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Abstract

This study utilizes gamma-ray spectrometry to identify source areas of gold recognized in geochemical prospecting
work in stream sediments. The local geological context is represented by the Passo Feio Metamorphic Complex, which
contains gold deposits possibly hosted in quartz veins concordant with metamorphic foliation, composed of quartzites,
schists, and amphibolites. The study followed the sequence: geological reconnaissance, drone survey, and gamma-ray
spectrometric acquisition. Field reconnaissance indicated an alternation of rocks oriented in a WNWY/ENE direction, with
recognition of quartz veins embedded concordantly with the foliation of quartzites. The drone data enabled the genera-
tion of a Digital Elevation Model (DEM) and served as a basis for planning the gamma-ray spectrometry work. A total
of 715 gamma-ray spectrometric readings were taken, with an average spacing of 40 m between points, followed by
data processing and the generation of maps of K (0.5-2.5%) concentrations, eU (0.9-3.9 ppm), and eTh (2.8-24.4 ppm).
The data obtained regarding the K (%) concentration values reveal a clear anomaly in the central region with WNW/ENE
orientation. The concentration data obtained for U (ppm) and Th (ppm) show a similar pattern concerning the WNW/ENE
anomaly in the center of the area. The overlap of positive anomalies served as an indication of gold source areas in two
river valleys. The combination of detailed gamma-ray spectrometry and precision digital terrain modeling has enabled
the delineation of primary targets potentially mineralized in gold, in a versatile and fast way, compared to traditional
soil sampling techniques.
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1 Introduction

The exponential increase in demand for mineral resources has justified various research projects and the discovery
of multiple mineral deposits in Brazil, activities that have driven economic growth and social development. The
global market demands a wide variety of mineral commodities, making Brazil a major exporter on a global scale.
Consequently, maintaining this activity depends on constant research and discoveries.

Gold is one of the oldest financial assets, offering high liquidity and security. It is widely used as a reserve during
periods of international crises, leading to significant price increases on stock exchanges [1, 2]. In May 2024, the price
of gold reached a historical record, with the ounce value climbing to $2,300, a significant increase compared to its
average price of around $1,500 per ounce [2].

Gold consumption in Brazil has increased alongside the population’s purchasing power, appearing in jewelry,
electronic components for computers, tablets, notebooks, and mobile phones, as well as parts for the automotive
industry, healthcare, dentistry, and even some construction components [3].

New mineral commodities are discovered through several progressive and inter-connected steps, which involve
and predict increased investment and decreased risk [4, 5]. This process begins with the recognition of surface min-
eralization evidence, which may be associated with a subsurface ore body [5].

Geophysics is a highly mentioned tool in mineral exploration scenario for recognizing exploratory targets, since its field
instruments allow for detecting contrasts between the physical properties of mineral deposits and their host rocks [6-11].

Gamma-ray spectrometry is a passive geophysical method, as it measures the in-herent radioactivity in the form
of gamma rays from mineral species containing radi-oactive isotopes such as potassium (“°K), uranium (3°U e 238U),
and thorium (%32Th) [8]. This method enables rapid and easy data acquisition, allowing for extensive area coverage,
though it is a shallow method with a maximum investigation depth of 50-100 cm [6, 8, 12]. Gamma-ray spectrom-
etry offers several advantages in the analysis and quantification of elements in the soil compared to geochemical
methods. In addition to the rapid acquisition of data, they can be easily processed using softwares, allowing results
to be obtained shortly after the acquisition phase.

In mineral research, gamma-ray spectrometry is mainly applied to characteristically radioactive deposits, such
as uranium, hydrothermal origin deposits or in soil samples [13-20]. Few references exist for studies related to gold
deposits, primarily resulting from airborne geophysical surveys and remote sensing [21-27]. The mentioned gold
exploration studies are based on airborne geophysical data and rely on sampling grids with wide spacing, typically
with line intervals of approximately 1 km. As such, they are suitable for regional-scale investigations, often correlated
with satellite imagery and enhanced through image processing techniques to highlight anomalous areas.

