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Abstract. Five typical bauxite samples from three ore deposits from the wider
area of Grebnik Mt. (Metohija, Serbia) were examined with the optical micro-
scopic, X-ray powder diffraction (XRPD) and chemical methods. The occur-
rences in bauxites were studied and described and the presence of major
minerals was determined: diaspore, boehmite and hematite; minor minerals:
quartz, goethite, rutile, kaolinite and hydro-hematite; as well as anatase,
brookite, magnetite and chromite, which occur only sporadically. According to
the quantity of main Al-bearers, three types of bauxite ore were recognized:
diaspore, boehmite and boehmite-diaspore. Unit cell dimensions of major min-
erals were determined, mostly with values within reference data. However, all
of the studied hematites have smaller a, and V, values, most probably due to
the substitution of Fe3* by AI3*. All samples are further classified as iron-rich
and ferritic bauxites. It was found that there were changes in origin conditions
between major Al-hydroxides minerals and hematite, as well as between the
diaspore and boehmite. Determined chemical compositions put this raw ma-
terial into high-quality raw materials for obtaining the electro corundum and
alumina. The synthesis of the obtained data indicate that Grebnik’s bauxites
have some unique characteristics, more or less different from most of the
World’s known bauxite ore deposits.

AncrtpakT. [leT THINYHUX y30paKa 60KCUTA U3 TP PyJHA JIEXKHILTA Ca [HUpPer
no/pydja nuianuHe ['pe6HuK (MeToxuja, CpobHja) cy NpoydaBaHU ONTHIKO MUK-
POCKOIICKUM, peHAreHckoM Judpakuujom npaxa (XRPD) u xeMujckuM meTo-
JaMa. [IpoyyaBaHe cy 1 onucaHe 1ojaBe y 60KCUTHMa U yTBPHEHO je MPUCYCTBO
[JIABHUX MUHepaJa: Aujacnopa, 6eMUTa U XxeMaTUTa; MUHOPHUX MUHepaJa:
KBapla, TeTUTA, PyTHJIa, KAOJIMHUTA U XUJPOXEMATHUTA; KAao U aHaTaca, 6py-
KWTa, MarHeTUTa U XpOMHUTA, KOjH Ce jaBJbajy caMo crnopajuydHo. [Ipema ko-
JIMYMHYU IJIaBHUX HOCHUJIAllAa aJlyMHHUjyMa, yTBpheHa cy Tpu Tumna pyze
6OKCHTa: AUjaCIOPCKU, 6EMUTCKU U 6eMUTCKO-AUjacnopcKy. U3pauyHaTe cy
JIMMeH3Hje jeIMHNYHUX hesvja [IaBHUX MUHEPAJIa, yIJIaBHOM Ca BpeAHOCTHUMA
KOje Cy Y OKBUPY JINTePaTypPHUX NoJjaTaka. MehyTuM, cBM npoyyaBaHU XeMa-
TUTH UMajy Matbe BPeJHOCTH d, U V,, HajBepoBaTHHje ycJies 3aMebuBamba Fe*
ca AI**. CBu y30p1iu cy Jajbe KaacudHuKoBaHHU Kao reokhem-6oratu u pepu-
TUYHU OGOKCUTHU. YTBphEHO je Aa cy ce 10To/iuJIe IPOMEHE Y YCJI0BUMA IMTOCTaHKa
n3Mebhy raBHUX MUHepasa Al-XUZpokcHuia U xeMaTHTa, Kao U u3Mehy auja-
crniopa u 6emuTa. OgpeheHu XeMHUjCKH cacTaBy CTaBJ/bajy OBY CHPOBHHY y BU-
COKO-KBaJ/IUTeTHE CUPOBHMHE 3a Jo6Hjare eJeKTPO KOpyHJa U IVIMHUIE.
CuHTe3a f06MjeHUX NoaTaKa yKasyje Ha To Ja [pe6GHUYKH GOKCUTH UMajy
HeKe jeIMHCTBEHEe KapaKTePUCTHKE, KOje ce Makbe WJIM BHUILIE PA3JIHUKY]jy Of
BellMHe CBETCKM [TO3HATHX JIEXKUIITA pyzie OOKCUTA.
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Introduction

Bauxite resources are the most important ores of
aluminium, due to Al-hydroxide minerals, such as
gibbsite [Al(OH)3], boehmite [y-AlO(OH)] and dia-
spore [a-AlO(OH)], together with the iron ore
minerals hematite and goethite, kaolinite, quartz and
small amounts of rutile and anatase (TiO,). Bauxite
deposits are commonly classified in three genetic
types, i.e. lateritic, karst, and Tikhvin-type, according
to mineralogy, chemistry and host-rock lithology
(BARDOSSY & ALEVA, 1990).

Exploration of the bauxite occurrences and
deposits in Serbia started in the early 1950s during
the 20th century when Grebnik’s karst type bauxites
(Metohija, Serbia) were discovered (Fig. 1). The
study area belongs to the Inner Dinarides metal-
logenic province within the Dinaric region, located
at the slope of Grebnik Mt. (latitude: N 42° 33 36,
longitude: E 20° 36' 0") in the eastern part of the Me-
tohija basin, 30km east of Pe¢ city within the
territory of Klina municipality. Up to now, these
bauxites were studied by many authors, and the level
of examinations in this area is relatively very high.
Although many articles have been published on the
geological setting, structure of the ore deposits and
occurrences, stratigraphic position, space arrange-
ment, thickness and metallogenic characteristics of
the bauxites the mineralogical and especially the
crystallographic characteristics of the bauxites has
received very little attention.

The oldest data may be found in HISSLEITNER'S
monograph (1951/52) on the serpentines of the
Balkan Peninsula and the Asia Minor which consi-
ders the bauxite occurrences in the Grebnik Mt. with
typical oolite iron ore deposited in the limestones.

Extensive research was performed during 1954 /55
by Rijevac (1956), who accomplished the geological
map of the Grebnik Mt., diggings and shallows. In this
period important occurrences and reserves of the
ferrous bauxites from Grebnik were estimated at about
1.500.000 t with remark that they are not suitable for
modification with the Bayer’s procedure.

The mineralogical features of 14 representative
samples from the Grebnik’s ore deposit N° 3 were
examined, and four types of the mineral raw material,
e.g. boehmite, boehmite-diaspore, diaspore-oolite-
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Fig. 1. A) Overview map of the bauxite location terrains in Serbia
(after TimotyEevic, 1997). Roman symbols explanation: (1) Pocuta,
(1l) Tara, (11I) Mackat, (IV) Grebnik and (V) Babusnica. Arabian
symbols explanation: (1) Upper Cretaceous and (2) Lower
Cretaceous. B) Map of south-eastern Europe showing selected
bauxite occurrences as mentioned in the text: Grebnik, Serbia (1),
Vlasenica, Bosnia and Herzegovina (2), Stitovo, Montenegro (3),
Marmara, Greece (4) and Parnassos-Ghiona, Greece (5). Position

of Fig. 1A is also marked.

pisolite and diaspore type were distinguished by
MisIrLIC & MITROVIC (1969).
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According to Arsi¢ (1973), the bauxites lie in the
configuration zone with N-S direction from the Dolac
village in the north, across the Grebnik Mt., Labucevo
and Okovan villages, to the Zatri¢i village in the
south. The zone length is about 15 km, and width 0.5
to 3.5 km. The western border of the bauxite zone is
marked by serpentinites (Orahovac peridotite mas-
sif) and “diabase-chert” formation, while the eastern
border is represented by the overthrusted serpen-
tinites and Cretaceous deposits. Bauxite zone sinks
to the north beneath the Pliocene sediments, and to
the south near the Zatrici village it tectonically thins
between two serpentinite thrust faults. In this zone,
about 60 bauxite occurrences and ore deposits, some
of them either cropping out or being overlained by
other deposits, were found.

