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TRACE ELEMENTS IN THE JURASSIC BAUXITES OF MONTENEGRO
AND THEIR GENETIC SIGNIFICANCE
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Abstract

The contents and the primary distribution patterns of trace
elements in the Jurassic red bauxites exhibit a gualitative diffe-
rence between deposits in the western Montenegro (Milovi¢i, Ba-
jov Do, Crvena Kita), which rest on the Middle Jurassic limestone,
and those in the Nikgicka Zupa, which have an Upper Triassic
footwalll (Stitovo, Zagrad, Kamenica). These differences originate
from different composition of the source rocks, and conditions
of formation of these two groups of Jurassic deposits in Monte-
negro.
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Cn. 1. Bapujanuje y canpxcalg HEKHX MHKpOEJIeMEHaTa Iy» BEPTHKAIHOT
rrpopmina y siexumgy [rutoBo 4; Op. 1—8 = Oemmuricku Ookout; Op.
9 = npwua, MaHraHOBUTA IJIMHA %‘II/ITI/IO(bOpI/IT, KaoJMHUT, Oemut); 6 =
30Ha T0[jaBbluBaH>a XUIPOKCHI-OACTHE3UTa

Fig. 1. Trace element variations along a profile in the Stitovo 4 bauxite
deposit; Nos. 1—8 = boehmitic bauxite, Ne 9 = black, Mn-conta-
ining clay (lithiophorite, kaolinite, boehymite); b = zone of occu-
rrence of hydroxyl-bastnaesite
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Cn. 2. Bapnjaulge y caﬂ?majy MHUKpOeJIeMeHaTa Ty NpoQuia Y JICKHUIIT
3atpam; Op. 1, 3, 7 = Oemurcku OOKCHT ca xemarurmom; 0.p. 2, 4, 5,
6 = IJIMHOBHUT OakcHIT ca NMHMpHUTaMm; O = 30HA IMO0'jausbUBaN™>a XUAPOK-
cHuI-0acTHe3HTa

Fig. 2. Trace element variations along a profile in the Zagrad bauxite de-

osit; Nos. 1, 3, 7 = boehmitic bauxite with hematite; Nos. 2, 4, 5,

= clayey Bauxﬂe with pyrite; b = zone of occurrence of hyd-
roxyl-bastnaesite
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Tabmuua | — Cpenmu cagp)kaju HEKUX MHKpOeJleMeHaTa Yy LPBEHUM, jyp-
ckum Ookcutuma llpae I'ope ca ropmoapujaakoM MOLHMHOM U
y UCTMM OOKCHUTUMA y 30HHM KOHUTAKTa ca IOJUHCKMM Kpeumba-
KoM (y mmm)

Table | — Average contents of some trace elements in red, Jurassic
bauxites from Montenegro with Upper Triassic footwall and
in the same bauxites in the contact zone with the footwall
limestone (in ppm)

©) o)
Cpenwu Ookcurl  BokcHTH M3 30HE KOHTaKartal
Average bauxite’  Bauxites from the con-

tact zone) 2:1
Ni 238 631 2.7
Co 38 91 24
Cu 82 103 13
Zn 424 1431 34
Mn 945 1703 1.8
Y 86 530 6.2
La 132 1044 7.9
Pb 117 207 1.7
n 56 14

| MakcumoBuh (19766)) no oko 2 M H3HAJ TMOIMHCKOT KPCYHHaKa,
n3 nexwumTa: Jlueeposuhn, 3arpan, Ilamex m IlltHTOBO

~ lup to about 2 m above the footwall limestone; deposits included:
Liverovié¢i, Zagrad, Palez and Stitovo
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Cn. 3. Bapujanuje y canpikajy MHKpoeleMeHarra y jaexxuiuty MunoBuhu ca
OpelbOojypjckoM HOAMHOM; Op- 1—9 = mupBeHH, OEMUTCKH OOKCHT;
= 30Ma BpJO DPETKOr IOjaBJbHBaJba OACTEH3MTA

Fig. 3. Trace element variations along a profile in the Milovi¢i bauxite
deposit with Middle Jurassic footwall; b = =zone of vary rare
occurrence of bastnaesite
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10jaBJbUBaba XUJIPCIKCUII-0aCTOH3MYA

Fig. 4. Variations of lighter lanthanides along a profile in the Stitovo
bauxite deposit; Nos. 1—6 = red, boehmitic bauxite; b = zone of

hydroxyl-bastnaesite
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Tabmuna 2 — Anamuse xupapoxcui-Oactensuta- (Nd) u Oacrensura nomohy
€JIEKTPOUCKE MUKPOCOHJE U3 jypckux Ookxcura Llpue ['ope.

Table 2 — Electron probe analyses of hydroxyl-bastnaesite- (Nd) and
bastnaesite from Jurassic bauxites of Montenegro.

Xumpokcui-0acTeH3UT BactHe3ut
(mexxumre 3arpan) (exxumre Munonnhn)
E203 0.2 3.1
a"03 27.1 16.8
CerO3 0.3 38.9
Pr203 8.5 2.5
NC1.203 31.5 73
Sm203 44 2.8
Eu203 1.3 0.5
Gd"Oa 1.4 2.1
Dy203 — 0.5
Tm20} — 0.4
CaO 0.3 0.3
F 33 8.1
H20 2.26 —
col 20.63 20.1»
101.19 103.4
—o =f] 1.39 34
99.80 100.0
Jona na 6a3um 4 (0, F, OH) — Number of ions on the basis of
4 (0, F, OH)
Y — 0.06
La 0.36 0.22
Ce — 0.52
Pr 0.11 0.03
Nd 041 099 0.10  0.99
Sm 0.06 0.03
Eu 0.02 —
Gd 0.02 0.02
Ca 0.01 0.01
F 038 0.93 0.94
OH 0.55 — 0.94
C 1.03 1.01

