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Marek NARKIEWICZ

Cathodoluminescence study of the ore-bearing
and related dolostones in the Triassic
of the Silesian—-Cracow district

Cathodoluminescence studies appear to be a useful tool in discriminating between the ore-bearing dolostene
{bosting bulk of the MVT ores in the district) and, on the other hand, several 1ypes of the earlier formed
{..primary") dolostones. The latter are nostly micro- 1o [inely-crystalline rocks and they show CL controlled
by deposilional texture. The former display characterislic zonation of larger dolomite erystals. Preliminary
CL microstratigraphy of the ore-bearing dolostone reveals (hat the eaziy zones are difficull to correlate
throughout the district whereas the latest zone, largely non-luminescent one, is particularly conspicuous in
the areas of the MVT deposils. Morcover, it post-dates or overlaps with the early sphalerite in the Trzebionka
minc.

INTRODUCTION

During the last deeade, observations of eathodolumineseence (CL) proved to be
an important tool in dolomite studies, partieularly in those devoted to MVT deposits
(e.g. J. M. Gregg, 1985; E. L. Rowan, 1986). In the cited papers the emphasis was put
on CL microstratigraphy of dolomite cements and its relationship to phases of ore
formation. Such an amnalysis provides an evidence for interpretations of regional
palcohydrologic systems responsible for both dolomitization and ore formation.

In spite of its growing importance in carbonate petrology, systematic CL studies
have not bcen undertaken in the case of the Triassic dolostones hosting the MVT
ore-deposits in the Silesian-Cracow district, southern Poland., The only results re-
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potted thus far are based on a few samples from the single Olkusz area (A. Krzyezkow-
ska-Everest, 1990).

For the purposes of the present study nine localities were sampled. These are
boreholes, quarries and active mines distributed over the large part of the district (Fig.
1). The aim of the study is twofold: I) comparison of CL propérlies of all important
dolostone types related 1o ore deposils; 2) testing the possibility of applying CL
microstratigraphy for the ore-bearing dolostene (OBD) — main host of the Pb-Zn
mineralization in the district. This would have important implications for a genetic
model, by analogy to e.g. the Vibumum Trend studies in the U.S.A.
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Fund 1I. T am grateful to the co-leadets of the project, Dr. E. Gorccka (Padstwowy
Instytut Geologiezny — Polish Geological Institute, Warsaw) and Dr. D. L. Leach
(USGS, Denver) for making the research possible. The CL work was done at the USGS
(Denver) owing lo D. L. Leach and M. I. Pawlewicz. My special appreciation goes to
L. Apodaca for her kind assistance during the microscope work. M. Szuwarzyfiski is
gratefully acknowledged for his help during sampling in the Trzebionka mine.

MATERIALS AND METHODS

Location of sampled localities is shown on Fig. 1. In general, 37 polished thin-sce-
tichs were prepared, 2-4 from each Jocality on average. More samples have becn
investigated only in the case of the Trzebionka mine (11 thin sections) and the BK-287
borehole (10 thin sections). In the former locality, all important dolomite-types were
sampled, while in the latter — a vertical transition between the OBD and the overlying
Diplopora Dolostone has been analysed in detail (Fig. 2, see below). In other localities
mainly the OBD was sanipled, including, if possible, both matrix and late dolomite
cement.

The observations were conducted using Technosyn luminoscope (Cold Cathode
Luminescence), model 8200 Mk IT located in the Branch of Petroleum Geology, U. S.
Geological Survey, Denver. Images of thin scctions were recorded on 169 colour slides,
in most cases pairs of CL and nermal transmittent-light photographs. Most of the CL
slides has been subsequently converted into colour prints in order to make visual
eomparisons easicr.

Fig. 1. Location of the study arca in Poland (inset) and location of the studjed localities against the outcrop
pattern of the ore-bearing doloslone and the Diplopora — Tarmowice Dolostone; based on the map hy H.
Kaziuk (1978) .

