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The application of modern tools for processing and interpreting geophysical data allows for reinterpretation of geophysical
measurements performed in the 20th century. A number of gravity maps drawn with modern frequency filters and extensions
of Linsser's method, along with the conversion of amplitude-based seismic sections into the form of reflection coefficients,
enabled investigation of the sub-Zechstein substrate down to a depth of ~10 km. Analysis of the deep geological structure re-
sulted in the identification of a “pseudo-batholith”, which was probably critical in the formation of copper and silver deposits in
the Lower Silesian Basin. Comprehensive processing of effective reflection coefficient sections, transformed gravity maps
and vertical gravimetric cross-sections identified the arrangement of sub-Zechstein rocks and the hypothetical morphology
of the “pseudo-batholith”. A combination of new geophysical information, with knowledge of the Nowa Sél deposit and geo-
chemical analyses, was used to demarcate new exploration areas, narrowed down to a ~10—15 km wide zone extending par-

=

allel to the southwestern slope of the “pseudo-batholith”.
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INTRODUCTION

The Lower Silesian Basin (Figs. 1 and 2) includes stratiform
copper and silver deposits. The ore is present in the bottom-
most Zechstein deposits: shales, sandstones and limestones,
and locally at the top of the Rotliegend. Exploration performed
to date has documented the existence of Cu-Ag deposits in the
zone contacting the Fore-Sudetic Block, and active mining op-
erations have taken place in the Lubin-Sieroszowice district
(Markiewicz, 2007). The exploration conducted in recent years
by Lumina Metals Corp. (formerly the Miedzi Copper Corp.) in
the vicinity of the Lower Silesian Basin and the Wolsztyn Eleva-
tion resulted in the discovery of new deposits: Nowa Sol,
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Mozoéw and Sulmierzyce North, which belong to the Northern
Copper Belt of Poland (Fig. 1), at depths ranging from ~1,700 m
to >2 km (Speczik et al., 2024). There is likely a continuation of
the southern German ore series into the Lower Silesian Basin,
probably at depths which in Poland reach several kilometres
(Franke et al., 1993).

Speczik (1985) emphasized the role of tectonic shifts and
the related magmatic and hydrothermal processes as a factor
causing destabilization of the palaeohydrological balance in
the ore-forming process in the Lower Silesian Basin. The exis-
tence of copper and silver in the Zechstein indicates a need to
investigate the tectonic disturbances in its deep substrate,
which would determine the pathways of migration and circula-
tion of metasomatic solutions, invisible beneath the Permian
and Mesozoic “screen”, and which could have contributed to
the creation of zones where metals and other elements were
generated. The area of the documented Nowa Sél copper and
silver deposit is particularly interesting in terms of investigating
the sub-Zechstein substrate in the direct vicinity of the gravity
anomaly. Such analysis provides information about the struc-
tural conditions and tectonic zones, useful for further explora-
tion.
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Fig. 1. Structural map of the sub-Zechstein surface according to Kudrewicz (2007)

GEOLOGICAL BACKGROUND

The Lower Silesian Basin is located on the West European
Platform of the Variscan orogen, covering the SW part of Po-
land. The elongated form of the basin is delimited by the Dolsk
fault on the NE side, and by the middle Odra tectonic zone in
the south-east (Zelazniewicz et al., 2011). Among shallower
geological units, the Lower Silesian Basin is delimited by the
Wolsztyn Elevation, where Carboniferous rocks underlie the
Zechstein unit of the Permian System (Kiersnowski et al., 2010;
Kiersnowski and Petecki, 2017), and by the metamorphic
Fore-Sudetic Block with Paleogene and Neogene overburden
in the south-east (Fig. 2). The geology of the basin has been ex-
plored reasonably well within the Triassic and the Zechstein,
whose bottom lies at depths from 500 to 2200 m, wedging out in
a zone contacting the Fore-Sudetic Block. Numerous geophysi-
cal surveys and drilling operations performed in the Lower
Silesian Basin in exploration for hydrocarbons and metals have

provided information about geological strata down to the bottom
of the Zechstein (Kudrewicz, 2007). Apart from features related
to salt tectonics, the structure of the Zechstein and Triassic
strata is not complex (Dadlez et al., 2000), being only modestly
deformed, both in the Fore-Sudetic Monocline and in the Lower
Silesian Basin. Below the Zechstein, beneath Rotliegend rocks
of variable thickness, low-grade metamorphic Carboniferous
and Devonian rocks of an overthrust origin have been identified
as part of the Greater Poland mountain range (Kiersnowski and
Petecki, 2017). Deep seismic studies have demonstrated that
the thickness of the Paleozoic substrate exceeds 8 km (Guterch
and Grad, 2006; Dziewinska et al., 2020). Interpretation of
gravimetric and magnetic anomalies recognized in the years
2006-2008 indicates that their sources are related to the struc-
ture of metamorphic rocks at a depth of ~5 km, representing the
amphibolite facies (cf. Petecki, 2006).

