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A L A B A N D I T E F R O M T H E M E T A M O R P H O S E D P Y R R H O T I T E - P Y R I T E 
D E P O S I T O F H E Ľ P A I N T H E N Í Z K E T A T R Y M T S . 

(Fíg. 1-6) 

A b s t r a c t : A l a b a u d i t e belongs to rare in inrľa l s m (.zoehoslovakia. l h e only 
i n d u b i t a b l e o c c u r r e n c e are Litošice in tlie Železné l a n y Mls.. B o h e m i a n Alassiľ. 
I ľiiin the West C a r p a t h i a n m o u n t a i n s y s t e m il lias nnl been k n o w n so far. 

In m e t a m o r p h o s e d ores of tbc H e ľ p a depos i t a ferrous var ie ty will) var iab le 
a m o u n t s oľ Ke occurs . T h e c o n t e n t s d e t e r m i n e d by m i c r o p r o b e a r c : M u — 57,26. 
ke — !'.(>;, S — .'ľí.tiO ° i,. F o r m e d d u r i n g m c t a m o r p h i c processes, lis posi t ion is 
between h i g h - t e m p e r a t u r e F e - a l a b a n d i t c s from Biihl near Kassel, from F o h b e r g 
in the FRG and c o m m o n types oľ l o w - t c m p c r a l n r e , i ron- | ľ a l a b a n d i l c s . 

P e 3 io M e: AjiaĎamum OTHOCHTCÍI K pejiKHM MiinepajiaM B L 1 C C P . EaHHCTBen-
noe TO'iHOe MecTOHaxo>KaeHne HUXOUHTCÍI u }Kejie3Hbix ropax, B JInTOUiHiiax, Mení-
cKľiä MaccnB. H3 3anaflHO-KapnarcKoro pai iona no ci-ix nop ne 6MJI ii3Becxen. 

B MexaMop(])npoBaHHtix pyaax MeCTOpo/KjieHi-in ľej ina o6napy;Kciia ;Kejie3HCTafl 
pa3HOBH3HOCTb c KOJie6jiiomHMCíi KOJiHqecTBOM ;Kejie3a. MnKpo30HaOH 6bijm onpe 
aejieiibi: Mn - 57,26, Fe - 9,67, S - 34,60 V 

Bo3HHKHOBenne 6buio npi-i nponeccax HeiaH0p<jiH3Ma. Mi-iriepaji 3aHHMaeT nojm-
>Kemie B psiny BbicoKOTepManbHMx Fe-ajia6aHaHHOB B p a ž o n e Kaccejiii, OKOJIO Oor-
Sepra B O P T n c O 6 L I ' I H H H H TimaMii, HH3KoxeMnepaTypHbiMii ajiaSamniHaMH. 
c H1I3KIIM coiiep/KanHeM >Kejie3a. 

Introduction 

In llio W e s t C a r p a t h i a n s y s l e n i a r e k n o w n l u i n i o n i u s o c c u r r e n c e s oľ m a n g a n e s e 

ii i i i i i 'ľals. 'I lioiľ a ľ ľ i i i n i i l a l inns a l l a i n d i m e n s i o n s oľ d e p o s i t s : I. in Iho N e o g e n o witl i 

o x i d e M n - o r o s in a n d e s i l e p y r o e l a s l i c r o c k s n e a r l l r i ň o v á a n d Ľ e l o v c e . 2. in llie 

P a l e o g e n o will i s e d i m e n t a r y o x i d e - c a r b o n a t e o r e s in t h e i n n e r b a s i n s (oľ S p i š . l i r e / n o . 