In contrast, the present study focuses on a relatively small watershed, emphasizing detailed ground gamma-ray spec-
trometry (with a 40-m spacing between sampling points) combined with the generation of high-resolution orthophotos
acquired through drone surveys with centimeter-level accuracy. The primary objective is the development of a Digital
Terrain Model (DTM) to support the spatial interpretation of potential geochemical halos (U, Th, and K). The innovation
of this study lies in the use of a geophysical method capable of providing geochemical quantifications, supported by a
high-precision digital terrain model, to identify potential primary sources of gold previously found in alluvial deposits.

2 Area location and history

The study area is located in the southernmost of Brazil, in the state of Rio Grande do Sul (RS). The occurrence studied
is around 15 km from the urban area of the municipality of Cacapava do Sul, which is approximately 240 km from
Porto Alegre, the state capital (Fig. 1).

Evidence of mineralization was recognized from regional studies carried out by the CPRM (Companhia de Pesquisa
de Recursos Minerais, currently the Geological Service of Brazil) through the National Gold Prospecting Program in
2000, where geological reconnaissance and geochemical prospecting were carried out on stream sediments in an area
of 136000 ha [28]. The regional geochemical survey for gold conducted by the Brazilian Geological Survey involved
the analysis of a total of 818 stream sediment samples and 553 heavy mineral concentrate samples from alluvial
material. The sampling stations were located at the mouths of drainages associated with metavolcanic-sedimentary
lithologies, known for hosting various mineralizations in the studied region.
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Fig. 1 Location of the study area in relation to Cacapava do Sul (RS)

At each station, a volume of 20 L of panned material was collected. The preparation and analysis of the samples for
gold followed the routine below: (i) stream sediments were sieved to — 120 mesh, pulverized in the laboratory to — 200
mesh, and decomposed by fusion for analysis by plasma; (ii) heavy mineral concentrates were pulverized in the labora-
tory to — 200 mesh, decomposed by fusion, and analyzed by atomic absorption.

Two sub-basins with anomalous results for gold were selected as the target area for this study, based on the results of
collecting samples of stream sediments and concentrates of heavy minerals in the alluvial material. There was a regional
study on the area focused on defining anomalous basins, without detailing the origin of the gold [28]. Based on the
hypothesis of weathering in outcropping deposits, followed by the transport of gold particles to the mouth regions
of the basins, this work sought to follow the opposite path, based on an analysis of gamma-spectrometric data, in an
attempt to recognize primary gold deposits in the study area. The decision to conduct the geophysical analysis using
ground-based methods in the study area stemmed from a comparison with airborne methods, as the former allows for
denser and more precise results.

Soil geochemical analysis is the most established and widely applied method for identifying anomalous halos in soils
associated with mineralized zones [29-31]. Nonetheless, ground gamma-ray spectrometry represents a faster, more cost-
effective, and operationally attractive alternative to conventional geochemical soil sampling, which requires laboratory
analyses to obtain comparable results. Geophysical methods, in contrast, enable immediate data acquisition and inter-
pretation. This study, therefore, highlights the applicability of gamma-ray spectrometry, particularly when integrated
with the characteristic radioactive signature of low-sulfidation epithermal gold deposits.

3 Geology and metallogenetic origin

The study area encompasses rocks of the Cagapava do Sul Granitic Complex and the Passo Feio Metamorphic Complex,
that are part of the igneous and metamorphic terrains that compose the Sul-Rio-Grandense Shield, formed during the
Transamazonian (2.26-2.00 Ga) and Brasiliano (900-535 Ma) orogenic cycles [32].

The Cacapava do Sul Granitic Complex resulted from post-tectonic, calc-alkaline acidic magmatism, with its intrusion
occurring at 562 + 8 Ma during the late phases of the Brasiliano Orogeny evolution [28, 33]. Three granite rock facies are
present: biotite granitoids, leucogranitoids, transitional granitoids, with crystals elongated in the N34W direction, the
same as the metamorphic foliation of the Passo Feio Complex, which hosts the granitic complex [34].

The Passo Feio Metamorphic Complex consists of pelitic schists, phyllites, amphibolites, and metavolcanoclastic rocks
and can be divided into a Metasedimentary Association and a Metavolcanic Association [28, 35]. It forms a doubly plung-
ing antiform fold, with a sub-horizontal axis dipping towards NNE and SSW. The granitic complex intrudes its center, and
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the unit serves as the basement for the Camaqua Basin [33, 36, 37]. Due to a scarcity of studies conducted in the area
covered by the Metamor-phic Complex, the most detailed geological map available was made by the Geological Survey
of Brazil, in a scale of 1:100.000 (Fig. 2).

