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Abstract
Oil and gas in the eastern part of the Drava depression originated
from source rocks of very good generating capabilities - dark gray (o
black marlstones of Ottnangian, Karpathian, Badenian, Sarmatian and
partly Pannonian age. During different tectonic regimes, algal-lipid
rich kerogen tformed in anoxic and suboxic marine environments. The
typical terrestrial maceral vitrinite only occurs as (races.

1. INTRODUCTION

Most oil fields and deep wells in the castern part of
the Drava depression are located in the area between
Nasice and Donji Miholjac (Fig. ). Their number
decreases both E and W, with Bizovac being the cast-
crnmost field. The main reservoir rocks are coarse-
grained clastic rocks of Miocene age and, partially, ma-
gmatic rocks. Previous investigation has also deter-
mined the existence of source rocks (locally in relative
thick successions).

These rocks have been studied periodically since
BOHM (1940) and OZEGOVIC (1944) stated that the
source rocks are thin-bedded, brown bituminous layers
of Sarmatian age. Later [icld evidence, gathered during
detailed geological mapping, have confirmed the proba-
ble Sarmatian age ol the source rocks (PIKIJA &
SIMUNIC, 1978). HERNITZ (1983) discussed the pos-
sible occurrence ol conditions favourable for hydrocar-
bon generating prior to the Tertiary, i.e. a wider strati-
graphic age of possible source rocks. By the end of the
nineleen-eighties numerous papers written jointly by oil
geologists and organic geochemists were published
(BARIC & RADIC, 1988; BARIC ct al., 1989; PUT-
NIKOVIC et al., 1989; ALAJBEG et al., 1990, 1994).
They have concluded that all source rocks in the Panno-
nian Basin are stratigraphically placed between the
Pretertiary rocks and well logging marker Rs5 (approxi-
maltely Lower, Middle and part of the Upper Miocene).
All examined oils originated [rom these source rocks.

Kljuéne rijeci: ugljikovodici, mati¢ne stijenc, geneza,
Panonski bazen, Hrvatska.

Sazetak
Nafle i plinovi istoénoga dijela dravske depresije vuku podrijetlo
iz maticnih stijena - tamnosivih do crnih marlita otnanske, karpatske,
badenske, sarmatske i dijelom panonske starosti vrlo dobrih generira-
jucih sposobnosti. U uvjetima razlicite tektonske djelatnosti stvarao
se algalno-lipidni kerogen vezan za anoksicne i suboksi¢ne marinske
okolise. Tipni teresti¢ni maceral vitrinit javlja se samo u tragovima.

Migration paths were estimated as short, both the lateral
and vertical migration of [luids depending on the free
energy level and on the pressure level. Recognition of
source rocks on the basis ol up-to-date geophysical
investigations in wells was presented and elaborated by
VULAMA (1994).

2. GEOLOGICAL COMPOSITION
AND STRUCTURE

The geological structure of the study area is com-
plex, comprising a deep depression the elevated parts of
which contain oil and gas-oil lields. The deepest parts
arc oriented WNW-ENE, with palacoreliel at depths of
approximately 3,000 m, locally down to 3,500 m (near
Benicanci, between Beni¢anci and Bizovac and south-
ern ol Osijek near Antunovac Tenjski). Depression 1s
traversed by numerous structural highs, which are local-
ly mutually connected (Nasice, Klokocevei, Benic¢anci,
Ladislavci, Kucanci, Donji Miholjac, Poganovei, Bizo-
vac, Valpovo, Vinkovei, Pacetin, Vera, Bijelo Brdo).

Overlying Badenian or Sarmatian deposits (approxi-
matcly represented by the marker Rs7) are characlerised
by similar structural features (Fig. 1), and occur al
depths of approximately 2,000 m, increasing from 2,500
m to more than 3,000 m in synforms. The reservoirs are
located at depths between 1,600-2,700 m.

Badenian and older sediments in anticlines are [rom
200-400 m thick increasing to approximately 800-1,000
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m in synclines (particularly between Bizovac and Beni-
¢anci, Fig. 1). This fact is very important, because these
deposits comprise a major portion of the source rocks,
which have been found in samples [rom wells located
predominantly in the southern parts of depression, e.g.
the Klokocevei, Marjanci, Obod and Boksi¢ wells. In
the Kucanci and Ernestinovo wells predominantly gas
generating source rocks were determined, their thick-
ness being estimated as 400-500 m (Kucanci) up to 600
m (Obod). These deposits are probably thicker, but
more data is required to clarify this assumption.

