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THE SECONDARY QUARTZITES HOSTING GOLD MINERALIZATION
IN THE CRN VRV - PLAVICA VOLCANIC AREA

Todor Serafimovski' and Stevo Raki¢?

'Faculty of Mining and Geology. Stip, Republic of Macedonia
Silex Company, Kratovo, Republic of Macedonia

A bstract: The paper presents the latest results of the chemical examination and geochemical investigations
carried out on the secondary quartzites in the Crn Vrv — Plavica area. The area under cinsideration consists of vol-
canic areas (volcanic calderas) in whose central parts secondary quartzites of variable gold concentrations were de-
termined. The surface manifestations of the secondary quartzites occur as small lenses and nests, grading into wedge-
like shapes to depth. Chemical examinations showed that they contain high SiO, (96.34 — 98.78%) contents. Geo-
chemical examinations indicated the presence of gold concentrations accompanied by a large number of elements
such as Cu, Ag, Bi, Sb, Se, Te, Hg etc. Gold content is variable ranging from traces to over 20 ppm Au in individual
samples. Lower contents have been found in the Crn Vrv area (5 to 467 ppb), and an average of 1.29 ppm Au (from
0.186 to 0.506 ppm Au) were found in Plavica. The results obtained were interpreted by appropriate computer sofi-
ware. They showed significant correlation relationships between individual pairs such as Au-Cu, Cu-Mo, Au-Sb, Au-
Hg, Au-Fe etc., indicating to a common primary mobilization and evolution within the epithermal mineralization

system.
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INTRODUCTION

The Kratovo-Zletovo volcanic area is char-
acterized by various specific features with regard
to their structural and geological composition as
well as different types of polymetallic mineraliza-
tion styles. The central parts consist of several old
volcanic apparatuses hosting large masses of secon-
dary quartzites. These specific, commonly quartz al-
unite, rocks are related to significant gold mineraliza-
tion styles accompanied by Cu, Mo, Fe, Sb, Bi, Hg,
etc. The largest masses of secondary quartzites, the
most intensely hydrothermally altered rocks and ex-
tensive occurrences of polymetallic mineralization
are found in the central parts of Mts. Plavica and Crn
Vrv not far from Kratovo. The spatial and genetic
relationships of secondary quartzites and the mineral
raw materials mentioned give grounds for further in-
vestigations.

Although these silicified rocks formed as a
result of hydrothermal silicification, they are not
uniform, and differ in terms of their chemical,
mineralogical and petrographic composition and
their physical-mechanic characteristics. It should

be mentioned that highly silicified rocks in the
Kratovo — Zletovo area formed either near earlier
volcanic apparatuses or commonly in the volcanic
apparatuses themselves.

The extent of investigation of the volcanic
rocks, silicified masses and accompanying mineral
raw materials is not the same. Most samples were
collected from the central part of Kratovo — Zle-
tovo or the Crn Vrv — Plavica areas where investi-
gations of polymetallic and non-metallic mineral
raw materials are still in progress.

Numerous results and discussions can be
found in the papers of Ivanov and Denkovski
(1978, 1980), Stojanov (1980), Rakic¢ (1982), Sera-
fimovski (1990, 1993), Serafimovski and Mudrinic¢
(1991), and lately in the papers of Jankovic et al.,
(1997), Serafimovski and Boev (1996), Serafimov-
ski et al. (1997) etc. These data make possible the
overall understanding of the geology, structural
composition, genesis and the economic signifi-
cance of the polymetallic mineralization and sec-
ondary quartzites in the Crn Vrv — Plavica area. As



it was mentioned earlier, complex geological in-
vestigations have been carried out either by joint
domestic and foreign companies or exclusively by

foreign companies. The major goal of this investiga-
tion is understanding the epithermal gold mineraliza-
tion in the area.

