from the Space Research and Technology
Institute at the Bulgarian Academy of Sciences /SRTI-BAS/.
The authors of this study aimed to collect spectral data both
from previous own experiments (Avanesov et al., 1989;
Borisova, 2002, 2003, 2004, 2013, 2015; Borisova and
Kancheva, 2005; Bopucosa, 2007; Bopucosa u ap., 2008,
2009; Borisova and lliev, 2008; Borisova et al., 2009, 2010;
Borisova and Petkov, 2014), from colleagues' previous
experiments  with their agreement (Spiridonov  and
Chervenyashka, 1984; Lukina et al., 1992; Kancheva, 1999;
Stoimenov et al., 2014) and from new ones in order to create
a reference thematic spectral library filled with reflectance rock
features. It consists of spectral data with metadata and
additional information for better interpretation of spacecraft
images with different spatial resolution.

The reflectance spectra of representative samples of
magmatic rocks from different regions in Bulgaria (Rila
Mountain, Stara Planina Mountain, Sredna Gora Mountain) are
studied as an example in the present paper. The study
proposes collected spectral data from field spectrometric
measurements of different rocks and from laboratory
spectrometric measurements of the samples collected during
the same field campaigns to be used for filling the reference
spectral library. For easy access to the spectral library without
specialized programs, simple text versions of the spectral data,
their visualizations, and text files in HyperText Markup
Language (HTML) format with the metadata and additional
information are planned to be used. The authors aim to offer
the possibility for using the spectral data to specialists working
in different research and applied sciences following the
procedures for accessing the spectral library and downloading
the spectral data.

Materials and Methods

The information for the proposed spectral library will include
description of: field and laboratory spectrometric instruments;
short petrographic description of the region and studied objects
(in this case — rocks); field and laboratory spectrometric
measurements.

Field and laboratory instruments

The spectrometric measurements of rock reflectance spectra
are performed using laboratory and field spectrometer. The
used spectral instrument works in the wavelengths covering
the spectral ranges from the visible /VIS/ to the near infrared
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INIR/. The spectrometer used to measure reflectance rock
spectra for filling in the reference spectral library is based on
models of Ocean Optics Inc. covering the spectral range from
400 to 900 nm. Spectrometric measurements of representative
samples of rocks are made in laboratory and field conditions.
In some cases, samples were purified, so that the unique
spectral features of the studied objects could be related to their
typical structure. The field reflectance spectral signatures were
obtained with a TOMS /Thematically Oriented Multi-channel
Spectrometer/ assembled at the Remote Sensing System
Department at SRTI-BAS in collaboration with Alabama State
University, USA (Petkov et al., 2005).

In the spectral libraries each spectral characteristic has a
description, called also metadata, associated with the obtained
spectrum. The metadata describe what was measured and can
include details about the measurements made and other
supporting information about the nature and composition of the
studied object.

Short petrographic description

The area of the locality Kirilova polyana (Rila Mountain)
consists of high-grade metamorphic rocks, metamorphosed
ultrabasic and basic igneous rocks, called South Bulgarian
granitoids, aplite-pegmatoid granites and fine-grained biotite
granites. (Oumutposa, 1960; Koxyxapos, 1984; Kamenov et
al., 1999)

Spectrometric studies were made of the fine-grained biotite
granite. They expose near Kirilova polyana in the west
direction and form the Monastic Body. Fine-grained biotite
granites are light gray with massive structure and
hypidiomorphic  texture. The rock-forming minerals are
magmatic K-feldspar, quartz, plagioclase, biotite and zircon
and secondary - sericite, chlorite and clay minerals (BaHywes
u ap., 2012).

On the road to the village Barziya, about 3 km after the
Petrohan pass in Stara Planina Mountain, are revealed
magmatic rocks from the Petrohan pluton. It is a complex
magma body emplaced into rocks of Berkovska and
Dalgidelska groups. It is made of several magmatic phases:
the first is gabbro, widespread in the northern part of the pluton
near Berkovitsa; the second is represented by diorites, and the
third - by granodiorites. The largest areas are occupied by
diorites and granodiorites. (YyHeB u gp., 1965; XaigyTos,
1979; XanpyTtos n ap., 2012)

Field spectrometric studies have been made of the diorites.
They are gray, grey-greenish, medium-grained, and uniform-
grained. Their structure is massive, and the texture — prismatic
granular. The main rock-forming minerals are plagioclase
(andesine) and amphibole, secondary — biotite and augite, and
accessory - titanite and magnetite (banywes u ap., 2012).

About 10 km south of the town Zlatitsa in Sredna Gora
Mountain on the road to Panagyurishte, outcrop of the South
Bulgarian granitoids is embedded in metamorphic rocks of the
Prarodopska group. To the South there are Bulgarian
granitoids intrusive bodies of Palaeozoic age, of different sizes
and composition, divided into three intrusive complexes. The
first set includes intrusive granites, granodiorites and small
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bodies of diorite and quartz-diorites. In this complex the
Smilovenski, Hisarski and Poibrenski plutons are included. The
composition of the second intrusive complex includes
amphibole-biotite,  biotite and  light granites. The
Koprivshtenski, Klisurski and Matenishki plutons belong to this
complex. The third intrusive complex is represented by
granular biotite, biotite-muscovite and pegmatite granitoids.
The Strelchenski, Karavelovski, Lesichovski and Varshilski
plutons are presented in this complex. (Ja6oscku u gp.., 1972;
Myp6ar u 3aropues, 1983; 3aropueB u Mypbar, 1986;
Peycheva et al., 2004)

At the point of the field measurement biotite granites of the
Northwest Koprivshtenski pluton are revealed. They are light
gray, sometimes rusty colored by iron hydroxides, medium-to
coarse-grained, with a clear lineal porphyroid parallelism. They
are formed by K-feldspar, plagioclase, quartz, biotite, apatite
and zircon (baHywwes n gp., 2012).

Field and laboratory measurements

The results from the terrain spectrometric measurements of
pure surface of granites, granodiorites and diorites in the
Mountains of Rila, Stara Planina and Sredna Gora in Bulgaria
for the period 2007-2017 will be used for filling in the reference
thematic spectral library. As a result of these measurements
spectral features of the investigated objects will be acquired.
The obtained data are processed statistically, and the
registration of 100 spectra and their average values is set in
the company software used on the spectrometer.

The reference spectral library will also include data from
laboratory measurements. The laboratory spectrometric
measurements using the TOMS spectrometer are performed
by the Remote Sensing Systems Department at SRTI-BAS.
The reference spectral library will be filled in with reflectance
rock features.

Example of the structure and content of the
presented spectral reference library

Spectral data

Since this will be a spectral library, first come the spectral
data, i.e. the results from the spectrometric measurements,
both on the field and in the laboratory, for filling in the proposed
spectral reference library.

The results of the performed laboratory and field
spectrometric measurements are presented as text files
containing description of the measured rocks in the presented
example: granite, granodiorite and diorite. These spectral data
are visualized as plots of spectra. The examples of the spectral
reflectance signatures as a result of the laboratory and field
measurement are shown on Figure 1 (a,b).

Metadata
The next information needed for filling in the proposed
spectral reference library is the metadata.

The metadata include information about each measurement
such as: dark spectrum, reference spectrum, number of
sampled component spectra, integration time, spectra
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averaged, correction for electrical dark, number of pixels in
processed spectrum, etc. The description of each studied
object is also included. Petrographic description of each rock
sample, chemical composition of minerals, etc. are given for

the presented example. The metadata will be presented in
separate text files.

Additional information
In some cases it is possible to collect more information for

filing in the proposed spectral reference library called
additional information.

The photographs of the studied objects could also be added
in the reference spectral library. The photos will be included as
files in related image formats (.jpg, .gif).
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Fig. 1a. Plot of spectral reflectance signatures of granites (white line),

granodiorites (grey line) and diorites (black line) acquired during the
laboratory measurements.
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Fig. 1b. Plot of spectral reflectance signatures of granites (white line),
granodiorites (gray line) and diorites (black line) acquired during the field
measurements (all on pure rock surface).

