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s Abstract. In the Bolestaw 7n-Pb ore deposit near Olkusz monheimite (Zn,
Fe)CO; was found in mineralized breccia of Lower Triassic (Roethian) dolomites. The
mineral was subjected to chemical, X-ray and IR spectroscopic analysis. Its occurren-
ce in the part of the deposit not affected by weathering suggests that it owes its
origin to the endogenic process of ore mineralization.

INTRODUCTION

Monheimite (ZnFe)CO; is a not too common mineral of zinc-lead de-
posits. According to Smirnov (1955), its occurrence is characteristic of tho-
se parts of the oxidation zone o which the access of oxidizing agents from
the atmosphere is limited.

First informactions on monheimite occurrence in the Cracow=Silesian
Zn-Pb deposits date from the second half of the 19 th cent. Gellhorn (1853,
vide, J.D. Dana, E. S. Dana 1951) published chemical composition of fer-
rous smithsonite found in small ammounts in the former Maria mine near
Bytom (weight %): ZnO — 39.15, FeO — 17.40, CaO — 12.74, CO, — 30.36,
iotal — 99.65. Traube (1888) described monheimite from the former Eli-
zabeth mine near Bytom, where it appeard in the form of fine rhombohe-
dral brown crystals showing green tinge in transmitted light. The studies
of Zabinski (1958) have revealed that galmeis occurring in the Matylda mi-
ne near Chrzan6w have a high content of ferrBus iron which appears in
ihe form of isomorphous solid solution of carbonates (Zn, Fe)COs, i.e. as
monheimite. The galmeis form granular, fairly massive aggregates, light
lrown-grey or yellowish in colour. Monheimite occurrences in the area
of Bytom and Olkusz were also mentioned by Zawislak (1971).
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The second author found recently monheimite in the Bolestaw Zn-Pb
deposit, where it forms greenish incrustations on fissure walls, in cavites
and on fragments of mineralized breccia in Roethian dolomites.

GEOLOGICAL SETTING OF MONHEIMITE
IN THE BOLESEAW DEPOSIT

The zinc and lead ore deposit near Bolestaw occurs in Middle Triassic
dolomitized limestones (ore-bearing dolomites) and Lower Triasic dia-
genetic dolomites. Mineralization of a simple composition: ZnS, PbS, FeS;
shows a nest-like distribution. The ore-bearing dolomites are mineralised
over the almost whole area. Rich ore bodies are surrounded here by an
aureole of poorer ore mineralization which the occurs almost on the whole
area of the deposit. In the Roethian dolomites mineralization is confined
to relatively small bodies of a diameter up to several dozen metres. Such
nests are usually surrounded by an aureole of intense barite mineralization
which is confined, as a rule, to some more porous or fissured dolomite
beds. Barite mineralization is younger than ore mineralization.

Monheimite was found in the Roethian rocks, on the periphery of ore
bodies, in intensely cavernous dolomites. The caverns are small, from some
to a dozen or so millimetres in diameter, irregular, randomly distributed
in the rock (Phots 1, 2). The cavernous structure of dolomites is presu-
mably due to hydrothermal karst phenomena (Bogacz et al. 1970). This is
evidenced by its occurrence in the vicinity of fissures as well as by the ir-
regular, nest-like form of the cavernous parts, gradual grading cavernous
parts into breccia and their intense mineralization. It has been found that
marcasite and sphalerite forms impregnations and druses on the walls
of caverns. Monheimite forms incrustations on the cavern walls and fre-
quently also on sphalerite. It is readily discernible owing to its olive-green
colour. This colour differentiates it from sphalerite, for which it can be
easily mistaken only in the weathered parts, where the two minerals
acquire a rusty-grey coating.

EXPERIMENTAL AND RESULTS

Microscopic studies

Mlcrogcoplc pbservation has revealed that monheimite incrustations
form a thin coating from 0.5 to 3 mm in thickness on crystalline secondary
dolomite and sphalerite (Phots 3, 4). In places where marcasite is also pré—
sent, the following sequence has been noted: marcasite-dolomite-sphaleri-
te-monhemnte. It follows, therefore, that monheimite is the youngest mi-
neral, ending the cycle of ore mineralization. It forms crustifications along
the cavities walls composed of aggregates of xenomorphic crystals up to
2 mm in size. In thin section monheimite is greenish, markedly birefrin-

gent and showing high relief which is positive relation to dolomite but
lower than in sphalerite.
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Monheimite crystals separated under the microscope were subjected
to chemical, X-ray and infrared spectroscopic analysis.

