325

GEOME 2

Manuscript received: October 19, 2016
Accepted: January 6, 2017

Geologica Macedonica, Vol. 31, No. 1, pp. 87-99 (2017)
In print: ISSN 0352 — 1206

On line: ISSN 1857 — 8586

UDC: 553.3/.4:624.13(497.7)

Original scientific paper

BASIC GEOTECHNICAL PARAMETERS OF METALLIC MINERAL DEPOSITS

IN THE REPUBLIC OF MACEDONIA

Igor PeSevski', Elena Angelovaz, Tamara Jovanovska®, Sead Abazi',
Jovan Papi¢', Violeta Stefanova*

'Faculty of Civil Engineering, "Ss. Cyril and Methodius" University in Skopje,
Partizanski odredi 24, MK-1000, Skopje, Republic of Macedonia
*Geohydroconsulting, Bagdadska 36A, MK-1000, Skopje, Republic of Macedonia
3Postgraduate student — Institute of Civil Engineering, "Peter the Great” Polytechnical University,
Polytechnicheskaya St. 29, Saint-Petersburg, Russian Federation
*Faculty of Natural and Technical Sciences, Institute of Geology, “Goce Delcev” University in Stip,
Blvd. Goce Delcev 89, Stip, Republic of Macedonia
pesevski @ gf.ukim.edu.mk

A bstract: This paper deals with the analysis of basic geotechnical properties of monolithic rock samples
from several metallic mineral deposits in the Republic of Macedonia. Namely, results from geotechnical investigation
on samples from the deposits of Ilovica, Borov Dol, Kazan Dol, Plavica, Kadiica and Bu¢im were subject of the work
presented herein. Over 800 different geotechnical tests have been performed on samples from different depths and
zones of these deposits. The most frequently performed basic tests during geotechnical investigation phases included:
point load index tests, unconfined compression tests, unit and specific weight, porosity, shear strength along joints.
All data is statistically analyzed and certain conclusions for different geotechnical parameters are achieved. Special
attention is paid to the vertical distribution of the parameter’s values, since this is of greatest interest for the mining
planning and processes. Differences among certain deposits are discussed and certain conclusions and recommenda-
tions for further investigations are presented. We note that this is a first attempt to analyze such amount of geotech-
nical data from metallic mineral deposits in Macedonia, and the herein presented correlations are to be updated as

new data is collected.
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INTRODUCTION

Rock mechanics, or to be more exact, Mining
rock mechanics, as a sub-discipline in geotechnics
has had profound influence on the mining industry
throughout history (Brady and Brown, 2006). In
general, the knowledge of geotechnical properties
of rock masses in metallic and nonmetallic mineral
deposits is of high importance for the economy of
the mining process, safety of works and environ-
mental protection.

Many aspects of mining (during design pro-
cess and during exploitation) depend on the geo-
technical characterization of both the ore bearing
as well as surrounding waste rock. To be more pre-
cise, geotechnical characterization is essential for
successful fulfilling of the following design stages
and phases of exploitation/mine life:

— Design of working and final slope angles at open
plt mines.

— Design of support in underground mines.

— Design of tailing dams and civil engineering
structures from waste rock.

— Determination and control of excavation,
loading and transport conditions.

— Determination and control of rock durability
with time in relation to environmental protection.

— Determination of the possibility to use waste
rock for road or embankment construction.

— Determination of tailing dams stability and their
monitoring.

— Foundation of structures in zone of mines.

— Stress and deformation analyses.

— Monitoring of the rock mass performance.

— Rock support and reinforcement design.

— Rock related risk management.

— Design of access and haul roads.

— Design of protective measures for workers.
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As it can be noticed and also stated by McG
Robertson and Caldwell (n.d.), mining process
starts with geotechnical analyses and design, re-
gardless of the type of mining. Moreover, it ends
with geotechnics as it is needed to deal with the
waste material and the safety of the mines thro-
ughout and after the exploitation phase. The impor-
tance and value of the geotechnical investigations
and tests and their statistical analysis in general
and not only for metallic mineral deposits are
stressed by many authors. Geotechnical engineer-
ing in mining involves many tasks, as listed above,
due to which there are numerous geotechnical
guidelines specifically for mining, such as the ones
given separately for open pit and underground
mines recommended by the Government of
Western Australia (Department of Minerals and
Energy, 1999, and Department of Industry and
Resources, 1997). On the other hand, Blight,
Troncoso and Fourie (2000) analyze some of the
geotechnical issues in mining.

