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STELLINGEN 
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Het Tretto conglomeraat in het midden Trias (Anies) van NO-Italie is geen locale 
afzetting, zoals wordt verondersteld door Tornquist en Fabiani, maar het heeft een 
regionale verspreiding. Het ontstaan hangt nauw samen met de permotriadische tecto
genese van de Dolomieten. 

Tornquist, A. (1901), Das Vicentinische Triasgebirge. 
Fabiani, R. (1920), La regione del Pasubio, 

Uff. Idrog. Mag. Acq. Publ. 110. 

II 

Effusies van gefluidiseerde magma's kunnen plaatsvinden in marien milieu. Typische 
voorbeelden hiervan zijn aangetroffen in de zUid-alpiene Trias (NO-Italie en Hongarije). 

III 

De aanwezigheid van pennien en draviet in kwarts-albietknollen van epimetamorfe 
phyllietseries is te ve rklaren door een reactie in. situ van kleimineralen met zeewater. 

IV 

Bij voortgezette olie-prospectie in de midden Niger en Tsaad bekkens, dient rekening 
te worden gehouden met de noordwaardse migratie der olie, tengevolge van het omhoog
komen der Hoggar tijdens de Hercynische orogenese. 

V 

Het is van groot belang voor de industriele ontwikkeling, zowel als voor rIe klimato
logische omstandigheden van NW-Afrika, dat de drempel bij Gabes wordt doorbroken, 
zodat de oude Triton binnenzee opnieuw kan ontstaan. 

VI 

Het aantal styloliten per lengte eenheid in een kalkprofiel kan een waardevolle 
aanwijzing geven omtrent de diepte van het sedimentatie milieu. 

VII 

Over de gehele wereld kan een belangrijke toename van het Na-gehalte in post
paleozoische plateau basalten worden waargenomen. 

VIII 

De Vredefortring (Zuid- Afrika) is waarschijnlijk een astrobleem, ontstaan door een 
m eteoorinslag. 

Dietz, R. S. (1961),	 Vredefort Ring structure: Meteorite impact 
scar? 
Journ. of Geol. Vol. 69 

IX 

Het is niet waarschijnlijk, dat NO-Italie ten tijde van het Perm ten westen van zijn 
tegenwoordige positie heeft gelegen. Paleomagnetische gegevens wijzen er op dat het 
gebied ten oosten van zijn tegenwoordige positie lag en zich over een belangrijke 
afstand naar het westen heeft bewogen. 

Carey, S. W. (1958), A tectonic approach to continental drift. 
Symp. Hobart·, Tasmania. 

Raven, Th. (1960),	 Derive co~tinentale causee par courants dans 
le substratum. 
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De omkeringen van het aardmagnetisch veld gedurende het Tertiair, lijken samen 
te vallen met de betangrijkste tectogenetische perioden. 

Glangeaud, L. en Bobier, Cl. (1962), Correlations entre Ie 
paleomagnetisme et les phases orogeniques 
pendant Ie Tertiaire. 
Rev. de Geogr. phys. et Geol. dyn. fase. 2. 

XI 

De sterUiteit van de Raphanobrassica van Honma en Heeckt kan worden verklaard 
doordat deze auteurs onbekend waren met het feit dat zij Brassica napus en niet 
Brassi ca ol e racea bij de kruising hebben gebruikt. 

Honma, S. en Heeckt, O. (1962), Investigations on F1 and F2 
hybrids between Brassica oleracea var. 
acephaLa and Raphanus sativus. 
Euphytica, vol. 11 no. ~. 

XII 

De veronderstelling van Galanopoulos, dat Solon bij zijn vertaling van Egyptische 
papyrusrollen het teken honderd heeft aangezien voor duizend, wint aan betekenis 
doordat de laatstgenoemde zich een factor 10 in de afmetingen, zowel als in de ouder
dom van het Rijk van Atlantis heeft vergist. Hierdoor wordt het zeer waarschijnlijk 
dat met dit mytische rijk het Minoische is bedoeld. 

Galanopoulos, A. G. (1960), On the location and the size of 
Atlantis. 
Publ. Acc. Athens, Tome 35. 

XIII 

Teneinde sedimentatie der belangstellenden voor een promotiereceptie, in de gang van 
het Universiteitsgebouw te voorkomen, verdient het aanbeve ling , zich door middel van 
een kloksgewijze rotatie naar de positie E7 (zie cocktailformule, Parkinson (1959) te 
begeven. De volgende processen dienen te worden vermeden 

a) sleuring (syn-rotatorisch) 
b) afglijding (post -rotatorisch) 

Northcote Parkinson, C. (1959), De wet van Parkinson. Oefe
ningen/studies in beleid. 

J. de Boer 

29 april 1963. 
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SAMENVATTING
 

Het z,vaartcpunt ,'an deze geologische 
analyse yan de Vicentijnse Alpcn ligt op 
tcktonisch en paleomagnetisch gebied. 

De stratigrafie is hoofdzakelijk geba
secI'd op gegevens van geologen uit dtr 
ecrste decennia van deze eeuw. In het 
westelijk deel van het gehied is het uit 
kwartsphyllieten bcstaande grondgebergte 
ontsloten, waarop een stratigrafische ko
lorn rust, die in leeftijd varieert van 
Perm tot Mioceen. Gedurende het Perm 
en Mesozoicum werd de sedimentatie 
hoofdzakelijk beinvloed door de langzame 
daling van het gebied en door de aan
wez igheid van land in het Z uiden (noor
delijke Adria en Po blok). Lokaal ont~ 

stonden facieswisselingen in de omgcving 
van WNW-OZO gerichte opwelvingen 
(bijv. de Schio-Recoaro horst). In het 
boven Krijt verzonk het zuidelijke lrmd
gebied en begon de Alpine geanticline 
omhoog te komen. De sedimentatie ge
durende het Tertiair we I'd voorname
lijk beheerst door de aanwezigheid van 
dit denudatiegebied in het NOOl'den. Ook 
in deze periode traden lokale facies
wisselingen op, die vooral werden ver
oorzaakt door NNW-ZZO gerichte op
welvingen (bijv. Euganei-Berici-Lessini 
horst). 

De Vicentijnse Alpen waren herhaalde
lijk het toneel van vulkanische activi
teiten. Behalve basaltische gangen van 
hetzij devonische hetzij vroeg-permische 
ouderdom, kunnen twee belangrijke vul
k:l~:schc perioden worden onderscheiden, 
namelijk het Permotrias en het Tertiair. 
Gedurende het Permotrias intrudeerden 
hoofdzakelijk zure magma 1s en vormden 
zich deels submarine, deels terres~rische 
eruptiva, Gedurende het Tertiair drongen 
hoofdzakclijk basische magma's omhoog 
en vormden zich dikke tuf- en lava
pakcttcn. Opme rkelijk is dat de c;entra 
van max!nnl~ vulkanische activiteit zich 
in het oud-Tertiair verplaatsten van het 
Z uidwes ten naar het Noordoosten. 

De tektoniek van het gebied is tame
lljk complex. Drie belangrijke tektogene
tische perioden kunnen worden onder
scheiden, Allereerst de Hercynische 
orogenese. Deze gebergte-vormende pe
riode kan in twee phasen worden onder
verdeeld, namelijk een phase met sub
verticale bewegingen, waarbij het gebied 
werd opgeheven en sterk geerodeerd, en 
een phase met subhorizontale bewegingen. 
De laatste veroorzaakte WNW-hellende 
overschuivingsvlakken en NNO-ZZW ge
richte plooiassen. (Oorspronkelijk, d. w. z. 
voor de Permotriadische 1'otatie van het 
gebied (zie paleomagnetische deel van het 
proefschrift), waren de overschulvings
vlakken N-hellend en de plooiassen 
o-w gericht). De tweede tektogenctische 
periode viel samen met het Permotrias. 
In deze tijd vormde zich een horstach
tige opwelving in het Valli-Recoaro ge
bicd tengevolge van het opdringen van 
een basisch magma in een ONO-WZW 
gcrichte zwaktezone (oorspronkelijk had 
deze zone een WNW-OZO richting, zie 
paleomagnetisme). Er ontstonden ONO
WZW (zowel noord- als zuidhellende) 
en NNW-ZZO (oost- zowel als west
he] lende) normale breuken, De derde 
tektogenetische periode is Alpien. In deze 
tijd lag het Vicentijnse gebied op twee 
scharnierzones.De ene zone bevond zich 
tussen de oprijzende Alpine geanticline 
en het dalende Adria massier en de tweede 
zone bevindt zich op de noordoostelijke 
flank van het dalende Po gebied. In beide 
gevallen waren de reacties op deze 
differentiele verticale bewegingen ve1'
schillend voor het grondgebergte en de 
sedimentaire bedekking. In het grond
gebergte werden de nude Permotria
dische zwaktezoncs gereactiveerd: ONO
WZW gerichte, nanr het Zuiden hellende 
t1'apbreuken ontstonden als reaetie op het 
zakken van het Adria mass ief en NNW
ZZO gerichtc, oosthellende bl'euken 
vormden zich aan de NO rand van de 



Po geosyncline. De laatste staan in nauw 
verband met de NNW-ZZO gerichte op
welvingen, die gepaard gingen met sterke 
vulkanische activiteit en die z ich geduren
de het jong-Tertiair van het ZW naar het 
NOverplaatsten.De sedimentaire bedek
king van de zUidflank del' Alpine gean
ticline gleed af naar het Zuiden ("de
collement"), waarbij in het Vicentijnse 
gebied hoofdzakelijk ongeveer O-W ver
lopende, zUidvergente plooien ontstonden. 
Deze zuidwaartse bewegingen van het se
dimentdek ontmoetten plaatselijk weerstand 
van de oude Permotriadische horsten 
(bufferzones) waardoor plaatselijk NO
ZW gerichte plooien ontstonden. In het 
jong-Tertiair ontstonden in het westelijke 
Vicentijnse gebied NNO-ZZW gerichte 
linkse zijschuivingen die lokale anti
kloksgewijze rotaties in het gebied ver
oorzaakten. 

Vit de paleomagnetische richtingen, 
gemeten in permotriadische en ter
tiaire gesteenten, kan worden geconclu
deeI'd dat NO-Italie sinds het Perm be
langrijke translaties en rotaties heeft 
ondergaan. Van de afgelegde weg liggen 

drie punten relatief vast. Allereerst de 
tegenwoordige WSitie van het gebied 
(11 0 30, OL., 45 45' NB. ) dan de po
sitie in het Eoceen (NO-Italie moet 
toen gelegen hebben op de +500 isocline 
van het Eoceen, die toen passeerde waar 
nu Sicilie ligt) en tenslotte de positie 
gedurende het Pe I'm (NO-Italie lag toen 
waarschijnlijk op het snijpunt van de 
permische -300 isocline en de permische 
Tethyszone, dat is nu ergens in de wes
telijke Himalaya). Twee belangrijke be
wegingen kunnen dan worden onderschei
den, een westdrift van het gebied tijdens 
het Perm en Mesozoicum.· (+ 4800 km) 
en een noorddrift tijdens het Tertiair 
(over ongeveer 800 km). Tijdens de west
drift roteerde het Vicentijnse gebied on
geveer 600 antikloksgewijs. Deze anti
kloksgewijze rotatie is waarschijnlijk het 
gevolg van rechtsgerichte zijschuivingen 
langs de· naordz ijde van de Tethyszone. 
De noordwaardse beweging van het ge
bied gedurende het Tertiair lijkt te zijn 
veroorzaakt door de NW drift van 
Afrika. 

SUMlVIARY
 

This geological study on the Vicen
tinian Alps is mainly an analysis of the 
tectonic and paleomagnetic data, collec
ted by the author in the years 1959, 
1960, and 1961. 

The stratigraphy is based for the 
greater part on data published in the first 
decenniums of this century. In the west
tern part of the region the exposed base
ment consists of quartz -phyllites. The 
age of the strata overlying the basement 
ranges from Permian, to Miocene. Du
ring the Permian and the Mesozoic, 
sedimentation was mainly the result 
of a slow subsidence and a supply of 
clastic material from a land in the south 
(northern Adria and Po-block). Facies
changes are due to WNW-ESE trending 

uplifts, accompanied by magmatic (vol
canic) activity (the Schio-Recoaro horst). 
In the late Cretaceous the southern land 
area subsided and the Alpine geanticline 
began to rise. The sedimentation in the 
Tertiary was mainly controlled by the 
presence of this source area in the north. 
In this period changes in facies took 
place also,which were mainly controlled 
by NNW-SSE trending uplifts (e. g. Euganei
Berici-Lessini horst). 

Volcanic activity is known to have 
taken place in the Vicentinian Alps in 
various periods. Next to basaltic dikes 
of either devonian or early permian 
age, two major volcanic periods can be 
distinguished; the Permo-Triassic and 
the Tertiary. During the Permo-Triassic 



mostly acid magmas intruded and effusive 
rocks were formed in either marine or 
terrestrial environment. During the Ter
tiary mostly basic magmas ascended, 
forming thick tuff- and lava deposits. 
It is noteworthy that the cent res of maxi
mal volcanic activity moved from south
west to northeast in the early Tertiary 

The tectonics are rather complex 
and may be ass igned to three tectoge
netic periods. The first comprises the 
Hercynic orogenesis, in which two phases 
can be distinguished, one of subvertical 
movements (primary tectonics) and 
another of subhorizontal movements 
(secondary tectonics). During the first 
the region was elevated and heavily 
eroded; the second caused WNW-dipping 
overthrust and NNE-SSW striking folds 
(originally, Le. prior to the permo
triassic rotation as determined by paleo
magnetic data, the overthrust planes 
were dipping WSW and the fold axes 
were E-W. The second tectogenetic pe
riod is of permo-triassic age. At this 
time, a horst-like doming-up was caused 
in het Valli-Becoaro area by ascending 
basic magmas in an ENE-WSW striking 
zone of weakness. Originally, this zone 
had a WNW- ESE direction (see paleo-mag-. 
netism). Normal faults were formed,stri
king ENE-WSW (dipping north or south) 
and NNW-SSE (dipping east or west). 
The thi I'd tectogenetic period coincided 
with the alpine orogenesis. The Vicen
tinian region was located on the inter
section of two hinge zones. One is ENE
WSW and lies between the rising Alpine 
geanticline and the subsiding Adria mass; 
the other is NW-SE and forms the northern 
flank of the subsiding Po area. In both 
hinge belts the basement and the sedi
mentary cover reacted differently to 
differential vertical movements. In the 
basement, the older, permo - triassic 
zones of weakness were reactivated;ENE
WSW striking step faults, dipping south, 
were formed as reaction to the subsi
dence of the Adria mass and NNW-SSE 
faults dipping east originated on the 
NE-side of the Po geosyncline. This 
second set of faults is closely related 

to the doming-up along the northeastern 
margin of the subsiding Po region, which 
can be interpreted as a correction of the 
isostatic equilibrium. The updoming was 
accompanied by volcank acti vity. The 
centra of volcanic acti viiy shifted north
eastward (each time over about 30 km) 
between upper Cretaceous and Oligocene. 
The sedimentary cover slided off the 
south flank of the alpine geanticline to 
the south ("decollement "); this caused 
approximately E-W (Tauern-decollement) 
and NNE -SSW trending fold axes (Oetz
decollement). Only the former have been 
of importance in the Vicentinian Alps. 
These southward movements of the se
dimentary cover were locally obstructed 
by the permo-triassic horst ("buffer
zone"), causing the fold axes there to 
be striking NE-SW. 
In the younger Tertiary, NNE -SSW si
nistral wrench faults caused anti -clock
wise rotations of minor blocks. 

From paleomagnetic data of permo
triassic and tertiary rocks may be con
cluded that NE-Italy has been subjected 
to majol' translations and rotations since 
the Permian. Three relatively fixed points 
are known. Firstly, the present posi
tion of the region (450 45' N. L., 110 30' 
E. L. ). Secondly, the position in the 
Eocene (NE-Italy must have been located 
on the +500 isocline of the Eocene, which 
runs across the present position of 
southern Italy). Thirdly, the position 
during the Permian (NE-Italy was pro
bably on the intersection of the permian 
-300 isocline and the Tethys zone; this 
point is at the present location of the wes
tern Himalayas). Two major movements 
may be distinguished: awes tdrift of the 
region during the Permian and Mesozoic 
(over maxima14800km) and a northdrift du
ring the Tertiary (over 800 km). During 
the westdrift, the Vicentinian region 
rotated about 600 anti-clockwise in the 
late Triass ic. This rotation corresponds 
with right lateral shear movements along 
the north side of the Tethys zone. 
The northward movement of the region 
during the Tertiary may have been cau
sed by a NW drift of Africa. 



RIASSUNTO
 

Questo studio geologico sulle Alpi Vi
centine comprende principalmente un' 
analisi dei dati tettonici e paleomagnetici, 
raccolti clall 'autore negli anni 1959, 
1960, e 1961. 

La 8t ratigrafia e basata per la maggior 
parte sui dati pubblicati nei primi de
cennii di questo 8ecolo. Nella parte oc
cidentale della regione affiora il basamen
to,che consista principalmente di filladi 
quarz ife 1'e. La colonna stratigrafica 
sovrastante questo basamento si estende 
dallo Permiano fino a1 Miocene. Durante 
il Permiano ed il Mesozoico, la sedi
mentazione c stata favorita da un lento 
abbassamento e da W1 accumulo di ma
teriali clrrstici provenienti da una terra 
emersa a sud (Adria settentrionale e 
"massiccio Padano"). 
Localmente i cambiamenti di facies sono 
risultata dai sollevamenti diretti ONO
ESE;Cjuesti movimenti erano accompagnati 
da faglie e da attivita (vulcanica) mag
matica (il sollevamento Schio-Recoaro). 
Durante il Cretacio. superiore la terra 
meridionale si sprofondava e la geanticli
nale alpina cominciava ad emergere. 
Per consequenza la sedimentazione 
terziaria e caratterizzata da materiali 
provenienti da nord. Anche in questo 
periodo avengono altri cambiamenti di 
facies, accentuati da sollevamenti con 
direzione NNO-SSE (per esempio pilastro 
tettonico Euganei - Berici -Lessini). 

Nelle Alpi Vicentine I 'attivita vul
canica si e ripetuta in vari periodi. 
Senza contare i filoni basaltici di eta 
devoniana 0 permiana inferiore, dis
tingui31l10 due grandi periodi vulcanici: 
il Permo-Triassico ed il Terziario, 
Durante il Pcrmo-Triassico, magmi 
in gran parte acidi. si intrudevano e 
forma\'ano rocce effusive in ne] mezzo 
marine 0 terrestri. Durante il Terz iario, 
magmi per 10 piu basici ascendcvano,' 
formando cosi depositi massici di tufi e, 
lave. E degno di menzione che i centri 
della massima attiviUl vulcallica h8nno 

cominciato da sudovest per continuare 
a nordest nel Terziario inferiore. 

La tettonica e abbastanza complicata 
e puo essere attributa a tre periodi 
tettogenetici. n primo periodo e di eta 
ercinica, nel quale distinguiamo due 
fa8i, una, dei movimenti subverticali 
(tettonica primaria) e l'altra dei movi
menti suborizzontali (tettonica secon
daria). Durante la prima fase la regione 
era sollevata e fortemente demolita; lao 
seconda fase consisteva in sovrascorri
menti verso ONO ed in pieghe con gli 
assi NNE-SSO. (Originariamente, cioe 
prima della rotaz ione permo-triassica 
della regione, come e stata determinata 
da dati paleomagnetici, i piani dei 
sovrascorrimenti avevanoun inclinazione 
verso nord e gli assi delle pieghe 
erano diretti E-O). n secondo periodo 
tettogenetico e di eta permo-triassica. 
In questo tempo, un sollevamento si 
sviluppava nell'area Valli-Recoaro, cau
sato da magmi basici ascendenti in una 
zona debole con direzione ENE-OSO. In 
origine, la direzione di questa zona era 
ONO-ESE (vedi paleomagnetismo). Si for
mavano faglie normali con direzione ENE
OSO (inclinazione nord 0 sud) e NNO
SSE (inclinazione est 0 ovest). n terzo 
periodo tettogenetico coincideva con 
1'orogenesi alpina. La regione Vicentina 
e venuta a trovarsi nella intersecazione 
di due zone dicerniera. Vana si estendeva 
OSO-ENE e si trovava tra la geanticli
nale alpina emergente e 1'unita Adria 
subsidente; 1'altra si estendeva NO-SE 
e formava il limite del fianco setten
trionale dell'area subsidente del Po. In 
queste due zone il basamento e la serie 
sovrastante sedimentare reagivano in 
altri modi ai movimenti differenz iali 
verticali. Nel basamento, Ie zone deboli 
di eta permo-triassica erano riattivate; 
si formava una serie di faglie (direzione 
ENE-OSO;inclinazione sud) come reazione 
all0 sprofondamento dell 'unita Adriatica 
e si sviluppavano faglie (direzione NNO



SSEjinclinazione est) suI fianco NE della 
geosynclinale Padana. C'e unastretta re
lazione tra questa seconda serie di fag
lie ed il sollevamento lungo il margine 
nordes t della regione Padana subsidente. 
Questo sollevamento puo essere inter
pretato come una correz ione dell 'equil 
ibrio isostatico. 11 movimento e stato 
accompagnato dall 'attivita vulcanica. I 
centri di questa si sono spostati verso 
nordest (con intervalli di circa 30 chilo
metri) tra il Cretacico superiore e 
I 'Oligocene. La coltre sedimentare 
scivolava dal fianco meridionale della 
geanticlinale alpina verso sud ("dtkolle
ment");questo movimento causava pieghe 
con as si press'a poco E -0 ("Tauern 
decollement") e pieghe con assi NNE
SSO ("Oetz-decollement"). Soltanto la 
prima deformazione ha avuto un'im
portanza nelle Alpi Vicentine. Questi 
movimenti verso sud della serie sedi
mentare erano ostacolati localmente 
dal pilastro permo-triassico ("buffer
zone"), in modo che gli assi delle pieghe 
cambiavano la lora direzione a NE-SO. 
Nel Terziario inferiore. fagUe di torsione 
sinistrale (direzione NNE-SSO) cau
savano rotazioni sinistrali dei J:.locchi 
di modesta dimensione. 

I dati paleomagnetici delle rocce 
permo-triassiche e terziarie permettono 

di concludere che Italia nordorientale ha
 
participato a traslazioni e rotazioni di
 
grande entita fino dal Permiano. Cono

sciamo tre posizioni relative. Primo,
 
la posizione presente della regione
 
(450 45' N, 110 30' E).
 
Secondo, la posizione nell'Eocene (Italia
 
nordorientale era situata sulla isoclina
 
+500 nell'Eocene, la quale attualmente
 
passa per l'Italia meridionale). Terzo,
 
la posizione durante it Permiano (Italia
 
nordorientale era probabilmente situata
 
sull'intersecazione della isoclina -300
 

permiana e la zona della Tetidej oggi
 
questa intersecazione e situata inqualche
 
luogo nell 'Himalaya occidentale). Si puo
 
distinguere due grandi movimenti: una
 
deriva della regione verso ovest du

rante i1 Permiano e Mesozoico (di circa
 
4800 chilometri) e una deriva verso
 
nord durante il Terziario (di 800 chilo

metrO. Durante la deriva verso ovest,
 
la regione Vicentina eseguiva una rotazione
 
sinistrale di circa 600 nel· Triassico
 
superiore. Questa rotazione corrisponde
 
con movimenti di torsione desstrale
 
lungo la parte settentrionale della Tetide.
 
11 movimento della regione verso nord
 
durante il Terziario puo essere stato
 
causato da una deriva dell' Africa verso
 
nordovest durante il post-Cretacico.
 

"Indocti discant et ament 
meminisse periti". 

H{mault 



4~ 8~ 43~ 7c::J 
2E8 6122ZJ 
11-- I sDJ]] I i , i I 

0 2,5 !l 7,!l 10 km 

SHEET I 
EASTERN MRT 

• PADUA 

Fig. 1. Index map with the position of the 1) Quartz-phylIites 5) Cretaceous 
geological sheets I and II: 2) Lower Triassic 6) Tertiary 

3) Upper Triassic 7) Quaternary 
4) Jurassic 8) Igneous rocks 



INTRODUCTION
 
This study of the Vicentinian Alps forms 
part of a more general geological research 
carried out in various parts of the 
southeastern Alps by students ofthe 
Geological Institute of the State University 
of Utrecht under\ the supervision of Prof. 
Dr. R. W. van Bemmelen. 

The theses by Dietzel (1960), Van Hilten 
(1960), and Agterberg (1961) have been 
published in the series "Geologica 
Ultraiectina". In preparation are works 
of G. B. Engelen, R. Guicherit, and 
S. Pieplenbosch. 

These doctoral theses of van Bemmelen 's 
pupils contain mainly new tectonic 
observations and interpretations, where
as the stratigraphic key is largely based 
on previous literature. The same approach 
of investigation was planned for the 
study of the Vicentinian Alps where 'the 
latest geological survey was carried out 
by Fabiani in 1920. Excellent and un
surpassable studies were made of paleonto
logical and petrographic subjects, but 
they are aIle rather old and of local im
portance. 

In view of the great complexity of the 
Vicentinian Alps, it was decided to 
prepare for this area a more general 
geological study, applying modern views 
and methods in sedimentology and geo
physics. As a result, this paper deals 
not only with the tectonics of the 
Vicentinian Alps, but also contains a 
sedimentological investigation of several 
sediments (carried out with the aid of 
Dr. A.H. Bouma and F. Humbert in 
the laboratory of Prof. Dr. D. J. Doeglas), 
a paleomagnetic examination of the 
igneous rocks (carried out with the aid 
of Mr. J.D.A. Zijderveld and 
H. A. Schouten in the laboratory of 
Prof. Dr. J. Veldkamp, Royal Dutch 
Meteorological Institute at De BUt), 
and an interpretation oftbe -gravity field 
together with R. Guicherit, based on the 
data of the Bouguer and isotatic isogam 
maps published by de Bruyn er955). 

The subject area is sit.uated in north
eastern Italy (centre 450 45' NL, 110 30' 
EL), in the prOVince of Vicenza. The 
Vicentinian Alps are part of the south

eastern Alps or the so-called "dinaric 
branch" of the alJ)ine system in western 
Europe. 

The geological maps (1 : 50. OOO)attached 
to this thesis cover the Vicentinian region 
in two parts; a western part, with the 
triangle Schio-Recoaro-Posina in the 
centre, and an eastern part covering the 
triangle Bassano-Thiene-Sette Curnuni 
(see fig. 1). Geological mapping was 
carried out on topographic sheets, scale
1 25.000, published by the Istituto 
Geografico Militare. The studied area 
is located within the geological sheets 
of Schio,Bassano and Verona (1:100.000), 
published by the- Uffico Idrografico. Most 
Italian geological maps of the area are 
no longer available. 

Fieldwork was carried 'out in Italy during 
the summers of 1959, 1960, and 1961. 
For rounding-off purposes, the area of 
Levico in the north (E of Trento), and 
the area of the Colli Euganei in the 
south (N and W of Padova) were also 
studied. 

The oldest geological studies of the 
Vicentinian region date from (1765) and 
(1767), when Arduino described the mines 
and mineral waters of Recoaro. The 
most recent paper is from Bianca 
Guidicini (1956) and contains a petro
graphic· study of the igneous rocks of 
the Monte Alba complex. 

The Vicentinian Alps are seperated from 
the quaternary Venetian plain by the 
ENE-WSW directed flexure-fault zones 
of Schio and Marostica, and by the 
NNW-SSE directed Vicenza fault. 
The mountains are rising up rapidly 
from 200 m in the plain to a maximal 
height of 2235 m on the summit of the 
Monte Pasubio, over a NW-SE distance 
of 20 km. This is due to important 
vertical throws along the above mentioned 
flexure -fault zones. 

The most important rivers ~re the Illasi, 
Chiampo, and Agno in the west, the 
Leogra and the Astico in the centre, 
and the Brenta in the east. The most 
important towns in the mapped areas are 
Arsiero, Bassano, Marostica, Malo, 
Recoaro, Schio, Thiene, and Valdagno. 
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CHAPTER I 

STRATIGRAPHY 

A. GENERAL 

Stratigraphically, - the Vicentinian Alps 
are of great importance for the know
ledge of the Alps; as Rosenberg (1961) 
said "das Gebiet ist einer der Tragpfeiler 
der ostalpinen Formationslehre", (the 
region is one of the fWldamental pillars 
of the east-alpine stratigraphy). 

This region was selected for study by 
several famous classical workers in 
stratigraphy and paleontology, belonging 
to the Austrian and Italian schools. 
Particularly the lithology and paleonto
logy oftheTriassic were studied in detail 
and compared with observations in the 
northern Alps and Germany. The names 
of Beyrich, Bittner, Catullo, Fabiani, 
GUm bel, Maraschini, Negri, Oppenheim, 
Pasini, Von Schauroth, - Suess, and 
Tornquist are connected with numerous 
publications on this region. 

In the rather small area of Schio, a 
complete stratigraphic section from 
Permian to Miocene is exposed, overlying 
a basement of presumably, silurian age, 
The thickness of the exposed series, 
overlying the basement, varies from 
2000 to 3000 m. The differences in 
thickness are caused by the many, 
mostly local facies changes. For instance, 
the thickness of the Jurassic varies' 
from 100 to 400 m. The Triassic contains. 
1500 metres of sediments, more than 
half of which consist of norian dolomites. 
In the Vicentinian Alps, where most 
types of sediments are present, dolomites 
and lime.stones are predominating. 

During the Permo-Triassic and Tertiary, 
volcanism has been active. A variety of 
igneous rocks of widely different compo
sition and texture testifies of a complex 
volcanic history. 

The lithology and the average thickness 
of the series is shown in fig. 2. 
It shows the general transitions from 
clastic to organic deposits. Tuffs are 
indicated by comparing their grain size 
with that of non-eolian sediments. In 
the right-hand column the periods of 
volcanic activity are indicated. 

The basement of the Vicentinian Alps 
is formed by epimetamorphic quartz
phyllites, presumably of silurian age. 
The original sediments may have been 
deposited in a geosyncline Wlder mainly 
shallow-water conditions, not far distant 
from the continent, as appears from the 
presence of carbonaceous material and 
syngenetic pyrite and epidote lenses. 
After slight metamorphism the rocks 
were uplifted during the hercynic oro
genesis, and subsequently eroded. 

The depressions formed by erosion were 
filled with agglomerates. An upper 
permian age is proposed for· these 
agglomerates, which were previously 
considered middle-Permian. This opinion 
is based on pollen analysis (by Jansonius). 
During the early Permian, volcanism 
was active in the southeastern Alps as 
is indicated by the enormous volcanic 
sheets of Bolzano. Igneous rocks of the 
same age are fOWld near Posina. The 
age correlation is based on paleomagnetic 
data. The upper permian agglomerates 
and lower or middle permian igneous 
rocks, are overlain by coarse sands, 
which were deposited probably in fluvial 
environments. The clastic material must 
have been supplied from the south. 
Upwards the sands grade into red silts, 
which become increasingly dolomitic. 
The upper part of the upper Permian 
begins again with clastic sediments. 
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T
c 
0 
L I0 t>Iz C 

t>I 
0 2500 

I0 

~ 
f--

t>I 
C

f-- t>I 
0 
0 2400 
Cl 

<5 
700 

c 
0 t>I 3000c. C 

t>I
"U 0 
0 0 
~ 600 W 

·2200 

I--- 500 

'":J 
0 2100
t>I 
0c 0... 
t>I

o~ 400o!!! L. 
C U
<t 

2000 

300 



The medium-grained sands are alterna
ting with dolomites. Locally the sands 
contain heavy minerals of volcanic ori
gin. Volcanoes were formed in the 
Staro area contemporaneously with 
the deposition of these sands. From 
these volcanoes acid lavas flowed out 
in southern and northern direction. 
After a rapid alternation of fine sands 
and dolomites, the latter become pre
dominating, and the uppermost part of 
the upper Permian consists mainly of 
dolomites. 

The early Triassic (early Scythian) 
is represented by another supply of 
clastic material, the grain size of which 
does not exceed that of fine sands. In 
the scythian period, two main sedimen
tary sequences can be recognized, both 
starting with fine sands and red silts, 
overlain by shales, limestones, and 
dolomites. The environment is that of a 
tidal flat (coastal plain), separated from 
the open sea by barriers and/or volcanic 
islands. Volcanism was very active. 
Volcanoes were formed on NNW-SSE 
striking faults and thick acid lavas 
flowed out westwdrd. The latter are 
found in the Alba- Fratte, the Guizza
Faedo, and the Bafelant-Cornetto igneous 
units. The top of the Scythian is formed 
by cellular dolomites, the cells of which 
once contained gypsum (Rauhwacke zone). 

In the early Anisian, evaporites are 
predominant. They are alternating with 
thin clay, dolomite and limestone beds. 
The upper part of the lower Anisian is 
formed by nodular limestones, which 
are rich in fossils (crinoids). These 
limestones are unconformably overlain 
by multicoloured tuffs belonging to the 
first anisian volcanic period. The tran
sition from lower to middle Anisian 
is based upon the first appearance of 
these volcanic deposits or their equi
valents. The middle anisian period of 
volcanism was short and sedimentation 
continued normally' afterwards. Lime
stones' rich in brachiopods, and thick
bedded dolomites were deposited. The 
middle Anisian is (probably also un
conformably) overlain by a lithologically 
varied series, belonging to the second 
anisian volcanic period. Next to conglo

merates, sands, and· silts, also lime
stones and tuffs are found. The transition 
from middle to upper Anisian is placed 
at this sudden change in lithology. The 
top of the Anisian consists of massive 
limestones. These were mainly formed 
by chemical precipitation of carbonatic 
material from subaquatic volcanic exha
lations. 

The lower Ladinian consists of simi
lar limestones. The transition from 
Anis ian to Ladinian should be placed where 
the index fossil Diplopora annulata 
appears. The massive limestones are 
overlain by multicoloured, nodular liIJ:le
stones alternating with tuffs. In the 
upper Ladinian. volcanic rocks are 
predominating. Tuffs are alternating 
with volcanic breccias and lavas. The 
composition of these volcanic rocks 
varies, from old to young, from 
rhyolitic to dacitic, andesitic, and 
basaltic. Most tuffs and breccias were 
deposited in paludal and lagoonal en
vironment. During a relatively short 
time, parts of the region were subjected 
to erosion. 

In small depressions, well-stratified 
dolomites and shales were deposited, 
which do not contain fossils; they are, 
however, very similar to the icarnian 
deposits in the Judicaria area and may 
be considered to be of approximately 
the same age. 

During the upper Permian and Scythial'!., 
clastic material originating from the 
south was transported to the north during 
four successive periods of uplift of a land 
area in the south. The direction of s up
ply is indicated by the alignment of the 
quartz grains, the direction of the 
foreset bedding, and the direction of 
ripple marks and current ripples. 
Shallow:water conditions generally do
minated. The environment changed from 
fl\lvial and paralic during the upper 
Permian and Scythian to neritic in the 
Anisian. In the upper Anisian and 
Ladinian, the environment became again 
paralic and probably even paludal. This 
sudden change in the general subsidence 
is .due to the rise of a local ENE-WSW 
trending culmination, caused by the 
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intrusion of a basaltic magma. From 
Permian to Ladinian, seven periods, 
probably all of volcanic activity l are 
found. From old to young, the volcanic 
activity increased, being predominant 
during the upper Ladinian. 

The upper Triassic (Norian) starts 
with a series of breccias, agglomerates, 
and conglomerates. The components 
consist of limestone and dolomite frag
ments embedded in a dolomitic matrix. 
These deposits were formed by erosion 
as well as by chemical precipitation of 
carbonatic material in tuffaceous environ
ment. The Norian mainly consists of 
dolom ites, in many places alternating 
with thin clayey and tuffaceous oolitic 
or microbreccia lenses. The total thick
ness ofthe thick-bedded dolomites ranges 
from 700 - 1000 m. 

The Rhatian cannot be recognized 
because of the absence of fossils and 
its similarity with the Norian. 
, During the Jurassic, mainly lime

stones were deposited. Land was still 
present in the south during the Liassic. 
This is i. a. indicated by the shales alter
nating with lignite lenses in the southern 
part of the Vicentinian region. In the 
eastern part oolitic and reef limestones 
are dominating. Dolomites similar to the 
norian sediments occur in the north. 
The supersalinity, that seems to have 
promoted the forming of dolomites in 
the upper Triassic and prevented faunal 
life, disappeared in the Jurassic. The 
middle and upper Jurassic are character
ized by red nodular limestones. From 
old to young, the limestones become 
increasingly marly. 

In the early Cretaceous only pure,' 
dense limestones were formed. They 
may have been deposited in a bathyal 
environment. During the middle Creta
ceous (just as in the middle and upper 
Jurassic) red clayey material contributed 
to the forming of pink coloured lime
stones. The upper Cretaceous is different 
east and west of the Vicenza fault. Tuffs 
are alternating with limestones in the 
western, and with shales in the eastern 
part of the Vicentinian Alps. 

During the Norian, Jurassic, and 
early Cretaceous, the Vicentinian region 
subsided. In the first two mentioned 
periods, subsidence kept pace with sedf
mentation, and shallow-water conditions 
were dominant. During the early Creta
ceous the rate of subsidence seems to 
have surpassed that of the sedimentation 
and only pure limestones were deposited 
in a probably bathyal environment. The 
land area'- that was present since the 
upper Permian in the south, subsided 
during the Cretaceous. Accordingly, the 
S......N relief must have changed. 

The tertiary deposits are different 
in the eastern and in the western parts 
of the Vicentinian Alps. 

The lower Eocene consists of detrital 
limestones alternating with coarse sands 
and silts in the east and of dense, pure 
limestones alternating with tuffs in the 
west. Volcanism was also active during 
the middle Eocene in the western region 
where thick tuff series were deposited. 
During this period mainly coarse sands 
and silts sedimentated in the east. In 
the upper Eocene, sands, silts, and 
detrital limestones were deposited in 
the west,. and biochemical limestones in 
the east. 

The transition from Eocene to 
Oligocene is difficult to establish, as 
there is no distinct change in lithology. 
Late oligocene deposits are exposed in 
the eastern region only. Volcanism be
came active during the middle Oligocene. 
This volcanism was restricted mainly 
to the eastern part of the Vicentinian 
Alps. Coarse clastic series alternate 
with tuffs, containing locally lignite ;de
posits. In the upper Oligocene neritic 
conditions dominated and detrital lime
stones were deposited. 

The lower Miocene is represented 
also by detrital limestones, and accor
dingly the transition from Oligocene to 
Miocene is difficult to determine. The 
middle Miocene consists of conglome
rates, sands, and silts, which are over
lain by clays. Upper miocene and younger 
series are absent in the Vicentinian Alps. 
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During the Tertiary the clastic material 
originated mainly from the north and 
was transported to the south. This took 
place in the middle Oligocene and the 
middle Miocene. The supply is due to 
eros ion following the uplift of the central 
alpine geanticline. The relief must have 
been als 0 N~ S. In the Tertiary, shallow
water conditions dominated with mainly 
paralic and neritic, sometimes paludal 
environments. Three periods of volcanic 
actiVity can be recognized during which 

mainly basaltic effusives and eruptives. 
were deposited. During the middle 
Eocene, a· basaltic magma intruded and 
formed a NNW-SSE trending culmination 
in the SW part of the Vicentinian Alps. 
In the Oligocene',an identical culmination 
was formed in the SE part· of the 
Vicentinian Alps. These uplifts caused 
local changes of the E-W relief, which 
explains the lithological difference be
tween the tertiary deposits in the SE 
and SW. 

B. THE QUARTZ-PHYLLITE SERIES
 

The basement of the Vicentinian Alps 
is formed by an epimetamorphic quartz
phyllite series, exposed in the western 
part of this region. 

The first authors who described these 
oldest rocks as quartz -phyllites were 
Stache (1874) and Gumbel (1879). In 
older publications reference was made 
to Glimmerschiefer (german for mica
schists) (Benecke, 1868; Pirona, 1863; 
and Von Lasaulx, 1873). Marzari-Pencati 
(1823) and Maraschini (1824) Icalled the 
rocks respectively Mimosite-Glimmer
schiefer and Dolerite-Glimmerschiefer 
after the basic intrusive rocks, abundant
ly present in the quartz -phyllite series. 

The quartz-phyllite outcrops are 
mainly found in the upper parts of the 
basins of the Leogra and Agno, north 
of San Quirico and north of Torrebelvicino 
respectively. In the area of Val Fredda 
(north of Recoaro) the phyllites are found 
to about 1000 m above sea level. The 
lowest outcrops occur in the vicinity of 
Torrebelvicino at 250 m and are the 
southernmost exposures of the basement 
complex of the Alps .. Except from the 
exposures of the basemeht in the valleys 
of the Leogra and Agno, three other 
small outcrops must be mentioned. One 
lies on the northern and one on the sou
thern flank of the Monte Alba, both being 
separated by faults from the other i phyl
lites. ·The third outcrop is situated 
north of Posina in the neighbourhood of 
the village of Spini, where the quartz
phyllites are dragged upward by the up-' 
thrust of the Majo dolomite mass over 

the igneous unit of Posina. 
Little is known of the total thickness 

of the quartz-phyllite series. The grea
test thickness of approximately 500 metres 
has been measured in the Val Fredda 
(north of Recoaro). The upper border 
of the quartz -phyllites is formed by 
upper permian clastic series, except in 
the Posina area where a lower or middle 
permian igneous mass is found, which 
might be effusive. The actual contact 
between quartz -phyllites and upper 
Permian has not been observed. As 
many water sources are located on this 
contact, it can be recognized by tracing 
small swamps and springs in the field. 

The following four arguments may 
be presented for a silurian age of the 
quartz-phyllite series which is generally 
devoid of fossils: 

a)	 The resemblance of thevicentinian 
phyllites and the silurian grau
wackes in the northern parts of 
the southeastern Alps (Stache, 
1874). 

b)	 The presence of coarse yellow 
crinoid-bearing limestone pebbles 
in the upper Permian, which 
resemble the upper silurian crinoid 
breccias of Seeberg in the Kara
wanken (Stache, 1874). 

c) The presence of black quartz ites 
(a type of)ydites~) in the neigh
bourhood of Recoaro, resembling 
the silurian Kieselschiefer 
(Gumbel, 1879). 

d) The occurrence of Ra s t r i t e s 
(Dal Piaz, 1942) in the Vicinity 
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of Funes (Bressanone) in quartz
phyllites generally considered as 
equivalents of the phyllites in the 
Vicentinian Alps. 

The epimetamorphic quartz -phyllites 
originated from muds and silts, locally 
containing some greater amounts of sand, 
and which in some cases must have 
been rather caroonaceous. 

In the field the phyllites are found as 
silver-grey, black or green coloured 
rocks with good fissility, mostly called 
schistosity. In the Vicentinian Alps the 
schistosity and original sedimentary 
stratification seem to be almost parallel. 
Under the microscope, however, a small 
angle between the schistosity and the 
bedding planes can be observed. 

The rocks are medium- to fine-grain
ed and consist for the greater part of 
quartz, muscovite, sericite, and chlorite. 
The proportion of quartz and micas varies 
widely. The clear angular recrystallized 
quartz grains form mainly quartz itic 
bands intercalated in mica-rich bands. 
Two generations of muscovites can be 
distinguished. One type is recrystallized 
parallel to the bedding- and schistosity 
planes and the other is randomly orien
tated (cross -muscovite). The two different 
types do not show any compositional 
difference. The chlorites are also pre
sent in two generations which have the 
same orientations as the above mentioned 
muscovites. The two types have different 
optical properties. The pleochroism of 
the normal chlorite is «= fJ = pale-green, 

y = pale-yellow, and that of the cross 
chlorite iii = fJ = colourless, ii' = pale
yellow. Feldspar is rare; in the mica
rich bands albite porphyroblasts (see 
fig. 3B) and locally idiomorphic albite 
crystals (see fig. 3A) have been ob
served.Idiomorphic albite (twinned only 
according to the Carlsbad law) is often 
found in the hornfelses (adinoles), sur
rounding the tertiary dikes. 

Occasionally the phyllites are rich 
in graphite, particularly in the neigh
bourhood of Torrebelvicino. The exa
mination of thin sections ofthese graphite
phyllites indicates a complex petrographic 
history. The groundmass consists of 

sericite-muscovite flakes and dispersed 
carbonaceous matter. Stratification is 
distinctly visible, schistosity is only 
slightly developed. Parallel to the stra
tification, elongated magnetite crystals 
occur, most probably formed during an 
early stage of metamorphism. Albite 
porphyroblasts, restricted to certain 
zones, are dispersed in the ground
mass (see fig. 3 B). The stratifica
tion seems to continue in the porphyro
blasts and is clearly Visible by the 
graphitic- and rutiel-rich streaks. During 
the last stage of growth of the porphyro
blasts, the surrounding rock has been 
pushed away. Some ofthe albite porphyro
blas~s are slightly rotated. The margin 
of the crystals and their shadow zones 
in the sericite-muscovite mass are clear 
and devoid of graphite. In the sericitic 
groundmass small cross-muscovites and 
occasionally small tourmaline crystals 
are present. Minor veins have been 
observed, intersecting (at right angles 
to the stratification) particularly the 
layers containing albite porphyroblasts. 
The veins cons is t of quartz, penn ine , 
and pyrite. The follOWing succession of 
crystallization may be concluded from a 
microscopic study of these thin sections: 

a) Recrystallization of quartz, chlorite, 
and muscovite. Growth of magnetite 
crystals lengthened in the direction 
of the bedding plane. 

b) Growth of albite porphyroblasts 
in certain zones. Formation of 
randomly orientated cross-musco
vites, cross-chlorites, and tour
maline crystals. 

c) Formation of small intersecting 
veins, composed of quartz, pennine , 
and pyrite. 

The nearest quartz -phyllite outcrops 
outside the Vicentinian region are found 
in the Caldonazzo and Levico (Val Sugana 
areas). In contrast to the Vicentinian 
area, quartz itic beds are frequently pre
sent in the upper part of the quartz
phyllite series and occasionally detrital 
epidote and pyrite lenses are found. 
The absence of coarsely clastic beds and 
synsedimentary heavy minerals in the 
Vicentinian region might indicate that 
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Photo A: Twinned albite in sericite-muscovite 
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groundmass Photo B: Albite porphyroblasts in sericite-muscovite ground
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Photo C: Dravite in quartz-spindle (50 x). Photo 0: Pennine in quartz-spindle (50 x). 



either the clays (from which the phyl
lites originated)wereformed at a greater 
distance from the source area 01' that the 
erosion has removed the equivalent 

·deposits. 

Special interest has been paid to the 
composition of the quartz spindles so 
frequently found in the quartz -phyllite 
series. They consist mainly of large, 
dirty quartz crystals shOWing strong un
dulating extinction. The crystallographic 
c-axes of the quartz make a small angle 
with the longest direction of the spindle 
(see page 92). The spindles in many 
cases contain also feldspars, the com
position of which varies between albite 
and oligoclase. The feldspar is mostly 
accompanied by pennine (Mg-chlorite) 
and dravite (Mg-rich tourmaline). Thus 
the spindle in its most complete form 
consists of a concentration of the ele
ments Si, AI, Na, and Mg in the fol
lOWing minerals: 
8i02 quartz 

NaAlSi
3

0 
8 

albite 

Mg5(AL, Fe) (OH)8 (Al,Si)4010 pennine 

NaMg B Al (OH)4 (Al Si 0 ) dravite
3 3 3 3 6 24

According to Nieuwenkamp a supply of 
Na from depth is not necessary to explain 
the increasing amounts of this element 
in the sequence schists - gneisses 
migmatites - granites,as normally found 
in .regionally metamorphosed regions. 
Nieuwenkamp (1956) assumed that Na 
might have been originally present as 
NaCl in the connate sea-water captured 
in the subsiding sediments. Under certain 
conditions of temperature and pressure, 
the Na is tied up in albite according 
to the following reaction: 

2NaCl + MgO, A1 0 , 68i02 ~ 2 3

2NaAlSi30 8 + MgC12 

In rocks in which the Na has not been 
tied up in albite, the salt has been 

removed after the orogenesis by atmos
pheric waters, which explains the present 
absence of Na in low metamorphic rocks. 

Nieuwenkamp's opinion is confirmed by 
the experiments of Winkler (1960). (1961) 
who heated clays, to which certain 
amounts of NaCl were added, up to 8000 

C at a constant pressure of 2000 bars. 
It is the author's opinion that the 

MgCl2 liberated according to Nieuwen
kamp's reaction has, been a principal 
constituent for the formation of pennine 
and/or dravite. This may explain 
the relative abundance ofMg in the spind
les. 

The work of Mrs. Michel-Uvy gives 
excellent information about the condi
tions during the forming of pennine and 
dravite. She determined experimentally 
that tourmaline originates at a tempe
rature of 3600 

- 400oC, which appears 
to correspond with the critical tempe
rature of water (374

0 C at 205 atm.); 
the critical pressure is about 100 atm. 
The temperature is in accordance with 
that mentioned by Palm (1957), and is 
critical for the mobilization of feldspar 
in metamorphic rocks. An AI-rich en
vironment promotes the forming of 
tourmaline. According to Read (1948) 
and Turner (1948) the tourmaline is 
formed from magnetic emanations which 
by diffusion could move over 200, km dis
tance from the plutonic bodies. This 
assumption is mainly based on the small 
diametre of the barium molecule in the 
tourmaline. According to Mrs. Michel
Uvy the spectrochemical analyses of 
borium, however, do not support this 
diffusion theory. Moreover, borium is 
common in Fe-rich marine clays (Gold
schmidt, Peters, 1932). There is actual
ly no need for long distance migration to 
explain its presence. 

It is the author's opinion that the 
pennine and dravite in the quartz-feldspar 
spindles have been formed in si tu by 
the following reactions. 
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1) 10 NaCI + 5 MgO + 5 Al20 + 30 8i0
3 2 

--~> 10 NaAl8i + 5 MgCl23
0 8 
albite 

5 MgCl + FeO + 4 8i0 + 9 H 0
2 2 2

-~) Mg (AI, Fe) (OH)8 (AI, 8i)4010 + 10 HCI
5 

.pennine 

2) + 6 A{1203 + 12 8i02 + 5 H20 '} 

-~) 2 NaMg B Al (OH)4(AI 8i 0 ) + 2 HCI 
3 3 3 3 6 27

dravite 

On page 93 has been stated that me c-axes parallel to B1' thus 
tamorphism is related to tectonic move forming quartz spindles. Under 
ments. The following tectonic movements definite conditions of tempe
and subsequent crystallizations can be rature, pressure and NaCI 
observed in the Vicentinian region: (see content, albite, pennine and 
also page 88 - 93). dravite (tourmaline I) are for

med in these spindles. The 
phase 1: Hercynic orogenesis. magnetite and pyrite I crys

8ubvertical dis placements, cau tals become stretched and 
sing translatory movements. lensoid. 
Forming of schistosity planes. b) Forming of asymmetric micro
Recrystallization of quartz with folds B2. 
its c -axes orientated parallel Forming of the second schisto
to the schistosity planes 82 sity 84. 
and 83 and at right angles to The chlorite I and muscovite I 
their line of intersection. flakes are bent and broken. when 
Recrystallization of chlorite I cut by 84. Recrystallization 
and muscovite I orientated with of quartz orientated with the 
the c -axes at right angles to c -axes parallel to 84 about 
the bedding plane 81 and the at right angles to B2. 
schistosity planes 82 and 83' c) Cessation of the lamellary flow 
Growth of magnetite and pyrite (rotatory movements). Growth 
I parallel to 81. of albite porphyroblasts in 

certain zones parallel to 81. 
phase 2: Hercynic orogenes is. Growth of randomly orientated 

8ubhorizontal displacements. cross-chlorite II. cross-mus
causing rotatory movements. covite II and tourmaline II. 

a) Forming of symmetric micro
folds B1 . phase 3: Triassic volcanic period. 
The quartz recrystallized and Local subvertical displacements,
is orientated parallel to the caused by the rise of a mag
rotated 82 and 83 planes and matic mass. 
parallel to a set of longitudinal Forming of minor veins com
crest -faults of the folds. Lo posed of quartz, pyrite II, and 
cally the quartz is concentra pennine, cutting the albite 
ted and orientated with its porphyroblast zones, and of 
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major veins composed of quartz 
with rare galena, sphalerite, 
pyrite II, and other sulphides. 
Local silicification of the 
quartz -phyllites and remo
bilization of pyrite I by con
tact-metamorphism. 

phase 4: Alpine orogenesis. 
Subhorizontal displacements, 
causing rotatory movements. 

C. 

The famous Italian author Maraschini 
recognized in 1824 the stratigraphic suc
cession of sediments in the Vicentinian 
Alps. He noticed that the phyllites are 
covered by conglomerates and sands. 
These sediments were called the "metas
site 0 gres del Carbon fossile con 
puddinga" (It. for: sands and conglome
rates of the Carboniferous. The sands 
are overlain by limestones and dolomites, 
called the "prima calcarea grigia 0 

calcarea alpina" (It. for: first grey al
pine limestone series). Later authors 
did not agree with a paleozoic age. 
Pirona (1863) and Benecke (1868) com
pared both series with the lower triassic 
Buntsandstein deposits. Von MojsisoVics 
(1876), however, considered them to be 
Permian by comparing the clastic sedi
ments with the Val Gardena sandstones, 
and the biochemical sediments with the 
Be lie rophon limestones. This opinion 
was shared by Bittner (1883), Tornquist 
(1901), and Fabiani (1920). 

Leonardi (1955) was of the opinion 
that the Gardena sandstones are of middle 
permian age (Ober Rotliegendes) and that 
the Be lle rophon dolomites are upper 
Permian (Zechstein). Van Hilten (1960) 
did not agree wi th Leonardi and con
sidered the Gardena sandstones as well 
as a part of the Be II e rophon stage to be
long to the upper Permian. lie quoted 
Mittempergh~r, who mentioned an age 
of 220 x 10 years (U/Pb radioactivity 
method) for the uranium -containing mine-

Forming of quartz streaks 
orientated parallel to one of 
the schistosity planes in the 
direction of the lamellary 
flow. Rotation of the albite 
porphyroblasts. Hornfelses 
(adinoles) were formed by 
contact-metamorphism around 
basaltic intrusions, indicating 
a renewed local mobilization 
of quartz and feldspar. 

PE RMIAN 

ralizations of the Val Gardena sandstones. 
The ores are thought to have been for
med syngenetic in the last depositional 
stage of the Gardena sandstones. (Accor
ding to Kulp (1961) the age of the Per
mian, based on isotopic age determina
tions of biotite and glauconite from all 
over the world, is from 280 to 230 x 
106 years). The pollen analyses (carried 
out by Jansonius), points to a saxonian 
(Zechstein) age for the sandstone as 
well as for the dolomite series in the 
Vicentinian AlpS. This is also in support 
of van Hilten's opinion. 

The permian deposits are exposed' 
in the upper part of the valley of the 
Leogra and on the west side of the valley 
of the Agno. Small isolated outcrops 
are found south of Posina. The best 
stratigraphic sections are found near 
Cortiana (SW flank of the Monte Alba), 
near Scocchi (SW of Valli di Pasubio), 
and near Casarotti (SE flank of the 
Bafelant-Cornetto group). 

The thickness of the Permian varies 
from 50 to 150 m. Near Posina the 
sediments are thinnest, which may be 
explained by a local culmination of lower 
or middle permian igneous rocks. A 
subdiVision as indicated in fig. 4 will 
be followed. 