; Chemical analysis

Because of the small amount of monheimite available for investigation
(sample designated as BR-1), it was first subjected to semi-quantitative
analysis using emission spectroscopy (PGS-2 spectrophotometer). The fol-
lowing results were obtained:

Fe, Zn — main components,
Ca, Mg — about 1%,
Mn — 0.0X%,

Cd, Pb, Si, Al — traces (<< 0.01%).

The content of Zn and Fe, determined quantitatively by atomic absorp-
tion spectroscopy (Pye Unicam SP-90 B spectrophotometer), is: 27.0% Zn
and 24.3% Fe.

. From X-ray and IR spectroscopic investigations it appears that the
sample studied contains about 8 weight % admixture of sphalerite and 3—
4% of dolomite. Taking this into account, it can be calculated that mon-
Bemite contains 25.3 weight % Zn and 26.6 weigth % Fe. An approximate
formula for monheimite is: (Zngs Feos4)COs, SO it represents an interme-
diate member of the isomporpous series smithsonite — siderite, showing
slight quantitative prevalence of FeCOs.

X-ray investigations

X-ray powder analysis of monheimite was made using both film gnd
counter recording technique. Film technique was used to record reflections
in the full range of © angles, so that unit cell parameters could be calcu-
lated (Table 1). A film photograph was taken for the sample that had been
subjected to chemical analysis (BR-1), as well as for an additional sample
(BR-1 a) obtained only in a minimal amount. A TUR M-60 diffractometer
with a 114.6 mm diameter camera and filtered CoK. radiation were used.
Both samples have been found to contain sphalerite admixtures (about 6%)
and some dolomite. : .

The X-ray diffraction pattern was taken primarily to check whether
the mineral studies is in fact a member of the isomorphous series or a mix-
ture of two carbonates. It was taken with a TUR M-61 diffractometer,
using filtered CoK, radiation. Although conditions enabling the best re-
solution were applied, no splitting of the strongest reflections was noted
for the analyzed sample (BR-1). An X-ray diffractogram reporded under
the same conditions for a mixture consisting of 50% siderite and 50 %
smithsonite showed pronounced splitting of the reflections arising from
these components. &

Table 1 gives interplanar spacings for monheimite frqm the Boles&aw
deposit, along with dpki values for siderite and smithsonite pubhshegi, by
Graf (1961) and those for monheimite from the Matyldg mine (Zabinski
1960). As appears from the Table, dnx values and the unit cell parameters
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X-ray powder diffraction data of monheimites

Table 1

' d(A) (1A =0.1 nm)
i Monheimi
Bkl fom%th- S Matyldt: ;22:;’ Monheimite fro'm Siderite,
Gra?’(fém) Zabifiski (1960) the Bolestaw Mine Graf (1961)
| a y f BR-1 BR-1a

01 1_2 3.5509 3.66 3.67 3.5750 3.5760 3.5903
10_14 2.7476 2.76 2.7 2.7847 2.7818 2.7912
11%0 2.3264 2.33 2.33 2.3390 2.3370 2.3443
11_23 2.1099 2:11 2.12 2.1283 2.1259 2‘1318
20_22 1.9460 1.95 1.96 1.9569 1.9576 1.9629
02_24 1.7754 1.78 1.79 1.7864 1.7886 1.7952
0118 1.7023 by L 1.72 1.7254 1.7215 1-7369
21_31 1.5152 1.61 1.52 — 1.5199 1‘5271
12}2 1.4926 1.49 1.50 1.5006 1.5006 1.5050
ﬁégg 1;;;; 1.41 1.42 1.4196 1.4217 1:4253
2520 1:1632 : = 1.3516 1.3493 1.3535
4024 ! e 3 = 1.1705 1.1693 1.1722

[ — 0.9794 0.9776 0.9814
a(A
; EA; 1‘;222 4.686 4.670 4.689

15.272 15.2056 16.373

a and c¢ for monheimite from Bolesla i i
rom w are intermediate co i
E)}ge;aeil;lgéoggl}xsm\éil}?eeis mfi(;z ilderlf‘ﬁl arﬁ;}l smithsonite. Similar dhk?l}z):lll‘legs vvgvletlg
. rom the Montevecchio deposit (Sitzi
se results are consistent with chemical analysis ang Vl'eg(asll”tlz’;aligf e

Infrared spectroscopicinvestigations

Infrared absorption s i
sor pectra were obtained with a UR-1 i
;g;:trclzﬁﬁter, 1§csmg KBr discs technique. Figure 1 shows 2 £§:§r51;iletnz)f
5 arfg ; asslzec é‘_um in the wave-number region 700—900 cm~1, in which
2 rption bands, the most typical of anhydrous carbo’nates ap-

pear.

