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Given the importance and economic potential of the
region was held data processing geophysics
obtained gammaspectrometrics maps relationship Th
/ K, Kd (potassium anomalous) and parameter F.
Finally a ternary map data gammaspectrometrics
where anomalous potassium integrate data,
parameter F and K/ Th. From the interpretation of
these maps could define hydrothermal alteration
zones associated with the presence of gold
mineralization.

Introduction

Mineral exploration in regions that experienced
hydrothermal processes, mainly those controlled by shear
zones, has received a large attention all over the world.
Percolating solutions may be composed of water, silica,
sulphide and chlorine compounds, carbonates, and K, Na,
Ca, Fe, and Mg. Precious metals can precipitate
especially with sulphides in favorable structural sites
forming ore deposits.

K40 is associated with K during hydrothermal processes,
being, therefore, an important component of these fluids.
This isotope is responsible for most gamma radiation
emitted by primary radioactive isotopes of the Earth’s
crust. In this way, airborne geophysics works well for
mineral exploration because it can be applied in
geological and structural mapping and can distinguish the
most important hydrothermal zones related to ore
deposits.

Several procedures have been proposed to minimize or
eliminate the effects lithology, as well as the environment
(Saunders et al., 1987; Saunders et al., 1994, Saunders
et al, 1993; Gilbraith and Saunders, 1983), but most these
studies were applied in oil exploration. Many years ago,
Pires (1995) modified a method originally proposed by
Saunders et al. (1987) for the identification of
hydrothermal areas in Brazil.

The quartz vein systems which store and a minority Au
mineralization of Cu and Ag occur widely across the
Sierras de Las Minas, Ulapes and Chepes (Cravero et al.,

1988; Rios Gomez et al., 1992, JICA-MMAJ, 1993). The
deposits were worked initially to late 19, and small-scale
mining has continued to the present. Most deposits are
hosted in granites and calc-alkaline granodiorites type |
Chepes Igneous Complex, which were emplaced,
metamorphosed in amphibolites facies, and deformed in
the Late Ordovician (Pieters et al., 1997, Pankhurst et al .,
1996 and 1998).

Multiple occurrences of Au + /-Cu + /-Ag in the Sierra de
Chepes are hosted by metasedimentary rocks and
psammitic pelitic rocks (volcanic?) Metamorphic Complex
metamorphosed feldspathic Olta early Cambrian. The
biggest areas of stress up to several kilometers wide was
developed during the deformation produced in the late
Ordovician and partly controlled the emplacement of
leucogranite Chepes Igneous Complex. Many of the high-
stress areas have north-south trending aeromagnetic and
show very low response, and develop mesh biotite-
muscovite shear associated with steep reverse movement
(Pieters et al., 1997).

This work helps to evaluate the use of aerial gamma ray
data processing procedures to map and help in identifying
most feasible hydrothermal zone for gold deposits. The
traditional processing methods were applied in a defined
geological area with a well known lode-Au deposit, and a
large number of occurrences. Here we have applied an
improved method of processing and data integration
techniques to define the various grades of mineral
deposits feasibility of either gold or base metal that was
developed by Quadros (2003).

The methods of gamma-ray spectrometry play an
important role in the exploration of gold mineral deposits
associated with hydrothermal alteration. To Fornazzari et
al. (2001), gamma-ray spectrometry either air or land in
identification of hydrothermally altered areas and
exploration of its relationship with mineralization of gold
and silver, as well as base metals (Cu-Pb-Zn) in various
geological environments.

Regional geology and deposit Au + /- Cu of the Sierra
de Chepes and Las Minas

The Sierra de Los Llanos, Chepes and Ulapes-Las Minas,
located in NW Argentina are part of the Precordillera
geological province (Fig. 1). This whole ranges a series of
blocks of crystalline basement rocks intruded by various
rocks Paleozoic which were exposed as a result of
Andean compressional tectonics developed from the
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Miocene to the present. The ranges are bounded by
scarpments developed on moderate to steeply dipping
normal and reverse faults during the Cainozoic Andean
uplift (Jordan and Allmendinger, 1986).

