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THE ROLE OF SOLUBLE SILICA AND H,S IN THE PROCESS
OF DOLOMITIZATION

Abstract Dolomitic brececia mineralized with sphalerite was found to occur
in the bottom part of ore-bearing dolomite in the Orzel Bialy Mine. Clasts of D1
dolomite are metasomatically impregnated with silica. The breccia is cemented with
posterior D2 Fe-dolomite impregnated with pyrite. The close association D1 dolo-
mite — silica and D2 dolomite — pyrite seems to suggest that the presence of so-
luble silica and H,S in the solution may suppress the hydration barrier of Mg, the
latter preventing direct precipitation of dolomite from the solution.

INTRODUCTION

Zn—Pb mineralization of the MVT type in Upper Silesia, Poland, occurs
in ore-bearing dolomites at the contact with limestones. Ore-bearing do-
lomite owes its origin to the dolomitization of Triassic carbonates (Muschel-
kalk) in the zones where limestones grade laterally and vertically into do-
lostones (Pawlowska, Szuwarzynski 1979). The carbonates in question
were deposited on tidal flats in the supra-, inter- and sub-tidal zones. The
sedimentary structures show bedding, lamination, sedimentary and ero-
sional discontinuities, tidal channels, and submarine flows (Pawlowska,
Szuwarzynski 1979). The principal micro-components of the sediments
are micrite, algae, shells and their detritus, crinoids, odids, peloids, intra-
clasts and sparite. The fractionation of oxygen isotopes in the dolomites
and limestones is indicative of the low-temperature process of dolomiti-
zation.

Silica appesrs in the limestones in the form of siliceous concretions and
crusts. Similar, but somewhat smaller, forms are also present in the dolo-
mites, in which they do not crosscut the lamination of the host rock. Abun-
dant organic remains in the silica suggest its organic origin (Pawlowska,
Szuwarzynski 1979). The amount of silica paragenetic with sulphides is
insignificant (Gérecka 1967), yet extensive silicification of ore-bearing
dolomites has been reported from Imielin (Smulikowski 1946).
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Sulphide mineralization utilizes the original porosity-permeability of
the host rock, inherited from the primary (crinoid) limestones, in which
sphalerite forms spar embedding echinoderms consisting of a single Fe-do-
lomite crystal (Kucha — in press). However, the basic stages of minerali-
zalion use free spaces formed during diagenesis (Pawlowska, Szuwarzynski
1979), karst processes (Sass-Gustkiewicz et al. 1982), and in the course of
mineralization itself (Kucha, Czajka 1984).

It is generally held that there are two barriers preventing direct pre-
cipitation of dolomite from the solution. One — a kinetic barrier — is the
hydration of Mg and the presence of SOZ~ ions in the solution. The other
involves the ordering of Ca and Mg in the structure of dolomite. There-
fore, the existence of Mg-calcite as the initial form is considered to be a key
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Fig. 1. General lithostratigraphic profile from Orzel Bialy Mine and a section through
the deposit fragment under study

I — dolomite underlying dolomitic microbreccia structure. It was wresumanly forimed by repla-

cement of Upper Gogolin Beds. In its upper part it contains 0.36 wt.% Si0z and 1.80 wt.ofy FeO;

? — dolomitic microbreceia (DM) showing evidence of silicification and pyritization; 3 — dolo-

mite with Ffinely dispersed and nest-like sphalerite; ¢ — dolomite with veinlikos spaalerite
filling up fissures owing their origin to the displacement of volume reduction from dolomitic
microbreeeia; 5 — ore-bearing dolomite {average MgO and Si0; coatent — 1592 and 0.02 Wt.%

resp.); 6, § — intergrowths of earthy sphalerite and dolomite contouring the zone of dolomiiic
microbreccia; 7 — metasomatic sphalerite in the top of dolomitic microbreceia
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to the formation of dolomite, while the increase in pressure during the
burying of the sediment is regarded as a factor responsible for the orde-
ring of Ca and Mg in the crystal lattice during the transformation of Mg-
-caleite into dolomite (Althoff 1977).

MATERIALS AND METHODS

Investigations were carried out on samples derived from the ore-bearing
dolomites and the Upper Gogolin Beds exposed in the 185—0 working in
the Orze! Biaty Mine (Fig. 1). Detailed studies were carried out on dolo-
mitic microbreccia up to 1.5 m in thickness, occurring in the bottom of
ore-bearing dolomites. The breccia is underlain by dolomite with a wavy
surface accentuated by a 2—20 em thick layer made up of sphalerite, do-
lomite and pyrite intergrowths (Fig. 1).

