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1. l n Crocludion 
The dilferenlialion of various facies 
zones developed dur ing Triassie I imes 
ends ln lhe Jurassic. Dur ing lhe Early 
and M iddle Jurassie basin sedimenls 
are dominaling. There is jusl some evi
dence ind icaiing the exislent::e of car· 
banale p lallorms (e.g . Lienz Dolomites, 
BLAU 1 989) .  ln conlrasl, du ring lhe 
Malmian greal carbonale plalforms wilh 
large shallow water sedimenlalion areas 
exisled (Aulochlhonous Laie Jurassic, 
Norlhern Calcareous Alps, Wasch· 
barg -Zone. Prältigau). 
For a comprehensive overview only lhe, 
mosl importanl and weil known areasf 
will be d iscussed. Some minor evi· 
dences for shallow water sedimenlalion 
areas which are derived from lhe study 
ot pebbles are just mentioned below. 
The source of some U pper Ju rassie 
pebbles of several rlysch sedimenls 
(FLÜGEL & FAU PL 1 987) or of sedi
ments in  lhe 1-lelvelic Zone (FAU PL & 
SCHNABEL 1987) is n ot weil known . 
Some I arge olislolilhs  in lhe " Buhl· 
mergelser le" yield even a lypical Laie 
Jurassie algal assemblage (SCHWIN
G ENSCHLÖG EL 1981) .  They could be 
derived from a now eroded,  during 
Jurassie time uplifted block, su'(· 
rounded by deeper marine sedimenls 
(FLÜG E L & FAUPL 1 987). 

. 

Some comments on lhe Jurassie paleo· 
geography may help for beller un der• 
slanding of lhe today's silualion (lig . 1 ): 
being a result ol Alpine orogeny. Befor� 
Alpine orogeny, dur ing Crelaceous and 
Paleogene, lhe soulhernmosl bell was 

lhe Eastern Alpine Uni l .  This is lhe root 
of lhe Norlhern Calcareous Alps. To lhe 
norlh the Central - Tethyan Region wilh 
lhe Penninie ocean occured . Part of lh is 
sedimentary realm is fou nd e.g .  in lhe 
Prälligau.  Further lo lhe north, the sedi
menlary un il of lhe Helvelic Zone was 
localed . ln lhe nor lhernmosl bell, fring·  
ing even souillern parls of  the Boherni
an Massif, durlng the Laie Jurassie a 
conneclion belween Bavaria lo Czechia 
exisled . These sedimenls were even in 
lhe 19th cenlury recogn ized as a non 
Alpine element and were called "ouler 
alpine", or "gerrnanotype facie�". Fos
sils l ike Oiceras sp. or algal - spon ge 
bioherms as lhey are lypical lor this 
mosl norlhern sedimenlary a rea , are 
not known from lhe Alpine realm. Dur
ing Crelaceous and Terliary Iimes lhese 
carbonale plalforms were covered by 
several ki lomelers ol molasse - type 
sedimenls. As a resull of Alpine orogeny 
some parls of lhese (now covered) car
bonale plallorms were pressed up  lo 
lhe surlace lhrough a lhick pile ol mo
lasse sedimenls, forming lhe " K l ippen" 
ol lhe Waschbergzone. These · root less 
" Klippen" wh ich are now exposed al  
lhe aaslern border ol the Bohemian 
Massil (Ernslbrunn,  Slaalz, Falkenslein ,  
Pavlovske vrchy, . . .  ) a re  lhe  only remains 
of  the "germanolype facies" a t  lhe sur 
face. 
The enlire Easlern Alpine Uni l  was over
lhrusled over lhe Pen ninie sedimenls 
during Alpine orogeny, lherefore sedi
menls wh ich where pr imarily deposiled 
soulh of lhe Penninie ocean are now in 
lhe norlh of i l .  Due lo lhese movemenls, 
lhe Penninie Sulzfluh Limestone of lhe 
Präll igau shows slrong diagen elic al
leralions. whereas lhe Plassen Lime
stone (wli'ich was overlhrusled over lhe 
form er) is beller (Jreserved . 



