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Introduction 
The Permian/Triassic-event at the end 
of the Paleozoic t ime has not only 
caused the extinction of a Iot of Paleo­
zoic taxa in  generic or h igher Ievei but 
also the d isappearance of reefs. From 
the lowermost Triassie t ime (Skyth ian) 
no  b ioconstructions are known un ti l  
now. With in the Alpine region no reef or­
gan isms and calcareous algae have 
been recorded from th is  t ime so far. The 
p resent state of knowledge points to the 
existence of a g lobal " reef gap" in the 
Early Tr iassie (fig . 1 ) .  The Strat igraph ie 
age of some reefs or reefal structures. 
known as Scyth ian from some locali t ies 
in the wor ld (Ch ina .  Russia, Azerbaijan) ,  
should be scrut in ized carefu lly. 
ln the fol lowing the present state of 
knowledge abou t Tr iassie reefs and 
plattarm carbonates as wei l  as the bio­
t ic, especial ly a lgal  composit ion of 
stratig raph ic d ifferent Triassie reef types 
of th e Alp ine Med iterransan region in 
g eneral and the Northern Calcareous 
A lps in d etai l are described br iefly and 
furthermors some importan t referen ces 
are give n .  Fig . 2 exh i b its the character­
istics of Tr iassie reefs in  the Alps. 

Anision 
I .Occurrences of reefs or 

plat form carbonates 
Start ing with the M idd le Tr iassie (Late 
An isian) in the Northern part of the 
weslern Tethys lhe An isian reefs. cal led 
Steinalm Reet Limestones (" SRL". fig .  1 )  
and  plattarm carbonates are known 

from the different local it ies in the Alpine 
realm (Northern Calcareous Alps, 
Southern Alps: Dolomites) . Karawanks 
(Austr ia and Sloven ia) and in Hungary. 
ln  the Northern Calcareou s Alps the 
An isian shal low-water carbonates are 
restricted to the weslern part (Tyrol) of 
th is  reg ion (M I L L E R  1 965, SARNT H E I M  
1965) .  However, no detailed investiga­
t ions are avai lable from these areas. 
The best known An isian reef I imestones 
or plattarm carbonates are located i n  
t he  Southern Alps, Dolomites (BECH­
STÄDT & BRA N D N E R  1 970, P ISA et  a l .  
1978, GAETANI  et al . 1 98 1 ,  FOIS & 
GAETANI 1984. SE NOWBARI - DARYAN 
et al . 1993) . Most of the Anisian reefs 
are represented by al lochth onaus talus 
blocks of one to several cu bicmeter 
size. SmaU autochthonaus mounds of 
biosiremal natu re are extremely rare 

II. Biot ic composi t ion 
Olangocoelia otti (p 1 . 1 ,  f ig .  1 ) ,  a prob­
lematic organism (alga?) , but  fi rst de­
scr ibed as sph inctozoan sponge by 
BECH STÄDT & BRANDN ER (1970) . is 
the most abundant organism with in  the 
Anisian reef bou lders of the Southern 
Alps Dolomites (FO IS  & GAETA N I  1984, 
SE NOWBAR I - DARYA N et al . 1 993) . Ce­
lyphia zoldana OTT. P ISA & FA RABE­
GOLI (1980), other thalamid sponges 
and a few inozoid sponges, fol lowed by 
the bryozoan genus Reptonodotrypa 
and porostomate algae are the most 
common organ isms in the An isian reef 
I imestones in Dolomites (SENOWBARI­
DA RYAN et a l .  1993; see fig .  2 ) .  Scler­
actin ian cerals are known by 6 genera .  
They do not play an important role as 
frame bu i lders. The Anisian reefs are 
character ized by minor importance of 
framewerk and framewerk porosity. 
B inding or encrust ing organ isms, l i ke 



Archaeolithoporella in Permian and 
some problematic encrusting organ· 
isms (spong iostromate cyanophyceans 
or  sponges in  Lad i nian and Late Trias­
sie reefs) are very rare (pl .  1, f ig .  2). For 
more i nformation about the facies, com· 
posit ion of biota and reef commun ities 
in Anisian reefs of the Southern Alps, 
see FOIS & GAETANI  (1 984) SENOW· 
BAR I - DARYA N  et al . (1993) . 

111. Algae 
The flora of the An isian reefs and p lat­
tarm carbonates consists of g reen al­
gae (dasycladaceans, codiaceans?), 
red algae (solenoporaceans), porostro· 
mate and spong iostromate cyano ­
phyceans, as wei l  as some problematic 
algae. Dasycladaceans occur predomi· 
n an tly i n  the lageanal facies, the others 
usual ly in the bu i ld u ps. 