GEOLOGICAL CHARACTERISTICS

The central part of the Kratovo — Zletovo
volcanic area (where Mts. Plavica and Crn Vrv are
situated) is built of complex volcanic, subvolcanic
and volcanogenic-sedimentary occurrences whose
composition corresponds to a granodiorite magma
or dacitic and andesitic equivalents. However, the
common occurrence of subvolcanic intrusions of
rhyodacites (quartzlatites) as acid ones and the
occurrence of labrador-augite andesites (andesite-
basalts) extrusions as basic component parts clas-
sify this association as rhyolite-dacite-andesite-
baslats, with numerous, commonly unclear transi-
tions (from acid to basic or vice versa).

Three major phases of rock formation can be
distinguished. The first phase includes amphibole-
biotite and pyroxene-biotite dacite-andesites; the
second — subvolcanic solidified sanidine dacites
(quartzlatites), and the third — labrador-augite ande-
sites (andesite-basalts) extrusions. Pyroclastic rocks
formed mainly during the formation of dacite-
andesite, but their formation continued, to a lesser
extent, until the last phase of formation of volcanics
(Fig. 1).

The volcanic rocks in the central part of the
Kratovo-Zletovo area were affected by regional
propilitization with common occurrences of hy-
drothermally altered rocks, particularly in parts of
previous volcanic apparatuses (Plavica, Crn Vrv,
Borovik etc.) the most pronounced being sericiti-
zation, kaolinization, silicification, alunitization
and pyritization and, to a lesser extent, other kinds
of hydrothermal alterations.

Fracture zones with regional and local fea-
tures are present in the central part of the area.
Zones of intense fracturing extending E-W and
NW-SE are the most common. Nevertheless, the
basic feature of the structural composition, par-
ticularly in the area of Plavica (the area of Crn Vrv
is less investigated), is the presence of a large
number of fractures radially distributed relative to
the central part (Fig. 1). Large masses of strongly
silicified rocks which, because of their great
physical resistance outcrop in the area forming
characteristic "riffs", were formed inside the old
calderas, along fracture of W-E strike in the cen-
tral parts of Plavica and Crn Vrv. In Plavica they

appear in an area of some 0.2 km’, and in Crn Vrv
in an area of over 0.4 km’ (Fig. 1). They have sub-
vertical extension and become smaller in size to
depth. Deep-drillings have indicated that their
"roots” go down to over 400 m in depth where they
gradually wedge out (Fig. 1). Their boundaries
with surrounding volcanic rocks are gradual or the
degree of silicification gradually gets lower when
going far from "pure silex masses" (meaning the
silex masses possessing over 95% Si0O,, most
commonly 97-98% Si0,).

The genesis of secondary quartzites is closely
related to hydrothermal alterations of intermediary
rocks in volcanic apparatuses and their immediate
vicinity. Their formation started after paroxysm
activity of the volcanic apparatus or in the late hy-
drothermal stage.

Fumarolic-sulphataric alterations took place
not only along joints, but along horizons of porous
eruptive products distributed several hundreds
meters from the apparatuses.

Secondary quartzites are metasomatic prod-
ucts developed without supply of SiO, from the
magma (nor Al,Os, TiO,, K,O and Fe). This means
that redeposition of the component and transport to
the place of hydrothermal activity took place with
the supply of only water, S, F, Cl, P, B and heavy
metals (except for Fe). This is evidenced by resid-
ual structures and textures of previous rocks found
in them. They were formed by complex and long
term activity of hydrothermal solutions and multi-
ple occurrences of tectonic activities which is re-
lated to multiple and pulzational movement of hy-
drothermal solutions that resulted in the formation
of other non-metallic raw materials and polymet-
allic mineralization.

