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F’EONOWKO-TrEOXEMNICKN MOAE/T MATYPAUWMJIE KEPOIMEHA
Y MAPKOBAYKOJ JENPECWJIUN (CPBEWNJA)

04
AnekcaHgpa Koctuha* m Mapka Epuyerosuya*

Y ummy yTephuBata nonoxaja NoTeHUMjaNHUX MaTUYHUX CTeHa MapkoBauke fenpecuje y BpeMeHy K
npoctopy, oapeheH je cTeneH 3penocTu KeporeHa u3 npebafeHCcKMxX, GafeHCKUX W capMaTCKUX cefuMMeHaTa
nomohy MHTerpasHor reosoWKO-re0OXemMunjckor mogena. Y mogeny cy kopuwheHu nogaum o caBpeMeHUM TeMm-
nepatypama. usmepeHum (%Kr) n npopaus'HaTtum (EaBy %Ko) BpegHocTuMa penekcuje BUTPUHUTA, Kao M Mo-
faumn o BpeMeHCKo-TemnepaTypHoMm mHaekcy (TT1). 3a peKOHKCTPYKLUMUjYy KOHCeLWMeHTaLnoHe uctopuje n nus-
pauyyHaBawe uHaekca TT kopuwheHa je "hack51nppT§" peKoHCTPyKuMja M3LBOjeHUX cTpaTurpad)ckmx jeau-
HWLa ca N3BPLUIEHOM feKoMnakuujom. KopenaLuuja npumetbeHnXx MeTofa ofpehuBatba cTeneHa 3pesoctu ykasy-
je Ha BaIMHOCT 1 penpe3eHTaTUBHOCT U3pafeHOr reonoWwKO-reoxeMmcjkor mogena Mapkosauke genpecuje.

Krbyune pcun: reonormuja, reoTepMmuja, Matypaumja, MaTuuHe cTeHe, keporeH, EA8Y % Ko. ¥YT1. pednekcuja
BUTPUHUTA, "hackxnppT”". Tepynjap. Mapkosal, Cpbuja.

YBO/[

Y uumy 6nvxer gehnHucarma 30He U BpeMeHa Moryher reHepuparba yr/iboBOAOHMKA
y MapkoBaykoj genpecuju, n3BpLlueHa Cy HOBa Mepewa pedrekcuje sutpuHuta (% Kr),
PEKOHCTpyMcaHa je KOHCeAMMeEHTaLMoHa nctopuja no mMetoamum mspage L (TT1) m 20
("hack$nppT8") mogena, ca Aekomnakynjom cegumenarta, a n3paheHu cy u HoBU MOAenn
caspeBama KeporeHa (TT1: hopalln, 1971, \Yaple8, 1980, 1985 n EA5Y %Ko: 6yyeeney
& Bwurnhart, 1990). BpemeHcko-TeMnepaTypHu TT1 mogenu cy Beh npumerwunBaHu 3a
penpecujy Opmno (Epuerosauy n KocTtuh, 1994, Erce”oyac & Ko$Mc. 1996), gok
ce mogen EA5Y %Ko kog Hac npeu nyT Kopuctn. Oba oBa mojgena cy nspaheHa 3a Behu
6poj nokaumja, ykbyuyjyhn n cee nctpaxkHe 6ywoTuHe Ha oBoM nogpydjy: N5-1 (HoBo
Ceno), Kak-1 (PakuHay), 515-1 (Ctapo Ceno), K§-1 n Kk-2 (KpyweBo), unme cy obyx-
BaheHM KakKo cpeguLlibyn, Tako 1 nepudepHun genosu genpecuje (cn. 1).

MapkoBauka fenpecuja ce Hanasu y HajjyxxHujem geny lNMaHoHCKor 6aceHa, a 3ajes-
HO ca [lpm/baHCKOM M CMefepeBCKOM fAenpecrjoM mnpefcTaB/ba HajuHTepecaHTHUje Moj-
pydje 3a HaPTHO-reonoWKa UcTpaxmeawa y Cpbujn jy>kHo o [lyHaBa, LUTO NOKasyjy u pe-

*Pypapcko-reonowkmn hakynteT YHusepsuteta y beorpagy, bywunHa 7,11 000 Beorpag.



Ha OCHOBY CeM3MUYKUX MofaTaka NpoLeweHo je fa MakcumanHa feb/buHa cegumeHarta y wboj
nsHocu 5000 metapa (KurhaHja 1 clr., 1989). Hajay6sba 6ywwoTMHa y OBOM NOApYyYjy -
N8-1, noumpaHa y caMoOM CpeauLry fenpecuje, U3 TEXHUYKMX pasnora Huje 3aBpLueHa o
Kpaja (4o naneopeseda), Beh je gocturna gyouHy og camo 3 300 meTapa. Jocagalihbum
NUCTPaXHUM Obylwewem Yy MapkoBauykoj fenpecuju, BplieHUM Yy nepuogy 1977-1980.
("HNC-HagTarac"), HACY OTKpMBEHA KOMepuMjasHa HanasnwTa yr/bOBOAOHWKA, anu je
y 6ywoTtumm 8(8-1 nobujeH cnabuju JoToK HadTe.