1 — Diplopora Dolostone and Tamowice Dolostone; 2 — ore-bearing dolostone; 3 — faulls, sampled
localities: 4 — subsurface mines, 5 — borcholes, 6 — surface exposures

Lokalizacje obszaru badan (mapka w prawym gérmym rogy) oraz umiejscowienie badanych profili na tle
zarysu wychodni dolomitu kruszeonosnego oraz dolomiw diploporowego i tamowickiego wedlug H. Kaziuk
(1978)

1 — dolomit diploporowy i lamowicki (lgcznie); 2 — dolomit kruszconosny; 3 — uskoki; 4 — kopalnie
podziemne; 5 — otwory wiertnicze; 6 — odslonigcia powicrzchniowe
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The CL observations were supplemented by other results of previous investiga-
tions carfied out by the author in the Silesian-Cracow region betwecn 1986 and 1991.
Carbon and oxygen isotope data for the OBD to the Diplopora Dolomite (ransition
in the BK-287 section are shown on Fig. 2. Isotope analyses were conducted by Prof.
S. Hatas (M. Curie-Sktodowska, University Lublin). Fe and Mn was analysed in
carbonate fraction of dolostones using the AAS method (P. Robinson, 1980). In
addition, the supplementary study of 21 stalned thin-seclions has been undertaken.

OUTLINE OF STRATIGRAPHY

There exists an extensive litcraturc on the stratigraphy of the deposits hosting
Pb-Zn ores in the Silesian-Cracow district, in particular on the ore-bearing deolostone
(OBD) and related carbonates of the Lower to Middle Triassic age (i.a. S. Sliwirisk,
1969; K. Bogacz et al., 1972, 1975; several papers in: J. Pawlowska ed., 1978). The aim
of the following bricf review is to clarify the present usage of the mosl important
stratigraphic terms and to oulline the ,primary” (i. e. pre-OBD and pre-ore) lithologi-
cal succession in the district. This succession is exemplified by the BK-287 borehole
seetion (Fig. 2) displaying stratigraphic relationships typical {or the central part of the
study area.

The majority of ores is hosted by the OBD — grey to almost black phanerocrystal-
line dolostone, commonly with vuggy and intercrystalline porosity and with poorly
preserved primary depositional texture. As it was already shown by K. Bogacz et al.
(1972, 1975) the OBD is a late diagenelic dolostone (inesogenetie using terminology
of P. W. Choquette and L. C. Pray, 1970) (hat may span a wide slratigraphic interval
ranging {rom an upper part of the R&t dolestones to the top of the Diplopora
Dolostone. The illustrated section (Fig. 2) represents a mote typieal silualion with the
OBD spanning the Olkusz Beds and a bottom part of the Diplopora Dolostone. Thus,
the ore-bearing dolostone is lypically a product of both limestone replacement and
dolostene recrystallization.

Given below are brief descriptions of the lithostratigraphie units involved in
processes of dolomitizalion and ore-formation.

R &t . These are marly light-grey dolomite mudstones o grainstones, partly colitie
and with associated evaporites. The depositional facies is interpreled as eogenetic
peritidal. Average thickness is between 40 and 80 m.

Gogolin Beds. Typically, lhese are marly grey to dark grey lime mudstones
and wackestones displaying wavy to nodular bedding and a strong bioturbation. Some
skeletal packstone to grainstone interealalions may occur, particularly in the bottom
part of the unit. Single thin (2-3 m) dolomite mudstone horizon occurs in the middle
part and is widespread throughout the region (,eellular horizon” — Fig. 2). The
Gogolin Beds commonly underlie the OBD and their thickness varies usually between
15 and 65 m (S. Sliwifiski, 1969).

Olkusz Beds (5. Sliwiiski, 1961). Very pute light-coloured lime mud-
stones interbedded with well-sorted laminated skeletal grainstones. Typical are tubu-
lar vertical to sub-vertical burrows. In the southern part of the study area (Trzebionka
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Fig. 2. Location of the invesiigated CL samples against the lithology and chemisiry of the BK-287 borchole
section

CH — | cellular horizon™ in the Gogolin Beds; range of the ore-bearing dolostone represents homogeneous
crystalline dolostone (dense patiern} and partly allered lithologies (loose patllern); Fe and Mn were analysed
in carbonale fraction; isotope values are for bulk samples; open circles represent limestones, solid are
dolostones; | — clay; 2 — dolomite mudstone; 3 — dolosparite (astersks) and grained dolosione {dots); 4
- limcesione; 5 — muarly limestone with wavy/nodular bedding; 6§ — iniraformational conglomerale; for other
explanation see the text

