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The ap pli ca tion of mod ern tools for pro cess ing and in ter pret ing geo phys i cal data al lows for re in ter pre ta tion of geo phys i cal
mea sure ments per formed in the 20th cen tury. A num ber of grav ity maps drawn with mod ern fre quency fil ters and ex ten sions
of Linsser’s method, along with the con ver sion of am pli tude-based seis mic sec tions into the form of re flec tion co ef fi cients,
en abled in ves ti ga tion of the sub-Zechstein sub strate down to a depth of ~10 km. Anal y sis of the deep geo log i cal struc ture re -
sulted in the iden ti fi ca tion of a “pseudo-batholith”, which was prob a bly crit i cal in the for ma tion of cop per and sil ver de pos its in 
the Lower Silesian Ba sin. Com pre hen sive pro cess ing of ef fec tive re flec tion co ef fi cient sec tions, trans formed grav ity maps
and ver ti cal gravimetric cross-sec tions iden ti fied the ar range ment of sub-Zechstein rocks and the hy po thet i cal mor phol ogy
of the “pseudo-batholith”. A com bi na tion of new geo phys i cal in for ma tion, with knowl edge of the Nowa Sól de posit and geo -
chem i cal anal y ses, was used to de mar cate new ex plo ra tion ar eas, nar rowed down to a ~10–15 km wide zone ex tend ing par -
al lel to the south west ern slope of the “pseudo-batholith”.
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INTRODUCTION

The Lower Silesian Ba sin (Figs. 1 and 2) in cludes strati form
cop per and sil ver de pos its. The ore is pres ent in the bot tom -
most Zechstein de pos its: shales, sand stones and lime stones,
and lo cally at the top of the Rotliegend. Ex plo ra tion per formed
to date has doc u mented the ex is tence of Cu-Ag de pos its in the
zone con tact ing the Fore-Sudetic Block, and ac tive min ing op -
er a tions have taken place in the Lubin-Sieroszowice dis trict
(Markiewicz, 2007). The ex plo ra tion con ducted in re cent years
by Lu mina Met als Corp. (for merly the Miedzi Cop per Corp.) in
the vi cin ity of the Lower Silesian Ba sin and the Wolsztyn El e va -
tion re sulted in the dis cov ery of new de pos its: Nowa Sól,

Mozów and Sulmierzyce North, which be long to the North ern
Cop per Belt of Po land (Fig. 1), at depths rang ing from ~1,700 m 
to >2 km (Speczik et al., 2024). There is likely a con tin u a tion of
the south ern Ger man ore se ries into the Lower Silesian Ba sin,
prob a bly at depths which in Po land reach sev eral kilo metres
(Franke et al., 1993).

Speczik (1985) em pha sized the role of tec tonic shifts and
the re lated mag matic and hy dro ther mal pro cesses as a fac tor
caus ing destabilization of the palaeohydrological bal ance in
the ore-form ing pro cess in the Lower Silesian Ba sin. The ex is -
tence of cop per and sil ver in the Zechstein in di cates a need to
in ves ti gate the tec tonic dis tur bances in its deep sub strate,
which would de ter mine the path ways of mi gra tion and cir cu la -
tion of metasomatic so lu tions, in vis i ble be neath the Perm ian
and Me so zoic “screen”, and which could have con trib uted to
the cre ation of zones where met als and other el e ments were
gen er ated. The area of the doc u mented Nowa Sól cop per and
sil ver de posit is par tic u larly in ter est ing in terms of in ves ti gat ing 
the sub-Zechstein sub strate in the di rect vi cin ity of the grav ity
anom aly. Such anal y sis pro vides in for ma tion about the struc -
tural con di tions and tec tonic zones, use ful for fur ther ex plo ra -
tion.
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GEOLOGICAL BACKGROUND

The Lower Silesian Ba sin is lo cated on the West Eu ro pean
Plat form of the Variscan orogen, cov er ing the SW part of Po -
land. The elon gated form of the ba sin is de lim ited by the Dolsk
fault on the NE side, and by the mid dle Odra tec tonic zone in
the south-east (¯elaŸniewicz et al., 2011). Among shal lower
geo log i cal units, the Lower Silesian Ba sin is de lim ited by the
Wolsztyn El e va tion, where Car bon if er ous rocks un der lie the
Zechstein unit of the Perm ian Sys tem (Kiersnowski et al., 2010; 
Kiersnowski and Petecki, 2017), and by the meta mor phic
Fore- Sudetic Block with Paleogene and Neo gene over bur den
in the south-east (Fig. 2). The ge ol ogy of the ba sin has been ex -
plored rea son ably well within the Tri as sic and the Zechstein,
whose bot tom lies at depths from 500 to 2200 m, wedg ing out in 
a zone con tact ing the Fore-Sudetic Block. Nu mer ous geo phys i -
cal sur veys and drill ing op er a tions per formed in the Lower
Silesian Ba sin in ex plo ra tion for hy dro car bons and met als have

pro vided in for ma tion about geo log i cal strata down to the bot tom 
of the Zechstein (Kudrewicz, 2007). Apart from fea tures re lated
to salt tec ton ics, the struc ture of the Zechstein and Tri as sic
strata is not com plex (Dadlez et al., 2000), be ing only mod estly
de formed, both in the Fore-Sudetic Monocline and in the Lower
Silesian Ba sin. Be low the Zechstein, be neath Rotliegend rocks
of vari able thick ness, low-grade meta mor phic Car bon if er ous
and De vo nian rocks of an overthrust or i gin have been iden ti fied
as part of the Greater Po land moun tain range (Kiersnowski and
Petecki, 2017). Deep seis mic stud ies have dem on strated that
the thick ness of the Pa leo zoic sub strate ex ceeds 8 km (Guterch 
and Grad, 2006; Dziewiñska et al., 2020). In ter pre ta tion of
gravimetric and mag netic anom a lies re cog nized in the years
2006–2008 in di cates that their sources are re lated to the struc -
ture of meta mor phic rocks at a depth of ~5 km, rep re sent ing the 
am phi bo lite fa cies (cf. Petecki, 2006).

