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Abstract: In this study, an integrated morphological and chemical analysis of native gold from alluvial deposits
was conducted in order to determine the relationship between grain morphology, chemical composition, and the dis-
tance from the primary gold source. The investigation was carried out using scanning electron microscopy (SEM),
whereby the morphology, surface texture, and microstructural characteristics of the gold grains were analyzed, along
with their chemical composition (Au, Ag, and Fe). The results indicate significant variability in Au (88.73-99.53 wt.%)
and Ag (0.47-9.19 wt.%) contents, whereas Fe is present only in trace amounts. A clear trend of increasing gold fine-
ness with decreasing silver content is observed. Morphologically, the analyzed gold aggregates are predominantly char-
acterized by irregular and angular forms, indicating limited transport and close proximity to the primary source. In
addition, grains exhibiting flattened, lamellar, and rounded morphologies are present, which are typical of more distal
positions relative to the primary environment. The obtained results confirm that the application of SEM-based morpho-
logical and chemical analyses represents a valuable approach for determining transport distance and for assessing the

location of primary gold-bearing sources.
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INTRODUCTION

Alluvial gold-bearing deposits are formed as a
result of the erosion of primary ore occurrences,
whereby gold, due to its high specific gravity and
chemical stability, accumulates in fluvial systems
and may represent a significant economic resource
(Yeend et al., 1989).

Under natural conditions, gold most common-
ly occurs as an alloy with silver, known as an Au—
Ag alloy or electrum, in which the ratio between Au
and Ag can vary considerably depending on the con-
ditions of mineralization formation (Boyle, 1979).

The chemical composition of native gold is
widely used as an indicator in the exploration of
gold deposits. Variations in silver content and other
elements within gold grains may reflect the nature
of the primary mineralization, but may also result
from post-depositional processes such as supergene
alteration and chemical weathering. Boyle (1979)
emphasizes that gold in natural environments is
often subjected to selective leaching of silver during

weathering processes, leading to the formation of
high-fineness gold with reduced Ag content.

Other researchers have also shown that, within
fluvial systems, gold particles commonly develop
Au-rich rims as a result of selective leaching of Ag,
leading to a progressive increase in gold fineness
with increasing transport distance (Groen et al.,
1990; Chapman et al., 2021). These processes are
particularly pronounced under oxidizing conditions
and are controlled by the hydrogeochemical charac-
teristics of the environment. As noted by Chapman
et al. (2021), alluvial gold deposits reflect a combi-
nation of hypogene, supergene, and surface process-
es, with supergene transformations often enhancing
gold fineness through the leaching of Ag. Further-
more, according to Chapman et al. (2021), super-
gene processes — especially the selective removal of
Ag — frequently result in increased gold fineness and
the development of pronounced chemical zonation
within individual particles.
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In recent decades, microgeochemical analysis
of gold grains has been widely applied as an impor-
tant tool in mineral exploration. Chapman et al.
(2000) demonstrated that the compositional analysis
of alluvial gold grains can aid in identifying primary
sources of mineralization, even in regions covered
by a thick regolith. According to these authors, the
integration of morphological characteristics and
chemical composition of the grains represents an
effective approach for assessing source proximity
and the type of mineralization.

Furthermore, in regolith and soil environ-
ments, gold grains may undergo significant super-
gene alteration. During weathering processes, disso-
lution of certain elements may occur, accompanied
by the development of porous surfaces and the for-
mation of microcavities within the grains. Larizzatti
et al. (2008) showed that, in lateritic profiles, gold
grains commonly exhibit corrosive textures and
porous surfaces, indicative of active supergene pro-
cesses. These processes can substantially modify
the original geochemistry of the grains, particularly
through the selective leaching of Ag.

The chemical composition of detrital gold can
also provide insights into the genetic nature of the
primary mineralization. Knight et al. (1999) demon-
strated that the composition of alluvial gold com-
monly reflects the geochemistry of primary gold
veins, and that variations in Ag content can be used
to identify different mineralization sources within a
given region.

In addition to chemical composition, the mor-
phology of native gold grains represents an impor-
tant parameter for interpreting transport history and
the distance from the primary source of mineral-
ization.

Gold is a highly malleable metal, and as a result,
its grains are readily deformed during mechanical

collisions with other sedimentary particles. Conse-
quently, during transport, the grains may develop
flattened or lamellar morphologies, while prolonged
abrasion leads to the rounding of their edges. Ac-
cording to Nono et al. (2021), the morphology of
detrital gold can provide direct information on
transport history, whereby angular and irregular
grains indicate short transport distances, whereas
rounded grains are characteristic of longer transport.