Umiejscowienie hadanych probek na tle litologii i skiadu chemicznego w profilu otworu wiertniczego BK-287
CH — poziom komérkowy w warstwach gogolinskich; zasigg dolomilu kruszconosnego odpowiada wystgpo-
waniu jednorodnych dolomilow krystalicznych {geste kreskowanie) i ulworom czgsciowo zmienionym {fzad-
kie kreskowanie); Fe i Mn oznaczono we frakeji weglanowej, izotopy — w ealej skale; puste kétka — wapienie,
peine kdlka — dolomity; | — jtowiec; 2 — dolomikryt; 3 — dolosparyt (gwiazdki} i dolomit ziamisty (kropki);
4 — wapien; 5 — wapien marglisty warstwowany faliseie/gruziowo; § — zlepieniec rddformacyjny; inne
objasnienia w tekseie
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mine) the stratigraphic equivalent of the Olkusz Beds is developed partly as dolomite
mudstones to wackestones (J. Pawlowska, M. Smuwarzyfski, 1979). Over the most of
the investigated area the Olkusz Beds are entirely replaced by the OBD. Average
thickness varies between 35 and 45 m.

Diplopora Dolostone. The predominant lithology consists of do-
lomite paekstones to grainstones with parlly preserved interparticle porosity and
well-preserved organic struetures.including 1. a. cncolites. Another important lithe-
logy is dolomite mudstone commonly displaying irregular (algal?) lamination. At least
part of the dolostones forming this unit is clearly replacive in origin, the replacement
pre-dating the OBD formation. In most of the studied secticnsg the OBD obscures the
Lprimary” litholegical boundary between the Olkusz Beds and the Diplopora Dolo-
stone. The boundary is convenlionally placed at the base of the lowcermost lithology
{ypical of the upper unit. However, the original lowermost range of the Diplopora
Dolestone eould have run lower and is now indeterminable because of recrystalliza-
tion. The original boundary between the Olkusz Beds and the overlying unit in the
BK-287 section (Fig. 2) was interpreted basing on correlation with closely siluated
sections showing minimum development of the OBD. Thickness averages ca. 25 m.

The upper boundary of the Diplopora Dolostone is commonly erosive in nature.
In places, however, thete is a continuous scquence of marly unfossiliferous dolomite
mudstones named Tarnowice Beds.

CL CHARACTERISTICS OF INVESTIGATED DOLOSTONES

ZPRIMARY™ DOLOSTONES

The term ,primary” has no genetic connotaticn; it merely means that the delostone
in question originated pricr to the OBD development, and in many cases underwent
recrystallization to forni the OBD.

R&6t dolostones. The dolomite representing this unit displays dull dark-
-red luminescence. In packstones to grainstones, the grains or their fragments (e.g.
coatings in microoncolites) show brighter luminescence.

Cellular horizon. Under normal transmitlent light one can commonly
observe micrite relies e.g. in the form of peloids. Typically, however, primary dolomite
mud reerystallized into micro- to finely crystalline spar. Under luminoscope the
dolomite is dull dark-red to moderately luminescing red with tiny yellow dots. In
general, micritic grains show brighter fuminescence, with more yellow to orange dots.

Trzebionka ,primary” dolostones. This category includes
vatious dolomicrites (deolomite mudstones to packstones) representing stratigraphic
equivalents of the Olkusz Beds in the Trzcbionka mine. The dolomite shows dull to
moderate Iuminescence. The CL is iniform in homegeneous micrites whereas it is
fabric-sclective in wackestones to packstones, i.c. showing datker or brighter grains
against the contrasting matrix. In thin sections located close to the OBD more
differentiated luminescence has been observed irregular transitions from dull brown
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to moderate red, and in the form of brighter ,elouds” surrounded by less luminescing
areas.

Diplopora Dolostone. Vertical transition between the Diplopora
and undetlying ore-bearing dolostone was sampled in the BK-287 section (Fig. 2,
samples C-T). As no ,intact” Diplopora Dolostone has been sampled, the observa-
tions given below are representative only of the intermediate, i.e, partly recrystallized
zone between both the major dolostone types.

Sample I: brightly yellow luminescing dolomierite matrix with less Juminescing
orange dolosparite rhombs.

