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A high-am pli tude anom aly in seis mic sig nal, i.e. a bright-spot, which is the main di rect hy dro car bon in di ca tor, may also oc cur due to in -
ter fer ence be tween the re flected sig nals from the top and base of a thin bed (the tun ing ef fect). In such set tings the main prob lem is to dis -
tin guish am pli tude anom a lies as so ci ated with lithological changes or changes in gas sat u ra tion from anom a lies orig i nat ing from the
tun ing ef fect. We pro vide a method of in ter pret ing the com pos ite seis mic sig nal pro duced by the in ter fer ence be tween re flec tions. Such 
re flec tions oc cur along the top of the Cenomanian sand stone in the area of the Grobla–Rajsko–Rylowa 3-D seis mic dataset (south ern Po -
land). The non-stan dard method pre sented here is based on in ter pre ta tion of seis mic data which was ro tated by 270°. The re sults of seis -
mic mod el ling were used to de velop cri te ria for in ter pre ta tion of such data. These cri te ria are based on the dif fer ence be tween
in for ma tion car ried by the peak-to-trough am pli tude and that by the to tal am pli tude of ro tated seis mic data. The dif fer ence was used to
de fine the trans fer func tion and to re move the high-am pli tude anom a lies caused by the con struc tive in ter fer ence be tween the re flected
sig nals from the top and bot tom of the thin ning stra tum. The fi nal out come of the study was a map show ing the seis mic am pli tude re -
sponse at the top Cenomanian re flec tor un af fected by the tun ing ef fect. The map shows the ex tent of the area where high-am pli tude
anom a lies do not cor re spond with changes in thick ness and petrophysical pa ram e ters within the top part of the Cenomanian. These anom -
a lies are caused by a lat eral in crease in thick ness of the Turonian and/or an in crease in the ve loc ity within the bot tom part of the Senonian
(Coniacian) strata. The map can be used to de ter mine pre cisely the bound aries of the Rajsko and Rylowa gas res er voirs as well as to lo -
cate the po ten tial ex ten sion of the res er voir zone to the east of the Rylowa 6 bore hole.
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INTRODUCTION

Anal y sis of di rect hy dro car bon in di ca tors (DHI), one of the 
ba sic meth ods of iden ti fy ing res er voirs based on seis mic data,
can be very mis lead ing when ap plied to thin-bed ded strata. In
such set tings, seis mic re cords de pend not only on the li thol ogy
of res er voir strata, po ros ity and their gas sat u ra tion, but also on
the thick ness of the res er voir strata. High-am pli tude anom a lies
in the seis mic sig nal, which in many set tings may be the main
in di ca tors of nat u ral-gas-sat u rated pore spaces in res er voir rock 
(bright spots), may also orig i nate from con struc tive in ter fer -
ence be tween the re flected sig nals from the top and base of a
thin bed, i.e. from the tun ing ef fect. The in ter fer ence be tween

the re flected sig nals from the top and base of a bed may also
lead to a de crease in am pli tude, i.e. to de struc tive in ter fer ence.
The char ac ter of in ter fer ence de pends on the shape of seis mic
wave lets, the re la tion of the stra tum thick ness to the seis mic
wave length, the re la tion be tween re flec tion co ef fi cients as so ci -
ated with the top and base of the bed as well as on their po lar -
iza tion. The ad di tional re sult of in ter fer ence is change in the
shape of the com pos ite seis mic sig nal (Widess, 1973; Kallweit
and Wood, 1982).

There fore, when ever am pli tude anal y sis is used as the main
hy dro car bon in di ca tor or there is a pos si bil ity that the re sults of
quan ti ta tive anal y sis (seis mic in ver sion, am pli tude ver sus off -
set – AVO) may have been sig nif i cantly af fected by the stra tal
ge om e try, it is nec es sary to as sess the in flu ence of sig nal in ter -



fer ence. The prob lem is par tic u larly acute in ar eas where hy -
dro car bon res er voirs are formed by wedg ing beds or the thick -
ness of the hy dro car bon-sat u rated zone is be low the res o lu tion
of the seis mic data. In such con di tions, the com pos ite seis mic
sig nal pro duced by the in ter fer ence be tween re flec tions leads
to an un re li able geo log i cal in ter pre ta tion or even makes in ter -
pre ta tion im pos si ble. There fore, it is nec es sary to re cog nize the
rep re sen ta tion of thinly bed ded se quence on seis mic data, and
to pro pose a method which would of fer a more re li able seis -
mic-geo log i cal in ter pre ta tion.

GEOLOGICAL SETTINGS AND HYDROCARBON
RESERVOIRS IN THE STUDY AREA

The study fo cuses on the Cenomanian suc ces sion, which is
a part of the Permo-Me so zoic sed i men tary cover of the epi-
 Variscan plat form, i.e. the base ment of the Mio cene Carpathian 
Foredeep Ba sin (Fig. 1A; Oszczypko and Ślączka, 1989;
Oszczypko et al., 2006). In the base ment of the cen tral part of
the ba sin, to the east of Kraków, this suc ces sion forms an ex -
ten sion of the Cre ta ceous Miechów Synclinorium which dips
to wards the south be neath the Carpathian thrust belt (Fig. 1B).
The Cenomanian suc ces sion com prises transgressive de pos its
which grad u ally filled the var ied mor phol ogy of the top Ju ras -
sic sur face formed by Early Cim mer ian de for ma tion and by
sub se quent ero sion dur ing the Early Cre ta ceous. The con tem -
po rary ex tent of the Cenomanian de pos its (Fig. 1C) has mainly
a depositional char ac ter and re flects the pre-Cenomanian
palaeosurface (Jawor, 1973). In the ax ial parts of the sed i men -
tary ba sin, the palaeodepressions are filled by poorly ce mented
glauconitic sand stones which are char ac ter ized by po ros ity of
over 25% and per me abil ity reach ing 9 darcy. Their thick ness
lo cally reaches over 100 m. In the tran si tion zone, where their
thick ness ranges from 2 to 10 m, their po ros ity is be tween 10
and 15% with per me abil ity of up to 1 darcy. In the mar ginal
zones, where the stra tal thick ness is less than 2.5 m, the sand -
stones grad u ally pass into con glom er ates with a po ros ity of a
few per cent and per me abil ity rang ing from 0 to sev eral mD
(Florek et al., 2006). Each of the sub se quent Late Cre ta ceous
trans gres sions had a slightly wider ex tent; Turonian car bon ates 
and Senonian (Coniacian–Maastrichtian) marly lime stones
over lap the Lower Cenomanian, form ing a seal for the res er -
voir rock. At the end of the Cre ta ceous, as a re sult of the wide -
spread in ver sion of the Mid-Pol ish Trough, the Cre ta ceous sea
with drew from the study area. Fol low ing in ver sion-re lated up -
lift, the Up per Me so zoic suc ces sion was in tensely eroded. Lo -
cally, flu vial ero sion formed deep palaeovalleys (such as the
Szczurowa palaeovalley) in cised into the Up per Cre ta ceous
strata and some times even reach ing Ju ras sic strata. The Mio -
cene sea en tered the fore land fol low ing em place ment of the
Carpathian thrust belt; it grad u ally filled de pres sions and
troughs with Badenian de pos its and lev elled the palaeosurface
(Florek et al., 2006; Oszczypko et al., 2006).

Three hy dro car bon ac cu mu la tions have been dis cov ered
and doc u mented within the Ju ras sic and Cenomanian suc ces -
sions in the study area, re lated to struc tural traps and lat eral li -
thol ogy and sed i men tary fa cies changes (Florek et al., 2002).