Studies have shown that the morphology of
gold grains evolves with transport distance: initial-
ly, gold exhibits minimal to moderate rounding, but
with continued transport, a greater degree of flatten-
ing, rounding, and particle folding develops because
of the metal’s plasticity and the effects of fluvial
abrasion (Youngson, 1999; Knight et al., 1999).
Additionally, Townley et al. (2003) demonstrated
that mechanical abrasion during sediment transport
leads to the progressive rounding of grain edges and
smoothing of gold grain surfaces, thereby allowing
morphology to be used as an indicator of transport
distance.

Recent studies increasingly emphasize the need
for an integrated approach that combines morpho-
logical and chemical data to achieve a better under-
standing of the genesis and evolution of alluvial
gold systems. Such an approach not only allows for
the reconstruction of transport history but also has
practical applications in guiding exploration activi-
ties and identifying potential primary gold sources
(Knight et al., 1999a, 1999b; Dumula et al., 2001;
McClenaghan, 2001; Youngson et al., 2002; Town-
ley et al., 2003; Nakagawa et al., 2005; Rasmussen
et al., 2006; Crawford, 2007; Stefanova et al., 2016,
2018, 2019; Chapman et al., 2010a, 2010b; Moles
et al.,, 2011; Norman et al., 2011; Omang et al.,
2015; Gjorgjiev et al, 2024).

GEOLOGICAL SETTING OF THE AREA

The geological structure of the area under
exploration comprises rocks of various ages, as
illustrated in Figure 1. The Precambrian rocks are
represented by marbles and cipolines, as well as
muscovite gneisses. The Paleozoic sequence in-
cludes cipolines and schists, phyllite-cipolines and
marbles, and quartz porphyries. The Triassic and
Jurassic formations consist of sandstones, schists,
conglomerates, massive and bedded limestones, as
well as diabases. Quaternary deposits are represent-
ed by tuffs and amphibole andesites. The area is

drained by several river systems, including the
Konjska Reka river, Matusnica river, Slivka river,
and other smaller streams.

The lithological diversity of the terrain pro-
vides multiple potential primary sources for the gold
identified in the concentrates. Notably, metamor-
phic rocks such as phyllites, schists, and gneisses
are considered primary sources. Volcanic and sub-
volcanic rocks also represent potential sources of
gold mineralization.
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Fig. 1. Geological map of part of the Kozuf area (section of OGK)
1. Amphibole andesite, 2. Agglomeratic brecciated tuff, 3. Diabases, 4. Sandstones, clayey shales and cherts, 5. Bedded and massive limestones,
6. Quartz porphyries, 7.Phyllites, cipolins and marbles, 8. Cipolins and schists, 9. Marbles and cipolins, 10. Muscovite gneiss, 11. Area of interest

METHODOLOGY AND SAMPLING

The fieldwork applied the schlich method.
Material was taken from places that were eligible
for sampling with the possibility of concentration of
heavier minerals (Figure 2). Samples of 15— 20 kg
were taken. Then flushing was carried out and the
schlich obtained was subjected to further process-
ing. First, magnetic separation of minerals was
performed and both fractions were observed under
stereomicroscope. The gold aggregates found were
manually separated and subjected to further investi-
gation.

Geologica Macedonica, 40 (1), 35-48 (2026)

The analysis was performed in the electron mi-
croscopy laboratory of the University of Stip on a
VEGA3 LMU instrument. The standards are TES-
CAN. Specific operating conditions are: Tension 20
keV; Test method: EDS: Type of analysis: Quan-
titative X-act: 10 mm? (Slicon Drift detector); Maxi-
mum resolution: 125 EV; Resolution of MnKa,
FKa, CKa according to ISO/TS10798:2011.

One hundred and eighteen gold grains were
selected from a collection of 10 samples, and only
40 electron-microprobe analyses were performed.



38

V. Stefanova, G. Tasev, V. Stojanova

£oos

o0 S.‘D 1027

XN

&

004

00s

1t

003

Google Earth

Fig. 2. Location of the testing sites

RESULTS AND DISCUSSION

During the prospecting survey, 10 samples
were collected, from which approximately 180 gold
aggregates of varying sizes and shapes were identi-
fied. In addition to gold, the concentrates contained
other metallic minerals, including magnetite and
pyrite, with rare occurrences of malachite. Among
the non-metallic minerals, quartz, calcite, garnets,
muscovite, epidote, and occasionally zircon were
observed. Half of the samples were collected from
river alluvium, while the remaining samples were
taken from soil material adjacent to the river de-
posits.

