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1 Introduction

In the Lower Inn Valley area a nearly complete
stratigraphic record of synorogenic deposits from the
Early Cretaceous to the Late Oligocene on top of the
Northern Calcareous Alps is present. The synorogenic
sediments record changes in environment and tec-
tonic regime during a period of intense tectonic ac-
tivity that was characterized by continental collision
between the Adriatic microplate (upper plate) and
the European (lower) plate during the Eocene (e.g.
Frisch, 1979). In the earliest Oligocene the peripheral
foreland basin (Molasse basin) formed north of the
Alpine orogen (Steininger et al., 1991) due to loading
by the nappes. The Oligocene rocks preserved in the
Inn Valley area were part of the foreland basin, also
termed “Inneralpine Molasse” (Fuchs, 1976, 1980).

The study area comprises the Lower Inn Valley be-
tween Kramsach and Reit im Winkel in the eastern
part of the Tyrol and the southernmost part of Ger-
many (Fig. 1). The Oligocene sediments are preserved
in a syncline-anticline system over 50 km lateral ex-
tent along the Inntal shear zone, which is a major
fault system in the Eastern Alps with approximately
40 km offset (Ortner, 1996). In the investigated area,
the Inntal shear zone separates two nappe units of
the Northern Calcareous Alps, the Inntal nappe/Tirol-
ic unit to the south and the Lechtal nappe/ Bajuvaric
unit to the north in the structurally lower position.

The field trip will focus on following two topics:
• The sedimentary evolution of the Northern Calcare-

ous Alps during the Oligocene and the interpreta-
tion of the depositional environment

• and the Oligocene and younger deformation in the
area associated with slip along the Inntal shear

zone. Just recently the Inntal shear zone attracted
additional attention in the course of interpretation
of the TRANSALP deep seismic line, which crosses
the Inn Valley near the western end of the Oligo-
cene deposits. A major reflector dips from the Inn
Valley to the south. Therefore, the Inntal shear zone
previously thought to be a subvertical shear zone
seems to be a major south dipping thrust fault.

2 Stratigraphic framework

Oligocene sedimentation in the investigated area
starts with fan-delta deposits (Lengerergraben Mb.)
interfingering locally with bituminous marls (Bergpe-
terl Mb.), which accumulated in local restricted ba-
sins. Transgression due to rapid subsidence led to
deposition of pelagic calcareous marls (Paisslberg
Fm.). The Paisslberg Fm. onlaps the southern basin
margin and is there in sedimentary contact with the
Triassic bedrock. The Werlberg Mb. is a near-shore
equivalent of the calcareous marls of the Paisslberg
Fm. In most cases, a few meters of biogen-rich car-
bonates in various sedimentary settings (beach rock,
rocky coast, reef, …) underlie the Paisslberg Fm. The
Paisslberg Fm. grades into the Unterangerberg Fm. by
the increase in terrigenic input. The Unterangerberg
Fm. consists of a thick series of turbiditic sand-mud
couplets in a prodelta setting showing the prograda-
tion of a fluvial system approaching from the west.
The basin is progressively filled up by clastic sedi-
ments. The advent of a fluvial system is marked by
the onset of conglomerate deposition, initially in a
marine environment (Höllgraben conglomerate),
later under terrestric, fluviatile conditions (Oberan-
gerberg Fm.).
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3 Description of stops
3.1 Brugger Mühle near Wörgl
3.1.1 Location

The location of stop 1 is immediately east of
Wörgl at the end of the village Brugger Mühle, at a
turn of a road branching to Gasteig from the main
road just below a quarry. (Fig. 2; ÖK 121, Bl. Neukir-
chen am Großvenediger, coordinates 47,4981°N/
12,0972°E).

3.1.2 Main features to be observed

In the road cut the contact of the carbonates of
the Werlberg Mb. to the underlying Triassic carbo-
nates (Virgloria limestone) below, and, a few meters
to the north, to the calcareous marls of the Paiss-
lberg Fm. above, is exposed. This short section is the
type section of the Werlberg Mb. (Ortner & Stingl, in
press). The lowermost part of the section is built by a
breccia made up of partly bored Virgloria limestone
clast. The matrix content rapidly increases upsection
and is composed of bioclasts with abundant solitary
corals. In the upper part of the Oligocene carbonates
Triassic limestone clasts are rare. The contact to the
calcareous marls is a wavy surface, which originally
was overgrown by corals now preserved in a thin
layer of flattened corals on the surface. Karst voids
filled with calcareous marls prove subaerial exposure
of the Oligocene carbonates before rapid resubmer-
gence and onset of deposition of calcareous marls.

This autochthonous carbonate facies delineates
the southern margin of the basin (Werlberg S of Bad
Häring, Bergpeterl quarry, S Kössen, S and E of Reit
im Winkl), or rims isolated horsts surrounding the
Häring basin (Osterndorf NE of Bad Häring, Kufstein-
er Wald, Widschwendter Rücken; Fig. 1). It consists of
pale limestones with lithoclasts and biogenics (coral-
line algae, foraminifera, corals, bryozoans etc.: Ne-
belsick et al., 2001). A remarkable feature are isolated
rounded boulders of bioeroded limestones originating
from a pebbly or rocky shore.

