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Three types of quartzose pseudomorphs were detected in thin sections: rhombohedral crystals and their aggregates interpreted
as silicified dolomite, elongated crystals filled with drusy quartz, and silicified lenses both considered to be replaced sulphates.
Cleavage, according to 1011, visible due to the accumulation of impurities within quartz crystals, indicates replacement of the
original dolomite via a fluid film. Molds after elongated crystals were filled by drusy quartz from solution whereas the micro-
fabric of lenses points to a complicated genesis (precipitation, hydration and dehydration) and subsequent silicification in solid
state. Pseudomorphs indicate hypersaline water within the environment where in addition to deposition of black shales also

formed stromatolites.

Introduction

Siliceous and silicified rocks of central and western
Bohemia were intensively studied for the possible pres-
ence of organic remains (Rodi¢ 1931, Vavrdova 1966,
Dribek 1972, Konzalova 1972, 1974, 1981, Pacltova
1976, Vavrdova - Mrazek 1991, Fatka - Gabriel 1991).
Special attention has been paied to biogenic stroma-
tolitic structures from the point of view of their
stratigraphic and paleoenvironmental importance (Pa-
cltovd - Pouba 1975, 1978). In addition, quartz fabric,
organic substance, geochemistry and economic value
of Proterozoic siliceous sediments were analysed in
detail (Burda et al. 1978, Pouba 1974, 1984, Mrazek
1984, Mrdzek - Pouba 1975, 1977). Pouba et al. (1993)
suggested their shallow water origin based on stroma-
tolite association with dessication breccias. The study
of sulphur isotopes in pyrites from shales which occur
close to siliceous sediments revealed an enhanced sa-
linity (Mréazek et al. 1990). Silicified carbonates in
Proterozoic sediments from the locality Dlouha Hora,
situated approximately 1 km NW from the village
Piikosice, 8 km S from Rokycany, have been mentioned
by Fatka and Gabriel (1991).

Location of samples and geological setting
of sediments with pseudomorphs

Samples of siliceous shales with quartzose pseudo-
morphs were collected in a small abandoned quarry,
situated at the margin of the Vranovka forest, approxi-
mately 1 km N of the village Lu¢isté. Light grey
siliceous rocks, with intercalations of dark colored, fine-
ly laminated silicified stromatolites, are exposed in the
quarry. The locality belongs to the northern part of the

so called Blovice belt (Fig. 1) which forms a part of
the Zbraslav-Kralupy Group outcropping in the SE limb
of the relict Proterozoic basin (Chdb 1978, Zoubek
1988). According to Zoubek the age of the aforemen-
tioned unit ranges between 750 to 900 Ma and
represents an older unit of the Bohemian Proterozoic.
Lydites and in places siliceous rocks with stromatolitic
structure occur in this unit. Stromatolitic textures are
morphologically comparable with varieties described
as genus Colleniella (Korolyuk 1960). The mentioned
genus does not allow a precise stratigraphic assignment,
considering its distribution from Early Proterozoic
(Makarichin - Krononova 1983) up to the Vendian/
Cambrian boundary (Verma - Barman 1981). The unit
is considered equivalent of the Middle and Upper
Riphean (Chdb 1978, Masek - Zoubek 1980, Holubec
1988). Apart from siliceous rocks, greywackes, black
and pyritic shales, various products of intermediate and
basic terrestrial and submarine volcanism occur (Fiala
1977). According to Chéb (1978, 1979) the sequence
of sedimentary, volcaniclastic and volcanic rocks was
deposited in a basin which developed upon the con-
vergent boundary between oceanic and continental
plate. Metamorphic processes affected the studied unit
to a limited extent thus enhancing the significance of
the unit for evaluation of the geologic history of the
Cadomian stage in Central Europe.

