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Ab stract: A block de vel op ment op er a tion at the “Rudna” cop per mine (KGHM Polska MiedŸ S.A.) en coun tered a 
“com pressed gas trap” that caused the ejec tion of frag mented rock ma te rial into a drift. Faced with a new threat of
gas ejec tion the mine needed to find meth ods to iden tify po ten tial gas con cen tra tion zones prior to any fur ther
ex plo ra tion work. Sur face seis mic sur vey ing was cho sen as a widely-ac cepted stan dard method of in ves ti gat ing
rockmass struc ture and tec ton ics and pin point ing nat u ral gas de pos its. An area of one square kilo metre was
se lected di rectly above the ejec tion site, a 3D seis mic sur vey, known as Du¿a Wólka 3D, was per formed and a
sur vey well S-421A was drilled. The ob jec tive was to in ves ti gate the over all rock struc ture, es pe cially the
struc ture of Zechstein and top Rotliegendes for ma tions, as well as to at tempt iden ti fy ing anom a lous zones, which
could be linked with the gas sat u ra tion of Ca1 dolomites, on the 3D seis mic im age at the P1 level (Zechstein/
Rotliegendes bound ary).

An in ter pre ta tion of multi-sce nario seis mic mod el ling of the re corded data helped to:
– rec og nize the struc ture and tec ton ics of the area, in clud ing mi nor faults cut ting through the top-level

Rotliegendes for ma tions and floor-level Zechstein for ma tions. Such faults could con sti tute mi gra tion chan nels for
Car bon if er ous-pe riod gases,

– lo cate zones with nearly zero-re flection am pli tude at the sur face of the top-level Rotliegendes (P1 seis mic
bound ary), which would sug gest a re duc tion of elas tic pa ram e ters of the Ca1 do lo mite. This re duc tion could be
linked to an in creased po ros ity and frac tur ing of the do lo mite and its sat u ra tion with gas (a re duc tion of the seis mic 
wave let prop a ga tion ve loc ity).

Cred i bil ity of this in ter pre ta tion is al ready partly cor rob o rated by data from wells drilled in the Zechstein
lime stone by the mine.

The pa per pres ents the first in the world at tempt to use the sur face seis mic sur vey for lo ca tion of zones with
small gas con cen tra tion in po rous rocks at the Zechstein/Rotliegendes bound ary. Such zones should not be
iden ti fied with gas pools that oc cur in the Zechstein Lime stone (Ca1) in the area of the Fore-Sudetic Monocline.
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IN TRO DUC TION

The de pos its of cop per ore with sil ver that oc cur in the
Fore-Sudetic Monocline are ex ploited by KGHM Polska
MiedŸ S.A. in the mines ZG Lubin, ZG Sieroszowice – Pol-
kowice and ZG Rudna. The mine work ings are cut mostly in
the bot tom part of the Zechstein strata and in sand stones of
the Weissliegendes.

The “Rudna” cop per mine (part of KGHM Polska
MiedŸ S.A.) is en gaged in pre pa ra tory work of de vel op ing a 
new sec tion of a cop per de posit in the G³ogów G³êboki–

Przemys³owy Min ing Area. The block de vel op ment op er a -
tion is head ing in the north west ern di rec tion.

In Sep tem ber 2009, while ex tend ing the No. 169 set of
drifts, the min ers en coun tered a “gas trap” with small vol -
ume, but high pres sure in drift T169a. As a re sult of rock
crack ing caused by blast ing op er a tion, the com pressed gas
caused an ejec tion of frag mented rock ma te rial (small do lo -
mite frag ments) into drift W-169a. In face of the threat of
new gas ejec tions in this part of mine, the min ing work was



sus pended un til causes of the event are ex plained. At the
same time at tempts were started to find meth ods which
would en able de ter mi na tion of pos si ble places with po ten -
tial gas con cen tra tion.

Gas sam ples taken from the en coun tered “gas cav ern”
and from min ing well Jm20H5 drilled from drifts 169 were
geochemically tested in or der to iden tify their mo lec u lar and 
iso to pic com po si tion. The tests showed that, in terms of its
or i gin, the gas re sem bled nat u ral gas ac cu mu lated in res er -
voir rocks of the Zechstein lime stone and Rotliegendes for -
ma tions in the Pol ish Low lands. Such gas ac cu mu la tions
are, among oth ers, also known from the Fore-Sudetic Mo-
nocline, some of them lo cated 30–40 kilo metres from the
“Rudna” min ing area. They were sourced by Car bon if er ous
and De vo nian source rocks (D¹browska et al., 1993;
Kotarba, 2010). Faults found in the mine that cut the Rotlie-
gendes and the bot tom lay ers of the Zechstein can be paths
for gas mi grat ing to po rous parts of Ca1.

Apart from the re search con ducted within the de posit it -
self, sur face seis mic sur vey was em ployed as it rep re sents a
ba sic method used for lo ca tion of hy dro car bon de pos its. A
3D seis mic sur vey was pro posed to help un der stand the
struc ture of the Zechstein and top Rotliegendes for ma tions
and to at tempt iden ti fy ing anom a lous zones in the seis mic
im age at the Zechstein/Rotliegendes bound ary (P1). It was
as sumed that the zones could be linked with ar eas of in -
creased po ros ity and/or frac tur ing of the Zechstein do lo mite 
rocks and could serve as po ten tial gas con cen tra tion zones.
Sim i larly, it was as sumed that the tec tonic faults could be

used as chan nels for gas mi gra tion into the loos ened zones
in the Ca1 dolomites.

Plau si ble in ter pre ta tion of seis mic data is only pos si ble
when linked with geo log i cal and geo phys i cal data ob tained
from deep wells. A need for de tailed un der stand ing of
petrophysical prop er ties of the Zechstein and Rotliegendes
for ma tions called for such an in ter pre ta tion. The cross-
method re quire ment was sat is fied by drill ing the well
S-421A at a hor i zon tal dis tance of 250 metres from the “gas
cav ern” and by per form ing a 1 km2 sized 3D seis mic sur vey 
“Du¿a Wólka 3D” around the well (Fig.1).