Sample I: minor proportion of yellow-luminescing dolomicrite; predominant are
moderately red-luminescing blotchy thombs with thin outer zones of yellow/red/non-
-luminescing bands.

Sample H: moderate red CL of larger sub-anhedral dolomite crystals floating in
microcrystalline malrix displaying a mosaic luminescence: from dull brown to moder-
ate red to bright yellow.

Samplcs E-G: under normal light: non-equicrystalline anhedral mosaics with
Ldirty™ inclusion-rich crystals; under luminoscope: mosaic of dull to moderate red and
bright yellow arcas. Sonic crystals show moderate red blotchy luminescence in the
centres and thin bright yellow rims. Zoned dolomite cement is present in pores,

Samples C-D: coarse and equicrystalline subhedral mosaic. Matrix and cement
crystals are zoned both under nommal light and under luminoscope. Matrix dolomite
is luminescing moderately red and blotchy, Both the samples represent the typical
OBD sccondary after an Olkusz Limestone.

ORE-BEARING DOLOSTONE

The ore-bearing dolostone as understood in the present papet, includes both late
dolomite cement and products of a replacement/tecrystallization of a limestonef/dole-
stone. In thin sections one can usually distinguish between both the varicties. The
matrix-type (i.e. replacive or tecrystallized) dolomite typically displays dirty or cloudy
appearance under normal light duc to numerous irregular inclusions. In contrast,
cement crystals or zoues arc clear or reveal regular zonation of inclusion-rich bands
patallel to erystal faces. Under luminoscope matrix delomite is usually blotchy showig
dull brown lo bright red Iuminescc with irrcgular brighter blotches or dots. At the
same time thete seem o be no major diffetence belween the CL properiies of a
replacement- vs. recrystallization-lype of a matrix delomite.

The CL zonatlion of dolomite erystals in the OBD has been carefully studied in the
Trzebionka minc in attempt to reconstruct at Jeast the local sequence of differently
luminescing zones {(CL microstratigtaphy). The complete restored succession em-
braces 8 zones with the following CL properties (from older to younger): 1) dull to
brigh blotchy (= maltrix); 2) thin and uniform moderate to bright red; 3) dull red to
btown, weaker outwards; 4) thin medcrate red; 5) thin dull red-brown; 6) thin
moderate red; 7) thick very weak to non-lumineseent; 8) thin bright red. Above
composite sequence has never been observed in a single thin section. Some of the
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zones (2, 5-8) may be missing because of non-deposition (5~8) or dissolution (27).
Besides, the zones 4 to 6 may coalesce into the single thin moderately red to brightly
orange luminescing zohe. In one of the thin sections zones 1 to 3 secm to corrclate
with the matrix dolomite.

Regional correlation of CL zones is even less straightforward. In general, in the
areas of major ore-deposits (Trzebionka, Pomorzany — Klueze) the CL zonation
becomes more eomplex than in the peripheries of the disttiet (e.g. sections Z-40 and
LW-12). In addilion to above mentioned eomplexities, eertain zones (e.g. 7 or 8) may
be subdivided into subzones, or zone 7 may rest upon dilferent zones: 6, composite 4
to 6, 2 and even 1. At this stage of investigations one may distinguish 3 generalized
zones which may be corrclated over the most of the investigated area:

I — blotchy malrix delomite (= zone 1 in Trzebionka);

II — uniformly dull to moderately luminescent with a few (up to 3) thin brighter
bands in some sections (= zones 2 to 6);

TIT — non-luminescent or (rarcly) very dull with a few (1-3) thin luminescing bands
(= zones 7 to 8 in Trzebionka).

Stained thin sections reveal that the zone IIT is composed of Fe-dolomite. It is
absent only in the northernmost part of the study arca, i.c. in the LW-12 and Z-40
seetions, whereasit markedly thins in the SP-120scction. On the other hand thiszone
is exceptionally thiek andfor complex in direct neighbourhood of an extensive ore-
mineralization in the Trzebionka and Pomorzany mines.

In two thin scctions from Trzebionka, a sphalcrile {probably the earliest sulfide
phase) eorrelales with the boundary between the CL zones 6 and 7 or with zone 7. The
latter is elcar because of distinet CL-zonalion developed in sphalerite-cement erystals
in dolomite breeeia. Early zones show moderate light-brown luminescence with
brightly luminescing bluish bands. The dolomite zone 7 is not developed where the
above sphalerite zones abut [racture walls. Tt is, however, developed on breccia
fragments contacling with the late sphalerite zone displaying characteristic sparklihg
blue luminescence (PL. 1, Figs. 3, 4).