Silicified pseudomorphs

The term pseudomorph is used here for bodies in which
quartz preserves the shape or internal fabric of the orig-
inal mineral. Three types of pseudomorphs have been
distinguished: (a) thombohedral crystals, (b) elongat-
ed crystals with dentulous edges, (c) lenses.
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Fig. 1. Uncovered geological map of the SE closure of the Barrandian-Tepld Proterozoic with location of the studied outcrop
1 - Variscan granite; 2 - Moldanubian gneiss; 3 - basic and intermediate igneous rocks of the Precambrian age; 4 - Paleozoic volcanite; 5 -
Proterozoic volcanite; 6 - volcanic rocks of the Kfivoklat-Rokycany belt; 7 - Paleozoic sediments; 8 - Proterozoic sedimentary sequence; 9

- location of the quarry (1 km N of the village Lucistg)

(a) Rhombohedral crystals occur solitary or as simple
or complicated compound aggregates. The size of in-
dividual crystals ranges from 0.10 to 0.30 mm. Traces
of cleavage fractures along (1011) are commonly visi-
ble (see Figs. 1, 2, P1. I). The extinction is symmetrical
to the thombohedral outline as well as to the cleavage.
(b) Crystals with denticular edges are always elongat-
ed parallel to stratification (P1. If3, 4). The length of
crystals ranges between 1 to 5 mm, the width between
0.20 to 0.30 mm. The shape of crystals varies from
columnar to spindle-like (Pl. If5, 6). Crystals are al-
ways filled with bladed aggregates oriented
perpendicular to elongation. The accumulation of im-
purities occurs as a central film dividing the filling into
two more or less symmetrical parts (P1. I/3, 5).

(c) Fine lenses and elongated, thin, fragmented lenses
of irregular shape are present (P1. II/1). The length var-
ies from a few mm to several cm, the width is mostly
between 0.10 to 0.30 mm. The contact between lenses
and the groundmass is sharp. Lenses are formed of
quartz with variable fabric. Within one lens aggregates
of microcrystalline, fibrous and granular quartz is
present (PL. 11/2).

Discussion

Rhombohedral and dentulous crystals and lenses de-
scribed in the previous chapter can be interpreted as

psudomorphs after former minerals. The thombohedral
shape together with cleavage after 1011 resembles car-
bonate. The automorph dolomite crystals and their
aggregates are found in sedimentary sequences much
more frequently than calcite, therefore e.g. Hofman and
Jackson (1987) implicitly show that silicified rhombo-
hedra within Proterozoic stromatolites are pseudo-
morphs after dolomite.

Crystals with dentulous edges were silicified ap-
parently via the filling of molds of elongated or lozenge
shaped crystals (Fig. 2). Such crystals of gypsum are
common in recent sediments of intertidal or supratidal
flats or salt plains (Shearman 1978, Schreiber 1986).

Fine lenses and layers with dissection cracks show
an inner fabric resembling the complicated texture of
sulphate nodules. Similar fabric may originate due to
a repeated conversion between gypsum and anhydrite,
caused by fluctuation of temperature and degree of
hydration (Shearman 1978).

Diagenetic history

The primary sediment was probably formed of
a siliceous substance accompanied by clay minerals and
organic matter. The acid reaction of basinal and pore
water inhibited precipitation or preservation of carbon-
ate minerals in the form of calcite or aragonite. The
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large amount of organic material suggests the CO, fluc-
tuation as a consequence of variable photosynthesis and
disintegration of organic residuum. The high amount
of organic matter was probably the cause of limited
hydration of Mg* inducing the direct dolomite pre-
cipitation (Zenger - Dunham 1980). Also Suess et al.
(1987) suggest a close relationship between organic
substance and diagenetic dolomitization. The high Mg/
Ca ratio caused by contemporaneous precipitation of
Ca sulphates might play an additional role in dolomite
precipitation. The mentioned sulphate is represented
by silicified crystals and lenses. Such gypsum or anhy-
drite accumulations are common in sabkha sediments
(Borchert - Muir 1964). Elongated dentulous crystals
were filled after leaching (Fig. 2). The studied material
does not allow the identification of the primary com-
position of the drusy linings. Quartz, gypsum or even
carbonate might precipitate in the form of bladed ag-
gregates. In addition, it is difficult to decide whether
sulphate crystals were dissolved in a subtidal or suprati-
dal zone. However the consequent filling of molds
proceeded within a zone saturated with pore liquids as
the symmetric linings grew simultaneously from the
top and bottom of the mold. Lenses represent another
form in which sulphate precipitated within a supratidal

DOLOMITE

GYPSUM

solution
—— ¥ precipitation

zone exposed to temperature and moisture fluctuation.
This is indicated by variable fabric and dessication
cracks found in elongated bodies.