Samples of granite (a,b) studied in the laboratory are (@)
presented on Figure 2. Photos of the granites studied in some
field measurements are shown on Figure 3.
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Fig. 3. Granites in (a) Sredna Gora and (b) Rila Mountains in Bulgaria.

The main aim of the performed spectrometric measurements
is to acquire and collect spectral data, in this case - about
rocks, for the creation of a specialized thematic reference
spectral library and the possibility for exchanging information
between existing open access spectral libraries.

Conclusions

In-situ laboratory and field spectrometric measurements
provide a significant part of the spectral data for interpreting
spectral images with different spatial resolution and in creating
thematic reference spectral libraries, in this case — of rocks.
Including data from different experiments into an accessible
spectral library ensures their continued exploitation, provides a
basis for their qualitative assessment, and allows them to be
exchanged between specialists from different fundamental and
applied sciences. Therefore, it is necessary to have the
possibility for complementing the spectral libraries in short
periods of time depending on the subject of the survey.
Creating, updating and maintaining a reference spectral library
requires periodic laboratory and field experiments, including
spectrometric and other type of measurements.

At the same time, laboratory and field spectrometric
measurements are part of an integrated system for Earth and
planets remote sensing and ground observations. In-situ
spectrometric measurements have potential for long-term
practical application when used to verify data which increases
their accuracy. This leads to an optimal correlation between
the different methods for measuring and observing the different
types of land cover: soils, vegetation, water, rocks, minerals,
etc. The creation of a spectral library increases the
effectiveness of scientific research in the field of remote
sensing on the Earth's and planets’ surfaces, creates synergy
between different scientific fields and helps the exchange of
information.

For future work, the authors suggest collecting field
reflectance spectral features of different rocks and laboratory
spectrometric measurements of the samples collected in the
field campaign. The obtained spectra could be used for
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airborne image classification and comparison of the results
with the reference spectra of the USGS and other spectral
libraries.

References

Banywes, b., C. Mpucrasosa, P. Koctos, P. Masgepos, H.
LlaHkoBa, E. Paesa, C. ManuHoBa. PubkoBogcTBO 3a
y4ebHM MpaKTvku Nno MuHepanorus u netporpacgms. UK
“Cs. MBan Puncku’, C., 2012. -144 c. (Banushev, B., S.
Pristavova, R. Kostov, R. Pazderov, N. Tsankova, E.
Raeva, S. Malinova. Rakovodstvo za uchebni praktiki po
mineralogia i petrografia. IK “Sv. Ivan Rilski", S., 2012. -
144 s,

Bopucosa, [I. CpaBHeHWe mMexay oTpaxaTenHuTe CrekTpu Ha
TPaHUTM MOMYYEHM C  pasfnyHa  CMEeKTPOMETPHYHA
anaparypa. - loguwhwk Ha MI'Y “Cs.Me.Puncku”, 50, Ce. I
leonorus u reodmsmka, 2007. - 139-143. (Borisova, D.
Sravnenie mezhdu ofrazhatelnite spektri na graniti
polucheni s razlichna spektrometrichna aparatura. -
Godishnik na MGU “Sv.Iv.Rilski”, 50, Sv. I: Geologia i
geofizika, 2007. - 139-143.)

bopucosa, ., b. baHywes, WN. Annes. AHanus cnektpanbHbIX
Xapaktepuctuk rpanutoB bonrapumn. - COOPHUK HayuHbIX
crateil  “CoBpemeHHble  Mpobnembl  ANUCTaHLMOHHOMO
30HOMpoBaHus 3emnu u3 kocmoca’, 5(1), OO0 Asbyka-
2000, M., 2008. - 325-329. (Borisova, D., B. Banusheyv, I.
lliev. Analiz spektralynyh harakteristik granitov Bolgarii. -
Sbornik  nauchnyh statey  “Sovremennye problemy
distantsionnogo zondirovania Zemli iz kosmosa®, 5(1),
000 Azbuka-2000, M., 2008. - 325-329.)

bopucoea, [l., b. banywes, W. Wnues. [uctaHuMoHHOE
30HOMpOBaHWe rpaHUToB Bonrapum B nabopaTopHbIX W
nonesblx ycnosusx. - Proceedings of International
Conference ‘Fundamental Space Research 2009’
Bulgaria, 2009. - 61-63. (Borisova, D., B. Banushev, I. lliev.
Distantsionnoe  zondirovanie  granitov  Bolgarii v
laboratornyh i polevyh usloviiah. - Proceedings of
International Conference “Fundamental Space Research
2009", Bulgaria, 2009. - 61-63.)

Haboscku, X., M. 3aropueB, M. PyceBa, [l. YyHes.
Maneosoncku rpanutouan B ColumHcka CpepgHa ropa. -
Fop. YIM, 16, 1972. - 57-92. (Dabovski, H., I. Zagorchev,
M. Ruseva, D. Chunev. Paleozoiski granitoidi v Sashtinska
Sredna gora. - God. UGP, 16, 1972. - 57-92.)

OumntpoBa, E. [leTponornsi Ha KpUCTaMMHHMA LOKBS Ha
ceBeposanagHa Puna nnavuna. — Tp. reon. bunr., Cepus
l'eoxum. 1 non. uskon., 1, 1960. — 199-257. (Dimitrova, E.
Petrologia na kristalinnia tsokal na severozapadna Rila
planina. — Tr. geol. Balg., Seria Geohim. i pol. izkop., 1,
1960. — 199-257.)

3aropueB, W., C. Mypbar. [atvpaHe Ha rpaHUTOWAHMS
marmatuabm B CbuwuHcka CpepHa ropa no pybuaneso-
CTPOHLMEBMS N30XPOHEH MeToa. — Cn. bwnr. reon. a-Bo,
47(1), 1986. - 1-10. (Zagorcheyv, 1., S. Murbat. Datirane na
granitoidnia magmatizam v Sashtinska Sredna gora po
rubidievo-strontsievia izohronen metod. — Sp. Balg. geol. d-
vo, 47(1), 1986. — 1-10)

KoxyxapoB, [.  JlutocTpaturpacus  gOKaMBOPUIACKNX
meTamopduyeckux nopor Pogonckoi cyneprpynnel B



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

LleHTpaneHbix Pogonax. — Geologica Balc., 14(1), 1984. —
43-88. (Kozhuharov, D. Litostratigrafia dokambriyskih
metamorficheskin porod Rodopskoy supergruppbl v
Tsentralyneih Rodopah. — Geologica Balc., 14(1), 1984. —

43-88.)
Mypbar, C., 1. 3aropyeB. PybuaneBo-cTpoHLeBble AaHHbI O
BO3pacTe  MEpBOro rPaHUTOMZHOTO  KOMMnekca

(CmunoBeHckuin 1 XucapCkuin nnyToHbl) B ChILUTUHCKON
CpepnHoit rope. — Geologica Balc., 13(3), 1983. - 3-14.
(Murbat, S., I. Zagorchev. Rubidievo-strontsevbie dannbl o
vozraste pervogo granitoidnogo kompleksa (Smilovenskiy i
Hisarskiy plutonsl) v Sekishtinskoy Srednoy gore. -
Geologica Balc., 13(3), 1983. - 3-14.)

XangytoB, W. MurmatMyHu u aHaTeKTUYHU SBREHWs B
CraponnaHuHckaTa narneosoncka €eBreoCuHKNHana (no
npumepa Ha Bbp3nnCKMs MUrMaTUYEH MacuB). — e0TexT.,
TEKTOH(U3. U reognHam., 8-9, 1979. - 39-54. (Haydutov, |.
Migmatichni i anatektichni yavlenia v Staroplaninskata
paleozoyska evgeosinklinala (po primera na Barziyskia
migmatichen masiv). — Geotekt., tektonfiz. i geodinam., 8-
9,1979. - 39-54.)