Location of the Nowa Sél deposit (Speczik, 2019) took
place with reference to existing geophysical and geological re-
ports, illustrating selected structural elements of the Zechstein
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Fig. 2. Bouguer anomaly map of the area shown in Figure 1 according to Krolikowski and Wybraniec (1996)

in the area of a gravity anomaly in the Lower Silesian Basin,
near the Wolsztyn Elevation. A map showing the density of lin-
ear gravity elements indicates the complex geological structure
of the sub-Zechstein substrate (Fig. 3). A deep structural form
identified in the Lower Silesian Basin and a dominant feature in
the gravity anomaly image is characterized below in this paper.
Supplementing the processing of gravimetric data with a seis-
mic cross-section in the form of reflection coefficients, and with
comprehensive interpretation of both methods, allows exami-
nation of the geological structure within a depth interval of up to
10 km. The result is a map of structural elements occurring be-
low the bottom of the Zechstein, within the Paleozoic and meta-
morphic rocks, in a form arbitrarily called a “pseudo-batholith”
and its accompanying tectonic zones. The geophysical image,
produced with the use of specially selected algorithms without
the input of an interpreter, may constitute a basis for analysing
the structure of the sub-Zechstein basin substrate, and its more

detailed interpretation determines further prospects for the ex-
ploration of mineral deposits in the Lower Silesian Basin.

As on geological maps, the seemingly undisturbed geologi-
cal structure of the Fore-Sudetic Monocline is also visible on a
Bouguer anomaly map (Fig. 2; Krolikowski and Wybraniec,
1996). Moreover, it is indicated by the results of processing in-
volving a dense grid of seismic sections. One exception in the
gravimetric image shown (Krolikowski and Petecki, 1995) is a
large positive Bouguer anomaly in the Lower Silesian Basin,
separating the Fore-Sudetic Block area from the bland image of
Bouguer anomalies up to the Kuyavian-Pomeranian synclino-
rium. Notably, the “Wolsztyn Elevation” geological structure lo-
cated on the northern slope of this anomaly is virtually invisible
on the gravimetric image. The image shown, of Bouguer anom-
alies in the Lower Silesian Basin, can be considered to be asso-
ciated with the deep Paleozoic and Precambrian substrate. In
order to investigate the deep stratigraphic successions and tec-



4 Stanistaw Speczik et al. / Geological Quarterly, 2025, 69, 20

LT Y

520

5120’

520

[no. of elements]
0.0
232
271
322
392

; Density of gravimetric linear
elements

Nowa Sél concession area

Fig. 3. Density map of linear gravity elements in the arbitrary depth interval of 4-7 km
(white areas are below the density threshold)

tonic elements, it is necessary to perform transformations of
Bouguer anomalies in the form of residual anomalies and verti-
cal gravimetric sections, as well as an analysis of the few exist-
ing seismic sections with an extended recording time.

PROCESSING OF GRAVIMETRIC
AND SEISMIC DATA

Advances in the interpretation of geophysical surveying
data, as well as the beginning of mineral exploration, for exam-
ple focused on copper and silver, have created conditions for a
new look at the deeper structure of the Fore-Sudetic Monocline,
and primarily the Lower Silesian Basin. The processing of
gravimetric and seismic data collected in the years 2012-2014
by Lumina Metals Corp., using newly chosen and improved nu-
merical methods, has allowed the reconstruction of certain
deep structural elements of the sub-Zechstein substrate within
a depth interval of up to 10 km (Speczik et al., 2024). The to-
pography of the sub-Zechstein substrate is particularly interest-
ing in the area of the known Nowa Sdl copper and silver de-

posit, including the determination of its origins. The Nowa Sdl
deposit is part of the Northern Copper Belt, which consists of a
total of three deposits discovered and documented by Lumina
Metals Corp. as well as numerous prospective areas (Speczik,
2019; Speczik et al., 2024).

