
Facies development of the Eastern Alpine 
Cretaceous with respect to algal associations 

Esmail MOUSSAVIAN 
Richard H ÖFL ING & 
Dietrich H E RM 
M u n ich 

1. Geologie framework 
The characterist ic structural feature of 
the Eastern Alps is the nappe arch itec
ture, a style of construction which is 
clearly expressed by the east -west str i 
k ing imbr icated Ieeton ic un i ts. From 
north to south a number of zones are 
d istin gu ish ed : M olasse Zone, Helvetic 
Zone, Flysch Zone an d ,  in the strict 
sense, the actual "Austroalpine", I hat is 
the nappe system consist ing of the 
Northern Calcareous Alps and the 
Graywacke Zone as wei l  as the 
southernly adjacent Lower ( M idd le) 
Austroalp ine nappes (Gu rktal Nappe 
and their equ ivalents: TOLLMANN 
1 989; see fig . 1 ) .  
The decisive events that led to the pre
sent structural and morphological con
d it ions were caused by plate Ieeton ic 
forces, wh ich Iook place dur ing the Ear
ly and M i d-Cretaceous. These events 
were caused by the su bduction process 
in the realm of the westalpine South 
Penn in icum (Piemontais). To the north , 
South Penn in icum was flanked by the 
M idd le Penn i n icu m (Briancon) and the 
N orth Pen nin icum (Valais) with the 
Flysch and the Helveticum (Marginal  
Helvetic Sea ; TOLLMANN 1 987, 1989; 
FlÜgel 1 987; DECKER et a l .  1987). As a 
resu lt of geodynamic processes, the 
Ausirealpine " b lock", which had al rea
dy beg u n  developing du r ing the Early 
Mesozoic geosyncl inal  phase, was de
tached from i ts basement and Iranspor
ted n orthwards over the Pen n in ie com
plex. Dur ing Iransport of the frontal 

nappe complexes, the Lower Austro
alpine and the M idd le Austroalp ine 
Nappes (TOLLMANN 1959, 1 963) , were 
overthrusted by the U pper Austroalpine, 
the h ighest Ausirealpine N appe com
plex. 
The development of the Alp ine nappe 
system and i ts ensuing dis integration 
went  hand in hand with Sedi mentation .  
Therefore, the  d istr ibution of  land and 
sea ,  of deep- and shal low-water envi
ronmen ts, especia l ly the reef develop
ment, was closely inf luenced by the 
geodynamic processes du ring the Cre
taceous- Paleogene. Plattarms in  shal
low -water zones with biegenie bu i ld
ups inc luding a lga l  associat ions deve
loped not only in the He lvetic Zone, but  
also in  the Austroalpine Be l l .  The depo
sits of Flysch and U l trahelveticum,  
although having been formed dur ing 
the t ime- period of  Cretaceous to Paleo
gene, consist main ly of pelagic and tur 
bid itic sed iments wi th rare reworked 
shal low -water carbonates contain ing 
algae. For th is  reason these Ieetonic 
un i ts wi l l  not be d iscussed any further 
here. 

2. Helvetic Zone 

The He lveticu m is  a d istinct ,  east -west 
strik ing Ieetonic bell, extending from 
Upper Bavaria to northern Switzerland 
(fig . 1 } .  l n  the west it is wide, bei ng com
posed of three facies zohes. 
Towards the east the Helvetic u n i !  nar 
rows increasi ng ly, as a result of  nappe 
overth rusting of southern Ieeton ic un i ts, 
so that sou th of Lake Ch iernsee it has 
been completely overthrusted by th e 
Flysch and the Northern Calcareous 
Alps (HAG N  1 960 ; PFLAU MANN 1968; 
FRE IMOSER 1 972 ; ZAC H E R  1973; 
H E RM 1981) .  
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Fig. 1 :  Teetonic-geographie map of the Eastern Alps, showing the position of the main Cretaceous to Paleogene deposits of the 

Northern Calcareous Alps and the Helvetic Zone with regard to shallow-water carbonates (alter FLÜGEL  1 987; WAGREICH 1 991 ; 
LEISS 1 992 and p resent study) . 
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Nortl1ern Calcareous Alps 

1. Mu ttekopt area (Upper Coniacian Upper Maastrichtian) :  shal low-water carbonates: 
Maastrichtian: as reworked components within turbidites and olistostromes (WOPFNER 1 954; 
LE ISS 1 987; 1 988a ,  b, 1 992). 

2 .  Brandenberg area (Upper Coniacian - Campanian): shal low-water carbonates: Upper 
Coniacian - Santonian: as clastic deposits and bioconstructions (" northern lacies") (HERM 
et a l .  1 979; LEISS 1 987, 1 988a , b). 

3. Lower lnn Valley area (Upper Coniacian M iddle Eocene): shal low -water carbonates: • 

Coniacian -? Lower Santon ian :  as transgressive series; • Maastrichtian , Paleocene, Eocene: as 
reworked components within turbid ites and ol istostromes (Kössen , N iederndorl ,  Sebi), as 
reworked pebbles with in a l luviallfluvial lans ol  the Angerberg Beds (Upper Oligocene); ' Upper 
Eocene - Lower Oligocene: as transgressive series (Oberaudorl Beds, Pnabonian; Häring 
beds, Lower Ol igocene). (HAG N 1967, 1981 ; ALLERSM EIER 1981 ; WEIDICH 1984; 
MOUSSAVIAN 1984). 

4. Bad Reichenhal l  · · ·  Sal7burg area (Coniacian ·· Upper Eocene): shal low- water carbonates: ' 
Coniacian : as transg ressive series (G ianegg); Lower Santonian: as transgressive series and 
rud ist -dominated barrier reel (Untersberg ;  Lattenberg 
" Krönner Riff" ) ;  ' Maastrichtian, Paleocene, Eocene: as turbid ites and ol istolites; ' Lower 
Priabon ian : as transgressive series and coral -algal biostromes (Eisenrichterstein) (HERM 1957; 
H I LLEBRAN DT 1962 , 1 98 1 ;  HAG N 1967; HAG N et a l .  1 981 ; OBERHAUSER 1980; HÖFLING 
1 985 ; LEISS 1 987, 1 988a, 1 988b; DARGA 1992). 