Alongside of monheimite ab i
i sorption bands at 741 ecm-—1
E;r}nad r(rrizj)(ttl?:;e(c(;gggrtst;%rég alzis%rptions owing to the presencgdgfa;(ﬁo?r?is
2 LY %
- t/l;e sloc?es s monheimite%nandsg.o cm~1). They are visible as inflexions
. 74§c21;1dlr18g7gocMi)lenke (1962), the v4 and v, bands of smithsonite occur
Lk S rtn resp. whereas those of siderite at 737 and 865 cm—1!
ption bands recorded for monheimite from Bolestaw take

intermediate values sug i
gesting, as X- it i i i
member of the smithsonite —gsideriter:eyri(ii‘.ca e

126

—

A

Fig. 1. IR absorption spectrum of b

monheimite from the Bolestaw Mine P

M — monheimite, D — dolomite admix- D M

ture
M

900 800 700 cm

Moenke and Zabinski (1963) found that isomorphic substitution of Zn*t
by Fe?* in the crystal lattice of smithsonite has little effect on the posi-
tion of its absorption bands. These authors recorded a value of 742 cm~**
for the v4 band of monheimite from the Matylda mine near Chrzan6éw.

CONCLUSIONS

Monheimite found in the Bolestaw deposit is an intermediate member
of the isomorphous series smithsonite — siderite, showing a slight preva-
lence of Fe over Zn atomic fraction. In spite of this prevalence, the authors
are inclined to treat it as ferrous smithsonite rather than zinc siderite be-
cause in the range (Zny sFeps5)CO3 — FeCO, the series in question seems
to be discotinuous (Sitzia 1965).

The presence of monheimite in the Bolestaw deposit, although its
amount is small, provides some interesting information regarding the ge-
nesis of the deposit. Its occurrence in the part of the deposit not subject
to weathering implies that it is a primary mineral, owing to endogenic ore
mineralization. This statement is also substantiated by its close association
with sphalerite — marcasite mineralization in cavernous dolomites, in
which it ends the cycle of ore mineralization. Its appearance testifies to
changes of the conditions under which ore mineralization proceeded. The
precipitation of monheimite was presumably promoted by an increase
in the Eh caused either by a decrease in the amount of sulphide sulphur
which combined with Fe and Zn, or by the influx of surface water cir-
culating in the Roethian dolomites and its mixing with the hydrothermal
solution. It is worth noting that the final stage of mineralization involved
precipitation of barite and this process requires an oxidizing environ-
ment. However, monheimite and barite have never been found together.
From the general development of mineralization is can be inferred that

monheimite is older than barite since it is associated with sphalerite —
marcasite mineralization and its presence is an indicator of initiating chan-
ges of the physico-chemical conditions of mineralization.

The appearance of carbonates in the final stages of mineralization is

typical of a great many ore deposits. Siderite rich in Zn (up to 5.6% ZnO)

* Due to a misprint, a value of 449 cm—! was given instead of 742 cm—! in the
paper of Moenke and 7abinski (1963) (pers. comm.).
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was found in Au and Ag epithermal vein deposits in Japan (Shikazono
1977). It formed under more oxidizing conditions than pure siderite pre-
sent in these deposits. Basing on thermo-chemical data, Shikazono (1977)
states that Zn content in siderite increases with increasing oxygen fuga-
city factor (fo,). The coexistence of barite or even haematite with such
siderite is a typical phenomenon.

Siderite has not been found in the Bolestaw deposit. However, exami-
nation of polished sections has revealed that the caverns are sometimes
filled with a fine-crystalline carbonate mineral of brown colour, resem-
bling siderite. Because of too small an amount of this mineral available
for investigations, it cannot be with confidence wheather it is siderite or
weathered monheimite.
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Bogustaw BAK, Marek NIEC

O WYSTEPOWANIU MONHEIMITU W ZLOZU RUD
Zn-Pb BOLESLAW KOLO OLKUSZA

Streszezenie

: W zlozu Zn —Pb Bolestaw stwierdzono wystepowanie monheimitu
{(ZnFe)CO, W;rod okruszcowanych brekeji w dolomitach retu. Znajduje sie
on tam na Sciankach kawern, a takze czesto na sfalerycie tworzac nasko-

rupienia. Kawerny sg drobne o rozmiarach i i ili
oy g iarach od kilku do kilkunastu mili-
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Pod mikroskopem mozna obserwowac, ze naskorupienia monheimifrowe
tworza cienkg powloke o grubosci od 0,5 do 3 mm, na krystalicznym wor-
nym dolomicie i sfalerycie (fot. 3, 4). Tam gdzie wystepuje markasyt moz-
na przeéledzi¢ nastepstwo: markasyt — dolomit — sfaleryt — monheimit.