MAKSIMOVIC & PANTO (1991) presented the distri-
bution of the rare earth elements (REE, including
La-Lu, Y) along Grebnik’s vertical profiles. It was
established that the REE content has increased 5.9
times during the weathering and bauxitization in a
karstic environment and reveals a high enrichment of
these elements in the lowermost part of the deposit.
High contents of Cr, Ni, and Co are also characteristic.

Appearances of the "dendrite bauxites with terra
rossa” were studied by DaNGIC & Pobunavac (1993).
During the previous investigations a unit "terra rossa
with bauxite fragments” was recognized. In this unit
local important bauxite occurrences occur.

TimoTiEVIC (1997, 2001) concluded that one half of
the ore depositis located at the surface, while the rest
were found in boreholes at depths from 20 to 200 m
below the overlying rocks. Ore bodies are mostly
lenticular-strip, rare with anomalous shapes, with
same strike and dip as the Cretaceous series. Bauxites
in paleo-karst of the Turonian limestones have very
rough substratum and almost always flat hanging wall.
Quantity of the ore bodies considerably changes in the
range from 1.000 to 2.000.000t, while the bauxite
thickness in ore deposits reaches more than 25 m.

The aim of this paper is to present in detail the
mineralogical, crystallographic and chemical chara-
cteristics of five bauxite samples from three
Grebnik’s ore deposits. Another goal was to compare
obtained results with other bauxite ore deposits
from Grebnik Mt., Serbia, Serbia’s surroundings, as
well as other worldwide bauxite ore deposits.

Geol. an. Balk. poluos., 2019, 80 (1), 45-61

Materials and methods

From the three Grebnik’s ore deposits (N° 6, N° 21
and N° 22), five typical representative bauxite
samples were picked from the surface (labeled as: B-
1, B-2, B-3, B-4 and B-5). These samples were further
studied by an optical microscopic, X-ray powder
diffraction (XRPD) and chemical analysis.

Optical microscopic study has mainly been car-
ried out with reflected light microscope on polished
sections. These studies were only sporadically
combined with those performed by transmitted light
microscope and thin sections, due to a further better
and reliable identification of some mineral species.
Eight most characteristic occurrences were photo-
graphed (Figs. 2 and 3) with the magnification of 50x
(A,B,Dand E); 100x (C and F; under cedar’s oil); and
500x (G and H; under cedar’s oil).

The X-ray powder diffraction (XRPD) studies were
performed by automatically diffractometer for
powder “PHILIPS”, model PW-1710. The long-focus
(LFF) Cu-anode (U = 40 kV and I = 30 mA) was used,
with the monochromatic Ka; radiation (wave-length
1 = 1.54051 A) and the Xe proportional counter.
Diffraction data were collected in the angle range 2q
from 5° to 65° with a scanning speed of keeping back
with 1 second on every 0.02°. For measurement of the
angle positions of diffraction maximums and their
belonging intensities the base program PW-1877 was
used. Precision of the diffractometer was controlled
before and after experiment with the metallic Si
powder. Identification of the present mineral phases
(qualitative analysis) was done with comparison of
the interplanar spacings (d) and relative intensities (I)
with the literature data which corresponds card from
the ICDD-PDF database. Semi-quantitative analysis
was performed by the RIR (relative intensity ratio)
method. Calculations of the unit cell dimensions were
accomplished with the LSUCRI program for personal
computer (GARVEY, 1987).

For determination of the main chemical com-
ponents in the bauxites: Al,03, SiO,, Fe,05, TiO, and
CaO an atomic absorption spectrophotometer me-
thod with instrument Perkin-Elmer ICP 6500, hybrid
system with optic for AAS-500 and flame technique
FAAS were used. Contents of H,0* and H,0~ were
determined by gravimetric method.
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Results and discussion
Optical microscopic study

With macroscopic observations it can be conclud-
ed that all of the studied bauxite samples are
dark-grimly-red in color. Characteristic shapes and
occurrences in the bauxite ores are presented in
Figures 2 and 3.

Mineral compositions and appearances of the
minerals are not the same in all polished thin
sections, mainly depending by the amounts of he-
matite and limonite. Scattered forms, which appears
as gels form the cement of oolites. Dominate form
represents combination of the compact mass and
oolitic aluminum-hydroxide structures (Figs. 2A and
2C), mostly equally arranged and quantitatively with
different contents. Metallic mineral composition in
relative quantity is: hematite, hydro-hematite and
limonite (Figs. 2B, 2D and 3E-G).

Hematite is the most abundant metallic mineral,
and it appears in different amounts. Mostly it occurs
in mass shapes with different sizes resulted from
hydro-hematite transformation (Figs. 3E-G). Also, it
occurs as fine disperses particles which penetrate
the whole aluminum-hydroxide base and simultane-
ously pigments it. Furthermore, it is present as
oolitic grains, which are either fresh or transformed
into limonite. Its smaller crystals are mostly broken,
and like this cemented in the bauxite basis (sample
B-1). Only locally, it is present in small accumula-
tions, when it is covered with fine disperse limonite,
so it looks like honey-comb and vein structure
(sample B-2).

Hydro-hematite is mostly present as bespattered
and oolite grains with different dimensions. At certain
cases dimension of the oolite-pisolite is 0.2-0.5 cm
(samples B-2, B-3 and B-4). Oolites and pisolites are
impressed, and in the same time also cemented in the
Al-hydroxide basis. At the surface of the oolite shapes,
it is clearly evident the separation from hematite
according to different anisotropy characteristics.
Appart the fresh hydro-hematite grains, the grains
transformed into limonite through different stages are
also present (Fig. 3E). In some oolites is evident zonal
alteration of hydro-hematite with limonite, and some-
where it is present zonal separation of hematite in the
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hydro-hematite’s large oolite grains (Figs. 3F-G).
Macroscopically visible large oolites are composed of
numerous little oolites of hydro-hematite and hematite.
Fractures of these big oolites are filled by Al-hydroxides.
At some places, large hydro-hematite grains were
completely transformed into limonite (sample B-5).

Limonitization is mostly observed in the central
parts of the oolites. Small parts of it occur as mass
shapes of different sizes, which most often resulted
from transformation of hematite.

Titanium minerals were established in minor
content in all of the samples mainly as rutile, and
only sporadically as anatase and brookite. Rutile
appears as small prismatic, mostly broken grains,
with light-grimly to dark-red color (Fig. 3H).

Magnetite occurs very rarely with grains of
irregular shapes, individually arranged in the base.

