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Ðåçþìå. Èçñëåäâàíåòî íà ðàçñèïíîòî çëàòî â áëèçîñò äî ðóäíèòå òåëà íà ðóäîïðîÿâëåíèå Áîðîâ äîë å ìîòèâèðàíî îò íåîáõîäèìîñòòà äà ñå óñòàíîâè âëèÿíèåòî íà åêçîãåííèòå ïðîöåñè âúðõó çëàòíèòå àãðåãàòè è
âúçìîæíîñòòà ðå÷íîòî çëàòî äà ñå èçïîëçâà çà ñðàâíåíèå ñúñ çëàòíè àãðåãàòè îò åòàëîííè íàõîäèùà çà öåëèòå
íà òúðñåùî-ïðîó÷âàòåëíèòå ðàáîòè. Çà ïîñòèãàíå íà òàçè öåë å èçñëåäâàíà ìîðôîëîãèÿòà, ìîðôîìåòðèÿòà è
õèìè÷åñêèòå îñîáåíîñòè íà çëàòîòî îò ïîòîêîâèòå ñåäèìåíòè. Óñòàíîâåíî å, ÷å çëàòíèòå àãðåãàòè ñà ïëàñòèíêîâèäíè, óäúëæåíè, ñëàáî óäúëæåíè è èçîìåòðè÷íè (îòíîøåíèå êúñà/äúëãà îñ îò 0,5 äî 0,9). Ðàçìåðèòå èì âàðèðàò îò 50 äî 735 µm. Òå ñà ñúñ çàïàçåíà ìîðôîëîãèÿ íà ïîâúðõíîñòòà, êàòî ñå íàáëþäàâàò ïîâúðõíîñòíè
ñêóëïòóðè îò âèäà: äåíäðèòîïîäîáíè, çîíè íà ðàñòåæ è íà ðàçòâàðÿíå, àâòîòàêñè÷íî íàðàñòâàíå. Ñúïúòñòâàùè çëàòíèòå àãðåãàòè â òåæêàòà ôðàêöèÿ íà ïîòîêîâèòå ñåäèìåíòè (ïî äèôðàêòîìåòðè÷íè äàííè) ñà ìàãíåòèò, õåìàòèò, ìàðêàçèò, öèðêîí, êâàðö, ïëàãèîêëàçè, áèîòèò, àìôèáîë è âàòåðèò.
Çëàòíèòå àãðåãàòè ñà èçãðàäåíè îñíîâíî îò Au è Ag. Êîíöåíòðàöèÿòà íà Ag âàðèðà îò 0,86% äî 48,91%,
ðàçïðåäåëÿéêè ñå â äâå ãðóïè: îò 0 äî 20% è îò 30 äî 50%, êàòî íå ñå óñòàíîâÿâàò ìèíåðàëíè àãðåãàòè ñúñ
ñúäúðæàíèå íà Ag â èíòåðâàëà ìåæäó 20 è 30%. Çëàòíèòå àãðåãàòè ñà ñúñòàâåíè îò õîìîãåííè çúðíà, ñúäúðæàùè ðàçëè÷íà êîíöåíòðàöèÿ Ag èëè îò íåõîìîãåííè çúðíà ñ ïîñòåïåííî ïðîìåíÿùî ñå ñúäúðæàíèå íà ñðåáðî.
Ðàçïðåäåëåíèåòî íà Ag â çëàòíèòå àãðåãàòè âîäè äî îáîñîáÿâàíåòî íà òðè ãðóïè. Ïúðâàòà îò òÿõ ñå õàðàêòåðèçèðà ñ âèñîêîïðîáíî ÿäðî è áîãàòà íà Ag ïåðèôåðèÿ. Òàçè ãðóïà å íàé-ìíîãîáðîéíà. Âòîðàòà ãðóïà àãðåãàòè
ñå õàðàêòåðèçèðàò ñ íåçíà÷èòåëíè èçìåíåíèÿ íà õèìè÷åñêèÿ ñúñòàâ â ÿäðîòî è ïåðèôåðèÿòà. Òðåòàòà ãðóïà å
íàé-ìàëîáðîéíà è ñå õàðàêòåðèçèðà ñ âèñîêîïðîáíà ïåðèôåðèÿ è áîãàòî íà Ag ÿäðî. Òåçè äàííè ïîêàçâàò, ÷å
çëàòîòî îò ïîòîêà Áîðîâ äîë å ñõîäíî ñ ïî-÷åñòî ñðåùàíèòå ñëó÷àè íà åíäîãåííî çëàòî â ìåäíèòå íàõîäèùà.
Cu e ïîñòîÿíåí ïðèìåñ ñ ìàëêè êîíöåíòðàöèè (îò 0,24 äî 1,56%), à Fe ñå ñðåùà ñïîðàäè÷íî (â 29% îò íàïðàâåíèòå 94 àíàëèçà) è å ñ íèñêè êîíöåíòðàöèè (îò 0 äî 0,26%). Ðàçïðåäåëåíèåòî íà êîíöåíòðàöèèòå íà Cu è Fe ïî
÷åñòîòà íà ñðåùàíå å îòíîñèòåëíî õîìîãåííî.
Ðàçïðåäåëåíèåòî íà ïðîáíîñòòà íà çëàòíèòå àãðåãàòè ïî ðàçðåçà íà ðå÷íîòî êîðèòî å çàêîíîìåðíî. Òî ñå
èçðàçÿâà â íàìàëÿâàíå íà ïðîáíîñòòà íà çëàòíèòå àãðåãàòè ñ îòäàëå÷àâàíåòî îò ðóäíîòî òÿëî. Óñòàíîâÿâà ñå
óâåëè÷àâàíå â êóìóëàòèâíàòà ÷àñò íà ïðîôèëà íà áèîòèòà è ïîÿâàòà íà àìôèáîë, à ãëèíåñòèòå ìèíåðàëè ñà â
ãîëÿìî êîëè÷åñòâî â öåíòðàëíàòà ÷àñò íà ïðîôèëà. Ïëàãèîêëàçèòå íàìàëÿâàò â äîëíàòà ÷àñò íà ïðîôèëà.
Íåóòðàëíî ñå îòíàñÿò êâàðöà è öèðêîíà.
Íà áàçàòà íà ñðàâíèòåëåí àíàëèç å óñòàíîâåíî ñõîäñòâî ìåæäó ãåîõèìè÷íèòå îñîáåíîñòè íà ðå÷íîòî çëàòî
îò Áîðîâ äîë è òåçè íà åíäîãåííîòî çëàòî îò ìåäíî-ïîðôèðíîòî íàõîäèùå Áó÷èì, ðàçïîëîæåíî íåäàëå÷ îò
èçñëåäâàíèÿ ðåãèîí. Îòáåëÿçàíà å è ðàçëèêà ñïðÿìî åíäîãåííîòî çëàòî â ìåäíî-ïîðôèðíèòå íàõîäèùà Åëàöèòå è Ìåäåò (Ïàíàãþðñêè ðàéîí, Ð. Áúëãàðèÿ). Òîâà äàâà îñíîâàíèå äà ñå ïîòâúðäè ïðåäïîëîæåíèåòî çà ìåäíîïîðôèðíèÿ ïðîìèøëåíî-ãåíåòè÷åí òèï íà ðóäîïðîÿâëåíèå Áîðîâ äîë.

