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In the Radlin Rotliegend gas field (south west ern Pol ish Low lands, Fore-Sudetic Re gion, Poznań De pres sion), mod el ling and re in ter pre -
ta tion of seis mic data com bined with sur face gas sur veys (free gas method) help iden tify “gas chim neys” and lo cate path ways of ver ti cal
mi gra tion. An almost im per me able Zechstein evaporite cover re duces the stream of ver ti cal gas mi gra tion so that a dry sur face geo chem i -
cal zone oc curs at the sur face and no seis mic dis tur bances are ob served di rectly above the pay zone of the gas field. The sur face gas
anom a lies form a halo-type pat tern sur round ing the gas field. The ma jor ity of sur face hy dro car bon microseepages from the subsurface
agrees with the seis mi cally vi su al ised geo log i cal struc ture. The belts of sur face gas anom a lies and the dry zones sep a rat ing them run
along the strike of Perm ian struc tures and faults. Ver ti cal path ways of gas mi gra tion are rec og nisable as zones of seis mic dis con ti nu ity
and cha otic dis tri bu tion of dis tinct re flec tions and dif fracted waves. Seis mic “gas chim ney” ef fects coincide with sur face hy dro car bon
gas anom a lies. Par tic u larly, they ap pear above the up per ter mi na tions of faults disturbing the Zechstein deposits. The faults cre ate the
main a ven ues for sec ond ary ver ti cal mi gra tion of gas from the res er voir to the sur face. “Gas chim neys” are ob serv able in a shal low zone
above the Muschelkalk (Tm) where higher gas sat u ra tion of more po rous rocks pro duces a seis mi cally trace able ve loc ity ef fect.
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INTRODUCTION

This pa per dem on strates an un con ven tional use of seis mic
meth ods com bined with sur face geo chem i cal sur veys in pe tro -
leum pros pect ing. These could be par tic u larly use ful in the ar -
eas of low qual ity seis mic data, where di rect seis mic
hy dro car bon in di ca tions can not be used in in ter pre ta tion. In the 
study area (Radlin gas field, Fore-Sudetic Re gion, SW Pol ish
Low lands — Fig. 1) the aim was to de fine the re la tion ship be -
tween the dis tri bu tion of hy dro car bon gas microseepages and
the deep geo logic struc ture as re flected in seis mic sec tions.
Also, an at tempt was made to iden tify zones of anom a lous seis -
mic re cord pro duced by ver ti cal mi gra tion of gas from res er -
voir to the sur face. The ex am ple of the Radlin gas field area
shows that the sites of anom a lous seis mic re cord and the sur -
face hy dro car bon gas anom a lies dis tri bu tion are re lated to the
path ways of gas mi grat ing ver ti cally up from the Early Perm ian 

Rotliegend res er voir sand stone through the Late Perm ian
Zechstein evaporites and Me so zoic cover.

GEOLOGY OF RADLIN GAS FIELD AREA ON
PALAEOZOIC PLATFORM OF POLISH LOWLANDS

The ma jor part of west ern Pol ish Low lands, i.e. west from
the Teisseyre-Tornquist (T-T) Fault Zone (Znosko, 1979), rep re -
sents an epi-Variscan plat form cov ered with Early Perm ian con -
ti nen tal Rotliegend sand stones (P. H. Karnkowski, 1999), cy clic
Late Perm ian (Zechstein) Z1–Z4 car bon ates and evaporites
(Wag ner, 1994) and Me so zoic strata (Dadlez, 1997).

A num ber of gas de pos its sourced from Car bon if er ous
coals and coaly shales, sealed with Zechstein evaporites, were
dis cov ered in Rotliegend sand stone and/or Zechstein lime stone 
res er voirs in the Fore-Sudetic Re gion (Fore-Sudetic
Monocline), SW Po land (P. H. Karnkowski, 1995). 



Also, nu mer ous oil and gas fields were dis cov ered in the
Main Do lo mite For ma tion (Zechstein, Stassfurt cyclothem Z2)
both in the Fore-Sudetic Monocline and in West ern Pomerania
(Bal tic coast) — Fig. 1 (P. Karnkowski, 1999).

