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Introduction 
Only a few autochthonaus rel ics of the 
once extensive Eastern Alpine Paleo
gene h ave escaped ei lher being cov
ered by Ieeton ic nappes or being 
eroded completely. The preserved oc
cu rrences are d istributed in the 
N orth ern Calcareous Alps, the eastern 
Central Alps (Car inth ia) in  th e Helvetic 
Zone and in  the " Waschberg Zone" 
(between Molasse and Vien na Basin ) .  
The g reater part o f  these deposits now 
exists on ly as redeposi ted tu rbidites, 
o l istol iths and pebbles, incorporated in 
d i fferent contem porary or younger sed i 
ments of the Upper Austroa lp ine and 
H elvetic nappes as wei l  as in the Mo
lasse: I nner - Alpine Molasse, Sub -Al
p ine Molasse, Foreland Molasse. 
These autochthonaus and al lochtho
nous, or ig inal ly l i ttoral sed iment  types 
are partly rich in  organic commun it ies, 
inc lud ing cyanophytes and rhodo
phytes, chlorophytes are generally very 
rare. Their environ mental habitals were 
created du r ing the Paleogene and con
temporari ly deformed by synsed imen
tary, Ieeton ic strain . 

1 .  Upper Austroalpine 
1 .  1 .  Occurrences 

N u merous al lochthonaus and au
tochthonous shal low-water carbonates 
occur within the var ious Ieeton ic un its of 
the U pper Austroalpine region 
(Northern Calcareous Alps, Central 
Alps/G raywacke Zone) ;  the most sign if i
cant are the fol lowing (see chapter A3 : 
Cretaceous, fig .  1 ) :  

Al lochthonaus occurrences: 
• Sliding mass and erosional products 
(tu rbid ites, o l istol i ths etc. ) in  the Paleo
cene to Eocene deep -water sed iments 
of d i fferent Gosau basins, especial ly the 
basin of the Lower lnn Val ley (up to 
M idd le Eocene;  HAG N 1967; H AG N  et 
al . 1 981 ; MOUSSAVIAN 1984), Kaiserge
birge (Lower l lerd ian ; ASCHAU ER 1 984) , 
Gosau -Abten au (u p to M iddle Eocene ;  
WILLE -JANOSC H E K  1 966), Wör
sch ach (up to Lower Eocen e;  JANO
SCH E K  1 968; MOU SSAVIAN 1984; 
POB E R  1984), Mooshuben - M ariazel l  
(Lower Paleocene - M idd le  Paleocene ;  
LE IN  1982) and final ly G rü nbach - N aue 
Weit and G ießhübl  (u p to Paleocene;  
PLÖC H I N G E R 1967, 1 980; OBE R HAU
SER 1980; FAU PL et al . 1987; WAG 
RE ICH 1991 ) .  
• Paleogen e pebbles o f  the  I n n er - Al
pine Molasse (Angerberg Beds;  MOUS
SAVIAN 1984) and the Su b-AI 
pi ne/Foreland Molasse (ZÖB E L E I N  
1955; HAG N  1972 , 1976, 1983, 1989;  
HAG N & MOUSSAVIAN 1 980; H AG N  & 
OTT 1 975;  MOUSSAVIAN 1984). 
• Paleogene pebbles of the M iocen e 
conglomerates near Radstadt ,  Pongau 
(" Ennstaltert iär", Central  Alps; TRAUTH 
1918;  MOUSSAVIAN 1984) 

Autochthonaus Occurrences 
• Transgressive Late Pa leocene to M id 
dle Eocene carbonates of  the  Central 
Alps (Car inth ia ;  H I NTE 1 963, W I LKENS 
1985) . 
• Transgressive Late Eocene, (Oberau 
dorf Beds, Lower l n n  Val ley ; HAG N  
1960, 1967; HAG N e t  al .  1981 ; ALLE RS
H E I M E R  1 981 )  and Lower Ol igocen e 
(Här ing Beds, Lower l nn  Val ley ;  OEXLE 
1978; H AG N  et al . 1981 ) .  
• Transgressive Late Eocene ("  E issn 
r ichterstein Beds", Salzbu rg- Reichen-



hal l  basin ;  H E RM 1 957; H AG N  et a l .  
1 981 ; DARGA 1990 ; 1 992) .  
From the facia l  and palaeogeog raphic 
relationships i n terpreted in  the au
tochthonous and al lochthonaus occu r
rences mentioned above we may con
clude that two sedimentary cycles Iook 
place in independent facies realms of 
the Northern Calcareous Alps: 
a) The Late Ausirealpine synorogenic 
sed i mentation in the region of  the 
Gosau basins  ended in the U pper 
Eocene. 
b) The Late Eocen e and Ol igocene 
sed imentary sequences of the weslern 
and central parts of Calcareous Alps 
appear to be rel ics of a new marine 
transgression ,  which began in Late 
Eocene in the northern marg inal bell of 
the Calcareous Alps. 
The relics of on ly one transgressional 
cycle occur within the Central Alps 
(Car inth ia) ;  their sedimentation began 
in  Late Paleocene and Iasted at least 
unt i l  M idd le  Eocene. 