The Metasedimentary Association is composed of metapelites and metavolcanoclastic rocks, represented by schists
and phyllites containing muscovite, biotite, and/or chlorite, as well as minerals such as garnet, chloritoid, and staurolite.
The foliation of these rocks is characterized by schistosity or slaty cleavage. The schist bands vary in thickness and are
intercalated with amphibolites, quartz-feldspathic gneisses, and thin quartzite layers [35].

The Metavolcanic Association includes amphibolites, amphibole schists, amphibole gneisses, and massive amphi-
bolites. These rocks exhibit planar and continuous structures with banding generated by metamorphic segregation or
are massive [35].

The metapelites and amphibolites underwent two regional metamorphic events (M1 and M2) and three deformational
phases (D1, D2, and D3), and among these, D3 is not associated with regional metamorphism [35, 38]. The D1 phase is
preserved in quartz lenses, D2 formed the S2 foliation, and D3 created folds structuring the Passo Feio Metamorphic
Complex.

The M1 event was characterized by the presence of minerals in the staurolite zone (amphibolite facies) and andalusite,
indicative of a low-pressure event [34]. Metapelites and amphibolites are associated with M1, while M2 was a retrogressive
event in the greenschist facies [34]. The Cacapava Granite intrusion occurred between the D2-M2 interval, with the S2
foliation of metamorphic rocks correlating with that of the granite. The ages of M1 and M2 were estimated at 685+ 12 Ma
and 562 + 8 Ma, respectively [33].

The Passo Feio Metamorphic Complex hosts Cu (Au) and Pb mineralizations. The target of this study is a disseminated
gold occurrence hosted in quartz veins concord-ant with the foliation of the host rock and associated with shear zones,
with its para-genesis consisting of quartz, gold, pyrite, arsenopyrite, and chalcopyrite, classified as epigenetic hydro-
thermal deposits [28, 39].

The hydrothermal processes associated with the intrusion of the Cagapava do Sul Granitic Complex were responsible
for the sulfide mineralization under study. Thermal fluids of magmatic origin mobilized metals from rocks adjacent to
the Passo Feio Complex and deposited them in veins [33]. The deposits within the Metamorphic Complex are structur-
ally controlled by NE-oriented strike-slip fault systems, formed during the Neoproterozoic collision processes involved
in the formation of the Dom Feliciano Belt [40].
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4 Methods

This study was conducted through geological reconnaissance, drone surveys for elaboration of Digital Elevation
Model (DEM), and gamma-ray spectrometry investigation. The work began with the geological reconnaissance of the
region, conducted in a N-S direction along a road that crosses orthogonally to the foliation present in the outcrops.
Simultaneously, structural measurements of fractures and metamorphic foliations were collected to identify a pos-
sible direct or indirect relationship between the measured structures and the occurrence of gold.

Next, drone surveys were conducted using a DJI MAVIC 3 T model, where two flights were performed: one over
the higher terrain and another over the lower terrain, with both flying at an altitude of 120 m (Fig. 3A). The drone
flight lines were conducted in the E/W direction to ensure efficient coverage of the study area. The spatial resolution
achieved was 20 cm, allowing for a detailed analysis of the terrain’s topographic features.

The resulting images were combined using Agisoft Metashape software, which integrates the imported drone
images. This process generated a digital point cloud that allowed for the measurement of altitude for each ortho-
photo. Through the interpolation of these altitude values, a Digital Elevation Model (DEM) was created.

Based on the results of the drone surveys and after a topographic analysis based on the DEM, the investigation
area was delineated for geophysical surveying. The method employed was gamma-ray spectrometry, using the
RS-332 Multipurpose Gamma-Ray Spectrometer System by Radiation Solutions Inc. This device offers high sensitivity,
thermal protection, ease of use, and an integrated GPS (Fig. 5A). Additionally, the geophysical reading points were
georeferenced using a differential GPS with 0.5 m precision.

The RS-332 measures the inherent radioactivity that occurs naturally in the form of gamma rays emitted by mineral
species containing radioactive isotopes such as cosmogenic nuclides like potassium (*°K), uranium (*3°U and 238U), and
thorium (32Th). The spectrometer operates with a BGO (Bismuth Germanate Oxide) detector, that operates within a
measurement range of 30-3000 keV. The Limit of Detection (LOD) of the RS-332 is determined by the combination of
the measurement time, background conditions and the detector measurement range, in a way that longer sampling
periods and higher background radiation can elevate the LOD.

