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CHARACTERISTICS OF THE GEOLOGICAL AND GEOPHYSICAL STRUCTURE OF THE
PANAGYURISHTE ORE REGION ACCORDING TO GRAVITATIONAL DATA
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ABSTRACT. Analysis and interpretation of gravitational field in scale 1:100000 are performed for the investigation of the geological and geophysical structure of the
Panagyurishte ore region.

The density of the different petrography types varies in a very wide range — from 2.53 up to 3.02 g/cm3, creating in such a way a good precondition for the effective
utilization of data connected to the gravitational field distribution.

The compound analysis and the component characteristics of the gravitational field are performed on the base of the observed field Bouguer anomalies and the
following transforms: upward continuations at heights from 1 km up to 10 km, with a step of 1 km; calculation of average values for circle radii R = 3, 5, 10 and 15 km;
calculation of the variation anomalies compiled from the centre-point and ring method of Griffin using circles of radii R = 1, 3, 5 and 10 km; downward continuations to
depths 1, 2 and 3 km.

The compound analysis and interpretation of the Panagyurishte ore region gravitational field gives reason for the following conclusions: the territory under study is
situated in a regional gradient field that is including the western part of the Srednogorie gravity minimum; the ore deposits and the ore showings are located along the
gradient transitions of the gravity minimum; in the depth interval down to about 5-10 km by predominant influence are characterized the metamorphic complex having
increased density (positive anomalies) and the granitoids and the rocks of the volcanic complex having relatively decreased density (negative anomalies); in the depth
interval down to about 3 km important influence has also the additional destruction of the rocks connected to the ore-forming processes.

XAPAKTEPUCTUKA HA FEONOrO-rEO®U3NYHUA CTPOEX HA NAHATOPCKU PYOEH PAMOH MO rPABUTALIMOHHM
OAHHHU
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PE3IOME. 3a u3cnesBaHe Ha reonoro-reouanyHus ctpoex Ha lNaHaropckus pyfeH paitloH e M3BbpLUEH aHann3 U WHTepnpeTaLyms Ha rpaBUTaLMOHHOTO none B
matuab 1:100000.

PasnpenenerneTo Ha IbTHOCTTa Ha neTporpadickuTe BMOOBE € B MHOTO LIMPOK AnanasoH — oT 2.53 Ao 3.02 g/cm3, koeTo e OCHOBHA NpeanocTaeka 3a ehekTMBHO
u13nonasaHe Ha AaHHUTE 3a pa3npeseneHneTo Ha rpaBUTaLMOHHOTO None.

O6LWMAT aHanM3 U KOMMOHEHTHATa XapaKTepUCTUKa Ha MONeTo Ha cunaTa Ha TeXecTTa Ca U3BbpLUEHM Bb3 OCHOBA Ha HabniofaBaHoTO none B aHomanum byre u
cnegHuTe npeobpasoBaHns: aHanuTUYHO NPOLBLIKEHNE B FOPHOTO MONYNPOCTPAHCTBO Ha BicoumHa oT 1 go 10 km cbe cTbnka 1 km; apuTMeTM4YHO yCpeaHsiBaHe ¢
paguyc 3, 5, 10 1 15 km; us4ucnsasaHe Ha BapuaLMOHHUTE aHoManun no meToaa Ha Anapees-IpudnH ¢ paguyc 1, 3, 5 1 10 km; aHanUTUYHO NPOABIKEHNE B
[ONHOTO MOMyNpoCTpaHCTBO Ha AbnbounHa 1,2 n 3 km.

KomnnekcHaTta uHTEpnpeTauus Ha rpaBUTaLMOHHUTE JaHHM [jaBa OCHOBaHWE Aa Ce HanpaBsT CriedHUTe OCHOBHM W3BOAM: M3CneaBaHaTa TepuTopus ce pasnonara
BbPXY pervoHarnHo rpagueHTHo none, koeto obxBsalla 3anafHaTa yact Ha [laHartopckusi rpaBuUTaLmMOHEH MUHUMYM; PYAHWUTE HAXOAWLLA U PYAONpOsiBAEHUsTa ce
paanonarat no rpagueHTHUTE NPEXOAU Ha TPaBUTALMOHHUSI MUHUMYM; B AbNBOYNHHUS UHTEpBan 4o 5-10 km OCHOBHO OTpaxeHue Hamupa pasnpefeneHneTo Ha
MeTamMopchHMS KOMMNEKC C MOBULLEHA MITBTHOCT (MO3UTUBHM @HOManum) W rpaHUTOUAUTE U CKannTE OT BYNKAHCKMS KOMMMEKC C OTHOCUTENHO MOHWUXEHA NTbTHOCT
(HeraTBHM aHOManuu); 3a AbNOOYNHHUS MHTEPBaN O OkOMO 3 km CbLLECTBEHO BMUSHUE OKa3Ba M AOMBIHUTENHOTO pasynnbTHsIBaHe Ha CKanuTe, CBbP3aHo C
pynoobpasoBaTenHuTE NpoLecu.

