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ABSTRACT

Aroundhalf of the total carbonate rocks of Romanian territory are Upper Jutasser
Cretaceous age. Most of them are able to develop karst phenomena.

In the southertentralpart of the Moesian Platform Juras§lcetaceous deposits are at
20003000m depth.The existence of the hydrocarbon accumulations in the area was just
proved (Talpa, Harlesti, Videle fields).

I n the calcareous depositbuytaedheofsessmbmi @
hi ghlighted some specific geological featur

The collapse karst areas, formed in JuraSgiocomian deposits. The seismic expression
of these areas is one of chaotic reflections zone flanked by converging, strong tilted faults.

The palldey systems formed by erosion of the
terms of t he Lower Sarmatian (a successi o
configuration is specific to the pasusing f
calcareous formations of the adjacent areas

The reapsbunl dp-pbewedu€rmasesaceous formati ons,
reflection mound zones draped for quasi hor

The seismic trace attributes and velocity gs@s are important tools in reservoir quality
definition, giving information regarding porosity and fluid contents.
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INTRODUCTION

The Mesozoic carbonates appear sporadiaailythe surface, the biggest part of them
being under base level and containing big quantities of water.

In the southertentral part of the Moesian Platform carbonate rocks of Jurassic and
Cretaceous deposits are found at depths of -3000m. Theya rtea bul ar |, unf ol d
affected by -fredommahbhnt hvul Ws.

On the seismic profiles, at this level was identified an area with chaotic reflections
configuration, flanked by inclined, irregular faults. Towards surface these faults are
suggested by flaxes, and they stop in depth, at the seismic horizon corresponding to
top Triassic deposits.
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The interpretation of seismic information correlated with well data led to the conclusion
that after Senonian deposition, during pGsttaceous exposure, at lewdl Malm-
Neocomian calcareous deposits a strong underground karsts network was developed.
The collapse of the underground cavities created a depression zone, -aatieleo
system filled with Sarmatian deposits.

The seismic trace attributes and velocityalgses are important tools in quality of
calcareous reservoir definition, giving important information regarding increasing/
decreasing porosity and regarding fluid contents.

GEOLOGI CAL SETTI NG

On Romanian territory, Moesian Platforiflig.1) develops btween Precarpathian
Depression, North Dobrogea Orogen and the Danube river, extending eastward under Black
Sea water.
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Fig.1. Geological map of Romania. Blue rectangle represents study area.

The sedimentary cover consists of an almost complete succession from Cambrian to
Quaternary formed in four cycles: Cambrdpper Carboniferous, Permigiassic,
Upper LiasieSenonian and Neogene that lies over a mix basement.

The Upper LiasicDogger deposs are accumulated during a transgression from the east.
The sediments are composed from three sandstone lithological units separated by two
shally units. In Malm, initially the sedimentation was pelagic one in the entire platform
with limestone and shale.

Beginning with Kimmeridgian it remains pelagic only in western part, in rest becoming
a shelf neritic sedimentation with reef limestone, oolitic limestone, biomicrite. The
study area is situated to the limit between this two pelagic andrsirdit fages.

Cretaceous is coming in the continuity of sedimentation over Jurassic deposits. In
BerriasianLower Aptian a similar with Upper Jurassic sedimentation takes place, that
means pelagic facies in western part and a neritic one in th@igagt

In area of interest the pelagic sequences represented by micrite and foraminiferal shale,
are passing, during neritic facies extension, to oolitic, reef and peletal limestone [6].
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Facieglistribution during Upper Juilasaier
Cretaceous time.

Fig.2. Facies distribution during Upper Jurassic / Lower Cretace@nsdified after[14].

After an upift and erosional period, the sedimentation restarted with Albian
transgression from eastern part. Lower Albian is represented by a glauconitic sandstone
facies. Upper Albian deposits have the same sandstone predomirfanthgter, but

with biomicrite limestone intercalation. The Cenomanian has a shale and limestone with
sandstone interbedded composition. It is followed by Turonian represented by chalky
limestone and argillaceous limestone with foraminifera. Senonian ctaspthe
Cretaceous succession with chalky limestone, biosparite, calcareous sandstone with tuff
interbedded [6].