The silex ore in the Crn Vrv and Plavica depos-
its is composed of amorphous to microcrystalline si-
licic mass and some opal. It is light-grey to bluish in
colour and reddish when it is brecciated. It is found as
dense, very hard and tenacious rocks, very difficult to
work, resistant to abrasion and shock, of very little
porosity and resistant to chemicals. The ore always
possesses high contents of Si0, (making it different
from other secondary quartzite types) and permis-
sive content of harmful components (Table 1).
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Table 1

Chemical composition of some varieties of secondary quartzites in the Crn Vryv area (%)
P Y 4q

Components 1 2 3 4 5 6 7 8 9 10 11
Si0, 98.63 94.94 93.7 98.78 98.53 97.61 97.47 98.67 96.34 97.68 98.54
“TiO, trace /i 0.08 / 0.4 0.52 0.16 / 0.38 0.12 0.14
Al,O4 0.1 1.54 1.72 0.57 0.2 1.02 0.76 i 0.51 0.25 0.38
Fe,O; 0.83 1.43 25 0.08 / 0.29 0.37 0.06 229 1.07 0.29
MgO / 0.56 .75 / 0.015 0.016 0.016 0.32 0.025 0.04 0.02
CaO 0.07 0.32 0.25 / 0.07 0.08 0.04 0.25 0.13 0.21 0.11
Na,O+K,O 0.09 / / / / 0.15 0.16 / trace trace trace
MnO trace 7 / / / / 1 /! / / /
P,0s / / / / / / / / / / trace
H,0 (110°C) 0.13 / /i / / / / i / / /

Note: 1. Light gray silex. 2. Reddish silex. 3. Yellowish silex. 4-7. Samples from Ajdu¢ko Kladenée area;

8-11. Samples from Gradi¥te area

The table shows that SiO, content in all sec-
ondary quartzite samples studied is permanently
high. The contents obtained are from 93.70 to
98.78%. Most of the samples studied yielded Si0O,
contents of over 98% indicating that they are high
quality raw material. On the other hand, the con-

tents of all standard components in the secondary
quartzites are very low. Such are the contents of
Al O3, Fey03, Ky0, etc. Of particular interest to
this investigation is the presence of gold spatially
related to the secondary quartzites.

GEOCHEMICAL RESULTS AND DISCUSSION

Examinations carried out provided geochemi-
cal results of gold and accompanying metals in the
area of Crn Vrv and Plavica. Since sampling and
data interpretation were performed separately the
present authors consider that the results should be
presented for each site separately.

The Crn Vrv prospecting area

The secondary quartzites in the Crn Vrv area
can be found in an area of about 0.4 km® and are
characterized by numerous specific features. The
examinations carried out by the presents authors
included a smaller part of the raw materials (from
the area of Gradiste), in order to establish its gold
mineralization. Individual sampling consisted of
20 samples (all of which were analyzed) on Au +
13 standard elements for such kinds of mineralized
areas. Notably, the authors assumed that the area
represented a high sulphidation epithermal system
or standard acid sulphate type of gold. The results

obtained by geochemical prospecting in the Crn
Vrv area are given in Table 2.

The Table shows that besides gold, a number
of other elements including those of polymetallic
as well as easily migrating elements (As, Hg, Se,
S) characteristic of epithermal systems, were also
examined. However, results obtained for gold and
accompanying elements indicate values located at
the flank of a completely mineralized area. Nota-
bly, most of the samples analyzed contain less than
5 ppb of gold, which is below the low limit of sen-
sitivity of the method. An interesting result was
obtained from sample No. 13 (Table 2) of 467 ppb
which can well compare with the results obtained
for Plavica. It is worth mentioning that the results
for gold obtained from several samples close to
No. 13 (Table 2), or samples 8 — 13 (Table 2) can
correlate with other accompanying elements. A close
look at the contents of Mo, Cu, Fe, As and S in analy-
ses Nos. 8 — 14 and the sampling sites illustrate that
the samples are taken from a smaller fault structure
with visible limonitization and other alterations.