Introduction The Panagyurishte ore region is situated in a zone
characterized by depths towards the Moho boundary in the
Analysis and interpretation of the gravitational field in scale ~ range of about 38-40 km and by a relatively small gradient of
1:100000 are performed for the investigation of the geologic- variation of these depths.
geophysical structure of the Panagyurishte ore region. The
territory under study includes 5427 kmz. It is aligned in N-S The thermal field characteristics for the studied territory are
direction and has a rectangular shape with dimensions 67 x 81 illustrated by the distribution scheme on level - 300 m, shown
km. in Figure 2 (Velinov and Boyadzhieva, 1981). The
Panagyurishte ore region is located into an elongated in NW-
The position of the studied area is illustrated on the map of SE direction positive thermal zone, with temperature values
the depths towards the Moho boundary (Fig. 1). along the line Popintsi-Panagyurishte-Assarel in the range of
30-350.
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Fig. 1. Map of the depths (in kilometers) towards the Moho boundary
(Boykova , 1999) and position of the studied area.

The compound analysis and the component distinction of the
gravitational field are performed by the utilization of selected
transforms. For the recalculation are applied traditional
methods (Baranov, 1975; Telford et al., 1990; Mpasupa3Bseska,
1981, etc.). The quantitative interpretation is performed along
selected profiles by the application of the selection and
regularization method (Ctaspes, Paguues, 1990). The
obtained results are presented as schemes and as sections
along selected profiles.
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Fig. 2. Scheme of the thermal field distribution (in °C) on level - 300 m.
(Velinov and Boyadzhieva, 1981)

The summarized data (Raditchev et al., 1999; 2002, etc.) for
the density and the magnetic susceptibility of the rocks that are
composing the Panagyurishte ore region are presented in
Table 1.

The density distribution for the different petrography types
varies in a very wide range — from 2,53 up to 3,02 g/lcm3. There
is a considerable overlapping of the possible density variation
boundaries for the different rock types, but nevertheless, one
can observe a relatively well-expressed differentiation
according to the average values of this parameter. A
decreased value of the density is characteristic for the dacites
and the dacite tufaceous breccia of the volcanic complex, that
have an average density of 2,55-2,56 g/cms.

The monazite-diorites are separated by a higher value for the
average density — 2,71 g/cm3. For the granodiorites and the
porphyrites of the hypoabyssal complex, as well as for the
andesites of the volcanic facies, the average density is 2,61-
2,64 glem3. The basaltic andesites are characterized by a
relatively high density — the average value of the parameter is
2,76 glem3. The rocks of the intrusive facies can be separated
by their increased density values, as the average density for
the diorites is 2,78 g/cm3 and for the gabbro — 2,92 g/cm3. For
the gneisses of the metamorphic facies is characteristic a
relatively higher density — average value of 2,71 gl/cms, if
compared towards the rocks of the volcanic and the
hypoabyssal facies.

The metasomatic changes have regular influence over the
density of the hypoabyssal and the volcanic rocks. The
process of propylitization in the volcanic rocks is connected
with an increased content of chlorite, epidot, albite, pyrite and
calcite. These are minerals with relatively high density, which,
for example, is up to 3,50 g/cm3 for the epidot. Respectively,
the propylitization leads to a relative increase of the density.
The processes of sericitization and of potassium
feldspatization and biotitization are leading to a relative
decrease in the density of the subvolcanic rocks.

Analysis and interpretation of the gravitational
field

The compound analysis and the component characteristics
of the gravitational field are performed on the base of the
observed field Bouguer anomalies and the following
transforms:

- upward continuations at heights from 1 km up to 10 km, with
a step of 1 km;

- calculation of average values for circle radii R = 3, 5, 10 and
15 km;

- calculation of the variation anomalies compiled from the
centre-point and ring method of Griffin using circles of radii R =
1, 3,5and 10 km;

- downward continuations to depths 1, 2 and 3 km.

According to their morphological peculiarities and the carried
information, the obtained transformed fields can be
systematized in two groups :

- relatively regional fields — the upward continuations and the
fields of average values for different circle radii;

- relatively local fields — the residual fields derived from the
upward continuations and the fields of average values for
different circle radii, as well as the variation anomalies
compiled from the centre-point and ring method of Griffin using
circles of different radii and the downward continuations.



