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GAMMA-RAY SPECTROMETRY FOR DISTINGUISHING ACID AND BASIC ROCKS
OF THE SERRA GERAL FORMATION, IN THE SERRA GAUCHA WINE REGION, BRAZIL

Rudi César Comiotto Modena', Rosemary Hoff?, André Rodrigo Farias?,
Jorge Antonio Viel* and Osmar Gustavo Wah! Coelho®

ABSTRACT. The gamma-ray spectrometric research has allowed for observation of the distribution of radioactive elements such as K, U and Th for recognizing the
radioactive signatures of different rock types. The objective of this study was to evaluate the possibility to distinguish between acid and basic rocks of the Serra Geral
Formation, in the Serra Gaticha wine region in the state of Rio Grande do Sul (Brazil) through gamma-ray spectrometry techniques. This study contributed to geologically
characterize areas of geographical appellation for different wine terroirs. In the study area, the mapping of the lithological variations was conducted through gamma-ray
spectrometry field measurements. The method was effective in distinguishing between acid and basic volcanic rocks. For non-weathered rocks, all four channels (CT, K,
el and eTh) were efficient, but for weathered rocks, only the measurements of eU and eTh were effective. The method distinguished three types of volcanic rock such as
acid, basic and breccia and being a contributor to soil studies, pointing out places where the traditional vitiviniculture could be expanded.

Keywords: geophysical method, wine terroir, volcanic rock.

RESUMO. A pesquisa por gamaespectrometria tem permitido observar a distribuicdo de elementos radioativos, tais como K, U e Th reconhecendo as assinaturas
radioativas de diferentes tipos de rocha. O objetivo deste estudo foi avaliar a possibilidade de distinguir entre as rochas 4cidas e basicas da Formagao Serra Geral, na
regido vitivinicola Serra Gatcha, no estado do Rio Grande do Sul (Brasil) por meio de técnicas de gamaespectrometria. Este estudo caracterizou a geologia de dreas
de indicacdo geografica de diferentes terroirs vinicolas. Na area de estudo, o reconhecimento de variaces litologicas e a pesquisa de gamaespectrometria foi realizada
através de medicOes de campo para mapeamento. O método foi eficaz na distingdo entre rochas vulcanicas dcidas e bésicas. Para as rochas nao intemperizadas todos
0s quatro canais (CT, K, eU e eTh) foram eficientes, mas para as rochas alteradas, apenas as medidas de eU e eTh se mostraram eficazes. O método distinguiu trés tipos
de rochas, como vulcanicas bésicas e dcidas e ainda brechas, podendo contribuir para os estudos do solo e mostrando os lugares onde a viticultura tradicional pode
ser expandida.

Palavras-chave: métodos geofisicos, terroir vitivinicola, rocha vulcanica.
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INTRODUCTION

In Brazil, studies of zoning in wine regions have contributed to
the development of geographical appellations and the geologic
criteria have been a subject of research. The “Serra Galicha” re-
gion, main producer of wine in Brazil, has a geodiversity that
induced the formation of soils and terrain, comprising natural
and cultural factors that imply different agronomic responses
for vine and wine. These aspects can value the production of
wines with unique qualities, which can define different terroirs.
The region is at the limit of the geomorphologic units “Serra
Geral” and “Planalto dos Campos Gerais”, generated from the
rocks of the “Serra Geral” Formation, originated 131 million
years ago during a volcanic event of continental extension. The
geographical appellations for wine are located mainly in ter-
rains over rocks of the “Caxias” Facies of “Serra Geral” Forma-
tion, which is composed of intermediate to acid rocks (rhyo-
lite and rhyodacite), also occurring in minor areas in Gramado
facies (basalt). The areas cultivated with vineyards are mainly
located on higher altitudes and flat terrains, on the tops of
the plateaus. The limit between the two facies of “Serra Geral”
Formation is not precise, and it may be solved by employing
geotechnology, such as gamma-ray spectrometry.

Knowledge of geodiversity leads to the identification of the
characteristics of the physical environment of an area, such as
mineral resources, the geological risks and natural landscapes
inherent to a region composed of specific types of rocks, relief,
soil and climate (Pfaltzgraff & Viero, 2010). In the “Serra Gaticha”
wine region, the geodiversity of rocks influences the landscape
and soil formation, leading to agronomic responses of the vine,
which can differentiate the wine production that characterizes dif-
ferent terroirs, according to studies on different wine regions in
Southern Brazil (Hoff et al., 2010; 2012; and 2015).