Adamczyk (2012) points out that the material
properties change with transportation, handling,
compaction and weathering of the material. The
same author presents changes in particle size
distribution and moisture with time, which affects
the geotechnical parameters. Even though that
paper is dedicated to coal deposits it stresses the
significance of geotechnical parameters’ alteration
with time. Regarding metallic mineral deposits,

Yan et al. (2011) present results from testing of
strength parameters of rocks from lead, zinc and
gold mine. Also Bieniawski (1974) shows a prac-
tical approach for determination of the strength
properties or rock materials and lists the influen-
cing factors. The factors upon which the shear
strength of rocks depends, weathering importance
and stability are also described by McLemore et al.
(2009). Furthermore, results from large in situ
shear tests on rock piles from the surface layer of
Questa Molybdenum Mine are presented by
Boakye (2008).

Considering the size of a mine, there is usu-
ally a large amount of waste material to handle.
Therefore, in many cases part of it is used to build
the containing structure. However, the material
should satisfy the requirements of aggregate for
this kind of structure. This topic is analyzed in de-
tails by many authors among which Smith and
Colhs (2001).

The geotechnical parameters of the rock
masses have large variations from deposit to de-
posit, and in most cases, even within a particular
deposit. This is the main goal of this paper, to
show the variation of the geotechnical parameters
in some metallic mineral deposits in the Republic
of Macedonia. It should be noted that, except the
active mine for the deeposit Bucim, all the other
deposits are in phase of detailed geological investi-
gations.

GENERAL GEOLOGICAL OVERVIEW OF ANALYZED METALLIC MINERAL DEPOSITS

In the past decade in the Republic of Mace-
donia there have been intensive geological investi-
gations for new metallic as well as nonmetallic
mineral deposits, where certain amount of geo-
technical works has been done. Here belong the
deposits: llovica-Stuka near town of Strumica,
Borov Dol and Buéim near town of Radovis, Ka-
zan Dol near Valandovo, Plavica near Kratovo and
Kadiica near Peh¢evo (Figure 1).

The Plavica deposit is a part of the well
known Kratovo—Zletovo ore area that in general is
characterized with a complex composition of
mainly Tertiary volcanic-sedimentary complex. It
is imposed on the foundation of the Serbian-
Macedonian massif, which represents constitutive
part of the western Tethyan belt. K/Ar radiometric
data (Karamata et. al., 1992; Serafimovski, 1990)
yield an age of 32-16 Ma (late Oligocene to mid-
dle Miocene). In the geological setting of the
Plavica deposit participate mainly volcanic and

volcano-sedimentary rocks, which exact determi-
nation is complex due to intensive presence of
hydrothermal alterations. However, with numerous
lithostratigraphic and petrographic studies it was
confirmed that in the geological setting of this de-
posit participate ignimbrite, stratified volcanic tuff
and breccia, dacito-andesite and their pyroclasts as
well as quartzlatites mostly occuring as break-
throughs. Definition of these rocks is hard because
of intensive hydrothermal alterations such as: kao-
linization, silification, alunization, seritization and
other (Serafimovski, 1993; Serafimovski et al.,
2014). The central part of Plavica is made of dif-
ferent kind of volcanic rocks, hydrothermally al-
tered, pyritized, and mineralized with ore minerali-
zation (Cu, Au, Ag, Pb, Zn). According to the re-
search made on Plavica mainly based on boreholes
data, the depth of the ore mineralization and inten-
sive hydrothermal alteration exceedes 1000 m.

Geologica Macedonica, 31 (1), 87-99 (2017)
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Fig. 1. Geographic position of the analyzed deposits

The silica ledges seen on Plavica represent
the level of paleo-regional ground water table. Due
to their silica content both areas have resisted ero-
sion and formed prominent landforms through to-
pographic inversion. Tertiary rocks are the domi-
nant lithology at the Plavica area. Review of these
numerous different types of rocks will be presented
according to their geochronological order defined
on the basis of found fauna superpozitional rela-
tions and absolute age of certain types of volcanic
rocks (Serafimovski et al., 2014)

The geological setting of the immediate sur-
roundings of the Bucim deposit includes the fol-
lowing end members: Precambrian metamorphic
complex, Paleozoic magmatic rocks and Tertiary
volcanic rocks.