3 Uspauynaro u3 pasznuke go 100%.
Calculated from the difference to the sum of 100%o.
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Summary

TRACE ELEMENTS IN THE JURASSIC BAUXITES OF MONTENEGRO
AND THEIR GENETIC SIGNIFICANCE

Jurassic red bauxites have the largest extension in Montene-
gro. In the Western Montenegro they rest on the Middle Jurassic
limestone (deposits: Milovi¢i, Bajov Do, Crvena Kita), but in the
Niksi¢ska Zupa they have an Upper Triassic footwall (deposits:
Stitovo, Zagrad, Kamenica, Liveroviéi, Bio¢ki Stan). In the both
groups of deposits the hanglng wall is the same, presented by
Upper Jurassic limestone. Mineralogy is allso the same: boehmite
is the major constituent, followed by hematite; kaolinite is vari-
able, but more abundant in the deposits of Western Montenegro.

During the formation of Jurassic red bauxites with Middle
Jurassic footwall the episode of emersion lasted about 10 m.a. In
the Niksi¢éska Zupa, however, where the largest deposits occur,
with the highest quality for alumina production, the stratlgraphlc
gap was between 35—45 m.a. (Radoic¢i¢, 1982). The difference in
the duration of the bauxistisation process in the two groups of
Jurassiic red bauxte deposits and different hydrologic conditions
affected the mobility of the elements and degree of the bauxiti-
sation.

Trace element idistribution patterns along vertical profiles,
in the Jurassic deposits with Upper Triassic footwaHl, have the
characteristics of a primary, syngenetic diistribution, which has
been developed contemporaneously with the bauxitisation of ar-
gillaceous material, accumulated in a karstic environment. Pro-
gressive enrichment of »mobile« trace elements towards the
bottom is very well pronounced in the Stitovo deposit (Fig. 1),
in one of the largest deposits in Montenegro, with the highest
quality bauxites. The same trend was found in the Zagrad depo-
sit (Fig. 2), along the profile taken in the marginal parts of the
deposit, rich in gray, clayey bauxite with pyrite. In this case, di-
agenetic pyritisation did not affect at all the primary trace ele-
ment distribution pattern.

On the whole, the primary enrichment of »mobille« trace ele-
ments towards the bottom was very pronounced in all studied
Jurassic red bauxite deposits with Upper Triassic footwall, with
different enrichment coefficient for various elements (Table 1).

A vertical profile through Milovi¢i deposit is taken as an
example of the primary trace element diistribution pattern of the
second group of Jurassic red bauxites, with Middle Jurassic foot-
wall (Fig. 3). Similar distribution patterns were observed in the
Bajov Do and Crvena Kita deposits. In this group of deposits,
the enrichment trend »per descensum« is also marked, but not as
pronounced as in the first group of deposits.

Taking into account the quality of bauxites in these two
groups of Jurassic red bauxite deposits, it is concluded that the
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concentration of trace elements towards the bottom of the de-
posits is directily proportional to the degree of bauxitisation: more
pronounced enrichment coinciide with more efficient removal of
silica and the better quality of bauxites.

Jurassic red bauxites have relatively high content of the rare
earth elements (REE), compared with other Yugoslav bauxites
(Maksimovié, 1976b); Maksimovié and Roaldset,
1976; Vukoti¢ and Dragovié, 1981). Tn the course of
bauxitisation, these elements were enriched in the basal part of
the deposits, especially in those with the Upper Triassic footwall
(Fig. 4). As a result the authigenic REE minerals were formed:
hydroxyl-bastnaesites and bastnaestites.

In the deposits of Nik§iCKa Zupa, with the Upper Triassic
footwall, only hydroxyl-bastnaesites have been formed, with Nd-
and La-dominant membres (Maksimovié and Pant6, 1983).
Hydroxyl-bastnaesite- (Nd) was approved as a new mineral (M a-
ksimovié and Panto, 1985), and represents the first new
mineral discovered in Montenegro. Deficiency of fluorine in the
structure of this mineral is compensated by hydroxyl groups
(Table 2). Taiking into account that in this group of deposits only
hydroxyl-bastnaesites occur, it is conculuded that these minerals
have been formed from solutions deficient in fluorine, probably
as a result of low fluorine content of the parnet rocks.

In the Western Montenegro, in deposits with the Milddle
Jurassic footwall, very rare occurrences of bastnaesite were dis-
covered by electron microprobe in the Milovi¢i and Bajov Do de-
posits. According to the chemical composiition it is bastnaesite-
(Ce) with full content of fluorine (Table 2). It seems that during
the formation of these bauxite deposits, the weathering solutions
vere not defioient in flourine.

Trace element contents and [MITTMMdistribution paittems in
two groups of Jurassic red bauxite deposits, with the footwall of
different age, indicate different conditions of their formation.
Deposiits in the Nik§iéka Zupa have higher content of the rare
earth elements, and much lower amounts of Ni, Co, Zn, Mn and
Zr, than those in the Western Montenegro. In the same time, hy-
droxyl-bastnaesr[es are characteristic authigenic REE minerals in
the deposits of Niksiéka Zupa, indicating a deficiency of fluorine
in the weathering solutions over this large bauxite-bearing area.
These differences reflect the different composition of the parent
material in these two gorups of Jurassic red buaxites of Monte-
negro.

The primary distribution patterns of »mobile« trace elements
indicate that the bauxitisation process took place in situ of
the present position of bauxite deposits. The high degree of the
trace element enrichment towards footwall in the Niksicka Zupa
deposits is in accordance with efficient removal of silica and for-
mation of large bauxite deposits of high quality for alumina pro-
duction.
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