According to Kearey etal. (2009), from the geophysical meth-
ods, gamma-ray spectrometry is useful in geological mapping, as
the distinctive radioactive signatures, characterized by the distri-
bution of the concentrations of uranium, thorium and potassium
radioactive elements, can be used to identify different rock types.
Therefore, this method was chosen to assist the elaboration of a
geological outline of the study area.

This study aims to evaluate the possibility to distinguish be-
tween acid and basic rocks of the “Serra Geral” Formation, in the
“Serra Gaticha” wine region in the state of Rio Grande do Sul,
Brazil, through ground gamma-ray spectrometry in order to con-
tribute to the characterization of geographical appellation wine
areas. In this context, this study’s purpose is to contribute to the
knowledge of the geology of the wine region, since the existing
geological surveys were made only at regional scales 1: 250:000
(IBGE, 2003) and 1: 750:000 (Wildner et al., 2008).

The study area covered approximately 830 km? in the “Serra
Gatcha” wine region in the state of Rio Grande do Sul (Fig. 1).
This area comprehends a cross section of the production grapes
in this wine region, across several landscapes. The landforms are
related to the intense volcanism that occurred in the Mesozoic era
(130 million to 132 million years), resulting in a massif with basic
lavas at the base and acid lavas on top (700 m altitude), forming
peculiar land levels, featuring a unique viticultural landscape.

GAMMA-RAY SPECTROMETRY

Gamma-ray spectrometry is a useful geophysical method in geo-
logical mapping, due to the distinctive radioactive signatures that
can be used to identify different types of rock. The most impor-
tant elements in radiometric research are uranium (%U), thorium
(232Th) and potassium (“°K). The emission of gamma-rays is gen-
erated immediately after the occurrence of decay, but sometimes
at intervals of a few hours. Their low energy levels allow them
to penetrate only on 30 to 40 cm in rocks and soils (Ulbrich et
al., 2009). The gamma-ray spectrometry works by the principle
of registration of the gamma-ray spectrum using detectors con-
sisting of sodium iodide crystals activated by thallium. When
gamma-rays enter the crystals, they interact with their electrons,
leaving them in an excited energy state. When the electrons re-
turn to the original state, they emit photons, which is the energy
produced by atomic or nuclear transition processes. The number
of photons emitted is proportional to the energy of the gamma-
rays intensity and the captured light is a measure of the incident
energy. The wavelength of light measured by the detector is con-
verted into an electrical signal by a set of photomultiplier tubes
to be digitally processed (Grant, 1982).

Gamma-rays are absorbed or scattered by matter with partial
or total loss of power due to the influence of the physical inter-
actions known as Compton effect, photoelectric effect and pair
production. Only the Compton effect operates in the spectral
range defined by the peaks of interest in geological prospecting,
between 1.46 and 2.62 MeV.

From the elements used in geophysical prospecting, potas-
sium is responsible for about 98% of the radiation emitted from
the soil and rocks. The gamma-ray emissions resulting from
the uranium and thorium are determined from the decay se-
ries products, respectively bismuth — Bi¢'* and thallium — TI%€.
The gamma-ray radiation emission spectra are characterized by
different energy peaks. Potassium is identified and quantified
by the instrument by absorbing an energy of 1.46 MeV, corre-
sponding to the unique natural isotope (“°K), which represents
0.012% of the total K contents. The other isotopes, *K and “'K
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Figure 1 — Location of the study area (green rectangle), showing the main roads and cities.

are non-radioactive and represent, respectively, 93.26% and
6.73% of content (Becegato & Ferreira, 2005). Therefore, gamma-
ray spectrometry can be considered as a direct measurement of
the amount of K (Dickson & Scott, 1997).
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The natural uranium isotopes are a mixture of mainly 238U

(99.3%) and %®U (0.7%), representing complex decay chains,
which terminate in the stable isotopes 2%°Pb and 27Pb, respec-
tively. Uranium is detected by the 1.76 MeV energy peak that



