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Origin of gas traps in the Rotliegendes sediments
of the area Papro¢ — Cicha Goéra (Wielkopolska)

Sedimentological analysis of sediments of the Roliegendes in the area af nalural gas deposit Paproé —
Cicha Go¢ra is presented. Research was bascd on borcholes cores, borehole geophysics, seismics and
laboratory analyses from berehole documentation. Maps were prepared and lecionics analyzed basing on
computer modelling {(SURFER 4.15). Preliniinary conclusions on conneclion of hydrocarbons aggiomera-
tions with respective facies and sedimenlary environments are drawn. Resnlts can be applied to [urther
oplimizing of gas searching in this area.

PALAEOGEOGRAPHY,PALAEOTECTONICS AND
LITHOSTRATIGRAPHY OF THE ROTLIEGENDES
IN THE AREA PAPROC — CICHA GORA

The studied region is a lragment of the Wolsztyn Island Upland (WWW), dislin-
guished palacotectonicallyasthe Wolsziyn Elevation. The latter isin turn anuplifted
fragment of Variscan externides. The Wolsztyn Elevation excrts its influence in
palaeogeography of the Lower and Upper Rotlicgendes. Opinions on jts geological
struciure, palacogeography and aclivily during the Rotliegendes deposition are prin-
cipally different and persisient for a longer time (J. Pokorski, 1988; P. H. Karnkowski,
1980a; P. Karnkowski et al., [991).

According lo J. Pokorski (1988) during the Lower Rotliegendes the Wolsztyn
Elevation (ormed generally a vast, shapeless and irregularly northwest-southeast
clongated structure, innerly varied into uplified areas (pattly devoid of the Rotliegen-
des sediments) and rare loeal depressions (in which often effusive rocks predomi-
nated). On the other hand, during the Upper Rotliegendes a palacogeographical
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picture became distinctly different. The Wolsztyn Elevation was composed of many
small uplified ,islands™, deveid of the Upper Rotliegendes sediments and surrounded
wiih vast covers of clastic sedimentary rocke (Fig. 1A, BY. According 1o 1. Pokorski
(1988} uplifled areas fovm wo parallel ares that reflect o Variscan strmctuzal paliern,
Siructures of the oufer are src gmaller and they were subjected to weak subsidence at
the end of the Rotlicgendes. The inmer are (Paproé area with the elevation of
Zhgszynek — Nowy Tomysl inclusive] was active during the whole Upper Rotlicgen-
des, being the alimentary area for the Pozned Graben and the Silesian Trough.
Presented model accepls subdivision of the Wolsztyn Ridge into a distinal teclonic
zone with deep struciural foundaiions and iis segmentation with a system of transver-
sal [raciures, This model is also supporicd hy interprelailon of palaeclectonies of the
westert (German) patt of the are with Variscan palacoelevations (U. Gebhardi et al.,
1591).

A model of block fecionics with fanits, (ransversal to the axis of the Wolsziyn
Elevaiion, is mentoned in the paper of P. H. Karakowski (19804, &, 1983) who
emphasizes its significance not only during the Rotliegendes but also during develap-
meht of the whole epi-Variscan cover, The other modal (P, Kamkowski el al., 1921)
seems (o be a slaliz one rather, TL assomes exisience of a vast elongated clevation,
ittegularly scgmenied in the nosthwest and wniform in the southeast but without
distinet lectonic Trames (Fig. 14). Finding sufficicnl argumenis to accopt any of these
tectonie models is padiculady imporianl iT delimiting the zones with clastic rocks of
the Retliegendes, the same e deflne areas (o polential scarch of hydrocarbons at both
sides of the Wolsztyn Elevation. It is alse important ot 2 point of view accepted by
the anthors — in a hypothesis on distinel connection of maln {cctonic fractutres with
gas oceutrenee in the Rotlicgendes sediments.

The studied arca occurs at marging of upliftings (MNowy Tomysl and Lwéwek
clevalions) of the inncr arc and of the Rudnik Depression at petiphery of the Pozhat

Fig. i. Cunception models of palagoclevalion exlents (devoid of sedimentary cover) of the Rotliegendes:
fragmeni af the Wolsziyn Tsland Lpland

A. Staie model — version prejered by oil mining, based mainly on assumption of occumence or lack af the
Upper Ratlicgendes sedimentary cover, with iecloniss insignificantly tzken inle zoeount

B. Dynande model — version afier I. Pokorskl (1968), determined by palacolecionic analysis

1 — investigated area; 1 — extent of Upper Rotliegendes sedimentary cover, palacoelevations: [ - Sulgcin
— Migdayrzeez, I - Migdzyehdd — Chezypsko, [T — Lwdwek, IV — Zbaszynek - Nowy Tomysl, ¥ -
Kofcian, Y1 — Pogorsel; main {aul! rones: Pomsan — Kalisz, Pozsad — Oleénica, Dolsk (afier P.H.
Hamkowski, 1988a), Woelsziyn, Crerwiofsk {alfler anthors)