In the vicinity of this outcrop neptunian dykes
with a polyphase fill are frequently observed. The
oldest fills are flowstones alternating with spring
tufas, which are characterized by their reddish color
in the field. A second (younger) type of fill is bioclas-
tic debris, comparable to the Oligocene carbonates
observed in this outcrop. The youngest type of fill are
calcareous marls, as observed in this outcrop. These

fills are sometimes extremely rich in foraminifera.
The neptunian dykes and the features in this outcrop
record a history of subsidence, uplift and renewed
subsidence of the basin margin, characteristic for
sedimentation in a tectonically active region.

The Oligocene carbonates of this outcrop and the
neptunian dykes seal brittle fault planes observed in
the Triassic carbonates below, showing dextral
shearing along WNW-striking fault planes.

3.2 Lengerer Graben
3.2.1 Location

Stop 2 is situated in the Lengerergraben valley be-
tween the mountains Pölven in the E and Paisslberg
in the W. The lithological development can best be
studied in the Schuhreissergraben creek at the west-
ern slope of the Pölven mountain (type section: Fig. 3,
section 1). The outcrops are accessible ca. 1.1km SE
of the center of the village Bad Häring (ÖK 90, Blatt
Kufstein, coordinates 47,5033°N/ 12,1333°E).

3.2.2 Main features to be observed

Facies development of the Häring Fm., which in-
cludes the oldest Oligocene sediments in the area -
as demonstrated by Stingl & Krois (1991) and Krois
(1992) - clearly shows the possibility to separate two
members. The “Lengerergraben Member” (basal se-
ries) comprises local coarse clastic wedges, the coal
measures and bituminous marls in the hanging wall
are termed “Bergpeterl Member”. This stop is to study
the coarse clastic deposits of the Lengerergraben
Mb. (Fig. 5). Three lithofacies associations can be
distinguished:

Facies A consists of massive, coarse-grained brec-
cias and conglomerates, resting on a rugged erosion-
al bedrock relief. They show structureless and chaot-
ic textures, and consist solely of locally derived peb-
bles (Lower Triassic sandstones and Middle Triassic
carbonates). The clastics are interpreted as proximal
sediments of a small alluvial fan filling topographic
lows and were transported mainly as cohesive debris
flows with a small amount of fine-grained carbonat-
ic matrix.

Facies B comprises a succession of coarse-grained
to fine-grained stratified conglomerates. In the type
locality they show bed thicknesses of up to 0.5 m.
Graded beds, cross-bedded sets, imbricated clasts in
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the coarse-grained parts and additional flaser bed-
ding and horizontal lamination in the finer-grained
parts point to sedimentation from density-modified
grain flows or as stream flow deposits in a channel
network of fluvial origin.

Facies C (fine- to medium-grained carbonate sand-
stones and calcareous marls) shows horizontal lami-
nation with graded bedding and rare ripple bedding.
The sandstones are organized into coarsening- and
thickening-upward sequences. The lower parts are
fine-grained, laminated, and show a higher bitumi-
nous content (with pyrite concretions). The upper
parts reach bed thicknesses of up to 5 cm and are less
bituminous. Shell fragments and small plant remains
are rare. The sandstones may be interpreted as turbi-
dite-like sediments deposited in shallow water.

Intensive interfingering of facies B and C and
some textural evidences for shear-strength lowering
in the conglomerates due to water entrainment in a
standing water body allow the recognition of an at

least partly subaquatic fan delta body (Stingl &
Krois, 1991). The overall lithologic development
points to a shallow water, near-shore environment.
The increase of total thickness and the increasing
content of facies C towards the N indicate basin
deepening towards the N or NW.

The Lengerergraben Mb. reflects a sedimentary
evolution from subaerial alluvial fan deposits
through fan delta conglomerates to carbonate sand-
stones of the prodelta area in shallow water at the
mouth of a small fluvial system originating from the
S. All occurrences of the Lengerergraben Mb. (type
locality and some occurrences northeast of the Kai-
sergebirge mountain chain near Schwendt) are char-
acterized by a solely locally derived clast spectrum of
mainly Middle Triassic carbonates, which have been
supplied from a southern source. The vertical trend
of deepening is in contrast with models of fan delta
evolution, which predict vertical shallowing and up-
ward coarsening due to progradation of the fan into
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the basin. This means, that subsidence was faster
than progradation of the fan delta.

3.3 Western end of Kalkbruch
3.3.1 Location

The outcrop is located at the western end of the
Kalkbruch south of Häring (ÖK 90, Blatt Kufstein, co-
ordinates 47,5083°N/12,1306°E).

3.3.2 Introduction

The “Bergpeterl Member” (Facies D in Stingl &
Krois, 1991) comprises the well known coal measures
and laminated bituminous marls („Häringer Kohle“
and “Bitumenmergel”; Fig. 4). The main distribution
area is restricted to the Häring area and the Duxer
Köpfl near Kufstein (Fig. 1).

