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Abstract

Upper Jurassic limestones and dolomites of the Vranovice Formation occur on the south-
eastern slopes of the Bohemian Massif below the Western Carpathian thrust belt. They
represent a special type of reservoir rocks in the potential geothermal systems and exhibit
highly variable porosity, permeability, and flow mechanisms due to different type of diagen-
esis and pervasive dolomitization. Fluorescence and translucent light microscopy was used
for more detailed petrographic analysis of Vranovice limestones and dolomites. Isopachous,
syntaxial and dolomitic cements were distinguished along with fossils recrystallization. Two
generations of dolomite were identified - replacement dolomite and zonal cementation
dolomite, what suggests a number of changes in the formation water chemistry during the
dolomitization process. Extent of the observed dolomitization is inversely related to the
porosity of the Jurassic rocks. Postdiagenetic generation of fissures cutting the strata due
to tectonic deformation is documented by bright fluorescent color. In the studied samples
of Vranovice limestones and dolomites the fissures represent the most important migration
pathways, more than pore throats themselves. Further genetic information on petroleum
migration is interpreted from intercrystalline porosity filled with precipitated solid bitumen.
Present results provide basis for further investigations in pore-water-rock interactions and
changes in chemical conditions during diagenesis.

Abstrakt
Svrchné jurské vipence a dolomity vranovického souvrstvi se nachdzeji jako autochtonni
relikty na jv. okraji Ceského masivu, pod ptikrovy Zdpadnich Karpat. Predstavuji specidlni
typ rezervodrovych hornin s velmi proménlivou porozitou a propustnosti. Petrofyzikdlni
vlastnosti hornin vranovického souvrstvi jsou do znacné miry ovlivnény diagenezi a do-
lomitizaci. Pro detailnéjsi petrografické analyzy téchto hornin je pouZita fluorescencni
mikroskopie a mikroskopie v prochdzejicim svétle. Je identifikovino nékolik typii cementii
- izopachovy, syntaxidlni a dolomiticky. Vyskytuji se dvé generace dolomitu - ndhrazkovy
(-replacement®) dolomit a zondlni cementacni dolomit, které pravdépodobné predstavuji
ranou diagenezi a pozdéjsi fdzi premény spojenou s hlubsim pohtbenim a zvysenymi
teplotami. Jsou pozorovdny pfipady prostorové spojitosti riistu cementacniho dolomitu
ve sledovanych hornindch, jsou charakteristické vyraznou fluorescenci pouZitého polyesteru.
Jejich vznik Ize ptifadit k pozdéjsim tektonickym deformacim. U jednoho ze studovanych
vzorkii jsou viditelné pory mezi krystaly vyplnény pevnym bitumenem s charakteristickou
ZlutooranZovou fluorescenci. Indikuji migraci uhlovodikii rozpukanymi karbondtovymi
horninami. Soucasné vysledky poskytuji zdklad k dalsimu studiu interakci pér-voda-hor-
nina a zméndm chemickych podminek béhem diageneze.
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Introduction

Economic importance of carbonate rocks as ground
water, geothermal water, and oil- and gas reservoirs de-
pends very much on the state of preservation of the origi-
nal porosity, as well as on the state of secondary porosity
during diagenesis due to mineral transformations, such
as limestone dolomitization. Good understanding of the
depositional environment and diagenesis of carbonates
is a prerequisite of a successful geothermal ground water,
as well as oil and gas exploration.

In this paper we present some observations of dia-
genetic features, phases of cementation and dolomitiza-
tion using standard petrographic methods enhanced by
fluorescent light microscopy. More information about
the potential applications was published by Dravis and
Yurewicz (1985).

Fluorescence

Fluorescence is a form of luminescence phenomenon
and occurs when molecules absorb e. g. ultraviolet light,
electron shells turn to an excited state and emit secondary
fluorescent light of lower energy than the excitation light
upon returning to the original state. Carbonates exhibit
a variety of typical green color fluorescence when irradi-
ated by blue-ultraviolet light. Fluorescence microscopy
is routinely used in organic petrology for identification
of lipid rich macerals and petroleum related bitumens.

