











are to be expected in the Tethys belt
between Europe and Africa.

The location of NE-Italy during the
Permian can be concluded from the
figure published by van Hilten (1962)
(see fig. 52), who designed a method
for easier examining the measured pa-
leomagnetic directions. For any pole
position he constructed the equator of
the magnetic field by assuming this to
be a geocentrix axial dipole field. The
isoclines of equal magnetic inclination
were drawn on both sides of the equator.
His permian paleomagnetic map of Europe
is based ona mean permian magnetic pole
located at 169,5° E.L. and 430 N, L.

It is evident that NE-Italy does not fit
the picture as based on European data.
The declination differs about 600 anti-
clockwise and instead of an inclination
of about -5° a value of -30° is found.
This indicates that NE Italy must have
been situated on the -30° isocline during
the Permian,

Van Hilten explained the deviating
direction as follows. The position of
NE-Italy on the -30° isocline, which
runs over the Baltic shield, is geolo-
gically not acceptable. (Note: this is
only correct when considering the shor-
test distance between the present po-
sition of NE-Italy and the -30° isocline).
‘Moreover geological dataindicate that
Italy belonged to the southern part of
the mobile Tethys belt and moved from
there northward. Consequently Van Hilten
assumed the reverse field of the Permian
to have been originally a normal field,
so that the +30° isocline, which runs
across the Sahara, changes intoa -30°
isocline. NE-Italy then would have been
located during the Permian on this line,
somewhere at the present position of
NW-Africa. During the Alpine orogene-
sis,the region would have shifted north-
eastward As a result, NE-Italy must
have rotated around a subvertical axis
over 2100 in anti-clockwise, or 150°
in clockwise direction.

Van Hilten's opinion is not in accor-
dance with the increasing inclination du-
ring the Permo~Triassic as found by the
present author for NE-Italy,and as gene-
rally mentioned for north and south

America, Greenland, and Europe. If in-
deed NE Italy would have been located
somewhere south of the Atlas, the gene-
ral southward movements of the magnetic
equator (or the northward movement of
the continents) would have resulted in a
progressive decrease in inclination from
-30° to 0° and subsequently inanincrease
again. As our diagnostic facts do not
confirm this prognosis, van Hilten's
approach to explain the deviating per-
mian directions in this way must be
rejected,

It is the author's opinion that the
(lower and middle), permian magnetic
field has been reverse and that NE-Italy
must have been situated during that
period on or near to the -300 isocline
(this is the mean lower or middle per-
inian inclination as found by van Hilten
and the author).Because a more southern
location of NE-Italy in the Tethys belt
is considered geologically most accept-
able, the tectonic unit must be moved
in SSE direction along the -30° isocline
as far as the area where it crosses the
northern part of the permian Tethys
zone. The latter has been approximately
E-W and is generally thought tohave coin-
cided with the equator during the Permian.
No large mistake can be made in assu-
ming that its northern part was located
in the present Himalaya region. The in-
tersection of the -30V isocline and this
mountain range is located in the Kasjmir
(see fig. 52., position indicated by A).
This means a mesozoic displacement of
NE-Italy of about 3000 statute miles (4800
km at a rate of 4,8 cm/year), which is
a considerable distance. In view of the
displacement of India (+ 12 cm/year)
during the Eocene, such a large shift
might be possible. If the smaller in-
clinations (100) mentioned by Dietzel
(1960) and Findhammer are correct
NE-Italy must have been situated further
to the west, i.e. at the present location
of Iran (see fig. 52 , position indicated
by B).