In the Precambrian metamorphic complex
gneisses are the most widespread rocks in both,
broader and immediate areas around the deposit.
According to the mineral composition, several in-
tercalating facies can be distinguished: biotite
gneisses, amphibole-biotite gneisses, muscovite
gneisses, two-mica gneisses, and metasomatic
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(leucocratic) gneisses. Micaschists represent a
normal lithological member of the -crystalline
schist in which they occur as an interstratified
facies. Consequently, they are of the same meta-
morphic age. From the aspect of mineralization,
they are unfavorable environment, compared to
gneisses, being poorly permeable for hydrothermal
solutions. Amphibolites occur in the crystalline
schist in the form of lenses or strata and larger ir-
regular masses. Generally, they are concordant to
the crystalline schist and at places depart from their
foliation. They are featured by dark green color
and schistose structure (Serafimovski et al., 2016).

The Paleozoic magmatic rocks occur in the
form of small lenses distributed along clearly pro-
nounced ruptures. So far, the following ones have
been recognized (Culev, 1970): Amphibolites, fi-
ne-grained rocks of thin banded texture, which rep-
resent unfavorable environment for deposition of
the Cu mineralization. They are composed of
hornblende, plagioclase and partly, foliated biotite
and chlorite aggregates (Ivanov, 1982; Cifliganec
et al., 1993). Serpentinites occur north of the
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Vr$nik ore body. They have significant sizes and
thickness (about 10 m), being distributed along the
rupture zone.

The Tertiary volcanic rocks played an im-
portant role in the geological setting of the Bu¢im
deposit (Majer, 1958; Karamata, 1983; Ciﬂiganeo,
1987, 1993; Denkovski et al., 1983; Denkovski and
Bandilov, 1985; Serafimovski, 1990, 1993; Stoja-
nov and Serafimovski, 1990; Stojanov and Boeyv,
1993; Boev and Yanev, 2001). They occur as mi-
nor intrusives within the Precambrian metamorphic
complex. During the Neogene, tectonic and mag-
matic processes resulted in widespread magma-
tism. At the present erosion level it is represented
by sub-volcanic and volcanic facies of latite and
andesite in the form of dykes and necks. In the
intrusive level the rocks correspond in composition
from quartz-diorite to granodiorite. In terms of
chemism, they belong to calk-alkaline and alkaline
affinity. At later stages, they were enriched in po-
tassium.

The ore deposition is genetically connected
with the emplacement of Tertiary, Oligocene-Mio-
cene subvolcanic latitic and latite-andesitic bodies
within Precambrian metamorphic rocks — gneisses,
micaschists and amphibolites (27.5-24.5 Ma,
Serafimovski, 1993, or 24.5-24.0 Ma, Lehmann et
al., 2013).

The Borov Dol deposit is related to the Ter-
tiary volcanic-plutonic complex (27-37 Ma;
Serafimovski, 1993). The ore-bearing volcanic
rocks are metasomatically altered. The volcanic
rocks belong to the high-K shoshonitic series and
correspond to monzodiorite and monzonite in K,O-
Si0, discrimination. These are andesite, latite,
trachyte and rhyolite, including transitional varie-
ties (Serafimovski et al., 2010; Lehmann et al.,
2013). It is worth mentioning that the rocks of sho-
shonitic series are typical for districts with por-
phyry Cu mineralization at continental margins,
e.g. Bajo Alumbrera, Gunumba, Bingham, Ok-
Tedi, Grasberg, Cadia, etc. (Miiller & Groves,
2000; Blevin, 2002).

The wider area of Kazan Dol is built mainly
of metamorphic rocks of Precambrian (finegrained
biotite gneiss, muscovite-biotite gneiss and musco-
vite gneiss) and Lower Paleozoic age (sandstones
and marble breccia), as well as Mesozoic products
represented by so-called Furka granites, quartz
and/or quartzless porphyries, serpentinites, dia-
base, gabbro etc. Cenozoic is represented by Terti-
ary and Quaternary products. The geological set-
ting in the closest vicinity of the Kazan Dol deposit
is built of Precambrian metamorphic rocks, yellow

and compact porphyroblastic gneiss in western-
most parts of the terrain as well as two-mica cordi-
erite gneiss present along the Jurt-Deresi, Armut-
Tepesi, Kazan Dol village and Bogdanci direction.
Paleozoic products are represented by grey-green-
ish sericitechlorite schist in southernmost parts of
the area. Mesozoic has been represented by Furka
granites (central and south-eastern parts of the
area), quartz and quartzless porphyries (along tec-
tonic lines of NNW-SSE direction), quartz kerato-
phyre and keratophyre.