Method and samples

Rock samples were impregnated by polyester resin
with green fluorescence and prepared as polished thin
sections. Leitz Orthoplan microscope MPV-II with Ploe-
mopak fluorescence module was used with blue- violet
excitation light of 400 nm wavelength, dichromatic mirror
510 nm to remove the low wavelength light, and finally
a 510 nm barrier filter to remove the excitation light from
the outgoing light. The microscope was equipped with
a XBO 450 xenon lamp.

24 core samples were provided by the MND Com-
pany and analyzed by the Czech Geological Survey.

Tab. 1: Sample description: well name and number, x, y, z coor-
dinates (JTSK), measured depth.

Well Y_S-JTSK | X_S-JTSK Z Core | Measured
(m ASL) | No. | depth (m)
KOE6 580601.93 | 1176814.31 355.67 9 1379
UH4 569844.30 | 1179596.50 | 211.80 4 1580
UH5 571076.01 | 1179721.54 257.85 4 1779

Three selected samples of the UH4, UH5 (Uhfice), KOE6
(Kobetice) wells are discussed in this paper (Tab. 1).

The rocks belong to the Vranovice Formation of the
Upper Jurassic age (Elid§ 1974; Adamek 2005; Rehanek
2000) deposited on the SE margin of the Bohemian Mas-
sif in an area adjacent to the Nesvacilka Graben between
Brno and Hodonin. It is overlain by the nappes of the
Outer West Carpathians. Lithologically they include dif-
ferent types of light brown, light grey to grey mudstone
limestones, brownish marlstones, oolitic and organode-
tritic limestones of variable state of dolomitization, and
dolomites. In 2001, the Zarosice oil-and-gas field was
discovered in the dolomites of the mentioned formation
(Picha et al. 2006). The Vranovice Formation was depos-
ited in the carbonate bank and slope environment during
the Oxfordian and Lower Kimmeridgian (Rehdnek 2000).
Eliag (1981) described eleven and Rehdnek (1992) four
microfacies in the Vranovice Formation.

Results and Discussion

Investigated limestones and dolomites are charac-
terized using the microfacies classification proposed e. g.
by Dunham (1962) or Sibley and Gregg (1987). The fluo-
rescent light visualization of depositional and diagenetic
features is shown on a set of three samples selected for
this purpose listed in Table 1.

Sample UH4: Oolitic grainstone, Vranovice Formation

The light brownish limestone is composed mostly
of ooids, cortoids and peloids, with less frequent bio-
clasts and intraclasts. The microfacies is identified as
oolitic (sensu Rehének 1992). The intergranular space is

Fig. 1: UH4 - a) translucent light, b) fluorescent light (FL): cortoids - rounded skeletal allochems with distinct micrite envelope
(Co), crinoid (Cr), peloid (Pe), isopachous cement (IC), syntaxial cement (SC), invisible in PPL, growing from a Crinoid allochem,

blocky calcite cement (BC) filling the earlier pore space.
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Fig. 2: UHS5 - a) blocky calcite cement (BC) filling an earlier pore space, PPL, b) the same field as a) in FL: partly zonal crystal of
dolomite (Dz), bright fluorescent fissure filled with epoxy resin marks the margin of a zonal dolomite crystal (arrow), pore (P) is open.

completely filled by three types of calcite cement identified
using fluorescent light microscopy (Fig. 1):

« isopachous cement grown as a thin layer directly on

the ooid, cortoid and peloid grains;

« syntaxial cement with a zonal texture in fluorescent
light grown on crinoid grains, dark zone occurs di-
rectly on the crinoid allochems and sharply changes
to a light zone on the outer edge of the crystals; pres-
ence of the syntaxial cement was confirmed in crossed
nicols polarized light (XPL);
blocky calcite cement, with faint zonal texture filling
the remaining intergranular space;
isopachous and syntaxial cement probably formed
shortly after sediment deposition, during shallow
burial and compaction, as can be inferred based on
presence or absence of this type of cement at the grain
contact, which are often pressure deformed. Forma-
tion of the blocky calcite cement is interpreted as a later
phase, which filled the remaining intergranular space.
In some cases, this type of cement partly replaces
syntaxial cement. The rock became fully impermeable.