XaigyTos, W., C. Mpuctasosa, J1. [aHeBa. KbcHoHeonpoTte-
pO30iicka-paHHOManeo3oncka esomoLmMs Ha bankaHckus
TepeH (KOW EBpona) — BepositeH 6rok oT okeaHa Anetyc. -
WK “Cs. VBaH Puncku’, C., 2012. -132 c. (Haydutov, 1., S.
Pristavova, L. Daneva.  Kasnoneoprote-rozoyska-
rannopaleozoyska evolyutsia na Balkanskia teren (Yul
Evropa) — veroyaten blok ot okeana Yapetus. - IK “Sv. Ivan
Rilski”, S., 2012. -132 s.)

UyHes, M., K. Konyesa, K. AHkynosa. MnagonaneosumckuaTt
BynkaHusbM B bepkoscka Ctapa nnanuHa. — log. CVY.
l'eon.-reorp. dak., 53(1), 1965. — 177-197. (Chunev, D., K.
Kolcheva, K. Yankulova. Mladopaleoziyskiyat vulkanizam v
Berkovska Stara planina. — God. SU. Geol.-geogr. fak.,
53(1), 1965. - 177-197.)

Avanesov, G. A., B. Bonev, F. Kempe, A. Bazilevsky, V.
Boycheva, K. Chikov, M. Danz, D. Dimrtrov, T. Duxbury, P.
Gromatikov, D. Halmann, J. Head,V. Heifets, V. Kolev, V.
Kostenko, V. Kottsov, V. Krasavtsev, V. Krasikov, A.
Krumov, A. Kuzmin, K. Losev, K. Lumme, D. Mishev, D.
Mohlmann, K. Muinonen, V. Murav'ev, S. Murchie, B.
Murray, W. Neumann, L. Paul, D. Petkov, . Petuchova, W.
Possel, B. Rebel, Yu. Shkuratov, S. Simeonov, B. Smith,
A. Totev, V. Fedotov, G.-G. Weide, H. Zapfe, B. Zhukov,
Ya. Ziman. Television observations of Phobos. - Nature,
341, 1989. - 585-587.

Borisova, D. Contrast coefficients of granites and
granodiorites. - Proceed. Ninth National Conference with
International Participation “Contemporary Problems of
Solar-Terrestrial Influences”, Sofia, 2002. - 149-152.

Borisova, D. Spectrometric measurements of granites and
study of surface effects. - Annual UMG “St.Iv.Rilski”, 46,
Part I: Geology and Geophysics, Publ House “St.Iv.Rilski”,
Sofia, 2003. - 327-329.

Borisova, D. Granite reflectance spectra behaviour depends to
its rock-forming minerals. - Annual UMG “St. Ivan Rilski”,
47, Part I: Geology and Geophysics, Publishing House “St.
Ivan Rilski”, Sofia, 2004. - 233-236.

Borisova, D. Field spectrometric measurements of rocks. Proc.
of Eighth Sci. Conf. with International Participation "Space,
Ecology, Safety" (SES'2012), Sofia, 2013. - 322-327.

102

Borisova, D. Study of spectral reflectance characteristics of
rocks. - PhD thesis, 2015. - 105 p.

Borisova, D., H. Nikolov, B. Banushev. In-situ and ex-situ
measurements of igneous, sedimentary and metamorphic
rocks for earth observation data base complementation.
Annual of UMG “St. Ivan Rilski”, 52, Part I: Geology and
Geophysics, Publishing House “St. Ivan Rilski”’, Sofia,
2009. - 137-140.

Borisova, D., H. Nikolov, B. Banushev, D. Petkov. In-situ
spectrometric measurements in open stone mine
“Smolsko” for multispectral data analysis. Proc. of the Sixth
National Geophysical Conf., CD © Bulgarian Geophysical
Society, 2010. 16.pdf.

Borisova, D., R. Kancheva. Spectroscopy of terrestrial and
lunar basalt. - Aerospace Research in Bulgaria, 2, 2005. -
43-46.

Borisova, D., I. lliev. Measured and modeled granite
reflectance spectra. - Annual of UMG “St. Ivan Rilski”, 51,
Part I: Geology and Geophysics, Publishing House “St.
Ivan Rilski”, Sofia, 2008. - 129-131.

Borisova, D., D. Petkov. Analysis of spectrometric optical data
from different devices. - Proc. SPIE 9245, 2014. - 92450B-
1-92450B-7.

Fang, L., S. Chen, X. Zhou, S. Liao, and L. Chen. A web-based
spectrum library for remote sensing applications of Poyang
lake wetland. - Geographic Information Sciences: A
Journal of the Association of Chinese Professionals in
Geographic Information Systems, 13(1-2), 2007. - 3-9.

Hueni, A., T. Malthus, M. Kneubuehler, and M. Schaepman.
Data exchange between distributed spectral databases. -
Computers & Geosciences, 37(7), 2011. - 861-873.

Kamenov, B., I. Klain, K. Arsova, Y. Kostitsin, E. Salnikova.
Rila-West  Rhodopes  Batholith: ~ Petrological  and
geochemical constraints for its composite character. —
Geochem., Miner. Petrol., 36, 1999. — 3-27.

Kancheva, R. State assessment of the soil-vegetation system
using spectrometric data. - PhD thesis, 1999. - 142 p.

Kokaly, R., R. Clark, G. Swayze, K. Livo, T. Hoefen, N.
Pearson, R. Wise, W. Benzel, H. Lowers, R. Driscoll, and
A. Klein. USGS Spectral Library Version 7: U.S. Geological
Survey Data Series 1035. - USGS, 2017. - 61 p.

Lukina, N., V. Lyalko, V. Makarov, S. Skobelev, H. Spiridonov,
Y. Shekhtova, and M. chervenyashka. Preliminary results
of a spectrometric study of the Faizabad fault zone and the
Frunze test area (Tien-Shan-Interkosmos-88 International
aerospace experiment). Soviet Journal of Remote Sensing,
9(6), 1992. - 1022-1037.

Petkov, D., H. Nikolov, G. Georgiev. Thematically Oriented
Multichannel Spectrometer (TOMS). — Aerospace Res. in
Bulgaria, 20, 2005. - 51-54.

Peycheva, I., A. Quadt, M. Frank, R. Nedialkov, B. Kamenov,
C. Heinrich. Timing and magma evolution of Upper
Cretaceous rocks in Medet cuporphyry deposit: isotope-
geochronological and geochemical constraints. Bul. Geol.
Soc., Ann. Scientific Conf. “Geology 2004, 2004. — 57-59.

Rivard, B., J. Feng, A. Gallie, and A. Sanchez-Azofeifa.
Continuous wavelets for the improved use of spectral
libraries and hyperspectral data. - Remote Sensing of
Environment, 112(6), 2008. - 2850-2862.

Ruby, J., and R. Fischer. Spectral signatures database for
remote sensing applications. - Proc. SPIE 4816, 2002. -
156-163.



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

Spiridonov, H., M. Chervenyashka. Results and interpretation
of spectral reflectance coefficient of various genetic types
of rocks and ores. Proceedings of the 27th Intern. Geol.
Congress, Remote sensing, 18, VNU Sci. Press BV,
Utrecht, the Netherlands, 1984. - 57-73

Stoimenov, A., R. Koleva, V. Dimitrov, Y. Tepeliev, T. Lubenov,
and J. Kroumova. Satellite mapping of Bulgarian land
cover — CORINE 2012 project. - Forestry ideas, 20(2),
2014. - 189-196.

Tits, L., B. Somers, J. Stuckens, J. Farifteh, and P. Coppin.
Integration of in situ measured soil status and remotely
sensed hyperspectral data to improve plant production
system monitoring: Concept, perspectives and limitations. -
Remote Sensing of Environment, 128, 2013. - 197-211.

