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E. lfynap06a, H. CyJyKu - KoMnb/OmepHoe MoOeAup06aHue 3pe11ocmu c £iellb/O npozH03upo6aHWI 
ucmopuu UHepupo6aHUJI YZIIe6oOOpo006 6 Hepa36eOaHHbiX !ftopMa£1UJIX 6 /10IIHO-KaM'lUUCKOM pezu
OHe, JanaOHO-lfepHOMOpCKUU 6acceuH. fiepCOHaJibHall KOMnbJOTepHaJI CHCTeMa 6acceHHOBOro MO,lle
JIHpOBaHHJI (MAT'98) npHMeHJIJiaCb JlJIJI nporH03HpOBaHHll 3peJIOCTH H HCTOpHH HeQ>TereHepHpOBa
HHJI «J>opMaUHH Ha yqacTKax Ha'laJJbH&IX CTBJlHif nOHCKOB B ,L:{OJIHO-KaM'IHifCICOM paifoHe - naJJeore
HOBble nocJieJlOBaTeJibHOCTH B 30He "'epHOMOpCKOrO WeJibcjla H Me3030ifCKHe «J>opMaUHH no6epel1Cbll 
(CKBaliCHHa R-64, JloHr03a). fiocJie.llOBaTeJibHOCTH COOTBeTCTBYJOT p83HbiM CT8JlHJIM p83BHTHJI 6ac
ceiiHa H JlaJOT B03MOlKHOCTb nOK83aTb Ha XOpOWHX npHMepax BalKHOCTb TeMnepal)'pHOif HCTOpHH Jl,JUI 

nporH03HposaHHJI HCTOpHH reHepHPOBaHHll yrneBOJlOPOJlOB. PaccMoTpeHbl JleCliTb aJibTepHaTHBHwt 
HCTOpHif JaxopoHeHHll, TepMaJJbHOrO p83BHTHJI H MO,lleneif HecjiTereHepHpOBaHHJI C UeJibJO OUeHKH BJIH
liHHJI BOJMOliCHbiX owH6oK nporHOJHpOBaHHJI. Pe3yJibTaTbl nOK83biBaJOT, 'ITO JOpcKO-BaJJaHliCHHCKHe 
cjlopMaUHH Ha cywe nO,llBepraJJHCb JlOCTaTO'IHOMY C03peBaHHJO BO BpeMJI HHliCHero MeJia C COOTBCTCT
BYJOWHMH naJJeOTeMnepal)'paMH B HHTepBaJJe 130-180" C. 06CYQaeTCJI T&UCe nepBH'IH8JI MHrpa
UHJI HJ JTHX «J>opMaUHii. CospeMeHHaJI JOHa HecjiTereHepHpoBaHHJI Ha cywe npHHHMaeTCJI JaHHMaJO
weii HHTepBaJJ rny6HH 2250-3250 m H BICJIJO'IaJOWeif MaJibM-BaJJaHliCHHCKHif KOMnJieKC H BepXHeMe
JIOBble cjlopMaUHH. B MOpCKOH 'laCTH ,L:{OJIHO-KaM'IHHCKOii JlenpeCCHH COBpeMeHHble CTeneHH 3penoc
TH naJJeoreHOB&IX «J>opMaUHH C'IHTBIOTCJI COOTBeTCTBYJOWHMH 0,5-0,8 % Ro, OTBe'laJOlllHMH Ha'laJJbHOif 
CTa,llHH HecjiTereHepHpOBaHHJI. CospeMeHHaJI 30Ha HecjiTereHepHpOBaHHJI B MOpCKOH 'laCTH npeJlnOJia
raeTCJI cyweCTBYJOllleif Ha rny6HH8X 6oJiee 3000 m, JlO 4000 m H OTHOCHTCJI rnaBHbiM o6p830M K 
MeJIOBbiM nocJieJlOBaTeJibHOCTJIM. Me3030HCKHe «J>opMaUHH Ha cywe H B aKBaTopHH ):{oJIHO-KaM'IHHC
KOro perHOHa JIBJIJIJOTCll CaMbiMH &aliCHbiMH HecjiTeMaTepHHCKHMH nopO.llaMH, o6JI8JlaJOlllHMH JlOCTa
TO'IHOH 3peJIOCTbJO JlJIJI reHepHpOBaHHJI yrneBOJlOpOJlOB. 

Abstract. The personal computer-aided basin modelling system (MAT 98) was applied to predict 
maturation and oil generation history of formations in areas at early stage of exploration in Dolna 
Kamchija region - Paleogene sequence in the Black Sea shelf zone and Mesozoic sequence offshore 
(borehole R-64, Longoza). The sequences represent different stages in development of the basin, pro
viding good examples to show the importance of temperature history for the prediction of hydrocarbon 
generation history. Ten alternative burial histories, thermal histories and oil generation histories models 
are also demonstrated in order to evaluate the influence of possible errors on the predictions. Results 
suggest that Jurassic- Valanginian formations onshore had attained sufficient maturation during Early 
Cretaceous time with corresponding paleotemperatures of 130 to 180• C. The possible primary migra
tion from these formations is also discussed. Present day oil generation zone onshore is evaluated to be 
located in a depth interval2250 to 3250 m, including a part of Maim- Valanginian complex and Upper 
Cretaceous formation. In the offshore area of Dolna Kamchija depression, present day maturity levels 
of Paleogene formations are evaluated to be in the range 0.5 to 0.8 % Ro corresponding to an initial 
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stage of oil generation. The present day oil generation zone offshore is suggested to be located at depths 
more than 3000 to 4000 m and mainly to comprise Cretaceous sequence. The Mesozoic formations 
onshore and offshore in Dolna Kamchija region are the most important petroleum source rocks which 
have sufficiently matured to generate hydrocarbons. 

Introduction 
Computer-aided basin modelling has become an important and routine part of many 
exploration programs, and has also been practically applied to various geological 
subjects (e.g., Wygrala, 1988; Negroni et al., 1988; Forbes et al., 1991; 
U n g e r e ret al., 1990; W a p 1 e s et al., 1992). The computer-aided basin modelling 
is based on multi-running of forward and inverse models in order to adjust the pre
dictions of modelling with geological observations (C r o s s & H a r b a ugh, 1989). 
In a previous paper (C h o u p a r ova et al., 1993), we demonstrated an interactive 
modelling of burial and thermal histories of Paleogene sequence recoverd in bore
hole R-64, Longoza located in Dolna Kamchija region onshore. The burial and 
thermal histories of the sequence were determined based on the interplay between 
conceptual model (forward model) and measured maturity data (inverse model) such 
as vitrinite reflectance and sterane isomer ratio. However, the geological data base 
decreases considerably in frontier areas. The modelling in frontier areas, therefore, 
has to be performed mainly based on the existing geological concepts (forward model) 
without any further calibration by measured data (inverse model). Although the cali
bration of geohistory cannot be carried out precisely because of poor measured data, 
the computer basin modelling based only on forward models still permits quantita
tive investigation of different geological concepts related to petroleum prospects. 
Maturation and oil/gas generation histories from several different geological con
cepts can be numerically examined by the basin modelling system. This type of basin 
modelling remains as one of a few possible geological approaches in frontier areas to 
evaluate petroleum potential prior to drilling. 