458 GAMMA-RAY SPECTROMETRY FOR DISTINGUISHING ACID AND BASIC ROCKS OF THE SERRA GERAL FORMATION, IN THE SERRA GAUCHA WINE REGION, BRAZIL

corresponds to the absorption of 2'*Bi of the 238U series, used to
identify and quantify natural uranium (Becegato & Ferreira, 2005).
Measurements should be ideally made in radioactive equilibrium
conditions, difficult to achieve, because the 238U decay series re-
quires an approximate time of 1.5 million years. Another problem
encountered is the possibility of separation of the various isotopes
derivatives, due to their very different behavior and geochemical
properties. Therefore, measurements made in radioactive imbal-
ance no longer represent the original concentration of uranium in
rock or soils (Ulbrich et al., 2009).

The analysis of gamma-ray from 28U and 232Th in the nat-
urally occurring materials considers the detected intensity of ra-
diation emanating from the products of radioactive decay series,
208T| and 2'Bi atoms, respectively. Then, the counting rate should
be related to the amount of original atoms, if it is assumed that
there is a direct relationship between the amount of original atoms
and their daughters. This is correct when the radioactive decay
series is in radioactive equilibrium (Killeen, 1979).

Natural thorium is essentially composed of the 2%2Th isotope
and its decay products, representing 100% of Th (Becegato &
Ferreira, 2005). Itis identified by the 208T| peak, corresponding to
an absorption energy of 2.62 MeV. Due to the short half-lives of
the thorium decay series, the time required to establish radiative
equilibrium is about 40 years. Thus, gamma radiation represents
a good measure of the thorium concentration (Dickson & Scott,
1997). As uranium and thorium concentrations are determined
indirectly by gamma-ray spectrometers, their measurements re-
sults are called uranium equivalent (eU) and thorium equivalent
(eTh), respectively. Dickson & Scott (1997) made gamma-ray
spectrometric measurements, in laboratory, of different samples
of Australian rocks and soils. The analysis of the average radioele-
ments concentrations in igneous rocks found that there is a corre-
lation between the increase in such concentrations and increasing
silica contents.

According to Ulbrich et al. (2009), important variations can
be caused by the sharp mobilization of the three radioelements
by hydrothermal alteration, especially caused by weathering in
tropical or sub-tropical regions with high rainfall rates. Often,
granitic rocks in these regions are covered by thick soils, show-
ing a decrease in K. Thorium measurements can be expected to
be consistent, or very similar, with the original fresh rock con-
centrations, though in some cases enrichment is possible due to
the accumulation of residual grains in the soil. However, the in-
creased solubility of uranium permits; allows its migration, par-
tially decreasing the concentration of this element in soils and
weathered rocks.

The relative and absolute abundance of the equivalent ele-
ments U, Th and K, determined by gamma-ray spectrometry, can
aid in the characterization of many rock types, especially those
subjected to weathering processes at the first 30 cm of rock or soil.
The highest concentrations of these elements occur in granitic
rocks, because of their geochemical properties, like the enrich-
ment in the more differentiated series of magmatism, especially
in pegmatites. The concentrations of U and Th can also increase
in biotite granites, modified leucogranite and alkaline granites.
However, the U/Th ratio of these rocks can be highly variable due
to differences in oxidation caused by late processes (Yeats et al.,
1982). Much of the U and Th present in igneous rocks is concen-
trated in accessory minerals such as zircon, apatite and sphene.

Other highly radioactive minerals rich in U and Th are mon-
azite, allanite, pitchblende, thorite and pyrochlore. These min-
erals are minor rocks constituents and are widely distributed,
not allowing high concentrations. K-feldspar and mica contain
higher concentrations of K, and it is possible to distinguish
rocks containing different amounts of these minerals.

Thorium is a relatively immobile element in its Th** oxida-
tion state tending to be concentrated in resistant materials, or to
be carried for short distances in the solid state. Therefore, miner-
als containing Th in their structure, such as zircon and monazite
concentrate instead in placer deposits and in the heavy fraction of
clastic sediments. Uranium has high geochemical mobility under
oxidizing conditions (U*6). However, in the U** tetravalent oxi-
dation state, its dispersion is limited by the adsorptive precipi-
tated iron hydroxides, oxides and organic material; unless high
concentrations of CO%‘ or other complexes are present (Rose &
Wright, 1980). Potassium is a very common element as a con-
stituent of soil, especially when the source rock has K-feldspar,
mica and clay minerals that are often transported in colloidal
form by groundwater and deposited in clayey sediments.