A. Green algae 
1) Dasycladaceans 
Recogn izing  the importance of the 
dasyclad g reen algae as facies and in­
dex fossi ls this group was studied for 
several years by PIA whose systemati­
cal, palaeoecolog ica l ,  stratigraph ical ,  
and facies analysis resu l ts are pub· 
l ished in  n u merous papers (e .  g .  1 9 1 2 ,  
1 920, 1 935, 1 937a, 1 937b, 1 937c, 1942). 
Later, the Anisian dasycladaceans of 
Northern and Sautharn Alps were investi· 
gated mainly by FLÜG EL (1 970), HERAK 
(1 958, 1 966), H U R KA (1 966), ZAN I N ­
B U RI (1 965), FOIS (1 979) and especially 
by OTT (1 963, 1 972a, 1972b, 1972c, 
1 974) . The most abundant dasycla· 
dacean genera of lhe An isian reefs or 
lageanal sediments are Physoporella, 
Oligoporella, Diplopora, Macroporella 
and Teutloporella. Olher genera are 
rare. F ig .  3 exh ib its lhe Stratigraphie 
range of the abundan t  dasycladacean 
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genera and species in lhe strat igraphic 
d i fferent Tr iassie reefs an d p lattarm car· 
banales of the Norlhern Calcareous 
Alps. With in the An isian lagoonal I ime­
ston es SENOWBARI - DARYAN et a l .  
(1983) have fou n d  two d isl inct d i fferent 
dasycladacean associations. The first 
one is characterized by the abundant 
occurrence of Oligoporella and su bor· 
d inate Macroporella and Teutloporella, 
the secend one by the d ominanes of 
Diplopora (Oiplopora annulatissima PIA 
and Oiplopora annulata PIA) .  The asso· 
ciation mentioned first is lypical for lhe 
t ime interval Early lo Late Anisian 
(Aegean - l l lyr ian) whi le lhe second one 
indicates an age of Laie An isian ( l l lyrian). 

2)  Cod iacean s 
Sure cod iacean algae have not been re· 
ported from the Anisian t ime in terva l .  
However, SENOWBA R I - DARYAN e l  a l .  
(1993: p l .  57, fig . 7 )  h ave reported struc· 
tu res of circu lar to oval or  irregu larly 
shaped thal l i  which cou ld correspond 
Ia lhe perilhal lus of cod iaceans or re­
mains of some phyl loid algae. The phyl· 
lo id algae, abundan t  in  U pper Permian 
reefs, have not been reported from 
Lower Triassie or Anisian I imestones un­
t i l  now. However, we have fou n d  some 
phyl loid algae in the Lad in ian l ime· 
ston es exposed in  lhe " Nord kette" (N 
l nnsbruck) .  The delai led descript ion of 
these algae is in preparalion by 
SENOWBARI - DARYAN & FLÜGEL.  

B. R ed a lgae 
The red algae are represented by lhe 
g roup of solenoporaceans wilh Soleno· 
pora and Parachaetetes. Solenopera 
seems to be abu ndant .  A d ome­
shaped type of  Solenopera (probably a 
new species) was found with in the 
Anisian reef facies in associal ion wilh 
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some porostromate algae of Ortonel/a­
type whi le  the nodular solenoporaceans 
occur usual ly in the adjacent lagoonal 
facies (SENOWBARI -DARYAN et al . 1993). 

C. Cyanophyceans 
1) Porestromale cyanophyceans 
l n  the Anisian reefs porostromate 
cyanophyceans are more abundant and 
important than the red or g reen algae. 
They are of minor importance in the Ia· 
goonal facies. There are no detailed 
data about the systematic description 
and palecological importance of 
An isian porostromate a lgae. However, 
FOIS & GAETANI  (1984) and SE NOW· 
BARI - DARYAN et a l .  (1 993) have de­
scribed some porostromate algae as 
Ortonella, Garwoodia or Hedstromia. 
The most important porostromate alga 
is represented by the genus Gar­
woodia ( FOIS & GAETANI  1 984) or Or­
tonel/a sp. 1 by SE N OWBAR I - DARYAN 
et al. (1983).  The genus Brandneria, 
with type-species 8. dolomitica - is 
described by SENOWBARI - DARYAN et 
al. ( 1993) as new. 

2) Spongiastromale cyanophyceans 
(pl. 1 ' f ig . 2) 

Being encrust ing and stabi l iz ing orga­
n isms in the reef environ ment the spon­
g iostromate cyanophyceans, (im portant  
b inders in Lad in ian and Late Triassie 
reefs) are very rare or even absent in  
An isian bioconstrucl ions (SE NOW­
BARI - DARYAN et al. 1993). 

D. Problematic algae 
11 Tubiphytes11 , a problematic organisrn 
occur ing as bindar or baffler, is very 
common in Late Permian as weil as in  
Ladin ian and Carnian reefs but Iacks or  
is  extremely rare in An isian bu i ld u ps. 
GAETA N I  & GORZA (1989), however, 

have reported the abundance of " Tubi­
phytes11 with in the carbonate bank of 
the Camorell i L imestones in the Lom­
bardy, Southern Alps. Some i l l ustrated 
specimens by GAETA N I  & GORZA 
seem to be oncolit ic in or ig in , some oth­
ers described as " Tubiphytes carinthia­
cus11 (FLÜGEL) should be p laced to the 
genus Plexoramea M E LLO, a su perfi­
cial ly simi lar organism to 1 1 Tubiphytes"­
Piexoramea cerebriformis M E LLO is a 
relatively abundant organ ism i n  
Anisian ,  Lad in ian and Carn ian reefs 
(FLÜGEL et al . 1988) . Other problematic 
algae, l ike Baccanel/a, Lithocodium or 
Bacinella occu r also in Anisian reef or 
plattarm carbonates but they are ex­
tremely rare. 