Š a r i š a n d R a j c e ) , w h e r e o r e m i n e r a l i z a t i o n a t t a i n s lbe h i g h e s t i n t e n s i t y a n d w a s ex­

p l o i t e d in t h e a r e a oľ K i š o v c e — S v á b o v c e lor m a n y y e a r s . '•'>. in lbe J u r a s s i c w i t h 

p c l o c a r b o n n l o - o x i d e o r e s I'rom L e d n i c k é R o v n é n e a r P o v a ž s k á [ i y s l r i o a a n d Z á z r i v á 

in I ho O r a v a ( D o g g e r ) a n d in l b e I. lassie oľ t h e M a l é K a r p a t y M l s . I'rom B o r i n k a . 

L o z o r n o a n d J a b l o ň o v é . '\. in m c l a m o r p h i c r h o d o n i l o - r l i o d o c h r o s i l e o r e s f rom t h e 

S i l u r i a n ol t h e S p i š s k o - g e m e r s k é r u d o h o r i e M i s . f r o m R e l l i a r , L u č i n a \\\\<\ l i y s l r v 

I ' o l o k . 

b r o m s u l p h i d e c o m p o u n d s oľ m a n g a n e s e l b e r a r e m i n e r a l l i a u e r i t e w a s d e s c r i b e d 

I'rom K a l i n k a n e a r Z v o l e n , ll is Found t o g e t h e r w i t h n a t i v e s u l p h u r in a n d e s i l e luľľs. 

A n o t h e r M n s u l p h i d e a l a h a n d i l e lias not. b e e n k n o w n I'rom i h c W e s I C a r p a t h i a n s so 

lar . It h a s b e e n Found b y o n e oľ l b e a u l h o r s (.1. K a n t o r ) in m e l a r p h o s e d p y r r -

b o l i t e - p y r i l e o r e s I'rom I Icl 'pa in l b e N í z k e T a t r y M l s . 

A l a h a n d i l e b e l o n g s Io r a r e m i n e r a l s in C z e c h o s l o v a k i a , l is o n l y i n d u h i l a l i l c o c c u r r e n c e 

w a s d e s c r i b e d I'rom t h e a r e a oľ l . i loš ice in l b e Ž e l e z n é h o r y M l s . i ISol ioni ian Mass i f ) 

b y I.. Z a k — .1. N o v o 1 n ý ( 1 9 5 a ) . 

l b e I I d pa d e p o s i t is lbe s e c o n d o c c u r r e n c e , ll is a l so r e m a r k a b l e b y t h e fael 

l h a l a r a r e v a r i e t y id f e r r o u s a l a h a n d i l e h a s b e e n i d e n t i f i e d h e r e b y a id of e l e c t r o n 

u n c T o p r n b o a n a l y s i s ( J . K r i š I i n ) . 

' l a g . K N D r . .1. l v a n l o r , C S c , D i o n ý z Š t ú r I n s l i l u t e oľ Leology, Brat i s lava, M l y n s k á 
dol. I. Il ipl. Geol. .1. K r i s t í n . L a b o r a t o r y oľ X - r a y m i c r o a n a l y s i s , L h e m i r a l F a c u l t y oľ 
Slo\'a!< ľec.hnical I n ivers i ty , Brat i s lava, J á n s k a I. 
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Geological selliii" (iiul mineralog]! oj the occurrence 

The Heľpa pvrile deposit is situated nl the southern slopes of the Nízke 'I airy Mis.. 
noil.h oľ the en,„in.i.lily Heľpa. Tlie area is ion,led by cala/.onally to mesozonally 
metamorphosed crystalline wilh granitoid intrusions. 

The crystalline schists are represented by biolile-. biotite-muscovite gneisses, mica-
sehisls. in which bodies of moln-gabbros and nielamorphosed nienibers of submarine 
diabase volcanisni - nieladiahases. amphiboli les. aclionalile schists ele. are found. In 
places an intense Alpine diaphlhoresis is manifested ÍV. /. m i b e k - A. C, o r e k 
!!).">:!. 15. C a m b e I - . 1 . .1 a r k o v s k ý l!)(57. l!Hi!)j. 