The device’s reading time can be configured as needed; for this study, it was set to 60 s. A study from 2014 deter-
mined that a 60 s reading time is reasonable for gamma-ray spectrometry analysis of volcanic rocks in the Parana

Fig.3 (A) Drone DJI MAVIC
3T; (B) RS-332 with results on
the screen after measurement
on Point 44
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Basin using a similar device [41]. Similarly, another one effectively used 60 s reading time to identify potential zones
for acid mine drainage generation in uranium mine waste piles [42].

The spectrometer has a screen that allows real-time monitoring of the measurements obtained for each analyzed ele-
ment at each point investigated (Fig. 3B). The elements U and Th are measured in ppm, while Kis measured in percentage.

The selected area for data acquisition covered approximately 88 hectares, mostly covered by low vegetation and forests
limited to drainage areas, with some points of exposed rock. Measurements were taken by directly placing the device
on the surface of dry soil. Approximately 715 data points were collected, distributed in a regular grid at 40 m intervals,
with differential GPS guidance in the field, which has an average error of 1 m.

After the data acquisition phase, processing was carried out using Geosoft’s Oasis Montaj software to generate maps
representing the radiometric distribution of eU, eTh, and K concentrations in the area. An interpolation of the collected
data points was performed to create a two-dimensional representation of thorium, potassium, and uranium concentra-
tions in terms of distance.

The interpolation process involved a least-squares approximation to smooth the discrepancies between field data
and software-calculated values. A theoretical two-dimensional model was generated by segmenting the subsurface
into rectangular blocks. The software automatically distributed and sized these blocks based on the data points’spatial
distribution. The program calculates the concentrations based on the block model created from the comparison between
the measured and modeled values, the parameters of these blocks are adjusted interactively until the apparent value
agrees with the values acquired in the field.

The processed outputs were color-scaled maps representing each element’s distribution, with potassium concentra-
tions expressed as a percentage and eU and eTh concentrations in ppm. Additionally, ratio and ternary maps were gener-
ated and analyzed, however, they provided no further insights beyond those obtained from the original K, U, and Th maps.

5 Results and discussion

The mineralization in the study area has an epithermal hydrothermal character, which means it was formed at shallow
depths. There are two types of mineralization that occur under these conditions: high- and low-sulfidation, with the latter
occurring in the study area. In this case, the fluids associated with low-sulfidation deposits originate in zones of intense
heat flow, where they reach equilibrium with the host rocks and exhibit a meteoric component, which may mix with
magmatic fluids if active volcanism is nearby [43]. These deposits are typically formed in areas somewhat more distal
from the volcanic center, as illustrated in the conceptual model in Fig. 4.

The concept of a geochemical dispersion halo was also considered for this study, since it represents an abnormally
high or low concentrations of chemical elements that constitute a mineralization or associated alteration [44]. It is gen-
erated by the processes of mineral deposit formation through the introduction and/or redistribution of elements in the
environment (primary geochemical halo) or formed by supergene processes (secondary geochemical halo) [44].

The initial stage of geological reconnaissance followed a N-S direction and revealed an alternation of rocks, varying
between quartzites, schists and amphibolites, with a repetitive pattern across the explored area (Fig. 5B-D). Thus, it was
expected that the geophysical data would show a standard pattern of alternation based on the local lithology, represent-
ing the area’s background. Additionally, quartz veins were identified concordantly embedded in the quartzites'foliation,
which are likely the hosts of the studied gold mineralization.

The drone flights produced a high-resolution orthophoto of the study area, superior to freely available satellite images,
and a Digital Elevation Model (DEM) (Fig. 6). These data were initially analyzed from a geomorphological perspective
and later integrated with gamma-ray spectrometry data to assess the geochemical mobility of the analyzed elements.
The primary source of gold is likely outcropping, and weathering processes with destruction of mineralized rocks and
veins, have resulted in the release of gold particles, which were carried to the basin’s mouth. The elevation difference
in the study area is 127 m, with the highest point in the southern portion (291 m) and the lowest in the Passo Feio River
region (164 m).