The dolomitic microbreccia (DM — Figs 1, 2) consists of dolomite of
two generations. D1 dolomite forms clasts varying from 1 to 15 mm in
size (Fig. 2) and is cemented with fine-crystalline D2 dolomite. D1 dolo-
mite shows evidence of silicification, exhibiting geometric parallelism to
the contours of clasts (Fig. 2). The average content of Si0,, FeO, MgO and
Zn in DM is respectively 0.90, 3.60, 18.95 and 0.10 wt.%.

Dolomitic microbreccia is separated from the enclosing carbonates by
a few-cm zones (crusts) of sphalerite (Fig. 1, Nos 6, 7) intergrown with
dolomite and pyrite. This mixture of close-intergrown ZnS, dolomite and
pyrite contours not only the dolomitic microbreccia but also the overlying
dolomite (Fig. 1, No 3) mineralized with sphalerite. SiO; content in the
sulphide crusts averages 0.68 wt.%.

Dolomite No 3 (Fig. 1) is mineralized with sphalerite which forms
nests up to a few em in size or finely dispersed forms. The average con-
tent of SiO,, FeO, MgO and Zn is 0.25, 2,26, 18.27 and 0.51 wt.%, respe-
ctively.

Fig. 2. Diagram showing relations between 2 i
D1 dolomite clasts and chaleedony. Silica E;—g—‘] Metasomatic silica

forms metasomatic banded concentrations E .
2—3 mm below the surface of clasts. Smal- Dotomite |

ler clasts are impregnated with silica :
throughout their volume m Dolomite I cement
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Dolomite No 4 contains fissures filled up with sphalerite (Fig. 1). Ho-
wever, the average content of Zn does not rise above 0.19 wt.%, and that of
SiO, is less than 0.02 wt.%. The dolomite in question may locally differ
in macroscopic features from the superjacent ore-bearing dolomite (Fig. 1,
No 5). Fe-dolomite (Fig. 1, No 4) may be regarded as a halo genetically
related to mineralization, and the boundary between Fe-dolomite (No 4)
and ore-bearing dolomite (No 5) may be discordant.

Taking into account the criterion of structure and texture alone, units
No 2, 3, 6, 7 and 8 (Fig. 1) have been assigned to the dolomitic breccia
under study. The breccia form so defined is from 0.15 to 3 m in thickness.
Taking into consideration the chemical criterion and the lateral and ver-
tical distribution of elements, a general lithogeochemical pattern of the
structure discussed can be given:

i) large bodies of ore-bearing dolomites (OBD) are a first-order stru-
clure;

ii) a smaller body of Fe-dolomites occurs in the bottom of OBD, con-
stituting a second-order structure;

iii) in the bottom part of Fe-dolomites an orebody related to the mi-
crobreccia structure is located; the orebody, together with dolomitic mi-
crobreccia, makes up a third-order structure.

The aim of this paper is to discuss the process of dolomitization only
within the dolomitic microbreccia (Fig. 1).

D1 DOLOMITE — SILICA RELATION

Metasomatic silica was found in all the samples taken from the dolo-
mitic microbreccia. Silica occurs 2—3 mm below the surface of D1 dolo-
mite clasts (Fig. 2), usually forming a band up to a few mm thick within
larger clasts. Smaller D1 dolomite clasts are impregnated with silica
(Fig. 2) throughout their volume.

Microscopic studies have revealed that this silica is partly quartz and
partly chalcedony. The concentrations of metasomatic silica contain nume-
rous carbonate grains (Plates 1, 2). Larger grains generally have a compo-
sition corresponding to Fe dolomite. Smaller ones, a few pm in size, are
characterized by substantial prevalence of Ca over Mg. The chemical com-
position of such fine grains (Table 1, No B2) shows the Mg : Ca ratio of
1:3 and may correspond to the chemical composition of primary carbo-
nates replaced and enclosed by chalcedony. These primary carbonates
would correspond in their chemical composition to high-magnesium calcite.
After being enclosed in chalcedeny, the carbonate relics (high-Mg calcite)
were isolated, retaining their original chemical composition. From the
above considerations it appears that Mg calcite could have been a precursor
of D1 dolomite. Larger carbonate crystals enclosed in chalcedony also show
a substantial deficiency of Mg (Table 1, No B4) when compared with lar-
ger D1 dolomite crystals occurring outside chalcedony concentrations.