The permian sediments are overlying 
unconformably the basement of epirneta
morphic- quartz -phyllttes. An excep
tion is found in the neighbourhood 
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of Posina, where they cover an acid ig
neous mass of lower or middle permian 
age (see paleomagnetic data). 
Whether the acid rocks in the Vicentinian 
Alps were formed as intrusives or effusi
ves, cannot be determined exactly, be
cause they are poorly exposed. For the 
same reason it cannot be concluded 
whether they belong to a southern ex
tension of the Bolzano volcanic region, 
or to a separate volcanic unit. 

The Permian starts with non-continu
ous sheets of coarse agglomerates 
consisting of well-rounded quartz and 
angular phyllite fragments derived from 
the quartz -phyllite series, in a sandy 
matrix. The largest fragments measure 
10 em. A direction of supply cannot be 
determined, as the lineation of the pebbles 
varies widely. 

The agglomerates are conformably 
overlain by coarse, yellow sands, locally 
containing lenses of well-rounded quartz 
pebbles. These sands are arkosic, though 
the total amount of feldspar generally 
does not exceed 25 per cent and there
fore the term "feldspatic sandstones" 
proposed by Tedesco (1958) is preferred. 
The quartz grains are slightly rounded; 
approximately 40 per cent is angular. 
40 per cent is subangular, and 20 per 
cent is subrounded. In the slides, a 
distinct difference can be noticed between 

the quartz derived from the permian 
igneous rocks and from the quartz
phyllites. The first have a uniform 
extinction, are rather transparent, and 
often show traces of magmatic corrosion 
and/or resorption; the latter are main
ly kataclastic, forming aggregates of 
smaller crystals with intergrown mica 
flakes; larger crystals of the latter type 
show strain shadows. Only the common 
heavy minerals zircon, tourmaline, and 
rutile are present in the sands. 

Red fine sand layers, containing 
yellow limestone pebbles, are inter
calated in the coarse yellow sands. 
They might indicate a marine ingression. 
According to Stache (1874) the pebbles 
originate from the upper silurian crinoid 
breccias of Seeberg. Also intercalated 
are lenses of reworked plant remains up 
to 30 cm. thick. Foreset bedding is 
common and in one thick coarse sand 
bank megaforesets have been observed. 

In order to obtain information on the 
direction of current the foreset bedding 
has been measured. As a result, the 
material is considered as supplied from 
a direction between south and southeast 
(see fig. 5). 

N 

\ 

5
 
Fig. 5 Diagram with directions of inclined bedding 

(vertically striped) and of ripple crests (hori
zontally striped). 
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Ripple marks are common on the 
bedding planes. From the measurements 
can be concluded that in Cumerlato the 
current came from the ESE, in Cortiana 
from the E, and in Scocchi from the SE 
(see fig. 5). The lineations of plant re
mains were also measured, though the 
results must be used with all reserves. 
When the current almost stopped, the 
plants were laid down in haphazard direc
tions. If, however, they were not imme
diately burried, the next current may 
have given some direction· to these 
plants. In Cortiana the plant remains 
are arranged approximately E-W. 

The coarse and fine yellow and maroon 
coloured sands are grading upwards 
into finer sands, ultimately into alter
nating red silts and yellow-green fine 
sands. The thin sandston~ layers gene
rally have a loadcasted lower bedding 
plane, and their upper bedding plane 
shows peculiar fine ripple marks. Mud
cracks are occasionally present. The 
silts may be reworked by worms, par
ticularly when they are maroon coloured 
and contain more clayey material. The 
grain alignment of the sands has been 
measured. The quartz grains larger 
than 0,3 mm (coarse sand) are generally 
orientated with their largest dimension 
parallel to the current. The larger grains 
have a more definite orientation than 
the smaller ones. In fig.6 A, B, C, 
D, and E some examples are given: 

A) coarse sand, Cortiana, current 
from the SW 

B) coarse sand, Scocchi, current 
from the SE 

C) medium sand, Scocchi, current 
from the S 

D) fine sand, Cortiana, current from 
the SSW 

E) fine sand, Scocchi, current from 
the S 

From these measurements may be 
conCluded that the material was mainly 
supplied from the south, which is approx
imately in accordance with the general 
southwestward directed ingression, sup
posed by Accordi (1959) for the northern 
Dolomites. 

The origin of the red colour of the 
silts is an old problem. Reference is 

made to the numerous publications on 
this subject. Upwards in the lower sand 
and silt series the red colour disappears 
and the dolomite percentage increases. 
In the transition zone green colours are 
generally observed. The red silts become 
successively red with green spots, 
yellow-green, and grey. Evaporites are 
locally intercalated in the red silts. 
This plastic material was mostly pressed 
out and concentrated in the fissures of 
the overlying limestones and dolomites. 
The top part of the upper permian sands 
and silts consists of grey dolomite :clays. 

The upper permian dolomite series 
started with a renewed supply of coarsely 
clastic material. The environmental 
conditions did not change and next to 
dolomites, coarse- and medium-grained 
sandstones were deposited. The sand
stones contain thin coal lenses. One 
layer near Scocchi is formed by an 
orange coloured sandy dolomite up to 
20 cm thick, containing coal pebbles, and 
shOWing slumping. Minerals of volcanic 
origin (feldspar, biotite, and corundum) 
have been observed in thin sections of 
these sandstones. These minerals are 
derived from syenitic volcanoes, at 
present situated near Staro. 

The necks are exposed in the quartz
phyllite series. From these volcanoes 
at least one acid lava flowed southward. 
The lava sheet can be traced south ,to 
Scocchi and must have covered at least 
2 square km. The local southward slope 
that caused the lava to flow southward 
is well reflected by the slump features 
in the upper part of the upper permian 
sand and silt series near Scocchi. The 
slump directions in these rocks have 
been measured, being exactly N-S (see 
fig. 6 E). This volcanic period at the 
beginning of the upper Permian is of 
interest in its bearing to the explanation 
of the synsedimentary ores which are 
found in equivalent sediments in the 
Dolomites of the Doss Ie Grave region 
(N of Trento). Conformably intercalated 
barite and calcite lenses are also present 
in the lower part of the upper permian 
dolomite series in the Vicentinian Alps. 
These lenses may have been formed by 
subaqu9-tic volcanic exhalations. 
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Fig. 6 Diagrams showing the lineations of quartz-grains in the upper permian sediments. 



The lower sandy part of the upper 
permian dolomite series is overlain by 
grey coloured dolomites, locally alte r
nating with grey shales, evaporites and 
limestones. The dolomites are massive, 
nodular, ves icular , or brecciated. The 
bedding planes are generally irregular 
and covered with a yery thin darkbrown 
coating, consisting of concentrated Fe
and Mg-oxydes, which may penetrate 
into fissures and holes of the upper side 
of the layers. This coating is con
sidered to have been formed when pre
existing deposits were dissolved by a 
fresh supply of sea-water whereas the 
insoluble Fe- and Mg-oxydes remained. 
Occas ionaPy, small well-rounded quartz 
grains are found in the dolomites (+ 2 
mm diametre). They are probably-of 
aeolian origin and originated from the 
landmass in the south. Foresetbedding 
is frequently observed in the dolomites. 
In this case the gra,in size of the dolomite 
must have resembled that of sands. 
The upper part of the upper Permian 
locally cons is ts of a thick (up to 10 . In) 
limestone layer. 

It may be concluded that in the 
upper permian time the depositional 
environments gradually changed 
from terrestrial and fluvial to lagoonal 
and littoral. In the late Permian the 
littoral conditions became more and 
more neritic. 

Permian fossils. 

In the Permian, plant remains are 
found in lenses intercalated in the sandy 
deposits. They may be up to 30 cm thick, 
and are restricted to two principal zones; 
a lower one overlying the upper permian 
conglomerates, and an upper one at the 
transition from upper permian sands and 
silts to dolomites. These plant remains 
have been studied by De Zigno (1862), 
Massalongq (1863), GUmbel (1879), and 
Bittner (1879, 1881).. 

Gumbel mentioned the following plant 
species sampled in the upper zone with 
plant remains, named "unterer alpiner 
Voltzien Sandsteine" by him, because 
their flora ~as supposed to be different 

from that of the .ierman Rotliegendes 
and the Zechstein: 
Calami tes ssp., (the branches of which 

have diametres up to 10 
em). 

:Voltzia massalongi von Schauroth, (most 
common speciments). 

Voltzia vtcentina Massalongo. 
Baiera difitata Brogniart. 
Ullmarmia geinitzi Heer. 
Carpolites hunnicusHeer. 
Walchia (Lebachia laxifol ia Florin). 
Cordaites sp" Juccites sp., Aetaphyllum sp" 
Ai berha sp. 
and the silicified wood of the conifer 
Araucaria were mentioned also. 

Dr. J. Jansonius examined a clay 
intercalated in the lower part of the 
sand and silt series and ri),entioned the 
following pollen: 
Lue ck i s1>o ri te s vi rkk i ae
 
Lueck ispori te ssp.
 
Taeniaesporites sP1>.
 
Striatites spp.
 
Ju~asp0 ri t e ssp.
 
Platysaccus sp.
 
Aumancisporites sp.
 
Vi ttatina? sp.
 
Nuskoisporitest sp.
 
crestate Disaccati cf.
 

In a clay intercalated between the dolo
mites of the lower part of the dolomite 
series, the following pollen were found: 

Lueckisporites virkkiae 
Luecki spo rites spp. 
Taenfaesporites noviaulensis 
Taeniaesporites sp. 
Striatites sp. cf. ·S. samoilovichii 
Striatites s1>. cf. S. Jacobii 
Striatites sp. cf. Strote rspori tes 

communis WILSON 
Striatites tentus (LESCHIK) 
Striati tes spp. 
JUfasporites delasaucei 

(POT. & KLAUS)
 
Favispori tes sp.
 
Klausipollenites schaubergeri
 

(POT. & KLAUS)
 
Vi ttatina sp.
 
Equisetosporites sp.
 

(cf. Ephedra)
 
Nuskoisporites cf. N. dulhuntyi
 
cf. Alisporites sp.
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The pollen are from Pteridosperms and the Val Creme, west of Recoaro. Fabiani 
Gymnosperms; there are indications that (1920) is of the opinion that the fossils 
Glamydosperms were also present. Their were probably small S pi r i ~ era as 
age must be lower Saxonian. Spiri~era bipartita . Stache was lo

Bittner (1881) and Tornquist (1901) cally found in the upper permiml dolomites. 
found the index fossil Bellerophon in 

D. TRIASSIC 

1. Scythian 

Maraschini (1824) was the first author 
who studied the Scythian and called it 
"gres screziato" or "secondo gres Rosso" 
(It. for second red sandstones). He con
sidered these sediments of the same 
age as the german Buntsandstein. Pirona 
(1863) and Benecke (1868) thought that 
the sandy series, which was later proved 
to be of permian age, also belonged 
to the triassic Buntsandstein. Von 
Mojsisovics (1876), GUmbel (1879), 
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Rather complete stratigraphic v '1'1'1 V 
'Iv V "v Vsections can be examined in 50 

exposures on the flank of the Monte 
LOWER SCYTHIANCornetto, in the area north of Meren DOLOMITES

daore, and in the valleys of the fol
lowing rivers: the Rotolon (north of 
ParlatO, the Creme (south of Parlati), the 
Ricchelere (southwest of Recoaro), the 
Camonda (south of Mondonovo), the 20 

m LOWER SCYTHIAN 
Fuccenecco (south of Posina), and the RED SILTS 
Aquasaliente in the Tretto area. 

The following subdivision of the 
Scythian into two sedimentary sequen
ces, both with a clastic lower and a 
biochemical upper part will be used. Fi~. 7 Section of the Scythian 
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The thickness of the Scythian is 150 
- 250 m. The estimate of 130 m, given 
by Tornquist (1901), seems somewhat 
low. The average thickness of 200 m 
of the vicentinian scythian deposits is 
small in comparison with the 350 m in 
the northwestern Dolomites, mentioned 
by Von Klebelsberg (1935) and Leonardi 
(1955 ). 

Finely laminated, .grey, yellow and 
red shales and silts, overlie the grey 
dolomites and limestones of the upper 
Permian, indicating another supply of 
clastic material from an adjacent land
area. The grain size of the clastic 
sediments is not larger than that of fine 
sands. In the upper Permian the thickness 
of the dolomite beds averages 50 em 
whereas in the lower Scythian it averages 
only 10 em. This renewed supply of 
detrital matter together with a sudden 
decrease in thickness of the dolomite 
beds marks the begirming of the lower 
scythian red silts. The lower Scythian 
is characterised by a progressive upward 
decrease of clastic material in combi
nation with an increase of dolomitic ma
terial. The silts are generally orange 
coloured, which may be due to a greater 
content of clayey material. Thus the old 
German expression "unten grau, oben 
rot", meaning that the lower Scythian 
should be grey in contrast to the red 
upper Scythian, is not applicable to the 
Vicentinian Alps. Volcanic eruptions took 
place contemporaneously with the sedi
mentation of these shallow water deposits. 
The acid effus ive rocks are particularly well
exposed on the southern flank of the Monte 
Bafelant north of Casarotti. Shortly before 
the outflow of these lavas, changes in sedi
mentation must have taken place. Below 
the volcanic rocks, in a zone of several 
decimetres thickness, the sediments are 
darker, haVing lost their general orange 
colour. This change in colour is due to a 
considerable amount of tuffaceous material 
in the silts. The tuffaceous silts presum
ably were deposited in the vicinity of sub
marine volcanoes and formed turbidites, 
which preceded the lava flows (see page 70). 
The dark silts are locally overrun by the 
acid effusives which caused folds resem
bling slumping, the direction of which has 

been measured. These and other features 
(see page 69) indicate that the lavas 
came generally from the east and flowed 
in westward direction. 

In Austria traces of Scythian volca
nism have been found recently by F. and 
G. Kahler (1953) who restudied the 
scythian section at the Loibl pass, south 
of Klagenfurt, formerly described by 
Von Mojsisovics. and discovered a tuff 
layer in the upper red silt series, locally 
called "Campiler strata". The lower 
anisian conglomerates in this area contain 
pebbles derived from igneous rocks. 

The role of volcanism during the 
deposition of the Vicentinian Scythian 
was not recognized by former inves
tigators. except for Bittner who stated, 
in describing the lower scythian rocks, 
"dass Gestein hat etwas tuffartiges an 
sich" (Germ. for "the rocks are some
what tuffaceous"). Before the determi
nation of the scythian age of part of 
the Bafelant-Cornetto,of the Alba-Fratte 
and of the Guizza- Faedo igneous units, 
tuffaceous coating was noticed on shells 
in the lower scythian limestone series. 
Pirona (1863), who was the first author 
to study this feature, explained the green 
colour by chlorite concentrations. Gumbel 
(1879), however, compared the coating 
with the green glauconite spots in the 
Seiser strata near Kaltern. Chemical 
analyses indicate that some glauconite 
may be present, but that the green colour 
is caused for the greater part by dis
persed copper oxydes in tuff particles. 
The Guizza-Faedo and Alba-Fratte com
plexes were formed during the late lower 
Scythian. These rhyodacitic masses are 
conformably overlying lower scythian 
dolomites and silts, and are covered 
by lower anisian grey shales (see also 
paleomagnetic data, page 155). The 
upper scythian sediments are absent in 
these areas. In several places, always 
in the neighbourhood of the scythian 
acid lavas. dense, siliceous silt beds 
have been found, containing distinctly 
visible worm tubes. These beds were 
probably formed by a silicification of 
the red silts by volcanic solutions rich 
in silica. 

The lower part of the lower scythian 
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dolomites consists of grey shales, alter
nating with grey dolomites and brown 
limestones. In the valley of the Aquasa
liente il1 Tretto only dolomites are pre
sent, partly silicified by acid volcanic 
solutions, probably originating from the 
Guizza-Faedo volcanic complex. The 
dolomitic beds are wedging out over 
short distances. They may have been 
deposited in tidal channels during quiet 
times. Near Posina, sedimentarysequen
ces have been observed that start with 
an impure, dense, grey or brown lime
stone, devoid of foss ils, containing 
many spotted and clayey tuffaceous frag
ments: it is overlain by green spotted, 
yellow coloured, tuffaceous marls, lo
cally containing E sthe ri a st .• on 
their turn overlain by grey-green tuffa
ceous shales with the mollusc 
Pseudomonot i s. 

The upper part of the lower scythian 
dolomite series consists of marls and 
oolitic limestones. These beds are highly 
fossileferous. On the bedding planes 
of the marls numerous specimens 
of molluscs (a. o. Tellina st .• 
Avicula sp.) are found with their 
convex sides upward. which is the common 
position caused by bottom currents. The 
gastropodes are generally restricted to 
the shaley layers just below the oolitic 
limestone .beds. Reworked specimens are 
found in the oolitic limestones and these 
deposits are known as "gastropoden 
Oolithe" in german literature. Also the 
famous Koken conglomerates are found in 
this series. At least three beds are 
known, 10 to 30 cm thick. consisting 
for more than 90 per cent of fragments 
of shells. Some beds contain subangular, 
marly pebbles, not largel' than 2 cm. 
These deposits are considered to reflect 
short periods of marine ingression, 
followed by erosion during low tide. 

The oolitic limestones and shell 
breccias are overlain by the upper 
scythian red silts, alternating with thin 
dolomite, limestone and sand beds. Up
wards, clastic material decreases and 
biochemical precipitation must have in
creased. This upper scythian red silt 
series can hardly be distinguished from 
the lower scythian red silts. When 

examined more closely, the colour of 
the lower silts appears to be more 
yellow-orange red and of the upper silts 
more dark red. The first mentioned 
colour is caused by more clayey and 
carbonaceous matter in the silts. More
over, the lower silts do not contain as 
many and not as large muscovite flakes 
as the upper silts. Many traces of life 
are preserved in these red beds. Abundant 
worm tubes are present, several types 
of which can be distinguished. The most 
common type has complex, tree-shaped 
tubes. The trunk lies in the bedding plane 
and the branches extend sidewards. An
other type has complex rope-like tubes, 
piled togethe r. Next to these worm 
tubes, rill marks and all sorts of trails 
are frequently found. Less frequent are 
imprints of raindrops and mudcracks, 
indicating a temporary falling dry of the 
area during low tide. The sedimentary 
features, particularly those in the thin 
sand beds, have been measured. The 
concentrations of the directions of fore
set bedding and the ripple marks indicate 
two directions of supply, viz. one from 
the south to the north, and another from 
the southeast to the northwest(see fig.B). 

N 

Fig. 8 Di<l>;ram with directions of inclined bedding 
I\l'rl ica lIy striped) and of ripple crests (ho
ri/olllall, striped). 
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The former is the regional direction as 
found in the Permian, the latter might 
be due to local conditions, such as the 
rise of the ENE-WSW directed Valli
Recoaro horst and/or the forming of 
volcanic isles along the NNW-SSE direc
ted Vicenza fault. 

The upper part of the upper red silt 
series contains more and more cellular, 
greyish-green and yellow coloured, 
sandy dolomite layers. The gypsum, 
which originally filled the cellular spaces, 
partly remains in lenses and local 
pockets. Fine breccias of yellow dolo
mite are present, the matrix of which 
is formed by a red silt. It appears that 
these breccias are not formed during a 
short erosion interval as was supposed 
for similar deposits of the lower Scythian, 
but that they are the result of lixiviation 
of thin gypsum layers, alternating with 
dolomites and silts. 

The top of the upper Scythian consists 
of dolomites. The German authors called 
this series the "Rauhwacke Zone". A 
"rauhwacke" is a cellular dolomite or 
limestone, the cavities of which are filled 
with soft friable material, mainly gypsum, 
which erodes or dissolves easily, leaving 
a rough surface. However, it seems 
not justified to call the entire upper 
part of the upper Scythian in the Vicen
tinian Alps "Rauhwacke Zone". The 
lower part ofthe upper scythian dolomites 
consists of various types of friable 
dolomites, which are not cellular. In 
some places they alternate with typical 
rocks consisting for more than 60 per 
cent of white mica flakes cemented by 
dolomitic material. These deposits with 
a thickness of 10 to 40 cm are well
exposed in the eastern part of the 
Rotolon valley. It is proposed to call 
this rock a "muscovitite'.' It is probably 
formed from unconSOlidated sediments, 
disturbed during stormy periods. The 
middle part of the upper scythian dolo
mites consists of massive grey dolomites, 
alternating with pure white gypsum 
layers, several of which may be as thick 
as 30 cm. Occasionally, gullies at the 
upper side of the dolomite layers are 
filled with sedimentary pyrite grains. 
The grain size of the dolomitic sediments 

must have been rather coarse in places, 
which is indicated by the presence of 
numerous small ripple marks on the 
bedding planes. 

Generally, the vicentinian Scythian 
is uniform throughout the region, and has 
the same characteristics as the lower 
Triassic of the northwestern Dolomites. 
The common facies is that of a tidal flat 
area, separated from the open sea by 
a system of barriers and volcanic. islands. 
The shoal which was covered with sea 
water at high tide, was a mudflat at low 
tide. 

Scythian fossils 

The Scythian is fossiliferous through
out. The fossils in the red silts are badly 
iJreserved and undeterminable l better s peci
mens, however,are found in the dolomites, 
limestones and marls. 

The lower scythian red silts are 
generally distorted by Are PI i col it e s. 
The worms left several types of tubes. 
Tracks, occasionally found on the bedding 
plane, could not be determined specifi
cally. Most fossils are found in the lower 
scythian limestones and dolomites. In 
this series, species belonging to the 
family of the Aviculidae are abundant. 
The molluscs are present in great num
bel'S, but only in few species, the fol
lOWing of which have been determined: 
Pseudomonotis clarai, Avicula 
venetiana, Aviculopecten vano
l uti, 0 s t rea as t ra c ina. In the 
intercalated shales small turret-shaped 
gastropodes of 5 mm length, probably 
Nurchisonia spp., are found. In 
the neighbourhood of llisina, and in similar 
shales, arthropodes (the phyllopode 
Est her i a ) are predominant. The shell 
has a green copper-bearing tuffaceous 
coating. The animals were probably 
poisened in periods of volcanic acti
vity. In the upper parts of the lower 
scythian dolomite series oolitic lime
stones and shell-breccias occur. Tap e s 
sub u n d a t a von Schauroth is abundant 
on the bedding planes of the marls inter
calated in this series. This species is 
found together with Avic u las p p. and 
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Pe c ten spp. The thicker strata are 
locally containing Hom omy a spp. and 
P leu rom y a S pp. Pirona mentioned 
PleuroPhorus goldfussi, which 
according to Bittne r, is My 0 con c h a 
t hie l ani The latter author also men
tioned Myophoria ovata. Mytilus 
sp. are often found and it mi~ht be 
referred to My til use d u l if 0 rm i s 
mentioned by Pirona. 

In the neighbourhood of Posina, 
gastropodes occur in the marly shales 
of the upper part of the lower Scythian. 
The following species have been deter
mined: Tu r bon ill a g rae i l i 0 r • 
Nat i cae f r. t u r b i lin a, and Nat i c a 
costata von Munster. Loxonema 
seems to be present also. Benecke 
(1868) mentioned the presence of Ho l 0

pella gracilis von Schauroth. In 
some places these gastropodes have 
been reworked and are concentrated 
in the 'oolitic limestones, accordingly 
called "gastropoden Oolithe". 

Little is known of the flora. Some 
imprints of branches of the conifer 
Vol t z i a h e t e r 0 p h y l l a Brogniart 
have been collected. Few fossils were 
found in the upper scythian gypseferous 
dolomites. 

2. Anisian 

The lower part of the Anisian was 
called "seconda calcarea grigia" (It. 
for second grey limestones) by Maraschini 
(1824) and was considered to be of the 
same age as the german Muschelkalk. 
Pi rona (1863), Benecke (1868), Von 
Mojsisovics (1876), Gumbel (1879), 
Bittner (1883), and Negri (1884) were of 
the same opinion. Tornquist (1901) sub
divided the lower Anisian into 3 main 
units: a lower one, consisting of marls, 
gypsum and limestones with bivalves and 
crinoids: a middle one with variegated 
tuffs and marls; and an upper one con
sisting of limestones and dolomites, 
containing abundant brachiopodes. The 

same subdivision was applied by Fabiani 
(1920). 

As far as the middle Anisian is con
cerned, Maraschini mentioned it as the 
"terzo gres rosso" (It. for third red 
sandstones). Von Mojsisovics considered 
the variegated tuffs and marls as the 
equivalent of the Campiler strata. The 
resemblance with these scythian strata 
is indeed striking. Gumbel compared 
these sediments with the Buchensteiner 
strata, placing them too high in the 
general section. Tornquist found 
specimens of Sturia sansovini i 
in limestones intercalated in the 
middle Anisian and called them 
" Stu ria Kalken". Next to limes tones, 
this series contains conglomerates, red 
sandstones, red silts, yellow marls, 
and yellow dolomites. 

Various interpretations have been 
presented of the upper Anisian in the 
Vicentinian region. Von Mojsisovics and 
Bittner correlated the lower limestones 
of the upper Anisian with the Mendola 
dolomite, but Gumbel compared them 
with the Schlern dolomites and Wetter
stein limestones. Tornquist followed 
Beyrich, who gave this series the local 
name of "Spitz limestones" after the lo
cality of Monte Spitz west of Recoaro. 
Fabiani (1920) assigned a younger age to 
the Spitz limestones, and placed them in the 
Ladinian, because of the find of DiP lo
po ra an nul a t a, which according to 
Pia (1925) is characteristic for the 
Ladinian in the southern Alps. Presently, 
it is generally accepted that the Spitz 
limestones are of lower ladinian age. 
They are contemporaneous with the 
Buchensteiner Schichten, the Marmolata 
limestones, and partly with the Schlern 
dolomites. 

Based on sedimentary and lithologic 
characteristics, the following subdivision 
of the Anisian is proposed: 

see page 35 
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The amSIan sediments in the Vicen
tinian Alps are well-exposed on the 
southeastern flank of the Monte Forni 
Alti, north of San Antonio, on the eas
tern flank of the Monte Bafelant and the 
Monte Cornetto, in the valley of the 
Rotolon, south of Recoaro, and in the 
valleys of the Rio Orco and the Aqua
saliente in the Tretto area. The lower 
Anisian is particularly well-exposed in 
the Mondonuovo area and on the southern 
flank of the Monte Enna. 

As the plastic lower Anisian served 
as sliding plane for more consistent over
lying masses during tectonic movements, 
these sediments have been squeezed out 
in many places and are frequently absent. 

The thickness of the anisian series 
is 150 - 250 metres in the western 
part of the Vicentinian Alps and about 
100 metres in the eastern part. 

The lower anisian sediments were 
deposited during the qUiet period of 
subsidence, which continued since the 
upper Scythian. The transition from 
Scythian to Anisian is distinct. The Ani
sian starts with fine, clastic material 
and the intercalated dolomite beds are 
less thick. In the upper Scythian the 
dolomite beds are 20 - 50 em thick, in 
the lower Anisian not more than 20 em. 
The lower part of the lower Anisian 
consists of thin-bedded, well-stratified 
dolomite, gypsum, and clay beds. Charac
teristic breccias, present in some pla
ces, consist of angular clay and dolo
mite fragments in a gypsiferous matrix. 
Upwards, the facies becomes increasingly 
marine. In the middle part of the lower 
Anisian, gypsum is no longer present 
and in$tead of clays, marls are found, 
locally alternating with thin limestone 
beds . The upper part of the lower Ani
sian consists of nodular, thin -bedded 
limeslones, the so-called "Wellenkalke", 
containing many crinoids and plant re
mains. The nodular limestones are over
lain by a white dolomitic layer that may 
be as thick as 2 metres. Tornquist 
correlated this dolomite with the Mendola 
dolomite in the Giudicaria area. The 
dolomitic layer again is overlain by 
thin-bedded, nodular, grey limestones 
with abundant shells. This is the typical 

"Muschelkalk". Upwards in this series 
the bedding planes become less undula
ting and the layers gradually thicker. 
The top part of the lower Anisian con
sists of dolomites and dolomitic shales. 

The lower Anisian is unconformably 
overlain by tuffs, tuffaceous shales and 
silts of the middle Anisian. This un
conformity was first mentioned by Torn
quist (1901) for the Parlati area (Monte 
Rovo), and has been observed by the 
present author in the Val Creme near 
Recoaro. The angle of unconformity is 
not larger than 200 • It is pr~posed to 
place the lithologic transition from lower 
to middle Anisian at this unconformity. 
The" lower part of the middle Anisian 
consists of violet-red and green, marly 
tuffs and shales, locally alternating 
with dirty red and brown limestones and 
dirty yellow dolomites. The thickest 
middle anisian deposits are found in the 
area of Parlati and Recoaro; the thick
ness is 15 - 25 metres. Towards the 
NE the series wedges out, and pear 
San Antonio the thickness is 2 metres. 
Va l t z i a re cub a ri ens isis found 
throughout the series. TornqUist con
sidered this wedging out and the varia
tion in composition to have been caused 
by the presence of a height somewhere 
in the SW, and a deeper sea in the NE. 
It seems, however, more logical to sup
pose a local height in the E (see fig. 9). 
In the Bafelant-Cornetto complex the 
middle Anisian is mainly represented 
by thick acid effusive masses that must 
have originated from volcanoes, situated 
somewhere in the east, possibly on the 
tectonic line west· of the Monte Spitz 
(the Monte Spitz is a neck). These acid 
lavas-- have flowed westward. 

The tuffs and shales of the lower 
part of the middle Anisian are overlain 
by dolomites and limestones. There is a 
distinct difference between a lower part 
consisting of limestones and an upper 
9ne" of dolomites in the SW" part of the 
Vicentinian Alps. Parallel to the north
eastward decrease in thickness, the dis
tinction between limestones in the lower 
and dolomites in the upper part becomes 
more difficult. The grey coloured lime
stones are nodular and thickbedded. They 
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contain many brachiopo.des and small 
lenses of bituminous matter. The dolo
mites are brecciated, brown coloured, 
and contain lenses of barite and calcite. 
In the NE the dolomites are grey and do 
not contain barite veins but small chert 
nodules. It is suggested that the brown 
colour and the veins in the dolomites 
may have been caused by post-volcanic, 
subaquatic exhalations of acid solutions. 
This is supported by the occurrence of 
the brown dolomites in the same areas 
where tuffs are found. 

In the Tretto and Posina areas the 
upper part of the middle anisian dolomi
tes consists of black limestones rich in 
marcasite nodules and containing pyrite. 
Gastropodes and corals are abundantly 
present on the bedding planes. 

The middle anisian deposits are in 
turn tulconformably overlain by red and 
green marls, red silts, and sandstones. 
The angle of tulconformity is difficult to 
establish, but in Tretto it varies from 
50 to 200 • This unconformity is consi
dered to mark the transition from middle 
tu upper Anisian. The red silts and fine 
sands are foundthroughoutthe Vicentinian 
Alps, and in places they are alternating 
with limestone conglomerates (Tretto 
area) or dirty red dolomites and lime
stones (Recoaro area). Various opinions 
have been expressed on the origin of the 
Tretto conglomerates. According to 
Tornquist (1901), these conglomerates 
were formed by erosion follOWing the 
upward movements, caused by the Monte 
Guizza-Monte Faedo laccolith, that was 
formed during the Anisian and Ladinian. 
This mode of origin was accepted by 
Fabiani and others. The present author, 
however, is of the opinion that the conglo
merates were formed as a result of the 
erosion of a strong relief caused by a 
fault scarp. This escarpment was formed 
during 6 successive impulses of uplift 
of the northern block with respect to the 
southern block. The fault must have 
been located at the place of the present 
Schio flexure-fault zone. This interpreta
tion is based on a detailed examination 
of the sedimentary characteristics of the 
Tretto conglomerates. 

The Tretto conglomerates consist of 

well-rounded limestone, dolomite, and
 
silt pebbles (maximum diametre 25 em).
 
scattered in a matrix of yellow carbo

natic matter, becoming more sandy to

wards the upper part of the beds. The
 
conglomerates occur in 6 beds, the
 
thickness of which varies from 50 cm
 
to 4 m. The pebbles consist of material
 
derived from the underlying lower ani

sian, scythian, and permian deposits.
 
On the bedding planes the Jirection of
 
the longest axis of the pebbles was
 
measured as follows:
 
a) All pebbles within one square metre
 

of the bedding plane were measured. 
b) The pebbles with a ratio between 

longest and shortest axis of at least 
2 : 1 were plotted. From these, 
the intermediate sizes between the 
largest and smallest diametres were 
used. The smaller ones may have 
filled the spaces between the larger 
ones, whereas the larger pebbles may 
have directions, not only influenced 
by the force of the current, but also 
by bottom friction. 

The plotted directions have been cor
rected for tilt. As a result (see fig. 10) 
two maxima are found: one represents 
pebbles with their longest axis at right 
angles to, and the other with the longest 
axis parallel to the direction of current. 
The inclination of the pebbles was mea
sured in one square metre, in vertical 
section. The same restrictions as men
tioned above (a and b) were applied. 
Moreover, only pebbles were measured 
lying more or less free in the more 
sandy upper parts of the beds. Following 
Cailleux (1945), the angle between the 
longest axis and the bedding plane was 
measured. Assuming that the pebbles 
have a dip upstream, it may be concluded 
that the conglomeratic series was sup
plied from the north to the south (see 
left uppercorner of fig. 10). This con
clusion is supported by the directions 
of foreset bedding and ripple marks in 
the dolomites overlying the conglome
rates. Cailleux stated that the average 
inclination of pebbles in river deposits 
should be larger and in marine deposits 
smaller than 10°. Accordingly the ave
rage of 150 in the Tretto conglomerates 
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Fig. 10 Index map of diagrams showing the lineations of the anisian conglomerate pebbles 

points to continental conditions in that 
area. Brinckmann (0. c.) stated that in 
horizontal strata the mean maxima of 
the longest axes are parallel to the di
rection of the current in turbulent rivers, 
and at right angles to the current in 
meandering rivers. In the Tretto area, 
the rivers might have been mostly tur
bulent. In the Tretto conglomerates, the 
ratio has been determined between the 
total thickness of the conglomerates and 
that of the red silts and sandstones. In 
the southern part the conglomerates are 
predominant, whereas in the north the 
red sandstones and silts constitute the 
major part (see fig.10) Pettijohn (1957) 
is of the opinion that conglomerates con
sisting of limestone and dolomite pebbles 
are formed under conditions of high 
relief and a vigorous climate (rapid 
erosion and accelerated frost action). 
The fault scarp suggests a high relief 
and accordingly a rapid erosion. How
ever, the Triassic had a semi-arid cli

mate in NE Italy and frost action was 
never mentioned; consequently, other 
conditions must have prevented solution 
of the limestones. Possibly, the water 
of the triassic shallow sea was saturated 
locally with calcareous matter as a re
,sult of subaquatic volcanic exhalations 
(see chapter V). 

, According to vaa Hilten (1960) the 
Anisian in the Val-di-Non (Giudicaria 
area) starts with the Richthofen conglo
merates (named after the geologist von 
Richthofen, who worked in the Dolomites 
a century ago). North of Senale, 6 
conglomerate beds, separated by red 
sands, occur. The Richthofen conglome
rate appears to be similar to the Tretto 
conglomerate. The conglomerates have 
the same composition. They may be con
sidered contemporaneous, as they seem 
to belong to the same stratigraphic level. 
In the Giudicaria area the lower anisian 
evaporites and the "Muschelkalk" are 
absent; the conglomerates are overlain 
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iby red silts and white massive limestones 
fimilar to those found in the Vicentinian 
Iregion. It seems that the same triassic 
tectonic phenomena of uplift and faulting 
lWhiCh caused the forming of conglome
rates in the Vicentinian Alps, may have 

r

been active in the Val-di.-Non area. 
The Tretto conglomerates are over

lain by typical dolomites with the grain 
size of fine sands, showing ripple marks 
and current ripples. On their bedding 
planes, cracks (resembling mudcracks) 
generally are abundant. Thin coal beds 
up to 10 em thick are locally intercala
ted in these dolomites; e.g. on the wes
tern slope of the Orco, east of Pozzani. 
Many well-preserved fossil plants have 
been collected, belonging to the species 
Voltzia heterophylla. The dolomites are 
overlain by black limestones with abundant 
specimens of. DiPlopora triadica 
von Schauroth. The same limestone beds, 
but not always as dark coloured and 
only locally containing DiP loP 0 r a •are 
present in the Recoaro and Parlati areas. 
On the eastern flank of the Bafelant and 
the Cornetto, the lower part of the upper 
Anisian is represented by thick tuff - and 
acid lava series. The tuffs generally 
contain volcanic bombs, with diametres 
up to 30 em. 
Indications of volcanic activity during 
the Anisian were also observed in other 
places in the Alps. Pilger and Schonen
berg (1958) found a series of porphyritic 
tuffs in the upper Anisian on the south
ern flank of the Dobratsch in the neigh
bourhood of NCitsch (Gailtal, Austria). 

In the Monte Alba and Posina areas 
the upper Anisian must be absent; the 
dark limestones, conglomerates and red 
silts have not been found. The middle 
anisian brachiopod limestones and dolo
mites are overlain by the massive lower 
ladinian limes tones on the southe rn flank 
of the Monte Forni Alti and in the San 
Antonio areas. The uppermost anisian 
strata are weathered which is an indica
tion that the last mentioned areas must 
have erne rged prior to the deposition of 
the ladinian limestones. In these areas, 
particularly in the San Antonio area, 
intrusions of anisian and ladinian igneous 
rocks are numerous. This is another 

example of amSlan volcanic activity, 
probably located on approximately ENE
WSW running faults. 

The top of the Anisian locally consists 
of typical white, massive, sugary-textured 
limestonesUower part of Spitz limestones); 
in the lower part of which the index fossil 
lJiplopora annulata is absent; con
sequently, these limestones must be 
considered to belong to the Anisian in
stead of to the Ladinian. 

Anisian fossils 

The Anisian is the most fossiliferous 
series of the Vicentinian Alps. The lower 
Anisian was called" :Da doc r i nus 
Schichten" by Tornquist (1901) on account 
of the abundancy of crinoids. Next to 
Dadocrinus' gracilis von Buch, 
the white crystalline stems of the crinoid 
Pen t a c r i nus sub an g u l. a r i s are 
frequently present in the marls and 
marly limestones. Several specimens of 
Pe n t ac ri nu s' were found with distinct 
main and lateral branches. In some 
places, diabolo-shaped joints, probably 
originating from Bourgueticrinus spp •• 
have been observed. Three families of 
the crinoid order of the Articulata are 
present, the Encrinidae, the B(J.urgue
tic r i n ida e ,and the Pe nt a cri n i dae • 

Tornquist mentioned a starfish (order 
'Op h i u r 0 ide a; ) ,named 0 Phi 0 ely Ph a 
(Aspidura) granulata- Benecke, 
from the neighbourhood of Mondonuovo. 
Most molluscs found in these lower 
anisian series belong to the order of 
the Ani somyari a. Locally bedding planes 
are covered with Pee ten dis cit e s 
Schlotheim, which is generally accompa
nied by P Lac uno psi oS 0 s t r a c ina 
Schlotheim. In other localities (i. e. north 
of San Antonio) the series contains abun
dantspecimensof HodioLa triquetra 
Seeb and Hy 0 con c h a spp. ,L i ma spp. 
and Ge rv i i l i a spp. are also generally 
present. ,f, i m a lin eat a. Schlotheim, 
Lim a. s t ria t a Schlotheim, Ge rv ilL i a 
cost'ata Schlotheim, and Ge rvi II i a 
soc i aLi s Schlotheim have been deter
rnined.Gervillia mytiLoides Schlot
heirn was mentioned by Benecke (1868). 
The Heterodonts are represented by 
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Myophoria spp.,Le. Myophoria vulfa
r i s Schlotheim and My 0 P h 0 ria l a e 

v i fat a Alberti. The Desmodonts Hom 0


my a and Pleuromyaarealsopresent;
 
their remnants, however, are difficult
 
to determine.
 
Many gastropods have been found.
 
They belong for the greater part to
 
Naticopsis spp., Loxonema
 
s p p • and Chem nit z i asp p • In the
 
shaly zones worm tubes with diametres
 
of 1 - 3 em are frequently present;
 
they were called Se rp u l a re cu ba

r ten sis by Benecke.
 

The middle Anisian starts with tuffs 
and shales. Foss ils are scarce, with 
the exception of Voltzia recubariensis 
Massalongo. Some specimens of Nyopho
ria ha ve been found in the shales. The 
upper part of the middle Anisian con
sists of well-stratified grey limestones 
and brown dolomites, cohtaining many 
types of fossils. Tornquist called these 
rocks "Brachiopoden Kalke" on account 
of the abundancy of brachiopods. Most 
commonare Terebratula and Tetrac
tinella. Terebratula vulfaris 
Schlotheim, Tere bratula anfusta 
Schlotheim, Terebratula subsinuata 
von Schauroth, andTe t ra c tin ell a 
t r i fO nell a Schlotheim have been de
termined. Rh yn ch 0 ne II a is also pre
sent; according to Tornquist it is 
R h y n c h 0 n ell a dec u r tat a. It was 
used as index fossil by later authors. 
Only two specimens, resembling 
Spirifera (Athyris) sp. have 
been found. Benecke mentionedSp i 
r i fer ina h irs uta and S p i r i fer ina 
men t ze l i. On the eastern flank of 
the Bafelant a cephalopod has been found, 
determinedas Gymnites humboldti 
von Mojsisovics. 
Just as in the lower Anisian, crinoid 
joints are abundant; they belong for the 
greater part to the Encrinidae,' also 
Petltacrinus-shaPed stems are present 
in some places. The coral Chae te te s 
re cub a r i ens i s von Schauroth is lo
cally abundant. The localities with 
abundant specimens of corals are ap
parently restricted to the neighbour
hood of volcanoes, which is indicative 
for a rather high temperature and tem

porary purity of the sea-water. In the 
outcrops of the Passo Xomo, east of the 
Monte Pasubio, and near San Caterina 
(Tretto area), many well-preserved spe
cimens were collected. Echinodermata 
have been found in the neighbourhood of 
San Antonio, and were determined as 
Cidaris sp., Cidaris lanceolata 
was already mentioned by Von Schauroth 
from the Recoaro area. The same gas
tropods are found as present in the 
Scythian. Most Lame II i bran chi ata 
belong to the same families as those 
found in the lower Anisian. 

In the upper anisian series, fossils 
occur in limestones called "S t u ri a 
Kalke" by Tornquist after the cephalopod 
Sturia sansovinii von Mojsisivics, 
an ammonite of the family of the 
Pt y chi t i dae, to which also belongs the 
earlier mentioned Gymnite s. The 
limestones are well-developed in the 
Tretto and Recoaro areas. The grey 
limestones and yellow dolomites are 
crowded with gastropods of consider
able size (up to 2 em) as compared 
with the species of older strata. 
It'orthenia superba Tornquist, 
Loxonema spp. and Undularia 
s pp. are generally present. Many corals 
are found amongst whichSt y lin a is 
the most common; Cassianastrea 
qu in qu e s ep tat a Tornquist belongs to 
the same family. In other localities, 
Is;astre a Tornquist is the most com
mOll species. Locally, Chaetetes spp. 
and Favosites spp. of the order of 
the Tabulata are found. The most 
common lamellibranchiate is Pe c ten 
dis cit e s Schlotheim. The black lime
stones higher in the section, just below 
the massive white Spitz limestones of 
the Tretto area, contain abundant speci
mens of Dip lop 0 ra . 

3. Ladinian 

Von Mojsisovics (1876) was the first to 
draw attention to the massive white lime
stones found on top of the upper Anisian. 
He compared these limestones with the 
Mendola limestones in the Bolzano area. 
Bittner (1883) was of the same opinion. 
Lepsius (1878) compared them with the 
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Esino limestones, and Gumbel (1879) 
with the Schlern dolomites and Wetter
stein limestones. Tornquist (1901) gave 
them the local name of Spitz lime
stones, after the locality Monte Spitz, 
south of Recoaro. 

These massive Spitz limestones are 
overlain by well-stratified limestones, 
alternating with variegated, fine-grained 
tuffs, that were mentioned first by Von 
Mojsisovics and later studied more ex
tensively by Bittner and Tornquist, who 
compared them with the Buchensteiner 
strata and called them "Nodosen Schich
ten" because they may be compared with 
strata in the Dolomites containing 
Ce rat i t e s no do sus, Authors in the 
19th century all considered these sedi
ments of anis ian age. Fabiani, (1920), how
ever found the indexfossilDipLopora 
annuLata in the Spitz limestones and 
assigned a ladinian age to these rocks. 
Accordingly the so-called "Nodosen 
Schichten" must also belong to thE 
latter period. 

NW 

'V v \f V " " 

UPPER '!.<~-2..! 1:!/~A;--~7 
LADINIAN 

VAL CREME 
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LOWER 
LADINIAN 

The upper part of the Ladinian is 
formed by igneous _rocks, These were 
compared by Von Mojsisovics with the 
Wengen strata, as did Tornquist and 
Fabiani. Bittne r, however, established 
a subdiVision, calling the lower part 
the Wengen-, the middle part the Cassi
aner-, and the upper part the RaibleI' 
zone. 

Well-exposed parts of the lower ladinian 
limestones (i.e. Spitz limestones) are 
not only found south of Recoaro, but also 
in the areas of the Monte Civillina, 
Monte Cengio, Monte Naro, Monte Cas
tello, and Monte Enna. Moreover the 
limestones are well exposed in the valleys 
of the Sinello and the Leno in the north
western part of the Vicentinian Alps. In 
the southwestern part of the valley of 
the Agno, these limestones form an easily 
traceable cliff at the edge of plateaus 
formed by erosion of the softer volcanic 
deposits (i.e. Wengen series). 

The following subdivision based upon 
the lithology is proposed: 

SE 

M. CIVILLINA 

Sections of the Ladinian 
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It is difficult to determine the total 
thickness of the Ladinian as the beds 
are wedging out rapidly. (see fig. 11). 

The lower ladinian massive limestones 
are generally conformably overlying the 
upper anisian limestones, but at the 
transition indications point to emergence 
and a diastem pl'eceding the Ladinian. 
Near San Antonio and Tretto the upper 
bedding planes of the upper Anisian strata 
are eroded, and in the Bafelant-Cornetto 
group an agglomerate of limestone 
fragments is found in this zone. A slight 
unconformity may be observed in this place. 
According to Trevisan (1934) this agglo
merate was formed by eros ion following the 
doming up ofthe Bafelant-Cornetto group, 
caused by a late anisian intrusion. This 
is a plaus ible explanation, but the com
bination of a regional and a local uplift 
seems to be more in correspondance with 
the observations, because the intrusion 
is not as extensive as assumed by Tre
visan. In other localities the transition 
from Anisian to Ladinian cannot be easily 
established. firstly because traces of 
erosion are absent, and secondly because 
the indexfossil Diplopora annulata is 
only locally present in the lower ladinian 
limestones. Lithologically, a distinction 
may be made between massive limestones 
and dolomites of the Ladinian, and the 
better stratified beds of the Anisian. In 
areas where the massive lower Ladinian 
is not thicker than 20 m, the beds con
s is t of pure limes tones, which are white, 
often blue, ' sugary, with numerous small 
red streaks. When the thickness is more 
than 20 m, the beds consist of white 
dolomites, which become grey on weathe
ring. Dikes of calcite, barite, dolomite, 
and sulfide ores, up to 80 m thick, are 
intersecting the dolomites. Tornquist 
(1901) mentioned two conditions under 
which these thick massive limestones 
and dolomites may have been formed, 
i. e. a rich faunal life or the presence 
of local shoals. The first condition was 
already mentioned by Von Buch (1849), 
who stated that the forming of the huge 
south.::.alpine limestone masses must have 
been closely connected to triassic vol
canism. The volcanic heat caused warm 
water currents, which stimulated the 

development of certain animals. The 
second condition is based on the assump
tion, that Di Plop 0 ra may have built 
riffs on local shoals. According to 
Tornquist, fragments of these fossils 
have accumulated. However, such reef 
building conditions have probably not 
exis ted in the Vice ntinian region. In the 
limestones and dolomites, Dip lop 0 r a 
is only locally abundant, and is scarce 
in places where these rocks are thickest. 
The crystalline dolomites, which are 
practically devoid of fossils, must have 
been formed by chemical precipitation of 
calcareous material, supplied to the sea
water by volcanic hydrothermal solutions. 
Thick limestones and dolomites are found 
in the areas of the Monte Enna, Monte 
Castello, Monte Naro, Monte Cengio, 
Monte Civillina, in the Torazzo valley 
in the south, and in the Leno and Sinello 
valleys in the north, which is exactly 
in the ENE-WSW trending zones borde
ring the Valli-Recoaro horst. The faults 
in these zones formed the pathway for 
ascending hydrothermal solutions, and 
the depressions on the downharped sides 
were filled with calcareous precipitates. 

The upper part of the lower ladinian 
series is formed by well-stratified, black, 
red, and yellow limestones, alternating 
with variegated marly tuffs. The tuffs 
are mainly red coloured when coarse
grained, and green coloured when fine
grained. The latter are called "pietra 
verde". These marly tuffs are mostly 
found in the neighbourhood of the major 
ENE-WSW directed faults of the Valli
Recoaro horst, for instance in the Tretto 
and Recoaro, and in the Monte Bafelant 
and Posina areas. Fossils are abundant
ly present and indicate that faunal life 
flourished due to warm currents. Par
ticularly the intercalated black limestones 
are rich in fossils. The whole series 
is intensively silicified, probably due 
to volcanic thermal solutions. The upper 
bedding planes of the limestones often 
show gullies filled with coarser material 
from the tuffs. In the Tretto area the 
gullies mainly have a N-S direction. In 
some places the limestone sedimentation 
is suddenly interrupted by the deposition 
of tuffs, and sedimentary breccias, agglo
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imerates, and conglomerates have been 
Iformed. 

The upper Ladinian is formed by a 
great variety of volcanic rocks. Tuffs 
are alternating with breccias and lavas. 
In the lower part the tuffs, deposited 
in the sea, appear to be sorted accor
ding to grain size. The upper part 
suggests land conditions to have been 
present. From old to young the compo
sition of the deposits changes from acid 
to bas ic. In the lower part rhyolites and 
dacites are fOlmd, and upwards andesites 
and finally basalts dominate. The volca
nic deposits near Cerbaro (Tretto) contain 
mud pallets (pisolites). They are concen
tric, laminated, spherical, tuffaceous 
clay particles with diametres up to 0.5 
cm. According to Finch (1926) they were 
formed by raindrops falling in an ashladen 
atmosphere around volcanoes. Wentworth 
(1932) suggested that they originated by 
condensation of steam around dust parti
cles. As the shallow sea filled up rapidly 
by accumulating volcanic material, the 
tUffs in the upper part were deposited 
in dry areas. Bentonites, formed by 
alteration of glassy igneous material, 
accumulated in the remaining depres
sions. As plant remains have not been 
found in these deposits, it may be con
cluded that the dry periods must have 
been rather short. The rocks may 
represent rests of volcanoes, partly 
above sea level, on which the flora was 
repeatedly destroyed by ash eruptions. 

Ladinian fossils 

In the lower ladinian limestones and 
dolomites, a few fossils were found. In 
the literature they are also scarcely men
tioned with the exception of TornqUist's 
publication. The index fossil Di pLop 0 ra 
ann u l a t a Schafhautl is loccaly abundant, 
and frequently accomp~niedby Dip lopora 
vic e r. tin a Tornquist. A third type, 
Dip lop 0 ram u l tis e ria lis • was 
mentioned by GUmbel (1879). B i ge ne
ri nat ri ad i c a of the family of the 

Te xtu Lad dae is mentioned by TornqUist. 
Locally, corals were found resembling 
Thecosmi l i a spp.,. they may be re
f<.: r red to The cos milia s p i z zen sis 

Tornquist. The corals are restricted to 
a zone in the upper part of the lower 
Ladinian, situated close to the border of 
the Valli-Recoaro horst. Gastropods are 
very rare. One specimen of Loxonema 
and some of Naticopsis were found. 
Two species of Naticopsis are men
tioned by Tornquist: Naticopsis plano
Convexa Kittl (the so-called Marmo
latellaJ.and Naticopsis terzadica 
von Mojsisovics. In the Recoaro area, 
one specimen of a Pe c ten was collec
ted, possibly Pect~n trettensis 
Tornquist. In literature, Sp i l' if e r ina 
spp. .Spirieera spp •• AvicuL o
pecten sPP •• PLeuronectites spp •• 

Myoconcha. sp p.. and Dao nell a 
p au c i cos tat a TornqUist are mentioned. 
Zone of the first mentioned fossils were 
found in the lower Ladinian. The last men
tioned, however, is frequently present in 
the well-stratified limestones and tuffs in 
the upper part of the ·lower Ladinian. 

The black limestones, intercalated m 
well-stratified series in the upper part 
of the lower Ladinian, are rich in fossils; 
they were called "Nodosen Schichten" by 
Tornquist. They contain often cephalopods, 
particularly in the Tretto area. As out
crops are scarce, fossUs must be looked 
for in walls built by farmers and in 
boulders in small streams. The author 
collected Ceratites vicentinus 
Tornquist and A rp ad i t est ret ten sis 
von Mojsisovics. A poorly preserved 
P t Y chi t e s fragment was also found. 
Von Mojsisovics was the first to study 
these cephalopod deposits. Tornquist 
later mentioned 6 species of Ce rat ite s, 
5 of Arpadites. 3 o( Hunf!arites. 
and 5 of Pro t l' a c h y c e t" as. Three 
genera of lamellibranchiates have been 
found by the present author viz. Da o
n eLL a. Lim a and Rh y n c h 0 n ell a. 

the latter of which was studied by Bittner, 
who distinguished four species: 

4. Carnian 

In the Vicentinian area no carnian 
deposits have been recorded before. The 
benthonic clays deposited in the small 
basins left in the crestal zone of the 
Valli-Recoaro horst, might be considered 
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to have a carnian age. On the southern 
flank of the Forni Alti complex, in a 
small outcrop, well-stratified dolomites 
alternating with shales seem to overly 
the upper ladinian volcanic series and in 
their turn are overlain by the clastic 
lower part of the norian dolomites. Litho
logically, a carnian age may probably be 
assigned to these sediments, which are 
non- fossiliferous. In fig. 12 the section 
which is up to 6 metres thick is given. 
Dirty, yellow dolomites are alternating 
with green, grey and yellow shales and 
marls. The beds are wedging out over 
short distances. Gullies are common and 
on several bedding planes apprOXimately 
E-W ripple marks have been observed. 
The foreset bedding indicates a local 
current, going from the south to the north, 
which may be considered normal as the 
area is situated on the northern flank 
of the Valli-Recoaro horst. 

Fig. 12 Section of a part of the Carnian 

The Carnian also appears to form a non
continuous sedimentary layer of irre
gular thickness. The sedimentation was 
restricted to several. small basins. 
Possibly also the lower part of the Norian, 
consisting of dolomitic agglomerates, 
conglomerates and breccias, has been 
deposited during the Carnian as suggested 
by Fabiani. However, neither enough 
lithological nor paleontological arguments 
ha ve been brought forward to prove this 
suggestion. 

5. Norian. (Rhaetian) 

Benecke (1868) was the first who con
sidered the thick norian dolomitic series 
of the Vicentinian Alps to be of the same 
age as the german "Hauptdolomite". 
Earlier authors cons ide red them to be 
Jurassic. Fabiani (1920) subdivided the 
dolomitic series as follows: a lower 
part consisting of grey dolomites of 
carnian age; a middle part of grey dolo
mites intercalated with thin red and grey 
shales, containing Tu rb 0 so lit a ri u s 

and Me ~ a l 0 don t,. i que t e r , of norian 
age; and an upper part mainly formed by 
white dolomites, belonging to the Rhaetian. 