In the present paper, the one dimensional (10) computer-aided basin model
ling system MAT 98 (S u z u k i, 1990) is applied to areas and horizons at early stage 
of exploration in Dolna Kamchija region - Paleogene sequence in the Black Sea 
shelf zone and Mesozoic formations onshore (borehole R-64, Longoza). Many of 
input parameters for modelling are defined by analogy with adjacent regions and/or 
by integration of concepts and ideas about geological development of the basins. At 
first, the conceptual geohistory models are constructed and results of the simulation 
discussed. Several alternative models are also examined as examples of the influence 
of possible uncertainties in some of the independent (input) variables on the predic
tions of modelling. The process of basin modelling described in the present paper 
shows an example of general approach with a computer-aided modelling system in 
the frontier area, and also gives useful information concerning problems of currently 
spreading approach for petroleum exploration. 

Maturation and oil Generation History of possible source rocks 
in Dolna Kamchija depression onshore 

General Geology of Dolna Kamchija Region 

Dolna Kamchija region is located at the most south-eastern part of the Moesian 
Platform (Fig. 1). Its development is influenced by the evolution of the southern part 
of the platform, the orogenic activity related to formation of the Balkanides to the 
south and the formation of deep Black Sea depression to the east. 

76 



lloeel., Plalform (MP) 

c.p.!hldee end 
h!Unldee(B) 

Srednogorle (8) 

Rhodope(R), ~(SliM) 
....... end KNiehtldM (K) 

Ap- Apennl-; D- DIMrtdee; He- Helenldee; 
Oph - Ophlol .. belte; An- Anlllllllldee; Po-P~ 

r 
EDm81 ....... through 

Alpine OI'Ofile"lc .y-

Fig. 1. A: Location scheme of Bulgaria in the Alpine orogenic system of the Balkan Peninsula (modified 
after Hsu et al., 1977); B: Location map of Dolna Kamchija Depression in the geological structure of 
Bulgaria 

During Late Jurassic-Early Cretaceous the region is considered to be a part of 
the South Moesian periplatform zone which developed as a continental slope of a 
flysch basin (Nis-Trojan) with accumulated carbonate and pelitic sediments of more 
than 1500 m thickness (B o k o v & C he m be r s k i, 1987; N a c he v, 1989). Dur
ing Late Cretaceous to Early Paleogene the region is considered to represent an 
epicontinental sea in transition to the flysch (Emine) basin to the south. During 
Middle to Late Eocene a foredeep basin was formed coupled with the adjacent to the 
south orogen of the Balkanides. It was filled with thick sequence of Eocene and 
Oligocene sediments (>2000 m) of molasse type. The formation of deep Black Sea 
depression during Pliocene-Quaternary possibly has influenced the sedimentation 
processes and burial history especially in the offshore part of the region. 

Maturation and oil generation history of Mesozoic sequence onshore 

Geological concept about the formation of potential source rocks 
in Dolna Kamchija region 

Middle Jurassic formations are considered the major source rocks in Moesian Plat
form. Upper Jurassic-Lower Cretaceous (Valanginian) horizons in Dolna Kamchija 
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region are also suggested as potential source rocks (B o k o v & C h e m b e r s k i, 
1987). The Middle Jurassic sediments have been formed in a shallow marine basin 
with carbonate and terrigenious sedimentation (0 v char ova et al., 1987). Or
ganic rich mudstones were formed in alternation with limestones and siltstones. Late 
Jurassic-Valanginian time is the stage when southern part of Moesian Platform be
gan to develop as a part of depression with flysch sedimentation. This zone has been 
parallely elongated to the platform and it is supposed to have included the region of 
Dolna Kamchija and to have been continuing even in the present day shelf zone of 
Black Sea (B o k o v, 1989). The flysch depression as a paleogeomorphological struc
ture is considered to have been representing the outer edge of a wide paleoshelf 
(Moesian Platform) and mainly the continental slope of a marine basin (Nis-Trojan 
back-arc through, N ache v, 1989). The most intensive subsidence related to its 
formation is estimated to be during Tithonian, Berriasian and Valanginian stages. 
During that time, the sedimentation processes are characterized by non-compensa
tion (B o k o v, 1989). Lithological, paleoecological and paleogeomorphological stud
ies confirm deep marine environment with proposed water depths about 400 m 
(B o k o v, 1989). During Hauterivian an over-compensation becomes a characteris
tic feature of sedimentation processes. However, the eastern part of the zone is dis
tinguished with a relative subsidence and thicker sediments. 

Burial History of Hypothetical Mesozoic Formations Onshore 

One of the problems concerning petroleum exploration in Dolna Kamchija region 
onshore is that the Jurassic and Cretaceous rocks are not commonly recovered by 
drilling to date. However, the maturation and oil generation history of these possible 
source rocks can be modelled assuming the hypothetical sequence of Mesozoic for
mations to be present below the Cretaceous rocks recovered in borehole R-64, 
Longoza. Burial history of this hypothetical sequence can be reconstructed based on 
the idea of regional geological development described above and prognoses about 
thicknesses and lithofacies of these formations given in previous works (B o k o v & 
Chemberski, 1987; Nachev et al., 1988). The main framework for modelling burial 
history of Mesozoic formations is shown in Table 1. 

During Jurassic to Cretaceous time two erosional events occurred-at the end of 
Bathonian and after Baremian stages. The Bathonian erosion is considered with a 
short time duration (B o k o v & C h e m b e r s k i, 1987). The amount of removed 
sediments in the model is assumed to be 100 m. The second erosional event had a 
comparatively long duration. In a great part ofNE Bulgaria, Cenomanian-Turonian 
sediments are supposed to be eroded completely during Turonian-Coniacian 
(At a n a s o v & G eo r g i e v, 1987). It is not clear whether they have been depos
ited in Dolna Kamchija region. Therefore, in the model, it is assumed that the ero
sional event includes Aptian, Albian and Cenomanian to Santonian time. Two major 
factors, paleoclimate (or type of lithogenesis) and tectonic features during the ero
sional event which could influence the rate and amount of eroded sediments were 
considered. The territory of Bulgaria has been located in the moderate humid cli
matic zone during Jurassic and Cretaceous time with corresponding humid type of 
lithogenesis (N a c h e v et al., 1988). As a tectonic event, discussed uplift and ero
sion are related to the Austrian orogeny and folding of structures to the south of 
Dolna Kamchija region. In the model we assumed the total amount of eroded sedi
ments to be 800 m with an average rate of erosion of 25-30 m/m.y. Lis it z in 
(1972) shows that the annual erosion of recent sediments is in the range 10 to 50 ton/ 
km2 in the cold humid zone and more than 240 tonjkm2 in the equatorial humid 
zone, respectively. Assuming an average rock density of 2.5 gjcm3 and a constant 
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Table 1 
Modelling parameters for borehole R-64, Longoza with hypothetical Mesozoic formations which are not recovered by drilling 