Fe forms a significant admixture in D1 dolomite (Table 1). Therefore,
Mg—Fe calcite can be suggested as the precursor of D1 dolomite. The
transformation of Mg-calcite into dolomite is attended by a 10.5% re-
duction in volume (Kucha, Czajka 1984). As shown by Fig. 2, such a re-
duction in volume could have been responsible for the formation of local
dolomitic microbreccias during delomitization.
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Table 1

Microprobe composition of minerals from dolomitic microbreccia in wt. % (upper figure) and
in atomic proportien (lower figure)

CO,

Sample MgO Si0, Ca0 MnO FeO ] Total Mineral

Al 20.22 =0.02 | 30.19 0.25 1.54 46.86 00.06 Dolomite D1
0.5015 0.5383 0.0035 | 0.0214

A2 18.70 % 30.58 0.59 2.74 46.45 00.06 Dolomite D1
0.4638 | 0.5453 0.0083 | 0.0383

Bl 20.41 5 30.04 =0.08 3.24 47.84 101.53 Dolomite D1
0.5062 0.5357 0.0451

B2 0.04 87.22 .17 » 0.05 §7.48 Chalcedony
0.0010 0.0030 0.0007

B3 =<0.01 100.50 0.08 54 0.08 100.66 Quartz

0.0014 0.0011

B4 17.10 0.31 | 31.00 0.20 5.35 46.40 100,36 Dolomite D1
0.4241 0.5528 0.0028 | 0.0745

Cc2 19.07 =0.02 | 30.35 0.18 3.69 47.01 100.30 Dolomite D2
0.4730 0.5412 0.0025 | 0.0514

D2 17.97 b 30.46 0.38 3.80 46.09 08.70 Dolomite D2
0.4458 0.5432 0.0054 | 0.0529

D4 19.18 5 30.51 0.29 3.00 46.90 99.88 | Dolomite D2
0.4757 0.5440 0.0041 | 0.0418

The metasomatic replacement of dolomite (Mg-calcite) by chalcedony
is presumably closely associated with dolomitization. Soluble silica pro-
bably formed metastable ionic complexes with Mg, which were less hy-
drated than pure Mg ions in the solution. In consequence, soluble silica
could have acted as a catalyst of dolomitization, displacing Mg from the
solution to the solid phase. This statement has been substantiated by
experimental studies (Ricketts 1980). The precipitation of carbonates in
hydrated silica gels gives rise to high-Mg calcites, with the possibility of
their attaining the composition of dolomite. In the above experiments, the
formation of high-magnesium calecite is controlled by diffusion rather
than the Mg/Ca ratio in the solution (Ricketts 1980).

D2 DOLOMITE — PYRITE RELATION

D2 dolomite forms cement of the breccia consisting of D1 dolomite.
However, D2 cement is also brecciated, which is only visible under the
microscope. Worth noting is the fact that microbreccia made up of D2
cement is usually not cemented at all. D2 cement contains a large amount
of finely disseminated pyrite (Plate 2). This pyrite is so closely associated
with D2 dolomite microbreccia that a genetic relationship between dolo-
mitization 11 and the formation of pyrite can be suggested.

D2 dolomite has a high Fe content (Table 1, Nos C2, D2, D4). It is
feasible that pyritic Fe was extracted from dolomite, with the simultaneous
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Mg substitution in its place. The reaction of carbonate Fe with H»S results
in the formation of pyrite and liberates hydrogen (Kucha, Czajka 1984;
Kullerud 1967). Hydrogen ions have stronger affinity for water dipoles
than Mg. Therefore, hydrogen ions could locally act a catalyst, suppressing
the Mg hydration barrier and displacing Mg from the solution to the solid
phase. Alternatively, the presence of H.S may suggest the pbsence of
S0,?", an agent promoting the existence of hydration barrier. After the
reduction of SOs2~ to S2-, the hydration barrier may be too weak to pre-
vent Mg from passing to the dolomitic solid phase. The proposed mecha-
nism seems to be very promising, as it may be applied to Zn—Pb calcites
(Rucha, Wieczorek 1984), or even Zn, Pb and Fe carbonates (Kullerud
1967). They may release heavy metals during dolomitization of Mg—Zn—
—Pb calcites induced by the reaction with H.S, with the simultaneous
formation of sulphides.

Translated by Hanna Kisielewska
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EXPLANATION OF PHOTOGRAPHS

Plate 1

Scanning micrograph of silicified D1 dolomite. Relics of dolomite crystals and tiny
relics (up to 2-—3 wm) of high-Mg calcite are visible within. silica. The other micro-
graphs show: topographic image in reflected electrons, the distribution of Fe, Ca, Mg
and Si
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Plate 2

Scanning micrograph of pyrite coexisting with D2 dolomite and silica. Dolomite
adjoining pyrite has a lower Fe content than dolomite grains not in direct contact
with pyrite. The other micrographs show: topographic image in reflected electrons,
the distribution of Fe, Ca, Mg and Si