There are two or three main rock types in the study
area. These are coarse-grained clastic rocks (breccias
and sandstones), fine-grained clastic rocks (siltstones
and marlstones) and Miocene (predominantly Bade-
nian) effusive rocks. This association is an excellent
combination from an oil gcologist’s point of view: rep-
resenling in one vicinity, almost at the same locality,
both possible source rocks and reservoir rocks. Nume-
rous ¢lTusive intrusions have led to additional tempera-
ture increases, and differential compaction has provided
structures favourable for hydrocarbon accumulation.

Coarse-grained clastics are characterised by their
very heterogeneous composition and granulometry.
Two major types were determined: rock-fall breccia
and tectonic breccia. They are composed mainly of
Mesozoic carbonates, and secondary older, Palacozoic
magmatic and metamorphic rocks. Rock-fall breccias
cover a larger area, lying partially over tectonic breccia,
and partially over the croded palacorelicf; transport was
relatively rapid and short. Deltaic and near-shore bree-
cio-conglomerates were found locally, e.g. near Ladi-
slavei and Benicanci (TISLJAR, 1993). Hydrocarbon
accumulations are characterised by low Gas/Oil Ratio
in fields (GOR from 18 to 80 m*m®), as well as the
undersaturation of reservoirs. Reservoir rocks arc over-
lain by marls of variable thickness and physical proper-
lies.

Magmatic rocks associated with their pyroclastic
products have been found at several localities. The most
common are neutral to basic andesites, basalts and
andesite-basalts occurring at Boksié, Crnac, Kloko-
¢evei, Obod, Obradovei and Stekovica. They were
mostly located at depths ranging from 1,800 to morc
than 3,000 m.

The presence of breccia and evidence of polyphase
magmatism indicate very intensive tcctonic activity
during the Miocene. However, findings of source rocks
of Badenian (Bok$i¢, Kucanci, Obod), Karpathian
(Obod) and Ottnangian age (Obod) demonstrate that in
some parts of the studied arca low-energy environments
existed for long periods (HERNITZ et al., 1993).

3. SOURCE ROCKS

Source rocks are mainly dark gray to black, scldom
light gray, very compact marlstones. These dense rocks
are predominantly composed of cryptocrystalline cal-
cite; hydromica and siliciclastic material composed of
grains of silt and fine sand size (mostly angular quartz
and [eldspar grains and muscovite) are subordinate. The
rocks contain kerogen, in some places in the form of
ribbons, laminae or disseminated within the mincral
matrix. Kerogen-rich marlstones are mostly homoge-
neous in composition, and are up to 1 m thick, seldom
more. However, there are also intervals characterised
by the alternation of light and dark coloured laminae. In
some places, where cores were sampled continuously
and are well preserved, numerous sequences arc clearly
visible of intervals up to 300 m thick (e.g. in Obod-7
well). Each couplet is composed ol a few centimetres of
coarse or fine-grained sandstone passing over scveral
centimetres into dense marlstones. At the contact of the
sandstone and underlying marlstone there is occasional
evidence ol submarine erosion e.g. load casts. Flaser
structures and bioturbation are infrequent. The marl-
stones are locally stylolitised and tectonically fractured,
with sliding surlaces and joints filled with either calcite
or oil.

Source rocks occur both above and below the well
logging marker Rs7. In some places similar environ-
menltal conditions were maintained for rather long time
after deposition of this marker bed, as indicated by a
several hundred metre-thick continuous succession of
overlying marlstones. The Marjanci-1 well is a typical
example: petrographic analysis of a rock sample 300 m
above Rs7 describes a kerogen rich marlstone, i.c.
source rock.

Numerous geochemical analyses of source rocks
from the castern part of the Drava depression were used
for correlation with geophysical measurements in the
wells, as well as for calibration of instruments (VULA-
MA, 1994). Spiderweb and steeped diagrams of geo-
physical and geochemical parameters gave recognisable
results. The following average values were measured:
total natural radioactivity (GR) - 180 APT; interval tran-
sit time (At) - 40 usec/m; electric resistivity (R) - 90
Ohmm; apparcnt neutron porosity (@) - 30%: bulk
density (p,) - 2.25 g/cm’; uranium U** contents (SL) -
13 ppm; spontancous potential (SP) - 70 mV; tlotal
organic carbon contents (Corg) - 6.5%. By means of
crossplots, e.g. electric resistivity (R) versus vitrinite
reflectance (Ro), it has been determined that values of
32 Ohmm and 0.51% ol vilrinite reflectance represent a
boundary between mature and immature source rocks,

