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Abstract:
Near Maurach (Tyrol, Austria), an Upper Cretaceous succession is exposed that was deposited in a terrestrial to marine tran-
sitional environment. The succession overlies a substratum of limestones of Jurassic and Early Cretaceous age, and is inter-
preted as part of a mixed siliciclastic-carbonate depositional sequence.
The lower part of the Upper Cretaceous succession consists of lithoclastic calcirudites that were deposited from alluvial
fans. These calcirudites are part of the lowstand and/or of the transgressive systems tract. The calcirudites are sharply over-
lain, in the transgressive systems tract, by a shoreface conglomerate and by a package more than 25 m thick of cross-lami-
nated lithoclastic grainstones. The grainstones were deposited in the foreshore to lower shoreface. The lithoclastic carbo-
nate sand probably resulted from the combination of bioerosion (boring), coastal erosion of rocky carbonate shores, and
marine transgressive reworking of alluvial fans. The grainstones are followed up-section and probably interfingered with
shallow-water limestones (with corals and rudists) and calcarenaceous sandstones. The calcarenaceous sandstones are over-
lain by inner shelf marls with marine fossils (bivalves, gastropods, corals, rudists), and with intercalated beds of hummocky
cross-laminated sandstone. The succession from the shoreface conglomerate to the calcarenaceous sandstones and, possibly,
the lowest part of the marls comprises the transgressive systems tract. The maximum flooding surface could not be locat-
ed. At the top of the Upper Cretaceous succession, sandstones with marine fossils (molluscs, corals) are exposed that show
megaripple- and hummocky cross-lamination. These sandstones were deposited in a nearshore, high-energy depositional
environment, and record shelf progradation in the highstand systems tract. Aside from siliciclastic grains (quartz, chert, feld-
spar, serpentine), the sandstones invariably contain a significant amount of sand-size carbonate lithoclasts.
In the western part of the outcrop, the described succession is deformed to a north-vergent syncline with a subvertical south-
ern limb. Along the southern limit of outcrop, the contact between Rhaetian limestones and the Upper Cretaceous deposits
is locally offset by east-west striking faults. In the easternmost part of the outcrop, the Upper Cretaceous is exposed in an
anticline with subvertical limbs of reduced stratigraphie thickness. The anticline is deformed into thrust slices, and cut by
roughly east-west striking, steep faults.

Zusammenfassung:
Bei Maurach (Tirol, Österreich) ist eine Abfolge der Oberen Kreide aufgeschlossen, die in einem terrestrischen bis neriti-
schen Bereich abgelagert wurde. Diese Abfolge liegt über Kalken des Jura und der Unteren Kreide und wird als Teil einer
gemischt siliziklastisch-karbonatischen Sequenz interpretiert.
Der Tiefstand/transgressive Systemtrakt besteht aus lithoklastischen Kalziruditen, die von alluvialen Schuttfächern abgela-
gert wurden. Im transgressiven Systemtrakt werden diese Kalzirudite scharf überlagert von einem Küstenkonglomerat und
einer mehr als 25 m dicken Abfolge von kreuzlaminierten, lithoklastischen Grainstones. Die Grainstones wurden im
Bereich des nassen Strandes bis unteren Vorstrandes abgelagert. Der lithoklastische Karbonatsand stammt wahrscheinlich
aus dem Zusammenwirken von Bioerosion (Bohrung) mit Erosion von felsigen Karbonatküsten und der marin-transgres-
siven Aufarbeitung von alluvialen Schuttfächern. Die Grainstones werden von Flachwasserkalken (mit Korallen und
Rudisten) und kalkarenitischen Sandsteinen überlagert, mit denen sie wahrscheinlich auch seitlich verzahnten. Die kalk-
arenitischen Sandsteine werden von Mergeln des inneren Schelfs überlagert, die marine Fossilien (Muscheln, Schnecken,
Korallen, Rudisten) und Sandsteinbänke mit „hummocky" Kreuzlamination enthalten. Die Abfolge vom
Küstenkonglomerat bis zu den kalkarenitischen Sandsteinen und möglicherweise auch der untere Abschnitt der
Schelfmergel bilden zusammen den transgressiven Systemtrakt. Die Fläche, welche die höchste erreichte Wassertiefe
anzeigt (maximum flooding surface), konnte nicht geortet werden. Das Dach der Oberkreide-Abfolge bilden Sandsteine mit
marinen Fossilien (Mollusken, Korallen), und häufiger Megarippel-Kreuzlamination und „hummocky" Kreuzlamination.
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Diese Sandsteine wurden beim Vorbauen des Schelfes im Hochstand-Systemtrakt in einem küstennahen, hochenergeti-
schen Milieu abgelagert. Neben siliziklastischen Körnern (Quarz, Hornstein, Feldspat, Serpentin) enthalten die Sandsteine
stets einen bedeutenden Anteil an sandkorngrossen Karbonatgesteins-Lithoklasten.
Im westlichen Abschnitt des Aufschlusses ist die beschriebene Abfolge in eine nordvergente Synklinale mit einem subver-
tikalen Südschenkel verformt. Entlang der südlichen Aufschlussgrenze ist der Kontakt zwischen der Unterlage (Rhätkalke)
und der Abfolge der Oberen Kreide örtlich durch Ost-West streichende Störungen versetzt. Im östlichsten Teil des
Aufschlusses bildet die Abfolge der Oberen Kreide eine Antiklinale mit subvertikalen Schenkeln von reduzierter stratigra-
phischer Mächtigkeit. Die Antiklinale ist zusätzlich in kleine Überschiebungseinheiten zerlegt und wird von ungefähr Ost-
West streichenden, steilen Störungen durchsetzt.

1. Introduction

Near Achensee in the Tyrol, Austria, between
the village Maurach (975 m) and the location
Schichthals (1603 m), Upper Cretaceous deposits
are exposed in a southwest-northeast striking val-
ley (fig. 1). These deposits were known since the
last century (PICHLER, 1869, cit. in WÄHNER, 1903 :
17; see also WÄHNER, 1903; AMPFERER, 1908;
SPENGLER, 1935).

The lithologies of the Upper Cretaceous suc-
cession were hitherto not mapped, and no strati-
graphic section existed. The Upper Cretaceous
near Maurach is the westernmost in a belt of out-
crops of Upper Cretaceous deposits that extends
for approximately 40 kilometers to the east. The
succession described in this paper provides an ex-
ample for the development of a mixed siliciclastic-
carbonate sequence in an area of high morpholog-
ic gradient, and for the formation of a thick inter-
val of lithoclastic grainstones by marine transgres-
sive reworking.
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Fig. 1: The considered area (black quadrangle) is situated appro-
ximately 40 km to the east of Innsbruck, Austria. The Upper
Cretaceous succession (cross-hatched in inset figure) is exposed
in a southwest-northeast striking valley between the village
Maurach (975 m) and the location Schichthals (1603 m).

2. Geologic setting

During Early to Late Jurassic times, the area of
the Northern Calcareous Alps was part of the Aus-
troalpine microplate that was situated along the
northern, passive margin of the Adriatic plate
(CHANNELL et al., 1992; FAUPL & WAGREICH,

1992; WAGREICH & FAUPL, 1994). Since the latest
Jurassic, the Austroalpine microplate has been in-
volved in convergence, with consequent thrusting
and formation of nappes (RATSCHBACHER, 1987;

WAGREICH & FAUPL, 1994; RING, 1995; FROITZ-

HEiMetal.1996).
During the late Early Cretaceous, probably as a

result of orogenic uplift associated with exten-
sional unroofing (DEWEY, 1986; PLATT, 1986;
RATSCHBACHER et al., 1989), large parts of the
Northern Calcareous Alps were subaerially erod-
ed. In the area of the Northern Calcareous Alps,
subaerial erosion and active tectonism produced a
deeply dissected morphology. From Turonian to
Santonian times, the largest part of the exposed
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Fig. 2: Simplified geological map of the Upper Cretaceous succession. In the western part of the outcrop area, the Upper Cretaceous suc-
cession is deformed in a northwest-vergent syncline with a steep to subvertical southern limb and a moderately steeply dipping north-
ward limb. The succession is cut by approximately east-west striking faults. In the eastern part of the outcrop, at Schichthals, the succes-
sion is deformed into an anticline with subvertical limbs which, in turn, are internally deformed in thrust slices. At Schichthals, the
Upper Cretaceous overlies a succession that probably can be assigned to the Aptychen Formation (Lower Cretaceous), and is overthnist
by limestones and dolomites of the Reichenhall Formation.