The Paleozoic basement of the Pampean ranges Chepes
and Ulapes contains a number of domains of different
lithology and structures, which are crossed by shear

zones. (Pieters et al., 1997).
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Fig.1. Location.K/'IaEi and Regional Geology
(Taken from Pieters et al., 1997 and modified).

The area has two main structural domains: 1) Early
Cambrian Pampean domain and 2) the domain
Famatinian of the early Ordovician. These domains are
juxtaposed in a complex way (Pieters et al., 1997).

In the map area the Cambrian metasediments and meta-
igneous rocks of the basement are grouped together in
the Olta Metamorphic Complex, and belong to the
Pampean domain. These metamorphic rocks are
intruded by early Ordovician granitoid and minor mafic
bodies of the Chepes Igneous Complex, and at the same
time were subjected to high-temperature/low pressure
metamorphism and anatexis. The intrusives and
migmatite make up the Famatinian domain which was
formed during a phase of westward subduction beneath
the Pampean terrane. Both domains were subjected to
compressive non-coaxial deformation and retrogressive
metamorphism in the late Ordovician. Subsequently, the
domains were intruded by Devonian granites (not
exposed but interpreted from airborne magnetics), and
covered by Carboniferous and Permian continental
sediments and Cainozoic continental sediments (Pieters
et al., 1997).

The mineralization in veins rich in Au and Cu in the Sierra
of Chepes, Ulapes and Las Minas are related to the
intrusion of granites, a process that was important in the
mobilization of metals (Cravero, 1999).

The latter author determined based on the morphology of
the deposits, hydrothermal alteration, isotopic and fluid

inclusion studies of the origin of gold deposits is
mesothermal. Au-Cu—Ag-bearing quartz vein systems
exhibit two principal orientations: NW- and NE striking; a
few strike roughly E-W. The Devonian Au deposits are
localised in transcurrent and reverse fault and shear
zones that may be related to collision of the Chilenia
terrane with the western margin of Gondwana during the
newly defined Achalian orogeny. These deposits are
considered to be members of the mesothermal lode Au
family of systems found worldwide. (Skirrow et al., 2000).

Data

The data used in this study were collected for scientific
cooperation project between AGSO and SEGEMAR
during 1995-1996. We had access to them through the
transfer of data by the SEGEMAR to IFIR -UNR. The data
come from a program of high-resolution airborne
geophysics. The aerial survey of gamma-ray
spectrometry was carried out by World Geoscience in
1995 under the supervision of the Australian Geological
Survey (AGSO). The lifting of aerial spectrometric data
had the following characteristics: flight lines east-west by
500 m spacing between them and control lines north-
south spacing each 5000m. The flight altitude was about
120 m above the ground; the sampling interval along the
lines of flight is 0.1 seconds (7.3 meters) to position the
aircraft during flight used a GPS system in differential
mode one reading per second. The gamma ray
spectrometer used was 256 channels of crystal volume
Nal: 32lts, minimum volume of glass facing up: 8 liters,
0.1 seconds sampling interval. (Chambers, P, 1996).

Data Processing and Interpretation

Epigenetic  mineralization  processes, such as
metamorphism, hydrothermal alteration, and weathering,
can evidently modify the original concentration of
radioelements. The hydrothermal solutions may be
enriched in elements such as K+. A revision gold
exploration (Hoover and Pierce, 1990) suggested K+ as
the best element to locate ore deposits. In some
situations, K+ enrichment is accompained by a depletion
of Th, mainly in intense hydrothermal alteration. The
concentration of K40 is related to the total concentration
of K in rocks and hydrothermal solutions.