Fig. | Legend: [) isopach of Lower and Middle Miocene impermeable rocks (predominantly marlstone and silistone): 2) structural contours of
well logging marker Rs7 (I); 3) area without marker Rs7 (H); 4) isotherms at 2,000 m depth,

SL 1 Legenda: 1) izopahe donjo- i srednjomiocenskih nepropusnih stijena (pretezno marliti i siltiti); 2) stratoizohipse repera Rs7 (H); 3) granica

rasprostranjenosti repera Rs7 (H); 4) izoterme na dubini od 2000 m.
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Fig. 2 HI-T, . diagram showing types and maturity of kerogens (after
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i.e. boundary values for the beginning ol oil and gas
generation.

Determination of source rocks was performed using
conventional geochemical analyses and methods. A
large number of cores, drill cuttings, oils and gases [1-
om morce than 30 wells were investigated. Total organic
carbon varies [rom 0.60% Lo 6.0%. Sequences shallower
than 2,000 m are characterized by low TOC values,
with partially oxidized organic matter. The increased
concentration of organic matler was observed in car-
bonate-rich pelitic deposits. The results showed an
average organic matter content of 1.3 percent. Rock
Eval analyses indicate good source rock sections with a
high potential for petroleum generation (genetic poten-
tial S, + S,), reaching more than 30 mg HC/g rock.

Organic [acies determination based on visual kero-
gen analyses showed a predominance of amorphous
kerogen and higher exinite content. These results are in
agreement with hydrogen indices (HI) of 400 to 650 mg
CH/g TOC. According to the chemical classification of
kerogen, the organic matter is oil prone, type II kero-
gen. Vitrinite as the typical terrestrial maceral, was fo-
und only in traces, although some terrigenous influen-
ces can be attributed to hydrogen-rich lipids - sporinite
and resinite.

The hydrocarbon potential of the source rocks is not
uniform. The causes ol variations in organic matter
content can be linked to the reduced production ol bio-

mass and to the alteration of the depositional environ-
ment, as confirmed by the presence of thinner layers of
highly oxidized sediments. The results of carbon iso-
tope measurements performed on kerogens confirmed
the type of organic facies and depositional conditions.
Carbon isotope ratios ranging from 8"C -22.4%e to -
25.9%e indicate algal-lipid (hydrogen-rich) facies asso-
ciated with anoxic and suboxic environments (SCHO-
ELL, 1984). The availability of maturity parameters
(T,.o TAI and colour of fluorescence) enabled the
preparation of a maturity profile and estimates of matu-
rity (Fig. 2). The catagenetic phase i.e. the onset of the
oil window begins at depths [rom 2,100 m to 2,200 m.

Abundant organic matter and a high geothermal gra-
dient (> 5°C/100 m) caused the generation and incre-
ased expulsion of hydrocarbons at a lower level of ther-
mal maturity (YUKLER, 1987), as confirmed by incre-
ased quantities of bitumens in identified source rocks.
Bitumen content averages 2,000-4,000 ppm, but rises to
10,908 ppm (Boksic-13 well, 2,691.5 m).

Oils from this arca are characterized by 30° to 34°
API gravity; sulphur contents of 0.18-0.60%; up to
16.4% of resins and asphaltenes; and carbon isotope
ratios of approximately 8"C -25.0%c. Gas ¢hromato-
graph profiles of “whole” oil are characterized by rela-
tively regular hydrocarbon distributions (Fig. 3) with
molecular ratios Pr/C,;, Ph/C,; and Pr/Ph less than 1
and CPI ~ L. Qils are characterized by the reduction of
light hydrocarbons in the gasoline fraction. All parame-
ters indicate that oils originate from hydrogen-rich lipid
kerogen, which has reached the mature phase of ther-
mal alteration.

The properties ol investigated oils indicate high lev-
els ol similarity in the original facies but the differences
in migrational phenomena, different levels ol precursor
maturity and tectonic disturbances have caused varia-
tions in hydrocarbon composition in certain localities,
such as the Crnac field. The aforementioned differences
are here also conditioned by unlavourable physical
characteristics of the cap rocks which enabled migra-
tion of the lighter hydrocarbons and thereby reduction
of their content.

The regional distribution of determined source rocks
is especially important. Variable depths of burial and
tectonic fragmentation resulted in the specilic charac-
teristics of this area. The 50-60 m thick succession of
source rocks in the Crnac field 2,500 m deep represent
cap rocks above the hydrocarbon reservoirs. Lateral
equivalents of these source rocks at the Stevkovica and
Klokoéevei fields represent reservoir rocks, due to their
sccondary fracture porosity (BARIC & RADIC, 1988;
BARIC et al., 1989).