Êëþ÷îâè äóìè: ðàçñèïíî çëàòî, ïîòîêîâè ñåäèìåíòè, ìèíåðàëíè àñîöèàöèè, çîíàëíî ðàçïðåäåëåíèå,
Áîðîâ äîë, Ð. Ìàêåäîíèÿ.
Abstract. The study on the placer gold in proximity to the ore bodies of the Borov Dol ore occurrence is motivated by
the necessity to establish the influence of the exogene processes on the gold grains and the possibility to use the fluvial
gold for comparison with gold grains from reference deposits for the purpose of exploration works. In order to achieve
this goal, the morphology, morphometry and chemical peculiarities of the gold from the stream sediments were investigated. It is established that the gold grains are plate-like, elongated, weakly elongated and isometric (the ratio long/wide
axes varies from 0.5 to 0.9). The sizes range between 50 µm and 735 µm. They have comparatively preserved primary
morphology, sculptures of several types: dendrites-like, growth zones, zones of solution and syntaxial growth. The following minerals are associated with the gold grains in the heavy fraction of the stream sediments (after XRD data): magnetite, hematite, marcasite, zircon, quartz, plagioclases, biotite, hornblende and vaterite.
The gold grains are composed mainly of Au and Ag. The concentration of Ag varies from 0.86 to 48.91 wt.% and is
divided in two groups: from 0 to 20 wt.% and from 30 to 50 wt.%, as no grains with contents of Ag are established in the
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interval between 20 and 30 wt.%. The gold grains consist of homogeneous grains containing various concentrations of Ag
or of heterogeneous grains with gradually changing Ag contents. The distribution of Ag in the gold grains predetermines
the existence of three groups. The first one is characterized by core with great fineness and rim enriched in Ag. This group
is most abundant. The second group of grains is distinguished by negligible variations in the chemical composition of the
core and the rim. The third group occurs rarely and is characterized by rim with great fineness and core enriched in Ag.
These data indicate that the gold from the Borov Dol stream is similar to the endogene gold in copper deposits.
Cu is regular admixture showing small concentrations (from 0.24 to 1.56 wt.%), while Fe occurs sporadically (in 29%
of the performed 94 analyses) demonstrating low concentrations (from 0 to 0.26 wt.%). The distribution of the Cu and Fe
concentrations in terms of frequency of finding is relatively homogeneous.
The distribution of the fineness of the gold grains along the section of the river bed is regular. It is expressed as decrease
of the gold fineness with moving away from the ore body.
Increase in biotite as well as appearance of hornblende are established in the cumulative part of the profile, whereas
the clay minerals are abundant in the central part of the profile. The plagioclases decrease in the lower part of the profile.
The behaviour of quartz and zircon remains neutral.
On the basis of comparative analysis, similarity is established between the geochemical features of the fluvial gold
from Borov Dol and those of the endogene gold from the copper-porphyric deposit Buchim located close to the study
area. A difference is established as well with respect to the endogene gold from the copper-porphyric deposits Elatsite
and Medet (Panagyurishte region, R. Bulgaria). This gives grounds to confirm the assumption for copper-porphyric
industrial-genetic type of the Borov Dol ore occurrence.

Key words: placer gold, stream sediments, mineral associations, zonality, Borov Dol, R. Macedonia.

Introduction
The Borov Dol ore occurrence is one of the most
perspective Cu-Au mineralizations in the Republic
of Macedonia. Investigation of the occurrence is of
present interest not only in terms of scientific results
but also in accordance with the extreme prices of
both major metals (Cu and Au), which makes the
opportunity of its exploitation realistic. This necessitates continuation of the research activities on the
gold mineralogy on the terrain surface which have
been previously started (Stefanova et al., 2004). The
geochemical peculiarities of stream sediments were
definite in the first part of the work (Kovachev et al.,
2007b). The main task of the present work is to enlarge and scrutinize the data on the mineralogy of
the heavy fraction (and gold in particular) from the
immediate vicinity of the outcrop of the ore body. By
solving this task, two basic purposes are pursued: 1) to
characterize the influence of the weathering processes
on the morphology and chemistry of the gold grains
and the associated minerals from the heavy fraction;
2) to gather mineralogical and geochemical information about the various gold and gold-bearing deposits in order to create criteria for their definition
for the needs of exploration.
The current work is in direct relation with the
preceding first part of the paper published in this
volume of the “Review of the Bulgarian Geological
Society”. The information concerning the detailed
geological structure of the ore occurrence can be
found there and data on the geological structure of
a broader vicinity of the ore mineralization can be
found in our previous paper (Stefanova et al., 2004).

Material and methods
The material necessary for this study was collected
in accordance with the methodology for sample collection from stream sediments, which was described
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in Part I. The sample locations of the heavy minerals
fraction correspond to the ones of the stream sediments (Fig. 1 in: Kovachev et al., 2007b). Thus correlation between the obtained geochemical and mineralogical results is ensured. The collected samples
were rinsed in the field by means of the classical technology for heavy minerals fraction sample collection until reaching the so called „black fraction”,
which was then separated in the laboratory to two
fractions: magnetic and non-magnetic. The obtained
material was subjected to investigation by means of
the following methods and devices:
– Magnetic and non-magnetic fractions were observed by means of optical stereomicroscope in order to separate the gold grains.
– The morphology of gold grains were morphometrically studied by applying Scanning Electron
Microscope JMS-5510-JEOL, as digital images were
obtained of the common view of the gold grains at
small magnifications, and of details of their surface
morphology at higher magnification. This enabled
to determine the grain morphometry and to characterize the fine details of their surface which is of great
importance for the determination of the transport
distance in the river bed. The accelerating voltage
varied from 10 kV to 20 kV. The morphometric examination of the length axes of the gold grains was
accomplished on the digital images, as the longest
and shortest axes of the grains were measured in one
plane. The image magnification was taken into consideration for the measurement. The obtained data
were processed by means of classical statistical analysis (basic statistical parameters).
– After the morphometrical and morphological
studies, from the same gold grains as well as from
samples of the primary ores were prepared polished
sections following the method described by Kovachev
et al. (1985). The optical observations of these sections were carried out using universal microscope
Amplival pol U supplied with camera for digital
photography GANZ ZC-Y11PH3. The chemical

composition of the gold grains was determined by
means of X-ray microprobe analyser TRACOR
NORTHERN TN-2000 with energy dispersive system as part of an electron microscope JEOL JSM 35
CF. The standards of the JEOL Company were used
as follows: Au, Ag, Cu, Fe – pure metals, As – arsenopyrite, Sb – antimonite, Hg – cinabarite, Te –
lead telluride. The conditions for the analysis were:
acceleration voltage 25 kV; probe current 2x10—9 A;
method of examination EDS; kind of analysis –
quantitative.
– The mineralogical composition of 5 samples
was characterized by X-ray powder diffraction
(XRD). The powder XRD patterns were recorded on
a TUR M62 diffractometer using Ni-filtered Co Ka
radiation in the 2q range 4—80° and continuous scan
at 2°min—1. The samples are heavy minerals fraction
which was obtained from stream sediments in order
to find gold grains. This suggests different degree of
separation of the light minerals from the various samples. For this reason it is correct to make relative quantitative classification only of the heavy minerals in
the different samples.