Name of Present Age T Water Lithology H.Flow 
layer Depth (Ma) ("C) Depth and (HFU) 

and (m) Proportion(%) 
Assumed in unit layer 
Erosion 

(m) 
-----

J2bat 4050 170 10 40 LmstfMdst/Sist :50/20/30 2.31 
Erosion 3900 164 10 0 2.26 
J) 4000 160 10 0 Mri/MdstfLmst :35/35/30 2.23 

Jl-Kiv 3700 155 10 250 MrlfLmst/Slst :50/40/10 2.18 

Kl 2800 135 10 300 Mri/Slst :85/15 2.01 
Erosion 1500 115 10 0 1.83 

K2 2300 84 10 40 Lmst :100 1.56 
Erosion 1372 66 10 0 1.38 
Pal 2 1872 60 10 0 Lmst :100 1.33 
Pal2 1830 59 10 60 Lmst :100 1.32 

Eocl-2 1788 51 10 60 SlstfMdst :90/10 1.30 
Nodepo 1720 54 10 90 1.27 

Eoc2-l 1720 48 10 200 Mrl :100 1.22 
Nodepo 1288 40 10 280 1.14 
Oli(1) 1288 35 10 300 MdstfSdst :65/35 1.10 
Oli(2) 1000 34 10 200 MdstfSdst :15/25 1.09 
Oli(3) 850 31 10 130 Mdst/Sdst :50/50 1.06 
Erosion -123 29 10 0 1.04 
Mio(1) 377 13 10 0 SdstfMdst :60/40 0.90 
Mio(2) 120 12 10 so SdstfMdst :60/40 0.89 
Erosion -200 10 10 0 0.86 

0 0 10 0 0.79 

Present Depth: At the base of the layer; Age: Geologic age corresponding to Present Depth; To: Temperature at sediment/Water interface; Lmst: 
Limestone; S\st: Siltstone; Mrl: Mari;Mdst: Mudstone( shale); Sdst: Sandstone; 

-...J 
\0 
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Fig. 2. Geohistory diagram of borehole R-64, Longoza including hypothetical Mesozoic formations 
which are not recovered by drilling. Patterns in the geologic column show lithologies and their propor
tion in unit layers. Lithologies shown in the geologic column are as follows: 1- mudstone, 2- siltstone, 
3- marl, 4- limestone, 5- sandstone. 
Dotted lines and thick black lines represent paleotemperatures and vitrinite reflectance distribution 
with geologic time, respectively. Paleowater depth is coloured black 

rate of erosion during one million years, these values can represent erosion rates of 
4-20 mfm.y. and 96 mfm.y., respectively. Thus the thickness of eroded sediments 
and erosion rate assumed in the modelling possibly could be closer to the "pessimis
tic" model. The Upper Cretaceous sediments are partly recovered by drilling. Their 
total thickness was assumed to be around 400 m considering their thickness in adja
cent regions. 

Heat Flow History 

Reconstruction of heat flow history was based on the conceptual model of basins 
formed by extension (M c Ken z i e, 1978; M a c ken z i e & M c Ken z i e, 1983; 
Mackenzie et al., 1984). During the time of spreading and extention of the basement, 
the heat flows are higher due to the upwelling of hot asthenosphere driven by the 
mechanism of isostatic compensation. It can be assumed that heat flow decreases 
linearly as a function of time and possible erosional events do not influence it during 
the cooling of basement according to M a c kenzie & M c Ken z i e (1983) and 
L e r c h e ( 1990). The tectonic evolution of Dolna Kamchija region can be related to 

· the spreading and extention between Eurasia and Africa during Triassic to Jurassic 
time. During Late Jurassic to Early Creataceous time, South Moesian periplatform 
zone can be regarded as a part of the Nis-Trojan back-arc trough based on the 
paleogeodynamic reconstructions of N a c h e v (1989). The formation of South 
Moesian periplatform can be considered as a final stage of the basin extension oc-
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VItrinite Reflectance (%) Sterane SI(S+R) 

0.1 0.5 2 3 4 0 o. 1 0.2 0.3 0.4 0.5 0.54 

0 

500 
Depth -.Ro ~S+R) 

1000 
(m) 

0 0.25 0 
120 0.25 0 

1500 :rn 0.21 0 
400 0.27 0 
1000 0.33 0.03 

2000 1288 0.3& 0.07 
1720 0.42 0.18 
1788 0.42 0.21 

2500 1830 0.43 0.23 
1872 0.43 0.25 
2300 0.51 0.47 

3000 2800 0.70 0.54 
3750 1.44 0.54 
4000 1.72 0.54 

3500 4050 1.78 0.54 

4000 

Fig. 3. Predicted % Ro and sterane isomer ratio with increasing depth of borehole R-64, Longoza 
including hypothetical Mesozoic formations. Upper part of the sequence shallower than 2000 m is 
calibrated by actually measured% Ro and sterane isomer ratio (Chouparova et al., 1993) 

curred 80 to 100 m.y. after the initiation of spreading and extention. According to 
B e a u m o n t ( 1981 ), this suggests that region had not yet reached the thermal 
equilibrum at that time, and heat flows had been still comparatively higher. Consid
ering the above, the calibrated heat flow history model of Paleogene sequence in the 
same well was lineary extended with the geologic time to model paleoheat flow dur
ing the Mesozoic time (Chou par ova et al., 1993). Matrix thermal conductivities 
of rock types were assumed to be the same with those used for the modelling of 
Paleogene sequence. 

M a t u r a t i o n H i s t o r y of M e s o z o i c F o r m a t i o n s 0 n s h o r e 

Modelled geohistory and maturity parameters distribution are presented in Figs. 2 
and 3, respectively. It can be inferred that the Early Cretaceous (140-115 Ma) has 
been the most important period for proceeding of maturation in the Jurassic
Valanginian sequence. The maximum %Roof Middle Jurassic sediments is evalu
ated to be 1. 78 %Ro. Later development during Late Cretaceous and Paleogene did 
not affect the maturation history of Mesozoic formations. Modelled maturation his
tory implies that Jurassic-Lower Cretaceous (Valanginian) formations passed the oil 
generation window during a relatively short time interval with heating rates 6 to 14° 
Cfm.y. (Fig. 2) 

0 i l G e n e r a t i o n H i s t o r y of M e s o z o i c F o r m a t i o n s 0 n s h o r e 

To model the oil generation from Mesozoic formations, we used the kinetic param
eters proposed by Laurence Livermore National Laboratory (LLNL) introduced by 
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Fig. 4. Oil/gas generation history of the original model (Table I) predicted for borehole R-64, Longoza 
with the hypothetical Mesozoic formations 

W a p I e s et a!. (1992). Since modelled part of the Mesozoic sequence is not recov
ered by drilling in Do ina Kamchija region and there are no reliable data for the types 
of kerogens, they were assumed to be the marine type II kerogen in all formations. 
Original TOC concentrations in the modelling were estimated by analogy with the 
same horizons in the Moesian platform (Kovach eva, 1987). Based on these con
ditions and modelled maturation history, the simulation of oil generation was per
formed. The results (Fig. 4 and Table 2) represent predictions about generating ho
rizons, time of generation and type and amount of hydrocarbons generated. 