Medele konceplualne zasiggu paleowyniesich (pozbewjonych pokrywy assdowsf) crerwonego spagowen;
frugmem Wolsziynskisj Wyiyny Wyspowc)

A. Model styczny — wersja prelarowana praes gémiciwo nallowe, oparla glownie na preesiankach o
wysigpowanil [ub braku pokiywy osadowe] gomogo czerwonege spagowea, uwrglpdriajgen w nicznacznym
slopruu teklomike

B. Model dynamiciny — wersfa wedlug [ Pokorskiego (1968), zdsletminowana preez anallzg palestekto-
niczng

1 — ohszar badafi; 2 — zasigg pokrywy madowej ghdmege Cierwonego spaaowen; paleowyniesicnia: I —
Sulgcing — wigdzyrzerza, I — Migdzyehiodu — Chirgypska, I — Lwowka, IV — Fhastynka — Mowega
Tomysla, V — Kodeiane, VI — Pogorzeli; gldwnie suely dysiskacyjoe: Poznonia — Kalisza, Pornenia —
Olesnicy, Dolska (wedlug P. H, Kamkowskiego, |980a), Wolsztyna, Czerwiensks (wedlug antorow)
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Graben. These elevations form highly diagenetic clastic rocks of the Lower Carbonile-
tous and partly of the Upper Carbonilerous (Wesiphalian in the borcholes Paproé¢ 2
and 3a) — T. Gorecka, Z. Patka (1986) — and eflfusive rocks of the Lower Pertnian,
Depressions where varying subsidence occurs, are filled with red clastic sediments and
volcanic rocks (effusive rocks and tuffs), underlain on rocks of the Carboniferous or
Older Palaeoroic. Proposcd interpretation of subsirate tcclonics of the sub-Permian
and Permian sedimentary cover supporis the model of J. Pokorski (1988) and P, H.
Kamkowslkd (1985), in which tcctonic disintcgration of the Wolsztyn Elevalion inio
separate elevations (,islands™) and depressions is presented. Analysis of thickness and
lithofacies of the Rotliegendes sediments in the arca Paproé — Cicha Géra underlines
existenee of two main teetonic directions that cross each other: a younger, approximate
NNE-SSW one which reflects transversal fractures of the Wolsztyn Ridge, and the
older, elose lo NW-3E, reflecting zonal struciure of the ridge (Fig. 1B). Tectonie
direction NNE-SSW (K. Wierzchowska-Kiculowa, 1984) supports existcnce of a
significant fault zone (Wolsztyn Fault) in the Permian subslrate, being presurnably of
the rank of the Poznafi — Olednica fracturc zone. A fraclure zone NW-SE {cotre-
sponding presumably to (he Dolsk Fauli) in the studied area, is represented by slep
block tccionics modified with later rejuvenating movemenis (P. H. Kamkowski,
[980a; T. Wolnowski, 1986), with characieristicand noted at small distances consid-
erable differcnees in depths of the Carboniferous top surface. Transversal fractures
(NNE-SSW), activily of whiell is to be observed as lenses (salt pillows) even in the
Lower Zechstein eomplex, seen lo have been formed above active faulis (cf. A. M.
Roberts ct al., 1990) ihat considerably modified localion of the perpendicular (N'W-
SE) tecionic zone. The menlioned crossing iectonic zones have determined consider-
ably determined of (he Rotliegendes sediments in the ares Paproé — Cicha Gdéra. This
deposition occured in phases and was interrupted wilh erosive episodes (therelore
there are therefore numerous crosive hiatuses that indieate absence of many lithologi-
cal members of the Rotliegendes).

During the fitst phase sediments ol the Lower Carbonilerous were mantled with
voleanic roeks (elfusive and pyrociasiic ones), a thiekness of which is over 400 m. These
rocks were formed during numerous cruptive episodes and are loeally separated with
sedimentary rocks, several dozen metres thiek (e. g. Papro¢ 19 and 23), Both lithologi-
cal types represent togeiher a fragmenl of the Lower Permian voleanogenic Wielko-
polska Formation (J. Pokorski, 1981) andfor of the Wyrzeka Volcanite Formation (P.
H. Kamkowski, 1987). These scdiments have varying thicknesses and are irregularly
widespread. They have been locally compictely eroded or eonstitute the only lithologi-
cal type of the Rotlliegendes up 1o the Zechsiein border.