The results of chemical and morphological
analyses of native gold from alluvial deposits indi-
cate a complex evolution of the gold grains, con-
trolled by a combination of primary source charac-
teristics, mechanical fluvial transport, and super-
gene processes in the surficial environment. Analy-
sis at the individual grain scale provides valuable
data on morphology and surface chemistry, which is
particularly important for alluvial gold, as the grain
surfaces are most exposed to secondary geochemi-
cal processes.

As highlighted by previous studies (Reith et
al., 2012; Girard et al., 2021), gold grains may

undergo processes of selective dissolution of Au
and Ag, as well as the formation of new grains with
altered morphology and chemical composition.
These surface transformations result from the com-
bined effects of mechanical and supergene geo-
chemical processes, which modify the original
structure and composition of the Au—Ag alloys.

Chemical characteristics of native gold

Studies indicate that in primary ore systems,
gold most commonly occurs as an Au—Ag alloy,
with the Au/Ag ratio being controlled by tempera-
ture, pH, redox conditions, and the composition of
hydrothermal fluids (Hough et al., 2009). According
to this author, epithermal and mesothermal systems
often produce gold with higher Ag content com-
pared to orogenic systems.

Our analyses show a predominance of Au with
variable Ag contents and localized presence of Fe
(Table 1).

The gold content ranges primarily from ap-
proximately 88 wt.% to over 99 wt.%. Silver varies
from <1 wt.% up to around 9 wt.%. Iron is locally
present, reaching values of up to ~9 wt.%.

Geologica Macedonica, 40 (1) 35-48 (2006)
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Table 1

Chemical composition of gold aggregates

Sample No. Au Ag Fe
1.1 89.90 8.21 1.89
1.2 96.29 3.31 0.8
1.3 94.16 3.77 2.06
1.4 94.51 7.3 3.5
2.1 91.71 8.28 -
2.2 97.24 2.76 -
23 96.93 3.07 -
3.1 98.01 1.99 -
32 88.73 2.47 8.8
4.1 97.53 2.47 -
42 96.73 2.77 -
43 95.97 4.02 -
44 98.51 1.49 -
5.1 90.80 9.19 -
52 93.3 22 -
53 96.39 3.61 -
5.4 93.99 5.86 -
6.1 99.53 0.47 -
6.2 96.69 33 -
6.3 95.81 4.29 -
6.4 96.86 3.14 -
7.1 95.96 4.04 -
7.2 98.73 1.27 -
7.3 96.19 2.63 1.18
7.4 96.05 2.87 1.07
8.1 96.78 2.29 0.92
8.2 97.38 2.62 -
8.3 98.5 1.5 -
8.4 97.81 2.19 -

Figure 3 presents a diagram showing the
relationship between Au and Ag contents in native
gold grains. The diagram reveals a negative corre-
lation between Au and Ag, which is a typical feature
of natural Au—Ag alloys (electrum). As the gold
content increases, the silver content decreases. In
the analyzed samples, most grains contain 95-98
wt.% Au, indicating high- to very high-fineness
gold (Zakharova, 1994).

Variations in gold and silver contents are
typical for alluvial gold and often suggest that the
chemical composition may result from surface
modifications of the grains, involving selective
depletion or self-purification. During this process,
Ag is leached from the Au—Ag alloy during fluvial
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transport, leading to relative enrichment of the grain
rims in Au, forming gold-rich rims (Reith et al.,
2012; Fairbrother et al., 2012), particularly on the
surface portions of the grains (Groen et al., 1990;
Chapman et al., 2010). The grain cores, however,
can retain their original composition (Fairbrother et
al., 2012; Chapman et al., 2002).

Au-Ag composition of native gold grains
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Fig. 3. Au—Ag composition of native gold grains

The wide range of Au—Ag contents may also
indicate that the gold originates from heterogeneous
primary sources and has been affected by secondary
geochemical processes, so that it does not directly
reflect the original composition of the source miner-
alization (Wierchowiec, 2002; Chapman et al.,
2002). According to Chapman et al. (2010), such a
range in Au—Ag composition reflects the combined
influence of primary mineralization and post-depo-
sitional processes in the surficial environment,
while also indicating transport distance and geo-
chemical gradients.