Paleocendocene deposits are developing only in the south western side of the platform.
The Senonian deposits were strong eroded during Eale&ocene giving birth to a
various morphology with karst features and palatbeys on NS direction. The
diagenetic phenomena of JurasSietaceous calcareous facies improved the quality of
reservoir rocks, porosity reaching-18% and permeability-25 mD permeability [4].

A new transgression in Badenian filled initially the paledleys and the negative

forms. In Sarmatian, all the space situated in northern part of the Danube becomes the
other flank of the Carpathian Foredeep. The sediments heakeaeous and detrital
character in Badenian and a psamitic one (sandstones and sands) passing in organogenic
limestones in Sarmatian. The sedimentation continued with a predominantly pelitic
character until the end of the Pliocene, locally of Quaternary.

During the Middle Jurassic the source areas were proximal orhasiaal. In Upper
Jurassic the depositional system consisted mainly of carbonate anskaligahl mounds.

The Callovian transgressive system presents a poor organic diversity, and a low
sedimentation rate. In Tithonian, the rapid relative sea level falling generated
dolomitizaton of exposed buildips [14].

The Lower Cretaceous is composed almost exclusively of carbonate rocks. The Albian
presents initially a transgressive character tr@gg with sandstone terrigenous rocks,
and continuing with marine, inner shelf character. Upper Albian belongs to a lowstand
depositional system with incised valleys and channels. Cenom&gai@mian deposits
closed the MalrNeocomian carbonatic group [[L4

The lithostratigraphic succession is synthesized in filge3, but structural and
stratigraphic features can be better observed with the help of the seismic séctidns (
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Period Epoch Stage Lith. | Major depositional systems
t Holocene
Quaternary Pleistoceng
Pliocene Ron.lanian
Dacian
Fontian
Pannonian
Neogene Miocene SannaFlan
Badenian
Burdigalian
B B
Maastrichtif L.ST-neritic reefal
Senonian Campa.man I.8T-neritic reefal
Santonian HST-carbonate shelf
Coniacian HST-carbonate shelf
Turonian TST-carbonate shelf
Cenomanian [ LST-valley. channels
Cretaceous Gallic Albian T-H-LST-terrigen/ inner shelf
Aplian ” SMST-epicontinental. reefal
Barremian SMST-epicontinental reefal
Hauterivian | =) TST-shelf carbonate
Neocomiar| Valanginian i TST-shelf carbonate
Berriazian HST-inner shelf, reefal
Tithonian LST-outher shelf/slope
Malm Kimmeridgi HST/TST-shelf margine/slope
HST-lithoral bars and shelf
TS8T-sheal on outher shelf
_ Dogger LST;’HST-ﬂuviatil costal/shelf
Jurassic
Lias : _
Sinemurian
Bt L% | e
Rhaetian
T3 Norian TST-carbonate shelf
Clamian
Ladinian
g Tr2 f Eoban L N s s 5 /', e
Triassic Anigian Soosk TS8T-carbonate shelf
Spathian
Trl Nammalian HST-detritic continental

Fig.3. Main lithology and depositional systems in the carbonate sequences
from the southern central part of the Moesian Platform.

LST=Lowstand systems trafdeposits that accumulate after the onset of relative a sea
level rise,during the early stage of theea level curve

SMST=Sheltmargin systems trac{she lowermost systems tract, weak progradation to
aggradation, underlying highstand tract).

TST=ransgressive systems tractieposits between the transgressive surface and
maximum flooding surface).

HST=highstand systems tradat (s bounded by maximum flooding surface at the base
and composite surface at the top).
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During the Middle Jurassic the source areas were proximal orbasiaal. In Upper
Jurassic the depositional system consisted mainly diocate and algadkeletal
mounds. The Callovian transgressive system presents a poor organic diversity, because
of the high subsidence accompanied by a low sedimentation rate. In Tithonian, the rapid
relative sea level falling generated dolomitization xg@sed buileups.