These granites have determined absolute age
of 15545 Ma by Rb/Sr method (Soptrajanova,
1967) and 156 = 6 Ma (Borsi et al., 1966). Inter-
esting mineralizations of Cu, Fe, Zn of skarn type
and especially Cu-vein type of the Kazan Dol type
were related to these Jurassic granitoids (Ivanov,
1966; Ligovski, 2015).

From the geological and structural aspects,
the Bukovik-Kadiica area belongs to the well-
known Serbo-Macedonian mass. It is composed
mainly of Riphean-Cambrian and Paleozoic meta-
morphic rocks represented by metadiabases and
schists (diabase-phyllitoid complex, Vlasina com-
plex) and diorites (Tasev, 2010). The Paleozoic
rocks have experienced green schist facies meta-
morphism and display a well-developed schis-
tosity. Near Berovo they directly cover gneisses of
the amphibolite facies (Karamata, 1974; Kockel et
al., 1975, Grubié¢, 1980; DumurdZanov et al.,
2005). The mineralizations are related to the Oligo-
Miocene to Lower Pliocene, 25 to 14 Ma (Har-
kovska et al., 1989; Stojanov et al., 1995; Boev et
al., 1997; Boev and Yanev, 2001) calc-alkaline
complexes (rhyolite-quartzlatite-dacite/andesite),
which occur in intervals along the fractured zones.
The Tertiary volcanism in the Bukovik-Kadiica
area is represented by the volcanic dome Bukovik
(1722 m) and small subvolcanic bodies of dacites
and rhyodacites at Belo Brdo and Kadiica (1932
m) at a surface of about 4 km?. Small dacite bodies
and dykes have been found also on Bulgarian terri-
tory within a zone of NW-SE direction as well as
an extrusive dome with subvolcanic breccias at the
intersection of faults with north-south and NE-SW
strike (Harkovska, 1984). The Kadiica subvolcanic
intrusive center is one of several Neogene dacitic
plugs that have intruded a variety of metamorphic
rocks of the Serbo-Macedonian massif (Tasev,
2010; Serafimovski et al., 2014 — Elaborate). Sev-
eral of these intrusives are associated with quartz
vein stockwork development and wide-spread
hydrothermal alteration. The subvolcanic intrusive
complex is poorly exposed on the Bukovik hill

Geologica Macedonica, 31 (1), 87-99 (2017)
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(1722 m a.s.l.) and consists of flow banded dacite
and massive fine crystalline aphyric dacite that
have been intruded by a coarser equigranular
dacite phase, a quartz-, biotite- and plagioclase-
phyricdacite porphyry and a postulated second
dacite porphyry at depth. Near-surface pyroclastics
and dacitic autobreccias are exposed along the
southwest side of the Bukovik hill.

Interesting mineralizations of Cu Fe, Zn of
scarn type and especially Cu-vein type of the Ka-
zan Dol type were related to these Jurassic grani-
toids. It is located on the territory of Republic of
Macedonia, more precisely in its southeastern part,
at about 17 km distance from Strumica city, in the
immediate vicinity of the Ilovitza village.

Mineralogical-petrographic characteristics of
the Ograzden massif indicate that it is quite hetero-
geneous and is basically represented by calcal-
caline granites. These granites shall occupy the
central parts of the mountain Ograzden, represent-
ed by: biotite coarse-grained granites, leucocrate
coarse-grained granites, granitoporphyries, musco-
vite leucocrate granites, two mica medium-grained
granites, biotite porphyry granites and granodio-
rite, leucocrate schist granites.

From mineralogical aspect, the Ograzden
massif is represented by large crystals of feldspar,

a large amount of biotite and quartz. From petro-
graphic aspect, the same are characterized by al-
otriomorfic grain to porphyry texture with massive,
and sometimes weaker schists structure.

Hydrothermal changes in the dacite—andesite
caused almost completely destroyed primary struc-
ture and changes in the mineral composition. These
changes are manifested in the form of silicification,
sericitization, alunitization, kaolinitization and at
some places opalitization and chloritization
(Rogozareva, 2013). The zone of intensive silicifi-
cation and sericitization space is expressed on the
west side of the dacite—andesite disruption.

The zone of intensive silicification and aluni-
tization space is expressed on the eastern part of
the dacite-andesite disruption, in which the pres-
ence of alunite varies from 20 to 50%.