This processing showed that, in spite of the use of measure-
ments performed in the 20th century mainly for the needs of hy-
drocarbon exploration using methodology adjusted to the ex-
amination of the Zechstein, the datasets obtained provide infor-
mation about the deep Paleozoic, and perhaps reaching the
Precambrian substrate. This has been achieved due to new
methods of processing geophysical data, as well as a compre-
hensive integration of gravimetric and seismic information. The
results, as regarding the documented copper deposit and the
hypothesis of its origin, have identified a need to explore rela-
tionships between new elements of the deep geological struc-
ture and the well-constrained Zechstein and Triassic succes-
sion. Interpretation of the data was limited by the coarse sam-
pling of the gravimetric data and the brief seismic recording time
(no more than 4 seconds), as well as by the placement of the
seismic sections, which do not always precisely follow the struc-
tures analysed.
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GRAVITY SURVEYING

Historical data from a semi-detailed gravimetric image cov-
ering the entire area of the Fore-Sudetic Monocline were used
to prepare a Bouguer anomaly map and perform the transfor-
mations. The density of measurement points, amounting to 2.2
points per km? on average, enables the identification of anoma-
lies associated with the Zechstein strata and their substrate.
The measured values of gravity were converted using a meth-
odology which corresponds to the current data concerning the
shape of Earth, and new formulae for calculating gravity anom-
alies. The calculation of Bouguer anomalies used the IGSN 71
system, a normal gravity field calculation formula for the WGS
84 ellipsoid, and a constant density of 2.25 g/cm® in the reduced
layer. The catalogue of anomalies prepared in this manner con-
stituted a basis for further calculations. The Bouguer anomaly
map used a reference level which corresponded to sea level.
Sets of Bouguer anomalies were converted into a regular grid
with a unit length of 250 m; this grid served as a basis for all
transformations.

The interpretation of residual gravity anomalies characteriz-
ing geological objects in selected depth intervals became pos-
sible due to the use of the Butterworth (BTWR) frequency filter
method, the preparation of vertical gravimetric sections, and
the extension of the Linsser method for detecting linear features
in the gravity field and allowing their statistical analysis.

The BTWR filter with a specific central wavenumber value
(related to the respective depth of a prismatic source body) was
used to compute residual gravity anomalies. The BTWR fre-
quency filter has been used due to the ease of adjusting its
slope without changing the central wavenumber. The forms of
the low- and high-pass filter are expressed by the following for-

L(r)= Low-pass filter [1]

High-pass filter [2]

where: r—wavenumber, r, — central wavenumber of the filter, n — de-
gree of the filter (this paper uses a value of 6).

The band-pass filter is a product of both filters. The formu-
lae for a prismatic body spectrum was used to calculate the
central wavelength, which is dependent on the depth of the
body (Bhattacharyya, 1966; Svancara et al., 2008).

In the filtering process, the assumption is that the filter cutoff
wavelength and source depth are mutually related. The greater
the depth of the source, the greater the wavelength, and vice
versa. The central wave number of an ro filter for a prismatic
body is calculated according to the following formula [Geosoft
Software, MAGMAP (FFT-2D)]:

Ln(Hb - Ht) 3]
fp=—m—8+2
Hb — Ht

where: Ht — depth of upper body edge (prism); Hb — depth of lower
body edge (prism).

The gravity anomaly map is supplemented by vertical gravi-
metric sections prepared along selected lines — e.g. along seis-
mic sections. In order to prepare the vertical gravimetric sec-
tions, a number of residual gravity maps were prepared for
equal depth intervals of up to 10 km using the band-pass BTWR
filter, and subsequently intersected by a vertical plane, resulting
in an image of the distribution of local anomalies in a depth do-
main for a given section line. Compiling the maps with the sec-
tions allowed for linking the anomalies from the map with the re-
spective interval of a depth-based gravimetric section. The
wavelength values used in the preparation of vertical gravi-
metric sections fell within a range of 1.5-60 km.

A modified Linsser's method (Linsser, 1968) was used for
tracing linear gravity elements related to the tectonics. As used
in this paper, the method is based on the comparison of a
gravimetric field section in the form of a curve with a reference
model constructed for a vertical half-plane of specific depth and
density contrast. Calculations are performed in a regular grid
node in several profiles of varying directions, with selection of
the profile with the highest coincidence with the reference
model. The calculations are repeated in all nodes of the grid.
Linear gravity elements identified by means of Linsser’s method
are presented in the form of lines. The lines are divided into ele-
mentary segments with a regular mesh size of 250 m, and sub-
sequently filtered with a statistical surface filter to show the den-
sity of linear gravity elements on the maps. The numbers in the
colour chartin Figures 3 and 4 represent the number of elemen-
tary segments in the filter window. The linear elements traced
are assumed to represent vertical density interfaces compara-
ble to lithological and tectonic boundaries, such as faults, intru-
sions, or other density contrasts (Svancara, 1993).