Lo ca tion of the Nowa Sól de posit (Speczik, 2019) took
place with ref er ence to ex ist ing geo phys i cal and geo log i cal re -
ports, il lus trat ing se lected struc tural el e ments of the Zechstein
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in the area of a grav ity anom aly in the Lower Silesian Ba sin,
near the Wolsztyn El e va tion. A map show ing the den sity of lin -
ear grav ity el e ments in di cates the com plex geo log i cal struc ture
of the sub-Zechstein sub strate (Fig. 3). A deep struc tural form
iden ti fied in the Lower Silesian Ba sin and a dom i nant fea ture in
the grav ity anom aly im age is char ac ter ized be low in this pa per.
Sup ple ment ing the pro cess ing of gravimetric data with a seis -
mic cross-sec tion in the form of re flec tion co ef fi cients, and with
com pre hen sive in ter pre ta tion of both meth ods, al lows ex am i -
na tion of the geo log i cal struc ture within a depth in ter val of up to
10 km. The re sult is a map of struc tural el e ments oc cur ring be -
low the bot tom of the Zechstein, within the Pa leo zoic and meta -
mor phic rocks, in a form ar bi trarily called a “pseudo-batholith”
and its ac com pa ny ing tec tonic zones. The geo phys i cal im age,
pro duced with the use of spe cially se lected al go rithms with out
the in put of an in ter preter, may con sti tute a ba sis for ana lys ing
the struc ture of the sub-Zechstein ba sin sub strate, and its more

de tailed in ter pre ta tion de ter mines fur ther pros pects for the ex -
plo ra tion of min eral de pos its in the Lower Silesian Ba sin.

As on geo log i cal maps, the seem ingly un dis turbed geo log i -
cal struc ture of the Fore-Sudetic Monocline is also vis i ble on a
Bouguer anom aly map (Fig. 2; Królikowski and Wybraniec,
1996). More over, it is in di cated by the re sults of pro cess ing in -
volv ing a dense grid of seis mic sec tions. One ex cep tion in the
gravimetric im age shown (Królikowski and Petecki, 1995) is a
large pos i tive Bouguer anom aly in the Lower Silesian Ba sin,
sep a rat ing the Fore-Sudetic Block area from the bland im age of 
Bouguer anom a lies up to the Kuyavian-Pom er a nian synclino -
rium. No ta bly, the “Wolsztyn El e va tion” geo log i cal struc ture lo -
cated on the north ern slope of this anom aly is vir tu ally in vis i ble
on the gravimetric im age. The im age shown, of Bouguer anom -
a lies in the Lower Silesian Ba sin, can be con sid ered to be as so -
ci ated with the deep Pa leo zoic and Pre cam brian sub strate. In
or der to in ves ti gate the deep strati graphic suc ces sions and tec -
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Fig. 2. Bouguer anom aly map of the area shown in Fig ure 1 ac cord ing to Królikowski and Wybraniec (1996)



tonic el e ments, it is nec es sary to per form trans for ma tions of
Bouguer anom a lies in the form of re sid ual anom a lies and ver ti -
cal gravimetric sec tions, as well as an anal y sis of the few ex ist -
ing seis mic sec tions with an ex tended re cord ing time.

PROCESSING OF GRAVIMETRIC 
AND SEISMIC DATA 

Ad vances in the in ter pre ta tion of geo phys i cal sur vey ing
data, as well as the be gin ning of min eral ex plo ra tion, for ex am -
ple fo cused on cop per and sil ver, have cre ated con di tions for a
new look at the deeper struc ture of the Fore-Sudetic Monocline, 
and pri mar ily the Lower Silesian Ba sin. The pro cess ing of
gravimetric and seis mic data col lected in the years 2012–2014
by Lu mina Met als Corp., us ing newly cho sen and im proved nu -
mer i cal meth ods, has al lowed the re con struc tion of cer tain
deep struc tural el e ments of the sub-Zechstein sub strate within
a depth in ter val of up to 10 km (Speczik et al., 2024). The to -
pog ra phy of the sub-Zechstein sub strate is par tic u larly in ter est -
ing in the area of the known Nowa Sól cop per and sil ver de -

posit, in clud ing the de ter mi na tion of its or i gins. The Nowa Sól
de posit is part of the North ern Cop per Belt, which con sists of a
to tal of three de pos its dis cov ered and doc u mented by Lu mina
Met als Corp. as well as nu mer ous pro spec tive ar eas (Speczik,
2019; Speczik et al., 2024).

This pro cess ing showed that, in spite of the use of mea sure -
ments per formed in the 20th cen tury mainly for the needs of hy -
dro car bon ex plo ra tion us ing meth od ol ogy ad justed to the ex -
am i na tion of the Zechstein, the datasets ob tained pro vide in for -
ma tion about the deep Pa leo zoic, and per haps reach ing the
Pre cam brian sub strate. This has been achieved due to new
meth ods of pro cess ing geo phys i cal data, as well as a com pre -
hen sive in te gra tion of gravimetric and seis mic in for ma tion. The
re sults, as re gard ing the doc u mented cop per de posit and the
hy poth e sis of its or i gin, have iden ti fied a need to ex plore re la -
tion ships be tween new el e ments of the deep geo log i cal struc -
ture and the well-con strained Zechstein and Tri as sic suc ces -
sion. In ter pre ta tion of the data was lim ited by the coarse sam -
pling of the gravimetric data and the brief seis mic re cord ing time 
(no more than 4 sec onds), as well as by the place ment of the
seis mic sec tions, which do not al ways pre cisely fol low the struc -
tures ana lysed.
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GRAVITY SURVEYING