The gamma-ray spectrometric acquisition was conducted alongside differential GPS surveying. This equipment pro-
vides more precise coordinates than the GPS integrated into the RS-332, with a margin of error of only 0.5 m, that pro-
vided a better result for the regular grid of 40 m intervals. Thus, it enabled the creation of the point map for gamma-ray
spectrometry analysis (Fig. 7).

This study began interpreting the data using the altimetry values obtained from the DEM. These values were analyzed
concerning terrain morphology, weathering, and element mobility in the geological environment, as these factors are

@ Discover



Discover Geoscience (2025) 3:58 | https://doi.org/10.1007/544288-025-00170-1

Research
Magmatic-hydrothermal system
A
r N\
Geothermal system CO,, 8O,, HCI
N Volcano
r \ \' Crater lake
Acid springs CO,,
S

Hotsprings, mud pools
fumaroles

g

High sulfidation
h ﬂg\ (Au, Cu)
fluigg ™=~~~ —acidic fluids
Serigjte X —advanced argillic
N alteration

Porphyry Cu, (Mo, Au)

Saline magmatic fluid
X Liquid flow

l"\,\ Vapor flow
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Fig.5 (A) RS-332 conducting a measurement. (B) Quartzites with quartz veins embedded in metamorphic foliation. (C) Schists (D) Amphi-
bolites

crucial for assessing radioelement distribution at the Earth’s surface. Naturally, sediment transport caused by erosion
and physical weathering moves materials from higher elevations to lower areas, such as rivers floodplains. Geochemical
element mobilization occurs through leaching and hydrothermal fluid activity, following the same patterns of move-
ment as discussed before [45-47].

Potassium (K) is a lithophile, incompatible (especially during magma crystallization), and volatile element with high
environmental mobility, primarily occurring in granitoids [46, 48]. Uranium (U) becomes mobile under hydrothermal and
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supergenic conditions [46, 48]. Thorium (Th) is less abundant in the crust and typically measured in ppb or ppm [46, 49].
The chemical fractionation of U and Th series members occurs during magmatic processes [48].

Geomorphology, weathering, erosion, and the source rock collectively control the radioelement distribution in sur-
face materials, creating differences from the bedrock background. Processes include K depletion during soil formation,
K and Th enrichment through silicification in schists, and reduced K values during schist pedogenesis [46]. Generally,
radioelement mobilization varies based on ground-water flow and leaching, with K being significantly more mobile than
U or Th in such scenarios [50]. A study characterized various mineral deposits using airborne gamma-ray spectrometry,
including gold mineralization in metavolcanic/metasedimentary rocks with hydrothermal alteration (K enrichment),
which resembles the present study area [51].

Potassium concentrations, expressed as percentages (%), ranged from 0.5 to 2.5% (Fig. 8A). A noticeable anomaly with
high concentrations (1.2-2.5%) is present in the central region, oriented NE/SW, coinciding with the schists’'metamorphic
foliation direction. This area has undergone hydrothermal alteration due to the intrusion of the Cacapava do Sul Granitic
Complex. Potassium is present in the micas forming the schists; therefore, potassium anomalies were associated with
the schist lithotype. Additionally, a high K concentration area is evident in the northern region (Fig. 8A).

Uranium (U) and thorium (Th) concentrations, expressed in ppm, ranged from 0.9 to 3.9 ppm for U and 2.8-24.4 ppm
for Th (Fig. 8B, C). Compared to the K values, both show anomalies with a NE/SW orientation positioned in the central
region of the area, however, the anomalous areas are not superimposed, with the eU and eTh anomalous areas shifting
northwards (Fig. 8D). U and Th originate exclusively from hydrothermal processes, as they are more abundant in the
mantle and concentrated in the crust through magma ascent [45]. In the study area, this correlates with the regional
hydrothermal event responsible for mobilizing U and Th and their subsequent deposition in mineralized quartz veins

Fig.8 (A) 2D interpolation
map of K concentration, with
the areas with the highest
values highlighted in black.
(B) 2D interpolation map of

U concentration, with the
areas with the highest values
highlighted in black. (C) 2D
interpolation map of Th con-
centration, with the areas with
the highest values highlighted
in black. (D) Areas with the
highest element concentra-
tion values superimposed on
the DEM
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embedded in metamorphic foliation. In this sense, U and Th exist only in the veins generated by the hydrothermal pro-
cesses that are hosted within the quartzites, making them directly associated with the gold mineralization, and serving
as a prospecting guide in the study area.