In order to map the residual gravity anomalies associated
with the sub-Zechstein strata, the band-pass BTWR filter with
specific passing wavelengths for the depth range up to 10 km
was used. The tectonic elements of the Paleozoic rocks are
characterized by a map of the density of linear gravity elements
(Fig. 3), prepared on the basis of vertical density interfaces cal-
culated for specific depth intervals.

The prevalent directions of anomalies on the map of density
of linear gravity elements calculated for an assumed depth in-
terval of 4 to 7 km (Fig. 3) are NW-SE, approximately consis-
tent with the elongated form of anomalies in the Lower Silesian
Basin, constituting the result of Variscan activity. This is indi-
cated by two predominant zones located at a distance of
~25 km from each other — characteristic, relatively narrow
zones, extending along longer gradient zones on both sides of
the anomaly, which can be associated with deep tectonic frac-
tures. The tectonic zone located on the southwestern slope of
the gravity anomaly, and thus in the vicinity of the central part of
the Lower Silesian Basin, seems more distinct. Both predomi-
nant tectonic zones outline a previously unknown structure re-
ferred to as a “pseudo-batholith” in the Lower Silesian Basin.
The absence of anomalies between regional tectonic zones
and the pronounced nature of both tectonic zones (almost par-
allel) indicate the homogeneous nature of the structure delin-
eated, wedged between the two geological units. The clearly
defined shape of the predominant tectonic zones in the gravi-
metric image indicates that they represent geological structures
with considerable differences as regards depth, and thus prob-
ably also lithology. In the surroundings of the regional tectonic
zones and in their close vicinity, less distinct horizontal and ver-
tical fractures with an NE-SW direction are visible, probably as-
sociated with older tectonic movements. The image of gravity
anomalies in the wider surroundings of the structure in ques-
tion, highlighting the regional nature of the structural elements
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delinated in the form of a map of density of linear gravity ele-
ments and a map of BTWR anomalies, is shown in Figure 4.

On the resulting vertical depth-based gravimetric sections
(Fig. 5), there is a distinguishable structural form of increased
density between the regional tectonic zones, which is referred
to as a “pseudo-batholith”, whose top in the area studied (Lower
Silesian Basin) lies at a depth of 6—7 km below ground surface.
The structure stands out due to its vertical or nearly vertical
slopes within a depth interval of up to 10 km. The position of the
vertical boundaries of the structure in close proximity to regional
tectonic zones may indicate that both dislocations demarcate
the boundaries of the “pseudo-batholith” with both the Lower
Silesian Basin and the Wolsztyn Elevation. In the gravimetric
image in the form of tectonic zones, there are particularly distin-
guishable vertical contacts, which can be associated with differ-
ences in the density of the “pseudo-batholith” and its surround-
ings.

Changes in the shape of the structure discerned are shown
on several parallel gravimetric cross-sections transverse to the
predominant gravity anomaly. Due to range in its depth, the
cross-sections are located so as to show the most important

changes in the depth of the top of the “pseudo-batholith”. Com-
pilation of the cross-sections (Fig. 5) shows the most distinct el-
ements of the structure causing the generation of a gravity
anomaly as well as its consistent, relatively homogeneous and
similar form over the entire area analysed. Supplementing the
gravimetric sections with both regional dislocations allows for
more precise reconstruction of the source structure of the inter-
preted gravity anomaly and the geological structure of the
Lower Silesian Basin in the area indicating the possible pres-
ence of copper and silver ore deposits (Zielinski and Speczik,
2017).

The inferred contours of the “pseudo-batholith” served as a
basis for the preparation of a map showing the hypothetical
depth of its surface, shown in Figure 6. In the morphology of the
structure detected, there are pronounced elevations, among
which one can trace possible tectonic lines of NE-SW trend. In
a number of places, the vertical boundaries of the structure re-
main consistent with the regional tectonic zones, suggesting
that the slopes of the pseudo-batholith have the form of regional
faults. The prepared map is an approximation due to the as-
sumed depth of the top of the "pseudo-batholith” for the se-
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lected contour line on the vertical gravimetric section in close
proximity to major changes in the gravity anomalies on the
cross-section.