Ladinian 
I. Occu rrence of reefs or 

plattarm carbonates 
in comparison to the An isian reefs dis­
tr ibution and frequency of Lad in ian and 
Ear ly Carn ian (Cordevol ian) biol i th i ts 
called Wetterste in Reet Limestones 
(11WE RL11, fig . 1 ) ,  and platform car­
bonates in  the Alps and elsewh ere are 
sign ificanl ly larger than !hat of An isian 
age. FLÜGEL (1982) g ives an overview 
about the occurrence of Lad in ian reefs 
in the world as weil as in the Alps. From 
Northern Calcareous Alps the Lad in ian 
reefs are described by BRAN D N E R  
(1 978) , BRANDN ER & RESCH (1981 ) ,  
H E NRICH (1982,  1983, 1984), OTT 
(1 967, 1972d) and WO LF (1973). 

II. Biotic com posit ion 
The biotic composition of  Ladin ian reefs 
is d ifferent from Anisian on es. The typi­
cally Anisian -type reef bu i ld ing organ­
isms (0/angocoe/ia, Celyphia zoldana 
OTT et a l . , Reptonodotrypa, porostro­
mate algae etc. ) Iack or are extremely 



rare i n  Lad in ian reefs. The most abun­
dant reef- construct ing organisms in 
Lad in ian bioconstructions are sphincto­
zoan sponges represented main ly by 
Solenolmia manon (M Ü N STE R), un­
known from An isian reefs. Other sphinc­
tozoans l ike Vesicocau/is, Follicatena 
etc. are also u n known from the An isian .  
Sphinctozoan and in  i nozonan sponges 
with M g -calcite m ineralogy of the r ig id 
skeleton (l i ke Uvanella, Alpinothalamia) 
n ever fou n d  in An isian reefs, may ap­
pear for the first time in Lad in ian reefs. 
The frequency of ind iv idual  genera of 
scleract in ian corals and their  role as 
framewerk constructors increase d istin ­
c ly  in Ladin ian time. The nu mber of or­
gan isms and their  d iversity in crease 
rapid ly, too. l n  add i tion to the differ­
ences of the biotic composition also the 
submar ine cements, the biegen ie en­
crustations as wei l  as total algal asso­
ciation di ffers d istinct ly from the An isian 
cou nterpart .  

111. Algae 

A.  Green algae 
1 )  Dasycladaceans 
Due to detailed stud ies, especial ly by 
PIA and OTT, the dasyclads are the best 
known group of algae in the Northern 
Calcareous Alps. As shown in fig .  3, the 
dasycladacean flora of Lad in ian reefs 
and p lattarm carbon ates is character­
ized by taxa which appear mostly in the 
Late An isian (Avisianus zone) and range 
u p  to the Lad in ian /Carn ian boundary. 1 t  
is remarkable that the frequency of 
some taxa (for example Diplopora annu­
lata PIA) of Lad in ian I imestones is 
h igher  than in  An isian carbonates. 
Whi le a change of dasycladacean flora 
h as Iaken p lace in the time from Early 
l l lyrian (Trinodosus zone) to Later l l lyr i ­
an (Avisianus zone), the An isian I La-

Al 
d inian boundary do not show any 
changes i n  dasycladacean associa­
tions. Most of Ladin ian dasycladaceans 
have been found in lagoonal facies, only 
a few of them may occur in the reefal fa­
cies (e. g .  Teutloporella echinata OTT 
1975) . 

2) Cod iaceans 
There is no report about the occurrence 
of sure codiaceans from Anisian reefs 
or plattarm carbonates. The oldest Tri­
assie codiaceans are reported by 
BRANDNER & RESCH (1980) as Col­
larecodium oenipontanum from the La­
d inian -Cordevol ian Wetterstein Lime­
stones of " l nnsbrucker N ordkette" near 
l nnsbruck,  Tyrol .  This bush -l ike alga is 
characterized by mult ibranched thal lus 
with annu lation in i r regu lar ly d istance 
and some collar - l ike elements. The d e­
scription of some other codiaceans 
newly d iscavared in  Lad in ian reefs of 
the Southern Alps is in preparation by 
SE NOWBARI- DARYAN & FLÜ G E L .  

B. Red algae 
l n  Ladi nian reefs solenoporacean s are 
m uch more abundant than in  An isian 
bu i ldu ps. Columnar and branched 
solen oporaceans may bui ld stromato­
lite - l ike domes of up to 30 cm in d iame­
ter wilh approximately the same heig h t  
(BRA N D N E R  & RESC H 1981, BRAND­
N E R  et a l .  1991, W E N DT 1993). l n  gen­
eral the Ladin ian solenoporaceans 
need further studies and detai led sys­
tematic descri pt ions of the individual 
taxa before a I ist of th is  g roup can be 
provided . 

C. Cyanophycean s 
1) Parastromale cyanophyceans 
The porostromate cyanophyceans are 
relatively abundant with i n  Lad in ian reef 
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complexes, especial ly i n  l ageanal  fa­
cies -types. Cayeuxia, Garwoodia, Or­
tonel/a, Bevocatria and some other gen­
era have been reported from d i fferent 
locali ties. A lso the Lad in ian porostroma­
tes should be stud ied more in d etai l .  

2) Spongiastromale cyanophyceans 
l n  comparison wi th  the An isian reef and 
shal low-water I imeston es the increase 
of spongiostromate cyanophyceans in 
Ladinian reefs is remarkable. Th in sec­
t ion investigations point  out d i fferent 
types of encrustat ions (BRAN DNER et 
a l .  1991) . 