T h e crvslalline is polymelamorpl i ic : il underwent inelamorphisin during the llerey-
nian orogene when also intrusions of granitoids look place, and during Alpine move­
ments. So far il has not been unambiguously proved which -rade of motamorphism 

t | u , complexes reached prior lo lbe I lercyniau folding and lo wl.al an extent are 
represented Lower Paleozoic rocks in the cata-mesozonally metamorphosed crystalline 
of ibis area. 

There are remarkable analogies between lbe pyrite deposils and productive complexes 
i n [lol'p,, and the Malé Karpaty Mls. (V. Z o u h e. k - A. C, o r e k I. c . I!. C a m -
b e I — .1. .1 a r k o v s k ý I. c ) . They have also been confirmed by one of the authors 
,,„ lbe basis of isotope studies of sulphur (J. K a n I o r - M. Ií y h á r - A. K l i n e c 
1971). |S. C a m b e l points lo lbe Lower Paleozoic (Devonian) age of diabase vol­
canisni. lo which pyrite mineralization in the Malé Karpaty Mls. is bound. 

A. K | i n e c (IOG(i) recognizes two units in the area of Heľpa and the \ epor 
crystal l ine: I. Hron unii — predominant ly consisting of crvslalline schists including 
Ihe productive complex and 2. lb.' Kráľova hoľa unii. granitoids and niignialites lying-
in p.c|,»nic position on I he foregoing one. According lo A. K l i n e c (1. c.) the Alpine 
rejuvenlation led even lo formation of aplite and pegmatite veins. 

The Heľpa pyrrholile-pyrile deposit consisting of three lenses is situated in close 
proximity of granitoid intrusion. The ore mineralization occurs in amphiboli les. actmo-
lile schisls: weaker impregnations also in paragneisses. 

Cenelic linking wilh basic rocks is obvious. In the past il made V. /. o u b e k — A. 
C „ r ( . k 'I. c. suppose lbe liquation origin of ores. IS. C a m b e I — . 1 . .1 a r k o v s k ý 
(|. ,..) consider the deposit as exhalal iv i-sedimentary, bound lo submarine diabase 
volcanisni. Isotope study has shown that sulphale-reducing bacteria played an important 
,,,.,,., i n modification of isolopic composition of sulphur (J. K a n I o r — M. R y b a r -
A. K I i u e c 197:1). 

The deposil displays lbe same mclnmoľphism as surrounding rocks metamorphosed 

into garnet — bearing — amphibol i le lacies. 
The mineralogy (ď ores is relatively simple. The main mineral is pyrrholite. Present 

is Ihe hexagonal as well as the monoclone modification. The original melamorphic 
product is lu-xagonal pyrrhol i te : mono,-linie is younger, lower-temperature one. It has 
formed by removal of be from ihe hexagonal one along fissures and from gram-
boundaries (.). K a u 1 o r — .1. í) u r k o v i í- o v á. in press). 

Pyrite is less abundant.. Il occurs in two generat ions : ihe older in ihe I'orm of 
idioblasls. ihe younger in veinlels impregnations. 

Chalcopvrile is alwavs present, however, in insignificant amounts . This is also valid 
| „ ľ ihe more rare sphalerite. Sporadically is found arsonopyrilc. Penllandile has not 
been observed m ores. 
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Marcasitc, fine-grained pyrile-marcasile and pyrite aggregates arc cominon products 
ol supergenc alteration of pyrrhotite. 

C.raphile is a common conslitucnt of invs. Together wil l i amphiboles and aclinolites 
11 testifies in ľavou ľ of pyroclastic origin of a major pari of mineralized layers 
(IS. (: a in li e I — .1. J n r k u v s k y I. c ) . lis occurrence is also in accordance with 
isotope composition of sulphur (ÄS:M = — I ô In —25 l)0 0- •'• K a n I n r — M. R y ­
b a ľ — A. K I i n e c I. c.) and biogenic acl iv i ly during ľomialioii of sulphides. 

brom ii i.ninclall iľ minerals are frequent: (piarl/. amphiboles. garnels. feldspars. 
micas, carbonates, ni l i le. magnetite, ilmeiiite. cle. 