West of the river Astico, which divides 
the Vicentinian Alps into an eastern and a 
western part, almost all high mountain 
tops consist of norian dolomites. In the 
north, these peaks are the Monte Majo 
and the Monte Forni A~ti; in the west the 
Monte Bafelant, the Monte Cornetto, the 
Monte Obante, and the Monte Zovola; 
in the south the Monte Torrigi and parts 
of the Monte Castrazzano; and in the 
east the Cima Alta plateau. East of the 
Astico, the norian dolomites form the 
base of the exposed series, and they 
are only cropping out locally in deep valleys. 

The thickness of the Norian varies 
generally from 750 to 1000 m. 

The unstable conditions of sedimen
tation during the Ladinian ended when 
the supply of clastic volcanic material 
came to an end. The general slow sub
sidence continued and dolomites were 
formed, probably mostly by chemical 
precipitation in waters of a high sali
nity, and consequently, with a poor 
fauna. During the upper Ladinian and 
Carnian, (volcanic) islands were pre
sent in a shallow sea. Consequently, 
the norian sediments begin with breccias, 
agglomerates, and conglomerates, for
med by erosion and gradual submergence 
of these islands. Indications are found 
in the Carnian of a stratigraphic break 
by non-deposition, and norian deposits 
are directly overlying clastic upper 
ladinian sediments. The breccious nature 
of the lower part of the Norian is nor 
necessarily an indication of erosion. 
It was stated before that deposition of 
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limestones might be interrupted by a 
sudden supply of volcanic material, 
causing the formation of sedimentary 
breccias, agglomerates, and conglome
rates. The genesis of these fragmental 
deposits is concluded from measuring 
the axes of the pebbles in the conglo
merates. The ratio between longest and 
shortest axis may be as high as 1 : 5, 
which is never fOWld in conglomerates 
consisting of carbonaceous fragments and 
formed by erosion. Thus the fragmental 
deposits of the lower Norian may have 
been formed by erosion as well as by 
deposition of carbonaceous material in 
turbulent waters containing tuffaceous 
material. Unfortunately, the lower contact 
is poorly exposed. It served for sliding 
movements of the massive Norian over 
the underlying, more plastic ladinian 
strata. Tornquist (1901) mentioned two 
outcrops in which the contact could be 
observed: one in the neighbourhood of 
Rossi (Tretto) and one nn the road 
Cornale-Passo del Colombo, north of 
the Monte Verolo. Little is left of these 
exposures. On the southeastern flank of 
the Bafelant-Cornetto com plex and south
ern flank of the Monte Forni Alti, how
ever, some minor outcrops are fOWld in 
small streams. 

The lower Norian generally consists 
of thick-bedded (1 to 4 m), massive, 
grey dolomites. On the road Schio
Rovereto, near Raossi, and on the south 
flank of the Monte Forni Alti, the lower 
Norian consists of brecciated, cellular 
or compact white and grey dolomites, 
grey and yellow weathered, 1 - 2 m thick. 
They alternate with thin (5 - 20 em), 
laminated beds of dolomite breccias (lar
gest component 1 cm in diametre),or of 
granular dolomite, generally oolitic, with 
abundant specimens of Lit hot h amn i u m. 
The beds are wedging out over short 
distances, and are restricted to certain 
levels in the section. Von Mojsisovics 
(1876) may have referred to these beds 
in describing the oolitic formations, 
which he compared with the Raibler strata 
of the Carnian. Higher up in the section 
the dolomites contain thin intercalations 
of red and/or grey shales and tuffaceous 
dolomites. The bedding planes of the 

dolomite may show irregular brown
black coating, for the greater part con
sisting of Fe-and Mg oxydes. Zones with 
stylolites are present at distances of 
30 - 100 em. In the lower parts of the 
Norian, near the Monte Pasubio and the 
Cima Alta, the stylolites are found Wl
der an angle with the beddi.ng planes of 
the dolomites. These angles vary from 
50 - 100 

• By rotating them into a hori
zontal position, the bedding planes obtain 
a dip to the north. These stylolites 
may have been formed by differential 
solution in consolidated rocks Wlder 
pressure, rather than in Wlconsolidated 
sediments. The resulting dip is in accor
dance with the tilt of the Valli-Recoaro 
horst, which may have been active until 
the late TrIassic. In the upper part of 
the Norian the dolomite is white coloured, 
and has a sugary texture. The dolomites 
are mostly cellular and the cavities are 
filled with small idiomorphic dolomite 
crystals. The upper border of the Norian 
is not always distinct, because the lower 
Jurassic may consist of the same type 
of well-stratified dolomites. North of 
Schio, however, the Liass ic is formed 
by limestones with intercalated marls, 
and the· transition can be easily re
cognized. 

Norian Fossils 

Little is known of the fossils in the 
Norian. The flourishing molluscan life 
of the lower Triassic came rather sud
denly to an end in the Norian. It seems 
that the dolomitic rocks were formed in 
a sea of high salinity, which prevented 
a rich faWlal life. Next to the mentioned 
Lithothamnium, Turbo (Wor
thenia) solitariusis found in some 
places. The latter is commonly present 
in the calcareous beds in the upper part 
of the section. Heg"alodon triquete r 
is restricted to scarce shaly beds. 
Bittner (1883) mentioned Ge rv ill i a 
e xi lis in boulders of dolomite on the 
flank of the Monte Majo (Posina). 
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E. JURASSIC
 

The Jurassic of the Vicentinian Alps 
is hardly studied. The Austrian authors 
of the 19th century did not pay much 
attention to this formation, and the 
Italian school was mainly occupied with 
the Tertiary. Maraschini (1824), Tara.. 
melli (1880), and Negri (1884) published 
some data; Fabiani (1920) subdivided the 
Jurassic into a lower part, consisting 
of grey and white crystalline limestones, 
and an upper part, mainly consisting of 
pink and red crystalline limestones. The 
most detailed studies on the Jurassic are 
on the paleontology by Dal Piaz (1907) 
and on the stratigraphy by Pia (1923). 

The scarcity of fossils in the Jurassic 
of the Vicentinian Alps makes it im
poss ible to follow Pia, and therefore 
Fabiani's subdivision will be used. 

UPPER JURASSIC
260 

220+=:;=:;~.:::E:::;:::::C~:=;;:::;:::::;~=+- _ 

MIDDLE JURASSIC 

60 

LOWER JURASSIC 

20 
m 

Fig. 13 Section of the Jurassic 

The Jurassic is best developed in 
the northeas tern part of the Vicentinian 
Alps, where it is exposed on the northern 
flank of the Caltrano flexure-fault. In 
the western part of the Vicentinian Alps, 
the lower Jurassic is found on the sum
mits of the Monte Pasubio and the Monte 
Cengio in the north, and on the Monte 
Caliano, the Monte Cogolo, the Monte 
Pione, the Monte Priafora, the Cima 
Alta, and the Cima di Marana in the 
south. In the Schio flexure fault zone the 
Jurassic crops out near 'Piovene- Rocchette 
and Ie Piane, on the Monte Castrazzano 
and Monte Scandolara, and on the Monte 
Torrigi and Lasta Cattiva. The Jurassic 
forms the base of the slightly south 
dipping cretaceous and tertiary sedi
ments west of the Vicenza fault and 
south of the Schio flexure-fault. In the 
latter area it is well-exposed in the 
higher parts of the valleys of the Illasi 
and the Chiampo. 

The thickness of the jurassic sedi
ments generally varies from 200 to 400 m. 
In the area of the Valli-Recoaro horst, 
the Jurassic might be 100 m at the 
most. 

The lower Jurassic is mainly for
med by dense, fine-grained, grey and 
white, crystalline limestones. The lateral 
facies changes in the Jurassic of the 
Vicentinian Alps indicate the presence 
of a land area in the south, most pro
bably situated where at present the Po
valley is found. The proximity of the 
southern coast of the Jurassic sea is 
reflected by sands and silts, locally con
taining lignite beds, intercalated in the 
grey limestones. The stratigraphic cor
relation is hampered by local shoals, as 
represented by the Valli-Recoaro horst, 
and the coast in the south. A lateral 
change in lithology of the Liassic may 
be noticed from north to south in the' 
western part of the Vicentinian Alps. 
The change is from grey-brown, well 
stratified limestones in the north over 
grey dolomites (resembling the norian 
dolomites) to grey limestones, alter
nating with sands, silts and lignite in 
the south. The grey-brown limestones 
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in the northwestern part of the Vicenti 
nian Alps are well-exposed in the valley 
of the Leno and in the southern part of 
the Sette Comuni area. Some sections 
indicate alternating minor periods of rapid 
transgression and slow regression. A 
complete sequence is as follows (from 
old to young): 
a) brown, dense, fine-grained crys

talline limestones, devoid of fossils. 
b)	 grey-brown, dense, laminated lime

stones containing up to 2 cm thick 
lenses of reworked molluscs. 

c) brown, dense, fine-grained limestones 
with abundant algae. 

d) brown-white, fine-grained, for the 
greater part oolitic limestones. 

e)	 thin beds of red, green and yellow 
brecciated limestones, occasionally 
containing tuffaceous and/or sandy 
lenses. The angular constituents are 
up to 1 cm in size. 

The sequences are not always complete 
and the algae and/or oOlitic limestones 
may be absent; the lower dense lime
stones and the upper limestone breccias 
are generally present. 

The grey limestones, alternating 
with sands and silts of the southwestern 
part of the Vicentinian Alps, are best 
represented in the valley of the Blasi. 
Grey, dense, crystalline, somewhat 
marly limestones are alternating in this 
area with silts, locally up to 1 m thick. 
The grain size of the silts increases 
from old to young. In some places the 
silts contain much carbonaceous material. 
.Frequently they wedge out over short 
distances. In these clastic sediments, 
white and yellow calcite lenses are found 
up to 10 cm thick. In some places the 
beds consist almost entirely of these len
ses. They might be the casts of large 
specimens of Lim a. In the upper part 
of the lower Jurassic of the southwestern 
area, the same sequences are found as 
in the northwestern area. Algae-containing 
limestones are generally absent and the 
oolitic limestones dominate. The breccious 
limestone beds are thicker (up to 20 cm). 
Sugary dolomites, in some places yellow, 
are increasingly intercalated in these 
series. The top of the Monte Pasubio 
e. g. is entirely formed by this type of 

dolomites. 
Bittner (1883) stated that the rather 

thinJurassic in the SW part of the Vicen
tinian Alps is also present in the area 
north of Verona. The grey limestones 
in this area are covered with oolitic 
limestones and these again by marly 
limestones, alternating with marls rich 
in echinoderms. The limestones contain 
Pentacr'inus beds and Rhynchonella. 
These layers are overlain by the 
"ammonitico rosso" limestones of the 
upper Jurassic. 

The lower jurassic sediments are 
different in the neighbourhood of the 
Schio flexure-fault zone. The typical 
sequence is absent, and the dense lime
stones and dolomites contain many angu
lar fragments of red and green clay, 
giving the rocks a brecciated appearance. 
The clay fragments are up to 1 cm in 
size. These rocks are well-exposed near 
Rocchette-Piovene and in the Monte 
Scandolara-Monte Castrazzano area. 
The thickness of the limestone and dolo
mite beds is about 20 cm; they are al 
ternating with thin (up to 2 cm) clay 
beds. The dolomites are coarsely crys
talline. Limestone breccias are also 
present in this area. These rocks may 
have been formed during tectonical 
movements along the Schio flexure-fault. 

The middle Jurassic consists mainly 
of white oolitic limestones, containing 
numerous crinoids (PentacrinusJ. 
This zone is generally present throughout 
the Vicentinian Alps. 

The middle Jurassic is overlain by 
limestones, the red colour and pelitic 
contents of which are increasing upward. 
These typically red nodular limestones 
are called "calcare ammonitico rosso". 
They are irregularly bedded;their nodules 
have a thin, dark-red, marly coating. 
In some places the red pelites were not 
deposited separately and form red veins 
in the limestone. The karst structures 
in the bedding planes, the irregular form 
of the nodules and the corroded upper 
side of large fossils (e.g. Cephalopods), 
may be due to syngenetic solution of 
limestone beds below sea level. When a 
whole layer of marly limestone is dis
solved by sea-water, only the pelitic 
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component will be left and perhaps this 
might have caused a secondary concen
tration of the red clastic components in 
certain levels. The syngenetic subsolu
tion of larger series might have caused 
also the peculiar occurrence of apparent
ly continuous sections in which the faunal 
assemblage changes abruptly, being so 
characteristic for the upper Jurassic and 
upper Cretaceous of the southeastern Alps. 
The required relative poorness in CO2 of 
the sea-water is difficult to understand 
for an environment in which limestones 
are continually deposited. The relative 
poorness may have developed temporarily 
in closed basins. In the Sette Comuni 
area, the same red cherts are found as 
in the Colli Euganei, where they are in
tercalated in the white marly limestones 
of the lower Cretaceous. In the western 
part of the Vicentinian Alps the top of 
the upper Jurassic is formed by compact 
brown limestone beds, about 20 m thick, 
overlain by 10 m of brown-veined, white 
limestones and dolomites; the latter in 
their turn are overlain by breccias of 
an orange-brown coloured, sugary lime
stone, containing angular white chalk
like fragments up to 2 em in size. This 
indicates a tectonic influence during the 
upper Jurassic in the western part of 
the Vicentinian Alps. In the eastern part 
the red nodular limestones are overlain 
by ivory-white, crystalline limestones of 
upper tithonian age. According to Pia 
they are similar to the lower cretaceous 
limestones. For this reason it is pre
ferred to place the lithological transition 
from upper Jurassic to Cretaceous at the 

top of the red nodular limestones. 

Jurassic fossils 

Because the jurassic series have been 
hardly studied, only few fossils have 
been found. In the liassic grey limestones 
in the northeastern· part of the Vicentinian 
Alps, Terebratula rotzoang is 
locally abundant. More westward in the 
western flank of the Monte Scandolara " 
a grey limestone bed is found in which 
posidonia bronni Voltz dominates, 
accompanied by Av i cu l a spp. In the 
western part of the Vicentinian Alps the 
grey limestones alternate with silts, 
shales and lignite beds. In the silts, 
locally Lim a ( P l a ~ i 0 s tom a) RiRa n tea 
dominates and in the lignite beds and 
limestones abundant well-preserved plant 
remains are found, which were studied 
by De Zigno. E'1uisetite-.$ spp. and 
Otozami tes spp. appear to dominate. 
In some yellow limestone beds on the 
western flank of the Monte Scandolara 
that belongs to the middle Jurassic, 
numerous specimens of Pe n t a c ri n u $ 

tuberculatus.,several species of 
Rhynchonella (La. RhynchoneLLa 
r i mo sa. von Buehl. and some Echinids 
are found. In the same limestones in 
the valley of the Chiampo and near Ie 
Piane (NE of Schio), Pos i don omy a 
alP ina is locally present. In the last 
mentioned area, three specimens of 
. '1/ a l d he i mi a were collected in boul
del's. No fossils have been found in the 
pink limestones of the upper Jurassic. 

F. CRETACEOUS
 

No detailed studies are available of 
the Cretaceous in the Vicentinian Alps, 
probably because the lithology is rather 
monotonous and the rocks contain few 
fossils. Whereas the German school, 
ending with Tornquist, specialized in 
studying the triassic sediments, the 
Italian school paid more attention to the 
Tertiary. It was Maraschini (1824) who 

first studied the Cretaceous in the neigh
bourhood of Schio. He established the 
following subdivision:a lower white lime
stone series, containing cephalopods; an 
ivory-white, well-stratified limestone 
series, called Biancone; and an uppe r 
pink limestone series, called Scaglia. 
In 1884, Negri described the cretaceous 
sediments and in 1920 Fabiani completed 
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the studies started by Negri. In the 
western part of the Vicentinian Alps the 
Cretaceous is exposed only south of the 
Schio flexure-fault zone, where it forms 
the subhorizontal base of the tertiary 
formations. In the eastern part it is 
found north of the Caltrano flexure-fault 
zone where the summits of many of the 
mountains are formed by these thinly
bedded sediments, which in many places 
are tectonically disturbed. The Cretaceous 
will be subdivided lithologically as follows: 
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Fig. 14 Section of the Cretaceous 

The thickness of the Cretaceous is 
200 - 300 m. The greatest thickness 
is found in the SW part of the Vicentinian 
Alps. The lower boundary of the Creta
ceous cannot be easily established, be
cause the well-stratified, ivory-white, 
crystalline limestones are similar to the 
limestones of the upper Jurassic. A dis
tinction in the field was mainly based 
upon colour; the red limestones were 
mapped as Jurassic, the white limestones 
as Cretaceous. 

The lower Cretaceous begins with 
ivory-white, dense, well-bedded, crys
talline limestones. Upward, the thickness 
of the beds decreases and the limestones 
become increasingly marly, loosing the 

crystalline texture. The thickness of the 
beds decreases from 30 - 100 cm in the 
lower parts to about 10 cm in the. upper 
parts. These limestones are generally 
thought to have been formed by accu
mulating rests of pelagic or floating 
organisms, and appear to be charac
teristic for geosynclinal belts. The thin
bedded deposits of th~ lower Cretace.ous 
contain much white ,grey. and brown 
chert. Two types may be distinguished: 
one forming thin beds orientated parallel 
to the stratification, with rather flat 
lower, but irregular upper bedding planes; 
the other is nodular, occurs as concre
tions in the limestone beds, and is al
ways,restricted to distinct zones. In some 
chert nodules, marcasite concretions 
have been found. 

Stylolites are frequently present in 
the limestones. The total number of
stylolite planes in the fine-grained dolo
mites of the Norian differs from that in 
the jurassic and cretaceous limestones. 
In several places the number of stylolite 
planes in one metre of section was mea
sured. In the norian dolomites it is ma
ximal 10, with a greater number in the 
upper parts than in the lower parts. In 
the Jurassic the maximum is 15, antl 
the greatest number is found in the upper 
part of the lower Jurassic. In the Creta
ceous, however, the maximum is 66, 
with the highest average in the lower 
Cretaceous. Stockdale (1922) suggested 
that the stylolites were formed by dif
ferential solution of hard rocks under 
pressure (solution - pressure theory). 
Staub (1939) concluded that they were 
formed in unconsolidated sediments as 
a result of contraction and pressure 
(contraction-pressure theory). Evidence 
can be found to support both theories. 
The pressure might have been caused 
by the overlying sediments as well as by 
the sea-water or both. In an E-W sec
tion through the Vicentinian Alps the. 
following succession can be observed: 
1) an average of 3 stylolites per m 
section in dense, fine -grained limestones 
with Hippurites spp. and corals (NE 
of Bassano); 2) an average of 15 stylo
lites; per m section in dense, fine

grained limestones with ammonites, 
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e.g. Crioceras spp. and brachiopods 
(Fontanella area, eastern part of Lhe 
Vicentinian Alps); 3) an average of 57 
stylolites_ per m section in dense, fine
grained limestones with Sp a tan F1 ida e 
(in the Magre area, western part-of the 
Vicentinian Alps). 
With a westward increasing depth of de
position, the average number of stylolites 
seems to increase in sediments of ap
proximately the same age-having about the 
same composition and grain size. The 
determination of the number of stylolites 
may be probably usefull in the future 
for obtaining more data on the environ
ment of deposition. 

The middle Cretaceous consists of 
pink coloured, nodular limes tones, lo
cally containing red clays, in which the 
limestone nodules are embedded. The 
clays represent mainly the marly con
stituents left by submarine solution of 
the limestones. 

The upper Cretaceous in the eastern 
part of the Vicentinian Alps consists of 
thin-bedded, grey-white limestones, 
generally containing traces of pyrite. 
and alternating with grey marls. In the 
western part of the Vicentinian Alps the 
limestones are white, in places pink
spotted, and here they alternate with 
variegated fine-grained tuffs. Higher 
in the sections, marls· begin to do
minate in the east and tuffs in the west. 
The tuffaceous deposits are apparently 
restricted to the area west of the Vicenza 
fault and south of the Schio flexure-fault 
zone. Basaltic magmas, which may have 
ascended along the latter zone, may have 
formed volcanoes. The tuffs mainly accu
mulated in the depression caused by the 
downwharp of the southern block of the 
Schio flexure-fault. That volcanism has 
been acti ve already during the upper 
Cretaceous was stated before by Munier 
Chalmas (1891), but denied by Fabiani 
and many others. Munier Chalmas I opinion. 
however, was based on a wrong concep
tion. as he mistook the dikes between 

the cretaceous and tertiary deposits in 
the Schio flexure-fault zone near San
torso for cretaceous tuffs. Outcrops 
with upper cretaceous limestones al
ternating with variegated tUffs are fre
quently found in the area north of Mon te 
di Malo. 

Cretaceous fossils 

In the Sette Comuni area, cepha
lopods were found in the lower Creta
ceous. Lytoceras and PhyLLoceras 
specimens are common. Also a Crio
ce ras is collected, possibly a Cri 0

ce ras furcatum d'Orbigny. Molluscs 
were not found in this area. Dal Piaz 
(1907), howeYer, mentioned several s pe
ciea of PYf[ope,Pecten and Inoc.era
mu s. Specimens of the last mentioned 
genus have been collected by the author 
near Castellaro (Tretto), but only in 
upper cretaceous limestones. In the 
neighbourhood of Magre, five specimens 
of the family of the Spatanf[idae were 
found in the limestones of the lower 
Cretaceous,Le. two species of Micraster 
and three of To x as t e r. The presence 
of these fossils may be an. indication 
for a rather deep sea. The echinoid 
Stenonia tuberculata was found 
frequently in the pink coloured lime
stones of the middle Cretaceous. Torn
quist mentioned Ca rd i a s t e r speci
mens from these rocks. In the Bassano 
area (eastern part of the Vicentinian Alps), 
foraminifera were found in upper creta
ceous limestones alternating with grey 
marls. Lagena and Globif[erina spp. 
are predominant. 

For more detailed studies of the 
cretaceous fossils. reference is made 
to Dal Piaz. (1907). 
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G. 

1. 

The first who described the lower 
tertiary sediments in the Vicentinian Alps 
was Maraschini (1824). Suess made a 
special study of the volcanic deposits 
of the Tertiary in 1868. Many authors 
compared the tertiary sediments with 
those in the northern Alps, e.g. Bayan 
(1870), Fuchs (1874), Negri (1884), 
Bittner (1892), Munier Chalmas (1891), 
Oppenheim (1901, 1903), Tornquist (1901), 
and Fabiani (1912, 1915). 

The lower tertiary rocks are only 
exposed in the area south of the Caltrano
and the Schio flexure-fault zones. Three 
principal areas with different lithology 
on an E-W line, may be distinguished: 

UPPER EOCENE 

MIDDLE EOCENE 

LOWER EOCENE 

TERTIARY 

Eocene 

(1) the area west of the Agno, with main
ly tuffs of various ages, (2) the area 
between the Agno and the Astico, with 
local ahd tectonically affected exposures, 
and (3) the area east of the Astico, ex
tending up to the Brenta, where the ter
tiary sediments are best exposed. < 

The thickness of the Eocene is 150-200 m. 
The subdivision, proposed by Fabiani 

will be followed, although it is mainly 
based on foraminifersl which are sensi
tive to facies changes that are frequent 
in the Vicentinian region. 

Contrary opinions have been expres
sed regarding the interpretation of the 
lower border of the Eocene. Suess and 
Bayan stated the Eocene to be unconfor
mably overlying the upper cretaceous 
Scaglia. This was disputed by Bittner 
and Fabiani. The present author found 
no indications supporting the above 
opinion. Moreover, an unconformity can 
hardly be proved in localities where tec
tonic movements have caused the wed
ging-out of the more plastic layers, 
thus producing tectonic "unconformities". 
In the neighbourhood' of Belluno (NE of 
the Vicentinian Alps) and near GaUio 
(north of the eastern Vicentinian Alps) ,\tn
conformities are found and the Creta
ceous is overlain by Miocene and middle 
Eocene respectively. The facies of the 
Eocene west and east of the Vicenza fault 
is different. 

In the southwestern part of the Vicen
tinian Alps (W of the Vicenza fault) the 
depressions, caused by the subsidence 
of the southern block of the Schio 
flexure-fault, were filled with lower 
eocene, mainly volcanic deposits. Most 
of these tUffs may belong to the upper 
Cretaceous. Suess (1868) called these 
volcanic deposits Spileccian after the 
Monte Spilecco near Bolga, and cons i
dered all of them to be Tertiary. The 

Fig. 15 Section of the Eocene Monte Pulli (W of Maglio) is such aIlj 
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example of a depression in the down
wharped zone of t' e Schio flexure, filled 
with lower eocen, uffs. The tuffs seem 
to have originated trom eruption centres 
located along the Schio flexure-fault zone 
and are wedging out to the south. In the 
Monte di Malo area only few lower 
eocene tuffs are present and limestones 
similar to those of the upper Cretaceous 
were deposited in the lower Eocene. The 
tertiary age of these deposits is con
cluded from the presence of Nummul ites 
in thin tuff beds intercalated in the 
limestones. The upper part of this lime
stone series is of middle eocene age, 
which is indicated by the occurrence of 
Al ve 0 lin a. The middle Eocene is re
presented in this area west of the Vicen
za fault by thick tuff deposits with inter
calated basalt sheets extending over short 
distances from local basalt cones. In 
places the tuffs are overlain by lignite
bearing deposits, in which Ostracods 
are found, indicating fresh water con
ditions. The upper Eocene (Priabonian) 
is well exposed near the type locality of 
Priabona, where the tuffs and lignites 
are overlain by volcanic breccias and 
sands; these clastic deposits become 
less coarse .higher in the section. The 
upper Eocene mainly consists of silts, 
marls and shales, alternating with lime
stones. The uppermost part of the Eoce
ne is formed by rather massive lime
stones. For a detailed stratigraphic study 
of this area the author refers to the work 
of Hardebol which will be published in 
the near future. 

In the southeastern part of the Vicen
tinian Alps (east of the Vicenza fault), 
the lower Eocene starts with sandy lime
stones, overlying the upper cretaceous 
grey shales. The lowermost bedding 
plane consists mainly of marcasite nodu
les, and glauconite is generally present. 
Next to Nummulites, plant remains 
are frequently present in the limestones. 
It seems that these "dustbin" deposits 
occur in the whole eastern part, forming 
the base of the Tertiary. Upward in the 
eocene series in the eastern area, red 
spotted, white and yellow, poorly stra
tified, detrital limestones are found. 

Tuffs are not present. In the neighbour
hood of Covolo and Santa Dona, the lower 
Eocene contains lenses of basaltic brec
cias. The thickness of the lower part 
of the Eocene in this eastern region is 
40 - 60 m. The limestones are overlain 
by blue and grey, silty limestones with
out Nu mm u lit e s but with numerous 
bivalves, overlain by yellow, coarse 
sands. The sandy deposits are 10
30 m thick and are conSidered to be
longtothe middle Eocene. The upper 
Eocene starts with a nodular blue lime
stone, containing abundant algae colo
nies and Pe c ten spp. Upward, the colour 
of the limestones changes and becomes 
white; then next to bivalves andechino
derms, again specimens of Nummulites 
are found. These upper eocene lime
stones may be as thick as 80 m. The 
Oligocene starts with sands and conglo
merates; accordingly the upper border 
of the Eocene can be easily determined 
in this region. 

It is evident, that eocene volcanic 
activity increased from west to east, 
and that it is mainly restricted to the 
southwestern Vicentinian Alps. Torn
quist (1901) explained the difference in 
sedimentary conditions between the eas
tern and western part by a deeper bay in 
the west that rapidly became shallower 
in eastward direction. It seems, that this 
difference in relief has been mainly 
caused by the Vicenza fault. This fault 
was formed during the Triassic; its wes
tern block moved relatively downward 
during this period. In the middle Eocene 
the relief began to change, due to the 
rise of a magmatic body in the south
western part of the Vicentinian Alps; 
this upward movement used the zone of 
weakness, formed by the Vicenza fault. 

Eocene fossils 

The subdivision of the Eocene is ba
sed on Nummu lit es. The following s ub
division was given by Fabiani: 

Upper Eocene Nummu lite s 
fabianii 

Midtlle Eocene - Numm u lit e ~ 

perforatus 
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Nummulites 
complanatus 
Nummulites 
laevigratus 

Lower Eocene - Nummu lite s
 
bolcensis
 

This subdivision does not fit exactly the 
lithologic subdivision discussed above. 
The lower eocene (and upper cretaceous) 
tuffs which in the western part of the 
Vicentinian Alps are overlying the Scaglia, 
were called Spilecco tuffs by Suess (1868). 
He mentione rl Rhynchone lla poly
m0 rp h a Massalongo.B 0 u r gru e tic r i nus 
sp., and teeth of Squalodons for 
these deposits. The lower' eocene lime
stones contain very few Nummul i te s 
110 l c ens is. The fossils mainly occur 
in the intercalated tuffs. The arthropode 
Harpactocarcinus punctulatus 
is mentioned by several authors from 
these oldest tertiary deposits. 

In the middle Eocene' A l v e 0 l ill a is 
abundant next to A'ummul ite s laevigratus. 
Fabiani Llentionerl Jlummul i tes scabrus 
and Nummul'ites perforatus from 
the neighbourhood of San Dona. Highel~ 
in this section, Nummulites compla
nat u s increases in abwldancy and is 
often accompanied by Discocyclina. 
The uppermost heds in this area are 
limestones, in some cases with zones 
consisting of Nummulites perforatus, 
then of Pee ten cor n e us, thereupon 
of algae nodules and finally barren rock. 
This series also contains aHa d rip 0 ra 
zonewhich according to Taramelli (1882) 
must be equivalent with the coralline 
layer of San Giovanni Illarione. In the 
middle Eocene also limestones are found 
with Td l 0 cu l in a and Py rgro. In the 
higher and more marly beds Vul se II a 
oc~urs, accompanied by well- preserved 
Cassidada sp. The upper part of 
the middle Eocene is tuffaceous and con
tains plant and fish remains. Near Bolea, 
bone beds were found in the fresh water 
deposits, and the tuffs contain remains 
of Tdonyx and Crocodillus vicentlnus, 
In many places, the limestones alter
nating with these tuffs, contain echino
derms, Suess mentioned Cy c las t e r 

amoenis. Cyclaster tuber, 
Periaster biarritzensis, Peri
a s t e r ve r tic ali s , and Con 0 c l y Pe u s 
conoideus. The gastropodCedthium 
gr i gra n t e u mI is abundantly present. The 
lignite layers consist for the greater part 
of rests of palms. 

The upper Eocene is also highly fossi
liferous. Next to Nummulites fabianii, 
which is generally present, several spe
cies of orbitoidal foraminifers are men
tioned by Oppenheim (1903) e. g. from the 
neighbourhood of Santorso. Some beds 
consist for the greater part of Pe c ten 
b i a rri t ze n si s. Of the Hexacorallae, 
Pattalophyllia sp. andCyclolites sP. 
are present. Echinoderms are common, 
i, a. Sis m0 n d i a r 0 sac e a nd c'"-:" a gr a n u m 
f r a gr i l e. The marly limes tones of the 
upper Eocene frequently consist of 
Dis co c y c lin a and 0 per c u lin a. The 
marls contain bryozoans, Nummu lite s 
fa b ian ii, and Nu mmu lit e s mi 0 con
tor t us. The lamellibranchiates are re
presented by Vulsella elon~ata, 

Pecten biar:ritzensis, Spondylus 
bifrons, Ostr'ea sp. and Anomia 
s p. The valves may be covered with 
Te r'e do. Also gastropods are often 
found. Next to Ce d t hi um d i abo l i 
and Turritella grradataeformis. 
Scalaria I sp., Diastoma sp., 
Sol a r i um sp ., Vol uta e leva t a, 
Cassidaria sp., and Rostellaria sp. 
have been collected. 

2. Oligocene 

Many studies have been published 
on the Oligocene in the Vicentinian Alps. 
Suess (1868) was the first who discussed 
the stratigraphy. His study was partly 
based on data published by Massalongo 
(1863) on the flora of the Oligocene at 
Chiavon and Salcedo. The oligocene fauna 
was studied by Bayan (1870), Fuchs (1874), 
Bittner (1892), Oppenheim (1901, 1903), 
Gregorio (1895), Taramelli (1882), and 
the stratigraphy by Omboni (1879), al}d 
Munier Chalmas (1891). 

Oligocene outcrops are only found 
south of the Caltrano and Schio nexure
fault zones. 

West of the river Agno (SW of the 
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department of Vicenza) thick middle 
eocene and middle oligocene tuff deposits 
are overlying the middle eocene lime
stones. They are indicated with the 
same symbol on the geological map of 
Verona, because of their similarity. 

East of the Agno and west of the 
Leogra, the lower Oligocene is ex
posed as limestones. The type section 
is near Castelcomberto. The northern
most exposures of the lower oligocene 
limestones in the SW part of the Vicen
tinian Alps are in the Monte Casaron 
area west of Priabona (on the attached 
geological map east of Valdagno). From 
here outcrops of slightly south dipping 
sediments are increasing in number 
towards the south, and very good ex
posures are found in the Monte Berici 
area. 

East of the Agno and west of the 
Astico, the lower Oligocene is found 
in the Schio flexure -fault zone and in 
the zone of the Vicenza fault. 
Upper oligocene series are cropping 
out near Schio, forming the base of the 
subhorizontal "Schio series". 

Between the Astico and the Brenta, 
the Oligocene is very well exposed, en
closed by the Caltrano and the Marostica 
flexure-fault zones. 

The following subdivision will be used: 

UPPER 
OLIGOCENE 

4 .. ' 

......ct.:~-.!: .- -: .,."...... .•.• ~·....",oo 

20~~'~'~:..... :. ~'. "4~~~ :.~".~.~ ..~. _.' •.•• o:oli! 
.. 

""'",. \. ,~v./.,I'I I -, 1;\" 

/\!..\~/\ " ...\.:..... 

~IDDLE 

OLIGOCENE 

LOWER 
OLIGOCENE 

Fig. 16 Section of the Oligocene 

A general section cannot be easily 
established, because of rapid facies 
changes. Therefore the Oligocene in the 
various areas will be discussed separa
tely. To this end the southern Vicentinian 
Alps are divided into four regions from 
west to east.. The westernmost region 
IS between the Castelvero fault in the 
west and the Vicenza fault in the east. 
The second region is located between 
the Vicenza fault and the Astico river, 
the third between the Astico and the 
Brenta. The fourth and easternmost 
region lies east of the Brenta, in the 
province of Treviso and does not belong 
to .the Vicentinian Alps; neve rthe less 
it will be discussed. Only its western 
part is included in the author's geolo
gical map. 

In the area between the Castelvero 
and the Vicenza fault mainly tuffs of 
upper cretaceous, lower eocene, middle 
eocene, and middle oligocene age are 
found. The latter two are separated by 
thin reef deposits, apparently belonging 
to the middle Eocene. The upper Eocene 
is scar-cely present. The tertiary tuff 
layers can hardly be distinguished in 
the field, because fossils are scarce. 
However, it proved possible to make 
a distinction between eocene and oli
gocene tUffs in the field. The middle 
eocene tuffs are generally rather coarse
grained, and consist of angular particles, 
that have not been transported far and 
must have settled in quiet, shallow waters. 
The middle oligocene tuffs, on the other 
hand, are well-graded and contain a large 
amount of clastic material, consisting 
of sands, silts and limestone pebbles. 
These tuffs have been transported over 
considerable distances and are mixed 
with non-volcanic detrital material. 
Eocene and oligocene tuffs cannot be 
distinguished by an analysis of heavy 
minerals, as both originated .from ba
saltic eruptions; the sands found in the 
oligocene tuffs contain non-specific heavy 
minerals. According to Suess, the oligo
cene volcanoes must have been situated 
somewhere in the south (near Arzignano), 
where the volcanic deposits are thickest. 
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However, no indications were found in 
support of this opinion. It is assumed 
that the oligocene volcanoes were present 
throughout the region, and that their erup
tion products were mainly transported 
towards the south. Fortunately, oligocene 
volcanic rocks can be distinguished paleo
magnetically from eocene igneous rocks. 

Foss ils are found in the oligocene 
tuffs near Castelcomberto and San Trinita 
(N of Montecdiio). In other localities 
the volcanic deposits are overlain by 
fossiliferous lignites, the age of which 
can be easily established. 

Near Priabona, massive limestones 
are overlying the mostly clastic upper 
part of the Eocene. These limestones 
may be upper Eocene or lower Oligo
cene. In a cave (Bocca della Rana, 
north of Priabona), quartzitic pebbles 
are found, characteristic for the middle 
Oligocene in the eastern part of the 
Vicentinian Alps. This indicates that 
locally the lower oligocene conglome
rates may have been present on the 
limestones. The limestones are gene
rally overlain by middle oligocene tuffs, 
containing limestone pebbles. 

In the second region, between the 
Vicenza fault and the Astico river, the 
lower Oligocene is found in outcrops 
in the Schio flexure-fault and Vicenza 
fault zones. It is not certain whether 
the sediments are completely 'present 
or partly squeezed out. The exposed 
detrital limestones are poorly bedded and 
contain many fossils. Echinoderms are 
abundant; they are all found in an over
turned position, which has been used for 

interpreting the position of the strata as 
overturned. A detailed examination of 
the lower miocene sands, however, 
shows 95 per cent of the S cut ell a to 
be also present in overturned position in 
sediments generally considered to have 
a normal position (see page 58). Conse
quently, the relation between echino

'derms:inoverturned position and the actual 
position of the sediments must be con
sidered as not definitely solved. The 
middle oligocene sediments between the 
Vicenza fault and the Astico river are 
found in a zone on the west side of the 
Vicenza fault. The rise of the western 
block caused a dip of about 600 ENE 
with exception of the outcrop north of 
Poleo. This outcrop consists of detrital 
limestones forming an irregular 
mass. The base of the oligo-miocene 
"Schio series" is generally thought to be 
of upper oligocene age. These deposits 
were considered Miocene until Fabiani 
(1920) found Nummul ites in the lower 
series. He denied the presence of an 
unconformity between upper Oligocene 
and Miocene as was stated before by 
Oppenheim (1901). The limestones be
come increasingly sandy towards the 
top. The tuffs near Villa della Vecchia 
are considered middle Oligocene, but 
thei r stratigraphic position seems to be 
unCR rtai n. 

In the third region between the rivers 
Astico and Brenta, the Oligocene is 
well-exposed. It cannot be determined 
whether the transition from Eocene to 
Oligocene is in the mainly eocene lime
stones, as Nummul ites is absent in 

FiF;. 17 Index map of diagrams showing the lineation of the oligocene conglomerate pebbles. 
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many of these rocks. For this reason, 
the transition will be placed where clas
tic sediments begin to be predominant. 
The lower Oligocene contains calcareous 
silts and sands, with conglomerate Jenses 
up to 30 cm thick. The well-rounded 
pebbles of the conglomerates are O. 5 
- 10 cm in size, and mainly consist 
of quartzite, the most resistant material 
during transport. As the quartzites 
of this type are unknown in the Dolomites 
and are only found in the central zone of 
the Alps, it may be concluded that they 
have been transported over a large distan
ce. The pebbles are embedded in a san
dy, limonitic matrix. The lithology of 
the deposits indicates that in the Oli
gocene the coast may have been located 
at the present place of the Caltrano 
flexure zone. The clastic material was 
supplied from the north by rivers .and 
deposited along the coast. (see fig. 18). 

The position of the pebbles was mea
sured (see fIg. 17),the same restrictions 
have been applied as for the anisian con
glomerates (see page 37). The longest 
axes of the pebbles appear to be mainly 
parallel to the direction of the coast. 

N 

5 

Fig. 18	 Directions of inclined bedding (vertically 
striped) and ripplecrests (horizontally 
striped). 

Near Bassano, a maximum is found with 
directions at right angles to the coast 
(not on the figure). Here a delta must 
have been formed by a river reaching the 
coast, at the location of the present 
Brenta river. The current-ripples indicate 
that the main sea-currents seem to have 
been directed from· the south to the north. 
The average dip of the pebbles is 80 

north .. This is not due to the 
southward· supply. The differences in 
the dips that are to be expected and that 
are found may be due to the strong ebb
currents that will have reorientated the 
conglomerates. The dip of 80 fits very 
well with the opinion expressed by 
Cailleux (1945) that the average incli 
nation of pebbles in marine deposits 
must be less than 100 whereas theI 

dip of pebbles degosited by rivers must 
be more than 10 . 

A typical feature is the presence of 
conglomerate dikes in the sandy lime
stones and calcareous sands j these dikes 
are terminating upward and thus cannot 
be due to filling of cracks in the conso
lidated	 sands and sandy limestones. It 
may be concluded that they are "pebble 
dikes" , pressed upward into tens ion 
cracks of the overlying consolidated 
sediments. 

In upward direction the oligocene sands 
become increasingly silty and contain 
tuff intercalations. In the silts and tuffs, 
thin lignite beds are present. 

In the middle Oligocene, tuffs are 
predominant. Local depressions between 
the volcanic islands were filled up with 
thick lignite and clay beds (Chiavon , 
Salcedo), or - when no clastic material 
was supplied - with detrital limestones 
(Crosara, Marostica). 

In the upper Oligocene, a renewed 
transgre'ssion again caused calcareous 
sands and sandy limestones to be deposi
ted with algae -colonies of 10 - 30 cm. 
According to Fabiani and others the 
transition into Miocene is gradual and 
can be established with Nurri mu l ! t e s 
only. The sandy limestones with algae 
were deposited under conditions not 
favourable for foraminiferal life. 

In the fourth region, east of the 
,Brenta, the oligocene deposits are dif
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ferent from those found west of this 
rivel'. The Oligocene is thin and mainly 
consists of marly limestones and tuff 
breccias. In this region the middle 
Oligocene is absent. 

Oligocene fossils 

The lower boundary of the Oligocene 
according to Fabiani, is characterized 
by the first occurrence of N u mmu lit e s 
"intermedius. This fossil is gene
rally present, mostly together with 
Pecten arcuatus. In the marly 
deposits, many lamellibranchiates are 
found: Cardium sp., Cardita sp." 
Crassatella sp., Pholadomya s1> •• 
and Psammobia s1>. are the most 
common. The gastropods Ceri thium sp., 
Natica sp. Cypraea sp., 
Tu r r i tel las P • and Vol uta s p • 
are generally present. The family of the 
Hexacorallae is represented by 
Flabellum sp., the Echinodermata 
by Cl y pea s t e rand S cut ell a. 

The middle Oligocene mainly consists 
of tuffs and marls, with many plant 
and fish remains. From the neighbour
hood of Chiavon, at least 40 species 
of fishes have been described. In these 
tuffs the following gastropods are common: 
Nat i cas p. , S t ro mbus s p.. and 
T ro c h us sp. In literature, the 
arthropod Coe l oma. is mentioned from 
fresh water and land deposits. Fabiani 
described Nummu lit e s vas c us to
gether with species of Lepidocycl ina 
species. Amongst the latter, Le pi
docyclinadilatata, Lepidocyclina 
marrinata, and Lepidocyclina 
to urn 0 u e r i have been collected by 
him in the area between the Astico and 
the Brenta. 

3. Miocene 

In his study on the lower miocene 
deposits of Schio, Suess (1868) mentioned 
younger deposits near Bassano and in 
other localities more to the east. His 
conclusions were partly based on 
Maraschini (1824), who already recog
nized these rocks as Tertiary. The work 

of Suess was continued by Oppenheim 
(1901, 1903). In 1920, Fabiani criti
cally reviewed Oppenheim's work and 
his publications are the most complete 
studies on the Tertiary of the Vicen
tinian Alps. For the middle miocene 
deposits of Bassano, Fabiani used data 
published by Secco (1883) and Balestra 
(1896). 

The Miocene is subdivided as follows: 

Upper miocene not exposed 
in the Vicen
tinian Alps 

Miocene Middle miocene marls, con
glomerates, cal-, 

careous sands 

Lower miocene sandy marls, 
carbonaceous 
sands 

Miocene deposits are only found in 
the zone east of the Vicenza fault and 
south of the Caltrano and Schio flexure
fault zones. The lower Miocene is best 
exposed on the hill on which Schio is 
situated, and more to the east near 
the villages Mason, Sarcedo, Grumolo 
and Crosara. In all these localities 
the sediments are found in subhori
zontal position, generally gently dipping 
south. They also occur on the south 
side of the Marostica flexure-fault zone. 
The southern part of the Schio hill is 
formed by the upper part of the lower 
miocene deposits. Middle miocene sedi
ments are exposed in the hills Col del 
Grado, Col di Bragio, and Col di Barolo, 
north and northwest of Bassano. Upper 
Miocene has only been observed east of 
the Brenta. 

Fabiani and Oppenheim expressed 
different opinions on the lower boundary 
of the Miocene. Oppenheim stated on the 
Schio series: "The Schio Schichten la
'fgern an aller Punkten wo sichere Pro
"file vorhanden sind unter einer machtigen 
"Decke von Mediterranbildungen, derer 
"tiefsten Schichten noch Cy the rea, 
" Iso card i a undC e ri t h i u m fOOren; 
"s ie enthalten noch Num muliten, grosse 
"OrbitoH:l.en und sehr charakteristische 
"Heterosteginen: ihre Pectiniden 
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"nehmen teilsweise eine Mittelstellung 
"zwischen mitteloligocanen und neogenen' 
"Formen ein; ihre weitere Mollusken 
"Fauna lasst dort (wie elders) noch einer 
"erheblichen Prozentsatz typischer oligo
"caner Elementen erkennen, sodass diese 
"Schichten als Oberoligocan und als 
"Equivalent del' alterer Nordalpine Mo
"lasse aufzufassen zu sein werden". 
(In all outcrops the strata of Schio are 
overlain by thick mediterranean deposits, 
in the oldest parts of which Cytherea., 
!socardiaandCerithium, are still present. 
The deposits contain Nummulites, big 
Orbitoids and very characteristic Hete
rostegines. Their Pectinides are inter
mediate between the middle oligocene 
and neogene types. The other mollusc 
fauna shows (as elsewhere) a consider
able percentage of typically oligocene 
elements; consequently these strata are 
considered to be upper Oligocene. They 
are the equivalents of the Northalpine 
Molasses ). 
Fabiani considered the base of the Schio 
series as Oligocene and the younger 
sediments as Miocene, because of the 
presence of . Nummu Lite s . His opinion 
was apparently supported by the find of 
squalodonts in the upper Schio beds, pu
blished in 1903 by Capellini. Their age 
must be Langhian (Burdigalian), that is 
upper lower Miocene. It is doubtful, 
however, whether the base is actually 
Oligocene, as Nummulites are easily 
reworked from nearby Oligocene. In the 
Schio se ries, specimens of Scut eLL a 
are all found in upside-down position, 
indicating that sedimentation did not 
take place under quiet conditions. 

The lower Miocene consists mainly 
of calcareous sands and sandy lime
stones. In upward direction, glauconitic 
silts become more frequent. The top 
part consists of sands. 
The middle Miocene consists mainly 'of 
coarse clastic deposits.' The lower mio
cene sea reached the Val Sugana depres
sion in the north, but could not pass 
beyond the barrier formed by the escarp
ment of the NNW-SSE trending Vicenza 
fault. During the middle Miocene the 
sea regressed and the coast was at the 
place of the Marostica flexure (locally, 

it extended beyond the fault, e. g. near 
Bassano). In the upper Miocene the sea 
regressed still farther towards the SE 
and the northern coast was probably lo
cated at the present Cornuda flexure. 

The best-known lower miocene section 
is near Schio. The Schio series starts 
with thin, yellow limestones, locally 
sandy, and blue-grey limestones and 
sands, not more than a few metres 
thick. They contain algae nodules and 
species of NummuLites, Oper
cuLina, and LepidocycLina. Fabiani 
mentioned LepidocycL ina eLePhan
tina and LepidocycLina diLatata. 
The limestones are overlain by calca
reous sands, containing abundantly He t e
l' 0 s tee ina and Echi nod e rm a t a. 
The disputed basal part contains CLy
peaster scuteLLum, CLypeaster 
re gu Lus, CLy pea s t e r mi c he Lin i i ; 
the upper part Scu te L La su bro tun
d a e for.." i sand Pee ten Pas i n i i. 
Fist-size algaecolonies are also present. 
Upward silts are more frequent, con
taining Cytherea, PhoLadomya. 
PLeurotomaria, Cardita, Turri
teL La. The total thickness of the sands 
is 10 - 15 m. The thickness of the silt 
series cannot be determined 'on account 
of erosion. In these layers De Pretto in 
1878 found a specimen of !?quaLodon 
bar i ens i s J ourd" v a r. La t i l' 0 s t ri s 
Capellini, considered to be an index foss il 
for the Langhian, which was depicted by 
Capellini in 1903. 

The middle Miocene begins with sands 
as found SE of the Monte Castellaro 
(NW of Bassano). Balestra (1896) men
tioned Pecten burdigaLensis and 
Pee ten h au e ri . Upwards the series 
consists of silts, marls and clays, with 
many echinoderms and Lamellibran
chiates, the species of whi ch could not 
be de-termined. As the area is cultiva
ted, only small outcrops are present. In 
the Col di Grado sands are exposed, 
containing several species of Ost rea, 
La. Ostrea eineen'sis andOstrea 
crassisima. ,-Anomia lePhippium 
and GLycymeris faujasi are men
tioned from these deposits. The top 
part consists of conglomerates, the 
stratigraphic position of which is un
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certain. They may be mistaken for the consist of quartz-porphyry pebbles in a 
prewlirmian conglomerates, that mainly clayey matrix. 

H. Quaternary 

During long periods of the Pleistocene, 
the Vicentinian Alps may have been co
vered with glaciers. When the ice re
treated, locally thick, mainly unsorted 
and non-stratified moraine deposits re
mained, containing various sorts of 
boulders from rocks which occur in the 
central alpine area. These morainic and 
fluvioglacial deposits are found on the 
plains of the Pasubio plateau and in the 
valleys of the important rivers. The 
pebbles consist of a variety of rocks. 
Next to quartzite and gneiss, which are 
common, biotite granites, muscovite 
granites, quartz -porphyries, and eclo
gites are found. On the geological map 

prewlirmian deposits are indicated near 
Bassano, mainly consisting of ,quartz 
p<?rphyry pebbles. The valley of the Astico 
is a good exam pIe of a U-shaped depres 
sion with crescent-shaped endmoraines .. 
This area was described by Negri (1884), 
who mentioned the end-moraines of 
Cogollo and Meda, 340 m above sea 
level. Typical periglacial boulder clays 
are found in the neighbourhood of Novegno. 

In the Holocene, mainly alluVial se
diments were transported in considerable 
quantities from north to south, which 
were deposited in the Venetian lowland. 
These thick clastic deposits have produced 
fertile soils. 
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I 

CHAPTER II 

VOLCANISM 

A. GENERAL 

The region of the Vicentinian Alps 
has been recurrently subjected to strong, 
volcanic activity. Thick volcanic series 
are present of rocks the composition 
of which differs considerably. Various 
authors have been occupied with these 
igneous rock~ (e. g. Von Lasaulx, Lepsius, 
GUmbel, Von Foullon, Negri, Fabiani, 
Maddalena, and Zanettin). 

The nomenclature has often caused 
confusion; different names were applied 
to rocks of similar composition and de
'position. The author will follow Zirkel 
(1873), who stated: 

"Es ware zu wiinschen, dass die
jenigen Gesteine welchen ~dentische 

mineralogische Zusammensetzung und 
in den Hauptzligen Uebereinstimmende 
Struktur eigen ist, auch nur einen 
einzigen gleichen Namen besitzen. 
Altersverschiedenheiten welche gewisse 
kleine Modifikationen bedingen, kon
nen alsdann durch Adjectiva ausge
drlickt werden". 

It is desirable to give one and the same 
name to rocks of identical mineralogical 
composition and of mainly corresponding 
structure. Differences in age, undoubt
edly causing minor modifications, may be 
denoted by adjectives. 
In this paper the current petrographic 
names will be used and the adjective 
"paleo" applied to pre-tertiary rocks. 

In the Vicentinian Alps mainly hypa
byssal and eruptive rocks are exposed. 
Traces of abyssal activity can be only 
locally deduced from autholiths (a rock 
fragment, in origin related to and soli
dified prior to the rock in which it is 
em bedded) in the igneous rocks. Special 
attention has been paid to the mecha
nism of deposition. The volcanic rocks 
are represented by tuffs, and by acid as 

well as basaltic flows. The acid flows 
were -deposited as "lavas" or as welded 
tuffs. The mode of eruption of· the acid 
"lavas" is described on page 76. 
A welded tuff, represents at the moment 
of its eruption a heterodisperse system, 
the dispersion medium of which was 
g~ass and the dispersed particles were 
solids or liquids. As no definite definition 
of a welded tuffwa~ genera_lly accepted, the 
above mentioned general description will 
be followed. 

In fig. 19 a synopsis is given of the 
most frequently occurring hypabyssal 
and volcanic rocks. 
The former are indicated by vertical, 
the latter by horizontal lines. 

The Permo-Triassic and the Tertiary 
are the two most significant volcanic 
periods in the Vicentinian Alps. 

The centres of maximal permian vol
canic activity in the southeastern Alps 
were located in the north (in the Dolo
mites). In the Bolzano and Trento areas, 
extensive, thick (up to 1000 m) lower 
or middle permian volcanic series were 
deposited. A division into a lower, more 
basic tuffs series and an upper, more 
acid effusive series can be made. In the 
lower trachy-andesitic tuff series, paleo
basaltic flows may be intercalated. The 
upper, more acid volcanic series con
sists of thick paleo-rhyolitic flows, 
which have been deposited as welded 
tuffs (ignimbrites). The melabasaltic 
dikes that intruded into the quartz
phyllite series in the Vicentinian Alps, 
might be related to this lower or middle 
permian period of volcanism. Near 
Posina a paleo-rhyolitic mass was for
med during the same period, the age 
of which could be established by paleo
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magnetic correlation.
 
In the Vicentinian region volcanism has
 
been active also during the upper Pe rm ian,
2600 

.... 
"0.. 
0 
Il) 

when paleo-trachytic and paleo-rhyolitic 
rocks were formed in the Staro and 
Camparmo areas. Traces of this period

2"00 
of volcanism seem to be also present in 
the Dolomites where the upper permian 
limestones (Doss de Grave) are mine

2200 

ralized. 
The centres of maximal triassic vol

canic activity seem to have been located
000 

in the western part of the Vicentinian 
Alps. Though tria~sic volcanism is known 
all over the Southern Alps, the thickest

100 
and most differentiated volcanic rocks are 
found in the Schio-Recoaro area. In the 
early Triassic mainly paleo-rhyolitic

600 
and paleo-dacitic rocks were formed as 
intrusions and flows, whereas in the 
Ladinian paleo-andesitic rocks were more 
abundant. Volcanic activity ceased in the 
late Ladinian after the intrusions of 
paleo-basaltic rocks. During the Scythian

200 
and Anisian, the acid effusive rocks were 
emplaced in submarine environments. In 
the upper Ladinian, terrestrial conditions

000 
prevailed and the acid effusives were 
mainly deposited as typical welded tuffs. 

It is remarkable that in the Permian
800 

the basaltic rocks intruded first, where
as in the Triassic the older rocks were 
acid and the younger basaltic. The va
riation in chemical composition of the 
triassic igneous rocks indicates that the 
acid magma was probably formed as a 
differentiation product of a parental more 
basic magma. The centres of maximal 
volcanic activity i~ the Permo-Triassic 
seem to have shifted fr om north to south. 
The centres of maximal tertiary volcanic 
activity in the SE Alps are mainly found 
south of the Schio and Caltrano flexure
fault zones in the southern parts of the 
Vicentinian Alps, in the Monte Berici 
and in the Colli Euganei. The igneous 
rocks in the first two areas are mainly.. •• 

• 
~ basaltic. In the Colli Euganei area,....•t .. • . ~ 

0 •oSI 0 trachytic rocks are exposed that may:# ... 11... 'ii• " '0

I
 s:;
 s:;0~ :'!