Table 1. Summarized data for the density p (in g/cm3) of the rocks, composing the Panagyurishte ore region

Type of rocks
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3,0

Diorites

Gabbro

Intrusive
(abyssal)

Monazites

Granodiorites

Diorite - , quartz-diorites and
granodiorite-porphyrites

Hypoabyssal

Quartz-monazite-diorites

Andesites

Upper Cretaceous

Andesite tuffs

Andesite tufaceous breccia

Volcanic

Basaltic andesites

Dacites

Dacite tufaceous breccia

Granitoids

Palaeozoic
Intrusive
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Fig. 3. Scheme of the Bouguer anomalies (in mGal) of the observed
gravitational field, the position of the studied lines and a rose-diagram of
the field isolines orientation.
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The scheme of the Bouguer anomalies of the observed
gravitational field (Fig. 3) is characterized by a negative
background of about —-40 mGal and by some pronounced
positive and negative anomalies. The background and the
anomalies are well-distinguished on the transformed fields.

The regional fields reflecting the depth structure of under
about 1, 2, 3, 4,5, 6,7, 8 9 and 10 km respectively (the
upward continuations and the fields of average values for
different circle radii) are showing that the territory under study
is including the western part of the Srednogorie gravity
minimum and the north-western part of the Maritsa gravity
transition. The gradient of these fields increases regularly with
the decrease of the depths. In Figure 4 is illustrated the
scheme of the regional gravity field distribution, derived from
the upward continuation at height H=10 km, which is reflecting
the main elements of all regional fields. The compound
analysis of the regional fields gives reason to be accepted
without ambiguity that the gravity minimum is mapping the
granite core of the Srednogorie anticlinorium. The ore deposits
and the ore showings are located along the gradient transitions
of the gravity minimum. This is the reason to be assumed that
in the contact area between the solid granitoids and the host
rocks is formed a zone having relatively higher permeability



and that the magma intrusion during the Cretaceous period
took place along channels located in this zone. It is entirely
possible that these channels are a reflection of a common
magmata centre.
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Fig. 4. Scheme of the regional gravity field distribution (in mGal), derived
from the upward continuation at height H=10 km and location of the main
ore deposits and ore showings.

The residual gravitational fields derived from the upward
continuations at heights from 1 km up to 10 km, with a step of
1 km, the residual gravitational fields derived from the
calculation of average values for circle radii R = 3, 5, 10 and 15
km, as well as the gravitational fields variation anomalies
distributions compiled from the centre-point and ring method of
Griffin using circles of radii R = 1, 3, 5 and 10 km are used for
the study of the density non-uniformities distribution in the
geological section with accents on different depths down to
about 10 km. The basic elements of all these schemes are one
and the same.

In Figure 5 is illustrated the scheme of the gravitational fields
variation anomalies distribution compiled from the centre-point
and ring method of Griffin using circle of radius R =10 km. In
Figure 6 are shown the main positive and negative anomalies
pronounced not only on the above-mentioned scheme, but also
on the residual gravitational fields derived from the upward
continuations and from the calculation of average values for
different circle radii.

Taking into account the geologic map and the rocks physical
characteristics, a compound analysis of these schemes is
performed and the main sources causing the gravity anomalies
are distinguished. In the depth interval down to about 10 km
by predominant influence are characterized the metamorphic
complex having increased density (positive anomalies) and the
granitoids and the rocks of the volcanic complex having
relatively decreased density (negative anomalies).

In the complex structure of the Panagyurishte ore region the
predominant influence of each one of the complexes is
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pronounced very well (Fig. 6). The vast positive anomaly 1p in
the southern part of the scheme (outside the boundaries of the
Panagyurishte ore region) is striking NW-SE and is mapping
the complex influence of the metamorphic complex and the
Srednogorie neointrusions that have relatively increased
density.
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Fig. 5. Scheme of the gravitational fields variation anomalies distribution
(in mGal), compiled from the centre-point and ring method of Griffin
using circle of radius R=10 km and location of the main ore deposits and
ore showings. Included is a rose-diagram of the field isolines orientation.

Etropole

O

2n

In

VA_ssm-el @'D ol

= - O Panagyurishte

5p

@
2p

.

Borimechkovo_|

e} Pazardzhik

5 10 km

@ Ore deposit or ore showing

Negative anomaly

Fig. 6. Scheme of the gravitational field distribution zoning, reflecting the
influence of the density non-uniformities in the depth interval down to
about 10 km and location of the main ore deposits and ore showings

T
+ 4 "p+

44 S+ Positive anomaly



The positive anomalies 2p, 3p, 4p, 5p and 6p are reflecting
without ambiguity the influence of the metamorphic complex in
the areas where it is characterized by a bigger thickness.

The negative anomalies 1n and 2n are mapping the
granitoids of the Srednogorie anticlinorium. The negative
anomalies 3n, 4n and 5n are revealing the areas characterized
by a bigger thickness of the volcanic complex having relatively
decreased density.