1 .2 .  Teetonic and paleo-
geographic su rvey 

The compression of the Northern Cal
careous Alps generally became 
strenger du  ring the Cretaceous-Ter
tiary transition , so that most of the 
Gosau basins subsided strongly and in  
part sank below the CCD -Ievel 
(N ierental Beds; BUTT & H E R M 1 978). 
Towards the Paleogene, syn orogenic 
sed imentation i ncreased ,  shown by the 
deposition of ol istostromes, turbid i tes, 
deep -sea fans  and deep -sea fissure 
fi l l ings. The enormaus amou nts of ero
ded material brought  into th e overs tee
pened troughs was der ived from the to
pograph ically h igher  Ausfraalpine over
thru sts in the south (Cen tral Alps/ 
Graywacke zone) .  Synorogen ic north-
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wards-d irected sediment- inf lux domi
nated the scene in the N orthern Cal
careous Alps unti l  the beg inn ing  of Late 
Eocene. 
l n  the weslern part of the Calcareous 
Alps, the last ol istostromes and the fin al 
depositions had already Iaken place at 
the end of the Cretaceou s (M uttekopf 
Gosau , LE ISS 1 990 a, b, c), whereas in 
the eastern and northern Gosau basins 
the f inal synorogenic sed imentation 
ended dur ing the Paleocene or respec
tively Eocene; for example: 
Kaisergebirge- Lower lnn Val ley region 
i n  Late Paleocene and in M idd le 
Eocene ;  Salzbu rg - Reichenhal l  basin in 
Late Paleocene/Eocene (compare 
H I LLE BRA N DT 1 98 1 ;  ASCHAU E R  1988; 
MOUSSAVIAN et al . 1 990); Wörschach 
Gosau in Early Eocene (POBER 1 984; 
FAU PL et al .  1 987); and fi nally, on the 
southeastern marg in  of the Calcareous 
Alps du ring Paleocene (compare 
PLÖC H I N G E R  1 967, 1980; TO LLMAN N 
1 976, 1 985; OBERHAUSER 1980; L E I N  
1982;  FAU PL e t  al . 1987) .  
The reworked carbonates al low some 
insight  into the geology and palaeo
geog raphy of the erosional areas in the 
south of the N orthern Calcareous Alps 
d u ring M aastrichtian to Eocene I imes. 
Dur ing sed imentation in the N orthern 
Calcareous Alps, shal low marine 
archi pelago environments were upl i fted 
and soon exposed to erosion in the ad
jacent Ieetonic un its to the south . The 
denudation processes encompassed 
carbonates of almest the entire older 
Mesozoic sedimentary seq uence and 
even the metamorphic basement .  The 
nappe-th rust ing at the end of the Creta
ceou s led to the formation of exten sive 
terrestrial envi ronments, for exam ple the 
sou rce areas of the Muttekopf Gosau in 
the west and the central Alpine areas in 
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schematic reconstruction of the Eisenrichterstein carbonate ramp and adjacent 
paleoenvironments in the lower Priabonian (after DARGA 1 992). 
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the east (compare OBERHAUSE R 1978, 
1980;  LE ISS 1990 a, b, c ;  TO LLMANN 
1 985) . The d ifferent Paleocene shal
low-water sed iment types which have 
been formed as the resul t  of reworking ,  
document the estab l ishment o f  an ex
tensive reefal facies realm which had its 
continuation in the weslern Carpathi
ans ;  Sed imentation began, at the latest . 
dur ing the later part of Danian and 
ranged to the beg inn ing of l lerdian 
(" reef- belt on the sou thern margin of 
the Calcareous A lps" : HAG N  & OTT 
1 975;  "Aipin e -Carpathian reef- belt" : 
MOU SSAVIAN 1984) . These were not 
barr ier reefs, but  mostly smal l - scale lo
cally l imited red alga l-coral -domi
nated bui ldups in a morphologically 
strong ly d ifferentiated facies realm 
wh ich extended from the Calcareous 
Alps to the weslern Carpathians. 
Du ring l lerdian and later in  Early and 
M iddle Eocene, shal low-water deposi
t ion conti nued in close neig hbourhood 
to basinal sed imentat ion .  
Apparently, renewed formation of  exten
sive reefal areas could not become es
tabl ished again . Locally l imited coral l i 
nacean - and coral l inacean -foramin i 
fera -bryozoan -dominated biostromes. 
rhodol i ths and clastic carbonates repre
sented the main facies types in the 
l i ttoral zones of the mobi le -sediment 
areas. 
The termination of marine deposition in 
the sedimentary realms of the reg ion to 
the south of the N orthern Calcareous 
Alps, as a result of nappe-th rusting ,  be
gan dur ing M idd le Eocen e. 
This Ieetonic process led to the north
ward sh ifl of the upl ift - and trough -ax
es, so that g reat parts of the N orthern 
Calcareous Alps also elevated and 
emerged (MOU SSAVIAN 1984; HAG N  
1989;  " l l lyrian Phase" : TOL LMANN e.g .  

