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Abstract  

The Brusque and Botuverá regions bear important 
granitic and volcano-exhalative related gold mineralization 
associated to potassic and phyllic alteration zones, 
remobilized by a structural reactivation phase. 
Radiometric data was used in correlation with geological 
units, while magnetometry was applied to define structural 
framework. Geophysical and geological data were 
integrated using knowledge driven method to define 
favorability zones. These data exhibited good correlation, 
as seen in the favorability map, which pointed important 
target areas for gold mineralization. It was also observed 
that structural framework exhibits more influence in the 
gold occurrences than hydrothermal alteration zones. 

 

Introduction 

The northeastern region of Santa Catarina state, south 
Brazil, is known for hosting important granitic and 
volcanic-exhalative gold mineralization, where several 
occurrences having been recognized and described. 
CPRM (1995) outlined potential gold exploratory targets 
by mapping the area, and Biondi et al. (2007) studied 
various magmatic-hydrothermal mineralization in 
Botuverá region, estimating ore reservoirs of 1 to 2 tons 
with Au content of 20 to 40 g/ton. Castro (1997) 
considered these gold mineralization occurrences to be 
the most important ones in Santa Catarina. Airborne 
geophysical surveys have been widely applied as 
supporting methods in geological mapping and mineral 
exploration. Gamma-ray spectrometry assists in the 
identification of hydrothermal potassic and phyllic zones, 
which can potentially be mineralized, while magnetometry 
helps in the delineation of the structural framework and 
recognition of magnetic rocks. Irvine & Smith (1990) 
consider the use of radiometric and magnetic airborne 
surveys as a fundamental tool in regional and semi-
regional exploration phases, as coincident magnetic and 
potassium peaks are related to polymettalic deposits 
(Shives et al. 2000). Fornazzari & Ferreira (2003) applied 
radiometric data to the identification of gold mineralization 
in Botuverá region, based on the analysis of gamma-ray 
profiles, finding important potential targets. This study 
aims to evaluate the concordance of geophysical data 
from the Paraná – Santa Catarina Aerogeophysical 
Project (CPRM, 2011) with the geological outline of the 

area, and interpret responses of radiometric and magnetic 
signals according to the lithological and structural 
features. Primary gold favorability zones were outlined 
based on geological-geophysical integration, using the 
knowledge driven analysis method.  

The study area is located northeast of Santa Catarina 
state, south Brazil, and is limited by the coordinates 
49°15’00”W, 48°45’00”W, 27°00’00”S and 27°15’00”S, as 
shown in Fig. 1. 

 
Figure 1: Study area geological context with main Au 
occurrences. 
 

Data and Methods  

Geophysical data from Paraná – Santa Catarina 
Aerogeophysical Project (CPRM, 2011), geological data 
from Basei et al. (2014) and SRTM elevation model, all 
integrated into a GIS were applied.  

The use of F Parameter (Efimov, 1978, apud Gnojek & 
Prichystal, 1985) and Kd and Ud, from Saunders et al. 
(1994) allowed to observe hydrothermal processes. 
Magnetic data was reduced to the pole (Baranov, 1957; 
Macleod et al. 1993), then magnetic anomalies enhancing 
methods – THDR (Cordell & Grauch, 1985), ASA 
(Nabighian, 1972), TDR (Miller & Singh, 1994) and 
Signum Transform (de Souza & Ferreira, 2013) were 
applied. Gamma-ray spectrometric data was interpolated 
by minimum curvature method, while magnetic data was 
gridded by bi-directional method and both disposed in a 
100X100 meters grid. After gridding, F Parameter, Kd and 
Ud were generated based on corrected K, eU and eTh 
grids, and after RTP, it was applied magnetic anomalies 
enhancing methods (Figs 7, 8, 9 and 10).  
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The interpretation of radiometric anomalies was done by 
the identification of K, eU and eTh distribution patterns, 
classified in different domains, and through magnetic 
anomalies it was recognized alignment patterns, 
classified according to their directions and interpreted as 
the structural framework. Favorability zones were defined 
by knowledge driven method. Within this method, Index 
Overlay was employed by applying Boolean operations 
(Bonham Carter, 1997; Nóbrega, 2001). Variables were 
selected based on primary gold model, of magmatic-
hydrothermal or volcano-exhalative type, both influenced 
by structural reactivation, and classified as favorable or 
non-favorable. Variables were geological units: granitic 
intrusions and the metavolcano-exhalative unit, plus a 
500 meters wide influence zone (weight 2); magnetic 
lineaments divided into NE+EW directions (weight 3), and 
NW direction (weight 1), plus a 250 meters influence 
zone;  areas where F Parameter and Kd values were over 
the mean plus one standard deviation (weight 2), plus a 
500 meters influence zone; and known mineralization, 
classified in mineral occurrences (weight 1) and deposits 
(weight 2), plus a 500 meters influence zone. 

 

Results 

The gammaspectrometric domains (Fig. 2) were defined 
classifying the concentrations of radioelements in low, 
medium or high. It was recognized 14 domains, which 
exhibited a relation with the geological context especially 
in granitic intrusions. In other sections a partial correlation 
is seen, probably caused by the fact that radiometry 
measures only the surface‘s first 40 cm.  