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996 125



mfs ? I

sandstones

sandy to silty
marls

calcarenaceous
sandstones

shallow-water limestones

shallow-water limestones
(lithoclastic grainstones)

conglomerate

breccias, conglomerates,
terra rossa

10m

substratum: Jurassic to
Lower Cretaceous
limestones and marls

Fig. 3: Restored section of the Upper Cretaceous succession, with
the main lithologies and the sequence stratigraphie interpretation
indicated. Numbers refer to stratal packages as described in the text.
The stratigraphie position of the shallow-water limestones (package
3) is tentative. The vertical transition between the calcarenaceous
sandstones (package 4) and the overlying marls (package 5) is tec-
tonically overprinted in all outcrops; the original thickness of the
packages 5 and 6, respectively, thus is poorly constrained.

that the Gosau was deposited at approximately
30°N (compare MAURITSCH & BECKE, 1987). In
the Lower Gosau Subgroup, the local presence of
accumulations of bauxite along the basal uncon-
formity, coal seams, the karstification of Gosau
limestones, the common presence of limestones
deposited in freshwater and restricted marine en-
vironments, and the lack of arid tidal flat faciès
and sabkha evaporites all indicate a subtropical to
tropical, at least seasonally humid climate (cf.
MINDSZENTY, 1984; RAHMANI & FLORES, 1984;

D'ARGENIO&MINDSZENTY, 1986).
The described Upper Cretaceous succession

near Maurach is part of the Lower Gosau Sub-
group. In the considered area, before deposition of
the Gosau Group, the older substratum was thrust-
ed in nappes towards the west to northwest during
the eo-Alpine phase of deformation (RATSCH-

BACHER, 1987; EISBACHER & BRANDNER, 1995).
During Late Eocene to Oligocène times, i.e. dur-
ing the meso-Alpine phase of deformation, both
the previously deformed substratum and the over-
lying Upper Cretaceous deposits were again in-
volved in folding and thrusting towards the north
to northeast (AMPFERER, 1908; SPENGLER, 1935;
EISBACHER & BRANDNER, 1995; see also DECKER

et al., 1993). The last deformation occurred by
strike-slip faulting that probably was associated
with the Miocene strike-slip movement along the
Inntal Fault some kilometers to the south (com-
pare EISBACHER & BRANDNER, 1995; ORTNER,

1995; see also DECKER et al., 1993).

areas became re-submergent. Following re-sub-
mergence, a succession up to more than 2500 m
thick of terrestrial to pelagic deposits formed. This
succession comprises a group of lithostratigraphic
formations, the Gosau Group, that ranges in age
from Late Turonian to Eocene (WAGREICH &
FAUPL, 1994).

The Gosau Group is subdivided into the Lower
Gosau Subgroup (Upper Turonian-Campanian)
that consists of terrestrial to neritic deposits, and
the Upper Gosau Subgroup (Santonian-Eocene),
which consists of deep-marine deposits (WAG-
REICH & FAUPL, 1994). Paleomagnetism indicates

3. Methods

The Upper Cretaceous succession was subdi-
vided in stratal packages that each is characterized
by a distinct lithologie association. These packag-
es were mapped in the field on a scale of 1 : 5000
(fig. 2); their reconstructed vertical arrangement is
shown in a generalized section (fig. 3). Approxi-
mately 70 polished slabs and 28 thin sections were
used for the documentation of the lithologies. No
strictly quantitative clast analysis has been made
for lithoclastic rudites; their clast spectrum was

126 Geol. Paläont. Mitt. Innsbruck, Band 21, 1996



determined semiquantitatively by inspection of
approximately 100 lithoclasts in the field, and by
some thin sections. 14 samples from marine marls
were tested for nannofossils. In addition, several
fossils of non-rudist bivalves and rudists were ex-
tracted from the marls.

4. Biostratigraphy

The Upper Cretaceous deposits are poorly
dated. In shallow-water limestones, the presence
of Vaccinites indicates a Late Turonian to Maas-
trichtian age. In marine marls, the nannofossil as-
semblages are strongly dominated by reworked
Lower Cretaceous nannofossils. Among the
Lower Cretaceous nannofossils, Eiffellithus turri-
seiffeli, Eprolithus floralis, Glaukolithus diplo-
grammus, Prediscosphaera spp., Watznaueria
barnesae, Zeugrhabdotus erectus, Cribrosphaera
ehrenbergerii, and nannoconids are common. In
one sample, however, the assemblage of Luciano-
rhabdus sp., Quadrum gartneri, Praediscosphae-
ra cretacea, Biscutum sp., and Cylindralithus sp.
suggests an age interval between the start of the
Turonian and the Early Coniacian. Due to both the
poor preservation of the nannofossils and the ex-
tensive reworking, this age is only tentative. The
Gosau at Schichthals thus is of ?Turonian-?Early
Coniacian age, but may also be younger.

5. Triassic-Jurassic succession

In the area between Ebner Spitz in the south and
the Rofan massif in the north, the oldest exposed
rocks are assigned to the Reichenhall Formation
(Scythian to lower Anisian; TOLLMANN, 1976)
(fig. 3), that here consists mainly of „bituminous"
dolomites, bioturbated marly dolomites, dolomit-
ic limestones, laminated dolomite, cellular dolo-
mite, thin beds of dark green sandstone, and
strongly deformed layers of gypsum.

In the considered area, chert-bearing lime-
stones of the Reif ling Formation (Anisian p.p.) are

exposed only in an outcrop at approximately
990 m along the road „Achenseestrasse". The next
younger rocks are the Ladinian to Lower Carnian
Wettersteinkalk Formation, which comprises the
main part of Ebner Spitz. The Wettersteinkalk For-
mation contains thick-bedded, dark grey bound-
stones with isopachous cements, and dasyclada-
cean grainstones to rudstones. The larger part of
the Wettersteinkalk Formation consists of meter-
scale upward shoaling cycles that contain laminat-
ed limestones/dolomites and loferites at their top.

Rocks of Middle to Late Carnian age (Nordal-
pine Raibl Formation) and of Norian age (Haupt-
dolomit Formation) (see TOLLMANN, 1976) are not
exposed in the considered area. At the western
limit of the considered area, along the western
slope of Häuserer Kopf, marls and marly lime-
stones of the Kössen Formation (Rhaetian) are
present. The Kössen Formation is rich in fossils,
including Rhaetavicula.

The most common rocks both along the north-
ern and the southern limit of the Upper Cretaceous
outcrop are the so-called Rhaetian limestones (see
TOLLMANN, 1976). The base of the Rhaetian lime-
stones is not exposed. Up-section, they grade into
packages of graded beds of shallow-water bioclas-
tic limestones with intercalated spiculitic mud-
stones/wackestones. The shallo w-water bioclastic
limestones are mainly grainstones that consist of
well-rounded and well-sorted, fine to coarse sand
bioclastic material, locally with oolitic coatings.
Locally, meter-bedded shallow-water bioclastic
limestones, and indistinctly bedded to "massive"
floatstones with branched corals (Lithodendron)
are exposed. The floatstones are part of indistinct-
ly bedded to "massive" intervals up to some tens
of meters in thickness. The Rhaetian limestones
are overlain by pink to dark red Liassic limestones
that are rich in echinoderm debris, ammonites, and
"manganese" crusts to nodules. These limestones
are also present in dikes up to some tens of meters
wide that locally crosscut the Rhaetian limestones.

At approximately 1260 m the unconformable
contact between cherty limestones and the overly-
ing Upper Cretaceous deposits is exposed. The
cherty limestones comprise a succession at least
25 m thick, and consist of evenly decimeter-bed-
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ded, spiculitic mudstones to wackestones with ra-
diolaria. Locally, these limestones contain inter-
calated graded beds of shallow-water bioclastic
material. These limestones are closely similar to
the Jurassic „Hornsteinkalke" of the Rofan mas-
sif (compare AMPFERER, 1950). Above Häuserer-
bichl, at approximately 1120 m, the sedimentary
contact between Rhaetian limestone and the
Upper Cretaceous as mapped by AMPFERER

(1950) could not be re-visited; the area now is
blocked by buildings. At Schichthals, the Upper
Cretaceous succession is in contact with chert-
bearing marly limestones and marls that probably
can be assigned to the Lower Cretaceous Apty-
chen Formation ("Aptychenmergel"; see SPEN-

GLER, 1935); the contact, although primary, is tec-
tonically overprinted. Most commonly, however,
the contact between the Upper Cretaceous and the
substratum is covered or is overprinted by Alpine
deformation. In the following, the stratal packag-
es of the Upper Cretaceous succession are de-
scribed. The environmental interpretation of
each lithology is given immediately after its de-
scription.

6. Upper Cretaceous

Package 1: Breccias and conglomerates

In the western part of the outcrop area, breccias
and conglomerates are exposed at the base of the
Upper Cretaceous (figs. 2, 3). Because of Alpine
deformation and incomplete exposure, the thick-
ness of the rudites is poorly constrained (plate
1/1). Along Madersbach, the rudites reach approx-
imately 30 m in thickness and throughout consist
of clasts that were derived from the local substra-
tum (limestones, dolomites and, subordinately,
chert-bearing limestones and chert). The basal 10
m of the succession consist of poorly to very poor-
ly sorted, clast-supported conglomerates with
scattered megaclasts of limestone up to some deci-
meters in size. At least some of the megaclasts
consist of Rhaetian buildup limestones with large
Lithodendron. The scarce matrix of the basal ru-

dites is a sandy to silty, dark red terra rossa. The
beds of the basal rudites are up to some meters thick.

In its upper 20 m, the package of lithoclastic ru-
dites consists mainly of poorly to moderately well-
sorted, clast-supported conglomerates that occur in
beds some decimeters to some meters thick (plate
1/2, 1/3). The thicker beds are stratified or appear
„massive". Within a bed, no size grading of the
components was observed. The base of the beds is
plane to erosive. The conglomerates typically con-
sist of moderately to very well-rounded clasts of
some centimeters in size, but well-rounded clasts
of up to 2 dm in size locally are present.