1966, 1 985) . The cau se o f  th is  event  i s  
considered t o  have been the coll ision of 
the l i thosphere plates (D I ETR ICH & 
FRANZ 1 976 ; TOLLMANN 1 989). 
With the beginn ing of Lower Priaboni
an , a renewed Iransgrassion flooded 
large areas of the northern marginal 
bell ,  as a result  of su bsidence ten 
dency. The Late Eocene and Early 
Ol igocene marine seq uences of the 
Lower l n n  Val ley (Oberaudorf Beds, 
Häring Beds etc. ) and Bad Reichenhal l  
area (" Eisen richterstein Beds" ) repre
sent the rel ics of this last sed imentary 
cycle of the I n ner-Alp ine realm . During 
th is cycle small corall i nacean - an d co
ral - coral l inacean - bryozoan - fora
min ifera-dominated biost romes/biol i th i 
tes and d ifferent coated g rains were 
formed . 

Facies and algal associations 
ln  the above chapters a survey was 
given of the complicated tecton ically 
controlled d istr ibut ion and evolut ionary 
trends in the Paleogene shal low - ma
rine facies realms of the Austroalp ine 
nappe system .  These facies have on ly 
been preserved in the form of reworked 
frag ments and rel ics. ln the fol lowi ng 
two case studies wi l l  be sketched.  

Gase study 
Shal low- water sedim en ts of Early to 
Middle Pal eocen e (Late Dania n - Early 
llerdian) 
A small outcrop of exclusively shal low
water sediments of Laie Maastr ichtian 
to Early Paleocen e age (PLÖC H I N G E N  
1967) occurs a t  t h e  sou th eastern marg in  
of t he  Calcareous Alps (N o f  Tern i tz .  
southern edge of  Schneeberg Nappe).  
This is  a un ique occu rrence for the en
t i re region of th e Upper Au stroalpine. 
Although on ly having a th ickn ess of 



several meters, it is apparently not an al
lochthonous ser ies, but a foreign block 
wh ich has been tecton ically Iran sported 
in to the Calcareous Alps from the south 
(sl id ing mass) . The i nvestigations made 
by the author sh ow, that this bleck con
sists of parts of two facies sequences 
wh ich are foreign  to those of the Cal
careous Alps: 

Late Maastrichtian 
The basal sequence is a Late M aas
tr ich tian , subt idal facies showing in part 
l i thoclast I terr igenaus inf luence with 
larger foramin i fera and red algae. 
lmportant fauna:  Orbiteides apiculata, 
Orbiteides media, Lepideerbiteides mi
ner. Omphalecyclus macreperus, Hel
lenecyclina beetica, Siderelites calci
trapeides, Acervulina sp . .  
l mportant algae : 
Parachaetetes asvapatii PIA ,  
Paraphy/lum amphireaeferme (ROTH
PLETZ) L E M O I N E ,  
Sperelithen bata/leri (LE M O I N E )  
n .comb. , 
"Lithe- thamnium" cuvi/lieri POIGNANT 
& CHAU FAUT, 
" Lithethamnium" vilaegranis 
POIGNANT & B LANC 
(both species belang to a new genusl )  
and other red algae species. 
Based an investigations of u nattached 
frag mentary parts of the section ,  one 
may conclude that the Late M aas
trich tian marine facies gradu al ly shal
lows upwards in to supratidal (and 
?no n - mar ine) environ ments. 

