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AUTHJGENIC MINERALS OF NICKEL AND RARE EARTH 
ELEMENTS IN KARSTIC BAUXITES AND KARSTIC 
NICKEL DEPOSITS IN YUGOSLAVIA AND GREECE 

Z.J.MAKSIMOVIC 

The _Jor1ly of the authlaenic aineraIs of nickel and rare earth 

ele_nt. were fo\mCI In the karaUc bauxite. end karstic nickel deposits 

In YUlo.lavia and Graaca. The li.t of the.e alneral. with their 

.tructural fOBul.a is Ilven. and concU tion. of for_tion are briefly 

discu••ed. 

I N'IROWCTIOH 

The atudy of nickal and rare earth ele..nh (REEl in the karsUc 

anvironaent ls laportant both fre.. sclentHlc and practical reasons. 

The.a ela..nts play an laportant rola in under.tandina of lene.ls of 

kar.Ue: bauxites and kar.Uc nickel daposit•. Practical reasons are 

exhibited in the exl.tance of karaUc nickel deposita. which lIay altaln 

the blab••t nickel content of all nickel depo.ita of exolenlc orialn. 

Rare earth ale..nh IV, La-Lu) could be very Iluch enriched, as nickel, 

above the footwaU H ..atonea of bauxite deposits. In SOlle ca.e., thelle 

bauxlta. represent a valuable raw eaterial for chealcal separation of the 

REE. In .oat use., the blab enrict-nt of nlckal and REE in karsUc 

envlronaent i. connected with the occurrence of their authiaenlc 

.IMr.h. 

In this paper authlaenlc .1neraIs of nickel and REE. found eainly 

la the depoalta of Yuaoslavla and Greece, are briefly presented with new 

laforaatlon on this subject. 

Faculty of Mln1nc and GaololY. DJullna 7. 11000 Be0lrad,
 

Yl..GlSU.VIA
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NICKEL IN BAUXITES AND IN L\RSTIC NIaD.. [)[POSITS 

In genetic sense there is no difference between karsUc bauxites 

and kar5Uc nIckel deposits. Deposits of transitional character exIst 

between these two end types. This 15 wsed on the f.ct that karsUc 

envirorwent is acting aa aeoche.lcal barrier to descending solutions 

carrying nickel. If nickel content in these solutions Is relatively hleh, 

then this eleaent Is enriched above the footwall ll.estone In the for. of 

authleenlc nickel clay .lner.ls (Kaksiaovie, 197a). By strong drainage of 

Table 1 - Nickel content In so.. karstic bauxites and karstlc 
nickel deposIta 

Averaee nickel KP:laWl Fora of the 
content of the nickel nickel• ore (Xl content 00 occurrence 

Bauxite deposits: 

Vlasenica, Yu, 
N-279 

Lea Codouls. France, 
n-17 

Slderltis, Parnass Ht., 
Greece, n-4 

Handr. 2. Greece, 
n-7 

Grebnlk, serbia, 
n-28 

Har"ra, Greece, 
n-7 

Karstic nickel deposit,: 

Maraelko, Greece, 
no' 

Neon Kokkinon, Greece, 
n-16 

Vill&ie Ba. Serbia. 
n-16 

0.03 

0.05 

0.08 

0.0'1 

0.16 

0.34 

0.80 

1.13 

2.20 

0.10 not known 
(ore) 

25.13 Takovlte
 
(ainenl )
 

0.18 Takovl te 
(ore) 

0.70 Nl-serpen
(ore) tine 

5.10 NI-chlorl te 
(.iner&1) 

23.30 Brlndleyite 
(alneral ) 

2,75 not known 
(ore) 

4.00 Hepoulte 
(ore) 

26.29 NepouU. 
(_Ineral) 

• in the wu.l part of the cS.poe.lt 
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descending waters, nickel appears In the forlll of authlgenic .inerahl 

even with 0.05X NI in lhe _an bauxillc aass. That was the case of 

lakovlle In Les Codouls bauxite deposit In South France (Table 1). 