The clast spectrum is composed as follows (ap-
proximately in decreasing abundance): yellow to
light brown weathering, locally finely laminated,
spiculitic radiolarian wackestones to packstones
(in some clasts with chert nodules), mudstones (in
some clasts with chert nodules), shallow-water bi-
oclastic grainstones to packstones that, at least in
part, are of Rhaetian age (with Aulotortus sinuo-
sus, in addition to coated grains, ooids, and frag-
ments from molluscs, serpulids, echinoderms, and
brachiopods, byrozoans, Tubiphytes), light red to
light brown weathering, well sorted, fine to coarse
sand bioclastic grainstones with ?glauconite,
floatstones to bafflestones with ?rhynchonellids,
fenestral mudstones, ooid grainstones, clasts of
?Jurassic lithoclastic breccias (consisting of shal-
low-water limestones embedded in a well-lithi-
fied matrix of red lime mudstone), echinoderm-bi-
oclastic grainstones and, rarely, light grey lime-
stones (?Wettersteinkalk, ?Rhaetian limestone).
The conglomerate beds are vertically separated by
layers some decimeters thick of terra rossa. In
these layers, thin lenses of lithoclastic conglomer-
ates are locally intercalated. The top of the pack-
age of lithoclastic rudites is an interval of dark red,
sand-bearing terra rossa.

Interpretation

The lithoclastic rudites were deposited from al-
luvial fans. This is indicated by the combination of
their coarse-grained nature, the very poor to mod-
erate sorting, the clast spectrum that is derived
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from the local substratum, the poorly lithified ma-
trix, the sheet-like shape and the poor internal or-
ganization of most beds, and the vertical succes-
sion of lithoclastic rudites and intercalated beds of
terra rossa (compare HOOKE, 1967; BULL, 1972;
S ALLER & DlCKSINSON, 1982; ETHRIDGE & WES-

COTT, 1984; HAYWARD, 1985; MCPHERSON et al.,

1988). In the lower part of the succession, the ab-
sence of grading, the unstratified, clast-supported
gravel beds to stratified beds with imbricated
gravels, and the absence of large-scale bedforms
indicate that they were deposited from mass flows
(ETHRIDGE & WESCOTT, 1984; MCPHERSON et al.,

1988). Approximately in the middle part of the
package, the erosively based beds of moderately
well-sorted conglomerates composed of well-
rounded, medium gravel to small boulders are
similar to channel lags of stream floods (eg.
NEMEC & POSTMA, 1993; see also WAGREICH,

1988). The thinner-bedded, moderately well-sort-
ed conglomerates with comparatively thick, inter-
calated beds of "terra rossa" and green clays might
have been deposited from sheet floods (BULL,

1972; ETHRIDGE & WESCOTT, 1984; NEMEC &

POSTMA, 1993). The intercalated intervals of terra
rossa and green clay record slow deposition and,
possibly, incipient soil development (cf. NEMEC &
POSTMA, 1993).

In the package of the lithoclastic rudites, the ver-
tical succession suggests an overall transition from
a proximal fan environment to an outer fan envi-
ronment, or to the subaqueous portion of a fan delta
(cf. NEMEC & STEEL, 1984; ETHRIDGE & WESCOTT,

1984; WAGREICH, 1988). For reasons discussed
below, it is improbable that the upper part of the
succession represents the subaqueous part of a fan
delta. The composition of the rudites mainly of
rock clasts identical to the rocks of the sedimentary
substratum suggests that the rudites were fed from
a comparatively small drainage basin.

Package 2: Conglomerate and grainstones

This unit is approximately 30-35 m thick and
overlies the lithoclastic rudites along a sharp, ero-
sive boundary (fig. 3; plate 2/1). The basal part of

Fig. 4: Part of the transgressive systems tract (package 2; compa-
re figure 3), with sedimentary structures indicated. See text for
further description and discussion.

this package consists of an interval up to some me-
ters thick of moderately well- to well-sorted, coar-
se to medium lithoclastic conglomerate (figs. 3,4;
plate 2/2). The conglomerate consists mainly of
subrounded to well-rounded clasts of limestone
and, subordinately, cherty limestones and chert.
The limestone clasts are bioclastic grainstones and
packstones, spiculitic mudstones to packstones,
ooid grainstones and, rarely, boundstones with
?demosponges, corals and Miliolacea (including
Nautiloculina). Some clasts of bioclastic lime-
stones are silicified. The clasts of cherty lime-
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stones typically are spiculitic mudstones to pack-
stones. Clasts of chert, including dark red radiolar-
ite are also present. In the conglomerates, debris
from corals (including cf. Astrocoenia, and other
forms) locally is common.

The matrix of the conglomerate is a moderately
well-sorted, medium to coarse grainstone. This
grainstone consists mainly of angular to subround-
ed carbonate lithoclasts and angular chert clasts,
but also contains some fragments from echino-
derms, radiolitids, bryozoans, and textularids.

The conglomerate is overlain by a succession of
lithoclastic grainstones (fig. 4). The lower meters
of the grainstone succession appear unbedded, but
show well-developed plane parallel lamination,
low-angle cross lamination, and megaripple cross-
laminasets. In outcrop, the lamination is evident
mainly by outweathering grains of chert. In the
lower and middle part of the grainstone succes-
sion, layers and lenses of fine to medium, litho-
clastic conglomerates are intercalated; these range
from a few centimeters to some decimeters in
thickness, and consist mainly of very well-round-
ed clasts of chert and, subordinately, carbonate
rocks. The fabric ranges from clast-supported con-
glomerate to pebbly grainstone. The lateral and
upper boundaries of the conglomerate layers and
lenses typically are gradational.

Higher up, in the main part of the grainstone
succession, the grainstones occur in plane beds
between some decimeters to more than a meter in
thickness. Neither a distinct vertical trend in bed
thickness nor an organization of the succession
into packages of beds was recognized. Only local-
ly, the beds show a gently downward-convex, ero-
sive base (plate 2/3). Within the beds, plane par-
allel lamination, low-angle cross-lamination and
megaripple cross-laminasets are common. More
rarely, hummocky cross-lamination was ob-
served. Often the sedimentary structures are more
or less disrupted by burrows. Burrows are indicat-
ed by discordant, diffuse patches of disoriented,
outweathering chert grains, and by outweathering
burrows on the underside of bedding planes. The
bedding planes are accentuated by layers of marly
sand that range between a millimeter to some cen-

timeters in thickness. The minor bedding planes
bear millimeter-thin horizons of marly sand, are
even to wavy, and laterally often fade out into a
stylolite surface and, finally, into unstylolitized
limestone. The major bedding planes are continu-
ous on the scale of individual outcrops (some tens
of meters), and are characterized by layers up to
some centimeters thick of marly sandstone. The
major bedding planes are intercalated with a verti-
cal spacing of some decimeters to some meters; no
distinct trend of vertical spacing was recognized.
The layers of marly sandstone are poorly lithified,
friable, and contain coalified plant debris. The ver-
tical transition from a grainstone bed into a layer of
marly sand occurs over a few centimeters by an in-
crease in both stylolitization and bioturbation. At
the base of the overlying, outweathering grainstone
bed, numerous large, epichnial-endichnial burrows
(mainly Callianassa) are evident (plate 3/1).

Throughout the succession, the grainstones
consist of moderately well- to very well-sorted,
coarse to medium sand that is strongly dominated
by carbonate lithoclasts (plate 3/2). Aside from the
carbonate lithoclasts, a subordinate fraction of
chert grains (commonly 5-30%) and biogens is
present. In the lower part of the succession, the
carbonate lithoclasts are typically very angular
(with concave surfaces) to subrounded. The very
angular grains are of needle-like triangular to el-
ongate-rectangular outline (plate 3/3). The carbo-
nate rock clasts consist of microsparite, spiculitic
wackestones to packs tones, radiolarian wacke-
stones, bioclastic and peloidal grainstones, ooid
grainstones, pseudosparite, and clasts of blocky
calcite spar (plate 4/1, 4/2). The chert clasts are
typically very angular to subangular. A portion of
the chert clasts is derived from silicified radiolar-
ian-spicule packstones. The biogenic fraction of
the lithoclastic grainstones commonly ranges bet-
ween less than 1% to 15%, and includes debris
from echinoderms, molluscs, rare bryozoans, tex-
tulariaceans, and red algae, including small rhodo-
liths of Archaeolithothamnium. The biogens are
well- to very well-rounded, and typically show
thin micrite rims. Locally, an accessory amount of
quartz and silicified radiolarians is present in the
grainstones. The grainstones are cemented by iso-
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pachous fringes of dog tooth spar that is overlain
by blocky calcite spar.

The upper part of the succession consists main-
ly of grainstones of subrounded to well-rounded
carbonate lithoclasts with micrite rims and, rarely,
with overgrown red algae. Aside from chert, silici-
clastic grains like quartz, feldspar, and reworked
silicified radiolarians locally comprise up to 50%
of the sediment, i. e. the rock is a calcarenaceous
sandstone. Towards the top, the biogens include
debris from molluscs, rudists, echinoderms, co-
rallinaceans (Archaeolithothamnium), miliolids,
both bi- and triserial textulariaceans, and fine,
coalified plant debris.

Interpretation

The conglomerates that overlie the alluvial fan
succession along a sharp, erosive surface probably
result from marine transgressive reworking of the al-
luvial fans (NEMEC & STEEL, 1984; MAEJMA, 1988;
NEMEC & POSTMA, 1993). This is suggested by the
overall identical clast spectrum of the conglomer-
ates as compared to the alluvial fan deposits. Ac-
cording ( 1 ) to the relative thinness of the conglomer-
ate, and (2) the lack of clear-cut stratification, and
(3), above, the presence of the described grainstone
succession, the conglomerate would classify as a
"shoreface conglomerate" (compare NEMEC &
STEEL, 1984; LEITHOLD & BOURGEOIS, 1984).