5. Gosau - Abtenau - Rußbach area (Coniacian · M iddle Eocen): sha l low-water carbonates : ' 
Con iacian - Lower San tonian: as transgressive series and coral - alga l ·· and rudist - dominated 
bioconstructions I biol i thites; • Uppermost Cretaceous M iddle Eocene: reworked components 
within turbidites and ol istostromes (Schorn , Abtenau) (W I LLE- JANOSC HEK 1 966 ; TOLLMANN 
1976; OBERHAUSER 1980;  MOUSSAVIAN 1984:  HÖFL ING 1985; FAU PL et a l .  1987; WAG REICH 
1 988). 

6. Wörschach - Weyerer Bögen Gams area (Coniacian Lower Eocene): shal low - water 
carbonates: ' Con iacian - ? Lower Santonian: as basal transgressive series; ' Campanian -
Upper Maastrich tian , Paleocene: as reworked components with in turbid ites and ol istostromes 
(Wörschach) (JANOSCHEK 
1968 ;  POBER 1 984; MOUSSAVIAN 1984 ;  FAUPL et a l .  1987; WAG REICH 1991) .  

7 .  Mariazel l  G rünbach/Neue Weit G ießhübel area (?Upper Con iacian Paleocene): 
shal low- water carbonates : ' Con iacian Lower Maastricht ian :  as transgressive series, 
rudist- /dominated bioconstructions and s i l iciclastic carbonates (Grünbach/Neue Weit); ' Upper 
Maastrichtian ,  Paaleocene: as slid ing mass and reworked components within turbitides and 
o l istostromes (Kambü hel , N ol Ternit7 ; Pr iggl i t7; Schatkogei/Mooshuben ; G ießhübel} 
(PLÖCHINGER 1967, 1 980; TOLLMANN 1976; LE IN 1982;  OBERHAUSER 1980;  FAU PL et a l .  
1 987) 

Hel veti<� Zone 
8. A l lgäu - Vorarlberg (Upper Barremian Lower Aptian): Schrattenkalk plattarm carbonates, 
including bioconstructions (e. g. l l ten area , W. ot Oberstdort) (ZAC HER 1973; SCHOLZ 1984;  
BOLL INGER 1 988). 

9. Kressenberg area - Haunsberg area (Upper Paleocene - Lower Eocen ;  Southern Helvetic 
Zone): coral l inacean -
dominated biol i th ites and detrital carbonates (" Unterer Lithothamn ien kalk} (TRAU B 1953; 
HAG N 1960, 1 967; HAG N et a l .  1 981 ; GOHRBANDT 1963 ; VOG ELTANZ 1970 ; KU HN 1 992). 

1 0. Rohrdort ·- Kirchberg - Neubeuern area (Upper Middle Eaocen - Upper Eocene; Northern 
and Southern Helvetic Zone): cora l l inacean --dominated biol ithites and detrital carbonates, 
" Lithothamnn ienkalke", addit ional ly other tacies types ol shal low- water carbonates as 
turbidi tes and ol istol ites (HAG N 1954, 1967, 1 973; HAG N  et al . 1 981 ; DARGA 1992; HAUSER 
1992). 



The Helveticum developed on the Me
so -European shelf dur ing the Ju rassie 
with shal low -water carbonates which 
are only exposed in the west, however. 
Deposition ,  which Iasted up unt i l  U pper 
Eocene, consists of n umerous sequen
ces, ind icat ing sea-level fluctuations, 
sed imentary d iastems and condensati
on phases (WITT 1981 ; H E R M  1 982 ;  
TOLLMANN 1 985). 
The var ious Cretaceous formations and 
members developed for the most part 
on an extensive platform wh ich on its 
southern flan k was g radual ly subsid ing 
and becoming increasingly differen tia
ted (camp. ZAC H E R  1 973; H E R M  1981 ;  
BOLL I N G E R  1 988; WYSSL ING 1 986; 
FÖLLM I 1 989). 
Facies di fferentiation may also be ob
served between the weslern and the 
eastern Helvetic Zone, which developed 
dur ing  Upper Cretaceous to Paleogene 
(HAG N  1 960, 1978; HAGN et al. 1981 
1 981 ; H E R M  1 982,  TOLLMANN 1 985).  
The so -cal led U ltrah elvetic Zone, 
wh ich orig inal ly has been situated on 
the southern marg in  of the Helveticum 
(" Southern Facies" - sensu TOLL
MANN 1 985), is characterized by a 
var iegated marly series (" Bu ntmergel
serie" ; Late Cretaceous- Paleogene), 
which is considered to represent depo
sits of the Meso - E u ropean cont inental 
slope. 
I I  has been hypothesized !hat between 
the U ltrahelveticum and the Flysch Zo
ne as a deep -sea trough  a sill bell on
ce existed , which locally formed subma
r ine barriers (see HAG N  1 960, 1 978, HA
G N  et a l .  1981 ;  " Cetic Ridge" ) .  
Helvetic Platform carbonates conta in ing 
bioconstructions and algae associati
ons are l im ited to the time period Barre
mian - Early Aptian .  The main area of 
d istr ibution of the algae - bearing shal-
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low- water carbonates l ies in the vicin ity 
of Al lgäu -Vorarlberg (figs. 1 , 2 ,3). 