During the seeond phase red clastic roeks were [ormed. They ate eomposed mainly
of material from the denuded Carbonifercus elevaiions and from sirongly croded
voleanic rocks. They form alluvial fans of varying thiekness (locally to 400 m), generally
increasing to the east and northcast. These sediments belong to the Ksigz Wielkopol-
ski Conglomerate Formation (P. H. Kamkowski, 1987). In some sections bipartity of
a sedimentary sequence is noted, being expressed in many seciions by repcated
coarse-clastc rocks separated with finer seditnents. It corresponds in turn to bipartity
of the Warta Group (Notcé¢ Formation and Drawa Formation), in agreement with
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subdivision of I. Pokotski {1981). In margina) sediments that do oot reptesctl the
whole basin cycle of the Rotliegendes, such bipanity seems to cotrespond o lower-
—tank scdimentary episodes. The latter could cortespond to local variation in thickness
and facies, connected with tectonies of the area.

SEDIMENTOLOGICAL ANALYSIS BASED ON CORE DATA

Data used fo detailed sedimenlological analysis {description of cores, supplicd will:
interpretation of G, Piedkowski and P. Kiersnowski (1990) come from 11 borcholes:
Paproé 1, 2, 4, 6, B-10, 14, 1&, 19, 35 (Fig. 2). The core from the borehole Cicha Gér
1 was badly prescrved and could form the basis for the approximaie lithologicat-Tacial
description enly. The analvsis was based on all observations [rom the cores {colour,
litholagy, largest — most frequent geain sizes, sedimentary and deformaiion sirue-
luresd) and their interprelaiion {diasirophic and sedimentary cycles, sedimantary
environmenis). Conglomerates or breceins wiil sandy-silly or rarely with silly mairix
predominale in most sccifons (the ones In the northeasstern part of the sindied area
and the uvppermest top fragments of the Rotliegendes almost in all the scetions
exclusive). In these conglomerales usually ro distinet sedimentary structures are (o be
recorded, pebbles or angular rock pieees are imegoplarly arranged, only locally ihete is
grain gradalion or very indislinel laminalion caused by variabilily of sizes of rock
picees and guanlity of malrix, Qccasionally breccias and conglomerates indicate a
mud-supporled slructure — individual rock pieces do not eontact wilth one another
ot represent considerabie deprece of packing. More seidom shori {fragmenis of the
profile conlain fine-prained conglomerales with, disficet sedimentary strueturcs —
horizontal and irgugh cross sieatificalions.

Sandstones, which play secondary role againslt conglomerates, coniain mostly
trough eross and horizonial siratificaiions. Such sandstones predominate mainly (o
lhe noriheast but also in the vpper part of the Rotlicgendes in all sections, Well-sorted
sundsiones that form larpe inclined sels, are considered 1o be of acolian derivation,
Presenee of quile thick and isolaled silistone palches in the seclions Paproé 1 and 2
calls for panticular attention. Sillstonc sequences in the middle of coarse scdiments of
the Rotiiependes (Paproé 7-9) arc eliminated guite quickly in all directions {or arc
eroded due (o block-hike teciomes of a subsirale) and are unknown from neighbouring
borcholes. They are pgenerally composed of red silistones, locally with lenticular
laminalion, dehydralalion-compaction and deslecatlon cracks immersed struciures
and rare bictorbations. Wiilkin siilstone paiches there are sandstone interbeds with
single beds or llucket sandstone-conglomerale sets thal form mostly upward-coarsen-
ing cycles.

All the features, being symptoms of predominaling coarse-clastic, poorly sorted
red conglomerates and breccias, varying conlent of matrix, frequent abscnce of se-
dimenfary structures as well as pootly visible or absent sedirmentary eyeles, absence of
famistic and floristie races, redeposition phenomena {(nlraclasts) and very significan:
lateral faeial changes indicaie (he alluvial fans environment. In this envitonmen(
subenvitonmenis arc connecled with debris flows and mudflows (cohesive flows
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typical for most proximal sides of fans), covering floods, channels on fan sutface and
occasionally with sieve deposits (G. Piefkowski, H. Kiersnowski, 1990).

Such features as predominance of cross-stratified sandstones, presence of single
upward-fining sandstones and local traces of plant roots (initial pedogenie horizons)
indicate facies of fluvial channels connected with environment of braided rivers but
alse with distal zones of alluvial fans or (more tarely) of channels in a fan surface. Here
subenvironments of channel and floodplain sediments were distinguished.

Large inclined eosets with upwards-inctreasing dips were distinguished as dune
sediments formed in a floodplain (Papro¢ 9 and 14) during the final Rotliegendes
deposilion.

Siitstones with lithological features described above are interpreted as sediments
of a periodical lake (playa). Coarse-clastic sandstone intetbeds (mainly these with
reversed grain gradation) within siltstones are considered for sediments of lacustrine
fan-deltas or of periodical fluvial predominance.