Cn. 1. Feorpathckn npukas MapkoBauke fienpecuje ca nonoxajemMm UCTPaxXHMX GyLIOTMHA.
PJJr. 1. Oeo8rapHcal akel'ch o(' Ihe Markoyac (lepre85lon \Yi(h localon o!' exploralory Neelk.

Y reonowkoj rpah MapkoBauke fenpecuje y4ecTBYjy KNacTUUHU CeaUMEHTN npe-
6aseHa (onuro-muoueH ?), 6ageHa, capmaTa, naHoHa u kBapTtapa (Kurhallja \ cir,
1982). bywerem je KOHCTATOBAHO fAa najseopesbed NpeacTaB/bajy Nane030jCKH WKPU/b-
UM, a 3a cafja HeMa MHAMKaLMja 0 NOCTOjary eBeHTYaIHO Me3030jCKUX CefjumMeHaTa y nog-
nosu Tepuujapa. ¥ Toky 1983. roguHe, n3BpLleHa Ccy AeTa/bHa Hah THO-Teo0W Ka UCTpa-
XMBawa TepumjapHux cegumeHarta NMomopasmba U MofgyHas/ba Koja cy obyxeaTuna wupu



npoctop usmehy Cmeaepesa, Asake n Bennke Mnane (MojkMoyjc  clr., 1983). ¥ ok-
BUPY MOMEHYTUX HCTpaXKmBawa, NOCe6HO cy pafjeHe opraHcko-meTporpagcke u reoxe-
MUjCKe aHanm3e KeporeHa n 6UTymMeHa M3 npebageHCcKnx, 6afeHCKUX U capMaTCKMX ceau-
MeHaTa M3 CBMX NeT UcTpaxHux bywotuHa (Epuyerosay n Butoposuh, 1984). Hosu-
juUM ncTpaxkmearwuma y Toky 1995. roanHe, nobujeHn cy noTNyHWUjU Nogaum o 3penocTu Kepo-
reHa U3 MOMeHYTUX UCTPaXHMUX BYLLIOTUHA HAa OCHOBY Mepeka pedieKcuje BUTPUHUTA.

3a peKoHCTPYKLUUjy KOHCeAUMEHTALMOHEe NCTOpuje TepumjapHMx ceguMmeHata Map-
KOBaukKe fenpecuje, kopuwheHn cy nojauym 0 cTpaTMrpaCKUM rpaHmuamMa M3 UCTpax-
HUX 6YLIOTUHA, PacnoNoXuBa CTPYKTYpHa KapTa no noauvHu tepuujapa (Bumn<3ale$kj,
1986), Kao K pe3yntaTu HOBMjUX Ca3Hawa 0 MaKCUMManHoj Ae6/bUHU TepuujapHOr KOM-
nnekca (Kurhalfja 1 <Ir., 1989). Ha oCHOBY aHanun3e KapoTaXHUX Aujarpama u3 wuper
NCTPaXXHOT nogpydja, ogpeheHn cy KoehuLunjeHTU LeKomnakuuje v noYeTHe MOBPLUNH-
CKe MOPO3HOCTMN M3[BOjEHUX XPOHOCTPATMIpatCKMX Y1aHOBA, a MPOLEHEHO je n yyelhe
nenuTa U ncamMmuta y Hajaybreum (bywerwem HesaxBaheHWM) genosumma gempecuje. Ha oc-
HOBY TOra, W Hampas/beMor KOMNjyTepcKor nmporpama Mo aaropuTMmy Koju cy nybnmko-
BannAlen & Alen (1990), n3BpweHa je geKomnakyuja cegumeHaTa v nspaga jegHo-
AVMEH3NoHanHux (cn. 3) n ggoagnmeH3noHanHmx "hackkCnppw”" mogena (cn. 2).

PE3YNTATU NCTPAXNMBAHKA
Mepeme pedniekcnje HNTpwwTa (%Kr)

CBM pe3yntaTu Mepewa pedriekcuje XyMMHUTa/BUTPUHUTA NpuKasaHu cy y Tabenn 1
M Ha cn. 5.

Ta6ena 1. Pe3yntaTu reoxeMunjcKor UcnuTuBamwa TepLujapHux cegnmeHata MapkoBauke genpecuje
Tahle 1. KeBn1l16 o5 lhe Seocherwcal TyekM”~aHon« oC 1he TerWary 6e/bnen” 11 Che Markoyac (Jeprekmon

. ' '
Crpaturpaguja  AYOHa g <:Kr Bxcrpau™ YTOBJICHIL) C.N1- Anann Kex.'k-E\al
&rcukrapl)y 1)eplh T €p.- Exnac! HC ~Mkavie«
(1) e ppT 9/Corjj pa«  WEHONB 4 82 81+82 LW PL
c 0.31-032
apmar 723-941 0.61 3/2 109 63 18 51
6arTa&an -032-
bageH 900-2206 0.® 936065 369 74 oo 19 57 067 074 103 0.08
Bacletuan -0.48-
Mpe6 37-0.
peoadet oos 3308 060 2067 358 54 204 28 64 035 049 85 030
Pre-Ba/braan -0.50-