GEO LOG I CAL STRUC TURE
OF THE DE POSIT IN THE STUDY AREA

The “G³ogów G³êboki–Przemys³owy” Min ing Area is
lo cated in the south ern-cen tral part of the Fore-Sudetic
Monocline (Fig. 2)

For ma tions older than Car bon if er ous are known from a
few well sec tions only. They are rep re sented by phyllites
and quartz schists of the Pre cam brian age (Oberc, 1978).
Sub-Perm ian Car bon if er ous strata are com posed prin ci pally 
of ar gil la ceous rocks with interbeds of greywackic sand -
stones that pass into youn ger sed i ments of typ i cal molasse
na ture (Wierzchowska-Kicu³owa, 1996). On the base ment,
Perm ian and Me so zoic strata rest. They dip gently (4–5°)
and honoclinally to NE (Fig. 3).
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Fig. 1. “Rudna” mine – map of drifts and lo ca tion of seis mic 3D sur veys



The Perm ian suc ces sion is rep re sented by the Rotlie-
gendes and Zechstein for ma tions (K³apciñski & Peryt,
1996, 2007). The Lower Rotliegendes (Autunian) is de vel -
oped as basal con glom er ates, brown-red sand stones and
shales, quartz con glom er ates, rhyolites and rhyolitic tuffs.
The Up per Rotliegendes (Saxonian) is de vel oped as brown- 
red fine- and me dium-grained sand stones with glauconite

(K³apciñski & Peryt, 1996, 2007). The Rotliegendes sed i -
ments oc cur in the whole ana lysed area and range from
200 m to ca 400 m in thick ness. At the up per most part of the 
Rotliegendes, sand stones (2–6 m thick) of the Weisslie-
gendes oc cur. They rep re sent transgressive de pos its of the
Zechstein sea (B³aszczyk, 1981; Jerzykiewicz et al., 1976;
Krasoñ & Grodzicki, 1964; Zaczek, 1972).
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Fig. 2. Geo log i cal map of Fore-Sudetic Monocline with out Caino zo ic strata (by Po¿aryski, 1979)

Fig. 3. Fore-Sudetic Monocline. Geo log i cal cross-sec tions through the Lubin–G³ogów cop per de posit (K³apciñski et al., 1984 – mod i -
fied)



The Zechstein suc ces sion is com posed of four cyclo-
thems (K³apciñski & Peryt, 1996, 2007; Pajchlowa & Wag -
ner, 2001):

The PZ1 cyclothem (Z1, Werra) is de vel oped as the
Bor der Do lo mite, the Kupferschiefer (£M), lime stones and
dolomites of the Zechstein Lime stone (Ca1), the Lower
Werra Anhydrite (A1D), the Old est Ha lite (Na1), and the
Up per Werra Anhydrite (A1G);

The PZ2 cyclothem (Z2, Stassfurt) is com posed of the
Main Do lo mite (Ca2), the Basal Anhydrite (A2), the Older
Ha lite (Na2), the Older Pot ash Salt, brec cias, and cav ern ous 
an hyd rites;

The PZ3 cyclothem (Z3, Leine) is com posed of the
Platy Do lo mite (Ca3) with interbeds of the anhydrite (A3),
dark- grey lam i nated shales of the Grey Salt Clay (I3), and
the Youn ger Ha lite interbedded lo cally with the Youn ger
Pot ash Salt (Na4).

The PZ4 cyclothem (Z4, Aller) is de vel oped as brown-
red shales with interbeds of gyp sum or anhydrite (I4), the
po rous Peg ma tite Anhydrite (A4), the Youn gest Ha lite, and
brown-red shales.

In the “G³ogów G³êboki–Przemys³owy” Min ing Area,
the PZ2, PZ3 and PZ4 cyclothems have small thick nesses
(ca. 100 m in to tal).

In the study area, Me so zoic sed i ments are rep re sented
only by sand stones of the Buntsandstein.

The Zechstein for ma tions of the Fore-Sudetic Mono-
cline are over lain by the Tri as sic, Ju ras sic and Cre ta ceous
suc ces sions (K³apciñski & Peryt, 1996, 2007) which gently
dip to NE. They are over lain by Cainozoic sed i ments. Dur -
ing the Ter tiary, limy, quartzose and glauconitic sand stones
were de pos ited, as well as grav els, clays and brown coals.
They are over lain by the Poznañ Clay (K³apciñski & Peryt,
1996, 2007). Qua ter nary sed i ments are rep re sented mainly
by sands, grav els, tills and clays (K³apciñski & Peryt, 1996,
2007).

The study area was sur veyed us ing a grid of sur -
face-drilled wells at 1.5 × 1.5 km in ter vals (S-421, S-420,
S-441, S-640, S-422, S-379, S-369, S-368), an ad di tional
well S-421A with a full range of drill ing geo phys i cal mea -
sure ments, min ing drifts T and W-169 and with ad di tional
wells drilled from the drifts. Un for tu nately, no one well
reached for ma tions older than the Rotliegendes.

In the min ing area, three prin ci pal fault sys tems are
dom i nant: NW–SE, W–E and N–S. The north west-south -
east-trending faults, which are part of the Mid dle Odra dis -
lo ca tion zone, play a ma jor role with re gard to ex tent and
am pli tude (Markiewicz, 2007).

The most de tailed in for ma tion about the li thol ogy of the 
de posit and sur round ing rocks was pro vided by well
S-421A where cores were ana lysed for li thol ogy, fa cies, and 
sed i men tary con di tions at the bound ary be tween the Rotlie-
gendes and Zechstein for ma tions (KGHM POLSKA
MIEDZ S.A. OZG “Rudna”, 2010).

The Zechstein for ma tions rest on a very thick (400–500
m) se ries of brown-red sand stones of ae olian or i gin. Well
S-421A pen e trated 42.5 metres into the Rotliegendes sed i -
ment. The sed i ment was formed in ae olian con di tions and
fea tured clearly vis i ble, slanted large-scale lay er ing typ i cal
of desert/dune con di tions of terrestrial sed i men ta tion.

Atop the Rotliegendes for ma tion lies a ca. 10 metre-
thick layer of sand stone with nearly flat-par al lel lay er ing of
the sandy ma te rial that is typ i cal of Weissliegendes flu vial
sed i men ta tion. The sed i men ta tion se ries of clastic for ma -
tion ends with a se ries of white-grey sand stones, 8.5 m
thick. These are typ i cal light-grey Weissliegendes sand -
stones with nu mer ous sedimentary struc tures char ac ter is tic
of ma rine en vi ron ments.

The en tire sandy se ries (in clud ing both the Rotliegen-
des and Weissliegendes) is built of quartz ite sand stones
with clay and clay/car bon ate cement. Only at the very top of 
the for ma tion there is a con sid er ably harder, 10 centi metre
thick layer with car bon ate cement.

The sandy res i due of the Weissliegendes is cov ered by a
thin se ries of non-fer rous, ore-bear ing clay shales of highly
var ied thick ness and with strong lo cal dis tor tions caused by
sec ond ary sed i men ta tion, diagenetic and tec tonic pro cesses.
Shale for ma tions were found in drifts T, W-169 and in a
small num ber of ad ja cent wells drilled from the sur face.