His tor i cal data from a semi-de tailed gravimetric im age cov -
er ing the en tire area of the Fore-Sudetic Monocline were used
to pre pare a Bouguer anom aly map and per form the trans for -
ma tions. The den sity of mea sure ment points, amount ing to 2.2
points per km2 on av er age, en ables the iden ti fi ca tion of anom a -
lies as so ci ated with the Zechstein strata and their sub strate.
The mea sured val ues of grav ity were con verted us ing a meth -
od ol ogy which cor re sponds to the cur rent data con cern ing the
shape of Earth, and new for mu lae for cal cu lat ing grav ity anom -
a lies. The cal cu la tion of Bouguer anom a lies used the IGSN 71
sys tem, a nor mal grav ity field cal cu la tion for mula for the WGS
84 el lip soid, and a con stant den sity of 2.25 g/cm3 in the re duced 
layer. The cat a logue of anom a lies pre pared in this man ner con -
sti tuted a ba sis for fur ther cal cu la tions. The Bouguer anom aly
map used a ref er ence level which cor re sponded to sea level.
Sets of Bouguer anom a lies were con verted into a reg u lar grid
with a unit length of 250 m; this grid served as a ba sis for all
trans for ma tions. 

The in ter pre ta tion of re sid ual grav ity anom a lies char ac ter iz -
ing geo log i cal ob jects in se lected depth in ter vals be came pos -
si ble due to the use of the Butterworth (BTWR) fre quency fil ter
method, the prep a ra tion of ver ti cal gravimetric sec tions, and
the ex ten sion of the Linsser method for de tect ing lin ear fea tures 
in the grav ity field and al low ing their sta tis ti cal anal y sis.  

The BTWR fil ter with a spe cific cen tral wavenumber value
(re lated to the re spec tive depth of a pris matic source body) was
used to com pute re sid ual grav ity anom a lies. The BTWR fre -
quency fil ter has been used due to the ease of ad just ing its
slope with out chang ing the cen tral wavenumber. The forms of
the low- and high-pass fil ter are ex pressed by the fol low ing for -
mu lae:
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where: r – wavenumber, ro – cen tral wavenumber of the fil ter, n – de -
gree of the fil ter (this pa per uses a value of 6). 

The band-pass fil ter is a prod uct of both fil ters. The for mu -
lae for a pris matic body spec trum was used to cal cu late the
cen tral wave length, which is de pend ent on the depth of the
body (Bhattacharyya, 1966; Švancara et al., 2008). 

In the fil ter ing pro cess, the as sump tion is that the fil ter cut off 
wave length and source depth are mu tu ally re lated. The greater
the depth of the source, the greater the wave length, and vice
versa. The cen tral wave num ber of an ro fil ter for a pris matic
body is cal cu lated ac cord ing to the fol low ing for mula [Geosoft
Soft ware, MAGMAP (FFT-2D)]:

( )
r

Ln Hb Ht

Hb Ht
o =

-

-

[3]

where: Ht – depth of up per body edge (prism); Hb – depth of lower
body edge (prism).

The grav ity anom aly map is sup ple mented by ver ti cal gravi -
metric sec tions pre pared along se lected lines – e.g. along seis -
mic sec tions. In or der to pre pare the ver ti cal gravimetric sec -
tions, a num ber of re sid ual grav ity maps were pre pared for
equal depth in ter vals of up to 10 km us ing the band-pass BTWR 
fil ter, and sub se quently in ter sected by a ver ti cal plane, re sult ing 
in an im age of the dis tri bu tion of lo cal anom a lies in a depth do -
main for a given sec tion line. Com pil ing the maps with the sec -
tions al lowed for link ing the anom a lies from the map with the re -
spec tive in ter val of a depth-based gravimetric sec tion. The
wave length val ues used in the prep a ra tion of ver ti cal gravi -
metric sec tions fell within a range of 1.5–60 km. 

A mod i fied Linsser’s method (Linsser, 1968) was used for
trac ing lin ear grav ity el e ments re lated to the tec ton ics. As used
in this pa per, the method is based on the com par i son of a
gravimetric field sec tion in the form of a curve with a ref er ence
model con structed for a ver ti cal half-plane of spe cific depth and
den sity con trast. Cal cu la tions are per formed in a reg u lar grid
node in sev eral pro files of vary ing di rec tions, with se lec tion of
the pro file with the high est co in ci dence with the ref er ence
model. The cal cu la tions are re peated in all nodes of the grid.
Lin ear grav ity el e ments iden ti fied by means of Linsser’s method 
are pre sented in the form of lines. The lines are di vided into el e -
men tary seg ments with a reg u lar mesh size of 250 m, and sub -
se quently fil tered with a sta tis ti cal sur face fil ter to show the den -
sity of lin ear grav ity el e ments on the maps. The num bers in the
col our chart in Fig ures 3 and 4 rep re sent the num ber of el e men -
tary seg ments in the fil ter win dow. The lin ear el e ments traced
are as sumed to rep re sent ver ti cal den sity in ter faces com pa ra -
ble to lithological and tec tonic bound aries, such as faults, in tru -
sions, or other den sity con trasts (Švancara, 1993). 

In or der to map the re sid ual grav ity anom a lies as so ci ated
with the sub-Zechstein strata, the band-pass BTWR fil ter with
spe cific pass ing wave lengths for the depth range up to 10 km
was used. The tec tonic el e ments of the Pa leo zoic rocks are
char ac ter ized by a map of the den sity of lin ear grav ity el e ments
(Fig. 3), pre pared on the ba sis of ver ti cal den sity in ter faces cal -
cu lated for spe cific depth in ter vals. 

