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TYPES OF LATERITIC WEATHiERING CRUST ALONG THE -
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Blazo Bocv', Todor Serafimovski'

IFaculty of Mining and Geology, Stip, Republic of Macedonia

Abstract: This paper is a brief account of the
structural-wetallogenic featires of Ni-silicates and
Fe-Ni deposits in the Vardar zone along the Vardar
River valley in the Repicblic of Macedonia.

Two type of lateritic crusts swere determined:
primary lateritic crusts - in sitc (Groot, Gradiste
etc) and redeposited lateritic crusts (Rianovo,
Studena Voda, Rakle, Nikodin etc.).

Lateritic crusts are genetically related to the
processes  of lateritization  of the Jurassic
serpentinites which took place in warm and wet
climate.  They are basically  nickeliferous-
Sferrugineous in which Ni content amounts to 1%,

Feto 32 %, and Cr to about 2.5 %. Co, V, Mn, Ti
elc. occur as accompanying components.
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1. INTRODUCTION

Although occurrences of nickeliferous
mineralization in weathering crust in the Vardar
Zone were known before 1941, their exploitation
started afler 1970. The FENI Metallurgical Plant in
the town of Kavadarci was built to process the
mineral raw materials. Nickel and nickeliferous
iron deposits in the western ophiolite belt (in
Albania and Greece) started the process of
exploitation much earlier than those in the Vardar
Zone.

The conditions for occurrence of the deposits in the
. Vardar Zone were studied by many geologists. The
most important studies were carried out by
MAKSIMOVIC (1952a, 1959b, 1966, 1981),
IVANOV (1962, 1975) and STOJANOVIC (1960).

Recently, intensive investigations in the deposits in

the KoZuf district were carried out by BOEV
(1982, 1988 ), BOEV and JANKOVIC (1996).

2. STRUCTURAL-GEOLOGIC AND META-

LLOGENETIC FEATURES OF THE LATERI-
TIC CRUSTS :

Silicate nickel and nickeliferous iron deposits in

" the Vardar Zone are situated in a relatively narrow

belt of ophiolites striking Frutka Gora in the north
to Eubea in the south conlinuing further to
Anadolia in Turkey. Spatially, in one part
genetically, the primary deposits are related to the
peridotite complexes of Jurassic ophiolite for-
mations, or more precisely to the weathering crusts
which developed on the peridotite/serpentinites
which themsevles developed in conditions of wet
and warm climates under the influence of surface
factors. Although these deposits have features of
lateritic products they can not be classified as
ordinary lateritic deposits.

 Most of the fossil weathering crust was eroded

during later processes, particularly in conditions of
dissected paleorelief. Residual Ni-silicate deposits
remained in places where they developed and were
covered by younger sediments, that protected them
from further erosion or where fossil crusts
redeposited in surrounding basins or nearby
carstified vugs/troughs. Deposits and occurrences
of silicate nickel and nickeliferous iron are located
in several smaller metallogenic units, mainly ore-
fields -and districts. These metallogenic units are
situated in the Serbo-Macedonian metallogenic
province.

Metallogenetic analysis carried out along the
course of the Vardar River determined three ore

districts: the T. Veles-Klepa, Rakle-Nikodin and
KoZuf,, They all have their own specific features

~with respect to lateritic crusts and include several

characteristic deposits.



3. TYPES OF LATERITIC CRUSTS

Based on results obtained from investigation
carried out on lateritic crusts along the course of
the Vardar River two types can be distinguished:

1. primary lateritic crusts - in situ and
2. redeposited latcritic crusts.

Development of economically important nickel an¢l
nickeliferous iron deposits could take place during
the development of weathering crust. Deposits of
silicate  nickel and nickelifcrous iron are
distinguished based on mineral composition.