The Lower Cretaceous is composed almost exclusively of carbonate rocks. The Albian
presents initially a transgressive character beginning with sandstone terrigenous rocks,
and continuing with marine, inner shelf character. Upper Albidonigs to a lowstand
depositional system with incised valleys and channels. Cenorm&eizonian deposits
closed the MalrNeocomian carbonatic group [6].

The images obtained through seismic research put in evidence some specific geological
features at Cret&ousJurassic calcareous deposits level:

- The collapse karst areas, formed in Juralgiocomian deposits. The seismic
expression of these areas is one of chaotic reflections zone flanked by
converging, strong tilted faults. This faults disappear at Tiddesgel and below
it, and in Upper Cretaceous and Lower Sarmatian strata are only suggested by
flexures (fig.4, 5, 6)

- The paleevalley systentfig.7) formed by erosion of the Cretaceous relief, filled
with different terms of the Lower Sarmatian (a swsten of marls and sands).
The reflections configuration is specific to the passing from the valley filling
lithology to the Cretaceous calcareous formations of the adjacent areas.

- The reef buildups (fig.7) in Upper Jurassitower Cretaceous formations,
expressed by chaotic reflection mound zones draped for superposed strata.

L ! 1 1 | 1 1 1 | L 1 1 1 | 1 1 1 | L 1 | 1 1

Fig.4 Interpreted seismic section in the southeemtral part of Moesian Platform.
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Fig.7 W-E seismic section showing a palealley at Badenian / Lower Sarmatian level
and a reef structure in MalmNeocomian deposits.
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The velocity and the seismic trace attributes analysivemeuseful in delineation of
different specific phenomena developed in carbonate rocks. All the changes visible on
seismic trace attributes prove changes in physical and lithological parameters.

Velocity of seismic wave and strata density are directpoasible for the quality of

the reflection and for the travel time. The most important factor that determines seismic
velocity is the porosity. In the carbonate rocks, the higher velocities are associated with
dolomitization phenomena, while the lowera@ties could be produced by fracturing
porosity increase, or by the presence of the fluid in the rock pores. The lowering of the
velocity at Jurassic level producad apparent Uit of the top Triassic seismic marker

due to the shortening of the trawehe. The velocity analyses demonstrated an increase
velocity in Upper Jurassic reef builgs, corresponding to a lowering of porosity
produced by dolomitization. On the processing of seismic data, a velocity decrease can
be observed. At Albian level, e karst area, where the fracturing porosity increases,

a normal velocity of 4000m/s reach 298200m/s only.

Polarity is an attribute that display very well the changes in impedance and reflectivity.
It could be positive or negative, depending of thejatent and suprajacent strata
velocity [9]. The velocity lowering changes the reflection coefficient from positive to
negative (from red to blue), a reverse polarity resulting.

Reflection strength is the amplitude envelope of the seismic trace [10]rédigbtion
is associated with major lithologic changes or with gas accumulations, being a direct
indicator of the porosity variation. Sharp changes in amplitude may indicate a faulting.

On profile 17 {ig.8), the horizon with high amplitude (red colour) is interrupted into
karst area, where probably the dolomitization produced a lowering of the porosity.

Fig. 8. Seismic line 17 (see fig. 11 for position). TWT migrated section and image
of different seismic trace attributes of the same seismic line: Reflection strength,
Instantaneous frequency. The yellow circle marks the collapse karst zone.
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Instantaneous phasfg.9) describs the angle between the phasor and the real axis as
a function of time [9]. Instantaneous phase tends to clarify weak coherent events. It
emphasizes the continuity of events and is therefore very helpful in revealing faults,
pinchrouts, channels and inteindepositional geometries.