103

Xu, X, J. Li, C. Wu, and A. Plaza. Regional clustering-based
spatial preprocessing for hyperspectral unmixing. - Remote
Sensing of Environment, 204, 2018. - 333-346.

https://speclib.jpl.nasa.gov/, July 2018

https://speclib.jpl.nasa.gov/documents/jhu_desc, July 2018

https://speclib.jpl.nasa.gov/documents/jpl_desc, July 2018

http://tes.asu.edu/spectral/library/index.html, July 2018

https://www.harrisgeospatial.com/docs/spectrallibraries.html,

July 2018

http://www.planetary.brown.edu/mgm/, July 2018

http://lwww.planetary.brown.edu/relab/, July 2018

http://www.planetary.brown.edu/relabdocs/relab_disclaimer.ht

m, July 2018

http://lwww.spectralpython.net/, July 2018



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

ELEMENTS AND STRUCTURE OF THE NORMAL GEOMAGNETIC FIELD IN THE
REPUBLIC OF MACEDONIA

Marjan Delipetrev’, Blagica Doneva’, Gorgi Dimov?

University of Goce Delchev, Faculty of Natural and Technical Sciences, 2000 Shtip, Macedonia, blagica.doneva@ugd.edu.mk

ABSTRACT. This paper presents the research of the normal geomagnetic field of the Republic of Macedonia. The complex geological structure of the explored area
ofregional and local character, has an important impact on the geomagnetic field. The geomagnetic field is composed of two components: normal and anomalous
field. The geomagnetic field represents an important segment in the regulation of the natural processes on the Earth, which makes its permanent observation and
study of special importance. Conducted investigations of the geomagnetic field maintain the continuity of monitoring and studying of the field changes in the area of
the Republic of Macedonia which started in 2000.

Keywords: geomagnetic field, total field, declination, inclination, normal field, geomagnetic models and maps

ENEMEHTWU U CTPYKTYPA HA HOPMANNHOTO TEOMArHUTHO MONE B PENMYBJIMKA MAKEQOHUA
Mapuan Jenunempes?, bnazuya foHesa’, Nopau Jumos!

YHugepcumem 6 oue [enues, ®akynmem no npupoOHU u mexHudecku Hayku, 2000 LLun, MakedoHus,
blagica.doneva@ugd.edu.mk

PE3IOME. Tasu ctatus npeAcTaBs M3CreABaHETO Ha HOPMAmnHOTO reomarHuTHo mone Ha Penybnuka Makeponus. KomnnekcHata reonoxka CTpykTypa Ha
u3cnefBaHata obnact OT pervoHaneH 1 MECTEH XapaKTep UMa BaxHO BMSIHUE BbpXY r€OMarHUTHOTO none. [eoMarHUTHOTO nome ce CbCTOM OT [jBa KOMMOHEHTa:
HOPMarHoO 1 aHoMarHo nore. [eoMarHUTHOTO Mone NpeaCcTaBnsBa BaXEH CETMEHT B PErYNMPAHETO HA eCTECTBEHUTE MPOLIECH Ha 3emsiTa, KOETO NpaBi HEFOBOTO
MOCTOSIHHO HabnioaeHne W nacneaBaHe 0cobeHo BaxHO. poBeaeHUTe U3CNenBaHNs HA reOMarHUTHOTO MOMe NOAABbPXKAT HEMPEKbCHATOCTTA HA MOHUTOPUHIA U
13y4aBaHeTo Ha NPOMeHMTe B noneTo B obnactTa Ha Penybnuka MakegoHus, 3anoyHany npe3 2000 r.

Knrouoeu AYMU: reOMarH1THoO none, 06M0 none, AeknuHauus, HaknoH, HopManHo none, reoMarHUTHU Modenu u kapTu

Introduction structure of the geomagnetic field. There is no other such small

area as the Republic of Macedonia with so complex geological

The geomagnetic field reflects the Earth's structure, the structure and hence, with such structure of the local
processes within it, as well as the external influences. The field geomagnetic field in whole Europe.

is presented as a sum of three components: (Delipetrov, 2003).
- Normal geomagnetic field which reflects the causes
of magnetism in the core and the mantle. This component Models and maps of the elements of the normal

includes agents that are in the depths of the earth's crust, geomagnetic field in the Republic of Macedonia
but they are spread throughout the territory of the Republic

of Macedonia; Two methods of modeling of the geomagnetic field prevail
- Regional geomagnetic anomalous field affected by  today, one is the method of spherical harmonic analysis and
characteristic generators of the magnetic field in the the other is the method of polynomial analysis.
separated neotectonic zones in the Republic of Macedonia;
- Local geomagnetic field which is in direct correlation The normal field for a territory can be expressed by:

with the geological structures in the upper part of the

. . . = . . 1 . 2 . 2 .
Earth's crust with expressed magnetic features (increased E(49,44))= ay+ ay - 4@+ ag- A+ a - 49" + ag - 417 + agdo- 4]

concentration of ferrous magnetic minerals). where:
E(Ag, AN) — is the value for the normal field of the point with
The territory of the Republic of Macedonia, as part of the coordinates @1 and A+;
Alpine orogen in the Balkan Peninsula, is characterized by a @1 and A1 — is the geographic latitude and longitude of the
very complex geological structure, where structural segments place;
are separated - zones which are widespread in the Balkan o and Ao — is the geographic latitude and longitude of the
Peninsula. In recent geological history, neotectonic phase, point depending on which measurements are being reduced;
different geological processes have divided these areas in for the Republic of Macedonia the central point is o = 41,500
separated units. The different geological structure and and Ao = 22;

processes in these regions have significant impact on the

104



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

A = @1 - @o — is the difference of geographic latitudes in
minutes;

AL = A1 - do—is the difference of geographic longitudes in
minutes;

ai — are the coefficients for corresponding differences in
nT/min (y/min.), i.e. minutes / minutes or gammas and minutes.
Usually, the differences of latitude and longitude are calculated
in terms of coordinates of the geomagnetic observatory located
on that territory.

Observations of the geomagnetic field of a given territory
(usually state) are carried out in two parallel procedures. One
is permanent monitoring of the geomagnetic field in an
observatory. Another procedure that is performed periodically
every 3 to 5 years are terrestrial observations of the basic
network of repeat stations, and observations of the secondary
net within a period of 10 years.

Based on this data collection about the geomagnetic field
every five years, maps and models of the elements of the
normal geomagnetic field for a given epoch are made.

Model of the elements of the normal geomagnetic field in
the Republic of Macedonia

Field measurements were conducted on the fifteen repeat

stations in Macedonia. (Delipetrev, 2011)]

During the field measurements, the following instruments

were used:

- DI Fluxgate magnetometer — an instrument that
measures values of the geomagnetic declination D and
inclination I. The instrument consists of a non - magnetic
theodolite and fluxgate sensor mounted on the
telescope, so the optical and magnetic axes are parallel
(fig. 1).

- Proton - magnetometer - GEOMETRICS G-856.

A model of the elements of the normal geomagnetic field in

the Republic of Macedonia (Table 3) is made on the basis of
the measured data (Table 1).