In several thinh sections from-the Pomorzany mine and in BK-287 secfion the
uncven Jower boundary of the zone IIT is suggestive of dissolution phenomena pre-
dating this zone. Similary, lack of the zone 2 and unclear boundary between the zones
1 and 3 may be related to dissolution event (Trzebionka, Zelatowa, BKR-168). In
Trzebionka, the geopetal dolomite crystal sediment and associated cement fill frac-
tutes in ,primary” dolostone and in the OBD. These infillings are composed of the
dolomite zones 2 to 7. This evidences that fracturing post-dated most of the matrix-
type dolomite and pre-dated precipitation of the zones 2 to 8.

DISCUSSION AND PRELIMINARY CONCLUSIONS

LPrimary” dolostones markedly differ in their CL propertics from the ore-bearing
dolostene, Cathodolumineseence of the former dolostones to a large degree reflects
sedimentary texture while in the latter it is controlled by secondary factors, most
probably by Fe/Mn ratio of dolomitizing fluids,
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Cathodoluminescence appears to be useful when studying recryslallization of
eatlier formed (,primary”) doloslones. In the ease of the Diplopora Dolostone a
degree of reerystallization is reflected in an incrcase of weakly luminescing large
delospar erystals replacing brightly luminescing dolomicrite or microsparite. This is
paralleled by the increase of the bulk Fe and Mn ecntents in the earbonate fraction
(Fig. 2). The OBD varicties with a maximum conlents of late dolomite cement
(including non-lumineseent zone III) display also the maximum Fe contents in a
earbonate fraetion. This is consistent with Fe-dolomitic nalure of the zone TII.

This trend is also mirrored in isotope data (Fig. 2), particularly in 5'%0 values
declining downwards actoss the Diplopora Dolomite to the OBD transition. Sedimen-
tary characteristics of the dolostone forming the ,eelluiar horizon™ point to its marine
eogenetie origin. Moreover, its CL properties suggest a lack or a small degree of
recrysiallization. Thus, it seems conceivable that the oxygen isotope values of the
delomile forming CH reflect Middle Triassie marine signature. If so, the negative
oxygen values of the boltom part of the OBD in the BK-287 section probably peint
to increased temperature of formation of at least dolomite cement whieh is particularly
common here.

The dolomite cement of the OBD displays a clear CL zonation. However, the
zonalion appears more dillicult to trace throughout the whole distriel when compared
e.g. lo the CL mierostratigraphy of the southeastern Missouri district (J. M. Gregg,
1985). This is particularly true for the zone II reflecting to a larger degree some local
controls onh water/rock inleractions andfor composition of dolomitizing fluids.

The non-luminescent zone III, consisting of a Fe-dolomite, is more uniform
throughout the distriet. Tt is particularly well-developed and complex within the
are-deposit arcas in the Trzebionka and Pomorzany mines. Moreover, the limited
evidence from the Trzebionka mine revecals (hal the sphalerite mineralizalion post-
-dates the zone II and overlaps with the zone ITI. The above observations are collee-
tively suggestive of a penetic relationship between the ore mineralization and the zone
HI of the late dolomite eement. This is of course not lo imply the co-precipitation of
carbonates and sulfides which would be difficult to assume on chemical grounds. It
seems probable, however, that both zone TII dolomite and sulfides originated from the
same hydrologic system. If above conclusion is truc then the presence of the zone 111
dolomite may become an important eriterion when prospeeling for ores in poorly
studied parts of the district.