Above the conglomerate, in the succession of
lithoclastic grainstones, the sedimentary structures
record deposition in a nearshore environment. In
the basal part of the succession, the subparallel- to
low angle cross-laminated grainstones probably
were deposited in the foreshore to upper shoreface,
respectively. The megaripple cross-laminated
grainstones and the bundles of low angle cross-
laminated grainstones in the middle part of the suc-
cession indicate a shoreface environment. The
upper part of the succession that consists of beds
with hummocky cross-lamination, and of mega-
rippled and bioturbated grainstones probably was
deposited in a lower shoreface environment (see
KOMAR, 1976; WALKER & PLINT, 1992; ANTIA et

al., 1994). The intercalated lenses and stringers of
conglomerates may have formed under the influ-
ence of storms (compare LEITHOLD & BOURGEOIS,

1984, 1988; DE CELLES, 1987). In the lithoclastic
grainstones, there is no evidence for significant
tidal influence, like e.g. bidirectional megaripple
laminasets, sigmoidal bundles, or herringbone
cross bedding (compare HAYES, 1980; ALLEN,

1982; KREISA & MOIOLA, 1986). The preserved hy-
drodynamic structures and their vertical succes-
sion record the predominant influence of waves in
the foreshore to transitional environment of a
wave- and storm-dominated coast (compare HOW-
ARD & REINECK, 1981). The vertical sequence from
the conglomerate at the base to bioturbated and
hummocky cross-laminated sandstones at the top
is broadly similar to transgressive successions de-
scribed from other ancient, wave-dominated coast-
lines (e.g. BOURGEOIS, 1980).

In the lithoclastic grainstones, the locally high
amount of very angular to subangular grains of
carbonate rocks may provide a clue to the deriva-
tion of the calciclastic material. Bioerosion of liv-
ing and dead carbonate substrata became impor-
tant since Jurassic times. Among the producers of
approximately 1 mm to 10 cm deep borings clion-
id sponges, polychaetes, bivalves, barnacles, gas-
tropods, bryozoans and foraminifera are most
prominent. The typical end product of carbonate
substrate destruction by boring organisms are an-
gular to very angular grains, i. e. grains with con-
cave surfaces, (see WARME, 1970, 1977; FÜTTE-

RER, 1974; FREY & SEILACHER, 1980; ACKER &

RISK, 1985; KENDALL et al., 1989; BROMLEY &As-

GAARD, 1993; VÉNEC-PEYRÉ, 1996). In recent car-
bonate depositional environments, silt- to sand-
sized calciclastic material derived from the break-
down of clionid-perforated carbonate substratum
may comprise up to approximately 30% of the
sediment, and locally even more (FÜTTERER,

1974; DOMINGUEZ et al.,-1988). The clasts derived
by clionid boring commonly are rapidly rounded
by micritization, waves and currents (KOBLUK &
RISK, 1977; see also BATHURST, 1971); the large
contribution of bioerosion-produced sediment to
the sediment budget thus is commonly underesti-
mated (FÜTTERER, 1974; ACKER & RISK, 1985).
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On recent rocky carbonate shores, the combined
action of shallow to deeply tiered carbonate bor-
ing taxa results in very effective rock bioerosion
(RASMUSSEN & NEUMANN, 1988). Since the de-
scribed lithoclastic grainstones were deposited in
a nearshore environment, the potential for grain
rounding was very high. Lithoclastic grainstones
with a high proportion of very angular grains prob-
ably were only preserved upon rapid burial during
events of high net accumulation, possibly during
and immediately after storms.

The calciclastic material of the grainstones
thus was probably derived from a rocky shore
and/or from reworking of the underlying alluvial
fan succession (SANDERS, 1996). Limestone
cliffs are eroded at rates of some meters to more
than 10 meters per 100 years by the combined ef-
fects of (1) hydraulic pressure from wave im-
pact, (2) boring by organisms, and (3) episodic
cliff collapse (KING, 1972, and references there-
in; KOMAR, 1976). Cliff erosion by boring or-
ganisms typically ranges between 0.25 cm/a to
approximately 2 cm/a (KOMAR, 1976). In addi-
tion to cliff erosion, the coastal reworking of the
alluvial fans most probably yielded large amo-
unts of calciclastic material. The alluvial fan
gravels both provided a large surface area for
bioerosive attack, and were easily abraded by
waves (SANDERS, 1996).

Package 3: Shallow-water limestones

The shallow-water limestones include bioclas-
tic grainstones to packstones and rudstones, and
are present in intercalations up to some decimeters
thick within the upper part of the lithoclastic grain-
stones. The bioclastic grainstones to packstones
are composed of bioclasts derived from molluscs
(including rudists), corals, echinoderms, and red
algae. In addition, miliolids, textulariaceans, and
some small, rounded lithoclasts (limestone, chert)
are present. The bioclastic rudstones are mainly
composed of coral debris embedded in a matrix of
bioclastic grainstone.

At one location in the central part of the outcrop
area, an interval at least 4 m thick of bioclastic rud-

stones to boundstones (fig. 3; plate 4/3) and, subor-
dinately, bioclastic grainstones to packstones is
present. The rudstones to boundstones are rich in
coral heads and red algae, whereas rudists are sub-
ordinate. In the boundstones, the corals are encrust-
ed by placopsilinid foraminifera, coralline algae,
serpulids and possible cryptmicrobial crusts. Both
radiolitids and hippuritids, including Vaccinites,
are present and locally are encrusted by red algae.
In addition, clasts of calcareous algae (?codia-
ceans), textularids, miliolids, and sponges were
observed.

Interpretation

From their position within the section, and the
local interval of rudstones to boundstones, the shal-
low-water bioclastic limestones are interpreted as
autochthonous to parautochthonous deposits. The
limestones possibly were deposited from small ac-
cumulations of bioclastic material that were sur-
rounded by areas of sand of mixed calciclastic-si-
liciclastic composition (see below). In areas of
mixed carbonate-siliciclastic deposition, an inter-
fingering and/or patchy distribution of carbonates
and siliciclastics is common (e.g. PILKEY et al.,
1979; MORELOCK et al, 1983; MOUNT, 1984). The
interval of rudstone to boundstone, with intercalat-
ed layers of grainstone/packstone is interpreted as
an incipient stage of substrate stabilization and
buildup development (compare WILSON, 1975).

Package 4: Calcarenaceous sandstones

In the central part of the outcrop area, a package
of calcarenaceous sandstones is preserved that, in
its basal to middle part, probably interfingers later-
ally with the described carbonate-lithoclastic
grainstones and shallow-water limestones (fig. 3).
At Schichthals and along the road to Buchauer
Aim, the calcarenaceous sandstones are absent
due to Alpine tectonics. In the field, the calcarena-
ceous sandstones weather out like limestones.
Their original thickness is estimated at approxi-
mately 15 to 20 m. The calcarenaceous sandstones
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are wavy to indistinctly bedded, bioturbated, and
are of grey colour with a light blue tint upon frac-
ture. Locally, intervals up to 3 m thick of bioturbat-
ed, coarse lithoclastic sandstone with admixed bi-
oclastic material are present. In their upper 5 m,
the calcarenaceous sandstones are marly and con-
tain non-stylolitic solution seams.

They calcarenaceous sandstones consist main-
ly of moderately well- to well-sorted, fine to medi-
um sand of mixed siliciclastic/bioclastic composi-
tion. The siliciclastic grains are mainly angular
grains of quartz, chert and, subordinately, feldspar.
The calciclastic fraction includes mollusc debris
(including debris fromradiolitids and hippuritids),
echinoderm fragments, miliolids, diverse textula-
riaceans, ataxophragmiines (attached on frag-
ments of corals and molluscs), debris from bran-
ched corals, coralline algae, Pseudolithothamni-
um album, bryozoan fronds, rare brachiopods, and
angular to rounded carbonate rock grains. Coali-
fied plant debris ranging from less than 1 mm to
approximately 1 cm in size is often admixed and,
locally, is enriched in thin horizons. Blackened bi-
oclasts are locally common. Typically, the coarser
bioclastic grains are rounded to well-rounded and
show micrite rims. Overall, the content of bioclas-
tic material decreases up-section.

Interpretation

The calcarenaceous sandstones represent a
common type of sediment of the outer nearshore
to shelf environment of mixed siliciclastic-carbo-
nate depositional environments (MORELOCK &
KOENIG, 1967; MORELOCK et al., 1983; FRIEDMAN,

1968; SCHNEIDERMANN et al., 1976; PILKEY et al.,

1979; MOUNT, 1984; BUSH, 1991). The shallow-
water bioclastic material probably is a mixture of
autochthonous and parautochthonous compo-
nents. The common bioturbation of the calcarena-
ceous sandstones, the parautochtonous shallow-
water bioclastic material, and the intercalated
packages of coarse sandstone suggest that the cal-
carenaceous sandstones were deposited in a tran-
sitional environment (compare WALKER & PLINT,

1992; ANTIA et al., 1994).

Package 5: Sandy marls

In the western part of the outcrop area, a pack-
age approximately 30 m thick of sandy marls is
present (fig. 3). Towards the top of the package,
the sandy marls contain an increasing amount of
sandstone beds, and grade up-section into sand-
stones. In the eastern part of the outcrop area, at
Schichthals, the sandy marls are approximately
9 m thick, but are strongly deformed.