The display of instantaneous phase attribute put in evidence very well the fault zones in
carbonate sequence and the pindhterminations in the valley filled area.

Instantaneous frequency represents the rate of changestahtemeous phase as a
function of time and is obtained by taking the derivative of the phase. It is a measure of
slope of the phase trace [9]. Low frequency shadows may be associated with reflectors
below gas sandsondensate and oil reservoiighe lossof higher frequencies may
indicate the onset of pore fluid overpressure. The instantaneous frequency is useful for
trace to trace correlation, showing the stratigraphic changes. The hydrocarbon
accumulation could produce a very strong lowering of theutaqy.

Profile 21 (N-S)
Seismic trace attributes

Reﬂet/on strenh

Fig. 9. Seismic line 21 (see fig. 11 for position). TWT migrated section and seismic attributes
of the same seismic line: Reflection strength, Instantaneous frequency, Instantaneous phase,
polarity. The yellow circle marks the collapse karst zone.

On seismic line 22fig.10), along the left side fault of the karst zone, low frequencies
can be observed (red col our ) ThefaultBealimgt ant ane
could be doubtful, allowing migration of hydrocarbons to the surface.

The paleevalley formed by erosion of the Cretaceous relief, filled with different terms
of the Lower Sarmatian (a succession of marls and sands). The reflechfigaredion
is specific to the passing from the valley fill lithology to the Cretaceous calcareous
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formations of the adjacent areas. The instantaneous phase is more suggestive and clear,
and the pinckout and the truncations are easier to see.

The reef bdd-ups in Upper Jurassicower Cretaceous formations, are expressed by
chaotic reflection mound zones draped for superposed strata.

Profile 22 (N-S)
Seismic trace attributes
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Instantaneous phase
Instantaneous frequency

Fig. 10. Seismic line 22 (see fig. 11 for position). TWT migrated section and seismic attributes
of the same seismic line: Reflection strength, Instantaneous frequency, Instantaneous phase,
polarity. The yellow circle marks the collapse karst zone.

Using all this information on a seismic profile network, the collapse areasewher
delimited in surface. On the isopach map drown at Middle JuraBscTriassic level

we can see a reducing of the thickness with- 190 m in the collapse areas comparing
with the adjacent zones.

The explanation of these phenomena is related to th&pashian emerge. During this
time at MalmNeocomian level, a strong underground karst network developed, being
sometimes in communication with the surface. The karstification led to the increasing
of the fluid circulation in the subterraneous channels.

Through the collapse of the underground caves aBAélongate depression area was
formed (fig.11). The strong erosion in these areas created a deepvgidgmetwork
mapped using seismic profiles.
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Fig. 11 Middle Jurassic / Top Triassic isopach mapwsing a thinning in collapse karst areas.

CONSI|I DERATI ONI REGAEENTRAL MNMARBIOAMTE ROCKS
HYDROCARBON PQGQTENTI A

Central part of Moesian Platform is producing from Cretaceous, Badenian and
Sarmatian. (in our area, Harlesti, Talpa, Videle fields.)

The Devonian dolomites and carbonate series of the Middle Triassic are very good
source rocks. The formation of hydrocarbons was ensured by the positive anomalies of
temperature (the geothermal gradient can exceed 5° C /100 m).

The carbonaceous reservoasuld be encountered in Middle Triassic (dolomites and
fissured limestone) and in Albiddpper Cretaceous (sandy limestone, microcrystalline
limestone, organogenic or chalky limestone).

The productivity of the carbonate reservoirs depends of the diagenesis degree, often
associated with gliptogenesis phases. Same areas were compacted, while others became
more porous and permeable.

The most i mportant trapsstamrat iogfr apthi €@t u raan
mor phol ogi cal traps are al so present .
For the future reserves, the subtle traps a

These sctanat béraazplRrises vari ateiedns biamr s¢ a rdlond mani ¢
adjacent to -kdoreewomenbaopr-chi sgehetios, dol omi
reef formations or mixed ones: mol ded, di ag
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