It is noticed that in the parts where alunite is
present within the limits of 20-48%, sulphide min-
eralization is missing, similarly as in Plavica po-
lymetallic systems (Stojanov, 1980) and Dudica
(Ivanov and Ivanova, 1980). However, in the parts
where intensive silicification and alunitization are
registered as well as certain contents of gold (over
19 g/t), which mark one epithermal area, the min-
eral components are products of acidly sulfate so-
lutions (Serafimovski and Aleksandrov, 1995).

MATERIALS AND METHODS

During the period between 2008 and 2016
within detailed geological investigations of the
above described metallic mineral deposits, certain
scope of geotechnical investigations and tests were
performed. In most of the cases, separate programs
for geotechnical investigations were prepared,
which were later realized as planned. As part of
these investigations, numerous other field work
and tests were done in relation to define as more
precisely as possible the engineering-geological,
geophysical and hydrogeological properties of the
deposits. These will be presented elsewhere and
herein is only analyzed the geotechnical data ob-
tained from laboratory tests. In particular, this pa-
per deals with analysis of the following geotech-
nical parameters of rock samples taken from dif-
ferent zones of the mentioned deposits:

— Point load strength tests (Jssp) (PLT);
— Uniaxial compressive strength tests (UCS);

— Unit and specific weight measurements (UW
and SW);

— Porosity (P);
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— Shear strength along joints (SS).

It should be noted that all tests (over 800)
have been performed according to the suggested
methods of the International Society for Rock Me-
chanics and in the certified laboratory of the Chair
for Geotechnics at the Faculty of Civil Engineering
in Skopje, Republic of Macedonia. The whole
process of testing is accordingly documented by
taking photographs of tested samples (Figure 2),
notation of failure modes, notation of samples
showing unusual behavior (swelling, decomposing
during preparation, etc.).

Point load strength tests were performed
mostly on irregular rock lumps from the superficial
layer of on rock core from investigation boreholes.

Uniaxial compressive strength tests were
done on regular samples with height/diameter ra-
tion H/D =2, and for shorter samples appropriate
corrections of the obtained values were made. The
load speed, usually 0.25 MPa/s, was controlled
automatically by computer unit (Figure 2).
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Fig. 2. Photograhs from laboratory tests: a) point load
strength, b) shear strength along joints (samples in phase
of preparation), ¢) uniaxial compression test (UCS) and
control unit, d) look of samples after UCS test

The samples tested for definition of unit
weight, specific weight and porosity were selected
in order to cover as many zones as possible for
each of the treated deposits, and to obtain more
accurate information on the variation of these
parameters.

Test for shear strength along joints were per-
formed on natural joints, in some cases also with
known dip elements and by known procedures for

selection of vertical loads. Here we only discussed
the friction angle and joint roughness.

It should be taken into consideration that the
number of tested samples for particular property is
not equal for each deposit, and for certain deposits
some types of tests were not performed at all or the
number of tests was rather small. This is result of
the different geotechnical investigations programs
which were developed for each separate deposit.
As other limitations of this analysis can be consid-
ered: lack of samples from larger depth from some
of the deposits; lack of samples from some of the
particular “alteration” zones designated in respec-
tive deposits; discrepancy in relation to depth of
taken samples for establishment of more precise
correlation among parameters (for example, differ-
ent depths of samples for unit weight and specific
weight, different depth of samples tested on point
load and uniaxial strength or similar); lack of UCS
strain gauges tests to define the stress-deformation
properties of the rock monoliths.

With future investigation stages at these de-
posits, and during exploitation period these short-
comings should be surpassed and more precise
geotechnical profile of the deposits will be ob-
tained. Therefore, in this paper, the geotechnical
data collected to present date is discussed, and as
new data is obtained in future, the shown correla-
tions will be updated.

RESULTS AND DISCUSSION

In the following sub-chapters, diagrams and
charts the statistical analysis of values of each par-
ticular geotechnical parameter is presented. De-

Table 1

tailed data on statistical distribution of the results
are shown in Tables 1 and 2.

Statistical distribution of point load strength, uniaxial compressive strength and shear strength
along joints for all deposits

Parameter
Shear strength along joints Uniaxial compressive strength Point load strenght Jssp, Deposit
Friction angle (°) (MPa) (MPa)
SD Max Min Av. SD Max Min Av. SD Max  Min Av.