Recent studies (Chapman et al., 2021) show
that these Au-enriched surfaces can reach >99 wt.%
Au, even when the primary gold was considerably
richer in Ag. These investigations have documented
porous textures, microfractures, and secondary Au
precipitates resulting from geochemical reactions in
oxidizing, shallow environments.

Figure 4 presents a histogram of silver contents
in the analyzed gold aggregates. The figure shows
that the majority of analyses are clustered in the ~2—
4 wt.% Ag range, while a smaller group of samples
exhibits higher Ag contents (7-9 wt.%). Very low
values (<5 wt.% Ag) indicate very high-fineness
gold.
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The microchemical characteristics of the Au—
Ag alloys in the gold grains from these localities
show the presence of silver, without a clear down-
stream trend in fineness or Ag content. According
to Chapman et al. (2011), this may indicate that the
dominant mechanisms controlling chemical varia-
tion are not simply supergene Ag-leaching process-
es during transport, but may also reflect the influ-
ence of multiple primary sources and the gradual
mixing of gold from different origins.

However, other studies have shown that gold
fineness and the Ag content of grains can be further
modified even during relatively short transport dis-
tance or by local supergene processes (Craw et al.,
2017). Accordingly, the variability of Ag content in
the analyzed grains (Figure 3) can be used as an
indicator of the degree of fluvial reworking and the
distance from the primary source. Grains with lower
Ag content (<2 wt.%) generally indicate longer
transport and multiple redepositions, whereas hig-
her Ag contents (5-9 wt.%) may suggest closer
proximity to the source mineralization (Chapman et
al., 2000, 2003; Hough et al., 2009; Knight et al.,
1999; Craw et al., 2017).

Histogram of Ag content in native gold samples

Frequency

4 6 8
Ag (wt. %)

Fig. 4. Histogram of silver contents in gold aggregates

In the examined samples, iron was detected in
only a portion of the analyses, while in most cases
it was absent. The Au—Fe diagram (Figure 5) shows
that Fe does not exhibit a clear correlation with Au.
Iron is present in only a few analyses (0.8-3.5 wt%),
at low concentrations. Only sample 3.2 shows an
atypically high value (8.8 wt.% Fe).

This indicates that Fe is not an intrinsic com-
ponent of the Au—Ag alloy, but rather represents an
inclusional or surface signal, rather than a primary
Au-Ag-Fe alloy, most likely originating from iron
oxides or mineral particles adhering to the grain
surfaces. Larizzatti et al. (2008) demonstrate that in

regolith profiles, gold grains are often coated with
iron oxide films formed during weathering proces-
ses.

Correlation between Au and Fe in native gold grains (SEM-EDS)
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Fig. 5. Correlation diagram between gold and iron contents
in native gold grains

A cumulative diagram (Figure 6) was con-
structed to show the distribution of Ag content in
native gold grains from the studied area, with the
samples divided into alluvial material (Table 1,
samples 1.1 to 4.4) and soil material adjacent to the
alluvium (Table 1, samples 5.1 to 8.4). The diagram
reveals notable differences between grains obtained
from river alluvium and those from soil material.

Gold grains from the river alluvium exhibit a
relatively narrower range of Ag content, most com-
monly between ~1.5 and 8.3 wt.% Ag. The cumula-
tive curve shows a gradual increase in Ag values,
indicating a relatively homogeneous population of
gold grains with moderate silver content.

Cumulative Ag distribution in native gold

—8— River sediments 4
&~ 501l material [

Cumulative %

Fig. 6. Cumulative distribution of Ag content in native gold
grains from river sediments and soil material.

In contrast, gold grains extracted from soil
material exhibit a wider compositional range, from
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very low Ag values (~0.47 wt.%) up to approxi-
mately 9.2 wt.% Ag. The presence of very low Ag
concentrations indicates high-fineness gold, which
may result from secondary geochemical processes,
such as the selective leaching of silver during
weathering and supergene alteration. The steeper
slope observed in the upper part of the cumulative
curve suggests a more heterogeneous population of
gold grains.

A comparison was made between the fineness
of gold aggregates from alluvial samples and those
from soil samples (Figure 7).

Fineness distribution (Alluvial vs Scil gold)

i

980 +

w0
[=1]
o

Fineness

1]

B

[=]
L

o}

920 -
8

o]

T T
Alluvial Soil
Type

Fig. 7. Distribution of gold fineness in alluvial
and soil samples

The calculated fineness values range approxi-
mately from 916 to 995, indicating high-fineness
native gold. Most grains exhibit fineness between
960 and 980. This range is characteristic of many
hydrothermal gold mineralization.