Car bo na ceous for ma tions of the Werra Cyclothem
(Ca1) range from 9 to 15 metres in thick ness and are shaped
as cryptocrystalline and fine-crys tal line grey-beige do lo -
mite and lime stone. These for ma tions are pre dom i nantly
very hard and highly com pacted. The dark-grey cryptocrys-
talic do lo mite with clay laminae con sti tutes the floor-level
link of the car bo na ceous se ries. The mid dle link con sists of
cryptocrystalline grey-beige or beige do lo mite with few
lamina tions. The sec tion that con tains the “gas traps” is
dark-beige with cryptocrystalline or fine-crys tal line struc -
ture. It is also ei ther po rous or densely cracked, the lat ter
vis i ble un der a mi cro scope. The rocks are rel a tively loose
and sus cep ti ble to me chan i cal dam age. The top-level sec -
tion of the car bo na ceous se ries is oc cu pied by dark-grey
dolomites with a de gree of fine lam i na tion and streaks of
clay sub stance, of ten anhydrite or is mixed with fine-
grained or fine-crys tal line, dark-grey anhydrite.

Above the car bo na ceous se ries, a 20–80-m-thick con -
tin u ous and rigid Zechstein anhydrite layer was found. The
anhydrite (A1D) is ash-grey in col our, fine-crys tal line, hard
and com pacted. Most of the anhydrite se ries is overlain by a
thick de posit of the old est ha lite (Na1).

The ge ol ogy of the area is strictly re lated to the palaeo-
mor phol ogy  of the top of the Weissliegendes and sub se -
quent de for ma tion re lated to the de vel op ment of the Fore-
Sudetic monocline (Jerzykiewicz et al. 1976; Jarosz &
Zalewska, 1977; B³aszczyk, 1981; Kaczmarek et al. 2005).

OUT LINE OF MIN ING PROB LEMS

As it was men tioned above, the “Rudna” cop per mine
car ries on the min ing work in new part of the cop per de posit 
in the G³ogów G³êboki–Przemys³owy Min ing Area and the
block de vel op ment op er a tion is head ing in the north west ern 
di rec tion.

The min ing work, in volv ing the dig ging of a set of
drifts cut ting through the de posit, was car ried out at a depth
of  ca. 1190 m. Be cause of the thin (0.3–0.6 m) cop per-bear -
ing shale for ma tions, the drifts cut into both the Rotliegen-
des for ma tions (Weissliegendes sand stones) and the do lo -
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mite for ma tions of the Zechstein lime stone (Ca1). In the
work ing area, the do lo mite for ma tion layer is ap prox i mately 
11 m thick while the drift height is 4 metres, of which 3.2
metres cuts into the do lo mite.

While ex tend ing the No. 169 set of drifts, the min ers
en coun tered a “gas trap” with small vol ume, but high pres -
sure in drift T169a. As a re sult of rock crack ing caused by a
blast ing op er a tion, the com pressed gas caused an ejec tion of 
frag mented rock ma te rial (small do lo mite frag ments) into
drift W-169a. Ac cord ing to a geomechanical anal y sis of the
event, the ejec tion was caused by top do lo mite slab snap -
ping-off from the anhydrite for ma tion, which opened the
trap filled with de bris and gas (Zorychta, 2010). In face of
the threat of new gas ejec tions, the min ing work was sus -
pended un til causes of the event are ex plained and po ten tial
gas con cen tra tion spots are iden ti fied.

The geo log i cal ser vices of the mine started drill ing their 
own sur vey wells to de ter mine pos si ble gas con cen tra tion
spots in the rockmass sur round ing the “gas cav ern” (Fig. 4). 
Al to gether, 11 hor i zon tal and slop ing wells were drilled at
var i ous az i muths in the Ca1 Zechstein lime stone (do lo mite).

Ev i dence of gas was found in three wells. 2.6% of
meth ane was found in an out flow in well Jm20H5, (con tain -
ing pri mar ily ni tro gen) at a pres sure of 27 at and the com -
bined vol ume of 6,956 m3. In well Jm20H8, an out flow had
a pres sure of 60 at and a com bined vol ume of 28,634 m3, of
which 5.1% was meth ane. Fi nally, 2,088 m3 gas leaked
from well Jm20H10 at pres sure 38 at and in cluded 5.25% of 
meth ane (KGHM POLSKA MIEDZ S.A. OZG “Rudna”,
2010).

The re sults of these drillings sug gest an ir reg u lar oc cur -
rence of gas con cen tra tion zones around the orig i nal “gas
cav ern” in drift T-169a. It sug gests new gas ejec tions risk
dur ing min ing work in this part of the de posit.

In the light of these re sults, a need for 3D seis mic data
be came even more ap par ent in or der to as sess rocks prop er -
ties at the Zechstein/Rotliegendes bound ary (P1) and to lo -
cate ar eas of in creased to tal po ros ity as po ten tial gas con -
cen tra tion ar eas.

METH OD OL OGY OF SEIS MIC DATA
AC QUI SI TION AND PRO CESS ING

To in ves ti gate geo log i cal struc ture of the study area
(1 km2 tar get area), a 3D seis mic sur vey was made by the
Geofizyka Kraków Ltd., POGC Group. The 1 km2 area sur -
face must be re garded as the area where the seis mic im age
will achieve its nom i nal pa ram e ters.

The hor i zon tal res o lu tion of seis mic in ves ti ga tion was
set at 10 m (bin 10×10 m), which im plied the in ter val be -
tween re ceiv ers at 20 m and the same for shot points.

The fold num ber, the main pa ram e ter in 3D sur vey ing,
was set at 64. The other main pa ram e ter, off set, ought to
cor re spond at its max i mum to the tar get depth, which in this
case was the P1 bound ary (top of the Rotliegendes at ca.
1,200 m). It was set at 1,236 m and the min i mum off set was
at 156 m. To achieve these nom i nal pa ram e ters the cen tral
setup must have the fol low ing split-spread pa ram e ters:

– 16 re ceiver lines at 100 metres apart to en sure the
cross line fold of 8,

– 96 re ceiver points en sur ing in-line fold of 8 at 120
metres be tween shot lines (clus ters ev ery 6 re ceiver points),

– 18 shot point lines at 120 metres apart (in line shot in -
ter val 6),

– 95 shot points per line (Fig. 5).
For the Du¿a Wó³ka 3D sur vey, the meth od ol ogy was

sim pli fied, but re cord ing was car ried out along 20 lines,
which en sured that a nom i nal fold of 64 was achieved along
the tar get area (Fig. 5). This meth od ol ogy re quired a lim it -
ing of the off set range dur ing data pro cess ing.

A Sercel 408 UL de vice was used for field mea sure -
ment. Re cord ing time was three sec onds each, with sam -
pling in ter val of 2 mil li sec onds. SM-24 geo phones, with the 
res o nance sen si tiv ity of 10 Hz, were used as vi bra tion sen -
sors and were grouped in three lines of 12 geo phones each
in par al lel to the pro file, at a 5 metre group ing base and one
metre be tween the geo phones. Two Vibroseis Fail ing Y-
2400 Mark IV de vices were used per shot point. At ev ery
shot point eight sweeps were gen er ated with out mov ing of
the vibroseis. Each sweep lasted 16 sec onds at a fre quency
range of 8–110 Hz (Geofizyka Kraków Ltd. POGC Group,
2010c).