enumerated minerals were proved by means of optical observations and XRD determinations, and chemical data were given only for a small part of them.
During the recent investigations (Stefanova, 2005)
new quantitative diagnostic data were obtained for
most of the already described minerals, while bornite
and bravoite were proved for the first time. Detailed
description was made and data on the chemical composition were presented for chalcopyrite, polydymite, bravoite, bornite and native gold (Table 1).
The chalcopyrite is widespread mineral in the ore
occurrence and in chemical composition is too close
to stoichiometric composition. The Co-Ni mineralization is typical for the Borov Dol ore occurrence.
Polydymite is one of the representatives of this group
of minerals. It is characterized by considerable admixtures of Fe, Cu and Co. The concentrations of
the first two elements are similar to those described
in the literature (Criddle, Stanley, 1986), but Co shows
extreme concentrations (Table 1). The bravoite has
high content of Fe at the expense of the low concentration of Co. The possibility for isomorphic replacement of Co by Fe is taken into account by the theoretical chemical formula of the mineral which is
(Fe,Ni,Co)S2 (Criddle and Stanley, 1986). The bornite
is commonly non-stoichiometric with excess of Cu
and S as well as deficit of Fe.
The gold is found at the boundary between polydymite and chalcopyrite (Fig. 1) as small oval grain
with size of about 10 µm. Under the microscope it is
distinguished by its yellow colour from the polydymite, as the latter has relatively high reflection. The
small size of the grain makes difficult the chemical
analysis. For this reason in the analysis are recorded
Ni, Co and S (Table 1) which are characteristic for
the host mineral – polydymite. The recalculated
composition shows the presence of almost pure gold.

Mineralogy of the endogene ores
The studies on the mineralogy of the primary ores in
the Borov Dol are few (Tudjarov, 1993). They were
carried out mainly during drillhole exploration works
and were limited by the small amounts of extracted
core material. The following minerals have been established: pyrite, chalcopyrite, hematite, rutile, magnetite, covellite, pyrrhotine, chalcocite, sphalerite,
galena, tennantite, tetraedrite, bismuthinite, polydymite and others. The presence of native gold was only
mentioned without any additional data. Most of the

Table 1
Results of microprobe analyses of primary minerals from the Borov Dol ore occurrence (to 100 wt.%)
Òàáëèöà 1
Ðåçóëòàòè îò åëåêòðîííîñîíäîâ ìèêðîàíàëèç íà åíäîãåííè ìèíåðàëè îò ðóäîïðîÿâëåíèå Áîðîâ äîë (íîðìèðàíè êúì
100%)
Mineral
chalcopyrite

polydymite

bravoite

wt.%

Real crystallochemical formula

S

Fe

Cu

Ni

Co

Au

34.68

30.36

34.97

-

-

-

Cu1.00Fe1.00S2.00

34.74

30.53

34.73

-

-

-

Cu1.00Fe1.00S2.00

33.69

31.14

35.17

-

-

-

Cu1.00Fe1.00S2.00

41.49

2.08

0.95

51.31

4.18

-

(Ni2.67Co0.22Fe0.11Cu0.05)3.05S3.95

41.45

2.04

1.25

50.87

4.39

-

(Ni2.65Co0.23Fe0.11Cu0.06)3.05S3.95

41.67

2.06

1.12

50.93

4.25

-

(Ni2.65Co0.22Fe0.11Cu0.05)3.03S3.97

41.43

20.20

1.33

50.76

4.26

-

(Ni2.65Co0.22Fe0.12Cu0.06)3.05S3.95

51.87

24.62

-

23.51

-

-

(Ni0.49Fe0.54)1.03S1.97

51.32

25.69

-

22.99

-

-

(Ni0.47Fe0.57)1.04S1.95

bornite

26.55

6.31

67.13

-

-

-

Cu5.3Fe0.5S4.17

gold

12.03

0.73

1.01

2.33

0.11

83.79

-

-

0.85

1.18

-

-

97.97

(Au0.94Cu0.04Fe0.02)1.00

gold – recalculated
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Fig. 1. Gold grain (1) at the boundary between polydymite (2) and chalcopyrite (3)
Ôèã. 1. Çëàòíî çúðíî (1) âñðåä ïîëèäèìèò (2) â àñîöèàöèÿ ñ õàëêîïèðèò (3)

Meanwhile, it is worth to mention the absence of Ag
admixture. These features give grounds to assume that
the endogene gold is of high fineness.

Mineralogy of the river gold
Gold grains with different size and shape are found
in almost all sampling sites in the Borov Dol stream
down to its inflow into the Kriva Lakavitsa river (BD 4
– 7 samples, BD 5 – 18 samples, BD 6 – 1 sample,
BD 9 – 2 samples, BD 10 – 10 samples). The major
accumulations of larger gold grains are established
in the relatively flat sectors along the stream section
(point BD 5) and especially in the zone of inflow
into the main river of the hydrographic network in
the region – Kriva Lakavitsa river. At this place the
inclination is smallest for the whole profile of the
Borov Dol stream (Kovachev et al., 2007b – Fig. 4).
Such finds are available also in the Gabreshka Reka
and Cresna streams which run parallel to the Borov
Dol stream and occur southwest of it (Stefanova et
al., 2004).

Morphometry of the gold grains
The shape of the gold grains is isometric, to weakly
elongated or flat. The sizes vary from several microns
to more than 700 µm. According to the classifica80

tion of the gold particles by size (Spiridonov, Pletnev, 2002), they are defined as fine-grained. The 2D
measurements of the grain axes from several sampling points (Table 2) show that they range between
50 µm and 735 µm. The mean value of the long axis
is about 300 µm, and of the short axis – about 160
µm. Meanwhile, significant variations are recorded,
respectively for the long axis 220 µm and for the short
axis 130 µm. The ratio between both axes displays
variations from 1:1 to 1:2. The presence of sections
of the studied grains (Table I, enclosed sketches in
part of the photographs), obtained during the preparation of samples for X-ray microprobe analysis, give
the opportunity to obtain 3D images and to correct
determinations of the grain shape.
The morphometric data enable to define three
groups of gold grains (Table 2).
The first one represents platy grains with extremely
low ratio between the long and short axes – below 0.1
(Table 2, Plate I, 1). This group occurs on a minor
scale and is characterized by mechanical deformations such as folding of the rim sectors without forming dense grain. It can be seen in Plate I, 1 that it is
possible to reconstruct the initial form of the grain.
The reason for this shape of the grain is its primary
platy form and the relatively long distance transport.
This morphological type of grains occurs in the more
distant periphery of the occurrence, beyond the area
of the current study (Stefanova et al., 2004), where transport distance of more than 2 km could be expected.