The diagram (Figure 5) shows that alluvial
grains have slightly higher Ag content, while soil-
derived grains exhibit higher fineness. This differ-
ence can be explained by supergene alteration under
soil conditions. Boyle (1979) notes that silver can
be selectively leached from native gold during
weathering processes, resulting in the formation of
high-fineness gold. This process leads to the prefer-
ential removal of Ag, making the grains relatively
enriched in Au.

Such variations in Ag content between gold
grains from fluvial sediments and those from soil
material can also be interpreted as evidence for mul-
tiple gold sources or for differing degrees of post-
depositional modification. As previously noted,
during transport and weathering processes, silver
can be partially removed from gold grains, leading

Geologica Macedonica, 40 (1), 35-48 (2026)

to an increase in gold fineness in secondary environ-
ments.

Studies indicate that the observed chemical
heterogeneity among grains may reflect either mul-
tiple primary gold sources or different transport and
depositional histories within the same alluvial sys-
tem (Chapman et al., 2002; 2011).

Morphological characteristics of native gold

SEM analysis of native gold grains recovered
from alluvial river material reveals morphological
diversity, which directly reflects the mechanical and
chemical evolution of the grains during their trans-
port from the primary source to the depositional en-
vironment. Gold morphology is widely recognized
as an indicator of transport distance and intensity, as
well as post-depositional processes (Knight et al.,
1999; Youngson et al., 1999; Hough et al., 2009;
Craw et al., 2017).

For the interpretation of results, the grains
were classified into those recovered from alluvial
samples (Table 2) and those recovered from soil
(eluvial) samples (Table 3).

At the studied locality, SEM images reveal
significant variability in the morphology of gold
grains, ranging from irregular, angular to sub-angu-
lar forms, to more rounded and flattened particles
with smooth edges (Tables 2 and 3). These differ-
ences are directly related to the intensity and dura-
tion of fluvial transport (Giusti, 1986; Youngson et
al.,, 1999). The analysis of the grains shows the
presence of irregular, angular forms with sharp
edges and rough surface textures (Table 2, Figures
1.1, 1.2, 2.1), as well as elongated, irregularly
shaped grains with preserved sharp edges and
uneven surfaces (Table 2, Figures 4.2 and 4.3). This
morphology indicates minimal mechanical abrasion
and a short transport distance from the primary
source. The lack of rounding and the presence of
fresh fracture surfaces are typical of gold that has
been liberated from the host rock and deposited near
the source (Giusti, 1986; Chapman et al., 2010).
These grains generally retain the original shape
acquired during primary mineralization, reflecting
direct release from the primary source, i.e., a short
transport path or proximal zone, with minimal
mechanical abrasion.

Some grains exhibit moderate rounding, par-
tially rounded edges, and evidence of plastic defor-
mation (Table 2, Figures 1.3, 1.4, 2.2, and 2.3), or
display a complex porous structure with numerous
indentations and uneven surfaces (Table 2, Figure
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4.4). These features are typical of moderate trans-
port distances, during which the gold gradually de-
forms due to its high malleability (Knight et al.,
1999; Townley et al., 2003). Partial rounding indi-
cates that the grains were transported over distances
of several kilometers, but without complete loss of
their original morphological characteristics. These
features result from a combination of mechanical
abrasion and plastic deformation, as well as poten-
tial selective leaching of silver (Ag) from the sur-
face. According to Knight et al. (1999), such charac-
teristics are typical for intermediate transport dis-
tances. During this stage, microscopic fractures and
locally smoothed surfaces often develop, reflecting
progressive mechanical modification (Knight et al.,
1999; Hérail et al., 1990).

In Table 2, Figures 3.1, 3.2, and 4.1, the grains
are predominantly rounded to sub-spherical, with
relatively smooth surfaces and no sharp edges.
These morphological features are characteristic of
long-distance transport, where continuous abrasion
and plastic deformation result in significant reduc-
tion of the original shape. The observed forms may
result from a combination of mechanical wear and
chemical processes. Youngson et al. (1999) and
Hough et al. (2009) emphasize that such grains
serve as indicators of substantial distance from the
primary source, often several kilometers along a
river system. This morphology is typical of gold
transported over long distances, frequently exceed-
ing 10-20 km from the primary source, consistent
with both experimental and field observations
(Knight et al., 1999; Youngson et al., 2002).