Biogenie crusts and submarine cemen ­
tation of u p  to 15 cm th ickness are the 
most common elements contr ibut ing to 
the formation of bindstones in Lad in ian 
reefs (pl. 2) . The crusts are also impor­
tant for the formation of qu ite large (up 
Ia several cm in d iameter) oncoids in  
the lagoonal facies. The Ladin ian spon­
g iostromate cyanophyceans are charac­
terized by th in  Iamina araund biegen ie 
components (compare also crusts of 
Carnian reefs). 

D. Problematic algae 
There is a remarkable abundance of 
problematic organ ism - type 11 Tubi­
phytes11 in Ladin ian reefs (pl .  3) . The 
most abundant  type is represented by 
the dendroid and bush - l ike organism 
described as 11 Tubiphytes multisiphona­
tus11 by SC HÄFER & SENOWBAR I ­
DARYAN ( 1983) .  From Anisian? o r  La­
d i n ian? reefs of Aggtelek area (BÜKK 
Mountains, H u ngary) SCH LOZ ( 1970) 
described also an organism as 11 Axopo­
ra aggtelekensis11 wh ich mosl probably 
belang to the mu l tibranched 1 1  Tubi­
phytes" occu r i ng  in Lad in ian and Car­
n ia n  reefs. The variety of  Paleozo ic 
11 Tubiphytes11 is d iscussed by SENOW-

BARI - DARYAN and FLÜGEL ( 1993) 
and the detailed investigations on Me­
sozoic 11 Tubiphytes11 are sti l l  i n  pro­
gress. In addition to 1 1  Tubiphytes11 also 
the frequency of other p roblemalic al­
gae increases in  Lad in ian reef com­
plexes. Remarkable is the occurrence of 
the bush -l ike alga C/adogirvanella cipi­
tensis OTT wh ich may reach a lenglh 
and diameter of more than 15 cm (pl .  
4-6). Same problematic a lgae, l ike 
Macrotubus babai FO IS & GAETA N I  
(1981) , Bacinel/a elongata FOIS ( 1982) , 
Baccanella floriformis PANTIC,  Plexo­
ramea cerebriformis M ELLO, etc. h ave 
been also reported from Lad in ian reef 
envi ronments. 

Carnian 
I. Occu rrences of reef or 

plattarm carbonates 
Raports of Carn ian reefs are known 
from numerou s localit ies in  the Alpine­
Medi terranean region as wei l  as in  
oth er areas in the wor ld . FLÜGEL 
( 1982) g ives an overview about the 
worldwide occurrence of Carn ian reefs. 
in the Northern Calcareous Alps the La­
d in ian Wetterstein reefs cont inue in se­
veral local it ies up to the Cordevol ian 
(fi g .  1). Cordevo l ian reefs of the Nor­
thern Calcareous Alps were stud ied by 
OTT (1967), BRANDNER & RESCH 
(1981), and HEN R I CH (1982, 1983). l n  
addition numerous Iaie Carn ian reefs or 
reefal I imestones are known from the 
Leckkogel beds (Cordevol ien -Tuvalian), 
called gen era l ly 11Tisovec L imestone11 
(LE I N  1972, 1980). However, the recent 
investigations of the the 11Tisovec l ime­
stones11 f rom the type loca l i ty by 
KRYST I N  et a l .  (1990) point to a Lower 
Nor ian age of these l imestone. 
KRYST I N  et al . (1990) have proposed to 
use the new Stratig raphie name 11 Waxe-



neck Limestone" for the Late Carnian 
reefs (" WART", fig .  1) and dasy­
cladacean - bearing  p lattarm carbo­
n ates. M icrofacies and palaeon tology of 
some Carnian reefs in N orthern Cal­
carous Alps are described by TOULA 
(1913), LE IN  (1970, 1980), FLÜG E L  et al .  
(1978), DULLO & LEIN ( 1980, 1982), 
DU LLO et al. (1 987), RIEDEL 1 990, and 
KRYST IN  et al . (1 990). 

II. Biotic composition 
M ost of Lad in ian reef organisms occur 
also in  Carnian bioconstructions. Only a 
minor change of the b iotic composition 
has Iaken place at the Lad in ian/Carnian 
boundary. Furthermore the abu ndance 
and d iversity of reef organ isms in crease 
dur ing  the Lad in ian to Carn ian (fi g .  1 ). 
Among the spong es some "extin ct" 
genera at the Permian/Triassic bou n­
dary, e.g . Amblysiphonella reappear in 
Carn ian reefs (fig .  2).  Both the diversity 
and frequency of sponges with h igh ­
Mg calcite skeleton increase further 
and new genera (e. g.  Jablonskyia, 
Leinia etc. ) character ize the sponge 
fauna of Carnian reefs. Contempora­
neously the d iversity of scleractin ian 
cerals increases dist inct ly. 
An overview about the di fferences of 
Lad in ian and Carnian as weil as Garn i ­
an and N orian b iota is g iven by R IEDEL 
(1 990) ,  of  sphin ctozoan and inozoan 
sponges by SENOWBARI - DARYAN 
(1 990), and RIEDEL & SE NOWBARI ­
DARYAN ( 1991) .  Not only the composi­
t ion of frame - bu i lders but also the 
other reef organ isms of Carn ian age d if­
fer from those of the Lad in ian . 
For exa mp le,  the  m i lio l id foram in ifera 
(e. g. Cucurbita ( = Pseudocucurbita), 
Spiriamphorella, Urnulinel/a, Hydrania) 
are typically Carnian microfossils and 
n ot known from Ladin ian reef l ime-
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stones. Also some microprobl emat ic or­
ganisms (e. g.  Barbafera camica 
SENOWBARI - DARYAN)  are typically 
Carnian microfossils and may be used 
to separate Carnian from Ladin ian reef 
deposits. 

