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ABSTRACT
Evaporitic and evaporite related deposits in the Dolomite

Mountains of Italy show a variety of deformational features
superposed upon depositional fabrics. Features typical of sab-
kha deposits Isupratidall and shallow-water subaqueous gyp-
sum deposits are found locally. In many areas original features
have been diagenetically altered or destroyed by later tecto-
nism. This tectonic deformation has resulted in deformational

fabrics that are gneissic, augen-like and mylonitic in appear-
ance. These textures are found in gently dipping, unfolded
strata as well as in tightly folded beds. Recognition of these de-
formational fabrics underscores one of the difficulties involved
in interpretation of ancient evaporite sequences. It, however,
also adds to the compendium of known and recognizable evap-
oritic structures and points up their significance.

INTRODUCTION

The occurrence of evaporites in the geologic record is
far from common. The limited occurrence of these rocks
reflects neither their original volume nor their geologic
and economic importance. Their present abundance
merely reflects their "preservability" as part of the geologic
column. Relatively few geologists have the opportunity to
study evaporites on outcrop or from borehole material
(Hanford et al., 1982). Yet, as with their limited occur-
rence, this does not detract from their importance. Rather,
the amount of increased and diversified study these rocks
have received in the last 15 to 20 years is an indication of the
growing importance with which they are viewed.

The depositional environments of evaporites have been
well studied and the characteristics of the various environ-
ments and facies well documented (Schreiber and Decima,
1975; Schreiber, 1978; Kendall, 1979a,b; Butler et al.,
1982; Dean and Anderson, 1982; Loucks and Longman,
1982; and others). More recently, the diagenesis of evapo-
rites has become of interest. Loucks and Longman (1982,
p. 131) cite a variety of studies that show how depositional
textures may be altered diagenetically and can lead to in-
correct interpretations.

Similarly, textures and fabrics induced in evaporites by
tectonism can be, and have been, misinterpreted or not
appreciated by some earlier workers. Previous work on

deformation structures in evaporites has tended to be con-
centrated on halite and the high salts of potassium and
magnesium, since these are more prone to deform because
of their greater ductility. Less study has been focused on
anhydrite and gypsum deformation.

Previous work on deformational fabrics found in anhy-
drite suggests that distorted anhydrite results primarily
from one or several diagenetic processes (Maiklem et al.,
1969). We feel that additional distortion features require
tectonic deformation. Other work suggests that gypsum
and anhydrite deformation was induced by salt deforma-
tion (see, for example, Wail et al., 1961; Evans, 1967;
Martinez, 1974). However, deformed gypsum and
anhydrite occur where there is no halite or "high" salts,
nor evidence of their former presence.

This paper describes deformed sulfate rocks in the Bel-
lerephon Formation (Upper Permian) of the Dolomite
Mountains of northern Italy, Southern Alps (Figure 1).
These rocks exhibit a wide variety of deformational fea-
tures, some of which mimic sedimentary features and sed-
imentary facies which are not in fact present.

STRATIGRAPHY

The upper Permian Bellerephon Formation of the Dol-
omite Mountains is composed of supratidal (sabkha) and
restricted, shallow-subaqueous evaporitic rocks and asso-
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Figure 1. Location Map. I oralities mentioned in text are:
a) Passo Brogles near the city of Ortiese; b) San Martino di Cas-
trozza; c) Lozzo di Cadore; d) Comeglians; e) Rifugio Flora Al-
pina near the town of Falcade; f) Passo Valles; g) Vigo di Fassa.

ciated carbonates. These rocks are underlain by a sequence
of continental sandstones and siltstones, which are mostly
fluvial and flood plain deposits. The overlying Triassic age
rocks are dominantly more open marine carbonates. The
calcium sulfate rocks of the Bellerephon Formation range
from less than 50 to 100 meters thick near the basin mar-
gin to more than 500 meters thick at the basin center
(Bosellini and Hardie, 1973). The sulfates are now secon-
dary gypsum after anhydrite on outcrop.

DEFORMATION

Exposures of the Bellerephon Formation show a broad
range of deformational fabrics and features ranging from
slightly deformed to strongly tectonized. Many of the defor-
mational fabrics were not previously identified because of
their superficial resemblance to sedimentary features or be-
cause they do not appear to be deformed (Schreiber et al.,
1982).

The section seen at Passo Brogles near the city of Ortiese
appears at a distance to be an undeformed homoclinal se-
quence dipping 25 0 to the southeast. However, closer ex-
amination of the sulfate-bearing beds of this section reveals
the presence of numerous small-scale, bedding parallel,
isoclinal folds within bedding planes (Figure 2). These
folds have wavelengths on the order of 3 to 4 centimeters

Figure 2. Isoclinal folding within bedding planes. Note preferential thickening of most fold noses.
Dolomite layer directly below pen exhibits no visible folding. This seems to be a result of bed thickness and
the greater competency of the material.