Przyblizony wzor monheimitu jest nastepujacy: (ZngssFeoss)CO3, a za-
wartosé Zn i Fe wynosi odpowiednio: 25,3 i 26,6% wag.

7 tabeli 1, gdzie zamieszczono warto$ci dux; i parametry komorki ele-
mentarnej a i ¢ badanego mineratu widac, ze sa one posrednie w stosunku
do analogicznych wartosci dla syderytu i smitsonitu.

Polozenie pasm absorpcji w podczerwieni réwniez przybiera dla mon-
hemitu wartosci posrednie miedzy odpowiednimi wartosciami dla syde-
rytu i smitsonitu. ‘ :

Wykonane badania wskazuja, ze monheimit rozpoznany w ziozu Bo-
lestaw stanowi $rodkowe ogniwo szeregu izomorficznego smitsonit — sy-
deryt z nieznaczng przewaga udzialu atomowego Fe nad Zn. .

Wystepowanie monheimitu w partii ztoza nie objgte] wi‘etrzemem poz-
wala przypuszczaé, ze moze to by¢ mineral pierwotny zwigzany z enfio—
genicznym procesem mineralizacji kruszcowej. Przemawia za tym row-
niez jego Scisty zwiazek z mineralizacjg sfalerytowo-markasytowg w do-
lomitach kawernistych gdzie konczy on cykl mineralizacji kruszcowej.

OBJASNIENIE FIGURY

Fig. 1. Widmo absorpcyjne w podczerwieni monheimitu z kopalni Bolestaw
M — monheimit, D — domieszka dolomitu

OBJASNIENIA FOTOGRAFII

Fot. 1. Kawerniste dolomity retu z kopalni Bolestaw. 1/2 wielkoSci naturalne@

Fot. 2. Kawerniste dolomity retu z kopalni Bolestaw. 1/2 wielko$ci na’%uralne]

Fot. 3. Mineralizacja kawern w dolomitach retu kopalni Bolestaw. Swiatlo przecho-
dzace. 1 nikol. Pow. X 60
1 — monheimit, 2 — dolomit krystaliczny, 3 — sfaleryt,
krytowy :

Fot. 4. Mineralizacja kawern w dolomitach retu kopalni Bolestaw. Swiatto przecho-
dzace. 1 nikol. Pow. X 60
1 — monheimit, 2 — dolomit
krytowy

4 — markasyt, 5 — dolomit mi-

krystaliczny, 3 — sfaleryt, 4 — markasyt, 5 — dolomit mi-

Goeycaas BOHK, Mapak HELb

" EHUU PYI
NMPUCYTCTBHU MOHTEVUMMTA B MECTOPOXI
. Zn-Pb BOJECJIAB BBJIH3H OJIbKYILIA

Pe3moMe

7n-Pb Bouecias Obl10 00HAPYXKEHO NPUCYTCTBHE
OMHTOB p3TCKOro BO3pacTa.

yacTo COBMECTHO CO C(bane-
a3Mephbl KoJebaioTCcs OT HE-

B MeCTOpOXK/AEHHH
voureiimuta (Zn, Fe)CO; cpeant OpeKuHH 107
Haxoaurest oH Ha cTeHax KaBepH H JOBOJBHO
pUTOM KOpKH. KaBepHbl OOBIUHO MEJIKHE, ux p
ckoabKHx 10 20 MM (poro 1, 2).
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~ i NER. POL. VOL. 9, No 1 — 1978 PLATE 1
B nouse 3peHusl MHKPOCKOIA MOXKHO HaOJgI0laTh, YTO KOPKH COCTOSILIHE i &

113 MoHrefiMHTa 06pasyioT TOHKYIO 000JI0UKY roauuuoit or 0,5 a0 3 MM na
KPHCTALIHYECKOM BTOPHUHOM JI0JIOMHTE 1 canepuTe (poro 3, 4). B mecrax
NPHCYTCTBUS  MapKasdHTa HabJ10/1aeTcst MOC/Ae/0BaTeJbHOCTE: MapKasut —
10J10MHT — C(asepuT — MOHTENMHT.