The prev a lent di rec tions of anom a lies on the map of den sity
of lin ear grav ity el e ments cal cu lated for an as sumed depth in -
ter val of 4 to 7 km (Fig. 3) are NW–SE, ap prox i mately con sis -
tent with the elon gated form of anom a lies in the Lower Silesian
Ba sin, con sti tut ing the re sult of Variscan ac tiv ity. This is in di -
cated by two pre dom i nant zones lo cated at a dis tance of
~25 km from each other – char ac ter is tic, rel a tively nar row
zones, ex tend ing along lon ger gra di ent zones on both sides of
the anom aly, which can be as so ci ated with deep tec tonic frac -
tures. The tec tonic zone lo cated on the south west ern slope of
the grav ity anom aly, and thus in the vi cin ity of the cen tral part of
the Lower Silesian Ba sin, seems more dis tinct. Both pre dom i -
nant tec tonic zones out line a pre vi ously un known struc ture re -
ferred to as a “pseudo-batholith” in the Lower Silesian Ba sin.
The ab sence of anom a lies be tween re gional tec tonic zones
and the pro noun ced na ture of both tec tonic zones (al most par -
al lel) in di cate the ho mo ge neous na ture of the struc ture de lin -
eated, wedged be tween the two geo log i cal units. The clearly
de fined shape of the pre dom i nant tec tonic zones in the gravi -
metric im age in di cates that they rep re sent geo log i cal struc tures 
with con sid er able dif fer ences as re gards depth, and thus prob -
a bly also li thol ogy. In the sur round ings of the re gional tec tonic
zones and in their close vi cin ity, less dis tinct hor i zon tal and ver -
ti cal frac tures with an NE–SW di rec tion are vis i ble, prob a bly as -
so ci ated with older tec tonic move ments. The im age of grav ity
anom a lies in the wider sur round ings of the struc ture in ques -
tion, high light ing the re gional na ture of the struc tural el e ments
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delinated in the form of a map of den sity of lin ear grav ity el e -
ments and a map of BTWR anom a lies, is shown in Fig ure 4.

On the re sult ing ver ti cal depth-based gravimetric sec tions
(Fig. 5), there is a dis tin guish able struc tural form of in creased
den sity be tween the re gional tec tonic zones, which is re ferred
to as a “pseudo-batholith”, whose top in the area stud ied (Lower 
Silesian Ba sin) lies at a depth of 6–7 km be low ground sur face.
The struc ture stands out due to its ver ti cal or nearly ver ti cal
slopes within a depth in ter val of up to 10 km. The po si tion of the
ver ti cal bound aries of the struc ture in close prox im ity to re gional 
tec tonic zones may in di cate that both dis lo ca tions de mar cate
the bound aries of the “pseudo-batholith” with both the Lower
Silesian Ba sin and the Wolsztyn El e va tion. In the gravimetric
im age in the form of tec tonic zones, there are par tic u larly dis tin -
guish able ver ti cal con tacts, which can be as so ci ated with dif fer -
ences in the den sity of the “pseudo-batholith” and its sur round -
ings.

Changes in the shape of the struc ture dis cerned are shown
on sev eral par al lel gravimetric cross-sec tions trans verse to the
pre dom i nant grav ity anom aly. Due to range in its depth, the
cross-sec tions are lo cated so as to show the most im por tant

changes in the depth of the top of the “pseudo-batholith”. Com -
pi la tion of the cross-sec tions (Fig. 5) shows the most dis tinct el -
e ments of the struc ture caus ing the gen er a tion of a grav ity
anom aly as well as its con sis tent, rel a tively ho mog e neous and
sim i lar form over the en tire area ana lysed. Sup ple ment ing the
gravimetric sec tions with both re gional dis lo ca tions al lows for
more pre cise re con struc tion of the source struc ture of the in ter -
preted grav ity anom aly and the geo log i cal struc ture of the
Lower Silesian Ba sin in the area in di cat ing the pos si ble pres -
ence of cop per and sil ver ore de pos its (Zieliñski and Speczik,
2017).

The in ferred con tours of the “pseudo-batholith” served as a
ba sis for the prep a ra tion of a map show ing the hy po thet i cal
depth of its sur face, shown in Fig ure 6. In the mor phol ogy of the
struc ture  de tected, there are pro nounced el e va tions, among
which one can trace pos si ble tec tonic lines of NE–SW trend. In
a num ber of places, the ver ti cal bound aries of the struc ture re -
main con sis tent with the re gional tec tonic zones, sug gest ing
that the slopes of the pseudo-batholith have the form of re gional 
faults. The pre pared map is an ap prox i ma tion due to the as -
sumed depth of the top of the ”pseudo-batholith” for the se -
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Fig. 4. Den sity map of lin ear grav ity el e ments against a BTWR anom aly map
 in the ar bi trary depth in ter val of 2–10 km
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Fig. 5. Com pi la tion of ver ti cal gravimetric sec tions sit u ated per pen dic u larly
 to the length of the anom aly



lected con tour line on the ver ti cal gravimetric sec tion in close
prox im ity to ma jor changes in the grav ity anom a lies on the
cross-sec tion.

The im age of the mag netic field of the Fore-Sudetic Mono -
cline (Petecki et al., 2003, Petecki and Rosowiecka, 2017)
stands out due to a pos i tive anom aly in the Lower Silesian Ba -
sin, prob a bly caused by deep rocks, anal o gous to the grav ity
anom aly. The cor re la tion be tween anom a lies of the mag netic
field T and the grav ity anom aly shows that the out lines of the
anom a lies are of sim i lar shape, and their po si tion in the Lower
Silesian Ba sin in di cates that they orig i nate from the same
source with dis tinct mag netic prop er ties and den sity. The
anom aly cor re la tion area cov ers most of the north east ern part
of the Lower Silesian Ba sin along its bound ary with the
Wolsztyn El e va tion, par tially en croach ing on its area.