The sediments of the Bergpeterl Mb. overlie brec-
cias of the Lengerergraben Mb. or the Triassic bed-
rock. The succession starts with a thick (1–10 m)
coal measure. Above the coal, a series of regularly
bedded bituminous carbonate sandstones rich in bi-
valve debris, bryozoans and other biogenic detritus
follows. The bedding planes of these sandstones are

locally rich in plant fossils, and most of the well pre-
served plant fossils (von Ettingshausen, 1853) were
found in this unit. Upsection, the carbonate sand-
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Fig. 3: left side: Lithostratigraphy of the Oligocene in the Inn Valley (modified from Ortner, 1996); right side: Facies development of
the Oligocene of the German Molasse Basin (modified from Bachmann & Müller, 1991).
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stones start to al ter nate with thin ly lam i nat ed bi tu -
mi nous marls, and the car bo nate sand stones dis ap -
pear.  The very top of the Berg pe terl Mb. is marked by
a coarse-grained fos si lif er ous layer (up to 20 cm in
thick ness), with re worked intra clasts, rare Tri as sic
car bo nates with bor ings, and small mud chips,
(Heißel, 1956; Stingl & Krois, 1991; Krois, 1992).

3.3.3 Main fea tures to be ob served

On the south ern side of the mid dle road to the
quar ry, the bi tu mi nous car bo nate sand stones are ex -
posed. Plant fos sils are abun dant. Between the lower
and the mid dle road, boul ders of bed rock (Wet ter -
stein lime stone) are sur round ed by a ma trix of bi tu -
mi nous marls. This brec cia is inter pret ed as a scarp
brec cia, which formed along a fault in side the basin.
In map view, these scarp brec cias are ar ranged in
W(NW)-E(SE)-di rec tion. To geth er with the ev i dence
of the sealed dex tral faults (see sec tion 4.1) we
inter prete this as ev i dence for ac tive dex tral shear -
ing be fore dep o si tion of the cal car e ous marls (Fig. 7).

3.4 Around the Ju lius chacht
in the Berg pe terl quar ry
3.4.1 Lo ca tion

The type lo cal ity and type sec tion (Fig. 2) of the
Berg pe terl Mb. of the Häring Fm. (see Fig. 3) is sit -
u at ed in the NE cor ner of the Berg pe terl quar ry at
the north ern side of the Paiss lberg moun tain (ÖK
121, Neu kir chen am Großvenediger, co or di nates
47,4983°N/ 12,1233°E), in and near the so called
“Ju liuss chacht”.

3.4.2 Main fea tures to be ob served

The north east ern part of the Berg pe terl quar ry
pro vides good ex po sures of the Berg pe terl Mem ber
of the Häring Fm. Thin ly lam i nat ed bi tu mi nous marls
al ter nat ing with equal ly bi tu mi nous car bo nate sand -
stones are present. Slump ing is com mon.
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L o w e r  T r i a s s i c

Fig. 5: Type sec tion (1) of the Len ge rer gra ben Mb. in the Schuh-
reißergraben val ley (stop 2). Sec tions 2 (Len ge rer gra ben val ley)
and 3 (“Burg”) il lus trate the lat er al fa cies chang es in trans port
di rec tion. A, B, C refer to the fa cies as so ci a tions of STINGL &
KROIS (1991).

Fig. 6: Type sec tion of the Berg pe terl Mb. in the Ju liuss chacht in
the Berg pe terl quar ry at stop 4.
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The bi tu mi nous marls and the cal ca reuos marls
above are cut by a se ries of ENE-strik ing sin is tral
faults. Fold ing par allel to the fault planes points to a
strong com pres sion al com po nent dur ing sin is tral
shear ing. Between steep faults, sin is tral shear ing led
to fold ing with ver ti cal axes (Fig. 8). In map view,
these faults are cut by young er WNW-strik ing dex -
tral faults (Fig.1). This is in con trast to the ob ser va -
tion in out crop 3.1, where sim i lar ly orient ed faults
are sealed by Ol i go cene rocks. 

3.5 Cen tral part of Berg pe terl quar ry
3.5.1 Main fea tures to be ob served

The Paiss lberg Fm. con sists main ly of dark grey to
green ish marls and marly lime stones with an over all
thick ness of about 200 m of Early Ol i go cene age
(NP22, Löffler, 1999). The lower part is more car bo -
nat ic, the upper one shows high er clay con tent. The
Paiss lberg Fm. also in cludes coarse lime stone brec -

cias and con glom er ates (the for mer “Lith o tham nien -
kalk brec cie”; Ne bel sick et al., 1996, 2001; Fig. 9) and
au toch thon ous shal low water car bo nates men tioned
by Heißel (1951) and Ne bel sick et al. (2001). The
wide dis tri bu tion of these car bo nates al lows the
sep ar a tion of a map able mem ber with in the Paiss -
lberg Fm. (Werl berg Mem ber, see stop 3.1).
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Fig. 7: Block di a gram of the Inn tal area dur ing dep o si tion of the
Häring Fm. WNW-trend ing dex tral faults dis sect ed the area and
formed half-gra ben shaped small re strict ed ba sins. Inset: a) Or -
ien ta tion of nep tu nian dykes filled by flow stones and de bris
from Werl berg Mb., b) WNW-trend ing dex tral faults sealed by
the Werl berg Mb. of the Paiss lberg Fm., c) brit tle fault plane
data set com pat ible with a) and b) in di cat ing NNW-SSE di rect -
ed com pres sion.