Geologica Macedonica, 12, 9-21 (1998)



Table 2

Contents of gold and some associated metals in the

“secondary quartzites” of the Crn Vrv area

Sample Au Ag Cu Mo Pb Zn Bi As Hg Se e Fe Mn 5

number ppb  ppm  ppm  ppm  ppm  ppm  ppm  ppm ppm  ppm  ppm %o % ppm
l <5 <5 14 <10 <10 <5 <20 34 5 =20 =20 0.82 <0.01 205
2 7 =5 8 <10 <10 9 <20 <10 <5 <20 <20 091 0.02 611
3 5 <5 6 <10 <10 <5 ‘=20 <10 €5 Lo L2 0.71 0.01 123
4 <5 45 i <10 <10 <5 <20 <10 <5 <20 <20 077 0.01 160
§ <5 <5 11 <10 <10 €5 =20 11 <5, <20 =20 1.08 0.02 114
6 <5 <5 14 <10 <10 <5 <20 28 &5 <00 <8P 0.86 0.01 110
7 <5 <5 i <10 <10 5 =20 «<IB <5 <20, =2 0.79 0.01 228
8 22 <5 12 <10 <I10 <5 <0 <10 <5 <20 <20 086 <0.01 1373
9 <5 <5 10 <10 <10 <5 <20 «<I10 5. <200 <28 0.79 0.01 1895
10 12 <5 18 <10 <10 9 <20 12, =5 <20 <20 097 <0.01 634
11 8 <5 10 <10 <10 10 <20 Z] €5 2207 =20 A7 0.01 299
12 23 <5 121 15 <10 15 <20 518t =200 =200 5058 =001 1268
13 467 <5 75 18 <10 11 25 43 <5 1«20 <20 475  <0.01 610
14 <5 £5 38 <16 | <P 7 <20 195 =5 | =20' =20 1.35 <0.01 95
15 7 <5 11 <10 <10 <5 <20 19 <5 | «20' <20 1.04 <0.01 126
16 <5 =5 31 <10 <I10 7 <20 2. | <5 <20 20 1.93 0.01 114
17 <5 <5 18 <10 <10 7 <20 33 25 1220 =20 1.36 <0.01 64
18 <5 <5 8 <10 <10 5 <20 11 <5 | <20 =20 1.00  <0.01 95
19 <5 <5 28 <10 <10 12 =20 12 <5 <20 220 177 0.01 317
20 < &5 11 <10 <l0 8 =20 =100 w8 1200 L =200 086  <0.01 385

As it was said earlier the area under consid-
eration also contains low contents of other accom-
panying elements of no economic interest. They
are of interest in terms of their geochemistry, cor-
relation and distribution which can be used in the
interpretation of their evolution. Computer soft-
ware support were used in order to get a complete
understanding of the geochemical relationships
between gold and other accompanying elements,
correlation relationships and the extent of their
distribution. The method applied was regression
analysis with use of linear model y = a + B-x and
exponential model: y = exp(a + b-x). Investigation
of correlation relationships included Au-Cu, Au-
Mo, Au-As, Au-Hg, Au-Fe as well as many varia-
tions between them.

Geologica Macedonica, 12, 9-21 (1998)

Results illustrate that sufficient correlation
coefficients (of over 0.58 or > 58%) are obtained
for individual geochemical pairs. With gold they
are Au-Mo, Au-Cu and Au-Fe pairs.

The regression analysis linear model made
possible to define the linear correlation between
the Au-Mo geochemical pair. The R-squared sta-
tistic indicates that the model as fitted explains
73.5152% of the variability in Au. The correlation
coefficient equals 0.85741, indicating a moder-
ately strong relationship between the variables.
The standard error of the estimate shows the stan-
dard deviation of the residuals to be 54.3407.
Graphic relationships between these two elements
are shown in Fig. 2.



Plot of fitted model
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Fig. 2. Correlation diagram and histogram of distribution of Au and Mo from the Crn Vrv area

The correlation diagram between Au-Mo
shows that a small number of data is plotted de-
spite the high correlation. This is due to uniformity
of a large number of data (Mo contents are below
10 ppm) which can be seen better from the distri-
bution diagram for Au and Mo.

The Au-Cu geochmecal pair examined is
typical of this ore-bearing area. It indicated a cor-
relation dependence that is not strongly pro-
nounced. The R-squared statistic indicates that the
mode] as fitted explains 34.1589% of the variabil-
ity in Au after transforming to a logarithmic scale

to linearize the model. The correlation coefficient
equals 0.584456, indicating a moderately strong
relationship between the variables. The standard
error of the estimate shows the standard deviation
of the residuals to be 0.902049.