Gases in this region are classified into three groups:
biogenic-diagenetic, thermogenic and mixed gases (Iig.
4). In the majority of the fields gases generated with
oils are “wet”, thermogenic gases with average isolope
values of 8"C -46.3%c and 8D -170%¢ (SCHOELL,
1983). Accumulations of biogenic-diagenctic gas (the
western part ol the Bokéi¢ [ield, and certain localities of
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Fig. 3 Gas chromatograms of whole
oils from eastern part of the Dra-
va depression.

Sl. 3. Plinski kromatogrami nafti u
istocnome dijelu dravske depre-

the Sjece, Ladislavei and Obod ficlds) are somewhat
specific with regard to the origin of hydrocarbons and
the present reservoir temperature. The fermentational
origin of methane is deduced from the low content of
deuterium; 6D -252%¢ to -244%¢ (after SCHOELL,
1988). The bacterial activity and formation of methane
are both low-temperature processes, while the present
temperature of the reservoir reaches 100°C (Fig. 1,
RAVNIK et al., 1990). The aforementioned cases are
explained by the rapid subsidence of sediments contain-
ing alrcady formed biogenic gas (MATTAVELLI &
NOVELLI, 1987). Mixed gases are formed by dismi-
gration of hydrocarbons from oil reservoirs and their
mixing with biogenic gases in shallower structures

(Benicanci, Obod). Gases from the Bizovac ficld are .

specific. Reservoir rocks arce hydrothermally altered
basalts, at depths from 1,600-1,750 m and contain
mature, migrated oils and gases with approx. 13% of
higher hydrocarbons. However, the results of isotope
measurcments of carbon and deuterium (from §°C -
62.3 %o to -63.4%¢ and 8D from -203%e 10 -209%o0 )
indicate their biogenic origin. Such examples arc not
unusual, and are explained as consequences of migra-
tion of thermogenic and biogenic gases and their
entrapment in reservoir rocks (MATTAVELLI et al.,
1983).

4. CONCLUSION

The results of geological and geochemical investi-
gations indicate the presence of source rocks, mostly
Badenian marlstones, with high potential for petroleum.
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Fig. 4 Isotope ratios of natural gases (genctic zonation after SCHO-
ELL, 1983): B - microbial gases; M - mixed gases; T - thermo-
genic gases.

Sl. 4. Izotopne vrijednosti prirodnih plinova (genetske zone defini-
rane prema SCHOELLU, 1983). Legenda: B) biogeni plin, M)
mijedani plin, T) termogeni plin.
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The organic lacies ol the source rocks is determined as
hydrogen-rich lipids, i.e. type II kerogen, which is oil-
prone. The specilic thermal characteristics of this regi-
on ensured the maturation ol kerogen and increased
expulsion of hydrocarbons. Genetic characteristics of
the reservoir hydrocarbons indicate a high level of simi-
larity with the determined source rocks, which can be
assumed to be the source of existing accumulations.
Certain deviations in oil composition can be primarily
altributed to migrational phenomena, but also to the
physical characteristics ol the reservoir and cap rocks.
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Podrijetlo ugljikovodika u istocnome dijelu dravske depresije (isto¢na Hrvatska)

Zvonimir HERNITZ, Josipa VELIC i Gertrud BARIC

1. UVOD

U istoénome dijelu dravske depresije najveca se
koncentracija naftnih polja i dubokih busotina nalazi
priblizno izmedu NasSica i Donjega Miholjca (SI. 1),
Smjcrom istoka i zapada njihov se broj smanjuje. Naj-
dalje isto¢no je polje Bizovac. Glavni su naftonosnici
miocenski krupni klastiti i djelomice magmatiti. Dosa-
dasnjim je istrazivanjima ustanovljena prisutnost i mati-
¢nth stijena, mjestimice u relativno velikim debljinama.