Typical karstlc nickel deposlls Include: a) deposits of Ni-Fe ores 

in karstlc environaent. like Neon Kokkinon, Mar_lko, Agios Ioaonis In 

the Central Greece, and b) nIckel deposits in l1_stone. in the village 

Ba. Serbia (Maksl.ovI~, 1973l. There are several well-studied deposits of 

transitional character. between bauxites and karstlc nickel deposits. 

11ke: Mandra It and Haraara. in the central Creece (Papastautiou and 

Hakshtovl~. 1970; MakshlOvlc. 19191, the bauxite deposit Les Codouls In 

South France (Haksllllovle and de W'eisse, 1919). and the Crebnlk bauxite 

deposIt In South Serbia (Hakslaov!e, 1978). Parh of the Vlasenlca 

bauxite deposits In 80snla belong also to transitional lype (HaksillOvlc 

et aI., 19831. 

AUTHIGENIC NICXEl. MINERALS 

In the karstlc envlronaent silica is not as abundant as In the 

weatherIng crusts of ultraaafic rocks in the Balkan Peninsula. In latter 

Table 2 - Authlgenlc nickel .Inerahl in karsl1c bauxltes and 
karstic nickel deposits 

M i n era 1 Structural foraula 

Nepoul te Il 

Brlndleyite " 
Takovite " , 

1Nl Ha;) Si ° (OH) 4,.'" .22 3.00 a.oo , 

(NI Al, l (51 Al l..,. 00 .25 3.00 .... .50 2.00 

NI AI, (OH) CO, 4H2O•, 
" 

0, (OH) 4 

tl 21Village 8a (Hakslaovi~. 1913); Haraan. deposit, Creece (HakslllO

vlc .and Bish, 19781; 3lTakovo. Serbia; Australia (Hakslaovlc, 1951. 

1973 Blsh and Brindley. 19711. 

case, pbMtlite, (Nl,K&:)3 51.010 (00)2:1: 2H 0. lIIineral with four SI atollls2
in the structural forlllula, has been forllled (Haksiaovie. 19131. In the 

kanl1c nickel deposits, stllca is less abundant and authtgenic nickel 

_Ineral is usually nepouite. _In",ral with two atollls of Si in the 

structural forMula (Table 2). The occurrenCe of this IIIlneral Is 
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especially exhibited in the nickel deposit of th1li type in the village 

Ba, in Serbia. In this case, the hlgt\est NI/Hg ratlo In this Mineral 15 

attained, approaching to pure nepoulte, the nickel end Mellber of the 

isollOrfous series nepoulte-llzardlte. Nepoulte has been discovered also 

In the karstlc nickel deposits In Greece, in Lokrls area O::ur'Z'o'ell, 1966; 

HakslllOvle, 1973; Rosenberg, 19841. 

In the deposits of transl Uonal character, between bauxites and 

karstlc nickel deposits, there Is less silica In the weathering solutions 

and More alUMlna. Therefore, uncler these conditions Minerals have been 

forlled with less slllclUM (brlndleylteJ, and even without this element 

(takovlte). In these Minerals alUMiniUM is another dOMlnatlng element 
3(Table 2). In this way, N12• and A1 ., which are usually separated In the 

laterltlzatlon process, forlll unusual assoclatlons In the karstlc 

envlronMenl. Takovlte has been discovered In the village Takovo In Serbia 

(HaksllllOvle, 1957, 1970J, and also In the bauxltes of Parnass Mountain In 

Greece (Bardossy and Hack, 1967), and South France (NI colas and 

Kobchoubey, 1972; HakstMoyle and de lJeisse, 1979), as well as in some 

kantlc nickel deposi':s of the Lokris area in Greece (Rosenberg, 1'18-1). 

Karstic nickel deposits have been exploited In Greece. Nickel d~pcslt of 

these type In the vlllase Ba, In Serbll\, is of liMited extent, but with 

very rich nl~kel ore. 