The relative stability of Th and K in surficial environments is
reflected in the K/Th ratio, where values are often related to litho-
logical boundaries (Darnley, 1993). Weathering is the responsible
factor for an important effect on the distribution of radioelements,
given by the decrease of the U/Th ratio in the altered rocks and may
be a guiding factor to exploration of dispersion halos. Based on
the principle that changes in the content of radioactive elements
K%, U238 and Th232 would accompany the lithological variations,
itis possible to identify classes of rocks correlated with geochem-
ical characteristics, especially for the study of source rock by the
presence of uranium.

GEOLOGY

The studied region is part of the geological context of the
“Parang” Basin, stratigraphically belonging to the “Serra Geral”
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Formation of S3ao Bento Group, as described by Wildner et
al. (2008). According to Milani et al. (2007), the “Parand”
Basin can be characterized as a large sedimentary region of
the South American continent, which includes parts of Brazil,
Paraguay, Argentina and Uruguay territories, covering approxi-
mately 1.5 million square kilometers. The “Parana” Basin com-
prises a sedimentary-magmatic package with @ maximum total
thickness of around seven thousand meters; its structural de-
pocenter coincides geographically with the region of the “Parana”
River channel.

According to Frank (2008), the largest volcanic events of the
planet formed the continental flood basalt provinces (Large Ig-
neous Provinces — LIPs), characterized by large volumes of lava
produced in relatively short periods of time of the order of a few
million years. The LIPs are present on all continents and ocean
floors, with known occurrences since the Proterozoic, especially
between the Mesozoic and Cenozoic eras.

Among the subaerial Large Igneous Provinces (LIPs) of
the world, the Cretaceous “Parand-Etendeka” Continental Flood
Basalt Province (CFBP), which includes the “Serra Geral” forma-
tion, is ranked as second largest, surpassed only by the Siberian
Traps in the Tunguska Basin. This extensive magmatism gener-
ated along the newly created contingntal margins, among other
features, the Abutment Plateau and the Walvis Ridge and Rio
Grande volcanic chains, which constitute the fossil trace of the
migration of the Gondwana fragments (Wildner, 2004). These
magmatic episodes are linked to tensor fields and endogenous
phenomena that led to the disintegration of Pangaea (Milani et
al., 2007), and possibly the magma generation and extraction
are related to the mantle dynamic of Tristdo da Cunha plume
(Wildner, 2004).

Peate et al. (1992) described the strongly bimodal nature of
the “Serra Geral” lavas, generally represented by basalts and rhy-
olites, and featuring a silica gap between 60-64%. The “Serra
Geral” Formation consists of 97.5% of basic rocks and only
2.5% of acid rock types (Nardy et al., 2008; Lima et al., 2012).

In the early nineties, radiocarbon dates between 138 and
132 Ma were obtained by using the “0Ar/*Ar technique over two-
thirds of the NW of the basin. In the SE part of the basin, the ages
obtained were between 133 and 127 Ma (Frank, 2008). Wildner
gt al. (2006), using the U-Pb technique, dated zircons contained
in the rocks of the “Chapec(” facies, obtaining 135.5+2.3 and
137.341.8 Ma as final ages of volcanism.

According to Wildner et al. (2008), two facies of the “Serra
Geral” Formation occur in the study area: “Gramado” facies and
“Caxias” facies (Fig. 2). The “Gramado” facies consists of fine
grained basaltic to medium melanocratic rocks presenting pa-
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hoehoe flow structures, with vesicular horizons filled with zeolite,
carbonates, apophyllite and saponite.

The “Caxias” facies is characterized by its intermediate com-
position, consisting of rhyodacites and rhyolites with mesocratic,
microgranular, vitreous and spherulitic texture (“carijo” type). It
also presents strong tabular disjunction at the top of the lava beds
and it is solid in the central portion. Flow folds and breccias are
frequent, and their vesicles are filled predominantly by chalcedony
and agate, the mineralization source in the area.