Paleocene 
The Paleocene sequence (" Kambühel 
Limestone" : TOLLMAN N  1 976) is com
posed of the following facies types: 
supratidal to in tert idal pelmicrites (char
acter ized by fenestral fabr ics, desicca-
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tion cracks and vadose cements) ,  inter
tidal pe lmicr ites, foramin iferal -algal
biomicrites/biosparites, and coral l i
nacean -coral -dominated biol i th i tes/ 
biostromes (pl . 1 /1 ,3; pl .3/1 ) .  The entire 
sequence appears to have an Early Pa
leocene age (Danian/Montian) , based 
an the algal -fo ramin iferal compositio n .  
Add it ional blocks a n d  pebbles, respec
tively o l isto l i ths, of simi lar marine facies 
occur farther westwards, n amely N of 
Pr iggl itz and SE of M ariazell (compare 
PLÖC H I N G E R  1 967; TOLLMAN N 1 976; 
L E I N  1 982). 
Thanetian may occur here also. Simi lar 
Thanetian to Lower l lerd ian carbonates, 
exh ibit ing · different facies types are 
found especial ly as ol istol i ths at 
Wörschach berg (Wörschach Gosau ;  
pl . 2/1 ; p l .3/2 ,3 )  and also as pebbles and 
ol istolith s i n  the above descr ibed de
posits (e.g . l lerdian ol istostromes of 
G lanegg , p l .2/3; Late Ol igocene An ger
berg Beds, p1 . 2/1 , pl .3/2 ,3) Nearly the 
same facies types also occur  in  the 
weslern Carpath ians in the Myjava- H ri
cov- Hal igovka-Zone (compare 
SCH E IBNER 1968; SAM U E L  et al. 1972) .  
These a l lochthonaus sediments wh ich 
h ave been preserved in  an enormaus 
n u mber of examples, can be envisioned 
to have been d istr ibuted in  various sub
facies areas of a differentiated facies 
realm which once extended from the 
Alps to the Carpath ians The smal l
scale biegenie bui ldups were mainly 
constructed by sheet- to mou n d - l ike 
red algae, corals, bryozoans and en
crust ing foram in ifera. Columnar or den
dr itarm corals were apparen tly not im
portant. ln  the more or  less she ltered 
shallow areas biomicrites and 
biasparilas were deposited with pre
dominan tly porcelaneous foramin i- fera 
(mil iol ids, alveol in ids) ,  chlorophytes, 
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branching red algae and rhodol i ths. l n  
contrast, the deeper shal low - marine fa
cies areas were character ized by larger 
foramin i- fera (N ummulit idae. Discocy
cl in idae) and corall i nacean-coral -ac 
ervu l in id -dominated encrustations. 

A lgal associations 
The most important encrust ing ele
ments of the bui ld ups and of the coated 
g rains belang to the red algae famil ies 
Coral l i naceae and Solen oporaceae. 
Members of Peyssonnel iaceae are gen
eral ly of m inor importan ce. Cyano
phytes, especial ly the encrust ing ,  mu l 
t ispecific morphotypes, occasional ly 
occur more frequently in some encrus
tations than da the red algae. but usu
al ly they are suppressed by the red al 
gae. The ch lorophytes that appear in  
g reat abundance in some facies types 
are almest solely l i mited to the order 
Dasycladales. 
The most important algae of the Danian 
to Early l lerdian are out l ined below 
Cyanophytes 
M u ltispecific morphotypes (microbial 
crusts) : tub iphytoid forms (pl .  3/3) . 
Monospecific for ms:  
Pycnoporidium lavantinum JOH NSO N .  
Rhodophytes 
Solenoporaceae: 
Parachaetetes asvapatii PIA (syn .  
Elianella e/egans PFE N D E R  & BASSE) 
(p l . 2/ 1 ) .  
Coral l inaceae: 
Sporolithon cf. batalleri (LE MOI N E) n .  
comb. , 
Sporolithon cf. parisiense (LEMOI N E) 
n .comb , 
Sporolithon gunteri JOH NSON & 
FE RRIS n .  comb. , 
Sporolithon cf. oulianovi (PFENDER) n .  
comb. , 
Sporolithon nongesteinensen . comb. 

Coral l inaceae gen .  et sp. in det .  (pl .3/1 ), 
Palaeothamnium kossovense MASLOV 
(pl . 1 /4 ;  p l . 2/4), 
Palaeothamnium iorii MASLOV, 
Lithothamnion andrusovi (LE MOI N E) n .  
comb. , 
Lithothamnion cf. guatemalense 
(LEM O I N E) n .  comb. , 
Lithothamnion contraversum 
(LEMOI N E) n .  comb. , 
Mesophyllum ramosum LEMOI N E ,  
Mesophyllum tropicale (LE M OI N E )  
(pl .  2/3), 
Lithophyl/um quadrangulum L E M O I N E , 
Lithophyl/um mengaudi var. carpathica 
LEMO I N E  (pl . 1/4), 
"Lithophyl/um" densum LEMOI N E ,  
Distichoplax biserialis (D IETRICH)  P IA ,  
Pseudoamphiroa propria (LEM O I N E) 
MOU SSAVIAN (p l . 2/2) ,  
Corallina abundans LEM O I N E ,  
Jania nummulitica LEMO I N E . 

Peysson n el iaceae: 
Peyssonnelia praean- tiqua M O USSA
VIAN (p 1 . 1 /3) ,  
Peyssonne/ia taeniiformis MOU SSA
VIAN , 
Peyssonnelia antiqua JOH NSON 
(p l .3/3) ,  
Peyssonne/ia bistrata MOUSSAVIAN 
(pl . 1 /4) , 
Pseudolithothamnium album 
PFEN DER.  