3.1. Silicate Nickel Deposits

The following types of silicate nickel ores can be
distinguished based on their chemical composition:
a. ferrugineous b. magnesian and c. siliceous. -

I. Fertugineous o1 nontionite otes retain the

structure of serpentinite. They are plastic and
powdery when dry. Nontronile and nontronized
serpentinite prevail in their composition. They also
contain  beidelite,  chloritc,  asbolane,  opal,
catbonates, gypsum, rately nickeliferous hydro-
silicates,

2, Magnesian or serpentinile ores arc very similar
to serpentinites in their physical appcarance. They
consist of serpentinite and nentronite with minor
cerolite, nickeliferous hydrosilicates (garnierite,
revdenskinite), calcedony, opal, iron hydroxides
and manganesc as well as carbonates (aragonite
and magnesite). '

3. Ocher siliccouns ores are quartz silicified ores
developed mainly of calcedony and opal which
form vuggy cavernous shapes filled with loose
material, mainly iron hydroxides. The Groot and
Gradi3tc deposit belong to this type of deposits.

Table 1: Chemical analyses of materials of lateritic weathcering crusts from the Groot deposit

1 2 3 4 5

MnO 035 [0.18 011 | 010 | 0.10
ALO, 045 [2.43 055 | 0.40 | 0.92
Tot Fe,0, 527 [47.21 | 1039 | 949 | 833
MgO 27.60 | 5.02 | 3440 | 33.86 | 35.84
Na,0 038 |0.18 009 | 006 | 007
K,0 0.20 |0.83 020 | 0.20 | 0.20
S0, 0.06 | 0.08 006 | 006 | 0.06
P,0, 09 |04 0.6 0.6 0.6
Si0, 2506 [21.87 | 44.09 | 4430 | 42.64
Ca0 1532 | 3.24 0.10 | 006 | 0.7
TiO, 002 022 | 002 | 002 | 002
Cr,0, 0.02 | 1.17 002 | 002 | 025
NiO 0.11 [ 1.17 037 | 033 | 031
,0(105) | 081 |0.44 0.64 | 0.63 | 1.03

The geological composition of the Groot deposit
consists of ultrabasic rocks, laterites and
Cretaceous limestones (Fig. 1).

Nickel content ranges from 1.5 to 3 %, whereas
iron from 30 to 40 %. Ncpouite-garnierite are the
basic nickel bearers in the deposit. Chemical
composition of the lateritic crust in the deposit is
shown in Table 1.

3.2. Nickeliferous Iron Deposits

Nickeliferous iron deposits are very common in the
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Vardar zone. They "are mainly redcposited and
located in the footwall of Upper Creataceous
scdiments. They arc in the shape of layers and
mainly developed on serpentinites in the footwall
of some sedimentary scries.

The mineral composition of ores is very complex,
and in some cascs differs largely from the primary
composition of the redeposited lateritic material.
IHematite and magnetile arc most common in
addition to a fan of silicate minerals such as
chlorite, tale, stilpnomelane ctc as well as the
cntbonate  group represented by calcite  and
dolomite, and occasionally magnesite.



hiiu,
I L]‘ -
som [TIT) [

Fig. 1. Geologic map of the Groot deposit

1. Alluvium, 2. Delluvium, 3. Turonian llmeSlonc 4. Turonian quartz conglomerate and
sandstone, 4. Turonian nickeliferous pisolitic ore, 5. Low grade nickel mineralization

with jasper, 6. Lateritic crust, 7. Leached serpentinite, 8. Serpentinite with magnesite

occurrences, 9. Diabase, 10. Serpentinite/ Peridotite, 11. Triassic limestone with chert,

12. Carboniferous maible, 13. Quarlz-sericitic schist, 14. Amphibolite, 15. Fault

RZanovo, Studena Vaoda, Rakle ete belong to this
group of deposits.