The correlation diagram and histogram of
distribution (Fig. 3) display that data plotting as
basis for regression analysis — exponential model
explain only part of the samples (from 8 to 15, Ta-
ble 1) that was put forward earlier. This is also
proved for the Au-Cu geochemical pair.

Geologica Macedonica, 12, 9-21 (1998)
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Plot of Fitted Model
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Fig. 3. Correlation diagram and histogram of distribution of Au and Cu from the Crn Vrv area

An interesting correlation relationship was
obtained for the Au-Fe geochemical pair which is
not the usual standard for mineralization styles of
this kind. The high correlation relationship ob-
tained is probably due to the similar geochemical
evolution during the processes of mineral forma-
tion noticed during selecting the samples. The R-
squared statistic indicates that the model as fitted
explains 52.7233% of the variability in Au after
transforming to a logarithmic scale to linearize the
model. The correlation coefficient equals
0.726108, indicating to a moderately strong rela-
tionship between the variables. The standard error
of the estimates shows the standard deviation of
the residuals to be 0.764372.

Geologica Macedonica, 12, 9-21 (1998)

The correlation and distribution diagrams of
Au and Fe (Fig. 4) indicate that there is a logical
plotting of data that essentially provide a high cor-
relation coefficient, and pronounced distribution of
these two elements in a certain number of samples
(from 8 to 14) which practically contribute most to
the pronounced correlation.

In addition to the correlation relationships
between gold and accompanying elements pre-
sented, there is a clear correlation dependence
between other elements as well. Such are the Cu-
Mo pair with the correlation coefficient of 0.8260,
Fe-Mo with 0.9267, Fe-Zn, Cu-Zn, Zn-Mo and
some others.



Plot of fitted model
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Fig. 4. Correlation diagram and histogram of distribution of Au and Fe from the Crn Vrv area

The increased contents of the whole series of
elements and their pronounced correlation rela-
tionships with no correlation between gold and
easily migrating elements such as As, Sb, Hg, Se,
etc. lead to the conclusion that gold and its accom-
panying elements are close to the relationship of
the Plavica porphyry mineralization system (only
its north-west flanks) rather than a separate epi-
thermal system of the order of "acido-sulphate” or
a high sulphidation epithermal system.

This conclusion is also inferred based on the
data from individual diagrams, standard increased
contents of almost all elements from samples Nos.
8 to 14 which coincides with our observations in
the terrain that this is a small fault structure that is
limonitized and altered on the surface. This proba-
bly explains the close correlation relationships

between Au and Fe which are not commonly stan-
dard for epithermal mineralization systems with
Au.

The Plavica prospecting area

Prospection carried out in the central parts of
the Plavica volcanic structure included 26 samples
for gold and other metal analyses. Sampling was
made the surface outcrops from the secondary
quartzites. Pevious sampling indicated that the
most significant gold contents were related to the
silicified zones or secondary quartzites (Fig.1). All
samples were quantitatively analyzed for Au and
associated metals, particularly elements As, Sb and
Hg. The results obtained are shown in Table 3. In
order to get a complete knowlegdge the results are

Geologica Macedonica, 12, 9-21 (1998)




subjected to statistical analysis using Excel, Table 3 shows that, besides gold, Cu, Pb, Zn,

Surfer, Stat Graph in order to clearly define the Ag, As, Sb and Hg were also analysed as major
content and distribution of gold. accompanying elements in the Plavica deposit.
Table 3

Results of the geochemical examinations on the secondary quartzites in Plavica (ppm)