Results show that major oil generation from Jurassic formations occurred dur
ing Early Cretaceous time. Middle Jurassic and lower part of Upper Jurassic
Valanginian sequence passed the oil generation window during a relatively short 
time interval (135-115 Ma, Hauterivian-Aptian stages) and entered the wet gas zone. 
A part of Upper Jurassic-Valanginian sequence and Hauterivian horizons are still 
located in the oil window at present, although the maximum oil generation occurred 
during Hauterivian-Aptian (130-115 Ma) and Aptian (115-11 0 Ma) time. The total 
oil and gas generated from each forrnation, which are computed by the system, are 
shown in Table 2. Oil expulsion is not considered to compute total amounts of gen
erated oil and gas. 

Sensitivity of Input Parameters 

Checking reliability of models for burial and thermal histories of unrecovered se
quence comprises many difficulties, since many uncertainties in the input data can 
be expected. In addition, a calibration with measured thermal indicators is not pos
sible in the present circumstances. Tbe method of modelling, however, permits mod
elling system to be used in examining relationships and sensitivity of particular out-
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put (dependent) variables to disturbances (errors) in the model, especially in the 
input (independent) variables. It is possible to investigate different alternatives, rep
resenting various geological concepts to define a range of uncertainty for the par
ticular input variable. Based on the extensive sensitivity analyses performed by 
L e r c h e ( 1990), it was shown that output results of maturation history are strongly 
sensitive to input variables of erosional history and heat flow history. To examine the 
influence of changes in burial and thermal models on the oil generation predictions, 
several alternative models were simulated changing one of the independent param
eters such as amount of erosion, sedimentation rate, or heat flow history, etc., while 
all the other input parameters were kept unchanged. 

Alternative models 

A m o u n t of E r o d e d S e d i m e n t s 

Changes in amount of eroded sediments can influence maturation history predic
tions since they account for additional overburden increasing the burial depth. To 
define a lowest limit of maturation, we run a model which assumes no additional 
overburden during Early Cretaceous erosional event. All other parameters, includ
ing heat flow history, were not changed. In this model, the maximum vitrinite reflec
tance value of the Middle Jurassic horizon was 1.22% compared to 1.79% in the 
original model (Table 2). The major oil generation occurred from the same horizons 
(Middle Jurassic and Upper Jurassic-Valanginian) but the amount of gaseous hy
drocarbons decreased markedly. The horizons are still in the oil window at present. 
The timing of oil generation was not changed significantly (Table 2). 

Table2 
Results of simulations for original and alternative models. Maximum %Ro (Max%Ro) shows the final 
%Ro attained by the lowest pan of Mesozoic 1

2 
unit 

Model Max%Ro Generating Starting Type of HC Max amount of HC 
horizons time of generated generated {kg/ton) 

generation 
(Ma) 

Original 1.79 J2 142 Oil+Gas 5.4+3.6 
J) 142 Oil + Gas 4.0+2.5 
k-K1 135 Oil 2.0 

I 115 Oil 1.0 
.No erosion 1.22 J2 142 Oil+Ga~ 5.4+ 1.15 
(J-KI) J) 142 Oil 4.0 

Jl-KI 135 Oil 2.1 
Changed 1.78 J2 155 Oil+Gas 5.4+3.6 
sedim.& J) 155 Oil+Gas 4.0+2.5 
heating k -K1 120 Oil 1.8 
rate 115 Oil 1.0 

1.25 
I 

130 Oil+Gas 5.4+ 1.25 Constant ]2 
H.F. 1.56 J) 130 Oil 4.0 
(170-84Ma) Jl-KI 128 Oil 2.1 
Constant 0.96 ] 2 125 Oil 5.4 
H.F. 1.33 J) 125 Oil 4.0 
(170-60Ma) Jl-KI 123 Oil 1.95 
Reduced 1.79 ] 2 142 Oil+Gas 4.1 +2.8 
TOC=2% 
(J2) 

1.79 J2 140 Oil+Gas 1.1 + 1.9 Type III 
kerogen J) 140 oi1+Gas 0.8+1.4 

Jl-KI 132 Oil+Gas 0.4+0.5 

sn 



Sedimentation Rate 

Changes in the rate of sedimentajion are related to possible uncertainties ·in the 
estimation of geologic ages and thicknesses of formations. As a factor influencing 
the maturation, rates of sediment~tion have to be considered with respect to the 
heating rates especially in cases wn~n paleoheat flows have been comparatively high. 
In this alternative model, the sedintentation rate during Calovian-Oxfordian (160-
155 Ma) was increased drastically from 50 mfm.y. to 200 mfm.y., which resulted in 
an increase in the heating rate during this time interval from 6 to 25° Cfm.y .. The 
total thickness of Jurassic-Valanginian sediments was assumed unchanged. Sedi
mentation and heating rates during the following Kimmeridgian-Valanginian period 
(155-135 Ma) consequently decreased from 47 to 10 mfm.y. and from 4 to 0.25° Cf 
m.y., respectively. Under these conJitions, the maximum vitrinite reflectance values 
and the type of hydrocarbons generated were not changed significantly. However, 
maturation and oil generation histPries were significantly modified. The timing of 
initial oil generation was shifted earlier for the horizons with higher heating rates 
(Middle Jurassic and lower part of Upper Jurassic-Valanginian sequence) from 140 
Ma to 155 Ma, and shifted later for the horizons with lower heating rates (upper part 
of J

3
- Val complex) from 135 Ma to 120 Ma (Table 2, Fig. 5), respectively. This case 

definitely shows the importance oftJlermal history for the prediction of the timing of 
oil generation, even though the pre8ent maturity level is the same. 

Geolo~lc Age (Ma) 

170184 )80 155 1~5 1}0 el 88 eo 70448 40 35 0 1 10 0 

I I ,•, ,..o 

Level of Oil/Gas 
· ' ~~ )· 500 

- - Erosion - - Generation with Mlof~ - 1- Geologic Age <Ma> 
1 ~8 Erosion 

1000 

Oil 
1500 

I No deposition 
~ _E~2-31 14 I No deposition - 2000 

Eoc1_2 
I I I II 
Pal2 II 2500 

9 
Erosion 

f.2 3000 

K1 
6 Erosion 

- J 3-K1v 
J3 

3500 

J2 
~- Erosion 

4000 
011' Gasr 4050 ---··· ·-·-· ·····-- ..... 

Fig. 5. Oil/gas generation history of one of the alternative models (fable 2) predicted for borehole 
R-64 with hypothetical Mesozoic formatiotl!· Sedimentation and heating rates were increased from 50 
to 200 m/m.y. and from 6 to 25" Cfm.y., r~pectively, during Callovian-Oxfordian (160 to 155 Ma) 
compared to the original model shown in Fig. 4. Note the difference of timing of oil generation between 
the original model (Fig. 4) and the alternative model 
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Heat Flow History 

Thermal model comprises the parameters of heat flow history, thermal conductivi
ties of lithologies related to the compaction history and temperatures at the sedi
ment/water interface. Among those parameters, heat flow history is especially im
portant for the temperature history predictions (L e r c h e, 1990). 