Ac cord ing to Dadlez (1994) dur ing the Variscan orog eny a
sys tem of con ju gate strike-slip faults fol low ing the T-T Zone
(Pom er a nian Synclinorium–War saw Synclinorium–Lublin
Synclinorium; Fig. 1) orig i nated be tween the rec ti lin ear edge
of the East Eu ro pean Craton (Bal tic Synecli -
se–Mazury-Suwałki Up lift–Podlasie Through; Fig. 1) and the
ar cu ate front of the Variscan fold belt in the SW
(Szczecin–Kujawy-Gielniów Anticlinorium; Fig. 1)
(Pożaryski, 1986). In post-Variscan times, start ing from the
Early Perm ian (Rotliegend) the Mid-Pol ish(-Dan ish) Trough
ori ented NW–SE (along with T-T Zone) de vel oped as an aban -
doned rift arm of the North Sea tri ple junc tion, sub se quently
be ing trans formed into an aulacogen (Dadlez, 1980; Ziegler,
1990; Dadlez et al., 1995).

Evo lu tion of nar row synsedimentary grabens in Late Tri as -
sic, Ju ras sic and Early Cre ta ceous times was ac com pa nied by
salt move ments. Zechstein salts mo bi lised dur ing Tri as sic
formed pil lows and diapirs, thus con trol ling the thick -
ness-facies dis tri bu tion of over ly ing strata (Dadlez, 1994). 

In lat est Cre ta ceous-ear li est Ter tiary times the Mid-Pol ish
Trough was con verted into the Mid-Pol ish Swell (Pom er a nian
Anticlinorium–Kujawy-Gielniów Anticlinorium + Holy Cross
Mts. mas sif in SE — Fig. 1). This re sulted from Lara mide tec -
tonic in ver sion caused by Carpathian fold ing and thrust ing
from the south.

The de vel op ment of the T-T Zone and the Mid-Polish
Trough un til its in ver sion into the Mid-Polish Swell was
closely re lated to strike-slip fault tec ton ics (Brochwicz-
 Lewiński et al., 1981; Pożaryski, 1986; Ziegler, 1990; Dadlez;
1994).

This was also the case for the Radlin area un der study,
where the curvilinear course, vari able throw amount and throw
de nom i na tion of faults, as well as their en ech e lon ar range ment
and al ter nate lo ca tion of fault-re lated syn clines and anticlines,
in di cate wrench tec ton ics (Fig. 2).

The Radlin gas field sit u ated about 80 km SE of Poznań in
the seis mi cally lo cated sub-Zechstein el e va tion trapped in
Rotliegend sand stone was dis cov ered in 1982 (Wolnowski,
1995; Malaga and Wolnowski, 1999) (Fig. 2). The gas field ac -
cu mu lated within an elon gated anticline, strik ing NW–SE and
cov er ing an area of 11.5 x 1.5–2.2 km, is en closed by the
gas/wa ter con tour at –3131 m depth. It is sealed by the main
lon gi tu di nal fault af fect ing the struc ture in the SW. The Radlin
el e va tion is re flected in the struc ture of Tri as sic strata. Far ther
to the SW the Tri as sic trough sep a rates the Radlin field from
the next gas-pro duc ing Klęka struc ture (Wolnowski, 1995).
The main Radlin fault, of strike-slip char ac ter dip ping NE,
throws the top of Lower Perm ian to the SW by 60–70 m. In
such a way it seals the Rotliegend res er voir sand stone by jux ta -
pos ing it with the Lower Anhydrite and the Werra (Z1) Salt
across the fault plane. The Radlin gas field is sealed at the top
by a Zechstein evaporite cover (Wolnowski, 1995; Górski,
1995; Malaga and Wolnowski, 1999).
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Fig. 1. Lo ca tion of the Radlin gas field zone on the map of the geo log i cal prov inces of Po land 