The Grobla field is lo cated in the west ern part of the study area.
Hy dro car bons (oil and gas) are ac cu mu lated within the
Cenomanian sand stones and con glom er ates, whose to tal thick -
ness de creases to wards the west, and within the up per part of
the Malm car bon ate suc ces sion (Fig. 1B, C). The res er voir is
sealed from the top by im per me able Turonian and Senonian de -
pos its, and from the north and south by sys tems of faults. The
Rajsko field is lo cated in the cen tral part of the study area where 
the Cenomanian sand stones have the great est thick ness. Here,
gas is ac cu mu lated in its top sec tion which is over ten metres
thick. The res er voir is lim ited to the north-east and south-west
by faults (Fig. 1B, C). The Rylowa field is lo cated in the south -
east ern part of the study area (Fig. 1B, C). The trap has an an ti -
cli nal form with its axis ori ented along a NW–SE di rec tion
(Jawor et al., 1997). As in the case of the Rajsko res er voir, it is
ad di tion ally lim ited by fault zones. The sand stone thick ness
ranges be tween 37 and 59 m, while the max i mum thick ness of
the sat u rated zone doc u mented by the Rylowa 5 bore hole is
48.5 m. The thick ness of the Cenomanian sand stone de creases
rap idly to a few metres to wards the east of the field.

SEISMIC RESULTS

The area of re search is cov ered by 3-D seis mic sur veys
(Grobla–Uście Solne and Grobla Wschód–Rylowa) that were
car ried out by Geofizyka Kraków Ltd. in 1993 and 1996. These 
two sur veys were re-pro cessed to ob tain a com bined set of seis -
mic mea sure ments (Fig. 1C). The geo phys i cal in ves ti ga tion
over the sub ject area was not uni form in terms of lo ca tion of
bore holes and scope of log ging, nor as re gards the tech nol ogy
ap plied, that var ied over the years of in ves ti ga tion.

Most bore holes are is lo cated around the Grobla gas and oil
res er voir. Un for tu nately they were drilled mainly in the 1960’s
and 1970’s when the scope of log ging was lim ited. Bore holes
in the other parts of the pro ject area were com pleted in re cent
years and have pro vided a full set of downhole log ging data.

The ex act cor re la tion of seis mic re cords and geo log i cal logs 
from the in ves ti ga tion bore holes was ob tained based on syn -
thetic seismograms (sys tem GeoGraphix, Land mark Graphics
Corp.) by us ing the re corded and cor rected DT curves, and, for
the bore holes lack ing acous tic pro files, the syn thetic DTsyn.
curves. In ad di tion, the den sity curves (RHOB), neu tron po ros -
ity curves (NTCN) were used as well as in for ma tion on li thol -
ogy and sat u ra tion. 

Once cor re lated to geo log i cal pro files, the seis mic data
from the 3-D sur veys at Grobla–Uście Solne and Grobla
Wschód–Rylowa en abled iden ti fi ca tion and cor re la tion of
other seis mic bound aries, of which the top of the Badenian
evaporites (Mb2), and of the Chalk (Cr), Turonian (Crct),
Cenomanian (Crc) and Ju ras sic (J3) were the most im por tant
for fur ther in ter pre ta tion. A geo log i cally in ter preted seis mic
sec tion along an ar bi trary pro file 1 is shown in Fig ure 2. It tra -
verses the zone of Cenomanian trun ca tion over Ju ras sic strata
(west ern part of the Grobla area), then the zone of thick
Cenomanian de pos its with in creased am pli tudes at the Strzelce
Wielkie 1 and Grobla Wschód bore holes and within the Rajsko
res er voir (cen tral part), then con tin ues across the Rylowa
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Fig. 1. Out line of the ge ol ogy of the study area

A – lo ca tion of re search area within Po land and in the Carpathian Foredeep; B – geo log i cal cross-sec tion 
through the study area; cross-sec tion line is in di cated in Fig ure 1C (af ter Florek et al., 2006); C – thick ness map 

for the Cenomanian stra tum in the area to the east of Kraków (af ter Baran et al., 1999)



trench filled with Mio cene de pos its up to the Rylowa res er voir
(east ern part). The sec tion shows fault zones in ter sect ing with
both the Ju ras sic and Cre ta ceous de pos its.

The re sults of at trib ute anal y sis are nor mally the ba sis for
se lect ing pro spec tive ar eas; in par tic u lar the anal y sis of am pli -
tude anom a lies that are in many cases the main in di ca tors of gas 
sat u ra tion of the pore vol umes. Sat u ra tion with gas, in stead of
with wa ter, leads to ap par ent drop of seis mic wave prop a ga tion
ve loc ity (V) and den sity (r) that in con se quence ap pears as
high con trast in acous tic im ped ance (V r) of the ad join ing
beds. Also, the re flec tion co ef fi cient in creases, hence the am -
pli tude of wave re flected from the top of the zone sat u rated
with gas (bright spot). In the re search area only some of the
bore holes were lo cated us ing seis mic am pli tude anom a lies. 

Un for tu nately, not all ex plor atory bore holes, de signed us -
ing, data in clud ing re flec tion am pli tude anom a lies, proved the
pres ence of hy dro car bon res er voirs. Fig ure 3 shows a ho ri zon
map of in stan ta neous am pli tude along the top of the Ceno -
manian (Fig. 3A) as well as an ar bi trary line 1 seis mic sec tion
show ing the same at trib ute (Fig. 3B). The pres ence of gas in the 
Rajsko (pro duc tion the Rajsko 1 and 2 bore holes) and Rylowa
(pro duc tion the Rylowa 6, 5 and 3 bore holes) field cor re sponds
with the pres ence of clas sic ex am ples of bright spots on the ho -
ri zon map as well as on the seis mic sec tion which dis play in -
stan ta neous am pli tude (Fig. 3B, anom a lies 5 and 8). The am pli -
tude is, how ever, only lo cally in creased in the Grobla oil res er -
voir (Fig. 3B, anom aly 1). Dur ing seis mic data ac qui si tion, pro -
duc tion from this field had al ready ended (Karnkowski, 1999).
A num ber of in stan ta neous am pli tude anom a lies are also ap par -
ent out side the area of proved HC ac cu mu la tion, and the am pli -
tude strength is as high as those as so ci ated with the proven ac -
cu mu la tions. With out ad di tional data, it is dif fi cult to de ter mine 
their or i gin. The lack of gas sat u ra tion in bore holes (such as
Grobla Wschód 3 and 4, Górka 5 and Rylowa 10 bore holes) lo -
cated in ar eas as so ci ated with the am pli tude anom a lies dis qual -
i fies them as bright spots, al though the or i gin of strong am pli -
tude in re la tion to ad ja cent ar eas has not been sat is fac to rily ex -
plained so far.

In or der to de ter mine the source of the anom a lies based on
the re la tions be tween re flec tions from the top of the Ju ras sic
and the top of the Cenomanian suc ces sion, three zones, i.e.
west ern, cen tral and east ern, vis i ble on the Grobla–Rajsko–Ry -
lowa seis mic line (Figs. 2 and 3B), have been ana lysed.