Fig. 1. DIFlux magnetometer - theodolite with Fluxgate sensor on the top

Table 1.
Measured data on the repeat stations
Station H (nT) X (nT) Y (nT) Z (nT)
Tetovo 24233.26 ? ? 39941.46
Egri 2475117 | 24716.87 1302.71 39237.34
Mavrovo 2426410 | 24231.20 1263.12 | 39704.21
Plackovica 24288.75 | 24251.75 1340.17 | 39822.61
Slivnica 24379.72 | 24337.21 1439.08 | 39790.33
Vodno 24207.50 | 24169.74 1351.72 | 39950.88
Bajlovce 23883.98 | 23853.08 | 1214.61 | 40156.53
Island 24530.80 | 24484.68 | 1503.55 | 39402.71
Gradot
Nikolic 24540.18 | 24504.80 | 1317.27 | 39576.18
Ponikva 24110.89 | 24073.10 | 1349.27 | 40111.39
St. Maria 24350.92 | 2431568 | 1309.65 | 39651.61
Precesna
Crna Skala 2422753 | 24189.96 1348.62 | 40140.25
Luke 2393717 | 23898.48 1360.40 | 40464.26
Galicica 2472766 | 24696.04 1250.18 | 39098.67
Prilep lake 24520.03 | 24485.53 | 1300.37 | 39665.69
Table 2.
Coefficients of the model of the normal geomagnetic field
Coefficients
Ele- a a a as s as
ment
D |36278 | 0118 | -00386 | 0078 | 0.0154 | -0.3455
[ 58.088 | -0.037 | -0.1578 | 0.119 | 0.0928 | -0.4256
T | 46550 | -24.449 | -172.278 | -20.585 | 197.784 | -449.635
H 24607 | 11.072 | 17149 | -95.376 | 38.900 | 57.755
X | 24558 | 7.939 18218 | -97.322 | 37.095 | 66.862
Y 15560 | 46.635 | -15.966 | 23.628 | 13.308 | -145.088
Z | 39514 | -36.462 | -217.088 | 33.564 | 210.554 | -567.011

Table 3.
Values of the normal geomagnetic field calculated with the
coefficient from Table 2

Stations D | T H X Y z
Galicica | 3378 | 57.276 | 46271 | 25014 | 24970 | 1474 | 38927
Egr 3465 | 57.367 | 46330 | 24984 | 24938 | 1510 | 30016
Suiera | 3533 | 56,039 | 46453 | 24590 | 24543 | 1515 | 30411

Mavrovo 3466 | 58.122 | 46451 | 24531 | 24486 | 1483 | 39445

Prilep lake | 3.509 | 57.854 | 46567 | 24777 | 24731 | 1517 | 39428

Vodno 3.597 | 58.298 | 46671 | 24526 | 24477 | 1539 | 39707

Bajlovce 3.507 | 58.850 | 46675 | 24144 | 24099 | 1477 | 39945

Ponikva 3.721 | 58.603 | 46750 | 24355 | 24304 | 1581 | 39905

Plackovica | 3.698 | 58.217 | 46575 | 24531 | 24480 | 1582 | 39591

Luke 3.737 | 59.005 | 46235 | 23809 | 23759 | 1552 | 39633
Tetovo 3.617 | 58.346 | 46683 | 24499 | 24450 | 1546 | 39738
Island

3.946 | 57.667 | 46327 | 24777 | 24719 | 1685 | 39144
Gradot

Nikolic 3499 | 57.823 | 46493 | 24759 | 24713 | 1511 | 39352

Slivnica 3.983 | 58.166 | 46607 | 24583 | 24524 | 1708 | 39596

Crmna

Skala 3.769 | 58.244 | 46903 | 24685 | 24632 | 1623 | 39881

Maps of the elements of the normal geomagnetic field of
the Republic of Macedonia

The declination of the observed territory varies form 3,378¢
on the measuring point Galicica to 3,983° on the station
Slivnica. Declination varies in the interval AD = 0,605° (Fig. 2).
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Fig. 2. Map of declination, D

Analysis of the declination field shows that on the observed
territory the extreme stands in the central southern part, near
the measuring station Island Gradot. The field is quiet in the
west and northwest, which should be expected according to
the geological structure.

From the observations, the inclination varies from Galicica
57.2760 < | < 59,005° Luke. The mean value of inclination is
Isr = 58,125°. The field of inclination | related to that of the
declination is more homogenous and relatively quiet. There is
a slight twisting of isolines in the central southern part (Fig. 3).

Fig. 4. Map of total intensity, T

106

Values of the measured points for the total field vector T
varies in the interval from 46 235 nT on the repeat station Luke
to 46 903 nT on the point Crna Skala. The interval of variation
is AT = 371,0 nT. The field is relatively quiet with a twisting of
the isolines in the central southern part and in the northeastern
part (Fig. 4).

PR_— %

T T
212 214,

Fig. 5. Map of horizontal component, H

Analyzing the map of the horizontal component H (Fig. 5)
from north in the area of Bajlovce with a minimum value of
24150 nT toward south shows an increase to Hmax = 25000 nT
in the area of Ohrid and Prespa Lake, i.e. in the region of the
repeat station Galicica. The average value of the field is Hsr =
24575 nT. The interval, in which the horizontal component on
the observed territory varies, is AH = 850 nT. The field is
homogenous and relatively quite.

The field of the northern component X (Fig. 6) is relatively
quiet and with a maximum value Xmax = 24900 nT from
southwest, decreasing toward north and in the northeastern
part it has a minimum value Xmin = 24100 nT. The average
value of the northern component is Xsr= 24500 nT. The interval
of variation is AX = 800 nT.

Fig. 6. Map of the northern component, X

The field of the eastern component Y (Fig. 7) varies from
Ymin = 1470 nT in the area of the repat stations Galicica and
Bajlovce to Ymax = 1700 nT at the repeat stations Slivnica and
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Island Gradot. The western part of the Republic of Macedonia
has a quieter field related to the central and the eastern part.
The expressed extreme is present in the southern part. The
value of the component varies in the interval of AY = 250 nT.
The average value is Ysr = 1595 nT.

42,24

42+

4164 °

4144 N

41,24

41+

T
208 21 212 214 216 218

22

222 224 226 228

Fig. 7. Map of the eastern component Y

The field of the vertical component Z (Fig. 8) is relatively
quiet with expressed twisting of the isolines in the northeastern
and central southern part. The maximum value is in the area of
the repeat station Bajlovce Zmax = 39945 nT, and minimum
value is in the region of the repeat station Galicica Zmin =
38927 nT. The average value of the component is Zsr = 39435
nT. The interval of variation is AZ = 1018 nT.

l T
24 226 228

t
222

T
208 21

Fig. 8. Map of the vertical component, Z

The fields of declination - D and eastern Y component are
more complex in terms of other components of the field. In all
maps, the western part of the territory of the Republic of
Macedonia has a quieter field compared to the central and
eastern part.

107

The comparison of maps of the relevant elements of the
normal field from previous measurements in 1990 showed
lower degree of similarity with these maps because of the use
of a different network of repeat stations, the greater distance
and difference in applied technology.

Structure of the geomagnetic field

The geomagnetic field on the Earth’s surface is a sum of
vectors of many different magnetic fields:

T=TotTu+TatTet OT.

The implemented geomagnetic field observation and the
applied methodology of data processing have eliminated the
influence of the local anomaly field Ta, the electromagnetic
field Te, and the impact of short time variations of the field &T.

In order to eliminate the influence of geomagnetic causes
that are deep underground, and because their dimensions and
area of influence are far beyond the territory of the investigated
area, anlGRF (International Geomagnetic Reference Field)
model is used as a filter that reflects the impact of normal
geomagnetic field, in this case shown by two components: the
field- To and the axial dipole field- Tx on the continent.

Maps of the differences of the normal geomagnetic field's
elements between the IGRF model and our model were
created (Figs. 9 - 12). (Panovska et al., 2006)

The analysis of the components of the regional anomaly of
the geomagnetic field Tar reflects the neotectonic
regionalization of the Republic of Macedonia in three mega
blocks:

- Eastern Macedonian zone;

- Vardar zone;

- Western Macedonian zone including Pelagonian
block.

42,54

42

414

73

202 204 208 208 21 212 214 216 218 22 222 224 226 228 23 232.

Fig. 9. Map of AT between our measurements and IGRF model
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Fig. 10. Map of AZ between our measurements and IGRF model
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Fig. 11. Map of AD between our measurements and IGRF model

Conclusion

From the data presented on the elements and structure of
the normal geomagnetic field in the Republic of Macedonia, it
can be concluded the following:

- The maps and the elements’ models of the normal
geomagnetic field express the specificity of the area of the
Republic of Macedonia;

- The presented data for the declination can have wide
application in all activities where compass is used;

- Maps of the differences of the normal geomagnetic field
elements between the IGRF model and our model were
created.