*HanomeHa (Kewarkx): Epyerosay u Butoposuh, 1984

MpebafeHCKN CeAMMEHTM KapaKTepully ce cpefthoM peieKCMjoM BUTPUHUTA 0f
0,50 % Kr. OBa cpefjtba BpeAHOCT OfHOCK Ce Ha HepallynaweHe npebafeHCKe rBOpeBUHE
Koje ce Hanase Ha gybuHu og 1 698-3 308 metapa. CegumeHTn 6ageHa OANMKYjY Ce CAnu-
HUM CTENeHOM TEPMUYKUX MPOMeHa OpraHcKe cyrncraHue Kao u npebafeHCKW; OH U3HOCK
oko 0,48 % Kr. OBaj cTeneH TepPMWUYKMX NPOMEHA OpraHcKe cyncTaHue ofHOCKU ce Ha ba-
[leHCKe TBOpEBMHE KOje ce Hanase Ha AyouHu 900-2 206 meTapa. Mlako capmaTCKu ceau-
MEHTW HUCY NocebHO pasmaTpaHu, pagu npahewa cTeneHa TEPMUUYKUX NPOMEHA Kepore-



Ha ¢ Ay6uHom, yTBpheHO je Ja ce opraHcka cyncTaHua Hanasu y asu paHe gujareHese
(ca pepnekcunjom xymmnHuta og 0,32 % Kr).
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Cn. 2. Ctpaturpadcku ("hackbhippT8™) npochmnnm MapkoBauke genpecuje.
p1§. 2. Back6lnppecl 6eckon6 ol 1he Markoyac (lepre68Lumn.

PCKOHCTPYKLHja KOHCEAUMEHTALMOHE U TEPMUUKE Ucropuje

Ha ocHOBY focajallkbiX ca3Hata 0 reonornju MapkoBauke Aenpecuje 3aK/by4YeHO
je fa ce ToKOM Beher gena mMuoLEeHa Ha OBOM NPOCTOPY OfBuWjana KOHTUHyMUpaHa cefu-
MeHTauunja n npogyb/maBake genpecuje, npaheHo pacegawem pa3IMUUTOr MHTEH3UTETA U
cTtapoctu. KpajeM naHoHa je, MefjyTMM, HacTynHO xujaTyc, a cegnMeHTaluja je MOHOBO
o6HOB/bEHA TeK y KBapTapy. C 063MpoM Ha TO fga Hema MHAMKauMja fa je Yy OBOM NOA-



pyyjy 6mno Behux msgusawa MAM UUTEH3UBUMjE epo3unje, NPU M3pagn KPMBUX KOHCeAM-
MeHTauuoHe uctopuje (cn. 3) yseT je y 063up cam0O He-epO3MOHM XuUjaTyC 0f Kpaja na-
HOHa [0 no4yeTKa KBapTapa.

Mmajyhu y Bugy oAcycTBO €po3vMOHMX (hasa M MHAMKaLMja 0 MarMaTCKoj aKTUBHOCTMW Y
noapyyjy MapkoBauke fenpecuje, a €BEHTyaslHO MOBWLIEHe TOMIOTHE TOKOBE Camo y no-
4yeTHOj (ha3um eBonyunje genpecnje (kaga ce CEAUMEHTM HUCY Hanasnnm Ha sehum gybmHama),
3aK/bYUYEHO je Aa Cy caBpeMeHe TemnepaTtype MCTOBPEMEHO M MaKCMMasHe naneoTeMmnepa-
Type, Kao ¥ fa je faHallkW NpocevaH reoTepManHu rpagujeHT 4OBO/bHO penpe3eHTaTUBaH.
Crora je nmpu WMHTepnpeTauuju TepMUYKe €BO/yLUje UCTPaXHOr MPOCTOpa KOHCTpyMcaHa
YHU(OPMHa TeMnepaTypHa Mpexa ca nogjejHakum LyOMHCKUM UHTepBanuma.

Moy3faHy nofauy o reoTepMMUYKUM KapakTepucTukama MapkoBauke fenpecuje go-
6ujeHN cy Ha OCHOBY Mepera JOTOKa (haymaa u3 asa MHTepBana y 6ywoTtuHm 8(5-1. Y
HO0j je Ha ayouHun og 1 430 T m3mepaHa Temnepartypa of 80°C, a Ha 2 025 17 106,8°C. C
063MpOM Ha TO fa MpOCeYyHa rofulka MOBPLIMHCKA TeMmnepaTypa Ha OBOM MOApPYyYjy
n3Hocu 12°C, ogpeheH je NnpocevyHn reoTepmanHu rpagujeHt og 4,7°C/100 T (reotepman-
HWM cTeneH 21,28 7/1°C) n n3BplweHa ekctpanonayunja go gybuHe og 5 000 7 (cn. 3). OBaj
rpagvjeHT je YCBOjeH 3a Leny genpecunjy, 04HOCHO 3a CBe NOjeAnHa4YHe Mogene.

LebmbuHe, penatueHe Ay6uHe, TemnepaType M anconyTHa CTapocT U3ABOJEHUX XPO-
HoCcTpaTUrpagCcKMX jeaumHuLa, Koju cy MOCAYyXUAU Kao napaMmeTpu 3a uM3pagy Mopena,
npukKasaHu cy y Tabenun 2.