Table 2
Morphometric characteristics of gold grains from the Borov Dol stream and the more distant streams Cresna and Gabreshka
reka (Stefanova et al., 2004)
Òàáëèöà 2
Ìîðôîìåòðè÷íè õàðàêòåðèñòèêè íà çëàòíè àãðåãàòè îò ïîòîêîâèòå ñåäèìåíòè íà Áîðîâ äîë è ïî-îòäàëå÷åíèòå
ïîòîöè Êðåñíà è Ãàáðåøêà ðåêà (Stefanova et al., 2004)
Groups
First group (platy grains)

First subgroup (elongated
grains)
Second
group
Second subgroup (poorly
elongated grains)
Third group (isometric grains)

Samples

Long axis [µm]

Short axis [µm]

Ratio short/long axes

Borov Dol–Kriva Lakavitsa
Gabreska reka, p. 2
BD 10-2

504
472
118

14
201
51

0.03
0.42
0.43

BD 10-1
BD 10
BD 5

450
112
147

218
55
72

0.48
0.49
0.49

BorovDol, p. 3
BD 10-3

513
257

283
147

0.55
0.57

Cresna, p. 1
BD 9
BD 10-4

736
110
165

468
71
148

0.64
0.65
0.90

326
216.68

157
132.28

0.51
0.21

Average
Standard deviation

The second group is represented by elongated
mineral grains with the ratio long/short axes between
0.4 and 0.7. This group can be divided in two subgroups: relatively strongly elongated – with ratio
between 0.4 and 0.5 (Plate I, 2, 3, 4 and 5), and poorly elongated – with ratio between 0.5 and 0.7 (Plate
I, 6 and 7). Folding of the protruding parts is established for these grains from the first subgroup with
the axes ratio being close to 0.4 (Plate I, 2 and 4).
They are typical for the distant periphery of the ore
body – Gabreshka reka (Stefanova et al., 2004) or
the lower course of the Borov Dol stream. Primary
platy shape and relatively long transport could be
expected for them. The rest grains from this group
are relatively dense (Plate I, 3, 5, 6 and 7) with well
preserved sculptures on their surface.
As isometric grains are considered those in which
the ratio between the axes is from 0.9 to 1 (Plate I, 8).
This shape is rarely observed.
It could be expected that the basic part of the
gold grains is accumulated in the classes from 0.4 to
0.7, and their shape could be defined as elongated
or poorly elongated.

Morphology of the surface
of the gold grains
The presence of preserved sectors with dendrites, fibres and plates is established during the examination
of the surface of the gold grains which originate from
areas that are situated far from the ore body (Stefanova et al., 2004). Also, mechanical deformations of the
peripheral sectors of the grains are observed.
Relatively well preserved sculptures on the surface are established during the study on the morphology of the surface of gold grains from the stream

Borov Dol: dendrite-like forms (Plate II, 1), striations
(Plate II, 2) and dissolution zones (Plate II, 4, 5). Oriented growths of gold cubic forms are observed in
cavities of gold from the lower flow of the stream
Borov Dol (BD-10) (Plate II, 4, 5). They are well preserved which means that the mechanical deformations resulting from the water transport on the gold
grains are small.
Summarizing the data from the characteristic
sculpture forms on the gold grains it could be concluded that they have been affected by poor mechanical deformations, and there are gold grains with relatively preserved morphology on the primary surface.
This means that the water transport in mountainous
terrain along the course of small streams at distance
of up to 2 km does not exert significant influence on
the shape of the gold grains.

Geochemistry of the gold grains
During the current study were analyzed 13 gold grains
from the stream Borov Dol, and 63 spot analyses were
performed in various zones of the grains. For the interpretation are also used chemical data on gold from
the more distant surroundings of the Borov Dol ore
body (the rivers: Cresna, Gabreshka reka and Kriva
Lakavitsa), published by Stefanova et al. (2004). The
total number of the interpreted analyses reaches up
to 94. This is a good basis to arrive at correct conclusions using the statistical approach.
Typical for the gold grains are the elements Au,
Ag, Cu and Fe. The first two of them are major, the
copper occurs constantly in small amounts, and the
iron is recorded only sporadically (Table 3).
The major components Ag and Au are distributed regularly in the gold grains. The silver varies from
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0.86 to 48.91 wt.%. The frequency distribution of Ag
in wt.% is shown in Figure 2à. Two groups by Ag
content are differentiated in the gold. The first is
bigger and is localized in the interval from detection
limit up to 20 wt.%. According to the classification
of the minerals in the Au-Ag system, this group characterizes the mineral variety gold. The second group
is localized in the interval 30—50 wt.% Ag and characterizes the mineral variety electrum (Spiridonov,
Pletnev, 2002). No gold grains are established in the
interval with Ag content of 20-30 wt.% (Fig. 2à). A
negative linear correlation dependence exists between
Au and Ag (correlation coefficient – 1.00), which is
typical for the minerals from the Au-Ag system and
is related with the continuous isomorphic substitution between both components.
The silver is heterogeneously distributed in the gold
grains (Fig. 3). Discrete mineral grains are established
with greater content of Ag and sharp boundaries with
other part of the grain (the dark grain in the central
part of the BSE micrograph in Fig. 3). This grain
has composition of electrum. In the right part of the
same photograph is observed another grain with gradual decrease of Ag content from the core to the rim.
The phase boundary here is transitional. All these
data give evidence that the content of Ag in the in
the gold grains is variable with non-uniform distri-

bution in discrete grains including cases of gradual
change of the Ag content from core to periphery of
grains.
Copper is common element in the gold grains from
Borov Dol ore occurrence. Its content varies from
0.24 to 1.56 wt.% (Table 3) as the most frequent values are in the interval 0.4—0.6 wt.% (Fig. 2b). The
concentration shows distribution close to the lognormal ones. Still lower is the iron content varying from
below detection limit (<0.05 wt.%) up to 0.26 wt.%
(Table 3). In 71% of the performed analyses no iron
is detected in the range of the detection limits of the
method (Fig. 2c).
The low contents of both elements (Cu and Fe)
do not allow drawing correct conclusions on their
spatial distribution in the gold grains. Some information in this respect is given by the cluster analysis.
Between Cu and Fe, on the one hand, and Au and
Ag, on the other hand, no significant correlation
dependence is recorded. The correlation coefficients
are as follows: Cu-Au = 0.25, Cu-Ag = —0.26 and
Cu-Fe = —0.09. This fact shows that the copper and
iron have stochastic distribution in the gold grains.
The absence of correlation between the two elements
leads to the conclusion that the presence of fine inclusions of chalcopyrite (idea of Spiridonov, Pletnev, 2002) is not confirmed in our case.