In Lower Perm ian strata the Radlin field forms a “pop-up”
struc ture within a fork of two con ver gent thrust-fault planes
(Figs. 8, 9). The main fault is tilted NE and an anthitetic sub sid -
iary fault dips SW. Both of them dis turb Rotliegend strata and
con tinue up to the Zechstein where they ter mi nate among
Stassfurt salts (Jarosiński, 1999). These faults of Variscan or i -
gin were most likely re ju ve nated dur ing the Early Kimmerian
tec tonic phase. 3D seis mic data (Górski, 1995) re in ter preted by 
Jarosiński (1999) show that the main Radlin fault is
syndepositional with Rotliegend and pos si bly also with Lower
Zechstein. This is re flected in Rotliegend mor phol ogy where
fault-con fined es carp ments 50–100 m high are tilted at 15–20o

(Jarosiński, 1999). The main Radlin fault con tin ues up to the
Zechstein as a post hu mous re verse fault thrusted to the SW,
thus seal ing the Radlin gas field (Oświęcimska, 1994;
Jarosiński, 1999). 

Far ther to the SW, the other lystric-type faults dis turb ing
Zechstein de pos its (Fig. 10) reach up to Tri as sic strata (Tp2,
Tm ho ri zons). These are com pleted by a set of an ti thetic lystric
sub sid iary faults dis turb ing the top of Tri as sic strata and dip -
ping down tan gen tially to the top of Zechstein de pos its where
they be come ex tinct. These faults of Early Kimmerian age
(Antonowicz and Iwanowska, 1996) frame the orig i nally ex -
ten sive Tri as sic graben at Jarocin, SW of Radlin (Fig. 10). Ac -
cord ing to Jarosiński (1999) the Jarocin half-graben was

sub ject to contractional in ver sion due to Lara mide com pres sion 
which af fected also the Palaeozoic sub stra tum there, in duc ing
the throw in ver sion of ear lier faults.

The pres ence of a thick succession of Zechstein car bon -
ate-evaporite al ter na tions as well as of a cover of Up per Ju ras -
sic shales and cav ern ous car bon ates (highly vari able in fa cies
and thick ness) de creases the qual ity of seis mic re cord over a
con sid er able area of Fore-Sudetic Re gion (SW Pol ish Low -
lands) and re stricts the depth of seis mic imaging down to the
top of Early Perm ian strata. 

The geo log i cal struc ture of the Radlin gas field has been es -
tab lished in de tail from 2D seis mic lines shot by Geofizyka
Kraków Ltd. POGC Co. — 1983–1993 and 3D seis mic data
ac quired by Geofizyka Toruń Ltd. POGC Co. (Górski, 1995).

DISTRIBUTION OF SURFACE HYDROCARBON GAS
MICROSEEPAGES OF RADLIN STRATA

In 1993–1994 The De part ment of Fos sil Fu els, Uni ver sity
of Min ing and Met al lurgy (AGH), Kraków car ried out a sur -
face gas sur vey in the Radlin gas field (Górecki et al., 1993,
1995a, b, 1998, 1999; Strzetelski et al., 1996; Strzetelski,
1999). Us ing a ham mered probe the sub soil gas was sam pled
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Fig. 2. Dis tri bu tion of sur face hy dro car bon gas microseepages re lated to Lower Perm ian struc ture Radlin-Solec-Witowo Zone (SW Pol ish Low lands)



(sam pling den sity 200 m) be neath the ac tive ex change level
(usu ally from a depth of 1.0–1.5 m) along geo chem i cal pro files
that fol lowed the seis mic lines (Figs. 2, 9, 10). 

Gas chro ma tog ra phy and FID lab o ra tory anal y sis al lowed
de ter mi na tion of the con cen tra tions of meth ane, the sum of
higher al kanes (C2–C5) and the sum of alkanes (C2–C4). From
sta tis ti cal pro cess ing of lab o ra tory data the thresh old level was
es tab lished and the rel a tive vari a tions in con cen tra tion of hy -
dro car bon gases were dis played along the sur face geo chem i cal
pro files. The lat ter were cor re lated with ap pro pri ate seis mic
cross-sections. 

Also, the sur face geo chem i cal maps show ing the hy dro car -
bon gas dis tri bu tion pat tern as re lated to the Perm ian struc ture
were con toured.

Fig ure 2 shows a sum mary of the sur face hy dro car bon gas
microseepage dis tri bu tion over the Radlin struc ture and the
neigh bour ing area.