Light-grey and very well sorted sandstones with horizontal and inclined bedding
noled just under the Zechstein border are interpreted as littoral sediments of the
transgressing Zechstein sea. Lithologically they belong to the Rotliegendes but are
connccted genetiely with the Zechstein., A subenvironment of beach sediments was
distinguished here, occasionally more coarse-grained, thus indicating transgression of
the Zechstein sea (reworking of fluvial sediments in a beaeh zone), fine-grained
sandstones of a littoral zone and siltstones that pass into carbonates of an open
reservoir (G. Pienkowslkd, H. Kiershowski, 1990).

DEPOSIT TRAPS AND METHODS TO DISTINGUISH THEM

Founation of deposit traps, their filling with gas and survival depend on many
opposite factors. Gas derived from parent rocks, mainly of the Carboniferous and
pethaps partly older migrated under tight coveting of Zeehstein rocks from the north
to the south of the Fore-Sudetic Monocline along the Rotliegendes palacoslope (J.
Obere, 1978), being collected in local structural or lithologieal traps. Rate of migration
and ehance for gas collection depended on regional inclination of strata of reservoir
rocks. Along a migration path clevations of the Wolsztyn Island Upland acted as an
excellent structural bartier.

In its central part on the northeastern side of the Zbgszynek — Nowy Tomysl
Elevation present inclination of the Rotliegendes palacoteliel results not only from
the Permian subsidence of the Poznan Graben but also from its later reconstruction

Fig. 2. Fence scelions in the Rotlicgendes of the deposit Papro¢ — Cicha Géra, indicating probable spatial
distribution of sediment lithofacies and exlents of volcanic rocks

1 — volcanic rocks, 2 — predominance of coarse-clastic sediments, 3 — predominance of fine-clastic
sediments, 4 — siltstones; boreholes: P — Papro¢, CG — Cicha Gora, B — Boruja, J — Jastrzebsko
Przekroje plotowe przez utwory czerwonego spggowca w rejonie zloza Paproé — Cichsa Gom ukazujgce
prawdopodobny przestizenny rozklad litofacji osadowyely i zasiggi skat wulkaniczaych

1 — skaly wulkaniczne, 2 — dominacja osadéw gruboklastyeznych, 3 — dominacja csadéw drobnoklas-
tycznych, 4 — ulowce; olwory wiertnicze: P — Papro¢, CG — Cicha Gora, B — Boruja, J — Jastrzebsko
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Fig. 3. Sketch of main lectonjc direciions in the namural gas deposit Paproé — Cicha Gora

1 — older tectonic direction (Dolsk fault zone); 2 — younger tectonic direction (Wolsziyn fracture zone);
3 — faults; 4 — extent of the area devoid of the Rotliegendes sediments; 5 — border at which reservoir
conditlons in top of the Rolliegendes sedimentary series disappear according 1o the previous research; 6 —
interpreted border of disappearing reservoir properties; 7 — conlour of deposit water; 8 — location of
selected boreholes