The Helvelic Zone, which may conlain 
some Laie Jurassie I imestone pebbles 
and even olislolilhs in lhe marly sedi
menls, was overlh rusled in lhe same 
way by lhe Norlhern Calcareous Alps. 
Only a small l ine of Helvelic sed imenls 
(logelher wilh lhe F lysch zone) is  visible 
belween lhe Molasse zone and lhe 
Norlhern Calcareous Alps. This Ieetonic 
silualion should be kepl in mind wi lh re
gard lo paleobiogeographic considera
lions. 

.2. UnH 
Allhough BÖH M (1 992: 95) slales lhal 
lhere are no evidences ol algae dur ing 
lhe Liassie in lhe Norlhern Calcareous 
Alps, he found some deeper marine 
slromaloliles (BÖHM 1992; BÖI-I M  & 
BRACHERT 1993 ("' below lhe pholic 
zone). These slromatoli les could be 

. eaused by some blue - green algae, 
l ike Frutexites sp. (lor discussion see 
BOHM & B RACH ERT 1 993). 
From the Early Liassie of lhe Lienz 
Dolomites ("'  weslern parl ol  the Gail lal 
Alps). lhe Lavan ler Breecia yields some 
eomponerits showing  shallow-water in
lluenee. BLAU & SCH M I DT (1980) have 
recorded oncoids ( 1cm ) as shallow
waler indicalors from this lormalion, 
wilhoul g iving any delai led deseription ,  
as clear proove of shallow-waler. l n  ad
dil ion, BLAU (1 989) described " stroma
lolil ic" crusls covering foramin i lera .  The 
dasyelad Palaeodasycladus mediterra
naus (PIA) should be kept in mind as a 
sign ificant fossil for Liassie sediments in 
lhe Soulharn Alps. 

:1. Uugger 
ln generar for the Dogger a similar situ 
alion as for the L ias musl  be assumed. 
Basin sedimenls were dominaring and 
lhere is no evidence for shallow - waler 
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carbonale plalforms. BÖH M  & BnA
C H E RT ( 1993) reporled some deeper 
marine slromaloliles lrom lhe " Klaus
kalk" in a comparable balhymelr ic posi
lion as in lhe Liassie described above. 
ln conclusion BÖH M & BRAC H E RT 
( 1993) fou nd lhal Frulexiles sp. is a 
common componenl of deep-waler 
slromaloliles, acling mainly as .a dweller 
ins lead of a conslruclor of lhese slro
maloli les. 

4 .  M n l m  
T h e  Laie Jurassie i s  a n  imporlanl geo
logical period for calcareous algae. Th is·· 
is  due lo lhe Callovian Iransgrassion 
lhal overslepped lhe M iddle Jurassie 
basins. As a resull. greal areas willl 
sha llow-waler sedirnenlalion willl inten
sive carbonate sedimenlalion "C!rose. 