It has been proved that the sur face hy dro car bon gas anom a -
lies are of deep subsurface or i gin. These form belts trending
along the pre vail ing tec tonic struc tures. Spe cif i cally, the sur -
face hy dro car bon gas anom a lies and “si lent” (dry) zones sep a -
rat ing them are closely re lated to the strike of Lower Perm ian
struc tures and faults ori ented NW–SE (Fig. 2). The most dis -
tinct anom a lies (such as no. 3 and 4) are as so ci ated with the

strike of the main lon gi tu di nal faults that dis turb Early Perm ian
strata and range up to the Zechstein as well as with the faults
dis turb ing Zechstein evaporites and reach ing up into Tri as sic
strata (Figs. 2, 9, 10). 

The fault-related sur face gas microseepages prove the im -
por tance of the fault planes and near-fault frac ture zones in pro -
vid ing av e nues for the ver ti cal mi gra tion of hy dro car bons.
Most likely, the buoy ancy-related move ment of col loi dal-sized
hy dro car bon gas microbubbles through wa ter-filled pores, mi -
cro-fractures and fis sures was the dom i nant mech a nism for this 
mi gra tion (Price, 1986; Saunders et al., 1999). 

The faults dip ping at high an gles may act both as an ef fi -
cient seal for lat eral mi gra tion and as a venue fa vour able for
ver ti cal leak age of hy dro car bons from the pe tro leum de posit
(Lo gan and Decker, 1995). In the lat ter case the fault-confined
frac ture zone is usu ally more per me able than the fault plane it -
self. The lat ter is of ten clogged with fault gouge material. 

Con sidering the faults at Radlin and oth ers dis turb ing
Rotliegend gas-productive struc tures, the de crease in
fault-zone frac ture per me abil ity most prob a bly results from
sec ond ary sul phate and chlo ride min er al isa tion (Jarosiński,
1999). How ever, such diagenetic ce men ta tion of fis sures may
have been hin dered by hy dro car bon gas leak ing from the pe tro -
leum de posit (Ev ans et al., 1995). 
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Fig. 3. Seismogeological model of the Radlin struc ture



A palaeostructural evo lu tion study (Strzetelski, 1999) sug -
gests that the Radlin struc ture el e va tion de vel oped due to Early
Kimmerian move ments reach ing its max i mum height by the
end of Ju ras sic (Late Kimmerian). The ac cu mu la tion of gas is
also dated at Late Ju ras sic, when the trap was def i nitely closed
by the seal ing fault.

The later the for ma tion of the fault the higher the fre quency
of non-cemented frac tures (Harper and , 1997). Par tic u larly im -
por tant is the fault valve mech a nism of re peated re ac ti va tion of
the fault frac tures which turns the sub se quent seg ments of the
fault from tem po rarily im per me able to per me able ones
(Sibson, 1995).

Com monly, dif fu sion has been taken as the dom i nant mech -
a nism of ver ti cal mi gra tion of hy dro car bon gases from the pe tro -
leum de posit to the sur face (Klusman and Saaed, 1996).

How ever, it has been shown that dif fu sion of
low-molecular hy dro car bons through wa ter-filled pore-space
is ex tremely slow and may be come sig nif i cant only over a lon -
ger pe ri ods of time i.e. more than 10–100 Ma (Kroos and
Leythauser, 1996). The co ef fi cient and rate of dif fu sion are so
low that in a pe riod of 30 Ma the front of dif fu sion may move
only a dis tance of 300 m in sand stones or 20–30 m in shales
(Matthews, 1996). The dif fu sion of higher hy dro car bons (C2+)
is negligible (Zarella et al., 1967). 

The most rea son able hy poth e sis in volves ver ti cal as cent of
ultrasmall gas bub bles of light hy dro car bons through a net work 
of in ter con nected wa ter-filled microfractures (Mac Elvain,
1969; Price, 1986; Saunders et al., 1999). The base -
ment-related pat tern of frac tures and joints is of ten activated in
over ly ing rock for ma tions and re tains its char ac ter through out
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Fig. 4. Re sults of well-logging in Radlin-2 well



the sed i men tary col umn, thus ex tend ing from the pe tro -
leum-bearing res er voir to the sur face (Komar et al., 1971;
Alpay, 1973). This is also the case for Zechstein evaporites in
Pol ish Low lands where the densest net work of microfractures
and joints may ex tend across mostly curved and de formed
struc ture sur faces. Ap par ently, this ap pears also in fault-related
frac ture zones, thus cre at ing ver ti cal ven ues per me able to hy -
dro car bon gas microbubbles.

