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Polyphase deformation in the Col Bechei area
(Dolomites — Northern Italy)

By CarLo DogLiont!) and CHiara S10RPAES?)

ABSTRACT

The Col Bechei area is located in the eastern Southern Alps where the Dinaric Paleogene thrust belt is over-
printed by the Neogene Southalpine thrust belt. The orientations of the two thrust belts are almost perpendicular
and their overlap has produced an interference pattern within the brittle regime in the central-eastern Dolomites.
The main structural evolution that can be detected in this area is the following: A) Tensional Mesozoic tectonics,
indicated by N-S trending normal growth faults which determine sedimentary thickness variations. B) WSW-vergent
folds and thrusts (“Dinaric” trend) of Paleogene age. C) SSE-vergent thrusts and folds (“Southalpine” trend) of
Neogene age. The geometry of each phase has been inherited by the later tectonics. The tectonic evolution is
recorded in spectacular outcrops of the Col Bechei-Monte Parei area. The Dinaric deformation generated a WSW-
vergent tight recumbent fold in the hangingwall of a low angle thrust plane. The structure was later deformed by two
S-vergent thrust planes perpendicular to the earlier structure with frontal and oblique ramps with inclinations
ranging between 25° and 60°. The geometry of structures outcropping in the Col Bechei area represents an example
of tectonic interference pattern between two oblique thrusts belts.

RIASSUNTO

L’area del Col Bechei ¢ posta nelle Alpi Meridionali orientali dove & presente la sovrapposizione della catena di
sovrascorrimenti Dinarica e della catena di sovrascorrimenti Sudalpina. Le due catene sono quasi perpendicolari e
la loro sovrapposizione ha prodotto delle figure d’interferenza in regime fragile nelle Dolomiti centro-orientali.
L'evoluzione strutturale che puo essere ricostruita in quest’area & la seguente: A) Tettonica distensiva Mesozoica,
testimoniata da faglie normali di direzione media N-8, le quali hanno determinato variazioni di spessore delle coeve
sequenze deposizionali. B) Pieghe e sovrascorrimenti a vergenza OSO di direzione tipicamente Dinarica e di eta
Paleogenica. C) Sovrascorrimenti e pieghe a vergenza SSE di direzione Sudalpina e di etd Neogenica. Ogni fase ha
agito come geometria ereditata per la fase seguente. La suddetta evoluzione tettonica & osservabile negli affioramenti
spettacolari dell’area del Col Bechei ¢ Monte Parei. La deformazione Dinarica ha prodotto una piega stretta-isocli-
nale rovesciata, a vergenza OSO, a tetto di un sovrascorrimento a basso angolo. La struttura ¢ stata successivamente
deformata da due sovrascorrimenti S-vergenti taglianti perpendicolarmente la struttura precedente in rampe frontali
e oblique con inclinazioni variabili tra 25° ¢ 60°. L’attuale geometria affiorante nell’area del Col Bechei rappresenta
un esempio di struttura d’interferenza tra due catene di sovrascorrimenti tra loro normali.
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Introduction

One still undervaluated aspect of thrust tectonics, particularly in foreland imbrica-
tion zones, is the structural analysis of areas where different tectonic phases of oblique
orientation are superimposed. These structures can only be resolved in three dimen-
sions and volume balancing has to be taken into account (i.e. LAUBSCHER 1988). This
paper illustrates an example of perpendicular superposition of two thrust belts from
the Dolomites (Southern Alps — Northern Italy). The geometry and the kinematic evol-
ution of the Col Bechei area are presented as a case of structural interference by such
oblique overprint (Fig. 1).