The sandy marls are friable and unbedded. The
marls contain a relatively diverse marine biota,
mainly thin-shelled bivalves and gastropods. The
bivalves typically range from 1-3 cm in length,
and are most commonly preserved with both val-
ves. Larger modiolacean bivalves of some centi-
meters in size are fairly common. Locally, "nests"
rich in small bivalves are present. The bivalve
fauna includes small schizodonts (?isocardiids),
pectinids (Neithea), and small ostreids. From the
gastropods, cerithiaceans and gastrpods with si-
phons were recognized. Solitary corals, fragments
of branched corals, and coral heads (including As-
trocoenia) up to 1 dm in size, some miliolids and
echinoderm fragments, and rare Vaccinites, radio-
litid debris and fish teeth were found. Coalified
plant fragments of typically sub-millimeter to
some millimeters in size are common in the marls.
In thin section, the sandy marls are rich in angular
to subrounded siliciclastic grains (chert, subordi-
nately quartz) and are thoroughly bioturbated.
Rounded carbonate rock grains locally comprise a
significant fraction of the sediment. The matrix is
a marly, lithified carbonate mud.

Towards their top, the marls contain sharply
intercalated beds of sandstone. The base of the
sandstone beds locally is gently incised. The beds
typically are 20-40 cm thick, but may be up 70 cm
thick; they show subparallel lamination and hum-
mocky cross-lamination. In their lower and mid-
dle part, the sandstone beds contain some debris
from solitary corals (including Placosmilid),
chaetetids, small coral heads, and fragments from
branched corals and rudists. In thin section, the
sandstone beds consist of laminated, well- to very
well-sorted, winnowed, fine to medium sand.
Aside from very angular to subrounded grains of
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chert and quartz, elongated-triangular to well-
rounded carbonate rock grains (mainly grains of
microsparite and grains of blocky calcite spar)
comprise a significant fraction of the sediment. An
accessory fraction (<1%) of these sandstones are
silicified radiolarians.

Package 6: Sandstones

The sandy marls are overlain by a succession
of, locally marly, sandstones (fig. 3). These com-
prise the topmost preserved package of the de-
scribed Upper Cretaceous succession. The sand-
stone package is approximately 15 m in thickness
to the upper limit of outcrop. The marly sand-
stones contain a taphocoenosis similar to the ta-
phocoenosis of the sandy marls described above.
In addition, rare shells of Vaccinites were found.
The sandstones occur in "massive", unbedded
intervals up to some meters thick, and in sets of
beds some decimeters thick. Locally, near the base
of the sandstone succession, a few graded, up to
4 dm thick intervals of siliciclastic conglomerates
were found. The sandstones show subparallel
lamination and, rarely, small flute casts at the base
of beds. Locally, the sandstone beds contain clast-
to matrix-supported layers of well-rounded clasts
of siltstones. Intercalated in the sandstones are
beds of very well-cemented, well-washed, calcar-
enaceous sandstones with parallel lamination and
hummocky cross-lamination. These beds contain
very well-rounded lithoclasts up to some centime-
ters in size (carbonate rocks, ?Gosau sandstones),
mud chips and bioclastic material, including de-
bris from bivalves, small nerineids, branched co-
rals (cf. Pleurocora) and Placosmilia.

In thin section, the sandstones consist of well-
to very well-sorted, laminated to more or less bio-
turbated, fine to medium sand composed mainly
of carbonate rock grains, chert fragments and,
subordinately, quartz (plate 5/1,5/2). Accessories
are feldspar, fragmented spiculae, a very well-
sorted fraction of small, silicified radiolarians,
miliolids, textulariaceans, small fragments from
echinoderms and molluscs, and rare mica flakes.
Some sandstone beds are entirely devoid of fos-

sils. The chert and quartz grains are angular to
subrounded. The carbonate rock grains typically
are a mixture of angular grains with rounded
grains, and always comprise a significant to, lo-
cally, dominant fraction of the sediment. No ma-
trix is present. The sandstones are cemented by
thin isopachous fringes of calcite, overlain by
blocky calcite spar.

At Schichthals, closely below the tectonic
contact with the Reichenhaller Formation along
the Eben Thrust, within a thrust slice the sand-
stones contain isolated, well-rounded carbonate
lithoclasts up to some decimeters in size, and
intercalated conglomerate intervals. Thé con-
glomerates are clast-supported and consist of
moderately to poorly sorted fine gravel to blocks
up to approximately 4 dm in size. The lithoclasts
are carbonate rocks and limestones with chert
nodules, chert clasts, and some lithoclasts of
?Gosau sandstone. The larger lithoclasts are
commonly subrounded to very well-rounded, but
subangular chert clasts also are common. The
carbonate lithoclasts often are deeply perforated
by Trypanites. Fragments of corals including
large, bioeroded fragments of cf. Astrocoenia are
admixed. The conglomerate beds are coarse-tail
graded, and at least some of the beds are inverse-
ly graded at their base. The matrix is a moderate-
ly well-sorted, medium to coarse calcarenaceous
sandstone composed mainly of carbonate litho-
clasts, quartz, chert and poorly sorted, angular
mollusc fragments.

Interpretation

The sandy marls with intercalated beds of hum-
mocky cross-laminated sandstones were deposited
in an inner shelf environment ("mud belt") that was
punctuated by episodic storms (compare MCCAVE,

1972,1985; HARMS et al, 1982; HOWARD & REIN-

ECK, 1981; DOTT & BOURGEOIS, 1982; HOBDAY &

MORTON, 1984;NOTTVEDT&KREISA, 1987 WALK-

ER & PLINT, 1992). In the marls, the common pres-
ence of small bivalves preserved with both valves
suggests an at least episodically high rate of sedi-
ment accumulation. Only the ?modiolacean bi-
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HST: packages 5, 6
mfs?

TST: packages 2, 3, 4

LST/TST: package 1

Fig. 5: Reconstruction of the sequence stratigraphie position of the described lithologie units (heavy lines), their position within systems
tracts, and their possible lateral relationships (dotted). The alluvial fan deposits (package 1 ) occupy a position in the lowstand and/or the
transgressive systems tract. They are overlain, in the transgressive systems tract, along a ravinement surface by a beach conglomerate
and lithoclastic grainstones (package 2). The grainstones are overlain by and, possibly, originally interfingered in their upper part with
shallow-water limestones (package 3) and calcarenaceous sandstones (package 4). The highstand systems tract consists, in its lower part,
of silty marls (package 5) that contain an upward increasing number of sandstone beds with hummocky cross-lamination. The marls are
overlain by sandstones with hummocky cross-lamination and megaripple laminasets (package 6); these sandstones comprise the upper-
most preserved part of the highstand systems tract.

valves commonly reach some centimeters to 1 dm
in length. Bivalves of this morphotype are well-
adapted to shallow, fine-grained shelf environ-
ments (ABERHAN, 1994). In the intercalated, hum-
mocky cross-laminated beds of sandstone, the high
percentage of very angular carbonate rock grains
indicates persistent erosion of fan delta conglomer-
ates and/or of rocky shores (see discussion above).

The combined upward thickening/upward
sandier succession of marls to overlying sandstones
is interpreted as the progradation of the nearshore
environment of a storm-dominated shelf (see DOTT

& BOURGEOIS, 1982; WALKER, 1985; JOHNSON &

BALDWIN, 1986; WALKER &PLINT, 1992). The orig-
inal input of the siliciclastic sand most probably
took place by rivers. Subsequently, the sand was re-
distributed by longshore currents, and transported
offshore mainly by wave-induced and meteorologi-
cal currents (cf. FIELD & ROY, 1984; HOBDAY &
MORTON, 1984; JOHNSON & BALDWIN, 1986).

At Schichthals, the coarse conglomerates and
the sandstones were deposited in a nearshore en-
vironment. This is indicated by both the size and
the rounding of the Trypanites-perfomted litho-
clasts, in addition to the admixed fossils. A shelf
or deeper water origin of the conglomerates and
the sandstones is improbable because of the sedi-
mentary structures of the sandstones, the absence
of mud matrix, and the absence of fossils that
would indicate an outer shelf to slope environ-
ment, like e.g. inoceramids, ammonites, and
planktic foraminifera.

7. Sequence stratigraphie interpretation

The Upper Cretaceous succession near Mau-
rach is interpreted as a single depositional se-
quence (fig. 5; see also fig. 3). The alluvial fan
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succession at the base (package 1) is situated in
the lowstand systems tract (LST) and/or the
transgressive systems tract (TST). In alluvial fan
successions overlain by marine strata, in the ab-
sence of complete lateral and vertical control, the
transgressive surface may be similar to other
flooding surfaces in the TST (compare HAQ,
1991; DALRYMPLE et al., 1994; ZAITLIN et al.,

1994). The surface at the base of the beach con-
glomerate that overlies the alluvial fan deposits
thus can only be classified as a marine flooding
surface. The alluvial fans thus are assigned to the
LST/TST.

The alluvial fans are topped by the ravinement
surface at the base of the overlying beach con-
glomerate. Together, the shoreface conglomerate
and the overlying lithoclastic grainstones, shal-
low-water limestones, and calcarenaceous sand-
stones (packages 2 to 4) comprise the TST. The
overlying sandy marls and sandstones (packages
5 and 6) are present in the highstand systems
tract. The maximum flooding surface should be
situated in the lower part of the marls, but could
not be located. Together, the marls and the over-
lying sandstones record .highstand shelf progra-
dation.

In the sandstones, the intercalated conglomer-
ates of carbonate lithoclasts perforated by Trypa-
nites suggest that (a) coastal erosion of rock cliffs
proceeded farther shorewards, and/or (b) that co-
arse carbonate lithoclastic material was reworked
from alluvial fans. In any case, the proximity of a
subaerial morphologic relief during highstand
deposition is indicated.