Heat flow obtained by the originally constructed model at the time of Jurassic
Early Cretaceous are in the range of2.01 to 2.28 HFU (or 84 to 95 mW/m2). During 
that time, the basin had been still young (80 to 100 Ma after the event of spreading). 
In some present day young and active basins, the heat flow values vary as the follows: 
Japanese Neogene oil fields- 1.0 to 1.97 HFU (Uyeda, 1972; S e k i g u chi, 1984); 
Indonesia- 1.67 to 3.1 HFU (Va c qui e r,l984); Eastern Carpathides- 1.74 to 
3.00 HFU (V e 1 i c i u & Vis arion, 1984). Considering the order of those values, 
heat flows obtained by the modelling for the time of Jurassic-Early Cretaceous pe
riod seem to be in a geologically reasonable range. However, in an attempt to distin
guish the lower limiting range of possibilities, two cases were examined assuming 
constant heat flows of 1.56 HFU during Jurassic-Early Cretaceous and 1.33 HFU 
during Jurassic-Late Cretaceous. These assumptions of the models resulted in a 
lower maturation (1.25%Ro and 0.96%Ro, respectively, compared to 1.78%Ro in 
the original model, Table 2) favourable only for oil generation. The difference in 
paleoheat flow values between the two alternative models shifted the time of onset of 
oil generation later for the model with lower paleoheat flow. The generating hori
zons were not changed (Middle Jurassic and Upper Jurassic-Valanginian) compared 
to the original model. 

K e r o g e n T y p e and T 0 C C o n c e n t r a t i o n 

Uncertainties in estimation of kerogen type and TOC concentration can affect sig
nificantly the predictions about amount and type of hydrocarbon generation (Tis sot 
et. al., 1987; Lerch e, 1990; W a p I e setal., 1992). To constrain some lower limits, 
alternative models were constructed assuming type III kerogen in all formations and 
lower primary TOC concentration in Middle Jurassic argillites (Table 2). The as
sumption of type III kerogen instead of type II kerogen in all formations consider
ably reduced the amount of hydrocarbons generated from Middle Jurassic forma
tions (oil from 5.4 to 1.2 kg/ton and gas from 3.6 to 1.9 kg/ton, respectively). In 
addition, the reduction of original TOC concentration in Middle Jurassic mudstones 
from 3.4 % to 2 % also resulted in a decrease of generated amount of hydrocarbons 
(oil from 5.4 kg/ton to 4.2 kg/ton and gas from 3.6 kg/ton to 2.8 kg/ton). 

Prim a r y migration (ex puIs ion) of o i I in Do In aKa m c h ij a 
region onshore 

Intensive studies on expulsion during recent years (D u r a n d, 1983; D u r a n d, 1988; 
U n g e r e r, 1990; B u r n h a m & B r a u n, 1990; La fa r g u e et a!., 1990; F o r b e s 
et a!., 1991) brought to a general agreement that primary migration of petroleum 
takes place in a phase separated from the water. The oil expulsion is now understood 
to_ be closely related to the interplay between decreasing pore space and increasing 
volume of hydrocarbons generated. The relative volume occupied by hydrocarbons 
in the source rocks to total pore space is generally called oil saturation. According to 
this oil saturation theory, the mutual relationship between compaction history and 
generation history is important to evaluate the level of oil saturation. The onset of 
expulsion for kerogenrich source rocks is suggested to be related with the oil genera
tion stage and possibly with the very beginning of gas generation (D u r a n d, 1988). 
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To examine the primary migration from the formation rich in kerogen, the original 
n:todel was modified assuming Middle Jurassic formation as consisting only of mud
stones with TOC concentration of 3.4 %. Porosities at the time of maximum oil 
&eneration and at early gas generation stage were computed by the system and evalu
ated to be 26% and 20 %, respectively. The maximum amount of oil generated was 
Predicted to be as much as 15 kg/ton. When we accept densities of oil and rock to be 
0.92 gfcm3 and 2.50 gfcm3

, respectively, the level of rock saturation by oil is calcu
!~ted to be 16 % at the time of intensive oil generation and 20 % at the beginning of 
1\ltensive gas generation, where most gas is assumed to be present as liquid phase in 
the source rock. 

Oil saturation thresholds for expulsion vary from 15 % (U n g e r e r et al., 1986) 
to 50 % (F o r b e s et al., 1991 ). If we adopt saturation threshold of 15 %, then 1 to 
S % of generated oil can be expelled. In the model examined, oil generation occurred 
~apidly during relatively short time after the deposition of sediments when the poros-
1ty had not been reduced so much. Insufficient porosity reduction is a negative factor 
for expulsion according to oil saturation theory. However, it is not clear whether the 
Saturation is the only controlling factor for expulsion. At the intensive gas formation 
Stage with temperatures more than 150° C, thermal expansion of water and organic 
~bases can be of importance as a driving force for expulsion (D u r a n d, 1988). In 
l\ddition, overpressuring due to intensive hydrocarbon generation (related to higher 
Sedimentation and heating rates) can induce microfracturing of the source rocks 
l\nd abrupt expulsion of petroleum and water. 

~aturation and oil generation history of Paleogene sequence 
ln the Black Sea Shelf Zone of Dolna Kamchija region 

(:;eneral Geology of Dolna Kamchija Region Offshore 

~n order to obtain predictions for burial and thermal history of Paleogene sequence 
1n the present shelf zone of Black Sea, ten hypothetical sequences located along two 
!teismic profiles were modelled (Fig. 6). Since the actual geological information ofT
!thore is scarce, the general geological concepts and ideas for the structure and de
velopment of the Black Sea basin were applied for the reconstruction of maturation 
ctnd oil generation history of possible source rocks offshore. 

The geological structure of Bulgarian part of the Black Sea has been revealed 
l::,ased on the geophysical information obtained during the last decade (D ache v, 
\ 988; D a c h e v et al., 1988). The main tectonic elements onshore such as Moesian 
\llatform, Balkanides, Dolna Kamchija and Burgas Tertiary depressions continue 
~ffshore. Dolna Kamchija depression is imposed over the two main structural ele
!Jlents of Moesian Platform and the Balkanides. It was formed as a foredeep basin 
(iuring Middle-Late Eocene related to the Alpine orogenic tectonics and rising of the 
\Jalkanides in the south. The boundaries of depression are characterized by three 
_.ault zones (Fig. 6). An overthrust was formed along the southern fault during Early
Middle Eocene time. The width of the basin onshore is 10-15 km and increases up 
\o 40 km at the present shelf and up to 60-70 km in the continental slope. The 
~tructure of Dolna Kamchija depression onshore and in the shelf zone is character
hed by common negative gravity and magnetic anomalies related to a thick sedi
mentary sequence (10-12 km) and deeply situated basement rocks (M i r 1 in et al., 
J984; D ache v, 1988; D ache vet al., 1988). The Paleogene and Neogene forma
\ions observed onshore continue offshore with significant deepening and increase of 
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Fig. 6. Seismogeological profiles after D ache v et al. (1988) and their locations in Dolna Kamchija 
region . SM (Samotino More) and SI (Samotino Iztok) are boreholes offshore. Circles filled black are 
boreholes (R-32, R-54, R-63, R-64) onshore. Numbers (I and 2) in circles show Balkan frontal 
overthrust and Bliznatsi fault zone, respectively 

the thickness from 3 to 5-7 km (Table 3 and Figs. 6 and 7). The remarkable thick
ness of Paleogene sediments is considered as a premise for possible oil generation 
and accumulation in Dolna Kamchija depression offshore (Kovach eva, 1987). 

