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Abstract. Remote sensing drone-based study combined with field mapping, XRD and XRF tests for mineral detec-
tion outlined advanced argillic, argillic and propylitic alteration domains within the Petelovo silica cap to demon-
strate quick approach for mineral alteration mapping. Mineral alteration modelling by 3D Leapfrog Geo outlined 
zonal patterns around epithermal high-sulphidation Cu-Au mineralization could be employed as a pathfinder for gold 
enrichment.
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Introduction

Remote sensing technology has experienced great 
advances in the exploration of mineral deposits in 
recent years. The application of some geoscience 
sensors such as ASTER, Landsat and Sentinel-3 is 
a common approach in many mineral exploration 
projects (Sabine, 1999; Bakardjiev, Popov, 2005; 
Amin, Mazlam, 2012). The study of airborne/space-
borne data is often applied in the initial stages of the 
targeting and exploration process. Today, precise 
geology maps can be prepared using high resolution 
images provided by airborne and/or spaceborne im-
agery. In this respect drone-based photogrammetry 
can help to traditional ground-based mapping, espe-
cially in remote and difficult to access areas (Colo-
mina et al., 2014).

Drone-supported photogrammetry provides a 
new perspective in aerial surveying for geology and 
mining purposes. The literature review indicates 
rapid progress in the use of drones in the mining 
industry, from ore targeting and exploration to mine 
exploitation. This study demonstrated the applica-

tion of inexpensive drones for geological mapping, 
but in combination with other geological techniques 
– field mapping and sampling, XRD and XRF 
methods in addition to ore petrography could pro-
vide quick and efficient approach for exploration 
targeting.

Materials and methods
Drone-based mapping by means of DJI Matrice 300 
RTK Combo with combined RGB and TIR cam-
era Zenmuse H20T with spectral bands 8–14 µm  
and pixel pitch 12 µm and ground digital resolu-
tion 15 cm was utilized for hydrothermal altera-
tions mapping. Multispectral camera MS600Pro 
with six spectral bands (450 nm, 555 nm, 660 nm, 
720 nm, 750 nm, 840 nm) double red edge chan-
nels and 12-bit RAW were also used to obtain 
the reflectance patterns of the alteration miner-
als. Eleven rock samples were collected from the 
advanced argillic and argillic-altered rocks of the 
Petelovo hill for petrographic and mineralogical 
studies. Polished thin sections from all samples 
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have been subject of detailed petrography studies 
by means of Leica DM 750 P transmitted light mi-
croscope. The samples have also been examined 
by means of XRD Advence Brucker, Fe-filtrated 
Co X-ray, 35 kV and 40 mA. The phase identifica-
tion is based on International Powder Diffraction 
File, ICDD. In situ and measurements with port-
able XRF Skyray 6000 on the samples in the field 
rock outcrops have also been carried on. Leapfrog 
Geo 3D modelling of the central part of the Petelo-
vo hill based on historical exploration data have 
also been performed.

Geological setting
Petelovo epithermal high sulphidation gold de-
posit is situated about 3 km north from the village 
of Popintsi and around 8 km east-southeast from 
Panagyurishte. The deposit is spatially and geneti-
cally related to the Petelovo paleo-volcanic struc-
ture, part of the Krassen-Petelovo volcano-intru-
sive complex (Popov et al, 2012). The deposit area 
consists of the Upper Cretaceous effusive pyrox-
ene-bearing andesitic rocks. Development of one 
central and a few peripheral volcanic necks were 
described (Popov et al., 2012) and traced by our 
field studies. Quartz-diorite and granodiorite por-
phyrites from the Petelovo intrusive are developed 
in depth of the volcano-plutonic structure. The de-
velopment of intrusive rock cracking and fractur-
ing is a result of the volcano-tectonic faulting and 
it favored the post magmatic hydrothermal activ-
ity. Most advanced host rocks hydrothermal altera-
tions occur in the crosscut zones of northeast and 
southeast trending faults. According to previous 
studies (Hikov, 2005; Velinov et al., 2007), pro-
pylitic, argillic, quartz-sericitic, dickite-quarzitic, 
alunite-quarzitic and monoquarzitic hydrother-
mally altered rocks are established. The ore min-
eralization is hosted by alunite bearing advanced 
argillic domains. The alteration types and ore min-
eralization are evidence for the high sulphidation 
style of the Petelovo epithermal deposit. The gold 
mineralization occurs in the crater zone of the vol-
canic cone and builds up lens-like stockwork with 
about 600 m length, 280 m width and thickness 
of about 145 m. The ore stockwork is localized in 
the oxidizing zone of the limonitized alunite quar-
zites. Low grade porphyry-copper mineralization 
is discovered around the granodiorite-porphyry 
apophysis and could be luring exploration target in 
the studied porphyry-epithermal system.