Microscopic study highlights different kinds of
structure, mostly oolitic and oolitic-pysolithic (Figs.
2 and 3). Besides metallic oolites occurrences of
pisolites and nonmetallic oolites of different size are
present. Common characteristics of the bauxites from
three studied ore deposits are massive rocks, compact,
somewhere with conchoidal fracture with clear visible
oolites and pisolites with size of 0.5-0.8 cm (Figs. 2A
and 2C). Besides oolites, there were noticed plenty
of small angular fragments of clay material, and
insignificant content of biggest fragments of the
sedimentary bauxites, which have the similar struc-
ture as main rock, but with somewhat brightness
color. By this study it was noticed that the non-
metallic oolites are much more abundant than the
metallic. The metallic oolites-pisolites are completely
formed by metallic mineral, and often are bigger than
nonmetallic. Nonmetallic oolites exhibit different
characteristics and forms; e.g. they are mostly with
or without concentric structure, with small metallic
mineral in its nucleus.

It is need to point out that kind of appearance of
the described minerals is more-less the same in all
of the preparations, with some differences. Namely,
in the sample B-1 there is a lack of hydro-hematite,
whereas the presence of magnetite is only observed
in the sample B-2.

[t should be emphasized that minerals of the basis
mass of bauxites, which are otherwise dominant in
all studied samples, could not be determined by

Geol. an. Balk. poluos., 2019, 80 (1), 45-61
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Fig. 2. Characteristic shapes and occurrences in the bauxite ores:
A) compact basis of the bauxite; B) bigger oolite contained of more
smaller oolites; C) oolite basis of the bauxite; and D) zonal oolite:

Fe-hydroxide, Fe-oxide and nonmetallic part are exchanging.

microscopic methods due to objective reasons, as
well as limonite and clay minerals. With further
XRPD study (next Chapter) it was established that
these are Al-hydroxides, e.g. diaspore and boehmite;
limonite phase is specified as goethite; whereas clay
minerals were identified only as kaolinite.

XRPD-crystallographic study

Identified mineral compositions within XRPD
studies of the bauxite samples, are presented in
Figure 4 and Table 1. It should be mentioned that at
places where peak overlapping intensively occur,
only main mineral species were presented, due to a

Geol. an. Balk. poluos., 2019, 80 (1), 45-61

Fig. 3. Characteristic shapes and occurrences in the bauxite ores:
E) included smaller oolite within bigger; change of the grain is
comprised by transformation of hematite into hydro-hematite,
and further of hydro-hematite into limonite from the end of the
grain towards it’s center; F) oolites consisting of hematite and
hydro-hematite; their different anisotropy characteristics are
clearly visible; G) hematite relict remains within hydro-hematite

grain; and H) broken grain of chromite and few rutile grains

cemented in bauxite basis.

better view. The observed peaks are relatively sharp,
indicating good crystallinity of the compounds.

By their approximate quantity there were deter-
mined following qualitative compositions of the
studied bauxite samples: B-1: boehmite (~62 %), he-
matite (~29 %), kaolinite (~5 %) and quartz (~4 %).
There is almost double quantity of boehmite than
hematite; B-2: diaspore (~62 %), hematite (~31 %),
quartz (~3 %), rutile (~2 %) and kaolinite (~2 %).
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T [counts] hematite; B-4: boehmite (~43
%), hematite (~33 %), dia-
spore (~21 %), quartz (~1 %),
rutile (~1 %) and kaolinite
(~1 %). Quantity of boehmite
is something higher than he-
matite, and double than
diaspore; and B-5: diaspore
(~45 %), hematite (~40 %),
quartz (~6 %), goethite (~3
%), rutile (~3 %) and kaolinite
(~3 %). There is something
more diaspore than hematite.

From previous, it is obvious
that in the samples where
diaspore, boehmite and hema-
tite occurred, their quantities
are considerable. These varies
from about 45 to 70 % (ave-
rage 61 %) for Al-hydroxides
(either as mono mineral; or in
total sum of two phases), and
from about 24 to 40 % (ave-
rage 31 %) for hematite.
Therefore, they were consi-
dered as major minerals. On
the other hand, in all of the
samples quantities of quartz,
goethite, rutile and kaolinite
are relatively very small, i.e.
from about 1 to 6 % (average
2.5 %), and they were
consequently considered as
minor minerals.

According to the quantity
of the main Al-bearers,
following bauxite types were
determined: 1. diaspore type
Fig. 4. XRPD patterns of the studied bauxite samples with the observed main identified (samples B-2, B-3 and B-5), 2.
minerals. Marks: D - diaspore; B -boehmite; H - hematite; Q - quartz; G - goethite; R - rutile boehmite type (sample B-1),
and K - kaolinite. and 3. boehmite-diaspore

type (sample B-4). Diaspore
bauxite type is the most
There is almost double quantity of diaspore than dominant with frequency of occurrence of about 60
hematite; B-3: diaspore (~70 %), hematite (~24 %), %, which is in excellent agreement with data for
quartz (~2 %), rutile (~2 %) and kaolinite (~2 %). Grebnik Mt. given by BArDossy (1982). Taking into
There is almost three times quantity of diaspore than account previously observed quantities of Fe, (Al + Ti),

400 —

300 —

200 —

100

10 20 30 40 50 60 26 CuKa (°)
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Table 1. XRPD data of the studied bauxite samples with their observed intensities (I}, in %); observed interplanar spacings (dp,

in A); and main identified minerals, marked as: D-diaspore; B-boehmite; H-hematite; Q-quartz; G-goethite; R-rutile and K-kaolinite.

B-1 B-2 B-3 B-4 B-5
Iobs dobs min. Iobs dobs min. Iobs dobs min. | P dobs min. | dobs min.
6 7.1296 K 4 7.1583 K 3 7.0195 K 7 7.0931 K 6 7.0860 K
100 |6.0581 B 12 | 4.7039 D 11 |4.6805 D 100 | 6.1080 B 10 |4.6990| D
6 4.4736 K 5 4.2480 Q 100 |3.9706 D 7 4.7301 D 6 4.1623 G
22 3.6599 H 100 |3.9816 D 12 |3.6671 H 49 | 3.9843 D 100 | 3.9737| D
6 3.5188 K 19 |3.6755 H 5 3.4997 K 27 | 3.6770 H 27 |3.6606| H
6 3.3434 Q 8 3.5093 K 3 3.3341 Q 7 3.5181 K 6 3.5120 K
75 3.1510 B 5 3.3410 Q 3 3.2461 R 7 3.3373 Q 16 |3.3281 Q
59 2.6912 H 3.2478 R 3.2079 D 7 3.2420 R 6 3.2437 R
49 2.5086 H 8 3.2145 D 35 |2.6917 H 64 | 3.1620 B 7 3.2060f D
46 2.3432 B 54 | 2.6943 H 24 | 2.5527 D 79 |2.6987| H 89 |2.6924| H,G
49 2.3391 B 23 2.5574 D 27 |2.5119 H 79 |2.6924| H 27 |2.5528| D
15 2.2024 H 45 | 2.5140 H 7 2.3497 D 13 2.5567| D 62 | 2.5045|H,G R
7 1.9763 B 8 2.3562 D 39 |2.3131 D 69 | 2.5130 H 6 2.3494| D
32 1.8591 B 6 2.3391 D 9 2.2018 H 56 | 2.3455 B 44 | 23128 D
41 1.8452| B,H 42 2.3162 D 35 21277 D 29 | 2.3165 D 19 |2.1988|H,G R
9 1.7652 B 12 2.2039| H,R 40 [2.0747| D,H 26 | 22037 H 35 [21294| D
24 1.6907 H 39 |2.1308 D 3 1.8944 D 21 2.1313 D 33 |2.0742| D,H
14 1.6586 B 45 | 2.0772| D,H 10 |1.8394 H 23 2.0776| H,D 6 2.0300| K,R
6 1.5953 H 10 |2.0270| KR 4 1.8110 D 7 1.9792 B 6 1.8972 D
6 1.5337 B 4 1.8955 D 3 1.7310 D 33 1.8611 B 25 |1.8354| H
6 1.5268 B 16 |1.8389 H 9 1.7099 D 39 1.8390| B,H 11 | 1.7105 D
15 1.4835 H 13 1.7123 D 16 |1.6928 H 10 1.7676 B 30 |1.6925 H
26 1.4515| B,H 22 1.6934 H 29 |1.6331| D,H 7 1.7376| D 32 |1.6879| HR
21 1.4475| B,H 36 |1.6329| D,H 9 1.6087| D,H 37 1.6914| H 30 |1.6322| D,H
12 1.6087| D,H 1.6026| D,H 13 1.6606 B 10 | 1.6074| D,H
4 1.5217 D 3 1.5699 D 24 | 1.6333| H,D 6 1.5721| D,H
30 1.4800| D,H 6 1.5226 D 74 1.6085| H,D 28 | 1.4793| D,H
12 1.4516 H 21 |1.4794| D,H 7 1.5979| H,D 20 | 1.4493 H
11 1.4500 H 9 1.4512 H 7 1.5254| B,D
21 1.4844| H,D
36 1.4515| B,H