Fig. 8: Faults in the out crop Berg pe terl bruch, stops 3 & 4. Tilt ed nor mal faults pre date fold ing of Ol i go cene rocks and can pos sibly be
seen in con nec tion with Ol i go cene sin is tral shear ing in the area (see also stop 7). Dex tral and sin is tral shear ing post dates fold ing, and
in map view sin is tral faults off set dex tral faults. 



The over all de vel op  ment in di cates a trans gres sive
trend with  in the marly sed i ments. As de duced from
the in creas ing abun dance of plank tic fo ram i nif e ra
(Lühr, 1962; Lin den berg, 1965; Cicha et al., 1971;
Hagn et al., 1981) sed i men ta tion depth in  creas es
from 50–200 m in the lower part to 200–600 m
(pos sibly up to 1000 m) in the high er part. Löffler
(1999) also in ferred water depths from the lower ne -
rit ic to the upper ba thyal zone from the anal y sis of
mol lusc fau nas. The deep en ing of the sed i men ta tion
area re sponds to the com bi na tion of sea level rise
and tec ton ic sub si dence. The inter ca la tion of coarse-
to fine-grained de bris flows and slump ing ho ri zons
in the marls may re sult from local tec ton ic move -
ments (Krois, 1992).

3.5.2 Sug gest ed points of dis cus sion

Fa cies dif fe ren ti a tion in the basal part of the
Paiss lberg Fm. in di cates con tem po ra ne ous car bo nate

pro duc tion on intra bas i nal highs and dep o si tion of
cal car e ous marls in deep er parts of the basin. The
dep o si tion al area rap id ly sub sid ed from con ti nen tal
sur face to ba thyal depth from the Ear li est Ol i go cene
on wards. The dis tri bu tion of horsts and gra bens is
clear ly a re sult of local tec ton ic move ments, where as
the re gion al sub si dence must be a re sult of a more
re gion al pro cess, like the for ma tion of a fore land
basin. The pa leo geog ra phy re con struct ed for the
Early Ru pe lian (Ort ner & Stingl, in press) with a
south ern basin mar gin (Werl berg Mb.) ex posed in the
Inn Val ley, and the basin open to the north is in fa -
vour of the fore land basin inter pre ta tion.

3.6 Ka kir ite Lang kamp fen
3.6.1 Lo ca tion

The out crop is lo cat ed in a old grav el pit be hind
the mo tor way res tau rant near Lang kamp fen (ÖK 89,
Blatt An gath, co or di nates 47,4822°N/12,0667°E).
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3.6.2 Main fea tures to be ob served

The Inn tal fault is di rect ly ex posed only in very
few lo ca tions. In this out crop light grey dol o mite
(Wet ter stein dol o mite) is per va sive ly sheared. In dis -
tinct shear zones, the dol o mite is crushed to silt- to
sand-size par ti cles, and the shear zones are slight ly
ce ment ed. Lo cal ly, clay ey fault gouge is present in
the shear zones, in di cat ing that the out crop is lo cat -
ed at the con tact between Ol i go cene rocks and Wet -
ter stein dol o mite. Between the shear zones, the
rocks are brok en to cm – to dm- size frag ments. The
ka kir ite has a thick ness of at least 100m.

3.6.3 Sug gest ed points of dis cus sion

Can off set of the Inn tal fault be es ti mat ed from
the thick ness of ka kir ites in the Inn Val ley? The prob -
lem is, that the con tri bu tion of thrust fault ing and
strike slip fault ing can not be clear ly sep ar at ed. In
this out crop, the last in cre ment of shear ing was sin -
is tral strike-slip fault ing, but pos sibly ka kir ites
formed in a thrust re gime.
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at stop 7.



3.7 Inn prom e nade near An gath
3.7.1 Lo ca tion

The out crop is lo cat ed along the Inn prom e nade
west of An gath (ÖK 89, Blatt An gath, co or di nates
47,5000°N/12,0583°E).

3.7.2 Main fea tures to be ob served

The Un te ran ger berg Fm., de vel op ing from the
Paiss lberg Fm. by an in crease in si lic i clas tic de tri tus,
con sists of sand stone-marl (or mud stone)-inter bed -
dings with some fine-grained con glom er ates, all ar -
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ranged in fin ing-up ward cy cles. These small-scale
cy cles are stacked to fin ing-up ward and thin ning-
up ward large-scale cy cles, reach ing thick ness es from
1 to 20 me ters. The over all trend in cycle stack ing
dis plays a coars en ing- and thick en ing-up ward de -
vel op ment from base to top of the Un te ran ger berg
Fm., cul mi nat ing in the sed i men ta tion of the Ob e -
ran ger berg Fm.

Bed ding type (grad ed, hor i zon tal and rip ple bed -
ding) and sed i men tary struc tures (typ i cal sole marks)
point to tur bi dit ic sed i men ta tion in a small sub ma -
rine fan. The large-scale cy cles can be inter pret ed as
chan nel fills or lev ees of su pra fan lobes in the  distal
to mid-fan area (Krois, 1992; Ort ner, 1996). The en -
tire Un te ran ger berg Fm. rep re sents a coars en ing-
and thick en ing-up ward meg a cy cle, which in di cates
the prog ra da tion of the fan. Trans port di rec tions vary
in a broad range, with an av er age trend from NW to
SE, part ly to NE.