..•0 '0... have originated from a differentiation0s:; s:; 0 .." " <:~'i " 0> If: 0 CIf: 0 ~ and assimilation product of a gabbroidic 
magma. Recent gravimetric anomalies 
in the southern part of the Vicentinian 

Fig. 19 Stratigraphic-Lithologic diagram Alps can be explained by the presence 

- 61 



A great number of basaltic dikes E 
is found in the quartz -phyllite series, 
exposed in the western part of the Vi
centinian Alps. 

Based on the results of paleomag
netic correlations, three types of in
trusives of different ages can be dis
tinguished (see fig. 20): 

1) Tertiary (eocene) subvertical dikes, 
mainly striking N-S. In some places 
these dikes are related to volcanic 
cones. 

2) Triassic (ladinian) subvertical dikes, 
mainly NNW-SSE. This is the most 
frequent type. 

3) Pre-permian or permian subhorizon
tal dikes, generally dipping slight
ly west. 

As the third type is not known to in '--~---J~m NNE _SSW folds 

tersect the upper permian clastic sedi /200 DIKES 

ments, it must be older than these de PLOTTED 

posits. The permian sandstones are gene
rally considered as the equivalents of 
the Val Gardena sediments. Assuming 
a silurian age of the quartz-phyllite 
series to be correct (see page 20), 
the dikes of type 3 must be accordingly W E 

younger than the Silurian. The mean 
paleomagnetic direction of the samples 
taken from these subhorizontal dikes 
approximates that published by Van Hilten 
(1960) for the lower permian paleo

A 
B 
C 

T.,.t,iary dike. 
lriaUic Gik.. 
Oevonian or early 
PWrmian dike. 

rhyolitic rocks in the Bolzano-Trento 
area. As the lower part of the volca
nic unit in this area is formed by 
trachy-andesitic tuff series with local Fig. 20 Wulff's projec

dip of the ba
tion, showing the strike 
saltic dikes in the Vic

and 
entinian 

intercalations of paleo-basaltic lava region. Contours 5 - 15 - 25%. 

pf abyssal plutonic bodies of relatively part of the Vteentinian Alps, has been 
high specific value (see chapter II). the site of active volcanism. In the 
The locations of the eocene and oligocene Oligocene, volcanic rocks were mainly 
plutons are indicated by the present deposited in the Thiene-Marostica area, 
magnetic anomalies as shown in fig. 44. which is the SE part of the Vicentinian 
In the late Cretaceous or in the Paleo Alps. 
cene, volcanoes were active in the Lago From these data it may be concluded 
di Garda area (west of the Vicentinian that during the Tertiary the centres of 
Alps). In the middle Eocene, the NNW maximal volcanic activity shifted from 
SSE striking zone formed by the Colli the southwest to the northeast. 
Euganei, the Monte Berici and the SW 

B. DEVONIAN OR EARLY PERMIAN DIKES 
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I
flows. a lower permian age of the dikes 
liS possible. This opinion, however, is 
Inot supported by the following obser

vations.
 

The intrusion of the dil~es was con

temporaneous with gravitational sliding
 
movements which caused folding and
 
faulting of the quartz-phyllite series.
 
The directions of folding (NNE-SSW
 
folds) and faulting (WNW-dipping thrust

faults, the upper block of which moved
 
relatively westward) are the same as
 
mentioned by Agterberg (1961) for the
 
hereynie-struetural pattern in the Dolo

mites. Consequently. the age of the sub

horizontal dikes may be as well Devonian
 
or Carboniferous. The latter possibility
 
is excluded because of the paleomagnetic
 
properties (negative inclinations) (see
 
page 150). Consequently, the dikes must
 
be either lower Permian or Devonian.
 
Next to their characteristic subhorizon

tal position and their distinct paleomag

netic directions, the dikes can be re

cognized by their composition and the
 
slight thermo-metamorphic contacts (in
 
contrast to the younger intrusions, the
 
dikes are not bordered by hornfelses).
 
The slight contact-metamorphic alteration
 
of the country rock may be explained
 
either by a lack of volatiles in the in

truding magma or by the low water con

tent of the quartz-phyllites that may have
 
lost their connate water during regional
 
metamorphism and/or the following 01'0


genetic uplift.
 
The paleo-melabasaltic dikes are 

cropping out particularly in the quartz
phyllite series in the Valli - Recoaro area. 
On the road connecting these two towns 
several outcrops are found. In one of 
them the front of a subhorizontal intru
sion can be observed (see fig. 20). 
Thc dikc follows an older thrust 
fault dipping about 150 west. Along 
this fault the upper block movcd 
relatively to the west. After or perhaps 
contemporaneous with these westward 
movements of the upper block, the dike 
intruded and pushed the quartz-phyllites 
of the upper block back (eastward). The 
movement of the magma can be concluded 
from the position of the dragged frag
ments of the country rock. On the road 
from Valli to San Antonio, near the 

fi3 

Village of Gisbenti, another remarkable 
subhorizontal intrusion has been found 
(see fig. 20). This dike, up to 30 c'm 
thick, is undulating and follows the 
folds of the quartz-phyllites. Not being 
broken. the intrusion of the dike and the 
folding of the country rock must have 
been contemporaneous. 

Generally, the thickness of the paleo
melabasaltic dikes is 10 - 300 cm. The 
thickest intrusion is found in the valley 
of the Trenche on the road from Gisben
ti to Casarotti. The dikes contain a great 
number of amygdules, filled with zeolites 
and calcite, that appear to. be restricted 
to the central parts of the dikes. Good 
specimens are visible in the dike on the 
road from Valli to Cortiana, in the 
valley of the Maso. The paleo-mela
basalts are dense, hard, mainly dark 
grey or black, or more greenish-grey 
upon weathering. Macroscopically, the 
texture is porphyritic in the central parts 
of the thick intrusions, and sugary, 
granular in the marginal parts. 

Maraschini (1824) was the first who 
recognized these igneous rocks, and 
applied the name "mimosites", fi rst used 
by Haily. Johannsen (1920) proposed to 
call them mela-basalts, because the 
rock contains more melanocratic minerals 
than a normal basalt. According to 
Johannsen's classification, these rocks 
are (3312 E). In the Vicentinian Alps, 
they should be classified as (3312 H). 
as the hypabyssal variety is fow1d only. 
According to Johannsen, an increase of 
magnetite and olivine may be expected 
with an increase of ferromagnetic mine
rals in the melabasalts, whereas the 
plagioclases should be somewhat more 
basic. The silica content of the rocks 
should be 'usually lower,and the specific 
weight higher than that of normal basalts. 

Microscopically, plagioclases, pyro
xenes, and ilmenite form the principal 
constituents of the dikes. The distinct 
phenocrysts of plagioclases and pyroxenes 
al'e surrounded by a granular groundmass 
of feldspar, pyroxene and magnetite. The 
phenocrysts of plagioclase occur as small 
twinned laths with an arbitrary orienta
tion. Their composition is presumably 
that of labradorite, but they are gene
rally decomposed and altered. The com
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position of the feldspar of the ground
mass could not be established. Small 
patches of microperthite have been ob
served in some thin sections. The pyro
xene phenocrysts are augites rich in 
titanium, identified by their typical brown 
colour. Generally, they are tWinned and 
have a zonal texture. The more rare 
amphiboles are also rich in titanium 

'and belong to the variety barkevikite, 
which has an angle of extinction between 
180 and 340 . Barkevikite is typical for 
sodic igneous rocks, and indicates that 
we are probably dealing with an alkaline 
variety of the basalt. 
Accessory minerals are biotite in small 
greenish flakes, olivine (mostly altered) 
and	 apatite. 

C. PERMIAN IGNEOUS ROCKS
 

Permian volcanism has not been des
cribed in earlier literature on the Vi
centinian Alps. Probably all acid igneous 
rocks intercalated on the permian sedi
ments were considered as intrusives be
longing to the triassic volcanic period. 
However, based on detailed stratigraphic 
and	 paleomagnetic data, two periods of 
volcanic activity in the Permian can be 
distinguished. Igneous rocks intruded and 
locally erupted before and after the depo
sition of the Val Gardena sandstones. 

Lower or middle permian igneous 
rocks are found on the neighbourhood 
of Posina, where they form an isolated, 
but extensive paleo-rhyolitic body, bor
dered by faults. 

Upper permian igneous rocks are ex
posed in the neighbourhood of Staro and 
in the Camparmo area, in an ENE-WSW 
zone called the Valli-Recoaro zone. Near 
Staro, paleo-syenitic stocks are found in 
the quartz-phyllites, and related paleo
trachytic effusives are cropping out south 
of the Fonte Staro. In the Camparmo 
area, at least three paleo-rhyodacitic 
sheets can be recognized in the valley 
of a small stream dividing the area into 
two parts, the northern of which is the 
Monte Spitz dei GiottL 

1 .	 Lower or middle perm ian 
igneous rocks. 

On the geological map of Fabiani 
(sheet Schio) the igneous mass of Posina 
is connected with the igneous complex 
of the Monte Alba and Monte Fratte. 

The two were considered to form one 
large intrusive body of late anisian or 
ladinian age, intersected by the Vicenza 
fault. The permian and scythian sedi
ments near Sella and Pra, overlying the 
Posina igneous mass, were interpreted 
as roof pendants, and the quartz -phyllites 
near Spini should be remnants of the 
overlying sediments and metamorphic 
rocks, left after the sideward sliding 
movements following the arching up of the 
magmatic dome. The following objections 
to this view may be presented. 
a) A study of the paleomagnetic directions 

in the Posina and the Alba-Fratte 
igneous units reveals that the rocks 
of the former area have cooled during 
a period with a reverse, and those 
of the latter during a period with 
a normal earth magnetic field. Accor
dingly, the age of these units must 
be different. The paleomagnetic di
rections in the Posina igneous mass 
are about the same as those published 
by Van Hilten (1960) for the lower 
permian paleo-rhyolitic mass of the 
Bolzano-Trento area in the Dolomites 
(see chapter IV), which is in accor
dance with an early permian age. 

b)	 The Posina and Alba-Fratte igneous 
units on Fabiani's map are connected 
by extensive screezones. This is 
supported by the erratic paleomag
natic data. The orientated samples 
from these screezones have scattered 
paleomagnetic directions ;this resem
bles the pattern in breccias (see 
chapter 5, the paleomagnetic direc
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tions of samples 105-109). 
Consequently, the upper permian sedi
ments presently overlying the Posina 
igneous rocks must be younger than 
these early permian rocks, which eli
minates the roof pendant theory. The 
local culmination of the sea-floor for
med by the emplacement of the Pas ina 
mass may have caused the wedging out 
and facies changes of the late permian 
and scythian deposits in northeast di
rection. The sediments near Sella and 
Pra must have been deposited in de
pressions on top of the igneous mass. 
Major faults were formed during the 
Triassic and Tertiary in both above 
mentioned areas and as a result the 
8ediments were disturbed. It is in ac
cordance with the lower permian age 
of the Posina igneous unit that the sedi
ments have not been metamorphosed, 
with the exception of the permian lime
stones and dolomites near Pra and 
Leder. Their silification is caused by 
hydrothermal and pneumatolitic solu
tions, following the forming of the Vi
cenza fault. Also the igneous rocks near 
Posina have been partly metamorphosed 
by these acid solutions. The history of 
the quartz -phyllites of Spini is compli
cated. Fabiani's theory of northward 
sliding movements during the arching 
up of the Posina igneous body does not 
explain their present position. The youn
ger strata should have moved ahead of 
the older ones, so that the permian se
ries would be expected next to the ig
neous mass, instead of anisian and 
ladinian series, as is the actual situ
ation. It is the author's opinion that the 
phyllites have been dragged upward du
ring the southward overthrusting move
ments of the Majo complex over the 
Posina igneous mass in the Tertiary 
(see page 127). Locally, the north dipping 
phyllites are bordered on both sides 
by igneous rocks. Paleomagnetic corre
lations indicate the igneous rocks overly
ing the phyllites to be anisian in age; 
in these places the phyllites must have 
been squeezed between lower permian 
and anisian volcanic rocks. 

The acid igneous rocks of Posina 

may be compared with those in the 
Bolzano-Trento area; the lattel' have 
been deposited as welded tuffs (ignim
brites), and a few indi cations of a simi
1ar type of deposition were found in the 
Posina area. The scarcity of outcrops 
and the advanced alteration, however, 
prevent us from reaching a dependable 
conclusion. Only in quarries near Posina 
and in the valley of the Fuccenecco, 
rather fresh rock have been sampled. 
The colour is white or Violet-grey, and 
reddish-brown when altered. The struc
ture is distinctly porphyritic. The feld
spar and biotite phenocrysts are up to 
2 mm in size.Scarce quartz-phenocrysts 
as large as 4 mm are also present. All 
phenocrysts are more or less altered 
by pneumatolitic and hydrothermal action, 
not only during the emplacem ent of the 
mass, but also during the forming of the 
younger Vicenza fault. 

Microscopically, zonation and twinning 
of the feldspar phenocrysts is distinct. 
From crystal sections normal to (010) 
and twinned according to the albite Carls
bad law, the composition (An 9 - An 15 
An 16 - An 24 - An 24 - An 26) have 
been determined by using Wright's graphs 
for the extinction angles. The compo
sition of the feldspar varies from alba
sic albite to albite oligoclase . A zoned 
crystal, that is also tWinned, proved to 
have a core of oligoclase (An 18) and 
a border of albite (An 8). The biotite 
phenocrysts are usually tabular crystals, 
intensively altered, with secondary mag
netite at the border. This mineral may 
replace the mica entirely, and in that 
case only the outline is left. This might 
be the result of magmatic corrosion 
caused by a decrease of the vapour 
pressure at a high temperature. Crystals 
of biotite and hornblende are stable in 
magmas of high temperature and with 
a high vapour pressure. Upon approa
ching the surface, the magma loses gass 
and the vapour pressure falls below 
the critical value for the formation of 
biotites and amphiboles. They become 
unstable and loose their H a content. 
According to Rittman (195~) the fol
lowing reaction might be expected: 
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(biotite) (quartz) 

It is difficult to distinguish the sani
dine and augite, as they are of sub
microscopic dimensions, but the opaque 
magnetite rims are clearly visible. 
The quartz phenocrysts are clear and 
transparent. Their original form is 
rounded by corros ion. The hexagonal 
dipyramid form of P··quartz seems to 
be predominant. The holocrystalline 
and xenomorphic groundmass is mainly 
composed of quartz and feldspar, pro
bably formed by devitrivication of the 
initial glass. In some samples, remnants 
of a virtrophyricstructure may be obser
ved in the groundmass. Calcite is fre
quently present, particularly in outcrops 
near the major fault zones. The calcite 
replaces the quartz -feldspar groundmassj 
younger hydrothermal actions must have 
caused this metasomatic alteration. The 
alteration of primary magnetite into 
heamatite causes the brown-red colour 
of the rhyolitic rocks. Zircon and rutile 
are accessory, and kaoline, chlorite, 
and limonite secondary minerals. Pyrite 
is abundant on fissures of rock fragments 
taken from the Vicenza fault zone. 

,2:Upper permian igneous rocks 

The upper permian volcanic period 
started with the deposition of the coarse 
sands forming- the base of the upper 
permian :Be II e rop hon series; this 
sudden change in sedimentation might be 
an indication oflocal epeirogenetic move
ments. 

Before the true age of these igneous 
rocks was recognized, lazurite and mala
chite were found on the joints and fault 
planes of the upper permian sandstones 
in the neighbourhood of Staro. According 
to Benecke (1868) and Maddalena (1906), 
these minerals were precipitated by 

sanidine c1inoenstat ite magnetite wai ervapollr 

circulating ground water and originated 
from a lixiviation of the copper in anisian 
and ladinian igneous rocks. The process 
may be correct, but the Cu-minerals were 
derived from upper permian igneous 
rocks which are the only copper-bearing 
intrusives and effusives in this part of 
the Vicentinian Alps. This is supported 
by the observation that the secondary 
Cu-minerals are found in the lower per
mian only and not in the younger series. 
Moreover, they are restricted to areas 
where igneous rocks are intercalated 
in upper permian dolomites. 

The upper permian age of the igneous 
rocks is based on lithologic and paleo
magnetic data (see page 151). The paleo
magnetic directions are opposite to 
those in lower permian rocks, which 
were magnetized in a reverse magnetic 
field. 

The upper permian volcanism in the 
Vicentinian Alps is restricted to a narrow 
ENE-WSWzone (4km wide) from Recoaro 
over Staro and Valli up to the Camparmo 
area, where it is intersected by the Vi
cenza fault. The eastern part of this zone 
probably continues below the younger 
strata presently cropping out in the 
Monte Priafora and Monte Spin com
plex. 

It seems that in the Upper Permian 
volcanism has been also active north of 
Trento, where syngenetic mineralizations of 
unknown origin are found in the Bel l e
rophon series. In the Doss Ie Grave 
area, oolitic dolomites, rich in quartz, 
are impregnated with Pb, Zn, and Ba 
minerals, amongst which in the Pb mi
nerales are predominant. According to 
Maucher (1958) these mineralizations 
must have been formed by precipitation 
from solutions originating in submarine 
thermal springs, during the last stage 
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of lower permian volcanism. The mine
ralized zone has the same age as the 
igneous rocks in the Staro and Camparmo 
areas. ThiEl may indicate that also in the 
Trento area the submarine thermal 
springs originated in an independent vol
canic period and not during the last stage 
of the lower permian volcanism, as advo
cated by Maucher. 

The upper permian igneous rocks 
will be discussed separately for the 
Staro and Camparmo areas. 

a. Staro area. 

The necks of upper permian vol
canoes in the Staro area are presently 
exposed in the quartz-phyllites near 
Staro, particularly in the upper part 
of the valleys of the Valcalda and a 
small stream north of Staro. From 
these volcanoes an acid lava must have 
flowed in southwest direction. In an 
outcrop near the building of the Fonte 
Regina, the acid rock is 20 - 25 m 
thick. Southward the flow can be traced 
up to permian outcrops near Scocchi. 
The tuffaceous, clastic sediments be
low and above the acid lava are diffe
rent from the dolomites that should be 
expected when the sedimentation had 
continued normally. This sudden change 
of sedimentation is typical for all sedi
ments, deposited just before the outflow 
of acid lavas in the Vicentinian Alps. 

The direction of the flow has been 
determ ined from: 
a) the turbidity features in the under

lying sediments 
b) slump features in the older'sediments 
The acid lava flow covered an area of 
at least 2 sq km. Traces of accom
panyinghot icid solutions in marine envi
ronment are found e. g. as silicified 
brecciated sediments in the same zone 
over at least 6 sq km. 

b. Caroparmo area. 

The volcano from which the acid flows 
originated, presently cropping out in the 
Camparmo area, seems to have been loca
ted in the present Vicenza fault zone. 
Paleomagnetic correlations indicate (see 

page 151) that the igneous rocks are of 
the same age as those in the Staro area. 

The conformably intercalated bodies 
must be considered as ,effusives instead 
of int rusi ves, because of the lack of 
contact metamorphism and the strati
graphic succession. 

The following section has been obser
ved in the river valley between Scorzato 
and Camparmo: 
1) upper scythian limestones and quart

zites 
2) acid lava (?) III (thickness, 50 to 

100 m) 
3) 10m limestones, dolomites, and 

tuffs 
4) acid lava II (thickness 3 m) 
5) 1 m black tuffaceous, silty material 
6) 8 m sandy limestones 
7) acid lava I (thickness 6 m) 
8) 1 m black tuffaceous silty material 
9) grey and black coloured dolomites 

overlying the red silt series of the 
upper Permian 

At least two acid lava flows I and II 
are intercalated in the non-metamorphic 
marine sediments of the upper Permian. 
The lower Scythian in this area seems 
to be represented by igneous rocks, (acid 
lava? IIO, the mechanism of deposition 
of which could not be determined exactly. 

In the Staro and Camparmo areas 
the rocks are mainly weathered and 
locally affected by hydrothermal and 
pneumatolytic influences. A fine-grained, 
red-brown coloured quartzitic rock is 
left. In the flows, tuff -balls up to 40 cm 
in size, and egg-sized quartz-biotite 
nodules and corundum no'dules are found. 
Under the microscope the sections of 
the corundum crystals appear to be 
prismatic, and show a length slow op
tical character (optical positive). As 
corundum is optically negative, the 
crystals must be tabular. The pleo
chroism is strong and varies from grey
blue ,in the direction of the slower ray 
to greenish-white in that of the faste r 
ray. Some crystals are bi-axial with 
2V as high as 200 • Characteristic of 
the upper permian igneous rocks are 
the large feldspar phenocrysts (up to 
6 cm). Megascopically, the crystals ap
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pear to be twinned according to the 
Carlsbad law. 
They are mos t probably alkali -fe Ids pars. 
Usually the crystallographic form of the 
crystal, filled with kaoline, remains. 
Probably it is sanidine, which is suppor
ted by the occurrence of the high tem
perature mineral corundum. Biotite pheno
crysts with black resorption rims of 
magnetite are common (see page 75). 
Small apatite needles are enclosed in the 
biotite. The groundmass mainly consists 
of omall feldspar; due to intensive sili
cification, it cannot be easily recognized. 
Secondary quartz is abundant; it may re

place the groundmass and fill the druses 
and cracks. Calcite and chalcedony are 
less frequently found in small fissures. 
The red colour of the rocks is due to 
the hematite partially replacing the mag
netite which is present in the ground
mass. The composition indicates these 
rocks probably to be trachytic lavas, 
originating from syenitic necks. The 
effusive nature of these paleo-trachytic 
lavas appears from the presence of 
sanidine and corundum (indicating con
ditions of high temperature and rather 
low vapour pressure). 

D. TRIASSIC IGNEOUS ROCKS 

1. Scythian and Anisian igneous rocks. 

The scythian and anisian igneous 
rocks were studied by several authors, 
who generally considered them to be 
younger, Le. ladinian laccoliths inter
calated in lower triass ic sediments. The 
composition is similar and varies from 
rhyodacitic to andesitic. 

These igneous rocks are cropping out 
in the Bafelant-Cornetto, the Alba-Fratte, 
and the GUizza-Faedo area. In these 
units intrusive as well as effusive rocks 
are found, of which the latter are pre
dominant. The rocks can be best studied 
on the southeast side of the Bafelant
Cornetto, complex, where at least six 
levels of volcanites are intercalated in 
lower triassic sediments. 

The following points are presented 
in support of the author's opinion that 
the acid igneous rocks, which are gene
rally conformably intercalated in the lo
wer Triassic, for the greater part con
sist of effusives and not of intrusives 
as stated by Fabiani (1920) and Tre
visan (1934). 
1) The paleomagnetic data. The paleo

magnetic directions of the igneous 
rocks in each of the above mentioned 
six volcanic levels were measured. 

They are distinctly different, which 
indicates the presence of various 
volcaniC periods (chapter IV). The 
paleomagnetic directions measured 
in the lower scythian sediments and 
in the igneous rocks conformably 
intercalated in these sediments (vol
canic level 2), are about the same 
(see page 154). It may be concluded 
that these igneous rocks originated 
contemporaneously with the sediments. 
Consequently they must be effusives. 
The same applies to igneous rocks 
in other zones, e. g. in the anisian 
and ladinian, in which they were 
deposited in tuffaceous series in
dicating contemporaneous eruptive 
activity. 

2) The change in lithology of the sedi
ments conformably overlain by the 
igneous rocks. 
The scythian and anisian sediments 
conformably overlain by the igneous 
rocks are lithologically different from 
the normal sedIments in other places. 
The underlying sediments generally 
consistof laminated, dark coloured, 
tuffaceous silts, locally alternating 
with dolomite or limestone. This 
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zone of aberrant facies is 20 - 200 em 
thick. Generally it is slumped and 
its upper part may be folded. 
In the Scythian, the following stra
tigraphic succession is generally 
observed in the volcanic zones: 

4) red silts
 
3) acid igneous rock (conformably intercala


ted)
 
2) dark, tuffaceous silts
 
1) red silts
 

In an outcrop of this type in the upper 
part of the Erbe valley, 200 m north of 
Casarotti, the following section has been 
measured: 

5)	 violet-brown rhyodacitic layer with a 
greenish-grey lower contact 

4b)	 5 cm greenish-yellow, coarse tuff (pyro
clastics) 

4a)	 5 cm black rhyodacitic layer with flat 
lower and rippled upper contact 

3)	 20 cm greenish-grey, tuffaceous silt, 
showing foreset bedding and slumping; 
relatively poor in muscovite 

2)	 20 cm greenish-grey silt, showing fore
set bedding; relatively poor in muscovite 

1)	 pale brown, greyish-red silt, rich in mus
covite (typical scythian sediment) 

In the Anisian a similar characteris
tic section can be observed: 

4)	 limestones or dolomites 
3)	 acid igneous rock (conformably intercala

ted) 
2)	 dark, tuffaceous silts 
1)	 limestones or dolomites 

A typical outcrop of the anisian type is 
found in the northern upper reaches of 
the valley of the Maso, north of Tezza 
Giorche. The following section can be 
observed: 

5)	 violet-brown rhyodacitic layer, belonging 
to the Alba-Fratte igneous unit 

4)	 100 cm greyish tuffaceous silt, thoroughly 
slumped 

3)	 200 cm, alternating black silts, up to 
1 cm thick, yellow limestones, dolomites 
and sands, shOWing foreset bedding 

2)	 40 cm breccia, consisting of limestone 
and dolomite fragments in a matrix of 
yellow sands and black silts 

1)	 alternating yellow quartzitic dolomites 
and grey shales (typical for the Anisian) 

The dark tuffaceous silt must have 
been deposited in other places on the 
f1{!pks of submarine volcanoes. During. 
explosive actiVity and/or volcanic tre-
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Fig. 21	 Directions of elongated vesicles eye and 
eyebrow structures (vertically striped) 
and of ripples of lower contacts and sub
jacent sediment (horizontally striped). 
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mol's, the silty material formed fluxo
turbidites (trans ported products, inter
mediary between sediments deposited 
by slump and turbidity currents). The 
acid lava, flowing out during the sub
sequent eruption covered these depos its 
and locally crumpled their upper parts, 
3) The absence of contactmetamorphism 

in the sediments overlying the ig
neous rocks. 
The melts of acid igneous rocks are 
considered to have relatively high 
temperatures, and should have caused 
contactmetamorphic phenomena on 
the contacts duriug the intrusion 
if they were laccoliths. 
Contactmetamorphism has nowhere 
been observed at the upper contact, 
and at the lower contact the country 
rock appears to be slightly silici 
fied only. 

4)	 The approximately similar westward 
flow direction in the various igneous 
masses. 
The direction of flow has been deter
mined by means of the following fea
tures: (see fig. 21 ) 

a)	 elongated vesicles, 
b)	 the eye- and eyebrow structures 

(crescent-shaped bodies) con
sisting of quartz, calcite and 
limonite), 

c)	 the ripples on the lower contact 

plane of the igneous rocks, 
d)	 the folds in the underlying sedi

ments. 
Constant directions of flow in the 
various igneous masses are unthink
able for laccolithic intrusive- in se
diments but appear to be acceptable 
for effusives. 

Apophyses of the igneous rocks have 
not been observed. Moreover, the igneous 
rocks contain very few inclusions of 
country rock in contrast to the normal 
laccolithic intrusions in the Vicentinian 
region. Only one silt fragment, about 5 
cm large, has been found in the Alba 
igneous complex, which also contains a 
limestone block of 10 cubic metres. The 
limestone block might be a dragged slice 
of country rock. 
The igneous rocks are faintly laminated 
parallel to the contact planes. They are 
generally considerably jointed; in the 
thinner flows the joints are at right 
angles to the contact planes, thus forming 
the characteristic columns. 

The folloWing analyses of these scy
thian and anisian igneous rocks were 
published by Von Lasaulx (1873), Zanettin 
(1951), and Guidicini (1956) (numbers 
1 to 8). Two new analyses have been 
added (numbers 9 and 10). 

Table 1 

1 2 3 4 5 6 7 8 9 10 

'SiO2 62,99 62,92 64,71 64,95 72,90 66,14 64,53 60,86 63,0 67,2 
A120 3 16,36 15,65 16,09 16,48 14,30 16,36 13,68 14,62 22,1 19,8 
Fe20 3 1,86 2,77 2,85 3,94 0,82 4,89 4,07 7,91 4,3 3,6 
FeO 2,45 2,52 2,59 0,21 0,35 1,89 
MnO 0,49 0,08 0,08 0,07 

MgO 1,70 1,47 1,51 0,73 0,28 0,84 0,78 1,96 
CaO 1,68 3,54 1,83 0,37 0,74 0,98 4,22 3,18 1,6 3,7 
Na20 2,35 2,94 3,03 1,05 3,30 2,00 2,38 3,92 (2,5) (2,5) 
K20 5,64 4,40 4,53 7,72 3,54 3,76 2,84 3,26 4,4 6,4 
Ti02 0,41 0,81 0,83 0,49 0,10 0,37 
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1) Porfirite quarzoso-feldispatica del 
Bafelant (Zanettin, 1951) 

2) Porfirite quarzoso-feldispatica di Val 
Fangosa (Zanettin) 

3) Idem (after elimination of secondary 
CaC03) (Zanettin) 

4) Porfido quarzifero del Cornetto 
(Zanettin) 

5) Porfido quarzifero di Monte Alba 
(Guidicini, 1956) 

6) Porfido quarzifero di Monte Alba 
(Guidicini) 

7) Porfirite di Monte Ciccheleri 
(Guidicini) 

8) Porfirite di Monte Guizza (Von 
Lasaulx, 1873) 

9) Violet rhyodacite of the Monte Alba 
(author) 

10) Green rhyodacite. of the Monte Alba 
(author) 

When plotting the quartz, plagioclase 
and potassium feldspar norms in a QPK 
triangle (see fig. 22), the rocks are lo
cated in the area of rhyodacites (accor
ding to Johannsen's definition, 1952). 

CJu 

K' .........<-------'-_---'L--_---'-- ----J.-4 PI
 

Fig. 22 Q. P. K. triangle, showing the compositions 
of the rhyodacitic scythian and anisian ig
neous rocks. 

Microscopically, -the rocks have a 
holocrystalline porphyritic structure. The 
mainly totally crystallized groundmass 
contains phenocrysts of feldspar, biotite 
and quartz. The feldspar phenocrysts 
generally consist of plagioclases; potas
sium feldspars are scarcely present. 
Some crystals are zoned and twinned 

according to the albite-Carlsbad law. 
The following compositions have been 
determined by measuring the extinction 
angles of the twins in sections normal 
'to (010): 
(An 8 - An 9 - An 14 - An 20 - An 21 
An 22 - An 26). The composition of the 
plagioclases phenocrysts varies from ba
sic albite to basic oligoclase. Perthites, 
described by Zanettin (1951), have been 
observed also. These can be best cal
led braid perthites, but patch perthites 
are also present. Higher indexes of 
refraction predominating in other feld
spar phenocrysts indicate that anti
perthites ar'e present. Most of the per
thites and antiperthites are heavily al
tered into kaoline-sericite aggregates 
and cannot be easily recognized. The 
perthites are predominant in the violet
and the antiperthites in the green-co
loured variety of the rhyodacites. The 
biotite phenocrysts are well-developed. 
They are tabular, but mostly corroded 
and resorbed. In the green variety the 
biotite dominates and is generally trans
formed into chlorite. Quartz phenocrysts 
are rare. Their border is generally 
corroded. The groundmass is micro
crystalline and consists of quartz- and 
felds par _ Small spots of brownish glass 
have been observed in some cases. 
Accessory minerals are magnetite, 
hematite, apatite, rutile, and zircon; 
secondary are quartz (in veinlets ), 
chalcedony, calcite, chlorite, and py
rite (in fissures). 

In most igrieous units the lower part 
is dark-grey and the upper part is vio
let. The thickness of the dark lower 
part, which varies with the total thick
ness, has been in three places (10 em 
in a flow of 10m, 2 m in a flow of 
about 40 m, and about 20 m in a part 
of the Alba-Fratte complex where the 
combined thickness is about ,500 m). 
The different colours might indicate 
a different composition. This is sup
ported by the observation, that in the 
upper parts of the igneous masses the 
perthites and in the lower parts the 
antiperthites are predominant. The lower 
part contains more volcanic glass. In 
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the violet coloured rock of the upper 
parts, phenocrysts are less abundant than 
in the grey coloured rock. In the latter, 
the biotite phenocrysts are smaller and 
mainly altered into chlorite instead of 
magnetite, as in the upper part of the 
flows. 

These observations were confirmed 
by Zanettin's (1951) analyses of samples 
whichhe considered to belong to the upper 
and the lower part of the Bafelant-Cor
netto laccolith. 
Molecular norms 

Q 16,6 Q 18,4 
of Or 35,1 of Or 26,5 
upper Ab 22,4 lower Ab 27,0

{ {part part An 8,6An 7,9 

The upper parts of the flows have 
more normative orthoclase and less 
normative albite, which confirms the 
relative predominance of perthites in 
the violet coloured rocks. In the lower 
parts more normative quartz and plagio
clase are present, which is in accor
dance with the abundance of feldspar 
phenocrysts (among which antiperthites) 
and glass patches in the dark coloured 
rocks. 

After this general description of the 
scythian and anisian igneous rocks, the 
three major igneous units will be sepa
rately discussed. 

a. Guizza-Faedo igneous unit. 

The igneous rocks of the Guizza
Faedo igneous unit are conformably Qver
lying the silts and dolomites of the lo
wer Scythian. Only in the utmost north 
they are overlain by anisian sediments; 
the contact is obscured by southward 
overthrusts. This complex is heavily 
eroded. It was described by Von Lasaulx 
(1874), Tornquist (1901), and Fabiani 
(1930). 

For the forming of the Guizza-Faedo 
complex, the theory presented by Torn
quist (1901) will be quoted: "The Guizza
"Faedo complex stellt einen Stock von 
"erheblicheren Dimensionen" dar. Am 
"Rande finden sich sHirk veranderte 
"Banke von Be lle r-ophon Dolomiten (upper 
"Permian) und von festen Kalken des 
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"Seisser Horizontes (lower Scythian). 
"Die Schichten sind hornsteinartig ge
"worden und enthalten Contactmineralien. 
"Aus der Zusammensetzung des Schich
"tencomplexes del' Stu r-i a Kalke (upper 
"Anisian) ging deutiich hervor, dass die 
"Erhebung des Guizza-Faedo und damit 
"del' alteren triadischen Sedimenten zur 
"Zeit des Tr-i no do sus Horizontes (upper 
"Anisian) erfolgt sein muss. Brocken 
"von Be II erofhon Dolomiten und Werfener 
"Gastropodenkalken waren in den Conglo
"meraten jenes Alters verbreitet. Daraus 
"ist zu entnehmen, dass die Eruptiv
"gesteine des Guizza-Faedo einem erup
"tiven Acte ihre Entstehung verdanken, 
"welcher von del' Zeit des Ergusses del' 
"Decken zur Wengener Zeit eingetreten 
"war. Man kann diese Erscheinung gut 
"als einen ersten Aufschub von erup
"tiven Magma ansehen, nach seinem Ver
"laufe steigerte sich die vulkanische 
"Tatigkeit so, dass die reichlichere Zu
"fuhr von unten die Bildung von Decken 
"ermoglichte. 
("The Guizza-Faedo complex is a stock 
of considerable dimens ions. It" is in 
marginal contact with strongly altered 
layers of Be II e r-ophon Dolomites (tipper 
Permian) and dense limestones of the 
Seisser horizon (lower Scythian). The 
layers have become hornfelsic and con
tain contact minerals. The composition 
of the layers of the Stu d a limestones 
(upper Anisian) clearly indicates, that 
the intrusion of the Guizza-Faedo, and 
the doming up of the lower triassIc se
diments occurred during the deposition 
oftheTdnodo su s horizon (upper Anisian). 
Fragments of Be II e r-ophon Dolomites 
and scythian gastropod-limestones are 
present in the conglomerates of that 
age. This indicates that the igneous rocks 
of the Guizza-Faedo are the result of 
eruptive activity, which occurred be
fore the lava outflows of the Wengen 
period. It is possible to consider this 
Guizza-Faedo volcanism as an initial 
phase of rising magma. Subsequently, 
the volcanic activity increased to such 
an extent that the profuse supply of mag
ma gave rise to lava outflows"). (Trans
lation from the original german text 
by the present author). 



Fabiani (1920) accepted Tornquist's 
view. The present author, however, 
presents the following observations which 
are not in accordance with Tornquist's 
conception. 
a) Contactmetamorphic minerals are ab

sent. Hornfelses occur at the north
eastern side of the unit, and are con
centrated around a small intrusive 
body exposed in the eastern branch of 
the upper valley of the Aquasaliente. 
The metamorphism seems to be re
lated to this small separate intrusion. 

b)	 The Tretto conglomerates (upper 
Anisian) are not formed by erosion 
following the uplift of the Guizza
Faedo unit, but by the erosion of a 
high area north of a southdipping 
ENE-WSW trending normal faulJ 
(southern marginal fault of the Valli-
Recoaro horst (see chapter 1, 
page 38). 

c) The paleomagnetic directions of the 
igneous rocks collected from the 
Guizza-Faedo unit indicate that most 
probably it was formed in t4e Scythian, 
which is in accordance with its po
sition between the lower scythian and 
middle anisian sediments, and which 
confirms its effusive origin. 

b.	 Alba-Fratte igneous unit 

The largest of the three complexes 
is the Alba-Fratte igneous unit. It has 
the same characteristics as the' Guizza
Faedo unit. The rocks are conformably 
overlying the lower scythian silts and 
dolomites;in the northernmost part they 
are covered with lower anis ian sedi
ments. Heavy erosion removed the se
diments from the flanks. 

The unit was described by Maddalena 
(1909), Fabiani (1920), and Guidicini 
(1956). According to Fabiani the Alba
Fratte and the Posina igneous masses 
formed one large intrusion of ladinian 
age. The differences between these two 
masses have been mentioned (see page 64 ) 
Paleomagnetic correlations indicate that 
the age of the Posina igneous unit is 
lower or middle Permian and that of the 
Alba-Fratte igneous unit Scythian. As 
this unit is intercalated between the lower 

scythian and lower alliSlan sediments, 
it is most probably an effusive mass. 
The same opinion was advocated by 
Maddalena, who described the Alba
Fratte unit as "una grande massa effu
siva di origine sottomarina" (a large 
submarine effusive mass), but he did 
not further substantiate this view. 
Guidicini (1956) wrote "dal punta di 
"vista geologico poi, hanno notevole im
"portanza i tufi che ho trovato associa
"ti a porfidi e porfiriti i quali escludo
"no completamente l'ipotesi della giaci
"tura laccolitica dell 'ammasso roccioso 
"di Monte Alba, dimostrando invece jl 
"verificarsi di effusioni accompagnate 
"con evidenza da fasi di parossismo 
"vulcanico esplosivo". 
("Geologically, the tuffs which are asso
ciated with the porphyries are of great 
importance. They exclude the hypothesis 
of the Alba unit being a laccolith, and 
rather testify of the effusive nature of 
this igneous complex"). 
The tuffs mentioned by Guidicini are 
found on the Bocchetta Campiglia(ladi
nian tuffs) and in the mines of Vallor
tigara (brecciated triassic intrusion in 
the Vicenz a fault zone, that may have 
been mistaken for a tuff). Neither the 
Vallortigara intrusion nor the tuffs of 
the Bocchetta Campiglia have any re
lation to the Alba-Fratte igneous unit. 
According to the author, Guidicini's opi
nion is correct but based on an erroneous 
assumption. 

c.	 Bafelant-Cornetto igneous unit. 

The importance of the Bafelant-Cornetto 
igneous unit has been mentioned before. 
On the southeastern flank of this unit, 
igneous rocks of various ages are in
tercalated in scythian, anisian and ladi
nian sediments. Six different volcanic 
zones can be distinguished: one in the 
lower Scythian, two in the upper Scythian, 
one at the transition from lower to middle 
Anisian, one at the transition from middle 
to upper Anisian, and one forming the 
upper Ladinian. The volcanic zone at the 
transition from middle to upper Anisian 
is the thickest and most important (the 
igneous rocks of this zone were mainly 
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considered by former authors to form 
the Bafelant-Cornetto laccolith). 

The unit was described by Fabiani 
(1920), Hummel (1932), Trevisan (1934), 
and Zanettin (1951). According to Tre
vis an , the middle anisian and older se
diments were pressed up by a laccolith 
and subsequently eroded; the middle ani
sian strata are overlain by small lenses 
of conglomerates and rather thick lime
stone breccias. The latter consist of 
fragments of the upper anisian Spitz 
limestones. Consequently, the laccolith 
must have originated during the depo
sition of the lower part of the Spitz 
limestones (late Anisian). 
Trevisan's geological map of the Bafe
lant-Cornetto area is more correct than 
Fabiani's, who just as in the Alba area 
mistook scree for real outcrops and thus 
mapped the laccolith too large. In out
crops on the side of the so-called lacco
lith, the porphyritic rocks are alterna
ting with tuffs containing bombs. Con
sequently, we cannot speak of one large 
laccolith; instead we are dealing with a 
rather complex zone in which upper 
anisian volcanic rocks (tuffs as well 
as acid lavas) are alternating with lenti
cular bodies intruded during the upper 
Ladinian. 

Hummel (1932) also mentioned a lac
colith-shaped intrusive body of proba
bly ladinian age in the Bafelant-Cornetto 
area. However, he considered this not 
to have been formed by diapiric over
pressure, but by subverticalforces caused 
by the vapour pressure, which was for
med when the magma intruded water 
saturated layers in the neighbourhood 
of the sea bottom. Accordingly, the 
breccias known as "Trummerlavas" were 
formed first and subsequently mixed 
with the magma. However, on physical 
grounds the existence of a vault in uncon
solidated sediments and supported by 
water vapour under high pressure only 
is unacceptable. 

It can be concluded that the Bafe
lant-Cornetto, the Alba-Fratte and the 
Guizza- Faedo igneous units mainly consist 
of effuvise rocks. 

It is worth mentioning that SImi
lar submarine effusive masses of 

rhyodacitic to andesitic composition as 
found in the Vicentinian Alps are mentio
ned by Panto (1961), who studied the 
equivalent triassic deposits of Hungary. 
In the middle triassic series of Northern 
Hungary (BUkk and Rudabanya Mountains) 
anisian and ladinian volcanic complexes 
of about 300 m thickness are present. 
The Anisian consists of large masses 
of welded tuffs and "rheo-tg"nimbrites". 
with submarine or re-deposited tuffs and 
sedimentary admixture above and below 
them. The original texture of the welded 
tuffs and rheo-ignimbrites is obscured 
by auto pneumatolitic and metasomatic 
processes. These rocks distinctly resem.,.. 
ble the rocks of the Bafelant-Cornetto, 
the Alba-Fratte and the Guizza-Faedo 
igneous units. 

It is generally accepted that acid 
effusive rocks, characterized by a more 
or less flattened, compact and welded 
clastic structure and the absence of fluidal 
texture, must have been deposited as 
welded tuffs, whereas rocks with fluidal 
structure and not composed of frag
ments (With exception of autobrecciation) 
were deposited as acid lava flows. 

The scythian-anisian and some of the 
ladinian rhyodacitic rocks in the Vicen
tinian Alps are not pyroclastic and the 
igneous masses do not show pumiceous 
top and sides (which is characteristic 
for acid lavas according to Smith, 1960). 
Consequently, it may be concluded that 
the rhyodacitic rocks were not depo
sited as welded tuffs nor as acid lavas. 
The extent and the relative slight thick
ness of the sheetlike igneous bodies 
indicate a low Viscosity of the original 
magma. Moreover, the autopneumato
litic reactions and metasomatism of the 
igneous rocks indicate an original high 
content of volatiles. It may be conclu
ded that the low Viscosity was due to the 
high content of volatiles of the origi
nal magma. In the Bolzano area such 
magmas rich in volatiles gave rise to 
eruptions of welded tuffs during the ear
ly .Permian. 
110wever, these eruptions took place on 
the continent and the vicentinian rhyoda
citic rocks originated in marine envi
ronment. 
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Photo A: Altered phenocrysts of feldspar and biotite in quartz-feldspar groundmass (acid "lava flow" type) (100 x). 

Photo B: Broken phenocrysts of feldspar. biotite and hornblende in glasy grOlUldmass (weUWd tuff type) (100 X). 

Fig. 23 Photographs, showing the texture of the rhyodacitic igneous rocks. 



The mode of eruption of the thin 
acid flows intercalated between marine 
sediments, is a problem which can be 
exemplified by the description of an 
exposure in the scythian red silts, 200 m 
north of Casarotti (see page .69). In 
this outcrop a thin rhyodacitic layer 
(5 cm) has an undulating surface, the 
ripples of which are apprOXimately at 
right angles to the direction of flow 
(deQl,lced from the elongated vesicles). 
Its microscopic structure is shown in 
fig. 23, photograph A. This acid layer 
is overlain by a greenish-yellow,coarse
ly-grained kaoline tuft, that seems to 
have had the same compo.3ition as the 
thin rhyodacitic layer, but that has been 
thoroughly altered prior to the eruption 
of a thick rhyodacite overlying the tuff. 
Deposition took place in shallow marine 
environment (see Scythian). The thin 
rhyodacitic layer can be traced over 
at least 10 metres; this indicates a very 
low viscosity during its eruption, which 
is not in harmony with the high viscosi
ty of acid magmas. 

In higher stratigraphic levels (Ladi
nian) the same rhyodacitic sheets are 
found, but with a distinct welded tuff 
structure, as demonstrated in fig. 23, 
photograph B. The thin section was taken 
from a rhyodacitic layer, cropping out 
in the old kaoline quarry in the Mojentale 
valley. The outflow of this welded tuff 
occurred under terrestrial conditions 
because it is intercalated between sub
ae rial tuffs. 

The author had the opportunity to 
discuss the mechanism of the submarine 
acid flows with Prof. Dr. A. Rittmann 
and Prof. Dr. R. W. van Bemmelen 
during a visit of the former to Utrecht 
in 1962. 

The following hypothesis is presented: 
As both the subaerial welded tuffs and 
the submarine flows of igneous material 
have more or less the same chemical 
composition and show the very low visco
sity at the time of eruption, they both 
had probably an ignimbritic eruption, 
mechanism. In both cases the magma 
may have reached the surface in a flui
dized state along tension fissures. The 

gases formed a continuous phase in 
which the crystal particles and glass 
were suspended, causing the low Vis
cosity. Under subaerial conditions this 
mixture is spread out as pyroclastic 
sheets with a flat surface as. described 
a. o. by Rittmann (1960), Smith (1960, 
1961) and van Bemmelen (1961). The 
lower parts of these sheets may be sub
sequently welded. Under submarine condi
tions, however, the small explosive 
energy of such ignimbritic outpourings 
(Rittmann speaks of "flowing over the 
rims of the fissures like the boiling 
over of milk", Italian traboccare), and 
the pressure of the overlying water 
will cause sideward injection of the 
magma between sediments and sea-water. 
A highly turbulent roof of boiling water, 
mixed with pyroclastic matter, may have 
formed below which the fluidized matter 
collapsed under the weight of the sea
water and subsequently recrystallized 
under mainly hydrothermal conditions. 
The Cover of pyroclastics was generally 
swept off from the top part by the tur
bulent sea-water and will be deposited 
elsewhere (the general occurrence of 
tuffaceous particles e. g. throughout 
the scythian deposits might be related 
to this phenomenon). This explains why 
these submarine flows generally have 
a surface without scoriae or pyroclastic 
matter. In the case of the exposure north 
of Casarotti, a thick rhyodacitic flow 
erupted so qUickly after the eruption of 
the thin flow that the hydrothermally al
tered pyroclastic top of the oldest flow 
cannot have been removed by the tur
bulent waters. 

According to this hypothesis, the 
submarine acid "lava flows" might re
present examples of submarine eruptions 
of flUidized systems. They would be the 
first described examples of submarine 
ignimbrites. 

The mode of eruption will have caused 
changes in the composition of the flows. 
In the first place the erupted magmas 
will have reacted with the NaCl of the 
sea-water. This caused a supply of 
sodium. It is the author's opinion that 
the original magma has been more basic 
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and had the composition of a dacito-an
desite (see the composition of the welded 
tuff of the Mojentale valley that did not 
react with the sea-water). The sudden 
decrease of vapour pressure upon ap
proaching the surface will have caused 
a rise in temperature and a subsequent 
partial melting of the feldspar pheno
crysts. In this way the antiperthites may 
have originated. In the upper part of 
the flow the composition of these anti
perthites will have changed because of 
the auto pneumatolitic and hydrothermal 
reactions during the cooling of the igne
ous rocks. The sodium will be mobi
lized by these reactions, causing a local 
relative enrichment of the magma with 
potass ium and the forming of perthites, 
This explains the relative richness of 
antiperthites in the lower and perthites 
in the upper part of the acid flows. 
The following processes may be expected 
during cooling: 
a) Devitrification of the flow, except 

in the rapidly cooling lowe l' part. 
During this process fine-grained quartz 
and quartz -feldspar aggregates are 
formed. 

b) Vapour-phase crystallization in the 
upper part of the flow, causing auto
pneumatolitic reactions, as indicated 
by corroded and altered biotite and 
feldspar phenocrysts. 

c) Fumarolic activity in the upper part 
of the flow, causing metasomatic 
reactions as indicated by kaolini
zation and sericitization of feldspars 
and the p:resence of calcite. 

As the author had no opportunity to pur
sue this hypothesis by furhter studies 
in the field and under the microscope, 
these submarine' flows of acid igneous 
rocks will be provisionally called "lava 
flows" in this thesis. 

2. Ladinian igneous rocks 

In the upper Ladinian, volcanic de
posits are predominant. In the western 
part of the Vicentinian Alps thick tuff 
masses are present. These volcanic rocks 
have never been completely described, 
as most papers were dealing with cer
tain areas. Von Lasaulx (1873) and Von 

Foullon (1880) studied the Recoaro area 
\vhere upper ladinian rocks are relative
ly scarce. Maddalena studied the ladinian 
igneous rocks of the Posina area in 1906 
and 1909 and of the Tretto area in 1911 
and 1912. Zanettin (1951) described the 
igneous rocks of the Bafelant-Cornetto 
area and GUidicini (1956) the Alba- Fratte 
area. 

The upper ladinian rocks are gene
rally intercalated between lower ladinian 
massive limestones and norian dolomites. 
The latter two series form steep cliffs 
by erosion, and the volcanic rocks are 
mostly overlain by scree zones of norian 
dolomites. The volcanic series have also 
re~atedly served as a sliding plane for 
o\'erthrusting movements by the norian 
dolomites;in some places they are hea
vily tectonized. 

Well-exposed sections are found in 
the valley of the Sinello in the northern 
part, and in the Fongara and Tretto 
areas in the southern part of the western 
Vicentinian Alps. The volcanic rocks 
mainly consist of tuffs deposited in 
marine environment. Intercalated in the 
tuffs are acid as we 11 as basaltiC lava 
flows and laccoliths. The oldest igneous 
rocks have a rhyolitic or rhyodacitic 
composition. They were followed by 
andesites and the youngest rocks are 
basaltic. 

The following subdivision will be 
followed for describing the ladinian ig
neous rocks: 

a effusive al paleo-dacites 
rocks a2 paleo-andesites 

a3 paleo-basalts 

b hypabyssal paleo-basalts bl feldspar-dominates 
rocks b 2 equal ratio 

. feldspar-pyroxene 
b3 pyroxeen dominates 

c abyssal norites 
rocks 
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a. EFFUSIVE LADINIAN ROCKS. 

a1 . Ladinian Paleo-dacites 

The ladinian paleo-dacites are the equi
valents of the dacitic and rhyodacitic igne
ous rocks in the Scythian and Anisian. By 
using the name dacite, these rocks are 
considered as the surface equivalents of 
grano-diorites and not of quartz -diorites, 
because their composition corresponds 
with the first. According to Moorhouse 
(1959), the best definition of a dacite 
is a leucocratic andesite with quartz 
phenocrysts. The paleo-dacitic group 
is hard to define, because on the one 
hand it grades into andesites and on the 
other into latites and rhyolites. 

The principal minerals are plagio
clases and one or more of the mafic 
minerals, biotite, pyroxene 01" amphi
bole. Maddalena (1912) mentioned two 
varieties of paleo-dacites, one with 
monoclinic pyroxenes and zoned feld
spars, and another without pyroxenes 
and with non -zoned feldspar. The pheno
cryst8 of feldspar and biotite are up 
to 6 mm, and the phenocrysts of quartz 
and pyroxene up to 3 mm in size. 

By measuring the extinction angles 
of combined albite-Carlsbad twins in 
sections normal to (010), the following 
compositions of the feldspar pheno
crysts have been determined: 
(An 28 - An 30 - An 32 - An 35 
An36-An36-An38 - An 39 -An40
An 40). The composition of the plagio
clases varies from basic oligoclase to 
medium andesine. Zoned phenocrysts 
are common, and in two crystals the 
following compositions have been measured 

core An 41 border An 35 
core An 37 border An 29 

In the zoned phenocrysts the border is 
also more sodic than the centre. The 
biotite phenocrysts are strongly pleo
chroitic with colours from yellow-brown 
to somewhat greenish-brown instead 
of the normal dark brown. They are more 
or less resorbed and surrounded by dark 
reaction rims. The quartz phenocrysts 
are clear, the borders corroded. They 
may contain small irregular stringers of 
matrix. Subrounded quartz grains are 
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frequent. The pyroxenes are heavily al
tered and their composition cannot be 
easily established;ur;:tlitization is com mon. 
The groundmass of the paleo-dacites is 
microcrystalline and consists of quartz 
and feldspar ,with scarce shards of glass. 
Secondary minerals are quartz, calcite, 
and chlorite. Accessory are apatite, 
magnetite, and rutile. 

On paleomagnetic and lithologIc grounds 
the effusive origin of these rocks has 
been established (see chapter IV). In the 
lower part of the upper Ladinian, acid 
lavas alternate with welded tuffs, but 
upward the latter are predominant. A 
beautiful example of a welded tuff is found 
in the valley of the Mojentale; the sheet 
is dipping steeply north and is inter
calated in tuffs. Under the microscope 
the black coloured rock shows a trans
parent faintly brown isotropic glassy 
groundmass containing fragments of fresh 
feldspar phenocrysts (see fig. 23 photo
graph B). The feldspar is bi-axial nega
tive and 2V is rather large, twinning is 
rare, the refractive indices are higher 
than of the balsem, so it is most pro
bably andesine. Phenocrysts of biotite 
and green hornblende are common. The 
glassy groundmass has a refractive in
dex of 1,510, so that it might be a pla
gioclase -bearing glass. According to 
Foster (1955) its composition is An 25 
to An 30. The groundmass is thus more 
sodic (basic oligoclase) than the pheno
crysts (andesine). 

az Ladinian paleo-andesites 

As pointed out by Shand, Tyrrell and 
others, many of the so-called andesites 
contain more than 10% normative quartz. 
They are related to quartz -diorites rather 
than to diorites, and the majority should 
be more properly named dacites. In 
andesites the quartz is predominantly 
present in the matriX, either as sili
ceous glass or as minute grains. In 
many cases (as in the Tretto area), 
altered basalts have .been called ande
sites, on account of the lighter colour 
due to chloritization and carbonatization 
of the terromagnesian minerals. 
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Economically, the andesites in the 
Vicentinian Alps are of importance; the 
rocks have been kaolinized by hydrothe r
mal and pneumatolitic solutions that 
followed the northe rn and southern mar
ginal faults of the Valli-Recoaro horst. 
At present kaoline quarries are worked 
in the valleys of the Mojentale (Posina 
area) and Aquasaliente (Tretto area), and 
in the Valle Mercanti area. Particular
ly in the first mentioned two areas with 
kaolinized andesite masses located in 
the major fault zones, the rocks contain 
a large amount of quartz -phyllite xeno

-liths. Up to 50 per cent of the rock 
may cons ist of quartz -phyllite fragments. 
It is evident that these are original 
breccias, formed during faulting of the 
basement and transported upward by 
the intruding magmas. The andesites, 
rich in phyllite-xenoliths not only occur 
as intrusive masses on the major fault 
zones but also as subvertical NNW-SSE 
dikes. The dikes may be 10 -cm thick 
only, indicating a rather low Viscosity. 
Such thin dikes are found in the Anisian 
of the Rotolon valley and in the Scythian 
near Vallortigara (Vicenza fault zone). 
The xenoliths have not been altered by 
the magmatic melt or by hydrothermal 
solutions, and they are presently found 
unaltered, embedded in a matrix of 
kaoline. 