Te su stijene proucavane razlicitim intenzitetom
pocevsi od polovice ovoga stoljeca, kada se u radovima
BOHMA (1940) i OZEGOVICA (1944) navodi da su
“mati¢ne kami za zemno ulje” tanko uslojeni smedi,
bituminozni fkriljavei sarmatske starosti. Kasnija zapa-
zanja s terena prigodom detaljnih geoloskih kartiranja
aktualiziraju gledista o matiénim stijenama kao sar-
matskom facijesu (PIKIJA & SIMUNIC, 1978). O pos-
tojanju uvjeta pod kojima je bilo moguce stvaranje
ugljikovodika i prije tercijara, odnosno u $irem rasponu
od sarmata pisao je HERNITZ (1983). Krajem osamde-
sctih godina javljaju se brojni zajednicki radovi naftnih
geologa i organskih geokemicara (BARIC & RADIC,
1988; BARIC et al., 1989; PUTNIKOVIC et al., 1989,
ALAJBEG ct al., 1990, 1994). Njihov je zaklju¢ak da
sve matiéne stijene u Panonskome bazenu leze izmedu
prediercijarnih stijena i clektrokarotaznoga repera Rs3
(priblizno donji, srednji i dio gornjega miocena). Anali-
zirane nalic potjecu upravo iz njih. Migracijski su pu-
tovi ocijenjeni kratkim, a lateralno 1 vertikalno kretanje
fluida ovisno je o stupnju slobodne cnergije i tlaku.
Ideju o “prepoznavanju” mati¢nih stijena uz pomoé
suvremenoga sustava geofiziékih mjerenja u busotina-
ma izloZio je 1 dokumentirao VULAMA (1994).

2. GEOLOSKI SASTAV I GRAPA

Geoloska grada nije jednostavna. Radi se o dubokoj
depresiji s izdignu¢ima na kojima se nalaze nafina
odnosno naftnoplinska lezigta. Najdublji se dijelovi
depresije protezu praveem zapad/sjeverozapad - istok/
Jugoistok s najvecim dubinama paleoreljefa od oko
3000 m, a mjestimice i do 3500 m (kod Beni¢anaca,
izmedu Benicanaca i Bizovea, juzno od Osijeka kod
Antunovca Tenjskog). Depresiju presijeca niz uzdi-
gnuca koja sc mjestimice nastavljaju jedno na drugo
(Nasice, Klokocevei, Benicanci, Ladislavei, Kucanci,
Donji Miholjac, Poganovei, Bizovac, Valpovo, Vinko-
vei, Pacetin, Vera, Bijelo Brdo).

Krovina badena, odnosno sarmata (priblizno elek-
trokarotazni reper Rs7) pokazuje podjednake strukturne

odlike (sl. 1). Dubine su uglavnom oko 2000 m. U sin-
klinalama sezu do 2500 m, a mjestimice premaguju
3000 m. Nalina sc leZista nalaze na dubinama izmedu
1600 m i 2700 m.

Debljine badenskih i starijih talozina u antiklinalnim
predjelima iznose 200 m do 400 m, a u sinklinalnim
oko §00 m, ali 1 1000 m (sinklinala izmedu Bizovea i
Benicanaca, sl. 1), Ova ¢injenica ima svoje iznimno
znacenje, jer se unutar tih naslaga nalazi glavnina mati-
¢nih stijena. Debljine im se mogu procijeniti na preko
400 m do 500 m (Kucanci), pa 1 600 m (Obod). Nepri-

jeporno su i vece, ali za tu odredbu nismo raspolagali

odgovarajuéim podacima. Nadene su u uzorcima jez-
gara iz buSotina uglavnom juzne polovice depresije. To
su Klokoc¢evei, Marjanci, Obod, Boksié, Ernestinovo,
dok se polje Kuc¢anci isti¢e svojim posebnostima. Ondje
postoje naline matiéne stijene, ali u nckim su busotina-
ma utvrdene plinske, primjerice u Ku-10 na 2541 m.

S litoloskoga stajalita dominiraju dva, odnosno tri
tipa stijena. To su krupni klastiti (brece 1 pjeicenjaci),
sitni klastiti (siltiti i marliti) te miocenski, najcedce ba-
denski efuzivi. S naftnogeoloskoga stajalista te stijene
predstavaljaju sretnu kombinaciju. U blizini, odnosno
gotovo na istome su se mjestu nasle mati¢ne stijene 1
krupni klastiti kao moguci naftonosnici. Brojni su pro-
boji efuziva uvjetovali dodatno povidenje temperature,
a diferencijalnom kompakcijom su stvoreni oblici po-
voljni za nakupljanje ugljikovodika.