Chlorophyta: 
Broeckella belgica MORE LLET & 
MORELLET (siehe auch OTT in TOLL
MANN 1 976: 450) , 
Dactylopora sp . .  
Digitella sp . .  
? Rostrporella sp. , 
Neomeris sp. , 
Cymopolia elongata (DEFRANCE) 
M U N I E R -CHALMAS, 



Uteria sp. , 
Frederica sp. , 
Terquemella globularis ELL IOTT 
Acicu/aria ssp. 

' 

Case study 
Late Eocene shallow-water car
bonates of Eisenrichterstein (Ha l l 
thurm,  Salzburg- Reichenhal l  basin): 
" Eisenrichterstein Bads" (" Eisen
richterstein-Schichten", nov. nom.)  
The steeply d ipp ing shal low- marine 
Priabon ian carbonates of Eisenr ichter
stein in the N ierental area between Un
tersberg an d Lattengebirge repre
sentrel ics of a transgressional se
quence, which has been sandwiched 
in tecton ically and thus has escaped 
erosion (compare H E R M  1 957, H I LLE
BRAN DT 1 962; DARGA 1992). 
Simu ltaneaus to with the shallow- ma
r ine Sed imentation in the N ierental area, 
the basin al Sed imentation continued in 
the north (Küh lbach), in the south (Ton
graben) as wei l as in the east (HERM 
1 957, 1 993: pers. comm . ;  H I LLE
BRAN DT 1981) .  
Th is  transg ressional development d id 
not start ,  as gen erally supposed, in  the 
real� of the Calcareous Alps on top of a 
prev1ously formed, d ry, terrestrial envi
ronment ,  but on an arch ipelago - l ike, 
topographic h igh , wh ich began subsid
ing d u ring Early Pr iabon ian . 
The carbonate seq uence is d ismem
bered tecton ical ly into numerous homo
geneous parts (DARGA 1992). Never
the less, the facies development in the 
sed imentary colu mn is recogn isable :  
Sed imentation beg ins with a coarse to 
med iu m -grained clastic deposit wh ich 
towards the top gradual ly changes to a 
more and more biogenic-carbonate fa
cies. With in th is p redominantly bioclas
tic environ ment mollusc pavements, 
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coated g rains, encrustations and 
biostromes occur, which were main ly 
formed by red algae, corals, encrust ing 
foramin ifera and bryozoans. l n  sp ite of 
the occasional dense g rowth of d iverse 
cerals (coral tufts) , a true reef system 
never developed becau se of the insta
bi l i ty and transient existance of the 11 in
sular shelf11 ,  an wh ich they were formed. 
This carbonate sequence can be desig
nated as 11 E isenrichterstein Beds11 (11 Ei
sen richtersteiner Sch ich ten" ) .  DARGA 
(1990, 1992),  who investigated the 
deposits of E isen richterstein interpreis 
the different facies types as repre
sent ing the various environ ments of car
bonate ramp em bayment (11 beach con
g lomerates11, 11 1agoonal san dstones11, 
" patch reefs11 etc. ; fig . 1 ) .  The ramp hy
pothesis is founded by this author as 
fo l lows: 11 Th e absence of real , large 
scaled coral frameworks . . .  ", and " the 
fair ly wel l -defined bedd ing (in places 
ind istinct) of the whole reef complex as 
weil as of the near-basin sed iments . . .  " 
(DARGA 1 990:  24 ;  1992:  32- 36, 
1 09 - 1 10) .  

A lgal associations 
Besides cyanophytes crusts with in  the 
bui ldu ps, the predominant algal flora 
consists almest completely of red algae 
wh ich serve as the most common ele
ment of the encrustations (biostromes, 
mono/mu l tispecific rhodol i ths). Same of 
the more important forms are : 
Coral l inaceae: 
Sporolithon nummuliticum 
(G Ü M E LBELI )  n .  comb. , 
Sporolithon aff. ou/ianovi (PF E N D E R) 
n .comb. , 
Sporolithon cf. boggiolense (MASTRO
R I LLI )  n .comb. , 
Lithothamnion torulosum (G Ü M E L) n .  
comb. , 



<8 

s 

F 

r-�� 
,--- r- -, �-::. --.. ;-- ,.....

� .- .--

I H V  

? 

Hypothetic paleogeographic relations between the basement of the Molasse Zone and the 
advancing front of the alpine nappes during Upper Eocene. Approximate width of 
deposition area at least 200 km (after WAGNER et al. 1 986) . 
OOA = Upper Austroalpine, F = Flysch-Z., UH = Ultrahelvetic Z., IHV = lntrahelvetic High 
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Paleogene of the Helvetic Zone in SE Bavaria, stratigraphy, facies distribution and facies 
zones (compiled by HAUSER 1 992) . 