Geological setting

The Col Bechei-Monte Parei mountains are located in the central-eastern
Dolomites (Fig.2), whose structure is mainly a large pop-up-related syncline of
Neogene age. Previous structural studies have been published by Koser (1908),
ScuwINNER (1915), MErLA (1931), OGILviE-GorDON (1929, 1934), Accorpr (1955)
and LeoNarp1 (1955, 1967). This area represents a key location in the tectonic recon-
struction of the Dolomites, because of the occurrence of a Late Oligocene-Early
Miocene conglomerate (the Monte Parei Conglomerate, Crta & Rosst 1959, Cros
1966, 1978, BostLLiNt pers. comm.) which post-dates a compressive tectonic phase
with a W-vergent “Dinaric” trend deforming Mesozoic rocks (CousiN 1981, DoGLIONI
1985, 1987, 1990, DocLioN1 & BosELLINI 1987). The same conglomerate is subse-
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Fig.1. The Col Bechei is located within the region of heavy stipple, indicating interference between the WSW-
vergent Dinaric thrust belt and the SSE-vergent Southalpine thrust belt.
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Fig. 2. Geologic map of the Col Bechei area. Large arrows indicate the viewpoint for related figures. The Dachstein
Limestone (Rhaetian) is not differentiated and is considered at the base of the Calcari Grigi.

quently cut by S-vergent “Southalpine” thrusts. The Col Bechei-Monte Parei area is,
therefore, very important for the following reasons: (1) It is the only location to allow
dating of the tectonic phases in the Dolomites, and (2) the excellent exposures allow a
3D analysis of the two perpendicular compressive tectonic phases. The presence of
S-vergent thrust tectonics of Cretaceous age (Eoalpine phase) is suggested to occur
mainly northward of the examined region and the area was probably located at that
time along the foredeep of this orogeny.

Structural analysis

The southern cliff of the Col Bechei allows a series of structural observations
(Fig. 3). A wide tight fold, within Late Triassic rocks (Dolomia Principale) in the core,
is located in the hangingwall of a 5°-30° eastward-dipping thrust plane. The fold axis
trends N40°-20°W and undulates, changing orientation southwards (N20°~0°W) in the
nearby Vallon Bianco area (not contained in Fig. 2). Minor parasitic folds have the
same trend. The overthrust forms ramps (~30°) in the Calcari Grigi (Liassic), Dach-
stein Limestone (Rhaetian) and Dolomia Principale (Norian), with a hinterland dip-
ping duplex (Bover & Evrriorr 1982, MiTra 1986). At the top of the Calcari Grigi
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Fig. 4. View from the west of the Col Bechei structure. Note the oblique view of the W-vergent fold (Dinaric) which is
cut by the S-vergent overthrust (Alpine), number 2 of Fig. 3. Legend: G, Calcari Grigi (Liassic); M, Monte Parei
Conglomerate (Early Miocene).

and Rosso Ammonitico the overthrust forms a flat, with dips of 5°~10°. The recumbent
geometry of the hangingwall fold (Figs.3 and 4) suggests a fault-propagation folding
origin (Suppe 1983, 1985) for this feature, close to its tip line.

In the footwall of the Col Bechei overthrust, there occur N-S striking normal faults
(Fig. 5) which often exhibit a syn-Calcari Grigi (Liassic) age, as demonstrated by
common syn-sedimentary thickening of the hangingwall beds. A clear example is
observed in the footwall of the overthrust within the northern cliff of the Vallon
Bianco, just to the south of the Col Bechei (Fig. 5). Small scale normal faults outcrop in
the Calcari Grigi of the Passo di Limo, rising toward the Col Bechei. The best example
of a normal faulting occurs a few kilometers to the west, southwest of the Forcella
Lavarella (at the contact between the Carnian Cassian Dolomite in the footwall and
the Norian Dolomia Principale in the hangingwall), where the fault shows extensional
striations and the hangingwall is characterized by a rollover anticline. The Calcari
Grigi in the hangingwall are several hundred meters thick with synsedimentary fan-
shape, whereas they are absent in the footwall, westward of the Badia Valley. The
Mesozoic normal faults seem to be connected by transfer faults (Fig. 6). One transfer
fault could be the eastward prolongation of the Passo Gardena Mesozoic strike-slip
fault, which should continue throughout the Forcella Lavarella and the Fanes Valley. It
is interesting to observe that the W-vergent Col Bechei overthrust undulates along the



Polyphase deformation in the Col Bechei area 707

Fig. 5. Northern cliff of the Croda del Vallon Bianco, composed of Liassic Calcari Grigi. The W-vergent basal thrust
plane cuts a pre-existing (Liassic-Cretaceous?) normal fault. Note the cataclastic fault rock.