Microscopic investigation has also revealed the presence of alahandile. Il occurs 
sporadically: somewhere more abundant, elsewhere lacking totally. In the studied 
materiál the size of grains varied up to 0.2 inn). 

In polished sections il acquires easily a good polish. Grinding hardness is relatively 
low. close to lhal of pyrrholite anil sphalerite, markedly lower than in cbalcopyrite. 
In colouring and reflectance il may resemble sphalerite. However, alahandile is of 
somewhat lighter colour, approaching in appearance some Sb-rich lelrahedritos. 

Between crossed nicols il is isotropic, usualy without internal reflections. The latter 
ol brownish lint are abundant in sphalerites of ibis area. 

In alahandile from ITefpa we have not observed any cleavage of triangular pits 
similar to those of galena as mentioned by ľ. H a m d o h r (I9Ó2. I!)57). 

Al llie Heľpa deposil alahandile occurs in the form of irregular grains, usually in 
pyrrholite or between pyrrholite anil silicates and/or pyrite. Remarkable is its common 
occurrence wi l l i cbalcopyrile. In alabandile-chaleopyrite aggregates alahandile forms the 
central pari, whilst cbalcopyrile a relatively regular narrow rim. Formation of the 
latter is evidently connected wi l l i the ability of alahandile lo coagulate from solutions 
the compounds of more precious metals ifig. I. 2). 

Distribution of M n . be. Cu. S in alabandite-cbalcopyrile aggregate is evident from 
fig. ,')—() prepared on electron-microprobe by one of the authors (.1. K r i s t i n ) . 

I'ig. I. Kleclron scanning photograph of mi- Kin-. '>. Like ľig. I. Detail 1200 X 
ncrnls. Micropmbe, 21 k\. GOO X. a — nia­
lamide, up — rhalcopyrite. po — pyrrhotile, 

g — graphite, r — rliodoiiitcí?). 
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Chemical co silion of a labandi le was determined will, the electron n.ic.-oprobe 
,]KOh.IXA-5A. The measured dala were corroded then and evalualed l» th< (al.i.l.i 

lion programme SONDA 0.5. , , 
!<>„„, ,he measured values the following composition „I alabandile has icsullcd. 

MM = 57.20 % 
ľe = 9 , 0 7 % 
S = 34.60 % 

Vs a^nai lor 'o f fact, il is already upparenl from ll.e microscopic character of alaban-

p a l l c r n f0I. F c K « (fig. V,. according to which alabandile m lbe lower -I of ih, pholo 

graph is richer in he Limn in iho upper one 
( labandi lc has fonned during metnniorplnc mobilization, wind, ,s 0Md.nl ..I I 

depol'l. and according to .be a unts avai.able var iah l , he eontenls were ,ncorporated 

i n , " S m n d i l o a l s o r h , il- • other M n silicates appears to be present sporadi-
, , , , : : , , h e l.ef posi, as i, is als idenl Iron, comparison ol I he , eetron sea,, g 
,,,„;, ....„Ks ,|'i„. | 2) as well as X-ray images lor M „ K « and Slv« 1R. >. •> • 
" ' s ' % ' , ľč in P, C a m b c l _ M . B o h r I 9 5 5 ) s , u d , e d lbe eonlenls ol 

ľ ( M i Ni and Zn + tt, in cut samples from tbe Heľpa ores usmg l - l a - g r a p 
; , , ; , . : ,.,„„„ 2 a l annlvses U,r following average Mn concenlrat .ons result fm H" 

individual adils of lbe western deposit : 
udil no. I bighesl 

mill n o . -

adii no. •! 

- ()/i()°'o Mn 
- 0.1!)" n Mi, 

- 0 . 1 0 " n M " 

men-
\ derrease of Mn in deeper parls of the deposit is evident. 