Data pro cess ing in volved stan dard and some ad vanced
pro ce dures, the lat ter in clud ing au to matic cor rec tion of sta-
tic ad just ments, ve loc ity anal y sis, spec tral whit en ing and
DMO pro ce dure along passes des ig nated for ve loc ity anal y -
sis. The fi nal pro cess ing in volved post-DMO ve loc ity anal -
y sis, DMO stack for all the data (max i mum fold in mid dle
of area equal to 300), spec trum whit en ing of the am pli tude
seis mic re cord, sig nal to noise im prove ment, fre quency fil -
ter ing, fi nal am pli tude scal ing and wave let phase ad just -
ment to ob tain a zero-phase re cord (Geofizyka Kraków Ltd.
POGC Group, 2010d). As a re sult, the wave field ob tained
had an im proved res o lu tion but less than good hor i zon tal
res o lu tion. To im prove this pa ram e ter an at tempt was made
to ap ply mi gra tion, but 3D mi gra tion pro ce dure tests
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Fig. 4. “Rudna” mine – site of gas erup tion and lo ca tion of in -
ves ti ga tion bore holes and gas con cen tra tion zones



showed, af ter stacking, that the migration side effects
(smiles) were still visible (Fig. 6A).

In a fur ther ef fort to im prove hor i zon tal res o lu tion, the
re flec tions reg is tered at high in ci dent an gles were elim i -

nated by lim it ing off sets to 1,200 metres (fold re duc tion to
64) and a set of data thus pre pared went through a fi nal pro -
cess ing pattern involving:

– ve loc ity anal y sis (4 times), re sid ual stat ics (3 times),
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Fig. 5. “Rudna” mine area – place of seis mic in ves ti ga tion in Du¿a Wólka vil lage re gion. A – shots and re ceiv ers lo ca tion, B – ef fec tive 
fold af ter off set range re duc tion (Geofizyka Kraków Ltd. POGC Group, 2010c)

Fig. 6. Time seis mic pro file (in line 113). A – af ter ad vanced pro cess ing and mi gra tion, B – af ter off set range re duc tion, DMO stack
and 180 de grees phase ro ta tion



– DMO stack, RNA3D (ran dom noise at ten u a tion),
spec tral whit en ing,

– FK 3D fil ter, TV fil ter, in stant gain, zero phase con -
ver sion, harmonizer deconvolution,

– 180 de grees phase ro ta tion.
Mi gra tion was not ap plied in this in stance. High res o lu -

tion seis mic 3D vol ume was ob tained (Fig. 6B) and used for 
geo log i cal in ter pre ta tion.

SEIS MIC IN TER PRE TA TION

Geo log i cal cal i bra tion of seis mic bound aries

In ac cor dance with re quire ments of geo log i cal doc u -
men ta tion of the de posit, there are a dozen deep wells that
reached through the de posit zone and into the Rotliegendes
for ma tions un der neath. Geo phys i cal mea sure ments were,

how ever, per formed in only one well, S-421A, lo cated at
the cen tre of the seis mic sur vey (Fig.1).

Well logs ob tained for the de posit zone (Geofizyka
Kraków Ltd. POGC Group, 2010b.), which are most im por -
tant to seis mic in ter pre ta tion (ve loc ity logs and den sity
logs) as well as in for ma tion on li thol ogy and po ros ity and
sat u ra tion and elas tic pa ram e ters are shown in Fig. 7. The
logs showed a change of these pa ram e ters at the bound ary
be tween the Zechstein and Rotliegendes for ma tions. This is
where a fun da men tal change oc curred in the V ve loc ity, the
r vol ume den sity and the dy namic elas tic ity pa ram e ters,
such as the modulus of ri gid ity (G), Young’s modulus (E)
and the bulk modulus (K). A change of these pa ram e ters is
strictly linked with a tran si tion from sul phate-car bon ate
sed i ments (A1D-Ca1), with their trace po ros ity lev els, to
clastic sed i ments of the Rotliegendes, with its po ros ity up to 
more than ten per cent and hy dro car bon sat u ra tion lev els in
the or der of sin gle-per cent age points (see Fig. 7). In the re -
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Fig. 7. Well log ging re sults from well S-421A. Elas tic pa ram e ters of de posit zone. A1D – Lower anhydrite; Ca1 – Zechstein lime stone; 
I1 – Cop per bear ing; BP – Weissliegendes sand stone; CS – Rotliegendes sand stone (Geofizyka Kraków Ltd. POGC Group, 2010b)



cord of petrophysical pa ram e ters, a bound ary be tween the
bot tom anhydrite A1D and dolomites of the Zechstein lime -
stone Ca1 also co mes out. A pro nounced drop in den sity
and a mi nor in crease in ve loc ity are linked to this bound ary.

Well-log ging data are nec es sary to geo log i cal link ing
of seis mic ho ri zons. The well-to-seis mic tie was per formed
us ing syn thetic seismograms (GeoGraphix pro gram Log M
Land mark Graphics Corp.). Data nec es sary to con struct
syn thetic seismograms in clude ve loc ity curve and den sity
curve (RHOB) ob tained from acous tic and den sity pro fil ing
per formed at well S-421a (Geofizyka Kraków Ltd. POGC
Group, 2010b.), as well as a 20–40 Hz seis mic wave let that
was ex tracted from traces re corded near the well for Perm -
ian for ma tions (Pietsch et al., 2010).

Such low fre quen cies mean that it was pos si ble to un -
equiv o cally iden tify seis mic re flec tions from Mio cene coal
de pos its and the top of Tri as sic for ma tions, which have
greater ve loc i ties and den si ties as com pared to the over ly ing 
Ter tiary strata (Pietsch et al., 2010). The seis mic im ag ing of 
the Zechstein for ma tions is, how ever, less clear. This can be 
seen in a part of syn thetic seismogram for the Zechstein
strata (Fig. 8).

From the seis mic per spec tive the Zechstein is a thin-
layer me dium. To ob tain sep a rate re flec tions from the bot -
tom and the top of a layer, the thick ness of the layer should
be about 60–70 metres at ve loc ity of ca. 6,000 m/s (in anhy- 
drite and do lo mite) and ca. 40–50 metres at a ve loc ity of ca.
4,000 m/s (salt) for fre quen cies of the or der of 25 Hz. With
the ac tual layer thick nesses in the mine, the un equiv o cal
cor re la tion can be ob tained only for the re flec tions from the
top of the old est ha lite Na1 (strong neg a tive re flec tion) and
the top of anhydrite A1D (strong pos i tive re flec tion). How -
ever, seis mic events re lated to the top (Ztop) and floor (P1)
of Zech- stein are in ter fered sig nals.