The overall morphological evolution of the
analyzed grains indicates a continuum from short to
long transport distances, with different forms repre-
senting various positions within the depositional
system. The combination of angular, deformed, and
rounded grains within the same depositional context
suggests a mixed source and variable transport
history, including contributions from both local and
more distant sources, as well as repeated redepo-
sition — a common feature in fluvial gold-bearing
systems (Giusti, 1986; Chapman et al., 2010).

However, Hough et al. (2007, cited in Fair-
brother et al., 2012) argue that the morphology of
grains, particularly those found in stream sediments,
is not necessarily diagnostic of source or transport
distance, but rather provides evidence of supergene
transformations experienced by the grains.

SEM micrographs of gold grains extracted
from soil samples reveal pronounced morphological
heterogeneity. The grains exhibit irregular shapes,

often with uneven contours, indentations, pores/per-
forations, rough microrelief, and localized flatten-
ing. Only a small number of grains are smoother and
more rounded. This morphological diversity indi-
cates that the samples do not represent a fully homo-
geneous population. They comprise a mixture of
grains with varying degrees of mechanical and su-
pergene modification, or a complex combination of
primary characteristics inherited from the host rock
and secondary modifications associated with pedo-
genic processes. Unlike classic alluvial grains, gold
in soil typically exhibits limited mechanical abra-
sion and short to negligible transport distances.

The majority of the grains exhibit irregular
shapes, rough surfaces, and uneven edges (Table 3,
Figures 7.3, 5.3, 5.4, 8.2, 8.3). These grains often
display indentations, protrusions, and preserved
microrelief structures. The retention of such irregu-
lar morphologies indicates limited mechanical abra-
sion, which is typically associated with short trans-
port from the primary source. As noted by Nono et
al. (2021), angular forms indicate short transport
distances, whereas rounded grains suggest longer
transport. In other words, angular and irregular
grains are characteristic of proximal sedimentary
environments, representing eluvial—colluvial accu-
mulation within the soil cover above or near the
primary mineralization.

Some of the grains exhibit a flattened or flake-
like morphology, with thin edges (Table 3, Figures
5.1, 6.3, 6.4). These morphological features result
from plastic deformation of the gold, which, due to
its high malleability, easily deforms during trans-
port. Becerra et al. (2022) emphasize that the size
and shape of gold particles change during fluvial
transport, gradually becoming flattened and round-
ed. Flattened grains in soil samples likely indicate
short to moderate transport distances, where the
grains were mechanically modified but not subject-
ed to sufficient transport to achieve complete round-
ing.

Some of the grains display perforations, cavi-
ties, and a porous surface (Table 3, Figures 6.2, 7.1,
7.4, 8.1). These textures are not necessarily solely
the result of mechanical transport, but can also be
associated with supergene alteration in the soil
environment. In a study on gold morphology in a
lateritic profile, Larizzatti et al. (2008) report that
the surfaces of grains often develop voids and
corrosive pits, along with gradual rounding from the
bottom to the top of the profile, indicating that the
grain surfaces can be modified through dissolution
and re-precipitation processes within the regolith.

Geologica Macedonica, 40 (1) 35-48 (2006)
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Table 2.

Morphology of gold grains from alluvial deposits
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rounding
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Table 3.

Morphology of gold grains from soil samples

S A 430 x I VoA TESCAN
DetsE 00 pm
View Bede: 3ym _ Dategmiayt: 112014

Fig. 5.1. Irregular, massive,
and partially flattened shape
with moderate rounding

Fig. 6.1. Elongated, partially
flattened, and moderately
rounded shape with
local caverns

Fig. 7.1. Irregular, angular to
morphology with micro-

depressions and porous zones

sewmasions | |
st o

Fig. 8.1. Complex, irregular
morphology

s 0w sews et | 1| veensTesea
1 150 e owise g
View heid: 157 ym_Dsteimayt: 112938

Fig. 5.2. Grain with massive,
compact, and rounded shape

Fig. 5.4. Massive, irregular,
and skeletal shape with and slightly rounded shape

complex geometry

semmasaax | g |
Det: 50 100 ym

Vi i 448 g Dutalmisiyl: 120114

Fig. 6.3. Irregular, partially
flattened, and rounded shape

Fig. 6.2. Massive, irregular,
and aggregate shape with
pronounced surface
heterogeneity

Fig. 6.4. Irregular, massive,
and partially flattened shape
with moderate rounding