The image of the magnetic field of the Fore-Sudetic Mono-
cline (Petecki et al., 2003, Petecki and Rosowiecka, 2017)
stands out due to a positive anomaly in the Lower Silesian Ba-
sin, probably caused by deep rocks, analogous to the gravity
anomaly. The correlation between anomalies of the magnetic
field T and the gravity anomaly shows that the outlines of the
anomalies are of similar shape, and their position in the Lower
Silesian Basin indicates that they originate from the same
source with distinct magnetic properties and density. The
anomaly correlation area covers most of the northeastern part
of the Lower Silesian Basin along its boundary with the
Wolsztyn Elevation, partially encroaching on its area.

SEISMIC SURVEYING

In the area of the Fore-Sudetic Monocline, semi-detailed
seismic surveying was performed in 1975-1995, and detailed

investigations followed into selected structural objects for the
exploration of crude oil and natural gas reservoirs in the
Zechstein and Carboniferous strata. Seismic surveying used
the method of 12- and 24-fold multiple coverage by 48-channel
apparatus and 2 ms sampling. Dynamite excitation was used in
individual blast holes. The seismic sections were distributed in a
2—4 km grid. The recording time for seismic waves usually did
not exceed 4 seconds, and those times were extended for se-
lected sections to reach depths down to ~10 km. Seismic sur-
veying performed in this manner constituted a certain constraint
for the analyses discussed in this paper. Primary constraints of
the research included poor seismic coverage and occasionally
the unavailability of the original unchanged seismic record to
work with. Another problem was the location of seismic sec-
tions, often not extending in a manner optimal for analysis of
and correlation with the pseudo-batholith. In order to fully under-
stand its structure, an ideal grid should have been perpendicu-
lar to its long axis. However, the historical grid of seismic sec-
tions had been designed for exploring for hydrocarbons, in a
pattern that did not always overlap with that of the “pseudo-
batholith”. However, the biggest problem was the length of the
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seismic records, ending after 2 seconds, adjusted to the identifi-
cation of potential oil and gas reservoirs. Longer seismic re-
cords was made in only a handful of cases, and these allowed
analysis of deeper structures.

Field records were initially reprocessed in the Sysis system,
followed by the Omega and Geomaster systems in the 1990s.
The results of seismic surveying are reflective interfaces on
time-based sections, showing the structure of the Permian and
Mesozoic succession. Interfaces correlated in the Triassic in-
clude: Tk, associated with the lower Keuper; Tm, correspond-
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
interface, usually less pronounced in the seismic record and dif-
ficult to correlate; Z3, Z2 — interfaces associated with the top of
the Main Anhydrite and the Basal Anhydrite, reflecting changes
in the thickness of anhydrite ridges and salt, Z1 — the contact of
the Oldest Salt with the Bottom Anhydrite, and Z1’ — the bottom
of the Zechstein, also representing the top surface of the
Rotliegend. The seismic image below the Zechstein shows the
complex structure of the Paleozoic rocks; the waves are dis-
torted by multiple reflections in a number of places, but they are
considered to mostly reflect the geological structure of the Pa-
leozoic.

In order to make full use of the seismic data, SEG-Y ampli-
tude records were converted into effective reflection coeffi-
cients (ERC) (Rudnitskaya et al., 1987; Speczik et al., 2011).
This process can be considered as a continuation of the stan-
dard reprocessing of seismic data, in which the amplitude is as-
sumed as proportional to the reflection coefficients for specific
geological interfaces.

Calculation of the reflection coefficients included the follow-
ing steps:

— determining the elementary signal — an impulse representa-
tive of the medium examined;

— correlation of a wave-based seismic trace with the elemen-
tary impulse, which enables elimination of distortions and
the construction of a more precise image;

— splicing the traces of the reflection coefficients with the ele-
mentary signal, which leads to transformation of amplitude
data into the time series of the reflection coefficients.

The application of this method enables more detailed depic-
tion of a geological cross-section compared to a traditional, am-
plitude-based seismic section. Not only does this transforma-
tion allow for determination of the reflective interfaces, but it
also enables description of the geometrical and physical prop-
erties of the strata forming a given geological unit.

Lithological units are identified on sections developed in this
manner on the basis of a similar nature of records on neigh-
bouring seismic traces. In addition, the sign of a reflection coef-
ficient allows for the identification of a lithological succession
along a seismic section. Amplitude-based seismic traces con-
verted into rows of reflection coefficients stand out due to the
exact position of their reflective interfaces, and due to the ability
to discern individual strata as thin as 10 to 15 m.