Results and discussion
Drone based orthophoto mosaic with selected 
light bands was used to distinguish different types 

of hydrothermal alterations. The main result is a 
very good outlining of advanced argillic and ar-
gillic alteration domains. Advanced argillic rocks 
build up Petelovo hill in addition to some smaller 
isolated areas as indicated by drone-supported 
and XRD mapping. After processing by means of 
Envy 5.6 software employing traditional band ra-
tio analysis the advanced argillic zones were dis-
tinguished by their orange color (Fig. 1A) due to 
their intensive oxidation and commonly observed 
jarosite replacements, which is also one of the 
reasons for their good color discrimination. Based 
on petrography of thin section and XRD analyses 
there are three types of advanced argillic altera-
tions, outlining the zonal patterns of the Petelovo 
volcano – pervasive silicification±vuggy silica, 
quartz-alunite bearing zone, pyrophyllite bearing 
zone and more distal propylitic zone (Fig. 1A).  
More detailed zonal patterns have also been traced 
and confirmed by Leapfrog Geo 3D modelling of 
the area (Fig. 1B) Quartz that built up massive 
aggregates, covering the uppermost parts of Pe-
sovets hill is present by isometric grains ranging 
in size most commonly from 0,1 to 2–5 mm. Alu-
nite was observed as pale yellow, prismatic and 
needle like crystals and microaggregates, replac-
ing the matrix between quartz grains in voids and 
small joints fillings.

The argillic alteration is observed over large 
areas, outlining a halo around the advanced argil-
lic lithocap. On the drone-supported alteration 
map (Fig. 1A) these rocks are with yellow color. 
Hydrothermal mineral assemblages are presented 
by quartz, clay minerals (kaolinite), albite and ore 
minerals. Quartz forms isometric and ellipsoidal ag-
gregates. The groundmass consists of fine-grained 
quartz, clay minerals and very fine pyrite grains. 
The Cu grade in the advanced argillic zone based 
on pXRF test varies from 0,01 to 0,03 wt%, while 
As varies from 100 to 500 ppm.

The main tectonic strike-slip duplexes trending 
110–130° could also be traced as well as some sec-
ondary faults linked to the main ones, with direction 
40–60° (Fig. 1A). Au-bearing ore bodies and hydro-
thermal alterations zones seems to be controlled by 
strike-slip tectonic setting.

Conclusions
Our UAV supported remote sensing and field map-
ping of the Petelovo silica cap outlined well the 
advanced argillic and argillic alteration and more 
distal propylitic domains in addition to fault-con-
trolled tectonic structures. The combination of re-
mote sensing, mineral detection methods and field 
mapping demonstrate a quick approach for mineral 
exploration targeting.
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Fig. 1. Hydrothermal alterations in Petelovo epithermal high-sulfidation gold deposit. A, drone-based hydrothermal alteration map-
ping and thin section images of metasomatic types. B, Leapfrog Geo 3D cross section model of hydrothermal alterations.
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