Evaporite Deposits of the Italian Alps	 59

A

B
Figure 3. a) Small scale isoclinal folds. Note the preferential thickening of noses, but bedding thickness
appears to be approximately equal. Size of sample is 15 cm X 8 cm. NUMBER ON SAMPLE DOES NOT
REFER TO FIGURE NUMBER. b) Thinner beds of dolomite behave in a somewhat ductile fashion. Size
of sample is 10 cm X 6 cm.
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and amplitudes on the order of 7 to 8 centimeters, but the
size of the folds, as well as their style, varies considerably.
The folds may best be described as similar folds with thick-
ened hinges and thinned limbs, Because the sequence of
rocks does not appear to be folded, these structures may be
described as intrafolial folds (Hobbs et al., 1976).

These folds are defined by alternating layers of ata-
bastrine gypsum and dolomite. This layering is most prob-
ably original bedding, because in those beds which are un-
deformed primary sedimentary structures are still evident.
The folds are best developed when the thickness of the dolo-
mite and gypsum layers are approximately equal and on
the order of 3 to 4 millimeters thick, or when the layers of
gypsum are slightly thicker (Figure 3). These rocks have a
gneissic appearance resulting from the combination of
isnrlinal folding and compositional layering.

The fabrics seen in the Passo Bragles section are also
found in other locations (for example, at Passo di Valles
and near the town of Vigo di Fassa). In addition, other
features are also found. 1- orally, the appearance of these
folds changes, with the noses of some folds becoming even
more thickened as the limbs thin. This is particularly true
of the dolomite interlayers, as they seem to be more impor-
tant in defining the nature of the folds (Figure 4). This

variation in style can occasionally be seen in the same
bedding horizon (Figure 2). The noses of the folds and/or
the limbs may become attenuated to the point that layer-
ing becomes indistinct. Finely comminuted fragments of
dolomite seem to become enmeshed in a gypsiferous ma-
trix (Figure 5). Rocks of this type may best be described as
mylonitic, or having a mylonitic texture.

Another fabric that is associated with the attenuation of
dolomite is that of pseudo-crossbedding. This feature,
which mimics an original sedimentary structure, is clearly
illustrated in Figure 6. Careful inspection of the sample
reveals that the portion of the rock that appears to be cross-
bedded is not. What is present are very thin (1 millimeter
or less) layers of dolomite that are isoclinally folded. Fa-
cies analysis of the Bellerephon Formation has not revealed
an evaporite facies with crossbedding as a primary sedi-
mentary structure. Also visible are fragments of dolomite
that have been fractured, rotated and drawn out within
the gypsum matrix (Figure 6). This mode of deformation
is often found in those locations in which either the dolo-
mite layers or the sulfate layers (generally the latter) are
preferentially thickened during deposition or tectonism,
or where strain appears to have been locally more intense.
Samples from a quarry near the town of San Martino di

Figure 4. Sample shows preferential thickening of noses of folds and attenuation of limbs, particularly in
the dolomite layers. As this occurs the rocks become more and more mylonitic in appearance. Size of sample
is 11 cm x 6 cm. NUMBER ON SAMPLE DOES NOT REFER TO FIGURE NUMBER.



61
Ellaporite Deposits of the Italian Alps

Figure S. As deformation proceeds, or is locally more intense, layering becomes indistinct. The
fine grained dolomite becomes enmeshed in the gypsiferous matrix and a mylonitic texture is ap-
parent. Size of sample is 13 cm X 8 cm. NUMBER ON SAMPLE DOES NOT REFER TO
FIGURE NUMBER.

Figure 6. Recumbent isoclinal folds formed by very thin layers of dolomite (1 mm or less) give the
appearance of crossbedding. Also visible are fractured and rotated fragments of dolomite. Size of
sample is 21 cm X 17 cm. NUMBER ON SAMPLE DOES NOT REFER TO FIGURE NUMBER.
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Castrozza illustrate the fracturing and rotation of dolo-
mite fragments as well as the attenuation of dolomite lay-
ers (Figure 7). This location is one in which deformation
appears to have been particularly intense. A comparable
sample from the town of Lozzo di Cadore shows the same
features (Figure 8). Lozzo is near the center of the basin
where the thickness of the Bellerephon Formation is
thought to be greater than 500 meters (Bosellini and Har-
die, 1973) and deformation is particularly evident.

Similar features are also seen on a larger scale. Augen-
like features are common in the outcrop at Lozzo and in the
gypsum quarry of Comeglians, which is located 50 kilome-
ters to the east. In these locations augen on the order of 8 to
15 centimeters in diameter are found (Figure 9). These fea-
tures are generally found as isolated forms within a thick
mass of gypsum. Throughout this gypsum matrix finely
disseminated dolomite is generally present.

DISCUSSION

The Dolomite Mountains, or Southern Alps, are considered to
be atypical of the Alpine Mountain chain (Rutten, 1969). The
highly folded ailochthonous terrains found in the Helvetic and
Pennide nappes are not found in the Dolomite Mountains. Rutten
(1969) describes the Southern Alps as (par)autochthonous with a
relatively "quiet" tectonic style. This description stands in con-

trast to the condition of many of the evaporite exposures found in
the Bellerephon Formation. The nature of the features we have
described and their ubiquity strongly suggest that although the
tectonic style may be quiet the structural history of the area is
anything but that.