Corallinacean-dominatedl allochthonaus and autochthonaus carbonates 
("Uthothamnienkalke") are restricted to the Southern Helvetic Zone during Paleocene. 
From Middle to Upper Eocene they occur in the Northern and Sautharn Helvetic Zone. 

� 
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M esophyl lum mazzapiedense 
MASTRORI L L I ,  
Mesophyllum roveretoi CONTI (sensu 
MASTRORILL I 1968), 
Mesophyllum vaughani (HOWE) 
LEMOI N E  (sensu MASTRORILL I 1 968; 
p 1 . 4/3) . 
Lithoporella melobesioides (FOSLI  E) 
FOSL I E ,  
Melobesia minus JOH N SO N ,  
Lithophyllum intumescens 
(MASTRO RILL I )  (p 1 .4/1 ) ,  
Lithophyllum contii MASTRORILL I  
(p l .4/2), Lithophyllum embergeri 
MASTRORI LL I ;  
Lithophyllum prae- lichenoides 
L E M OI N E ,  
" Lithophyllum" cf. albanense 
LEMOI N E , 
" Lithophyl/um" anguineum CONTI 

Peyssonnel iaceae: 
Pseudolithothamnium album PFE N D ER 
(p 1 .4/4) ;  
Peyssonnelia rara MOU SSAVIA N ,  
Peyssonnelia reposita MO USSAVIAN . 

2.  Helvetic Zone 
2.1 . Teetonic and palaeo-

geographic survey 
As a resu l t  of a reg ression which ended 
d u ring the Late M aastr ichtian , exten sive 
areas of the n orthern marg in  of the Hel 
vetic Zone  were emerged,  whereas con-
temporaneously shallow-water sedi-
mentation commenced along the 
southern margin of the Bavar ian 
Salzburg Helvetic Zone and Iasted here 
beyond the Cretaceous-Tertiary bound
ary (compare TRAU B 1953; 
GOH RBA N D  1 963; VOG E LTANZ 1 970 ; 
HAG N  1967; HAG N  et a l .  1981 ; K U H N  
1 992) .  ln  can trast to th is, cont inuous 
deep-water Sedimentation dominalad 
the U l trahevetic facies zone. A nu mber 

of archipelago- l ike h ighs are su pposed 
to have accentuated the geomorpholo
gy: " Cetic Ridge" (between U l trahelvet
ic and Flysch Zone :  HAG N  1 960, HAG N 
et al . 198 1 ) ,  " Pre -Vin del ician lsland 
Chain" (between Helvet icum and U l tra
he lveticu m:  Traub 1 953; VOG E LTANZ 
1970) and " ln trahelvetic s i l l "  (between 
the southern and northern facies 
reg ions: HAG N 1954; 1 960, HAG N  et a l .  
1981 ) .  Coral l inacean -foramin ifera-bry
ozoan -dominated encrustat ions (as 
rhodol iths, local biostromes, etc. ) deve
loped in the l i ttoral envi ron ments of 
M idd le l lerd ian . 

Marked sand infl ux  beg inn ing  already 
du r ing the l lerdian,  led to the formation 
of i ron - r ich , si l iciclastic carbon ate de
posits in the Bavar ian -Salzburg region . 
Facies d ifferentiation Iook place i n  the 
southern Helvetic Zone with the deve
lopment of some terrestrial areas. 

Beg inn ing with M iddle Eocene, a zone 
of subsidence grad ual ly moved north 
wards, cau sed by th e approach ing Aus
troalp ine Nappe pi le. The result ing 
transgression , coming from the sou th , 
reached the northern margin of the Hel 
vetic Zone by Iaie M iddle Eocene, 
thereby i nundating th is area which had 
been dry land since the end of the Cre
taceous (HAG N  1960, 1978, HAG N  et al .  
1981 ; WAG N E R  et al .  1986; HAUSER 
1992) .  l n  Priabon ian , at the t ime when 
the Helvetic realm was extensively a 
deep -water envi ronment ,  increased 
tu rb id i tic and ol istostromatic deposit ion 
Iook p lace. The redeposited mater ial 
orig inated ,  for the most part ,  from the 
old topographic h ighs in the south as 
wei l  as from the newly formed sh al low 
water areas in the north (fig . 1 ) .  These 
new subtidal areas as wei l as those of 
the south were characterized by 
rhodol i ths and local coral l i nacean -