4.1 . Autochthonaus Laie Jurassie 
All lhe inlormation on lhe au
lochlhonous Laie Jurassie is based on 
lhe in tensive dr i l l ing aclivil ies of l l le 
past decades. 
For lhe soulh-weslern parl of the Bo
hemian rnassil NACHTM A N N  & WAG
N E R  (1987) reporled lhe developmenl 
of an extensive carbonale plalform dur
lng the Laie Jurassie (rig .  2). ln  lhe 
weslern parl  of lhe basin some Oxlor
dian and Kimmeridgian algal - sponge 
banks up lo 200 m lhickness are 
capped by coral reefs. ln lhe easlern 
part lhey inlerl inger wilh ool i lhic grain
slon es, sponge bioslromes, coral reels 
and somelimes wilh lagoonal ,  semi -re
slr icled banks. These banks are ch arac
lerised by " birdseyes" and " black peb
bles", indicaling a very shal low reg irne. 
During lhe Purbeckian ("' Early Ber ri
asian) lhe whole carbonale plal form 
was covered by thin - bedded l ine crys
lal l ine dolomi les. cherly l imeslones. 
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Fig .  1 :  Distr ibution of Jurassie sediments in Austria (after SAU ER et a l .  1 992). 
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Fig.  2: Distribution of Jurassie sediments in the subcrop of the Molasse 
in Upper Austria and Salzburg (from NACHTMANN & WAGNER 1 987) . 
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breccias and stromatolites. Characeae 
ind icate some freshwater influence 
(NACHTMANN & WAG N ER 1 987). 
For the eastern part, fring ing the Bo
h emian M assif, some detailed i nforma
tion was worked out  by LADW E I N  
(1 976). Add i tional ly, a Iot o f  information 
is avai lable from Czech ian geologists. A 
comprehensive overview is g iven by 
EL IAS & WESSE LY (1 990). Du ring the 
Oxfordian and K immeridgian u p  to 750 
m of p latform carbon ates (Ai tenmarkt 
Formation) developed (fig . 3). ln the up
per part some algal - spong e  car
bonates are fou n d ,  the top of lhis forma
t ion is bu i l t  by coral reefs ( = 11 Karbonat
r i ffserie11 ) .  Laierally the reef complexes 
a re replaced sometimes by ool ithic -
bioclastic deposits (SAU E R et al . 1 992). 
Dur ing the Tithonian th is sequence was 
covered by the terrigenous. bioclaslic 
Kurdejov Formation ( = 11 Kalkaren i l
serie11 ) ,  overlain by the Ernstbru nn 
Limestone  ( = 11 Obere Karbonatser ie11 ) .  

Flora of  the A utochthonaus Jurassie 
from Upper Austria 
(STE IGER ,  pers. com m . )  

Bacinella irregutaris RADOICIC,  
Lithocodium aggregatum E LLIOTT, 
L. morikawai E N DO. 
Tubiphytes sp . .  
Globochaeta alpina LOM BAR D. 

. Campbelfiella striata (CAROZZI) ,  
Clypeina jurassica FAVRE & R ICHARD, 
Macroporel/a praturloni DRAGASTA N .  
Nipponophycus sp . .  
Petrascula bursiformis ETALLO N ,  
M .  cf. embergeri BOUROULLEC & 
D E LOFFRE,  
Satpingoporella annulata CAROZZI ,  
S. pygmaea (G Ü M BE L) ,  
Solenopera jurassica PFENDER .  

A2 
4.2. Waschberg zone 

This Ieeton ic un i !  separates the M olasse 
zone in lhe wesl from lhe Vienna Basin 
in lhe east . The h i l ly character of the 
Iandscape is due  to the U pper Ju rassie 
thrust sheets of the Ernstbru nn Lime
stone and the Klentnice Formation , 
wh ich are lecton ically upl ifted remains 
of th e Autochthonaus Ju rassic. The 
latter is  the equ ivalent  of the Kurdejov 
Formalion ( = 11 Kalkaren itserie11 ) and the 
Altenmarkt Formation in  the u n der
g round .  l n  fact , only a few detai ls are 
known about  the Klentn ice Formation , 
because of lacking outcrops at the sur
face. 
Fossils of the Tith onian Ernstbrunn  
L imestone (ZEISS & BAC H M AYER ,  
1 989; REHANEK 1 987) are m atter o f  sci
entific interest since niore than 200 
years (HAI D I N G E R  1 775) . M ore than 50 
years ago dasyclad algae were d e
scribed for lhe fi rst t ime (BAC H MAYE R  
1 941) .  KAM PTN ER (1951)  described 
Cayeuxia dörflesiana, recently HOF
MANN (1992) appl ied simple stalistical 
methods on Salpingoporella pygmaea 
(G Ü M BEL) .  Some detailed information 
is ach ieved by several works of EL IAS 
and EL IASOVA (e.g . E L IAS 1 98 1 ,  EL IAS 
1 992,  EL IAS & EL IASOVA 1 986). 