6.55 51.27 17.00 32.08 30.55 139.50 2.00
21.87 74.30 10.60
18.18 113.71 233
2.98 36.00 26.00 30.71 46.13 186.57 5.99
18.21 52.32 6.37
6.57 37.00 14.00 29.75 29.66 101.21 5.45
6.34 51.27 14.00 31.63 30.57 186.57 2.00

34.96 1.65 7.60 032 2.68 Ilovica
36.06 | 0.85 3.84 078 192 Kadiica
26.69 1.80 9.54 054 2.85 Plavica
63.38 1.90 996 414 6.11 Buc¢im
32.41 1.85 882 043 353 Kazan dol
47.84 | 2.88 12.63 054 441 Borov dol
36.60 | 2.04 12.63 0.32 3.12 | All samples

Geologica Macedonica, 31 (1), 87-99 (2017)
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Table 2
Statistical distribution of unit weight, specific weight and porosity for all deposits
Parameter
Porosity (%) Specific weight (kN/m’) Unit weight (kN/m?) Deposit
SD Max Min Av. SD Max Min Av. SD Max Min Av.
6.10 27.12 0.22 6.96 1.02 30.35 26.02 27.52 2.07 27.19 1722 2395 Tlovica
1.18 2796 2327 25091 Kadiica
6.68 31.37 3.21 16.21 1.07 32.25 26.57 28.62 2.02 28.72 18.02  23.67 Plavica
0.58 27719 2445 26.14 Buc¢im
2.56 8.57 0.93 5.10 0.65 28.83 26.00 27.55 0.63 27.84 2458  26.12 Kazan dol
5.81 20.95 0.66 7.83 0.74 29.44 27.01 28.31 1.43 29.28 20.69 2532 Borov dol
7.40 31.37 0.22 9.74 1.08 32.25 26.00 28.03 2.02 29.28 1722 2450 All samples

Point load strength tests

The point load strength results show that most
of the tested samples belong to the medium range
of strength. More precisely, according to the most
usual strength classifications presented by Jova-
novski et al. (2012), tested samples represent
mostly strong, average (weak) and very strong rock
classifications. (Figure 3).

In relation to the vertical distribution, it was
found that for all deposits, PLT values vary to
some extent. For example: for the deposits Plavica
and Ilovica, Borov Dol and Kazan Dol values are
usualy in range from 2.0 to 8.0 MPa; for the de-
posit Bugim (in particualar ore body Cukar) the
values are in range from 4.0 to 8.0 MPa.

120 y=-1.0833x7 - 10.393? + 91.65x - 57.4
102 R¥=0.9334
100
g g0 )
_ﬂ. v
£
2 50|
-
°
3 40 3 B Allsamples
Foly (All samples)
20+

Jsisp) Intervals in (MPa)

Fig. 3. Number of point load strangth Jss, samples divided
in five strength classes

For the deposit Kadiica, the values are usualy
in range from 1.0 to 4.0 MPa. If all data is taken
into account, then certain trend toward lowering of
the values to a range of 1.0 to 4.0 MPa as the depth
increases can be noticed (Figure 4). However,
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there is small number of samples from larger depth
for some of the deposits so in future this statement
needs to be confirmed.

PLT Js50) in (MPa)
0,00 4,00 8,00

12,00

+ Kadiica
m Plavica
* Borov dol

0 Kazan dol

0 Bucim Ch.

Depth in (m)

a llovica

600

Fig. 4. Variation of point load strength Jssy with depth
for all deposits

Uniaxial compressive strength tests (UCS)

In contrast to the point load strength results,
the results from uniaxial compressive strength im-
ply that most of the rocks belong to category of
medium strong, then strong and very strong rock
classifications according to ISRM (Figure 5).

140

120

120

V=-1,6667%3+ 18,429x2- 88,905x + 189,6
R%=0,9501

100

80 -
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0 | —— Poly. (All samples)

20 1

0 -

0,0-25,0 25,0-50 50-100 100-250 250+

-20
uUcs intervals in (MPa)

Fig. 5. Number of uniaxial compressive strength samples
divided in five strength classes
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In relation to values distribution in vertical di-
rection, certain patterns are visible for particular
deposits (Figure 6). If all data is considered, then
there is trend to decreasing of the strength as the
depth increases with the most frequent values of
the strength in the range of 5.0-50.0 MPa. The
samples from Bucim deposit have the highest
strength, while the lowest strength values are no-
ticed for deposit of Ilovica. Uniaxial compressive
strength of samples from the Ilovica and Plavica
deposits varies in wide range, however with no-
ticeable decrease of strength as depth increases.
Strength of samples from the deposits of Kadiica
and Borov Dol show narrower range, but in this
case the number of samples is very low. It is
clearly noticeable that the highest values of the
uniaxial strength are registered for samples taken
from depths in the interval of 0.0-200.0 m.
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Fig. 6. Variation of uniaxial compressive strength with depth
for all deposits