The concentration of K*° can be retrieved directly from the
gamma radiation. However, U and Th measured by
gamma radiation of Bi*** and TI?*® respectively. These
radio-elements are generally concentrated in the residual
liquid magma crystallization processes, therefore, can be
incorporated in the final state of magmatic differentiation
(Adams and Gasparini, 1970) and may be related to the
formation of mineral deposits.

Although exploration gamma-ray spectrometry is based
on physical parameters, their data can be converted into
a geochemical measure the concentration of radioactive
elements in the top of the soil and rocks (usually the first
30 cm, Dickson and Scott, 1997).

However, the main problem to discriminate reliable
information from these data is related to geological
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background effect, which influences the definition of
hydrothermal areas

Quadros et al. (2003) applied a method developed by
Saunders et al. (1987), modified and used by Pires
(1995).

We present here the application of these techniques in
the Sierra de Chepes-Mines. Applies for the first time in
Argentina, the method used by Quadros et al. (2003).

This method uses Th values as a lithologic control to
define the ideal values of U and K. Saunders et al. (1987)
and Pires (1995) claim that the lithology and environment
influence the apparent concentrations of Th, U and K
concentrations in a predictable way. Thus, it is argued
that standardization of data by Th suppress the primary
effects of all unwanted variables.

The use of Th as a normalizing also relates to the fact
that it shows less mobility geochemistry (Adams and
Gasparini, 1970). The methods of Saunders et al. (1987)
and Pires (1995) are based on the following relationship:

Ki = (Kp/Thp) * Ths, (1)
Where:

Ki is the ideal potassium value, defined in relation to the
concentration of Th

Kp is the K average map

Thp is the Th average map

Ths is the value of thorium for the measurement point.
Deviations (anomalies) of the actual values of the ideal
values are obtained by the equation:

Kd = (K - Ki)/Ki, (2)
Where:

Kd represents the distribution and concentration of K
anomalous result.

K is the potassium value corresponding to the point of
measurement.

Ki is the ideal potassium value, defined in relation to the
concentration of Th

The resulting value represent K distribution and
concentration (map) resulting from hydrothermal
processes.

Another method of data processing aerial gamma-ray
spectrometry was proposed by Efimov (1978) and initially
applied and Prichystal Gnojek (1985) to distinguish zinc
mineralized area in Czechoslovakia. This method is
generally known as the parameter F (Efimov, 1978).
According to Efimov (1978) and Gnojek and Prichystal
(1985), the parameter F describes two important
relationships: (i) the abundance of K related to Th /U, and
(i) the abundance of U related to Th / K. These
relationships can be expressed by the following equation:

F = K* (U/Th) = K* (Th/U) = U* (Th/K), (3)

The data of K, U, Th were grilled using the method of
minimum curvature of the surface described by Briggs

(1974) and Swain (1976). Since the grids of K, U, Th,
performed the following processing operations:

A) Calculation of the relations U /K, U/ Th and Th/ K and
generated their own maps. In this work, only shows the
map Th / K, by its direct relationship with the
mineralization (Fig. 2);

B) Calculation of the parameter F (Eqg. 3), see Figure 3;

C) Calculation of Kd (Equation 2), see Fig 4.

All negative values generated by the correction,
calibration, or by the equations, they withdrew after
adding a constant.

The ratio Th / K (Fig. 2) was also discussed along with the
results Kd. Low values of Th / K generally indicate
hydrothermal processes, mainly in regions where K + is
associated with hydrothermal processes, and does not
depend on T. For example: Gnojek and Prichystal (1985)
and Shives et al. (1997) refer to low values of the ratio

Th / K as an indicator of hydrothermal alteration.

Both authors argue that there is a real antagonism
between K and Th, which seems to be a characteristic
feature of hydrothermal processes followed by an
enrichment of K.