WESTERN ZONE

This zone cov ers an area (anom aly no. 1 on Fig. 3B) where
the in ter fer ence be tween the top and base of the Cenomanian
sand stone wedge (tun ing zone) has the main in flu ence on the
seis mic am pli tude. The ex tent of this zone is con trolled strictly
by the thick ness of the Cenomanian suc ces sion and the pa ram e -
ters of the seis mic sig nal. The dom i nant in flu ence of re flec tion
co ef fi cient val ues, as so ci ated with the top and base of the
Cenomanian suc ces sion in the tun ing zone, is ap par ent on im -
ages show ing the cal i bra tion of seis mic data with bore hole data
us ing syn thetic seismograms from the Grobla 44 bore holes
(G44; Fig. 4A) and Grobla 12 (G12; Fig. 4B). Apart from high
val ues of re flec tion co ef fi cient val ues as so ci ated with the top and 
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base of the Cenomanian, there are no other seis mic re flec tors
which could sig nif i cantly in flu ence the am pli tude of the com -
pos ite sig nal and its en ve lope (in stan ta neous am pli tude). There -
fore, the data can be ana lysed us ing plots of am pli tude cal i bra -
tion and stra tum thick ness (Kallweit and Wood, 1982; Brown et
al., 1986). The plots cor re late data re corded in the field with
model based on an a lyt i cally cal cu lated tun ing curves. Fig ure 5

sshows a cal i bra tion plot of com pos ite am pli tude (ab so lute value 
sum ma tion of am pli tudes) as so ci ated with the top of the
Cenomanian suc ces sion and the top of the Ju ras sic strata. Real
data were cor re lated with the tun ing curve which was ex tracted
from a syn thetic sec tion (Pietsch and Marzec, 2003) and with the
tun ing curve which was cal cu lated based on an an a lyt i cal so lu -
tion (Marzec, 2009). The cor re la tion shows that a high max i -
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Fig. 4. Cor re la tion of bore hole-log data with sur face seis mic data from the west ern (A, B), cen tral (C–E) 
and east ern zones (F–H) of the study area 

NTCN – neu tron po ros ity, GR – gamma-ray log, SW – wa ter sat u ra tion, V_ac. – ve loc ity from sonic log ging (mea sured in bore hole and cal i brated with
mean ve loc i ties), V_inv. –  ve loc ity de rived from seis mic in ver sion based on the geo log i cal model, SEIS. – seis mic traces, SS – syn thetic seismogram gen -
er ated based on source data ex tracted from the seis mic data, Rc – dis tri bu tion of re flec tion co ef fi cient cal cu lated with time-steps of 1 ms



mum am pli tude (tun ing ef fect) is pres ent when the thick ness of
the Cenomanian stra tum is 14 m. The zone of high am pli tude is
ap par ent when the stra tum thick ness is up to about 20 m. Within
the zone, where isopachs have higher val ues, the weak am pli -
tude is strength ened due to tun ing of the side-lobes of wave lets
(stra tum thick ness of 30 and 48 m). It can be as sumed that above
a thick ness of 55 m there is no de tect able in ter fer ence be tween
re flec tions from the top and base of the Cenomanian stra tum.
The ma jor ity of the re corded am pli tudes are lo cated be low the
cal cu lated tun ing curve. Thus, the pres ence of gas in the
Cenomanian suc ces sion can be ruled out, as the pres ence of gas,
which low ers acous tic im ped ance, would re sult in re flec tion co -
ef fi cient val ues giv ing am pli tudes sig nif i cantly stron ger than
those shown on the cal cu lated tun ing curves.

This is con firmed by bore hole data as no gas was re corded
in the Grobla 12 bore hole, while the Grobla 44, 45 and 54 bore -
holes were drilled in the zone of oil sat u ra tion which does not
cause such a sig nif i cant de crease in acous tic im ped ance as does 
nat u ral gas. The 55 m isopach de fines the bound ary be tween
the west ern and cen tral zones of the study area (Fig. 1C).

CENTRAL ZONE

The cen tral zone cov ers the area where the in flu ence of the
re flec tion co ef fi cients as so ci ated with the base of the Ceno -
maniam suc ces sion on the am pli tude of re flec tions from the top 
of the Cenomanian is neg li gi bly small. The am pli tude of such
re flec tions de pends on the im ped ance con trast along the in ter -
face be tween the Turonian and the Cenomanian strata and on
the pres ence of thin beds (in re la tion to seis mic wave length) as -

so ci ated with sur faces of acous tic im ped ance con trasts. Seis -
mic events gen er ated along such bed ding sur faces in ter fere
with events as so ci ated with the Turonian/Cenomanian bound -
ary, al ter ing in var i ous ways their am pli tudes and shapes.

The Strzelce Wielkie 1 bore hole is lo cated be tween the
anom a lous ar eas marked by num bers 2 and 3 on Fig ure 3B. No
high val ues of in stan ta neous am pli tude were re corded near this
bore hole (Fig. 3A). Ba si cally, con stant val ues of compressional 
wave ve loc ity were re corded within the Cenomanian strata in
this bore hole (Fig. 4C; curves V_ac and V_inv). A high neg a -
tive value of re flec tion co ef fi cient is ob served only at the top of
the suc ces sion, while a pos i tive value is ob served at its base.
This shows that the Cenomanian sand stone drilled by this bore -
hole is ho mo ge neous in terms of ve loc ity, which is sup ported
by the uni form val ues of po ros ity and clay con tent (Fig. 4C; li -
thol ogy track). The sand stone is over lain by a thin bed (2 m
thick) of Turonian lime stone. De spite the high ve loc i ties these
lime stones do not have any sig nif i cant in flu ence on the am pli -
tude and shape of the re flected sig nal from the top of the
Cenomanian. The only de tect able in crease in seis mic am pli -
tude due to in ter fer ence is caused by a slight in crease in the ve -
loc ity gra di ent within the ap prox i mately 20 m thick bot tom part 
of the Senonian suc ces sion. This may be due to the de crease in
clay con tent within the Coniacian marlstone (Fig. 4C). Due to
the fact that the Cenomanian sand stone is not sat u rated with gas 
and there is no clear in ter fer ence in this zone, the am pli tude of
the Cenomanian event (Crc on Figs. 2, 3B and 4C) is weak in
this part of the seis mic im age. The Strzelce Wielkie 1 bore hole
can be used as a ref er ence for fur ther anal y sis of bore hole logs
and seis mic data from the cen tral zone of the study area.
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Fig. 5. Cor re la tion of the com pos ite am pli tude curve with stra tum thick ness
 and tun ing curve cal cu lated and es ti mated based on the syn thetic sec tion (af ter Marzec, 2009)



As in the case of the Grobla Wschód 3 and Grobla Wschód
4 bore holes (GW4; Fig. 4D) is also lo cated within an anom a -
lous area, and this area is marked num ber 4 (Fig. 3B). No sig -
nif i cant hy dro car bon ac cu mu la tion was en coun tered in ei ther
of these bore holes. A high-ve loc ity bed, which is 10 m thick
(sim i lar to the tun ing thick ness) and has re duced po ros ity, was
re corded in this bore hole 20 m be low the top of the Ceno -
manian (Fig. 4C). The re flec tion co ef fi cients as so ci ated with
the top and base of this bed gen er ate re flec tions which pos i -
tively in ter fere with re flec tions from the top of the Ceno -
manian, in creas ing their am pli tude and mod i fy ing the shapes of 
wave lets. In this bore hole, the thick ness of the Turonian de -
creases to 1 m. Thus, the ob vi ous cause of anom a lous re cords
(false bright spot) is the pres ence of the re duced-po ros ity sand -
stone within the top part of the Cenomanian (Fig. 4D; SS and
SEIS. track). In ad di tion to that, this bed gen er ates re flec tions
that re sem ble a flat spot (hor i zon tal and al ways pos i tive re flex
on the con tact be tween zones sat u rated by gas and wa ter), an -
other res er voir in di ca tor of pos si ble hy dro car bon ac cu mu la -
tion. In parts of the seis mic sec tion (Figs. 2 and 4D) it is ap par -
ent, how ever, that this re flec tion event is not hor i zon tal, but re -
flects the shape of the Cenomanian top, with dis place ment on
the fault.