It has been noted that in the Pol ish Low lands area over lain
by Zechstein evaporites and Me so zoic strata the sur face hy -
dro car bon gas anom a lies re lated to de pos its in the Rotliegend
form halo-type pat terns sur round ing the Lower Perm ian gas
pro duc tive struc tures (Górecki et al., 1995a, b, 1998;
Strzetelski et al., 1996). The lat ter are man i fested as sur face
geochemically “si lent” (hy dro car bon dry) zones. A dry zone
is also ob serv able over the Radlin gas field where the sur face
hy dro car bon gas con cen tra tion de creases to the thresh old
level or be low (Figs. 2, 9, 10). 

It has been shown from nu mer ous pe tro leum-bearing struc -
tures in the world that many sur face gas anom a lies form ha los
with hy dro car bon gas con cen tra tion lows above the pay zone
and highs at the edges of the pe tro leum de posit (Horvitz, 1981;
Duchscherer, 1984; Salis bury, 1990).

The or i gin of halo-type anom a lies is still not clear. Tedesco
(1995) sug gested that the pres sure de ple tion re sulted from long
term pro duc tion of pe tro leum field decreases the sur face
microseepage of hy dro car bon gases over the pro duc tive zone.
Halo-type anom a lies may also re sult from in tense growth of
hy dro car bon-consuming bac te ria and bac te rial ox i da tion of hy -
dro car bons that mi grate ver ti cally up from the pe tro leum de -
posit (Price, 1986). In that case a pri mar ily high api cal sur face
anom aly over the pe tro leum pro duc tive zone is “bac te ri ally
con sumed” and changed into a geochemically “si lent” (dry)
zone where rel a tively low gas con cen tra tions are ob served
(Saunders et al., 1999). Be yond the con tour of the pe tro leum
de posit the flow of hy dro car bon gases is too low to main tain
the  abun dant de vel op ment of bac te ria, making the sur face gas
con cen tra tions higher there (Soli, 1957). As a con se quence the
sur face hy dro car bon gas anom aly be comes re versed into a
halo-type one with the low over the pro duc tive zone en cir cled
by the ring of rel a tively high sur face gas con cen tra tions that
roughly fol low the wa ter con tour of the pe tro leum field.

In tense ac tiv ity of hy dro car bon-consuming bac te ria, and
diagenetic near-surface al ter ation (min er ali sa tion and ce men ta -
tion) that re sulted from hy dro car bon-rock chem i cal re ac tions,
form spe cific “hard cover” zone over the pe tro leum de posit.
The “hard cover” may be man i fested as a seis mic ve loc ity in -
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Fig. 5. The o ret i cal seis mic sec tion as sum ing the ab sence of gas mi gra tion 



crease (Davidson, 1984; Duchscherer, 1984), soil al ter ation
(Segal et al., 1986), radioactivity anom a lies (Saunders et al.,
1994), or mag netic sus cep ti bil ity and air borne mag netic anom -
a lies (Don o van et al., 1986; Foote, 1992). The “hard cover”
zone of sec ond ary ce men ta tion clogs the es cape routes over the
pe tro leum field so that mi grat ing gases would be de flected to
the edges of al ter ation zone, thus pro duc ing the rel a tively high
“con tour ing” anom a lies which ap pear above the edges of hy -
dro car bon ac cu mu la tions (Saunders et al., 1999).

In the Pol ish Low lands where the Zechstein evaporites
form an al most per fect seal ing cover for the gas-productive
Rotliegend sand res er voir the halo-type sur face gas anom a lies
re sult most likely from the dens est frac ture net work de vel op -
ment be ing on the de formed limbs and ax ial plunge seg ments
of Perm ian anticlines. In plat form-type struc tures the suc ces -
sive sets of fis sures, frac tures and faults ap pear along mostly
curved and de formed parts of the struc ture, thus leav ing its rel -
a tively flat crest more im per me able.