REE IN BAUXlTES AND IN KARSTIC NICXll. DEPOSITS 

First investlgaUon of the REE in karstlc bauxltes has llihown that 

these eleaents are also ".obile" as nickel. In the baw.:ltlzatlon process, 

and are enriched in the lowerllOst part of the deposit (HakslllOvle, 1976; 

Hakslllovle and Roaldset, 1976). With relatively high Rtt content in 

Initial bauxltlc aaterlal (Table 3), and lhe strong bauxlllzation 

process, authlgenlc REE Minerals could be for-ed In the contacl zone 

between bauxite and the footwall 11.estone. 
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Table 3 - Contenl of the lolal REE In some karsllc bauxite deposits 

Average REE Maxl.la REE. Fonl of REEDeposit content (pp.) con lent (Xl occurrence 

Vlasenlc., Vu, Nd-goy.zl le,
1'-59 1140 11.3 baslnaeslle(aineral)
 
Sll tovo, Vu,
 Hydroxylbastna

1320 16.0no' esite-{Nd)
(mlner"l) 

Grebnlk, Vu, 
1''''14 1450 52.6 Synchyslte-(Nd) 

(.Ineral) 
Maraara, Greece, Honazlte-(Nd),n-. 1582 15.9 bastnaeslte(lIlneral) 

• In the basal part of the deposit 

AUTHIGENIC REE HINERAlS 

In the k"rstlc nickel deposits In Greece, enrlchaent of the REE has 

been observed above footwall llllestone (Makslaovlc, 1978; Rosenberg, 

1984; Skarpel1s et. al., 1990). In some of these deposits the authlgenlc 

RE:E alnerals were discovered In lhe fora of baslnae.lte (Rosenbers:, 

1984). These minerals were found In the k.n.tlc bauxite deposits of 

Yugoslavia, Greece, Hungary and Italy, and were described by HaksllloviC 

and. Pant6 (1983). Uiter, new occurrences h.ve been found, including the 

new RE[ .lneral froa Montenegro, hydroxylbaataealte-(Nd) (Hakslllovlc and 

Pant6, 1985). Apart of that, the new minerals were discovered In the 

Harmara bauxite deposit In Greece - aonazlte-(N4), and In Grebnlk bauxite 

depoalt In South Serbia - aynchyalh-(Nd) (HakslllOvlc and P.nt6, 1980, 

19811. The list of the authlgenlc REE alnerals With structural forllulae 

Is presented In Table 4. 

The a.Jorlty of lhe authlgenlc REE alnerals are fluorocarbonates of 

lbe baatna••lte croup. Aulbtgenlc REE phosphates "re very rare, and occur 

In very &..11 allOunt. Phosphates were discovered In the MarMara bauxite 

deposit In Greece, together w1th brlndleyite (llOn&zlte-Nd), In lhe 

Jurasslc bauxlles of Hontenegro (churchlte), and In the fora of 

Id-Ioyazlt. In the baUXltes of Vlasenlca. 
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Table 4 - Authlgenlc REE alneraIs In karstlc bauxltes 

Hineral Structural 

Honazlle-(Nd) 1) (Nd,Ce,La. ··')1.00 Ca. n (P::I.U 5. 17 ) °::1.83 

Honazite-(La) 21 (La,Nd,Ce.Pr "')1.00 PO" 

Churchlte-(Y) 3) 

Synchys 1te- (Hd) 4) Ca (Nd,La,V... ) (CO) f 
I.OS 1.00 '1' ~ 1.04 

Bastnaesl le-(Ce) 5) 

.. 
Hydroxylbaslnae~lte-(Nd) 

Hydroxylbastnap.slte-(La) 7) 

B::slnaesite- (Ce) 8) U:~.Nd,La.. F .n 

Nd-goyazl te III Ca Sr (Nd,CI.La ... I Al (PO J {SO) (OH)
.28.48 ,38 :).OS 41.117 4.1 &.08 