J4II000N 00N JBECON OO0 J4RII00N

BIAB000W
MDOCCORD

MNOOOS I

BETO000W
ADODOLED

5550000

B52E000W B540000W
[T DO

MDODTZE0

B510000W
D000 15D

B9800

ANOOOGED

MDOOOUTD

B4B000W

S4B5000W

[y

Fig 2. Relational map Th / K with location of gold
deposits. In a) deposits in detail La Pirca y El Cerco.

Observation map Kd (Fig. 4) highlights some important
points for mineral exploration in the region studied:
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(A) Anomalous Kd areas or high Kd values, could be
related vein gold deposits.

(B) There is a correlation between low values for the ratio
Th / K (Fig. 2) and high values of Kd (Fig. 4).

The parameter F also uses the values of Th as an ideal
lithologic control to set the values of U and K. The
parameter F is to display a combined behavior of K and U
in relation to hydrothermal processes, unless one of these
two elements do not change their concentration during
the process.

Observation of the F parameter map (Fig. 3) showed that
the abnormal areas of the parameter F are closer to the
reefs of Au occurrences known in the region studied.

We have integrated the information from the three maps
(Th / K, Kd, and the parameter F) to highlight anomalous
hydrothermal areas in the study region and define the

Fig.3. Map location parameter F with gold deposits.

feasibility of minerals. The integration of these data can
be done in several ways (eg, An et al., 1991; Agterberg
and Bonham-Carter, 1999; Quadros, 2000), but the
easiest is to build a map ternary RGB (Red, Green, Blue,
in English). However, for a better view, it is necessary that
all the initial information is correlated in the same direction
(positive anomalies are correlated).
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Fig. 4. Kd map with location of gold deposits. In a) In
particular the fields of mining district Las Callanas.

Observation of the F parameter map (Fig. 3) showed that
the anomalous areas of the parameter F are closer to
lode gold occurrences known in the region studied. We
have integrated the information from the three maps

(Th / K, Kd, and the parameter F) to highlight anomalous
hydrothermal areas in the study region and define the
feasibility of minerals. The integration of these data can
be done in several ways (eg, An et al., 1991; Agterberg
and Bonham-Carter, 1999; Quadros, 2000), but the
easiest is to build a map ternary RGB (Red, Green, Blue,
in English). However, for a better view, it is necessary that
all the initial information is correlated in the same direction
(positive anomalies are correlated).

An inversion in the ratio Th / K could be proposed to
achieve a better correlation between information, so that
high values of K / Th indicate hydrothermally altered
areas in the region studied (Fig. 5). Then, we construct
the map ternary RGB, assigning R to Kd, G for the
parameter F, and B to K/ Th.
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Fig. 5. Map of K/ Th with location of gold deposits.

The resulting map (Fig. 6) highlights hydrothermal areas,
where all information is linked directly (among the three
variables). So white areas indicate high mineral feasibility
of vein-type gold deposits. There is also a high correlation
between Kd (R) and K/ Th (B), and are seen as areas of
purple to indicate hydrothermal areas.

In all the figures we can see the difference in the Sierra
de las Minas, which occurs to the east of it coinciding with
the mylonite Ulapes

Conclusions

The data processing methods of aerial radiometric
gamma rays were able to reveal areas enrichment-related
hydrothermal K as a target for gold vein type deposits.
This result can be verified by the close association
between the known occurrences of gold veins in the
region studied and the K hydrothermal emphasized
through processing methods applied.

Thus, it was shown that hidrotermalizadas areas were
highlighted by the high values of F and Kd parameters
and by the low values of Th / K.

Data integration feasibility of minerals can be easily
performed through a ternary map RGB. This integration of
data (R = Kd, G = parameter F, and B = K/ Th) was able
to focus on areas with high feasibility, displayed on the
map with white ternary (three relations are correlated
positively), and the areas of feasibility medium purple
manifest (just R = Kd and B = K/ Th are correlated).

Fig. 6. Aerogammaspectrometric ternary Map, locating
gold mines and prospects. Red Channel: Kd Map; Green
Channel:Factor F Map; Blue Channel: K/Th Map.
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