Henryk KUCHA, Abd El Moneim OSMAN

ROLA ROZPUSZCZALNEJ KRZEMIONKI I H,S W PROCESIE
DOLOMITYZACJI

Streszczenie

W spagowe]j czesci dolomitu kruszconosnego w kopalni ,,Orzet Bialy”
wystepuje zmineralizowana sfalerytem brekcja dolomitowa. Klasty dolo-
mitu D1 sa metasomatycznie impregnowane krzemionks. Brekcja scemen-
towana jest pézniejszym dolomitem Fe D2 impregnowanym pirytem. Scista
asocjacja dolomit D1—krzemionka oraz dolomit D2—piryt moze sugero-
waé. ze rozpuszczalna krzemionka oraz H.S w roztworze moga by¢ czyn-
nikami, ktére obnizajg barierg hydratacyjng Mg, ktora zapobiega bezpo-
éredniej precypitacji dolomitu z roztworu.

OBJASNIENIA RYCIN

Rye. 1. Ogolny profil litostratygraficzny z rejonu kopalni ,Orzel Bialy” oraz prze-

kroj ukazujgcy badany fragment zloza
1 — dolomit podscielajacy strukturg mikrobrekeji dolomitowej. Dolomit ten zostal

przypuszezalnie utworzony przez zastapienie gornych warstw gogolinskich (Upper Go-
golin Beds). W stropowe] czesei zawiera on 0,36% wag. Si0O: i 1,80% wag. FeD; 2 —
mikrobrekeja dolomitowa (DM) z objawami sylifikacji i pirytyzacji; 3 — dolomit z drob-
no rozproszonym i gniazdowym sfalerytem; 4 — dolomit z zylowym sfalerytem wypei-
niajacym szczeliny powstale przypuszezalnie wskutek przemieszezenia redukcji objgto-

4ci ze strefy mikrobrekeji dolomitowej; ¢ — dolomit kruszeono$ny (Srednia zawartos¢
w Uy wag. — MgO 15,92; 5iO: 0,02); 6 i § — przerosty ziemistego sfalerytu i dolomitu
okonturowywujgce strefe mikrobrekeji dolomitowej; 7 — sfaleryt metasomatyczny

w stropie mikrobrekeji dolomitowe]

Ryc. 2. Rysunek ukazujacy relacje pomiedzy klastami dolomitu D1 i chalcedonu.
Krzemionka tworzy metasomatyczne wstegowe skupienia 2—3 mm ponize]j
powierzchni klastow. Mniejsze klasty sa przepojone krzemionksa w calej obje-
tosel

OBJASNIENIA FOTOGRAFII

Plansza 1

Obraz skaningowy zsylifikowanego dolomitu D1. W obrebie krzemionki widoczne sg
relikty krysztatow dolomitu oraz bardzo drobne relikty (do 2—3 pm) kaleytu wysoko-
magnezowego. Kolejne fotografie ukazuja: obraz topograficzny w elektronach odbi-
tych, rozmieszczenie i, Ca, Fe oraz Mg

Plansza 2
Obraz skaningowy pirytu wspotwystepujace z d-ol-onditem D2 oraz krzemionka. Do-
lomit bezposrednio kontaktujacy z pirytem ma nizszg zawarto$¢ Fe niz ziarna dolo-

mitu nie kontaktujace sie bezpoérednio z pirytem. Kolejne fotografie ukazujg: obraz
topograficzny w elektronach odbitych, rozmieszezenie Si, Ca, Fe oraz Mg
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Xenpoix KYXA, A60 Dav Moneiin OCMAH

POJIb PACTBOPMMOI'O KPEMHE3EMA M CEPOBOJOPOJIA
B INPOLIECCE AOJIOMUTH3ALIUA

Pe3moms

B nonowise pynonocHoro momomurta paiioHa maxTel »benbiit Open” Haxomuted
MHHEPaTH30BaHa chaepuToM HooMuToBas 6pexuns. Kimactsr moovura D1 mera-
COMATHIECKM HMNPErHUPOBAHBI KPEMHE3eMOM. DTa GPEKYUS LEMEHTHPOBAHA TIO3-
AHEHILIMM JKEJE3UCTBIM JOJOMHTOM D2, HMIIPETHHPOBAHHBIM THPHTOM. TecHas
accouMsausa oJoMHT D1 — xpemuesem u momomut D2 — ITHPHT CBUAETETLCTBYET
O TOM "TO KPEMHE3eM U CePOBO/IOPOA B HEHCTBYIOLIMX PACTBOPAX MOIMM WIPATH
PoJib (HaKTOPOB, CHHKAIOWHMX T'MIPATALMOHHBIN Gappuep Mg, koTopmlit He mo-
HYCKAeT HEeMOCPEACTBEHHOTO OCAXIEHUS JIOJIOMHTA U3 PacTBOpA.
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