In this region, soil surveys showed that rock types are associ-
ated with specific soil types, as demonstrated by a regional survey
(IBGE, 2003) and a medium scale survey (Flores et al., 2007).

Furthermore, different rocks in the region form different re-
liefs, some of them more favorable for modern viticulture, us-
ing crop mechanization. Usually the rocks of the “Caxias” facies
occupy the higher grounds in the “Serra Gadcha” wine region,
with more favorable slopes and better exposure for viticulture.
The “Gramado” facies occurs in areas of high slope and shad-
ing, with a microclimate less favorable to viticulture. Tonietto et
al. (2012) showed that in this region, the differences in climatic
characteristics are due to the different altitudes. These differences
are related to the two facies of “Serra Geral” Formation and their
position on the terrain.

MATERIALS AND METHODS

Initially a geographic information system (GIS) was created us-
ing the ESRI ArcGIS10 program, in which the satellite images,
the vector maps and numerical terrain model (NTM) were loaded.
The cartographic base used was the “Serra Gatcha” digital car-
tographic database at 1:50,000 scale (Hasenack & Weber, 2007).
The local digital network was obtained from IBGE (2003) and the
state highways maps from DAER (2014). The geological informa-
tion was obtained from the Geological Map of Rio Grande do Sul
at 1:750,000 scale (Wildner et al., 2008).

The fieldwork was done between January and March 2014.
A Garmin Montana 650 GPS unit and topographic maps at
1:50,000 scale were used to assist in the location of the areas.
For each chosen point, a geological and geomorphological de-
scription was written in a field notebook. The GPS unit was used
to acquire track and points coordinates and for positioning the
photographic records.

The total count (TC), K, U and Th measurements were made
with a portable gamma-ray spectrometer (Radiation Solutions
brand Super Spec RS-125 model) with 1024 spectral channels
(Radiation Solutions Inc., 2013), borrowed from the Applied
Stratigraphy Center (NEAP) — UNISINOS. This equipment was
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Figure 2 — Geologic map of the study area, “Serra Gaticha” region, Brazil.

configured to accumulate counts for 180 seconds, as suggested
by previous studies (Becegato & Ferreira, 2005; Silva et al., 2010;
Aurich, 2013). The measurements were based on direct physi-
cal contact between the equipment and the rock or soil, using
the ‘Assay’ option of the equipment for all readings. The values

were saved in the equipment memory and manually recorded in a
spreadsheet.

After each field stage, the information was organized for in-
tegration into the geographic information system and at the end
of the fieldwork, 83 points were obtained. The rating of the rocks
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was based on the information collected in the figld. First, the sam-
ples were classified by the degree of weathering, according to the
criteria for the classification of rock masses (Panitz, 2007).

The gamma-ray spectrometric measurements were organized
in a spreadsheet. The information of the four variables (TC, K,
eU and eTh) were distributed into 10 equal class intervals, to
obtain absolute frequency histograms. A table was created with
key information regarding the degree of weathering, facies infor-
mation and radiometric measurements. For better visualization of
the distribution of radiometric information, two types of graphs
were generated:

o Individual for TC, K, eU and eTh measurements vs. rock
type and degree of weathering;

e eU/K, eTh/Kand eTh/U radioelement ratios.

RESULTS AND DISCUSSION

The samples were classified into three groups of rocks: acid, ba-
sic and breccia (Fig. 3). This classification takes into considera-
tion only macroscopic features such as mineralogy, textures and
structures. The nomenclature adopted for facies associations was
related only to the rocks described in the field. The acid rocks are
compatible with the “Caxias” facies and the basic rocks with the
“Gramado” facies (Wildner et al., 2008). The breccia group is re-
lated to the “Gramado” facies (Wildner et al., 2008) and represents
the contact between both types of rocks.

A bimodal trend was identified in the absolute frequency his-
tograms (Fig. 4), being more pronounced in the K and eTh mea-
surements and less evident in TC and eU. The classes that sep-
arate the two trends were the fifth class for TC (33.7 cps to
39.8 cps), the fifth one for K (2.7% to 3.2%), the fourth one for
eU (2.7 ppm to 3.6 ppm) and the fourth for eTh (10.8 ppm to
12.8 ppm).