Conversion of seismic waves into impulses provides better
approximation of seismic data to geological reality, with the abil-
ity to identify and trace strata of smaller thickness, for example
sandstones, limestones, or rock salt. The complex structure of
the Paleozoic rocks is demonstrated by the records of reflected
waves in a time interval below the Zechstein. In spite of poten-
tial interference associated with multiple reflections, the result-
ing images in most cases are a faithful recreation of the Paleo-
zoic structure.

Determination of the elementary impulse and mutual corre-
lation of this impulse with each seismic trace are critical in the

process of transforming an amplitude-based seismic record into
ERC. The resulting time series of reflection coefficients pro-
vides better approximation of the geological image, taking into
consideration the time, the value of a reflection coefficient, and
the polarity of the signal. On ERC sections, reflective interfaces
between strata of different velocities are marked with horizontal
lines, while vertical lines indicate the sign and value of the re-
flection coefficient, proportionally to the difference in acoustic
hardness of the adjacent strata.

This method makes it possible to trace reflective interfaces
which are separated from each other by a distance of at least L
of the period of the elementary signal, which leads to much
more detailed representation of a geological cross-section com-
pared to amplitude-based sections. The reflection coefficients
provide precise information about the geometrical and physical
arrangement of geological strata, enabling, for example, identi-
fication of thin strata, detection of small faults, and identification
of lithological changes along a seismic section. This method is
particularly useful when searching for potential mineral depos-
its, such as copper ore.

The two seismic sections processed in order to study the
sub-Zechstein substrate were situated directly north of the
Nowa Sél exploration concession, arranged approximately per-
pendicular to the gravity anomaly (sections A and B in Fig. 6).
Selection of the sections was limited by the access to the few
seismic sections with a recording time of up to 4 s, most being
prepared for the needs of exploring the Zechstein strata in time
intervals of 2 s. Both sections were converted into the form of
reflection coefficients, and time — depth conversion was per-
formed for a constant velocity, due to the absence of data for
sub-Zechstein strata. Being almost perpendicular to the axis of
the Lower Silesian Basin, both sections provide a new ap-
proach to the complex structural image below the Zechstein
strata (Wierzchowska-Kicutowa, 1984, 1987). The recorded ar-
rangement of correlated seismic interfaces on sections placed
close to each other is similar, which can be considered as an
improvement in the reliability of the information acquired. In the
NE segments of the sections (Fig. 7), in the direct vicinity of the
Wolsztyn Elevation, there is a noticeable undisturbed or almost
undisturbed arrangement of strata in the sub-Zechstein sub-
strate. The arrangement of reflective interfaces and the nature
of the lithological and stratigraphic successions discerned doc-
ument the lack of reflection of the Wolsztyn Elevation on seis-
mic sections, which requires confirmation by further study. SW
of the Kargowa borehole, and thus close to the edge of the
gravity anomaly and above the anomaly, the seismic image
changes drastically; the seismic sections feature a number of
elevations and discontinuities limited by changes which are
probably tectonic in nature, and distorted by groups of diffract-
ing waves. By contrast with the relatively undisturbed position of
the Zechstein and the Triassic in the SW parts of both sections,
the seismic cross-sections here are highly complex along the
entire depth interval interpreted.

It seems obvious that particular attention in the analysis of
the seismic data was paid to the reflection of both regional tec-
tonic zones in the Zechstein strata which are usually mapped
with high precision. The two seismic sections selected, inter-
secting the more distinct tectonic zone and shown in the form of
reflection coefficients, constitute an image above the tectonic
zone noted. For the seismic image to be more legible in terms of
tectonic zones and lithological changes, time-based sections
were supplemented with calculations of velocity within the
Zechstein succession (Fig. 8).

Reflection coefficients combined with changes in velocity al-
low for the delineation of changes of both tectonic and a
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lithological nature. The examples shown prove the absence of
even the slightest impact of regional faults on the Zechstein
rocks, which act as a barrier to the deformation of the structures
present below. It is possible to create stresses in the Zechstein
strata which would cause faults invisible in the seismic image.

The image of reflection coefficients on the seismic section
below the Zechstein (Fig. 7) allows for the discernment of 4
units with an arrangement of strata characteristic of sedimen-
tary successions. Such an image is maintained over the entire
depth interval recorded. The first unit below the Zechstein strata

stands out due to its horizontal or nearly horizontal arrangement
of strata compared to deeper seismic units. Another distin-
guishing feature of this unit is its variable thickness, decreasing
in a zone of considerable inclinations of the deeper units. The
position and thickness of deeper strata of the Paleozoic is uni-
form, surrounding the uplifted “pseudo-batholith”, with parallel
arrangement of strata both in the area where they lie horizon-
tally, and in the uplifted zone. Above this succession, in the NE
part of the section (Fig. 8) a trough has formed due to the uplift-
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ing of the “pseudo-batholith”, filled with sediments which notice-
ably wedge out on the slope of the elevation.