Both, the Rajsko 1 bore hole (R1; Fig. 4E) and the Rajsko 2
bore hole are lo cated within the anom a lous area marked num -
ber 5 (Fig. 3B). In both these bore holes, fea si ble gas ac cu mu la -
tions were en coun tered in the up per part of the Cenomanian
suc ces sion (Fig. 4E; SW track and ve loc ity drop – track: V_ac
V_inv). Be low, as in the Grobla Wschód 4 bore hole, much
thicker (37 m thick) strata of higher ve loc ity and lower po ros ity 
oc cur due to the pres ence of cal cite ce ment in the sand stone
layer (Fig. 4E; li thol ogy track). The pres ence of gas re sults in a
sig nif i cantly higher neg a tive value of re flec tion co ef fi cient as -
so ci ated with the top of the Cenomanian. The pres ence of gas
also pro duces a pos i tive re flec tion co ef fi cient as so ci ated with
the gas/wa ter in ter face which in creases the im ped ance con trast
along the top of the re duced-po ros ity bed (Fig. 4E; SW track,
Rc track, NTCN track). Thus, there is an in crease in seis mic
am pli tude greater than in the case of the Grobla Wschód 4
bore hole (Fig. 4D) and there is a real flat spot (Fig. 2) which
here is flat-ly ing (Fig. 4E; SS track and SEIS. track). The
high-ve loc ity stra tum at the base of the Senonian has a thick -
ness which is slightly larger than the tun ing thick ness. Thus,
pos i tive re flec tion co ef fi cients along the top of this bed fur ther
in crease the am pli tude of re flec tion events as so ci ated with the
top of the Cenomanian. Here, there are two strata (in the Grobla 
Wschód 4 bore hole; Fig. 4D) there is a sys tem of three beds,
while in the Strzelce Wielkie 1 bore hole (Fig. 4C) there is one
bed, the mu tual thick ness re la tion ships of which al ter the am -
pli tude and shape of the re flec tions orig i nat ing from the de -
crease in acous tic im ped ance along the top of the Cenomanian
suc ces sion.

EASTERN ZONE

In this area, the Cenomanian sand stones not only form a
thin ning wedge, but there is also an ero sional in ci sion as so ci -
ated with the Szczurowa palaeovalley that is filled with Mio -
cene siliciclastics of the Carpathian Foredeep. Thus, the in ter -

fer ence at the top of the Cenomanian is ad di tion ally af fected by
the in flu ence of the re flected sig nal from the base of the Mio -
cene suc ces sion (Fig. 2). 

The Rylowa 5 bore hole (Ryl5; Fig. 4F) is lo cated within the 
anom a lous area marked num ber 8 (Fig. 3B). Al most the en tire
Cenomanian res er voir is sat u rated with gas (45 m), there fore
there is no flat spot, i.e. re flec tion events re lated to the con tact
be tween gas and wa ter. The pres ence of gas in creases the re -
flec tion co ef fi cient val ues at the top and base of the Ceno -
manian, and re sults in the pres ence in seis mic data of the clas sic 
bright spot (Fig. 4F; SS track i SEIS. track). 

Above the Cenomanian, the high-ve loc ity Turonian
(4500 m/s) and Senonian (4000 m/s) beds are cov ered by low
ve loc ity Mio cene de pos its (Fig. 4F; li thol ogy track, V_ac and
V_inv, Rc). Along the top bound aries of the Turonian and the
Senonian suc ces sions, a strong pos i tive dou ble re flec tion is vis -
i ble. The su per po si tion of the pos i tive events from the Turonian 
and the Senonian strata and of the neg a tive one from the top of
the Cenomanian re sults in an ad di tional in crease in the seis mic
am pli tude and in mod i fi ca tion of the shape of the com pos ite
sig nal (Fig. 4F).

In the Rylowa 3 bore hole (Ryl3; Fig. 4G) the struc tural and
strati graphic sit u a tion is sim i lar to that in the Rylowa 5 bore -
hole. How ever, the thick ness of the Turonian lime stone in the
Rylowa 3 bore hole is sig nif i cantly larger, which makes the
event from the base of the sat u rated zone vis i ble (flat spot;
Fig. 4G). The thick ness of the Cenomanian sand stones is much
smaller (41 m), while the base of the sat u rated zone gen er ates a
clear flat spot which is ap par ent both on the syn thetic sec tion
(Fig. 4G) and in the seis mic data from the area to the west of the 
bore hole (Figs. 2 and 3). The thick ness of the sat u rated zone in
this bore hole is sim i lar to the tun ing thick ness (20 m).

The Rylowa 10 bore hole is lo cated out side the Rylowa field 
(Fig. 3A). No gas was re corded in this bore hole, al though an -
oma lously high val ues of re flected sig nal from the top
Cenomanian re flec tor are ob served. This is due to the fact that
the Cenomanian sand stone wedges to wards the east. Thus,
here, the re flected sig nals from the top of the Cenomanian stra -
tum and the top of the Ju ras sic in ter fere (tun ing zone) in a sim i -
lar way as in bore hole Grobla 44 (G44; Fig. 4A). 

The anal y sis of seis mic am pli tude anom a lies from bore hole 
data in di cates on two main rea sons for their oc cur rences:

– the pres ence of gas ac cu mu la tions in the Cenomanian
strata, 

– pos i tive in ter fer ence of the event from the top of Ceno -
manian and the events from bound aries that form thin-
 bed ded con fig u ra tions with the top of the Cenomanian. 

The po si tion ing of bore holes in the re search area, par tic u -
larly the ones ex e cuted in re cent years, has been based on am -
pli tude anom a lies (Fig. 3). A num ber of these showed that the
se lected lo ca tion was wrong (among oth ers Fig. 4A–D, H).

It has be come ap par ent that the res er voir seis mic in ter pre -
ta tion, based on anal y sis of an oma lously en hanced am pli tude, 
needs to be pre ceded by iden ti fi ca tion of the zones where geo -
met ric en hanc ing of the am pli tude is sig nif i cant (zones of tun -
ing). The ques tion arises whether this type of iden ti fi ca tion
can be achieved en tirely on seis mic data with out bore hole in -
for ma tion?
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THE CONCEPT OF THE INTERPRETATION
PROCEDURE

For tra di tional struc tural in ter pre ta tion of seis mic data the
zero-phase seis mic sec tion is nor mally used (Figs. 2 and 6). An
al ter na tive ap proach in volves ro tat ing zero-phase seis mic data
by 270° or 90° and re vers ing its po lar ity (Zeng and Backus,
2005a, b) which is fol lowed by de ter min ing the peak-to-trough
am pli tude and to tal am pli tude based on such data. Peak-to-
 trough am pli tude Am (|A1| + |A2| in Fig. 6) is a func tion of sig nal 
en ve lope, while to tal am pli tude (A1 + A2 in Fig. 6) is a mea sure 
of the shape of the sig nal and its shift in phase. If the re flected
sig nal is free from in ter fer ence, its value is zero. Pos i tive and
neg a tive val ues in di cate in ter fer ence due to the pres ence of ad -
di tional seis mic re flec tors be low or above the in ter face ana -
lysed. Lat eral changes in the value of this pa ram e ter along the
seis mic in ter face may in di cate changes in stra tal thick nesses. 

Fig ure 7 shows a syn thetic sec tion ro tated by 270° and cal -
cu lated us ing a Ricker-type sig nal for a sche matic model of a
thin ning wedge. The most sig nif i cant fea tures of the model are:

– re verse re flec tion co ef fi cient on the top and base of the
strata;

– “wedge” shape of the strata, that al lows sim u la tion of
the seis mic im age from a thin layer (in ter fered sig nal) as 
well as from a thick one. 

The val ues of peak-to-trough am pli tude Am and to tal am pli -
tude of re versed po lar ity f1, which were cal cu lated for the re -
flec tions from the top of the stra tum, were sum ma rized with the 
am pli tude Ad (Fig. 8A) which is based only on the value of the
re flec tion co ef fi cient Rc. The at trib ute de fined in such a way
may serve as an in di ca tor of the in ter fer ence ef fect re lated to a

lat eral thin ning of beds stud ied. There fore the at trib ute can be
ap plied to de ter mine the trans fer func tion which is used for re -
mov ing the ef fects of the in crease in am pli tude due to in ter fer -
ence.