The silicification was probably a one phase proc-
ess. It is well known that sulphates are easily silicified
due to their high solubility and reaction with alkaline
solutions carrying the dissolved SiO,. On the other hand
the silicification of dolomite is less common. A low
temperature and acid reaction are considered a prereq-
uisite for such replacement (Fiichtbauer 1988). The
organic material and the presence of SO, ions might
play a role in this process (Skoéek 1985).

Sedimentary environment

The association of dolomite and Ca sulphate is charac-
teristic for saline and hypersaline environments
(Friedman 1980). Apart from that, limpid automorph
dolomite may originate within the zone of fresh and
saline water mixing (Folk and Land 1975). Such cir-
cumstances may correspond to phreatic zone or
supratidal part of a coastal plain. The association of
algal limestones with diagenetic sulphates and dolo-
mites was recorded from marginal parts of the Persian
Gulf (Illing et al. 1965) and from sediments of the Ba
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Fig. 2. Dolomite rhombohedra
and nodular Ca sulphate were re-
placed via fluid film, Elongated
crystals of gypsum were leached
out and molds were successively
filled with quartz which precipi-
tated either directly or replaced
the secondary gypsum lining
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hama platform (Shinn et al. 1969). Similarly the stud-
ied material indicates a coincidence of algal
stromatolites with evidence of at least temporary ele-
vated salinity. The stromatolite morphology at the
locality Lu¢isté near Rokycany (PI. 1I/3) corresponds
to the type C of Poncet (1981, p. 34) which is, accord-
ing to the mentioned author, characteristic for bioherms
which were from time to time exposed to the subaerial
dehydration.

The interpretation of pseudomorphs is in agree-
ment with the distribution of diagenetic dolomite and
Ca sulphate in recent sediments. The analogical shal-
low water sequence of the Proterozoic age (Bitter Spring
Formation, central Australia) involving algal stroma-
tolites, black shales, siliceous sediments and evaporites
has been described by Schopf (1986). Therefore it might
be presumed similar composition of marine water com-
pared to recent circumstances in agreement with the
generally accepted views concerning the evolution of
the Precambrian hydro- and atmosphere. However, the
dominance of dolomites in Proterozoic sediments im-
plies an unknown factor (e.g. higher amount of CO,or
elevated Mg/Ca ratio suggested by Tucker 1983) en-
hancing precipitation of dolomite on account of calcite
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Kiemenné pseudomorfézy ve svrchnoproterozoickych sedimentech blovické zény; Ceska republika