SEISMIC SURVEYING

In the area of the Fore-Sudetic Monocline, semi-de tailed
seis mic sur vey ing was per formed in 1975–1995, and de tailed

in ves ti ga tions fol lowed into se lected struc tural ob jects for the
ex plo ra tion of crude oil and nat u ral gas res er voirs in the
Zechstein and Car bon if er ous strata. Seis mic sur vey ing used
the method of 12- and 24-fold mul ti ple cov er age by 48-chan nel
ap pa ra tus and 2 ms sam pling. Dy na mite ex ci ta tion was used in
in di vid ual blast holes. The seis mic sec tions were dis trib uted in a 
2–4 km grid. The re cord ing time for seis mic waves usu ally did
not ex ceed 4 sec onds, and those times were ex tended for se -
lected sec tions to reach depths down to ~10 km. Seis mic sur -
vey ing per formed in this man ner con sti tuted a cer tain con straint 
for the anal y ses dis cussed in this pa per. Pri mary con straints of
the re search in cluded poor seis mic cov er age and oc ca sion ally
the un avail abil ity of the orig i nal un changed seis mic re cord to
work with. An other prob lem was the lo ca tion of seis mic sec -
tions, of ten not ex tend ing in a man ner op ti mal for anal y sis of
and cor re la tion with the pseudo-batholith. In or der to fully un der -
stand its struc ture, an ideal grid should have been per pen dic u -
lar to its long axis. How ever, the his tor i cal grid of seis mic sec -
tions had been de signed for ex plor ing for hy dro car bons, in a
pat tern that did not al ways over lap with that of the “pseudo-
 batholith”. How ever, the big gest prob lem was the length of the

8 Stanis³aw Speczik et al. / Geological Quarterly, 2025, 69, 20

Fig. 6. Struc tural map of the in ferred top of the “pseudo-batholith”
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seis mic re cords, end ing af ter 2 sec onds, ad justed to the iden ti fi -
ca tion of po ten tial oil and gas res er voirs. Lon ger seis mic re -
cords was made in only a hand ful of cases, and these al lowed
anal y sis of deeper struc tures.

Field re cords were ini tially re pro cessed in the Sysis sys tem, 
fol lowed by the Omega and Geomaster sys tems in the 1990s.
The re sults of seis mic sur vey ing are re flec tive in ter faces on
time-based sec tions, show ing the struc ture of the Perm ian and
Me so zoic suc ces sion. In ter faces cor re lated in the Tri as sic in -
clude: Tk, as so ci ated with the lower Keuper; Tm, cor re spond -
ing to the Muschelkalk; and Tp2, linked with the top of the mid -
dle Buntsandstein. The top of the Zechstein is traced by the Z4
in ter face, usu ally less pro nounced in the seis mic re cord and dif -
fi cult to cor re late; Z3, Z2 – in ter faces as so ci ated with the top of
the Main Anhydrite and the Basal Anhydrite, re flect ing changes
in the thick ness of anhydrite ridges and salt, Z1 – the con tact of
the Old est Salt with the Bot tom Anhydrite, and Z1’ – the bot tom
of the Zechstein, also rep re sent ing the top sur face of the
Rotliegend. The seis mic im age be low the Zechstein shows the
com plex struc ture of the Pa leo zoic rocks; the waves are dis -
torted by mul ti ple re flec tions in a num ber of places, but they are
con sid ered to mostly re flect the geo log i cal struc ture of the Pa -
leo zoic.

In or der to make full use of the seis mic data, SEG-Y am pli -
tude re cords were con verted into ef fec tive re flec tion co ef fi -
cients (ERC) (Rudnitskaya et al., 1987; Speczik et al., 2011).
This pro cess can be con sid ered as a con tin u a tion of the stan -
dard re pro cess ing of seis mic data, in which the am pli tude is as -
sumed as pro por tional to the re flec tion co ef fi cients for spe cific
geo log i cal in ter faces.

Cal cu la tion of the re flec tion co ef fi cients in cluded the fol low -
ing steps:

– de ter min ing the el e men tary sig nal – an im pulse rep re sen ta -
tive of the me dium ex am ined; 

– cor re la tion of a wave-based seis mic trace with the el e men -
tary im pulse, which en ables elim i na tion of dis tor tions and
the con struc tion of a more pre cise im age;

– splic ing the traces of the re flec tion co ef fi cients with the el e -
men tary sig nal, which leads to trans for ma tion of am pli tude
data into the time se ries of the re flec tion co ef fi cients.
The ap pli ca tion of this method en ables more de tailed de pic -

tion of a geo log i cal cross-sec tion com pared to a tra di tional, am -
pli tude-based seis mic sec tion. Not only does this trans for ma -
tion al low for de ter mi na tion of the re flec tive in ter faces, but it
also en ables de scrip tion of the geo met ri cal and phys i cal prop -
er ties of the strata form ing a given geo log i cal unit.

Lithological units are iden ti fied on sec tions de vel oped in this 
man ner on the ba sis of a sim i lar na ture of re cords on neigh -
bour ing seis mic traces. In ad di tion, the sign of a re flec tion co ef -
fi cient al lows for the iden ti fi ca tion of a lithological suc ces sion
along a seis mic sec tion. Am pli tude-based seis mic traces con -
verted into rows of re flec tion co ef fi cients stand out due to the
ex act po si tion of their re flec tive in ter faces, and due to the abil ity
to dis cern in di vid ual strata as thin as 10 to 15 m.

Con ver sion of seis mic waves into im pulses pro vides better
ap prox i ma tion of seis mic data to geo log i cal re al ity, with the abil -
ity to iden tify and trace strata of smaller thick ness, for ex am ple
sand stones, lime stones, or rock salt. The com plex struc ture of
the Pa leo zoic rocks is dem on strated by the re cords of re flected
waves in a time in ter val be low the Zechstein. In spite of po ten -
tial in ter fer ence as so ci ated with mul ti ple re flec tions, the re sult -
ing im ages in most cases are a faith ful rec re ation of the Pa leo -
zoic struc ture.