If we as sume, af ter Brown et al. (1986), that the ef fect of the 
geo met ric am pli fi ca tion may be added to am pli tudes which re -
sult from the re flec tion co ef fi cient, the trans fer func tion for the
am pli tude ho ri zon map Am can be de fined as:

 Am(x, y) = Ad(x, y) + F(x, y)  [1]

where: Am – peak-to-trough am pli tude of the re flec tions from a seis mic in -
ter face; F – trans fer func tion; Ad – peak-to-trough am pli tude of re flec tions
which is based only on a re flec tion co ef fi cient (ex pected am pli tude); x, y –
co or di nates or inline/cross-line.

Based on the mod el ling re sults (Fig. 7), ap prox i ma tion of
the trans fer func tion F can be de fined in the fol low ing way:

¦3 = ¦1 × a × b = (–1)(A1 + A2) × a × b [2]

where: f1 – to tal am pli tude of re versed po lar ity; a – scal ing co ef fi cient
based on mod el ling data de pends on re flec tion co ef fi cient ra tio from the
top and the base of the strata, as well as on the shape of the source sig nal; b
– con trol co ef fi cient based on time thick ness lim it ing the func tion to the
tun ing zone.
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where: A1–A2_isochron – time thick ness be tween ho ri zon A1 and ho ri zon
A2  (Fig. 7); A–B_isochron – time thick ness be tween zero-cross ing picked
bound ary A and B (Fig. 7); n – taper fac tor.
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Fig. 6. Prin ci ple of cal cu lat ing peak-to-trough 
am pli tude (Am) as well as to tal am pli tude based

on seis mic data ro tated by 270°

Rc – re flec tion co ef fi cient, A1 – peak am pli tude (+), A2
– trough am pli tude (–),  A1 + A2 – to tal am pli tude, |A1|
+ |A2| – peak-to-trough am pli tude (to tal ab so lute am pli -
tude) 

Fig. 7. Prin ci ple of seis mic ho ri zon pick ing based on syn thetic data
ro tated by 270° which was gen er ated based on the sche matic model

of the thin ning stra tum



For con stant val ues of re flec tion co ef fi cients as so ci ated
with the top and the base of the stra tum and for the sig nal re -
sem bling the Ricker-type wave let, the value of scal ing co ef fi -
cient a is 1.33 in the zone of high max i mum am pli tude due to
the tun ing ef fect, and it is in de pend ent of the seis mic ve loc ity
as so ci ated with a wedg ing bed (Marzec, 2004). 

Ap pli ca tion of the above pro ce dure and a smooth ing fil ter
re sults in the Au(est) at trib ute which rep re sents peak-to-trough
am pli tude with out the tun ing ef fect in the zone of the wedg ing
bed (Fig. 8B). The at trib ute does not re con struct the am pli tude
value re lated to the re flec tion co ef fi cient be low the res o lu tion
limit; how ever, it is a good ap prox i ma tion of the seis mic net
pay (Con nolly, 2007). 

CRITERIA OF CLASSIFICATION AND
INTERPRETATION OF AMPLITUDE ANOMALIES
BASED ON THE RESULTS OF 2-D MODELLING

In or der to de ter mine the or i gin of the am pli tude anom a lies
ob served on real seis mic data, the in ter pre ta tion flow de vel -
oped was tested de vel oped us ing the o ret i cal mod els ap prox i -

mat ing subsurface ge ol ogy. Seis mic-geo log i cal mod els were
based on the ar bi trary pro file 1, for which phase cor rec tion was
made by ap ply ing a shap ing fil ter op er a tor which was de ter -
mined by cor re lat ing seis mic traces with the dis tri bu tion of re -
flec tion co ef fi cient val ues from bore hole-log data (Marzec,
2009).

Seis mic-geo log i cal mod els were pre pared us ing bore hole
ve loc ity data (Fig. 4), re sults of seis mic in ver sion (Pietsch et al., 
2005) and the ge om e try of seis mic re flec tors seen on seis mic
ar bi trary line 1 ex tracted from 3-D vol ume (Fig. 3). Syn thetic
seis mic data was gen er ated us ing the Struct ap pli ca tion from
GeoGraphix (Land mark Halliburton) soft ware by ap ply ing a
ver ti cal in ci dence al go rithm which sim u lates post-stack, mi -
grated seis mic data. The sig nal ex tracted from re corded seis mic 
data was used to gen er ate syn thetic data. A 270° phase ro ta tion
of the syn thetic data was made and ap plied which was fol lowed 
by pick ing the pos i tive (C1) and neg a tive (C2) phases of re flec -
tions from the top of the Cenomanian. Syn thetic data show ing
in stan ta neous am pli tude were also gen er ated. The syn thetic
sec tions were used to de ter mine the peak-to-trough am pli tude
(Cm) of the seis mic event gen er ated at the top of the Ceno -
manian (Crc) and var i ous op tions of the trans fer func tion for
this event.

WESTERN ZONE

The model (Fig. 9A) cov ers an area where the Cenomanian
forms a thin ning wedge (anom a lies no. 1 and 2 in Fig. 3B). Its
thick ness is the great est in the Strzelce Wielkie 1 bore hole,
while in the Grobla 12 bore hole  it reaches about 30 m, and in
the area of the Grobla 38 bore hole the Cenomanian is ap prox i -
mately 1 m thick. Thus, the pro file shows the tran si tion from
the thick bed to the thin bed al ready be low the res o lu tion of
seis mic data. The con stant seis mic ve loc ity used for the Ceno -
manian was equal to the low est ve loc ity mea sured for the
Cenomanian rocks in bore holes lo cated in this area. The syn -
thetic seis mic pro file (Fig. 9B) shows a clear in crease in the
am pli tude due to thin ning of the Cenomanian stra tum where re -
flec tions from the top and base of the bed start to in ter fere (tun -
ing zone, CDP 200–470). The peak-to-trough am pli tude plot
for the top of the Cenomanian (Cm in Fig. 9C) shows that the
high est am pli tude val ues of re flec tion from the Cenomanian
top Crc are as so ci ated with a bed thick ness rang ing be tween 10
and 25 m (be tween CDP 200 and 500). The trans fer func tion f3,
cal cu lated us ing the syn thetic data, has pos i tive val ues [pa ram -
e ter a = 1.34 (for mula 3) and n = 3 (for mula 4)]. This in di cates
the dom i nant in flu ence of re flec tions from the top and base of
the Cenomanian on the shape and am pli tude of the com pos ite
seis mic re sponse.