Reconstruction of Burial and Thermal History 

Our modelling is based on the concept of a similar geological development of both 
present shelf zone and onshore part of Dolna Kamchija depression. The model of 
burial history for each of the ten sequences was reconstructed on the basis of 
seismostratigraphic interpretation (D a c h e v et al. , 1988), revised isopach maps 
(Fig. 7) and lfthofacies interpretations (Shim an o vet al., 1984). Some of the basic 
concepts introduced in the reconstruction of burial history of Paleogene sequence 
onshore (borehole R-64) were also followed- erosional events between Cretaceous 
and Paleogene and between Paleogene and Neogene time, deep marine environment 
(330-350 m water depths) of sedimentation during Middle-Late Eocene and/or Oli
gocene time related to the formation of Dolna Kamchija foredeep basin. The depths 
and thicknesses of formations were estimated from the tranformed time to depth 
seismogeological profiles A-A and B-B (Fig. 6). Ages and lithologies of formations 
were evaluated based on the interpretation of seismostratigraphic profiles (Fig. 6) 
and by analogy with the onshore areas. The thickness of Upper Cretaceous forma
tion offshore is considered to increase up to 800-1000 m (S h i m an o vet al., 1984). 
In all modeled sequences the thickness of this formation was accepted to be 700 m. 

It was evaluated that Oligocene-Miocene erosional event was most important 
for the maturation history of Paleogene sequence onshore (C h o u p a r o v a et a!. , 
1993), which is consistent with the general case of uplifted foreland basins 
(M a c k en z i e et al., 1984). Offshore, the boundary between Oligocene and Neo
gene-Quaternary formations is interpreted as seismic unconformity (S hi m a nov 
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Table 3 
Depth intervals (in meter) of unit formations in profiles (a) A-A' and (b) B-B' which are shown in Fig. 6 

(a) Profile A-~ 

Geologic Age 

I<, 
Paleogene-E2 
E-E 
o)ig~cene 
Neogene
Quaternary 
90-1350 

(b) Profile 8-8' 

Geologic Age 

~ 
Paleogene-E2 
E-E 
o1ig~cene 
Neogene
Quaternary 

III-8S Vli-8S 
3000-3700 3100-3800 
2300-3000 2900-3100 
1500-2300 1200-2900 
650-1500 650-1200 

50-650 

IV-8S IX-8S 
4500-5200 4500-5200 
3300-4500 3400-4500 
1500-3300 1700-3400 
1000-1500 1250-1700 

90-1000 90-1250 

Modelled Sequences 
II-8S VIII-8S I-8S 

3800-4500 4000-4700 4200-4900 
3200-3800 3400-4000 3400-4200 
1600-3200 1800-3400 2000-3400 
1000-1600 1100-1800 1350-2000 

90-650 90-1000 90-1100 

Modelled Sequences 
VI-8S X-8S V-8S 

4650-5300 4600-5300 4200-4900 
3550-4650 3700-4600 3700-4200 
2000-3550 2300-3700 2400-3700 
1450-2000 1700-2300 1800-2400 

90-1450 90-1700 90-1800 

et al., 1984; D a c h e v et al, 1988). Regional geological observations confirm the 
Oligocene-Miocene erosion along the western (NE Bulgaria) and northern (South 
Ukraine) margins of the Black Sea and the southern part of Caspian Sea (South 
Mangishlak). Considering the above, we assumed that the erosion event had taken 
place in all modelled sequences in the shelf zone and that the thickness of eroded 
sediments was the same at all sites (500 m). It is possible that the amount of erosion 
decreases toward outer edge of present shelf zone since the Neogene sequence tends 
to be more complete in its lower part in the same direction. Alternative burial history 
model is discussed later. 

The heat flow history in the present shelf zone was assumed to be the same as 
the one calibrated onshore for the recovered Paleogene sequence (borehole R-64). 
The basic assumtions thus introduced are that present heat flows onshore and in the 
modelled sequences offshore are the same (0.79 HFU) and the present shelf zone has 
been developing as a sedimentary basin formed by extension during Jurassic-Early 
Cretaceous. Present heat flow calculated by our model is consistent with the average 
value (33 mW/m2 or 0.79 HFU) proposed for the Bulgarian part of Black Sea based 
on surface heat flow measurements (To m a r a et al., 1984) and differs from the 
values (50-60 mW/m2 or 1.19-1.43 HFU) suggested byD u c h k o v &Kazan t s e v 
(1985). The common geological development of Dolna Kamchija region (present 
onshore and offshore areas) since the Jurassic time is based on the geophysically 
confirmed continuation of South Moesian periplatform zone offshore aitd the present 
thick continental crust at both areas. The South Moesian periplatform zone can be 
regarded as a Late Jurassic-Early Cretaceous "back-arc" type extensional basin 
(N a c h e v, 1989) and the paleoheat flow was modeled as lineary decreasing up to 
present, similar to the calibrated burial and thermal history model onshore (bore
hole R 64). 

Depth - porosity relationships and thermal conductivities of rocks were as
sumed to be the same as those of borehole R-64, Longoza onshore (Chou par ova 
et al., 1993). The vitrinite reflectances are computed by EASY% Ro (Sweeney & 
Burn ham, 1990) installed in the MAT98 modelling system. The apparent activa
tion energy and the pre-exponential factor of the change of sterane 20S/(20S+20R) 

88 



ratio are assumed to be 84 kcalfmol and 
0.0066 sec-1, respectively, according to 
A 1 ex a n d e r et al. (1986). 

Based on one dimensional (lD) 
modelling for each sequence, the matu
ration history of the boundary between 
Upper Cretaceous and Paleogene forma
tions was evaluated as shown in Fig. 8. 
This boundary is the deepest one with 
clear seismic reflection and would repre
sent the highest maturity level attained 
by the Paleogene sequence. Burial depths 
and maturity levels at the end of Pale
ocene - Middle Eocene, end of Middle 
- Late Eocene, end of Oligocene and 
present day were evaluated to show sub
sidence and maturation histories. The fol
lowing three additional boreholes onshore 
were also included in the modelling: R-
32, R-63 and R-54 (last one located at 
the overthrust zone in the southern bor
der of Dolna Kamchija depression). 

Predictions of Modelling 

Constructed subsidence and maturation 
histories maps represent the predictions 
of performed pseudo-two dimensional 
modelling in an area without actual geo
logical information. The predictions of 
the model characterize present day matu
ration level of~-Pg boundary offshore 
to be in the range 0.5 to 0.8% Ro and Sf 
(S+ R) of sterane are at the end point 
(0.54) in most part of the shelf zone (Fig. 
8). The maturation increases in south
eastern direction towards the outer edge 
of the shelf and below the overthrust zone. 
The maximum value of% Ro was com
puted as 0.8, which is suggestive for an 
initial stage of possible oil generation. 