In the values of uniaxial compressive strength
from all analyzed deposits are compared with the
typical values of bare (without ore) igneous rocks,
then it is clear that the alteration processes have
lowered the strength of the rock to a very high ex-
tent. Just for example, average values for most ig-
neous rocks in non-metallic deposits is over the
value of 80.0 MPa, usually over 150.0 MPa, while
in this case most of the deposits have average val-
ues in range of 35.0-60.0MPa. In the case of de-
posit Bucim, the highest average (63.38 MPa) and
highest achieved uniaxial strength (186.57 MPa) as
a result of the intense silicification of the rock
mass were registered. On the other hand, in the de-
posit of Plavica average of 26.69 MPa was found,
as well as the lowest achieved strength of 2.33
MPa which is clear result of the alterations.

If the values of uniaxial compressive strength
are correlated with the point load strength results
(Figure 7), then it is clear that the usual coefficient
(22) in the well-known equation UCS (op) =
Jss0:22 is not applicable for general use when it

comes to rock strength estimation for these metal-
lic mineral deposits. In this relation more specific
test programs should be performed in future.
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Fig. 7. Correlation of results from UCS and Js s tests

Shear strength along joints

The analysis of shear strength along joints is
performed for very small number of samples in
relation to other tests (Figures 8, 9, 10 and 11). The
most frequent value of the obtained friction angle
is in the range of 30-35° and the most usual value
of the joint roughness coefficient is JRC = 4-10. In
particular, for Ilovica deposit it can be noticed that
the friction angle increases with depth, and that
JRC tend to conform to a narrower range in relati-
on to the ranges of shallower samples (Figure 11).
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Since the shear strength along joints is from
particular interest in the mining design of the
working benches slope angles, as well as for the
final pit shell slopes in open pit mines, it is very
important to perform additional investigations for
some of the deposits. Therefore, the results presen-
ted herein can be used to extrapolate some of the
shear strength parameters only for certain zones of
the Ilovica deposit, while for the other deposits it
can be considered that there are not enough samp-
les to perform any extrapolations in this sense.

Unit weight

If the results from all deposits are analyzed it
is noticed that the unit weight of the rocks is in the
interval between 17.0 and 29.0 kN/m’ (Figure 12).
Such large variations in the values are characteris-
tic mostly for samples to the depth of 100.0 to
150.0 m (Figure 13). Samples from depth over
150.0 m show reducition of this variation, with ten-
dency towards values between 24 and 27.0 kN/m’.
The largest variations are noticed for the deposits
of Ilovica and Plavica, while the lowest for Bu¢im
and Kazan Dol (Figure 13 and Table 2).
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Specific weight

Specific weight tests were performed only on
samples from three of the deposits. The obtained
values are usually in the range of 27.0-29.0 kN/m’
and with slightly but noticeable tendency towards
larger values as the depth increases (Figures.14 and
15). However, because only three of the deposits
are analyzed, no general conclusions are achieved.
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in six weight classes
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Fig. 15. Variation of specific weight with depth for deposits
of Kazan Dol, Tlovica and Plavica

Porosity

The porosity ranges for all rocks from four of
the deposits are presented in Figure 16. Most of the
values classify the rock in group of low to medium
porosity (n = 1-15%), while the rest can be classi-
fied as rock with high porosity (15-30%).

If these values are compared with porosity of
bare igneous rocks (without ore) then the differ-
ence is significant. Standard values of igneous
rocks porosity with some rare exceptions are in
range of up to 2%). In relation to changes in verti-
cal direction, it is clear that the porosity decreases
with depth in all of the analyzed deposits (Figure
17).
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Fig. 17. Vaiation of porosity with depth for deposits
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CONCLUSIONS

Metallic mineral deposits in the Republic of
Macedonia have very variable values of the basic
geotechnical properties. The most pronounced
variability is related to the strength parameter or
in particular the unconfined uniaxial strength of
the rocks. In relation to the changes in vertical
profile of the deposits, particular patterns are no-
ticed almost for all properties and these relations
are more or less pronounced from deposit to de-
posit. From the noticed trends in the vertical pro-
files of all deposits, it can be concluded that most
geotechnical parameters tend to some stabiliza-
tion-equalization as the depth increases.