An integrated analysis of K, U, and Th maps reveals differences in each element’s dispersion halos on the surface.
In terms of mobility, K is the most mobile, U is intermediate, and Th is the least mobile under weathering processes.
Soil thickness is a critical factor for element mobility, as greater thickness allows higher K, U, and Th concentrations to
become available for mobilization. Geological reconnaissance revealed underdeveloped soils (up to 30 cm thick) rich in
rock fragments at several points. Under such conditions, gamma-ray spectrometry anomalies primarily reflect signatures
associated with the underlying rocks, whether related to original mineral composition or hydrothermal processes.

Two high K concentration regions or dispersion halos are evident. The Passo Feio River lies within a regional water-
shed, so the Kanomaly in the floodplain consists of the sedimentation of fine suspended particles, predominantly clay
minerals, may result from weathering in the study area’s rocks or external factors, including the Cacapava do Sul Granitic
Complex weathering.

For U, the highest concentration (3.1-3.9 ppm) is central, with some dispersion around it. Th shows a smaller disper-
sion halo with higher values (14.5-24.4 ppm), potentially representing or delineating a zone with gold mineralization
in quartz veins.

To integrate the data, a map of anomalous halos for each element was generated and overlaid onto the DEM (Fig. 8D).
There is a coincidence between U and Th anomalies, with an absence of Kin this domain, suggesting quartz vein emplace-
ment in quartzites, which contain less K. Conversely, the K anomaly upstream of the U and Th halos may be associated
with hydrothermalism in schists, a lithotype without quartz veins and likely barren of gold. Furthermore, the overlap of
the anomalous halos proved effective in highlighting that they all share the same NE/SW orientation, consistent with the
regional structural trend. This orientation aligns with the foliation of the rocks, quartz veins, fractures, and regional faults.

The regional gold occurrences consist of quartz veins aligned concordantly with the foliation of the lithologies of the
Metavolcanic-Sedimentary Belts, represented in the study area by the Passo Feio Metamorphic Complex [52]. There are
several small prospects and deposits associated with the Cacapava do Sul Granitic Complex, hosted in the Passo Feio
rocks, which include Cu (Au) and Pb sulfide veins of an epigenetic hydrothermal origin [33]. As discussed in [33], the
region lacks prior studies, so the origin of the metal present in the mineralizing fluids of these deposits has not yet been
investigated.

Thus, the mineralizations hosted in the metasediments of the Passo Feio Meta-morphic Complex are associated with
a remobilization or reconcentration of metallic elements, likely derived from adjacent rocks. The intrusion event of the
Cacapava do Sul Granitic Complex resulted in local metamorphism and was responsible for providing the hydrothermal
fluids that caused this remobilization and their deposition in the quartz veins. These veins were positioned along weak-
ness planes, represented by the foliation and regional fractures, which have a NE/SW orientation.

6 Conclusions

Studies describing the metallogeny of gold in the study region suggest a magmatic/hydrothermal origin, although the
Cacapava do Sul Granitic Complex is barren for gold it was responsible for the last regional deformation of the Passo Feio
Complex rocks that concentrated gold in the quartz veins.

Although gamma spectrometry is widely used in mineral prospecting for the identification of radioactive deposits,
this study highlights the application of the method for a hydrothermal-origin gold deposit. The association of U and Th
with mineralization provides a new perspective for identifying potentially gold-bearing areas, in other words, the study
presents an innovative application of ground gamma-ray spectrometry, as it allows for a broad and detailed survey of
areas with mineral potential, enabling the delineation of sampling and grade analysis targets in a rapid and cost-effective
manner.

The elements U and Th are related to hydrothermal processes and the surface anomalies of high values obtained
coincide with the mineralized quartz veins. In this sense, quartzites represent the main lithotype or regional prospecting
guide for gold searches.

The sampling grid for gamma-ray spectrometry was sufficient to detect the geochemical halos of U, Th, and K, which,
when analyzed together with the digital terrain model has satisfactorily delimited potentially gold-mineralized targets,
contained in a strip that crosses the two sub-basins recognized as anomalous in the geochemistry of stream sediments,
and the probable primary outcropping source of gold.
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