Elements Au Cu Pb Zn Ag As Sb Hg
Samples
PL-1 0.18 339 1140 98 3.00 196 9 0.31
PL-2 1.08 112 460 11 7.00 1330 26 0.39
PL-3 0.43 56 215 8 8.80 600 5 0.41
PL-4 1.72 411 240 19 + 27.80 6600 54 1.04
PL-5 0.74 34} 118 13 11.20 21 19 1.43
PL-6 4.53 171 250 21 8.00 980 33 2.27
PL-7 0.65 444 189 29 4.60 7400 62 0.46
PL-8 2.82 363 270 11 19.90 2.16 183 4.11
PL-9 1.71 335 800 32 1.50 930 32 0.56
PL-10 3.68 11'9: 198 12 10.40 2290 24 0.31
PL-11 0.27 34 420 8 13.30 213 31 0.33
PL-12 0.19 19 330 8 130 380 3 0.20
PL-13 0.31 36 270 9 17.70 64 9 0.49
PL-14 0.07 62 630 25 7.50 910 39 0.80
PL-15 5.67 1150 1090 42 4.50 2940 78 0.51
PL-16 3.02 417 870 41 5.80 4200 i) 0.93
PL-17 0.32 186 141 16 4.40 1100 9 2.64
PL-18 0.50 375 370 94 2.30 1550 28 0.67
PL-19 1.00 286 720 22 1.00 4020 170 1.47
PL-20 1.00 105 139 14 3.30 680 23 0.54
PL-21 0.21 205 470 14 2.20 1090 33 1.94
PL-22 0.40 90 790 2} 5.60 560 14 0.36
PL-23 0.16 195 630 17 20.20 490 i 041
PL-24 0.59 61 300 11 3.60 112 7 0.17
PL-25 1.12 87 2900 15 13.60 870 19 0.59
PL-26 0.43 100 3500 ) 9.00 137 6 0.21
Gold contents in some samples exceeding 5.5 mentioned that the bulk of the samples were taken
ppm. Correlate with high values of more mobile from topographic highs of the Plavica system (Fig.
elements (As and Hg) undoubtedly point to the 5). The silicified bodies are mainly found in this
development of epithermal systems which carries level.

gold in secondary quartzites. It should also be

Geologica Macedonica, 12, 9-21 (1998)
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Fig. 5. Hypsometric review of gold contents in secondary quartzites of Plavica

Increased amounts of Cu, Pb, and Ag in par-
ticular, are apparent, and can be related to the
polymetallic stockwork-disseminated mineraliza-
tion styles which form a wide halo both laterally
and to more than 1,000 m vertically. Statistical

analysis of data and investigation of correlation
relationships were applied in order to get a de-
tailed knowledge of individual relationships be-
tween gold contents and other metals (Table 4).

Table 4
Statistical data and correlation relationships between elements
in the analyzed secondary quartzites in Plavica
Analysis n X o Low High X+0 X+20 X+30
Cu (ppm) 26 242.30 240.500 19 1150 482.90 723.500 963.80
Pb (ppm) 26 671.10 803.800 118 3500 1474 2278 3082.50
Zn (ppm) 26 23.50 23.380 8 98 46.88 70.270 93.64
Ag (ppm) 26 8.95 6.505 1.50 27.80 15.45 ©21.960 28.47
As (ppm) 26 2435 4355 64 21600 6790 11146 15 500
Sb (ppm) 26 38.46 45.720 3 183 84.19 129.900 175.62
Hg (ppm) 26 0.90 0.924 0.17 4.11 1.83 2.155 3.68
Au (ppm) 26 [.29 15171 0.07 5.67 2.81 4,324 5.84
Correlationcoefficients

Cu(ppm)  Pb(ppm)  Zn(ppm) Ag(ppm) As(ppm) Sb(ppm) Hg(ppm) Au(ppm)
Cu (ppm) 1 :
Pb (ppm) -0.0139 1
Zn (ppm) 0.5095 0.0567 1
Ag (ppm) ~0.1188 -0.0099 -0.4209 1
As (ppm) 0.3127 -0.1753 -0.0747 0.3996 1
Sb (ppm) 0.4084 -0.1017 0.0075 0.2285 0.7918 1
He (ppm) 0.1244  -0.2465  -0.1313 0.2030 0.6806 0.5879 !
Au (ppm) 0.5779 -0.0273 0.0508 0.0220 0.2837 0.5573 0.2497