The principal minerals of the paleo
andesites are plagioclases and hyper
sthene, clinopyroxene or hornblende. 
Occasionally, biotite and olivine are 
observed, but never together in the same 
sample. The feldspar-, pyroxene- and 
am phibole phenocrysts are from 2 to 
5 mm. The feldspar phenocrysts are 
generally twinned; polysynthetic twins 
are common. 

By determining the extinction angles 
of crystals twinned according to the 
combined albite-Carlsbad law, in sections 
normal to (010), the following composi
tions have been determined: (An 36 
An 38 - An 39 - An 40 - An 40 - An 45 
- An 46 - An 49 - An 49 - An 49 
An 51 - An 52 - An 57 - An 59). The 
composition of the plagioclases varies 
from medium andesine to medium labra
dorite. Also oscillatory zoning has been 

observed in the phenocrysts, particu
larly in rocks from outcrops in the Orco 
valley (Tretto). The following oscillatory 
change in composition has been mea
sured in an extremely well-developed 
and zoned phenocryst: core An 58 
An 46 - An 56 - An 50 border. In nor
mally zoned crystals the core is more 
basic than the border: 

core An 55 border An 40 
core An 56 -- border An 47 
core An 56 -- border An 44 

The feldspar phenocrysts may contain 
irregular patches of matrix. The pheno
crysts of clinopyroxene mainly have the 
composition of diopside and pigeonite 
(extinction angle on (010) from 370 to 
420 ). In many thin sections, however, 
a purplish titaneferous augite is ob
served instead of the more common di
opside. 

The two types of altered pyroxenes 
are frequently observed. Either horn
blende replaces the augite (late mag
matic phase) or tremolite-actinolite ag
gregates are all that is left of the py
roxenes (hydrothermal alteration). In 
rocks slightly or not affected by tecto
nic deformation, the late magmatic, and 
in the paleo-andesites in the major fault 
zones the hydrothermal alteration is 
predom inant. 

Amphiboles are less common than the 
pyroxenes. The most common variety is 
a basaltic hornblende, mostly present as 
euhedral phenocrysts with a distinct 
pleochrois m (ex yellow, P= brown,=.0 

" = reddish-brown). The crystals are 
frequently rimmed, and may be com
pletely replaced by a mixture of pyroxene , 
magnetite , and feldspar. This is attri
buted to an increase in temperature, 
accompanying the flOWing out due to 
decreasing vapour pressure. 

The groundmass mainly consists of 
randomly orientated plagioclase laths 
containing glass shards. 

Accessory minerals are magnetite, 
hematite, sphene, and apatite; secondary 
are carbonates, chlorites, and quartz. 

a3 Ladinian paleo-basalts. 

Paleo-basaltic flows are scarCe in the 
Vicentinian Alps. Mainly mega-breccias 
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occur, composed of basaltic fragments 
in a tuffaceous matrix. Such mega
breccias are common in the northern 
parts of the Tretto and Val Mojentale 
areas and may represent mudflow (lahar) 
deposits. The paleo-basalts are fine
grained rocks, predominantly consisting 
of plagioclase and pyroxene, with olivine 
occasionally present. The composition 
of the plagioclases cannot be easily es
tablished, but seems to be close to 
labradorite. Zonal structures and twinning 
are common. The phenocrysts of pyroxene 
are generally polysynthetically twinned. 
The maximum extinction angle of longi
tudinal sections varies from 370 to 420 

, 

which indicates these pyroxenes to be 
augites. In some instances zonated augite 
crystals have been observed and the 
faint yellow-red pleochroitic rim in
dicates the border to be relatively rich 
in titanium. The ferromagnesian minerals 
are usually altered to fibrous horn
blende (uralite), chlorite, serpentine, 
and carbonates. These alterations may 
have been accompanied by the release 
of some silica, causing fine-grained 
quartz to be present in these rocks. 

b. HYPABYSSAL LADINIAN ROCKS. 

In the last stage of triassic volca
nism, during the upper Ladinian, ba
saltic rocks intruded, which only rarely 
reached the surface and formed flows. 
The upper ladinian dikes are mainly 
~ubvertical and striking NNW-SSE. Lo
cally, the subvertical dikes may turn 
eastward and follow the bedding planes 
of the slightly west dipping sediments, 
thus becoming subhorizontal. This seems 
to have been caused by tectonic west
ward directed sliding movements that 
took place contemporaneously with the 
intrusion of basalts. The ladinian dikes 
are densely microcrystalline at the 
borders; their central parts are not only 
porphyritic, but also contain abundant 
amygdules and autoliths of plutonic rocks. 
This seems typical for dikes that intru
ded into water-rich layers; the borders 
chilled rapidly, causing the magma in the 
centre to become relatively rich in 
volatiles that could not escape through 

the chilled borders. Contactmetamor
phism has not been of importance; only 
in some places the country rock is slight
ly silicified. The age of these dikes 
has been established with paleomagnetic 
correlations. Dikes with the same 
characteristic paleomagnetic directions 
are not found in the Norian. The majority 
of the dikes is found in the crestal zone 
of the Valli-Recoaro horst. 

Based on the ratio of the relative 
contents of pyroxenes and feldspars, 
three types of ladinian basaltic dikes 
can be distinguished: 
bl dikes in which the feldspar is pre

dominant 
b2 dikes composed of about equal amounts 

of feldspar and pyroxene 
b3 dikes in which the pyroxene is pre

dOJninant. 

bl .	 Dikes in which the feldspar is 
predominant. 

The structure of dikes, the rocks 
of which contain more feldspar than 
pyroxene, is distinctly porphyritic. The 
phenocrysts of plagioclase are generally 
twinned according to the albite-Carlsbad 
law. By measuring the extinction angles 
in sections normal to (01 0), the compo
sition can be established of the more 
coarsely-grained centres. The following 
compos ition has been determined: An 68 
An 70 - An 72 - An 72 - An 73 - An 75 
- An 75. The composition varies from 
basic labradorite to acid bytownite. Zo
nated feldspar crystals are common. The 
borders appear to be more acid than 
the cores: core An 73 border An 64 

core An 74 -- border An 67 
core An 70 -- border An 63 

The pyroxenes are well-developed. 
The extinction angles. in longitudinal sec
tions vary from 380 to 440 • Hourglass 
structures have been observed in a few 
cases. Twinning is common; polysynthetic 
twins of the combined type of (100) twins 
and (001) twins, causing the so-called 
''herringbone'' structure, and also strings 
of twins according (100) are present. 
The augites in these relatively feldspar
rich dikes only scarcely have pleo
chroitic borders, in contrast to the 
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pyroxenes in other types of dikes. 
The groundmass is partly crystalline, 

partly glassy, and may be called hypo
crystalline. It consists of feldspar, pyro
xene, and shards of brown glass. 

Accessory minerals are apatite, 
magnetite, and ilmenite. ali vine has 
not been found in these rocks. 

Dikes composed of about equal 
amounts of feldspar and pyroxene. 

The dikes with about equal amounts 
of feldspar and pyroxene most resemble 
normal basaltic dikes. The structure is 
distinctly porphyritic and the feldspar 
and pyroxene can be very well distin
gUished. The composition of the feld
spar phenocrysts determined by means 
of measuring the extinction angles in 
sections normal to (010) in crystals 
twinned according the albite-Carlsbad 
law, is as follows: An 72 - An 74 
An 75 - An 75 - An 75 - An 75 - An 76 
- An 80. These compositions oorrespond 
about with acid bytownite;they are more ba
sic than the plagioclases in dikes rich in 
feldspar. In zonated crystals the -follo
wing compositions have been determined: 

core An 84 -- border An 70 
core An 82 -- border An 75 

These compositions correspond with bY..
townite. 

The pyroxene has been determined 
as being augite. The number of crystals 
with pleochroitic borders is larger than 
in the dikes rich in feldspar. ali vine 
is rather common, though mainly al
tered. 

The groundmass is hypocrystalline 
and consists of aggregates of feldspar, 
augite, magnetite, and shards of glass. 

Accessory constituents are biotite 
and apatite. 

Dikes in which the pyroxene is 
predominant. 

In the basaltic dikes, in which the 
pyroxen~s are predominant, three gene
rations ofpyroxenes can be distinguished 
The structure is distinctly porphyritic.' 

The composition of the plagioclases 
corresponds with an acid bytownite. The 
extinction angles in sections normal to 
(010) of twinned albite-Carlsbad crystals 
indicate the follOWing compositions: 
An 74 - An 75 - An 76 - An 78 - An 78 
- An 80 - An 84. The composition 
appears to be slightly more basic than 
in rocks with about equal am()unts of 
feldspar and pyroxenes and is close to 
a bytownite. These compositions are not 
to be considered conclusive as the pheno
crysts are rather small. 

The relative abundance of pyroxenes 
is reflected by the augite concentrations 
of marble size, mainly formed py pyro
xene phenocrysts of the first generation. 
The augites are twinned as well as zoned. 
The borders are distinctly pleochroitic 
The follOWing absorption has been obser": 
ved: 1% = violet-red, ~ = yellow-brown, 
V =yellow-brown. The extinction angles 
in longitudinal sections varies from 450 

in the centre of the zoned crystals to 
560 in the border. The biaxial positive 
interference figure has an axial angle 
varying from 340 in the border to 500 

in the centre. Zanettin (1951) published 
the values for 2V in the centre (540 

) and 
in the border (280 ). The augites become 
gradually richer in titanium from the 
centre towards the border. 

Olivine crystals are common and 
generally altered. The groundmass con
sists of augite, olivine, magnetite, and 
ilmenite, with scarce feldspar laths and 
shards of glass. The glass might have 
the composition of analcime (NaAl(Si03)2 
H20); it may be p:rimary or it may 
have originated from nepheline «Na, K) 
(AI, Si)204). This corresponds with the 
data published by Artini (1907), Maddalena 
(1908), and Zanettin (1951), who mentioned 
the presence of nepheline crystals in 
dikes of this type. Anhedral nepheline 
crystals have been observed by the author 
in a dike intersecting the quartz -phyllites 
about 100 m north of the village of Pra 
in the Leogra riverbed and also in a dike 
cutting the permian silts north of the 
village of Ceolati. The uni-axial negative 
interference figure is dis tinct; ~onse
quently, the mineral nepheline cannot be 
mistaken for orthoclase. The nepheline 
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is generally partly altered into zeolites 
or muscovite. 

c. ABYSSAL LADINIAN ROCKS 

Although abyssal rocks are not ex
posed in the Vicentinian Alps, the auto
liths in the augite-rich dikes indicate 
that the magma might have been of a 
noritic composition. In several dikes, 
one of which is exposed in the kaoline 
quarry in the Valle Mercanti, noritic 
autoliths up to 10 cm have been found. 
They are generally present in the central 
part of the basaltic-dikes, where the 
largest phenocrysts and amygdules are 
also most frequent. The autoliths have 
a xenomorphic texture and consist of 
basic plagioclase 
pyroxene. 

The felds par 
townite as can 
bi-axial negative 

and orthorhombic 

is most probably by
be concluded from the 

interference figure 
with an axial angle of about 800 and a 
maximum extinction angle from 390 to 

450 in albite twins. 
The pyroxene is a Fe-rich hypersthene 

according to the bi-axial negative inter
ference figure, which shows a rather 
large axial angle (2V = 700 - 800 ); the 
pleochroism is C( brownish-red to 
pink, ff = yellow, Y' = green. 

In conclusion, the rhyodacitic, da
citic, andesitic, and basaltic effusive 
rocks and dikes may have originated 
from magmas, formed by differen
tiation of a noritic magma; the trachytic 
and syenitic upper permian igneous rocks 
must have originated by an assimilation 
process of this differentiated magma. 
From tectonic data it can be concluded 
that this basic magma began to move 
upward in the upper Permian, forming 
an ENE-WSW striking horst. The sub
sequent triassic volcanism has been 
most active in the Ladinian and ceased 
prior to the deposition of the first no
rian strata. 

E. TERTIARY IGNEOUS ROCKS
 

Tertiary volcanic activity occurred 
mainly in the southern part of the Vi
centinian Alps, i. e. south of the Schio 

,and Caltrano flexure-fault zones. By 
JitJ~ans of paleomagnetic correlations, the 
age of dikes in the northern part of the 
Vicentinian Alps has been determined as 
Tertiary. Tertiary volcanism has been 
::;tudied by few authors and most publi 
cations concern the volcanic rocks of 
the Monte Berici and Colli Euganei re
gions farther south. Suess (1868) pu
blished a rather complete stratigraphic 
study of the Tertiary in the southwestern 
part, and Fabiani (19'06, 1907) described 
the stratigraphy in the southeastern part 
of the Vicentinian Alps. Schiavinato (1954) 
described some tertiary dikes in the 
Sette Comuni area. 

The volcanic tertiary deposits in the 
Vicentinian Alps are represented by 
thick tuffs and volcanic breccias, locally 
containing laccoliths and lava sheets. 

Most of the rocks are basaltic. Andesitic 
tuffs may be present, but acid igneous 
rocks are generally absent. By means 
of paleomagnetic and lithologic data, a 
middle eocene and a middle oligocene 
volcanic series can be distinguished. 
Magnetic, anomalies indicate the basal
tic volcanic rocks to be derived mainly 
from two large plutonic bodies, the Monte 
di Malo. and the Thiene plutons (see 
fig. 43). This evidence from magnetic 
anomalies is suooorted by gravimetric 
data (see chapter IV). , 

In the neighbourhood of the Monte 
Baldo (eastern side of Lago di Garda 
area, west of the Vicentinian Alps), 
volcanic activity is known already from 
the lower part of the upper Cretaceous 
(Rizz ini, non -published oral informa
tion from Piccoli). According to Pasa 
the igneous rocks of the Monte Baldo 
must have originated as a laccolith 
and, accordingly, are younger than the 
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Cretaceous. 
In the southwestern part of the Vicen

tinian Alps, tuffs are found in cretaceous 
strata. It appears that the late Cretaceous 
and lower Eocene (perhaps Paleocene) 
have been volcanic. The limestones in 
which the tuffs are intercalated, may be 
reworked cretaceous strata ("hard ground", 
according to Malaroda '(1962). It is note
worthy that volcanic activity occurred 
in pre-eocene time only in the western part 
of the Vicentinian Alps' (and east of the Lago 
di Garda). It then shifted eastward. Du
ring the middle Eocene, active volca
nism is known from the area west of 
the Vicenza fault. In the middle Oli
gocene it is known from the Thiene area 
(southeastern part of the Vicentinian 
Alps). 

Thus during the lower Tertiary, the 
centres of volcanic activity shifted slow
ly from the southwest to the northeast. 
This corresponds with a southeastward 
regression of the sea, as indicated by 
the lithology of the eocene and oligocene 
sediments;this regression seems to have 
been caused by the uplift of the Monte 
di Malo area in the middle Eocene and 
the Thiene area in the middle Oligocene, 
as a result of rising magmatic bodies. 

In summary, the succession of events 
may have been as follows: 
a) In the late Cretaceous and early 

Eocene, rise of basic magmas in a 
NNW-SSE trending zone west of the 
Vicentinian Alps, followed by volca
nic activity. 

b)	 In the middle Eocene, the rise of 
basic magmatic bodies in a NNW-SSE 
trending zone, in which the Colli 
Euganei, the Monte Berici, and the 
southwestern Vicentinian Alps are lo
cated; subsequent volcanic activity. 

c)	 In the middle Oligocene, the rise of 
a basic magmatic body in the south
eastern part of the Vicentinian Alps, 
with subsequent volcanic activity. 

d)	 In the Miocene, Pliocene and Plei
stocene, eruption and effusion of 
more acid magmas (formed by dif
ferentiation of an older' basic magm a) 
in the Colli Euganei area. 

1. Tertiary hypabyssal rocks 

Most of the Tertiary dikes are found 
in the northwestern part of the Vicenti 
nian Alps, where they intruded into the 
triassic series. Thin tuff layers in the 
norian, jurassic and cretaceous strata 
may represent reworked ladinian tuffs 
or were formed during pre-tertiary 
periods of volcanism. In the latter case, 
the dikes which intruded the norian and 
younger series need not all to be of 
tertiary age, but may belong to these 
jurassic and cretaceous volcanic periods. 
The proper age of these dikes may be 
determined in the future by a more de
tailed paleomagnetic survey. 

The subvertical tertiary dikes are 
mainly striking N-S. They have a ten
dency of turning west in the direction of 
the east dipping strata. This may be 
explained by eastward sliding movements, 
caused by the strong relief following the 
downward movement of the block east 
of the NNW-SSE faults. The deviating 
dip of the dikes can be well observed in 
the Passo Borcola area, where tertiary 
dikes intruded into the Vicenza fault 
zone. The tendency of the tertiary dikes 
to obtain a westdip is in strong contrast 
to the tendency of turning east of the 
triassic dikes, and can be used for dis
tinguishing these two types. Another 
notable difference between the two types 
of dikes is the intensity of contactmeta
morphism. The wall rock of the triassic 
dikes is only slightly metamorphosed 
whereas the tertiary dikes are generally 
bordered by hornfelses. This difference 
is explained by assuming that the triassic 
dikes intruded into waterbearing sedi
ments at the sea-bottom, whereas the 
tertiary dikes intruded into older and 
more consolidated sediments containing 
less water. Rapid cooling of the triassic 
rocks prevented the volatiles to escape 
and the gases were concentrated in the 
central parts of the dikes; the volatiles of 
the tertiary dikes could penetrate the 
country rock over considerable distances. 

Three types of contactmetamorphism, 
depending on the composition of the COun
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try rock , can be dis tinguished. 
The grey and white norian dolomites 

were recrystallized and have vivid colours 
near the contacts. The red, green and 
black colours are probably due to oxyda
tion orminerals, traces of which were 
present in the dolomites. At the actual 
contact, about 1 mm of the dolomitic 
rock was transformed into a yellow
green serpentine. In some places, con
centrations of chlorite are found. Locally, 
the dolomites are silicified. 

The sandy permian and scythian rocks 
are recrystallized and hardened in a 
belt of approximately 20 cm thickness 
on either side of the dikes. 

The most conspicuous contactmeta
morphism is found in the quartz-phyllites. 
At the contact of a dome-shaped intrusion 
near Scocchi, three metamorphic zones 
can be distinguished in the adjoining 
rock: 
zone a) thickness 10to30cm;the quartz

phyllites are transformed into 
a somewhat transparent hornfels , 
consisting of albite, quartz, and 
scarce muscovite. This type of 
rock was called "adinole" by 
Rosenbusch (1910). 

zone b)	 thickness 30 to 100 cm; the 
quartz -phyllites are unchanged, 
but contain a great number of 
small quartZ-feldspar nodules 
(up to 2 cm). The feldspar is 
mostly albite, but this mineral 
may contain a considerable 
amount of potassium. 

zone c)	 the quartz-phyllites are un
changed, but contain abundant 
small quartz nodules. The quartz 
is clear and can be easily dis
tingUished from the normal 
milky white quartz nodules. 
The number of nodules is in
versely proportional to the dis
tance from the proper area of 
contact. 

We may be dealing with a phenomenon 
as ascribed by Palm (1957) to regional 
metamorphism in the Cevennes (France). 
The zone a) may be compared with the 
premagmatic pneumatolytic or pegmati
tic phase of Palm and the zones b) and 
c) are eqUivalent to his premagmatic 

hydrothermal phase. In zone a) and b) the 
felds par and quartz of the coUntry rock 
(which contained connate sea-water)were 
mobilized and concentrated. In zone c) 
only the quartz was mObilized. 
The temperature limit between the pneu
matolytic and the pegmatitic-hydrother
mal phases was drawn by Palm between 
3000 and 4000 at low vapour pressure 
(and/or	 low static load). 

2. Tertiary effusive rocks 

Tertiary lava flows are not common 
in the Vicentinian Alps, but some are 
well-exposed. They are 5 cm to 10 m 
thick. 

In the Monte di Malo area, several 
outcrops are found consisting of thin 
flows of about 10 cm, which together 
resemble a sedimentary series, par
ticularly when the colour is greyish
yellow due to weathering. Presumably 
these piles of thin lava sheets were 
formed in places where lavas of low vis
cosity extruded intermittantly in small 
quantities. 

Columnar jointing, formed by shrink
age during cooling is generally present 
in the thicker flows. In these thicker 
flows the texture becomes coarser to
wards the central part and vesicles are 
abundant in the marginal parts. Xenoliths 
and autoliths are scarce in the lavas, but 
in some places zones and patches of 
more acid, micro-pegmatitic rock are 
found. These are considered to have 
been formed by alterations in a later 
stage (deuteric processes). 

The tertiary volcanic rocks in the 
Vicentinian Alps are mainly basaltic. 
Their composition varies from a normal 
basalt to an olivine basalt. A gabbroic 
autolith in a dike near San Antonio may 
indicate the presence of a plutonic 
gabbroic mass in the depth. 

The composition of the phenocrysts 
of plagioclase in the basaltic dikes has 
been determined by measuring the ex
tinction angles in sections normal to 
(010) of crystals twinned according to 
the albite-Carlsbad law. The follOWing 
compositions have been determined: 
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An 52 - An 53 - An 55 - An 58 - An 58 
- An 60 - An 63- An 66 - An 70. 
The plagioclase is generally a labradorite. 
The common pyroxene phenocrysts appear 
to be augite, hypersthene, and pigeonite. 
The marginal portion of the zoned crys
tals is darker, and richer in iron than 
the core. The pyroxenes are pur
plish, which is attributed to the presen
ce of titanium. Olivine is found in 
euhedral crysta1s with more or less 
corroded borders, and as anhedral in
terstitial grains. Nodules, consisting 
of olivine, are frequently present. Alte
ration to serpentine, rimming by red
brown iddingsite, and decomposition of 
olivine into dark-green or brown chloro
phaeite has been observed. Accessory 
minerals are hornblende, quartz, zircon, 

magnetite, ilmenite, and hematite. 

In the Colli Euganei area, some lim
burgites and augitites are found, which 
be long to the group of the foyaite -gabbros, 
which probably originated from a thera
HUc magma. The theralitic magma in its 
turn may have originated from a normal 
basaltic magma by assimilation of cal
careous (norian, jurassic, cr~taceous) 

country rock. The assimilation of cal
careous material can be observed on a 
small scale in the tertiary dikes. The 
upper parts of these dikes, ending in the 
norian dolomites, mostly have a limbur
gitic composition. 

In the Colli Euganei area, trachytes 
and liparites are predominant. 
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CHAPTER III
 

TECTONICS 

A. GENERAL 

The Vicentinian Alps passed through 
a complicated structural evolution. Three 
tectonic periods can be distinguished: 

1) The He rcynic orogenes is 
2) A permo-triassic period of tecto

genesis 
3) The Alpine orogenesis 

In all three periods, phases of primary 
and secondary tectogenesis (van Bemmelen, 
1960) are recognizable. In the oldest 
phase mainly subvertical movements took 
place and the deformations are trans-· 
latory, in the younger phase the move
ments are mainly subhorizontal and the 
deformations rotatory. 
1) The oldest phase of the Hercynic oro
genesis in the Vicentinian Alps appears 
to be mainly due to subvertical move
ments, by means of which the present 
basement was lifted. Schistosity might 
have developed during these movements 
by translatory deformation. The meta
morphism of the lifted series seems to 
be related to this deformation. In the 
younger phase of the Hercynic orogenesis, 
gravitation neutralyzed the formed reliefs 
and subhorizontal movements dominated. 
These WNW directed movements caused 
rotatory deformations by means of which 
WNW-dipping thrust faul~s and NNE-SSW 
minor folds and quart;, -s pindles were 
formed. The second schistosity belongs 
to this phase. As paleomagnetic. data 
revealed that NE-Ttaly rotated anti 
clockwise over 60° during the late
Triassic, the WNW directed subhorizontal 
movements must have been originally N
directed. 
2) In the permo-triassic period, also two 
phases can be distinguished, an older 
one with translatory and a younger with 
rotatory deformations. The oldest de

formations were caused by the rise of 
an ENE-WSW horst during the Permian 
and lower Triassic. The subvertical 
movements caused the forming of NNW
SSE (west- as well as east-dipping) and 
ENE-WSW (north- as well as south
dipping) normal faults. The two sets 
comprise a wedge-like segment of the 
basement of which the -acute angled part 
points upward. ThiS may indicate a 
lateral compression. In the younger 
(ladinian) phase the sedimentary cover 
of the north flank of the horst slid in 
WNW direction; NNE-SSW folds (and 
tension faults), and WNW-ESE sinistral 
wrench faults were formed in this cover. 
The plastic permo-triassic strata of 
the south flank moved westward; E-W 
folds (and tension faults) and N-S dex
tral wrench faults were formed. The 
antic lock rotation of NE-Italy over 60° 
took mainly place in post-ladinian time, 
so that the present west-plunging ENE
WSW horst must have had originally a 
WNW-ESE direction. The forming of the 
horst may be related to the supposed 
dextral megashear movements along 
the northern geosutures of the Tethys 
during the Mesozoic. 
3) Two different geotectonic processes 
governed the deformations of the Vicen
tinian Alps during the Alpine orogenesis. 
Primary the Vicentinian Alps were situa
ted in the transition zone between the 
rising Alpine geanticline and the sub
siding northern Adria and secondary the 
region is located on the northeast flank 
of the subsiding Po geosyncline. The 
stress fields as a result of these two 
tectonic phenomena, caused different 
structural patterns. The differential 
subvertical movements in the transition 
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Fig. 

1)	 Uplift of N~-Italy_Hercynian orogenesi~(Deve.
 
lopment of the schistosity and microfolds (?».
 

2)	 Northward directed sliding movements (Hercynian
 
orogenesis).Origin of north-dipping thrust faults
 
and folds - with E·W axes. Development of the
 
seoond schistosity."
 

3)	 Mesozoic westdrift of NE-Italy concluded from
 
paleomagnetic data (with late triassic anticlock

wise rotation).
 
Probably left-lateral shear movements along the
 
original G iudicaria and Pusteria fault zone.
 

4)	 Forming of a WNW-ESE zone of lateral com

pression in which a horst (Valli-Recoaro horst)
 
developed (Permo-Triassic tectogenesis), accom

panied by the intrusion of basic magmas.
 

5)	 Development of NNE-SSW cross faults (original 
Vicenza fault) (Permo-Triassic tectogenesis). 

6)	 Development of WNW-ESE marginal n2f.maUaults 
(original Schio flexure-fault) (Permo-Triassic 
tectogenesis). 

7)	 Development of NNE-SSE normal faults and ten
sion faults (Permo-Triassic tectogenesis). 

8)	 Origin of northward directed sliding movements 
on the north flank and WSW directed, ones on 
the south flank of the Valli_Recoaro horst 
(Permo-Triassic tectog"nesis). 

9)	 Subsidence of NE-Italy. 
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10)	 Early tertiary north-drift of NE-Italy concluded 
from paleomagnetic data. 

11) Subsidence of the Po region. 
12) Uplift of the Verona region due to intruding 

magmas in an approximately NNW-SSE trending 
zone (related to 11). 

13)	 Uplift of the NNW-SSE Euganei-Berici-Lessini 
horst (related to 11). Reactivation of the triassic 
(rotated) NNE-SSW faults (Vicenza fault type). 

14) Uplift of the Marostica region (related to 11). 
15) Uplift of the Adriatic' nucleus followed by sub

sidence 
16) Development of the Valsugana flexure_fault 

(related to 15). 
17) Development of the Bassano flexure-fault (re

lated to 15). 
18) Uplift of the central Alpine geanticline (Alpine 

orogenesis) • 
19) Origin of normal faults along the. >piudicaria and 

Pusteria lines (see 3). . 
20)	 Dl!collement of'the sedimentary cover over the 

south flank of the Alpine geanticline, Forming 
of E-W and NNE-SSW folds. 

21) Young cenozoic phase of Alpine orogenesis. 
22) Development of NNE-SSW left-lateral shear 

faults (related to 11 or 21). 
23) Subrecent sliding movements (due to erosion). 
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zone between the rlsmg Alpine geanti 
cline and the subsiding Adriatic basin, 
caused step faulting, making use of and 
reactivating the permo-triassic south
dipping ENE-WSWfaults in the basement. 
The cover of mesozoic sediments adapted 
to this faulting by draping, and flexures 
were formed over the basement faults. 
Subsequently, the sedimentary cover of 
the northern flank of the Alpine geanti 
cline moved south- and southeastwards 
by decollement,: J E-Wfolds (and tension 
faults) and NNE-SSW folds were formed. 
The permo-triassic horst acted locally 
as a barrier to the southward directed 
gravitational sliding movements, de
viating their course; Accordingly local
ly NE-SW or ENE-WSW folds developed. 

The subsidence of the Po geosyncline 
in the' Tertiary was accompanied by the 
rise of magmas with high density, along its 
northeast flank. The intrusions and ef
fusions occurred in NNW-SSE trending 
horst-like zones that shifted during the 
late-Cretaceous and early-Tertiary from 

the SW to the NE in at least three steps 
(each of them over about 30 km). In the 
upper Cretaceous and lower Eocene the 
related volcanism was active in a NNW
SSE zone near Verona; in the middle 
Eocene a volcanic horst was fprmed in 
a NNW-SSE belt extending across the 
Colli Euganei-Monte Berici' -western 
Vicentinian region; finally; in the middle 
Oligocene, volcanism was mainly active 
in the eastern Vicentinian region. These 
volcano-tectonic uplifts caused the reac
tivation of the permo-triassic east
dipping NNW-SSE faults. 

The probably lower Pliocene NNE
SSW sinistral wrench faults, that caused 
many local clockwise rotations of 
smaller blocks in the Vicentinian Alps, 
seem to belong also to the structural 
patterns caused by the subsidence of the 
Po geosyncline. 
Fig. 24 is a stratigraphic-tectonic diagram v~ 

of the most important periods of de
formation in the western part of the 
SE-Alps. 

B. PRE-PERMIAN TECTONICS OF THE BASEMENT.
 

The basement of the Vicentinian Alps 
consists of an epimetamorphic quartz
phyllite series of presumably silurian age 
(see page 20). 

It is exposed in the western part of 
the Vicentinian Alps. The quartz -phyllites 
are banded due to differences in quartz 
content. This mightbe the original strati 
fication, but some authors consider this 
as a metamorphic feature. The series is 
silvery-grey or green, and mainly sub
horizontally foliated. The basement is 
unconformably overlain by upper permian 
and younger sediments. 

The subhorizontal foliation or clea
vability of the quartz-phyllites is called 
"true cleavage" ot "flow cleavage", if 
according to the definition newly formed 
mica is macroscopically visible on the 
cleavage planes. When mica flakes are 
pot visible, we must speak of "fracture 

cleavage". For both cases the term 
"schistosity" will be used. 

The subdivision proposed by Four
marier (1956) for regionally meta
morphosed sediments with an increasing 
degree of metamorphism can be partly 
applied to the Vicentinian Alps. 

Fourmarier's zone I,formeq by rocks 
without schistosity, is not present. 
However, it is possible that the quartz
phyllites formerly have been covered 
with younger paleozoic deposits (as in 
the northeastern Dolomites and Karnian 
Alps); that were eroded prior to the de
position of the upper Permian. . 

Zone 2, formed by rocks with fracture 
cleavage is only locally present, mainly 
in the upper parts of the metamorphic 
series. 

Zone 3, the zone of rocks with flow 
cleavage is the most common. The Vicen
tinian series consists for the_ greater part 
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of quartz phyllites. 
Zone 4, formed by rocks with micro

folding has been observed in a few out
crops in the Recoaro area. 

Zones 5 and 6, formed by gneisses 
and migmatites, are not exposed, probably 
because erosion has not yet reached 
these deeper levels. 

In the Vicentinian Alps, the rocks 
belonging to the zones 2, 3, and 4 are 
not found in an approximately vertical 
section as suggested by Fourmarier, 
but horizontally distributed. 

The orientation of the quartz -crystals 
in samples taken from the different zo
nes has been measured in thin sections. 
For determining the optical axes of the 
quartz, Nieuwenkam p' s (1953) method was 
used. It is based on determining the ex
tinction angles in light that passes un
der an angle through the section which 
remains in horizontal position on the ro
tating stage of the micros,cope. The in
clined light is produced by refraction 
by a prism. On a diagram the poles 
of the axes can be determined by plotting 
the extinction positions. This method is 
qUicker than that with the Fedorow table. 

The measured directions of the optical 
axes of the quartz are plotted in Wulffs 
spherical projection (see fig. 25). 

Ten thin sections were cut at right 
angles to the bedding planes, in quartz
rich samples from the fracture cleavage 
zone which show faint banding. In this 
samples, the schistosity follows exactly 
the bedding planes. In projection A of 
fig. 25 the two concentrations of quartz
axes are indicated that are measured in 
one of these thin sections and that are 
characteristic for the whole group. The 
maxima make about right angles and 
are located in the bedding plane. They 
might indicate the directions parallel 
and at right angles to the direction of 
supply, which are often observed in clas
tic sediments. 

The typical concentrations of the 
optical quartz axes measured in 16 sec
tions at right angles to the bedding plane 
of quartz -rich samples from the flow 
cleavage zone, are shown in projection 
B. Four maxima are found, two of which 
resemble those in projection A. The 

other two maxima are located in the 
schistosity planes, which make a ma
ximal angle of 250 with the bedding 
plane. During rec rystalliz ation, part 
of the quartz must have been orien
tated parallel to the schistosity planes. 
This orientation might have taken place 
contemporaneously with the growth of 
mica on these planes. 

In projections C and D, the quartz 
orientations are shown in sections cut 
about at right angles to the b-axes of 
folded quartz-phyllites in samples taken 
from the zone of microfolding. 

Projection C is from a cross section 
of a symmetrical fold, and has about five 
maxima. Two maxima are located in 
cleavage planes, making an angle ,of 
20Y - 300 

, and two others in Rlanes ma
king an angle of 600 

- 700 with the 
axial plane. The fifth concentration is 
from quartz in the subhorizontal flanks 
of the symmetrical fold, which is orien
tated parallel to the bedding plane. The 
cleavage planes, making a small angle 
with the axial plane, resemble longi
tudinal crest faults. The cleavage planes 
making the larger angles might be the 
original schistosity planes that have been 
slightly rotated (around the b-axis) du
ring the form ing of the fold. 

In projection D the concentrations of the 
quartz axes are plotted ,measured in a 
section of a symmetrical fold, the flanks 
of which are steeper than in the above 
mentioned fold. In this section four maxi
ma are measured, coinciding with the 
concentrations in projection C. The clea
vage planes, however, make smaller 
angles with the axial plane. The angles 
between the probable longitudinal crest 
faults and axial plane range from 100 

200 , the ones between the rotated schis
tosity planes and the axial plane from 
400 - 500 • The angle between the longi
tudinal crest faults and the axial plane, 
seems also to have decreased during 
continued compression. The schisto
sity planes have rotated over a larger 
angle along the b-axis of the fold to
wards the position of thesubvertical 
axial plane. The fifth maximum of pro
jection C is not present in projection D. 

The following succession of events 
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might be concluded from the diagrams
 
A -- B -- C -- D:
 
a) Forming of schistosity planes (frac


ture cleavage) parallel to or making 
a small angle with the bedding plane. 

b)	 Forming of schistosity planes (flow 
cleavage), making an angle ranging 
from 100 _ 400 with the bedding 
plane. The quartz is mobilized, and 
recrystallized with its c-axes paral
lel to the flow cleavage planes and 
about at right angles to the line of 
intersection of these planes. Recrys
tallization of muscovite- sericite ag
gregates with (001) parallel to the 
flow cleavage planes. 

c)	 Forming of folds (microfolding) and 
subsequent development of longi
tudinal crest faults. Remobilization 
and recrystallization of quartz, orien
tated with the c-axes parallel to the 
longitudinal faults and at right angles 
to the b-axes. With increasing com
pression the two sets of planes (longi
tudinal crest faults and flow cleavage 
planes) rotated around the b-axis 
towards the position of the axial plane. 

These successive deformations and sub
sequent recrystallization indicate the suc
cessive deformation of a rhombic, trans
latoric pattern (according to the ter
minology of Hoeppener (1959) ). 

The orientation of the optical axes 
of the quartz in typical phyllites (rocks 
with extreme flow cleavage) and in rocks 
with asymmetrical microfolds has been 
measured \also (see fig. 25). 

Projection E shows the concentrations 
in a typical phyllite. A section at right 
angles to the schistosity planes has two 
maxima. The quartz axes are mainly 
located in the schistosity planes and at 
right angles to the line of intersection 
of these planes. The girdle of plotted 
quartz directions is considerably narrower 
than that for rocks with fracture- and 
flow cleavage. Though the grain size 
of the samples, on which projections 
Band E are based, is about the same 
and accordingly the same angle between 
the schistosity planes would be expected, 
the latter form a smaller angle in pro
jection E (ranging from 100 - 200 ). 

Projection F gives the typically orien
tation of the quartz in a cross section of 
an asymmetrical fold, cut at right angles 
to the fold aXis. The optical axes of the 
quartz are located at right angles to 
the fold aXis in the axial plane. Parallel 
to this axial plane, shear faults deve
loped that are called "second schistosity". 

The tectonic system to which the phyl
lites and asymmetrical folds with second 
schistosity belong, is monoclinic and ro
tatoric (Hoeppener, 1959). 

The rotatoric movements can be 
conCluded also from two other, macros
copic features: 
a) the directions of the quartz -streaks 

and spindles 
b) the directions of the pre-upper per

mian basaltic intrusions. 

a) In the metamorphic rocks, quartz
rich concentrations may be found as des
cribed on page 23. They consist mainly 
of silica. It is proposed to call these 
bodies "quartz-spindles" (Fr. fusee, 
Germ. Spindel). This is a more apro
priate name then quartz-nodules or 
quartz-rods, as these bodies are 
not nodule - nor rod-shaped; they form 
elongated spindles, up to 4 cm 
in diamete r and up to 20 cm long. Con
trary 10 de Sitter (1956), who stated 
that quartz -spindles (rods) are only 
common in crumpled metamorphic rocks, 
they are abundant in the Vicentinian Alps 
and also in the Cevennes (France) in 
rocks which are slightly affected by 
folding. 
Internal movements parallel to the clea
vage planes are thought to have concen
trated the mobilized quartz -bearing 
matter. During these movements two 
types of quartz bodies were formed: 
quartz -streaks and quartz -s pindles. 

Quartz-streaks are considered to 
have been formed by smearing out of 
mobilized matter over an intersecting 
set of slip planes in the direction of 
slip. 

Quartz-spindles have been formed 
by rotational movements around a sub
horizontal axis, -parallel to the slip 
planes and at right angles to the direc
tion of slip. 
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By means of the orientation of the 
optical axes of quartz, the two types 
can be easily distinguished. Projection 
A (fig. 26) shows the concentrations of 
the directions of the optical axes in a 
section cut at right angles to the longest 
aXis of a quartz -s pindle; projection B 
shows the concentrations in a section at 
right angles to the axis of a quartz
streak. The optical axes in quartz-streaks 
are mainly parallel to the longest axis 
of the body; in the quartz-spindles they 
make an angle with the direction of the 
longest axis. The latter is characteris
tic of rotatoric movements. 

By measuring the direction of the 
longest axes of the quartz bodies, the 
direction of the subhorizontal movements 
can be determined. The longest axes 

After correction 
tor thR local dip 

of the Cjuartz-streaks are parallel to and 
the ones of the quartz-spindles at right 
angles to this direction. In the neigh
bourhood of Valli and Recoaro, about 
400 (longest) axes of quartz -s pindles 
and quartz-streaks have been measured. 
The quartz-spindles are mainly NNE
SSW, indicating a WNW graVitational flow 
(see fig. 26 C). The 'quartz -streaks show 
two distinct maxima, one in WNW-ESE 
and the other in NNW-SSE direction. The 
first concentration, at right angles to 
the direction of the quartz -spindles, is 
considered representative of hercynic 
subhorizontal WNW-directed slip move
ments. The second concentration must 
be younger and represents Alpine defor
mations (see fig. 26 D). 
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b) In the quartz -phyllites, dikes are 
abundant. One type consists of sub
horizontal dikes with a melabasaltic 
composition and characteristic paleo
magnetic directions. The age of the 
dikes cannot be established exactly, 
but is pre-upper permian; it might be 
devonian or early permian. In some 
places the dikes have intruded along 
slightly inclined thrust faults; else
where, they follow the schistosity of 
folded phyllites, without being broken 
in the synclinal or anticlinal saddles. 
(see fig. 20). The dikes are supposed 
to have intruded along approximately 
WNW dipping thrust faults and in NNE
SSW folded quartz phyllites, which ori
ginated during gravitational flow move
ments in WNW direction. 

It is noteworthy that the directions 
of the quartz-spindles and of the mela
basaltic dikes indicate that they belong 
to one and the same tectonic pattern. 

It may be concluded, that the re
mobilized quartz discussed before, re
crystallized after the tectonic deforma
tions. 

Large tracts of monotonous phyllites 
belonging to the green schist facies are 
known to have resulted through dis

Pre- PermlCn 
macro- tectonics 
of the basement 
western port 

Vicentinian Alps 

DIrection of 
...~ the quartz 

spindles 

Direction of the 

Fig. 27. 

location metamorphism (Misch, 1949, 
Read, 1955). Also in the Vicentinian 
Alps metamorphism seems to be re
lated to tectonic movements and strain 
seems to have worked preparatory (like 
a catalyzer) for recrystallization. Pure 
dislocation metamorphism never exceeds 
in intensity the lower limits of the green 
schist facies. This may explain the 
absence of biotite and the lateral tran
sitions in Fourmarier's zones. 

The following phases belonging to 
the hercynic orogenesis can be recognized 
in the Vicentinian Alps: 
phase 1) Development of a rhombic 

pattern, to be concluded from 
the schistosity and symmetri
cal microfolds that were for
med as a result of translatoric 
movements. The rhombic 
pattern might have been formed 

.during the subvertical upward 
movements in the first stage 
of the hercynic orogenesis 
("Primary tectogenesis", Van 
Bemmelen, 1960). 

phase 2) Development of a monoclinic 
pattern, to be concluded from the 
asymmetrical microfolds and 
second schistosity that was for
med as a result of rotatoric mo
vements. The WNW direction of 
the subhorizontal lamellair 
flow causing this pattern, is 
determined by the measure
ments of the directions of 
quartz -streaks ,quartz -s pindles 
and pre-permian melabasaltic 
dikes (see fig. 26). The lamel
lary flow is caused by release 
of accumulating potential energy 
by means of gravitational sprea
ding of the elevated mass to
wards the adjacent depression 
"Secondary tectogenesis", Van 
Bemmelen, 1960). 

Paleomagnetic data indicate, that the 
Vicentinian region may have rotated an
ticlockwise over about 600 during the 
late Triassic. In that case the WNW sli
ding movements originally were north 
directed. 
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C. PERMO-TRIASSIC TECTONICS OF THE BASEMENT
 

The permo-triassic deformations 
have been of great influence on the pre
sent structure of the Vicentinian Alps. 
It is not surprising that the permo
triassic structural pattern has former
ly been cons ide red of te rti ary age, be
cause the pre-existing permo-triassic 
faults were reactivated during the Al
pine orogenesis. However, based on the 
similarity in paleomagnetic directions 
of triassic sediments and igneous rocks 
which intruded in the fault zones, the 
actual age of this structural pattern 
has been established to be pre-A] pine. 

The dominating structural pattern 
is formed by NNW-SSE and ENE-WSW 
strikingsets of normal faults.Subvertical 
movements along these faults caused 
a horst-like structure. This horst, elon
gated in ENE-WSW direction, began to 
rise in the late Permian and reached its 
maximal height in the late Ladinian. The 
horst was probably formed in an ENE
WSW zone of compression which basic 
magmas intruded. It would be interes
ting to ascertain the relation of this 
zone to the alpine geosyncline or to 
know whether it represents one of the 
last deformative stages of the hercynic 
orogenesis. 

The permo-triassic tectonic pattern 
of the crystalline basement can be best 
observed in the outcrops of the quartz
phyllites in the valleys of the Leogra 
and the Agno. Outside these valleys, 
large areas are covered with pastures, 
and the original pattern is obscured by 
creep. 

The northwestern district, in which 
the quartz-phyllites are exposed, is di
vided into six principal areas (see fig. 
29), each with a characteristic triassic 
tectonical pattern. They are: 
1) Torrebelvicino area 
2) Ponte Nuovo area 
3) Valli di Pasubio area 
4) San Antonio area 
5) Recoaro area 
6) Staro area 

1. Torrebelvicino area 

The most remarkable outcrop of 
quartz-phyllites in the south-eastern Alps 
is between Torrebelvicino and Pieve, 
at the crossing of the road connecting 
these two towns and the Leogra river. 
It is the southernmost exposure of crys
talline basement in the Alps. The phyllites 
are separated from the adjoining clastic 
quaternary deposits of the Venetian plain 
by the major Schio flexure-fault zone. 
The northwestern border of the Torrebel
vicino area is formed by the Enna fault. 
In the northeast and southwest the quartz
phyllites are unconformably overlain by 
younger (permian) deposits. 

The .phyllites near Pieve are gene
rally silvery-grey, but green, chlorite
bearing varieties are also present. The 
rocks are tectonized, which seems nor
mal because they are located close to the 
Schio flexure-fault zone and the Passo 
Giovo wrench fault. The schistosity planes 
of the phyllites are generally dipping 
south. However, the direction of dip is 
different on either side of a NE-SW stri 
king mylonitic zone, several metres 
thick. 

North of this zone the schistosity 
planes are dipping south, the dip varying; 
from 30°_500 (90-30,50)' );south of the zone 
the dip is 450 SSE (60 - 45). It seems 
that the phyllites have rotated with res
pect to each other over about 300 at 
both sides of the mylonitic Zone. Lo
cally, a basalt intruded this zone. In 
the northern part of the outcrop. the 
mylonitic zone intersects smaller mylo
nitic zones which strike parallel to the 
schistosity planes (90 - 60). Basaltic 
dikes and mineral-bearing quartz veins 
are found along some of these mylonitic 
zones. In the southern part of the out
crop, basaltic dikes oCCur parallel to the 
schistosity planes (60 - 45). 

') (90 - 30,50); strike 900 - dip ranges 
from 30° to 500. 
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By means of paleomagnetic measure
ments the above mentioned three types 
of dikes can be distinguished. The E-W 
(90 - 60) and the WSW-ENE (60 - 45) 
types belong to the upper ladinian period 
of volcanism. The NE-SW (45 - 90) dike 
is of tertiary age. 

Upstream from this outcrop, the 
schistosity planes continue to be dipping 
south, but the dip is not more than 300 • 

Many faults and joints are present, at 
some decimetres apart. They are striking 
E-W and dipping approximately 600 north 
(270 - 60), (see stereographic projection 
fig. 28). The striae on the fault planes 
are parallel to the dip and indicate a re
latively upward movement of the northern 
blocks, which makes the faults appear 
as steep upthrusts. Next to these E-W 
faults, also NNW-SSE faults are present, 
but less frequent. These are dipping about 
800 east (330 - 80), and may be accom
panied by basaltic intrusions. These 
faults indicate the eastern block to have 
moved down. In some places subhori
zontal striae along these fault planes 
also indicate left lateral movements. The 
NNW-SSE striking faults are cutting the 
E-W faults with offset and must be 
younger. 8ubvertical N-8 faults are 
scarce: in most cases they are accom
panied by basaltic intrusions. In the 
Torrebelvicino area, quartz veins are 
also scarce. They are striking E-W and 
dipping south (90 - 60), which is in 
contrast to veins in the Ponte Nuovo 
area. 

In the neighbourhood of the Fonte 
Margherita, the Torrebelvicino area 
adjoints the Ponte Nuovo area. 

2. Ponte Nuovo area. 

In the Ponte Nuovo area the best 
outcrops are found. In this area the 
phyllites are thoroughly silicified, and 
acted no longer plastically but more as 
a rjgid mass to tectonic deformations. The 
silicification is distinctly visible; the 
phyllites in this area are dense quartz
Hic rocks that have partly lost their 
schistosity. In places they may be yellow
white and glassy. Feldspar is common and 
also pyrite is often present. 

In the river bed of the Leogra just 
under the bridge (Ponte Nuovo), a N-8 
subvertical basaltic dikes of 2 m thickness 
cuts the subhorizontal, generally slight
ly north-dipping phyllites. The dike in
truded in a N-S subvertical tension fault 
that can be traced over 100 m. In the 
upper part of the dike the dip becomes 
west ,due to a deflection in the direction 
of the subhorizontal schistosity. The 
ladinian age of this dike has been deter
mined on the basis of paleomagnetic mea
surements (see table II, sample 97). 
The dike cuts, but does not set off se
veral quartz veins of 2 - 50 cm thick
ness. These are accompanying E-W 
striking and 600 southdipping faults (90 
- 60). The dike is younger than the quartz 
veins. The N-S fault must be younger 
than the E-W fault, because otherwise 
the quartz-rich solutions would have in
truded also in this tension fault. In E-W 
faults without quartz veins, striae paral
lel to the dip indicate upward movements 
of the northern blocks. In several instan
ces the upper part of some of the south
dipping fault planes is deflected, causing 
the dip to be reverse. This deflection 
may be caused by secondary deformation 
by lamellary flow along the schistosity 
planes (see tertiary tectonics of the base
ment' page 105). This lamellary flow is 
also concluded from the numerous, ap
prOXimately SSE quartz -streaks on the 
schistosity planes (see fig. 26).\ 

The N-S basaltic dike is cut and set 
off by E -W faults dipping about 700 south 
(90 - 70); these are probably revived 
faults of the type mentioned above. The 
movements along these younger E-W 
faults, however, have not been mainly 
vertical (as along the original faults) 
but also lateral, causing the southern 
blocks the move relatively eastward (left 
lateral faults). 

The following succession .of tectonic 
events is based on the observations in 
this outcrop: 
a) forming of a system of E-W faults. 

dipping south (90 - 60)'.1 and causing 
relative upward movements of the 
northern blocks. 

b) entering of hydrothermal and pneu
matolitic solutions along the E-W 
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faults, caus ing the silification of 
the country rock and the formation 
of quartz veins. 

C)	 forming of a subvertical N-S fault, 
probably a tension fissure 

d)	 intrusion of a basaltic magma along 
the N-S fault. The dike belongs to 
the upper ladinian period of basic vol
canism. 

e)	 renewed movements along some of the 
original E-W faults I causing relative 
downward and eastward movements 
of	 the southe rn blocks. 

f)	 a southward graVitational flow, causing 
NNW-SSE quartz-streaks parallel to 
the	 schistosity planes. This flow also 
caused the deformation of some of the 
south-dipping E-W faults, (a reverse 
dip in the upper parts). 

From the Ponte Nuovo downstream in 
southeastern direction, many E-W faults, 
about 10 cm apart, and approximately 
twenty N-S striking basaltic dikes are 
present. 

Also E-W striking, 30
0 north-dipping 

ladinian dikes are common, being paral
lel to the schistosity planes. Their po
sition may be due to southward sliding 
movements, which caused upthrusts that 
were synkinematically or subsequently 
followed by basaltic magmas. The southern 
boundary of the Ponte Nuovo area (where 
it adjoins the Torrebelvicino area) is for
med by the Enna fault, that crosses the Leo
gra north of the Fonte Margherita.South 
of the Enna fault the schistosity planes 
are dipping south and the main E-W 
faults north (270 - 60), and north of the 
fault the schistosity planes are dipping 
mainly north and the faults south (90 
60). There is also a sudden change in 
structural pattern. 

From the Ponte Nuovo upstream, 
the tectonic pattern gradually changes 
(see stereographic projections, fig. 28). 
More and more NNW-SSE faults dipping 
east as well as west (340 - 75; 150 - 80) 
and ENE -WSW faults dipping south (60 
75) are present instead of subvertical 
N-S faults (0,180 - 90) and E-W faults 
dipping south (90 - 60). Also in this 
area basaltic dikes are common. One 
subvertical dike with a NNE -SSW direc
tion has thinner dikes branching off to 

-

the east; the latter follow the slightly 
north-dippin:; schistosity planes. 

The northern boundary of the Ponte 
Nuovo area (where it passes into the 
Valli di Pasubio area) is not distinct. 
It must be located south of Ressalto, 
where the Torrebelvicino-Ponte Nuovo 
(E-W, N-S) fault pattern is no longer 
distinctly present and the (NNW-SSE, 
ENE-WSW) pattern of Valli can be re
cognized. 

3. Valli di Pasubio area. 

In the Valli di Pasubio area rigid, 
silicified, quartz-phyllite masses are 
absent. The rocks have reacted more 
plastically to deformative forces. This 
is evident from the presence of many 
flexure zones and folds. The folds have 
varying directions, and their b-axes are 
mostly subhorizontal. The varying direc
tions appear to be the result of many 
different directions of deformation, main
1y caused by local sliding movements. 
The flexure zones have the same pattern 
as the dominating faults and must have 
been formed during the initial phase of 
faulting. The majority of the abundant 
faults and joints measured is striking 
NNW-SSE and ENE-WSW. The follOWing 
average values are based on the stereo
graphic projection (see fig. 28): (85 
85) and (250 - 45) for the ENE-WSW 
faults and joints, and (152 - 65) and 
(335 - 70) for the NNW-SSE faults and 
joints. 

The striae on the majority of fault 
planes are parallel to the dip of these 
planes. Along the NNW-SSE, east-dipping 
faults the eastern blocks moved relati vely 
downward, and along the west-dipping 
faults the western blocks moved down. 
Along the ENE-WSW north-dipping faults 
the northern blocks moved down and along 
the south-dipping faults the southern 
blocks moved in downward direction. 

.An wedge shaped body was enclosed 
by these four types of normal faults; 
This doming is accompanied by lateral 
tension faulting and normal faulting. The 
ENE-WSW Schio flexure-fault zone and 
the NNW-SSE Vicenza fault, both belon
ging to these types of faults, gave access 
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to intruding acid magmas the lower
triassic age of which is based on paleo
magnetic data (see chapter IV, page 155). 

In the Valli di Pasubio area the faults 
gave access to basaltic intrusions, the 
triassic age (upper Ladinian) of which 
again has been determined on the basic 
of paleomagnetic data (see page 157). 
Accordingly the fault pattern must be 
upper Ladinian or older. N-S striking 
subvertical faults are scarce. Near 
Ressalto, a dike accompanying a sub
vertical N-S fault cuts through and sets 
off an intrusion, which follows a NNW
SSE fault. It must be concluded that the 
N-S dike is the younger. The N-S faults 
may belong to the final deformative phase 
of the dome or otherwise they may 
possibly belong to a younger (tertiary?) 
structural pattern. 

4. San Antonio area 

In the San Antonio area the structural 
pattern is significantly different from 
that in the Valli di Pasubio area. Only 
one type of faults is present of the ENE
WSW striking sets of faults in the Valli 
area. 