A second relative position of NE-Italy
can be determined from the paleomag-
netic data for the middle Eocene. In this
periodthe average inclination of the mag-
netic field in NE-Italy amounted to +500.
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q 42 Pz The paleomagnetic map (see fig. 52) shows
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‘tb ‘ / \;3 )’“’ the middle Oligocene the inclination had
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I \ it may be concluded that NE-~Italy moved
Y HL ! A northward (or northwestward) over about
s \ 500 statute miles (800 km) at a rate of
\J"‘Q §“> "L 4 cm/year, in the late Eocene and early
S Oligocene. This distance is large in
T 1 ?NL'\ comparison with the distance mentioned
T, S[__ | §t> \ 2\ PX Glgng?aud (1962). Quoting this author
A orrr oe - N AN, 'Apreés 1'Eocene moyen" les blocs bor-
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1 1 ( / E-E0CENE . .
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| \ ?'o"éti%%'f"f ched each other considerably (over a
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M 7 T~ T 1 period from 27 to 50 millions of years).

These movements marked the beginning
of the Alpine deformations.

Fig. 52 Magnetic isocline mapswith the relative position of NE-Italy during the Permian and the Eocene
jshowing the possible wandering path.



In summary, NE-Italy might have
hbeen located N 300 - 659E during the
Permian and N 40°- 150E during the
middle Eocene. Thus this region has
moved westward with respect to Meso-
‘Europe during the Mesozoic and north-
westward in the early Tertiary.

( During this westward drift the tectonic
unit rotated (in relation to the European
}shield) over about 60° anti-clockwise
around subvertical axis. This rotation
appears to have taken place during the
llate Triassic. Spain and Corsica have
rotated also anti-clockwise in relation
to the European shield (see fig. 45).

The mesozoic westdrift and rota-
tion are thought to have taken place du-
ring major dextral shear movements along

faultsin the Tethys zone (see chapter III,
subchapter J). During the upper Creta-
ceous the direction of the drift move-
ments changed from westward to north-
westward. The NW-ward movement of
the African continent probably caused
the northwest drift of NE-Italy during
the early Tertiary.However, the attempt
to explain the change of the paleomag-
netic directions in the Vicentinian region
from Permian up to the present, by
means of large scale translations and
rotations inthe Tethys zone, cannot be

further substantiated until additional
paleomagnetic data on the African con-
tinent become available, and until more
is known of the paleomagnetic field of
the earth as a whole.
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CHAPTER V

ECONOMIC GEOLOGY

A. GENERAL

A great variety of economic materials
is present in the Vicentinian Alps, how-
ever, mostly on a comparative small
scale as a result of the dissected tecto-
nic structure of the region. Subsequent
erosion of fault scarps,along which ma-
jor vertical movements took place (ver-
tical throw up to 2 km), resulted in ex-
posures of sedimentary series, with
ages ranging from late Paleozoic to
Quaternary. The faults generally facili-
tated the ascent of igneous intrusions,
and hydrothermal as well as pneumatoli-
tic mineralizations took place in conse-
dquence of these intrusions. The minera-
lizations occur particularly in a part
of the Schio flexure-fault zone of appro-
ximately 10 x 1 km, extending from the
Torazzo valley in the west up to the
valley of the Aquasaliente in the east.
The most important ores are silver-
bearing lead, zinc, manganese sulphides,
and kaoline concentrations.

Traces of probably Etruscan and
Roman workings, occasionally found by
the present miners, testify of old mining
activities. The earliest literature con-
cerning ores is from 1282, when a prin-
ce of Trento gave permission for mining
activities'inthis region. After a succes-
ful mining period during the Venetian
governments, the longlasting struggles
between Italians and Austrians caused
all activities to be terminated.

It is generally assumed that the mi-
neral resources are for the greater
part exhhusted. However, prospecting
with modern geophysical methods and
equipment might indicate new ore re-
serves, as geological conditions are fa-
vourable. Electric exploration will be
impeded by ground water. Possibly simple
seismic and additional magnetometric
surveys may indicate new locations of
ores. Moreover, concentrations of heavy
minerals are to be expected in the
Quaternary (e.g. at the confluence of the
Valle Mercanti and the Leogra,and of the
Torazzo and the Agno). At present, only
kaoline deposits are mined. The open
pits are mainly located around Pozzani
(3 km north of Schio), in the Valle Mer-
canti, and in the valley of the Mojentale
(north of Posina). Recently, the econo-
mic accent has shifted from the explora-
tion for ores to that for sedimentary
rocks providing material for construction
and for decoration of buildings.