SEISMIC IDENTIFICATION OF VERTICAL GAS
MIGRATION PATHWAYS

The anom a lous seis mic re cord as so ci ated with the “gas
chim ney” ef fect co mes from vari a tions in the ve loc ity of elas tic 
waves. This is mainly re lated to the type, phase com po si tion
and ra tios be tween res er voir flu ids (gas, oil and wa ter) that fill
the pore-space of the rock. Equally im por tant is the ge om e try
and dis tri bu tion of gas eous and liq uid flu ids in pores and rock
open ings (Kuster and Töksoz, 1974; Domenico, 1976; Bourbie 
et al., 1987; Bała, 1994). In such a way the seis mic dis tur bances 
of “gas chim ney” type are also re lated to petrophysical and ma -
trix struc ture prop er ties of the rock. How ever, there are no clear 
cri te ria avail able for seis mic iden ti fi ca tion of gas mi gra tion
zones (van den Bark and Thomas, 1980; Eliason et al., 1983;
An drew et al., 1991). For this rea son, seis mic mod el ling was
ap plied to re cog nise “gas chim neys” in seis mic pro files and to
lo cate the path ways of ver ti cal gas mi gra tion. 
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Fig. 6. The o ret i cal seis mic sec tion as sum ing ver ti cal gas mi gra tion (gas sat u ra tion 5%)



THEORETICAL SEISMIC WAVE FIELD

The cri te ria for “gas chim ney” iden ti fi ca tion were drawn
from the o ret i cal seis mic sec tions pro duced for the mod el ling as 
based upon the fol low ing as sump tions:

— the ab sence of gas mi gra tion,
— the pres ence of ver ti cal gas mi gra tion.
The cal cu la tions were made us ing GMA plus STRUCT

pro grams, ver sion NORMAL INCIDENSE (Geo phys i cal Mi -
cro Com puter Ap pli ca tion In ter na tional Ltd. — licence of
1999). The GrITS GMA pro gram was ap plied for es ti ma tion of 
sig nal from the seis mic trace.

Petrophysical and subsurface struc ture data nec es sary to
pro duce seismogeological mod els of the Radlin gas field zone
were de rived from well logs of the Radlin-1, -2, -3, -7, -8, -9,
-27, -28, Klęka-3, and Witowo-3 wells (Geofizyka Toruń Ltd.
POGC Co.) and the seis mic data for Radlin-Klęka-Witowo
area (32-09-82K, 5-09-83K, 9-09-83K, 10-09-83K,
22-09-89K, 23-09-83K, 22-09-93K) ac quired by
Geofizyka-Kraków Ltd. POGC Co. and Geofizyka-Toruń Ltd.
POGC Co. (Górski, 1995).

The ge om e try of the geo logic struc ture for seismo -
geological mod el ling was taken from the re in ter preted

9-09-83K seis mic pro file (Fig. 9). As based upon sur face geo -
chem i cal data (Fig. 9) the zones above the main elon gate faults
fram ing the Radlin struc ture from SW and NE were as sumed to 
be the prin ci pal path ways of ver ti cal gas mi gra tion.

The petrophysical data from an av er age ve loc ity-po ros ity
pro file for the Radlin struc ture were taken for mod el ling of a
“no gas mi gra tion” ver sion (Fig. 4a, b). For “gas chim ney”
zones, when mod el ling a “gas mi gra tion” ver sion, the de crease
in ve loc ity was es ti mated with as sump tions of 5 and 2% gas
sat u ra tion of res er voir pore space (Fig. 4c — “gas chim ney I”
and 4d — “gas chim ney II”) con sid er ing the microbubble
buoy ancy mech a nism for ver ti cal gas mi gra tion. The cal cu la -
tions of in crease in ve loc ity com ing from the pres ence of gas
were made with the use of a com puter pro gram by Bała (1994,
1999). 

Anal y sis and com par i son of cal cu lated sec tions “with out
gas” (Fig. 5) and “with gas chim neys” (Figs. 6, 7) showed that
all the seis mic bound aries con sid ered in the model were iden ti -
fi able and their am pli tudes were con trolled by the acous tic im -
ped ance con trast and lith o logic bound aries of the rock lay ers.