2.1 Teetonic and palaeogeographic 
survey 

i n  the Early Mesozoic the Helvetic area 
sti l l  had the characteristics of the Ger
manie facies realm.  in the course of the 
U pper Jurassie this sou thern mobile 
margin of the Meso -European conti
nent and respectively the northern mar
gin of the Tethys, g radual ly became an 
autonomaus depositional bell (compare 
also ZAC H E R  1973 ; SC HOLZ 1 984; 
BOLL INGER 1 988). 
The integration of th is zone into the Pen
n in ie realm began simu ltaneously with 
the development of the North Penn in i 
cum (Valais) and the open ing of  the 
South Penn in ie ocean . As a resu lt of the 
d iastroph ism dur ing Early Cretaceous, 
the North Pen n in ie ocean , beg inn ing in 
the south , became increasingly more 
d i fferent iated so that , from south to 
north , three facies zones developed: the 
Flysch facies zone in the south , the Hel
vetic facies zone in the north and the 
U ltrahelvetic facies zone in between (a 
temporal and regional development) .  
Dur ing Early Cretaceous the Helvetic 
facies zone was characterized by an 
extensive shal low -water environment,  
wh ich was influenced by episodic sea 
level fluctuations and which in a 
southernly d i rection passed into a con
t inuously subsid ing pelag ic environ
ment (OBE RHAUSER 1 968, 1 978; 
H E R M  1981 ;  ZAC H E R  1 973). The 
Sch rattenkalk Formalion evolved out of 
the predominantly pel itic Drusberg For
mation .  
As the  result o f  a shal lowing - u pward 
process (BOLL INGER 1 988) contem
poraneously with the worldwide expan
sion of the " U rgon ian Reets", an exten-
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sive carbonate platform h aving biocon 
structions first developed dur ing Barre
m ian to Lower Aptian .  The g rowth of 
biegenie bu i ld u ps with algal assembla
ges was regu lated by the new palaeo
geographic, c l imatic and envi ron mental 
g lobal cond i tions. 
The demise of the reefs in the late 
Lower Aptian was di rectly con nected 
with a d rown ing process of the Helvetic 
platform. The subsequent sediments 
(phosphorite-r ich , condensed Lu itre 
Beds, etc. ; f ig .3) and the palaeogeogra
phic changes, wh ich were being cau 
sed by geodynamic events, ind icate 
new seaways and cl imatic and oceano
yraphic changes (FÖLLM I 1 989). 
Cl imatic change and the evident inf lux 
of cold -currents appear to be the im
portant regu latory factors resu lt ing i n  
t he  extinct ion o f  t he  bioconstructions in  
the Pen n in ie rea lm.  The changing pa
laeogeograph ic condit ions and the con
tin uous sea- level f luctuations led to the 
U pper Cretaceous g radually increasing 
facial d ifferentiat ions with in the Helvetic 
Zone, not on ly from north to south , but 
also from east to west. A general re
gression taking place towards the end 
of the Cretaceous an d Iasting i nto the 
Eocene led to the raisi ng  of the northern 
Helvetic marg in (see chapter A4). 

2.2 The Schrattenkalk  carbonate 
platform 

The evolut ion and in creasing facies d if
ferentiation of the Helvetic platform be
gan with the Sedimen tation of Sch rat
tenkalk l imestone. The platform deve
loped into a shal low, gradually sloping 
ramp with in ternal and external facies 
areas (fig .3,4) ; in it ial ly, in  lower Sch rat
tenkalk ,  Orbitolina Beds and oolites, 
b ioclast san dbars as weil as in termittant 
mol lusc beds and associations of 

encrusting organisms (" pioneer phase" ) 
were dominating ;  later, in upper Schrat
tenkalk, bioconstructions, consist ing of 
encrust ing , massive and col umnar co
rals, demosponges and algae deve
loped over the hard su bstrate which 
was previously stabi l ized by requ ieni id 
rud ists or other mol luscs or pioneering 
encrustors. 
The Sch rattenkalk Formation is you nger 
in the north ( Upper Barremian) than in  
the south (Lower Aptian), where i t  in ter
f ingers with the predominant ly pelit ic 
Dru sberg Formation , wh ich also consti
tutes the base of the platform sediments 
(ZACHER 1973; SCHOLZ 1984; BOL
L INGER 1988;  fig .3). Th is sh ows that 
the progradation of Schrattenkalk facies 
began in the north and that ,  dur ing the 
time - period of  U pper Barremiam to 
Lower Aptian , i t  formed a conjectu red,  
over 20 km wide carbonate platform , 
which wedges out to the south .  

2.2 . 1  Facies and algal associations 
The isoclinal Sch rattenkalk ramp may 
be su bd ivided from north to south into a 
number of facies areas: in ternal ramp, 
external ramp and muddy ramp 
(" muddy shelf", BOLL INGER 1 988;  fig .  
4). These facies zones are extensive 
and they exh ibit  str iking un iform ity. The 
tran sit ions between the ind ivid u al facies 
zones occur gradual ly ;  the facies chan
ges Iake place over relatively large d i 
stances. Locally l im ited th ickets of 
biostromes and patch reefs, a few me
ters in d iameter at the most and about 
2.5 metres in th ickness, characterize the 
reef facies i n  the in ternal and external  
ramp. These organ ic bu i ld ups, because 
of their h igh mud contents, may be con 
sidered to be reef-mounds. The most 
important sedimentological and palaeon
tological characteristics of the interna! 
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Uneavered outline map of the Allgäu Helvetic Zone 
(after SCHOLZ 1 984) . Main outcrops: LB = start of 
Lochbach Road, EK = Engekopf, RO = Rohrmoos, 
JF = Gottesackerplatt, UG = Lower Gundalpe, FB 
= Falkenberg, LA Lochbachalpe, SB 
Schwarzenberg, KR = Källerucken, KT = Kürental 

Fig. 2 
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- - Resedimente � Oie lilhoslrallgraphlschen Einheiten im Helvetikum von Vorarlberg und 
Allgäu (Hau terivian-Aptian) 

Fig. 3: (from BOLLINGER 1988) 
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Platform modal: Facies zones of the Distal Eastern Helvetic Shelf (after BOWNGER, 1988). 
Distribution ar algae: Cyanobacteria and red algal associations occur within the 
bioconstructions or the internal and eKternal platfarm, whereas the green algae are 
restricted to lhe internal platlorm. 