8. Tectonic deformation

The Upper Cretaceous deposits are deformed
between the Rofan massif to the north and the
overthrust Reichenhall Formation and Rhaetian
limestones to the south (fig. 2). In plan view, the
tectonic contact of the Rhaetian limestones with
the Upper Cretaceous deposits shows longer,
northeast-striking segments that change lateral-
ly with segments that strike approximately to the

east. Locally, in the northeast-striking segments,
in Rhaetian limestones southeast-dipping slick-
ensides with a subvertical lineation were ob-
served. The east-striking segments of the con-
tact, by contrast, are subvertical and locally
show slickensides with a subhorizontal linea-
tion.

In the western part of the outcrop area, the syn-
cline formed by the Upper Cretaceous deposits
has a roughly northeast-striking axis that dips
southeast. The syncline becomes wider and less
intensely deformed to the southwest; to the east it
is intensely deformed into small thrust slices. The
southeastern limb of the syncline is largely shear-
ed off and overthrust by the Rhaetian limestones
or, at Schichthals, by the Reichenhall Formation
of Ebner Spitz.

At Schichthals, the substratum (Aptychen For-
mation) and the Upper Cretaceous together com-
prise a tight anticline with sub vertical limbs. In ad-
dition, the Upper Cretaceous succession is re-
duced in stratigraphie thickness, and is deformed
in thrust slices. The core of the anticline consists of
strongly deformed, more or less marly, chert-bear-
ing limestones of the Aptychen Formation. The
contact between the Aptychen Formation and the
overlying Upper Cretaceous deposits is tectoni-
cally strongly overprinted. Near the contact, the
chert-bearing limestones of the Aptychen Forma-
tion are deformed to a cataclastic breccia. The
breccia is overlain, at the northern limb of the anit-
icline, along a subvertical contact by lithoclastic
calcirudites with a matrix of terra (alluvial fan de-
posits; see above). Along the southern limb of the
anticline, Reichenhall Formation overlies Upper
Cretaceous sandstones along a steeply southwest-
dipping contact. In addition, the southern limb is
crosscut by numerous subvertical fault planes
with subhorizontal to gently inclined lineation and
slickensides

To the north of Schichthals, in the southern part
of the Rofan massif, Rhaetian limestones are ex-
posed along strike with an overall dip to the south-
west. Close to the north of Schichthals, the summit
of Haidachstellwand is bound to the west by an ap-
proximately north-striking, subvertical fault.
Along the fault, a megabreccia with a dark red ma-
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trix is present. In addition, along the southern crest
of Haidachstellwand, a megabreccia is exposed
that consists of blocks of up to more than 10 m in
size. Between the blocks, a scarce matrix of dark
red sediment is present. There appears to be no
sharp boundary between the megabreccia and the
surrounding limestones; the megabreccia is dis-
cordantly intercalated in the succession. At Hai-
dachstellwand, a set of sub vertical, approximately
east-west striking faults is present.

Along the road "Achenseestrasse", at approxi-
mately 990 m near Maurach, a succession of chert-
bearing, nodular limestones of the Reifling For-
mation (Anisian p.p.) is exposed (see fig. 2). Far-
ther to the southeast, stratigraphically higher up,
Wettersteinkalk Formation is nearly continuously
exposed along Achenseestraße.

Discussion

The strongly deformed, brecciated limestones
in the core of the anticline at Schichthals are simi-
lar to light grey, chert-bearing limestones and red-
dish marls of the Aptychen Formation in the Rofan
massif (WÄHNER, 1903; SPENGLER, 1935). The
cataclastic breccia along the boundary between
the chert-bearing limestones and marls and the
overlying Upper Cretaceous has been termed
"Schichthalsbreccie" by WÄHNER (1903). The
"Rotes Konglomerat" of AMPFERER (1908) prob-
ably designates the Upper Cretaceous alluvial fan
conglomerates that overlie the cataclastic breccia.

The northward-striking, megabreccia-bearing
fault along Hochalpstein-Haidachstellwand is of
uncertain significance. No fault-confined mega-
breccia has been observed in the Upper Creta-
ceous at Schichthals. In the western and central
part of the outcrop area, the Upper Cretaceous de-
posits are in tectonic contact with Rhaetian lime-
stones, and overlie chert-bearing limestones simi-
lar to the Jurassic chert-bearing limestones
("Hornsteinkalke") of the Rofan massif. This indi-
cates that the Upper Cretaceous succession was
deposited in the area of the future Rofan massif.
The Eben Thrust which marks the tectonic boun-
dary between the Rofan massif and the southerly

adjacent Eben Spitz is marked by the base of the
Reichenhaller Formation. Over large parts of the
western flank of Ebner Spitz, the westward contin-
uation of the Eben Thrust is covered. The men-
tioned outcrop of Reifling Formation (Anisian
p.p.) and, stratigraphically higher up, Wetterstein-
kalk Formation along Achenseestrasse implie that
the trace of the Eben Thrust is situated, with an
overall northeast-strike, between the Rhaetian
limestones of Grindbichl (1400 m) and the Re-
ifling limestones at Maurach (975 m). A small, but
topographically marked valley that extends from
the northern crest of Ebner Spitz at 1650 m to
below Grindbichlkopf.at approximately 1150 m
probably marks the trace of the Eben Thrust.

Acknowledgements

Katharina von Salis, Zürich, and Michael Wag-
reich, Vienna, are thanked for determinations of
nannofossil assemblages. Werner Resch and Do-
nato Antonio Donofrio, Innsbruck, helped in the
determination of smaller benthic foraminifera.
Rainer Brandner, Innsbruck, provided discussions
and reviewed the manuscript. Monika Tessadri-
Wackerle, Innsbruck, is thanked for arranging the
layout of the figures.

References

ABERHAN, M. (1994): Guild-structure and evolution of Me-

sozoic benthic shelf communities. - Palaios, 9,516-545.

ACKER, K. L. & RISK, M. J. (1985): Substrate destruction

and sediment production by the boring sponge Cliona

caribbea on Grand Cayman Island. - J. Sed. Pet., 55,

705-711.

ALLEN, J. R. L. (1982): Sedimentary Structures: Their Char-

acter and Physical Basis. - Developments in Sedimento-

logy, 30 A, 30 B. Elsevier, Amsterdam.

AMPFERER, O. (1908): Studien über die Tektonik des Sonn-

wendgebirges. -Jb. Geol. R.-A. Wien, 58,281-304.

AMPFERER, O. (1950): Das östliche Karwendel. Erläuterun-

gen zur geologischen Karte des östlichen Karwendel und

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996 137



des Achensee-Gebietes. - Universitätsverlag Wagner,
Innsbruck, 55 Seiten.

ANTIA, E., FLEMMING, B. & WEFER, G. (1994): Transgres-
sive Facies Sequence of a High Energy, Wave-Tide-
Storm-Influenced Shoreface: A Case Study of the East
Frisian Barrier Islands (Southern North Sea). - Facies,
30,15-24.

BATHURST, R.C. (1975): Carbonate sediments and their dia-
genesis. -Developments in Sedimentology, 12. Elsevier,
Amsterdam.

BOURGEOIS, J.A. (1980): A transgressive shelf sequence ex-
hibiting hummocky stratification: the Cape Sebastian
Sandstone (Upper Cretaceous), southwestern Oregon. -
Jour. Sed. Pet. 50,681-702.

BROMLEY, R.G. & ASGAARD, U. (1993): Two bioerosion
ichnofacies produced by early and late burial associat-
ed with sea-level change. - Geol. Rundsch., 82,
276-280.

BULL, W. B. (1972): Recognition of alluvial-fan deposits in
the stratigraphie record. In: RIGBY, J. K. & W. HAMBLIN,

K.H. (eds.): Recognition of ancient sedimentary environ-
ments. - Soc. Econ. Pal. Min., Spec. Publ., 26,63-83.

BUSH, D.M. (1991): Mixed carbonate /silicilastic sedimen-
tation: Northern insular shelf of Puerto Rico. - In: Lo-
MARDO, A. J. & HARRIS, P. M. (eds.): Mixed Carbonate-
Siliciclastic Sequences. - Soc. Econ. Pal. Min., Core
Workshop, 15,447^84.

CHANNELL, J.E.T., BRANDNER, R., SPIELER, A. & STONER, J.
(1992): Paleomagnetism and paleogeography of the
Northern Calcareous Alps (Austria). - Tectonics, 11,
792-810.

DALRYMPLE, R.W., BOYD, R. & ZAITLIN, B.A. (1994): Histo-
ry of research, types and internal organization of incised-
valley systems: Introduction to the volume. - In: DAL-
RYMPLE, R.W., BOYD, R. & ZAITLIN, B.A. (eds.): Incised-
valley systems: Origin and Sedimentary Sequences. Soc.
Econ. Pal. Min., Spec. Publ., 51,3-10.

D'ARGENIO, B. & MINDSZENTY, A., (1986): Cretaceous
bauxites in the tectonic framework of the Mediterranean.
-Rend. Soc. Geol. It., 9,257-262.

DE CELLES, P.G. (1987): Variable preservation of middle
Tertiary, coarse-grained, nearshore to outer-shelf storm
deposits in southern California. - Jour. Sed. Pet., 57,
250-264.

DECKER, K., MESCHEDE, M. & RING, U. (1993): Fault slip
analysis along the northern margin of the Eastern Alps
(Molasse, Helvetic nappes, North and South Penninic

flysch, and the Northern Calcareous Alps). - Tectono-
physics, 223,291-312.

DOMINGUEZ, L.L., MULLINS, H.T. & HINE, A.C. (1988):
Cat Island platform, Bahamas: an incipiently drowned
Holocene carbonate shelf. - Sedimentology, 35,
805-819.