The P1 re flec tion (Fig. 8) that is re lated to do lo mite
layer (Ca1), cop per-bear ing layer (I1) and white sand stone
layer (BP), is par tic u larly im por tant to min ing works. A
slight ve loc ity in crease and ac com pa ny ing drop of den sity
re sults in the re flec tion co ef fi cient close to zero at the top of
the do lo mite (Ca1). There fore, the anhydrite/do lo mite
boundary has no ef fect on the re flec tion and the seis mic
bound ary P1 is clearly linked with the strong re flect ing
bound ary be tween the Ca1 do lo mite and the BP white sand -
stone (top of the Rotliegendes) (see Fig. 8). The am pli tude
of the re flec tion de pends not just on petrophy- sical pa ram e -
ters of the lay ers men tioned above, but also on pa ram e ters
of the top of the lower anhydrite (A1D) and of the bot tom
Rotliegendes (CS). Look ing at the cal cu lated syn thetic
seismogram and at ve loc ity and den sity sum ma ries in Fig -
ures 7 and 8, the reflection linked with the Zechstein/Rot-
liegendes bound ary has a neg a tive am pli tude. Its scale de -
pends on the petrophysical pa ram e ters of all the layers that
form the above men tioned deposit zone, and also on their
thickness.

Sum ming up the link ing of well-log ging data with seis -
mic re cords, it may be con cluded that the cur rent ca pa bil i -
ties of seis mic method of fer no re al is tic pros pect of achiev -
ing higher fre quen cies that are re quired to ob tain a sep a rate
re flec tion from the top of Ca1 and the floor of P1 Zechstein.
Ad di tion ally, it is worth not ing that in the study area the Ca1 
top bound ary is not a seis mic bound ary, be cause of the sim i -
lar i ties be tween petrophysical parameters of A1D and Ca1.

Struc tural map of the Zechstein bot tom (P1)

The re corded seis mic pro files have shown the struc tural 
set ting of the study area. The north ern part is cut by a se ries
of faults orientedd NW–SE. The faults (see: seis mic pro file
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Fig. 8. Part of syn thetic seismogram for Zechstein in ter val. GR – Gamma ray pro fil ing; VE LOC ITY – P wave ve loc ity; RHOB – bulk
den sity, SEIS MIC – part of seis mic pro file, SS – syn thetic seismogram



IL 140 – Fig. 9) cut through the Tri as sic and Zechstein
strata and within the lat ter the fault dis place ment is much
smaller. The A fault run ning S–N (see: seis mic ar bi trary
pro file along well cor re la tion line – Fig.10), as well as faults 
B and C run ning NEE–SWW, are lim ited to the Rotliegen-
des for ma tions and dis ap pear ei ther in the A1D anhydrite or
in the Na1 ha lite.

To con struct the struc tural map at the top of the Rotlie-
gendes, the time-to-depth con ver sion method, based on the
for mula Vavg = V0 + kZ, was used. The k co ef fi cient was
cal cu lated from lin ear ap prox i ma tion of the ver ti cal hodo-
graph. Av er age ve loc i ties Vavg were cal cu lated on the ba sis
of the depth to the Rotliegend rocks in the wells and mine
drifts and cor re spond ing time val ues t0 in the seis mic sec -
tions. Con sid er ing the small num ber of depth mea sure ments 
within the 3D sur vey and their ir reg u lar dis tri bu tion (con-
centrated in the cen tre of the mapped area), the method of the
ve loc ity V0 in ter po la tion and ex trap o la tion gives smaller er -
rors of the time-to-depth con ver sion in com par i son with the
method based upon a map of av er age ve loc i ties Vavg. More -
over, it is not nec es sary to in clude, in the V0 ve loc ity wave
field, faults that are char ac ter ized by small throws.

A struc tural depth map of the P1 level in Fig. 11 is only
cal i brated by wells S-421 and S-421A and by depth of the
gas erup tion level (mine pro pri etary data). It shows honocli-
nal dip of the base ment of the Zechstein to wards NE (1,000–
1,200 m). In the min ing area, three prin ci pal fault sys tems are 
dom i nant: NW–SE, NWW–SEE and N–S. The NW–SE sys -
tem is su pe rior. It oc curs in the north ern part of the sur vey
area, and ma jor dis lo ca tions 2, 3 and 4 bound a re gional
trough. Their throws reach 100 m. Sys tems of sub or di nate
faults (trans verse and lon gi tu di nal ones), ori ented N–S and
NEE– SWW, have throws of up to a few metres (Nieæ, 1997).

Seis mic mod el ling as a ba sis for de vel op ing
iden ti fi ca tion cri te ria for anom a lous zones linked

with gas sat u ra tion

The thin-lay ered struc ture of the de posit zone and the
lack of de tailed in for ma tion on the petrophysical pa ram e -
ters, V and r, leads to a conclusion about that ob tain ing in -
for ma tion about an ef fect of in creased po ros ity and pos si ble 
gas sat u ra tion of Zechstein floor for ma tions on the wave
field is pos si ble through seis mic mod el ling. The the o ret i cal
wave fields cal cu lated for as sumed seismogeological mod -
els can give an an swer to the ques tion whether the seis mic
method is able to re cord anom a lous wave field that would
de velop in such a case. Seis mic mod el ling helps link in di -
vid ual com po nents of a seis mic model with their ren der ing
in the seis mic wave field, which can also of fer a ba sis for
de vel op ing in ter pre ta tion cri te ria for the wave field (Neidell 
& Poggiagliolmi, 1977; May & Hron, 1978; Hardage, 1987; 
Fagin, 1991; Pietsch & Strzetelski, 2001; Pietsch &
Jarzyna, 2002; Kobylarski et al., 2007; Pietsch et al., 2007;
Pietsch et al., 2008; Golonka et al., 2009).

The the o ret i cal wave field was com puted with the Geo
Graphix sys tem (Land mark Graphics Corp.) and the LogM
Model Builder and LogM Struct pack ages us ing zero-phase
Ricker wave let at 20 Hz and 40 Hz (fre quency of seis mic re -
flec tions).

The first mod el ling step in volved con struc tion of seis -
mic mod els us ing as in put data a cor re lated geo log i cal pro -
file of the Zechstein for ma tions (Pietsch et al., 2010) de vel -
oped based on bore hole data from wells (W to E): S-420,
S-421, S-421A and S-422. This geo log i cal cross-sec tion is
shown in the map of the P1 bound ary depth (Fig. 11).
Thick nesses of sub se quent Zechstein lay ers were used to
con struct the mod els. Due to lack of well-log ging data, ve -
loc i ties and den si ties were adopted from only one well in
the area, i.e. the S-421A, where well logs were avail able.
For this rea son, there is no lat eral vari abil ity of layer ve loc i -
ties in the ini tial model.