Fig . 4 
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and external plattarm areas may be 
sum marized as fol lows: 

I n terna! p latform (fig .5): 
General ly red uced hyd rodynamics, in
d icated by calcareous mud ;  h igh ly 
d iverse commun i lies, mostly autoch 
thonaus to para-autochthonous (espe
cial ly orb itol in id foram in ifera), encru
sting to massive g rowth of cora l-stro
matoporid -chaetetid - dominated assa
ciat ions (pl . 1 ) ,  reduced grawth af red 
algae and dendroid corals, occu r rence 
of typical elements af the internal plat
tarm (rud ists, green algae), str ik ing ly in
tensive bor ing activity by mol luscs, the 
developmenl of in tert idal and supratidal 
environments. 

Exlernal  platfarm:  
Moderate to h igh hydrodynamics (BO L
L I N G E R  1 988) , character ized by h igh 
mobi l i ty of lhe substrate; generally less 
diverse assaciat ians (mostly Orbilo l in i 
dae) except with in the biacanstructions; 
the absence of rud ist biostromes and 
g reen algae ; massive growth af encru
sting red algae; camman accurrence af 
dendroid ar branching algae and ca
rals. 

Algal associatians (p l . 1 ) :  
Cyanaphyles and rhodophytes cantri
bute sign ificantly ta the constructian af 
the biogenic bu i ldups and lh ickets. 
Their imporlance l ies in lh eir en
crusting , sediment- and frame-stabi l i 
z ing abi l i ly. 
The red algae consist af solenopara
ceans, coral l inacean s and peyssan nel i 
cean s of low d iversity. The abundance 
of ind iv idual species increases towards 
lhe external plalfarm .  The ch larophytes 
recarded belang Ia the dasyclada
cean s. 

• Cyanophytes (cyanabacteria): 
M u l lispecific morphatypes: 
Oncaid/caated g rains, 
Tubiphytes sp. , 
tubiphytoid morphotypes (pl . 1 /5) ,  
morphotype- complex Lithocodium/ 
Bacinella. 

Monospecific forms: 
Koskinobullina socialis CH ERCHI  & 
SC HRO EDER,  
Thaumatoporella sp. , 
Rivularia sp. , 
Pycnoporidium lobatum YABE & 
TOYAMA. 

• Rhadophytes: 
Sa lenoporaceae: 
Solenopora urgoniana 
(pl . 1 / 1 ) .  

Coral l inaceae : 

PFEN DER 

Kymalithon belgicum (FOSLIE)  
LEMO I N E  & E M BERGER.  
"Archaeolithothamnium" rude 
LEMO I N E  (pl . 1/3), 
Parakymalithon phylloideum (BUCH & 
DRAGASTAN) MOU SSAVIAN (p 1 . 1 /2 .4) . 
Coral l inaceae gen .  et sp. in det . 

Peyssannel iaceae : 
Pseudolithothamnium album 
PFE N D ER,  
Crassethe/ia suevica MOU SSAVIAN 
(p l . 1/2), 
Peyssannel iaceae gen . et sp. indet . 

• Chlaraphytes 
(according ta SCHOLZ 1 984; SO LL IN 
GER 1988; pl . 1 /6). 
Dasycladales 
Salpingoporella mueh/bergii (LO R E NZ) ,  
S. hasi CON RAD, RADOI CIC & REY, 
S. meliatae RADO ICIC,  
S.aff. biokovensis SOKAC & VELIC ,  



Pseudoactinoporella fragilis (CON RAD) 
CON RAD & PEYB E R N ES, 
Carpathoporella fontis (PATRU L I U S) .  
Heteroporella sp . .  
Neomeris cf. 
cretacea STE I N M AN N ,  
Acicularia elongata CAROZZI ,  
Acicularia sp . .  
Boueina sp. 

3. Austroalpine realm 

3.1 Lower to Mid - Cretaceous 
(B erriasian -Turonian) :  

a l lochthonaus carbonates 
The present geo log ical situation only 
al lows Observations of the sedimentary 
developmenl of the post -Tu ronian shal
low-water Gosau g roup carbonates. ln 
vesligations of lhe reworked allochtho
naus carbonale components of the va
r ious deposits, sedimented dur ing Early 
Cretaceous to M iocene in the Northern 
Calcareous Alps and lhe Molasse, show 
thal Crelaceous shal low -water carbo
n ates of Austroalpine or ig in were not 
l im ited to the Gosau group. On the 
contrary, n umerous d i fferen t shal low
water facies lypes of lhe Lower and 
mid -Cretaceous age have been pre
served as ol islol iths, turbid ites and 
pebbles, wh ich had their or ig in i n  other 
Ieeton ic u n its. The facies and the algal 
flora of some of lhese ch aracteristic 
facies types wi l l  be briefly d iscussed 
below. 

3.1 .1 Teetonic and paleogeographic 
survey 
The compressional phases dur ing the 
Lower and mid -Cretaceous, wh ich 
were due Ia subduction in  the Pen n in ie  
ocean, caused on the one hantl u pl i ft 
and lemporari ly the instal lmenl of shal
low -water environmenls an lhe forlh-
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coming h igher nappes, and an the 
other hand synorogenic sed imenlation 
in the frontal pelag ic basin and tren
ches of the teclon ically active zones. 
The short time Iasting shal low-waler 
areas of the pre-Gosau Cretaceous. 
wh ich once existed in various Austroal
pine un i ts, were soon eroded in conse
quence of elevation or covered tecloni-
cal ly by overthrust ing ("Austrian 
Phase". " Medi terransan Phase" 
Albian -Tu ron ian:  TOLLMAN N 1 963, 
1966, 1989). 