111. Algae 
A. Green algae 
1) Dasycladaceans 
The Ladin ian/Carn ian boundary is 
marked by the d isappearance of almest 
al l  Lad in ian dasyclad genera and by 
the appearance of new forms (e. g .  
Poikiloporella duplicata, Clypeina, etc. 
fig . 3) most of them are index fossi ls for 
the Carnian age. ln cantrast to weil 
kn own Carnian dasycladaceans of the 
Carpath ians (e. g B ISTRICKY 1986) 
only some records exist about the Car­
n ian dasycladacean s of the Northern 
Calcareous Alps (e. g.  HOLZ E R  1967, 
D U L LO 1 980). The common dasyclad 
algae of Northern Alpine Carn ian I ime­
stones are l isted in  fig .  2 

2) Codiacean s 
J ust very Iew codiacean algae are 
known from Carn ian deposits of the 
Norlhern Calcareous Alps. FLÜGEL et 
al . (1 992) have descr ibed from the Car­
n ian reef I imestones of the BÜKK 
Moun tains in H u ngary a codiacean as 
Egericodium hungaricum wh ich occurs 
also in Carnian reefs of the Southern 
Tethyan realm (Sici ly, Hydra/G reece) 
and rarely in the Northern Calcareous 
Alps. 

3) Red algae 
The red algae in Carnian shal low water 
I imestones Öf Northern Calcareous Alps 
are represented by the group of soleno­
poraceans and gymnocodiaceans. Sole­
nopora. Parachaetetes and Marine/la 
are the representatives of solenopo-
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raceans known from d ifferent localit ies 
in the N orthern Calcareous Alps. Gym· 
n ocodiaceans are not abundant and 
known only by the genus 0/igoplagia. 
first described as a sponge by HERAK 
(1944) .  Accord ing  to H. W. FLÜ G E L  
(1971) 0/igop/agia should b e  placed to 
the gymnocodiaceans The occurrence 
of the genus  Dendrone/la MOUSSAVIAN 
& SENOWBARI - DARYAN (1988), known 
from the Carnian I imestones of the Cas· 
sian Formation in the Dolomites (South· 
ern Alps),  in Carnian buildups of the 
N orthern Gareareaus Alps is most prob· 
able. 

C. Cyanophyceans 
1) Porestromale cyanophyceans 
Porestromale cyanophyceans of Carni ·  
an reefs i n  the Tethyan realm are poor ly 
known (e .  g .  SCHÄFER & SENOW· 
BARI - DARYAN 1 983). Cayeuxia, Ortho· 
ne/la, Heterotrichella. Garwoodia and 
Girvanella are the abundant representa· 
tives of Northern Alpine Carn ian po· 
rostramale cyanophyceans. This g roup of 
cyanophyceans gen erally occurs in Ia· 
goonal facies in association with some 
dasycladaceans, nodular  red algae and 
involut in id and duostomin id foramin i ·  
fers. Some representatives are  de· 
scribed by FLÜGEL et a l .  (1 978) D U L· 
LO (1980), DU LLO & LE IN  (1 980), and 
D U LLO et al . (1 987). 

2) Spongiastromale cyanophyceans 
G eneral ly two types of spongiostromate 
cyanophycean cru sts can be d ist in· 
gu ished in the Carn ian reefs (pl .  7): The 
f i rst type is simi lar to those crusts de· 
scribed from Lad in ian reefs. This spon· 
g iostromate crust is  represented by 
d ensely packed m icrit ic laminae reach· 
ing usu ally a few m m  to cm in  th ick· 
n ess. (pl .  7, f ig . 1) .  Most of the cru sts 

occur arau nd th e reef - bu i lders. some 
arau nd cavities within the reef facies. 
Playing also the b ind ing and stab i l iz ing 
ro le the systematic affi l iation of the se­
cond encrusting group is uncertain 
The crusts are com posed of bubble­
like "seg ments" with a dark m icr i t ic 
wal l  (p l .  7 ,  f ig . 2) Qu i te probably the 
wal l  is composed of h ig h-Mg calcite 
with a granu lar microstructure. The i n te·  
r ior  of  the bubblas are f i l led partly or to·  
ta l ly with sediment or cement .  This or 
simi lar types of crusts are described as 
the thalamid sponge Uvanella ducta by 
BO I KO (in BOI KO et a l .  1991). 
This group of spon g iostromate cyano­
phyceans seem to be l im ited to the Car­
nian . Therefore they serve as important 
index fossi ls for this age. A detai led 
study of the crusts is in preparation . 