In the ini tial model, the pres ence of faults was as sumed
in ac cor dance with the re corded seis mic pro file (Fig. 10). It
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Fig. 9. Seis mic time pro file – IL 140 (lo ca tion see Fig. 11)

Fig. 10. Seis mic time pro file along well cor re la tion pro file (for
lo ca tion see Fig. 11)



was spe cif i cally as sumed that fault A, lo cated be tween the
site of ejec tion and well S-421A, could have acted as a mi gra -
tion chan nel for Car bon if er ous gases (Kotarba, 2010). In this
sit u a tion, sat u ra tion zones could have been lo cated both in
the Rotliegendes and Ca1 do lo mite for ma tions. The as sump -
tion of an in creased po ros ity and gas sat u ra tion nec es sar ily
re quired that val ues of seis mic ve loc ity and bulk den sity had
to be re duced. At high po ros ity val ues and low gas sat u ra tion
level, the ve loc ity can de crease by up to 30% (Kuster &
Toksöz, 1974 a, b; Ba³a, 1994; Ba³a & Cichy, 2007).

The im pact of gas sat u ra tion on the wave field in the
fault zone was ana lysed with two sat u ra tion sce nar ios. In
the first sce nario (model I), it was as sumed that the gas sat u -
ra tion zone was lo cated in the Rotliegendes for ma tion and
the un sat u rated dolomites Ca1 (non po ros ity) pro vided an
im per me able bar rier. In this case the sat u ra tion zone was lo -
cated in the upthrown block of the fault. The model is
shown in Fig ure 12A, ren dered in the ver sion of acous tic

im ped ance (AI=Vr), which equals ap prox i mately 6,500 in
the as sumed sat u ra tion zone. The re duc tion in ve loc ity and
den sity re sults in an in crease in the dif fer ence of im ped ance
val ues be tween the com plex con tain ing the A1D anhydrite
and the Ca1 do lo mite, on the one hand, and the com plex
with the white sand stone BP and the Rotliegendes on the
other. This should lead to higher am pli tude of the neg a tive
re flec tion on P1. In this par tic u lar ex am ple, tak ing into ac -
count the fact that it was a fault zone, the de creased ve loc ity
value for the white sand stone (BP – Weissliegendes) was
adopted at ca. 3,000 m/s and den sity at ca. 2.2 g/cm3. Wave
fields cal cu lated for this model, for 20 and 40 Hz fre quency, 
are shown in Figures12B and 12C. In the wave field cal cu -
lated for both fre quency (Fig. 12B and 12C), there is no vis -
i ble im pact on the seis mic re cord of the im ped ance re duc -
tion in the white sand stone. How ever, the model fails to
match the ac tual sit u a tion in the mine, as the ejected rock
ma te rial con tained do lo mite, but no Weissliegendes rock.
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Fig. 11. Struc tural map of the seis mic ho ri zon Zechstein/Rotliegendes (P1)



The sec ond mod el ling sce nario (mod els II to IV) as -
sumed that the sat u ra tion zone was lo cated in the Ca1 for -
ma tions in the down thrown wall. This as sump tion was
based on an anal y sis of seis mic pro file lo cated close to gas
ejec tion zone (Fig. 10). It was spe cif i cally as sumed that the
af fected zone was a po rous pocket within com pacted do lo -
mite. Gas mi grat ing through the fault might have sat u rated
the pocket in the do lo mite and small gas quan ti ties might
have reached the Rotliegendes level. This is shown by well
log ging mea sure ments from well S-421A (Figs 7, 8).

A num ber of mod els were con structed of seis mi cally
mod i fied zones in Ca1 sat u rated with gas to pro vide a plau -
si ble an swer to the ques tion whether such zones could be
de tected us ing seis mic data, es pe cially in spite of lack of
any in for ma tion about their struc ture, vol ume, sat u ra tion,
and about petrophysical pa ram e ters within these zones.

Model II (Fig. 13A) as sumed that close to the fault the
af fected zone oc cu pied the en tire Ca1 and that ve loc ity and
den sity are slightly higher than in the white sand stone BP.
The spe cific val ues as sumed for the block do lo mite in clude: 
V = 6,300 m/s, r = 2.85 g/cm3, while for the pocket: V =
4,500 m/s and r = 2.5 g/cm3 (AI~12000). The seis mic wave
field cal cu lated for this model (40 Hz) has shown a slight
de crease of the neg a tive am pli tude of P1 re flec tion around
the zone con tain ing the gas-sat u rated pocket (Fig. 13B).

Model III (Fig. 14A) in cluded the same gas-sat u rated
pocket size, but dif fer ent petrophysical pa ram e ters of the

de formed do lo mite at V = 3,500 m/s and r = 2.34 g/cm3.
These val ues are sim i lar to pa ram e ters typ i cal of the Rotlie-
gendes rocks (AI~8200). The the o ret i cal wave field cal cu -
lated for the 40Hz Ricker wave let is shown in Fig ure 14B.
With this level of re duced pa ram e ters within Ca1 it can be
clearly seen how the am pli tude of the P1 re flec tion drops to
around zero. The in ter fered re flec tion P1 is a com pos ite re -
flec tion re lated to bound aries with op po site re flec tion co ef -
fi cient. This type of dis tor tion in the reg is tered wave field
may be in ter preted as a mark of a fault.

A sig nif i cant re duc tion of petrophysical pa ram e ters as -
sumed in model IV (Fig. 15A) to V = 3000 m/s, r = 2.0
g/cm3 and AI = 6000 means that the the o ret i cal wave field
cal cu lated for a wave let of 40 Hz (Fig. 15B) in the af fected
zone dif fers clearly from all re cords used pre vi ously. Here,
the high neg a tive am pli tude gen er ated by the P1 bound ary
in the com pact Ca1 do lo mite shifts to high pos i tive am pli -
tude. This means that the P1 re flec tion changes its po lar ity
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Fig. 12. Seis mic mod el ling – Model I – anom aly zone: near fault 
part of Weissliegendes sand stone (upthrown wall), V = 3,000 m/s,
r = 2.2 g/cm3, AI~6500. A – seismogeological model, B – the o ret -
i cal wave field – Ricker wave let 20 Hz, C – 40 Hz

Fig. 13. Seis mic mod el ling – Model II – anom aly zone: near-
fault part of Ca2 (down thrown wall), V = 4,500 m/s, r = 2.5 g/cm3, 
AI~12000. A – seismogeological model, B – the o ret i cal wave
field – Ricker wave let 40 Hz