DOTT, Jr., R.H. & BOURGEOIS, J. (1982): Hummocky stratifi-

cation: significance of its variable bedding sequences. -
Bull. geol. Soc. Am., 93,663-680.

EISBACHER, G. & BRANDNER, R. (1995): Role of high-angle
faults during heteroaxial contraction, Inntal Thrust Sheet,
Northern Calcareous Alps, western Austria. - Geol.
Paläont. Mitt. Innsbruck, 20,389^06.

ETHRIDGE, F.G. & WESCOTT, W.A. (1984): Tectonic setting,
recognition, and hydrocarbon reservoir potential of fan-
delta deposits. - In: KOSTER, E.H. & STEEL, R.J. (eds.):
Sedimentology of Gravels and Conglomerates. - Can.
Soc. Petrol. Geol. Memoir, 10,217-235.

FAUPL, P., POBER, E. & WAGREICH, M. (1987): Facies de-
velopment of the Gosau Group of the eastern parts of
the Northern Calcareous Alps during the Cretaceous
and Paleogene. - In: FLÜGEL, H.W. & FAUPL, P. (eds.):
Geodynamics of the Eastern Alps, Deuticke, 142-155,
Vienna.

FIELD, M.E. & ROY, P.S. (1984): Offshore transport and
sand-body formation: Evidence from a steep, high-ener-
gy shoreface, Southeastern Australia. - Jour. Sed. Pet.,
54,1292-1302.

FÜTTERER, D.K. (1974): Significance of the boring sponge
Cliona for the origin of fine grained material of carbonate
sediments. - Jour. Sed. Pet., 44,79-84.

FREY, R. W. & SEILACHER, A. (1980): Uniformity in marine
invertebrate ichnology.-Lethaia, 13,183-278.

FRIEDMAN, G.M. (1968): Geology and geochemistry of
reefs, carbonate sediments, and waters, Gulf, of Aqaba
(Elat), Red Sea. -Jour. Sed. Pet., 38,895-919.

FROITZHEIM, N., SCHMID, S.M. & FREY, M. (1996): Mesozo-

ic paleogeography and the timing of eclogite-facies met-
amorphism in the Alps: A working hypothesis. - Eclogae
geol. Helv., 89,81-110.

HAQ, B.U. (1991): Sequence stratigraphy, sea-level change,
and significance for the deep sea. - In: MACDONALD,

D.I.M. (ed.): Sedimentation, Tectonics and Eustasy. Int.
Assoc. Sedim., Spec. Publ., 12,3-39.

HARMS, J.C., SOUTHARD, J.B. & WALKER, R.G. (1982):
Structure and sequence in clastic rocks. - Soc. Econ. Pa-
leont. Min. Short Course, 9.

138 Geol. Paläont. Mitt. Innsbruck, Band 21, 1996



HAYES, M.O. (1980): General morphology and sediment
patterns in tidal inlets. - Sedim. Geol., 26,139-156.

HAYWARD, A.B. (1985): Coastal alluvial fans (fan deltas) of
the Gulf of Aqaba (Gulf of Eilat), Red Sea. - Sedim.
Geol., 43,241-260.

HOBDAY, D.K. & MORTON, R A. (1984): Lower Cretaceous
shelf storm deposits, Northeast Texas. - In: TILLMAN, R.
W. & SŒMERS, C.T. (eds.): Siliciclastic Shelf Sediments.
Soc. Econ. Pal. Min., Spec. Publ., 34,205-213.

HOOKE, R. LeB. (1967): Processes on arid-region alluvial
fans. -Jour. Geol., 75,438-460.

HOWARD, J.D. & REINECK, H.-E. (1981): Depositional Fa-
des of High-Energy Beach-to-Offshore Sequence: Com-
parison with Low-Energy Sequence. -Amer. Assoc. Pet-
rol. Geol. Bull., 65,807-830.

JOHNSON, H.D. & BALDWIN, C.T. (1986): Shallow Siliciclas-
tic Seas. - In: READING, H.G. (ed.): Sedimentary Envi-
ronments and Faciès. Blackwell Scientific Publications,
229-282.

KING, C.A.M. (1972): Beaches and Coasts. - Edward Ar-
nold, 570 p.

KOBLUK,D.R. & RISK, M.J. (1977): Micritization and carbo-

nate-grain binding by endolithic algae. - Amer. Assoc.
Petrol. Geol. Bull., 61,1069-1082.

KOMAR, P.D. (1976): Beach processes and sedimentation.
Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 429 p.

KREISA, R.D. & MOIOLA, R.J. (1986): Sigmoidal tidal bun-
dles and other tide-generated sedimentary structures of
the Curtis Formation, Utah. - Geol. Soc. Amer. Bull., 97,
381-387.

LEITHOLD, E.L. & BOURGEOIS, J. (1984): Characteristics of
coarse-grained sequences deposited in nearshore, wave-
dominated environments - examples from the Miocene
of south-west Oregon. - Sedimentology, 31,749-775.

MAEJIMA, W. ( 1988): Marine transgression over an active al-
luvial fan: the early Cretaceous Arida Formation, Yuasa-
Aridagawa Basin, southwestern Japan. - In: NEMEC, W.
& STEEL, RJ. (eds.): Fan Deltas: Sedimentology and Tec-
tonic Settings. Blackie and Son Ltd., 303-317.

MAURITSCH, H.J. & BECKE, M. (1987): Paleomagnetic in-

vestigations in the Eastern Alps and the southern border
zone. -In: FLÜGEL, H.W. & FAUPL. P. (eds.): Geodynam-
ics of the Eastern Alps. Deuticke, 282-308, Vienna.

MCCAVE, I.N. (1972): Transport and escape of fine-grained
sediment from shelf seas. - In: SWIFT, D. J. P., DUANE,

D.B. & PILKEY, O.H. (eds.): Shelf Sediment Transport.
Dowden, Hutchinson & Ross, Stroudsbourg, 225-248.

MCCAVE, I.N. (1985): Recent clastic shelf sediments. - In:
BRENCHLEY, P. J. & WILLIAMS, B. P. J. (eds.): Sedimento-
logy. Recent Developments and Applied Aspects. Black-
well Scientific Publications, 49-65.

MCPHERSON, J.G., SHANMUGAM, G. & MOIOLA, R:J. (1987):

Fan-deltas and braid-deltas: Varieties of coarse-grained
deltas. - Geol. Soc. Amer. Bull., 99,331-340.

MORELOCK, J., GROVE, K. & HERNANDEZ, M.L. (1983):
Oceanography and patterns of shelf sediments, Maya-
guez, Puerto Rico. - Jour. Sed. Pet., 53,0371-0381.

MOUNT, J.F. (1984): Mixing of siliciclastic and carbonate
sediments in shallow shelf environments. -Geology, 12,
432^35.

NEMEC, W. & STEEL, R.J. (1984): Alluvial and costal con-

glomerates: their significant features and some com-
ments on gravelly mass-flow deposits. - In: KOSTER, E.
H. & STEEL, R. J. (eds.): Sedimentology of Gravels and
Conglomerates. Can. Soc. Petrol. Geol. Memoir, 10,
1-31.

NEMEC, W. & POSTMA, G. (1993): Quaternary alluvial fans
in southwestern Crete: sedimentation processes and geo-
morphic evolution. In: MARZO, M. & PUIGDEFABREGAS,

C. (eds.): Alluvial Sedimentation. - Int. Assoc. Sedim.,
Spec. Publ., 17,235-276.

NEUMANN, A.C. (1966): Observations on coastal erosion in
Bermuda and measurements of the boring rate of the
sponge Clionalampa.-Limnol.Oceanogr., 11,92-108.

NOTTVEDT, A. & KREISA, R D. (1987): Model for the com-
bined-flow origin of hummocky cross-stratification. -
Geology, 15,357-361.

OBERHAUSER, R. (1980): Der geologische Aufbau Öster-
reichs. - Springer-Verlag, New York, 700 p.

PILKEY, O.H., FIERMAN, E. I. & TRUMBULL, J.V.A. (1979):
Relationship between physical condition of the carbo-
nate fraction and sediment environments: northern Puer-
to Rico shelf. - Sedim. Geol., 24,283-290.

PLATT, J.P. (1986): Dynamics of orogenic wedges and the
uplift of high-pressure metamorphic rocks. - Geol. Soc.
Amer. Bull., 97,1037-1053.

RAHMANI, R.A. & FLORES, R.M., editors, (1984): Sedimen-
tology of coal and coal-bearing sequences. - Int. Assoc.
Sedim., Spec. Publ. No. 7. Blackwell Scientific Publica-
tions, 412 p.

RASMUSSEN, K A. & NEUMANN, A.C. (1988): Holocene
overprints of Pleistocene paleokarst: Bight of Abaco, Ba-
hamas. - In: JAMES, N. P. & CHOQUETTE, P. W. (eds.): Pa-

leokarst. Springer-Verlag, 132-148, New York.

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996 139



RATSCHBACHER, L. (1987): Strain, rotation, and translation
of Austroalpine nappes. - In: FLÜGEL, H. W. & FAUPL, P.
(eds.): Geodynamics of the Eastern Alps. Deuticke,
237-243, Vienna.

RATSCHBACHER, L., FRISCH, W, NEUBAUER, F., SCHMID,

S.M., NEUGEBAUER, J. (1989): Extension in compres-
sional orogenic belts: The Eastern Alps. - Geology, 17,
404-^07.

RING, U. (1994): The early Alpine orogeny in the Central
Alps: A discussion of existing data. -Jahrb. Geol. B.-A.,
137,345-363.