Tpaca cTpaturpagckmx npoumna MapkoBayke genpecuje nponasm Kpo3 60WOTUHE
N5-1 (Hoso Ceno) u 8(5-1 (Ctapo Ceno), a obyxsata ueny genpecunjy (cn. 1). PekoH-
CTpyKuuja eBonyumje genpecuje (cn. 2) je cxogHo 6pojy M3ABOjeHUX XpOHOCTpaTurpad-
CKMX jeauHuUa M3BpLIeHa 3a cnefehe BpemeHcKe nepuoge: Kpaj npebageHa (-16,5 mun.
rog), kpaj 6ageHa (-12,8 mun. rog), kpaj capmata (-11,6 mun. rog.) u xonoueH. Anco-
NYyTHE CTapoCTU U3ABOjeHNX jeanHNLA OAroBapajy HOBMjoj Baxkehoj nogenn 3a LeHTpanHu
Mapatetnc (5(elwn8er e( al, 1990). N3 cTpaturpacknux npouna Mory ce npatuTu
npoMeHe nosoxaja u feb/bUHA ceguMeHaTa U3[BOjeHUX XPOHOCTPATUIpadCKuX jefnHu-
ua. WctoepemeHo, Ha mpouaMma cy npukasaHe NMPOMEHE HO/OXaja U rpaHuLle 30He
moryher reHepupawa HagpTe ("HapTHOr nposopa"). MpaHuue "HagTHOr npo3opa” aedu-
HucaHe cy npema mamepeHum (%Kr) n npopadyyHatum BpegHoOCTUMA pedeKkcuje BUTPU-
HuTa (EA5Y %Ko) Kao n npeko TT1 BpegHOCTH.

BpemeHcKo-remnepatypHu mogenn (TT1; EA8Y %Ko)

Y oBoMm paay ce ocum TT1 mogena (Eopa(w, 1971; \Yaplek, 1980, 1985), no npsu nyT
KOZ Hac MpuMemnyjy WU CaBPEMEHWN KMHETWYKU MOAeNn caspeBaka BUTpUHUTA "EASY %Ko"
(6paeeney & Bwurnhart, 1990) kojn ce nocnegwunx rogmHa y cBeTy KOpUcTe Kao OCHOBHM
MOJenn 3a npopapyyyH TepMuUKe 3penocTu KeporeHa. OBaj mogen oapehyje ctenen maty-
pauumje XyMUHUTA/BUTPUHUTA HA OCHOBY nNojataka O TEMMepaTypu U BPeMeHy 3arpeBara
OpraHcke cynctaHue cefuMMmeHaTa. Hberosa cneyu(UUHOCT je y TOMe WITO ce oapefuBarbe
cTeneHa TpaHc(opMauuje BUTPUHUTA 3acHMBA HA APEHMjyCcOBOj jeAHa4UMHU MNPBOr peja Y3
Kopuwherwe HM3a mapanesiHMX peakuuja ca pasnnuntum (ogrosapajyhum) akTuBauMOHUM
eHeprujama. OBaj mogen je nocebHo npunarofeH 3a pag Ha PC pavyHapy.
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M3paheHn mogenn TTL1 (cn. 3) u EASY %Ko (cn. 4) ykasyjy Ha ToO fa Cy y CpeauLu-
beM geny MapkoBayke genepecuje npebafeHCKH M HajHUXMN HUBOW 6afeHCKUX ceaume-
HaTa AOCTUIrNM NoTpebHY 3penocT 3a reHepuparwe Yr/boOBOAOHWKA, [AOK CE CeANMEHTU
mnaher 6ageHa, capmaTa M NMaHOHa jol YBeK Hanase y has3un gujareHese. 3a NoyeTHy ga-
3y reHepupawa HaTe y3eTa je BpefHOCT pednekcuje ButpuHuta of 0,6%, O0fHOCHO
TT1=12 (3a keporeH Tuna N-LU), a 3aBpwHa ¢asa reHepuparwa HahTe ogrosapa pedrek-
cujn og 1,35%.
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Cn. 3. PenpesentatuBHn T mogaen MapkoBauke genpecuje.
p18. 3. Keprexn(a(l\’e 'TM Toclel ol' Jbe Markoyac JbprexxJon.

Y nogpydjy Hosor Cena u PakmHua (cpegumbn Leo genpecuje) opraHcka cyncraH-
Lua HajcTapujux TBopeBuHa npebageHa (MOAWHCKU AenoBM) AOCTUrAa je NoTpebHy 3pe-
NOCT 3a reHepupare HapTe Beh npe oko 17 MunnoHa rogmnHa - Kpajem kKapnara, a fo fa-
Hac cy Kpo3 noyeTtak "HagTHOr npo3opa” npoLwan He camo cBU npebageHCKU Beh u cTa-
puju 6afeHCKN CeAUMENTM KOju ce cafa Hanase Ha gybuHama ucHog 2 180 1 (cn. 3). Mpe-
Ma 0BOM MOJeny, 3aBplHY a3y reHepupawa HahTe JOCTUIAU cy Npe6afeHCKN CefuMeH-
Tn ucnop fy6uHe of 2 900 meTapa.

BywoTuHa 5(8-1 ce npema gobujeHMM pe3yntatuma Hanasum y pybHOM fAeny MOTeH-
LUunjanHe reHepaTuMBHe Aenpecuje, rae Cy camo HMXWM HUBOW ceauMMeHaTa npebajeHa Ao fa-



Hac ocTBapuaM noTpebHY 3penocT 3a reHepupawe HadTe. Mogpyyje Kpywesa (6ywo-
TnHe K8-1 n KkK-2) ce Hanasu u3saH 30He Moryher reHepupamwa HadTe, ¢ 063poM Ha TO
[a 4OCTUTHYTa Temnepatypa u fybuHa TepuujapHUX cejuMeHaTta Huje 6una [0BO/bHa 3a
caspeBak e OopraHcke matepuje (MakcnmanaH TT1 ucnog 12).