The re sult is anal o gous to the case where there is one wedg -
ing stra tum (Fig. 8A, B). The peak-to-trough am pli tude in the
tun ing zone is re duced to the level char ac ter is tic for the large-
 thick ness stra tum. Due to the large dif fer ence be tween re flec -
tion co ef fi cients at the top and the  base of the thin ning bed
(Fig. 4A), high neg a tive am pli tude val ues Cd(f3; Fig. 9C) are
as so ci ated with a bed thick ness smaller than 3–4 m. This is due
to a de crease in the in flu ence of in ter fer ence be tween re flec -
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Fig. 8. Sche matic draw ing show ing the prin ci ple of re mov ing 
the tun ing ef fect based on model data

A – com par ing the trans fer func tion f1 and peak-to-trough am pli tude Am de -
ter mined for the re flec tions along the top of the wedg ing stra tum (Fig. 6)
with the am pli tude Ad based on re flec tion co ef fi cient val ues; B – com par -
ing peak-to-trough am pli tude be fore [Am] and af ter [Au(est)] ap pli ca tion of
the trans fer func tion f3 with a plot of the net pay pa ram e ter
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Fig. 9. Cri te ria for in ter pre ta tion of the am pli tude map for the top of the Cenomanian bound ary in the area
of the thin ning wedge based on model data (west ern part of the Grobla–Rajsko–Rylowa area)

A – seis mic-geo log i cal model; B – syn thetic data ro tated by 270° (wig gle traces) and data dis play ing in stan ta neous am pli -
tude (col our); C – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing the trans fer func tion Cd(f3) for the top
Cenomanian re flec tor (Crc) based on syn thetic data; D – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing the
trans fer func tion Cd(f3) for the top Cenomanian re flec tor (Crc) based on real data; E – part of seis mic sec tion ar bi trary line 1
which cor re sponds to the seis mic-geo log i cal model (Fig. 8A) af ter phase ro ta tion by 270°



tions, as so ci ated with the op po site-sign re flec tion co ef fi cients,
on the com pos ite seis mic sig nal. Si mul ta neously, there is an in -
crease in the in flu ence of in ter fer ence be tween re flec tions as so -
ci ated with re flec tion co ef fi cients of the same po lar iza tion
(strata over ly ing the Cenomanian). This thick ness can be con -
sid ered as crit i cal for de tect ing the Cenomanian strata on the
seis mic data in the west ern zone. In the case of the real seis mic
data (Fig. 9D, E), re duc tion of the max i mum am pli tude val ues
Cd(f3) (anom a lous area no. 1 be tween bore holes G54 and G12)
to the same or lower lev els as those as so ci ated with the “thick”
bed is also ob served, as on syn thetic data. The ob served neg a -
tive am pli tude val ues in di cate that the Cenomanian thick ness is 
be low the de tec tion limit (in the vi cin ity of bore hole G54,
Cenomanian thick ness – 3 m). The am pli tude val ues ob served
may also be a re sult of a de crease in re flec tion co ef fi cient along
the top the Cenomanian (be tween bore holes G44 and G59).
The de crease in re flec tion co ef fi cient is a re sult of in creas ing
acous tic im ped ance of the Cenomanian de pos its (re duc tion in
po ros ity or change in sed i men tary fa cies). Nev er the less, in this
zone the sig nif i cant am pli tude de crease Cd(f3) should be linked 
to the re duced to tal thick ness of the po rous sand stone as so ci -
ated with low acous tic im ped ance (re duced net pay). Out side
the tun ing zone, i.e. to the east of bore hole G12, ap pli ca tion of
func tion f3 did not change the val ues of peak-to-trough am pli -
tude. Its non-zero, pos i tive val ues are good in di ca tors of the
tun ing zone as so ci ated with wedg ing of the Cenomanian sand -
stones.

CENTRAL ZONE

The model of the anom a lous area, lo cated be tween the
Strzelce Wielkie 1 and Grobla Wschód 1 bore holes (Fig. 3B,
anom aly no. 3), from which no bore hole data was avail able,
was con strained by as sump tion of the strat i fied na ture of the
Cenomanian and its over bur den. The seis mic anom aly on the
time sec tion (Fig. 10E) was as sumed to be a re sult of data dis -
tor tion pro duced by an in crease in thick ness of the high-ve loc -
ity bed pres ent above the Cenomanian. Its thick ness in creases
to the crit i cal value of about 9 m in ac cor dance with the Widess
cri te rion (1973). This can be sim u lated by in creas ing the ve loc -
ity gra di ent in the bot tom part of the Senonian suc ces sion (Fig.
4C–E) and in creas ing the thick ness of the Turonian (Fig.
4F–H). The syn thetic sec tion (Fig. 10B) shows an in crease in
the am pli tude with out al ter ing the wave let shape. The in crease
in the in stan ta neous am pli tude re sem bles a bright spot. Neg a -
tive val ues of the trans fer func tion (f2 = f1 ° a) clearly in di cate
that the high-am pli tude anom aly is a re sult of in ter fer ence be -
tween the re flec tions as so ci ated with the top of the
Cenomanian and the top of its high-ve loc ity over bur den. As a
re sult of ap ply ing the trans fer func tion, there is an in crease, in -
stead of a de crease, in the peak-to-trough am pli tude [Cd(f2) in
Fig. 10C]. The same re sult is ob served on the real seis mic data
(Fig. 9D, E). Both the seis mic re cords (Fig. 10E) and the val ues 
of peak-to-trough am pli tude be fore and af ter ap ply ing the
trans fer func tion (Fig. 10D) sup port good cor re la tion of the
seis mic re cord with the syn thetic data as well as cor rect choice
of the model. The high neg a tive val ues of the trans fer func tion
in di cate that the or i gin of the high am pli tudes, ob served along

the top of the thick Cenomanian suc ces sion, is as so ci ated with
the strata over ly ing it.

The model of the cen tral part of the lo cal Cenomanian Ba -
sin (anom a lies no. 4 and 5 in Fig. 3B) is based on data from the
Grobla Wschód 4 and Rajsko 2, 1 and 3 bore holes. It cov ers the 
area of the Rajsko field as well as the area lo cated im me di ately
to the west of the el e vated zone near the Grobla Wschód 4
bore hole (GW4) where no hy dro car bon sat u ra tion was as -
sumed (Fig. 11A). 

The model as sumes the pres ence of a high-ve loc ity bed
above the top of the Cenomanian which is con sis tent with the
bore hole data (Fig. 4D, E). The syn thetic data (Fig. 11B) in di -
cate a clear in crease in the am pli tude in the res er voir zone. A
smaller in crease in the am pli tude is also ap par ent in the area of
bore hole GW4. There are no no tice able dif fer ences in the
shape of the sig nal be tween these two zones. The high est val -
ues of peak-to-trough am pli tude Cm are as so ci ated with the
res er voir zone (Fig. 11C). In this zone, the trans fer func tion f2
has pos i tive val ues rang ing from the max i mum, where the
gas-bear ing zone has the larg est thick ness, to 0 where the
gas-bear ing zone has a thick ness of 3 m. In the area of bore hole
GW4, the func tion f2 has neg a tive val ues which are close to
zero. In the area of bore hole GW4, the peak-to-trough am pli -
tude C vir tu ally does not change when the func tion is ap plied.
In the area of the Rajsko res er voir (Fig. 11C, CDP ca. 450 to ca. 
900), af ter ap ply ing the trans fer func tion, the peak-to-trough
am pli tude Cd(f2) is re duced al though the val ues ob served are
still higher than those in the area of bore hole GW4 (Fig. 11D).
In struc tural set tings re sem bling the model pre sented here, the
thick ness of the gas-sat u rated zone of 4–5 m is the min i mum
thick ness which al lows un am big u ous de tec tion of the gas-bear -
ing stra tum. Seis mic data show very sim i lar re cords from the
area of the Rajsko field and bore hole GW4 (Fig. 11E). Anal y sis 
of the peak-to-trough am pli tude plots (Fig. 11C) shows that the
trans fer func tion has pos i tive high val ues within the area of the
res er voir. As in the case of the anom a lous area no. 3 (Fig. 10),
the neg a tive val ues of trans fer func tion should be linked to the
dom i nant in flu ence of the ge om e try of the over ly ing strata.