and clay minerals, these samples were classified as
iron-rich bauxites (Fig. 5).

Calculated (d,) and observed (d,y,s) interplanar
spacings, as well as calculated unit cell dimensions
of major minerals diaspore, boehmite and hematite,
are presented in Tables 2-4.

From these results, it is obvious that studied
diaspore and boehmite have values of the unit cell
dimensions which are mostly within reference data
(Tables 2 and 3). However, all of the studied hematites
have smaller a, and V, values (Table 4). These was
certainly not caused by previously microscopically
identified hydro-hematite [Fe,_, 3(OH),05.,] transfor-

Geol. an. Balk. poluos., 2019, 80 (1), 45-61

mations, because hydroxyl groups can only slightly
expand the unit cell dimensions (STANJEK & SCHWERT-
MANN, 1992). There is also theoretical possibility that
Fe3* ion could be substituted by Ti** ion. However,
despite that Ti** ion is smaller than Fe3* ion at
octahedral position (0.605 A vs. 0.645 A, respectively;
SHANNON & PREWITT, 1969), it seems that such sub-
stitution even slightly expand the hematite unit cell
dimensions (NikoLi¢ et al, 2013). Furthermore,
decrease of a,and increase of ¢, values with increasing
of Ti content were determined by ZHao et al. (2011).
On the other hand, most probably cause for such
phenomenon is due to the substitution of Fe3* by AI3*
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Fe minerals

Bauxitic
iron ore

Bauxitic
clayey
iron ore

Iron-rich
bauxite

25,
Bauxite Clayey
bauxite
10,
Low-iron
bauxite

Bauxitic
clay

(STANJEK & SCHWERTMANN, 1992; RUAN & GILKES, 1995),
and forming Al-hematite. Namely, at octahedral po-
sition Fe?* ion has ionic radii of 0.645 A, whereas Al**
ion has considerable smaller ionic radii of 0.535 A
(SHANNON & PREWITT, 1969). Such substitutions and
their influence to the M-0 distances and consequently
to the interplanar spacings and unit cell dimensions
are well known and previously studied, discussed and
explained elsewhere in our papers for various solid-
solution systems (TANCIG, 2005; TaNCIC et al., 2012a, b).

In present study, contents of Fe3* by Al®* sub-
stitutions by a, and V), correlations were calculated
from about 2.5 at. % in B-4 sample to about 6.0 at. %
in B-5 sample (Table 4). From these, it can be seen that

Al+Ti 75 50
minerals

s excellent results were obtained for all of the samples,

except partially for the B-3 sample, in which content

Fig. 5. Ternary plot for the system of Fe, (Al + Ti), and clay  of hematite is the lowest. Therefore, such crystallogra-
minerals (after BArDOSsy, 1982) showing the positions of the  phic calculations are promising to be useful for similar

studied Grebnik Mt. bauxite samples data points.

studies in the future similar bauxite explorations,
especially since MONGELLI

Table 2. Values of the calculated (d,,;.) and observed (d,;,) interplanar spacings (in f&); as (2002) established that the

well as calculated unit cell dimensions of diaspore.

ferruginous concretions, which

ICDD-PDF 5-0355 B-2 B-3

are geochemical recorders of

hkl d dcalc dobs dcalc dcbs

020 (47100 |4.7121 | 4.7039 | 4.7051 | 4.6805

11 0 |3.9900 |3.9873|3.9816 |3.9840 | 3.9706

120 (3.2140|3.2162 |3.2145 | 3.2128 | 3.2079

13 0 |2.5580 |2.5568|2.5574 | 2.5537 | 2.5527

0 4 00, 2.3560 | 2.3560 | 2.3562 | 2.3526 | 2.3497

0 4 0ay 23560 | 2.3560 [2.3391% / /

1 |2.3170|2.3161 | 2.3162 | 2.3134 | 2.3131

B-4 B-5

3o | o | O | o the environment of formation,
47262 | 4.7301| 4.7093 | 4.6990 have a large core of Al-hema-
3.9848 | 3.9843 | 3.9832 | 3.9737 tite surrounded by a cortex of
/ / |3.21343.2060 alternating Al-hematite and
2.5606 | 2.5567 | 2.5548 | 2.5528 boehmite. Boehmite forms
/ / |2.3547 | 2.3494 instead of Al-hematite at lo-

/ / / / wer water activity values.
2.3190 | 2.3165| 2.3137 | 2.3128 Nevertheless, such smaller

1 |1.6330 | 1.6327 | 1.6329 |1.6311 | 1.6331

1.6332 | 1.6333| 1.6311 | 1.6322

11

121 (21310 |2.1310|2.1308 | 2.1285 | 2.1277 | 2.1343 | 2.1313 | 2.1290 | 2.1294 ay and V,, values for hematite
14 020770 |2.0771|2.0772 | 2.0744 | 2.0747 | 2.0813 | 2.0776 | 2.0756 | 2.0742 are already found in nature,
131 (1.9010|1.9018|1.8955 [1.8994 | 1.8944 / / 1.9001 | 1.8972 and almost identical with
D44 | LR e g / / / those studied in present paper
150 (17330 / / |1.7302|1.7310 | 1.7366 | 1.7376| / / i
211/|17120|1.7116 | 1.7123 | 1.7100 | 1.7099 / / 1.7098 | 1.7105 wereobservedforspecularlte,
22

a variety of hematite (i.e. a, =

2 4 00,/ 1.6080 | 1.6081 | 1.6087 | 1.6064 | 1.6087

1.6091 | 1.6085 | 1.6067 | 1.6074 5.022(3) A and v, = 300.1(4)

2 4 00y 1.6080 | / /  |1.6064 |1.6026]1.6091 [1.5979% / / A3; Tancic et al, 2007).
06015700 / / 15684 [15699] / /  |15698]1.5721

2 3 115220 |1.5225[1.5217 [1.5209 | 1.5226 | 1.5235 | 1.5254| / / Chemical study

15 1 |1.4800|1.4798 |1.4800 |1.4778 | 1.4794 | 1.4832 | 1.4844 | 1.4787 | 1.4793

ao(A) | 4396 4.401(2) 4.398(5) 4.394(6) 4.396(5) Obtained results of the
bo (A) | 9.426 9.424(3) 9.410(6) 9.452(8) 9.419(6) main chemical components
co(A) | 2.844 2.845(2) 2.842(4) 2.852(4) 2.842(4) are presented at Table 5.