D. Problematic algae 
" Tubiphytes". occurr ing as small baff­
l ing or encrusting o rgan isms, is th e 
most abundant prob lematic algal form 
in the Carn ian reefs. Several types can 
be d istin gu ished . A simi lar prob lematic 
organism (alga ? or fu ngus ?), cal led 
Plexoramea M E LLO, may also occur 
frequenlfy in Carnian I imestones (FLÜ · 
G E L  et a l .  1 988). Bacinella. Lithocodi· 
um. T haumatoporella. Baccanella are 
other problematic algae recorded from 
this t ime in terval in Northern Calcare­
ous Alps. 

Norian - Rhaetian 
I. Occurrence of reefs or 

plattarm carbonates 
ln the Northern Calcareous Alps as wei l  
as elsewhere i n  the world th e Norian ­
Rhaetian reefs and shal low-water I ime­
stones show d istinctly larger d istr ibu­
t ion than the Carnian or Lad in ian reefal 
facies. 



A I ist about the Norian - Rh aetian reef 
localit ies of the world is g iven by 
FLÜ G E L  (1 982) . Start ing with WÄH N E R  
(1 903), VORTISCH (1 926, 1 927), S IE­
B E R  (1 937) the N or ia n - Rhaetian Dach­
ste inkalk reefs (" DRL". f ig. 1 )  and the 
U pper Rhaetian reefs (" U RR", fig . 1) 
are the best studied and docu mented 
U pper Triassie reefs worldwide :  " N u­
merous Laie Triassie reefs in the North­
ern Calcareous Alps, Austr ia ,  and in 
Bavaria are among the most carefu l ly 
d ocu mented reefs in  the wor ld , due in 
!arge part to the detai led werk of the 
" Erlang en Reet Research G roup" d i­
rected by E rik  F lügel"  (FAG ERSTROM 
1 987: 402). l nvestigations of Nor ian­
Rhatian Dachstein reefs in  Northern 
Calcareous Alps h ave been carried out 
by ZAPFE (1960, 1 962,  1967), FLÜGEL 
(1 962), FLÜG E L - KA H L E R  (1 963), 
ZAN K L  (1 969) , LOB I TZER (1 974),  D U L­
LO (1 980b) , SADATI (1981 ) ,  and WURM 
(1 982) . U pper Rhaetian reefs have been 
studied by O H L E N  (1 959), ZAPFE 
(1 963) , FABRIC IUS (1 966), SCHÄFER 
(1979), SC HÄFER & SE NOWBAR I ­
DARYA N  (1981) ,  SENOWBAR I - DA­
RYAN (1 980), P ILLER (1981), P ILLER & 
LOBITZ E R  (1979), LOBITZER (1 974, 
1 980), R I E D E L  (1 988), STANTO N  & 
FLÜ G E L  (1 987, 1 989).  
A summary of microfacies types and 
the palaeontology of Late Triassie reefs 
of Northern Calcareous  Alps is g iven by 
FLÜ G E L  (1981) .  Further references con­
cern ing Norian - Rhaetian reefs are 
g iven by STANTON & FLÜ G E L  (1 989) 
and FLÜG E L  & FLÜ G E L - KAHLER 
(1992).  

I I .  Biotic composition 
At the Carn ian/Norian boundary or du r­
ing the Early Nor ian a relatively dist inct 
mass exli nction concern ing reef orga-
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n isms can be recognized . The Norian 
reefs document a change  in  reef orga­
n isms on the specific and gener ic Ievei 
(fig 2). Most of th e Carnian type orga­
n isms (e. g .  sponges with h ig h - M g  cal­
cite, " typically" Carn ian corals, some 
m icroproblematica) do not occu r in the 
Norian reefs. The Norian - Rh aetian bio­
construction s are characterized by a 
h igh d iversily of new coral forms. l n  the 
Norian -Rhaetian reefs of the Northern 
Calcareous Alps the cerals have almest 
the same importance than th e reef­
forming sponges in M idd le Tr iassie and 
Carnian reefs (FLÜ G E L  1981 ) .  The co­
rals. especial ly th e dendroid types (e. g .  
Retiophyllia) are the most important  
framewerk constructors in U pper­
Rhaetian reefs and their percentage in 
these bu ildups is even higher than !hat 
of sponges. For more in formation about 
the diversity and frequency of frame ­
bui ld ing organisms see FLÜ G E L  (1 981)  

111. Algae 
Tab. 1 of chapter 82,  shows a I ist of dif­
ferent algae known from the N orian ­
Rhaetian Dachsteinkalk reefs as weil as 
from Late Rhaetian reefs of the N orthern 
Calcareous Alps. The d istr ibu t ional  pat­
tern of d ifferent algae in Late Triassie 
reefs (Dach ste inkalk reefs as weil as 
Late Rhaetian reefs) is shown in figs. 2a 
and 2b of the same chapter. 

A. Green algae 
T he g reen algae of Norian - Rhaetian 
Dachste in reef complex are represented 
by dasycladaceans and a few codi­
aceans. 