By using this technique only, it was possible to define lim-
its that can separate the acid rocks (higher values) from the
basic rocks (lower values). This bimodal behavior of the his-
tograms was expected, since according to Peate et al. (1992)
there is a strongly bimodal nature of the lavas from “Serra Geral”
Formation, generally represented by basalts and rhyolites with a
silica gap between 60-64%.

The radioelements concentrations also showed this trend,
gven though it was possibly attenuated due to the difference be-
tween the number of measurements in acid rocks (59), basic
rocks (17) and breccia (7), and also because the measurements
were performed on rocks with different degrees of weathering
(Table 1).
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Based on Table 1, there is a greater dispersion in the mea-
surements of K in acid rocks, with a trend towards lower con-
centrations of this element as the degree of weathering increases.
This observation agrees with Ferreira et al. (2009) and Ulbrich
et al. (2009), according to which potassium can be completely
leached in tropical and subtropical regions, forming clay miner-
als that are poor in this element, which explains why the gamma-
ray spectrometric measures in soil and alluvium may register val-
ues close or even equal to zero. Therefore, potassium concen-
trations can present similar values in basic rocks and weathered
acid rocks.

Still on acid rocks, there was a similar behavior of the mea-
sures of TC and eU. The highest concentrations were observed
in the rocks without weathering, decreasing in weathered rocks.
It was also observed that the levels of these radioelements de-
crease as the degree of weathering increases. However, this effect
is lower than that presented by potassium. According to Ulbrich
et al. (2009), the higher solubility of uranium compounds permits
their migration, at least partially decreasing the concentration of
this element in soils and modified rocks. However, as noted by
Ferreira etal. (2009), in some cases, even with strong weathering,
the mobilized uranium can be absorbed by hydroxides, colloids
and other compounds in the soil.

Figure 5 presents the most evident eTh behavior, in which the
average concentrations remained the same in the various degrees
of weathering, causing a reduction in the amplitude of the eTh
concentration values with the increasing degree of weathering.
Thus, the weathering process has homogenized thorium concen-
trations in the acid rocks. According to Ulbrich et al. (2009),
it was expected that the Th gamma-ray spectrometric measure-
ments indicate contents consistent with the original rock, possibly
even presenting some enrichment, because of the accumulation
of residual grains in the soil.

Even though thorium showed good results for more weath-
ered rocks, this was the only radioelement that presented a small
overlapping range for fresh rocks. Basic rocks ranged from 10.3
to 24 ppm and acid rock from 5.6 to 13.4 ppm.

In the basic rocks, the four measured variables showed simi-
lar behavior, with potassium showing a slightly larger dispersion.
All graphics show an increasing trend in the measurements of
slightly weathered rocks in relation to fresh rocks. As discussed
before, similar values or even enrichments in Th radioelements
could be expected, but it is not as common to happen to other el-
ements. For this; a possible explanation could be the fact that the
basic rocks were situated on the slopes and bottoms of the valleys
at lower altitudes than the acid rocks thus increasing gamma-ray
spectrometric signal. This phenomenon could also be explained
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Figure 3 — Points and tracks in the study area, classified by rock association superimposed to the geological map. “Serra Gaticha” region, Brazil.

as per Ulbrich etal. (2009), by gravity transport of “resistant” min-
eral grains and the newly formed hosts of Th and U elements,

to lower topographical regions and drainages.

As expected from the field observations, the behavior of
breccia was intermediate to the two other rock associations, with

measurement values compatible with both, which makes it diffi-
cult to separate this facies association from the others by using
gamma-ray spectrometry alone.

Among the bivariate graphics, the eTh/eU graphic (Fig. 6)
showed the best results in distinguishing the rocks in the study
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surements on the 83 visited points. “Serra Gadcha” region, Brazil.

area. In this chart, the measurements associated to acid rocks
coincided with felsic volcanic rocks of Dickson & Scott (1997).
However, the basic rocks concentrations correspond to the values
of intermediate volcanic rocks in Dickson & Scott (1997). This is
due mainly to the low thorium values found in Australian rocks in
comparison to the basalts of “Serra Geral” Formation.

Given the above, the gamma-ray spectrometric survey proved
effective in the separation of rocks that occur in the study area.
Considering the fresh rocks, all four channels (TC, K, eU and
eTh) allowed the distinction between acid and basic rocks. As for
the weathered rocks, common in the study area, measurements
of eU and eTh are more reliable, as highlighted in Figure 6.