SANDERS, D. (1996): Sheets of lithoclastic grainstones re-
cord erosion along high-gradient carbonate rock shores:
Examples from the Upper Cretaceous of the Tyrol (Aus-
tria). Third meeting of Swiss Sedimentologists, January
1996, Fribourg. Abstracts, p. 20.

SCHNEIDERMANN, N., PILKEY, O.H., & SAUNDERS, C. (1976):
Sedimentation on the Puerto Rico Insular Shelf. - Jour.
Sed. Pet., 46,35-76.

SPENGLER, E., (1935) (in Fortsetzung von F. WÄHNER,

1903), Das Sonnwendgebirge im Unterinnthal. Ein
Typus alpinen Gebirgsbaues. Zweiter Teil. - Franz Deu-
ticke, Leipzig und Wien, 200p.

TOLLMANN, A. (1976): Analyse des klassischen nordalpinen
Mesozoikums. -Franz Deuticke, Wien, 580p.

VÉNEC-PEYRÉ, M.-T. (1996): Bioeroding foraminifera: a re-
view. - Mar. Micropal., 28,19-30.

WAGREICH, M. (1988): Sedimentologie und Beckenent-
wicklung des tieferen Abschnittes (Santon-Untercam-
pan) der Gosauschichtgruppe von Gosau und Russbach
(Oberösterreich-Salzburg). - Jahrb. Geol. B.-A., 131,
663-685.

WAGREICH, M. (1991): Subsidenzanalyse an kalkalpinen
Oberkreideserien der Gosaugruppe (Oesterreich). -Zen-
tralbl. f. Geol. Paläont., Teil 1,1645-1657.

WAGREICH, M. (1993): Subcrustal tectonic erosion in oro-
genic belts - A model for the Late Cretaceous subsidence
of the Northern Calcareous Alps (Austria). - Geology,
21,941-944.

WAGREICH, M. & FAUPL, P. (1994): Paleogeography and
geodynamic evolution of the Gosau Group of the North-
ern Calcareous Alps (Late Cretaceous, Eastern Alps,
Austria). - Paleogeography, Paleoclimatology, Paleo-
ecology, 110,235-254.

WÄHNER, F. (1903): Das Sonnwendgebirge im Unterinnthal.
Ein Typus alpinen Gebirgsbaues. Erster Teil. - Franz
Deuticke, Leipzig und Wien, 356p.

WALKER, R.G. (1985): Cardium Formation 4. Review of fa-
cies and depositional processes in the southern foothills
and plains, Alberta. - In: TILLMAN, R. W., SWIFT, D.J.P. &
WALKER, R.G. (eds.): Shelf Sands and Sandstone Reser-
voirs. Soc. Econ. Pal. Min., Short Course Notes, 13,
353-402.

WALKER, R.G. & PLINT, A.G. (1992): Wave- and storm-
dominated shallow marine systems. - In: WALKER, R.G.
& JAMES, N.P. (eds.): Faciès Models. Response to Sea
Level Change. Geol. Assoc. of Canada, 219-238.

WARME, J.E. (1970): Traces and significance of marine rock
borers. - In: CRIMES, T.P. & HARPER, J.C. (eds.): Trace
fossils. Geol. Jour., Spec. Issue, 3,515-525.

WARME, J.E. ( 1977): Carbonate Borers - Their Role in Reef
Ecology and Preservation. -In: FROST, S.H., WEISS, M.P.

& SAUNDERS, J.B. (eds.): Reefs and Related Carbonates-
Ecology and Sedimentology. - Amer. Assoc. Petrol.
Geol., Studies in Geology, 4,261-279.

WILSON, J L. (1975): Carbonate Faciès in Geologic History.
- Springer-Verlag, 471 p.

ZAITLIN, B.A., DALRYMPLE, R. W. & BOYD, R. (1994): The
stratigraphie organisation of incised-valley systems as-
sociated with relative sea-level change. - In: DALRYM-

PLE, R.W., BOYD, R. & ZAITLIN, B.A. (eds.): Incised-val-
ley systems: Origin and Sedimentary Sequences. Soc.
Econ. Pal. Min., Spec. Publ., 51,45-60.

Author's address:
Mag. Dr. Diethard Sanders, Institut fiir Geologie und
Paläontologie, Universität Innsbruck, Innrain 52, A-6020
Innsbruck, Austria.

140 Geol. Paläont. Min. Innsbruck, Band 21, 1996



Plates



Plate 1

Fig. 1: Outcrop along the western face of Schichthals, approximately 1600 m altitude. The subvertical contact between Ap-

tychenmergel (A) and the Upper Cretaceous succession (right part of picture) is marked by an arrow. Below the con-

tact, the Aptychenmergel is brecciated. The Upper Cretaceous succession is tilted subvertical, and youngs towards

the right (north). The Upper Cretaceous starts from a basal interval of coarse conglomerates with a matrix of terra

rossa. The conglomerates are overlain by a succession dominated by lithoclastic grainstones (g) which, in turn, are

followed up-section by calcarenaceous sandstones and marls (m). At the northern end of outcrop, an interval ap-

proximately 10 m of sandstones (s) is exposed. Width of view approximately 300 m.

Fig. 2: Part of succession of clast-supported conglomerates with thin, intercalated intervals of terra rossa. The conglomerates

are composed of very poorly sorted, subangular to moderately well-rounded, fine gravel to small boulder Hthoclasts.

The hthoclasts consist of a wide variety of carbonate rock types that, at least in their largest part, are derived from the

local substratum. Outcrop along dirt road to Buchauer Aim, 1200 rh. Width of view approximately 10 m.

Fig. 3: Detail from conglomerate beds in the lower part of fig. 2. In the lower conglomerate bed, note the absence of grad-

ing up to the thin interval of terra rossa at head of hammer. The upper interval of terra rossa contains thin, clast- to

matrix-supported lenses of medium to coarse conglomerates. Outcrop along dirt road to Buchauer Aim, 1200 m.

Hammer for scale is 33 cm long.
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Plate 2

Fig. 1 : Sharp, erosive boundary between interval of terra rossa in the lower part and grey weathering conglomerates and

lithoclastic grainstones in the upper part of the picture, respectively. Outcrop along dirt road to Buchauer Aim, ap-

proximately 1260 m. Width of view approximately 50 m.

Fig. 2: Detail from the grey weathering conglomerate of fig. 1. The conglomerate is clast-supported, and is composed of

subangular to very well-rounded lithoclasts embedded in a matrix of lithoclastic grainstone. The lithoclasts are de-

rived from the local substratum, and consist of limestones, cherty limestones and chert. Outcrop near dirt road to

Buchauer Aim, approximately 1270 m. Hammer for scale is 33 cm long.

Fig. 3: Detail of succession of lithoclastic grainstones. The succession is indistinctly even to slighty wavy bedded; individ-

ual bedding planes commonly fade out laterally into a stylolite and, finally, into unstylolitized limestone. In the cen-

tral part of the photo, a convex-downward bedding plane is present that fades out towards the left. Width of view ap-

proximately 14 m. Outcrop along dirt road to Buchauer Aim, approximately 1280 m.
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Plate 3

Fig. 1 : Base of major bedding surface in a succession of lithoclastic grainstones. Along the bedding surface, numerous

epichnial-endichnial burrows (Callianassa) with a diameter between less than a centimeter to several centimeters

are present. Pen for scale is 14 cm long. Outcrop along dirt road to Buchaueralm, approximately 1285 m.

Fig. 2: Thin section of very well-sorted, medium sand lithoclastic grainstone. Both the dark grey and the medium gray sand

grains consist of carbonate rocks; the light grains are chert. Note the angular to poorly rounded, elongate shape of

the carbonate rock grains. Parallel polars, 8x. Scale bar = 0.5 cm.

Fig. 3: Detail of photo shown in fig. 2. Note the very angular to poorly rounded, elongated-rectangular to elongated-trian-

gular shape of many carbonate rock grains. The light specks in some grains are silicified radiolarians. These litho-

clasts are probably derived from the Homsteinkalk Formation which underlies the Upper Cretaceous succession.

Parallel polars, 16x. Scale bar = 1 mm.
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Plate 4

Fig. 1 : Thin section of megaripple-laminated lithoclastic grainstone. Note the thickness of the laminae, and the very well-

sorted, fine to medium sand of individual laminae. Parallel polars, 6.3x. Scale bar = 0.5 cm.

Fig. 2: Thin section of moderately well sorted, fine to medium lithoclastic grainstone. The larger components consist of

chert (c), and of blocky calcite spar (arrow). Note the thin micrite fringe around the clast of blocky calcite spar. Par-

allel polars, 12.5x. Scale bar = 0.25 cm.

Fig. 3: Thin section of boundstone with corals, small rudists, encrusting coralline algae, sessile foraminifera, serpulids,

sclerosponges and, possibly, encrusting hydrozoans and cryptmicrobial crusts. Parallel polars, 6.3x. Scale bar =

0.5 cm.
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Plate 5

Fig. 1 : Thin section of well-sorted, bioturbated, medium sandstone composed of approximately equal portions of siliciclas-

tic grains (chert, quartz and, minor, feldspar) and carbonate rock lithoclasts. Parallel polars, llx. Scale bar = 0.5 cm.

Fig. 2: Thin section of well-sorted, fine sandstone composed of roughly 90% siliciclastic grains and 10% carbonate rock

grains, and some biogens (middle part of photograph). The siliciclastic fraction is mainly composed of angular

grains of chert and quartz, some grains of altered feldspar and, possibly, some serpentine grains. The carbonate rock

lithoclasts are subrounded to well rounded. Crossed polars, 20x. Scale bar = lmm.
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