Szkic gléwnych kierunkéw tektonjcznych w rejonie zloza gazu Paproé — Cicha Gora

1 — starszy kierunek tektonlczny (strefa uskokowa Dolska); 2 — miodszy kiermunek tektoniczny (strefa
roztamowa Wolsziyna), 3 — uskoki; 4 — zasieg obszaru pozbawionego utworéw czerwonego spagowea; 5
— granjca zaniku wiasnosci zbiomikowych stropowej czgéci serii osadowej ezerwonego spagowca wedhug
dotychezasowych usislen; 6 — interprelowana granica zaniku wlasnosci zbiomikowych; 7 — kontur wody
zloiowej; 8 — lokalizacja niekidrych wiercen
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(T. Wolnowski, 1986). This author accentuated that movements of Cimmerian poly-
phases resulted in reactivation of tectonic zones on the Wolsztyn Ridge and its
foreland, thus creating better conditions for vertieal gas migration from parent rocks,
and eould form new structural traps or enlarge the already existing ones at dislocation
zones. According to T. Wolnowski (1986) Cimmerian movements as well as the
following Laramide reeonstruction resulled in further inclination of the whole area
to the northeast, intensifying lateral migration of gas inside the Rotliegendes along
the impermeable sill of the Zechstein. Such ,steepening” could, besides the already
mentioned favourable symptoms, have also negative effects in deereased capacity of
deposit traps. In a similar way P. H. Karnkowski (1980a) interpreted changes (signi-
ficant for gas migration and collection) in inelination of the Rotliegendes palaeorelief
duting the Permian and Mesozoic, and gave reasons for differences in development of
gas traps in western and castern Wiclkopoiska (P. H. Karnkowski, 1985). The wcstern
region where the deposil Paproé — Cicha Gora is located indicates a smaller regional
inclination (1-1.5°) than the eastern region where greater inclination (2-3°) does not
favour a gas collection (traps with larger amplitude between underlying water and
tightwater rocks are needed). Top of the Rotliegendes of the deposit Paproé — Cicha
Géra is inelined at 1 to 2.7° and due to morphological reasons it is greatcr than a
regional angle. As indicated earlier, the deposit is predominantly composed of sedi-
ments of alluvial fans, developed from dislocated (proximal) to distal zones, with inner
struciure deformed by syn- and postsedimentary block tectonics. In spite of high
deposit amplitude (over 150 m), favourable collecling conditions and gas {lows arc
malinly noted in its upper part. Dislinct conncetion of areas with belter porosity and
permeability and the zones of main tectonic fractures calls for attention (Figs. 3, 5).
But time when potential deposit traps were formed, probable time of their filling
is also important. In the deposit Ujazd which contacts with the deposit Paproé — Cicha
Géra, gencrating of gas from Carbeniferous sedimenls was postulated (T. Wolnowski,
1983) to have occured at the beginning of the Triassic whereas its accumulation in the
deposit — at the beginning of the Liassic. Many deposits or their fragpments could have
been destroyed or got empty as, according to P. H. Kamkowski (1985), a process of
their main development lhias been finished during the Tertiary in result of the Late
Alpine movements. In a more recent paper on origin of natural gas collected in the
deposit Papro¢, M. Kotarba et al. (1992) distinguished two phases of hydrocarbon
generation in different thermic conditions but they say nothing about age of their
migration. Location of the deposit Papro¢ could result in development of scveral small
tectonic-lithological traps and in filling them with gas in different time. Significance
of vertical migration of gas along fault zones (J.-C. Pratsch, 1991) founds the basis for
further search in the deposit arca (Fig. 5). Significance of such gas migration is
supported in the deposit Papro¢ by gases of mixed composition (coming from two
gencration phases) and deep abiogenic components of a gas (M., Kotarba ct al.,, 1992)
Natural gas deposils Cicha Goéra and Paproé were delimited on the basis ofseismic
structural analysis of the Zechstein bottom. Dcposit traps, primarily defined as
structural ones, were found to be the more complex ones. But the Rotliegendes, gas
deposits in the area Papro¢ — Nowy Tomy$l were also found in top of the Carbonife-
rous, in the Zechstein Limestone and the Main Dolomite. According to T. Kulezyk
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Fig. 4A. Map of effective porosity (in %) in sandstone beds saturated with natural gas (measurements from cored fragments of research and exploitation boreholes)
B. Map of effective porosity (in %) of the whole deposit seres (from the top of the Rotliegendes to the deposit water level)

C. Map of effective permability {mD) in gas-saturated sandstone layers

D. Map of known and probable extent of reservoir conditions for gas acaunulation

“suounpas sopuademioy oy w sden sef jo wFUN

15



52 Hubert Kiersnowski, Zofia Wojlkowiak

and T. Zolnierezuk (1988), the multilayered natural gas deposit Papro¢ is located in
w2 complex trap of a lithologie-stratigraphic-tectonic type...”. Limits of the dcposit
are formed, besides elimination of beds and changes in collecting properties of the
Rotliegendes sandstones, by tectonie borders and ils bottom barrier is ereated by
underlying bed of strongly mineralized water (brine) at the depth contour line of 2630
m. With such deposit extent further recognition of its resources can be done in two
ways, either by accurate sedimentological and palacoenvironmental analysis when
prospective area of possible lithological and lithological-teetonic traps within the
known deposit limits are defined, or by tectonic and seismic ahalysis when an area of
probable structural-lithological traps to the south and southeast from the present
deposit is noted. With known problems of scismic examinations (particularly under-
-Zechstein ones) of sinall-scale structural features within the Rotliegendes (W.
Oleszczuk, R. Pacek, 1988), delimitation of zones in whieh qualitative changes in a
seismic record should be carefully examined.