1 )  Dasyc ladaceans 
As shown in fig 3 the  dasyclads of Nori ­
an - Rhaetian reef I i mestones are main ly 
represented by Heteroporella and the 
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endasparid Diplopora. Whi le Hetero­
porella occurs predominantly in the 
"oncoid - facies", Diplopora is  mostly 
fou n d  in  the reefal facies. As shown in 
fig .  3, just very few Carn ian dasy­
cladaceans pass rarely th e Carn ian/No­
rian boun dary. Same dasycladacean 
species may be used to separate the 
N orian and Rhaetian part of a reef com­
plex or shal low-water I imestone respec­
tively (fig .3). For example Pentapore/la 
rhaetica SENOW8ARI -DARYAN (1978a; 
p l .  9, f igs. 1 - 3) or Diplopora adnetensis 
(FLÜ G E L  1 975; p l . 1 0, f ig .  4) have been 
fou n d  only in  Laie Rhaetian reefs. 
Placklesia multipora 81 LG ÜTAY (pl .  1 1 . ,  
figs. 3 -4) seems to be l imited to the 
Kössen 8eds (SE N OW8AR I - DARYAN 
1 978b). The d iversity of dasyclads of 
Noria n - Rh aetian reef complexes is 
documen ted in pls. 8- 1 0. 

2) Codiaceans 
Codiaceans are very rare in the Nor i ­
an - Rhaetian reefs and shal low water 
l imestones. The on ly recorded cod i ­
acean comes from the Gosaukamm:  
Boueina hochstetteri /iasica (FLÜ G E L  
1 98 1 ;  compare FLÜ G E L  1 988). 

3) Red algae 
The red algae of Nor ian - Rhaetian reefs 
and shal low-water carbonates are do­
cumented by the represen tatives of so­
le- neperaceans and rarely gymnoco­
d iaceans. Solenopora (p l .  1 1 ,  fig .  1 ) ,  
a n d  Parachaetetes are t h e  representati­
ves of solenoporaceans. So/enopora is 
m uch more abundant than Parachaete­
tes and occurs e i lher in branched mor­
ph otypes in the reef facies or as nodu­
lar components in the lagoonal facies 
(com pare chapter 82 , figs. 2a ,b) .  
Abatea cul/eiformis SE NOW8A R I ­
DARYAN & SCHÄFER (1 980) is the only 

gymnocodiacean representative known 
exclusively from Laie Rhaetian reefs (pl .  
1 1 ,  fig . 2). 

c_ Cyanophyceans 
1) Porestromale cyanophyceans 
The porostromate cyanophyceans known 
from the Dach slein reef and bedded 
I imestones as weil as from lhe Upper 
Rh aetian reef complexes may be as­
signed to the genera Cayeuxia, Gar­
woodia, Zonotrichites, and Ortonel/a. 
The porostomate algae are fou nd i n  as­
sociation wilh dasycladaceans and in ­
vo lul in id and duoslomin id  foramin ifers 
in lhe "oncoid -" and "algal -fora­
min iferal facies". Cayeuxia seems to be 
lhe mosl abundant genus. 

2) Spong ioslromate cyanophyceans 
8eing useful index fossi ls the spon­
g ioslromate cyanophyceans of lhe 
Dachslein reef I i mestones and Laie 
Rh aetian reefs are reslricled to lhe cen­
lral reef area (figs.  2a-2b in chapter 
82) Reach ing more than 10 cm thick­
ness lhe cru sls of lh is g rou p are com­
posed of micril ic l ayers (organ ic precip i ­
lalion) separaled by microsparil ic layers 
(inorganic precip i lalion?) . The crusls 
occur  in relatively low energy environ­
menl in  lhe cen tral reef areas areund 
the frame-bu i ld ing organ isms, in  cavi­
l ies or as large com ponents (p l . 1 2 , fig 2) .  

D .  Problematic a lgae 
The most abundant problematic alga in 
Norian and Laie Rh aetian reefs is repre­
sen ted by Lithocodium ( = Proble- mati­
kum 1 ,  O H L E N  1959) and/or Bacinel/a 
(p l .  1 0, fig .  1-3). Occurr ing in lhe cen ­
tral reef area and in lhe "oncol i le fa­
cies" both are responsi ble for the for ­
mation of oncol ites (OH LEN 1959, 
SCHÄFER 1979, SENOW8ARI - DARYAN 
1980, FLÜ G E L  1981) .  Also T haumato­
porel/a can be found predom inantly i n  



the oncol i te -facies. Other algae of u n­
certain systematic posit ion are usual ly 
restricted to the central  reef area and 
are represented main ly by Baccanella 
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and rarely " Tubiphytes"- The affi l iation 
of Pycnoporidium ?eomesozoicum de­
scribed by FLÜGEL (1970) to the algae 
is sti l l  questionable (pl .  12 ,  fig .  1 ) .  
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Plate 1 

Fig. 1 :  
0/angocoelia otti BECHSTÄDT & BRANDNER. Covering the sediment surface th is en igmatic 
and very abundant fossil (sponge?, alga?) in Anisian reef boulders is composed of numerous 
small (less than 1 mm) spherical chambers. Anisian ,  Dolomites, Northern ftaly, 5,6x .  

Fig. 2:  
M icrobial crusts araund a solitary (?) coral of An isian reefs in Dolomites. The crusts are 
composed of very th in and dark laminae. An isian ,  Dolomites, Northern ltaly, 21 x .  

Plate 2 

Lad inian microbial ("alga l" )  spongiostromate cyanophyceans are characterized by irregular 
festoon-shaped crusts consist ing of !hin micritic lam inae and th icker sparite areas. The micritic 
laminae exhibit a homogenaus dense peloidal structure (relics of "algal" tubules) . The sparite 
layers consist of long fibrous calcite forming d ruses and botryoidal cement .  Ladinian reef 
boulders, Dolomites, Northern ltaly, 7x. 