®

PLATE I
General view of gold grains originating from different streams in proximity to the Borov Dol ore occurrence. Insertions in some
micrographs represent schematic contours of the sections of the respective gold grains obtained during the preparation of
polished sections for microprobe analysis.
1. Platy grain mechanically deformed by the stream Borov Dol – Kriva Lakavitsa. SEM image (Stefanova et al., 2004).
2. Gold grain from the periphery of the ore occurrence Borov Dol (Gabreshka reka) with visible deformations of its endings.
SEM image (Stefanova et al., 2004).
3. Elongated gold grain from the lower flow of the stream Borov Dol (point BD-10). SEM image.
4. Elongated gold grain from the lower flow of the stream Borov Dol (point BD-10) with complex morphology of the surface.
SEM image.
5. Elongated gold grain from the lower flow of the stream Borov Dol (point BD-10) with striation zones on the surface. SEM
image.
6. Poorly elongated gold grain from the lower flow of the stream Borov Dol (point BD-10) with preserved rims. SEM image.
7. Slightly elongated gold grain from the middle flow of the stream Borov Dol (point BD-9) with relatively smooth surface. SEM
image.
8. Isometric gold grain from the lower flow of the stream Borov Dol (point BD-10). SEM image.
ÒÀÁËÈÖÀ I
Îáù âèä íà çëàòíè àãðåãàòè îò ðàçëè÷íè ïîòîöè â îêîëíîñòèòå ðóäíî òÿëî Áîðîâ äîë
1. Ïëàñòèíêîâèäåí àãðåãàò, ìåõàíè÷íî äåôîðìèðàí îò ïîòîêà Áîðîâ äîë – Êðèâà Ëàêàâèöà. SEM (Stefanova et al.,
2004).
2. Çëàòåí àãðåãàò îò ïåðèôåðèÿòà íà îðóäÿâàíåòî Áîðîâ äîë (Ãàáðåøêà ðåêà), ñ âèäèìà äåôîðìàöèÿ íà êðàèùàòà
ìó. SEM (Stefanova et al., 2004).
3. Óäúëæåí çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (òî÷êà BD-10). SEM.
4. Óäúëæåí çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (òî÷êà BD-10) ñúñ ñëîæíà ìîðôîëîãèÿ íà
ïîâúðõíîñòòà. SEM.
5. Óäúëæåí çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (òî÷êà BD-10) ñúñ çîíè íà íàáðàçäÿâàíå ïî
ïîâúðõíîñòòà. SEM.
6. Ñëàáî óäúëæåí çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (òî÷êà BD-10) ñúñ çàïàçåíè ðúáîâå. SEM.
7. Ñëàáî óäúëæåí çëàòåí àãðåãàò îò ñðåäíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (òî÷êà BD-9) ñ îòíîñèòåëíî ãëàäêà
ïîâúðõíîñò. SEM.
8. Èçîìåòðè÷åí çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (òî÷êà BD-10) ñúñ ñêóëïòóðèðàíå íà
ïîâúðõíîñòòà. SEM.
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Fig. 2. Distribution of the Ag (a), Cu (b) and Fe (c) concentrations in the gold grains by frequency of occurrence
Ôèã. 2. Ðàçïðåäåëåíèå íà êîíöåíòðàöèèòå íà Ag (a), Cu (b) è Fe (c) â çëàòíèòå àãðåãàòè ïî ÷åñòîòà íà ñðåùàíå
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PLATE II
Sculptures on the surface of gold grains originating from the stream Borov Dol
1. Dendrite-like forms on gold grain from the lower flow of the stream Borov Dol (point BD-10). SEM image.
2. Striation zones on the surface of gold grain from the middle flow of the stream Borov Dol (point BD-5). SEM image.
3. “Shagreen skin” of gold platy fragment on the surface of gold grain from the lower flow of the stream Borov Dol (point BD10). SEM image.
4. Striations and dissolution on the surface of gold grain from the lower flow of the stream Borov Dol (point BD-10). SEM image.
5. Dissolution zones at higher magnification. Surface of gold grain from the lower flow of the stream Borov Dol (point BD-10).
SEM image.
6. General view of the cavity in the relief of gold grain with cubic crystals of gold and growth zones above this form. Lower flow
of the stream Borov Dol (point BD-10). SEM image.
7. Detail of micrograph 6: Oriented cubic gold forms on the surface of gold grain. Lower flow of the stream Borov Dol (point
BD-10). SEM image.
8. Detail of micrograph 6: Gold forms sized below 1 µm on the surface of gold grain. SEM image.
ÒÀÁËÈÖÀ II
Ñêóëïòóðè âúðõó ïîâúðõíîñòòà íà çëàòíè àãðåãàòè îò ïîòîêà Áîðîâ äîë
1. Äåíäðèòîâèäíè îáðàçóâàíèÿ âúðõó çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (BD-10). SEM.
2. Çîíè ñ íàðåáðÿâàíå íà ïîâúðõíîñòòà íà çëàòåí àãðåãàò îò ñðåäíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë (BD-5). SEM.
3. Øåãðåíîâà ïîâúðõíîñò íà òúíêà çëàòíà ïëàñòèíêà íà ïîâúðõíîñòòà íà çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà
ïîòîêà Áîðîâ äîë (BD-10). SEM.
4. Çîíè íà íàðåáðÿâàíå è ðàçòâàðÿíå íà ïîâúðõíîñòòà íà çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ äîë
(BD-10). SEM.
5. Çîíè íà ðàçòâàðÿíå ïðè ïî-ãîëÿìî óâåëè÷åíèå. Ïîâúðõíîñò íà çëàòåí àãðåãàò îò äîëíîòî òå÷åíèå íà ïîòîêà Áîðîâ
äîë (BD-10). SEM.
6. Îáù âèä íà íåãàòèâíà ôîðìà â ðåëåôà íà çëàòåí àãðåãàò ñ êóáè÷íè ôîðìè îò çëàòî è çîíè íà ðàñòåæ íàä òàçè
ôîðìà. Äîëíî òå÷åíèå íà ïîòîêà Áîðîâ äîë (BD-10). SEM.
7. Äåòàéë îò ôèãóðà 6: Îðèåíòèðàíî íàðàñòâàíå íà êóáè÷íè çëàòíè êðèñòàëè âúðõó ïîâúðõíîñò íà çëàòåí àãðåãàò.
Äîëíî òå÷åíèå íà ïîòîêà Áîðîâ äîë (BD-10). SEM.
8. Äåòàéë îò ôèãóðà 6: Çëàòíè êðèñòàëè ñ ðàçìåð ïîä 1 µm âúðõó ïîâúðõíîñò íà çëàòåí àãðåãàò. SEM.
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1

Location of analysis

95.50
94.31
95.40
90.96
87.31
83.45
89.49
90.44
89.79
98.19
97.79
98.47
90.87
86.02
94.85
95.69
96.04
93.09
91.27
95.10
93.70
93.24
92.30

2
3
1
2

3
1 (core)
2 (periphery)
3 (periphery)
1 (core)
2 (periphery)
3 (periphery)
1
2
1
5
7
2
3
4
6
8
9

Au
93.81
90.02
90.98
93.60
91.24
92.40
89.61
89.94
89.46
89.32
91.51

1 (core)
2 (periphery)
3 (periphery)
1 (core)
2 (core)
3 (periphery)
4 (periphery
1 (core)
2 (core)
3 (periphery)
4 (periphery)
1