Vo (A% |117.85| 118.00(5) 117.6(1) 118.4(1) 117.7(1) In all of the bauxite sam-

*-rejected from the calculations
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ples main bearers of the most
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Table 3. Values of the calculated (d.,.) and observed (d,)

interplanar spacings (in [X); as well as calculated unit cell

dimensions of boehmite.

ICDD-PDF 5-0190 B-1 B-4
hkl d dealc dobs dcalc dobs
020 | 61100 | 6.1183 | 6.0581 | 6.1025 | 6.1080
021 | 31640 | 3.1593 | 3.1510 | 3.1602 | 3.1620
1 3 Ooy| 2.3460 | 2.3410 | 2.3432 | 2.3458 | 2.3455
1 3 00| 2.3460 | 2.3410 | 2.3391 / /
131 | 1.9800 | 1.9766| 1.9763 | 1.9803 | 1.9792
150 | 1.8600 | 1.8591 | 1.8591 | 1.8597 | 1.8611
002 | 1.8500 | 1.8446 | 1.8452 / /
022 | 17700 | 1.7661 | 1.7652 | 1.7679 | 1.7676
151 | 16620 | 1.6602 | 1.6586 | 1.6611 | 1.6606
0 8 0oy| 1.5270 | 1.5296 | 1.5337 | 1.5256 | 1.5254
0 8 0cz| 1.5270 | 1.5296 | 1.5268 / /
13 204| 1.4530 | 1.4488 | 1.4515 | 1.4512 | 1.4515
13 22| 1.4530 | 1.4888 | 1.4415 / /
ao () | 2.868 2.859(6) 2.871(2)
bo(R) | 1222 12.24(1) 12.205(4)
c () | 3.700 3.689(4) 3.694(1)
Vo (A%) | 12975 129.0(2) 129.45(6)

important Al,0; component are major minerals
diaspore (in B-2, B-3, B-4 and B-5) and boehmite (in
B-1 and B-4), as well as partly kaolinite, which is
minor in all of the samples. These contents are from
45.35 % (in B-5) to 57.60 % (in B-3), with average
value of 50.03 %.

Content of silica component SiO,, which is of great
importance for the bauxite application, is relatively
small. It ranges from 1.98 % (in B-5) to 4.43 % (in
B-2). Somewhat higher concentration appears in the
sample B-1 (8.40 %). Its average value is 3.95 %.
Bearers of the silica component are minor minerals
quartz and Kkaolinite.

For all of the present bauxite mineral raw ma-
terial it is also important Fe,0; contents, which
ranges from 23.10 % (in B-3) to 39.60 % (in B-5),
and with average value of 30.72 %. Main bearers of
iron are major hematite, and minor hydro-hematite
and goethite.

Contents of TiO in all samples are almost equal:
from 3.84 % (in B-1) to 4.61 % (in B-2), with average
value of 4.21 %. Bearers of this component are minor

Table 4. Values of the calculated (d,.) and observed (d,,) interplanar spacings (in ‘3.) ; as well as calculated unit cell dimensions of

hematite. The contents of Fe3* by Al** substitutions (in at. %), calculated by a,, V,, and their average values, are also presented.

ICDD-PDF 33-0664 B-1 B-2 B-3 B-4 B-5
hkl d dealc dobs dealc dobs dcalc dobs dcalc dobs dealc dobs
012 3.6840 | 3.6730 | 3.6599 | 3.6773 | 3.6755 | 3.6780 | 3.6671 | 3.6774 | 3.6770 | 3.6770 | 3.6606
10404 2.7000 | 2.6930 | 2.6912 | 2.6971 | 2.6943 | 2.6996 | 2.6917 | 2.6963 | 2.6987 | 2.6916 | 2.6924
1040, 2.7000 / / / / / / 2.6963 | 2.6924 Vi /
110 2.5190 | 2.5109 | 2.5086 | 2.5132 | 2.5140 | 2.5120 | 2.5119 | 2.5139 | 2.5130 | 2.5090 | 2.5045
113 2.2070 | 2.2009 | 2.2024 | 2.2034 | 2.2039 | 2.2036 | 2.2018 | 2.2036 | 2.2037 | 2.1995 | 2.1988
202 2.0779 / / 2.0749 | 2,0772 | 2.0744 | 2.0747 | 2.0753 | 2.0776 | 2.0714 | 2.0742
024 1.8406 | 1.8365 | 1.8452* | 1.8387 | 1.8389 | 1.8390 | 1.8394 | 1.8387 | 1.8390 | 1.8353 | 1.8354
11604 1.6941 | 1.6906 | 1.6907 | 1.6930 | 1.6934 | 1.6943 | 1.6928 | 1.6926 | 1.6914 | 1.6896 | 1.6925
1160, 1.6941 / i / Vi / / / / 1.6896 | 1.6879
211 1.6367 / / 1.6336 | 1.6329 | 1.6329 | 1.6331 | 1.6341 | 1.6333 | 1.6309 | 1.6322
122 1.6033 / 7 1.6000 | 1.6087*| 1.5995 | 1.6087*| 1.6004 | 1.6085* | 1.5974 |1.6074*
018 1.5992 | 1.5953 | 1.5953 / / 1.6005 | 1.6026 | 1.5973 | 1.5979 | 1.5946 |1.5721*
214 1.4859 | 1.4823 | 1.4835 | 1.4839 | 1.4800*| 1,4839 | 1.4794*| 1.4841 | 1.4844 | 1.4813 | 1.4793
30004 1.4538 | 1.4496 | 1.4515 | 1.4510 | 1,4516 | 1,4503 | 1.4512 | 1.4514 | 1.4515 | 1.4485 | 1.4493
3000, 1.4538 | 1.4496 | 1.4475 | 1.4510 | 0,4500 / / / / / /
ao (A) 5.035 5.022(3) 5.026(1) 5.024(2) 5.028(1) 5.018(3)
co (A) 13.74 13.72(1) 13.74(1) 13.77(1) 13.736(6) 13.71(2)
V, (A3) 301.93 299.6(4) 300.7(2) 301.0(3) 300.7(2) 299.0(4)
substituted ap 4.6 3:2 3.9 25 6.0
Fe®* by AI** Vo 4.8 2.5 1.9 2.5 6.0
(in at. %) | average 4.7 2.8 29 2.5 6.0

*-rejected from

the calculations
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minerals: rutile, and sporadically anatase and bro-
okite.