In Figure 7 is illustrated the scheme of the gravitational field
downward continuation which is reflecting the density non-
uniformities distribution down to about 3 km. In this depth
interval additional influence are causing the ore-forming
processes that normally contribute for the local destruction of
the host rocks. That is the main reason for the well-pronounced
negative anomalies near Tsar Assen, Popintsi, Assarel and
Chelopech.
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Fig. 7. Scheme of the gravitational field downward continuation to depth
H=3 km and location of the main ore deposits and ore showings.
Included is a rose-diagram of the field isolines orientation

Along selected profiles on the gravitational map is performed
quantitative interpretation. It shows that the metamorphites
which are causing the positive anomalies have residual density
+(0,2-0,3) glcm3,

Along the profiles I-Il and llI-IV (see Fig. 3) is illustrated the
distribution of the geomagnetic field vertical component AZ and
the distribution of selected gravitational fields. Quantitative
interpretation is performed, according to average residual
densities. The obtained geologic-geophysical models of the
sections along the lines are illustrated in Figure 8 and Figure 9.

Along profile |-l (Fig. 8) the regional gravitational field is
showing stable behaviour having values around —18 mGal. The
observed gravitational field and the variation anomalies
compiled from the centre-point and ring method of Griffin using
circle of radius R=10 km, respectively, differ insignificantly and
both show a slightly negative trend towards the end of the
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profile. For the variation anomalies the decrease in the values
is about 20 mGal. This negative trend is probably connected to
the hydrothermal processes that are causing destruction of the
host rocks. The field distribution of the downward continuation
to depth H=1 km is very well differentiated. The composed
geologic-geophysical model reflects the local influence of the
low density Quaternary depositions and the effect of the
metamorphic complex, characterized by high density.
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Fig. 8. Distribution of the geomagnetic field vertical component AZ;
distribution of the observed gravitational field (1), the upward
continuation at height H=10 km (2), the variation anomalies compiled
from the centre-point and ring method of Griffin using circle of radius
R=10 km (3) and the downward continuation to depth H=1 km (4) along
profile I-ll (see Fig. 3); geologic-geophysical model along the profile.

Along profile lI-IV (Fig. 9) the regional gravitational field is
characterized by a linear negative trend towards the end of the
profile having values from about —11 mGal down to about -22
mGal. This trend is reflecting the ftransition towards the
regional Srednogorie gravity minimum that is mapping the
Srednogorie  anticlinorium  granitoids. The  observed
gravitational field and the variation anomalies compiled from
the centre-point and ring method of Griffin using circle of radius
R=10 km, respectively, differ insignificantly with the observed
field reflecting the regional linear background. The field



distribution of the downward continuation to depth H=1 km is
very well differentiated. The composed geologic-geophysical
model reflects the local influence of the metamorphic complex,
characterized by high density.
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Fig. 9. Distribution of the geomagnetic field vertical component AZ;
distribution of the observed gravitational field (1), the upward
continuation at height H=10 km (2), the variation anomalies compiled
from the centre-point and ring method of Griffin using circle of radius
R=10 km (3) and the downward continuation to depth H=1 km (4) along
profile llI-IV (see Fig. 3); geological-geophysical model along the profile

The compound analysis of the obtained results is showing
that the territory under study is situated in a regional gradient
field that is including the western part of the Srednogorie
gravity minimum. In the depth interval down to 5-10 km
predominant influence has the distribution of the granitoids and
the metamorphic complex, both having increased density
(positive anomalies) and the rocks of the volcanic complex
characterized by relatively decreased density (negative
anomalies). In the depth interval down to about 3 km important
influence has also the additional destruction of the rocks
connected to the hydrothermal processes.

Conclusions
The compound analysis and interpretation of the

Panagyurishte ore region gravitational field in scale 1:100000
gives reason for the following conclusions:

Recommended for publication by Department of
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e The territory under study is situated in a regional
gradient field that is including the western part of the
Srednogorie gravity minimum. Most probably the granite core
of the Srednogorie anticlinorium causes this minimum. The
gradient of the regional fields increases regularly with the
decrease of the depths.

The ore deposits and the ore showings are located
along the gradient transitions of the gravity minimum. This is
the reason to be assumed that in the contact area between the
solid granitoids and the host rocks is formed a zone having
relatively higher permeability and that the magma intrusion
during the Cretaceous period took place along channels
located in this zone. It is entirely possible that these channels
are a reflection of a common magmata centre.

In the depth interval down to about 5-10 km by
predominant influence are characterized the metamorphic
complex having increased density (positive anomalies) and the
granitoids and the rocks of the volcanic complex having
relatively decreased density (negative anomalies).

In the depth interval down to about 3 km important
influence has also the additional destruction of the rocks
connected to the ore-forming processes. This is an important
precondition for developing a technique based on the analytical
downward continuations of the gravitational field that will help
the outlining of the Central Srednogorie ore fields.
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