Graphical specification (Figs. 4A-C) in the deposit Paproé — Cicha Géra of
effective porosity in the whole deposit serics (from the top of the Rotliegendes to a
deposit water level) of effective porosity for sandstone interbeds in a deposit seties
and of permeability of the lalter, accentuate distinct connection of areas with most
deposit parameters favourable to a crossed pattern of main directions of tcctonic
fractures. But on the other hiand, shapes of ficlds with the best deposit parameters can
also reflect approximale probable extent of alluvial fans lithofacics, favourable to gas
accumulation. Additional numerical analysis of a porosity ratio from cored sections
to thickness of the whole deposit series and selectively applied to thicknesses of
gas-saturated sandstone beds (charged with error resulling from possibility of occur-
rence of rescrvoir rocks of insignificant thickness and good potosity, and opposite —
occurrence of reservoir rocks with considerable total thickness and poor porosity),
supports existenee of the area with maximum favourable (and in the same time
compromising) deposit conditions. According to the authors such area can spread also

I — borehole with gas output; 2 — borehole with flow of deposil waler, intensively gasified; 3 — borehole
with weak gas flow; 4 — no flow; 5 — border at which reservoir condilions in iop of the Rotliegendes
sedimentary series disappear according 1o the previous research; 6 — interpreted border of disappearing
reservoir properties; 7 — contour of deposit water; 8 — extent of sedimentary rocks of the Rotliegendes;
9 — zone with patticularly good reservoir properlies; 10 — prospective zone with favourable rescrvoir
condilions

A. Mapa porowatosci efekiywnej (%) w warstwach piaskowcow nasyconych gazem (pomiary z odcinkdw
rdzeniowanych z wiercefi poszukiwawczych i eksploatacyjnych)

B. Mapa porowalosci efektywnej (%) calej serii zloZowej (od stropu czerwonego spggowca do poziomu wody
zloiowe))

C. Mapa przepuszezalnosei efeklywnej (mD) w warstwach piaskowca nasyconych gazem

D. Mapa akinalnego i przypuszezalnego zasiggu wystgpowania wamnkéw zbiomikowych dla akumulacji gazu
1 — otwdr wiertniczy z produkeja gazu; 2 — otwor wiertniczy z przyplywem wody zloZowej silnie zgazowancj,
3 — otwdr wiertniczy ze slabym przyplywein gazu; 4 — brak prayplywu; 5 — granica zaniku wlasnosci
zbiomikowych stropowej ¢zgsci serii osadowej czerwonego spagowca wedlug dotychczasowych ustaled; 6 —
interpretowana granica zaniku wlasnosei zbiomikowych; 7 — kontur wody zloZowej; 8 — granica zasiggu
skal osadowych czerwonego spagowea; 9 — strefa o szezegdlnie dobrych wlasno$ciach zbiomikowych; 10 —
perspeklywiczna strefa o korzystnych wlasnodeiach zbiomikowych
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southwards, outside the limits at which resetvoir properties of the deposit Paptoé —
Cicha Gora disappear (Fig. 4D). Besides, the interpreted zone of the Wolsztyn
tectonic fractures and a model of its influence speak for possible occurrence of the
Rotiiegendes sedimentaty rocks further to the south than expected previously, along
the eastern lectonic edge of the Zbaszynck — Nowy Tomyél Elevation. These sedi-
men!s can {ill minute tectonic deptessions and represent similar lithofacial develop-
ment and reservoir conditions if compared with rocks within the deposit Paproé —
Cicha Géra.

INTERDEPENDENCE OF DEPOQSIT PARAMETERS
AND SEDIMENT LITHOFACIES

Common occutrence of good reservoir rocks devoid of hydrocarbons in potentiaily
positive zones creales a significant problem. The gas field Ujazd in the viecinity and
considcrably similar to the gas field Paproé — Cicha Gora, is a good example. J.
Bojarska et al. (1983) presentcd interesling results of analysis of lithological and
reservoir variation of the Rolliegendes sediments for the area Cicha Géra — Ujazd.
On the basis of data (rom scveral dozen boreholes (generally of top fragments of
scdiments) the authors mapped rcgularitics that result in absolutc increase in contents
of matrix and cement, and in similar way — of clayey and clayey-ferruginous (illite,
kaolinite, chlotite and iron compounds) malrix — in such way reservoit conditions
got worse towards alimentary arcas (l.e. WWW). The depositl Ujazd was proved also
(J. Bojarska ct al., 1983) to possess no slructural end in the soulhwesi but a closing
connceted with disappcarance of favourable reservoir conditions (in top ol the Rol-
liegendes scdiments). The authors considered (hat ,,...such disappcatance is connecled
with elimination of somec sandy inserts thal occur within a sandstone-conglomerale
complex as well as wilh changes in type and eontent of cement™. Taking this opinion
for granted, a hypothesis however arises that such abrupt lincar changes result either
from indirect {changes in laycr) or direct (dislocations) tectonic conditions. Presence
of a dislocation, visible in substratc on refraction seclions for the Ujazd area, is
undetlain by T. Wolnowski (1983). Similarity with mapped (K. Dyjaezynski, T. Zot-
nierczuk, 1991) lincar zone where reservoir condilions of the depesit Paproé — Cicha
Goéra disappear, is distinct. This zone corresponds in its direction and locality lo a
weslem prolongation of the Dolsk fault zone (K. Wierzehowska-Kiculowa, 1984),
Block dislocation of the sub-Pernian subsirate influenced further deposition of the
Rotliegendes sediments and their postsedimentary teclonie deformations. This is
particulatly visible in the area where a sedimentary cover gets (hinner i.e. at the
nottheastern slope of the cenlral part of WWW. Additional cvidence for a probable
fectonic-structural origin of the gas trap Ujazd is crealed by the fact that due to block
tectonics in a close vieinily of the edge zone, there are rocks with favourable reservoir
conditions (c.g. Paproé¢ 1, 2, 4 and 10). Small distance as in the case of the deposit
Ujazd from a probable clevalion zone (WWW) does notl constitute a fixed border of
a (otal absence of lithelogical deposit traps. Incidentally the very authors {(J. Bojatska
et al., 1983) suggest in their conclusions a possible oecurrence {in spite of deposit
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conditions getting worse) of natural gas deposit of the Ujazd 1ype 1o the south of Cicha
Gora and Crarna Wies iLe. in elimination 2one for sandstones with good deposit
paramcters and increased participation of conglomerates. This opinion finds also their
support in the area mapped by the authors i.e. the area with probable favourable
reservolr conditions to the south of the present extent of the deposit Paproé — Cicha
Géra (Fig. 4D).