Fanes Valley, showing sinistral transpression along the E-W trending valley where it
connects the southern continuation at the Croda del Vallon Bianco. In other words, the
Paleogene W-vergent thrust plane shows frontal, oblique or lateral ramp geometry as a
result of its interaction with inherited features, such as normal or strike-slip faults, vari-
ations in thicknesses of the sedimentary cover, etc. (Fig. 6). For instance, an interpreta-
tion is that the ramp of the WSW-vergent Col Bechei thrust was developed close to a
pre-existing normal fault whose footwall acted as a buttress. The geometry of the
Croda del Vallon Bianco structure can also only be explained by assuming pre-existing
normal faults which were cut and/or inverted during the “Dinaric” compression. In
fact, the overthrusting of younger rocks (i.e. Cretaceous marls) onto older ones (i.e.
Jurassic limestone) is explicable only if the Cretaceous rocks were structurally deeper
before the compression. The WSW-vergent Col Bechei thrust rises southwards along
strike through oblique and lateral ramps to the higher structural position of the Tofane
klippen (not contained in Fig. 2).

Neogene tectonics is represented by the S-vergent thrusts and folds which deform
the Monte Parei Conglomerate. Two main S-vergent thrusts crop out in the Col Bechei
area (Figs. 3 and 4). The upper one dips steeper (40°-60° decreasing in the upper flat)
probably due to tilting of the hangingwall as the deeper and younger thrust (25°-40°, in
the frontal ramp and 40°-60° in the oblique ramp) developed. The overthrusts undu-
late in shape, with frequent oblique ramps generating en-échelon folds (Fig. 3). These
folds decrease their wavelengths and increase their amplitudes toward the fault plane,
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Fig. 6. Interpretative block-diagram of the polyphase tectonic evolution of the Col Bechei area with view from the
northeast.
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and flexural slip sometimes degenerates into small thrusts with typical ramp-flat trajec-
tories and blind geometries (fault-bend folds and fault-propagation folds).

As stated before, the SSE-vergent structures overprint the earlier Mesozoic normal
faults and, particularly, the WSW-vergent “Dinaric” compressive features (Fig. 6). This
produced complicated interference patterns, such as that outcropping in the southern
cliff of the Col Bechei (Fig. 3) where the W-vergent tight fold was cut by these younger
thrusts and transported southwards. A Neogene, subvertical, N40°W trending dextral
strike-slip fault, cropping out at the Passo di Limo, cuts the entire structure and repre-
sents the dextral lateral ramp of the upper S-vergent overthrust (n. 2 of Fig. 3) of the
Col Bechei. Thrust n. 3 of Fig. 3 moves westward across Forcella Lavarella and Passo
Gardena.

No convincing evidence for an earlier, “Eoalpine”, tectonic phase has been found
in the area. The presence of the Cretaceous Ra Stua Flysch, however, may suggest an
advancing thrust belt further to the north. The Dolomites would then represent the
foreland of this Eoalpine deformation.

Concluding remarks

The Col Bechei structure may be considered an example of polyphase orthogonal
tectonics in a brittle regime. A schematic three dimensional kinematic reconstruction is
proposed as Fig. 6. The present structural grain is due to the overlap of different com-
pressive tectonic phases, WSW-vergent Dinaric (Paleogene in age) and SSE-vergent
Southalpine (Neogene in age), and developed in a sedimentary cover previously
affected by the Mesozoic tensional or transtensional faulting. In particular the lateral
variations of the compressive structures are considered to be due to the influence of
the inherited Mesozoic features.