The need for water is increasing, due
to the growing population and the ex-
panding industry. Fortunately, the thick
quaternary sediments of the Venetian Plain
provide adequate reserves of ground
water. Mineral ground water is bottled in
the Recoaro area and used as table
water; it has a reputation for its me-
dicinal value, and this area has become
a health resort.
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B. BUILDING MATERIALS

~ Small factories are working sediments
of mainly mesozoic age all over the Vi-
centinian Alps. The well-bedded jurassic
and cretaceous limestones and dolomites
are mainly very suitablefor construc-
tion purposes. Especially the lower ju-
rassic (liassic) ivory-white limestones
are quarried. The beds are 50 ~ 200 cm
thick. In some cases, e.g. in the Pio-~
vene-Rocchette area, impurities of brec~
ciated clay- and tuff fragments are cau-
sing a richly-coloured effect. The middle
and upper jurassic limestones are not as
well~-stratified as the lower jurassic,
but with their pink colour they are in
high demand. The lower cretaceous,
well-bedded, marly limestones are main-
ly used in cement production (a large
cement factory is situated in Schio). The

rocks called '"biancone'', which is a white
pure limestone with a smooth fracture,
and '"scaglia', a pink coloured, irre-~
gularly bedded impure limestone, are
mainly used for bricks. The buildings
constructed with these bricks, show the
refined Italian architectonic taste. From
the tertiary rocks, the lower eocene white
limestones and the oligocene sands are
used as raw materials.

The tertiary dikes in the upper trias-~
sic norian dolomites are accompanied
by multicoloured contactmetamorphic
hornfelses. The coloured dolomites are
broken and recemented to tiles, used for
mozaics in modern houses.

Most of the quarries with these horn-
felses are situated in the NW part of the
Vicentinian Alps.

C. GROUND WATER

The annual rainfall in the Vicentinian
Alps is 1200 - 2300 mm. The lines of
equal rainfall follow the topography exactly
as may be expected in a region where
mountains are rising up to 2000 m. The
maximal rainfall is recorded south of
the highest summits. The water is tap-
ped near the .sources: of small rivers
for the factories of Schio. Little is done
to avoid the gradually developing shor-
tage or to provide for hydro-electric
power.

A dam has been built in the wvalley
of the Busa, north of the watershed
formed by the Bafelant-Cornetto com-
plex (western part of the Vicentinian
Alps). But in this area the rainfall Is
infrequent, because the mountains hold
the rains coming from the south, and the
drainage area is not largerthan a few sq.
kilometres. It might be advantageous to
build a dam further to the north between
Spino and Rovereto. Also in the valleys
of the Posina, the Illasi, and the Chiam-
po better conditions may be found for

this purpose. These rivers not only
have large drainage areas, but also rather
narrow valleys with a strong gradient;
t}}ey occur in gently south-dipping com-
petent and impermeable mesozoic strata.
In the eastern part of the Vicentinian
Alps, conditions for a storage basin are
less favourable; north of the Caltrano
flexure-~fault zone the rain is mainly
captured in the basin of Asiago: this
basin has a karst drainage system and
the sources are found along the valleys
of the Brenta and the Astico.

Large quantities of water disappear
at the intersection of the major rivers
and the flexure-fault zones. It seems,
that this water migrates downward and is
accumulated inthe coarse clastic quater-
nary deposits of the Venetian Plain. From
here it may migrate slowly SE-ward
towards a basin, which according to the
gravimetric map of de Bruyn (1953),
must be located north of Treviso.

The western part of the Vicentinian
Alps has several sources of vadose
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water enriched with minerals. They are
mainly located at three levels. One level
is formed by the permeable upper per-
mian sandstones, overlying the imper-
meable quartz-phyllites. The secondlevel
is provided by the agglomerates at the
base of the fissured norian dolomites
which are resting on impermeable upper
ladinian tuffs and clays. The third source
level is formed by the permeable clastic
series in the Tertiary, in which various
sedimentary cycles are present. Espe-
cially the water from the tertiary se-
diments is well-filtered and of excellent
quality.