Geologica Macedonica, 12, 9-21 (1998) C



Plot of fitted model
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The Table shows that besides x, o, x+ O,
x+ 20 and x + 30 since samples 4, 7, 15 and 18
(Table 4) show extremely high values for in-
vividual elements creating a large deviation from
normal distribution to be larger. Table 4 also gives
correlation coefficients calculated. The best cor-
relation coefficient of 0.6806 was discovered with
the Hg-As pair. For gold the best correlations are
between Au-Sb and Au-Cu with 0.5573 and
0.5779, respectively. It should be mentioned that
gold has a positive correlation coefficient with
both As and Hg (of 0.2837 and 0.2497 respec-
tively) this indicates that this elements may also
show a genetic relationship perhaps indicative of
shared hydrothermal transport chemistry. Altera-
tion mineralogy and deposit style and chemistry in
the “secondary qurtzites” seem to be of the high
sulphidation type of epithermal mineralization.
The close and pronounced correlation between
gold and copper (of 0.5779) is probably due to
their close geochemical relationships within the
stockwork Cu-Au disseminated mineralization pre-
sent at depth. Negative correlation results were
found between gold and Pb and Zn. Investigation
of correlation relationships between gold and other

accompanying elements was assesed using Stat-
Graph program or regression analysis was carried
out variuos models. The results of this correlation
between gold and other elements are graphically
presented in Fig. 6.

A distinct correlation relationship, obtained
by using linear model was discovered with Cu-Au
and Au-Sb geochemical pairs. Correlation was also
found between As-Hg and As-Sb pairs which
makes it possible to constrain the genetic evolution
of Au mineralization related to “secondary quartz-
ite” in the Plavica volcanic structure. In this man-
ner the correlation relationships carried out give
the results of fitting a geometrical model to de-
scribe the relationship between Au and Sb. Since
the values from Plavica in the Anova table are less
than 0.01 there is a statistically significant rela-
tionship between Au at the 95% confidence level.
The R-squared statistics indicates that the model as
fitted explains 15.9556% of the variability in Au.
The correlation coefficient equals 0.3994, indi-
cating a relatively weak relationship between the
variables. The standard error of the estimate shows
the standard deviation of the residuals to be
1.4195.

CONCLUSION

The results of the latest prospecting presented
in the paper cover an area of some S0 km® (Fig. 1)
in the central parts of Kratovo—Zletovo. They be-
long to the area of the Crn Vrv — Plavica strike.
The subject of investigation of the present authors
was only secondary quartzites established in the
central parts of the Crn Vrv volcanic structure that
cover an area of 0.4 km’ and the Plavica volcanic
caldera which covers an area of 0.2 km”.

The secondary quarztites are metasomatic oc-
currences, a product of later stages of hydrother-
mal activity, whose SiO, contents amount to over
98% (most commonly 93 to 98%), with regard to
the significant gold contents, particularly in Plavica.

The results of the geochemical examinations
carried out in Crn Vrv and Plavica indicate a vari-
ety of gold contents and accompanying elements.
Notably, the gold contents in Crn Vrv range from
5 to 467 ppb, and those in Plavica from 0.186 to
5.67 ppm. Gold found in both sites is related to the
secondary quartzites.The correlation relationships
between gold and accompanying elements in Crn
Vrv indicated pronounced correlation relationships
with Au-Cu, Au-Mo, Au-Fe, particularly between

Fe and Cu (the coefficient of 0.9562) as well as
Fe-Mo. In Plavica pronounced correlation relation-
ships are established between Au-Cu, Au-Sb, As-
Hg, As-Sb etc., indicating to a possible connection
with an epithermal mineralization system that cor-
responds to standard models of acido-sulphatic
types of gold related to silicified zones within the
central parts of old volcanic apparatuses. Plavica is
part of these complex volcanic apparatuses.