In the area of undisturbed strata, the faults affect all three
successions in the lower part of the section. One characteristic
element is the end of the fault plane below the strata underlying
the Zechstein strata in the entire area NE of the Kargowa bore-
hole, where the thickness of the sub-Zechstein substrate falls
within a range of 1500 m and more. SW of the Kargowa bore-
hole, in a zone of considerable variation and uplift of the reflec-
tive interfaces, the thickness of the substrate is reduced and
slightly exceeds 500 m. With a small thickness of the sub-

Stratigraphy:

Z4 — interface associated with the top of the Zechstein

Z3 — interface associated with the top of the Main Anhydrite (A3)
Z2 — interface associated with the top of the Basal Anhydrite (A2)
Z1 — contact between the Oldest Rock Salt (Na1) and the Lower
Anhydrite (A1d)

Z1' —interface associated with the bottom of the Zechstein

h1, h2, h3 — reflective interfaces in the Paleozoic

ection — section B of Figure 6

Zechstein substrate, the distinct tectonic zones seem to reach
the bottom of the Zechstein, intersecting the entire sub-
Zechstein substrate. In identifying faults, a number are delin-
eated on the seismic section, versus only a single one in the
gravimetric image.

In the seismic image recorded, above the “pseudo-batho-
lith” structure, the Zechstein and Triassic strata seem to be
somewhat monolithic, with faults penetrating the sub-Zechstein
rocks rooted in its bottom. This particularly applies to the sub-
Zechstein substrate in the vicinity of the Nowa Sdl exploration
concession and deposit, overlapping the SW end of the
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“pseudo-batholith” and the tectonic zones identified by the dis-
location in the Bojadta borehole — according to seismic data —
and the tugowo borehole, where according to seismic data the
tectonic zone coincides with the regional gravimetric tectonic
zone. Geological interpretation of the deep substrate became
possible due to the inclusion of gravimetric data in the interpre-
tation of the seismic cross-section.

COMPREHENSIVE INTERPRETATION
AND EXPLORATION OF THE COPPER
DEPOSITS

The processing of gravimetric data which evenly cover the
research area allowed for comprehensive examination of the
tectonic structure with the main tectonic zones, and the identifi-
cation of the “pseudo-batholith”, which is characterized by in-
creased rock density (by ~0.05-0.08 g/cm®) compared to the
surroundings. Comprehensive depth-based sections confirmed
the existence of the “pseudo-batholith” in the seismicimage ata
depth of <6 km, in a place pinpointed by gravimetry (Fig. 9). On
section B, there are visible discontinuities of reflections on the
slope of the “pseudo-batholith”, particularly noticeable on the
southeastern side. From the SW, the area of the “pseudo-
-batholith” is delimited by 3 parallel faults extending NW-SE,
most likely associated with Variscan activity. The southernmost
fault coincides with a large fault zone visible on gravity maps
(Fig. 2). The dislocations delineated may be interpreted as mi-
gration pathways for hydrothermal solutions responsible for the
origin of the ore deposits.

The thickness of the overburden above the “pseudo-batho-
lith” is another important element. Areas which are tectonically
disturbed, and those where the overburden is thin, constitute
sites predisposed to the formation of ore deposits. The geo-
physical data analysed indicate that this area is a zone between
the southern fault delimiting the “pseudo-batholith” and a fault
zone interpreted on the seismic sections, delimited by the fault
near the Bojadta 1 borehole. This zone spans ~10-15 km. In
terms of geology, the area of the “pseudo-batholith” is most
likely surrounded by metamorphic rocks (phyllites) of Devo-
nian-Carboniferous age, overlain by sedimentary Carbonifer-
ous rocks as well as by sedimentary and volcanic rocks of the
lower Permian (Kiersnowski and Petecki, 2017).

The combined processing of gravimetric and seismic data
shows the complex structure of the sub-Zechstein substrate in
the Lower Silesian Basin. At the same time, correlation of the
information acquired with the newly discovered Nowa Sdl cop-
per ore deposit provides useful guidance for further exploration
of metal ores (Oszczepalski, 2007; Oszczepalski and Chmiele-
wski, 2019). This should be based on the tectonic zones, which
provide a simple explanation for the origins of the deposits. Our
paper describes possible migration pathways for solutions be-
tween the “pseudo-batholith” and the bottom of the Zechstein,
which ultimately triggered the formation of copper and silver ore
deposits beneath the Zechstein succession.