TpeHp nopacTa pehaekcunje BUTPUHUTA Npema KMHeTUUKOM mogeny EA8Y %Ko 3a
TepuujapHe cefMmeHTe genpecuje MapkoBal, npukasaH je Ha gujarpamy cn. 4. U3 wera
ce 3anaxa fa KeporeH u3 cefjuMeHarta Ha penatusBHOj Ay6uHn of 2 200 meTapa nma EASY
%Ko og 0,6, a Ha oko 3 600 meTapa 1,35 % Ko, wTo ogrosapa "HaTHOM nposopy™.
CefMMeHTM NaHOHa M capMmaTa ce oanukyjy EA5Y %Ko spegHocTuma ucnog 0,3 %, ce-
OVMeHTe 6ajeHa KapakTepuwy BpegHocTn o 0,3 go 0,62 %, a npebajeHCKN CeAUMEHTM

ce y AenoueHTpy genpecuje Hanase y oncery 0,65-2,86 EA8Y %Ko.

EAS5Y %Ko

Cn. 4. PenpeseHTatneHn EA8Y %Ko mogen 3a MapkoBauky fenpecujy (Tauke ogrosapajy ctpaturpagckum
rpaHuuama).

pyr. 4. KepregenlallYe EA6Y %K.o Toclel Cor /be Markoyac (lepre88lon (poT[8 repre8enl8 6trali§rapMc
hounclane6).

Kupenauuja napameTapa TepMUUKe 3peocTu

Kopenauuja pasnuuntux napamerapa Koju cy kopuwheHun 3a ogpefnuBawe TepmMuy-
Ke 3penocTu KeporeHa y MapKoBauykoj Aenpecuju npukasaHu Ha gujarpamy cn. 5.

Kopenauunja maTypaumoHux napameTapa y genpecujn MapkoBal, yKa3syje Ha To fa cy
y nornegy penatueHe Ay6uHe ropwe rpaHuue "HadTHor nposopa” rermhall EAS5Y %Ko
mogena (2230 w) n TT1 mogena (2 180 w) y noTnymoj carnacHoctu (pasnmka camo 50 T).
Mepeta pethnekenje (% Hr) cy Takohe fo6po KopenaTuBHa ca pesyntatuMa MpopayvyHa



y npeux 2 000-2 500 meTapa, MefjyTum, y Ay6/bMM AenoBMMa Ce He 3anaxa 3HauvajHuju
nopacT 3penocTn opraHcke maTepuje. OBO ce 3a cafja MOXe 06jacHUTM Kao nocnefuua
nefocTaTka penpe3eHTaTMBHUX Monynauuja XyMUHUTA/BUTPUHUTA 32 Mepere u/unn cue-
undunuHe TypomanTHe ceguMeHTaumnje. Haxanoct, y MapkoBaykoj Aenpecuju Hema Be-
her 6poja y3opaka 13 cegumMmeHaTa ca Behux gybuHa Koju 6u omoryhunm uspagy npasun-
HOT CTaTUCTUYKOT TPeHJa nopacTa nsmepeHe pedaekcuje ¢ gybuHom.

%Kr
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Mepemwa
a Temne
paTypa
n Tetperalllre
«
'HadpTHM npo3op"
0J1 Nowclo\y
T(°C)

Cn. 5. Kopenaunja napameTapa 3penocTu OpraHcke matepuje
p18. 5. Correlallon ol /be ohlawe<l Taluralwn paratelary.

PesyntaTta gobujeHun 3a goky rpaHuuy “"HadTHOr nposopa” mogenom TT1 n EA8Y %Ko
ce pasnukyjy 3a 700 meTtapa. Haume, EA8Y %Ko mogen nokasyje fa 30Ha reHepupama 3a-
Bpwasa Ha 0Ko 3 600 meTapa, a TT1 mogen (YKONMKO ce ycBOju BpeaHOCT oA 160; no \\'ap-
les-y, 1980,1985) oBy rpaHuuy nHgmumpa Ha 2 900 meTapa. BaxHo je, mehyTum, Harnacutu
[a je 3a CBaKO MCTPa)HO noApyyje NoTpebHO Aa ce NocebHO Kanubpuliy BpeaHocTn TT1y
OfHOCY Ha pehneKcujy BUTPUHUTA, & HAPOUUTO LOHa rpaHuLa “HaTHOr nposopa”.

Ha gujarpamy ca cn. 5, mory ce Takohe Kopenucaty noMeHyTe BpeAHOCTU 3a Mpo-
payyHaTu cTeneH TEPMUYKMX NPOMEHa KeporeHa ca TPEHAOM mnopacra caBpeMeHUX TeMm-
nepartypa ¢ gy6uHom. Mpema Tum nojauuma, mogen TT1 ykasyje Ha TO fa ce Ha(THU
npos3op y MapKoBaykoj genpecuju gaHac Hanasu y TemnepaTypHom oncery 115-148 °C,
LOK npema mogeny EAGY %Ko osaj oncer nsHocu 117-181 °C.