Acknowledgments

We are both very grateful to Hans Peter Laubscher, who has been a great teacher for us. This paper is dedicated
to him. His research has always aimed at a threedimensional analysis of tectonic structures. The manuscript greatly
improved after the critical reading of G.V. Dal Piaz, N. Mancktelow and L. Ratschbacher. Many thanks also to A.
Bosellini, G. Barbieri and P. Jordan for their useful suggestions, and to P. Pizzolotto and F. Todesco for much help in
drawing. The Italian Ministry of Education supported this research.

REFERENCES

Accorpi, B. 1955: Le dislocazioni delle cime (Gipfelfaltungen) delle Dolomiti. Ann. Univ. Ferrara (9), Sci. geol.
paleont. 2/2, 65-188.

Bover, S.E. & Eruiort, D. 1982: Thrust Systems. Bull. amer. Assoc. Petroleum Geol. 66/9, 1196-1230.

Crita, M.B. & Rosst, D. 1959: Prima segnalazione di Aptiano-Albiano nelle Dolomiti. Rend. Acc. Naz. Lincei 8,
6-8.

CousiN, M. 1981: Les rapports Alpes-Dinarides. Les confins de I'talie et de la Yougoslavie. Soc. Géol. du Nord,
publ. 5/1, 1-521; 5/11, 1-521.

Cros, P. 1966: Age oligocene supérieur d'un poudingue (du Monte Parei) dans les Dolomites centrales italiennes.
C.R. somm. Soc. géol. France 7, 250-252.

— 1978: Interprétation des relations entre sédiments continentaux intrakarstiques et molasses littorales Oligo-
Mioceénes des Dolomites centrales Italiennes. Atti Congr. «Processi Paleocarsici € Neocarsici», Napoli.



710 C. Doglioni and C. Siorpaes

Doctioni, C. 1985: The overthrusts in the Dolomites: ramp-flat systems. Eclogae geol. Helv. 78/2, 335-350.

— 1987: Tectonics of the Dolomites (Southern Alps, Northern Italy). J. struct. Geol. 9/2, 181-193.

— 1990: Anatomy of an overthrust. Annales Tectonicae IV/1, 68—82.

Docriony, C. & BoseLLing, A. 1987: Eoalpine and mesoalpine tectonics in the Southern Alps. Geol. Rdsch. 76/3,
735-754.

Koger, L. 1908: Das Dachsteinkalkgebirge zwischen Garder, Rienz und Boite. Mitt. Geol. Ges. 1, Wien.

LausscHer, H.P. 1988: Material balance in Alpine orogeny. Bull. geol. Soc. Amer. 100/9, 1313-1328.

Leonarpi, P. 1955: Breve sintesi geologica detle Dolomiti occidentali. Boll. Soc. geol. ital. 74/1, 1-79.

— 1967: Le Dolomiti. Geologia dei Monti tra Isarco e Piave. 1-2, 1-1019.

Merra, G. 1931: Osservazioni morfologiche e tettoniche sugli altipiani ampezzani (Fosses-Sennes-Fanes). Atti Soc.
Toscana Sci. nat., Mem. 42, Pisa.

Mitra, S. 1986: Duplex structures and imbricate thrust systems. Bull. amer. Ass. Petrol. Geol. 70/9, 1087-1112.

OcLvie-Gorpon, M.M. 1929: Geologie des Gebietes von Pieve (Buchenstein), St. Cassian und Cortina dAmpezzo.
Jb. geol. Bundesanst. 79/3-4, Wien.

— 1934: Geologie von Cortina d’Ampezzo und Cadore. Jb. geol. Bundesanst. 84/1-4, Wien.

Scuwinner, R. 1915: Zur Tektonik der Ampezzaner Dolomiten. Mitt. geol. Ges. 8, Wien.

Supeg, J. 1983: Geometry and Kinematics of fault-bend folding. Amer. J. Sci. 283, 684-721.

— 1985: Principles of Structural Geology. - Prentice-Hall.

Manuscript received 19 January 1990
Revision accepted 10 April 1990