3.1 .2  Al lochthonaus carbonates of the 
northern margin of the Calcareous 
A lps 
Relics of Lower to mid -Cretaceous 
shal low-water carbonates occur as ol i 
stol i ths in the Losenstein Beds (Aibian 
Vraconian ; p 1 . 2/1 , 2 ,4)) and lhe Brander
f leck Beds (Vraconian -Tu ronian ; p 1 . 2/3) 
of the north ern -most i .e. tecton ically 
lowest Ausirealpine un ils: M arg inal 
Cenomanian (" Cenoman - Randschu p
pe" ) ,  Allgäu Nappe, northern part of the 
Lech tal Nappe (GAU PP 1 980, 1983; 
fig .6). The reworked carbonates are 
mainly found in the weslern part of the 
Calcareous Alps (AI Igäu) .  Their pr imary 
deposit ional area was hypolhelically 
situated in  the norlh of the Upper 
Austroalp ine. an already lang ago ero
ded and subducted si l ls :  " Rumunic 
Ridge" (Lower Austroalpine:  GAU PP 
1 980, 1983) or " U l lrapien idic Ridge" 
(Middle Penn in icum:  TOLLMANN e.g.  
1 989). 
ln  the inner parts of the Calcareous 
Alps,  especially in lh e region of the lnn 
and Salzach rivers, an the Lech tal 
Nappe as wei l  as an the Tyrol ian Nap
pe, numerous al lochthonous. Lower 
and mid-Cretaceous deposits occu r, 
wh ich are also fou nd as eroded 



A3 
pebbles i n  younger Cretaceous and 
Paleogene sed iments, tor example the 
reworked carbonates ot the Gosau de
posits (pl . 2/3). 

Facies and algal associations 
Gase study: Losenstein Beds. 
The man ito ld reworked Cretaceous 
shal low -water carbonates ot the Losen
stein Beds are d istributed with i n  the 
time in terval ot Berriasian to Albian , 
where a sure documentation tor the 
in terval Hauter ivian to Lower Barremian 
is missing  (com pare also GAU PP 1983). 
The components ot Upper Barremian to 
Lower Aptian are clastic, toramin itera
rich sed iment types; the tacies ind icates 
a l i toral environ ment intluenced by 
sea -level tluctuation s. 
The most abundant carbonate ol is
toliths  are ot Aptian to Albian age. They 
are main ly part biol ith its, biospar ites or 
biomicr ites with i n  part  streng intlux  ot 
terr igenaus detritus. The biol i th its are 
predominantly composed ot sh eet- to 
mou n d - l ike corals, demosponges 
(chaetetids, stromatoporoids) an d the 
algal groups cyanophytes, coral l i 
n aceans, peysson nel iaceans. Encrus
t ing toraminitera (Piacopsi l in idae, 
Coskinophrag matidae) are rare. 

The most abundant algae ot the Albian 
pebbles are (pl . 2/1 , 2 ,4) :  
Kymalithon belgicum (FOSLI E)  
L E M O I N E  & E M B E RG ER ,  
Paraphyllum primaevum LEMO I N E ,  
P amphiroaeforme (ROTH PLETZ) 
LEMOI N E  and 
Agardhiellopsis cretacea LEMO I N E . 

3.2 Late Cretaceous (Gosau group) 
The Ausirealpine Gosau sediments 
were deposited d iscordantly over the 
previously tolded nappe systems in nu -

merous basins du r i ng  the t ime-period 
of Con iacian to Eocene (fig .6) . Th e 
Gosau deposition started as a result  ot 
a tecton ically control led t ransgressional 
cycle and Iasted only in  some ot the 
basins u nti l Eocene (figs .1  ,6) .  The expo
su res of the Late Cretaceous shal low 
water carbonates of the U pper Austroal
pine (Northern Calcareous Alps, Centrat 
Alps) were mainly deposited du ring the 
interval Con iacian to San ton ian .  Algal 
associations occu r tor the most part in 
the biogenic bu i ldups and clastic car
bonates. The youngest Gosau deposits 
of the Austroalpine un its are repre
sented by deep -water basin sed i
ments, in which, towards the top, usu
ally syn orogenic i n tercalations occur. 
These are ol istostromes and tu rbid ites. 
They contain reworked shal low- envi
ronment material with biol ith its and 
algal flora (tigs.1 ,6) . 
l n  the fol lowing two Gosau basi ns con 
ta in ing the above mentioned sed iments 
have been chosen in order to briefly de
scribe the i r  development and algal con 
tents. 

3.2.1  Teetonic and palaeogeographic 
su rvey 
Towards the end of the mid -Cretaceous 
t ime, the subd uction processes led to 
the coll ision of the Austroalpine with 
M idd le Pen nin icum (" Mediterran ian 
ph ase" : TO LLMAN N e.g 1 986, 1989) . 
At the beg inn ing of Late Cretaceous, 
the essential features of the nappe 
structure had already been establ ished , 
so !hat this region (Northern Calcareous 
Alps and Centrat Alps) was for the most 
part dry land un dergoing erosion 
(TOLLMANN 1976; OBER HAUSER 
1980; H E R M  1982;  FAU PL e t  al . 1 987; 
LE ISS 1988 a, b, 1990 a ,  b ;  WAG REICH 
1991 ) .  Extensive later it ic products and 
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E 
reef-facies with 
encrusting I nodular 
corals, stromatoporoids 
and chaetetids 

0 

bioclastic facies 
with isolated 
encrusting associations 

requieniid pavement 

Schematic reconstruction of a small Schrattenkalk 
moud reef within the internal ramp: A substrate 
stabilizing requieniid pavement becomes colonized 
by isolated encrusting associations dominated by 
cerals (e.g .  Polytremacis, stylinidae) and demo
spongia (e.g .  Diparistomaria, Chaetetopsis) . By 
increasingly dense growth of encrusting - nodular 
metazoa, red algae and cyanophyceae a small 
mound reef develops. (after MoussAVIAN. unpubl.) 

Fig . 5 
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Fig. 6. Stratigraphie ranges of Cretaceous deposits within the various nappe systems in 
the weslern part of the Northern Calcareous Alps (compiled by LEISS, 1 990, based an 
various authors). 
A = Marginal Cenomanian ("Randcenoman"), B = Falkensteinzug (FSZ) = oulier of the 
anterior end of Lechtai-Nappe/Stoffelmühle, C = Allgäu-Nappe, D = northern part of 
Lechtai-Nappe/Branderschrofen. E = southern part of Lechtai-Nappe/Griesbachalm. F = 
Muttekopf-Gosau, G = Middle Styrian Gosau. 