The RZanovo deposit is typical of this group. The
nickeliferous iron mineralization is located along
the contact between Jurassic scrpentinites and
schists in the footwall as well as Cretaceous
limestones in the hangingwall. The ore layer was
explored from peak 955 meters to peak 470 meters
through a vertical interval of about 500 m. with no

signs of wedging out. The average thickness of the
layer is about 30 meters and it behaves like a
continuous body, although tectonic events on the
field were very intense.

Spatially, the layer has a sub-vertical position and
due to strong tectonic movements it has inverse
position in the part of the RZanovo deposit (Fig. 2).
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Fig. 2. Geologic map of the RZanovo-Studena Voda zone
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The following lithologic ore types can be
distinguished in the RZanovo ore layer: compact
magnetite ore (I/1), schistose magmetite ore (I/1),
oolite hematite ore (I/2), schistose hematite ore
(173), compact hematite ore (1/4), riebeckite schists

(I/8), stilpnomelane  schists (111/1),  dolomite
schists (V1/1), tale schists (VI/6), serpnetinite ore
(V/6).

The composition of these ore types is shown in
Table 2.

Table 2: Chemical composition of major ore types in the RZanovo deposit

171 [u/t 172 173 /4 [u/8 [ui/y Vi71 |Vi76 [V/6
ALLO, 178 | 541 | 3.18 | 2.68 | 339 | 6.60 | 592 [ t47 | 1.05 | 1.39
Tot Fe,0,[32.91 [59.86 [59.30 [40.51 |48.57 |16.72 |43.89 |36.55 [11.17 |1235
MnO 024 | 0.16 [ 020 | 048 | 058 | 0.73 | 0.18 | 043 | 026 | 0.16
MgO 18.40 | 827 | 9.15 [17.66 [12.82 | 7.62 | 935 |14.73 |28.64 |31.67
Na,O 0.50 | 0.55 [ 037 | 050 | 053 | 507 | 0.66 | 1.23 | 059 | 0.83
K,O 0.10 [ 0.10 [ 0.10 [ 0.10 [ 010 | 022 | 0.79 | 0.19 | 0.18 | 0.20
P,0, 0.17 { 029 [ 0.17 [ 017 | 024 | 036 | 049 | 043 | 0.40 | 0.40
Si0, 40.02 [16.05 [19.80 [30.30 [2523 [46.33 [27.06 [32.23 |48.77 |4131
S0, 047 | 1.26 | 048 | 047 | 061 | 2.82 | 348 | 0.72 | 026 | 026
CaO 098 | 1.03 [ 2.00 [ 099 | 1.03 | 198 | 127 | 6.73 | 1.63 | 137
TiO, 002 [ 013 [ 005 | 003 | 005 ] 028 | 020 | 001 | 0.0 | 0.01
LOI 265 | 2.18 [ 1.94 | 339 | 295 | 016 | 340 | 261 | 567 | 9.68
H,0 024 | 053 | 070 | 040 | 061 | 028 | 1.27 | 0.18 | 030 | 0.73
NiO 090 [ 128 [ 091 [ 1.27 | 114 [ 2413 [ 079 | 0.80 | 0.75 | 0.37
Cr,0, 1.68 | 386 [ 1.99 | 193 [ 325 | 7.00 | 293 | 149 | 036 | 039
Total 101.06 [100.96 [100.34 [100.88 [101.10 [98.30 [101.68 [99.80 [100.04 |101.12

Mineral association of the ore in the RZanovo (11716 %), hematite (40,41 %), clinochlore

deposil is as [(ollows:
clinochlore, talc, sepiolite,
lizardite, dolomite, phlogopite,
quartz, albite, pyrite, maghemite,
digenite and millerite.

Only five of mentioned mineral
associalions are constantly present: magnetite

magnetite, hematite,

magnesioriebeckite,
stilpnomelane,
pyrrhotine,

the

(10.65 %), talc (22.90 %), and magnesioriebeckite
(13.60 %).