Translated by the Author

Zaklad Geologii 1 Ropo-Gazonosnodei Nizu
Panstwowego Inslytutu Geologicznego
Warszawa, ul, Rakowiecka 4
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Marek NARKIEWICZ

STUDIUM KATODOLUMINESCENCIT DOLOMITOW KRUSZCONOSNYCHIINNYCH
TOWARZYSZACYCH IM DOLOMITOW TRIASOWYCH W REGIONIE SLASKO-KRAKOWSKIM

Streszczenie

Zbadano katodoluminescencjg w 37 ptytkach cienkich wykonanych z dolomitdw triasowyeh regionu
§lasko-krakowskiego. Lgcznie oprobowanc 9 profili wiercen | odslonigé oraz czynnych kopali (lokalizacja
na fig. 1). Badano przede wszystkim dolomit kruszconodny z jego llem krystalicznym i péinym cementcm
dolomitowym, a takze kilka odmian dolomitéw ,pierwotnych” powstalych przed dolomitern kruszconosnym:
dolomity retu, dolomity poziomu komdrkowego warstw gogolinskich, dolomity warstw olkuskich (Trzebion-
ka) i delomity diploporowe. Luminescencja dolomitéw ,,pierwotnych™ odzwierciedla w znacznym stopniu
pierwolne cechy sedymenlacyjne, np. zréinicowanie na o mikrokrysialiczne [ ziama, czy lei szezegdly
budowy wewnelrznej ziaren obleczonych. W przypadku czeSciowej rekrystalizacji otoczenia dolemitu krusz-
conosnego, obserwuje sig nieregulamie rozmieszczone parlic o zZrétnicowanych barwach i intensywnosci
$wiecenia, Szezegoblnie czylelnie zjawisko to wystgpuje w dolomicic diploporowym, moze by¢ zatem wykorzy-
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stywane do okreflenla jego granicy z delomitem kruszconodnym. Stopicd rekrystalizacji koreluje sig tu
dodatnio z zawarto$cig Fe [ Mn we frakeji weglanowej oraz z danymi izolopowymi {fig. 2).

W dolomicle kruszconofnym krysztaly ta charakieryzjg sig nleregulamg plamkowy luminescencjy w
przypadku zargwno zastgpowania wapieni, jak i rekrystalizacjl wezesniejszych dolomitéw, Péiny cement
dolomitowy odznacza sig obecnoscia wyrainych jednorodnych stref réimigeych sig intensywnoscis i barwa
Swiecenia, Wezesniejsze strefy wystepuja nieregulamie w pionie | poziomie, co wskazywaloby na lokalne
uwarunkowania precypitacjl dolomitu, MNajbardziej zewngtrzna strefa cemeniu skiada sig w wigkszodel z
nie§wiecqeego dolomitu o znacznym udziale domieszki sieciowej zelaza. Strefa ta jest wzglednie najgrubsza
w rejonach ztéz Zn i Pb, a ,wyklinowuje si¢™ ku peryferiom badanego regionu. Ponadio, w pojedynczych
prébkach z kopalni Trzebionka zauweiono, iz sfaleryt, stanowigey przypuszezalnie najwezesniejszg faze
okruszcowania, poprzedza [ub wspélwystgpuje = wymieniong sirefg (PL I, Figs. 3, 4).



PLATE I

Fig. 3. Dolomiic breccia with pores parily filled by sphalerite (brown) and dolomite cemenl. Clasts are
composed of dolomite mudstones 1o packslones representing ,,primary” dolostones of the Olkusz Beds in
the Trzebionka ming, Sample V1T, transmittent light, scale bar — I mm

Brekeja dolomitowa z porami czgsciowo wypelnionymi sfalerylem (brgzowy) i cementem dolomitowym.
Okruchy sq zbudowane z dolomitéw od mikeylowych do ziaznowo-mikrylowych, kiére odpowiadaja dolomi-
lom ,pierwotnym” warstw olkuskich w kopalni Trzebionka, Prébka VTI, dwiailo przechodzace, dlugosé skali
— 1 mm

Fig. 4. Calliodoluminescence of Lhe area shown in Fig, 1. Clearly visible are zonation in sphalerite and lack
of luminescence (black colour) of the dolomile cement. Nole that the non-luminescent dolomile is onty
developed at the boundary betwecn the latest sphalerile zone and dolomite clasts

Katodohuminescencja obszaru przedstawionego na fig. 1. Wyrainie widoczna steefowoéé w sfaleryceie i brak
luminescencji cementu dolomitowego {czarny). Zauwaz, ze cement len jest rozwinigly migdzy ostatnig strefy
w sfalerycie a klastami dolomilowymi
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Fig. 4

Marek NARKIEWICZ — Cathodolermoluminescence study of the ore-bearing and relaled doloslones in
the Triassic of the Silesian-Cracow district