Table 5. Chemical analysis of the studied bauxite samples (in
wt. %); ratios Al,0; : SiO, and Al,0; : Fe,05; and calculated
coefficients Ki (by equation presented by BArRDoOssY, 1982). The

average values from all of the samples are also calculated and

presented.
B-1 | B-2 B-3 B-4 | B-5 |Average
ALO; 49.00 | 49.60 | 57.60 | 48.60 | 45.35| 50.03
SiO, 840 | 443 | 295 | 2.00 | 1.98 | 3.95
Fe;03 26.45(29.65 | 23.10 | 34.80| 39.60 | 30.72
TiO, 3.84 | 461 | 421 | 445 | 393 | 4.21
CaO 0.14 | 0.26 | 0.07 | 0.10 | 0.19 | 0.15
H,O 042 | 0.34 | 0.06 | 0.12 | 0.12 | 0.21
H,0" 9.94 | 9.68 | 10.78 | 8.86 | 8.42 | 9.54
b3 98.19|98.57 | 98.77| 98.93| 99.59 | 98.81
ALO;: SiO, | 5.83 [11.20 | 19.52 | 24.30| 22.90 | 16.75
ALO;: Fe,03| 1.85 | 1.67 | 249 | 140 | 1.14 | 1.71
Ki 0.29 | 0.15 | 0.09 | 0.07 | 0.07 | 0.13

Low contents of CaO, i.e. from 0.07 to 0.26 %
(average 0.15 %) are primary due to a lack of any of
the carbonate minerals or their groups.

Contents of loss of ignition (LOI, H,0*) are from
8.42 % (in B-5) to 10.78 % (in B-3), with average
value of 9.54 %. Its main mineral bearers are major
Al-hydroxides and minor Kkaolinite, hydro-hematite
and goethite.

Ratios Al,05 : SiO, are highest in the samples B-3,
B-4 and B-5, primarily due to their lowest SiO,
contents. The lowest ratio is in the sample B-1,
primarily due to its highest SiO, content. These vary
from 5.83 to 24.20, with average value of 16.75. Ratios
Al,05 : Fe,05 are different in present types of the
bauxite mineral raw material. Highest ratio with value
of 2.49 is in the sample B-3 where it was established
that there is diaspore almost three times than hematite.
The lowest ratios with values of 1.40 and 1.14 are in the
samples B-4 and B-5 where it was established the most
quantity of hematite. Its average value is 1.71.

High content of Al,03, low content of SiO,, and
high ratios of Al,05 : SiO, put this raw material into
the high-quality raw materials for obtaining the elec-
tro corundum and alumina. The Al,05-Fe,05-Si0,
ternary diagram of SCHELLMANN (1986) suggests that
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chemical variation can be explained by strong later-
itization (Fig. 6). Calculated Ki coefficients of 0.07-0.29
(average: 0.13) strongly indicate that all of these stud-
ied samples should be classified as bauxites by
nomenclature given by BARDOsSsY (1982). On the other
hand, these samples were further more specifically
classified as ferritic bauxites (Fig. 7), according to the
quantity of Fe,05, Al,05 and SiO, contents (Table 5).

Comparison of the obtained results and its
implications

Approximate semi quantitative relations of major
minerals by their amounts obtained with the XRPD
analysis are in a very good agreement with the
chemical analysis. It is particularly for the sum of the
Al,05 and H,0" contents relating to the Fe,05 con-
tents, i.e. which is adequate to the relation between
diaspore and/or boehmite to hematite. Therefore, it
can be seen that: a). most of the Al,05 and H,0* and
least of the Fe,05 are in the sample B-3, in which was
determined that there is three times diaspore than
hematite; and b). most of the Fe,05 and least of the
Al,05 and H,0* are in the samples B-4 and B-5, in
which were determined that there is most hematite.

On the other hand, some of the approximate semi
quantitative contents of some minor minerals by their
amounts obtained by the XRPD analysis, such as: Ti-
minerals, quartz and kaolinite, slightly disagree with
the results of the chemical analysis, particularly for
TiO, and SiO,. Possible factors for these discrepancies
could be very various, such as: their small quantity,
preferred sample orientation, peak overlapping,
mineral inclusions, ion substitutions (as it was, for
example, established for hematite, Table 4), micro-
structural parameters, presence of other minor
phases with quantities under the XRPD detection limit
range of about 2-3 % (such as anatase and brookite
determined by an optical microscopic method), etc.

The obtained results allow us also to study corre-
lations between the main chemical components, e.g.
Al,03, Fe,05, H,0, Si0, and TiO, (Figs. 8 and 9). At
such way there was established as following: linear
correlation for Al,05 vs. H,0; inverse correlations for
Fe,03 vs. Al,05 and Fe,05 vs. H,0; and no correla-
tions for SiO, vs. Al,05 and TiO, vs. Al,0O3.
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SiO, (wt. %)

Kaolinization

Weak lateritization

Moderate lateritization

.Strong lateritization

n, ps=

ALO; (wt. %) Fe, O3 (wt. %)

Fig. 6. Ternary plot for the system Al,0;-Si0,-Fe,0; (after
SCHELLMANN, 1986) showing the positions of the studied Grebnik

Mt. bauxite samples data points and degree of lateritization.

Such correlations further confirm the mineralo-
gical-crystallographic study. Namely, high inverse
correlations for Fe,05 vs. Al,05 (Fig. 8a) indicate that
Al-hydroxides and hematite, as a main bearers of
these oxides are inversely correlated, i.e. that in-
crease of hematite content is related to the decrease
of Al-hydroxides content, and vice versa. Something
lower “r” factor of -0.8390 value, suggests that Al,05
and Fe,03 are also constituents of other minerals
which appear in minor contents, i.e. Kkaolinite,
goethite and hydro-hematite.

Very high inverse correlation for Fe,05 vs. H,0
(Fig. 8b; r =-0.9859) and high linear correlation for
Al,05 vs. H,0 (Fig. 8c; r = 0.89884), confirm that the
vast majority of water enters into diaspore and
boehmite, and only partially into minor kaolinite,
goethite and hydro-hematite.

Finally, very low correlations for SiO, vs. Al,05
(Fig. 9a; r = -0.0072) and TiO, vs. Al,05 (Fig. 9b;
r=0.19684) are also expected, because they are con-
firming minor contents of kaolinite, quartz and Ti-
minerals. Positive r value between TiO, and Al,05
could also indirectly indicate to a possible entering
of Ti-ion into the structure of Al-hydroxide minerals
and simultaneously explained small excess of TiO,

Geol. an. Balk. poluos., 2019, 80 (1), 45-61

Fe,0, (wt.%)

Laterite

Bauxite Kaolinite

Bauxite Kaolin / Kaolin

SiO, (wt.%)

Bauxite Kaolinitic Bauxite

ALO, (Wt.%)

Fig. 7. Ternary plot for the system of Fe,0,; Al,0; and SiO,
contents (after ALEvA, 1994) showing the positions of the studied

Grebnik Mt. bauxite samples data points.

obtained by chemical analysis in comparison with
the XRPD results. Such substitution (as well as sub-
stitution by SiO,, FeO and other) in diaspore was ob-
served by Liu et al. (2012). But, this matter is beyond
of the scope of this paper and additional study is ne-
cessary to confirm such hypothesis.

Studied and presented mineralogical and chemi-
cal compositions, as well as their correlations, fur-
ther strongly indicate that conditional variations
occurred in origin mainly between Al-hydroxides
and hematite. Most probably, the conditional varia-
tions in origin between diaspore and boehmite also
occurred, which are, from the crystallographic aspect
of view, two mineral polymorphs of the same sub-
stance, but different in structural relationship by the
packing of the oxygens. Due to the fact that quartz,
goethite, rutile and kaolinite appear in relatively
small quantities, their influence to the origin should
be considered as minor.