The presence of one type of faults 
instead of several is also common in the 
southern Torrebelvicino and Ponte Nuovo 
areas. The average direction of the ENE
WSW faults in the San Antonio area is 
(230 - 60) (see fig. 28). These north
dipping faults caused the northern block 
to move downward. Consequently, they 
must have been normal faults. However, 
during later deformations the fault planes 
served the steep southward upthrusts, 
as shown by a reversal in the direction 
of the striae, indicating relatively up
ward movem ents of the northern blocks. 
The presence of one type only of NE
SW (rotated original ENE-WSW faults) 
striking normal faults is explained by 
the location of the San Antonio area at 
the north side of a horst-shaped cul
mination. 

As in the Valli di Pasubio area, 
the structural pattern of the San Antonio 
area is more irregular than in the Ponte 
Nuovo area. This may be "explained by 
the fact that the quartz -phyllites are 

not silicified, so that faults in various 
directions developed. The NNW-SSE 
set of faults is still present. From 
the maxima determined by projection 
(see fig. 28) the following average di
rections have been obtained (160 - 40) 
(330 - 80) and (330 - 40) ). It is note
worthy that the dip of the faults in the 
San Antonio area is less than in the 
Valli area. The NNW-SSE set of faults 
shows the same relative movements as 
those in the Valli di Pasubio area, i. e. 
a downward movement of the eastern 
and western blocks for respectively 
east-dipping and west-dipping faults. 

In the north, the San Antonio area 
is bordered by the huge mass of triassic 
sediments unconformably overlying the 
quartz-phyllite series. 

5. Recoaro area 

The structural pattern of the Recoaro 
area is exactly the same as that of the 
Valli di Pasubio area. 
Sman differences may be caused by 
local rotations around subvertical axes 
during graVitational sliding in places of 
active erosion. 

The set of NNW-SSE fa'ults is repre
sented by the average of the maxima 
(155 - 70) and (330 - 35), the set of 
ENE-WSW faults by the average of (240 
- 70) and (60 - 70) (see fig. 28). The 
NNW-SSE faults were normal faults with 
relative subsidence of the western blocks 
for west-dipping faults and of the eastern 
blocks for east-dipping faults. The upper 
part of the (330 - 35) faults have low 
dips. This might be due to the fact that 
the Recoaro area is located near the 
westside of a culmination; the eastern 
block moved in upward direction and was 
then thrusted to the west. Along the 
south-dipping ENE-WSW fault the northern 
block and along the north-dipping the 
southern block moved relatively upward. 

The less pronounced maxima of sub
vertical N-S and NE-SW (or NNE-SSW) 
faults are of structural importance also. 
The NE-SW faults have a downthrown 
southeastern block when dipping south
east or an upthrusted northwestern block 
when dipping northeast. These faults 

- 98 



may be southeast-dipping normal faults, 
along which the southeastern blocks 
moved relatively downward; the upper 
parts of these faults may have toppled 
over by gravitational sliding, transfor
ming them into northwest:dipping, ap
parent upthrusts. 

The NNE-SSW system of faults is 
younger than the NNW-SSE and ENE
WSW systems and belongs to the Ter
tiary; this is concluded from the fact 
that they are accompanied by intrusions 
of basaltic dikes, which have a ter
tiary direction of paleomagnetism (see 
J;able II). . 

In the Recoaro area good examples 
are found of quartz-phyllites with micro
folding, e.g. near the lamppost numbe
red 1027 on the road from Recoaro to 
Valdagno. The nature of these micro
folds is discussed on page 89. 

6. Staro area 

The tectonic pattern of the Staro area 
is also similar to that of the Valli di 
Pasubio and the Recoaro areas. The ave
rage values of the maxima of NNW-SSE 
faults are (165 - 80) and (340 - 80), 
and for the ENE-WSW faults (70 - 80), 
and (250 - 65) (see fig. ~8). The striae 
on the fault planes are mostly parallel 
to the dip, which indicates subvertical 
movements. The ENE-WSW faults may 
be accompanied by quartz veins of not 
more' than 10 cm thickness. 

Just as in the Recoaro area, the 
smaller maxima of NE-SW faults belong 
to the tertiary structural patte rn; these 
faults are accompanied by tertiary basalt 
dikes, the age of which is based on paleo
magnetic data. In the neighbourhood of 
the Passo Xono, many minor flexure zones 
with the same directions as the faults 
may be observed.', :The ENE-WSW flex
ure zones are plunging about 200 west, 
the NNW-SSE flexures, up to 400 north. 
From this observation may be concluded 
that there is a tilt of the SE -part of the 
blocks between these minor flexures in 
the Staro area. 

In the Staro area, many pre-permian 
melabasaltic dikes and permian acid in
trusive and effusive rocks are found. 

The former indicate a hercynic struc
tural pattern (see subchapter B). 

Permo- t~iaSS;c tectonics 
,n the basement 

/ ....._ Anticlinal axis 

of the / -==- Tension fissure 
V,centinlan Alps 

/ __ Wrench fault 
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4 Monte Alba 

<barb&on_· 
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~ San Antonio 
6 Volli di Pasubio 
7 Staro 
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I) Reco::Jf"O 

f 
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Fig. 29 

Summarizing; two sets of faults and 
joints (with NNW-SSE and ENE-WSW 
directions) are predominant in the north
western part of the Vicentinian Alps, 
where quartz-phyllites are exposed. 
The four types of normal faults of these 
two sets comprise a wedge-shaped part 
of the basement, the top of which points 
upward. Subvertical movements due to 
magmatic intrusions caused a horst
like structure with step-like normal 
faulting on the sides. This structure 
can be best called the "Valli-Recoaro 
horst", be,cause the towns of these na
mes are situated on its crest. It must 
be called a horst and not a dome, be
cause the vertical throw was largest 
along its sides. The age of the horst 
has been determined by using the fol
lOWing paleomagnetic and sedimentary 
data: 
1) In the middle permian silts, sedimen

tary slumping features are common, 
indicating local culminations. 

2)	 During the upper Anisian, conglo
merates were deposited along the 
faults carps ; formed by the marginal 
ENE-WSW faults of the horst. 

3)	 The lateral change in thickness of 
the lower ladinian limestones indi
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cates a considerable relief in the 
Valli-Recoaro area 

4)	 The paleomagnetic directions of the 
upper ladinian basalts are the same 
as the ones of the dikes found in the 
NNW-SSE striking tension faults. Con
sequently the faults must be triass ic. 
In the Ponte Nuovo area such a N-S 
striking dike (original NNW-SSE dike 
that rotated during the Tertiary) cuts 
quartz veins that intruded into E-W 
faults (original ENE-WSW faults). 
The latter must be younger and have 
probably originated during the Anisian 
or lower Ladinian. 

The dimensions of the Valli-Recoaro 
horst cannot be easily established. The 
structure is elongate in ENE-WSW direc
tion. In NNW-SSE direction, it measures 
about ten kilometres between the mar
ginal ENE-WSW faults adjoined by ladinian 
acid intrusive~. In the neighbourhood of 
the marginal faults one type of the set 
of ENE-WSW faults predominates. In the 
San Antonio area the north-dipping, and 
in the Ponte Nuovo area the south-dipping 
type of faults is predominant. In the 
Torrebelvicino area, most faults are 
striking E-W and dipping north, which 
is considered to be caused by tertiary 
deformations (see page 1.07,. 

On the northside of the horst, the 
lower ladinian limestones abruptly in
crease in thickness to the north, and 
acid igneous rocks of anisian-ladinian 
age are present. The latter are ex
tending from somewhere below the Bafe
lant-Cornetto complex, through the north
ernmost part of the Leogra valley (N of 
San Antonio) and the Monte Ciccheleri 
towards the valley of the Mojentale (NE 
of Posina). The northern tectonic boun
dary coincides with a large ENE-WSW 
faul ~ but is hidden below norian dolo
mites. These dolomites moved southward 
during the Tertiary and thus partly over
thrusted the lower northern foot of the horst. 

The southern boundary runs from the 
Torazzo valley in the west over the 
Valle Mercanti to the valley of the Aqua
saliente in the east. It was reactivated 
in the Tertiary. The major fault zone 
in this triassic zone of weakness is known 
as the Schio flexure-fault zone. This 

fault zone is also marked by anisian 
or ladinian intrusive masses. 

On the eastside, the horst is bor
dered by the Vicenza fault; the struc
ture may continue in ENE direction as 
far as the Arsiero area. 

The Valli-Recoaro horst is plunging 
to the west. This is evident from: 
a) the ENE-WSW striking flexure zones 

(particularly in the Staro area), 
plunging about 200 west. 

b)	 the NNE-SSW striking folds in the 
permo-triassic sediments, exposed 
north of the crestal area, formed 
by sliding movements in NW direc
tion of the sedimentary cover over 
the basement during the uplift of the 
horst (see page 101). 

c)	 the E-W striking folds in the permo
triassic sediments, south of the cres
tal area, formed by sliding move
ments to the south of the sedimen
tary strata over the basement during 
the uplift of the horst (see page 101). 

d)	 the acid lavas, flOWing to the W, 
originating from rhyodacitic magmas 
which intruded along NNW-SSE fault 
zones during the Scythian and Anisian 
(Alba-Fratte and Bafelant-Cornetto 
igneous units). 

In the Ponte Nuovo area the NNW-SSE 
set of faults is younger than the ENE
WSW set. In other areas the age rela
tionship cannot be observed as distinct
ly as in the Ponte Nuovo area, because 
the faults, ,that have all been caused by 
subvertical movements, do not show 
any lateral offset. 

It is pointed out that the intrusives 
accompanying the ENE-WSW faults are 
mainly acid (quartz veins, rhyodacitic 
rocks), and those accompanying the 
NNW-SSE faults are mainly basaltic. 

The following succession of events 
is concluded for the Valli-Recoaro horst 
(see fig. 29). 
Upper The origin of an ENE - WSW 
Permian: zone, in which locally 

gabbroic magmas intruded. 
Differentiation of the mag
ma. The forming of ENE
WSW tension faults in 
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Scythian: 

Anisian: 

Lower 

Ladinian:
 

the crestal area of the 
elongate culmination, ac
companied by syenitic mag
mas. These magmas have 
formed submarine volca
noes producing trachytic 
lavas. 
Forming of NNW-S8E eross 
faults (Vicenza fault) of 
regional magnitude. Along 
these faults, rhyodacitic 
magmas intruded, forming 
submarine volcanoes pro
ducing acid lavas in wes
tern direction. 
Progressive rise of the 
Valli-Recoaro horst. 
Forming of sets of normal 
faults, striking ENE-W8W~ 

followed by hydrothermal 
solutions. Rhyodacitic mag
mas intruded along the 
major ENE-W8Wfaults that: 
formed the northern and 
southern borders of the 
horst. 

Upper 

Ladinian:
 

Progressive rise .of the 
horst. Forming of NNW
SSE sets of normal faults, 
in places accompanied 
by andesitic and basaltic 
intrusions. The eruption 
of andesitic volcanoes pro';' 
duced thick tuff beds. In 
the upper Ladinian the 
Valli-Recoaro area emer
ged. 

Paleomagnetic data indicate, that the 
Vicentinian region may have rotated in 
anticlockwise sense over about 600 during 
the late Triassic. The original horst 
accordingly had a WNW-ESE direction. 
The forming of the horst may be re
'lated to the rightlateral megashear move
ments assumed to have beenactive along' 
the northern margin of the Tethys zone 
during the Mesozoic. It can be con
sidered as a large gash fracture in 
which a basaltic magma intruded. 

D. PERMO-TRIASSIC TECTONICS OF THE SEDIMENTARY COVER
 

In the permian and lower triassic 
sediments. most of the faults are ter
tiary; the triassic tectonic structure 
can be recognized in some places on
ly. The permo-triassic rocks reacted 
in different ways to the permo-triassic 
deformative stresses.They will be dis
cussed in two groups: a) silts,shales, 
marls, and gyps urn which reacted plas
tically , and b) limestones, dolomites, 
and igneous rocks which reacted as rigid 
masses. 

a) Silts, shales, marls and gypsum. 
Near Cortiana, in the valley of the 

Saraltale, some NNE -SSW striking asym
metrical folds occur in the upper per
mian red silts and shales. The axes of 
the folds are plunging apprOXimately 100 

SSW and the axial planes are dipping 
about 600 ESE. On the basis of paleo

magnetic correlation, the ladinian age 
has been established of a basaltic dike 
cutting the folded sediments ,(table II, 
sample 99) accordingly, the folds must 
be older than the Ladinian. 

Near Recoaro,' 'in the valley of the 
Covolo, folds are found in the scythian 
red silts and shales. These folds are 
striking E-W, and they are slightly over
turned to the south (up to 200 

). The fold 
axes are pfunging about 100 west. These 
folds must be also pre-ladinian, because 
also in this area the scythian sediments 
are cut by a basaltic dike, the age of 
which has been established as ladinian 
by paleomagnetic correlation ',1(table II. 
sample '102). 

Both types of folds were probably 
formed during the rise of the Valli 
Recoaro horst, by gravitational sliding 
movements of the sediments covering 
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the basement. The bisector of the acute 
angle between the E-W and NNE-SSW 
axes of the folds runs ENE-WSW, which 
is parallel to the tren-d of the Valli
Recoaro horst. Since the Saraltale val
ley is located on the northside of the 
horst, and the Covolo valley south there
of, the fold axes and the axis of the horst 
together form an arrow pointing WSW. 
This supports the opinion that the Valli
Recoarohorst is plum"ing WSW-ward, be
cause the folds shoula have been parallel 
to the crestal zone of the horst if it 
were not plunging. 

The sliding movements of the permo
triassic series in southern and WNW 
direction are also indicated by the occur
rence of respectively minor subvertical 
N-S striking dextral (La Locchetta area, 
see fig. 30), and WNW-ESE striking 
sinistral wrench faults (Monte Cicche
leri area, see fig. 30). 

The tensional stress fields due to 
the sliding movements may have caused 
the upward migration and accumulation 
of gypsum in the crestal zone of the 
Valli-Recoaro horst, where it is ex
posed at present. Related to these stress 
fields are the E-W subvertical tension 
faults in the area south of the crestal 
zone of the horst and NNE-SSW, ESE 
dipping faults in the area north of this 
zone. In the projection, faults of the 
first type are common in the Locchetta 
area and of the second type in the Cor
netto area (see fig. 30). Noteworthy 
is the parallellism of these tension faults 
and the folds. 

b) Limestones, dolomites and igneous 
rocks. 
In order to determine the permo

triassic structural patterns in the sedi
ments and volcanic rocks that reacted 
as rigid masses, 1000 faults and joints 
have been measured in the folloWing 
areas: 

1) La Locchetta area 
2) Il Cornetto area 
3) Monte Ciccheleri area 
4) Passo di Xomo area 
5) Monte Fratte area 
6) Monte Alba area 

1. La Locchetta area. 

The La Locchetta area is located on 
the south flank of the Valli -Recoaro horst. 
It consists mainly of anisian limestones 
and dolomites, gently dipping SW. The 
NNW-SSE striking, WSW dipping faults 
are predominant (see fig. 30). 
There are also NNW-SSE faults, dipping 
ENE, N-S faults dipping E, subvertical 
E-W faults and subvertical NNE-SSW 
faults. 

The set of NNW-SSE faults is de
finitely triassic and frequently present 
in the basement (see fig. 28). The abun
dance of WSW dipping faults may be due 
to the tilt of the area which caused 
the triass ic strata to be dipping SW. 
The E-W faults are tension faults, the 
N-S faults are due to right lateral shea
ring movements, caused by the displace
ments to the south of the eastern blocks. 
as appears from the striae on the fault 
planes. They were formed during the 
southward sliding movements of the se
dimentary cover over the SSE flank of 
the permo-triassic Valli-Recoaro horst. 
The faults are related to the E-W folds 
in the Covolo valley. The subvertical 
NNE-SSW sinistral wrench faults are 
tertiary and will be discussed in the next 
subchapter. 

2. Il Cornetto area. 

The Il Cornetto area is located on the 
north flank of the Valli-Recoaro horst 
and consists of triassic series dipping 
NW. Fig. 30 shows two maxima of faults. 
N-S faults dipping E, and NNE-SSW 
faults dipping SE. Less frequent are 
NNW-SSE faults, which are subvertical 
or dipping ENE or WSW, and subverti
cal NNE-SSW faults. The generally NNE
SSW striking tension folds belong to 
the structural pattern caused by sliding 
movements of the sediments to the WNW 
over the NNW flank of the Valli-Recoaro 
horst. They are related to the NNE
SSW folds in the plastic layers in the 
Saraltale valley. 

Only a few WNW-ESE sinistral wrench 
faults have been observed in the Cor
netto area. They are abundant in the 
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Monte Ciccheleri area (see fig. 30). 
The origin of the N-S faults is un

known and their age uncertain. They 
might be tertiary, because the NNW
flank of the Valli-Recoaro horst was 
affected by southward directed over
thrusts, causing E-W folds and N-S 
wrench faults. As the Valli -Recoaro horst 
acted as a buffer zone, the N-S wrench 
faults may laterally continue as tension 
faults. The various types of NNW-SSE 
faults represent the original triassic 
pattern, also present in the basement 
(see fig. 28). The subvertical NNE-SSW 
sinistral wrench faults are tertiary and
will be discussed in the next subchapter. 

It is surprising, that ENE-WSW faults 
are absent in the Locchetta and Cor
netto areas. They are common in the 
basement (see fig. 28). Maxima of these 
faults are present in the igneous rocks 
(Monte Ciccheleri, Passo Xomo and 
Monte Fratte areas, see fig. 30), which 
also acted as rigid masses to triassic 
deformations. This difference may be 
explained by the difference in structural 
properties between the layered sediments 
and the compact igneous rocks. 

3. Monte Ciccheleri area. 

The Monte Ciccheleri mainly consists 
of rhyodacitic rocks belonging to the 
scythian Alba-Fratte igneous unit. The 
age has been established by paleomagnetic 
correlations see chapter IV). The faults 
and joints measured on the south flank 
of the Monte Ciccheleri (see fig. 30) 
have three distinct maxima. One is for
med by NNW-SSE faults dipping WSW, 
another by ENE-WSW faults dipping 
SSE; the third is formed by subvertical 
NW-SE faults. Less frequent are sub
vertical WNW-ESE faults. The NNW-SSE 
and ENE-WSW faults are of the same 
type as those in the basement (see fig. 
28). They belong to the tensional stress 
field, developed during the permo-triass ic 
doming up of the Valli-Recoaro horst. 
In the basement, however, these faults are 
dipping in both directions. The faults 
which do not show any lateral displace
ment, are cut and sett-off by the NW
SE and WNW-ESE sinistral wrench faults; 

accordingly the latter are younger. The 
NW-SE and WNW-ESE faults must have 
been formed during sliding movements 
of the sedimentary cover in WNW direc
tions over the basement of the NNW 
flank of the Valli-Recoaro horst (see 
structural pattern of Cornetto area). 

4. Passo Xomo area. 

The Passo Xomo area also consists 
for the greater part of rhyodacitic rocks 
belonging to the Alba-Fratte igneous 
unit. The abundant faults and joints, 
measured in the igneous rocks of this 
area, are grouped in four major concen
trations (see fig. 30). 

Maxima are found of ENE-WSW faults , 
dipping SE, subvertical E - W faults ,subhori
zontal_NE -SW faults and steeply ENE dip
ping NNW-SSE faults. The ENE-WSW 
and NNW-SSE faults are part of a pattern 
which is similar to the triassic pattern 
in the basement. The predominance of 
WSW dipping faults in the Passo Xomo 
area and of ENE dipping NNW-SSE faults 
in the Monte Ciccheleri area might be 
due to a subordinate culmination caused 
in the Ladinian by the intrusion of acid 
magmas along the northern marginal 
fault of the Valli-Recoaro horst. The 
subhorizontal NE-SW faults, slightly 
dipping SE are probably caused by 
local gravitational sliding movements 
of tertiary agejthey are restricted to the 
Passo Xomo area. The subvertical E-W 
tension faults were formed in the front 
zone of the southward tertiary over
thrust of triassic strata over the northern 
flank of the Valli-Recoaro horst. They 
originated by a gravitational correction 
of the relief energy, which accumulated 
in front of the overthrust and which 
resulted in backward sliding movements 
(to the north). 

5. Monte Fratte area. 

The Monte Fratte area consists of 
thick sheets of scythian acid lavas. At 
first sight it seems to have been only 
slightly affected by triassic and tertiary 
deformations. The projections (see fig. 
30), however, suggest that the faults 
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and joints belong to the normal triassic 
pattern (found in sediments and igneous 
rocks). 

Three distinct maxima are found: 
one of NE-SW faults and joints dipping 
SE, a second of NNW-SSE faults and 
joints dipping west,and a third of sub
horizontal NW-SE faults and joints. It 
seems that the normal triassic pattern 
(ENE-WSW/NNW-SSE) rotated clockwise 
(over about 300 ), which may have taken 
place in subrecent time. The origin of 
the subhorizontal NW-SE faults cannot 
be explained. They might be also due 
t.o gravitational corrections of the present 
relief energy (see subhorizontal NE-SW 
in the Passo Xomo area). 

6. Monte Alba area. 

The Monte Alba area is tectoni
cally least affected. The projection of 
faults and joints shows seven maxi
ma, which cannot be identified with known 
structural patterns (see fig. 30). Three 
maxima are located on one gr.eat circle 
in the projection, at distances of about 
600 • They may represent joints which 
originated by shrinkage of the acid lavas 
during cooling. The dip of the plane of 
the great circle to the west is in accor
dance with the conclusion that the lavas 
must have flowed to the west. 

No criteria are known for determining 
the age of the generally E-W, south
dipping faults and joints. It is remark
able that these faults and joints have 
not disturbed the cooling pattern; they 
may have been formed in the lavas as a 
result of lamellary flow. 

The triassic deformations of the sedi
mentary cover can be summarized as 

follows: (see also fig. 29). 

Scythian 
Anisian 

Ladinian: 

Forming of NNW-SSE and 
ENE-WSW striking normal 
faults in the sedimentary 
cover as a result ofthe pro
gressive rise of the Valli 
Recoaro horst. 
Southward sliding move
ments over the basement 
ofthe SSE flank and WNW
ward sliding movements 
over the basement of the 
NNW flank of the rising 
Valli-Recoaro horst. 
The plastic strata of the 
SSE flank were folded in 
E-W direction, and those 
of the NNW flank in NNE
SSW direction. 
The rigid rocks were faul
ted. The faults on the SSE 
flank are generally E-W 
tension faults and N-S dex
tral wrench faults; on the 
NNW- flank NNE-SSW ten
sion faults and WNW-ESE 
sinistral wrench faults 
are most common. In ig
neous rocks, joints (for
med as a result of shrink
age) complicate the struc
tural pattern. 

These directions all must be rotated 
over 60° anticlockwise to obtain their 
original permo-triassic positions, as 
paleomagnetic data indicated that NE 
Italy appears to have rotated over this 
angle along a subvertical axis during the 
late Triassic. 

E. TERTIARY TECTONICS OF THE BASEMENT
 

The basement in the western part of 
the Vicentinian Alps is mainly defor
med by the Valli-Recoaro horst, formed 
as a result of basic magmas intruding 
an ENE-WSW zone during the Permo-

Triassic. In the triassic pattern, that 
originated during the rise of the horst, 
two sets of faults can be distingUished: 
ENE-WSW normal faults dipping NNW
and SSE, and NNW-SSE normal faults 
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dipping either ENE or WSW. The fault 
planes are generally dipping 600 . One 
type of each of these two sets was reac
tivated during the Tertiary. Of the NNW
SSE faults, the ENE dipping, and of the 
ENE-WSW faults, the SSE dipping type 
again served tertiary movements; the 
vertical throw increased considerably. 

The most important reactivated 
triassic faults are the Vicenza fault 
(a former cross fault of the Valli
Recoaro horst) and the Schio flexure
fault (a former longitudinal marginal 
fault of the Valli-Recoaro horst). 

the Vicenza fault. 

A triassic NNW-SSE zone of weakness 
was' caused by a west-dipping cross 
fault, along which acid magmas intruded 
during the Scythian and Anis ian. In the 
Tertiary, the eastern block moved down. 
During the successive phases of this 
movement a relief was formed, which 
caused the sliding of the basement of the 
western block in eastern direction. This 
explains the NNW-SSE synthetic and 
antithetic tension faults and the NNW
SSE subhorizontal (s lightly east-dipping) 
thrust faults. Only a few of the above 
mentioned faults have been measured, 
because quartz -phyllites cropping out 
in the Vicenza fault zone are only found 
NW of Poleo-Falgare. 

The Schio flexure-fault. 

The Schio flexure-fault was formed 
in course of the Tertiary in the zone 
of the former southern marginal fault 
of the Valli-Recoaro horst. The latter 
fault can be easily recognized, because 
it is aligned with ladinian intrusives. 
During the Tertiary, this zone of weak
ness permitted the southern block to 
move down. The throw of2000m caused 
a considerable drag. During the succes
sive phases of deformation, the relief 
was subsequently corrected by gravi
tational sliding. The drag of the crys
talline basement caused lamellary flow 
in the quartz -phyllites. In consequence, 
the original triassic south-dipping E-W 
faults might have been transformed into 

north-dipping, apparently antithetic faults, 
presently found in the Torrebelvicino 
area (see fig. 28). However, some of the 
E-W faults may be synthetic faults for
med during the Tertiary by stresses in 
the dragged part of the basement. 

The difference between the triassic 
pattern of the Torrebelvicino and Ponte 
Nuovo areas, and that of the Valli, 
Recoaro and Staro areas is caused by terti
ary movements also (see fig. 31). In the 
youngest phase of the tertiary period 
of deformation, NNE-SSW sinistral wrench 
faults were formed (Enna fault, Passo 
di tZovo fault, Sella fault, e.a.). These 
faults caused a clockwise rotation of the 
structural units enclosed by two of such 
faults. The Torrebelvicino area lies 
between the left lateral Passo di Zovo 
fault in the east and the left lateral Enna 
fault in the west. The area rotated clock
wise over 300 around a subvertical axis. 
As a result, the triassic NNW-SSE/ENE
WSW pattern is presently represented 
by N-S and E-W faults. This rotation 
is also indicated by the reactivated E-W 
faults of the Ponte Nuovo area (see 
page 95) along which left lateral move
ments took place. 

Next to the dom inating tertiary fault 
pattern of east-dipping NNW-SSE faults, 
south-dipping ENE-WSW faults and sub
vertical NNE -SSW faults in the western 
part of the Vicentinian Alps, minor flexu
res are locally present. The rocks on 
both sides of the flexure have moved with 
respect to each other. Between two paral
lel planes, some centimetres apart, the 
rock j has rotated over 400 to 500 . The 
parallel planes are generally at right 
angles to the schistosity. The most fre
quent directions of these flexures are 
ENE-WSW and WNW-ESE. The ENE
WSW flexures are mostly found on the 
north and the WNW-ESE on the south 
flank of the Valli-Recoaro horst. The 
ENE-WSW flexures may be due to com
pression, caused by southward mOVing 
masses. The WNW-ESE flexures may be 
due to compression caused by stresses 
which developed in the NNE flank of the 
subsiding Po area. In the neighbour
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hood of the larger tertiary fault zones 
(Vicenza fault, Schio flexure-fault). 
minor flexures in different directions 
originated under local conditions. 

The basement of quartz -phyllites is 
hardly folded. The generally subhori
zontal b-axes of the folds have various 
directions. This is partly due to local 
relief and to gravitational sliding move
ments. Both phenomena caused the for
mation of new and the rotation of pre
existing folds. 

The quartz -streaks in the basement 
complex were formed during the her
'cynian and alpine periods of lamellary 
flow (internal differential movements 
along the schistosity planes). Two distinct 
maxima result from measuring hundreds 
of directions (see fig. 26). The first 
maximum represents WNW-ESE streaks. 
the other NNW-SSE streaks. 
It is evident that the WNW quartz -streaks I 
being orientated at right angles to the 
quartz-spindles and parallel to the pre
permian thrust planes, belong ~o the her

_ OvrinT'Usl 
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Fig. 31 

Early
Tertiary: 

Middle 
Miocene; 

Late 
Tertiary: 

cynian period of deformation. Since the 
SSE quartz -streaks are about parallel 
to the direction of tertiary sliding move
ments, they must belong to the same 
(tertiary) period of deformation. 

By analysing the tertiary structural 
pattern of the quartz-phyllitic basement, 
three different periods of deformation 
can be distinguished.· 

Revival of the triassic 
NNW-SSE faults along 
which the eastern blocks 
moved downward. For": 
ming of synthetic and an
tithetic tertiary faults due 
to stresses caused by 
movements along the re
activated faults. 
Revival of the triassic 
south-dipping ENE-WSW 
faults along which the 
southern blocks moved 
downward. The forming 
of new synthetic and an
tithetic normal faults I due 
to stresses caused by these 
movements. The toppling 
over of triassi c , originally 
south-dipping faults due to 
the lamellaryflow along the 
schistosity planes during 
gravitational correction of 
relief. Forming of quartz
streaks. 
Forming of subvertical 
NE-SW sinistral shear 
faults, causing clockwise 
rotations of the structural 
elements of the basement 
in the Schio flexure-fault 
zone. These faults might 
have been caused by stres
ses on the northside of the 
subsiding Po area. 
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F. TERTIARY TECTONICS OF THE SEDIMENTARY COVER
 

Since the Vicentinian Alps are part 
of the Alpine system, tertiary deforma
tions have been of great importance for 
the present structure. For discussing 
the various tertiary tectonics, the region 
maybe divided into an eastern and a wes
tern part, separated by the valley of the 
Astico. In the northern part of the wes
tern Vicentinian Alps, mostly triassic 
rocks, and in the southern part mainly 
tertiary sediments are exposed. In the 
northern part of the eastern Vicentinian 
Alps jurassic and cretaceous rocks, and 
in the southern part tertiary rocks are 
predominant. 

A structural difference exists between 
the western Vicentinian Alps (triassic and 
tertiary deformations) and the eastern 
Alps (tertiary tectonics only). For this 
reason the discussion of the tertiary 
tectonics of the sedimentary cover will 
be mainly based on data from the eas
tern part of the Vicentinian Alps. There
after, it will be possible to determine 
for the western region which part of the 
tectonic structure resulted from the ter

\tiary orogenesis and which part from, 
older deformations. 

1.	 TERTIARY TECTONICS OF THE EAS
TERN PART OF THE VICENTINIAN 
ALPS. 

In the eastern part of the Vicentinian 
Alps the following distinction can be 
made from north to south: 
a) The Sette Comuni area, consisting 

of jurassic and cretaceous rocks, 
at an average of about 1000 m above 
sealevel. 

b)	 The Marostica area mainly consisting 
of oligocene rocks, at an average of 
about 200 m above sealevel. 

c)	 The Venetian plain, mainly consisting 
of quaternary clastic sediments. 
These three areas are separated by 

two flexure-fault zones; the northern is 
called the Caltrano flexure-fault zone, 
and the southern the Marostica flexure
fault zone. In the eastern Vicentinian . 

Alps these two flexure-fault zones are the 
most important tectonic features. They 
are examples of the plastic adaption of 
the sedimentary cover to the fault tecto
nics of the basement. 

a.	 The Caltrano flexure-fault 
zone. 

The Caltrano flexure-fault zone (see 
sections J,K, L, M, and N of fig. 32), 
begins somewhere north of Bassano. 
It is about 20 km long and its general 
strike is E-W; the easternmost, point 
lies about 1,5 km more north than the 
westernmost. point. The flexure-fault 
zone can be traced from Caltrano at the 
western end to the east and passes north 
of Calvene, Mortisa, Ponte, and Crosara 
and south of Covolo-Valle, Velo, and 
Valrovina. 

The steeply inclined strata of the 
Caltrano flexure-fault zone mainly con
sist of cretaceous, eocene, and oligocene 
sediments, dipping about 60° south. The 
upper flank consists for the greater part 
of cretaceous and jurassic, the lower 
of oligocene sediments. The major move
ments took place along the marly strata 
of the upper Cretaceous. 

This flexure zone Twas generally 
called the Marostica flexure zone (Bittner 
1877, Stefani, 1911, Fabiani, 1912). 
However, the town M:lrosticais situ
ated in another flexure zone, three kilo
metres to the south. To avoid confusion 
the name Caltrano flexure-fault zone is 

.preferred. In the mentioned papers this 
zone was described as the eastern part 
of the Schio flexure-fault zone. The di
rection changes however from ENE-WSW 
(Schio flexure-fault) to E-W (Caltrano 
flexure-fault). Moreover the relative 
vertical throw of the Schio flexure-fault 
(just as the Marostica flexure-fault and 
the Cornuda flexure-fault) increases in 
eastern direction, whereas the throw of 
the Caltrano flexure -fault increases to the 
west. The different strikes arid axial 
plunges support the author's opinion. 
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that the two zones are different struc
tural units. 

The vertical throw of the Caltrano 
flexure can be determined from Fabiani's 
sections. According to Pia (1923) it 
amounts to 1500 m. This seems a rather 
large throw. Assuming the top of the 
Cretaceous to be located at about 1000 m 
and the base of the Oligocene at about 
200 m, the difference is about 800 m. 
When adding the thiclmess of the eocene 
sediments (150 m), the total vertical 
throw is about 1000 m. 

According to Fabiani (1912), faults 
related to the flexure zone are absent 
in the southern part of the Sette Comuni 
area (north flank of the flexure). As the 
plastic adaption of the sedimentary cover 
is based on fault tectonics in the base
ment, tension zones causing parallel 
faults might be expected. such faults are 
actually present. Moreover, the axial 
plunge caused differential movements 
resulting in cross faults. 

North of the Caltrano flexure-fault 
zone, in the jurassic and cretaceous 
limestones, the b-axes of the minor 
folds have been measured. These folds 
are generally plunging west from 100 to 
200 

• The folds are asymmetric; and 
overturned to the south. They represent 
minor flexures parallel to the main 
Caltrano zone. The westward plunge of 
the minor folds indicates the entire flex
ure zone to be plunging west. This can 
be also observed in the Mortisa area. 
Here the Caltrano flexure-fault zone be
comes more complex and is displaced "en 
echelon". The eastern part dies ·out 
somewhere south of Mortisa. The wes
tern part is situated approximately 1 km 
north of the eastern part. The westward 
plunging nose of the eastern part can be 
observed in the hill between the rivers 
Chiavona and Vezena. The location of 
the eastern end of the western part is 
uncertain, as it is cut by an E-W fault 
some hundreds of metres north of Mor
tisa. Along this E -W fault concentrations 
of Fe-oxydes are found. They might have 
been formed whether by precipitating 
dissolved iron from ground-water or by 
hydrothermal solutions; only the gossan 
o! insoluble oxydes is left of the ore 

body. In the N-S striking part of the 
Chiavona valley, the presence of this 
fault is concluded from steeply south
dipping cretaceous limestones lying next 
to oligocene sandy limestones. 

The southward directed overthrusts 
of the Caltrano flexure-fault are in
creasing in number and intensity in 
western direction. The first indications 
of an overthrust are found south of 
Pradipaldo, where the upper part of 
the steeply south-dipping eocene strata 
is slightly overturned. These eocene 
strata are partly overlain by subhori
zontal upper cretaceous limestones (see 
section M, fig. 32). 

Further west, near Crosaro, the 
cretaceous limestones on the south side 
of the Monte Busa-Monte Alto complex 
were thrusted over the eocene sediments; 
subhorizontal cretaceous strata are found 
overlying south-dipping oligocene beds. 
This overthrust can be distinctly obser
ved in the valley of the Lavarda, where 
the steeply south-dipping jurassic lime
stones and eocene sediments are sepa
rated only by a narrow zone of squeezed
out cretaceous beds. Here a south-dipping, 
apprOXimately E -W normal fault must 
be present at depth; the upper part 
of the faultplane is overturned and the 
dip has :become north. This overturned 
upper part subsequently served for south
ward overthrusts (see section L , 
page 109). 

Overthrusts have not been observed 
in the eastern part of the western Cal
trano flexure ZOne. However, in the San 
Dona area, the overthrusted area has 
considerable dimensions. The slightly 
north-dipping eocene strata south of San 
Dona belong to the overturned south flank 
of the flexure. Near Caltrano the norian 
dolomites of the north flank are close to 
the subhorizontal eocene strata of the 
south flank. The distance is about 750 m, 
and the overthrusts must have reached 
their maximum intensity in this area. 

Both parts of the Caltrano flexure
fault zone are cut by subvertical, N-S, 
left lateral shear faults. They seem to 
have played a SUbordinate role and they 
are separating masses that slided more 
to the south than the adjacent unit. Often 
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the faults are indicated by N-S valleys 

:~~s~~ve~ f~~~ow~~;thth~l:~~e~fo~h:e~~~_
 
trano flexure-fault zone, locally E-W 
Isynthetic as well as antithetic faults 
lare found. In summary the structural 
pattern of the Caltrano flexure-fault 
zone consists of: 
a) An approximately E -W westward 

plunging flexure-fault zone of post
lower oligocene age consisting of two 
parts that are set off "en echelon". 

b)	 A tension zone in the northern upper
 
flank of the flexure zone, in which
 
synthetic as well as antithetic normal
 
faults developed.
 

c)	 Approximately N-S tranverse faults
 
along which the eastern block mainly
 
moved relatively down and to the
 
north.
 

b.	 The Marostica flexure-fault
 
z on e.
 

The Marostica flexure-fault zone begins 
in the neighbourhood of Mason, and can 
be traced to the northeast (passing Maros
tica) as far as the Brenta river (north of 
Bassano). At first sight the fault seems 
to continue ENE-ward over Pederobba 
(in the valley of the Piave). Valdobbiadene, 
Follina and Serrevalle, north of Vittorio. 
The total length of this NE-SW striking 
zone is approximately 60 km. As the 
vertical throws in this zone east and 
west of the Brenta river differ con
siderably, it seems that we are dealing 
with separate flexure-faults. 

The western part (west of the Brenta 
river) will be denoted the Marostica 
flexure -fault zone. The eastern part is 
called the Pederobba flexure-fault zone. 
In view of the SW· axial plunge of the 
Marostica flexure-fault, it may be 
related to the Schio flexure-fault, though 
their strikes are slightly different, It 
is difficult to establish the age of the 
Marostica flexure-fault zone. The steep
ly inclined strata mostly consist of lo
wer miocene sediments. The middle 
miocene sediments in the Bassano area ap
pear to have been hardly affected, which 
points to a late lower miocene age. 
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East of the Vicentinian Alps, how
ever, between the Brenta and the Piave, 
another flexure-fault zone is found which 
is more or less parallel to the Maros
tica flexure -fault. It is called the Cornuda 
flexure-fault and may be of the same 
age. In the Cornuda flexure zone the 
middle Miocene is tilted, whereas in the 
upper miocene sediments (of the down
thrown block), the presence of small len
ticular lignite basins indicates a late 
middle or early upper miocene age. 

The Marostica flexure-fault zone 
(like the Cornuda and Schio zones) is 
arcuate, with the convex side pointing 
to	 the south. The dip of the sediments 
increases from west to east. In the 
westernmost part (Sarcedo area) the 
lower miocene sediments are dipping 
less than 200 SW, more to the east 
(Mason area) about 200 south, and in the 
Marostica area approximately 400 south
east; further to the east the dip increa
ses	 to 800 • 

A tension fault is found in the north
west flank of the Marostica flexure-fault 
zone. Basaltic magma locally intruded 
the	 fault, and formed small volcanoes, 
producing several lava flows. Paleo
magnetic measurements have been carried 
out	 in samples from some of these lava 
flows and intrusives (see table II). The 
distance between the tension fault and 
the flexure-fault zone seems to increase 
to	 the west. In the neighbourhood of 
Pianezze the tension fault is no longer 
present. The increasing distance seems 
to	 be related to the decreasing dip of 
the	 sediments in the flexure zone. 

The Marostica flexure-fault zone and 
its accessory tension fault are cut by 
at least five transverse faults, striking 
NNW -SSE and dipping steeply ENE. The 
eastern blocks moved down and also north 
The faults must be normal faults, along 
which also left lateral shearing move
ments took place. Small rivers generally 
follow the transverse faults, which may 
be accompanied by many smaller faults 
and joints. 

In a quarry near Marostica, many 
ESE dipping strike-slip faults are found 
in the sediments dipping about 300 • They 



originated as a result of the downward de
flection of the northern flank of the flex
ure zone. 

In summ ary, the structural patte rn 
in the Marostica area consists of: 
a) a NE-SW flexure-fault zone, of post

lower miocene age plunging east. 
b) a tension zone in the northwestern 

upper flank of the flexure zone with 
intrusions of basalts. 

c) NNW-SSE transverse faults along 
which the eastern blocks moved rela
tively down and north. 

c. Having discussed these general data 
on the two flexure zones of the eastern 
Vicentinian Alps, a description of the tec
tonics in the various areas might be 
expected. The southern area, however, 
(the Venetian plain) is covered with 
quaternary deposits. The area between 
the two large flexure zones is covered 
with oligocene clastic and tuffaceous 
deposits slightly dipping south; exposures 
are scarce and details cannot be ob
tained. The discussion must be neces
sarily restricted to the northern area. 

.. . 

Northern part of the eastern Vicentinian 
Alps.

The structural patterns in the creta
ceous and jurassic sediments, crop
ping out in the northern part of the 
eastern Vicentinian Alps (southern part of 
the Sette Comuni area) are different. 
The cretaceous limestones are generally 
intensively folded, whereas the jurassic 
limestones have acted as more consistent 
masses which were faulted. Only a few 
folds have been found in the jurassic 
limestones. This different structural 
behaviour might be due to the greater 
crystallinity, strength, and thickness 
of the jurassic: limestones as com
pared to the cretaceous limestones. The 
b-axes of the minor folds in the creta
ceous limestones have been measured. 
They are dipping west and striking E -W. 
Most of the folds are ov~rturned to the 
south; the axial planes have varying 
dips. 

Concentrations of faults and joints 
in the jurassic limestones have been 
measured and plotted in the Wulff's pro

jection. The three most important areas, 
the Monte Sunio area in the western 
part, the Lusiana area in the centre, and 
the Fontanella area in the eastern part, 
appear to have a similar structural 
pattern. 

c1. Monte Sunio area. 

In the Monte Sunio area 100 faults 
have been measured (see fig. 33). The 
projection shows two maxima. One of 
them represents subvertical approxima
tely N-S faults, steeply dipping west. 
As a result of left lateral shearing move
ments along these faults, the western 
blocks have moved relatively to the south. 
The second maximum represents approxi
mately E-W faults dipping 300 north. 
The faults originated during southward 
overthrusting movements. After these 
movements the frontal parts of the over
thrusted masses slided locally backward 
(north), due to graVitational correction 
of the relief. This caused a reverse drag 
in the frontal part of the upper blocks of 
the overthrusts". Between the two parts 
of opposite drag in the upper blocks, a 
triangular opening remains, which is a 
peculiar feature for these rather plastical 
sediments. 

c2. Lusiana area. 

In the Lusiana area 200 fault direc
tions have been measured. The Wulff's 
projection shows three maxima (see fig. 
33). The most important concentration 
represents subvertical, approximately 
N-S striking faults. They are steeply 
dipping west, and their general strike 
is some degrees east of the north. The 
average direction of the faults is (195 
80). Left lateral shearing movements have 
taken place along these faults. The second 
maximum represents E-W faults, dipping 
approximately 500 south. The average 
direction of the faults is (110 - 50). 
They are synthetic normal faults, along 
which the southern blocks moved down. 
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They are synthetic normal faults, along 
which the southern blocks moved down. 
The third concentration represents E-W 
faults dipping north. The average direc
tion is (290 - 30). These thrust faults 
caused the northern blocks to move 
over the southern blocks. They are fre
quently present in the saddle zone of 
overturned folds, and are parallel to the 
axial planes. 

c3. Fontanella area. 

The structural pattern in the Fonta
nella area is similar to that in the Lu
siana area. A distinct maximum repre
sents subvertical, approximately N-S 
striking faults; however, many of them 
are steeply dipping east; their strike is 
some degrees east ofthe north. The ave
rage position of the fault planes is (10 
- 80). The number of these left lateral 
shear faults increases towards the Cal
trano flexure-fault zone. A second con
cen~rationrepresents E -W striking thrust 
faults, dipping north (average direction 
(290 - 65) ). The northern blocks moved 
upward along these antithetic normal 
faults. A third and smaller maximum 
represents E-W faults dipping about 300 

south (average direction (110 - 30». 
These are thrust faults and the upper 
block has moved to the south. The E-W 
striking faults are dipping towards each 
other at right angles. This is also ob
served in the Lusiana area. The differ
ence between the two systems of E-W 
faults in these areas is that in the Fon
tanella area the dip of the south-dipping. 
andinthe Lusiana area that of the north
dipping faul.ts is smaller. This might be 
due to the place of measuring of the 
faults. In the Fontanella area the strata 
are mainly subhorizontal, in the Lusia
na area they are dipping (up to 600 ) 

south. The E-W thrust faults and normal 
faults have apparently rotated along their 
line of intersection with an increasing dip 
of the sedimentary strata in the flexure 
zone. 

In summary, tertiary graVitational 
sliding movements of the sedimentary 
cover to the south were predominant in 
the southern part of the Sette Comuni 
area. They caused E -W striking folds 
overturned to the south, with fold axes 
plunging to the west. In some places 
N-S sinistral wrench faults and approxi
mately E-W antithetic and synthetic nor
mal faults were formed. 

2.	 THE TERTIARY TECTONICS OF THE 
WESTERN PART OF THE VICEN
TINIAN ALPS. 

In the western part of the Vicentinian 
Alps four areas can be distinguished 
which are separated by the Schio flexure
fault zone and the Vicenza fault. 
These four areas are: 
a the Monte Pasubio area (NW part of 

the western Vicentinian Alps), in 
which the basement and Permotriassic 
are exposed. 

b the Monte Magre area (SW part of 
the western Vicentinian Alps), mainly 
consisting of subhorizontal cretaceous 
and tertiary strata. 

c the Monte Majo area (NE part of the 
western Vicentinian Alps), in which 
triassic deposits are predominant. 

d the Schio area (SE part of the wes
tern Vicentinian Alps), situated in the 
Venetian 'plain, where mainly quater
nary rocks are cropping out. 

The	 most important tectonic features 
of	 the western part of the Vicentinian 
Alps	 are the Schio flexure-fault zone 
and the Vicenza fault. 
These structural lines, which are inter
secting at apprOXimately right angles, 
will be discussed in the first place. 

a.	 The Schio flexure-fault 
zone. 

The general strike of the Schio flexure
fault zone is ENE-WSW. It begins east 
of the river Blasi, north of Campolon
tana. In ENE direction the zone can be 
traced across the valleys of the Chiampo 
and the Agno, up to the valley of the 
Leogra near Pieve,; where it is proba
bly set off to the north by the Vicenza 
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and Passo Zovo faults. It continues 
farther east along the south side of the 
Guizza-Faedo igneous unit and coincides 
with the ENE-WSW valley of the Aqua
saliente More to the east, along the 
south side of the Monte Summano, the 
fault is concealed by the overthrusts of' 
this complex. The Schio flexure-fault 
zone apparently ends in the valley of 
the Astico. 

According to Fabiani (1912) and Pia 
(1923) who called this flexure zone the 
Marostica zone, it continues east of the 
Astico along the southside of the Sette 
Comuni area. The different strike and 
axial plunge west and east of the Astico, 
however, suggest a different tectonic 
setting. Accordingly, the flexure-fault 
west of the Astico is considered part 
of the Schio flexure-fault zone; the one 
east of this river is called the Caltrano' 
flexure-fault zone. The total length of 
the Schio flexure-fault zone is about 30 km. 

The northern upper flank of the Schio 
flexure-fault zone mainly consists of 
south-dipping Triassic, the lower flank 
of Jurassic, Cretaceous and Tertiary. 
The major subvertical movements along 
the Scldo flexure-fault took place in 
ladinian and lower jurassic strata. The 
tectonic movements in the ladinian strata 
were governed by the following condi
tions: 
a) a zone of relative weakness, where 

the thickness of the lower ladinian 
limestones changes abruptly, 

b) a zone of plastic sediments formed 
by the clayey tuffs of the upper la
dinian. 

The tectonic movements in the jurassic 
strata were governed by the plasticity 
of the lower jurassic sands, silts and 
clays, deposited in the southwestern 
part of the Vicentinian Alps. These de
posits formed ideal sliding planes. 

In the ENE, the triassic southern 
marginal fault of the Valli-Recoaro horst 
was reactivated and the main movements 
took place in ladinian strata. 

In the WSW (where the marginal fault 
of the Valli-Recoaro horst has died out 
and the horst plunges abruptly to the 
west), the plastic lower jurassic strata 
were used and the Schio flexure-fault 

zone is set off "en echelon" to the south. 
The 'mechanism of this flexure-fault 

zone is controlled by the presence of 
the thick (up to 1000 m) massive norian 
strata, the influence of which seems to 
have been overlooked in the past. In 
sections presented by Tornquist (1901), 
Oppenheim (1901,1903), and Fabiani 
(1915,1920), these massive rocks were 
shown as squeezed out in the axial zone 
of an overturned fold. This is in con
trast to the structural competence of 
these upper triassic massive dolomites. 
Moreoveri it seems hardly possible that 
these norian dolomites were squeezed 
out, whereas the more plastic lower 
triassic, jurass ic and cretaceous strata 
have not heen subjected to any con
siderable thinning as a result of such 
a process. The dolomites were faulted 
(see sections D, E, F, G, H). 

The vertical throw of the Schio flex
ure-fault zone increases to the east; 
it is approximately 2 kilometres near 
Schio. This estimate is based on the 
assumption, that the Jurassic and Cre
taceous (possibly also the Norian) were 
not deposited without interruption, be
cause of the neighbourhood of the coast
line during the Mesozoic and the presen 
ce of a triassic culmination (Valli-Re
coaro horst). The increasing vertical 
throw caused increasing gravitational 
sliding movements, which resulted in 
overthrusts to the south. Overthrusts 
to the south started in the Cima di 
Marana area, the largest, however. 
occurs in the Monte Summano area. 

The arcuate shape ofthe Schio zone. 
was mentioned by several authors. Be
tween the Chiampo and Blasi, the strike 
changes abruptly to NNW-SSE (instead 
of ENE-WSW). The flexure zone appears 
to die out in NNW direction. 

Another arcuate tectonic zone (With 
the convex sidet to the south) is the 
Marostica flexure-fault zone. It begins 
"en echelon" south of the eastern end 
of the Schio flexure-fault. The Cornuda 
flexure-fault in its turn, begins "en 
echelon" south of the eastern end of 
the Marostica flexure-fault. There is a 
close structural relationship between these 
three flexures, which are separated by the 
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'faults following the valleys of the As
tico and Brenta. Because of this relationship 
the Schio flexure-fault zone is considered 
to be of the same age as the Cornuda 
flexure-fault, i. e. late middle or early 
upper miocene. 

The Schio flexure-fault zone will
 
be discussed in three parts:
 
al The Marana flexure-fault zone in
 

the west between the Illasi and the 
Agno; this zone is named after the 
Cima di Marana, a mountain on its 
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az	 The Civillina flexure-fault zone ,na

med after the Monte Civillina on its 
north side between the Agno and 
the Leogra. 
The Summano flexure-fault zone in 
the east, approximately between the 
Agno and the Astico; it is named 
after the Monte Summano, an over
thrust of norian dolomites on its 
north side. 
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Fig. 34 Cross sections through the Schio flexure-fault zone. 

al	 The Marana flexure-fault zone. 

The structure of the Marana flexure
fault zone is shown in the sections A, 
B, and C (see fig. 34). When follOWing 

the Chiampo upstream, it is observed 
that on both sides younger jurassic strata 
are dipping 100 - 200 south. On the south 
side of the Monte ~anconati, older ju
rassic strata are dipping 600 - 700 south. 
This abrupt change is caused by a fault, 
striking approximately E-W, along which 
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the southern block has moved down about 
150 m. The difference in dip of the ju
rassic strata can be observed over a dis
tance of one km. To the west, the fault 
is cut by the NNW-SSE Castelvero fault; 
the western block has moved relatively 
up and to the south. The effect of the 
Castelvero fault is similar to that of the 
sinistral Vicenza fault. The zone of 
steeply inclined jurassic strata con
tinues as far as the Monte Spitz (la 
Casarola area). Further west its trend 
changes gradually; north of Campo
fontana its direction is NNW-SSE. The 
western part of the Schio flexure-fault 
zone does not extend beyond the Illasi. 
The intersection of the Castelvero fault 
and Marana flexure-fault cannot be ob
served, because east of the fault juras
sic strata were thrusted over creta
ceous strata. Overthrusts are also found 
along the flexure-fault zone east of the 
Chiampo. In that area the norian dolo
mites of the Lasta Cattiva complex have 
moved to the south over cretaceous lime
stones on the south side of the Marana 
flexure-fault zone. This overthrust can be 
observed in the upper reaches of the 
Righello. More eastward, the Marana 
flexure-fault zone proper can be observed 
on the south side of the Monte Torrigi. 
Here, steep south-dipping jurass ic strata 
are adjoining subhorizontal eocene de
posits belonging to the Monte Pulli com
plex. The Eocene is found in a rift-like 
depression parallel to the south side of 
the flexure-fault. This depression origi
nated by downward movements of the 
southe.rn block along the flexure-fault 
zone and antithetic faults. 

On the north s ide at a dis tance of 500 
to 1000 m the Maranaflexure-fault is lo
cally accompanied by a subparallel tension 
fault. The Marana flexure-fault extends in 
northeast direction, crosses the Agno and 
follows the south side of the Monte Castraz
zanojit fades out south of the Monte Scan
dolara. In the San Quirico area the tecto
nic structure is complicated. The Marana 
flexure-fault zone passes "enechelon" 
into the Civillina flexure-fault zone. In 
the Marana flexure-fault zone, the subver
tical movements took mainly place along 
the shales in the lower part of the upper 

Jurassic; in the Civillina flexure-fault 
zone, the plastic upper ladinian tuffs 
and shales acted as sliding plane. 

In the valley of the Agno, a NNW-SSE 
shear fault is present, cutting the Mara
va as well as the Civillina flexure-faults. 
The western block moved up and to the 
south; this is concluded from the dif
ferent elevation of the norian dolomites 
of the Monte 'Torrigi and Monte Cas
trazzano. 

a2. The Civillina flexure-fault. 

The Civillina. flexure-fault begins 
in the valley of the Torrazzo, and ex
tends to the east as far as the valley 
of the Agno. Here the flexure-fault was 
primary set off by a NNW-SSE sinistral 
wrench fault (the Agno fault) and se
condary by a NNE-SSW sinistral wrench 
fault (the San Quirico fault). 

Beyond the Agno the flexure-fault 
can be traced south of the Monte Civil
lina and the Valle Me rcanti up to the 
valley of the Leogra. The north side 
of the Civillina flexure-fault consists 
of lower ladinian limestones and the 
south side of norian and jurassic strata. 
It seems hardly possible that the 1000 m 
thick norian dolomites on the south side 
of the Monte Civillina were squeezed into 
the core of the flexure, whereas less 
competent layers as the lower triassic 
and cretaceous remained unchanged, as 
suggested by previous authors (Torn
qUist, 1901; Fabiani, 1920, et al). The 
present situation is caused by a normal 
fault dipping south. Along this fault the 
southern block has moved down about 1000 
m. The consistent norian dolomites have 
not been dragged by these movements, 
but simply broke off. 

In the east the Civillina flexure-fault 
is cut by a NNE-SSW sinistral wrench 
fault, the Passo di Zovo fault; the dis
placement is about 1 km. It can be tra
ced to the northeast as far as its inter
section with the Vicenza fault. 

The vertical throw als 0 increases 
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from west to east and is largest at the 
intersection with the Vicenza fault. In 
the Pieve area the vertical throw is about 
2000 m. 

The Civillina flexure-fault may be 
dis placed about 1 km to the north by 
the sinistral Vicenza shear fault; further 
east it continues as the Summano flex
ure fault. 

a3 . The Summano flexure -fault. 