Fig. 6 
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fan - regimes docu ment thorough wea
theri ng ,  erosion and marked rel ief-for
mation of the U pper Austroalpine 
Nappe Camplex du ring the mid -Creta
ceous desiccation period . 
At the latest, starting with Con iacian ,  
t he  transgression coming from the 
north ,  northwest or  from a lateral d i rec
t ion reached the inner  part of the Calca
reous Alps. The ingressing  Gosau sea 
f irst entered the morphological ly dee
per ly ing basins and depressions (lower 
n appes), whereas the h igher areas (to
pographic h ighs, h igher  n appes) later 
became inundated with r is ing sea-level 
(LE ISS 1 988 a ,b) .  The d iaehrenie inun
dation of  the differen t Gosau basins and 
the varying sedimentary cond it ions, 
which were being control led by com
pressional tectonics, led to the forma
tion of d iach ronaus and d i fferent se
quences of bedd ing .  The topographic 
h ighs du r ing Con iacian and Santon ian 
were in it ial ly characterized by shal low
water sed imentation,  beg inn ing with 
clastic deposits, wh ich in many areas 
change to ru d ist - or rud ist-coral 
dominated facies (e.g . Brandenberg , 
Salzburg - Reichen hal l ,  Grün bach 
Gosau) .  
After a phase of subsidence, which,  
du  r ing Santonian , affected I arge parts 
of the weslern and middle Calcareous 
Alps, a renewed,  tecton ical ly control led , 
regional shal lowing upward process led 
again to the formation of shal low-water 
areas with biegen ie bu i ld u ps in some of 
the basins  (e.g . Gosau basins of Bran
denberg , Wolfgangsee, Gams) .  

The general i ncreased su bsidence of 
the entire Northern Calcareou s Alps 
Iook place in late U pper Cretaceous, 
where the southeastern areas (G rün
bach -Neue Wei t) were first effected 
dur ing M aastr ichtian . 

A3 
Continued subsidence u nt i l  Paleogene 
led to  the in tegration of  the Calcareous 
Alps in to the pelag ic reg ime and in 
creasing  synorogenic sed imentation .  
The compressive in traplate - troug hs, 
wh ich were characterized by steep 
southern slopes, became the depocen
ters of  the ol istostrome and turbid ite 
erosional materials, wh ich had their 
sou rces in the topographically h igher, 
southern ly-adjacent nappes (LE ISS 
1 990 a ,b,c). The eroded shal low-water 
carbonates and organ ism associations 
in the ol istostromes and turbid ites of  
M aastrichtian to  Eocene age docu ment 
that contemporary p latforms existed on 
top of the adjacent U pper Austroalpine 
nappes in the south and that they were 
gradual ly d isin tegrating (see chapter A4 
Paleogene). 

3.2 .2  Facies and algae associat ions 
Gase study: Branden berg Gosau 
ln the Brandenberg basin the tran sgras
sianal sequence began in Early Conia
cian with clastic sediments over the ter
restrial formations. ln the course of th is 
development, the northern and north
eastern parts of the basin remained un
der the influence of shal low -water sed i
mentation and then experienced 
regressive Iendeneies dur ing Early San
ton ian .  At  the same time, the southern 
adjacent basin area experienced in
creasing su bsidence (HERM et a l .  1 979; 
LE ISS 1 988 a, b ;  1990 a; f ig . 7). 
An over 40 m thick sequence along the 
Krauthergraben (" Atzlgraben", SE Bran
denberg ; f ig .7) docu ments the shal
low- marine environ ment of the " n orth
ern facies" showing an in terbedding of 
biegenie sediments with predominan tly 
l i thoclastic and partly terr igenaus de
posits. The two bioconstruct ions that 
occu r in the section are a coral -algal -
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dominated biostrome (pl .3) and  an  Hip
purites- bui ldup  (compare HÖF L I NG 
1 992) .  Thanks to the activity of the en 
crusting and b inding red algae and 
corals the biostrome cou ld develop on 
instable, aren itic substrates of an open 
marine su btidal envi ronment .  Further 
associated organ isms were bryozoans, 
sponges and encrust ing foramin i fera. 
The ru d ist-bui ld u p  evolved in i tial ly to
wards the top of the section in a la
goonal environment ,  in  which the last 
coral - algal encrustations had al most 
been completely replaced by the ru
d ists. Th is smal l  monospecific biocon
struction is bu i l t  up in  a bouquet- l ike 
arrangement by the species Hippurites 
sulcatus (HERM et a l .  1 979, HÖFL ING 
1 992) .  Reef-dwel l ing organisms occur 
only sporad ical ly. Encrust ing activities 
are l imi ted substantial ly to the cyano
phytes (including the morphetype 
complex Lithocodium I Bacine/la) and 
agglutinat ing foramin ifera . This facies is 
rep laced u pwards by a rud ist-coral 
dominated facies. in wh ich chlorophy
tes also begin to appear beside red 
algae. 

Algal associat ions 
The d istr ibulion of the algal f lora and 
their  frequency depends u pon the 
respective facies type. 

Coral -algal -biostromes: 
ln this facies type chlorophytes are ab
sent. Cyanophytes decrease in com
parison to rhodophytes which are abso
lu tely dominant in  the encrustations. 
The most freq uently occurr ing forms 
are (pl .3) : 
Parachaetetes sp . .  
Sporolithon gosaviense (ROTHPLETZ) .  
S. cretaceum (PFE N D E R) and 
Pseudolithothamnium album PFENDER 

Peyssonnel iaceae gen . e t  sp. indet ,  
Pycnoporidium sinuosum JOHNSON.  

Rudist-bioconstructions: 
The organism d iversity is strong ly re
duced.  There is a complete absence of 
green algae. The red algae only appear 
at the base and on the top of the 
bui ld ups. The on ly abundant elements 
are cyanophytes (especial ly Lithocodi
um/Bacinella) . 

Rudist -coral - biostromes: The organ
ism d iversity is  d istinctly h igher  i n  th is  
facies. The most frequent algae belang 
to the coral l inacean s and dasyclada
ceans. e .g .  
Neomeris sp. , 
Cymopolia sp . .  
Acicu/aria s p  . .  
Halimeda sp. 