Analysis

4.57
3.57
2.94
5,95
7.98
3.77
5.71
5.67
6.81

12.60

8.51

15.77
9.29
8.37
9.51
1.09
1.07
0.82

12.66

4.40
3.56
8.92

Ag
5.21
8.97
8.68
5.91
7.98
7.06
9.86
8.81
9.64
10.19
7.78
4.26

0.13
0.15
0.15
-

-

-

0.26
0.23
0.17
-

-

0.08
-

Elements
Fe
0.08
0.10
0.08

0.36
0.39
0.59
0,38
0.61
0.24
0.35
0.47
0.54

0.60

0.61

0.34
0.48
0.68
0.49
0.58
0.36
0.44

0.39

0.42
0.46
0.55

Cu
0.44
0.50
0.45
0.44
0.60
0.46
0.41
0.34
0.36
0.61
0.57
0.53

99.91
99.65
99.57
99.40
99.35
99.10
99.75
99.52
99.65

99.22

99.98

99.82
99.26
99.72
99.79
100.00
99.22
99.73

100.30

99.21
99.42
100.40

?
99.46
99.49
100.20
99.94
99.82
99.91
99.88
99.18
99.49
100.10
99.86
100.40

949
960
965
937
919
960
939
937
926

867

909

836
902
907
900
982
986
987

870

951
960
906

943
905
908
937
914
925
897
907
899
892
916
951

1

Fineness

The underlined and bolded values of fineness are maximal and minimal for the respective sampling point

Borov Dol
BD 10-1

Borov Dol
BD 9

Borov Dol
BD 6

Borov Dol
BD 5-5

Borov Dol
BD 5-4

Borov Dol
BD 5-3

Borov Dol
BD 5-2

Borov Dol
BD 5-1

Borov Dol
BD 4

Samples

Òàáëèöà 3
Ðåçóëòàòè îò åëåêòðîííîñîíäîâè ìèêðîàíàëèçè íà ðå÷íî çëàòî îò ðóäîïðîÿâëåíèå Áîðîâ äîë

Table 3
Results from microprobe analyses of river gold from the Borov Dol ore occurrence

936

958

867

909

986

982

903

902

853

906

955

951

904

903

911

925

906

Average fineness
core/rim
943

943

888

985

903

(Au0.77Ag0.21Cu0.02)1.00

871

(Au0.91Ag0.08Cu0.01)1.00
(Au0.93Ag0.06Cu0.01)1.00
(Au0.93Ag0.05Cu0.02)1.00
(Au0.90Ag0.09Cu0.01)1.00
(Au0.85Ag0.13Cu0.02)1.00
(Au0.92Ag0.07Cu0.01)1.00
(Au0.90Ag0.09Cu0.01)1.00
(Au0.90Ag0.09Cu0.01)1.00
(Au0.87Ag0.11Cu0.02)1.00

(Au0.77Ag0.21Cu0.02)1.00

(Au0.84Ag0.14Cu0.02)1.00

(Au0.71Ag0.26Cu0.02Fe0.01)1.00
(Au0.82Ag0.16Cu0.02)1.00
(Au0.81Ag0.16Cu0.02Fe0.01)1.00
(Au0.81Ag0.17Cu0.02)1.00
(Au0.96Ag0.02Cu0.02)1.00
(Au0.96Ag0.02Cu0.02)1.00
(Au0.97Ag0.02Cu0.01)1.00

(Au0.91Ag0.08Cu0.02)1.00
(Au0.92Ag0.06Cu0.02)1.00
(Au0.84Ag0.14Cu0.02)1.00

(Au0.89Ag0.09Cu0.02)1.00
(Au0.84Ag0.14Cu0.02)1.00
(Au0.83Ag0.15Cu0.02)1.00
(Au0.89Ag0.09Cu0.02)1.00
(Au0.85Ag0.13Cu0.02)1.00
(Au0.82Ag0.16Cu0.02)1.00
(Au0.83Ag0.15Cu0.02)1.00
(Au0.84Ag0.14Cu0.02)1.00
(Au0.82Ag0.16Cu0.02)1.00
(Au0.82Ag0.16Cu0.02)1.00
(Au0.85Ag0.13Cu0.02)1.00
(Au0.90Ag0.08Cu0.02)1.00

Crystallochemical formula

954

904

918

919

Average fineness
for grains
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2

Location of analysis
1
5
6
2
3
4
7
8
1
4
2
3
1
2
3
4
5
6
7
8
9
10
11
12
13
1
2
3

Analysis
Au
93.54
90.71
93.13
89.31
88.39
87.71
90.65
92.26
93.37
92.40
89.39
92.27
90.13
84.75
88.76
50.70
56.56
51.19
51.83
56.86
64.01
66.18
58.44
57.21
89.03
93.97
94.12
94.23

Ag
5.62
8.81
6.05
9.82
10.05
11.65
8.97
6.54
5.94
6.98
9.61
7.04
9.45
14.48
10.72
48.91
42.69
48.48
47.40
42.07
35.37
33.36
41.03
42.51
9.94
4.49
5.36
4.69

Elements
Fe
0.09
0.09
0.08
0.18
0.15
0.21
0.14
0.16
Cu
0.39
0.47
0.50
0.59
1.56
0.31
0.29
0.53
0.34
0.42
0.61
0.65
0.42
0.45
0.46
0.38
0.39
0.27
0.40
0.34
0.47
0.44
0.27
0.36
0.48
0.52
0.51
0.44

∑
99.63
99.98
99.67
99.72
99.58
99.75
99.98
99.32
99.82
99.95
99.81
100.10
100.10
99.68
99.94
99.99
99.64
99.94
99.63
99.27
99.85
99.98
99.74
100.10
99.45
98.98
99.99
99.36

The underlined and bolded values of fineness are maximal and minimal for the respective sampling point

Borov Dol
BD 10-5

Borov Dol
BD 10-4

Borov Dol
BD 10-3

Borov Dol
BD 10-2

Samples

Òàáëèöà 3 (ïðîäúëæåíèå)
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Table 3 (continued)
Results from microprobe analyses of river gold from the Borov Dol ore occurrence

939
907
934
896
888
879
907
929
935
924
896
922
900
850
888
5072
568
512
520
573
641
662
586
572
895
949
941
948

Fineness

945

895
949

648

909

930

900

927

Average fineness
core/rim

946

667

919

910

Average fineness
for grains

(Au0.89Ag0.09Cu0.02)1.00
(Au0.85Ag0.14Cu0.01)1.00
(Au0.87Ag0.12Cu0.01)1.00
(Au0.82Ag0.16Cu0.02)1.00
(Au0.79Ag0.16Cu0.05)1.00
(Au0.79Ag0.20Cu0.01)1.00
(Au0.85Ag0.14Cu0.01)1.00
(Au0.87Ag0.11Cu0.02)1.00
(Au0.88Ag0.11Cu0.01)1.00
(Au0.86Ag0.12Cu0.02)1.00
(Au0.81Ag0.16Cu0.02Fe0.01)1.00
(Au0.85Ag0.13Cu0.02)1.00
(Au0.82Ag0.16Cu0.02)1.00
(Au0.75Ag0.23Cu0.02)1.00
(Au0.80Ag0.18Cu0.02)1.00
(Au0.36Ag0.63Cu0.02)1.00
(Au0.41Ag0.57Cu0.02)1.00
(Au0.36Ag0.63Cu0.01)1.00
(Au0.37Ag0.62Cu0.01)1.00
(Au0.42Ag0.57Cu0.01)1.00
(Au0.48Ag0.50Cu0.02)1.00
(Au0.51Ag0.47Cu0.02)1.00
(Au0.44Ag0.55Cu0.01)1.00
(Au0.42Ag0.57Cu0.01)1.00
(Au0.80Ag0.18Cu0.02)1.00
(Au0.91Ag0.08Cu0.01)1.00
(Au0.89Ag0.09Cu0.02)1.00
(Au0.91Ag0.07Cu0.02)1.00

