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3D MODELING ON GEOPHYSICAL EXPLORATION DATA OF A POSSIBLE
PORPHYRY SYSTEM IN THE AREA PETROSHNITSA, REPUBLIC NORTH
MACEDONIA

Kristian Jovanov!

Faculty of Natural and Technical Sciences, University “Goce Delcev”, §tip,

Abstract: The latest geophysical exploration of the Petroshnitsa area have provided progress in understanding the
geology of the particular area. The results from the study of the geophysical exploration campaign done by ,,Geomac* Ltd,
Sofia, Bulgaria, in 2015 for Sardich MC, Skopje, North Macedonia, were compiled and used in the 3D model to highlight
areas of interest. Using professional Vulcan software helped to envisage a 3D model to highlight areas of interest which
most probably are areas related in depth with gold and copper vein-impregnation of sulphide mineralization. This 3D model
should improve our understanding and complement the geological data of Petroshnitsa in our next step in exploration to
define a possible porphyry system.

Key words: 3D model; Petroshnitsa; porphyry system; gold; copper.

30 MOIAEJ BO COI'TACHOCT CO TEO®PU3NYKUTE ITIOJATOLN HA
MNOPOUPNUCKHNOT CUCTEM, IETPOUIHUIA, PEITYBJINKA CEBEPHA
MAKEJOHNJA

Kpucruan Josanos'
®dakynTeT 3a NPUPOJHU U TEXHUYKU HAayKu, Y HuBepsuter ,,['oue demues, lTun,

Aocrpakr: [Tocneaure reon3nyKkn NCTPakyBatba U3BPILIEHN BO PAMKHUTE Ha HCTpaxkeHHoT npocTop Ilerpouxnia,
MPUJIOHECOa MPOrpec BO TO3HABAKETO HA Te0JIOTMjaTa BO OJIPEICHMOT WCTpaXkeH mpocrtop. Pesynrarure on cryamjarta
no6uenn Bo 2015 ox crpana Ha I'eomak, Cocbuja, Byrapuja, a usBpuena 3a norpeéure Ha Capauu MILI, Ckonje, CeBepHa
Makepionuja, 6ea KOMOMHUPAaHU U UCKOpUCEHH 3a 3] Mojenupame Ha UCTPasKHUOT MPOCTOP CE CO LEJ /ia ce MOTEHLpaaT
NOBpLIMHUTE / JiesioBUTe Ofi uHTepec. IIpn u3paborka Ha 3]1 MOAEJOT € KOpUCTeH MpOheCUOHATHUOT CO(TBEPCKHU MaKeT
Bynkan co unja moMoll ce IMOTEHUMpAaT AENIOBUTE Off MHTEPEC KO HajBepojaTHO BO [yIabOUMHA Ce 30HH IOBP3aHU cO Au
(3nato) u Cu (Bakap) >xuuu, uMnpersauuu oj cyidguuHa MuHepanusagmja. M3paborkara Ha oBoj 3] Mopien 0BO3MOXKYyBa
Moj1o6po MO3HaBakbe ¥ KOMIUIMMEHTHPAke Ha TeONIOIIKMTE TOfATOM 3a HAIIMOT CJIEAIeH YEKOp BO MCTPAaXKYyBaHEeTO Off
UCTpaXXeHUOT NpocTopoT [leTpourHuma co 1e fa ce pasrpaHidy MOXKHHOT NOP(HUPCKYU CUCTEM.

Kanyunn 360posu: 3[] monier; [letporuHuna; nopdupcku cucteM; 31ato; bakap.