As DaNGIC (1988) argued, the stability and condi-
tions of formation of boehmite and diaspore and
their genetic relationship to one another and to
kaolinite are only poorly understood, despite to
many studies on these subjects. However, observed
variations in mineral and chemical compositions
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a). Fe,0, vs. Al,O,
ALO, = 67.832 — 0.5795 x Fe,0,
Correlation: r =-0.8390

tions, etc. This problematic is
also beyond of the scope of

this paper, and complex addi-

60
e | o ~e__ 95&9’%;?;3:;“ tional.study is necessary to re-
P solve it.
@ L s ey,
£ T e
% Comparison with some
other bauxite ore
deposits
Fe,0, (Wt. %) Because bauxite consists of
e a mixture of minerals, it does
H,0 = 13.804 — 0.1389 x Fe,0, not have specific, or predic-
SR =030 table, chemical composition.
:;?Z i 8 Moy, L Regresion Also, due t(? the fact that. there
.......................... o are many different bauxite ore
~ 02 N deposits in the World, which
c\: 98 TR SN characterization was done
53, ! R N more or less in detail,
oy e S i comparison of the Grebnik’s
sof T o' .......................... bauxites with them could be
8.2 ” - - P 20 ;4 done only briefly, but using
Fe,0, (wt. %) several most important and
relevant  parameters  of
HO- Roee w0 ALO, crucial interest. For example,
Correlation: r = 0.89884 according to the classification
14.0 given by BARDossy (1982),
2of SN osemdoce e E s Unner Cretacone,
R A — bauxites geographically be-
N e the o e
S Mediterranean Sea province,
- which are within 18 % of total
World’s bauxite deposits, and
. ; ' . s they are stratigraphically

44 46 48 50 52 54
ALO, (Wt. %)

Fig. 8. Correlations: a). Fe,0; vs. Al,05,; b). Fe,0; vs. H,0; and c). AL,05 vs. H,0. All of the re-

gressions were done at basis of 95 % confidence.

could be most probably mainly influenced by chang-
ing of some or many of the following parameters,
such as: temperature, pressure, humidity, pH, Eh, crys-
tallite size, inversely correlated Al**-Fe3* distribution,
activities of AI** and Fe?**, reducing-oxidizing condi-
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56 58 60 among 23 % of total World’s

bauxite deposits of the karst
type. On the other hand, the
lateritic-type bauxites that
contain gibbsite as main
hydrated aluminium oxide,
are generally residual depo-
sits derived in situ and by direct lateritization
(autochthonous) of aluminosilicate rocks lying
beneath the surface. These represent the predo-
minant global source of bauxite of about 88 %
(BARDOSsY, 1982). Therefore, although determined
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a). Si0, vs. ALO,
ALO,=50.078 — 0.0123 x SiO,
Correlation: r =-0.0072

1969; ArsI¢, 1973; TIMOTIEVIC,
1997 and 2001; MAKSIMOVIC,

2003). Only slight difference is

0T .
L R Regression i -
58 o S il thtat Tlpz coTltents are .some
56 thing higher in the studied ore
S osaf deposits (Table 5). Also, there
? 521 are no adequate arguments
= 90 o ° - for specifically further sepa-
48 ration of bauxite’s fourth type,
461 o i.e. diaspore-oolite-pisolite as
44 : . . . ‘ . ) )
1 2 3 4 5 6 7 8 9 MisirLIC & MiTrovIC (1969)
Si0, (wt. %) done for the Grebnik’'s ore
5,710 v A1 deposit N° 3. That is mainly
. TiO, vs. AL,O,
ALO, = 38.595 + 2.7174 x TiO, due to the fact that all of the
Corgelations r=1,19654 studied samples already have
o . A oolitic and/or oolitic-pysolithic
e p— e  Regression I ,
o | 95% confidence characteristics. Therefore, in
< sl this paper it was separated
i 5 | only three main bauxite types,
% 50 ;’/e//’—/o/_ e.g. diaspore, boehmite and
a8 F o boehmite-diaspore.
46 | ° 2. On the contrary, all the
44 . : ' ‘ other bauxite ore deposits in
3.7 3.9 4.1 4.3 4.5 4.7

TiO, (wt. %)

Fig. 9. Correlations: a). Si0, vs. AL,O5; and b). TiO, vs. Al,0,. All of the regressions were done

at basis of 95 % confidence.

minerals in this paper are common bauxite
constituents, for comparison with other ore deposits
the following important factors should be
considered: a). determined mineral composition and
their quantity, i.e. determined major and minor
minerals; b). presence or lack of diaspore, boehmite,
gibbsite, hematite, kaolinite, quartz, carbonates or some
other main constituents; c). bauxite chemical compo-
sitions; d). bauxite genetic characteristics, e.g. primarily
are they lateritic, Tikhvin or karst-type; and e). bauxite
stratigraphic origin, e.g. according to their geological
age.

Using these parameters, it could be observed as
following:

1. Presented results in this paper are, as expected,
in a very good agreement with other studies of
Grebnik’s bauxite ore deposits (MISIRLIC & MITROVIC,

Geol. an. Balk. poluos., 2019, 80 (1), 45-61

wider vicinity of Grebnik Mt.
differ primarily by their
mainly boehmite composition
and different stratigraphic
position. These are: Pocuta,
Tara and Mackat (Western
Serbia, Lower Cretaceous,
TimMoTEVIC, 1995, 1997 and 2001) and Babusnica
(eastern Serbia, Lower Cretaceous, Arsi¢, 1984)
presented at Fig. 1A, and Vlasenica (Eastern Bosnia
and Herzegovina, Lower Cretaceous, DANGIC, 1988;
MAKSIMOVIC & PaNTO, 1991), Stitovo (Montenegro,
Jurassic, MaksiMovi¢ & PANTO, 1991), Marmara (Gre-
ece, Lower Cretaceous, MAKSIMOVIC & PaNTO, 1991)
and Parnassos-Ghiona (Greece, Lower Cretaceous,
GAMALETSOS et al., 2007) presented at Fig. 1B, as well
as some others (BARDOSsY, 1982).

3. Also, many bauxite ore deposits in the World
are different from Grebnik’s primarily due to their
major gibbsite composition, with or without diaspo-
re and boehmite constituents as major or minor
(BARDOSSY, 1982; ZARASVANDI et al., 2008; MESHRAM &
RANDIVE, 2011; JaDHAVI et al., 2012; YUSTE et al., 2015;
TorrO et al., 2017).
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4. Furthermore, many bauxite ore deposits with
mainly boehmite and/or diaspore composition differs
from Grebnik’s bauxite ore deposits either by: a). lack
or minor of boehmite component (BARDOSSY, 1982;
TEMUR & KaNnsun, 2006; GAMALETsos et al, 2007;
EsMAEILY, 2010; Liv etal,, 2010, 2012 and 2017; MoLLA,
2011; AHMADNEJAD et al., 2017); b). lack or minor of
diaspore component (BARDOSSY, 1982; MONGELLI et al.,
2017); c). lack or minor of hematite component
(BARDOSSY, 1982; Gu et al.,, 2013); d). presence of major
kaolinite and/or quartz and/or carbonates and/or
some other constituents (BARDOSSY, 1982; ZARASVANDI
etal,, 2012; ZaMANIAN et al,, 2016); and/or e). different
stratigraphic origin (BArRDOSSY, 1982; ABEDINI et al,,
2008; LiNG et al.,, 2017; ZHaNG et al.,, 2017).