The poor ly de vel oped fo ram i nif er al fauna shows
an in crease of the abun dance of ben thic forms to -
wards the top and in di cates a Ru pe lian age (Hagn,
1960; Lin den berg, 1965; Hamdi, 1969).

The Un te ran ger berg beds are fold ed with WNW-
trend ing axes in dek a met ric folds. West of the prom -
e nade along the Inn river, def or ma tion al struc tures
in the Un te ran ger berg beds in di cate syn sed i men tary
top SW thrust ing (Fig. 13, 14).

3.8 Kleinsöll
3.8.1 Lo ca tion

The sec tion Kleinsöll is lo cat ed in a creek SW of
the vil lage of Kleinsöll and along the ad ja cent bank
of the Inn river (ÖK 120, Blatt Wörgl, co or di nates
47,4800°N/11,9867°E).

3.8.2 Main fea tures to be ob served

The Höllgraben sec tion rep re sents the lower
boun dary of the Ob e ran ger berg Fm. To wards the top,
the Un te ran ger berg Fm. is dom i nat ed by marly sed i -
men ta tion (Fig. 15). The coarse-grained clas tic se -
quence up sec tion con sists of m-thick trough cross-
bed ded con glom er ates with inter ca lat ed marls. The
clast spec trum is dom i nat ed by Late Cre ta ceous and
Pa leo gene peb bles (Mous sa vian, 1984). 

While cross-bed ded con glom er ates are inter pret -
ed as sub ma rine chan nel fills in the mid- to upper

fan area, poor ly strat i fied to struc ture less con glom -
er ates rep re sent sub ma rine de bris flows. The se -
quence of the Höllgraben con glom er ate points to a
tran si tion from the mid-fan area to the upper fan
and con sists of an inter fin ger ing of chan nel fills, de -
bris flows, and fine-grained un chan nel ized slope
sed i ments (Ort ner, 1996).

3.8.3 Sug gest ed points of dis cus sion

A top o graph ic bar ri er must have formed dur ing
dep o si tion of the upper part of the Paiss lberg Fm.
pre vent ing the de bris pro duced by ero sion of the
Alps being di rect ly shed into the Mo lasse basin. This
gives some in di rect ev i dence of the ex is tence of an
steep fault form ing a top o graph ic bar ri er to the
north.

3.9 Brei ten bach
3.9.1 Lo ca tion

The Brei ten bach out crop is lo cat ed in a small
creek, where it is crossed by a foot path with a wood -
en brig de (ÖK 120, Blatt Wörgl, co or di nates
47,5211°N/11,9844°E).

3.9.2 Main fea tures to be ob served

In the Brei ten bach out crop, a thrust plane is ex -
posed, which super im pos es ka kir ites of the Haupt do -
lo mite Fm. onto Ol i go cene marls of the Un te ran ger -
berg Fm. The gen er al ly south-dip ping con tact could
be part of a major thrust of the Grey wacke zone and
the south er ly ad ja cent units onto the Lech tal nappe
of the North ern Cal car e ous Alps, as seen in the
TRANS ALP seis mic sec tion (Fig. 16).

3.9.3 Sug gest ed points of dis cus sion

The North ern Cal car e ous Alps are tra di tion al ly
sub di vid ed into thrusts of dif fer ent age. The out of
se quence thrusts as seen on the seis mic sec tion (Fig.
16) do not fit the tra di tion al thrust ar chi tec ture of
the North ern Cal car e ous Alps. They cut the Baj u var ic
nappe stack; only the con tact between Ti rol ic and
Baj u var ic nappes co in cides with the thrust in the Inn
Val ley.

11Geol. Paläont. Mitt. Innsbruck, Band 26, 2003
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3.10 Voldöpp
3.10.1 Lo ca tion 

The sec tion Voldöpp lies along a small road from
the north eat sern part of Kram sach to the Ob e ran ger -
berg (ÖK 120, Blatt Wörgl, co or di nates 47,4533°N/
11,9100°E).

3.10.2 Main fea tures to be ob served

Sec tion Voldöpp is des ig nat ed as type sec tion for
the Ob e ran ger berg Fm. (Fig. 18). The dom i nat ing
lith o fa cies types present are com po nent sup port ed
coarse con glom er ate beds with or with out nor mal
grad ing with im bri cat ed com po nents. Oc ca sion al ly
pla nar cross bed ding is ob served in the top most por -
tion of con glom ar ate beds. Hor i zon tal lam i nat ed
sand- to silt stones, oc ca sion al ly rip ple cross bed ding
inter rupt the con glom er ate sed i men ta tion. The
coarse con glom er ates of a slight ly sin u ous, braid ed
river system (Krois & Stingl, 1991) in di cate per en ni al
high en er gy run off. The main fa cies ele ments are
chan nel fills with lon gi tu di nal bars and large-scale
rip ples. The scar city of over bank fines (lev ees, cre -
vasse splays and flood plain de pos its, mud-filled
aban doned chan nels) sup ports the model of a high ly
mo bile chan nel system. Trans port di rec tions de rived
from im bri cate clasts and cross-bed ding are orient ed
from NW-W to SE-E.