A lgal flora of t h e  Ernstbrunn Lime
stone 
(EL IAS & E LIASOVA 1986, HOFMAN N 
1 990, BACH M AY E R  1 941 ,  KAM PT N E R  
1 95 1 ,  REHAN E K  1 987) 

Bacinella irregularis RADO ICIC,  
Lithocodium sp. , 
Thaumatoporella parvovesiculifera 
RAI N E R I .  
Koskinobullina socialis C H E RC H I  & 
SCH ROEDER.  
Tubiphytes sp. , 
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Marine/la lugeoni PFE N D E R ,  
Acicularia sp. , 
Girvanella sp. , 
Solenopora sp. , 
Arabicodium sp. , 
Cayeuxia doerflesiana KAM PTN E R ,  
C .  piae FROLLO, 
C. moldavica FROLLO, 
Nipponophycus ct. ramosus YABE & 
TOYAMA.  
Griphoporella sp. , 
G. ehrenbergi BAGH MAYE R ,  
Petrascula piai BAGHMAYER,  
P. bursiformis (BE R N I E R), 
Macropore/la praturloni DRAGASTAN , 
Heteroporella sp. , 
H. lemmensis BERN I E R, 
H. aff. lusitanica RAMALAHO, 
H. mori/lonensis BERNIER,  
Pseudocymopolia sp. , 
Campbe/liella striata (GAROZZI ) ,  
Neoteutloporella socialis 
(PRATURLON) ,  
Neoteutloporel/a sp. , 
Teutlopore/la obsoleta GAROZZI , 
Salpingoporella annulata GAROZZI ,  
S. katzeri GON RA D  & RADO IGIG,  
S. pygmaea (G Ü M B E L) ,  
S.  steinhauseri (GON RAD, PRATU RLON 
& RADOIGIG), 
Unopore/la capriotica 0 PPE N H E I M ,  
L .  svi/ajensis SOKAG & VE LIC ,  
L.  aff. elliotti PRATURLO N ,  
Triploporella sp. , 
Clypeina solkani GON RAD & RADOI 
C IC ,  
C. jurassica FAVRE & RIGHARD, 
Actinopare/la podolica ALTH , 
Sarfatiella dubari GONRAD & PEY
BE RN ES. 

4.3. Prättigau 
At the border between Austria and 
Switzerland ,  in the geograph ical area of 
the Rätikon at the top of th e mou ntains 

there are to be fou nd some remains of a 
grey I imestone called Sulzfluh Lime
stone. The most i n tensive study on al
gae of this Late Kimmeridg ian to M id d le 
Tithon ian I imestone which was or ig i 
nal ly deposited in an in trabasinal p lat
tarm of the Penn in ie realm (pers. comm.  
OBERHAUSER) is the  thesis o f  OTT 
(1969). Th ree d i fferent facies zones can 
be d istingu ished : 
- micrite facies 
- intrasparite facies (C/ypeina jurassica 
FAVRE & RIGHARD and Campbelliella 
striata [GAROZZI))  
- oolith facies. 

A lgal f lora from the Sulzfluh 
Limestone 
(OTT 1969) 

Bacinella irregularis RADOIGIG, 
Cayeuxia austriaca F E N N I N G E R, 
C. doerflesiana KAM PTNER ,  
C. moldavica FROLLO, 
C. americana JOH NSON , 
C. kurdistanensis ELL IOTT, 
C. piae FROLLO, 
C. mediterranea H E RAK, 
Marine/la lugeoni PFENDER ,  
Acicularia sp. , 
Clypeina jurassica FAVRE & RI GHARD, 
Teutloporella aff. obsoleta CAROZZI ,  
Salpingoporel/a sp. , 
S. mühlbergii (LORE NZ), 
Pseudoepimastopora jurassica 
ENODO, 
Campbelliel/a striata (CAROZZI ) .  