Quartzitic, basic, carbonatic and calc-silicatic-composition 
units exhibited the lowest concentrations (A, B, C and D 
domains). In contact metamorphism zones, uranium and 
thorium are higher (E, H and J domains), probably caused 
by hydrothermal or post-magmatic processes. F and N 
domains, with high eU concentrations, coincides with 
granitic intrusions, which are composed of biotite-rich 
granites. I domain, characterized by high potassium, 
coincides with north and central intrusions, probably 
associated to feldspar and to potassic alteration. Units 
composed by conglomerates, arkoses and argillites from 
Itajaí Group, represents G domain. Units predominantly 
arenitic presents low potassim and uranium, and are 
represented by K domain. L domain is represented by the 
northern part of the São Miguel Complex (SMC), with high 
contents of K and Th, but low U.  

Magnetic lineaments (Fig. 3) were traced and interpreted 
as structures. It was observed three structural trends: NE, 
EW and NW. NE lineaments vary from N30E-N50E, and 
were related to thrust and transcurrent faults and shear 
zones. 

 
Figure 2: Gamma-ray spectometric domains and ternary 
K-eTh-eU map. 

 

Three sets of NE lineaments were observed, disposed in 
the northwestern, central and southeastern areas. The 
northwest portion is related to Itajaí Perimbó Shear Zone 
(IPSZ) and to SMC, and exhibits a sinuous and braided 
pattern. The central set is associated with high to low 
angle shear zones. Many gold mineralization are aligned 
to this group. The southeastern group of lineaments is 
related to structures hosted in South Valsungana 
intrusion. EW lineaments were interpreted as inflections 
of central NE group, and also show a relation to gold 
mineralization (Fig. 4). NW lineaments exhibit a long and 
continuous pattern, homogeneously distributed. These 
lineaments are vary from N30W-N50W, and many of 
those coincides with positive structures in terrain, which 
were interpreted as basic dykes. 

 
Figure 3: Magnetic lineaments classified according to its 
directions. 
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Figure 4: Magnetic NE-direction lineaments and gold 
mineralization. 

 

A ternary map with potassium (red), thorium (green) and 
TDR (blue) was used in radiometric and magnetic 
integration (Fig. 5), as suggested by Irvine & Smith 
(1990). This map allowed to notice that metarhythmitic 
units shows a depletion of both radioelements and TDR, 
probably associated to quartz-rich rocks. The border of 
granitic intrusions, shear zones and basic NW dykes 
exhibit high TDR values, whereas the inner portion of 
granitic intrusions exhibit high eTh and TDR. This is 
possibly associated to a high presence of K-feldspar and 
to hydrothermalism, as described by Biondi et al. (2007) 
and Hueck et al. (2016). The Faxinal granitic intrusion 
presents lower concentration of potassium in relation to 
uranium and thorium. The Ribeirão Carvalho formation of 
the Itajaí Group, composed of siltic-argillaceous rocks, is 
distinguished by higher concentrations of thorium. The 
other units present greater K content, possibly related to 
arkoses interleaved with turbidites of Ribeirão Neisse 
formation. This ternary map showed that eTh and K-rich 
zones associated with K and TDR areas, or zones of K, 
Eth and TDR high values are frequently related to gold 
mineralization, suggesting the influence of hydrothermal 
and structural processes. 

The favorability map values (Fig. 6) varied from 0 to 10, 
and were organized in five classes: very low (0-1), low (1-
3), medium (3-5), high (5-7) and very high (7-10). It was 
observed that medium to very high favorability zones 
hosts known gold occurrences, and these zones 
coincides with propitious areas for mineralization, but 
some zones also occurs in non-coherent geological 
environments. Due to this disparity, 20 areas were 
targeted amongst those with higher chance to host gold 
mineralization. 

Discussion and Conclusions 

Through the integration of geophysical and geological 
data, it was possible to recognize favorable areas for the 
occurrence of primary gold mineralization. The gamma-
ray spectrometry presented considerable correlation to 
geological units, as can be seen by its domains and 
correspondent lithotypes. 

 
Figure 5: K-eTh-TDR ternary maps and gold 
mineralization. 

 
Figure 6: Favorability zones map and the targeted areas. 
 

The delimitation of the domains revealed similarity with 
granitic intrusions and contact metamorphism zones, and 
a correlation with the São Miguel Complex, the Brusque 
Metamorphic Complex and the Itajaí Group. In the BMC, 
it was possible to distinguish quartz-rich, basic or 
carbonatic/calc-silicatic units from micaceous, phyllitic, 
feldspatic or argillaceous to siltic units. 

Magnetometry revealed an important connection between 
low to high angle shear zones, which cross the study area 
and with Mesozoic-age basic dykes with magnetic 
lineaments, making it possible to identify three main 
directions: NE, EW and NW. It was also found that NE 
lineaments located at the center of the area, just as EW 
lineaments, have an important relation to gold 
mineralization, as suggest by Biondi et al. (2007). NW 
lineations correspond to diabase dykes and Mesozoic-
related structures, like faults and joints. 

The geophysical-geological integration revealed that the 
central portion of the study area holds the highest 
probability to host gold mineralizations, many of which are 
not known occurrences, indicating great potential for gold 
exploration. It was also noted that gold occurrences are 
more related to magnetometry than to gamma-ray 
spectrometry, suggesting that NE structures are more 
important for mineralization than potassic and phyllic 
hidrothermalism associated to granites. 
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Figure 7: Gamma-ray spectrometric maps: A) Total Count. B) Potassium. C) Thorium equivalent. D) Uranium equivalent. 

 

 
Figure 8: Gamma-ray spectrometric maps: A) Ternary K-eTh-eU. B) F Parameter. C) Kd. D) Ud. 
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Figure 9: Magnetic maps: A) TMI.  B)  Reduced to the pole (RTP). C) THDR. D) ASA. 

 

 
Figure 10: Magnetic maps: A) TDR. B) TDR-THDR. C) Signum Transform. 