EASTERN ZONE

In terms of its struc ture and stra tig ra phy, the model of the
Rylowa gas field (Fig. 12A) is the most com plex. Here, the
Cenomanian forms a thin ning wedge which in re la tion to the
seis mic sig nal can be clas si fied as an ini tially “thick” bed grad -
u ally chang ing into a thin bed. The same ap plies to the sat u rated 
zone. The thick ness of the Turonian, which over lies the sat u -
rated zone, also changes from 7 m in Rylowa 5 bore hole to15 m 
in Rylowa 3 bore hole. The thick nesses of the over ly ing Cre ta -
ceous strata also change de pend ing on the de gree of their ero -
sion. In the model, Mio cene de pos its fill ing the Szczurowa
palaeovalley, deeply in cised in its Cre ta ceous sub stra tum, seal
the res er voir from the west. The syn thetic sec tion shows high
am pli tude re flec tions (Fig. 12B) which are as so ci ated both with 
the res er voir and the west ern side of the palaeovalley. The plot
of the peak-to-trough am pli tude Cm, as so ci ated with re flec -
tions from the top of the Cenomanian, makes the in ter pre ta tion
eas ier and more ac cu rate. In this part of the res er voir, where the
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Fig. 10. Cri te ria for in ter pre ta tion of the am pli tude map for the top of the Cenomanian bound ary in the area 
of in creased thick ness of the Turonian based on model data (cen tral part of the Grobla–Rajsko–Rylowa area)

A – seis mic-geo log i cal model; B – syn thetic data ro tated by 270° (wig gle traces) and data dis play ing in stan ta neous am -
pli tude (col our); C – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing the trans fer func tion Cd(f2) for the top 
Cenomanian re flec tor (Crc) based on syn thetic data; D – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing
the trans fer func tion Cd(f2) for the top Cenomanian re flec tor (Crc) based on real data; E – part of seis mic sec tion ar bi trary 
line 1 which cor re sponds to the seis mic-geo log i cal model (Fig. 9A) af ter phase ro ta tion by 270°
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Fig. 11. Cri te ria for in ter pre ta tion of the am pli tude map for the top of the Cenomanian bound ary in the area 
of the Rajsko res er voir and in the area of the Grobla Wschód 4 bore hole based on model data

(cen tral part of the Grobla–Rajsko–Rylowa area)

A – seis mic-geo log i cal model; B – syn thetic data ro tated by 270° (wig gle traces) and data dis play ing in stan ta neous am pli tude (col -
our); C – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing the trans fer func tion Cd(f2) for the top Cenomanian re flec -
tor (Crc) based on syn thetic data; D – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing the trans fer func tion Cd(f2) for
the top Cenomanian re flec tor (Crc) based on real data; E – part of seis mic sec tion ar bi trary line 1 which cor re sponds to the seis -
mic-geo log i cal model (Fig. 10A) af ter phase ro ta tion by 270°
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Fig. 12. Cri te ria for in ter pre ta tion of the am pli tude map for the top of the Cenomanian in the area
 of the Rylowa res er voir and the Szczurowa palaeovalley based on model data (east ern part

of the Grobla–Rajsko–Rylowa area)

A – seis mic-geo log i cal model; B – syn thetic data ro tated by 270° (wig gle traces) and data dis play ing in stan ta neous am -
pli tude (col our); C – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply ing the trans fer func tion Cd(f3) for the
top Cenomanian re flec tor (Crc) based on syn thetic data; D – peak-to-trough am pli tude plot be fore (Cm) and af ter ap ply -
ing the trans fer func tion Cd(f3) for the top Cenomanian re flec tor (Crc) based on real data; E – part of seis mic sec tion ar bi -
trary line 1 which cor re sponds to the seis mic-geo log i cal model (Fig. 11A) af ter phase ro ta tion by 270°



thick ness of the gas-bear ing zone is greater than the res o lu tion
of the seis mic data, the in crease in the am pli tude co in cides with 
the in crease of the Turonian thick ness. The in crease in the am -
pli tude Cm in the area of the Rylowa 5 bore hole and on the op -
po site side of the palaeovalley can be ex plained by the tun ing
ef fect due to the palaeovalley in ci sion and the as so ci ated sud -
den re duc tion in thick ness of the Cre ta ceous suc ces sion. The
tun ing ef fect, which is a re sult of in ter fer ence be tween the re -
flected sig nals from the top and bot tom of the gas-sat u rated
zone, is ob served in the palaeovalley area and to the east of the
Rylowa 3 bore hole where the re flec tions from the wa ter/gas in -
ter face are su per im posed on re flec tions from the top and bot -
tom of the Cenomanian and the top of the Turonian.

The trans fer func tion f3 ap plied to the syn thetic data sig nif i -
cantly low ers the am pli tude of sig nal as so ci ated with a thin-bed 
res er voir or a thin zone of gas sat u ra tion. As a re sult, the er ror
in es ti mat ing the res er voir bound aries based on the am pli tude
strength Cd(f3) is re duced. The re sults of mod el ling in di cate
that in ter pre ta tion of seis mic data from the area of the Rylowa
res er voir as well as other po ten tial res er voirs of sim i lar struc -
tural char ac ter may be dif fi cult be cause the in ter pre ta tion cri te -
ria have a lo cal char ac ter. 

Based on the anal ogy with the re sults of the model data, it
can be as sumed that the high am pli tude, ob served in zone no. 7
(Fig. 12D, E) and as so ci ated with the west ern mar gin of the
palaeovalley, is caused by the pinch-out of the high ve loc ity
Turonin and Senonian de pos its. Be cause of this, the in ter fer -
ence of the event from the base of the Mio cene (pos i tive
events) and the top of the Cenomanian (neg a tive event).

The max i mum value of the peak-to-trough am pli tude in this 
zone is sig nif i cantly lower than in the sim i lar set tings on the
other side of the palaeovalley, which is as so ci ated with the
Rylowa res er voir (Figs. 3B and 12D, E; anom aly no. 8).

ANALYSIS AND INTERPRETATION MAP
OF THE AMPLITUDE ALONG THE TOP 

OF THE CENOMANIAN

The cri te ria for seis mic in ter pre ta tion, de vel oped us ing re -
sults of seis mic mod el ling and bore hole data, were ap plied in
anal y sis of the top of the Cenomanian seis mic ho ri zon in ter -
preted across the en tire 3-D vol ume. The re sults of the anal y -
sis are shown as four ho ri zon maps. The peak-to-trough am -
pli tude map for the top of the Cenomanian (Fig. 13), con -
structed us ing ro tated seis mic data, shows an im age of anom a -
lous ar eas which re sem ble the one shown on the in stan ta neous 
am pli tude map (Fig. 3A). De spite ap ply ing smooth ing fil ters,
it is as so ci ated with a wider dy namic range. An ex am ple of
this could be the area of the Rylowa res er voir where the in -
stan ta neous am pli tude map shows an ex ten sive high-am pli -
tude anom aly which con tin ues from the Rylowa 4 bore hole
to wards the north-west to the Rylowa 5 bore hole. The map of
peak-to-trough am pli tude shows that this zone is clearly non-
 uni form in terms of am pli tude with a clear max i mum to the
north-east of the Rylowa 3 bore hole. Apart from zones as so ci -
ated with the stron gest anom a lies of the Rajsko and Rylowa
fields, there are a num ber of more or less ex ten sive anom a lies
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Fig. 13. Peak-to-trough am pli tude map Cm for the top of the Cenomanian



with vari able strength of the max i mum am pli tude. Their or i -
gin is re vealed by the trans fer func tion f2 map (Fig. 14) based
on the to tal am pli tude val ues (Fig. 6) along the top of the
Cenomanian. Based on the mod el ling re sults, the pos i tive f2

val ues (warm colours) in di cate the pres ence of a bound ary
with high pos i tive re flec tion co ef fi cient ra tio within the in ter -
fer ence zone be neath the Crc. 