F ( l l . , , l c , . i c a l l v very similar ores fron, ,he Malé K a r p a t y Mts. S. » " ' » ^ ' 
„ „ s v a r i a l i d Mn wilhin lbe range 0.01 - 0 . 0 8 °. „ and an average value of 0 . 0 , n 

,.. essenlially less than for the llelpii "res. 

Comparison willi other occurrence!; oj alabandile 

,| „I low-lemperalnre. hydrolbermal vein deposits. Mabandite is mosl ollen loom ---, . 
, , : ,1 will, rbodoehrosite and rhodonite. I. is usually accompanied by spbaleni . 
2 " , , , ehaleopvrile. Somelunes silver minerals or gold lel lundes are present. Deposits 

„f (bis type are known from 
ore mini 
ween alabandi le and oilier minera 

i M ( , ,„.,.„,,.,„„,, o ľ „ labandite was described IVon, I i.ošice in ^ Ž e l e z n é 
Massif bv 1, Z á k - J . N o v o l n v (I9o'0 and L. / a k 

(,950). The ore ininerabzalion oecurs in lbe Algonkian of easier,, Bohemia known 

. . , , , n R o u m a n i a . Mexico, USA, South America etc. Prevailing! 
ligations of Tert iary to Crelaceous age are concerned. Mulual relalions bet-
n d U o n n her minerals were studied by D. F. I I e w e t t - 0 . Y B O M 

1930) and others 
A remarkable i 

| lory Mis. in the Bohemian 
I'he ore niinerali/.a 
„•esence of bodies of svngenelic Mn-ores (Cbv 

% • ; : , , / I• ,f Uilosice (deplh a . - ' , 8 m) vein „arageneses with dialogue, green 
Ma.ľ.ľcii... o chalcedony. q „ a r , z . crystal, pyrite, pyrrho.i le . neo.okile. cronsled.te 

' ' ' ^ ' ' ' ' i h e ' d ' e p l h H O - l a O m in the borehole near the shall impregnat ion ores with 
' i ; , , . ' . ' I , , , , „ , , , , . .hodonile q u a r u . black alabandi le . pyrrholite, chulcop>rUc 

http://0Md.nl
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Kig. .'!. Mnlxfř. 1200 X. 21 k V. Fig. V I'VKa, 1200 X. 21 k V. 
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Fis. •">• SKa, 1200 X. 21 k V. Fig. (i. ĽuKa, 1200 X. 21 kV. 

and ncotokile have been found in graphite scliisls. Alabandile is inlergTown wilh 
pyrrholilo or penetrates and replaces idiomorphic pyrile I. 

W Iiilsl ihc vein parageneses arc quite diľfeľcnl. several analogies mav be I'ound 
between impregnation ores from Ulošiee and ihe Nel'pa associations. Il cannol be 
excluded thai llie vein mineralization formed by immobilization of impregnation ores 
under llie action of lou-lemperalure solulions. 

II- !'• I I u t I c n I o c li e r i1!).'!()i eslablished an inlerosling occurrence of a labandite 
in the Alps ol Switzerland In an area made up of polymel.amorpllosed crystalline 
scliisls (chlorile-sericite scliisls. biolito and garnet gneisses) in proximity of graniloi<l 
intrusions. The crystalline — similarly as al llel'pa — was also afl'ecled by Alpine 
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„.lroB.-a.lr lomorphisn, near occurrences "ľ ore. Concerned a r , lenticular „ui.rtz-

Ľ a ľ b o n a t e veins containing alaban.liu-, pyrrhoti lc, sphalerilo, rhodonite a b l i l , s lanmle 

l i n < | „„I,.,,,, Xonmolallic minerals are mainly r e p r e s e n t ! by amph.bolos an. gurnets, 
licside U.,.,.1 veinlets will, galena, chalcopyrile, sphalerite, pyrite an.l pyrrbolUe are 

found in l.l.is area. assoeiate.l will, some slannile an.l argyro.hte. _ 

1„ pyroxenile-a.npbiboli le rocks a pyrrholile-chalcopyrilc mmerahzal .on, n..| accom­

panied bv oilier sulphides, bas been ľoun.l. . 
I, ,.• j , u l L e n l o c h e r supposes lhal lbe laller. pyrrhol . te-chalcopyntc m.neral.za-