[Tpubamkénnyo (GopMmyay MOHIEHMHTA MOXKHO 3anucarbh Kak: (Zng 45
Feys4) COs, a4 B BECOBBIX MPOLEHTaX Zn cocrasaser 25,3% n Fe 26,6%.

B taGauie 1, rae noxadaHbl BeJWUUHDI dpi M MapaMeTpbl a U C 3JeMeH-
1apHOf UEHKH H3yYaeMoro MuHepaJsa, BHIHO, UTO OHH SIBJSIOTCS MPOMENY-
TOUHBIMH /LISl AHAJOTHYECKHX BEJHUHH B CHAEPHTE H CMUTCOHHTE.

[Tonoxkenne noqaoc noraomenna B MK-cnexkrpe Tozxe sBJIIETCS MPOMENKY-
TOUNBIM JIJISI COOTBETCTBYIOILMX BEJIMUHH B CHEPUTE H CMUTCOHHTE.

[TpoBeéHHbIC HCCAECAOBAHMS MOKA3blBAIOT, UTO MOHTEHMHT, OOHapyrKell-
iblii B Mectopoxkaenun bosecnas, sBasieTcsi CpeliM 3BeHOM H30MOP(HHOro
psila CMHTCOHMT-CHAEPHT C He3HaunTeldbHbIM npeobnaajanueM Fe Hal Zu.

[TpucyTcTBHE MOHTEHMHTA B YaCTH MECTOPOXKJICHHA, HHXKE 30HDbI BbIBC-
TPUBAHHS, JeNaeT BO3MOMKHLIM IPENOJI0NKeHHe, UTO MOXKET OH ObiTb Tep-
BUTHLIM MHHEPAJAOM, CBA3aHHBIM C SHOT€HHBIMH NPOlecCaMi PYAHOH MHHe-
pannsaunn. CBHAETEJLCTBOM sIBJSETCS TOXKE €ro TecHasl CBA3b co cdaJie-
PUTO-MAapKa3UTOBON MHHepa/au3alueil KaBepHUCTBIX JA0JOMHTOB, B KOTOPBIX
SIBJISIETCS] OH MOCJEJHUM 3BEHOM IHKJAA PYAHOH MHHEepaJH3alHHu.

OBBbJCHEHHUE K ®UTI'YPE

Gur. 1. UK-cnekrp norsiomenns MourefiMutTa u3 waxrtel Bosecnan
M — MoHreiMuT, D — npHUMech JIOJOMHTA

OBbACHEHUA K ®OTOTPADGUAM

Phot. 1. Cavernous Roethian dolomi-
tes from the Bolestaw deposit. 1/2
®oro 1, 2. KapepHo3ublii J0JOMHT P3TCKOro Bo3pacra [/2 HATypasbHON BeJHYMHD! natural size
Boro 3, 4. Munepannsauns KaBepH B JOJOMHTaX pPITCKOro Bo3pacra B Imaxrte Dosecias.
[Mpoxoasmuii cer. 1 nuxosb. ¥Ypeauyenne okoso X 60
I — wmoHrefiMur, 2 — KpHCTaJdAH4YeCcKHi posomur, 3 — chanepur, 4 —

MapkKasur, 5 —
MUKPHTHYECKHH N0J0MHT (BMeulaiollas mnopoja)

Phot. 2. Cavernous Roethian dolo-
mites from the Bolestaw deposit. 1/2
natural size

! Bogustaw BAK, Marek NIEC — The occurrence of monheimite in the Bolestaw Zn-Pb
] ore deposit near Olkusz
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PLATE II
MINER. POL. VOL. 9, No 1 — 1978

Phot. 3. Mineralization
of caverns in Roethian
dolomites from the Bo-
lestaw deposit. Trans-
mitted light. 1 nicol.
Magn. X 60
1 — monheimite, 2 — crys-
taline dolomite, 3 — spha-
lerite, 4 — marcasite, 5§ —
micritic dolomite (hostrock
dolomite

Phot. 4. Mineralization
of caverns in Roethian
dolomites from the Bo-
lestaw deposit. Trans-
mitted light. 1 nicol
Magn. X 60
1 — monheimite, 2 — crys-
taline dolomite, 3 — spha-
lerite, 4 — marcasite, 5 —
micritic dolomite (hostrock
dolomite

Bogustaw BAK, Marek NIEC — The occurrence of monheimite in the Bolestaw Zn-Pb
ore deposit near Olkusz