42,5
42
415

41+

Fig. 12. Map of Al between our measurements and IGRF model
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A COMPLEX APPROACH FOR SEDIMENTARY ARCHITECTURE MODELLING OF
FLUVIAL SUCCESSIONS AND THEIR CONVERSION INTO HYDROGEOLOGICAL UNITS

Stefan Zeynelov', Daniel Ishlyamski', Bozhurka Georgieva’

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, stefan.zeynelov@gmail.com

ABSTRACT.Often the clastic fluvial deposits demonstrate significant lateral and temporal variability that significantly impedes the correct evaluation and modeling of
their hydrodynamic properties. On the basis of lithological studies and aerial and terrestrial photogrammetric documentation of representative logs and 2D outcrops of
fluvial successions study the main lithofacies and architectural-element units are determined. The fluvial successions are converted into hydrogeological units after a
detailed grain size analysis and a correlation between the obtained results and the hydraulic conductivities. The application of an integrated geophysical approach
(incl. ground-penetrating radar, electrical resistivity methods, geomagnetics, kappametry, etc.) enables the development of specific for the investigated sites key
techniques used for indirect mapping of fluvial successions and hydrogeological units. This is useful for their depth profiling and spatial mapping. The presented multi-
disciplinary approach is developed for studying the Galata Formation in the area north of the Kamchia River firth.

Keywords: hydrogeological model, geophysical methods, hydrogeological units, water budget

KOMMNNEKCEH noagxoa 3A MOOENNPAHE HA CEOAUMEHTHATA APXUTEKTYPA HA AlTYBUATTHU
NOCNEAOBATENHOCTU U TAXHOTO NPUBBP3BAHE KbM XWAPOIEONOXKWA EQUHULIA
Cmedhan 3eliHenos!, fanuen Nwnsamcku?, boxypka Neopeuesa’

"MunHo-2eonoxku yHusepcumem “Ce. Wear Puncku”, Cogpusi 1700; stefan.zeynelov@gmail.com

PE3IOME.KnacTuuHuTe anyBuanHi OTNOXeHUS YeCTO MoKa3BaT 3HauvMa M3MEHYMBOCT, KaKTO N0 Mol Taka W B paspes, KOeTo 3HAUUTENHO 3aTpyAHsABa KopekTHaTa
OLieHKa ¥ MOAENMPaHETO Ha (PUATPALIMOHHUTE UM CBOWCTBA. Ha OCHOBaTa Ha NMUTOMOXKY M3CNeaBaHus, Bb3aylLHa U HaseMHa (hoTorpamMeTpuyHa [AOKyMEHTaLMs Ha
npeacTaBuTeNHM paspean u 2D paskpuTia Ha amyBuanHu NOCnefoBaTenHocTu ce 0B0COBAT rmaBHUTE CbCTaBHW NUTOMALMANHN U apXUTEKTYPHO-eNEMEHTOBM
eavHMLM. AnyBuanHuTe NOCneaoBaTenHOCTM Ce MPUBBLP3BAT KbM XWAPOTeoNnoXkv ednHnLM, Ha GasaTa Ha [eTalineH 3bPHOMETPUYEH aHanu3 M Kopenauus Ha
MonyyeHnTe pesyntatn ¢ koeduUMeHTUTe Ha unTpaums. MpunaraHeTo Ha KOMMNEKC OT reoU3nyHM MeTOAN (reopajap, enexkTpPOCHNpOTUBUTENHU METoaM,
reOMarHUTHU MeTOaMW, kanameTpus M Ap.) no3sonsea pa3paboTBaHe Ha cneuudmyHu 3a 0BekTa reodmM3anyHN KNIOYOBE 33 KOCBEHO KapTUpaHe Ha anmyBuarnHu
nocneaoBaTeNnHOCTY 1 XMAPOTreoNoXKA eauHULM. ToBa Ce U3nonaea npu TAXHOTO AbNBOUMHHO NPOthiMpaHe M NNoLLHO kapTupaHe. MeToaukata e paspaboTeHa 3a
n3cneAgaHe Ha lanatckara cauTa B pailoHa Ha ceBep OT YCTUETO Ha p. Kamuns.

KnouoBu gymu: Xuzporeonoxku Mofien, reotnanyHi1n MeToam, XMaporeonoxki eanHuIL, BoaeH Ganaxc

Introduction

The main objective of contemporary surveys in the field of Substantial progress in this area is the combination of
petroleum geology and hydrogeology in continental relatively inexpensive modern Remotely Piloted Aircraft
successions is 3D geometrization and characterization of Systems (RPAS) and a standard high resolution camera (or
sedimentary bodies that are typified by specific porosity and other type of sensor), which emerges as a powerful tool for
permeability. For decades, a set of sedimentological field and remote sensing. There are also a number of budget software
laboratory methods has been used for this purpose, where the solutions providing further processing of the information.
form and degree of exposure of the sedimentary outcroppings Modern drones are an efficient and highly productive tool for
are of key importance for achieving credible results. near-terrestrial mapping and documentation of substantial in

scale outcrops, which are otherwise inaccessible to
conventional field methods. They also allow extremely high
levels of detailization (Kucsos 1 LiaHkos, 2016).

The combination of detailed lithofacial profiling and 2D
mapping of outcrops with extensive detection of textures-
indicators of sediment paleo-transport is the basis of the

architectural-element analysis of fluvial successions - one of Parallel to the development of computing machinery and
the most advanced 3D methods for facial and paleographic measuring equipment, geophysical methods (electrical
modeling, reconstruction and stratigraphic division of resistivity surveying, ground-penetrating radar, geomagnetic
continental successions (Stoyanov and Ajdanlijsky, 2002; surveying, etc.) find wider application in detailed mapping of
Ajdanlijsky and Stoyanov, 2003). Along with the many the near-surface geological section. Their geological efficiency
limitations associated with the nature of the outcropping of the is determined by the differentiation of rocks according to
investigated sedimentary successions, the application of this different physical properties (Oumoscku u gp., 2007, 2014;
method is connected to the accessibility of these outcrops and Oumogcku n CrosHos, 2011; CtosHos, 2004; Stoyanov et al.,
the possibility of their detailed and extensive documentation. 2017).
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Methodology of geophysical research

Different geophysical methods (ground-penetrating radar,
geomagnetic  surveying, electrical resistivity surveying,
kappametry, etc.) can be applied successfully for mapping of
the near-surface geological section. The major advantage of
these methods is that they are convenient non-invasive
instruments for a relatively rapid and effective determination of
the spatial boundaries of geological and hydrogeological units
of different rank, as well as zones with different characteristics.
The common scheme for their application to each specific
subject involves three main steps:
= Field measurements. They are carried out on predefined

profiles and/or areas covering characteristic parts or the

whole area of the object under study. The depth of study is

decisive for the choice of techniques and schemes used in

field measurements.
= Development of two-dimensional or three-dimensional
computer models of the physical field, based on the
performed measurements. Based on the model solutions
and depending on the method used, a series of surface
maps at different hypsometric levels can be obtained and
vertical sections of the geoelectric or geomagnetic field can
be derived. The acquired distributions of the studied physical
parameters (electrical resistivity, total vector of the
geomagnetic field, etc.) are a function of the mineral
composition, the granulometric characteristics and the
geometry (architecture) of the studied geological bodies, the
presence and the degree of their secondary alterations
(weathering, cracking, karstification, compaction), the degree
of water-saturation, the physical properties and chemical
composition of groundwater, etc.
Interpretation of the computer models. In the process of
transformation of the geophysical models in geological
and/or hydrogeological models, different approaches are
applied, based on correlation dependencies and complex
comparative analysis of model solutions with data from
studies performed in the area under investigation -
geological mapping, drilling, field tests, laboratory tests, etc.
Depending on the applied geophysical method and on the
character and required precision of the study, most common
well-known relationships and theoretical dependencies are
used, or transformation keys, ensuring high reliability and
quality of interpretation, are developed for each specific
object.