Comprehensive preparation of depth-based sections using
gravimetric and seismic data allowed for investigation of the
structure of the sub-Zechstein substrate and geological inter-
pretation of the results. The undisturbed position of Paleozoic
successions was disrupted by the appearance of the “pseudo-
-batholith”, which significantly deformed the strata and caused
the emergence of predominant tectonic zones. The disloca-
tions traced in the vicinity of the southeastern side of the
batholith, together with the small thickness of the sub-Zechstein

substrate, probably identify migration pathways in the Paleo-
zoic. The Zechstein and Triassic strata restricted the migration
pathways. In the area of the newly discovered Nowa Sél copper
and silver ore deposit, the results indicate a relationship be-
tween the structure of the deep Paleozoic substrate and the ex-
istence of metal ore deposits in the Zechstein, consistent with
the views of Speczik (1985) and Speczik et al. (2011).

Identification of the position of the “pseudo-batholith” and
the tectonic zones which could constitute migration pathways
for the solutions should shape further exploration in the Lower
Silesian Basin (Oszczepalski and Speczik, 2011). The zone in-
dicated for further exploration seems to be particularly promis-
ing in the central part of the Lower Silesian Basin, in the vicinity
of a regional fault traced in the gravimetric and seismic data, as
well as a nearby fault visible on the seismic cross-sections.

The exploration zone suggested by the present study is
shown in Figure 10. The copper-bearing area corresponds with
the NW part of the Northern Copper Belt identified as a result of
the exploration program of Lumina Metals Corp. (Speczik et al.,
2024), while the probable copper-bearing area suggests possi-
ble extension of the belt. Investigation of the area of the entire
gravity anomaly should provide guidance for further copper and
silver exploration in the Lower Silesian Basin.

CONCLUSIONS

Mineral exploration requires a comprehensive approach
and the use of varied geological and geophysical data. An anal-
ysis of historical geophysical information originally obtained for
the needs of oil and gas exploration, supported by proper ana-
lytical tools, enabled the acquisition of new important data on
the structure of the deep sub-Zechstein substrate in the Lower
Silesian Basin. Research based on gravimetric results allows
for the identification of specific tectonic elements critical for
identifying the possible occurrences of copper deposits. In addi-
tion, integration of seismic results with gravimetric data makes it
possible to create a coherent tectonic image, which is especially
important for areas with copper and silver ore deposits.

Interpretation of the gravity anomaly resulted in the demar-
cation of a “pseudo-batholith” structure, which played a key role
in the copper ore-forming process in the bottom strata of the
Zechstein. Research indicates that tectonic zones near the
southwestern boundary of the “pseudo-batholith”, and the thick-
ness of rocks between this area and the bottom of the
Zechstein, form an important factor when establishing pros-
pecting areas for new ore deposits. The probability of receiving
metal-rich metasomatic solutions increases along with a de-
crease in the thickness of rock strata and an increase in the
number of tectonic zones. The “pseudo-batholith” constitutes a
considerable source of potential mineral resources, and it
should be a subject of further geophysical research, especially
seismic surveying with a long recording time.

The area of the “pseudo-batholith” interpreted from geo-
physical surveying overlaps the previous zones of potential oc-
currence of copper ore deposits, identified on the basis of geo-
chemical analyses (Oszczepalski and Chmielewski, 2019). Itis
limited to the NE and SW by deep Variscan tectonic zones, and
cut by Alpine faults perpendicular to the batholith (Zelazniewicz
et al.,, 1997).

The identification of a zone of future exploration, which ex-
tends parallel to the southwestern slope of the “pseudo-
batholith” with a width of ~10-15 km, is an important step as re-
gards exploration for mineral resources. This is corroborated by
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the discovery of the Nowa Sdl deposit located in a prospective
zone established on the basis of mineralogical and geophysical
studies. Integration of seismic, gravimetric and geological data
provides a comprehensive and coherent approach, enabling
the acquisition of new information from existing historical sour-
ces.

The use of historical geophysical data is a key element of
effective geological research, even in spite of certain shortcom-
ings. It allows for acquisition of important geological information
while avoiding the high costs of new seismic surveying. This is
critical in terms of exploration budgets, as it allows more effi-

cient and cost-effective handling of exploration. Therefore, the
application of historical geophysical data in contemporary min-
eral exploration constitutes a valuable and economical way of
managing geological research, one which can offer valuable re-
sults and contribute to the discovery of new deposits.
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