Ha oCHOBY CBUX HaBefleHWX pe3ynTtaTa UCNUTMBaka MaTypaluje OpraHcke cyn-
CTaHUe, MOXe Ce KOHCTaToBaTW fa jaHalWhK Nnonoxaj "HaTHOr nposopa"” reHepanHo



OAroBapa WHTepBany penaTtHBHe Ay6uHe 2 200-3 600 meTapa, O4HOCHO TemnepaTypHOM
nHtepsany 116-180 °C.

3AK/bYYAK

Ha ocHOBY NprnMeHe reonoWKO-re0OXeMnjcKMx Mmogena ogpeheH je cTeneH 3penocTu
KeporeHa u3 npebafeHCcKux, 6afeHCKMX U capMaTCcKuMx cegMmeHaTa y MapkoBaukoj fe-
npecuju. LobujeHn pesynTtaTu yKasyjy Ha TO fa Ccy NoTpebHY 3penocT 3a reHepupatbe yr-
/bOBOAOHMKA Y MapKoBaykoj genepecujun 4ocTUram npebafeHCKn U HajHUXM HuBou 6a-
[LEHCKUX cegmmeHata (y A4enoueHTpy), AOK ce mnahu CeAUMEHTM jow YBeK Hanase y ¢asu
AnjareHese. To yje4HO 3Hauun fa ce NOTeHUMjasHe MaTU4YHe CTeHe TepuujapHe CTapocTu
mMory Hahu y cpeguimeM feny genpecuje ucnog aybuHe of oko 2 200 meTapa, 04HOCHO
NMPBEHCTBEHO Yy OKBUpPY npebageHcKor komnnekca. Ctapuju 6afeHCKN CEAUMEHTUN KOjU cy
y 4enoueHTpy AOCTUTIM MOTpe6bHY 3penocT, Hanale ce TeK y MOYETHOM KaTareHeTCKOM
CTagnjymy Koju Huje A0BO/baH 3a 3Ha4ajHUjy TpaHCchopmaumnjy KeporeHa y HadTy.

Y WHTerpasHOM Treo/l0WKO-Te0XeMUjcKOM Mofeny, yTBpheHa je y uenuHu pobpa
Kopenayuja namehy kopuwheHnx napametapa - %Kr, TT1 n EA5Y %Ko. LobujeHn no-
[auy o0 TEpMUYKOj 3peNocTu ce, y3 NPeTX0A4HO MOJenuparwe KBanuTeta u 3acTyn/beHOCTH
mMoryhunx epeKTUBHUX MATUYHUX CTEHA, MOTY KOPUCTUTM 3a BONYMETPUjCKE NMpopayyHe u
OLEHY YKyNHOr nathTHO-racHOr noTeHuujana MapkoBauke Aenpecuje ymme ce gokasyje
M HPaKTUYHW 3HA4yaj MPUMEHE MHTErpaiHMX reonolKO-reoXeMUjcKMX Mogena y HadTHO-
-re0NOWKNM UCTPaXMBakbMa.
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GEOLOGICAL-GEOCHEMICAL MODEL OF KEROGEN MATURATION
IN THE MARKOVAC DEPRESSION (SERBIA)

by
Aleksandar Kostic* and Marko Eregovac’

The maturity detemiination of kerogen from the Pre-Badenian, Badenian and Sarmatian sediments from the
Markovac depression was performed by the integral geological-geochemical model in order to determine the po-
sition of potential source rocks in space and time. The model is based on the present-day temperature obser-
vations, measured (%Rr) and calculated (Easy %Ro) values of the vitrinite reflectance and the calculated Time
-Temperature Index (1'll) data set. The backstripping technique with decompaction in time and space was applied
for the reconstruction of the burial histoiy and calculation of 111 for all relevant lithostiatigraphic units. The cor-
relation of the applied methods for the detemiination of maturity indicates that the constructed geological-geo-
chemical model of the Markovac depression is valid and representative one.

Key words: geology, geothermy, maturation, source rocks, kerogen, EASY %Ro, Til, vitrinite reflectance,
backstripping, Tertiary, Markovac, Serbia

INTRODUCTION

In order to identify the zone and time of possible petroleum generation in the
Markovac depression, new vitrinite reflectance measurements (%Rr) were made, burial
history was reconstructed by the methodology of ID (TTI) and 2D (backstripped section)
models, with decompaction performed, and new maturity models were constructed (TTI:
Lopatin. 1971, Waples, 1980. 1985 and EASY %Ro: Sweeney & Burnham. 1990).
The TTI models have already been applied for the Drmno depression (Ercegovac &
Kostic, 1994. Ercegovac & Kostic, 1995), while the EASY' %Ro model is applied
in Yugoslavia for the first time. Both models were constructed for a number of locations,
including all the exploratory wells in the area: NS-1 (Novo Selo), Rak-1 (Rakinac).
StS-1 (Staro Selo), Ks-1 and Ks-2 (Krusevo), which comprise the central and the fringe
parts of depression as well (Fig. 1).