It has been shown that as sumed ver ti cal gas mi gra tion path -
ways ap pear as zones of breaks in con ti nu ity of seis mic bound -
aries, as so ci ated with cha otic dis tri bu tion of dis tinct re flec tions
and dif fracted waves (Figs. 6, 7).
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Fig. 7. The o ret i cal seis mic sec tion as sum ing ver ti cal gas mi gra tion (gas sat u ra tion 2%)



SEISMICALLY TRACEABLE “GAS CHIMNEYS” 
AND THEIR CORRELATION WITH SURFACE

HYDROCARBON GAS ANOMALIES

Sur face geo chem i cal pro files, cor re lated with geo log i cally
in ter preted seis mic cross-sec tions, shown a close re la tion ship be -
tween the dis tri bu tion of sur face hy dro car bon gas anom a lies and
the subsurface struc ture, es pe cially along the main fault zones.

Geo log i cal in ter pre ta tion of seis mic pro files from the study
area was car ried on us ing the CHARISMA Sys tem
(Schlumberger). As a re sult, the fol low ing marker seis mic
bound aries were re cog nised and cor re lated: the bot tom con tour 
of the Radlin gas field (BOT), the top of the Early Perm ian
Rotliegend (P1), the Main Do lo mite For ma tion P2 Ca2, the top
of the Zechstein P2 Z4, the Mid dle Buntsandstein (Tp2), the
Muschelkalk (Tm), the top of the Keuper (Tk) — Fig. 8.

Fig ure 9 shows a seg ment of the seis mic pro file 9-09-83K
cor re lated with the D–D’ sur face geo chem i cal pro file (pre -
pared by Dzieniewicz and Sechman (in: Górecki et al., 1993). 

A seg ment of the seis mic pro file 22-09-93K, cor re lated
with the sur face geo chem i cal pro file G–G’ (pre pared by
Dzieniewicz and Sechman (in: Górecki et al., 1993, 1995a, b,
com piled by Strzetelski, 1999) is shown in Fig ure 10.

Sur face hy dro car bon gas anom a lies from the D–D’ pro file 
(Fig. 9) — gas mea sure ment sta tions (sta.) 402–396 are re -
lated of the main elon gate fault seal ing the Radlin gas field
from the SW. At the max i mum of that anom aly di rectly above
the up per ter mi na tion of the fault (in Zechstein evaporites)
there oc curs a dis tinct seis mic anom aly. This is ex pressed as a
dis con ti nu ity of seis mic bound aries above the Muschelkalk
Tm ho ri zon (CDP 145–210) which is as sumed to be the man i -
fes ta tion of the “gas chim ney” orig i nat ing from gas leak age
from the res er voir in the subsurface. This shows the main
Radlin fault to be the mi gra tion a venue for gas es cap ing from
this struc tural trap. The two-humped shape of the sur face hy -
dro car bon gas anom aly sug gests var i ous ef fu sion
permeabilities due to dif fer ent near-fault frac ture net work
den si ties on op po site walls of the fault. The north east ern
hang ing-wall of the fault that shows a higher sur face gas
anom aly seems to be more per me able to the ver ti cal as cent of
gas microbubbles. The pro duc tive zone of the Radlin gas field 
it self is marked with a dry (“si lent”) zone where rel a tive hy -
dro car bon gas con cen tra tions are mostly be low the thresh old
level. Con se quently, di rectly above the gas field, no seis mic
anom a lies that could have orig i nated from di rect ver ti cal mi -
gra tion of gas from the Radlin de posit were ob served. This
also shows the high seal ing ef fi ciency of the Zechstein-Me so -
zoic cover over the gas field. The “over-field” dry zones are
con toured by halo-type hy dro car bon gas anom a lies that form
a ring sur round ing the gas pro duc tive zone (Fig. 2). 

The seis mic cross-sec tion 22-09-93K, cor re lated with the
sur face geo chem i cal pro file G–G’ (Fig. 10), con firms this re la -
tion ship of sur face hy dro car bon gas anom a lies (sta. 39–59) and 
geochemically dry zones dis tri bu tion with the seis mic im age of
Perm ian struc ture and the lo ca tion of a “gas chim ney” ef fect on
the seis mic pro file (CDP 680–740).