The amount of major and accompanying metals in
the deposit amounts lo.l.03% Ni, 32% Fe, 0.06%
Co, 225%Cr.

Table 3: Chemical composition of major ore types in the Studena Voda deposit

7781 [ 7713 | 7718 | 7721 [ 7723 | 7567 | 7569
Sio, |[18.55 [33.61 [35.15 [18.76 [2507 [28.64 [21.56
TiO, || 042 [ 023 | 056 | 029 | 031 | 042 '| 0.58
AlLOy [11.12° | 508 [12.15 | 821 | 846 | 535 | 840
Cry0; | 447 | 112 | 302 | 215 | 1.87 | 253 | 1.96
Te,0; |35.47 2613 | 525 4038 [37.59 [3511 [42.64
FcO |12.53 | 250 | 7.86 | 3.88 | 644 | 5.99 [ 7.07
MnO || 0.42 | 0.36 | 045 | 034 | 038 | 045 | 0.63
NiO 191 | 120 [ 140 | 135 [ 126 | 201 | L2
MgO | 7.86 [20.00 [20.59 [16.18 | 9.22 |10.50 | 6.75
CaO || x 327 | 090 [ 337 | 1.57 | 1.25 | 1.46
NaO | 0.06 | 0.11 | 1.07 | 0.13 | 1.92 | 245 | 0.40
K,0 0.07 | 006 | 228 | 007 | 208 | .17 | 2.76
1,0" || 616 | 575 | 854 | 515 | 358 | 3.57 | 430
H,0 | 0-89 | 0.58 | 059 [ 093 [035 [ 051 [ 036
Total ][99.93 [100.00 [99.91 [101.19 [100.10 |99.95 |100.26
Ni(%)] 1.50 [ 094 [ 1.10 | 1.06 [ 099 [ 1.58 [ 0.88
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Besides Rzanovo, the Studena Voda, which has
certain specific features, is an important deposit in
this lateritic group. Geological relationships in the
deposit are similar to those in Rzanovo, the
difference being in the serpentinites located in the
footwall of the ore layer. In Rzanovo they are
located and compose the hangingwall of the ore
layer due to the -influence of strong teclonic
movements.

In Studena Voda deposit the hangingwall is
composed of Cretaceous limestones and Tertiary
tuffs, whereas the footwall consists of nontronite
clays and scrpentinites or relicts of lateritic
serpentinite weathering crust (Fig. 2).

The thickness of the layer amounts to 50 m and in
part it is covered by series of tuffs.

The texture of the layer is not homogeneous and
consists of a number of lithologic members or ore
types (MAKSIMOVIC, 1982, BOEV, 1982, 1990):
chloritc-hematite  type  (7781), talc-chlorite-
hematite type (7713), chlorite-phlogopite talc-
amphibole type (7718), hematite-chlorite type
7721), hematite-chlorite-phlogopitc-amphibole
type (7567), hematite-phlogopile-chiorile type
(7569), phlogopite-albite ore type

The composition of major ore types of the Studena
Voda deposit is given in Table 3.

The contents of basic ore mclals in the Studcna
Voda deposit amount to 1.05 % Ni, 31 % Fe, 1.85
% Cr, 0.05 % Co.

4. CONCLUSION

Deposits of silicate nickel and nickeliferous iron in
the Vardar zone are situated in a reletively narrow
ophiolite belt. Spatially and in some part
genetically, primary deposits are related to the
peridotite complexes of the Jurassic ophiolite
formations, or more precisely to the weathering
crust  which developed on  the peridotites/
serpentinites  which  themselves  developed in
conditions of wet and warm climates under the
influence of surface factors.

Most of the fossil weathering crust was eroded
during later processes, particularly in conditions of
dessected paleorelicf. Residual deposits of Ni -
silicate remained in places wheie they were cither
covered by younger sediments that protected them
from further erosion or where fossil crusts
redeposited in surrounding basins or nearby
karstified vugs/troughs.
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