4.4. Northern Calcareous A lps 
The study of the Plassen Limestone, the 
Tressenstein Limestone and the Ober
alm Beds started in  the sixties by mem
bers of the U niversity of Graz. The rela
tion of these d i fferent formations with in  
the carbonate plattarm is  shown in fig .  4. 



FEN N I NG E R  (1 966) was the fi rst to d is
t ingu ish a m icrit ic from a sparitic domi
n ated Plassen Limeston e  facies. Same 
detai led m icrofacial a nalysis was m ade 
later by STE IGER & W U R M  (1980) who 
found  a h ig hly d ifferentiated facies pat
tern (fig .  5) .  

Algal f lora from the Plassen Lime
stone, Barmstein Limestone and 
Tressenstein Limestone 
(FE N N I N G E R  1 966, F E N N I N G E R  & 
HOLZE R 1 972 ; , F E N N I NG E R  & HÖTZL 
1 967, FLÜ G E L  1 964; F LÜ G E L  & F E N
N I N G ER 1 966, HÖTZL 1 966; STE I G E R  
& W U R M  1 980;  M OSSBAUE R  1 989; 
MAN D L  & HOFMANN 1 993) 

Bacinella irregularis RADOIGIG,  
Lithocodium morikawai E N DO, 
L. aggregatum ELL IOTT, 
Pseudolithocodium sp . . 

Tubiphytes sp. , 
Thaumatoporella parvovesiculifera 
RAI N E R I ,  
Koskinobullina socialis G H E RG H I  & 
SGH RÖD E R ,  
Muniara baconica (DE EGKE), 
Cayeuxia sp. , 
C. austriaca F E N N I N G E R ,  
C. anae DRAGASTAN,  
C.  moldavica FROLLO, 
C. piae FROLLO, 
Pycnoporidium lobatum YABE & 
TOYAMA, 
Nipponophycus ramosus YABE & 
TOYAMA, 
Arabicodium sp. , 
So/enopora sp. , 
S. cf. sudakensis MASLOV, 
S. jurassica B ROWN ,  
Actinoporella podoloica A LTH,  
Macroporella sp. , 
Pseudoclypeina sp. , 
Sa/pingoporel/a johnsoni (DRAGAST AN),  

ygmaea (G Ü M BE L), 
S. annulata GAROZZI .  
S. grudii GON RAD & RADOIGIG, 
S. sellii (GRESGENTI), 
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Clypeina jurassica FAVRE & R IGHARD, 
C. so/kani GON RAD & RADOIGIG, 
C. parvula GAROZZI, 
Petrascula bursiformis ETALLON,  
Nipponophycus sp. , 
Pseudoepimastopora sp. , 
Pseudoepimastopora jurassica E N DO, 
Griphoporella sp. , 
Macroporella praturloni D RAG ASTAN,  
Campbelliella striata (GAROZZI), 
Heteroporella lemmensis B E R N I E R ,  
Teutloporella obsoleta GAROZZI ,  
Neoteutloporella socialis 
(PRATURLON) ,  
Cymopo/ia sp. 

5. Paleobiogeographical 
conclusions 

Start ing in the last centu ry when geolo
g ists recogn ized the different fau n istic 
character of the "Alpine" Plassen Lime
stone and the "outer - alpine" Ernst
brunn Limestone, th is  chal lenge is n ow 
u p  to the algae. Gomparing the algae 
l isted above, i t  is evident ,  that most of 
them are common in  the Alpine, the 
Penn in ie and in the Outer Alpine realm .  
M any o f  them are even cosmopol i tan 
l ike Sa/pingoporella annulata GAROZZI .  
As a n  exception , u p  t i l l  now on ly Triplo
porel/a sp. and Unopore/la sp. are 
kn own only from the Ernstbru n n  Lime
stone, so they can be designed as 
"outer - alpine" genera .  
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Fig. 4: Geological situation of the M almian carbonates in the Northern Calcareous Alps (from FLÜGE L  & FEN NINGER 1966). 
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