The structure ofthe Summano flexure
fault is illustrated in the sections E, 
F, G, H, and I of fig. 35. 
The fault is distinctly vis ible in the valley 
of the Aquasaliente, where upper ladinian 
tuffs are adjoining steeply south-dipping 
jurassic strata. In ENE direction 
the fault disappears below the 
large Monte Summano overthrust 
and apparently does not extend be
yond the Astico. The Summano and 
the Caltrano flexure-fault zones respec
tively east and west of the Astico, have 
a different strike and axial plunge. 
Consequently, the Caltrano flexure -fault 
is not considered the east~rn continuation 
of the Schio flexure-fault. 

The norian dolomites which are absent 
in the valley of the Aquasaliente, have 
not been squeezed out, as only two kilo
metres farther ENE the norian dolomites 
of the north flank have acted as a rigid 
mass and thrusted over to the south. 
This is not a simple southward over
turned fold, but a fault along which the 
southern block moved down about 2000 m. 
The great differences in relief caused 
secondary sliding movements to the 
south. As a result the upper part of 
che Summano fault toppled over. This 
overturned part appears as an upthrust. 
The thrusting over the already heavily 
dragged strata of the lower block formed 
the overturned syncline of jurassic, cre
taceous, and eo-oligocene strata. Negri 
(1884), Tornquist (1901), Fabiani (1920), 
and Pia (1923) were of the opinion, that 
the flexure zone is a local phenomenon, 

independent of its surroundings; it is 
the author's opinion, that the flexure 
zone is the result of the entire sedi
mentary cover being adapted to a nor
mal fault in the basement (by draping 
and gravitational sliding). 

b. The Vicenza fault. 

The Vicenza fault, together with the 
Schio flexure-fault and the Bassano flex
ure-fault, is one of the most important 
tectonic lines in the Vicentin ian Alps. 
In literature this fault is known as the 
Schio fault; because of its regional im
portance the name "Vicenza fault" is pre
ferred. 

The first description is from Bittner 
(1883). He recognized the northern part 
of the fault which runs from Schio to 
the north over San Caterina tp the Passo 
della Borcola. Klebelsberg (1918) stated 
that the fault could be traced further 
north up to Besenella in the valley of 
the Adige; this was denied by Maddalena 
(1906), Fabiani (1920), and Pia (1923). 
Fabiani stated that faults are absent in 
the area of the Borcola pass. According 
to Maddalena, the Vicenza fault, upon 
reaching the igneous mass of Pos ina, 
deviates to the NNE and becomes the 
Sella fault. Pia found too little evidence 
for connecting the Schio fault with the 
faults further north near Besenella. 
Schauroth (1855) was the first to recog
nize the southern part of the fault, run
ning west of Schio to the south over San 
Vito, and Malo till Vicenza. The Schio 
fault was traced further south by Tara
melli, and by Maddalena (1906) who map
ped it as far as the easte rn boundary 
of the Colli Euganei. These authors 
considered the Colle Euganei vol
canism to be related to this fault. 

The strike of the Vicenza fault is 
approximately NNW-SSE (locally NW
SE). North of Schio the fault is dis
tinctly visible; it passes Poleo-Falgare, 
San -Caterina, Vallortigara, and follows 
the western slope of the Monte Spin up 
to a hill SW of Posina, from where it 
continues in the Posina valley up to the 
Passo della Borcola. To the north, in 
the valley ofthe Terragnolo up to Piazza, 
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and east of the Monte Finonchio up to 
Besenella, faults are found that seem 
to belong to the same structural pattern. 
South of Schio, the Vicenza fault is 
hidden under alluvial deposits. Its pre
sence is suggested by rapidly decreasing 
gravimetric anomalies. This continues 
beyond Vicenza up to east of the Colli 
Euganei, and possibly still further SSE. 

The fault considered by Maddalena 
(1906), Fabiani (1920), and Schauroth 
(1885), as the southern continuation of 
the Schiofault (original name), that passes 
the towns San Vi to, Malo, and Is ola, may 
belong to the Vicenza fault pattern, b'.lt 
is not a direct extension of the proper 
fault. It is called the "Malo fault", af
ter the town at its southern end. 

Following Taramelli (1882), Madda
lena (1906) and von Klebelsberg (1918), 
the Vicenza fault is considered a major 
zone of weakness of about 100 km length, 
that can be traced from the Adige river 
in the NNW to the Colli Euganei in the 
SSE. 

The vertical movements along the 
fault caused the ENE block to move 
down. As the south part of the Vicenza 
fault is hidden by quaternary deposits, 
the vertical throw can be determined on
ly for the northern part. The vertical 
throw in the northe rn part apparently 
increases from the Passo Borcola area 
to the south and to the north. The maxi
mal vertical throw according to Fabiani 
(1920) and Pia (1923) is north of Schio, 
where miocene deposits adjoin quartz
phyllites of the basement. However, the 
Miocene in this area was deposited in a 
depression of the fault zone contempo
raneously or just after the tectonic mo
vements. The vertical throw must be 
measured between the scythian volcanic 
Guizza- Faedo mass and the quartz -phylli
tes, and amounts to 400-500 m. On the 
western slope of the Monte Spin, where 
norian dolomites adjoin scythian Alba
Fratte volcanics, the throw reveals 
indentical dimensions. 

It is no longer necessary to assume 
(as Fabiani and Pia did), that the Vicenza 
fault has a vertical throw of about 2000 m 
in one place, and only 400 m some five 
km further to the north, 

It was known that the Schio flexure
fault is cut and sett off by the Vicenza 
fault. The WSW block seems to have 
moved to the SSE, which is a left lateral 
shearing movement. The horizontal offset 
near Schio cannot be easily determined, 
because in this region the Schio flexure
fault zone is cut by the sinistral Passo 
Zovo wrench fault. 

The horizontal movements on the 
north part of the Vicentinian fault may 
exceed the vertical movements;in conse
quence, the fault is considered a sinistral 
wrench fault. The gravimetrix anomalies 
in the southwestern part of the Vicentinian 
Alps point to a cons iderable vertical 
thrQw of the Vicenza fault. In this part 
of the Alps, the uplift of the block WSW 
of the Vicenza fault was caused by as
cendmg eocene magmas (see chapter II), 
this uplift augmented the throw of the 
fault. The vertical movements accor
dingly appear to exceed the horizontal 
movements in the southern part of the 
fault. Consequently, this part of the 
Vicenza faults appears to be a normal 
fault. 

It has been mentioned (page 118), 
that the Vicenza fault must have been 
present in the northwestern part of the 
Vicentinian Alps since the Triassic. Du
ring the Scythian, and at the place of 
the present Vicenza fault a tension fault 
was formed that was followed by acid 
magmas. The age of the ascending acid 
magmas has been established by using 
paleomagnetic data (see page 143). The 
scythian volcanoes produced acid lavas 
which flowed in western direction; this 
indicates that the elevation was higher 
in the east than in the west. 
Probably the original (scythian) Vicenz a 
fault was dipping west. This finds support 
in the peculiar drag on the eastern slope 
of the Monte Enna. In this area the ani
sian and ladinian strata, in the fault zone 
are dipping west, although a dip to the 
east would be expected as a result of 
drag caused by tertiary movements. 

The southern part of the Vicenza 
fault is accompanied by the Malo fault, 
which originated as a tension fault in the 
down-dragged western part of the fault 
zone. The vertica1 th row of the Malo 
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fault is largest in the north and dimi
nish to the south. 

Minor concentrations of subvertical 
approximately N-S faults are found in 
the mylonitic zone of the Vicenza fault. 
Their strike makes an angle of about 
200 with the Vicenza fault, and their 
dip varies from 80 0 

- 900 . West-dipping 
and east-dipping faults are present. In 
Riedel's clay-cake experiments, men
tioned by De Sitter (1956), similar faults 
were observed in a block of clay under
going shearing forces. In the experiment 
the shearing planes make an angle of 100 

-15 0 withthedirectionofshearing stress. 
In accordance with the N-S shear faulls, 
the Vicenza fault should be a dextral 
wrench fault: however, actually it is a 
sinistral fault. The opposite directions of 
shear cannot be satisfactorily explained. 

Concentrations of minor NNW-SSE 
faults occur west of the fault zone: they 
are dipping about 30° ENE. They seem 
to have been caused by graVitational 
slumping as a result of high relief ener
gy released during the downward move
ment of the eastern block. In the Passo 
della Borcola area these faults were 
accompanied by tertiary basaltic dikes: 
in the lower parts the dikes follow the 
subvertical N-S faults: in the higher 
parts the dip of the dikes changes to 
the west parallel to the NNW-SSE slip 
faults. 

The history of the Vicenza fault is 
very complicated. At least four tecto
genetic phases can be distinguished. 
Triassic The forming of a NNW-
Scythian: SSE, west-dipping normal 
Anis ian: tens ion fault at right angles 

to the Valli-Recoaro horst. 
Acid magmas intruded 
along this fault where it 
cuts the horst. 

Tertiary The forming of a NNW-
Lower Eocene: SSE, east-dipping normal 
Middle Eocene:fault coinciding mainly 

with the southern part 
of the older Vicenza fault 
zone. The important throw 
is mainly due to the up
lift	 of the western block, 
caused by rising magmas 
with high density. 

Middle The forming of a NNW
Miocene; SSE, eas t-dipping sinistral 
Upper wrench fault coinciding 
Miocene: mainly with the central 

part of the older Vicenza 
fault zone. The offset is 
due to differential move
ments between the down
wharped parts of the Schio 
flexure -fault zone eas t and 
west of the Vicenza fault. 

Lower	 The forming of NNE-SSW 
Pliocene (?):	 sinistral wrench faults, 

the direction of which 
changed to the NNW upon 
reaching the triassic Valli 
Recoaro hoI'S t. Ove r a dis
tance of about 3 km they 
parallel the Vicenza fault 
to cross the horst, causing 
renewed left lateral shea
ring movements along 
the Vicenza fault. 

c. The Schio flexure-faull and the Vi
cenza fault divide the western part of 
the Vicentinian Alps into four areas. The 
SE area mainly consists of quaternary 
clastic deposits: in this area the tecto
nic pattern cannot be observed. The re
maining three areas will be discussed. 
They are the Monte Pasubio area in the 
NW, the Monte Magre area in the SW 
and the Cima Alta area in the NE of the 
western Vicentinian Alps. 

c1 .	 The Monte Pasubio area (NW part 
of the western Vicentinian Alps). 

The Monte Pasubio area can be di
vided into a northern part, with norian 
and jurassic sediments, and a southern 
part in which the basement, permian and 
lower triassic rocks are cropping out. 
The triassic structural pattern in the 
southern part has been discussed be
fore (see fig. 28). 

The tertiary deformations in this area 
were of minor influence due to the Valli 
Recoaro horst acting as a buffer zone. 
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As mentioned before, two types of triassic 
faults were reactivated during the Ter
tiary. They are south-dipping ENE-WSW 
faults along which the southern block 
moved down and east-dipping N~"W-SSE 

faults, which must be considered as 
sinistral wrench· faults, along which the 
eastern block moved down. 

Apart from the Vicenza fault and the 
.Schio flexure -fault, several minor parallel 
faults are found in the southern part of 
the Pasubio area. A ,fault parallel to the 
Schio flexure-fault runs just north of it 
along the southern flanks of the Monte 
Naro, the Monte Cengio and the Monte 
CiVillina up to the area south of Fongara. 
North of the Monte CiVillina a similar 
south-dipping normal fault is met which 
passes the Agno and extends up to the 
southern flank of the Monte Spitz. Another 
fault runs past Recoaro and turns west; 
its shape is arcuate and it can be traced 
south of the Monte Rove up to the Monte 
Obante. A third fault of this type follows 
for the greater part the valley from the 
Passo Xon to Valli di Pasubio. It may 
continue to the southwest as a fault 
found east of Parlati. which appears to 
turn to the northwest by following the 
upper reaches of the Agno valley. These 
faults are all caused by downward mo
ving southern blocks;they '.have the same 
arcuate shape (convex side to the south) 
as the Schio zone. 

Faults parallel to the Vicenza fault 
occur west of the valley of the Agno 
in the Fongara area, in the valley of 
the Agno, and in the area of San Antonio. 

Along the southeast side of the Monte 
Bafelant-Monte Cornetto, the Monte Pa
subio-Monte Forni Alti, and the Monte 
Majo massifs overthrusts occur. One of 
these overthrusts is indicated by the super
position of anisian on permian strata north 
of Parlati in the Valfredda area. Another 
overthrust of lower ladinian (limestones) 
over anisian rocks is found north of it, on the 
southSide of the Campogrosso area. A 
third overthrust appears to be situated 
north of the above mentioned one along 
the southern flank of the Monte Bafelant. 
Here also the upper block moved south. 
North of San Antonio, the permian was 
thrusted southward over the basement, 

which can be! distinctly observed in the 
Lauga valley. 
Further to the north norian limestones 
were thrusted to the SE over upper la
dinian tuffaceous rocks. This zone of 
overthrusts begins south of the Monte 
Forni Alti (and possibly f~rther to the 
southwest) and extends up to the Posina 
area. The different blocks of the Norian 
are separated by NNW-SSE wrench faults, 
along which the western blocks mainly 
moved further south than the eastern 
blocks. 

All these upthrusts are apparently to 
tertiary, southward sliding movements 
of the sedimentary cover. These southL 

ward movements are indicated by the 
structural patterns of the northern part 
of the eastern Vicentinian Alps (see 
page 103, fig. 30). In the Monte Pasu
bio area, the triassic ENE-WSW Valli
Recoaro horst acted as a barrier to these 
south sliding sedimentary masses. 

The sediments were forced to thrust 
up, by making use of the original north
dipping ENE-WSW marginal fault, which 
originated in the Triassic on the north 
side of the rising horst. This fault be
gins in the upper part of the Rotolon 
valley below the Bafelant-Cornetto unit, 
passes north of San Antonio, and con
tinues over the Monte Cicchelerias 
far as the Mojentale valley. 

It is worth mentioning that the over
thrusts are directed to the south in the 
far SWpart of the zone of overthrusts 
and to the southeast in the middle and 
NE part of this zone. The different 
directions of overthrust"'might be related 
to the westward plunge of the Valli
Recoaro horst. The horst may have di
verted to the east the original south
ward tertiary movements in the highest 
part of the culmination, whereas in the 
western part the resistance was less~ 

The southward sliding movemenfs 
of the sedimentary cover are due. to 
southward "decollement" of the sedi
ments along the south flank of the rising 
alpine geanticline. The up- and over-. 
thrusts caused a local accumulation 
of sedimentary material with consider
able relief energy on the north fl~k of 
the Valli-Recoarohorst. Secondary sliding 
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movements in opposite (north) direction, 
accordingly took place along the fault 
planes of the preceding upthrusts when 
the "decollement" ceased. These reverse 
movements are concluded from the striae 
on fault planes occurring along the south
ern slope of the Monte Forni Alti. The 
arcuate faults west of San Antonio, belong 
to the same type. Their northern block 
moved down and to the north. 

On the southern flanks of the Monte 
Pasubio and Monte Forni Alti massifs, 
four 'hundred minor faults have been 
measured. The Wulff's projection of 
the faults measured in the Monte Pasubio 
area indicates two maxima. One repre
sents N-S subvertical faults, the other 
E -W striking, steeply south-dipping faults 
(see fig. 33). The strike of the first 
group is somewhat east of north, that 
of the second group somewhat south of 
east. This pattern is similar to that 
found in the Lus iana , Fontanella and 
Monte Sunio areas in the southern part 
of the Sette Comuni. The projection of 
the faults measured in the Monte Forni 
Alti area shows four distinct concentra
tions. One represents NNW-SSE faults, 
dipping about 700 east; a second repre
sents NNW-SSE faults, dipping about 
200 east. The striae of the first type 
of faults indicate northward as well as 
downward movements of the eastern 
blocks; the striae of the second type 
indicate downward movements ,of the 
eastern blocks only. The third and fourth 
maxima represent ENE-WSW faults, 
dipping respectively 600 and 200 north. 
The striae on the fault planes indicate 
different directions of movement. The 
steeply north-dipping faults have served 
as upthrusts of the northern blocks; the 
gently north-dipping faults were mainly 
caused by overthrusts of the southern 
blocks. Along some of the steeply north
dipping faults, younger movements in 
opposite direction must have taken place, 
as appears from the striae. This con
firms the foregoing statement that the 
generally southward movements of the 
sedimentary cover were locally succee
ded by secondary backsliding movements. 

Particularly in the southern part of 
the Monte Pasubio area (in the area of 
Torrebelvicino) several NNE-SSW, sub
vertical, sinistral wrench faults are 
present. They caused clockwise rotations 
in the basement. which have been dis
cussed on page 106, From west to east, 
four major NNE-SSW striking faults, 
cutting the Schio flexure-fault, can be 
distinguished. 

The most western fault is the San 
Quirico fault, the southern part of which 
starts on the Monte Torrigi; it can ·be 
traced to the NNE over San Quirico up 
to the nor.thwestern s lope of the Monte 
Civillina. East of the San Quirico fault 
the Enna fault is found, which appears 
to begin on the Monte Scandolara;it runs 
north across the Leogra valley near the 
Fonte Margherita, where its strike changes 
to N-S and continues west of the Monte 
Enna till it finally reaches the Vicenza 
fault. The third NNE-SSW (or N-S) fault 
begins in the Valle Mercanti. It conti
nues northward by separating the Monte 
Cengio and the Monte Naro and follOWing 
the eastern slope of the Monte Enna. The 
fourth NNE-SSW fault is situated east of 
the Enna fault; it is the Passo di 
Zovo fault. It appears to begin in the 
Agno valley (north of Valdagno), and 
continues to the NNE over the Passo di 
Zovo and east of the Monte Castrazzano. 
It crosses the Leogra west of Pieve, 
and finally reaches the Vicenza fault 
NW of Poleo- Falgare. Similar types 
of NNE-SSW faults are found in the north 
(Posina and Camposilvana areas). 

The NNE-SSW sinistral wrench faults 
are mainly found in the two older, trias
sic zones formed by the marginal faults 
of the Valli-Recoaro horst. Only a few 
faults of this type are found in the central 
part of the horst. It seems that the si
nistral shear movements intersected the 
horst by using the Vicenza fault zone. 
This is i. a. indicated by the change 
in strike of the Enna and Sella faults 
in the vicinity of the Vicenza fault. The 
Enna fault in the south and the Sella 
fa ult in the north have much in common. 
The vertical downthrow of each of the 
eastern blocks measures about 700 m, 
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which is much compared with that of the 
Vicenza fault (400 - 500 m). Their off
sets, which cannot be determined by lack 
of correlative strata, might be one kilo
metre or even more. Clockwise rotatio
nal movements in the basement have 
been discussed before· 
Rotations of the sedimentary cover were 
mentioned by Tornquist (1901); for the 
Civillina area this author called them 
"Blattverschiebungen" and distinguished 
four different units that rotated with res
pect to each other (the Monte Civillina, 
the Monte Cengio, the Monte Naro, and 
the Monte Castello). 

c2'	 Monte Magre area (SW part of the 
Vicentinian Alps). 

The Monte Magre area can be divided 
into the northern Monte Scandolara area, 
mainly with jurassic and cretaceous strata, 
and the southern Monte di Malo area with 
eocene sediments and igneous ,rocks. 
These two areas are separated by the 
Passo Zovo fault, a NNE-SSW sinistral 
wrench fault. 

Monte Scandolara area. 
In the Monte Scandolara area, faults 

are few. Most common are N-S shear 
faults, dipping about 700 east or west. 
They are related to E-W folds, and must 
be considered as transverse faults. NNE
SSW sinistral wrench faults, related to 
the Passo Zovo arid Agno faul ts, are 
sca,rcer. They are generally subvertical 
in the basement, but dip to 400 WNW in 
the sediments. 'l'his may be partly ex
plained by Brown's experiments (1928; 
see De Sitter, 1956). Brown stacked 
layers of paraffin of different compe
tence; wrench faulting was imitated by 
moving various parts laterally in oppo
site direction. The resulting tear fault 
did not penetrate into a particular in
competent layer, which was simply con
torted;the higher competent layers showed 
a complicated set of wrench-, normal-, 
J~,nd thrust faults ,combined with folds. 

This might explain that wrench faults, 
upon penetrating into the sediments, 
assume a smaller dip. In the Monte 
Scandolara area several thrust faults 
have been found. Their strikes are dif
ferent; in all cases overthrusts of the 
northern over the southern blocks have 
been observed. 

Folds are abundant in the Cretaceous; 
their axes are subhorizontal and the 
declination of the b-axes changes from 
west to east (see fig. 33). 

In the west in the neighbourhood of the 
Agno fault, and also in the east in the 
neighbourhood of the_ Passo Zovo fault, 
the folds are apprOXimately parallel 
to these faults (NNE-SSW). They are 
overturned to the ESE, and their axes 
are	 plunging up to 200 SSW. 

Between the Agno and the Passo 
Zovo fault, subhorizontal E-W asym
metric folds are, found. Their north 
flanks dip about 200 north, their south 
flanks about 700 south. 

Monte di Malo area. 
The	 Malo fault zone is the only hea

vily tectonized zone in the Monte di 
Malo area. In the sediments along this 
subordinate tension fault that belongs 
to the Vicenza fault system, several 
smaller synthetic and antithetic normal 
faults form small wedge-shaped "graben". 

In the Monte di Malo' area some hun
dreds of faults and joints have been mea
sured in order to obtain a picture of the 
tertiary tectonic deformations. As out
crops are rather scarce in the hills, the 
faults and joints were mainly measured 
in the valleys of the Refosco, Pizzolone, 
Piano Serena, and in the Valle Grande. 
Fig.36 is a projection of the directions 
of these faults and joints on the Wulff's 
projection. 

The structural pattern of the Refosco 
valley shows three major and four minor 
concentrations of faults and joints (see 
fig. 36). The three major maxima re
present NNW-SSE faults dipping east as 
well as west and ENE-WSW faults dip
ping to the north. These faults are all 
normal faults along which the blocks 
in the direction of the dip moved down
ward. This structural pattern resembles 

- 124 



N 

"9 36 

600 Palesaf faults and joints
 
Val Refosco in tertiary limestones and daIomites
 5 \\:II Grande 

N 

1111111111~'r
III! 1111, ~II tr~III 

111 Ullilli III \I 

\ 

w l~l 
I Upper hemispheres 

of the stereagraphic 
prOjections (Wulff) 

contours 5 -10 - 20·/. 

\\:II Piana Serena 5 

5 

N 



the triassic pattern found in the base
ment (see fig. 28). However, south
dipping ENE-WSW faults are scarce in 
this valley. The four minor concentra
tions are represented. by subvertical 
NE-SW faults, steeply east- as well as 
west-dipping N-S faults and joints, and 
subvertical WNW-ESE faults. The NE
SW faults are sinistral wrench faults, 
along which the eastern block moved 
down. The dip of the striae on the fault 
planes varies from 100 to 600 . The ori 
gin of the N-S faults is unknown; they 
may belong to the same deformations 
that caused the N-S faults, intruded 
by basaltic magmas found in the north
western part of the Vicentinian Alps. 
The subvertical WNW-ESE faults are 
only found in the Refosco valley and are 
accordingly due to local deformations. 

sured (see fig. 36). These three maxima 
represent NW-SE faults dipping to the 
SW, N-S faults and joints dipping east, 
and NE -SW' faults dipping to the south,. 
It appears whether in this area again the 
triassic south-dipping NE-SW (original 
ENE-WSW) faults have been reactivated. 
The N-S faults may be related to the 
large fault occurring east of Monte di 
Malo and west of Malo. though their 
strikes are somewhat different. 
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In the Val Grande area, south of the 1: 1 
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Refosco valley, two major and one minor /'\
 /
maxima have been found (see fig. 36). 
East- and west-dipping NNW-SSE normal 
faults and joints are predominant. The 
minor concent ration is represented by 
south-dipping J::NE-WSW faults. Also 
here the structural pattern resembles 
that of the triassic in the basement, 
but in this valley the north-dipping ENE
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MFaedo 
di Priabona Oligocene 

WSW faults are absent. The occurrence 
of north-dipping ENE-WSW faults in the 
Refosco valley and of south-dipping ones 
in the Val Grande is in strong contrast. 
Combined, these two patterns represent 
a normal triassic one. As mentioned be
fore, triassic east-dipping NNW-SSE 
and south-dipping ENE-WSW faults were 
reactivated during the Tertiary in the 
northwestern part of the Vicentinian 
Alps. It appears that in the Monte Magre 
area more elements of the triass ic 
pattern were reactivated. 

In the Val Piano Serena mainly north
dipping ENE-WSW faults and joints are 
found (see fig-. 36). Their dip is again 
in contrast with that found for similar 
directed faults in the Val Grande area. 
Minor concentrations are found of ea!:it
dipping N-S and NNW-SSE faults and 
joints. 

In the Pizzolone area, south of the 
Val Piano Serena, three distinct but 
minor concentrations of faults were mea-

Fi~. 37 

Faults in the oligocene limestones 
of the Monte Faedo (NW of Priabona) 
have been measured also. Unly two 
maxima are found, which represent NNE
SSW faults, dipping WNW or ESE (see 
fig. 37). The NNE-SSW faults in the 
older sediments (eocene and cretaceous) 
are younger than the NNW -SSE and El\jE
WSW faults. The presence of NNE -SSW 
faults in the oligocene limestones ex
clusively indicates that the NNW-SSE and 
ENE-WSW faults are most probably of 
eocene age. 

As the structural patterns of the Monte 
di Malo area resemble those caused by 
the uplift of the Valli-Recoaro horst in 
the Triassic, it may be assumed that in 
the Tertiary another uplift occurred in 
the southwestern part of the Vicentinian 
Alps. This is supported by the graVi
metric and magnetic anomalies in this' 
area (chapter IV, B and C), and also 
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by the post-eocene changes of relief in 
the Monte di Malo area as indicated 
by lithological data. 

In the lower Eocene, the area west 
of the Vicenza fault was lower than the 
area east of it; the opposite situation pre
vailed during the middle and upper Eocene 
and lower Oligocene. The change of re
lief was caused by an intruding magma 
witb high density. It seems that the 
older, triassic faults were reactivated 
in the Eocene, when the region was domed 
up by the intrusion of this basaltic 
magma. The NNW-SSE trending elevation, 
bordered by the Schio flexure-fault zone 
in the north, the valley of the Agno in the 
west, and the Vicenza fault in the east, 
seems to extend to the south, up to 
the Colli Euganei. It will be called the 
"Lessini - Berici - Euganei horst". 

c3'	 The Cima Alta area (NE partof the 
Vicentinian Alps. 

The Cima Alta area can be divided into 
the Posina area in the north, with main
ly permian and lower trIassic rocks; the 
Cima Alta plateau with norian dolomites 
in the middle, and the Tretto area, 
again with lower triassic rocks in the 
south. The Cima Alta plateau has been 
superficially studied, as it is of little in
terest for the tectonics in the NE part of 
the Vicentinian Alps. 

The	 Posina area. 
The Posina area has been mentioned 

before (see page 64 and 65). It con
sists mainly of lower permian igneous 
rocks, the age of which has been es
tablished by paleomagnetic correlation. 
These igneous rocks are bordered by 
three large faults: the. NNW-SSE Vicenza 
fault, the NNE -SSW Sella fault, and the 
upthrust in the valley of the Mojentale. 

The Vicenza fault has been fully 
discussed (see page 118). 

The Sella fault is a NNE-SSW striking 
left lateral shear fault, along which the 
eastern block has moved down (about 

700 m). To the SSW the direction of the 
fault changes, and it becomes parallel 
to the Vicenza fault; to the NNE it con
tinues west of the Monte Formeno to 
about 1 km east of Lastebasse (in the 
valley of the Astico). The total length 
of the Sella fault is about 15 kilometres. 
Its lateral offset cannot be established, 
but is assumed to be more than 700 m. 
Because of its resemblance with the 
Enna fault, which has the same direction 
and vertical throw, both faults are con
sidered to belong to one and the same 
system. The Enna fault is deflected by 
the horst and continues to the north 
as the Sella ·fault. The deflected part 
follows the Vicenza fault. 

The upthrust in the Mojentale valley 
has been discussed before also (see 
page 122). 

The lower permian igneous rock!: 
of Posina are overlain in the north b} 
quartz -phyllites, which in turn are over
lain by steep north-dipping anisian and 
ladinian sediments and effusives. Most 
authors (Fabiani, Maddalena) were of 
the opinion, that the dip was caused by 
the updoming of the Pos ina igneous mass, 
which was considered of ladinian age. 
On the bas is of paleomagnetic data, how
ever, it is concluded that the igneous 
mass was formed in the lower Permian: 
consequently, it cannot have tilted the 
younger sediments. It has not been ex
plained how the permian and scythian 
sediments disappeared during the up
doming, by the above mentioned authors. 
The present author is of the opinion, 
that the Monte Majo dolomite complex 
has moved southward over the Posina 
igneous complex. The permian and scy
thian sediments were squeezed out and 
part of the quartz-phyllites were dragged 
upwards by the upthrust. This upthrust 
corresponds with other tertiary up
thrusts and overthrusts along the north 
side of the Valli-Recoaro horst. The up
thrust is intersected and set off by the 
Sella fault;p.ccordingly, it must be ol
del'. Lateral movements occurred in the 
tectonic zone of the Mojentale upthrust. 
Near Spini, a fault is found in the anisian 
sediments paralle1to their bedding planes, 
dipping 600 north (240 - 60) and cuts 
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an approximately N-S striking dike; the 
northern part of the dike is displaced 
to the east. EVidently, we are dealing 
with right lateral shear movements along 
dextral wrench faults. These lateral 
movements may be the result of stresses 
which developed during the upthrust of 
the Majo complex. Also the Monte Gai
monda complex was thrusted southward 
but it slided backward (northward) when 
the thrusting movements ceased to exist, 

The Tretto area. 
The Tretto area is bordered to the 

south by the Schio flexure-fault zone; 
most of the faults found are related to 
this zone. However, two structural fea
tures stand apart, the Sante Catarina 
upthrust in the north and the faults in 
the valley of the Rio Orco. The Sante 
Catarina upthrust resembles the Monte 
Majo upthrust. Anis ian and younge I' strata 
moved to the south, where they met an 
older igneous mass (the scythian Guizza
Faedo unit). It seems that in this area 
the movements to the south were not due 
to the gravitational sliding of the entire 
sedimentary cover, but to stresses in 
the north flank of the Schio flexure. 
The internal differential movements pa
rallel to the bedding planes, due to the 
downwharp of the flexure zone will have 
caused overthrusts. During this process, 
the Guizza-Faedo igneous unit acted as 
a buffer zone, and upthrusts were formed; in 
a later stage this igneous mass was 
teared off its moot and moved to the 

south, overrunning the jurassi~ ancfcre
taceous strata (see section E, page 119). 

In the Monte Summano area a con
siderable number of minor overthrusts 
of this type are found in the jurassic 
series north of Piovene-Rocchette. It is 
evident that the faults were caused by 
the same internal differential sliding 
movements in the north flank of the 
Schio flexure-fault zone, which also cau
sed the Sante Catarina upthrust. 

In the valley of the Rio Orco, two 
NNW-SSE faults are present in the ani
sian sediments; the latter are dipping 
steeply east. This is to be considered 
as a NNW-SSE flexure zone, whichwas 
faulted (see section III, enclosed map). 
The faults are accompanied by severai 
andesitic intrusions, and traces of hydro
thermal and pneumatolitic alterations 
are frequently present. 

A NNE-SSW fault begins in the Schio 
flexure-fault zone and·runs east of Por
naro and Pozzani up to the valley of the 
Orco. This fault is deflected and coin
cides with the eastern of the NNW-SSE 
faults. In the north the original NNE
SSW fault regains its proper direction 
and follows the NNE branch of the Orco 
river. Thi!:; structural constellation is 
similar to that of the Enna and Sella 
faults in relation to the Vicenza fault. 

North of the Monte Summano, a NE
SW fault runs from the Monte Summano 
to Meda (in the valley of the Astico). 
This fault might be related to the NNE
SSW sinistral wrench faults. 

G. QUATERNARY TECTONICS
 

The Vicentinian A~ps have not yet 
come to rest, as can be deduced from 
the abrupt and cons iderable relief, and 
from the presence of isostatic anoma
lies. Gravitational reactions to the poten
tial relief energy and differential vertical 
movements for the adjustments of the 
isostatic balance proceeded in the Quater

nary up to the present time. Very young 
gravitational reactions to the re lief 
energy are revealed by slumping on 
both flanks of the Leogra drainage ba
sin. The largest saucer-shaped slum
ped unit is found north of the Cima la 
Locchetta. It slided in NE direction to
wards the Leogra valley. Other slumped 
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units which also moved in NE direction 
are found north of the Monte Cengio and 
east of the Monte Bafelant. The latter 
mass rotated about 300 clockwise during 
its movement; this observation has been 
used for the tectonic correction applied 
to the paleomagnetic data of sample~ 

taken from this unit (55 - 59, page 144). 
The Monte di Paninsacco, west of Mag
lia, is an example of such young slum
ping in the Agno valley. 

On both sides of the Monte Alba
Fratte igneous unit, large scree zones 
are found, especially just north and 
south of the Monte Alba. 
The layers over which sliding took place 
must belong to the plastic lower scy
thian red silts. The scree zones, con
sisting of rhyodacitic fragments, were 
mapped by Fabiani as outcrops of the 
igneous mass. As a result, he mapped 
this igneous mass as too large. In order 
to determine where the rocks arein situ 
and where they moved down and rotated 

at random, the paleomagnetic breccia 
test has been applied (see page 145). 
A recent slide (about 20 years ago) 
has been reported from the area south 
of Posina, where a mass consisting of 
ladinian tuffs mixed with screes of the 
Alba-Fratte massif, moved down to
wards the Posina valley. 

The gravity tectonics are active even 
in our days. The cemetery of Santorso 
may be mentioned as an example. This 
cemetery is situated in the subhorizontal 
eocene rocks of thE southern flank of the 
Schio flexure-fault zone. The NE-SW 
wall on the north side of the cemetery 
is repeatedly pushed over to the south, 
This is a good example of recent tecto
nic movements, of the same type as 
those by which the Schio flexure-fault zone 
was deformed, i. e. southwarc overthrus
ting of the sedimentary cover, due to the 
forming of a basement fault which re
moved the lateral support. 

H. TERTIARY TECTONICS OF THE REGION NORTH OF THE VICENTINIAN ALPS 

(AND SOUTH OF THE VALSUGANA LINE). 

In his work on the tectonics of the 
Lessinian Alps, Pia (1923) described the 
tertiary deformations of the mesozoic 
rocks in the region north of the Vicen
tinian Alps. The name "Lessinian Alps" 
is not well chosen as the Monti Lessini 
are situated between the Adige and the 
northern part of the western Vicentinian 
Alps and accordingly form only the 
southwestern part of the studied region. 
From Pia's map (based 1. a. on surveys 
of Bittner, Boden, Fabiani, Ne,;ri, Torn
qUist, Trener and Vacek) itcanbecon
eluded that most faults fit in the struc
tural pattern as discussed for the Vicen
tinian Alps. For a more specialized 
analysis of the tertiary "decollement': 
the orientations of the bedding planes 
measured and plotted by Pia, are of in
terest. Two distinct fold directions 
are distinguished by this author: the 
NNE -SSW, eastward overturned folds 

(the Giudicarian fold-system), and the 
E -W striking southward overturned folds 
(the Lessinian fold-system) (see fig. 38). 
Pia stated that the Giudicarian and Lessi
nian folds are not intersecting, but form 
an "innige Verzahnung, eine gitterarti
ge Verflechtung" (an "interwoven net
work"). Consequently they must be of 
about the same age. It is known that 
the folds in the sedimentary cover of the 
south flank of the Alpine geanticline were 
caused by gravitational sliding move
ments (Van Bemmelen, 1960, Van Hilten, 
1960). For the Val-di-Non area Van Hilten 
described a SSE "decollement" (ENE-WSW 
folds) of the sedimentary cover. These 
sion of the peri-adriatic tonalites (ada
sion of the peri-adriatic tonalites (Ada-, 
mello, Monte Croce,Ivinga, Bressanone) 
along the Insubric, Giudicaria,and Pusteria 
taults. North 01 me VlCenLl1l1an AlPS the 
general movements were caused by a 

- 129 



i r " A L P S 

0 7.5 15km. 

---~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 

N ' I -' 

~ . .!

I 

~. V I C T 

southward directed gra:vitational sliding 
of the sedimentary cover. 
Fig. 38 reveals that in the utmost 'west 
NNE -SSW folds dominate, passing into 
NE-SW folds north of the western and 
in E-W folds' north of the eastern part 
of the Vicentinian Alps. In the utmost 
east again NE-SW folds are found. 
The NNE-SSW folds belong to the Giudi'.l. 
carian fold-:system. They have been 
formed as a result of an ESE "decolle
ment" of the sedimentary cover over the 
eastern flank of the Oetz mass. The 
E-W folds belong to the Lessinian fold
system. They were formed during the 
s'outhward directed "decollement" of the 
sedimentary cover over the sduthern 
flank of the Tauern mass. The NE-SW 
folds dominating in the area north of 
the western Vicentinian Alps, are thought 
to belong to the Lessinian system. The 
ENE-WSW buffer zone (triassic Valli
Recoaro horst) in the deeper parts of the 
sedimentary cover, will have deviated 
the general southward sliding movements, 
causing the development of NE-SW folds. 
The influence of the horst reaches as far 
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north as Rovereto (about 20 km). The 
NE-SW folds found north of the utmost 
eastern part of the Vicentinian Alps 
can be explained as follows. East 
of the Brenta, a remarkable structure 
can be concluded from the geological 
map of Dal Piaz. It is a NE-SW horst
shaped structure, bordered to the south
west and northwest by the valley of the 
Brenta. In the SE, the structure is bor
dered by a flexure-fault zone, beginning 
west of Borso del Grappa and extending 
east of the Monte Grappa, the Monte 
Boccaor, the Col dell 'Orso, 'llld the 
Monte Fontana Secca up to the village 
San Maria in the valley of the Piave. 
East of this structure and north of the 
Bassano flexure-fault zone, an ENE-WSW 
east-plunging anticline and syncline are 
present. Mainly shallow water conditions 
appear to have existed during the Jurassic 
and Cretaceous in this region. This is 
in support of the author's supposition 
tha.t an old triassic, NE-SW striking 
tectonic culmination is present in the 
subsurface. This Monte Grappa horst 
will have acted (like the Valli-Recoaro 



horst) as a buffer zone during the "de
collement" in the Tertiary. 

Pia estimated a relative "shortening" 
of the strata of 5 per cent for the wes
tern part of the Vicentinian Alps, 20 per 
cent for the central part and 10 per cent 
for the eastern part. The term "shor
tening" should be avoided, as shortening 
is not known in this region. The major 
movements were caused by the adaptation 

of the sedimentary cover to the fault 
tectonics of the basement through dra
ping and gravitational sliding. In all 
deformations, a reference sphere be
comes an ellipsoid; in some directions 
the sizes become larger, in other smal
ler, and some remain unchanged. Never
theless, Pia's figures give an impression 
of the importance of the tertiary move
ments. 

1. TECTONICS OF THE WESTERN PART OF THE SE-ALPS 

The western part of the SE-Alps is 
formed by four blocks, separated by sig
nificant structural lines (see fig. 39). 
These blocks are the classical "Dolomites" 
in the north, the southern Limestone 
Alps in the centre, the Venetian Plain 
in the southeast and the Monti Lessini 
in the southwest. 

The Dolomites consist mainly of slight
ly folded permian and triassic rocks 
on a basement of quartz - phyllites. The 
region is bordered by the Pusteria fault 
in the north, the Valsugana flexure-fault 
in the south, and by the Giudicaria fault 
in the west. Measured in a north-south 
direction, the region is 80 km broad 
on the west side and 35 km on the east 
side. 

The southern Limestone Alps consist 
for the greater part of slightly tilted, 
north-dipping mesozoic strata. The region 
is bordered to the north by the Valsu
gana flexure-fault and to the south by the 
Bassano flexure-fault, and measures 
about 35 km across. 

The Venetian Plain also seems to con
sist of slightly northward tilted strata, 
concealed by thick quaternary deposits. 
This block is bordered to the north 
by the Bassano flexure -fault. In the 
south a similar fault zone may be pre
sent in the basement, as suggested by 
gravity anomalies. Both the Venetian 
Plain and the southern Limestone Alps 
are bordered to the west by the NNW

SSE	 trending Vicenza fault. 
The Monti Lessini form a triangu

lar region, mainly consisting of south
dipping mesozoic and tertiary strata, 
bordered in the west by the NNE-SSW 
Adige fault zone and in the east by the 
NNW-SSE Vicenza fault. 

The Insubric,Giudicaria,and Pusteria 
fault zones are considered to form one 
structural unit. This is based on the 
following considerations: 
a) The strikes in the various parts of 

this fault zone are parallel to the 
general direction of schistosity in 
the crystalline rocks, in adjacent 
parts of the central Alpine geanti 
cline. 

b)	 Subvertical folds in the crystalline 
rocks on the north side of the faults 
show a sinistral "Vergenz", indica
ting left lateral shearing movements 
(Agterberg, 1961). This indicates 
that sinistral shearing movements 
occurred previously along this fault 
zone. 

c)	 The fault planes are steeply dipping 
below the crystalline rocks of the 
upper (northern) blocks. 
The faults are norm al faults (with 
south-dipping fault planes), the 
throw of which amounts to several 
kilometres (Van Bemm elen, 1960, 
Dietzel, 1960, Van Hilten, 1960). 
The upper part of the fault planes 
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toppled over, and at present they 
appear to be steep overthrusts. 

The subvertical folds in the crystalline 
rocks on the north side of the Pusteria 
and Giudicaria faults suggest important 
deformations by left lateral (sinistral) 
shear movements in the fault zones that 
already existed since the Permian. The 
age of these movements cannot be es
tablished' but InUSt be pre-Oligocene, 
because in the late Oligocene subvertical 

39. 

movements dominated, and normal faults 
were formed; These subvertical move
ments were due to the rise of the Alpine 
geanticline. The sinistral wrench faul
ting may be related to the westdrift of 
NE-Italy in mesozoic time (see fig. 40). 

The Valsugana and Bassano flexure 
faults originated as normal faults, with 
tension rifts and subsided wedges on the 
south side. The sedimentary cover was 



draped over these basement faults and for
med flexures. Locally the fault planes top
pled over towards the downthrown blocks, 
giving rise tc southward directed over
thrusts (see also Agterberg, 1961). 
The Bassano flexure-fault zone is com
posed of arcuate segments (convex to 
the south), up to 30 km wide. These 
parts are dis placed "en echelon" by 
cross faults with right lateral shear. 
The eastern segments accordingly mo
ved relatively further south with respect 
to the western ones. The subvertical 
throw increases in eastern direction. The 
Valsugana fault zone appears to consist 
also of such segments. 
The differential subvertical movements 
along the Pusteria, Valsugana, and 
Bassano faults are due to the rise of 
the alpine geanticline and the subsiden
ce of the northern adriatic basin. The 
movements along the Pusteria fault are 

mainly the result of the rise of the E-W 
trending crests of the alpine geanticline. 
The vertical throw along the Bassano 
and Valsugana faults is mainly due to 
the subsidence of the adriatic basin. This 
may explain the deviating directions of 
the Pusteria and the Bassano and Val
sugana faults. 

The Vicenza fault is a very complex 
structural feature. It has been extensive
ly discussed on the pages 118 and 120. The 
fault originated in the Triassic as a 
cross fault, at right angles to the Valli
Recoaro horst. Its northern part mainly 
served shear movements that are rela
ted .to the draping of the sedimentary 
cover over the Schio fault in the base
ment. Its southern part served sub
vertical movements. The latter are cau
sed by a crustal deformation related 
to the subsidence of the Po region. 

J. INTERPRETATION OF THE DEFORMATIONS IN THE TETHYS ZONE,CAUSED BY 

MEGASHEAR MOVEMENTS, AS BASED ON PALEOMAGNETIC DATA. 

Paleomagnetic data prOVide information 
for new views on the structural evo
lution in the Tethys zone. Based on 
these data the present position of NE
Italy can be interpreted as the result 
of a west drift during the Mesozoic and 
a north or northwest drift during the 
early Tertiary. The Vicentinian region 
acqUired its present position during the 
middle Oligocene. 

The cause of the mesozoic westdrift 
of NE-Italy is difficult to establish; how
ever, it must be possible to trace 
the remnants of the large lateral shear 
faults, in the zone of which the move
m ents took place. Because the NE -Italian 
tectonic unit rotated anticlockwise (with 
respect to Meso-Europe) in the late 
Triassic, it may have been bordered by 
dextral shear faults (see inset of fig. 
40). Throughout the Tethys zone right 
lateral faults are present. The publi

cation of Pavoni (1962) gives a general 
picture of these faults in Asia. At least 
four important dextral shear faults can 
be distinguished (see fig. 40). Two north 
of the Himalaya mountains, and two in 
the Middle East. The offset along the 
northernmost fault (Karatan fault) mea
sures according to Pavoni about 300 km. 
The Fergana basin (originally forming 
the westward extension of the Tarim 
basin) should have moved NW-ward over 
this distance. The most important right 
lateral shear faults occur in the Middle 
East. One megashear extends from the 
Balto-podolian fault 
to the Caucasus, 
Afghanistan down 
Arabian sea west 
one may start as 

across the Crimea 
and farther through 
to the coast of the 
of Karachi; another 
the Vardar zone in 

Yogoslavia and lines up with the North 
Anatolia fault, extending farther south
eastward as the faults of Iran down to 
the Oman Gulf. The opinion, that the 
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Vardar and the North Anatolia fault are especially well developed in Iran 
zones belong to the same system, has and in Anatolia. On a smaller scale, 
been expressed by J. H. Brunn (53th the Defereggen Schlinge and the Oetz 
session of the Geologische Vereinigung at Schlinge on the northside of the Pus
Bern, Switzerland, 1963). North of the teria and Giudicaria faults, that border 
Pyrenees a large fault is present along the anticlockwise rotated block of NE
which major subhorizontal, movements Italy to the north, indicate also impor
took place (de Sitter, 1956). About the tant sinistral shear movements. 
properties of this fault only little is If the offsets along each of these mega
known. According to Carey (1958), it shears really amount to hundreds of 
should be a sinistral wrench fault. Along kilometres, the westward shift of NE
the southern border of .the Atlas another Italy over about 4800 km becomes feas ible . 
important system of right lateral shear The anticlockwise rotation and westdrift 
faults (Agadir and south Atlas fault, zones) of Spain (Pyrenees) and the anticlockwise 
is found, described by de Sitter (1956), rotation of Corsica are in support of 
Rod (1962), Glangeaud (1957, 1962) and the above mentioned hypothesis of mega
others. shear movements. 

In the zones between systems of dex The early tertiary Nor NW-ward drift 
tral shear faults, drag movements will of NE-Italy is thought to be related to 
cause anticlockwise rotating vortexes the northwest drift of Africa during that 
bordered by sinistral wrench faults. This time. The northward component of this 
style of folding has been called "Schling movement will have caused a S-N com
enbau" by Smidegg (1933). These anti pression in the Tethys zone that may have 
clockwise "Schlingen" or vortexes will initiated the tertiary deformations in 
be mainly formed on that side of the the Alps. The westward component may 
fault that has actually moved. Fig. 40 have caused (renewed) movements along 
shows only the most important units the 9-extral shear faults at the southern 
of the numerous anticlockwise vortexes, margin of the Tethys zone (Agadir fault, 
occurring along the southside of the South Atlas fault). 
dextral shear faults. These vortexes 
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CHAPTER IV 

GEOPHYSICS 

A. GENERAL 

The isostatic anomalies and paleomag deeper levels of the crust and were 
netic properties of the rocks in the Vi pushed up in a northeaste rn marginal 
centinian Alps have been studied in or belt. 
der to obtain a better understanding of the 
structural evolution. The paleomagnetic data are based 

Most of the gravimetric data were on measurements by the author. The 
b hed by de Bruyn (1955). They re samples' were exposed to alternating 

ve positive isostatic anomalies in a magnetic fields of stepwise increasing~-shaped region. The NNW-SSE leg of intensity to remove the magnetization 
the V with be called the Vicenza- and the which was induced in later times. The 
ENE-WSW leg the Bassano maximum. average permian magnetic direction 
The Vicenza maximum extends from the indicates that NE-Italy must have been 
Colli Euganei in the SSE over the Monte situated during this period at the inter
Berici and the western Vicentinian Alps section of the permian _300 isocline 
towards Lake Garda. The Bassano maxi (derived from the European data by van 
mum can be traced from this lake in Hilten) and the permian Tethys zone, 
ENE direction over the Vicentinian Alps which location is at present somewhere 
up to the area east of Belluno. in the western Himalayas. During the 

By using simplified geological cross Triassic the inclination increased con
sections, the anomalies of the Bassano siderably and NE-Italy rotated about 600 

maximum can be explained by the relative anti-clockwise. The rotation of NE-Italy 
depth of the basement;the Vicenza maxi is considered to be due to right lateral 
mum, however, is due to the combined shearing movements causing a west
effects of the relative depth of the base drift of NE-Italy. In the Eocene the ave
ment and the presence of large plutonic rage paleomagnetic directions of NE-Ita
bodies of high dens ity. The Bassano maxi ly had an inclination of +500 • According
mum is due to step-faulting in the base ly, this region must have been situated 
ment complex between the rising Alpine further to the south on the +500 isocline 
geanticline and the subsiding Adriatic of the Eocene, that is where south Italy 
basin. The Vicenza maximum is thought is presently situated. The present position 
to be related to the subsidence of the of NE-Italy was reached in the Oligo
Po basin. It might represent a correc cene. This northdrift of NE -Italy during 
tion of the disturbed graVimetric equi the early Tertiary may be due to the 
librium during subsidence. Magmas of NW drift of Africa. 
high density were squeezed out from 
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B. GRAVIMETRY
 

Gravity anomalies are frequently pre
sent in the Vicentinian Alps. It will be 
attempted to establish a possible relation 
between the regional tectonics and the 
present anomalies. 

The author is obliged to the "Bataaf
se Internationale Petroleum Maatschappij" 
(B.!. P. M.) for placing at his disposal 
the isogam maps of North Italy (scale 
of 1. 000. 000) used by de Bruyn for his 
isogam map of Europe and North Africa. 
De Bruyn (1955) published a Bouguer and 
an isostatic isogam map (scale 1 : 
50000. 000) with an interval of 25 mgl, 
in certain areas showing 5 mgl con
tours. The part concerning the gravi
ty of northern Italy is largely based 
upon Morelli who collected the pendu
lum data and published these in his 
work "La rete geofisica e geodetica in 
Italia" (1948). A new network measured 
with a Worden gravimeter was esta
blished in 1952. Morelli's publication 
"Primo contributo per una rete gravi
metrica fondamentale in Italia" concerns 
this work. Regional gravity surveys were 
made and published in 1951 and 1954 by 
this author, the first of which is the 
most important for the Vicentinian region 
("Rilievo gravimetrico e reduzione iso
statica nell' Italia Nord-Orientale"). De
 
Vecchia published a gravity map (scale
 
1 ; 2.000.000) of NE Italy in 1955.
 

On the B.!. P. M. map used by the 
present author, the Alps are shown 
as an arcuate minimum with strong po
sitive isostatic anomalies on the inner 
(southern), and negative anomalies on 
the outer (northern) side. The SE part 
of the Alps, which has remarkable po
sitive anomalies, covers the Vicentinian 
Alps. 

When considering + 50 mgl and more; 
the anomalies occur in a V-shaped region, 
one leg of which has a NNW-SSE and the 
other an ENE - WSW direction (see fig. 41). 
The NNW-SSE leg is formed by the 
Colli Euganei in the south, the Monte 
Berici, the western part of the Vicen
tinian Alps, the Monte Lessini and Lake 

Garda in the north. This leg will be 
called the Vicenza maximum. The ENE
WSW leg of the V-shaped region can be 
traced from Lake Garda in the west 
over the Vicentinian Alps and the Asiago 
and Feltre regions up to the Belluno 
area, where the positive anomalies are 
slowly decreasing to the east. This part 
of the V-shaped region of positive ano
malies will be called the Bassano maxi
mum. 

The highest anomalies of the Vicenza 
maximum vary from about -+BO mgl 
in the SSE to +88 mgl in the NNW (Monte 
Lessini region). For geological reasons 
it is probable that the absolute maximum 
will be found further to the east than 
indicated in the map; it seems to be 
strongly related to the relative high 
position. of the basement in the Valli 
Recoaro area. The Vicenza fault and 
related tectonic features border the 
Vicenza maximum in the ENE. The po
sition of the Vicenza fault is indicated 
by the sudden ENE decrease of the po
sitive anomalies. The Po depression with 
minimal anomalies up to -120 mgl bor
ders the Vicenza maximum in the WSW: 
over a relative short distance (about 
100 km) the positive anomalies are again 
decreasing rapidly in WSW direction. 
In the SSW the Vicenza maximum seems 
to be bordered by another ENE-WSW 
fault. This fault will be discussed later. 
In the NNW the anomalies are decreasing: 
slowly to the north and no indications 
of major tectonic phenomena can be con
cluded from the gravimetric pattern. 

In the Bassano maximum the highest 
anomalies vary from about +74 in the 
Asiago region to +88 mgl in the Monte 
Lessini. This Bassano maximum is bor
dered by two important fault zones: in 
the NNW by the Val Sugana fault zone 
and related tectonic features, in the SSE 
by the Schio and Bassano flexure-fault 
zones. In ENE and WSW direction the 
positive anomalies are slowly decreasing. 
The pos ition of the Val Sugana fault 
zone is not reflected by the gravime
tric pattern, as the anomalies are 
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slowly decreasing to the north in spite 
of the sudden relatively higher position 
of the basement. It seems that the pre
sence of plutonic bodies of relatively 
low density (Cima d'Asta i. a. ) have 
isostatically compensated the relatively 
high position of the basement. 

In order to obtain a better insight 
in the pattern of positive anomalies 
two sections are presented. 

Section A. This NNW-SSE section runs 
from the northe rn coast of the Adria 
over the area with lowest negative ano
malies found in the neighbourhood of 
Oderzo to somewhere east of Belluno. 
Since the structure here may be assumed 
to be 2-dimensional, calculations can be 
easily made by using nomograms. The 
present anomalies are plotted as a func
tion of the horizontal distance and are 
presented in curve 1. Calculations were 
made for three models. For model 1 the 
basement was thought to be situated 
at a depth of 3 km in the centre, 
and of 1 km in the NNW and in 
the SSE. For model 2 a depth has 
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been assumed of 4 km in the centre 
of 1 km in the NNW and 2 km in the 
SSE. For model 3, these figures are 
5 km in the centre, 1 km in the NNW 
and 3 km in the SSE. 