Crystallochemical formula

Fig. 3. Gold grain (BD 10-4, Table 1) composed of several grains with various contents
of Ag. BSE image.
Ôèã. 3. Çëàòåí àãðåãàò (BD 10-4, Òàáë. 1) ñúñòàâåí îò íÿêîëêî çúðíà ñ ðàçëè÷íî
ñúäúðæàíèå íà Ag. BSE image.

Three groups of grains are distinguished on the
basis of the study on the chemical composition of
the gold grains and the sub-grains. The first group is
characterized by core with great fineness and rim
enriched in Ag. This group is the biggest and comprises the samples BD 4, BD 5-1, BD 5-4, BD 9, BD
10-1, BD 10-2 (twin), BD 10-3 (Table 3) and Gabreshka reka 1 (Stefanova et al., 2004). The second group
of grains is characterized by negligible changes in
the chemical composition of the core and rim (BD
5-2, BD 5-3, BD 5-5, BD 6, BD 10-5 (Table 2), Cresna and Gabreshka reka 2 (Table 3). The third group
is the smallest (BD 10-4) and is characterized by rim
with great fineness and core enriched in Ag. These
data indicate that the gold from the stream Borov
Dol is similar to the common occurrence of endogene gold in copper deposits which has core with
great fineness (Kovachev et al., 1988; Strashimirov,
Kovachev, 1994; Dragov et al., 1996; Bonev et al.,
2002; Kehaiov, Bogdanov, 2005).

Regularities in the spatial distribution
of the gold grains
The gold grains occur above all in the Borov Dol ore
body itself. This is confirmed mainly by the above
described endogene gold in the ores of that body.
Moreover, the presence of disseminated gold mineralization around the ore body (in the range of the
hydrothermally-altered host rocks) should be mentioned. The evidence for this is the occurrence of
gold in the streams Purov Dol—Gabreshka reka and
Cresna, located southeast of the ore body (Stefanova
86

et al., 2004). They are supplied by the periphery of
the Neogene volcanites and it could be assumed that
the available gold in them is related exactly with this
periphery.
In the close proximity of the ore body, along the
stream of Borov Dol and its continuation Penliv Dol,
greater accumulation of gold is established in the
places of lower inclination of the river bed (Fig. 4,
BD 4 è BD 5 and BD 10). This is expected as far as
the stream velocity decreases in these places.
The distribution by size of the long and short axes
as well as their ratio (Table 2) is rather random. It is
worth to mention the bigger size of the gold grains
from the place of inflow of Borov Dol into the Kriva
Lakavitsa river (BD 10). The mean sizes of the long
and short axes (measured by 5 grains from this point)
are respectively 220 µm and 124 µm.
The distribution of the fineness of the gold grains
along the longitudinal section of the river bed is regular. It is expressed as decrease of the average fineness with moving away from the ore body (Fig. 4).
The variation of the fineness values for the respective
sampling point showed the same tendency (Table 3).
The established exception from this trend (BD 6) most
probably is due to the small number of analyses in
one grain, and hence, the obtained results might be
incorrect from statistical point of view. The explanation of this peculiarity could be related with the zonal distribution of the copper (in the central part) and
polymetallic mineralization (in the periphery) in the
copper deposits of different types. Regularity is established for almost all deposits within the range of
the Srednogorie zone, according to which the central part of the deposits is occupied by copper min-

Fig. 4. Distribution of gold grains in the river bed of the stream Borov Dol as frequency of
occurrence and by average fineness
Ôèã. 4. Ðàçïðåäåëåíèå íà çëàòíè àãðåãàòè â êîðèòîòî íà ïîòîêà Áîðîâ äîë ïî ÷åñòîòà íà
ñðåùàíå è ïî ïðîáíîñò

eralization, and polymetallic mineralization occupies the periphery. Also a relation is established between the gold with great fineness and the copper
mineralization, as well as between the gold with low
fineness with the polymetallic mineralization (Kovachev et al., 2007a; Bonev et al., 2002) in some of
the deposits. Considering this zonal pattern and the
relatively low mobility of the gold grains in the river
beds, one could expect distribution of the gold with
low fineness in the periphery of the deposits and the
ore occurrences. The data obtained from the study
on the Borov Dol ore occurrence confirm such distribution.

Mineralogy of the heavy fraction
The gold grains are constituents of the heavy fraction
of the stream sediments, and therefore, it is necessary
to briefly characterize it. The following minerals were
established by means of powder X-ray diffractometry: magnetite, hematite, marcasite, zircon, and hornblende. In smaller amounts are present the light minerals quartz, plagioclase, biotite and vaterite (Fig. 5).
The comparative assessment of the amount of heavy
minerals shows that the amount of magnetite increases
along the course of the stream Borov Dol. The high-

est are the reflections of this mineral in samples BD
9 and BD 10 (Fig. 5), collected from the lower course
of the stream. The reverse trend is typical for the hematite (although not so much pronounced). The
marcasite is mineral which is formed in both endogene and exogene conditions. It is not established in
the primary ores of the occurrence. These peculiarities are the reason to assume that the marcasite from
the Borov Dol stream has exogene origin and it resulted from the destruction of the primary Fe and
Cu sulphides. The tendency for the marcasite distribution shows decrease with moving away from the
ore body. This could be explained with the low stability of marcasite in the acid milieu of the surface
for a long time, which causes its further alteration
into iron oxides and hydroxides. The hornblende
appears in the lower part of the profile, and the zircon shows neutral behaviour.
The light minerals do not demonstrate definite
trend of distribution along the course of the stream.
This is mainly due to the fact that after rinsing of
the samples they were removed to a different extent.
Their presence is expected considering the mineral
composition of the host rocks and their behaviour
during the placer formation. Interesting is the presence of vaterite – polymorphic modification of
CaCO3 which probably resulted from an initial stage
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Fig. 5. X-ray powder diffraction patterns of the heavy fraction of samples from the stream Borov Dol
The distribution of the samples is the same as in Fig. 1 (Kovachev et al., 2007b) and Fig. 2 of the current paper.
Ôèã. 5. Äèôðàêòîìåòðè÷íè ñïåêòðè íà òåæêàòà ôðàêöèÿ íà ïðîáè îò ïîòîêà Áîðîâ äîë
Ðàçïðåäåëåíèåòî íà ïðîáèòå å ñúãëàñíî Ôèã. 1 (Kovachev et al., 2007b) è Ôèã. 2 íà íàñòîÿùàòà ñòàòèÿ.
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of calcite formation under exogene conditions (Kostov, 1994). An increase of biotite is established in the
cumulative part of the profile, and the clay minerals
are abundant in its central part. The plagioclases
decrease in the lower part of the profile. The quartz
behaviour is neutral.