1. Introduction

The main result of the research is a compilation of a 3D model based on the geophysical exploration
data and geological data, facilitating the next steps in its research and exploration to define a possible porphyry
system [1]. This 3D model was prepared based on the anomalies obtained from the induced polarization. The
electrical tomographic and geomagnetic field of the area was not used in the model. On the geological map are
presented all elements of a single paleovolcanic structure which main channel is localized in the central part of
the area Petroshnitsa [2]. In the area, a number of radial, potentially ore-bearing, structures have been
distinguished. In the southern part of the volcanic structure, along the boundary between the intensively and
weakly altered volcanics, an arc-shaped 120 m thick ore zone was formed [3]. It could be interpreted as a part of
a larger concentric structure. The arc-shaped zone has enhanced contents of gold (Au) and copper (Cu).

2. Geological Features

The Petroshnitsa area is located in the northwestern periphery of the Kratovo-Zletovo paleovolcanic
area, in the northeastern part of the Republic of North Macedonia. In accordance to the metallogenic subdivision
schemes, Petroshnitsa is a part of the Lece-Chalkidiki metallogenic zone [2, 4, 5, 6]. The following
lithostratigraphic units have been distinguished within the mapped area:

2.1 Neoproterozoic — Early Paleozoic

In the mapped area are exposed metamorphic basement rocks belonging to the Lower complex of the
Serbo-Macedonian Massif (Fig. 1). The complex comprises amphibolite facies metamorphic rocks — mainly
gneisses [7, 8]. Common feature is the uneven migmatization as gneisses are turned into banded migmatites.
Quartz veins are abundant. The general thickness of the complex within the mapped area exceeds 600 m.
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2.2 Paleogene

The volcanoclastic unit tuffite is restricted only in an outcrop area of 0.2 kmZ west-northwest of Del
summit. It occupies the lowermost part of the volcanic complex as its boundary with the metamorphic basement
is not exposed on the surface.

GEOLOGIC MAP OF THE PETROSHNITSA CONCESSION AREA L EGEND
M 1:25 000 MAP UNITS.
QUATFRNARY

Alluvial deposits - riverbed
pebible, cobble, boulder, gravel, sand

PALEOGENE

Lithe hodics and dikes of amprephyre
2 -

Petrashnisa Irachyle btite bady
-,m3 ey and dark grey massiv: popaTitc
machyte ad lave

Subte of prroclastic voloamle breecias
-Pﬂ'ﬂ; ‘mogolithe.ogic 10 beterolithologic clast-sapponed broccias,
vy, Talsuite
3 ved and white prey Lapilli yod ash rally
Tuflite sude
- 1, whio sy, rod ad yellow medim-
to thack-Decded laptlh and ash flite
NEOPROTEROZOIC LOWER PALEOZOIC

we-mica and biotite pneisses,
Di‘"fpﬁ mica shists. mnphibolites

MAP SIMBOLS

asss

/ ot Cont

asb &) proves: b) supposed
- Stike and ip of besls

a Vi Strike aud dip of foliation
-~ Sirike and dip of join set
- Vattical jon set

Fault
A 270 a) poven: t) supposed

: Quatz-sabphide vein
H 7z 7,

4) peoven: t) supposed
Aleration
¢ ilcauyilic, pomssic
5 Line of geel ogical ros-section
. Stratigraphic Column
¢ lrl Lithlogy Deserpiion
5 LI P RSHERORRAR B i
' ™ T
-
SCALE Cans Kruger projection
0 3 M lm UTM z0e N S Lo
M UTM Grad Decliabon %0t N PR
Comour wirval 2! m 1987 Magnetic Nosth Declination 2714 Fae r g8 i i <
M aidichec s Lapd betee
RO SITION A A sE i
P s 2
0 Dl Femshne Thatea Chika o i ol s 'n:'-'"—
i ‘ S — Sl s i
i ————
e “ 774 :
g 7 " ar o vl bt [T "
w ey - iy, bt
o 3 ey &
RossseeTioN BB
W o ’
m Laclipak Midinki £ Kim Koo Pk NE
i i | | " ot
- %0 i - e
iR g
<0 2 g 00 3
230 \ [ = 002
“wl LR Wy Lees ™ : el
[ —