According to the subsidence and 
maturation history of Paleogene sequence 
(Fig. 8), the most intensive maturation 
occurred during Oligocene time when the 
maximum paleotemperatures were at
tained. Their values range from 1 ooo C 
in the inner part of present shelf zone 

N 
bl..,l>,. 

OLI 

Fig. 7. Isopach maps of Paleogene formations on
shore and offshore of Dolna Kamchija region based 
on S h i m a n o vet al. (1984) and D a c h e vet al. 
(1988). Scale is in meters 

(sections III and VII) to 128-130° C in the south -eastern part (sections lV, IX and 
VI). Correspondingly, the maturity parameters change significantly from the inner 
part to south eastern part. Vitrinite reflectance does not show significant increase 
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SUBSIDENCE (km) Ro (%) S/(S+R) 
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Fig. 8. Subsidence and maturation history of Cretaceous - Paleogene boundary from Paleogene to 
present. Ro (%)and S/(S+ R) are vitrinite reflectance and C29 sterane isomer ratio, respectively 

after Oligocene time. However, the sterane S/(S+ R) ratio changes with detectable 
rate, showing different sensitivities of these two maturity parameters to the tempera
ture history. 

The Oligocene mudstones are characterized as most favourable source rocks 
among the Paleogene formations onshore (Kovach eva, 1987). The TOC con
tents are relatively high (0.7 to 3 %) and kerogens are mainly of type I and II. How
ever, predicted by modelling vitrinite reflectance values at the bottom of Oligocene 
horizons in all sequences offshore are in the range 0.30 to 0.37 % which suggests the 
maturation of this formation in the Black Sea shelf zone is not sufficient to generate 
hydrocarbons. A sufficient maturation of Oligocene horizons for the onset of oil 
generation could be expected along the present continental slope (Fig. 6), where a 
significant increase in burial depth is observed on seismic profiles. 

Among the lower part of the Paleogene sequence, Middle - Upper Eocene 
marls can be expected to have some oil generation potential. Although the organic 
types are not as good as those of Oligocene mudstones, the maturation at the bottom 
of formation in all modeled sequences is favourable for early oil generation (0.46 to 
0.61 % Ro) . Reported TOC concentrations are comparatively low - 0.3 to 1 %, 
occasionally to 2.5 % with calculated original amounts about 3 % (K ova c h eva, 
1987). Kerogens are reported to be a mixed type of I and II or of type III. 

Paleocene- Upper Cretaceous limestones are in a maturation stage favourable 
for oil generation with% Ro ranging from 0.76 to 1.05 %at the bottom of modelled 
Cretaceous layer. However, the reported data on organic quality of Paleocene -
Upper Cretaceous limestones are scarce and preliminary characterize them to be 
with poor source rock qualities. 
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The oil generation model applied onshore was used to obtain predictions about 
oil generation history of Paleogene sequence offshore based on the reconstructed 
thermal history. Type of kerogens was assumed to be the same - type II in all se
quences. Total organic carbon contents of formations were determined by analogy 
with the data available onshore in Dolna Kamchija and adjacent regions 
(K o v a c h e v a, 1987). Generating horizons predicted by this modelling are Upper 
Cretaceous and all three horizons of Paleocene-Middle Eocene formations. The 
amount of oil generated varies from 0.6 (sequence Ill) to 1.4 (sequence IV) kg/ton 
rock for Upper Cretaceous and from 0.5 (sequence III) to 2.7 (sequence IV) kg/ton 
rock for the first horizon of Paleocene - Middle Eocene formations (Table 4 and 
Fig. 8). 

Alternative Models 

Maturation history is often crucially sensitive to erosional history and heat flow 
history as discussed previously. Variation of maturation history due to uncertainties 
in amount of erosion and heat flow history was further examined. 

To evaluate the influence of amount of erosion on the oil generation predic
tions, a model with no additional overburden during Oligocene - Miocene erosion 
was simulated. Results showed that maturity level decreased slightly with a small 
decrease in the amount of generated oil and a little shift in the timing of oil genera
tion from Paleocene- Middle Eocene formations (Table 4). 

Table4 
Results of simulations for original and alternative models of the sequence IV in Fig. 6. Maximum % Ro 
(Max % Ro) shows the final % Ro attained by the boundary between Cretaceous and Paleogene 

Model Max% Ro Generating Starting Type ofHC Max amount of HC 
horizons time of generated generated (kg/ton) 

generation 
(Ma) 

Original 0.84 K, 44 Oil 1.4 
Pe-E

1 43 Oil 2.7 
Pe-E

1 41 Oil 1.9 
Pe-E

1 39 Oil 0.95 

No erosion 0.80 K, 44 Oil 1.4 
Pe-E

1 
42 Oil 2.5 

Pe-E
1 

40 Oil 1.4 
Pe-E

1 38 Oil 0.7 

Constant 1.35 K, 45 Oil + Gas 1.45+0.95 
H.F. 1.26 Pe-E

1 43 Oil 2.9 
(53-0Ma) Pe-E

1 41 Oil 2.9 
Pe-E1 39 Oil 2.9 
El-El 33 Oil 3.6 

Constant 1.34 K, 45 Oil+ Gas 1.45+0.95 
H.F. 1.26 Pe-E

1 
43 Oil 2.9 

No erosion Pe-E1 41 Oil 2.9 
Pe-E

1 39 Oil 2.9 
ElEl 33 Oil 3.4 

Constant 0.86 K, 44 Oil 1.4 
H.F. 1.00 Pe-E

1 
41 Oil 2.8 

Pe-E
1 39 Oil 2.1 

Pe-E
1 35 Oil 1.1 
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Two alternative models assuming constant paleoheat flows were run. With these 
models we examined the geological concept offormation of foreland basin related to 
thermal history. The event of overthrusting and formation of foredeep basin is re
lated to the flexure of lithosphere and thermal model is considered as a case of 
constant heat flow (Price, 1973; Beaumont, 1978, 1981; Jordan, 1981). A 
modification of the original model is examined, assuming a decrease of paleoheat 
flow before formation of Dolna Kamchija foredeep basin (during Middle - Late 
Eocene) with following constant paleoheat flow up to present (1.26 HFU). In this 
way, we also examined the case when proposed present heat flows of 1.19-1.43 HFU 
(or 50-60 m W/m2

) are considered (D u c h k o v & K a z a n t s e v, 1985). This heat 
flow history model can not be calibrated with the measured thermal indicators on
shore in borehole R-64 even when we assume no erosion. Measured values of vitrinite 
reflectance and sterane S/(S+ R) of the boundary Cretaceous - Paleogene are 0.47 
% +-0.05 and 0.33+-0.04 compared to calculated by this model 0.53 % and 0.50, 
respectively. The predicted maturity of the boundary Cretaceous-Paleogene offshore 
by this model is significantly higher related (Table 4). Another model with constant 
heat flow (l.OO HFU) and no erosion was examined by which a calibration with 
measured data onshore was achieved. The predictions for oil generation suggest the 
generating horizons, amount and timing of generation to be similar with the ones of 
original model (Table 4). 