Plate 3 

This enig matic fossil d escribed as " Tubiphytes multisiphonatus" SCHÄFER & SENOWBAR I ­
DARYAN is an abundant baff l ing o r  encrusting organism in Ladin ian and  Carnian reefs o f  t he  Te­
thyan realm. Ladinian reef boulder, Dolomites, Northern ltaly, 7x .  
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Plate 4 

Cladogirvanella cipitensis, OTT is an abundant element in Lad inian reefs. The bush - l ike and 
mu l tibranched alga reaches a length of more than 15 cm. For detai ls see pls. 5 - 6. Lad in ian reet 
boulders, Dolomites, Northern ltaly, 3.5x. 

Plate 5 
REM - microphotograph ot two branches of Cladogirvanella cipitensis OTT. The space between 

· the branches is t i l led with sparry calcite cement. Lad in ian , Dolomites, Northern ltaly. 

Plate 6 
REM -microphotograph ot Cladogirvanella cipitensis OTT. Magnification trom p l .  4 showing the 
calcified cel l  wal l s  of the alga and the sparry calcite cernent within the small cel l  tu bes. 
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Plate 7 

Fig 1 :  
Crusts (type 1 )  of Carnian reefs. The crusts are composed of dark micritic laminae similar to those 
ot Ladinian age. Carnian, Slovenia; approximately 0.7x. 

Fig. 2: 
Crusts (type 2) of Carnian reefs. This type of crusts is composed of bubble l ike seg ments with 
dark m icr it ic wal ls. The in ter ior of the segments is l i l led with sparry calc ite cement or  with sed i ­
ment. The systematic position o t  these crusts is uncertain (sponge? algae?) . Carnian ,  Sloven ia ,  
7x .  

Pinte 8 
Fig. 1 :  
Cross and obl ique section ot Diplopora sp. trom Upper Rhaetian reef of Feichtenstein near 
Hintersee, Salzburg .  10.5x. 

Fig. 2: 
Diplopora phanerospora PIA a relatively abundant dasycladacean in Upper Rhaetian reefs and 
sha l low water l imestones. Upper Rhaetian ot Feichtenstein reet near Hintersee, Sal7burg ,  1 0.5x . 

Fig. 3:  
Diplopora tubispora OTT. Upper Rhaetian Feichenstein reet near  Hintersee, Sal7burg . 28x .  

Fig. 4: 
Griphoporella curvata (G Ü M B EL) .  Cross sect ion .  Upper Rhaetian Gruber reet near Hintersee, 
Salzburg .  1 5.4x. 

Pinte 9 
Figs. 1 - 3: 
Pentapore/la rhaetica SENOWBARI - DARYAN trom Upper Rhaetian G ruber reet near H intersee, 
Salzburg. 
Fig . 1 :  28x 
Fig . 2 .  28x .  
Fig . 3 :  63x .  

Fig.  4: 
Dip/opora phan erospora PIA t rom Upper Rhaet ian Feichtenstein reet near H intersee, Sal7bu rg .  
25.9x. 
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Plate 1 0  

Fig .  1 :  
Oncol i te facies of Upper Rhaetian reefs. Bioelasts of the dasycladacean alga Heteroporella 
serve as nuclei of oncoids encrusted by Lithocodium/Bacinel/a. Feichtenstein reef near 
Hintersee, Salzburg .  Approximately 3.5x. 

Fig. 2: 
Different bioclasts are formed to a large "a lga l  l ump" by Lithoco dium/Bacinella. U pper 
Rhaetian reef of Feichtenstein near H intersee, Salzburg . 2 .Sx. 

Fig .  3: 
Lithocodium/Bacinella encrust ing a cora l .  A lso the interseptal space of the coral is f i l led by 
Lithocodium!Bacinella " t issue". Upper Rhaetian reef of Feichtenstein near Hintersee, Salzburg .  
2 .8x .  

Fig . 4:  
Diplopora adnetensis FLÜGEL ,  an abundant dasycladacean in the Upper Rhaetian reefs near 
Salzburg. G ruber reef near H intersee. 5.3x .  

Pinte 1 1  

Fig. 1 :  
Solenopera alcicornis OTT. The mult i branched alga i s  relat ively abundant i n  Norian/Rhaetian 
reef l imestones.Upper Rhaetian Gruber reef near H intersee,Salzburg .  2 . 1 x  

Fig . 2: 
Abatea culleiformis SENOWBA R I -· DARYA N & SCHÄFER, a gymnocodiacean of Upper Rhaetian 
reefs. Upper Rhaetian G ruber reef near H i n tersee, Salzburg .  7x. 

Fig. 3- 4 :  
Placklesia multipora B I LG ÜTAY found on ly  in  Kössen Beds. 8oth specimens a re  from 
Feichtenstein near H in tersee, Salzburg. 42x. 

Plate 1 2  
Fig.  1 :  
Pycnoporidium ?eomeso7oicum FLÜG EL  (around a shel l ) encrust ing a sponge. The systematic 
posit ion of th is fossi l  is uncerta in .  Gosaukamm,  approximately 4.2x. 

Fig. 2: 
Typ ically spong iostromate crusts of Norian/Rhaetian reefs are bui lt by mult i layered m icrit ic 
laminae of usual ly several mm. Gosaukamm. 4 .2x .  
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