Discussion
The major process exerting influence on the surface
exposures of the rocks and the ore body of the copper-porphyric occurrence Borov Dol is the weathering process in its two manifestations: physical and
chemical weathering. The former is the process that
occurs everywhere and affects all minerals. The direct result is the formation of the stream sediments.
The chemical weathering influences in various ways
the minerals. Stable minerals in the heavy mineral
fraction are magnetite, hematite, zircon and quartz.
The chemical weathering has differently affected also
the hornblende, feldspars, biotite, carbonates and
sulphides of iron and copper, lead and zinc. All these
minerals characterize the milieu in which gold (being the main object of this study) occurs in the stream
sediments.
The following correlation could be made between
the mineralogical features of the heavy fraction and
the available gold grains, on one hand, and the

geochemical features of the stream sediments, described in the first part of the current paper (Kovachev et al., 2007b), on the other hand:
– The mineralogical data confirm the accumulation of gold grains in the lower course of the stream
Borov Dol, in proximity to the inflow into the Kriva
Lakavitsa river, where the association Ni-Au-Cr-Nb
is typical (see Kovachev et al., 2007b).
– The geochemical study (Kovachev et al., 2007b)
shows, that the Au and Ag are not included in the
same element association, and according to the mineralogical study, their correlation (although being
negative) is very strong. This fact could be explained
with the presence of other silver-bearing minerals in
the stream sediments.
– The mineralogical data concerning the light
minerals in the heavy fraction confirm the mentioned
element associations. Such is, for example, the suggestion that the clusters from I to IV are due to the
presence of the mineral association hornblende-zircon-feldspars-biotite-apatite (Kovachev et al., 2007b –
Table 2), which is proved by the XRD analysis. Similar conclusion could be made on the basis of cluster
VII ((Fe-S)-Re), considering that the stream sediments
contain the sulphides – pyrite, pyrrhotite and marcasite. The mineralogical study has shown that the
major carrier of this element association is marcasite.
The mineralogical and geochemical data complement each other thus giving opportunity to draw more
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Fig. 6. Histogram of the distribution of Ag by frequency of occurrence in gold grains from
copper-porphyric deposits and occurrences: Borov Dol (stream sediments), Buchim (endogene
gold) and copper-porphyric deposits in Bulgaria (endogene gold from Elatsite and Medet)
Ôèã. 6. Õèñòîãðàìà íà ðàçïðåäåëåíèåòî íà Ag ïî ÷åñòîòà íà ñðåùàíå â çëàòíè àãðåãàòè
îò ìåäíî-ïîðôèðíè íàõîäèùà è ðóäîïðîÿâëåíèÿ: Áîðîâ äîë (ïîòîêîâè ñåäèìåíòè),
Áó÷èì (åíäîãåííî çëàòî) è ñúâêóïíîñò îò äàííè îò ìåäíî-ïîðôèðíè íàõîäèùà â Áúëãàðèÿ (Åëàöèòå è Ìåäåò)
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detailed and complex conclusions on the typical features and spatial characteristics of the minerals in
the stream sediments. The available data on the morphology and dimensions of the gold grains, their
chemical features and spatial distribution give
grounds to assume that in the studied range of about
2 km from the ore body these grains have preserved
their basic characteristics and are sufficiently representative to characterize the features of the gold as
endogene mineral. The obtained data on the gold from
the stream sediments of Borov Dol could be compared with characteristics of the gold from other copper deposits, by searching for similarities or differences in the size, morphology and chemistry. In order
to make precise comparison it is necessary to apply
the statistical approach, which requires accumulation of adequate number of determinations of the
characteristic physical and chemical parameters.
An example of such comparison is shown in Figure 6. There it can be seen that the histograms of
silver in the gold grains from the ore occurrence Borov
Dol and Buchim deposit are similar. Meanwhile an
obvious difference is established between the characteristics for these two deposits with respect to the
Elatsite and Medet deposits. For the interpretation
of these peculiarities it should be considered that
the ore mineralizations in Buchim and Borov Dol
are localized in volcanites, while the one in Medet
and Elatsite are related with exposed intrusive bodies. This results in differences in the geochemistry
and mineralogy between both types of copper-porphyric deposits (Kovachev et al., 2007a), including
the gold chemistry. The Asarel deposit from the Panagyurishte ore region shows similarities with Buchim
and Borov Dol in terms of common geological features, but no correlative study has been carried out
so far because of the lack of data on the chemistry of
gold from the ores and the stream sediments. The
geochemical similarity between the gold from Buchim
and Borov Dol confirms the suggestion of Òudjarov
(1993) for copper-porphyric nature of the mineralization in the Borov Dol ore occurrence.

Conclusions
The accomplished investigations and obtained results on the morphology, morphometry and chemistry of the gold from the stream sediments in the Borov
Dol ore occurrence give grounds to draw the following conclusions:

– Gold grains occur in almost all sampling points
along the 2 km course of the Borov Dol stream. They
are accumulated in the relatively more flat sectors of
the river bed. This is also typical for the minerals
comprising the heavy fraction of the stream sediments.
– The morphology of the gold grains is relatively
preserved including primary sculptures on the surface such as dendrites, growth zones and epitaxial
overgrowth forms. The mechanical deformations due
to the transport along the stream are poorly pronounced and affected mainly the thin rim of the
grains. The rarely distributed dissolution-like processes show the chemical alteration of the gold grains.
– The gold is presented by its varieties - gold of
high fineness and electrum, as the former is predominating. Cu is common admixture in the mineral
grains with low content, and Fe occurs only sporadically. The distribution of Ag in the gold grains is
characteristic for the endogene gold as no geochemical signs of chemical weathering are established. The
gold grains in the stream sediments are accompanied by typical for the heavy fraction minerals such
as magnetite, hematite, marcasite, zircon, plagioclases,
biotite, etc.
– A zonal distribution of the gold grains along
the stream profile is established being expressed as
gradual decrease of the gold fineness with growing
distance from the ore body.
– The absence of significant alteration of the gold
grains from the Borov Dol ore occurrence allows
comparing the geochemical features of the gold with
other copper-porphyric deposits, whereupon similarity is established with the endogene gold from the
Buchim deposit as well as differences with the gold
from the Medet and Elatsite deposits (Panagyurishte
ore region, R. Bulgaria). The result from the comparative analysis is expected in the light of the other
typical geological and mineralogical features of the
mentioned deposits, and also confirms the earlier
suggestion for copper-porphyric type of the Borov
Dol ore occurrence. This shows that the results from
the study on the gold from the stream sediments might
be used as element for the correlation analysis with
prospecting and exploration purposes.
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