Basic geophysical methods for mapping of the near-
surface geological section

The most suitable geophysical methods for mapping
geological and hydrogeological units of different rank are
electrical resistivity methods (electrotomography), ground-
penetrating radar, geomagnetic methods and cappametry.
Practice shows that their integrated implementation gives
greater confidence in the analysis and interpretation of the
results from the geophysical study.

Electrical resistivity methods. The resistivity methods and, in
particular, electrotomography have a leading role in the
geometrization of geological and hydrogeological units that
compose the near-surface section. Their geological efficiency
is determined by the differentiation of rocks according to their
electrical properties and mainly the specific electrical
resistance. The variations of this parameter are uniquely
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related to the degree of ionic conduction. In the near-surface
geological section, the ionic conductivity is associated with the
presence of a saturated porous media where the ground water
acts as an electrolyte. Therefore, the influence of three factors
should be taken into account when assessing the ionic
conductivity: the porosity coefficient, the degree of saturation of
the porous media with groundwater, and the specific electrical
resistance of the groundwater (electrolyte), i.e. the degree of
mineralization of groundwater. Research has shown that
practically always a very good, even in many cases
unambiguous, connection is present between the electrical
resistance differentiation and the specifics of the studied near-
surface geoelectrical section.

Ground-penetrating radar (GPR). The GPR uses radar
pulses to image the subsurface. This nondestructive method
uses high-frequency (usually polarized) radio waves, usually in
the range of 10 MHz to 2.6 GHz. A GPR transmitter emits
electromagnetic energy into the ground. When the energy
encounters a buried object or a boundary between materials
having different permittivity, it may be reflected or refracted or
scattered back to the surface. A receiving antenna can then
record the variations in the return signal. The principles
involved are similar to seismology, except GPR methods
implement electromagnetic energy rather than acoustic energy,
and energy may be reflected at boundaries where subsurface
electrical properties change rather than subsurface mechanical
properties as is the case with seismic energy. The electrical
conductivity of the ground, the transmitted center frequency,
and the radiated power all may limit the effective depth range
of GPR investigation. Increases in electrical conductivity
attenuate the introduced electromagnetic wave, and thus the
penetration depth decreases. Because of frequency-dependent
attenuation mechanisms, higher frequencies do not penetrate
as far as lower frequencies. However, higher frequencies may
provide improved resolution. Thus, operating frequency is
always a trade-off between resolution and penetration. The
GPR registers changes in the electrical characteristics of the
media (conductivity and dielectric permeability), which are
directly related to the type of sediments, their humidity and
porosity. In such a way, it reproduces in real time vertical
sections (the so-called ground-penetrating radargrams), which
reflect the geological, hydrogeological and anomalous
conditions. Individual lines of GPR data represent a sectional
(profile) view of the subsurface. Multiple lines of data
systematically collected over an area may be used to construct
three-dimensional or tomographic images. Data may be
presented as three-dimensional blocks, or as horizontal or
vertical slices. Horizontal slices (known as "depth slices" or
"time slices") are essentially planview maps isolating specific
depths. With the application of the ground-penetrating radar
one can clearly localize lithological boundaries, inclusions,
water-saturated zones, etc.

Geomagnetic _surveying. The magnetic methods in
geophysics enable the study of the geological structure based
on the anomalies of the geomagnetic field. These anomalies
are due to the varying content or absence of ferromagnetic
minerals in sediment rocks. Under certain conditions, there is
the possibility of depositing different ferromagnetic minerals in
the riverbeds. Such are ferromagnetic magnetite, low-magnetic
ilmenite, hematite and others. The iron-ore mineralization
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accumulated along the palaeochannels can be recognized
using magnetic methods as low-intensive elongated
anomalies, which repeat the form of the covered ancient
riverbeds. Therefore, the geomagnetic method is very effective
for the localization and geometrization of channel-belt bodies
(some of the most attractive in terms of porosity and
permeability building elements of fluvial clastic successions), in
their lower part similar minerals are frequently present, formed
as residual depositions. Because of its proven rapidity and
effectiveness, the method can be used to localize the presence
of hematite deposition, to track the route of paleoflows, etc.

Kappametry. The magnetic susceptibility depends on the
type and quantity of magnetic minerals contained in the studied
rock samples. This parameter is most often related to the
presence of ferromagnetic minerals (iron oxides or sulphides
such as magnetite and/or pyrrhotite). There is sometimes a
strong dependence on some paramagnetic minerals (mafic
silicates such as olivine, pyroxene, amphibolite, mica,
tourmaline, and garnet) and very rarely diamagnetic minerals
(calcite, quartz).The magnetic susceptibility (kappa) of the
various rocks is related to their ability to "seal" the magnetic
field of the Earth during their formation. For sediments, the
magnitude of this parameter is in functional dependence on the
physical prerequisites of their deposition. Fluctuations in the
magnetic susceptibility values provide an appropriate tool for
identifying cyclical changes in the physical processes of
sedimentation, which are often associated with different
climatic factors such as warming or cooling.

Aero-photogrammetry. The airborne photogrammetry deals
with the determination of the shape, dimensions, position and
other quantitative and qualitative characteristics of different
objects on the Earth's surface according to photographic
images made by an airborne device. There are geometric
relationships between the objects in the area and their
photographic image, as the photo is a central projection of the
captured land surface. Nevertheless, photos can not be used
directly for geodetic purposes.The different remoteness of the
captured objects from the projection center (this can be
associated with the center of the lens) is the reason for the
different scale of the objects on the captured surface.

The main task of photogrammetry is the transformation of
photographic images into plans and maps that are orthogonal
projections of the captured land surface. With scale bars,
basically a known distance of two points in space, or known
fixed points, the connection to the basic measuring units is
created. Algorithms for photogrammetry typically attempt to
minimize the sum of the squares of errors over the coordinates
and relative displacements of the reference points. This
minimization is known as bundle adjustment and is often
performed using the Levenberg—Marquardt algorithm. At least
two photographic images are needed to generate a stereo
model. It is necessary to capture a series of mutually
overlapping photos along a predefined route in order to create
the orthophoto mosaic. Common points are identified on each
image. A line of sight (or ray) can be constructed from the
camera location to the point on the object. The intersection of
these rays (triangulation) determines the three-dimensional
location of the point.

Interpretation of geophysical models

For the transformation of geophysical models into geological
and/or hydrogeological models, the so-called geophysical keys
are applied that are expressing the connection between the
determined in the cross section zones, characterized by
different  physical properties, and their corresponding
geological and/or hydrogeological units of different rank.
Generally, when developing a geophysical key for a particular
object, three different in degree of authenticity approaches can
be applied. They are based on value tables, available lithology
data and laboratory tests.

Approach 1. Using value tables. This is a very fast and
inexpensive way for pre-processing the results of a
geophysical study. In this approach, as a key for the
transformation of a geophysical model into a geological or
hydrogeological one are used published in specialized
literature tables of values for the specific physical properties of
the basic rocks, minerals and compounds, as well as data for
rocks saturated with fresh, brackish or saline water (Daniels
and Alberty, 1966; Keller and Frischknecht, 1981, Stoyanov et
al., 2017). Unfortunately, the results of the interpretation are a
little bit fairly accurate and usually variative, as the specific
physical property values for different environments vary in wide
and often overlapping boundaries (Tables 1, 2 and 3).

Table 1.

Specific electrical resistance of some basic rocks and chemical
compounds (Keller and Frischknecht, 1981, Daniels and
Alberty, 1966).