Case study: 
Gosau of Salzburg - Bad Reichen hal l  
The Gosau sea invaded the lower ly ing 
regions first (G ianegg,  Tyrolian Nappe) . 
II began in the M idd le Coniacian with 
the deposition of clastic series, later, as 
a resu lt of increased subsidence, pela
gic sed imentation Iook place (compare 
H E R M  1 962 , 1 98 1 ;  LE ISS 1 988 a .  b ;  
1990 a; MOU SSAVIAN e t  a l .  1990 ; 
fig .8) .  As a con seq uence of a con ti 
nuous sea- level r ise the h igher  nappe 
system (Juvavic N appe Camplex with 
the i r  uppermost unit Berchtesgaden 
Nappe) is f inal ly inundated in Lower 
Santon ian . Along the front of lhis Ieeto
nic un it (Untersberg-Lattenberg) a coar
se- to medium -grained,  clast ic trans
gressional series is in it ial ly deposi ted 
followed by the Sed imentation of bioge
nic carbon ates; now a Hippurites-do
minalad barr ier  reef complex. with 
var ious su bfacies. beg ins  to develop 
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Selected profile columns of the Brandenberg Gosau Basin, representing different 
sedimentological and biofacial developments during the Upper Coniacian. 

Profile 1 (Trauersteg) shows the retrogressive development of an alluvial piedmont regime. 
Profile 2 (Oberberg) illustrates a nearshore sand bar complex with differentiated facial 
relations in the lower part, overlain by a thick succession of reworked sediments 
(sandstones, conglomerates). 
Profile 3 (Atzlgraben") shows a shallow water environment, characterized by siliciclastic 
and biogenic carbonates, coralgal and hippuritid bioconstructions. 
Profile 4 (Mösi-Mühlbach) represents the basin facies of pre-gosauic formed intra-plate
throughs. 
(after LEISS 1 987). 

1 . , Triassie beds 
2., block breccia 
3., laterite/(bauxite) -

lateritic-bauxitic wack-/packstone 
4. ,  fine breccia 
5., conglomerate/pebbles 
6., massive sandstone, litharenite 
7. ,  litharenite with stratified structures 
8., litho-/bioclastic calcarenite, 

sparitic matrix 
9., litho-/bioclastic wackestone 
1 0., litho-/bioclastic packstone 
1 1 . , brackish siltite/mudstone 
1 2  . .  sheeted hemioelaaic marl!=i 

1 3. ,  plasticlasts - bioclasts, -morpha 
1 4. ,  Gastropoda, 

mostly Cerithiidae and Nerinacea 
1 5. ,  Hippuritacea, mostly Radiolitidae 
1 6. ,  Hippuritidae-cluster/-ticket 
1 7., Bivalvia, e.g. Cardiidae, Nerineidae, 

Pectinidae, Arcidae 
1 8. ,  colonial corals, 

e.g. Actinacis multilamellata, 
Polytremacis partschi 

1 9. ,  cyclostomatic bryozoans 
20., irregular echinoids - Atelostomata 
21 . ,  Cephalopoda - Ammonoidea 
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Lattenberg

shallow marine tacies 

Paleogeographic reconstruction ot the Gosau Deposits in the Reichenhall - Salzburg - Ba
sin during (Upper Coniacian) - Lower Santonian. Large areas ot former dry land are sub
merged, only geographic highs (peaks and plateaus of Reiteralp Nappe (Juvavicum) and 
Tirolicum) remain above sea Ievei. The centrat part ot the basin (Gianegg bassin facies) is 
located in the Tirolicum, in front of the Juvavic Nappe. ln the shallow marine area at the 
margin of the Juvavic Nappe rudist dominated barrier reefs develop (Lattenberg- "Krönner" 
Reet) (alter LEISS, 1 987). 

Fig . 8 
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lnvertebrate associations: 

algal associations: 

backreef • lagoonal 

zone 

epibenthic coral· 

trochid-naticid· 

assoc. 

epibenthic udoteacean

dasycladacean-assoc. 

encrusting corallinacean

peyssonneliacean-assoc. 

epibenthic 

radiolitid· 
assoc. 

Fig. 9a 

hlppurltld 

bloconstructlon 

encrusting 

cyanophycean-assoc. 

(incl. Uthocodium/ 

Bacinella, Pycnopo

ridium) 

Iorereet detrltal 

zone 

sessile terebratulid· 

sponge-assoc. 

forereef lagoonal 

zone 

epibenthic 

trochid-potamidid

coral-assoc. 

Lilhocodium

soleonoporacean-assoc. 

Abbreviations: Ha = Halimeda, Da = dasycladaleans, C = "Cardium", Hp = Hippurites, P = Pinna, T = Trochus 

Schematic reconstruction of the Lanenberg biohermal hippuritid-bioconstruction and adjacent recifal 

palaeoenvironments with invertebrate and corresponding algal associations (alter: HÖFLING 1 985, not to scale). 

detrital zone 

of adjacent 

bloconstruction 

� 

A3 



<§] 

backreef 
lagoonal 
zone 
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backreef 
detrital 

barrier 
reef 

forereef 
detrital 

forereef 
lagoonal 
zone 

organism diversity : - algae , - - micro-assoc. ,  - • - : mega-assoc. 
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. 
mean quantitative distribution pattern of algae: 
(after HÖFLING,  1 9ß5) 

lt, ',! Cyanobacte�ia -Rhodophy ta D ch!o;ophy:a 

F ig .  9b 
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(HÖFL ING 1 985; f igs.8,9). The construc
tion of the reef beg ins with a population 
of a sing le species (H. gosaviensis) 
g rowing one u pon th e analher in an in 
cl ined manner with in an extensive 
lagoon (fig .9a , b). The reefs demise in 
the cou rse of a d rowning process due 
to increasing subsidence. The distr ibu
t ion of the algae in  particu lar facies 
zones (pl .4) shows a similar pattern as 
the Branden berg rudist bu i ldups. Algal 

A3 
diversity was strongly l im ited with in  the 
Hippurites-framewerk itself. Here, 
cyanophyte encrustations, especially 
Lithocodium/Bacinella f lourished best. 
The optimal habitat for rh odophytes and 
ch lorophytes was the backreef lagoonal 
envi ronment behind the curren t-ex
posed Hippurites popu lations (fig .9a, 
b). 
References 
See chapter A 4. Paleogene 

Plate 1 :  
Algal associations of the Schrattenkalk carbonate platform , H elvetic Zone (Upper 

Barre mian - Lower Aptian) 

Fig . 1 :  Solenopera urgoniana PEN DER Locality: IIen area, A l lgäu .  x 8. 