The role and importance of evaporites in tectonic processes is
well known (Heard and Rubey, 1966; Muller and Briegel, 1978;
Killer et al., 1981; and many others). The Jura Thrust is a prime
example that is commonly cited to illustrate the role that evap-
orites play in thrust faults. Heard and Rubey (1966) refer to this
and many other examples, although their interpretation empha-
sizes the high fluid pressures that may develop as a result of the
gypsum-anhydrite transition rather than the low strength of
these rocks. They postulated that the water liberated in the pro-
cess acts as a glide plane lubricant. However, at the depths at
which decollement occurred, most gypsum had already con-
verted to anhydrite; hence this point is not considered here.

The evaporites of the Bellerephon Formation exhibit a variety
of textures and features which formed as a result of tectonism.
The differential response of gypsum (anhydrite at depth) and of
dolomite is clearly seen. The brittle behavior of dolomite when it
is stressed can be contrasted to the ductile behavior of the sulfate.
The relative ease with which anhydrite will deform has been
demonstrated experimentally by Muller and Briegel (1978) and
Muller et al. (1981). At geologically reasonable strain rates of
10 –i4 /second, fine grained anhydrite weakens rapidly between
temperatures of 150° and 200°C. At the same strain rate, sam-

Figure 7. Attenuated layers of dolomite and fractured and rotated dolomite fragments are visible in this
sample. The behavior of the dolomite is more brittle than that of the gypsum. Size of sample is 14 cm X 10 cm.
NUMBER ON SAMPLE DOES NOT REFER TO FIGURE NUMBER.
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Figure 8. The contrasting behavior of dolomite (brittle) and gypsum (duc-
tile) is clearly seen. Size of sample is 9 cm X 8 cm. NUMBER ON SAMPLE
DOES NOT REFER TO FIGURE CAPTION.

pies of the Solenhofen limestone did not weaken until tempera-
tures were between 300' and 400°C.

In many of the sections that we have examined, the thinnest
dolomite beds appear to have behaved in a somewhat ductile
manner. This is most likely a result of several factors, including,
but not necessarily limited to, grain size of the anhydrite, thick.
ness of dolomite layers vs. anhydrite layers, total amount of sul-
fate present and variation in strain rate. In general, the ductile
behavior of the sulfate stands in stark contrast to the more brittle
behavior of the dolomite.

The stratigraphic sequence above the Bellerephon Formation
extends through the Mesozoic and into the Cenozoic. The thick-
ness of the sequence would result in a burial depth between 4 and
6 kilometers. A geothermal gradient of 30'C/kilometer would
place the Bellerephon evaporites well within the range of temper-
atures within which anhydrite could easily be deformed before
their initial uplift during (? ) Plio-Pleistocene time (Rutten, 1969).

All of the features seen in the Bellerephon Formation are
known from other evaporite sequences. Rotated and fractured
dolomite fragments are prominent in the deformed anhydrite of
the Mokka Fiord Diapir (Otto Fiord formation), Axel Heiberg
Island, Northwest Territory, Canada. Structures comparable to
those described are also found in the Overthrust Belt of the
Rocky Mountains, Utah (R. Lindsay, personal communication)
and in the Jurassic of the same region (Picard, 1980).

Such features are not always present in all folded evaporite se-
quences. The deformation evident in the Permian anhydrite of
Texas and New Mexico (Castile formation) was recognized only
after detailed structural analysis (Kirkland and Anderson,
1970). The extreme deformational features found in the Permian
of the Dolomites are not found in the Castile Formation. It
should also be noted that original sedimentary structures may be
preserved in areas that have undergone severe deformation.
Enterolithie folds have been beautifully preserved near the Rifugio



64
	 Sixth international Symposium on Salt, 1983—Vol. 1

B
Figure 9. AU photos a), b) and c) show augen-like features of various sizes. The contrasting behavior of
dolomite and gypsum are clearly evident. Size of augen in c) is 14 cm X 6 cm.
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Figure 10. 
In this tightly folded sequence entrolithic folds (typical of sabkha evaporites) are beautifully

preserved. All features described in this paper, with the exception of augen, are found closely associated with

this sequence.
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Flora Alpina near the town of Falcade in rocks that have suffered
extreme folding (Figure 10). This outcrop also exhibits many of the
features of deformation previously described, including bedding-
parallel isoclinal folds, attenuation of dolomite layers, and frag-
mentation and rotation of dolomite.

The presence of such deformation features provides a double
benefit. They offer insight into the tectonic history by giving an in-
dication of the conditions under which deformation occurs, and
they permit the separation and unraveling of poorly understood
textural features, many of which obscure the sedimentological
history of an area. Interpretation of such ancient evaporite se-
quences then becomes a matter of evaluating the enclosing
sedimentary package more than the evaporite unit itself. More
importantly, this study indicates the care required in the inter-
pretation of seemingly undeformed evaporites so that structural
response is not confused with original sedimentary features.
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