The Markovac depression is located in the southernmost part of the Pannonian ba-
sin. and it represents, together with the Drmno and Smederevo depressions, the most in-
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teresting area for petroleum exploration in Serbia south of the Danube, which is also
shown by the results of our research. The Markovac depression covers an area of about
250 km2, and seismic evidence indicates that the maximum thickness of the sediments is
5000 m (Kurbalija et al.. 1989). The deepest well in this area - NS-1, located in the
center of the depression, has not been drilled to the basement because of technical rea-
sons. but only to the depth of 3300 m. The wildcat drilling in the Markovac depression,
carried out in the period 1977-1980 (NIS-Naftagas), have led to no commercial discov-
eries of hydrocarbons, however, the StS-1 well yielded a small quantity of oil.

The stratigraphic column of the Markovac depression is represented by Pre-Bade-
nian. Badenian, Sarmatian, Pannonian and Quaternary clastic sediments. Drilling has
shown that the basement consists of Paleozoic schists; so far no evidence has been found
of the existence of Mesozoic sediments. In 1983, a detailed petroleum-geological survey
of the Tertiary sediments in (he Morava-Danube region was conducted, and it included
the area between Smederevo. Azanja and Velika Plana (Mojsilovie et al., 1983). Du-
ring that research, organo-petrographic and geochemical analyses of kerogen and bitumen
were made of the Pre-Badenian, Badenian and Sarmatian sediments from all five explo-
ratory wells (Ercegovac & Vitorovic, 1984). During 1995, new kerogen maturity
data was obtained by vitrinite reflectance measurements.

The reconstruction of burial history of the Markovac depression’s Tertiary sediments
has been made on the basis of the evidence of the stratigraphic boundaries from explo-
ratory wells, of the available structure contour map on the base of Tertiary (Bundale-
ski. 1986) and of the recent data concerning the maximum thickness of the Tertiary
complex (Kurbalija et al.,, 1989). On the basis of the well-logs analysis from the
broader exploration area, the porosity-depth coefficients and initial surface porosity of
lhe relevant stratigraphic units were determined, and the pelites/psamites ratio was esti-
mated for the deepest (undrilled) part of the depression. With these data and a computer
program made according to the algorithm published by Allen & Allen (1990), the de-
compaction of sediments was performed and a ID (Fig. 3) and a 2D backstripping mod-
els were made (Fig. 2).

RESULTS OF THE INVESTIGATION
Vitrinite Reflectance (%Rr) Measurements

All the results of the vitrinite reflectance measurements are shown in the Table 1
and Fig. 3.

The Pre-Badenian sediments are characterized by the mean reflectance of 0.50 %Rr.
This is the mean value for the undivided Pre-Badenian deponates that are found at the
depth interval of 1698-3308 meters. The' Badenian sediments have a similar maturity
level which corresponds to the reflectance of some 0.48 %Rr for the depth interval of
900-2206 meters. Although the Sarmatian sediments were not analyzed in detail, it was
found that the organic matter in them is in the phase of early diagenesis (huminite re-
flectance of 0.32 %Rir).



Reconstruction of the Burial and Thermal History

The present knowledge on the geology of the Markovac depression indicates that the
sedimentation in this area was generally continual, with faulting of varying intensity and
age. At the end of the Pannonian, however, a hiatus occurred, and the sedimentation was
re-established only in the Quaternary. Since there is no indication of any significant up-
lifting or erosion in this area, the only specific event taken into consideration in the re-
construction of the burial history was the non-erosional hiatus from the end of Panno-
nian to the beginning of Quaternary.

In view of the absence of erosional phases, the lack of evidence of magmatic activ-
ity in the Markovac depression, and the fact that high heat flows may have existed only
in the initial phase of the depression forming (when the sediments were at relatively
small depth), it was concluded that the present-day temperatures are the maximum pa-
leotemperetures as well, and that the present-day average geothermal gradient is repre-
sentative enough. Hence, a uniform temperature grid was constructed for the reconstructi-
on of the thermal maturity of the exploration area.

The most reliable data on the geothermal characteristics of the Markovac depression
have been obtained from two DST measurements in the StS-1 well. They showed a
temperature of 80 °C at the depth of 1430 m, and 106.8 °C at the depth of 2025 m (Fig.
3). Since the average annual surface temperature in this area is about 12 °C, the average
geothermal gradient adopted for the whole depression is 4.7 °C/100 m (geothermal degree
of 21.28 m/I°C) and the extrapolation was performed to the depth of 5000 meters.

Table 2 shows the thickness, relative depth, present-day temperatures and absolute
age of the relevant chronostratigraphic units used for the model’s parameters.

The backstripping section line of the Markovac depression passes through NS-1 and
StS-1 wells and it comprehends the entire depression (Fig. 1). The burial history recon-
struction, based on the established chronostratigraphic units, has been divided into the
following periods: end of Pre-Badenian (16.5 MaBp), end of Badenian (12.8 MaBp), and
of Sarmatian (11.6 MaBp) and Holocene (present). Absolute ages was established accor-
ding to a valid scale for Central Paratethyan (Steininger et al., 1990). The backstripped
sections make it possible to trace changes in the position and thickness of sediments of
the individual chronostratigraphic units. The sections also show the changes of the positi-
on and the boundaries of the zone of possible petroleum generation (oil window). The
boundaries of the oil window have been defined on the basis of the measured (%Rr) and
calculated (EASY %Ro) values of vitrinite reflectance and of the TTI values.