Fig. 14. Seis mic mod el ling – Model III – anom aly zone: near-
fault part of Ca2 (down thrown wall), V = 3,500 m/s, r = 2.34
g/cm3, AI~8200. A – seismogeological model, B – the o ret i cal
wave field – Ricker wave let 40 Hz



on the top of the Rotliegendes. In the com pact do lo mite, the
P1 re flec tion is cre ated at the bound ary of for ma tions with
high im ped ance val ues (A1D and Ca1 for ma tions) and
Rotliegendes for ma tions with low im ped ance. In this case
the re flec tion co ef fi cient is neg a tive and the P1 re flec tion
has high neg a tive am pli tude. The pic ture is re verse in the
zone with the po rous do lo mite sat u rated with gas. Here the
anhydrite, with its high im ped ance, bor ders with a po rous
and sat u rated Ca1 layer with the low est im ped ance and
which sits on top of a layer with a higher im ped ance again.
Be cause the do lo mite Ca1 and white sand stone (BP) lay ers
are thin from the seis mic per spec tive, re flec tions from sub -
se quent thin lay ers in ter fere pro duc ing as a re sult the high
pos i tive am pli tude of the P1 re flec tion. An an a lyst at tempt -
ing to in ter pret these data would prob a bly al ways mark the
P1 bound ary along the neg a tive phase as it shows two mi nor 
faults along its course. A dis tor tion along the P1 ho ri zon is
also vis i ble on the re cord ob tained with a sig nal ex tracted
from seis mic traces at 20Hz (Fig. 15C). Also in this case it
seems that the P1 bound ary would be marked by an an a lyst
along the strong neg a tive reflection and a weak pos i tive
reflection vis i ble be neath would have not been taken into
ac count at all. The petrophysical val ues in this model, re -
duced to a level con sid er ably be low the val ues char ac ter is -
tic of gas de pos its dis cov ered in Ca1 reef for ma tions, would 
have only be re al is tic if the pocket had been filled with
nearly-loose de bris, which is not con firmed by mine data.

The mod el ling pro vided cri te ria to iden tify frac tured
and gas-sat u rated Ca1 do lo mite zones in seis mic re cords
and showed that only a sig nif i cant change in the pa ram e ters
in this zone causes vis i ble changes in a the o ret i cal seismic
record.

Mod el ling re sults can be used to in ter pre ta tion of the
seis mic data re corded in the di rect vi cin ity of well S-241A.
It must be borne in mind that the seis mic mod els were based 
on petrophysical data from one well, that there was no in for -
ma tion about the struc ture and petrophysical pa ram e ters of
the zone where the gas ejec tion oc curred, nor was there any
in for ma tion on the struc ture, ve loc ity and den sity of the
Rotliegendes lay ers, whose data may vary highly and their
im pact on the P1 re flec tion could be sig nif i cant. The lack of
in for ma tion about the fa cies and petrophys i cal pa ram e ters
of the Rotliegendes rocks was the rea son why the vari abil ity 
of as sump tions in the mod el ling was re stricted to just the
dolomites of the Ca1 Zechstein lime- stone.

Iden ti fi ca tion of anom aly zones in seis mic data

The gas ejec tion site is lo cated near fault A, as shown in 
the struc tural map of the P1 seis mic bound ary (Fig. 11). The 
fault is con nected with the main fault 2, which con sti tutes
the south ern bound ary of a trench run ning along the
NW–SE axis. Fault A runs be tween well S-421A and the
ejec tion site. The mod els dis cussed above as sumed that this
fault pro vided a mi gra tion path for Car bon if er ous gas up -
wards to the pocket built of po rous and frac tured Ca1 for -
ma tions. Ar bi trary seis mic pro files per pen dic u lar to the
fault line rep re sent the seis mic wave field re corded in this
zone. These pro files are shown in Fig ures: Fig. 16A – pro -
file U-U, Fig. 16B – pro file V-V, Fig. 16C – pro file W-W
and Fig. 16D – pro file X-X. The fault in ter pre ta tion fo cused 
on seis mic pro files be fore mi gra tion and that is why there
are vis i ble in the fault zone also dif frac tion waves that are
gen er ated at dis con ti nu ities of seis mic bound aries. These
waves can be help ful in iden ti fy ing faults, es pe cially if the
fault dis place ments are small.

In the first two pro files, start ing from the NW, i.e. U-U
(Fig. 16A) and V-V (Fig. 16B), a pos si ble pres ence of a
fault is sug gested by clearly marked dis con ti nu ities of the
P1 ho ri zon and by the dis lo ca tion of the down thrown wall
by ca. 20 ms (ca. 30 m), dis rup tion of the con ti nu ity of ho ri -
zon A1D (top of the bot tom anhydrite), pres ence of dif frac -
tion waves and re duc tion of the P1 am pli tude in the down -
thrown wall. On the W-W pro file (Fig. 16C), which cuts
through the ejec tion site, there is a clear re duc tion in the
fault dis place ment and its ex tent. In this case, the only two
pieces of ev i dence in di cat ing the pres ence of a fault in clude
the P1 ho ri zon dis con ti nu ity and the mi nor dis place ment.
The di min ish ing of the fault dis place ment is also ac com pa -
nied by its re duced ver ti cal ex tent and the A1D bound ary is
not rup tured. In the last of the pro file X-X (Fig. 16D), the
fault is vir tu ally in vis i ble. This is where the fault extincts.

The re flec tion am pli tude re lated to the do lo mite/white
sand stone bound ary (Ca1/BP) reaches its max i mum neg a -
tive value, as shown by mod el ling, when the do lo mite has
good elas tic prop er ties. Any weak en ing of the do lo mite,
such as by an in creased po ros ity and frac tur ing, leads to an
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Fig. 15. Seis mic mod el ling – Model IV – anom aly zone: near-
fault part of Ca2 (down thrown wall), V = 3,000 m/s, r = 2.0 g/cm3, 
AI~6000. A – seismogeological model, B – the o ret i cal wave field
– Ricker wave let 40 Hz, C – 20 Hz



in crease of the value of Ca1 petrophysical pa ram e ters bring -
ing them closer to the val ues char ac ter is tic of BP and caus -
ing as a re sult a re duc tion of the neg a tive am pli tude. The
am pli tude can also be re duced by gas sat u ra tion (a decrease
of seismic wave velocity value).

The doc u mented (on the ba sis of the o ret i cal wave
fields) re la tion ship be tween the am pli tude of the sig nal re -
flected at the Zechstein/Rotliegendes bound ary (P1) and re -
cip ro cal re la tions of acous tic im ped ance of con tact ing strata 
can be used to iden tify the Ca1 do lo mite zones with low ered 
elas tic pa ram e ters. The sur face dis tri bu tion am pli tude of P1
re flec tion re lated to the Zechstein/Rotliegendes boundary is
shown in Figure 17.