De ter mi na tion of the el e men tary im pulse and mu tual cor re -
la tion of this im pulse with each seis mic trace are crit i cal in the

pro cess of trans form ing an am pli tude-based seis mic re cord into 
ERC. The re sult ing time se ries of re flec tion co ef fi cients pro -
vides better ap prox i ma tion of the geo log i cal im age, tak ing into
con sid er ation the time, the value of a re flec tion co ef fi cient, and
the po lar ity of the sig nal. On ERC sec tions, re flec tive in ter faces
be tween strata of dif fer ent ve loc i ties are marked with hor i zon tal
lines, while ver ti cal lines in di cate the sign and value of the re -
flec tion co ef fi cient, pro por tion ally to the dif fer ence in acous tic
hard ness of the ad ja cent strata.

This method makes it pos si ble to trace re flec tive in ter faces
which are sep a rated from each other by a dis tance of at least ¼
of the pe riod of the el e men tary sig nal, which leads to much
more de tailed rep re sen ta tion of a geo log i cal cross-sec tion com -
pared to am pli tude-based sec tions. The re flec tion co ef fi cients
pro vide pre cise in for ma tion about the geo met ri cal and phys i cal
ar range ment of geo log i cal strata, en abling, for ex am ple, iden ti -
fi ca tion of thin strata, de tec tion of small faults, and iden ti fi ca tion
of lithological changes along a seis mic sec tion. This method is
par tic u larly use ful when search ing for po ten tial min eral de pos -
its, such as cop per ore.

The two seis mic sec tions pro cessed in or der to study the
sub-Zechstein sub strate were sit u ated di rectly north of the
Nowa Sól ex plo ra tion con ces sion, ar ranged ap prox i mately per -
pen dic u lar to the grav ity anom aly (sec tions A and B in Fig. 6).
Se lec tion of the sec tions was lim ited by the ac cess to the few
seis mic sec tions with a re cord ing time of up to 4 s, most be ing
pre pared for the needs of ex plor ing the Zechstein strata in time
in ter vals of 2 s. Both sec tions were con verted into the form of
re flec tion co ef fi cients, and time – depth con ver sion was per -
formed for a con stant ve loc ity, due to the ab sence of data for
sub-Zechstein strata. Be ing al most per pen dic u lar to the axis of
the Lower Silesian Ba sin, both sec tions pro vide a new ap -
proach to the com plex struc tural im age be low the Zechstein
strata (Wierzchowska-Kicu³owa, 1984, 1987). The re corded ar -
range ment of cor re lated seis mic in ter faces on sec tions placed
close to each other is sim i lar, which can be con sid ered as an
im prove ment in the re li abil ity of the in for ma tion ac quired. In the
NE seg ments of the sec tions (Fig. 7), in the di rect vi cin ity of the
Wolsztyn El e va tion, there is a no tice able un dis turbed or al most
un dis turbed ar range ment of strata in the sub-Zechstein sub -
strate. The ar range ment of re flec tive in ter faces and the na ture
of the lithological and strati graphic suc ces sions dis cerned doc -
u ment the lack of re flec tion of the Wolsztyn El e va tion on seis -
mic sec tions, which re quires con fir ma tion by fur ther study. SW
of the Kargowa bore hole, and thus close to the edge of the
grav ity anom aly and above the anom aly, the seis mic im age
changes dras ti cally; the seis mic sec tions fea ture a num ber of
el e va tions and dis con ti nu ities lim ited by changes which are
prob a bly tec tonic in na ture, and dis torted by groups of dif fract -
ing waves. By con trast with the rel a tively un dis turbed po si tion of 
the Zechstein and the Tri as sic in the SW parts of both sec tions,
the seis mic cross-sec tions here are highly com plex along the
en tire depth in ter val in ter preted.

It seems ob vi ous that par tic u lar at ten tion in the anal y sis of
the seis mic data was paid to the re flec tion of both re gional tec -
tonic zones in the Zechstein strata which are usu ally mapped
with high pre ci sion. The two seis mic sec tions se lected, in ter -
sect ing the more dis tinct tec tonic zone and shown in the form of
re flec tion co ef fi cients, con sti tute an im age above the tec tonic
zone noted. For the seis mic im age to be more leg i ble in terms of 
tec tonic zones and lithological changes, time-based sec tions
were sup ple mented with cal cu la tions of ve loc ity within the
Zechstein suc ces sion (Fig. 8).

Re flec tion co ef fi cients com bined with changes in ve loc ity al -
low for the de lin ea tion of changes of both tec tonic and a

Stanis³aw Speczik et al. / Geological Quarterly, 2025, 69, 20 9



lithological na ture. The ex am ples shown prove the ab sence of
even the slight est im pact of re gional faults on the Zechstein
rocks, which act as a bar rier to the de for ma tion of the struc tures 
pres ent be low. It is pos si ble to cre ate stresses in the Zechstein
strata which would cause faults in vis i ble in the seis mic im age.

The im age of re flec tion co ef fi cients on the seis mic sec tion
be low the Zechstein (Fig. 7) al lows for the dis cern ment of 4
units with an ar range ment of strata char ac ter is tic of sed i men -
tary suc ces sions. Such an im age is main tained over the en tire
depth in ter val re corded. The first unit be low the Zechstein strata 

stands out due to its hor i zon tal or nearly hor i zon tal ar range ment 
of strata com pared to deeper seis mic units. An other dis tin -
guish ing fea ture of this unit is its vari able thick ness, de creas ing
in a zone of con sid er able in cli na tions of the deeper units. The
po si tion and thick ness of deeper strata of the Pa leo zoic is uni -
form, sur round ing the up lifted “pseudo-batholith”, with par al lel
ar range ment of strata both in the area where they lie hor i zon -
tally, and in the up lifted zone. Above this suc ces sion, in the NE
part of the sec tion (Fig. 8) a trough has formed due to the up lift -
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Fig. 7. ERC time sec tions ac cord ing to Fig ure 6 with the dis tri bu tion 
of ve loc i ties in the Zechstein suc ces sion



ing of the “pseudo-batholith”, filled with sed i ments which no tice -
ably wedge out on the slope of the el e va tion.