Bi o strat i graph ic dat ing of the Ob e ran ger berg
Fm. is not un equiv ocal. Plant fos sils (Cin nam o -
mum cf. scheuch ze ri and C. cf. spec ta bi la Heer)
in di cate an Ol i go cene to Mi o cene age (Hamdi,
1969). Only the se quence strat i graph ic inter pre -
ta tion of the suc ces sion pro vides some ev i dence
for the lower boun dary of the Ob e ran ger berg Fm.
to be near the base of the Chat tian. As the first
peb bles from rocks of the Ber ni na, Err, and Ju li er
nappes in the Upper En ga dine Val ley ap pear in
the Aqui ta nian of the Mo lasse zone, and are lack -
ing in the Ob e ran ger berg Fm., the ero sion al upper
boun dary of the Inn Val ley Ter tiary must still be
with in the Ol i go cene. Mod el ling of the ther mal
his to ry of the Ol i go cene based on vi tri nite re flec -
tance data in the Häring - Ob e ran ger berg area re -
sult ed in the pre dic tion of a total thick ness of
1300m of erod ed sed i ment (Ort ner & Sach sen hof -
er, 1996). More than 1000m thick ness of the Ob e -
ran ger berg Fm. is pre served north of the Kai ser -
ge birge (Fig. 17, D–D’).

3.11 Kram sach/Ma ri a tal
3.11.1 Lo ca tion

The out crop is lo cat ed at the west ern side of the
road from Kram sach to As chau near the Ma ri a tal
mon as tery (47,4528°N/11,8633°E).

3.11.2 Main fea tures to be ob served

Con glom er ates of the Ob e ran ger berg Fm. are in
di rect con tact to Haupt do lo mite Fm. There fore the
Ob e ran ger berg Fm. seals part of the to pog ra phy
creat ed dur ing Ol i go cene shear ing along the Inn tal
fault.
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3.11.3 Sug gest ed points
of dis cus sion

The dis tri bu tion of Ol i go cene
coarse con glom er ates along the
Inn tal fault in di cates the pres ence
of a flu vi al system guid ed by an
oro gen-par allel, sub ver ti cal fault
(Fig. 18). Au gen stein de pos its, only
present south of the Inn tal fault,
are inter pret ed to be re de pos it ed
grav els be long ing to old trib u tar ies
of a paleo-Inn flu vi al system. Up lift
of the Au gen stein pene-plain
might be a re sult of young er re -
newed ac tiv ity of the (thick
skinned) thrust in the Inn Val ley.                                                                                   

4 Ad di tion al in for ma tion
4.1 Sub si dence curves

The ther mal and sub si dence his -
to ry of the Ol i go cene in the Lower
Inn Val ley was sim u lat ed by Ort ner
& Sach sen hof er (1996). Sub si dence
curves in ac cor dance with the ob -
served co al ifi ca tion in di cate rapid or
ac cel ler at ing sub si dence through out
the Ol i go cene and Early Mi o cene
(Aqui ta nian) com bined with a low
heat flow (70 mW/m2; Fig. 20a).
Sub se quent ly, sub si dence was slow until the Mid dle
Mi o cene, when up lift and ero sion start ed be cause of
thrust ing and shear ing along the Inn tal shear zone.
The Mo lasse basin also rap id ly sub sid ed dur ing Ol i -
go cene and Early Mi o cene and slow ly sub sid ed af -
ter wards. Up lift in the Mo lasse basin start ed much
later in the Late Mi o cene (Fig. 20b; Zwei gel et al.,
1998; Jacob et al., 1982; Home wood et al., 1986).                                                  

Re mark ably the sub si dence curves for both the
Mo lasse basin and the Ol i go cene of the Lower Inn
Val ley do dis play uni form or even in creas ing sub si -
dence through out the Ol i go cene. Sub si dence did not
de crease, when the basin stopped be com ing deep er,
but start ed to fill, and the onset of lim nof lu vi a tile
con di tions near the Ru pe lian - Chat tian boun dary
was not re lat ed to up lift.

There fore, the strat i graph ic de vel op ment in the
Mo lasse basin is gen er al ly con trolled by eus ta sy
(Zwei gel et al. 1998), but the trans gres sive-re gres -

sive cy cles were main ly de pen dent on the inter play
between ac com o da tion space and sed i ment input
into the basin, both strong ly af fect ed by tec ton ics.
Ac com o da tion space was creat ed by the flex u ral
event after col li sion of the Eu ro pe an and Adri at ic
plates in Eo cene times (e.g. Home wood et al., 1986),
as re flect ed by the sub si dence curve. Sed i ment input
was main ly con trolled by ero sion rates and thus by
the tec ton ic his to ry of inter nal parts of the oro gen.                                            

Pre vi ous stud ies of the tec ton ic de vel op ment of
the Ol i go cene in the Lower Inn Val ley put for ward a
pull apart or i gin of the basin (Ort ner, 1996; Ort ner &
Sach sen hof er, 1996). How ev er, the open ma rine fa -
cies of the Paiss lberg Fm. is not in ac cor dance with a
local basin, and the over all sim i lar ities in sub si dence
and se quence de vel op ment between the Mo lasse
basin and the Ol i go cene of the Lower Inn Val ley
rath er calls for a ge net ic link between the two dep o -
si tion al areas.
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4.2 Basin for ma tion and def or ma tion

Basin for ma tion and def or ma tion were in flu enced
by pro cess es at two scales: 1) Ev o lu tion of the Al pine
or o gen ic wedge and its fore land basin (Mo lasse
basin) and 2) shear ing along the Inn tal fault. In the
fol low ing par a graphs, local def or ma tion is short ly
dis cussed on the base of anal y sis of brit tle fault
planes and dep o si tion al geom e tries. A de tailed sur -
vey of brit tle def or ma tion in the in ves ti gat ed area
will be pub lished else where (com pare Ort ner, 1996;
Ort ner & Sach sen hof er, 1996).