Abundant springs are found where these
levels are cut by major faults and flexures
or where subvertical dikes form imper-
meable barriers.

The water sources in the Recoaro
area were first described by Count Lelio
of Piovene (in 1689), who brought his
horses to this valley of the Agno, be-
cause of the salutary water. At present,
this mineralized water of the Recoaro
area 1is of economic importance. Its
composition is complicated and varies
for the sources from different levels.
The water from the Permian and from
faults in the basement is slightly acid
and rich in arsenic and lead. The water
from the Ladinian is rather hard and
rich in Fe-minerals.

Sources in the basement are mainly
located on faults and close to basic dikes
In the Norian, the basis agglomerates
provide relatively few sources, because
the water disappears along faults into

lower ladinian limestones and migrates
to the permian level; consequently, the
water is enriched twice with minerals
during its underground circulation. The
major sources are found inthe Recoaro
and Staro area. Since 1960, the water of
the Fonte Reale is conducted by pipe-
lines to a bottling plant at the road
Schio-Rovereto, which facilitates trans-
porting the product to Rovereto and
Trento.

In the southernmost part of the Vi-
centinian Alps, near the Monte Berici
and Colli Euganei, thermal sources of
post-volcanic origin occur. The tempe-
rature is about 80° Celsius and the water
is rich in sodium, bromine, and iodine,
and contains radio-active minerals.
Morgante (unpubl.) assumed that the salt
content is characteristic of fossil water,
heated by post-volcanic action prior to
being captured in the pliocene sediments
during the transgression. The enormous
amounts of water produced contradict
Morgante's assumption. It is more pro-
bable that the meteoric water, concentra-
ted in the northern parts of the Vicenti-
nian Alps, migrates southwardin the qua-
ternary or older tertiary deposits until
it reaches the barrier that runs from the
Colli Euganei below the Venetian Plain
in eastern direction. This barrier may
cause the meteoric water, enriched with
salts, to rise in the faulted zone of
the Colli Euganei,where it will be mixed
with post-volcanic water, or where it
is heated by post-volcanic activity only.

D. MINERAL DEPOSITS

Most of the sulphidic mineralizations
are found in the Schio flexure-fault zone
in the western part of the Vicentinian Alps.
The mineralized zone runs from the
Orcoriverinthe east (3 km NE of Schio),
along the valley of the Aquasaliente past
Righelini and south of the Monte Faedo
up to the Leogra river: it intersects

this river near Magre. Westward, it
follows the Valle Mercanti and can be
traced along the south flank of the Monte
Civillina up to San Quirico, where it
intersects the Agno and continues in the
valley of the Torazzo. The ores occur in
veins and lenses. The veins are res-
tricted to the tectonically disturbedzone,
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which was active during the Triassic and
formed the southern marginal fault of the
ENE-WSW Valli-Recoaro horst. They
are wedging out downward as may be
observed in the Monte Guizza area. The
lenses are found in a zone of 5 km width
north of the Schio flexure-fault zone, inani-
sian andladinian sediments. The lenses are
often thinly bedded. Their sulphidic mi-
nerals are locally alternating with bitu-
minous dolomites.

The ores belong to the larger com-
plex of triassic east-alpine minerali-
zations to be distinguished from other
types by the relative paucity of silver,
copper, mercury, and antimony and the
general presence of germanium, thal-
lium, and arsenic. The paragenesis of
the minerals isirregular and differs from
the one to be expected in veins in which
the minerals were formed during a slow-
ly but continuously decreasing tempera-
ture.

The triassic age has been ascertained
in the Ponte Nuovo area: a ladinian ba-
saltic dike, the age of which could be
determined by paleomagnetic correlation.
intersects quartz dikes which are rela-
ted to the ore veins.

In the mineralized zone of the Schio
flexure-fault zone, two mining centres
were present: one in the rhyodacitic
Guizza-Faedo mass,and the other in the
steeply south-dippingladinian strata in
the Valle Mercanti. It is evident that the
major mineralizations are concentrated
near the intersection of the Schio flexure~-
fault zone and the Vicenza fault.