Sample UH5: Dolomitic limestone (Packstone), with
a unimodal, planar-s to planar-e dolomite, Vranovice
Formation

Light grey limestone is composed mainly of micrite
with radiolarians, sponge spicules, peloids, pseudo-ooids,
crinoids, ostracods, and calcispheres. The rock cor-
responds to the bioclastic microfacies with peloids and
cortoids (Rehdnek 1992). The pore space is filled with
ablocky calcite and the rock is rich in branched stylolites
filled with fine-grained dolomite. In fluorescent light
the dolomite is partly zonal with alternating lighter and
darker zones (Fig. 2). Dolomite formation occurred after
the blocky calcite cementation of the pore space. Reduc-
tion of crystal volume during dolomitization resulted
in formation of voids and fissures next to the dolomite
grains and to increase of porosity and permeability of the
limestone (Fig. 2).
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Sample KOE6: Polymodal, planar-s to planar-e dolomite
with replacement dolomite and cementation dolomite

Macroscopically the rock is dark grey with white
mottles and pyritized layers. Matrix texture is crystalline
with recrystallized allochems. Dolomite crystals grow
into frequent cavernous and mold-pores. Originally, the
rock was deposited as packstone. Due to high recrystal-
lization it is difficult to specify the microfacies.

Fluorescent microscopy revealed at least two gen-
erations of dolomite. The first one occurs as a non-zonal
dolomite (replacement dolomite), which replaces allo-
chems and micrite. Remains of allochems and micrite
are frequently preserved in dolomite crystal cores as dark
inclusions. The other generation is zonal cementation
dolomite, growing on non-zonal (replacement) dolomite
orin free pore spaces. It is better identifiable in fluorescent
light (Fig. 3).

During the first-phase of dolomitization, a large
amount of calcite was “consumed” by dolomite and
abundant new pores, due to dissolution and recrystal-
lization were formed. The pores were later filled or were
lined with next generation of zonal dolomite cement.
Both types of dolomite are divided by a clear light/dark
boundary (Fig. 3d). Zonation of the cementation dolomite
most probably reflects changes in pore water chemistry.
In addition to the cavernous and mold porosity the fluo-
rescent light microscopy made it possible to identify an
inter-crystalline porosity and occurrence of solid bitu-
men between the grains marked by orange-yellow color
(Fig. 3b). The bitumen is interpreted as an evidence of oil
migration prior to the final cementation.

Conclusions
« Fluorescent light microscopy offers new possibilities
in interpretation of carbonate rocks depositional
environment, diagenesis, pore space and permeabi-
lity evolution, which are of primary importance for
evaluation of the geothermal energy and oil and gas
potential. The first results of the investigation of the
Vranovice Formation can be summarized as follows:
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Fig. 3: KOE6 - a) replacement dolomite (RD), cementation dolomite (CD), PPL, b) the same field in fluorescent light, FL, solid
bitumen (B) in the dolomite intercrystalline space, ¢) micrite and replacement dolomite (RD) and cementation dolomite (CD) in
PPL, d) the same as ¢ but in FL: micritic partly dolomitized allochems, probably fossil (RD), zonal cementation dolomite (CDz).

« several types of calcite and dolomite grains occur in
partly dolomitized limestones;

« isopachous, syntaxial and dolomitic cements occur in
the studied carbonate rocks;

« atleast two generations of dolomite affect the porosity
and permeability: 1. non-zonal replacement dolomite
formed during the early dolomitization phase and
2. zonal cementation dolomite;

« zonal dolomites probably reflects fluctuation in forma-
tion water chemistry during the diagenesis;

« early cementation decrease the porosity and permeabi-
lity while later dolomitization creates new pore space;

« fissures associated with newly formed dolomite crys-
tals are visible only in fluorescent light;

« additional details in the recrystallized allochems vi-
sible in fluorescent light provide potential use of the
method in further paleontological studies;

« intercrystalline porosity filled with bitumen provides
evidence of fluid migration prior to the late stage
cementation.
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