1] Har.ara deposit, Greece (Haksl-ovle and PantO, 1980); :Z'UverovlCl de

posll, Hontenegro (HaksllnovlC and PantO, 1983); 3lStttovo deposit, Ho!'te.. negro (HakslaovlC and Pant6, unpublished results); Grebnlk depo~lt, Ser

bia (Hakslaovle and PantO, 19811; 81Nagyharsany deposl~, Hungary (Maksl

aovle and PantO, 1983); 81zagrad deposit, Hontenegro (Hak~laovle and PantO, 

1985); 7lLlverovlCI deposit, Hontenegro {Makslaovle and PantO, 19831; 

8lVlasentca deposit. Bosnla (MakslllOvlC and PantO, unpubllshed results);..
Vlasenlca deposIt. BQs:-:la (Haksl-ovle and Pant6, 1985). 

Authlgenlc REE alneraIs were found In the Mediterranean region In 

aany bauxite deposits of Cretaceous age, In concentrations visible only 

by hIgh taagnlf1catlon. The highest REE concentration In the k.arsllc 

bau~ltes, found so far In the world, W~fe recorded In the Juras.lc 

bauxltes of Hontenearo in the fora of hydr'o.,-lba8lnaealte-(JId.La). Tbi. 

alneraI occurs all' a typical authlllenlc .iner.l In It. red boeM1tic 

bauxite, In the Jower part of the deposit, followlna U.. COIItaet __ 
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bauxlte/(oolwal1 1lee.tone, up to 2. In lhickness. The highest 

concentration was observed laMedhlelly above the footwall, where It 

(or.s whitish spols, lpcal1y a (ew .1111.eter& in dlaJIeter, whIch are 

ea.lly visible by eye In lhe red bauxltic .atrlx (Hakslaovle and Pant6, 

1987,1991). 

The new Investigal10n of bauxites fro. the old depoliit Zagrad In 

Hontenegro, which were lefi near the (00tw811 afier exploitation, has 

shown a very high contenl of R£[ (Nd,~,Pr), up 10 6.66X. The average of 

Ihree saMples, laken up to 1. above the (00twal1, was 2.80X of Md, La and 

Pr (Makslaovle and Jovle, unpublished d~laJ. Extraction of these ele.enls 

(ro. Ihe saap1es was e.slly done. Therefore, Ihe Jura.slc bauxite. (ro. 

all deposits In Nlk.leka 2upa, in Kontenearo, represent a valuable raw 

_lerlal for econo.lcal exploitation o( the REI: and production of very 

expensive .lloys. 

roNQ.USION 

Separation and concenlration o( the authIlenle alnerals of nickel 

and R£[ near Ihe (oolwall o( karsUc deposits was reliull o( lieveral 

(aclors; a) conlenl o( ele_nl In Ihe inlllal wealherln,g _lerial 

deposited In k.rstic depressions; b) Intensity of leachin,g o( thls 

..terial by percolatin, walers In a karsllc envlro~ent, and cl influence 

o( footwsll 11..stone as an e((lcienl leoche.ical barrIer. Hilh quality 

bauxites, with very low silica content, have a very hiah enrIchJIent 

coefficlenl of ·MObIle~ trace eleaents in Ihe basal part of the deposll. 

Thal ls the case of lhe R£[ concenlration in Ihe Jurrasic bauxltes of 

Hontenearo. Accordlna: 10 the available evidence (or the for_lion of 

authlgenie REE ainerals, the .veraae contenl o( lolal RE[ In Ihe bauxitle 

_teri81 should be Ire.ler than O.IX (T.ble 3). In the ease o( hllh 

dr.Inage, nickel occur. In the fONl of .uthllenlc .lnerals even ",ith 

O.05X of NI In Ihe .ver.ae bauxile ..... Thal is the e••e of takovit. in 

Ihe les Codoul. bauxi te deposl t in South France (Table 1). Wl1h Ihe 

Incr•••• of nickel In Ihe Inillal ..terlai, higher concentration of the 

authlaenlc nickel clay .inerals occur above the (oolwall, and karstic 

bauxite. pass gradually into kar.tle nickel deposits. 
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