Fig.2:  Encrustation microsuccession between Crassethelia suevica MOUSSAVIAN (a) and 
Parakymalithon phylloideum (BUCU R  & DRAGASTAN) MOUSSAVIAN (b). Local ity: Grün ten , 
A l lgäu .  x15. 

Fig .3: Kymalithon belgicum (FOSLIE) LEMOINE & EMBERG ER ,  depicting its characteristic 
sporang ial " sori". Local ity: Untere G undalpe west ot Oberstdort , Al lgäu . x 32 .  

F i g . 4 :  Parakymalithon phylloideum (BUCUR & DRAGASTAN) MOUSSAVIAN ,  showing plumose 
basal part (hypothal lus) and spo - rangial receptacle. Locality: Grünten, A l lgäu .  x 80. 

Fig.5: A tubiphytoid morphetype as characteristic crustbuilder reetal tacies (compare 
MOUSSAVIAN 1 992, p l .24/4) . Locality: Untere Gundalpe west ot Oberstdorf, A l lgäu .  x 30. 

Fig.6: Pelmicrite- cyanophytes- rich microfacies with dasycladacean debris (Salpingoporella 
sp. ) .  Locality: Lochbachstraße west ot Oberstdort . x 20. 
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Plate 2 

Algal associatlons ol the allochthonaus m i d - C retaceous carbonates wlth i n  d ifferent 
Cretaceous deposits, N orthe r n  Calcareous Alps 

Fig .1 :  Kymalithon belgicum (FOSL IE) LEMOINE & EMBERG ER with the cavit ies of sporangial 
"sori". Reworked Albian packstone within the Losenstein Beds Albian). Local ity: near Füssen , 
Al lgäu.  X 80. 

Fig.2: Agardhiellopsis oretacea LEMO INE .  Reworked Albian packstone within the Losenstein 
Beds (Aibian). Local ity: near Füssen , Al lgäu.  x 80. 

F ig .3: Sporolithon sp. intergrown by nubeculariid foraminifers. Reworked Cenomanian biol itite 
with in the u pper Branderfleck Beds (Turonian). Local ity: Branderfleck near Füssen, A l lgäu .  x 80. 

Fig.4: Paraphyl/um amphiroaeforme (ROTHPLETZ) LEMOI NE. Reworked A lb ian packstone 
within the Losenstein Beds (Aibian). Locality: near Füssen,  Al lgäu.  x 80. 

Fig .5: Red algal association composed ot Solenopora sp. (a), Agardhiellopsis cretacea 
LEMOINE (b) , Paraphyllum primaevum LEMOI NE  (c) and other branching fo rms. Reworked 
Alb ian packstone within the clastic Gosau deposits (Upper Coniacian). Local ity: Oberwössen , 
Chiemgau . x 7. 
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Pinte 3 

Algal associat ions of the Gosau G roup:  
Brandenberg Gosau basi n ,  Northern Calcareous Alps. 

F ig .1 : Algal encrustation microsuccession : Pseudolithothamnium album (PFENDER) (a), 
Peyssonnel iaceae gen . et sp. indet (b) , Sporolithon sp. (c) in terwoven by cyanophyte crusts. 
Coral -algal biostromes of the " northern facies" (Upper Coniacian) . Locality : Krauthergraben 
SE of Brandenberg . x 7. 

Fig .2: Coral - algal microsuccession composed of Sporolithon gosaviense (ROTH PLETZ) and 
Microsolena sp. (compare Moussavian 1992). Coral -algal biostromes of the " northern tacies" 
(Upper Coniacian). Local ity: Krauthergraben SE of Brandenberg . x 8. 

Fig .3 : Sporolithon cretaceum (PFENDER), covering a rud ist shel l .  Rudist - coral biostromes of 
the " northern facies" (Upper Con iacian) .  Locality: Krauthergraben SE of Brandenberg . x 8. 

Fig .4: Encrustation microsuccession between Pycnoporidium sin uosum JOH NSON u nd 
Pseudolithothamnium album PFENDER.  Coral -- algal biostrome of the " northern facies" (Upper 
Coniacian). Locality: Krauthergraben SE of Brandenberg . x 22. 
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Plate 4 
Algal associations of the Gosau G roup: 

Salzburg Reichenhal l  Gosau basi n ,  Northern Calcareous Alps 

Fig . 1 - 5 :  Hippurites barrier reef complex (Lower San ton ian) 

Fig .1 :  Cyanephyle crusts as the most frequent postmortal elements with in the Hippurites 
framework .  Locali ty : Lattenberg ,  Bad ReichenhalL x 17. 

Fig .2:  Morphetype complex Lithocodium I Bacinella as an important binding o rganism within 
the Hippurites f ramework and the Iorereet lagoonal zone. Locality : Lattenberg , near Bad 
Reichenhal l . xBO. 

Fig .3: Halimeda sp. (and other Chorophythes) characterizi ng the backreel lagoonal zone 
Locality: Lattenberg, near Bad ReichenhalL x16. 

Fig.4: Fragments of Marine/la /ugeoni PFENDER (a) and Lithocodium - also coral encrustations 
(b) occur in the backreef lagoonal zon e. Locality: Lattenberg, near Bad ReichenhalL x21 . 

Fig.5:  Sporolithon gosaviense (ROTHPLETZ). The branching specimens ot th is coral l ine alga 
ind icat ing the to reduced water energy ot the backreef lagoonal environment . Locality: 
Lattenberg, near Bad ReichenhalL x21 
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