Here particularly, hypo-~ and meso-
thermal minerals are found. The presence
of hypothermal arsenopyrite is indicated
by the arsenic-bearing waters from the
Fonte Civillina. The most common meso-
thermal minerals are pyrite, galena, spha-
lerite, and chalcopyrite. Fabiani (1920),
Maddalena (1912), and Caddeo (unpubl, pu-
blished several papers onthe Rio Curta ores
in the Guizza-Faedo area. In the Rio
Curta valley a basaltic, N-S striking,
subvertical dike occurs, the age of which
could be established as Triassic by paleo-
magnetic methods. The dike is set off
by E-W striking faults. Ore is found at

the contact plane of dike and country
rock , and also in the E-W striking
faults. Caddeo observed under the mi-
croscope, that the minerals have a ca-
taclastic structure, using a magnification
of 500 x. This must be due to a strong
post-genetic tectonic disturbance, possibly
the alpine deformation. Caddeo mentioned
also the irregularity of the mineral para-
genesis. The following succession of mi-
nerals has been found: pyrite - galena--
sphalerite - chalcopyrite - tetraedite -
marcasite - pyrite - quartz - calcite.
In the Valle Mercanti area, pyrite
was precipitated again after the cal-
cite. The downward wedging-out of the
veins and the irregular paragenesis of
the minerals supports our opinion, that
we may be dealing with fissures. that
were already present in the igneous
rocks helow sea level, and that were
irregularly filled by precipitation of mi-
nerals added to the sea water as a re-
sult of submarine exhalations. The Valle
Mercanti belongs to a mineralized zone,
which is bordered by the mountains Monte
Castello, Monte Naro, Monte Cengio,
and Monte Civillina in the north and
Monte Castrazzano and Monte Scando-
laro in the south. Mineralizations in the
Monte Civillina are found on the south
side, at the contact of lower ladinian
limestones and upper ladinian tuffs and
ignecus rocks. The veins are generally
striking NNE-SSW and dipping about 60°
south. They may be as wide as 8 metres
and contain galena (silver-bearing), sphale-
rite, smithsonite, calamine, pyrite,
chalcopyrite, limonite, pyrolusite, and
arsenopyrite. On the south side of the
Monte Castello, the same minerals are
found, but Mn-bearing minerals are
predominant. On the northeast flank of
the Monte Naro, Pyrite concentrations
are found in the quartz-phyllite series,
the Permian and lower Triassic. The
main vein strikes E~-W and dips 40°-60°
south it is found in the upper  permian
dolomites. The maximum width of this
vein is 15 metres, and it can be traced
over more than 400 metres. In the same
area,a lead-zinc sulphide bearing veins
is present in the Anisian, striking E-W
and dipping 40° south; the width is 140
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cm. The lead-zinc ores are considered to
be of triassic age andtohave’ --en formed
by epigenetic mineralization. Locally these
ores may have been regenerated and
remobilized during the Tertiary.

The most important epithermal mine-
rals are found in the utmost ENE and
WSW parts of the mineralized Schio
flexure-fault zone. Calcite, quartz,
barite, fluorite, siderite, and dolomite
are mostly present. These epithermal
minerals often occur in lenses confor-
mably intercalated in the anisian and la-
dinian sediments. The lenses can be
traced to the north up to about 5 kilo-
metres from the Schio flexure-faultzone,
Calcite- and barite lenses, up to 100 ¢m
thick, are found in the sedimentary series
just north of the Schio flexure-fault
zone, In this 2zone the thickest lower
ladinian limestones 'deposits are also
present,and a relation may be assumed
between the deposition of these limestones
and the presence of the minerals.