In the area of un dis turbed strata, the faults af fect all three
suc ces sions in the lower part of the sec tion. One char ac ter is tic
el e ment is the end of the fault plane be low the strata un der ly ing
the Zechstein strata in the en tire area NE of the Kargowa bore -
hole, where the thick ness of the sub-Zechstein sub strate falls
within a range of 1500 m and more. SW of the Kargowa bore -
hole, in a zone of con sid er able vari a tion and up lift of the re flec -
tive in ter faces, the thick ness of the sub strate is re duced and
slightly ex ceeds 500 m. With a small thick ness of the sub-

 Zechstein sub strate, the dis tinct tec tonic zones seem to reach
the bot tom of the Zechstein, in ter sect ing the en tire sub-
 Zechstein sub strate. In iden ti fy ing faults, a num ber are de lin -
eated on the seis mic sec tion, ver sus only a sin gle one in the
gravimetric im age.

In the seis mic im age re corded, above the “pseudo- batho -
lith” struc ture, the Zechstein and Tri as sic strata seem to be
some what mono lithic, with faults pen e trat ing the sub-Zechstein
rocks rooted in its bot tom. This par tic u larly ap plies to the sub-
 Zechstein sub strate in the vi cin ity of the Nowa Sól ex plo ra tion
con ces sion and de posit, over lap ping the SW end of the
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Fig. 8. Time-based ERC sec tion – sec tion B of Fig ure 6



“pseudo- batholith” and the tec tonic zones iden ti fied by the dis -
lo ca tion in the Bojad³a bore hole – ac cord ing to seis mic data –
and the £ugowo bore hole, where ac cord ing to seis mic data the
tec tonic zone co in cides with the re gional gravimetric tec tonic
zone. Geo log i cal in ter pre ta tion of the deep sub strate be came
pos si ble due to the in clu sion of gravimetric data in the in ter pre -
ta tion of the seis mic cross-sec tion.

COMPREHENSIVE INTERPRETATION 
AND EXPLORATION OF THE COPPER 

DEPOSITS

The pro cess ing of gravimetric data which evenly cover the
re search area al lowed for com pre hen sive ex am i na tion of the
tec tonic struc ture with the main tec tonic zones, and the iden ti fi -
ca tion of the “pseudo-batholith”, which is char ac ter ized by in -
creased rock den sity (by ~0.05–0.08 g/cm3) com pared to the
sur round ings. Com pre hen sive depth-based sec tions con firmed 
the ex is tence of the “pseudo-batholith” in the seis mic im age at a 
depth of <6 km, in a place pin pointed by gravimetry (Fig. 9). On
sec tion B, there are vis i ble dis con ti nu ities of re flec tions on the
slope of the “pseudo-batholith”, par tic u larly no tice able on the
south east ern side. From the SW, the area of the “pseudo -
-batholith” is de lim ited by 3 par al lel faults ex tend ing NW–SE,
most likely as so ci ated with Variscan ac tiv ity. The south ern most
fault co in cides with a large fault zone vis i ble on grav ity maps
(Fig. 2). The dis lo ca tions de lin eated may be in ter preted as mi -
gra tion path ways for hy dro ther mal so lu tions re spon si ble for the
or i gin of the ore de pos its.

The thick ness of the over bur den above the “pseudo- batho -
lith” is an other im por tant el e ment. Ar eas which are tec toni cally
dis turbed, and those where the over bur den is thin, con sti tute
sites pre dis posed to the for ma tion of ore de pos its. The geo -
phys i cal data ana lysed in di cate that this area is a zone be tween 
the south ern fault de lim it ing the “pseudo-batholith” and a fault
zone in ter preted on the seis mic sec tions, de lim ited by the fault
near the Bojad³a 1 bore hole. This zone spans ~10–15 km. In
terms of ge ol ogy, the area of the “pseudo- batholith” is most
likely sur rounded by meta mor phic rocks (phyllites) of De vo -
nian-Car bon if er ous age, over lain by sed i men tary Car bon if er -
ous rocks as well as by sed i men tary and vol ca nic rocks of the
lower Perm ian (Kiersnowski and Petecki, 2017).

The com bined pro cess ing of gravimetric and seis mic data
shows the com plex struc ture of the sub-Zechstein sub strate in
the Lower Silesian Ba sin. At the same time, cor re la tion of the
in for ma tion ac quired with the newly dis cov ered Nowa Sól cop -
per ore de posit pro vides use ful guid ance for fur ther ex plo ra tion
of metal ores (Oszczepalski, 2007; Oszczepalski and Chmiele -
wski, 2019). This should be based on the tec tonic zones, which
pro vide a sim ple ex pla na tion for the or i gins of the de pos its. Our
pa per de scribes pos si ble mi gra tion path ways for so lu tions be -
tween the “pseudo-batholith” and the bot tom of the Zechstein,
which ul ti mately trig gered the for ma tion of cop per and sil ver ore 
de pos its be neath the Zechstein suc ces sion.

Com pre hen sive prep a ra tion of depth-based sec tions us ing
gravimetric and seis mic data al lowed for in ves ti ga tion of the
struc ture of the sub-Zechstein sub strate and geo log i cal in ter -
pre ta tion of the re sults. The un dis turbed po si tion of Pa leo zoic
suc ces sions was dis rupted by the ap pear ance of the “pseudo -
-batholith”, which sig nif i cantly de formed the strata and caused
the emer gence of pre dom i nant tec tonic zones. The dis lo ca -
tions traced in the vi cin ity of the south east ern side of the
batholith, to gether with the small thick ness of the sub-Zechstein 

sub strate, prob a bly iden tify mi gra tion path ways in the Pa leo -
zoic. The Zechstein and Tri as sic strata re stricted the mi gra tion
path ways. In the area of the newly dis cov ered Nowa Sól cop per
and sil ver ore de posit, the re sults in di cate a re la tion ship be -
tween the struc ture of the deep Pa leo zoic sub strate and the ex -
is tence of metal ore de pos its in the Zechstein, con sis tent with
the views of Speczik (1985) and Speczik et al. (2011).