Ve svrchnoproterozoickych kiemito-jilovitych ¢ernych bidlicich, které se vyskytuji spolu se silicity a silicifikovanymi stromatolity, byly
zjidtény kfemenné pseudomorfézy indikujici nékdejsi asociaci romboedrii dolomitu, protazenych krystalki sadrovce a nesouvislych, ten-
kych poloh tvofenych smési sadrovece a anhydritu. Dolomit a sulfitové polohy byly silicifikoviny v pevném stavu fonty postupujicimi
prostednictvim fluidniho filmu, coz umoznflo zachovani jemné struktury (§t&pné trhliny, vldknité aZ granuldrni agregdty). ProtaZené krys-
talky sddrovce byly béhem diageneze nejprve vylouzeny a dutiny byly pak od okrajii vyplnény drizovitym, symetrickym agregitem (obr. 2).
Koincidence dolomitu a Ca sulfitu ukazuje na mineralizaci mofské vody blizkou souéasnym pomériim a na sedimentadni prostiedi analo-
gické mélkym ploSinam lezicim v nizkych zemépisnych sifkdch. Masovy vyskyt dolomitu v prekambrickych sekvencich je nékterymi
autory povaZovan za doklad existence zatim nezndmého faktoru, ktery usnadtioval vznik dolomitu na iikor aragonitu nebo kalcitu. Nejéas-
téji se v této souvislosti uvadi zvyseny parcidlni tlak kysliéniku uhligitého v atmosféfe, obecné vyssi teplota, vysoky pomér Mg/Ca a snizené
mnoZstvi rozpudténych sulfdti v mofské vodé (Tucker 1983). Vyskyt kfemitych sedimentfi a rozsahld silicifikace ve studované oblasti
mohla souviset bud se synchronni vulkanickou innosti, nebo s piinosem 8i0, z chemicky zvétralé pevniny.
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RECENZE

Ivo Chlupd&: Geology of the Barrandian. A field trip guide.
- 163 str., 106 text. obr., 8 tab. Senkenberg-Buch 69, Verlag Walde-
mar Kramer, Frankfurt am Main, 1993,

Klasické 1izemi Barrandienu se jiZz od poloviny minulého stoleti
t88i mimofddnému zdjmu Eeskych i zahraniénich geologh
a paleontologii. Nemetamorfovany vrstevni sled starsiho paleozoi-
ka, mimofddna bohatost paleontologického zdznamu, facidlni roz-
manitost odrdZejici riznorodost nékdejiich biotopi a dalsi
okolnosti, pfedurduji Barrandien ke komplexnimu geologicko-pale-
ontologickému studiu. Diky témto okolnostem jsou zde stanovovany
i mezindrodni stratotypy, a to nejen mezi stupni, ale dokonce i mezi
itvary. Se stardim paleozoikem stiednich Cech je proto spjata
i dlouholeta tradice geologickych exkurzi, jejiz podtek spad jiz
do druhé poloviny minulého stoleti. S touto skuteénosti dosud kon-
trastoval nedostatek cizojazyénych geologicko-paleontologickych
privodcil, které by zachycovaly cely dochovany vrstevni sled
a v poslednich letech také shrnuly vysledky komplexniho strati-
graficko-paleontologického vyzkumu tohoto tizemi. Novéjsi cesky
a souasné i cizojazyény (némecky a rusky) privodce, vénovany
uzdi geologické problematice starsiho paleozoika Barrandienu, vy-
$el v r. 1958. Ku pfileZitosti Mezindrodniho geologického kongre-
su vr. 1968 byl pro jednotlivé tematicky zaméfené exkurze
pfipraven velmi strudny priivodce. Uvedené publikace jsou viak
jiz ddvno rozebrdny a od té doby stratigraficko-paleontologicky
vyzkum Barrandienu velice pokrodil. Intenzifikace vyzkumi se
odrazi ve stovkich pojednani, kterd byla vénovdna diléim prob-
lémiim z uvedenych obori. To se projevuje i v publikovanych
pritvodcich, zpracovanych v souvislosti s fadou mezindrodnich
konferenci, Avs$ak také tyto price jsou dnes vesmés t&Zko
dosazitelné.

Novy priivodce, vytistény v angliéting, je do uréité miry pa-
ralelou publikace prof. I. Chlupite “Geologické zajimavosti
prazského okoli”, vyslé v r. 1988. Ta viak byla urcena jenom &eskym
Etendfiim, a to Sirokému okruhu zdjemeii o geologickou historii; jeji