Temeljno je obiljezje krupnih klastita da su izrazito
hetcrogenoga sastava 1 granulometrijskih znacajki. Pri-
sutna su dva osnovna tipa breca: siparnc i tektonske.
Sastojc se od mezozojskih karbonata, ali i starth, paleo-
zojskih magmatita i metamorfita. Najvecu rasprostra-
njenosl zauzimaju sipame brece koje mjestimice leze na
tektonskim brecama, a mjestimice na erodiranom palco-
reljefu. Transport [ragmenata bio je brz i kratak. Pone-
gdje se nalaze deltni i priobalni bre¢okonglomerati kao
kod Ladislavaca 1 Benic¢anaca (TISV}'LJ/\R, 1993). Nizak
plinski laktor u poljima (GOR 18-80 m’/m?) kao i
podzasicenost leziSta karakteristika je ugljikovodi¢nih
akumulacija. Pokrovne stijenc predstavljenc su lapori-
ma nestalnih debljina i fizickih svojstava.

Magmatske stijene sa svojim piroklasti¢nim produk-
tima javljaju se na brojnim mjestima. NajéeSc¢i su neu-
tralni do bazicni andeziti, bazalti i andezitbazalti (Bok-
§1¢, Crnac, Klokoc¢evel, Obod, Obradovcei, Slcvk(wica).
Dubinski im je raspon uglavnom od oko 1800 m do
preko 3000 m.

Prisuinost brec¢a i visefazni magmatizam govore o
izuzetno intenzivnoj tektonskoj aktivnosti tijekom mio-
cena. Medutim, nalaz mati¢nih stijena badenske starosti
(Boksi¢, Kucanci, Obod), karpatske (Obod), te otnan-
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ske (Obod) govori da su u pojedinim predjelima kroz
duga razdoblja vladali uvjeti mirnoga taloZenja (HER-
NITZ et al., 1993).

3. MATICNE STLJENE

Mali¢ne su stijene vrlo ¢vrsti marliti, jedri, tamno-
sivi do crni, katkada i svijetlosivi. Guste su, sastavljene
od kriptokristalastoga kalcita, a mogu sadrzavati hidrot-
injce, siliciklasticne materijale sa zrncima dimenzije
silta i nesto sitnoga pijeska, uglavom zastupljenoga
uglastim zrnima kvarca, feldspata i listicima muskovita,
Ispunjene su kerogenom, koji se mjestimice pojavljuje i
u obliku traka, lamina ili je kerogen rasprsen unutar
mineralnoga matriksa. Marliti obogaceni kerogenom
uglavnom su jednoliénoga sastava u debljinama do jed-
noga metra, ali i vecim. Mogu, medutim, biti laminirani
s izmjenom svijetlih i tamnih lamina. Ponegdje su jasno
vidljive brojne sekvencije, ako su jezgre uzimane kon-
linuirano 1 ako su dobro o¢uvane u velikoj duzini, kao
npr. tristotinjak metara u buSotini Obod-7. Svaka zapo-
¢inje sitno- 1li krupnozrnatim pjescenjakom, koji nakon
nckoliko centimetara prelazi u guste marlite. Na dodiru
pjeScéenjaka 1 podinskoga marlita katkada su uvodljivi
tragovi podvodne erozije ili utiskivanja vecih zrna.
Poncki su puta vidljive flazerske strukture i bioturbaci-
Jje. Marliti su mjestimice stilolitizirani i tektonski raspu-
cani s plohama smicanja 1 pukotinama ispunjenim
kalcitom ili naltom.

Mati¢ne sc stijenc javljaju iznad i ispod repera Rs7.
Mjestimice se iznad toga repera talozni uvjeti nisu bitno
promijenili, jer se kerogenski marliti nastavljaju kon-
tinuirano po nekoliko stotina metara iznad Rs7. Najka-
rakleristicniji je primjer busotine Marjanci-1. Ondje je
petrogralski analizirani uzorak, oko 300 m povrh Rs7,
odreden kao maticna stijena, odnosno marlit bogat
organskom tvari (smolnjak).

Veliki broj geokemijskih analiza matiénih stijena
istoc¢noga dijela dravske depresije posluzili su za kore-
laciju s geolizickim mjerenjima u buSotinama te za
kalibraciju mjernih uredaja (VULAMA, 1994). Zvje-
zdasti 1 stupnjeviti dijagrami geofizickih i geokemijskih
parametara dali su prepoznatljive oblike. Izmjerene su
sljedece prosjecne vrijednosti: ukupna prirodna radio-
aktivnost (GR) 180 API, brzina zvu¢noga vala (Al) 40
usee/m, elektricna otpornost (R) 90 Ohmm, prividna
neutronska poroznost (P,) 30%, volumna gustoca (p,)
2,25 (g/em®), sadrzaj radioaktivnog urana (U**) (SL) 13
ppm, spontani potencijala (SP) 70 mV i koli¢ina organ-
skog ugljika (Corg) 6.5%. Pomocu kriznih dijagrama,
kao npr. elekiriéne otpornosti (R) 1 vitrinitne refleksije
(Ro) utvrdeno je da vrijednosti od 32 Ohmm 1 0,51%
vitrinitne refleksije predstavljaju granice razdvajanja
zrelih od nezrelih matiénih stijena Sto su i graniéne vri-
Jednosti pocetka generiranja nalte 1 plina.