Figure 1.: Geological map of the Petroshnitsa mineralized area (S1. Mankov, 2015 Report for the
geological mapping and geophysical studies of the territory of the exploration area Pteroshnitsa)
Cnuka 1.: 'eonomika kapta Ha MuHepanuzupanuot jen [lerpomnuna (Cn. Maukos, 2015 M3sewuraj 3a
TeO0JIOIIKOTO KapTHPame 1 reo(U3NUKy CTYAUM Ha TEPUTOpHUjaTa Ha uctpaxkennot npocrop IITeponHnma)

Upwards the suite is unconformably covered by pyroclastic volcanic breccias. The suite is composed of
gray-white, brownish and rusty-yellow tuffites. (Fig. 2).

The tuff unit occupies the lower parts of the volcanic complex. It comprises stratified lapilli and ash
tuffs as these rock varieties are distinguished for the first time during the recent mapping. The unit
unconformably covers the metamorphic rocks of the Lower complex. Upwards, it grades or has a sharp contact
with the suite of pyroclastic volcanic breccias. The tuff is composed of red, pink and gray lapilli tuffs alternating
with thin layers of ash.
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Figure 2.: View of the well stratified succession of the strongly altered tuffite suite, WNW of Del summit
Cnuka 2.: [Torsen Ha fo6po cTpaTiduIMpaHaTa CeKBEHIa Ha CUJTHO U3MEeHeTa Ty(UTHA rpyma, 3anajiHo-

ceBepo3anajHo off BpBoT Hen

The suite of pyroclastic volcanic breccias occupies over one third (ca. 12 km?) of the exploration area.
The upper boundary coincides with the recent erosion surface. The pyroclastic breccias are intruded by the
Petroshnitsa trachyte-latite body and several smaller bodies of similar composition as well as a single
lamprophyre dyke. The intrusive contacts are steep to subvertical [9, 10]. The breccias are composed mainly of
latite and trachyte pyroclasts.

The Petroshnitsa trachyte-latite body is composed up of Miocene trachyandesites, covered by volcanic
breccias to the south-southwest and northwest. Nevertheless, during the recent mapping it was established that
the metamorphic basement along with the covering volcanoclastic rocks are intruded by a relatively huge body
and several smaller ones of latitic to trachytic composition [11]. The huge one is distinguished as the
Petroshnitsa trachyte-latite body and occupies an area of ca. 10 km? in the central part of the map. The
Petroshnitsa body is irregular-shaped and SW-NE elongated, reaching up to 5 km in length and 1.5-3 km in
width. The contact of the Petroshnitsa body with the host rocks are easily observed in a number of outcrops. The
sharp contact of the body with two-mica gneisses of the Lower complex traces along 2 km in the western slope
of the Lachipak gully. It strikes at 25° and dips at 80-85 ° to the SE.

The unit Lamprophyric bodies and dykes in the Petroshintsa area are represented with two small
lamprophyric bodies and a single dyke that crosscuts the rocks of the Petroshnitsa body as well as the xenoliths
of gneisses and volcanic breccias. The larger body (with apparent length of ca. 250 m and width 50-100 m)
crops out 500 m east of the Gramade summit. It is irregular in shape and crosscuts the latite-trachyte rocks as
well as the fault-limited strip of two-mica gneisses. The second body and dyke are located in Zhelyuvino
village. They are emplaced into trachyte-latite rocks and volcanic breccias. Lamprophyries are dark-gray to
black, dense rocks. They are massive in structure and porphyritic, serial porphyritic, microlitic or trachytic in
texture. The primary phases are plagioclase, biotite, clinopyroxenes, amphibole, apatite, titanite and the
secondary - carbonate, chlorite, quartz, fine-grained white mica.

2.3 Quaternary

The formations are represented by alluvial deposits comprise the flood plain of Petroshnitsa River.
They are represented by inequigranular sands and gravels with angular to rounded pebbles with diameter 5— 30
cm and boulders with diameter up to 20-30 cm. The thickness of the deposits varies from 1 to 12 m.