dominated bui ldups. Smal l-scale 
coral -algal-dominated biostromes ap
pear to have been far less common . A 
continuous barrier reef, as postu lated 
by BUC H H O LZ (1 986) on the " northern 
Prae- Molasse edge", or by HAG N  & 
DARGA (1990), DARGA (1992; see stop 
1 , 2) on the " northern edge of l n trahel
vetic High" (South Helvetic Zone) can
n ot be su bstantiated in the investiga
t ions done for th is paper. The facies 
analysis of al l  this sediment types and 
the palaeogeograph ic  relationsh ips 
suggests a comparison with modern 
environ mental condit ions of the Medi 
terransan Sea (MOU SSAVIAN 1 988). 
Prog ressive overth rust ing of the Aus
tmalp ine nappes du r ing Early 
Ol igocene led to increased restriction of 
the n orthern Tethys (" Paratethys" ) ,  
where boreal and anoxic deposit ional 
condit ions began (" Schönecker Fisch
sch iefer" ; compare HAUSER 1 992) .  
The final and  complete Ieetonic e l imina
t ion of the H elvetic sedimentary realm 
began in the Laie Ol igocene, with the 
result that the Helveticum , in  a number 
of s l ices, was Iransported over sub
duced Molasse ; the He lvet ic Nappe in 
turn was bu ried u nder the Flysch 
Nappe in the M iocene (" Pyrenean 
Ph ase" - " Savian Phase" : TOLLMANN 
e.g . 1 985;  fig . 2) .  

2 . 2 .  Facies development 
The Paleogene sequence of the South 
He lvetic Zone in the Bavarian -Austrian 
region begins with dark- coloured 
marls and sandstones of the Early and 
M iddle Paleocene (" Oich ing Beds", see 
f ig .4)  which then pass into l imon ite
r ich ,  often biota- rich layers o f  l lerd ian 
age. Lateral changes in facies ch aracter 
occu r in th is  rapid ly d i fferentiating de
positional reg ion : sandy l imeston es, 
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mollusc- banks, coral l i nacean -acervu
l in id -dominated biol i th its I rhodol iths 
(" U nterer L i thotham n ienkalk" )  as wei l  
as coral l  inacean -foramin ifera -domi
nated packstones and grain/rudstones 
(" Lithoth amnienschuttkalke", " Fossil
schuttkalke" ) .  
The si l iciclastic and biegenie carbonate 
facies become generally more and 
more clastic and iron -rich towards 
M idd le Eocene, so that i ron -ore 
bearing special facies ch aracterize the 
t ime period of Early Eocen e to early 
M iddle Eocene (" Roterzschichten", 
" Schwarzerzsch ichten" etc. ; fig .4) .  
The fol lowing pelagic sed iments 
(" Stockletten" - clays) with tu rbidit ic or 
ol istostromatic intercalations ind icate 
the final  subsidence of th is depositional 
realm wh ich spreads northwards. l n  the 
northern He lvetic Zone the transgres
sive si l iciclastic and nummul itid 
bear ing beds (Adelholzen Beds) , that 
were deposited in it ial ly, soon were 
fo l lowed pelagic sed iments (" Stocklet
ten" ) .  The Priabonian tu rbid ites and 
ol istostromes contain in  especially h igh 
abun dance coral l inacean -dominated 
biol i th ites and rhodoliths, which were 
Iransported in to the basin from the shal
low marine areas (su bmarine topo
graphic h ighs ;  fig .3) . 
l nteresting case studies for algae - bear
ing carbonates are g iven by the Late 
Paleocene rhodol iths of the southern 
Helvetic Zone of Haunsberg (N of 
Salzburg) and the Laie Eocene tur
b id i tes and ol istostromes of the 
northern Helvetic Zone in the area of 
Roh rdorf/Neubauern (Upper Bavaria ;  
see chapter B1 , stops 1 , 2 ) .  
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Pinte 1 

Algal assoeiatiuns of the Easl1�rn Alpin Paleogene:  
A llochthonous carLonatcs of Uppcr Danian - Thanclian 

Plate 2 

A lgal associ a lions uf  thc Easteru A l p i n e  Pa leugenc : 
Al lochthonous  c arbona tes uf ' l 'hanelian - Early l l erd ian 

Pinte 3 

A lgul assuci a tiuus uf  dw Easlcrri A l p i n e  Pa lcogcrw : 
A l loc h t h o nnus carhn na li�s of l lpp1�r Danian - ' l 'hanet ian 

Pinte 4 

Algal associat ious of  t hc Eastcrn A l p i n e  Paleogcru� :  
Autoc h t honous earhona les o f  Pria hnn ian - Lowcr O l igne•� n r• 
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Plate 1 

Fig . 1 :  
Red algal - cora l-dominated th icket consisting mainly ot encrusting coral l inaceans. The 
al lochthonaus occurence ot this facies type represents the once extensive Early Paleocene 
reetal facies in the South of the Northern Calcareous A lps. Stratum:  11 Kambühel l imestone11• 
Locality: Kambühel N Ternitz, N iederösterreich (Austria). Age: Early Paleocene. x 7. 