Material Spepific electrical
resistance,QQ.m

Magmatic and metamorphic
rocks
Granite 5x103 - 106
Basalt 108108
Shale 6x102 — 4x107
Marble 102 -2.5x108
Quartzite 102 - 2x108
Sedimentary rocks
Sandstone 8- 4x10°
Argillite 20 - 2x103
Limestone 50 — 4x102
Dispersive soils
Clays 1-100
Alluvial sands and gravels 10 -800
Water
Groundwater 10-100
Sea water 0.2
Chemical compounds
0.01M KClI 0.708
0.01M NaCl 0.843
0.01M CHsCOOH 6.13
Xylene 6.998x1016
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Table 2.
Criteria for estimating sea salt water intrusion in the region of
the Nile delta — District Rashid, Eqypt (Stoyanov et al., 2017)

, Resistivity
Object of study Water type (Ohm.m)
Unsaturatled zone ) > 150
(dry sediments)
Aquitard
(clay and silt) ’ 2-10
fresh water
slightly brackish water 20-45
Aquifer moderately brackish
10-20
(gravel and sand water
layers) brackish water 5-10
very brackish water 25-5
saline (salt) water <25

Approach 2. Employing available lithology data. This is the
most frequently used methodology for transforming
geophysical sections into results that reconstruct the geological
structure of the studied areas. For this purpose a complex
analysis and interpretation of the obtained sections is
performed and they are compared with the available
information for specific elements of the geological structure
derived on the basis of geological mapping and exploratory
drilling data.

Approach 3. Using laboratory tests data. They can be
applied for the development of a local geophysical key, which
gives the direct connection between the determined in the
section media characterized by different physical properties
and their corresponding geological and hydrogeological units in
the studied area.

For example, in case electrical resistivity measurements are
performed, it is advisable to use the following general scheme.
During the stage of geological mapping or exploratory drilling,
representative soil samples are taken from each low-rank
geological unit. In case of layers that are very heterogeneous
with respect to their granulometric composition, sampling is
desirable to cover all dominant varieties. Water samples
having TDS corresponding to the natural background are also
taken. In laboratory conditions, the electrical resistance is
measured first when the soil samples are dry and later when
they are saturated. Watering is performed using the available
water samples. The values for the electrical resistivity
determined in such a way are used as local criteria for the
transformation of geoelectrical computer models into
geological or hydrogeological models.

An essential element in this approach is the measurement of
the electrical resistivity of dry and saturated soil samples. For
this purpose a device was designed and constructed, in which
the electrical resistivity of a small volume of the studied media
can be modeled and measured (CtosHos, 2004). The device is
a four-electrode geoelectrical column for measuring the
electrical resistivity of dry and saturated samples (Figure 1).
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Measurements are made applying standard resistivity
meters used in field geoelectrical surveys or conventional
electrical measuring equipment. The necessary requirement
for this apparatus is to generate alternating current, thereby
eliminating or limiting the polarization of the potential
electrodes. The geoelectrical column is made of a thick-walled
tube of electro-insulating material. The current and the
potential electrodes (C1, C2, P1 and P2) are located in the
central part of the column and represent aWenner-Alpha array.
The column calibration constant is k = 0.054 m.

The sequence of operation for measuring the resistivity of
dry and saturated samples is as follows. First, the column is
filled and packed (without segregating) with sand having a

Table 3.
Values for the specific electrical conductivity and the dielectric
constant of some basic materials.

Specific
Material electriclall Dielectric
conductivity constant &
o [S/m]
Air 0 1
Distilled water 104 -3.107 81
Sea water 4 81
Ice 103 4
Granite(dry) 10¢ 5
Limestone(dry) 10 7
Clay (wet) 101 -1 8-12
Snow firn 106105 14
Sand (dry) 107-10 4-6
Sand (saturated) 104 -102 30
Sediments(saturated) 103 - 102 10
Sandy sediments (dry) 2.10°3 10
Swamp forest and plain 8.10% 12
depositions
Agricultural land and 510% 13
pastures
Basalt(wet) 102 8
Granite(wet) 10 7
Clayey shale(wet) 101 7
Sandstone(wet) 4102 6
Limestone(wet) 2,5.102 8
Frozen soil / Permafrost 105 -102 4-8
Concrete (dry) 6
Concrete (wet) 2,5
Asphalt 3-5
PVC, plastics, rubber, 3
latex, etc.
Sandy soils (dry) 1,4.104 2,6
Sandy soils (wet) 6,9.103 25
Clayey-sandy soils (dry) 1,1.10+ 2,5
Clayey-sandy soils(wet) 2,1.102 19
Clayey soils(dry) 2,7.104 2,4
Clayey soils (wet) 5.102 15
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Fig. 1. General scheme of the four-electrode geoelectrical column
(CrosHoB, 2004).

known grain size and its resistivity is measured. The column is
then placed in a higher container made of an electro-insulating
material. The container is filled with water that penetrates
along canals to the bottom end of the column and through the
perforated base gradually saturates the built-in sample from
the bottom upwards. The water inflow is stopped when the
sand sample is completely saturated. This approach eliminates
the presence of any unsaturated voids. Measurement is
performed a few hours after the sample is saturated. It has
been confirmed that this time is adequate to establish a relative
physical-chemical equilibrium between the solid phase and the
liquid phase and in such a way to ensure the reliability of the
obtained result.

Principles for attachment of fluvial architectural
units towards aquifer and aquitard layers and
zones

The description and definition of architectural elements
includes:

- Nature and morphology of confining surfaces;

- Unit scale: thickness, lateral development (parallel and
perpendicular to the direction of the sedimentation paleo-
transport);

- Surface geometry of the unit;

- Inner structure of the unit: lateral and vertical lithofacial
assemblages and sequences, presence and orientation of
low-rank erosion surfaces, orientation of the indicators of the
sedimentary paleo-transport, interaction of bedding with
respect to the limiting surfaces.

Based on the results from the performed grain-size
analyses, the degree of sorting of the sediments in each
separate lithofacies wunit is determined. After that, this
parameter is estimated for the architectural-element units that
they compose. The representation and analysis of grain size
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data in standard phi-scale allows an accurate hydrodynamic
and genetic interpretation of the established sedimentary
bodies.

Employing connections, achieved by many authors, between
granulometric composition and degree of sorting of sediments,
on the one hand and hydraulic conductivity on the other, a
correlation diagram (Figure 2) is compiled. It allows the
lithofacies and architectural-elemient units to be interpreted as
hydrogeological units (Stoyanov and Ajdanlijsky, 2002).

Using this cormelation diagram, at first approximation,
aquifers and zones with specific geometry and characteristics
can be determined in the subsurface space of each particular
studied site (Ajdanlijsky and Stoyanov, 2003). According to
laboratory and “in situ” filtration and tracertests, values of
hydrodynamic and migration parameters can be assigned to
each layer and zone.
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Fig. 2. Correlation box-diagram of the type of sediments and hydraulic
conductivity. Dotted line shows the boundary between permeable and
practically impermeable sediments. Circles show the values, typical for
well-sorted and poorly sorted varieties (Stoyanov and Ajdanlijsky, 2002).

Conclusions

The main objective of the proposed approach is the
formation of anoptimal complex of field sedimentological and
geophysical methods for studying and 3D modeling of main
lithofacies and architectural-element units and assessment of
reservoir properties of young fluvial successions. It can be
accompanied by an efficient and high-productive technique for
near-terrestrial mapping and documentation of substantial in
scale outcrops.
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For this purpose, a variety of procedures aimed towards stu-
dying the near-surface geological section can be applied,
including lithological analysis, geophysical methods, remote
sensing, etc. They all are directed at:

- Development of specific detailed lithofacial sections and 2D
profiles;

- Definition and documentation of architectural elements that
are typical for terrestrial fluvial complexes;

- Precise 2D and 3D mapping of these elements in substantial
in scale outcrops that are inaccessible for the application of
conventional field methods;

- Characterization of the architectural units with regard to their
reservoir properties;

- Tracing the units’ boundaries by application of geophysical
methods (ground-penetrating radar, electrical resistivity
methods, geomagnetics, kappametry, etc.).

The presented complex approach is developed for studying
the Galata Formation in the area north of the Kamchia River
firth.
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