Strong pos i tive anom a lies (tran si tion be tween red and
brown) in di cate in ter fer ence be tween the re flec tions from the
top Ju ras sic re flec tor and the top of the Cenomanian stra tum
where its thick ness is less than 25 m. Such con di tions are pres -
ent in the zone of the pinch-out of the Cenomanian stra tum in
the west ern and south east ern part of the dataset as well as lo -
cally along the along the axis of Szczurowa palaeovalley. In the 
cen tral part of the study area the pos i tive and close-to-zero f2
val ues (marked yel low) are lo cally pres ent across lim ited ar eas. 
These ar eas usu ally do not cor re spond to lo cally higher
peak-to-trough am pli tudes. The only ex cep tions are the ar eas
of the Rajsko field and the Grobla Wschód 2 and 3 bore holes.
In the ma jor ity of the study area, neg a tive val ues of the trans fer
func tion (green) are ob served, and the val ues de crease to wards
the east. The re sults of seis mic mod el ling (Fig. 10) and bore -
hole ob ser va tions (Fig. 4) in di cate that this ef fect is due to an
in crease in the thick ness of the Turonian or an in crease in the
seis mic ve loc ity within the bot tom part of the Senonian suc ces -
sion. In this area within the top part of the Cenomanian, only a
gas-sat u rated zone could be pres ent char ac ter ized by a thick -

ness much smaller than the to tal thick ness of the high-ve loc ity
for ma tions over ly ing the Cenomanian. Where the gas-bear ing
zone is thicker, the geo met ri cal re la tions be tween the strata
coun ter bal ance each other, and the val ues of the trans fer func -
tion ap proach zero (Fig. 11B, C). There fore, ar eas as so ci ated
with trans fer func tion val ues lower than –1600 (Fig. 14) were
ex cluded from fur ther anal y sis (Fig. 15, ar eas marked grey).
The value of f2 = –1600 is pres ent where the thick ness of the
gas-bear ing zone is about 1 m in the model of the Rajsko field
(Fig. 11A). 

The map show ing ex pected am pli tude Cd(f2) (Fig. 16) is
the fi nal re sult of the in ter pre ta tion pro ce dure car ried out. As a 
re sult of ap ply ing the trans fer func tion f2, the am pli tude anom -
a lies in the cen tral part of the study area are re duced or re -
moved. The only ex cep tion is the am pli tude anom aly as so ci -
ated with the Rajsko res er voir. In the thin ning part of the
Cenomanian suc ces sion near Grobla, the level of the max i -
mum am pli tude val ues is com pa ra ble with those from the area 
of the �thick� Cenomanian. The level of max i mum am pli -
tudes within the pinch-out zone of the Cenomanian in the
Grobla zone more less cor re sponds to the level of av er age am -
pli tude of the “thick” Cenomanian. It in di cates the lack of fea -
si ble gas ac cu mu la tions. This re sult sup ports the con clu sions
drawn from the anal y sis of the tun ing curve (Fig. 5). Ar eas as -
so ci ated with neg a tive val ues of am pli tude in di cate an in -
crease in the seis mic ve loc ity within the Cenomanian rocks.
This is sup ported by cor re la tion with ar eas of higher in verse
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Fig. 14. Map show ing the trans fer func tion val ues f2 with the zero-am pli tude con tour line
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Fig. 15. Re in ter pre ta tion of the map show ing the trans fer func tion val ues f2 for de ter mi na tion of the bound aries of the area where high
 val ues of peak-to-trough am pli tude Cm cor re spond with the in crease in thick ness of the Turonian and/or in creased ve loc ity

in the bot tom part of the Senonian 

Fig. 16. Peak-to-trough am pli tude map Cd(f2) for the top of the Cenomanian af ter re mov ing the tun ing ef fect,  
and bound aries of the area de ter mined based on dis tri bu tion of the trans fer func tion f2 (Fig. 14)



ve loc ity (Marzec, 2009). Af ter the re moval of the high am pli -
tude, as so ci ated with the in ter fer ence with the re flec tions
from the top of the Ju ras sic, the anom aly in the Rylowa res er -
voir area is more re stricted and better cor re sponds with the
res er voir bound aries (Karnkowski, 1999). It is lim ited to the
north and south-east by tec tonic bound aries, there fore no tun -
ing ef fect is ob served here. Other anom a lies, such as those to
the east and north of the Rylowa 2 bore hole, were re moved.
From the ex plo ra tion point of view, only the high am pli tude
anom aly lo cated to the east of pro duc ing bore hole Rylowa 6 is 
a pro spec tive one. Here, the sit u a tion is sim i lar to that in the
Rylowa 3 bore hole and the area to the east of it.

CONCLUSIONS

A need arose to de velop an in ter pre ta tive pro ce dure to en able 
dis tin guish ing am pli tude anom a lies re lated to sat u ra tion with gas 
from those re lated to pos i tive sig nal in ter fer ence re flected from
thin-bed ded strata (tun ing zones). The pro ce dure ad dresses a
sig nif i cant prob lem in the seis mic in ter pre ta tion of res er voirs,
be cause the in ter pre ta tion is mainly based on anal y sis of di rect
hy dro car bon in di ca tors (DHI), that are mostly de rived from am -
pli tude anom a lies char ac ter is tic of gas sat u rated zones.

The pres ence of such anom a lies at the top of Canomanian
sand stone within the Grobla, Rajsko and Rylowa oil and gas
res er voirs was the rea son for un der tak ing the re search. The
pro posed method of iden ti fi ca tion and re mov ing of the ef fect
of am pli tude am pli fied by in ter fer ence of top and floor of the
pinch ing-out bed is based on seis mic data ro tated by 270 de -
grees. Cri te ria for in ter pre ta tion of ro tated data were fur ther de -
vel oped from seis mic mod el ling, and are es tab lished on the dif -
fer ence car ried by peak-to-trough am pli tude and to tal am pli -
tude of the ro tated seis mic events.  This dif fer ence al lowed def -
i ni tion of the trans fer func tion and, fur ther, for re moval of the
ef fect of am pli tude am pli fi ca tion within zones of tun ing. The
fi nal prod uct of the pro ce dure de vel oped is a chart show ing the
am pli tude of seis mic events from the top of the Cenomanian

cleared of geo met ri cal am pli fi ca tion re lated to the tun ing phe -
nom e non. 

The method, and the cri te ria de fined by mod ell ing, were ap -
plied in anal y sis of the seis mic event from the top of the
Cenomanian pro vided in the 3-D Grobla–Uście Solne and
Grobla Wschód–Rylowa sur vey and fa cil i tated: 

– more re li able con tour ing of the Rajsko and Rylowa res -
er voirs;

– ex ten sion of the res er voir zone at Rylowa east of the
Rylowa 6 bore hole; 

– dis card ing the hy poth e sis of gas sat u ra tion within the
zone of Cenomanian sand stone pinch-out over Ju ras sic
beds (west ern and southeast ern parts of the study area).
The am pli tude vari a tions re corded within this zone are
caused by changes of petrophysical pa ram e ters ob serv -
able along tran si tion from po rous sand stone fa cies into
an less po rous and into an al most im per me able con -
glom er ate;

– rec og ni tion of the non-res er voir or i gin of am pli tude
anom a lies re corded across the greater larger part of the
study area e.g.: be tween the Strzelce Wielkie 1–Grobla
Wschód 1 and 3–Grobla Wschód 4 bore holes, as well as 
along the ero sional trough of the Szczurowa palaeo -
valley. The anom a lies are caused by thick ness vari a tions 
of high ve loc ity in ter ca la tions both in over ly ing strata
and in the Cenomanian

The  in ter pre ta tive pro ce dure de vel oped is math e mat i cally
un com pli cated and pro vides sur pris ingly good re sults. It tests
uti li za tion of changes of the sig nal within the tun ing zone in re -
mov ing the anom a lies re lated to geo met ri cal am pli fi ca tion
from the am pli tude maps. It can be used di rectly for res er voir
iden ti fi ca tion as part of the ex ist ing sys tem of seis mic in ter pre -
ta tion. 
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