It is evident, that the above mentioned
lenses must have been formed by precipi-
tation of minerals added to the sea-water
by submarine exhalations, and origina-
ting from hydrothermal solutions in fis-
sures on the south side of the Valli-
Recoaro horst. As the Triassic on the
south side of the Schio flexure-fault zone
is not exposed, the southward extension
of the mineralized zone cannot be es-
tablished. In the Monte Civillina area,
calcite veins occur, up to 50 metres
thick., In the middle of these veins, the
calcite crystals are as large as 4 cm,

Barite veins are found in the neighbour-
hood of Pozzani, in the eastern part of
the Monte Enna,and in the area between
San Quirico and the Monte Spitz (Reco-~
aro). Fluorite is abundantly present in
small veins in the kaoline of the Valle
Mercanti. In the upstream area of the
Rio Orco and north of Fongara, sandy
dolomites are found with ripple marks,
possibly indicating a secondary dolomi-
tization due to submarine exhalations.
In the same areas,the fine grained upper
ladinian tuffs and limestones may be en-
tirely silicified, and chalcedony concre-
tions are common.

Kaoline concentrations are found
throughout the Schio flexure-fault zone
and in the valley of the Mojentale (Po-
sina). Late ladinian hydrothermal solu-
tions ascending along the faults north and
south of the Valli-Recoaro horst appear
to have kaolinized the older tuffs and
igneous rocks. As the ore veins are
mostly exhausted, industries are pre-
sently working the kaoline deposits., The
largest mining centres are situated in
the Valle Mercanti, in the Tretto area
(Pozzani), and in the valley of the Mo-
jentale.

In the neighbourhood of Lovedo and
Novale (Valdagno area), zircon pheno-
crysts are found in the eocene basalts.
These crystals are much in demand as
precious stones. It is said that the lar-
gest and best crystals are found in the
stomachs of chickens. So it may be ad-
vantageous to eat more chickens in north-
ern Italy.

E. CAUSTOBIOLITHS

1. Coal, lignite.

In the Vicentinian Alps, fossil or-
ganic material is found in the Permian,
Jurassic, Tertiary, and Quaternary.

In the Permian the oldest coal level
occurs in the coarse sands overlying
the conglomerates that are the oldest
non-metamorphosed sediments. Vege-

table detritus accumulated in small gullies
and after diagenesis coal beds up to 40
cm thick have been formed. These beds
are well-exposed in the neighbourhood
of Cortiana and Scocchi.The coal cannot
be mined economically. A younger permian
coal is found at the transition of upper
permian silts to dolomites. These coal
beds are maximal 10 centimetres thick.
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Thin lignite beds are intercalated in the
grey limestones and carbonaceous shales
of the lower Jurassic. These lignites
are mined incidentally ona small scale.
Two zones with lignite beds are known
in the Tertiary. The first zone is of
lower eocene age.The limestones of this
age are overlain by thick tuff series, depo-
sited in continental environment. Plant
material must have accumulated in shal-
low basins in these tuffs. In the Monte
Pulli (NW of Valdagno) lignite beds of
this type have been mined. This basin
is located on the down-dragged south
side of the Schio flexure-fault zone.
Closed mines are located more to the
south near Roviari, Camellini, and
Bertali. The thickness of the lignite
beds in these areas ranges from 40 -
150 cm. The second tertiary zone is of
middle oligocene age. Under the same
conditions as in the Eocene,lignite beds
have been deposited in the Marostica
area.Quaternary lignites are found east
of the Brenta in the depressions caused

by downdrag of the southern block of
the Cornuda flexure-fault zone.

2. Bituminous material

In the western part of the Vicentinian
Alps, the middle Anisian is represented
by nodular limestones. Locally (Tretto
area), small asphaltic lenses of about
10 cm length and 1 cm thickness occur
between the nodules of these limestones.
The source rock may have been the bi-
tuminous limestones overlying the nodular
limestone. The migrating oil may have
passed generally the fissured lower la-
dinian limestones tobe accumulated in the
tuffs of the upper Ladinian, which may
have acted as reservoir rocks. Indeed
bituminous tuffs have been found in the
upper part of the Aquasaliente valley.
Consequently, oil may be possibly pre-
sent in the upper Ladinian of the Vene-
tian basin.
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