4.2.1 Shear ing

Syn sed i men tary fault ing can be re con struct ed
through out the Ol i go cene. The faults below are
thought to shape local to pog ra phy in the area, but
they can not ac count for the over all sub si dence of
the basin.

4.2.1.1 Early Ru pe lian (D1)

Scarp brec cias in the Berg pe terl Mb. of the Häring
Fm.  are bound to WNW-ESE trend ing faults. Nep tu -
nian dykes in Mes o zo ic rocks under ly ing Ol i go cene
sed i ments, which are filled by re de pos it ed car bo -
nates (Werl berg Mb.) and cal car e ous marls (Paiss -
lberg Fm.) trend in the same di rec tion (Figs. 4, 7a). In
a few lo ca tions fault planes are sealed by car bo nates
of the Werl berg Mb. (Figs. 4,7b). Anal y sis of the
sealed fault planes and com par able planes in di cates
NW-SE di rect ed short en ing ac com o dat ed by dom i -
nant WNW-trend ing dex tral strike-slip faults and
con ju gat ed N-S trend ing sin is tral strike-slip faults
(Fig. 7c).               

Ver ti cal off set across dex tral faults is in the range
of a few tens of me ters. Along the faults, el on gate
de pres sions with half gra ben geom e try formed, filled
by bi tu mi nous marls (e.g. Dux area; Fig. 2, 7).

4.2.1.2 Late Ru pe lian (D2)

The Un te ran ger berg Fm. was lo cal ly de formed
prior to lith ifi ca tion. This led to for ma tion of pseu -
do duc tile struc tures in the sed i ments (Fig. 13, 14).
The Un te ran ger berg is cut by sev er al shear zones
with top SW dis place ment. In the han ging wall of
the shear zones deca met ric, SW-verg ing folds de -
vel oped. In an early stage of fold ing, layer par allel
short en ing led to the for ma tion of cus pate-lo bate
folds at the inter face of sand stone and marl layers
with con trast ing com pe tence (Figs. 13b, 14). In -
creas ing short en ing formed sets of con ju gate ramp
faults in sand stone beds (Figs. 13d, 14), some times
with hy dro plas tic slick en sides (Fig. 13e, 14), that
often dis ap pear with in the bed. Near a major branch
of the Inn tal shear zone, a ver ti cal E-W trend ing
shear zone with sin is tral sense of shear was ob -
served. All these fea tures of late Ru pe lian def or ma -
tion can be in te grat ed into a model of over all
oblique thrust ing along ENE-trend ing faults. Along
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branch es of the Inn tal shear zone, strike-slip faults
con nect ed to the thrusts show sin is tral dis place -
ments.

On a larg er scale, the Paiss lberg and Un te ran ger -
berg For ma tions suc ces sive ly bur ied the evolv ing to -

pog ra phy. Dur ing sed i men ta tion of the lower part of
the Paiss lberg Fm., the basin mar gin, or up lift ed por -
tions of fault blocks with (half-) gra ben geom e try
car ried car bo nate build ups (Werl berg Mb.). De bris
flows trans port ed ma te ri al from these build ups into
the basin (al loch thon ous car bo nates of the Werl -
berg Mb.). Con tin ued shear ing in creased the half-
gra ben re lief, re sult ing in large thick ness es of the
Paiss lberg Fm. ad ja cent to the faults, as doc u ment -
ed by the out crops in the Häring mine and the well
Nie dern holz (Fig. 17, cross sec tion C-C’). Late r on,
the local to pog ra phy was com plete ly cov ered by the
Paiss lberg and Un te ran ger berg Fms.