Discussion 

The geological models of Mesozoic sequence onshore and Paleogene sequence off
shore represent two cases with significantly different thermal history. The former 
represents a stage of a young and hot basin (high apparent heating rate) and the 
latter- the stage of an old and cooled basin (low apparent heating rate). This basic 
difference in heating rates is the controlling factor for attained maturity of both 
sequences -while the maturity of Mesozoic sequence at about 4000 m is l. 78 %, the 
maturation level of the Paleogene sequence at the same depth is 0.75 %. The matu
ration and oil generation are controlled by various geological parameters and their 
reconstruction is with a higher degree of uncertainty in frontier areas. The alterna
tive models which can be axamined by computer basin modelling system allow to 
evaluate the range of uncertainty and the relative importance of input parameters on 
modelling results. In the present paper, ten alternative models were examined and 
they can be sorted in two main groups. The first one includes alternative models with 
different erosional history and/or different heat flow history which directly control 
the maturation history. These alternative models change the amount and type of 
generated hydrocarbons, number of generating horizons and timing (depth) of oil 
generation. The second group comprises alternative models with different sedimen
tation and heating rates, TOC contents and kerogen type, which do not change the 
maximum maturation level. Among those input parameters, the TOC concentration 
and kerogen type sensitively affect the amount and timing of oil generation. We 
showed that changes in heating rates can shift significantly the starting time of gen
eration even though the maximum amount of hydrocarbons will be similar. These 
modifications of oil generation history can affect significantly the expulsion pro
cesses. 

Among the Mesozoic formations onshore, results of modelling suggested that 
Jurassic and Lower Cretaceous horizons had reached sufficient maturation level 
during Early Cretaceous time to generate oils. Middle Jurassic and lower part of 
Upper Jurassic Lower Cretaceous formations had reached wet gas zone during Early 
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to Late Cretaceous. These results are in a good agreement with the observations 
about hydrocarbon generation from the same formations in the adjacent to Dolna 
K.amchija region areas such as Goren Chiflik Horst and Provadia Syncline which are 
units of the South Moesian periplatform zone as well (K o v a c h e v a, 1987). The 
predictions of modelling onshore suggest that at present oil generation zone is lo
cated in depth interval between 2200 and 3200 m, including lowest part of Upper 
Cretaceous formation and most of the Maim - Valanginian complex. Middle Juras
sic sediments are located at present in the wet gas generation zone. Although we 
speculated about the possibility of primary migration, many options should be con
sidered. Based on the concept of oil saturation threshold of 15 %, only I to 5 % of 
generated oil from Middle Jurassic sediments can be expected to had been expelled. 
In this case, one possible option is that remaining oils in source rocks could be 
secondarily cracked to wet and dry gas during the subsequent evolution, and those 
could have migrated by different type of migration mechanism (e.g., diffusion). An
other options are, for example, overpressuring due to thermal expansion of water 
and organic phases or tectonics of the region (e.g., formation of the overthrust) 
which can be favorable for expulsion through microfractures in the source rocks. 

Regarding the Paleogene sequence offshore, the results of modelling suggest 
that mainly Paleocene Middle Eocene formations as well as Upper Cretaceous sedi
ments have attained the favorable maturation (0.5 to 0.8 %Ro) to generate oil. The 
time of maximum proceeding in maturation and onset of oil generation are as in a 
typical model of uplifted foreland basin (M a c k e n z i e et al., 1984). In Middle to 
Late Eocene time, an overthrusting associated with orogenic activity could lead to 
the formation of major flexure of the lithosphere and the rapid subsidence continued 
during Oligocene when burial depths and temperatures reached their maximum. 
During the uplift and erosion of the foreland basin, related to the rebounding of the 
lithosphere, geochemical reactions are supposed to be quenched and maturity level 
in the later stages has been almost unchanged. As it was shown in the maps repre
senting history of maturation of Cretaceous - Paleogene boundary (Fig. 8), this is 
the case with a strongly temperature dependent maturity indicator of vitrinite reflec
tance. However, the transformation of 20R to 20S sterane isomers, which is sug
gested to be in progress at temperature conditions higher than 65+ C (Beaumont 
et al., 1985), is not completely oppressed. The areal distribution of predicted matu
rity of Upper Cretaceous/Paleogene boundary offshore (Fig. 8) shows an increase in 
maturity toward the southern part of the region due to more intensive subsidence 
and accumulation of sediments (Fig. 7). The predictions of modelling suggest the 
highest amount of generated oil (modelled sequence lV, Fig. 6) to be about 2 to 3 kg/ 
ton (Table 4) with porosity of the generating horizons at the time of maximum gen
eration in the range of 20 to 30 %. These conditions can give oil saturation of 3-4 %, 
insufficient for expulsion. 

The results of modelling offshore suggest that significant oil generation from 
Paleogene formations is difficult to expected. However, the possibilities of better 
type of kerogens, sulfur rich kerogens, higher amounts of organic matter can be 
favourable conditions for earlier or more intensive generation. Uncertainties in heat 
flow history could be of significance for the oil generation predictions. The alterna
tive models with higher heat flows, however, showed that the maximum amounts of 
generated oil do not exceed 5 kg/ton. The models, also, showed that possible overes
timation of overburden during Oligocene - Miocene erosional event will not change 
considerably maturity predictions about Paleogene sequence. Modelled present 
maturity level of the Cretaceous - Paleogene boundary offshore (Fig. 8) suggests 
that Cretaceous sequence is situated in favourable for oil generation zone (% Ro > 
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0.5 - 0.8) in most part of the shelf zone. The older Mesozoic formations offshore are 
possibly located in the wet gas generation zone or overmature zone at present. Meso
zoic formations can be the most important petroleum source rocks in the offshore 
area. 

Concluding Remarks 

Possible oil generation histories of unrecovered formations in Dolna K.amchija de
pression onshore and offshore are discussed in the present paper based on accumu
lated geological knowledge and currently proposed geochemical models. We run 
several alternative models to examine some possible cases, since computer basin 
modelling is not a deterministic approach. The Mesozoic formations in Dolna 
Kamchija depression onshore and offshore are consequently evaluated to be the 
most important petroleum source rocks which have sufficiently matured to generate 
oil. Oil expulsion from these source rocks can also be expected. 

The conceptual geological and geophysical models related to erosional history 
and heat flow history practically play important roles in basin modelling as dis
cussed in the text. However, the conceptual models to predict patterns of heat flow 
change in each specific basin have not yet been fully established. In addition, the 
significant erosion directly affects the burial and thermal history. Although the amount 
of eroded thickness can be estimated based on authigenic mineral transformation 
and porosity reduction, the conceptual models of erosional process are also cru
cially important for more plausible prediction of maturation history in frontier area. 
Plausibility of basin modelling in frontier area is always dependent on geological and 
geophysical concepts established. However, if we once obtain some measured data, 
we can calibrate geohistory to be more plausible. This type of basin modelling, there
fore, can revise our geological and geophysical concept. Computer-aided interactive 
basin modelling based on interplay of conceptual models and numerical models 
proves to be a necessary part of the exploration programs especially in frontier areas. 
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