Iden ti fi ca tion of the po si tion of the “pseudo-batholith” and
the tec tonic zones which could con sti tute mi gra tion path ways
for the so lu tions should shape fur ther ex plo ra tion in the Lower
Silesian Ba sin (Oszczepalski and Speczik, 2011). The zone in -
di cated for fur ther ex plo ra tion seems to be par tic u larly prom is -
ing in the cen tral part of the Lower Silesian Ba sin, in the vi cin ity
of a re gional fault traced in the gravimetric and seis mic data, as
well as a nearby fault vis i ble on the seis mic cross-sec tions.

The ex plo ra tion zone sug gested by the pres ent study is
shown in Fig ure 10. The cop per-bear ing area cor re sponds with
the NW part of the North ern Cop per Belt iden ti fied as a re sult of
the ex plo ra tion pro gram of Lu mina Met als Corp. (Speczik et al.,
2024), while the prob a ble  cop per-bear ing area sug gests pos si -
ble ex ten sion of the belt. In ves ti ga tion of the area of the en tire
grav ity anom aly should pro vide guid ance for fur ther cop per and
sil ver ex plo ra tion in the Lower Silesian Ba sin.

CONCLUSIONS

Min eral ex plo ra tion re quires a com pre hen sive ap proach
and the use of var ied geo log i cal and geo phys i cal data. An anal -
y sis of his tor i cal geo phys i cal in for ma tion orig i nally ob tained for
the needs of oil and gas ex plo ra tion, sup ported by proper an a -
lyt i cal tools, en abled the ac qui si tion of new im por tant data on
the struc ture of the deep sub-Zechstein sub strate in the Lower
 Silesian Ba sin. Re search based on gravimetric re sults al lows
for the iden ti fi ca tion of spe cific tec tonic el e ments crit i cal for
iden ti fy ing the pos si ble oc cur rences of cop per de pos its. In ad di -
tion, in te gra tion of seis mic re sults with gravimetric data makes it 
pos si ble to cre ate a co her ent tec tonic im age, which is es pe cially 
im por tant for ar eas with cop per and sil ver ore de pos its.

In ter pre ta tion of the grav ity anom aly re sulted in the de mar -
ca tion of a “pseudo-batholith” struc ture, which played a key role
in the cop per ore-form ing pro cess in the bot tom strata of the
Zechstein. Re search in di cates that tec tonic zones near the
southwest ern bound ary of the “pseudo-batholith”, and the thick -
ness of rocks be tween this area and the bot tom of the
Zechstein, form an im por tant fac tor when es tab lish ing pros -
pect ing ar eas for new ore de pos its. The prob a bil ity of re ceiv ing
metal-rich metasomatic so lu tions in creases along with a de -
crease in the thick ness of rock strata and an in crease in the
num ber of tec tonic zones. The “pseudo-batholith” con sti tutes a
con sid er able source of po ten tial min eral re sources, and it
should be a sub ject of fur ther geo phys i cal re search, es pe cially
seis mic sur vey ing with a long re cord ing time. 

The area of the “pseudo-batholith” in ter preted from geo -
phys i cal sur vey ing over laps the pre vi ous zones of po ten tial oc -
cur rence of cop per ore de pos its, iden ti fied on the ba sis of geo -
chem i cal anal y ses (Oszczepalski and Chmielewski, 2019). It is
lim ited to the NE and SW by deep Variscan tec tonic zones, and
cut by Al pine faults per pen dic u lar to the batholith (¯elaŸniewicz
et al., 1997).

The iden ti fi ca tion of a zone of fu ture ex plo ra tion, which ex -
tends par al lel to the southwest ern slope of the “pseudo-
 batholith” with a width of ~10–15 km, is an im por tant step as re -
gards ex plo ra tion for min eral re sources. This is cor rob o rated by 
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Fig. 9. Sec tion B of Fig ure 6: A – depth-based com pre hen sive cross-sec tion; B – ver ti cal gravimetric sec tion

For other ex pla na tions see Fig ure 8



the dis cov ery of the Nowa Sól de posit lo cated in a pro spec tive
zone es tab lished on the ba sis of min er al og i cal and geo phys i cal
stud ies. In te gra tion of seis mic, gravimetric and geo log i cal data
pro vides a com pre hen sive and co her ent ap proach, en abling
the ac qui si tion of new in for ma tion from ex ist ing his tor i cal sour -
ces.

The use of his tor i cal geo phys i cal data is a key el e ment of
ef fec tive geo log i cal re search, even in spite of cer tain short com -
ings. It al lows for ac qui si tion of im por tant geo log i cal in for ma tion
while avoid ing the high costs of new seis mic sur vey ing. This is
crit i cal in terms of ex plo ra tion bud gets, as it al lows more ef fi -

cient and cost-ef fec tive han dling of ex plo ra tion. There fore, the
ap pli ca tion of his tor i cal geo phys i cal data in con tem po rary min -
eral ex plo ra tion con sti tutes a valu able and eco nom i cal way of
man ag ing geo log i cal re search, one which can of fer valu able re -
sults and con trib ute to the dis cov ery of new de pos its.

Ac knowl edge ments: The au thors would like to ex press
their grat i tude to H. Kiersnowski for in sight ful dis cus sions re -
gard ing the older Pa leo zoic base ment and to the re view ers for
their con struc tive com ments and valu able ed i to rial sug ges tions
that helped im prove the qual ity of the manu script.
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Fig. 10. Map of cop per ex plo ra tion pros pects in the Lower Silesian Ba sin
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