The stream of gases mi grat ing ver ti cally up across the al -
most im per me able Zechstein evaporites then across
Lower-Mid dle Tri as sic strata is prob a bly too nar row to af fect
the seis mic re cord dis tinc tively enough. Over the fault and sur -
round ing frac ture zones it grows wider up the pro file, where
above the Muschelkalk (Tm) bound ary the Keuper-Rhaetian,
Li assic and Dogger sand stones in crease in po ros ity by over
10% (Fig. 4a). As sum ing a sta tion ary ver ti cal gas flow, a con -
sid er able amount of gas held in larger pore-spaces in shal low
rock lay ers may be suf fi cient to pro duce a seis mi cally trace able
ef fect of ve loc ity de crease (Pietsch and Bała, 1996). In that case 
the anom a lous seis mic re cord is ob served above the Tm bound -
ary, which agrees with the po si tion of sur face hy dro car bon gas
anom aly and may rep re sent a “gas chim ney” ef fect.

Seismic and geochemical anomalies related to vertical migration of gas in the Radlin gas field 9

Fig. 8. Seismogeological model Radlin-2 well
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Fig. 9. Seis mic cross-section 9-09-83K cor re lated with sur face geo chem i cal pro file D–D’

1 — meth ane,  2 — sum of higher al kanes (C2–C5),  3 — sum of alkanes (C2–C4), 4 — lo ca tion of “gas chim ney”,  5 — cor re la tion be tween subsurface
struc ture and sur face gas anom a lies; sur face geo chem i cal pro file by Dzieniewicz and Sechman (in: Górecki et al., 1993)
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Fig. 10. Seis mic cross-section 22-09-93K cor re lated with sur face geo chem i cal pro file G–G’

For ex pla na tions see Fig. 9; sur face geo chem i cal pro file by Dzieniewicz and Sechman (in: Górecki et al., 1993, 1995a, b and Strzetelski, 1999)



CONCLUSIONS

1. The method of mod el ling and in ter pre ta tion of seis mic
data, com bined with a sur face gas sur vey, is pro posed here to
iden tify path ways of ver ti cal hy dro car bon mi gra tion and to lo -
cate pe tro leum fields in the subsurface.

2. In the Pol ish Low lands the ma jor ity of trace able sur face
hy dro car bon gas microseepages de tected us ing the free gas
method come from subsurface res er voir sources (gas-bearing
Rotliegend and Car bon if er ous as well as oil and gas-bearing
Main Do lo mite Formation).

3. The pres ence of a thick Zechstein evaporite cover and
highly vari able Up per Ju ras sic car bon ates de creases the qual ity 
of seis mic re cord and lim its its range to the top of the Early
Perm ian Rotliegend. An almost im per me able cover of
Zechstein evaporites nar rows the ver ti cal gas mi gra tion path -
ways, thus mak ing sur face gas anom a lies more distinct.

4. The seis mic sec tions as cor re lated with sur face geo chem -
i cal pro files show that the sur face hy dro car bon microseepages
form belts trending along the strike of Perm ian struc tures.

5. Anom a lous seis mic re cords typ i cal of “gas chim ney” ef -
fects are ob serv able from shal low re flec tion pat terns, which
come from more po rous, and gas sat u rated Mid-Triassic-
 Jurassic strata. These agree with the lo ca tion of sur face hy dro -
car bon gas anom a lies, thus re flect ing the ver ti cal gas mi gra tion
path ways.

6. Spe cifically, a close re la tion ship is noted be tween hy dro -
car bon gas anom a lies at the sur face, “gas chim ney” ef fects in

seis mic cross-sections and the trend and char ac ter of ma jor
faults.

7. Halo-type sur face gas hy dro car bon anom a lies sur round
Lower Perm ian (Rotliegend sand stone) gas fields (e.g. Radlin). 
Con se quently, over the gas-productive pay zones the seis mic
gas-derived anom a lies are low or ab sent and the lo ca tion of gas
fields can be cor re lated with rel a tive “geochemically si lent” —
dry sur face hy dro car bon gas zones. 
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