- -

o 20V :
WD: 15,08 e at: 58
Vi Twde: 755 pm_ Dadatmidy: 112844

Fig. 7.3. Irregular, branched
morphology

TNV NN S AGE 120k
Wo: 1308 mm Deti 58 2ym
View 2e5£: 138 9m _ Datepmitiy): 112008

Fig. 7.2. Compact grain,
massive, blocky shape and
relatively smooth surfaces

Fig. 7.4. Irregular morphology
with rounded edges

seMwv-aay  sEMmAG: it | L veoas TascAN]
= wpm

e weo: 1538 mm out
View flake: 164 jm _ Data(msiyi: 12014

Fig. 8.2. Flattened grain with
well-developed cavities and
irregular edges

Fig. 8.3. Grains with irregular
shape and limited rounding

Fig. 8.4. Rounded grain with
smooth surface and pronounced
plastic deformation
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Compared to the other grains, a few particles
exhibit smoother surfaces and relatively simpler
shapes (Table 3, Figures 5.2, 6.1, 7.2, 8.4). The
edges of these grains are more rounded, and the
surfaces are relatively polished. These features are
typical of grains that reflect the direct influence of
transport distance on morphological evolution.
However, since these grains were recovered from
soil samples, they most likely represent recycled
grains that were previously modified during earlier
sediment transport and subsequently incorporated
into the soil cover (Craw, 1992). This is also
supported by the findings of Youngson & Craw
(1996), who indicate that the presence of gold grains

in soil samples can result from sedimentary recy-
cling, whereby gold initially accumulates in fluvial
or alluvial sediments and is later remobilized and
incorporated into younger sediments or the soil
cover through erosion and denudation processes.

Overall, the morphological characteristics of
the native gold grains (Table 3) indicate that the
majority of the particles underwent short to moder-
ate transport, which is typical for eluvial or proxi-
mal colluvial soil environments. The presence of
irregular shapes, rough surfaces, and limited round-
ing suggests that the primary source of mineral-
ization is likely located relatively close to the
sampling sites.

CONCLUSION

The chemical analysis of native gold indicates
a predominance of high-purity Au—Ag alloys with
considerable variability in silver content. This range
(<1 to ~9 wt.% Ag) reflects the combined influence
of primary mineralization, mixing from multiple
sources, and secondary supergene processes.

Grains with higher Ag content and lower
fineness suggest shorter transport distances and
closer proximity to the source, whereas grains with
low Ag content and high fineness are indicative of
longer transport, during which selective leaching of
Ag occurs and enrichment in Au is achieved.

The absence of a gradual change in the chemi-
cal or mineralogical composition of the material
along the river or stream flow, as well as the differ-
ences between alluvial and soil samples, indicates
that in addition to transport, local geochemical con-
ditions and post-depositional processes play a sig-
nificant role.

Overall, variations in the Au—Ag composition
serve as a reliable indicator of transport distance and
the degree of fluvial reworking, while simultane-
ously reflecting the complex evolution of the grains
and the contribution of multiple gold sources.

Morphological analysis of gold grains from
alluvial sediments indicates the presence of a wide
spectrum of forms — from angular and minimally
abraded to well-rounded and sub-spherical. These
forms reflect a variable transport history, ranging
from short to prolonged fluvial transport. The pre-
sence of angular grains with sharp edges points to a
proximal source and minimal mechanical abrasion,
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whereas rounded forms are indicative of longer
transport and intensive mechanical and chemical
modification. The combination of different morpho-
logical types within the same depositional context
suggests a mixed source and the potential for resed-
imentation.

The morphology of SEM-observed grains from
soil samples is predominantly irregular, perforated,
and locally flattened, with limited rounding in most
particles. Overall, the morphological characteristics
of the native gold grains indicate that the majority
of particles exhibit restricted rounding and irregular
shapes, typical of short to moderate transport dis-
tances. This suggests that the primary source of
mineralization is likely located relatively close to
the sampling site, whereas the smoother grains may
represent a previously transported and recycled pop-
ulation.

Based on the geological framework of the
study area, potential primary sources of native gold
include metamorphic rocks (phyllites, schists, gneis-
ses) as well as volcanic and subvolcanic intrusions
(quartz porphyries, diabases, andesites). These
rocks may host hydrothermal Au—Ag mineral-
izations, which, through erosion and transport into
fluvial sediments, become the source of placer gold.