The relationships established for Crn Vrv,
although analyzed with a small number of samples,
provided similar structural and geologic data to
those of Plavica. The two are probably different
with regard to the extent of mineralization. Secon-
dary quarztites developed in a wider area but the
extent of mineralization is far lower than that in
Plavica. The results obtained for Crn Vrv lead to
the assumption that they are marginal parts of the
Plavica mineralization system. The increased con-
tents found in some elements indicate that it is a
small fault structure probably connected with the
Plavica mineralization structures. It should also be
mentioned that definite conclusions require precise
terrain and laboratory investigations.
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Pesume

CEKYHIAPHMTE KBAPIHUTH CO MUHEPAIU3AIIUMU HA 3JJATO BO BYJKAHCKATA
OBJACT IIPH BPB - IINTABHUITA

Togop Cepapumoncku’ u Creso Pakuk®

'Pydapcro-zeonoinku gpakyaitied, Uitini, PeiiyGauxa Marxedonuja
"Cunerce", Kpaitioso, Peiiy6auxa Maredouuja

Kayunn s6oposi: o6nact Lpn Bps - [TnaBuna; CCKYHIAPHN KBAPLIHUTH: BYJIKAHUTH; MHHEpaI3a0uja

Ha 3704TO; BYJKAHCKH Kaj1lepH

BoO TpynoT ¢e NpHKAXKAHH HAJHOBUTE PE3YATATH OJ
XeMHCKHTE M TCOXEMHCKHTE HMCIHTYBda Ha CCKYHIAp-
HUTE KBAPIMTH oj nogpadjeto Ha Llpn Bpe-ITnaBuia.
CranyBa 360p 32 BYJIKAHCKH NPOCTOPH (BYJIKAHCKH Kan-
JIepH) BO UMM LCHTPATHH JEJOBH Ce YTBPRCHH CeKyHaap-
HI KBAPUMTH CO NMPOMEHIMBH KOHUEHTPAUHH Ha 3514TO.
[ToBpiuHCKUTE MaHHGECTAINY Ha CEKYHIAPHUTE KBAp-
LHTH C¢C BO BHMA Ha JEKHM H THE3/l4 CO MATH QUMEH3HH, a
KOH abounHa obuBaaT KianHecTa opma. XeMUCKHTE
HCMUTYBAkba MOKaXKaa JeKa TOa Ce CTEHH CO MHOTY BHCO-
KH CONp>KHHU Ha Si0, (96,34 — 98.78%). a reoxeMuckuTe
HCNUTYBakha MOKaXaad JiIeKa BO HHUB 11OCTOJAT ¥ KOHUCH-
TPAUMKH Ha 3M4aTO NPHAPYXXKYBAHH CO NOTONEM 6pOj ele-
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MeHTH Kako wmTo ce Cu, Ag, Bi. Sb. Se. Te. Hg u ap.
Conp>KuHaTa HA 3714TO € MPOMEHIHBA U CE ABHXKH Of TPa-
ri 1o npeky 20 g/t Au Bo HHAHBHAYAIHN nipo6u. TToHuCKH
COIPKUHYM Ce KOHCTAaTHpaHu BO o6macta LipH Bps (5-467
ppb), nopeka Ha IMnasnua Bo npocek ce yrpaenu 1.29 g/t
Au (0,186 — 0,506 ppm Au). JoOHeHHTE pes3yaTaTH ce HH-
TEPNPETHPAHH CO COOABCTHH COMTBEPCKH MOMAPILKH,
NPH WTO ¢ KOHCTATHPAHH HHTEPECHH KOPETATHBHH BpC-
KH nomerly noegunn naposu: Au—-Cu, Cu—-Mo, Au-Sb, Au-
Hg, Au-Fe 1 1p, Kol HCOCMOPHO YNATYBAaT HA 3deIHHYKa
NpUMapHa MOOWIH3alMja M 3acJHUYKA €BOIYUHjd BO
PAMKHTE Ha ENUTEPMATHHOT MHHEPATH3AHOHCH CHCTEM.
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