However, one should be very precautious
during performing certain extrapolations in the
uninvestigated zones of the deposits, especially
with taking into account the mentioned short-
comings and limitations of the analyses presented

herein. It is suggested that further investigations
and statistical analyses are performed in order to
get more precise picture of the geotechnical val-
ues variations both in vertical and horizontal di-
rection for each of the deposits.

In this context, possible investigations sho-
uld be aimed at:

— establishing correlations between geotech-
nical parameters with certain rock types / hydro-
thermal alterations;

— establishing correlations between geotech-
nical parameters with distance from the center of
the hydrothermal/porphyry system in horizontal
and vertical direction;

— divide each deposit in particular geotechni-
cal domains using geotechnical modeling soft-
wares.
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Peszume

OCHOBHHU 'EOTEXHUYKHU MAPAMETPU HA HAOT AJIMIITA
HA METAJIMYHU MUHEPAJIHU CYPOBUHMU BO PEITYBJIUKA MAKEJOHUJA
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Kuyunu 360poBH: re0TEXHHYKH apaMeTpH; HAOTaJIMIITa HA METAJINYHH MUHEPATHU CypPOBHUHH;
CTaTHUCTHYKA aHAJIM3a; BEPTUKAIHA JUCTPUOYIIHja

Bo Tpynot e npe3eHtrpana aHajan3a Ha OCHOBHHTE I'€0-
TEXHUYKH NapaMeTpu Ha KapIeCTH IPHMEPOLH O IOrojeM
0poj HaofanuINTa Ha METAIUYHU MHHEPAHH CYpPOBMHHM BO
Peny6nrka Makenonuja. IMeHO, pUKaXaHU ce Pe3yiTaTH O
OINCEXKHH TCOTEXHUYKH HCTPAXKyBama H3BEJCHM Ha Haora-
mumrata Wnosuma, Bopos [Jlon, Kazam Jlon, Ilnasuna,
Kaguuna, Byanm. 13Benenu ce noseke ox 800 pasmiyau reo-
TEXHHYKH J1Ta0OPaTOPHCKU ONHMTH Ha MPUMEPOLHM Of jampa
3€MCHHM O] pa3JIMuHM 30HM Ha OBHe Haoraimmra. Hajuecto
M3BEyBAaHUTE TECTOBH BO PAaMKHTE HA T€OTEXHHYKUTE IPO-
rpaMH 3a UCTPaXyBama Ha OBHME HAOaNMUINTA BKIy4dyBaaT:
MHJIEKC Ha TOYKECTa jaKOCT, €HOAKCHjaHa jJaKOCT Ha TPHUTH-
COK, BOJIYMEHCKa M Crelu(pHUIHA TSKHHA, NOPO3HOCT, jAKOCT
Ha CMOJIKHYBaHh€ HaJ0K ITyKHaTHHH. CHUTE ONAaTOLH ce CTa-
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TUCTHYKU QHAIM3MPAHU U JAJCHU CE OAPEACHU 3aKIYYOLH
KOM Ce OJIHeCyBaaT Ha IMOCAWHUTE ICOTCXHHYKH MapaMeTpH.
Oco0eHO BHUMAHHUE € MIOCBETEHO Ha BEPTHKAJIHATA JUCTPHOY-
Mja Ha BPEAHOCTUTE HA T€OTEXHUYKHUTE MapameTpu, UMajKu
ja mpenBHI HMBHATA BA)KHOCT 32 CAMHOT IIPOLEC HA IUIaHH-
pame uckonu (0co0eHO TUMEH3MOHUPae Ha OTBOPEHH KOIIO-
BU) M mpepaboTka Ha pyaaTa. JJMCKyTHpaHH C€ pPa3IUKHTE
nmoMery OApeNeHH HaorajluIlTa U JaJeHU Ce OAPEACHU 3a-
KIIY4OLM U MPEHOpaKu 3a HIHU HCTpaxKyBama. Ce HalOMHYBa
Jeka OoBa € MpB OOMJ Ja ce aHauu3paar OJKy rojeM Opoj
TEOTEeXHUYKH IMOJATOLM 32 HAOTQJIMIITA HA METAIMYHHM MH-
HepasiHH CypoBHHH BO PemyOuika MakenoHuja, HO co npuou-
pame HOBH IOJATOLM, MOXKHO € OBJIE IIPETCTaBEHHUTE KopeJa-
LIMH I3 IPETPraT IPOMEHH.