Preliminary examination of cements in the Rotliegendes sediments of the deposit
area (G. Piefnkowskd, H. Kiersnowski, 1990} indicaied that at {irst early diagenetic
cements (from a point of view of carbonatc elasts redeposition}, cements in sediments
of alluvial fans, braided rivers and playas should be distinguished. These eements are
io be connected with ealcrete horizons (pedogenie horizons). Carbonate cemnenis have
differcnt origin, noted in tops of the Rotliegendes sequence, close to the border with
scdiments deposiled during transgression of the Zechslein sea (they ate to be con-
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Fig. 5. Schematic section of the gas deposit Papro¢ — Cicha Géra, expressing probable directions of gas
migration and possibilities of s accumulation (situcwural, lithological and lithological-tectonic traps)
Predominani lithelogical types: 1 — silistones; 2 — sandsiones; 3 — conglomerates; 4 — salt pillows; 5 —
main direction of laicral migralion of gas; 6 — direction of vertical migration of gas; C — Carboniferous;
Py — Roulliegendes; Tt — Kupferschiefer; Cal — Zechstein Limestone; Al — anhydidle; Nal — oldest
halite; Ca2 — Main Dolomite ]

Schematyczny przekrdj przez obszar zloZa gazu Paproé — Cicha Géra, obrazujgey prawdopodobne kierunki
migracji gazu i mozliwodel jego akumulacii (pulapki strukturalne, Ltologicme i tilologicmo-lckionicme)
Dominujzce typy litologiczne: 1 — mulowee; 2 — piaskowee; 3 — zlepiedce; 4 — poduszii solne; 5 — glowny
kierunek lateralnej migracji gazu; 6 — kierenek werlykalnej migracji gam; C — karbon; F1 — czerwony
spagowies; T1 — lupek miedzionosny; Cal — wapien cechszynski; Al — anhydryl; Nal — najstarsza 561
kamienna; Ca2 — dolomit gldway
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nected with mixing of sca and metcoric waters in a littoral zone). This phenomenon
can influence unfavourably the rescrvoir conditions in top fragments of the Rotliegen-
des sedimentary rocks, in arcas with primarily favourable conditions.

These observations are closely confottnable to the rcsearch results derived from
Paproé¢ 1, 2, 4, 6, 7 boreholes (Z. Gregosiewicz et al., 1985) and similar to the results
from gas deposit Ujazd (J. Bojarska et al., 1983). 1t is noticed in topmost sandstone-
-conglomerate sequences, sulphate and illite-chlorite cement content increase.

SEDIMENTARY CONDITIONS AND OPTIMIZATION OF FURTHER SE-
ARCH FOR NATURAL GAS DEPOSITS

Gas deposits, recognized up to the present in the area Papro¢ — Cicha Gora, focus
in top of the Rotliegendes and secondarily, in top of the Carboniferous. They are
mainly small structural traps, connceted with the previously deseribed mosaic fault
paltemn, isolated in the top by lhe Zeehstein sediments. A gas concentrates in top
sandstone layers, with predominantly good reservoir conditions butl of varying origin
(Fig. 5). These sandstones come from a littoral zone of the Zechstein sea but there are
also fluvial sandstones and secondarily — aeolian and channel alluvial cones sand-
stones. With sueh varying origin, collecting properties of sandstones depend mainly
on grain gradation and sorling, as well as diagenetie proeesses (primary and seeondary
cements).