Fig .2:  
Cora l -coral l inacean encrustation with scleractinian (Poritidae (a) ,  Cladocora sp. (b)) as wei l  as 
Mesophyllum sp. (c). Stratum: Reworked biolithite within the Angerberg Beds (Late Ol igocene; 
compare MOUSSAVIAN 1 984, p i .2/5) . Local i ty :  Angerberg , Lower lnn Valley (Austria). Age: 
Thanet ian .  x 7 .  

Fig .3: 
Peyssonnelia praeantiqua MOUSSAVIAN overgrown by Acervulina sp. (= 11 Solenomeris11, 
foraminifera). Stratum: 11 Kambühel l imestone11• Local ity: Kambühel N Tern itz, N iederösterreich 
(Austr ia) . Age: Early Paleocene. x 80. 

Fig.4: 
Cora l l inacean-dominated encrustation composed ot Palaeothamnium kossovense MASLOV (a) ,  
11 Lithophy/lum" carpathicum LEMOINE (b) and Peyssonnelia bistrata MOUSSAVIAN (c) .  
Stratum:  Reworked bio l it h ite within the  Angerberg Beds (Late Oligocene) . Local ity: Angerberg , 
Lower lnn Val ley (Austr ia) . Age :  Thanetian . x 1 4. 



A4 



A4 
Plate 2 

Flg . 1 :  
Parachaetetes asvapatii P IA  (syn . :  Elianella elegans PFEN DER & BASSE). Stratum: Reworked 
biol ith ite within the Ear ly Eocene ol istostromes of Wörschach Gosau Basin .  Locality: 
Wörschachberg , Steiermark (Austria) . Age: Thanet ian .  x 7. 

Fig.2: 
Pseudoamphiroa propria (LEMOINE) MOUSSAVIAN;  Note the monosporangial reproductive 
argans (lelt edge). Stratum :  Reworked biol ithite with in the Angerberg Beds (Late Ol igocene). 
Locality: Angerberg, Lower lnn Val ley (Austria). Age: Thanetian .  x 80. 

Fig .3 : 
Mesophyllum ramosum LEMOINE (a) and Lithothamnion contraversum (LEMO INE) n .comb. (b). 
Stratum:  Reworked coral l inacean-biomicrite with in the ol istostromes (Ear ly l lerdian) of the 
Gosau basin of Salzburg - Reichenhal l .  Local ity: G lanegg , near Salzburg (Austria). x 23. 

Fig.4: 
Pa/aeothamnium kossovense MASLOV with sporangial conceptacles. Stratum : .  Reworked 
biol ith ite within the Angerberg Beds (Late Ol igocene) . Locality: Angerberg , Lower lnn Val ley 
(Austr ia) . 
Age: Thanetian - Early l lerd ian .  x 80. 
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Plate 3 

Fig . 1 : 
Coral l inaceae gen .et sp. indet, with monoparate and monosporang ial reproductive organs. 
Stratum: " Kambühel l imestone". Locality :  Kambühel N Tern itz, N iederösterreich (Austria). Age:  
Early Paleocene. x 30.  

Fig.2: 
Peyssonnelia antiqua JOH NSON in encrustation with corall inaceans. Stratum: · Reworked 
biol ith ite within the ol istostromes (Early Eocene) ot the Wörschach G osau Basin .  Locality: 
Wörschachberg , Steiermark (Austria). x 1 00 

Fig.3: 
Tubiphytoid crusts g rown on a coral . Stratum: Reworked biol i th ite within the Angerberg Beds 
(Late Ol igocene). Local ity: Angerberg , Lower lnn Val ley (Austr ia) . Age :  Thanetian . x 1 80. 
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Plate 4 

Fig .1 : 
Lithophyl/um intumescens MASTRORI LLI shawing monoparate canceptacles. Stratum :  " Eissn
richterstein Beds". Lacality: Hal l thurm near Bad Reichenhal l (Germany). Age: Priabanian.  x 35. 

Fig.2: 
Lithophyllum contii MASTRORILLI .  Stratum:  Eisenrichterstein Beds". Lacality: Hallthurm near 
Bad Reichenhal l  (Germany).Age: Priabanian. x 80. 

Fig.3: 
Mesophyl/um vaughani (HOWE) LEMOINE (sensu MASTRORILLI  1 968) with mult iparate 
canceptacles. Stralum: Eisenr ichterstein Beds". Lacality: Hal l thurm near Bad Reichenhal l  
(Germany).Age: Priabanian .  x 45. 

Fig.4:  
Pseudolithothamnium album PFEN DER. Stratum: Eisenrichterstein Beds". Lacal ity: Hallth urm 
near Bad Reichenhal l  (Germany). Age: Priabanian . x 80. 

Flg.5:  
Neogoniolithon raripunctatum MASTRORILLI  in assaciatian with carals. Stratum:  Häring Beds. 
Locality: Lawer lnn Valley (Austria). Age :  Lower Oligocene. x 6. 
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