3. Methodology

The geophysical methods applied in the Petroshnitsa exploration area are related to prospecting vein-
impregnation type of Au-Cu mineralization [2, 3]. Vulcan software was applied to treat the data.
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Figure 3.: Geological map of Petroshnitsa with the location of the geophysical exploration (SI.
Mankov, 2015 Report for the geological mapping and geophysical studies of the territory of the concession area
Pteroshnitsa)
Cnuka 3.: 'eonomka kapta Ha [TeTpoliHnia co JoKauuuTe Ha reousnukuTe ucrpaxysama (Ci.
Masnkos, 2015 M3Be1Taj 3a reoJIoMKOTO KapTUPambe 1 reo(U3NUKY CTYIMM Ha TEPUTOPHjaTa HA NCTPaskeHNOT
npocrop IITepoununa)

3.1 Geophysical methods and equipment
During the geophysical tasks the following geophysical methods have been used:
- Electrical tomography (electric imaging);
- Induced polarization method.
These methods allow the study of the area on the surface as well as in depth up to 180-220 m.

Figure 4.: Electrical tomography equipment (Electrogeotest M2)
Cnuka 4.: Enekrporomorpadgcka onpema (Electrogeotest M2)
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The electrical tomography and the method of induced polarization were realized using a
multifunctional geophysical apparatus Electrogeotest M2 (Fig. 4).

The primary field in the resistivity methods (particularly the electric tomography or electric imaging) is
created by point or dipole sources located along a cross-section on the Earth’s surface at an equal distance to
each other [12]. Using two electrodes, the ground is fed with a constant current, and other two electrodes
measure the tension in-between. An electrode selector groups the source and receiving electrodes in accordance
to initially settled scheme. The resistivity is automatically calculated by multiplying to a coefficient (k) settled
in the scheme:

AU
IOnp = kT,(Qm),

where: AUis the electric potential difference; I is the current strength.

Data is recorded as a file in a computer built into the measuring device. The file could be subjected to a
further processing. Several schemes of a measuring exist depending on the configuration of the source and
receiving electrodes: dipole-dipole, pole—dipole, pole—pole. If it is possible, the cross-sections have to be
oriented normal to the trends of the supposed structures. In the studied area, the cross-sections are oriented
almost normal of the main trends of the supposed ore-bearing and other structures —faults, quartz veins, ore
zones, etc.

In case of an induced polarization, the primary field is created by point or dipole sources arranged
along cross-sections at one and the same distance from each other. The method of the induced polarization is
based on the measuring of secondary electrical potentials generated due to the polarization of rocks when a
permanent or low-frequency alternating current flow through them. In a case of an absence of a polarizing
current, an equilibrium concentration of current-carrying ions exist around the mineral grains within the rocks
[12. In the electric current flow, the discharge conditions of the ions and their concentration near the surface of
the grains is modified. If in an equilibrium state the potential of the grains in respect to the medium has a value
A¢, then in case of current flow the potential of these particles, which are oriented parallel to the direction of
the polarizing current, is changed as follows:

Ad RTl 1 J )
= —In — -
uF Jmax
where : j is the density of the polarizing current; j,., - maximum possible current density near the

grains; R, u, F, T - are the gas constant, valency of ions, Faraday constant and the absolute temperature; A} - the
concentration polarization.

Taking into account that the density of the polarizing current is considerably lower than the maximum
density, the formula can be written as follows:

When the polarizing current is switched off, the potential difference arisen due to the change of a
concentration is trending to zero as through the medium flows a current in a direction opposite to the polarizing
current. The induced potentials largely depend on: the duration of the polarizing field, the physical-chemical
environment, the polarization properties of geoelectrical cross-section, etc.

During the field studies the apparent polarizability is determined by the formula:

_ AUmn 100 %
= RUpry 0

where: AUnn — is the potential difference between the electrodes M and N after the switching off the
polarizing current; AUpy, - the potential difference between the same electrodes at a current flow along a line
AB.