CONCLUSION

The gamma-ray spectrometry was effective in the separation of
acid and basic rocks, including the weathered rocks that are more
common in the study area, directly assisting the fieldwork. Con-
sidering the fresh rocks, all four channels (TC, K, eU and eTh)
allowed for the separation of the two volcanic rock types. As for
the weathered rocks, measurements of eU and eTh are more reli-
able, highlighting the use of the eThxeU chart (Fig. 6).
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These results may contribute to obtain a more detailed geo-
logical map of the region, supporting agriculture in the character-
ization of geographical appellation areas for viticulture as well as
studies of the distribution of rocks of the “Serra Geral” Formation.

When the regional geological map (Fig. 2) was compared with
this study (Fig. 3), it was updated, explaining that in some places
that were previously considered to belong to the “Gramado” facies
(basic rock), after this study were characterized as “Caxias” facies
(acid rock).

The soil map (Flores etal., 2007) was compared with the geo-
logical map and it could be noted that basic rocks are related to
“Neossolo” unit (Brazilian Soil Classification — Embrapa, 2006),
related to “Gramado” facies. The other types of soil are related to
acid rocks that belong to the “Caxias” facies, where the major area
of viticulture is located, such as the “Cambissolo” unit, followed
by “Argissolo” and “Chernossolo” units. In future detailed stud-
ies, the geologic mapping can be supported by ground gamma-
ray spectrometric studies, aiming to differentiate the different
soil types.

Gamma-ray spectrometry isarelatively quick and inexpensive
method, allowing for optimization in the gathering of geological
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Table 1— Main information about the gamma-ray spectrometry surveys in “Serra Gaticha” region, Brazil, showing
the concentrations of radioactive elements for acid, breccia and basic rocks. The values are represented by their
extreme values (lowest and highest measurement) and the averages are in parentheses. DOW = Degree of weath-
ering: fresh (1), slightly weathered (2), moderately weathered (3), highly weathered (4); completely weathered (5)
and all degrees of weathering of the same facies association together (All). n = number of points, TC = total count,
K = potassium, eU = equivalent Uranium, eTh = equivalent Thorium, NTM = numerical terrain model.

Facies oow | 1 TC eU eTh Elevation NTM
association (cps) (ppm) (ppm) (m)
1 57 38-71 25-54 2.9-8.9 10.3-24 308-794
(56) | (4.03) | (5.85) | (17.33)
) 8 43-63 | 2.1-48 4.2-6.7 10.3-24 546-751
B1) | (354) | (5.28) | (16.41)
T e | e
Acid rocks 3(2 5)6 1(4 425 2(7 5)9 15’) 7'20)4
4 6 e T ' ! 478-796
45 | (2.82) ) (18.45)
5 s 36-55 | 0.7-3.9 4459 | 16.1-175 636-650
(46) (2.4) (5.3) (16.73)
Al | 59 32-71 | 0.7-5.4 | 2.7-8.9 | 10.3-24 398-796
(53) (3.66) | (5.46) | (17.33)
) 6 14-58 | 0.8-44 12-65 51-16.3 057.555
(36) 2.7) (3.32) | (10.55)
Breccia rocks 4 1 24 16 9.8 346
Al 7 14-58 | 0.8-4.4 | 1.2-6.5 | 5.1-16.3 957555
(34) (2.6) (3.07) | (10.44)
1 » 16-29 | 0.8-2.5 01-24 56-134 196-489
22) | (154) | (145) (8.18)
. ) 5 14-40 | 09-3.7 0.7-2.6 7.3-14.7 186-410
Basic rocks (32) (2.64) (2.1) (10.42)
5 1 9 0 48 419
Al |17 9-40 | 0.8-3.7 | 0-2.6 | 4.8-14.7 186-489
(25) (1.82) | (1.56) (8.64)
information of an area, when used in conjunction to other methods ~ REFERENCES

(e.g. remote sensing).

For other studies, for a higher classification accuracy, the in-
tegration of radiometric data with geochemical and petrographic
analysis is recommended, as well as increasing the number of
measurements in basic rocks.
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