4.2.1.3 Chat tian

Dur ing the Chat tian, the river system de pos it ing
the Ob e ran ger berg Fm. trans port ed de bris from the
west ern part of the cen tral Alps to the Chiem gau fan
west of Salz burg at the south ern mar gin of the Mo -
lasse basin, guid ed by the Inn tal fault (Fig. 19). Con -
glom er ates of the Au gen stein beds, which are inter -
pret ed to rep re sent re de pos it ed re mains of the Ob e -
ran ger berg Fm. (Ort ner & Sach sen hof er, 1996) are
only found south of the Inn tal shear zone, in di cat ing
that the North ern Cal car e ous Alps north of the shear
zone formed a top o graph ic bar ri er con strain ing the
course of the paleo-Inn River (Fig. 19). There fore,
con tin ued (?sin is tral) ac tiv ity of the Inn tal fault zone
through out the Chat tian is prob able.
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Fig. 20: a) Sub si dence curve
for the Ol i go cene in the
Lower Inn Val ley re drawn
from Ort ner & Sach sen hof er
(1996).Time scale after Stei -
ning er et al. (1988/89) for Ol -
i go cene sed i ments and Stei -
ning er et al. (1990) for Mi o -
cene sed i ments. b) Sub si -
dence curve for a well SSE of
Mu nich in the Mo lasse basin
sim pli fied from Zwei gel et al.
(1998). Ab so lute ages taken
from Har land et al. (1990)
and Stei ning er et al. (1985).
Minor dif fer enc es between
the curves due to dif fer enc es
in time scales. Ab bre vi a tions:
BP. M. = Berg pe terl Mb., LG.
M. = Len ge rer gra ben Mb., PB.
F. = Paiss lberg Fm., UA. F. =
Un te ran ger berg Fm., OA. F. =
Ob e ran ger berg Fm.
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by peb bles in Ob e ran ger berg Fm. and
Mo lasse basin. The west ern part of the
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ac tive faults at ap prox i mate ly 25 Ma:
IF … Inn tal shear zone (this study), EL
… En ga dine line (Schmid & Froit z heim,
1993), TF … To nale fault, GF … Giu dic -
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(Schmid et al., 1989). South ern Alps
drawn fol low ing Lu cia ni (1989) and
Keim & Stingl (2000).
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4.2.1.4 Post-Ol i go cene def or ma tions

The main ef fect of post-Ol i go cene def or ma tion
was fold ing of the Pa leo gene de pos its with WSW-
trend ing axes (D3). Large scale folds sev er al km in
wave length formed (e.g. cross sec tion E - E’, Fig. 17).
Prob ably this def or ma tion was ac com pa nied by re -
newed thrust ing on the Inn tal thrust. The folds were
cut by a set of ENE-strik ing, sin is tral trans pres sive
faults (D4) that re ac ti vate faults formed dur ing D2.
In a late stage of this def or ma tion al event, N-S-
strik ing oblique nor mal faults de vel oped, which are
inter pret ed to rep re sent anti thet ic rie dels to the Inn -
tal fault zone. Dex tral nor mal off set across these
most ly east-dip ping faults led to west-plung ing fold
axes in Ol i go cene de pos its. Nor mal faults strik ing
slight ly oblique to the Inn Val ley over print ed Qua ter -
nary rocks in the area west of Kuf stein (D5). They
were re spon sible for Qua ter nary gra ben for ma tion in
the Inn Val ley.

4.2.2 Inter pre ta tion

NW-di rect ed short en ing dur ing Early Ru pe lian
(D1) pos sibly re flects north ward trans la tion and con -
cur rent coun ter clock wise ro ta tion of the Adri at ic
mi cro plate (Peres son & Deck er, 1997). Short en ing
was re placed by oro gen-par allel ex ten sion dur ing
the Ru pe lian (see above) after crus tal thick en ing in
the Le pon tine area by back thrust ing along the In -
sub ric line (Schmid et al., 1989). Cen tral Al pine units
mov ing to wards the east in the Late Ru pe lian (con -
tem po ra ne ous to Niem et-Bev e rin/Turba ex ten sion)
were de lim it ed to the north by sin is tral faults like
the Inn tal shear zone (D2; Fig. 8).

Post-Ol i go cene def or ma tions in the area are
main ly the ef fect of the for ma tion of the South al -
pine In dent er with its tip south of Inns bruck. Be -
fore the Mid dle Mi o cene, the area ex pe ri enced
main ly fold ing as doc u ment ed in Ol i go cene sed i -
ments (D3). How ev er, short en ing in the me rid ian of
Inns bruck led to back thrust ing and up lift of the
Tauern Win dow, and to major oro gen-par allel ex -
ten sion, lead ing to east ward move ment of Cen tral
Al pine units (Ratsch bach er et al., 1991, Fügen-
schuh et al., 1997). Again, east ward mov ing blocks
were de lim it ed to the north by ENE-trend ing sin is -
tral faults. The Inn tal shear zone was re ac ti vat ed
(D4). Gra ben for ma tion in the Inn Val ley (D5) dur -
ing the Qua ter nary might be an ef fect of ad just -

ment of the Al pine wedge to iso stat ic up lift in its
cen tral parts.

In sum mary, Ol i go cene and Mi o cene brit tle def or -
ma tion in the Inn tal area is the re sult of the inter -
play of local and far-field stress es con trolled by dou -
ble in den ta tion of Adri at ic crust into the Alps. Ol i go -
cene in den ta tion in the West ern Alps led to In sub ric
back thrust ing and crus tal thick en ing, fol lowed by
oro gen-par allel ex ten sion. Mi o cene in den ta tion in
the East ern Alps again led to thick en ing and sub se -
quent ly oro gen-par allel ex ten sion east of the Bren -
ner me rid ian. Pe ri ods of crus tal thick en ing led to kin -
e mat ic coupling across the Per i ad ri at ic line, so that
the NNW-SSE orient ed far-field stress is ob served in
the Alps (D1, D3). Dur ing oro gen-par allel ex ten sion,
local stress fields con trolled by large oro gen-par allel
faults de lim it ing ex trud ing blocks are found in the
Alps (D2, D4).
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