There are however regularities with possible praetieal influence. Sandstones (of
Muvial as well as littoral derivation) are concentraled mosily in uppermost patts of the
Rotliegendes what is connected with phenomena of the Zechstein sea transgression
(raising of the erosion base), as well as wilth progressing palacorelief smoothing.
Sandstones starl also to predominate in the whole section towards the northeast.
Good reservoir conditions connected with faeial origin oeeur therefore in the upper
part of the Rotlicgendes andfor regionally towards the nottheast. Such search works
would be the most prospeclive from faeial reasons but in the same direetion an
amplitude of potential reservoir sediments gets also deereasing. In such situation lhe
most prospective should be the ,compromising™ zones whete already significant sandy
interbeddings of fluvial and sceondarily also of acolian origin are noted, and there is
still a short distance to the teetoniely aclive edge zone of the Wolsztyn Ridge. The atea
to the south of the boreholes Paproé 7, 13, 48 and Cicha Gdra 4 are promising if
thickness of reservoir sediments is taken into account. Further recognition borcholes
in this zone along tectonie edges of the Wolszlyn Ridge eould give good results.

Search of reservoir rocks (lithologieal traps) in lower membets of the Rotliegendes
close to the Wolsztyn Ridge is more risky and unecertain, Conglomerates of proximal
Tacies of alluvial fans that predominate here, do not possess any reservoir propetties.
Sandy channel deposits with good eollecting properties are noted as of secondary
significance (except the arca of Cicha Géra where their gtecater agglomeralion tesulted
in deposit effects). Some prospects on presenee of small lithologieal traps and gas
influx also in lower members of the Rotlicgendes could be connected with playa
margins (boreholes Paproé 1 and 2) where there arc fluvial sediments of local fan-del-
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tas. Taking the deposit Papro¢ — Cicha Gora as example, search for lithological traps
of gas deposits should be preceded by detailed tectonic analysis of the Rotliegendes
sediments and also, if possible, of the sub-Permian substrate. Analysis of tectonic
situation of the deposit Papro¢ — Cicha Godra allows to refer it to other deposits or
to define the prospective areas.
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Hubert KIERSNOWSKI, Zofia WOJTKOWIAK

GENEZA PULAPEK ZLOZOWYCH GAZU ZIEMNEGO W CZERWONYM SPAGOWCU
REJONUPAPROCI — CICHEJ GORY (WIELKOPOLSKA)

Streszeczenle

Paleogeograficzny obszar dolnopermskicj Wolsztyriskic] WyZyny Wyspowe| stanowi niccalkowicic do-
tychezas rozpoznany region o duym potencjale gazonosnym. Odkryte w oslatnich latach, najwigksze do tej
pory, wielowarstwowc zloze (karbon, czerwony spggowiec, cechsztyn) gazu ziemnego Paproé — Cicha Géra
uzasadnia polrzebe dalszych poszukiwad w lym rejonie,

Przedstawiono wyniki analizy sedymentologicznej i tekioniczncj opartej na maieriale rdzeniowym z
czerwonego spagowea z wiercen rozpoznawczych i eksploatacyjnych w zlozu gazu ziemnego Paproé — Cicha
Goéra. Jako gldwne wyrdiniono $redowiska sedymentacji stozkéw aluwialnyeh oraz strumicni roziokowych
worzgeych sig w teklonicznej sirefie krawpdziowej wynicsienia Zbgszynka — Nowego Tomy$la. Jako
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podrzedne opisano $rodowiska sedymentac)i akresowych jerior (play) i wydmowe oraz wsiropie sekwencji
osaduwe] niewiclkiel migiszodel klaslycine oshdy prrybezeine iransgredujgcego morza cechsztyriskiego.
Osady 12 powstawaly w akiywnej sirefie isllonicme], rdeispmingwanej preez dwa gldwne krgyinjgee sip
Ieminki strefy whkionicengj Dolska i sweefy tekiomleznej Wolsziyna, Swely 2 wielokroimie reaktywowane
wplywaly na 1yp 1 tempo sedymentacji osaddw czerwene go spqgowes, ulabwisly pionows migracip 2oz eraz
spowodowaly powstanic sirukturalnyeh § celaomiemo-liologicenyeh palapek gean, Privdsiawiono hipotezg
rwigrke ohszardw o najkorrysiniejszyeh parameirach dofowych (porowaloss, precpuszozalnedé, liofacic) z
preshiegiem krzyujgeyeh sig glownych Mernkdw tekionicznych, Pardwnanie warunkdw glodowych i sylua-
¢ji geologicznej zidk gam Paprot — Cicha Gém i Ujazd vzasadnis przeslankd za dodaikawymi poszukiva-
niami niewielkich pulapek litologicmmo-teldonicmmych wzdluf strely uskeokawe] Wolszlyna,