, is genelieally linked will. old. basie n.agmalisn.. bormal.on ol olber ores he 
deduces from llio intrusion of lbe Aar granite, emphasizing also ll.c .mporlanco ol 
mctamorphic processes for final formation of lbe p a r á d n e ! . , ' associations. 

p o r m a l i o n of a labandi le by h y d r o t h e n n a l processes ... lbe Ol.goceno s. 
dcposil will, Mn carbonates, hydrosilicates Iron. Obroě.šle ... Bulgar.a is 
b y B. A I e x l e v - L. N a r I. e v a (1969). 

At the Chialuri ( t ia luri) manganese ore deposit in the I KSS alabandile is found ... 
places, where the dcposil is intersected by basalt and effected by contact melamorpbisn, 
(A. C. B e l e c b l i n líKiíi). 

By microscopic sludv of parageneses will, native iron Iron, the known locaht> ol 
Uiihi i„ ,hc h'Bd ľ. K a m d o I, r (195:5) eslablished a cubic mineral with similar 
, , . n i , , , a l l ( . , . n n ( | eolour as Sb-telrabedritc and supposed (Mnbc) S w.lb high be contenl 

' " T Í Í Í ' " a s s u m p t i o n was later confirmed after analogous material from phonolite of 
J o b b e r - „ear Oberschafrhausen (P. B a ... .1 o I, r 1957) was „b lamed In the phonobte 
a ľ e found xenolilhic inclusions of pyrrboli le attaining the si/.e of f.sl. I b e y also contain 
chalcopyri le. spbalerile. traces of arscnopyrite. valcriile as well as variable amounts 
of a labandi le . According to X-ray data an.l the absence „ľ exsolved Feb be supposes 
be-alabandile will, a small excess „f M.iS over ľeS c concerned. 

M b n l . b e - pvrrbotite is found in inclusion of crystalline schists, mainly amphibohles 
and is considered bv ľ. ľ, a m d o I. r 'I. c.) partly as primary, m most cases, however. 
as a product of melamorphic alteration of original pyrite impregnations 

' | a r-er xenolilhs of sulphide minerals with pyrrboli le. a laband.te etc. he supposes to 

ľ (.p,.cse„l relics of vein minoraliznti.,,, will, pyrite, chalcopyri le spbaler.te. Mn-calc,te. 

W | , i e h has been destroyed, reworked and inelamorpbosed by the ascending phonobte 

" ' A l a b a n d i l e ľro.n Heľpa, according lo chemical composition (10 % be) is an inter­
mediate men.bcr between l-Valabandiles from Buhl and hohberg described b> 
p K ., ,„ ( | ,, I, r ((I. . 0 and common types from hydrolhermal deposits, winch are 

characterized by low be contents. , , , • , , • . .1,., 
When we suppose lhal the solutions Iron, which alaband.te has l o n n e d wei. , ,.,-

ľ a clerize, l bv sufficienl and c m p a r a b l e be concentrations, the,, a laband.te Iron, l ie pa 
n,av lake ,,'p such a position also will, regard lo thermnlily m accordance w.lh the 
investigations of Zen-lehi-Shibala (in ľ. B a m d o b r 19;,/) 

The problem „f entering of be into lbe a labandi le lall.ee. however, no due attention 
has been „aid so far lo. Mn contents are probably variable and sometimes also higher 
, | ,a„ often supposed, a fad to which already ľ. B a n, d o b r (I.e.) called attention. 

Tľiuislair.l l>> .h I'KVNÝ. 
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