zabér je navic rozsdhlejsi a zahrnuje cely &asovy tsek od protero-
zoika po kvartér. Privodce “Geology of the Barrandian” pfinasi
struéné a piehledné nejnovéjsi vysledky stratigraficko-paleontolo-
gickych vyzkumii celého stariho paleozoika Barrandienu. Kromé
zdkladniho pfehledu o geologické stavbé a stratigrafickych
pomérech, zpracovanych v ivodnich kapitoldch, obsahuje popis
49 lokalit a geologickych profili, zaclenénych do jednoho ze esti
exkurznich dnii smé&fujicich do této oblasti, Déle je popisovidno 42
lokalit nachdzejicich se na \izemi Prahy nebo v jejim nejbliZgim
okoli, které povaZuje autor za nejinstruktivngj$i. Zavéreéné kapi-
toly obsahuji informace o nejvyznamn&jéich sbirkéch fosilii
z Barrandienu jakoz i idaje o vyuZiti hornin z tohoto izemi na pfi-
kladech architektonickych pamdtek Prahy. Publikace obsahuje téZ
velké mnoZstvi ndzomych schematickych obrdzki, zachycujicich
topografickou pozici lokality a geologické poméry blizkého okoli,
déle stratigrafické tabulky, blokdiagramy, fotografie lokalit
a vyznaénych fosilnich Zivogichd, spolu s v&cné a piehledné zpra-
covanou charakteristikou jednotlivych exkurznich bodu, které jists
pfispéji k tomu, aby se tento priivodce stal velmi vyhleddvanym
pramenem jak pro specialisty, tak i pro viechny zdjemce o hlubsi
poznéni geologickych a paleontologickych pomérii Barrandienu.
Knize nechybi ani zjednodugend barevnd geologickd mapa v jejim
tuvodu. Pfipojeny velmi pedlivé zpracovany vybér publikaci tyka-
jicich se Barrandienu umozni rychlou orientaci v zékladnich publi-
kovanych pramenech, které jsou s touto problematkou tizce spjaty.
Autor publikace, prof. Ivo Chlupdg, DrSc., dlouholety pra-
covnik Ustfedniho uistavu geologického a dnes vedouci Ustavu
geologie a paleontologie Pfirodovédecké fakulty Univerzity Kar-
lovy v Praze, vyuZil ve své stratigraficko-paleontologické syntéze
jak svych mimofidnych znalosti geologickych pomérii star§iho
paleozoika (jejichz studiu se vénoval jiZ od studentskych let), tak
i svych schopnosti didaktickych. Jak dokazuji jiZ i dosavadni ohlasy
na tuto préci, bude Chlupédéiiv privodce patfit k velmi vyhleddva-
nym diliim a bude plnit své zdkladni posldni, totiZ - Ze zkugenosti
ziskané béhem geologickych exkurzi jsou tou nejlep$i cestou

k pochopeni zdkladnich problémil geologickych véd.
Vojtéch Turek
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V. Skoéek - M. Vavrdovd: Quartzose pseudomorphs in Upper Proterozoic sediments of the Blovice Formation... (PLI)

1. Rhombohedral crystals and their intergrowths are disseminated in groundmass of siliceous shale penetrated by organic substance. Magn.
10x, crossed nicols

2. Relict cleavage according to 1011 inherited from the original dolomite. Magn. 25x

3. and 4. Elongated dentulous crystal represents the filling of a mold after the dissolved gypsum. Drusy quartz linings are divided by impu-
rities indicating a centripetal growth. Magn. 50x, parallel and crossed nicols

5. and 6. Silicified dolomite thombohedra occurs beside the lozenge crystal which was originaly gypsum. The filling consisting of bladed
quartz crystals is divided into two symmetrical halves. Magn. 50x, parallel and crossed nicols

Photographed by authors
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V. Sko&ek - M. Vavrdové: Quartzose pseudomorphs in Upper Proterozoic sediments of the Blovice Formation... (PLII)

1. Siliceous shale with pseudomorphs after
dolomite(d), sulphate crystals(c) and lenses(a).
Magn. 5x

2. The fabric of silicified fragmented lenses -
fibrous, microcrystalline up to granular. Such
fabric might originate due to successive anhy-
drite/gypsum conversions. Magn. 15x

3. Silicified stromatolites occurring in the prox-
imity of the layer with quartzose pseudomorphs
Photographed by authors