Determinacija matiénih stijena provedena je kori-
Stenjem standardnih geokemijskih analiza 1 tehnika.
[spitivanjem je obuhvacdeno vise od 30 budotina, a ana-
lizirani su uzorci krhotina iz isplakc, mehanicke jezgre,

te nafte i plinovi. Rezultati su pokazali da sediment
sadrze organsku tvar u vrlo promjenljivoj koncentraciji.
Slojevi koji se nalaze plice od 2000 m sadrZe manju
koli¢inu organske tvari, a jedan je njezin dio oksidacijs-
ki izmijenjen. Do rasta vrijednosti organskog ugljika
(Corg) dolazi u pelitnim talozinama povecane karbonat-
nosti. Sadrzaj organske tvari je u granicama od 0,6% do
6,0%, a prosjec¢na vrijednost Corg iznosi 1,3%. Primje-
nom piroliticke, Rock-Eval analize na velikom broju
uzoraka, utvrdeno je da su maticne stijenc uglavnom
vrlo dobrih generirajuéih sposobnosti u kojima naftni
potencijal (genctski potencijal S, + S,) dostize vrijed-
nost i vecu od 30 mg HC/g stijene.

Organski [acijes determiniran na bazi optickih 1spi-
tivanja maceralnog sastava pokazuje predominaciju
amorfnoga kerogena 1 povecani udjel egzinita, Sto je u
suglasnosti s vrijednostima vodikovih indeksa od 400
do 650 mg HC/g Corg. Prema kemijskoj klasifikeiji
navedena svojstva odgovaraju tipu kerogena II (sl. 2),
koji se smatra dobrim naftnim izvorom. Tipni teresti¢ni
maceral, vitrinit, javlja sc samo u tragovima, iako se
odredeni kopneni utjecaji mogu pripisati vodikom bo-
galim terigenim lipidima - sporinitu i rezinitu.

Generirgjuéi potencijal maticnih stijena nije ujedna-
¢en. Variranja kolicine organske tvari moguce je vezall
uz smanjenu produkeiju biomase, kao i izmjenu talo-
znih uvjeta, §to potvrduje prisutnost manjih proslojaka
visokooksidacijskih sedimenata. Tip organskog facijesa
kao 1 uvjete tijekom depozicije potvrdili su 1 rezultai
izotopnih odredivanja ugljika na izdvojenim kerogeni-
ma. Vrijednosti ugljikovih izotopnih odnosna od §"C -
22.4%ec do -25,9%0 su znacajke algalno-lipidnog, odnos-
no vodikom bogatoga lacijesa vezanog za anoksiéne 1
suboksi¢ne okolise (SCHOELL, 1984). Parametri zre-
losti (T, .. TAI 1 boja (Tuorescencije) omoguéili su izra-
du zrelosnoga prognoznog prolila. Katagenetska laza tj.
ulaz u naltni prozor nastupa na dubini izmedu 2100 m i
2200 m. Bogatstvo organske tvari, kao 1 visoki geoter-
micki gradijent (>5°C/100 m) vzrokovali su generiranje
i povecanu ckspulziju ugljikovodika kod nizeg nivoa
termickih promjena (YUKLER, 1987), Sto pokazuju i
povecane koli¢ine bitumena u ispitivanim mali¢nim sti-
jenama. Sadrzaj bitumena krece se izmedu 2000 ppm i
4000 ppm, ali dosize 1 10908 ppm (Boksic-13, 2691,5
m).

Za nalle ovoga dijela depresije znakovila je gustoca
od 30% do 34°API, sadrzaj sumpora od 0,18% do
0,60%, udjel rezina i astaltena dostize 16,4%, a izotop-
ni odnos ugljika je priblizno 87C -25.0%o. Plinsko-kro-
matografski profili “whole” nalti imaju relativno pravil-
nu ugljikovodicnu distribuciju (S1. 3) s molekularnim
odnosima Pr/C ., Ph/C ;i Pr/Ph < 11 CPI ~ 1. Poscbna
karakteristika ispitivanih nalli o¢ituje sc u smanjenoj
koli¢ini laganih vgljikovodika u gazolinskoj frakeiji.
Ovi parametri pokazuju da nafte potjecu iz vodikom
bogatog, lipidnog kerogena koji je dostigao zrelu fazu
termickih pretvorbi.