Overall, the combination of morphology, chem-
ical composition, and geological sources provides a
clear understanding of the complex interactions
between primary mineralization, transport, and post-
depositional geochemical processes, confirming the
presence of multiple sources and varying transport
distances for native gold within the study area.
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Peszume

MOP®OJIOIIKU U XEMUCKHU KAPAKTEPUCTUKU HA CAMOPO/JHOTO 3JIATO
O HAHOCHMU CPEIMHN: UMIIVIMKALIMHU 3A TPAHCIIOPTOT
N BJIN3UHATA HA U3BOPOT

Buoaera Credanosa, 'opan Taces, Buosnera CrojanoBa

Dakyaitieili 30 UpUPogHU U iWexHuyky nayku, Yunugepsuiteiu ,, I oye Jeaves *, Hlimui, Cesepna Maxegonuja
violeta.stefanova@ugd.edu.mk

Knyuynn 360poBH: caMOpOIHO 371aTO; HAHOCHH HAcJard; CKeHHHpadKa eNeKTpoHcka MuKpockomuja (SEM); mopdonoruja
Ha 3pHa; Au—Ag cocTas; (IIyBHjalIeH TPAHCIIOPT; PACTOjaHHE O] IPUMAPHUOT U3BOP

Bo oBaa cryauja e u3BplieHa HHTErpupana Mopdoson-
Ka M XeMHCKa aHaJKM3a Ha CaMOPOJHO 3J1aTO OJ HAHOCHM Hac-
JIaT! €O 1IeJ1 1a e YTBPIM Bpckara rnomery ¢popmara Ha 3pHa-
Ta, HUBHHOT XEMHCKH COCTaB M OJAJIEUCHOCTA OJ] IPpUMap-
HHOT 3JIaTOHOCEH U3BOp. McTpaKyBameTo € CIpOBEICHO CO
IIpUMeHa Ha CKeHHpPadKa eJIeKTPOHCKa MUKpockonHja (SEM),
IIpU IITO Ce aHAIM3MPaHH MOpPQOJIOTHjaTa, IMOBPIIMHCKATa
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TEKCTypa ¥ MUKPOCTPYKTYPHHUTE KaPAaKTEPUCTUKH HA 37aTHH-
Te 3pHA, KAKO ¥ HUBHUOT XeMHUCKH cocTaB (Au, Ag u Fe).
Pesynrarure mokaxyBaaT 3HAUMTENHA BapHjaOHIIHOCT
BO conpkuHaTa Ha Au (88.73-99.53 wt.%) u Ag (0.47-9.19
wt.%), ’Kene30To € MHOTY MaJIKy 3aCTaleHo. JaceH € TPeHI0T
Ha 3roJIeMyBarbe Ha YUCTOTATA HA 371aTOTO CO HaMaJlyBambe Ha


https://eprints.ugd.edu.mk/16869/
https://eprints.ugd.edu.mk/16869/
https://eprints.ugd.edu.mk/16869/
https://eprints.ugd.edu.mk/20207/
https://eprints.ugd.edu.mk/20207/
https://eprints.ugd.edu.mk/20207/
https://eprints.ugd.edu.mk/20207/
https://eprints.ugd.edu.mk/22223/
https://eprints.ugd.edu.mk/22223/
https://eprints.ugd.edu.mk/22223/
https://doi.org/10.1080/00288306.1996.9514728
https://doi.org/10.2113/gsecongeo.94.5.615

48 V. Stefanova, G. Tasev, V. Stojanova

coapxuHaTa Ha cpedpo. Cropex Mopdoiorujara aHaau3H-
paHUTE 3JIaTHU arperaTy ce KapakTepu3upaaT co HEelpaBHIHA
U aroyiHa MopQoJIorHja, ITO yKaKyBa Ha OrpaHUYEH TpaHC-
HOPT U OJIM3MHA HA IPUMApPHUOT u3Bop. [IpucyTHH ce U 3pHa
KOM TOKa)KyBaaT CIUIECKAHH, JJaMeNIapHU U 3a001eHH popMH,
TUIMUYHU 32 JUCTANTHM JEJIOBH O] NPHUMapHaTa CpeIuHa.

JloOueHnTe pe3yTaTd TOTBpJIyBaaT JeKa IpHMeEHAaTa Ha
MopdoromkaTa aHanm3a OasupaHa Ha SEM u Ha XxeMmucka
aHaJM3a € 3HavajHa 3a OJJpe/IyBame Ha IOJDKMHATA HA TPaHC-
MOPTOT W 3a NpOILIEHAa Ha JIOKaldjaTa Ha MpUMapHHUTE 371a-
OHOCHHU U3BOPH.
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