5. MaksIMovIC & PANTO (1991) argued that a unique
example of the relationship between source rocks
and karst-bauxites was found in the Grebnik Mt.
relics of the Cretaceous weathering crust on shales
and on ultramafic rocks which occur at a few hun-
dred meters distance from the Grebnik bauxite de-
posits. According to the geological setting and
mineralogical and geochemical studies, it was proved
that the products originating from the weathered
shale and ultramafic rocks present the source mate-
rial for the formation of Grebnik bauxites.

According to previously obtained results, the syn-
thesis of all the presented data indicate that Greb-
nik’s bauxites have some unique characteristics,
more or less different from most of the World’s
known bauxite ore deposits. For our best knowledge,
it has partially similar characteristics only with some
Upper Cretaceous pisolitic bauxite samples from
Mandan bauxite ore deposit (Zagros Mt., Iran, ZARAS-
VANDI et al., 2012).

Conclusion

For bauxite studies, from three ore deposits from
Grebnik Mt. five representative samples were taken.
Their mineralogical, crystallographic and chemical
characteristics were examined by the microscopic,
XRPD and chemical analysis. The occurrences in the
bauxites were studied and described and established
the presence of major and minor minerals, as well
those which occur only sporadically. Three ore types
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were recognized: diaspore, boehmite and boehmite-
diaspore. All of them were classified as bauxites and
more specifically as ferritic bauxites.

Unit cell dimensions of diaspore, boehmite and
hematite were determined, mostly with values
within reference data, except for hematite samples
which have smaller a, and V), values, most probably
due to the substitution of Fe3* by Al®*. Such
crystallographic calculations are promising to be
useful for similar studies in the future bauxite
explorations.

Linear correlation exists between Al,05 vs. H,0;
inverse correlations exist between Fe,05 vs. Al,05
and Fe,03 vs. H,0; whereas there is no correlation
between SiO, vs. Al,03 and TiO, vs. Al,05. High
content of Al,05, low content of SiO, and high ratios
of Al,05:Si0, put this raw material into the high-
quality raw materials for obtaining the electro
corundum and alumina.

It was shown that Grebnik’s bauxites have some
unique characteristics; more or less different from
most of the World’s known bauxite ore deposits.
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Peszume

MuHepasiomike ¥ Kpucrajorpadcke
KapaKTepHCTHKe GOKCUTA U3 HEKHX
pyaHux jexuumrta 'peoHuka (MeTtoxuja,
Cpo6uja)

Jlexxumta G0KCHTA Cy HajBaXKHUjU M3BOPHU 3a
Jnobujame alyMUHYjyMa. tbuxoBUM nmpoy4yaBamuma
cy ce 6aBUJIM MHOTH ayTopu. To ce yrJilaBHOM OJIHOCH
Ha Teo0JIOLIKO OKpYXKeHe, CTPYKTYPY PYAHUX Je-
KUILITA U 10jaBe, CTpaTUrpadcku mosoxaj, pacmo-
pen v n1e6/bUHY O0KCUTa, UTA. MehyTHM, y CpIICKOj
JINTEPATypPH NMOCTOjH peJIaTUBHO MaJsu 6Poj paZoBa
KOjH Cy MpoydaBajd GOKCUTE ca MUHepaJoUIKe, a
noce6HO ca Kpuctajorpadpcke Tayke ryieJUIITa.

[leT TunNU4HUX y3opaka 6okcura (B-1, B-2, B-3,
B-4 u B-5) u3 Tpu pyaHa aexwumra (6, 21 u 22) ca
muper mnozapydja miaaHuHe [pe6Huk (MeToxwuja,
Cp6wuja, Civka 1) cy mpoy4yaBaHHM ONMTHYKO MUKPO-
CKOIICKUM, peH/IF€HCKUM U XeMHjCKHMM MeTo/laMa.

Ontuykom Mukpockonujom (Ciavke 2 u 3) yTBp-
heHa je MPUCYTHOCT MeTaJIMYHUX MHUHepasa rBoxkha
(XeMaTHT, XUIPOXEMATHT, TUMOHUT U MarHeTur) u Ti
(yryiaBHOM PYTHJI, U CIIOPAJIMYHO aHATaC U GPYKHUT),
a IeTa/bHO Cy ONKCAaHE BbUXOBE TpaHCPopMaIiyje.

PenareHckum npoyvaBawbuMa (Ciivka 4 1 Tabesa
1) yTBpbeHo je mpucycTBO IJIaBHUX MHHepaJja:
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Jujacnopa, 6eMHUTa U XEMAaTHUTA, KA0 U MUHOPHUX
MUHepaJia: KBapla, reTUTa, pyTHJa U KaoJUHUTA.
[IpeMa KOJIMYMHM [VIABHUX HOCUJIALA aIYMUHHUjyMa,
yTBpheHa cy Tpu TUIa pyAe 60KCUTA: AUjaCTIOPCKU
(y3opuu B-2, B-3 u B-5), 6emutcku (y3opak B-1) u
06eMUTCKO-Aujacropcku (y3opak B-4). Ha ocHoBy
caJip>kaja MUHepasia, OBU Y30pLU Cy Kjaacudpu-
KOBaHU Kao reokhem-6oratu 6okcutu (Cauka 5).
W3payyHaTe cy U AUMeH3Hje jeIMHUYHUX hesvja
VIaBHUX MuHepasa (TaGesne 2-4), yriaBHOM ca
BpPEJJHOCTHMA KOje Cy Y OKBHUpPY JIMTEpPATypPHUX
nozataka. MehyTuM, cBU mpoy4aBaHU XeMATHUTH
MMajy Mame BPeJHOCTHU a, U V, HajBepoBaTHHUje
ycae[ 3aMerbrBama Fe3t ca AI*Y, 1 To y kosinunHama
o/ oko 2,5 1o 6,0 at. %.

Onpehenu xemujcku cactaBu (Tabesa 5) cra-
BJbajy OBY CUPOBHHY Y BUCOKO-KBAJIUTETHE CHPOBHU-
He 3a Jo6ujalbe eJeKTPO KOpyHJa U TJIMHHUILE.
XeMHjCKM cacTaBM YKasyjy M Ha jaKy JlaTepUTH-
3anujy (Ciuka 6), a 36or BUCOKOT caaprkaja Fe, oBu
OOKCUTH Cy KJacupuKoBaHU Kao peputudHHU (Ciiu-
Ka 7). YTBpheHa je 1MHeapHa KopeJauuja 3a Al,05
vs. H,0; nuBep3Ha kopesanuja 3a Fe,03 vs. Al,03 u
Fe,0; vs. H,0; a 6e3 kopenauuje 3a SiO, vs. Al,0; u
TiO, vs. Al,05 (Civke 8 1 9).

CuHTe3a A00UjeHUX NoJlaTaKa yKa3yje Ha TO Ja
cy 'peOHUYKM GOKCUTH crienuPpHUYHHU, jep UMajy
HeKe jeIJUHCTBEHE KapaKTEPHUCTHKE Koje ce Mambe
WJIM BULIE Pa3JIMKYyjy 0/ BehrHe CBETCKH MO3HATHUX
JIeXHIITa pyge 6okcuTa. TpeHyTHO, 360r HEMOTY-
AHOCTH mpHCTyna OBUM JIEKHUIITHMA, AeTa/bHUja
HCTpaXXMBamka W eKCIJIoaTalMja Cy OJJI0oKeHa Ha
HeogpeheHo BpeMe.
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