Time-Temperature models (TTI, EASY %Ro)

Besides the TTI models (Lopatin. 1971; Waples, 1980, 1985), this paper presents
the results of the first application in Yugoslavia of the modern kinetic approach "EASY
%Ro" (Sweeney & Burnham, 1990), which is a new world-wide adopted basic
model for the calculation of the maturity of kerogen. This model determines the humini-
te/vitrinite maturation degree on the basis of the temperature and duration of heating of
the organic substance in sediments. Its specic feature is the use of the Arrhenius’s first



order parallel reaction equation, each with its separate activation energy. This model was
prepared for the use on the PC computers.

The constructed TTlI models (Fig. 3) and EASY %Ro (Fig. 4) shows that the
Pre-Badenian and deepest levels of the Badenian sediments in the Markovac depression
have reached the sufficient maturity level for petroleum generation, while the later Bade-
nian. Sarmatian and Pannonian sediments are still in the diagenesis stage. The vitrinite reflec-
tance of 0.6 %Rr and TTI=12 was used for the onset of petroleum generation (kerogen type
11-111), and 1.35 %Rr corresponds to the termination of petroleum generation.

In the area of Novo Selo and Rakinac (the central part of the depression) organic
matter of earliest Pre-Badenian layers reached sufficient maturity for the oil generation
17 million years ago - during the Karpatian. and by now, the katagenetic stage has been
reached not only by the Pre-Badenian but also by the earlier Badenian layers, now at the
depth of over 2180 meters (Fig. 3). According to the TTI model, the Pre-Badenian
sediments bellow 2900 meters has reached the final stage of oil generation as well.

StS-1 well is according to obtained results located at the fringe area of potentially
generative depression, where only the deepest Pre-Badenian layers have reached suffici-
ent maturity. The Krusevo wells (Ks-1 and Ks-2) are outside of the potential generation
zone, since the maximum temperature and depth of the Tertiary sediments was not suffi-
cient for the maturation of organic matter (maximum TTI is bellow 12).

The increase of vitrinite reflectance with depth, for the Tertiary sediments of the
Markovac depression, according to the kinetic EASY %Ro model, is given in Fig. 4. It
shows that the kerogen from the sediments at the relative depth of 2200 m has EASY
%Ro of 0.6 %. and that the value at 3600 m is 1.35 %Ro, which corresponds to the oil
window. The Sarmatian and Pannonian sediments have EASY %Ro values bellow 0.3 %,
the Badenian sediments are characterized by range of from 0.3 to 0.62 %Ro, and
Pre-Badenian sediments in the depocentre of depression have the maturity level of from
0.62 to 2.86 %Ro.

Correlation of the Thermal Maturity Parameters

The diagram in Fig. 5 shows the correlation of the various parameters applied in the
determination of kerogen maturity in the Markovac depression.

The correlation of the maturation parameters in the Markovac depression shows that
the results concerning the position of the upper limit of the oil window, obtained by the
EASY %Ro model (2230 m) and TTI model (2180 m) are in full agreement (the differ-
ence of only 50 m). The vitrinite reflectance measurements (%Rr) also show good corre-
lation with calculations in the first 2000-2500 meters, however, at greater depth there is
no significant increase of reflectance. This could be explained at present as a consequen-
ce of the lack of representative huminite/vitrinite particles for the measurements and/or of
specific turbidity sedimentation. Unfortunately, owing to the lack of deeper samples it has
been impossible to construct a more representative statistical trend.

The results of the TTI and EASY %Ro models concerning the lower limit of oil
window differ for some 700 meters. The EASY %Ro model indicate that this boundary
is at around 3600 m, while the TTI model (if a value of 160 is adopted, as recommend-



ed by Waples, 1980, 1985) indicates the termination of oil generation at the depth of
2900 meters. It is important, however, to stress out that each exploration area requires
specific calibration of TTI values with vitrinite reflectance, and in particularly for the
higher maturity values.

At the diagram on the Fig. 5, organic matter maturity levels can also be correlated
with a present-day temperature-depth increase. According to these data, the TTI model
indicates that the present-day oil window in the Markovac depression corresponds to the
temperature interval of 115-148 °C, while according to the EASY %Ro model, this
range is 117-181 °C.

On the basis of all cited results, it can be concluded that present position of oil
window generally corresponds to the relative depth interval 2200-3600 meters, that is to
the temperature interval 116-180 °C.

CONCLUSION

By the application of an integral geological-geochemical model, the maturity of
kerogen from the Pre-Badenian, Badenian and Sarmatian sediments in the Markovac de-
pression was determined. The obtained results indicate that the Pre-Badenian and the
deepest layers of the Badenian sediments (in the depocentre) have reached sufficient ma-
turity for petroleum generation, while the sediments of the later Badenian. Sarmatian and
Pannonian are still in the diagenetic stage. This also means that potential Tertiary source
rock may be found in the central part of the depression below the depth of 2200 m, i.e.
primarily within the Pre-Badenian complex. The earliest Badenian sediments which have
reached sufficient maturity in the depocentre are only at the initial katagenetic stage,
which is not conducive to a more substantial transformation of kerogen into petroleum.

The integral geological-geochemical model has shown, on the whole, good correla-
tion between parameters used: %Rr, TTI and EASY %Ro. The obtained data on thermal
maturity can now be applied for the calculation of overall volume of potential source
rocks and the estimate of the total petroleum potential of the Markovac depression, which
proves the practical value of the application of the integral geological-geochemical mod-
els in petroleum exploration.

Translated by A. Kostic
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