Svojstva ispitivanih nalti pokazuju visoki stupanj
slicnosti izvornoga lacijesa, medutim, razlicitost migra-
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cijskih fenomena, neujednacena zrelost prekursora, tek-
tonska poremedenost prostora, uzrokuju izmjene sasta-
va ugljikovodika na odredenim lokalitetima. Ovdje na
spomenute razlike takoder utjecu 1 nepovoljne lizicke
znacajke pokrovnih stijena, jer migracijom dolazi do
gubiika laksih ugljikovodika, §to je primjerice slucaj na
polju Crnac.

Poscbno znacenje ima rasprostranjenost determini-
ranih mati¢nih stijena. Promjenljiva dubina zalijeganja
kao 1 tektonska izlomljenost, uzrok su nckih specili-
¢nosti. Mati¢ne stijene u polju Crnac debljine 50-60 m
su na dubini od cca 2500 m i ¢ine cjelinu s lezistima
ugljikovodika, jer imaju i ulogu pokrova. Istovremeno u
lezistima Stevkovica i Klokocevei ovi sedimentni zbog
sckundarne pukotinske poroznosti predstavljaju rezer-
voarske stijene (BARIC & RADIC, 1988: BARIC et
al., 1989).

Plinove u ovom prostoru, moguce je klasificirati u
tri skupine: biogeno-dijagenetski, lermogeni i mijesani
plinovi (S1. 4). U veéini polja plinovi nastali s naftama
su “vlazni”, termogeni plinovi s prosje¢nim izotopnim
vrijednostima 8"C -46.3%e i 8D -170%e (SCHOELL,
1983). Akumulacije biogeno-dijagenetskog plina (zapa-
dni dio polja Boksi¢ i pojedine bugotine u polju Sjece,
Ladislavei, Obod) odlikuju se nckim speciticnostima s
obzirom na podrijetlo 1 danadnju temperaturu leZista.
Osiromasenost metana deuterijem (8D -252 do -244%¢)
prema SCHOELLU (1988) upucuje na prevladavajuée
fermentacijsko podrijetlo metana, Bakterijska aktivnost
I nastajanje metana su nisko temperaturni procesi, me-
dutim danasnja temperatura lezi$ta dostize i 100°C (sl.
I, RAVNIK et al., 1990). Navedene slucajeve MAT-
TAVELLI & NOVELLI (1987) tumace brzim tonje-

njem sedimenata u kojima je prethodno bio formiran
biogeni plin. MijeSani plinovi nastaju dismigracijom
ugljikovodika iz naftnih leZista, a ulaskom u plice stru-
kture, zapunjene biogenim plinom dolazi do njihovog
mijesanja (Benicanci, Obod). Posebne znacajke poka-
zuju plinovi polja Bizovac. Lezisne stijene, hidroterma-
Ino izmijenjeni bazalti, na dubini od 1600 m do 1750 m
sadrze zrele, migrirane nafte i plinove s udjelom visih
ugljikovodika od cca 13%. Medutim, rezultati izotopnih
odredivanja ugljika i deuterija (3"C -62,3%0 do -63,4%¢
8D -203%0 do -209%e) upucuju na biogeno podrijetlo.
Ovi slucajevi nisu neuobicajeni, a tumade se migraci-
Jom termogenih i biogenih plinova i njihovim zausta-
vljanjem u zamkama (MATTAVELLI et al., 1983).

4. ZAKLJUCAK

Rezullati geoloskih i geokemijskih ispitivanja poka-
zali su prisutnost mati¢nih stijena, pretezno badenskih
marlita, dobrih generirajucéih sposobnosti. Organski
facijes mati¢nih stijena su vodikom bogati lipidi, tip
kerogena 1, koji je dobar izvor naftnih ugljikovodika.
Specifiéne termicke karakteristike ovog prostora osigu-
rale su zrelost kerogena kao i povecanu ekspulziju
ugljikovodika. Genetska svojstva leZisnih ugljikovodika
pokazuju visoki stupanj sli¢nosti s determiniranim
malicnim stijenama i moguce je zakljuciti da predstavl-
Jaju izvor postojecih akumulacija. Odredena odstupanja
u sastavu nafti rezultat su u prvome redu migracijskih
fenomena, ali i fizickih znacajki lezignih i pokrovnih
stijena.
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