Mup

The method is effective for a prospecting of impregnation-type and vein-impregnation type
mineralization with relatively low contents of useful components. Generally, such mineralization are difficult
for exploration by the classical electrical exploration methods.

3.2 Vulcan software

Use of a professional Vulcan software helped to envisage a 3D model to highlight areas of interest in
our next step on exploration to define a possible porphyry system. The geophysical data was provided in a DXF
format. These cross-sections (Fig 5. and Fig 6.) were then imported into Vulcan.

4. Geophysical Data

Geophysical measurement through the electric profiling method are accomplished along cross-section
lines with a direction of 30°, distance between the particular cross-sections 100 meters and step between
electrodes 25 meters [12]. The selected network allows to achieve the above required geological task. The used
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apparatus Electrogeotest M2 supplied with a commutator for 32 electrode allows measuring the potential
between two electrodes in an electrical current. Simultaneously with the measurement of the stabilized current
up to 200 mA and voltage up to 400 V, the induced polarization for two seconds in 200 ms taking the integral
retention value of 0.1 seconds was defined.

The geophysical measurements using the method, electric tomography and induced polarization were
carried out along 64 cross-sections [12]. The results and their interpretation were produced in DXF format (Fig.
5 and Fig. 6).

Use of the geophysical data in the 3D model, a simple example below explains the reason why the
Induced polarization cross-sections were used in the 3D model.

Example, on cross-section 20 two methods are presented, Electrical tomography (Fig. 5) and Induced
polarization (Fig. 6). The Induced polarization cross-section clearly shows a strong anomaly in purple
(chargeability above 5 msec a most probably sulphide mineralization in depth) hence reason the Induced
polarization method was used for the 3D model. Whereas the Electrical tomography shows no sign of

significant anomaly in the same area.

Resistivty contour-section on

2 4 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 5S40 560 S30 600 620 640 660 630 700 70 740 Xe

Figure 5.: Geophysical cross-section Ne 20 - Electrical tomography
Cimka 5.: 'eocpusnuku npocpuin Ne 20 - Enekrporomorpacduja
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Figure 6.: Geophysical cross-section Ne 20 - Induced polarization
Crka 6.: I'eocpuznuku mpocprn Ne 20 - MHAyUMpaHa mojapu3anmja

5. 3D Modeling Based On Geophysical Data

Using a software Vulcan helped put together a 3D model (Fig 7) to envisage the data. The task was to
position the geophysical cross-sections onto the topography in their true location, this helped to view the data in
3D. The anomalies together in conjunction with the geological data highlighted areas of interest for our next
step of projecting exploration drill holes (Fig. 8).
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Figure 7.: 3D model of Petroshnitsa based on the geophysical exploration data and prognostic geological areas
Cnuka 7.: 3D mopen Ha IleTpolHuna 6a3upas Ha MOATOLM 32 Fe0(U3NUKO UCTPAKyBake 1 NIPOrHOCTHYKY
reoJIONIKM 00J1aCTH
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Figure 8.: Cross-section with projected drill hole based on the geophysical data and prognostic geological areas
Cnuka 8.: [Ipodui co npoeKkTrpaHa AyNMHATAHA BP3 OCHOBA Ha TeO(U3MUYKH MOJATONM U MPOTHOCTUYKHY T€OJIOIIKU
ob6mactu

6. Conclusion

Latest complex, geological and geophysical explorations of Petroshnitsa area have defined interesting
anomaly locations (domains). These domains which most probably are areas related in depth with gold and
copper vein-impregnation of sulphide mineralization should further undergo exploration. Several drill holes
have been projected based on the information presented in the 3D model. Direct implications of impregnation
mineralization of Au-Cu-Mo and polymetallic mineralizations to define a possible porphyry system are yet to be
confirmed by an exploration drilling campaign.
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