A 150-metre well (Jm20-H-5) drilled from drift W169
to in ves ti gate causes of the ejec tion failed to re veal any
fault. The well is shown in a map of P1 re flec tion am pli tude
in Fig ure 17. The fig ure shows that the well stopped short of 
the fault and data were not ob tained of the fault lo cated us -
ing seis mic data. An anal y sis of the map re veals that drill ing 

of the well ended in a zone where the val ues of the P1 re -
flec tion am pli tude are nearly to zero. Be tween metres 92
and 98, the well pro duced an in flow of gas at 27 at and the
over all vol ume was ca. 7,000 m3. This sug gests re duced
elas tic properties re lated to an in crease of the po ros ity and
frac tur ing, as well as to gas sat u ra tion. The lo ca tion of the
zone on the map of P1 reflecion am pli tudes (Fig. 18) co in -
cides with a zone of small neg a tive am pli tudes.

Fig ure 19 pres ents a seis mic im age of an ar bi trary pro -
file G-G’, which over laps with the drill ing line (see lo ca tion 
in Fig ures 17 and 18). An anal y sis of the P1 re flec tion along 
a seg ment that over laps with the drill ing line shows de creas -
ing am pli tude, a trend that con tin ues to fault A con cerned
and in cludes both the upthrown and the down thrown wall.
The zone could have con tained con cen trated gas that mi -
grated from the Rotliegendes formations via fault A.

The qual ity of the seis mic data, the lack of in for ma tion
about the na ture of the ejec tion zone and its petrophysical
pa ram e ters and of de tailed in for ma tion about the pa ram e ters 
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Fig. 16. Ar bi trary time seis mic pro files (lo ca tion see Fig. 1). A – pro file U-U, B – pro file V-V, C – pro file W-W, D – pro file X-X



of the en tire rockmass com bined pre vent a clear in ter pre ta -
tion of the anom a lous seis mic re cord ob served in this zone.
This prob lem could be ad dressed to some de gree by ex tend -
ing the mine’s well Jm20-H-5, as sug gested in map of P1
reflection am pli tudes (Fig. 18).

Re li abil ity of the above pro posed in ter pre ta tion and an -
swer to the ques tion about the role of 3D seis mic sur vey in
de tect ing small faults and ejec tion risk zones re quires fur -
ther con fir ma tion. On the one hand, this con fir ma tion
should come from mine’s own un der ground op er a tions, and 
on the other hand ad di tional re search is needed to en sure a
better in sight in to the rocks pa ram e ters, es pe cially the
highly af fected Rotliegendes for ma tions. This en ables
clearer in ter pre ta tion cri te ria for sub tle changes of the
recorded seismic wave field to be developed.

CON CLU SIONS

The seis mic sur vey “Du¿a Wólka 3D”, ac quired in the
G³ogów G³êboki–Przemys³owy Min ing Area at the “Rudna”
cop per mine, was per formed to in ves ti gate the struc ture of
the Zechstein and Rotliegendes, and on the other hand to at -
tempt to de velop a meth od ol ogy of lo cat ing po ten tial gas
sat u ra tion zones in for ma tions at the bound ary of Zechstein/ 
Rotliegendes. They may in deed con sti tute sites of gas and
rock ejec tion risk dur ing de vel op ing and ex ploit ing the de -
pos its.

The key role in the study was played by well S-421A
drilled in the “gas cav ern” zone. The geo log i cal and well-
log ging data ob tained from the well al lowed a de tailed
lithological de scrip tion of the Zechstein for ma tions, de ter -
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Fig. 17. Map of P1 re flec tion am pli tude (seis mic ho ri zon Zechstein/Rotliegendes)



mi na tion of their physico-me chan i cal prop er ties and in ves -
ti gat ing petrophysical pa ram e ters that are im por tant to
seismics, in clud ing seis mic wave let prop a ga tion ve loc i ties
and vol ume den si ties. Such data are es sen tial for seis mic
mod el ling and interpretation of the seismic 3D survey.

The mod el ling re sults sug gest that:
– The seis mic event re lated to ho ri zon P1 (bound ary be -

tween the Zechstein and Rotliegendes for ma tions) is an in -
ter fered re flec tion whose am pli tude is in flu enced by the
thickness and petrophysical pa ram e ters of the A1D anhy-
drite, Ca1 do lo mite, Weissliegendes (BP) and Rotliegendes
(CS) sandstones,

– The seis mic P1 bound ary is clearly linked to a strong
re flect ing bound ary lo cated be tween the Ca1 do lo mite and
the Weissliegendes BP sand stones (top sec tion of the Rot-
liegendes),

– The am pli tude of the re flec tion re lated to the do lo -
mite/white sand stone (P1) bound ary reaches its max i mum
neg a tive value when the do lo mite is char ac ter ised by good
elas tic properties,

– The de crease of elas tic prop er ties (elas tic modulus) of
do lo mite caused by such fac tors as an in creased po ros ity and
frac tur ing, leads to a mod i fi ca tion of Ca1 pa ram e ters at lev els 
closer to those of BP, which causes the am pli tude to de -
crease. Gas sat u ra tion could be an ad di tional fac tor fur ther
re duc ing the am pli tude (by re duc ing the seis mic ve loc ity),

– Di min ish ing of P1 re flec tion am pli tude to val ues ap -
proach ing zero may in di cate po ten tial gas traps.

Based on the last con clu sion the seis mic re cord was in -
ter preted to de ter mine an anom a lous zone that could cause
ejec tion threats. The lo ca tion of the ejec tion site and the gas
leak ing zone found in well Jm20-H-5 over laps with a zone
where the neg a tive reflection am pli tude of the P1 bound ary
is found to di min ish. The zone was lo cated in di rect vi cin ity
of the small fault A vis i ble on seis mic cross-sec tions. The
fault may be re spon si ble for an in creased frac tur ing of the
Ca1 do lo mite and in it self could con sti tute a chan nel pro -
vid ing a way for gases to mi grate from Car bon if er ous for -
ma tions through ae olian sed i men tary Rotliegendes rocks to
the loos ened do lo mite where a small gas trap could have de -
vel oped as the dolomites were overlain by an im per me able
A1D anhydrite complex.

Re li able in ter pre ta tion pro posed above and an swer to
the ques tion about the po ten tial of 3D seis mic sur vey in lo -
cat ing small faults and ejec tion risk zones is, how ever, not
en tirely as sured. It re quires fur ther con fir ma tion, on the one
hand by mine’s own un der ground op er a tions and on the
other hand by ad di tional stud ies to en sure a better geo phys i -
cal in sight (the seis mic mod el ling was based on data from a
sin gle re search well), es pe cially in the highly var ied Rotlie-
gendes for ma tions, the pa ram e ters of which sig nif i cantly in -
flu ence the for ma tion of the P1 reflection. This would fa cil i -
tate a de vel op ment of clearer in ter pre ta tion criteria for
subtle changes of the recorded wave field.

The al ready ob tained re sults in di cate a pos si bil ity of
new uses of high-res o lu tion 3D seis mic; in this par tic u lar
case – to iden tify zones en dan gered by gas ejec tion in mines 
of KGHM Polska MiedŸ S.A.
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