The anomalies to be expected are 
indicated in fig. 42 A:
 

Model 1 curve II
 
Model 2 curve III
 
Model 3 curve IV
 

It is clear that curve II is most in 
accordance with the gravimetric pattern. 
The isostatic anomalies of the Bassano 
maXimum can be easily explained by 
block faulting in the basement. Three 
important ENE-WSW trending blocks can 
be distinguished from north to south 
in the SE Alps: the northern block is 
formed by the Dolomites where the base
ment is exposed over large distances 
at an elevation of about 2000 m. This 
block is bordered by the Insubric fault 
zone in the north and by the Val Sugana 
fault zone in the south. The middle block 
is formed by the southern Limestone 
Alps, where the basement is only ex
posed in the Schio area. In the eastern 
part of the Vicentinian Alps the basement 
is at least overlain by 1000 metres of 
sediments and seems to be located ap
proximately at sea level. This block is 
bordered in the north by the Val Sugana 
and in the south by the Bassano flexure
fault zones. The southern block is for
med by the Venetian plain, where mainly 
quaternary deposits are found at the 
surface. From gravimetric and geolo
gical data may be concluded that this 
block is bordered in the south by an 
ENE-WSW directed buried fault zone, 

that can be best called the Venetian fault 
zone. The depth of the basement seems 
to vary from about -3000 m in the centre 
to -1000 m in the south. All three blocks 
show a northward antithetical dip with 
an ave rage of 100 , thus caus ing the 
southern part to lie relatively higher 
than the northern. Along the flexure
fault zone the basement has generally 
moved downward each time over about 
2 km (With the exception of the Insu
bric fault, the vertical throw of which 
is considerably larger). The subver
tical movements of these blocks are 
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1'elated to the uplift of the Alpine anti
cline in the north and to the subsidence 
of the northern Adria massif in the south. 

Section B. This is also a NNW-SSE 
section across the Vicenza maximum 
with its positive anomalies, from the 
Colli Euganei in the south over the Monte 
Berici to the Monte Lessini. This struc
ture is not really 2-dimensional. The 
picture, however, is so characteristic 
that it will not change considerably by 
considering the structure 3-dimensional. 
Calculations were made for 2 models. 
In modell, 2 km of sediments (spec. 
density 2,5) and in model 2,2 km of ba
salt (spec. density 3,0) are assumed 
to he overlying the basement, which is 
considered to be located at a depth of 
1,5 to 2 km. The anomalies to be ex
pected are shown in fig. 42 B: 

Model 1 curve III 
Model 2 curve II 

It is clear that in the SSE part, the 
anomalies obtained are too high when 
only basalt is present, and much too 
low when only sediments should be over
lying the basement. Consequently, basalts 
and sediments must be overlying the 
basement in this region, which is in 
accordance with geological data. In the 
NNW part, the basement is exposed and 
both curves indicate too high anoma
lies, as is to be expected. In the centre 
of the section, both anomalies obtained 
are far too low and an extensive basal
tic mass must assumed to be present 
(length at least 20 km in NNW-SSE di
rection). Calculations based on different 
positions of the basement can never 
considerably reduce the difference between 
the real and calculated anomalies in this 
region. The gravimetric anomalies pro
bably are mainly due to the presence 
of basaltic plutonites of relatively high 
density; this finds support in the abun
dant volcanic features in this region. 
There might he a relation between the 
negative anomalies of the Po depression 
and the posi ti ve anomalies of this maxi
mum, which are parallel. The Vicenza 

maximum probably forms the isostatic 
compensation of the Po depression. In 
combination with this concept, the east
ward shift of the centres of volcanism 
during the Tertiary becomes interes
ting. These shifts must have started 
in the late Cretaceous and lasted at 
least until the Mio-Pliocene. During 
this time the centres of maximal vol
canic action shifted in three successive 
stages NE-ward, each time over a dis
tance of about 30 km. In the WSW zone 
(Lago di Garda region) of the Vicenza 
maximum, volcanism was most active 
during the late Cretaceous and lower 
Eocene, and in the western part of the 
Vicentinian Alps during the middle Eoce
ne. In the eastern part of the Vicentinian 
Alps volcanism was most active during 
the middle Oligocene and Plio-Miocene. 
Exceptions to this generalization are 
many, but there is no doubt of such 
a general NE-ward shift of the maxi
mal intens ity of volcanic acti vity in the 
course of some scores of million years. 

The Vicenza and Bassano maxima are 
intersecting in the NW part of the Vicen
tinian Alps (the Valli - Recoaro area), 
where the basement lies relatively high 
and volcanism has been active. Accor
dingly, the highest positive anomalies 
are found in this region. In the region 
of the Colli Euganei, the NNW-SSE Vi
cenza maximum intersects the gravi
metric high south of the Venetian block. 
The relative high position of the base
ment in this region is indicated by the 
outcrops of Jurassic in the Colli Eugamd. 

The Vicentinian Alps and the Colli 
Euganei are situated in a region, af
fected on the one side by the block 
faulting movements in the hinge area 
between the rising Alpine geanticline 
and the subsiding Adriatic basin, and 
on the other side by the movements 
related to the subsidence of the Po geo
syncline. This is one of the reasons 
for the extremely complicated structu
ral and volcanic history of these re
gions. 
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C. PALEOMAGNETISM
 

1. Introduction 

The paleomagnetic examination carried 
out by the present author in the Vicen
tinian Alps forms part of the studies on 
paleomagnetism conducted by students 
of the Mineralogical-Geological Institute 
at the University of Utrecht, under the 
supervision of Prof. Dr. J. Veldkamp, 
Prof. Dr. M.G. Rutten, and Prof. Dr. 
R. W. van Bemmelen. Special attention 
has been paid particularly in Europe 
to determine the orientation of the earth 
magnetic field during the Permian. Stu
dies concerning permian igneous rocks 
as well as sediments have been published 
on Norway (van Everdingen, 1960), Ger
many (Nijenhuis, 1960), France (Rutten, 
van Everdingen, and Zijderveld, 1957, 
As and Zijderveld, 1958, Kruseman,1962), 
Spain (v. d. Linge, 1960, Schwarz ,1962), 
and Italy (Dietzel, 1960, van Hilten, 
1960). From these studies it appears 
that the direction of the permian magnetic 
pole in regions subjected to the alpine 
orogenesis (Spanish Pyrenees, Italian 
Alps) differs cons id8rably from that in 
the relatively undisturbed regions of 
Europe (France, Norway, and Germany). 

In the Vicentinian Alps the abundant 
manifestations of igneous activity vary 
in age from upper paleozoic to tertiary. 
This renders the area particularly suitable 
for studying the successive positions 
of the paleomagnetic poles in NE
Italy since the Permian. About 200 
orientated samples of permian, meso
zoic, and tertiary, igneous as well as 
sedimentary rocks have been collected. 
The measurements of the directions of 
remanent magnetization in thes'e orien
tated samples have been carried out at 
the Geophysical Department of the Royal 
Netherlands Meteorological Institute ,·~t 

De Bilt. The magnetic properties of 
the samples were measured by means 
of an astatic magnetometer, designed 

by Mr. J.A. As. For the technical de
tails of this instrument the reader is 
referred to publications by As an Zij 
derveld (1958), and As (1960). 
The present day magnetic field of the 
Vicentinian Alps has a declination of 
3570 and an inclination of +64u . 
The magnetic anomalies are given in 
fig. 43. They coincide with large plu
tonites. 
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Fig. 43 Deviations of the horizontal component of 
the present magnetic field in the Vicenti 
nian Alps. 

2. Measuring technique 

The position of the collected samples 
was determined by measuring in the 
field the strike and dip of an arbitrary 
plane of the rock from which the sample 
then is taken. The orientated samples 
varied from 100 to 300 cubic centi 
metres in volume. For conveniently 
measuring, the samples were placed 
in orientated position into cubes ofparaf
fin with ribs of 10 centimetres. The 
original -yertical, N-S and E-W direc
tions of the sample in the field coin
cide with respectively the a, b, and c 
ribs of the cube. Thus the direction of 
the magnetic North is represented by the 
negative direction of the b-axis. The de
~lination is measured in a clockwise di
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rection, and the inclination is cons idered 
positive, when the direction of the mag
netization is in downward direction (di
rection of negative a-axis). The inten
s ity of magnetiz ation per cubic centimetre 
{J/cubic cm) has been computed {see 
tabel II). 

Two important corrections must be 
applied for establishing the direction of 
remanent magnetism: one for the devi
ation of the magnetic direction caused 
by tectonic movements, and another for 
the deviation of the magnetic direction 
caused by an unstable component due 
to younger induced magnetism. It is 
often difficult to determine the tectonic 
correction: consequently, in the past the 
positions of the paleomagnetic poles were 
generally measured for more or less 
tectonically stable regions. Paleomag
netism is becoming more and more im
portant for determining tectonic move
ments, and orientated sam pIes are taken 
in tectonically disturbed regions. The 
tilt of sedimentary series can be easily 
corrected, by measuring the dip of the 
bedding planes. However, it cannot be 
determined whether these deposits have 
been rotated and/or translated, and the 
total correction may be-incorrect. The 
determination of the tectonic correction 
for igneous rocks is even more diffi
cult. Generally, no corrections are ap
plied for intrusive masses, although these 
bodies may have been tectonically dis
turbed by later tectonic movementS. This 
is particularly the case in the larger 
mountain ranges where these intrusives 
form rigid masses between more plastic 
sediments. Even for the effusive igneous 
rocks the tectonic corrections cannot be 
exactly established, because the contacts 
may be irregular and the initial slope 
of the topography is not always known. 
In the Vicentinian Alps the circumstan
ces for determining the. tectonic correc
tions are rather favourable because of 
the presence of mainly thin lava flows 
with well-observable lower contacts. 
These lava flows are conformably inter
calated in sedimentary strata, and the 
original slope on which they were depo
sited, must have been slightly dipping 

only. In order to determine the tectonic 
corrections for the thick ignimbritic 
masses of the Trento-Bolzano region, 
Dietzel (1960) and van Hilten (1960) used 
the directions of flow and compaction. 
The author observed, however, that in 
rather thin ignimbritic layers and acid 
lavas, the flow lines are parallel to the 
lower contact in the lower parts of the 
bodies only; they increasingly deviate 
in upward direction and may become 
even s ubvertical. The lack of reliable 
tectonic corrections may cause differen
ces between the paleomagnetic directions 
measured for rocks of the same age and 
composition, collected in different tecto
nically disturbed regions. The deviations 
of the poles of the permian ignimbrites 
in the Bolzano-Trento region fOW1d by 
Dietzel (1960), van Hilten (1960), and 
Findhammer (unpublished) (see page 148), 
may have been partly caused by incor·· 
rect tectonic correctiqns. 

The magnetic correction is based on 
the studies on remanent magnetism by 
As, Zijderveld, and van Everdingen, 
who developed a methOd for separating 
the stable and W1stable components which 
together determine the direction of mag
netization. The separation of the com
ponents was carried out by progressive 
demagnetization of the orientated samples 
by means of thei l' exposure to an alter
nating magnetic field (50 CiS) of stepwise 
increasing intensity. The unstable com
ponent (soft component), which must be 
removed during the demagnetization, is 
considered to be due to a viscous re
manent magnetization (COX and Doel , 
1960). The stable component (hard com
ponent) is caused by thermoremanent 
magnetism and represents the direction 
of the magnetic field during the cooling 
of the igneous rocks and the deposition 
and/or diagenesis of the sediments. The 
soft component was probably induced 
in later times, which is confirmed by its 
direction, generally found to be approxi
mately conform to that of the present 
day magnetiC field. 

OnlY by means of a demagnetization 
curve it can be determined whether or 
not the unstable soft component has been 
removed completely. 

- 141 



N 

em. 

+8 

Fig.	 44 Demagnetization 

The graph (fig. 44) shows a demag
netization curve for ont:: of the samples. 
It clearly demonstrates that the inten
sity decreases during the demagnetization 
and that the direction of the magnetic 
vector changes until the sample has been 
exposed to a field of 500 Oersted. A fur
ther increase of the magnetic field crea
ted by the alternating currents mainly 
results in a further decrease of intensi
ty, but the direction remains unchanged. 
This means that the soft component has 
been removed entirely and the lines AB 
and BC then represent the components 
A-B and B-C of the direction of the 
stable or thermoremanent component. 

The direction changed considerably 
in 80 per cent of the samples (see table 
II) and it may be concluded that the ap
plication of the magnetic correction is 
essential for paleomagnetic studies. 

3.	 Paleomagnetic data of the 
Vicentinian Alps. 

In table n the paleomagnetic data are 

em.	 +C 

-A. 

N 

I. ",•••t ~••II.. ", ";"" ".t" 

curve	 of sample 37 (table II) 

given of 182 orientated samples collec
ted in the Vicentinian Alps. In the first 
column the number of the samples is 
indicated, and in the second their com
position (A: for acid igneous rocks, B: 
for basaltic igneous rocks I and S: for 
sediments). In column 3 the direction of 
magnetization (declination and inclination) 
is given before applying tectonic and mag
netic corrections. The intensity of mag
netism (in gauss), the direction of which 
is indicated under 3, is given in column 
4. In column 5 the direction (declination 
and inclination) of magnetization is given 
afte-r demagnetization (this is after the 
removal of the unstable component). The 
tectonic correction (strike and dip) to 
be applied is indicated in column 6. 
The direction of remanent magnetism 
(after magnetic and tectonic correction) 
is shown in column 7. The average di
rection of magnetization is given in 
column 8. 
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Table II 

~ 2 3 4 5 ] 6 7 8 

Pre-upper permian dikes 

1 
2 
3 
4 
5 
6 
7 
8 
9 

B 
B 
B 
B 
B 
B 
B 
B 
B 

345 +45 
356 +72 

8 +6 
96 -55 
95 -90 

131 -38 
148 -32 
333 +70 
341 +47 

-5
9,7x10 

29,2 
39,5 
1,8 

31,0 
13,7 
16,6 
12,2 
45,9 

132 -45 
143 -33 
141 -41 
139 -27 
153 -31 
143 -31 
148 -32 
116 -21 
153 -71 

c ..... o c 
..... ell 
..., '-l 
'-l ..... 
a>~ 

t So
0 ..... 
o 00 c..... 

132 -45 
143 -33 
141 -41 
139 -27 
153 -31 
143 -31 
148 -32 
116 -21 
153 -71 

(143 -34) 

Lower or middle permian igneous rocks 

10 
11 
12 
13 
14 
15 
16 
17 
18 

A 
A 
A 
A 
A 
A 
A 
A 
A 

141 -43 
162 -44 
159 -36 
146 -32 
147 -28 
153 -11 
139 -29 
127 -17 
107 -25 

-5
0, 8x1 0 
1,8 
1,0 
0,6 
1,0 
1,3 
1,5 
4,0 
0,6 

152 -26 
154 -24 
150 -32 
142 -31 
152 -33 
148 -25 
138 -33 
126 -17 
107 -29 

152 -26c 
.8 s:: 154 -24..... ~ 
'-l 0 150 -32 
~ c 
l:-<~ 142 -31 o c 
o ;:j 152 -33 

148 -25 
138 -33 

rotation see fig. 47. 
rotation see fig. 47. 

(148 -29) 

Upper permian sediments 

19 
20 

.21 
22 
23 

S 
S 
S 
S 
S 

175 -25 
182 -30 
162 -23 
168 -21 
167 -32 

0, 2x1 0 5 

0,1 
0,2 
0,2 
0,2 

180 -27 
170 -29 
160 -26 
168 -29 
172 -37 

(170-40) 
(170-40) 
(170-40) 
(170-40) 
(170-40) 

159 -27 
151 -22 
146 -14 
149 -20 
146 -28 

) (150 -22) 

Upper permian igneous rocks (Camparmo area) 

24 
25 
26 
27 
2R 
29 
30 
31 

A 
A 
A 
A 
A 
A 
A 
A 

157 -28 
179 -41 
146 -26 
167 -21 
168 -t-54 
332 +38 
338 +38 
166 -36 

-5
1,4x10 
0,8 
2,3 
6,4 
4,7 
3,2 
0,9 
0,4 

157 -28 
163 -29 
156 -34 
169 -22 
165 +33 
332 +38 
338 +38 
155 -41 

(155-20) 
(155-20) 
(155-20) 
(155-20) 
(155 ...15) 
(155-10) 
(155-10) 

147 -27 
152 -30 
144 -32 
160 -25 
174 +29 
324 +37 
330 +37 
155 -41 

} 
} 

(151 -29) 

(327 +37) 

Upper permian igneous rocks (Staro area) 

32 
33 
34 
35 
36 
37 

A 
A 
A 
A 
A 
A 

38 +81 
305 +6 
225 +89 
160 -44 
173 -51 
100 +74 

-5
40,lx10 

156,8 
9,3 
9,7 
3,5 
9,3 

143 -11 
174 -6 
162 -27 
158 -41 
146 -32 
154 -40 

( 0-30) 
(275-15 ) 

'i:! 
~ til 

'B~ 

152 -28 
173 -20 
162 -27 
158 -41 
146 -32 
154 -40 

(158 -31) 
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2 I 3 4 5 6 7 8
IiJ -; 

~ 
38 A 153 +38 10,4 149 +20 I ,

tJ ,~ 149 +20 
39 A 337 +30 2,6 337 +30 \l) ~ 

!:: ,~ 337 +30 
40 
41 
42 
43 

A 
A 
A 
A 

335 +30 
321 +17 
342 +36 
329 +23 

4,3 
8,4 
5,1 
7,8 

335 +30 
316 +30 
3i8 +31 
316 +35 

o ~ tJ ,~ 

(310-15) 
(310-15) 
(310-15) 

335 +30 
324 +27 
327 +28 
326 +32 

} (330 +29) 

Lower scythian sediments 

44 
45 
46 
47 

S 
S 
S 
S 

121 -88 
138 -7 
144 -28 
140 -22 

-5
0,7x10 
0,5 
1,2 
0,9 

130 -72 
136 -9 
144 -28 
140 -22 

(240-25) 
( 5-40) 
(340-20) 
(340-20) 

142 -48 
148 -37 
156 -32 
150 -27 

} (149' -35) 

48 S 173 +40 0,9 168 +45 (350-15) 153 +42 

Lower scythian igneous rocks 

49 A 144 -28 
-5

0, 8x1 0 130 -30 (345-20) 144 -40 
50 A 167 -46 1,5 133 -39 (345-20) 150 -47 
51 A 147 -39 0,4 144 -40 ( 0-0 ) 144 -40 
52 A 154 -50 0,9 156 -45 ( 0-0 ) 156 -45 
53 
54 

A 
A 

143 -35 
151 -31 

1,6 
1,3 

134 -28 
130 -20 

(350-35) 
(350-35) 

158 -43 
147 -39 

(149 -39) 

55 A 184 -47 0,3 184 -40 rot. 300 +(0-0) 154 -40 
56 A 188 -3 12,3 180 -19 rot. 30°+(20-10) 153 -26 
57 A 157 -40 1,7 160 -38 rot. 30°+(20-10) 134 -48 
58 A 176 -24 0,8 180 -20 rot. 30°+(20-10) 153 -27 
59 A 156 +59 89,8 153 +42 (385-5) 148 +42 

Upper scythian igneous rocks 

60 
61 
62 
63 
64 

A 
A 
A 
A 
A 

340 +46 
314 +56 
114 +32 
330 +43 
360 +58 

-5
76,Ox10 
21,6 
12,4 
11,5 

9,6 

333 +39 
330 +50 
320 +34 
327 +30 
328 +43 

(335-5 ) 
(340-10) 
(345-15) 
( 0-0 ) 
( 0-0 ) 

337 +39 
342 +50 
330 +40 
327 +30 
328 +43 

) (333 -+40) 

Anis ian igneous rocks 

65 A 354 +22 
-5

16,3x10 307 +32 0-30) 328 +53 
66 A 338 +30 21,5 307 +31 0-30) 327 +52 
67 A 338 +51 9,8 346 +43 ( 0-0 ) 346 +43 
68 A 327 +62 3,7 311 +35 (350-10) 317 +41 
69 A 343 +37 11,1 324 +46 ( 5-15) 338 +52 (331 +49) 
70 A 304 +42 47,2 310 +42 (340-20) 330 +49 
71 A 319 +41 5,3 306 +47 (340-20) 330 +55 
72 A 326 +43 17,9 304 +42 (350-10) 312 +49 
73 A 330 +52 8,7 346,+41 ( 0-0 ) 346 +41 
74 A 25 +42 14,6 360 +33 (355-15) 10 +33 
75 A 347 +18 58,5 346 +14 (355-15) 350 +18 
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2 3 4 5 6 7 8~I I I 
Igneous rocks of the Guizza-Faedo unit (Scythian) 

-576 A 348 +53 18,Ox10 349 +54
 
77 A 349 +61 31,9 349 +59
 
78 A 351 +67 13,8 348 +68
 
79 A 352 +72 42,0 354 +73
 
80 A 3 +55 45,4 360 +50
 
81 A 353 +56 33,5 358 +52
 

Igneous rocks of the Alba-Fratte unit (Scythian) 

-582 A 359 -+44 6,6x10 332 -+48
 
83 A 315 +37 16,9 311 +22
 
84 A 309 +16 3,3 310 +12
 
85 A 329 +31 10,7 321 +26
 
86 A 342 -+43 2,5 338 -+40
 
87 A 310 +52 9,4 310 +52
 
88 A 330 +53 7,4 328 -+40
 
89 A 330 +52 35,5 329 -+43
 

Ladinian intrusive rocks 

-590 A 313 +24 21,6x10 345 +39
 
91 A 330 +52 81, 3 340 -+41
 
92 A 351 -+48 13,8 342 +27
 
93 A 344 +56 59,0 346 +56
 
94 A 349 +50 11,0 345 +55
 
95 A 319 +19 11,8 340 -+44
 

Ladinian dikes 

-5
96 B 5 +68 44,8x10 338 +43
 
97 B 345 -+47 19,4 331 -+47
 
98 B 342 +36 ~6,8 329 -+41
 
99 B 328 +52 52,0 328 +52
 

100 B 353 +55 31,7 330 +50
 
101 B 324 +57 47,5 324 +57
 
102 B 351 -+46 29,3 332 -t-51
 
103 B 338 +65 75,5 310 +33
 
104 B 45 +4 24,1 31.5 +4
 

Breccia test
 

-5
 
105 A 75 +69 5,6x10 135 +39
 

318 -32 4,0 321 -32
106 A
 
107 A 345 +37 8,6 336 +13
 
108 A 282 +57 5,9 242 +57
 

109 A 195 +31 1,1 194 +34 
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(210-30) 
(210-30) 
(210-30) 
(210-30) 
(180-20) 
(180-20) 

(185-20) 
(355-25) 
(355-25) 
(355-25) 
(310-10) 
(310-10) 
( 0-0 ) 
( 0-0 ) 

I:: 
0 ..., l=: 
0 ~ 
CIJ 0 s.. I:: 
$-,~ 
o c 
C) ;:::l 

..., 
c c 
o CIl 

..... C)..., ..... 
0 .....CIJ ..... 
$-, Sn s.. ..... 
o til 
C) .S 

331 +30 
329 +36 
322 -+42 
320 -+48 
338 -+45 
335 -+47 

320 +36 
322 +38 
317 +29 
335 +38 
344 +34 
322 +51 
328 -+40 
329 -+43 

345 +39 
340 -+41 
342 +27 
346 +56 
345 +55 
340 -+44 

338 -+43 
331 -+47 
329 -+41 
328 +52 
330 +50 
324 +57 
332 +51 
310 +33 
315 +4 

.(330-+41) 

(327 +39) 

(330 -+49) 



3 4 5 6 7 8]~ 
Norian dolomites 

-5
110 S 8 +62 0,3x10 10 +65 (280-20) 10 +45
 
111 S 15 +66 0,4 20 +72 (280-20) 14 +52 (15 +47)
}112 S 48 +59 0,2 24 +64 (280-20) 19 +45 

Jurassic limestones 

-5113 S 182 -58 0,8x10 205 -18 (285-10) 204 -8 
114 S 178 -43 1,2 178 -11 (285-10) 178 -1 (190 -14)115 S 208 -65 1,5 188 -31 ( 0-0 ) 188 -31 }
116 S 197 -49 0,9 190 -17 ( 0-0 ) 190 -17 

Cretaceous limestones 

-5117 S 8 +59 0,7x10 336 +46 (240-10) 334 +36 
118 S 13 +48 0,5 356 +34 ( 0-0 ) 356 +34 

(353 +48) 119 S 357 +5 1,1 4 +33 ( 0-0 ) 4 +33 }120 S 11 +63 1,3 9 +46 ( 0-0 ) 9 +46 

Middle eocene igneous rocks 

-3121 B 359 +58 7,2x10 344 +62 344 +62 
122 B 10 +50 6,1 352 +53 ..., 352 +53 
123 B 37 +25 9,4 8 +53 § 8 +53 

I:).....124 B 23 +39 1,8 18 +64 ...... 18 +64.....
125 B 2 +32 3,4 359 +37 359 +37~ .....126 B 349 +45 3,5 355 +43 CI1 355 +43 

l::127 B 351 +43 3,7 350 +36 ..... 350 +36 (353 +48) 
128 B 1 +46 2,7 1 +41 l:: 1 +41 124 
129 B 349 +28 3,8 353 ...,0 353 +50 with-131+50 .....

130 B 35 +54 1,0 14 +39 I:) out 132


Q) 14 +39 
131 B 350 +24 1,3 338 +24 ...... 338 +24 133 

0132 B 335 +45 1,6. 349 +19 I:) 349 +19 
133 B 349 +44 1,9 351 +22 351 +22 
134 B 331 +32 5,6 350 +55 ( 0-0 350 +55 
135 B 340 +45 8,2 347 +48 ( 0-0 ) 347 +48 
136 B 360 +46 2,3 350 +50 ( 0-0 ) 350 +50 

(346 + 51) 137 B 357 +52 5,1 344 +62 ( 0-0 ) 344 +62 
138 B 323 +27 2,7 341 +48 ( 0-0 ) 341 +48 
139 B 339 +32 3,4 345 +45 ( 0-0 ) 345 +45 

Tertiary dikes ..., 
-3 l:: 

140 B 2 +19 3,2x10 352 +18 ~ 
I:) 352 +18 

141 B 357 +68 2,7 357 <= +68+68 ..... 357 
142 B 350 +58 6,7 356 +64 ~ 356 +64 .....143 B 20 +59 2,3 349 +41 CI1 349 +41 
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3 4 5 6 8~~ 7 

Tertiary dikes 

144 B 5 +44 
145 B 355 +64 
146 B 8 +53 
147 B 359 +61 
148 B 10 +47 

-31,7x10 
8,6 
4,6 
3,9 
3,3 

'0 +50 
353 +44 
360 +60 
350 +50 
352 +58 

I 
c..... 
r:::: 
0........, 
C) 
0,) ... ... 
0 
C) 

',6 +50 
353 +44 
360 +60 
350 +50 
352 +58 

Middle oligocene igneous rocks (Marostica area) 

149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

138 +63 
333 +82 
139 -48 
131 -52 
174 -21 
179 -5 
195 -20 
162 -59 
179 -43 
196 -55 

-31,4x10 
1,2 
1,3 
1,3 
8,1 
2,0 
0,8 
2,6 
1,9 
3,1 

151 +7 
152 +11 
171 -50 
182 -57 
174 -33 
173 -30 
194 -21 
180 -64 
176 -66 
184 -62 

( 50-80) 
( 50-80) 
( 0-0 ) 
( 0-0 ) 
( 60-40) 
( 60-40) 
(120-38) 
( 0-0 ) 
( 0-0 ) 
( 0-0 ) 

175 -72 
171 -66 
171 -50 
182 -57 
205 -65 
199 -64 
184 -56 
180 -64 
176 -66 
184 -62 

1 
(183 -62) 

Middle oligocene igneous rocks (Colli Euganei area) 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

A 
A 
A 
A 
A 
A 
B 
B 
B 
B 

201 -43 
213 -12 

26 +51 
356 +56 

0 +45 
148 -61 
174 -29 
186 -55 
180 -75 
212 -19 

-30,lx10 
0,2 
0,1 
0,1 
0,2 
0,1 
0,6 
2,1 
2,2 
0,5 

193 -43 
184 -73 
185 -69 
184 -67 
198 -69 
177 -61 
179 -38 
186 -57 
182 -70 
181 -23 

..., 
c c o cd 

..... C)

"tS 
~ SJJ........ 
o (/) 
C) .9 

193 -43 
184 -73 
185 -69 
184 -67 
198 -69 
177 -61 
179 -38 
186 -57 
182 -70 
181 -23 

(185 -61) 

Middle miocene igneous rocks (Colli Euganei area) 

169 
170 
171 
172 
173 
174 
175 

A 
A 
A 
A 
A 
A 
A 

37 +82 
2 +56 

351 +63 
317 +14 
345 +57 
358 +76 
10 +62 

-30,2x10 
0,1 
0,3 
0,2 
0,2 
0,1 
0,3 

348 +73 
354 +59 
352 +62 
321 +55 
275 -10 
275 -10 
110 - 5 

..., 
c c o cd 

..... C)..., ..... 
C) ..... 
Q) .~

tSno .~ 

C) ~ ..... 

348 +73 
354 +59 
352 +62 
321 +55 

2 +62 
8 +63 

352 +71 

(351 +64) 

Tertiary aberrant directions 

176 
177 
178 
179 
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181 
182 

A 
A 
B 
B 
B 
B 
B 

-3070 
41 -15 

160 -32 
157 -49 
149 -57 
161 -22 
151 -19 

-30,lx10 
0,1 
4,3 
7,6 
1,2 
2,3 
3,3 

138 -51 
133 -61 
159 -50 
155 -55 
151 -59 
146 -45 
148 -49 

..., 
c 

c cd 
o .~

:,Ct+-t
Co) ..... 

Q) Sn ... .~ ... (/) 
o c 
C) ..... 

138 -51 
133 -61 
159 -50 
155 -55 
151 -59 
146 -45 
148 -49 
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3a:-Paleomagnetism of the pre
permiBn and permian rocks. 

The permian magnetic field of Europe
 
is rather well-known, as most of the
 
paleomagnetic studies concern rocks of
 
this age. The data given in table III
 
have been published by Cox and Doell
 
(1960), Irving (1960), Kalashnikov (1961)',
 
and Nairn (1963). The author has com

pleted this list by adding the results ob

tained by mem bers of the Utrecht group.
 
(7 Zijderveld (in press); 8, 9 Kruse

man (in press); 14 Nijenhuis; 15 van
 
Everdingen; 27 Schwarz; 28 van der
 
Lingen; 30 Dietzel; 31 van Hilten; 32
 
Findhammer (unpublished); 33 de Boer).
 
In the second column of table III the
 
location and in the third column the
 

Table 

1 2	 3 

Britain	 1 55,5N 4,5 W 34 I 
2 55,5N 4,5 W 26 S 
3 55 N 2 W 102 I 
4 51 N 4 W 33 I 

France	 5 48 N 6 E 14 I 
6 46,5N 4,5 E 3 S 
7 43,5N 7 E I 
8 43,5N 3,5 E 53 S 
9 43,5N 3,5 E 92 S 

~ Germany 10 49 N 7 E 40. SI 
"'-l 11 49 N 7,5 E 53 SI 
~ 12 49 N 8 E 33 SI 
~ o 13 48 N 8 E 18 I 
u 14 50 N 7 E 57 I 

Norway 15 60 N 10 E 484 I 
Poland 16 50 N 20 E 9 I 
Czecho
slovakia 17 50,5N 16 E 46 SI 
Russia 18 53 N 52 E 35 S 

19 59 N 51 E 34 S 
20 61 N 46 E 49 S 
21 54 N 52 E 19 S 
22 57 N 54 E 35 S 
23 61 N 45 E 37 S 
24 57 N 55 E 15 S 
25 66 N 55 E 31 S 
26 48 N 38 E 34 S 

~ Spain 27 42 N 3 E 14 I 
z 28 42	 N 3 E 11 I o 
N Corsica 29 42 N 8 E 15 I 
~ Italy 30 46 N 12 E 50 I 
E-< 31 46 N 11 E 30 I 
"'-l 
E-< 32 46 N 11 E 33 I 

1 33 45 N 11 E 29 SI 

number and composition (I: for ig
ne.ous rocks, S: for sediments) of the 
orientated samples are given. In the 
fourth column the average direction of 
magnetization (declination and incH
nation) and in the fifth the location of 
the magnetic pole is indicated. The sta
bility of the rocks is given ih column 6. 
The paleomagnetic poles obtained by 
measuring the directions of magneti 
zation without removal of the secondary 
component are indicated' by -; when 
the rocks have been demagnetized (by 
alternating-field demagnetization or ther
mal demagnetization) or tested' (by 
conglomerate test, fold test, (I.e.). 
they are indicated by +. A high stabi
liW is indicated by ++. 

III 

4 5 6 

180 - 4 36 N 175E 
187 - 6 37 N 163E 
188 - 5 37 N 169E ? 
189 - 9 43 N 164E 
193 - 7 43 N 164E 
197 + 6 38 N 162E 
207 - 22 50,5N 142E ++ 
189 + 4 44,5N 178E ,+ 
198 - 6,5 48 N 169E + 
183 - 5 43 N 183E 
186 + 4 38 N 179E 
182 - 7 45 N 185E 
157 + 10 33 N 150W 
199 - 13,5 45 N 165E + 
204 - 36,5 47 N 147E ++ 
205 - 20 45 N 164E ? 

205 - 9 40 N 162E " 1 ? 
46, 226 + 46 48 N 162E c + 
42, 222'+ 48 49 N 169E + 
42, 222'+ 48 48 N 165E + 
222 - 39 45 N 171E + 
226 - 44 45 N 167E + 
220 - 35 41 N 172E + 
229 - 44 44 N 167E '+ 
228 - 40 43 N 168E + 
225 - 9 33 N 161E + 

152 - 22,5 50.5N 133W + 
163,5-14 51,5N 153,5W + 
141 + 8,5 31,5N 124W ? 
164 - 10,5 46 N 145 W + 
137 - 8 34 N 114W + 
150 - 31 51 N 119W + 
150, 330 + 28 50 N 119W + 



The following observations are based 
on this summary of the permian magne
tic	 directions in Europe: 
a)	 The location of the mean permian pole 

for the european continent, according 
to van Hilten (1960)is N 43 - 169,5 E 
(based on data by Cox and DoeJl) and 
according to Kalashnikov (1962) N 44 
- 168 E (based on 220 russian sam
ples ). 

b) The permian magnetic poles deter
mined for the alpine ranges_ (Pyrenees, 
Alps)generallyhave western longitudes 
in contrast to those obtained in the 
stable european regions outside the 
young mobile zones, which mainly 
have eastern longitudes. 

c) The permian directions of magne
tization mainly have negative incli 
nations, with the exception of num
bers 6 (not corrected), 8 (not correc
ted), 13 (not corrected), 18, 19, 20, 
29, and 33. The occurrence of pa
leomagnetic vectors with positive 
inclinations in the upper permian 
rocks of Russia and Italy (both con
sidered to have been situated in the 
northern hemisphere during the Per
mian) is in support ofthe author's opi
nion that the magnetic field must 
have changed (to normal) in the late 
Permian. 

o' 

100 

Fig. 45 Diagram with permian magnetic poles and 
equators showing the relative rotations (data 
see table II). E = Europe C = Corsica 

I = Italy S = Spain 

d)	 The mean permian pole for the con
tinental blocks in the Tethys zone is 
situated approximately N 45 - 150 W. 
A translation of 600 over the 450 

northern latitude in western direction 
is reqUired for the poles of the Te
thys zone to coincide with those in 
the european continent. The positions 
of the permian 00 isoclines (magnetic 
equators) are shown in fig. 45. 

Description of the paleomagnetic data 
of	 table II: 

Paleomagnetism of pre-upper permian 
dikes. 

In the quartz-phyllite series of the 
western part of the Vicentinian Alps nu
merous melabasaltic dikes are found, 
which do not cut through the permian 
and younger sediments. The rocks are 
of post-silurian and pre-upper permian 
age, since the quartz-phyllites are con
sidered silurian, and the oldest sedi
ments overlying these metamorphic rocks 
are upper permian sands tones. 

In the Dolomites (north of the Vicen
tinian Alps) the Val Gardena sandstones 
are mainly overlying effusive rocks. The 
latter can be divided into lower, more 
basic tuffs and upper, more acid ex
trusives. The thickness of the lower 
trachy-andesitic tuff series, in which 
basaltic flows are locally intercalated, 
varies from about 200 m in the north 
to 800 - 1000 m near Trento in the 
south. Accordingly, it is possible that 
the melabasaltic dikes in the Vicentigian 
Alps intruded during the oldest permian 
volcanic period; either the dikes did not 
reach the surface or eruption products 
have been eroded prior to the deposi
tion of the lower sandstone series. How
ever, the dikes are mainly subhorizontal 
and some observations indicate major 
tectonic movements during their intrusion 
(see page 62). These tectonic move
ments are of the same type as those 
mentioned by Agterberg (1961) for the 
hercynic orogenesis in the Dolomites. 
This indicates that the dikes might be older 
than permian. The devonian magnetic di
rections of Europe, measured in samples 
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Stereogrophic projections (Schmidt) of the 
paleomagnetic directions of the bOStc dik~s 

• Pos inclination Fig.46 x Neg incll,lotion 

from the Old Red Sandstone in England 
by Clegg, Almond, and Stubbs (1954), 
and Creer, Irving, and Runcorn (1954) 
have negative inclinations. The carbo
niferous magnetic directions of Europe, 
measured in England by Clegg et. al. 
and Belshe generally have positive in
clinations. Because the dikes in the 
Vicentinian Alps have negative inclina
tions, it is most probable that they 
are of devonian age if they must be ol
der than permian. Ten orientated sam
ples have been collected from various 
dikes. The original intensity of m ag
netism ranges from 10 to 40 x 10-5 
gauss. The unstable component of mag
netism was generally removed after ex
posure to a magnetic. field of 500 Oer
sted. The measurements resulted in 
seven stable directions (table II sample 
1-7, fig. 46), the average of which is: 
Decl 1430 and Incl -340 • One of the 
samples was too weathered and in two 
samples (8,9) the directions are aber
rant. This average is close to that found 
by van Hilten (1960) for the lower or 
middle permian volcanic series of Bol
zano (Decl 1500 Incl -31 0 ) • 

Paleomagnetism of the lower or middle 
permian igneous rocks. 

The Posina igneous mass was gene
rally considered of middle triassic age 
(see page 64). By measuring its paleo
magnetic properties it has been attemp
ted to establish more accurately the age 
of this extensive igneous mass which is 
not very well exposed. Due to heavy 
weathering, it was difficult to collect 
ten fresh samples. Their original inten
sity of magnetism varied from 0, 5 to 
2 x 10-5 gauss. The removal of the un
stable component required an exposure 
to a magnetic field of more than 500 
Oersted. The average magnetic direction 
of seven samples has a Decl 1480 and 
an Incl -290 (table II, sample 10 - 16, 
fig. 47). One sample is too much alte
red and samples 17 and 18 have very 
aberrant directions, that can be reduced 
to the above mentioned average by rotating 
the vectors clockwise around a subver
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tical axis. This correction is in accor
dance with the clockwise rotations 
that took place along the Vicenza fault, 
which shows sinistral transcurrency in 
the neighbourhood of the area where 
both samples were collected. The ave
rage direction of the Posina igneous 
mass (Decl 1480 Incl -290 ) lies close 
to that of the lower or middle permian 
effusive rocks of Bolzano obtained by van 
Hilten (Decl 1500 Incl :}10 ). 

From these data it may be concluQed 
that the Posina igneous complex is most 
probably of lower or middle permian 
age. 

Paleom~gnetism of the early upper per
mian sediments. 

For establishing the upper permian 
direction of paleomagnetism, samples 
have been collected from the upper per
mian Val Gardena series. In a section 
near Cortiana, ten samples of red silt 
and yellow sandstone were taken at ver
tical distances of about five metres. 
Only five of these ten samples have a 
stable direction of magnetization. Their 
original intensity of magnetism ranges 
from 0,1 to 0,2 x 10-5 gauss. The soft 
component was generally removed after 
exposuring the samples to a magnetic 
field of 400 Oersted. These five samples 
were from the red silts.After demagneti
zation and applying a considerable tec
tonic correction for dip, an average di
rection of magnetization was found with a 
Decl "Qf 1500 and an Incl of _220 (table 
II, sample 19 - 23, fig. 47). ThiS ave
rage inclination of the middle permian 
sediments is about 70 less than that found 
for the Posina igneous rocks. It is com
mon that the magnetic inclination of se
dimentary rocks is smaller than that of 
contemporaneous igneous rocks. This is 
explained by assuming a reduction of the 
inclination of the small magrletic mineral 
grains during diagenes is. It is eVident 
that the permian paleomagnetic data of 
Europe, which are mainly based on sedi
ments, must be carefully handled (the 
more so since they have not been mag
netically corrected) when using their 
inclinations for deterrn ining paleolatitudes. 

Paleomagnetism of the upper permian 
igneous rocks. 

During the geological survey in the 
western part of the Vicentinian Alps, 
acid igneous rocks have been observed, 
in the Staro and Camparmo areas, which 
are conformably intercalated between 
upper, permian sediments. The petro
graphic relation of these rocks and the 
necks cutting the quartz -phyHites near 
Staro has been established. On the basis 
of sedimentary studies, it is concluded, 
that the conformably intercalated igneous 
rocks represent acid lavaflows of upper 
permian age. Three igneous masses can 
be recognized in the Camparmo and one 
in the Staro area. In the Camparmo 
area eight samples have been collected. 
Samples 24 and 25 (table II, fig. 47) 
are from the lower, and samples 26, 
2~ and 28 from the middle lava flow .. 
Four of these five orientated samples 
have the characteristic permian direc
tions with negative inclinations (D 151 
I - 29). Sample 28 has a direction 
(D 174 I + 29) that lies in the zone of the 
normal and reverse vector,s. It has the 
same declination as the samples 24-27, 
but a positive inclination which is cha
racteristic of the younger samples '29 
and 30 (D 327 I + 37). Moreover, in 
a stratigraphic section this sample is 
located between these two groups, as 
it was taken from the uppermost part 
of the middle flow. Two samples have 
been collected (table II, sample 29 and 
30) from the third igneous mass. It 
is remarkable that their paleomagnetic 
directions differ conSIderably from the 
typical permian directions; they are 
opposite (D 327 I + 37). 
Sample 31 was taken from an intrUSive 
mass in the Vicenza fault zone. This 
sample has a more scythian mag-, 
netic direction, since it belongs to 
the Camparmo complex, it is discussed 
here. 

Similar results are obt~ined from 
measurements of the igneous rocks in 
the Staro area. The only lava bed in this 
area is conformably intercalated between 
the dolomites of the upper permian Be II e
r-ophon series. The samples 41, 42, and 
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43	 (table II, fig. 47) from this flow 
have positive inclinations:their directions 
are opposite to those of the lower and 
middle permian rocks. It seems that this 
lava is contemporaneous with the youngest 
lava of the Camparmo area. In the quartz
phyllites near Staro, several igneous 
masses are found, which are petrography
cally related to the paleo-trachytic lava 
mentioned before. These igneous bodies 
seem to represent the necks of the volca
noes from which the lava originated. Ten 
orientated samples have been collected 
from these necks: nine had stable di
1'ections of magnetization. The magne
tic vectors have three typical directions. 
Six samples have approximately a lower 
or	 middle permian direction (table II, 
sample 32 - 37, fig. 47) (D 158 I -31) 
two have reverse directions (sample 
39	 and 40): one direction is situated 
in the same zone as the above mentioned 
but	 shows the positive inclination of the 
lower or middle permian and the decli 
nation of the upper permian direction 
(sample 38: D 149 I + 20). It is re
markable, that samples from both the Staro 
area and the Camparmo areahave such ab
errant directions (28 and 38). It may be 
concluded that the magnetic field probably 
has changed from reverse to normal 
during the transition from early upper 
to late upper Permian. 

A normal upper permian field is also 
found by As (Germany) and Guicherit 
(N-	 Italy) oral communications; and by 
Russian investigators (see table III). The 
scarcity in Europe of permian rocks with 
positive inclinations may be due to the 
fact that mainly lower and middle per
mian igneous rocks were measured. In 
the Vicentinian Alps the late upper Per-

Table 

1 2	 3 

Britain 1 53 N 2W 540 S 
2 55 N 5W ? S 

..... France 3 48 N 7E 61 S 
l::::: 
Q.l Russia 4 63 N 114E ? I 
l::::: 5 66 N 88E ? I 

6 75 N 108E 29 S 
7 71 N 101E 25 I 
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mian has been a period of volcanic acti 
vity, and suitable orientated samples could 
be collected. The upper permian age of 
these deposits is based on a pollen analy
sis of the sediments in which the igneous 
rocks are intercalated (see page 29). 

The average direction of magnetiza
tion obtained from 22 lower and middle 
permian (reverse), and 7 upper permian 
(normal) vectors has a Decl of L30/330 

2H Cland	 an Incl of ... • 

3b.	 Paleomagnet ism of the trias
sic rocks. 

The triassic paleomagnetism did not 
receive much attention in Europe. The 
data on the Euras ian continent are scarc('. 
The data given in table IV are mentioned 
by Cox and Doell (1960) and Kalashni
kov (1962). No information was avail 
able on the paleomagnetic directions of 
the triassic rocks in northern Italy. In 
addition to this paper, a doctoral thesis 
of Guicherit will be published in the 
near future as part of the, same series 
(Geologica Ultraiectina). Among other 
subjects he studied the paleomagnetic 
properties of the ladinian igneous rocks 
of Tarvisio. In the second column of 
table IV the location, and in the third 
the number and composition of the orien
tated samples have been indicated. The 
average paleomagnetic direction (decli 
nation and inclination) is given in column 
4 and the location of the magnetic poles 
in column 5. Column 6 indicates t!K' 
stability. If the stability has been testc'ct, 
this is marked by -', if not by -. A 
high stability is indicated by 

IV 

4	 5 6 

I ~.33	 +26 43 N 131 E 
214 -48 54 N 118 E ? 
218 +9 28 N 143 E 
179 r87 59 N 114 E ? 

90 +71 48 N 14H E ? 
130 +68 40 N 147 E 
303 -64 34 N 146 E 



.-I 1 2	 3 ..... 
l::: 

U 
0 Russia 8 71 N 101 E 34 I 

9 71 N 101 E 31 I 

j 
10 48 N 47 E 52 S 
11 49 N 52 E 14 S 
12 53 N 52 E 9 S 
13 48 N 38 E 26 S 
14 67 N 92 E 92 S 

T 
til Spain 15 43,5N 5,5W ? S>. 

..c ..... 16 41 N 2,5W ? S 
<l) 

E-- Italy 17 45 N 11 E 56 IS 

1 

The following observations are based 
on this summary of triassic magnetic 
directions in Europe: 
a) The mean triassic pole for the euro

pean continent according to Kala
shnikov (1962) is situated N49 - 144E 
(based on 350 russian samples). 

b)	 The early triassic poles determined 
for NE-Italy and Spain have a wes
tern longitude in contrast to those of 
the eurasian continent, which mainly 
have eastern longitudes. This differ
ence changed during the late Triassic 
(upper Ladinian-Norian), which may 
be explained by anti-clockwise rota
tions of the regions concerned. 

Description of the paleomagnetic data of 
table II. 

Paleomagnetism of the lower scythian 
sediments. 

The present study of the triassic rocks
 
was started by taking measurements of
 
the lower scythian red silts. Eight orien

tated samples were collected from a
 
vertical section, at 10 m intervals in an
 
excellent outcrop near Casarotti. Only
 
five of the ten samples appeared to have
 
stable magnetic directions (table II,
 
sample 44 - 48, fig. 48). The measured
 
direction has a negati ve instead of the
 
positive inclination that might be expec

ted, because during the upper Permian
 
a normal magnetic field seems to have
 

4	 5 6 

117 +64 35 N 150 E + 
286 -59 32 N 163 E + 

42 +56 57 N 161 E + 
45,225 +46 49 N 158 E + 

220 =-51 54 N 164 E + 
39,219 +57 60 N 135 E + 
92 +80 60 N 133 E + 

4 +56 .82 N 150 E 
349,5 +51 78 N 135 W 
331,151 +42 58 N 112 W + 

been present in the Vicentinian Alps. 
Probably another reversal took place 

during the late Permian or early Scy
thian. This conclusion is based on the 
directions found by Guicherit (Pontebba 
area), but cannot be proven until addi
tional data will be available. The average 
direction of the five orientated samples 
has a Dec! of 1490 and an Incl of -350 • 

Their intensity of magnetism ranges from 
0,5 to 1,2 x 10-5 gauss. The rocks were 
generally clean after being exposed to a 
magnetic field of 250 Oersted. 

Paleomagnetism of the lower scythian 
igneous rocks ~ 

Several acid lavas are intercalated in 
the lower scythian red silt and limestone 
series of the Bafelant-Cornetto unit. 
Ten (of the eleven) orientated samples 
collected from these acid lavas (table 
II, sample 49 - 58, fig. 48) have an ave
rage direction with a Decl of 1490 and 
and Incl of -390• The intensity of magne
tism ranges from 0,3 to 12,3 x 10-5 

gauss. The samples were generally clean 
after being exposed to a magnetic field 
of 500 Oersted. The samples 55, 56, 57, 
and 58 have not only been corrected for 
dip, but also for a rotation of 300 • A 
local, rather recent slide of a part ofthe 
southeastern flank of the Bafelant-Cornetto 
complex has caused this rotation which 
can be exactly determined in the field. 
Sample 59 has the same remarkable pro
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perties as the permian samples 28 and 
38. It has a SE directed declination, and 
a positive inclination. Noteworthy is its 
high intensity of magnetism. The sample 
was clean after exposure to a magne
tic field of 400 Oersted. The sample is 
taken from the youngest lower scythian 
acid lava, which may belong to the upper 
Scythian. 

The difference in inclination between 
the average paleomagnetic directions of 
lower scythian sediments and igneous 
rocks is 40 • 

Paleomagnetism of the upper scythian 
igneous rocks. 

Acid lavas are intercalated also in the 
upper scythian red silt series of the 
Bafelant-Cornetto complex. Five orien
tated samples of these igneous rocks 
have been collected (table II, sam pIe 
60-64, fig.48). Just as' during the tran
sition from lower to upper Permian and 
from upper Permian to lower Triassic, 
the magnetic field probably has changed 
during the late lower Scythian, so that 
the paleomagnetic directions of the upper 
scythian igneous rocks again have posi 
tive inclinations. This means that since 
the lower Permian probably three succes
sive reversals can be recognized, with 
relatively short intervals. The average 
direction determined from the five sam
ples has a Decl of 3330 and an Incl of 
+400 • The intensity of magnetism ranged 
from 10 to 80 x 10-5 gauss. The rocks 
were clean after exposure to a field of 
700 Oersted. 

The measuring of scythian paleo
magnetic directions was of importance 
for determining the age of the major 
Alba-Fratte and Guizza-Faedo volca
nic units. From the Alba- Fratte igne
ous mass eleven orientated samples have 
been collected in one vertical section. 
Eight of these eleven samples have stable 
magnetic directions (table II, sam pIe 
82 - 89, fig. 49). The average direc
tion has a Decl of 3270 and an Incl of 
+390 • Their intensity of magnetism 
ranges from 2, 5 to 35, 5 x 10-5 gauss. 

From the Guizza-Faedo igneous mass 
unaltered orientated samples have been 
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collected in a vertical section, four of 
which are from basaltic dikes intersec
ting these acid rocks. The other six 
samples have stable directions (table 
II, sample 76 - 81, fig. 49), with an 
average of Decl 3300 and Incl. + 41 0 • 

The intensity of magnetism of these 
samples ranged from 13 to 45 x 10-5 
gauss. The rocks were clean after ex
posure to a field of 500 Oersted. 
It is evident that the paleomagnetic di
rections of the Alba-Fratte and Guizza
Faedo volcanic units are similar to those 
measured in the upper scythian igneous 
rocks. This indicates these units to be 
probably contemporaneous; accordingly, 
the volcanic masses must have been for

med during the upper Scythian, which is 
confirmed by stratigraphic data. 

It is noteworthy that the inclinations 
of the paleomagnetic directions in these 
igneous masses become larger in upward 
direction. This may indicate that the 
upper parts are younger and that the 
masses consist of successive flows, 
which actually has been observed by the 
author (see chapter II). 

Paleomagnetism of the anisian igneous 
rocks. 

On the transition of lower to middle, 
and of middle to upper anisian sediments, 
acid lavas are intercalated in the tuffa-

Scythian 
Alba-Fratte 
unit 

Ladinian 
igneous masses 
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40' 

SO' 

• 

3150' Scythian 
Guizza- Faedo 
ur,it 
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unit 

3150· 

3150° 10 

Stereograph ic projections (Schmidt) of the paleomagnetic directions of the important 
igneous units Ii Average di rection • Pos. inclination )( Neg. inclination 
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ceous sediments on the southeastern flank 
of the Bafelant-Cornetto complex. Eleven 
orientated samples have been collected 
from the flows cropping out in the two 
zones. Two of these samples have direc
tions deviating from the average vector; 
no explanation can be given for these 
deviating values. The average of the nine 
remaining directions (table II, sample 
65 - 75, fig. 49) has a Decl of 331 0 

and an Incl of +490 • Thus the declination 
has remained rather constant, but the 
inclination has increased considerably 
since the Scythian. The intensity of mag
netism ranged from 4 to 58 x 10-5 gauss. 
The rocks were clean after exposure to a 
field of 500 Oersted. 

Paleomagnetism of the ladinian igneous 
rocks. 

In order to establish the paleomag
netic directions of the late ladinian igne
ous masses" intruded along the major 
ENE-WSW striking triassic fault zones, 
orientated samples have been taken in 
the valleys of the Aquasaliente, Torazzo, 
and Mojentale. For six samples (table II, 
sample 90 - 95, fig. 49) the average 
declination is 3430 

. which differs about 
100 from the gener~l declination of the 
older permo-triassic rocks. The incli
nations vary from 270 to 560 , although 
at least 490 is to be expected (average 
anisian value). This variation may be 
due to tectonic movements. Not enough 
field data are available, however, for 
applying tectonic corrections. The inten
sity of magnetism of the samples was 
rather high and ranged from 20 to 80 
x 10-5 gauss. 

Paleomagnetism of the ladinian basaltic 
dikes. 

One of the three types of dikes in 
the Vicentinian Alps cuts through the 
lower triassic and older strata, but 
does not reach the norian dolomites. In 
the upper Ladinian, basaltic lavas and 
tuffs are intercalated in the more acid 
volcanic deposits. Consequently, the 

basaltic dikes may be considered to be
long to this volcanic period. From these 
basaltic dikes nine orientated samples 
have been collected and measured (table 
II, sample 96 - 104, fig. 46). The ave
rage direction of seven samples has a 
Decl of 3300 and an Inc I of +490 • This 
direction is about the same as that found 
for the anisian acid lavas of the Bafe
lant-Cornetto igneous unit (Decl 331 0 , 

Incl +490 
). 

Paleomagnetism ofthe norian sediments. 

Ten samples have been collected from 
the norian dolomites and only five had 
measurable intensites of magnetism. Af
ter demagnetization only three (table II, 
sample 110 - 112) turned out to be clean. 
Especially of interest are the declinations 
of these samples, which have a direction 
between the N and the NNE which is in 
strong contrast to those found for the 
older rocks generally haVing a NNW di
rection. From these data it mav be con
cluded that the triassic and older strata 
rotated anti-clockwise after the Anisian. 
which movement continued during the 
Norian. 

Breccia test 

On the geological map of Fabiani, 
the Posina and Alba-Fratte igneous com
plexes are shown as one intrusive mass. 
In the field, most outcrops on the north
eastern flank of the Alba-Fratte complex 
turned out to consist of boulders, that 
have moved down in large screes. In 
order to explain the origin, the breccia 
test has been carried out, and orien
tated fragments from several of these 
outcrops were measured, for their pa
leomagnetic directions. As could be ex
pected, the directions appear to be 
highly aberrant (table II, sample 105 
109). 

The average direction of magnetiza
tion from 56 reverse as well as normal 
triassic vectors has a Decl of 331/1510 

and an Incl of T 42°. 
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Stereographic projections (Schmidt) of the Permian Paleomagnetic directions 
• Pas. inclination xNeg. inclination • Average direction 

Fig. 50 

3c. Paleomagnetism of the ju
rassic and cretaceous rocks. 

Jurassic and cretaceous paleomagne
tic directions have not yet been deter
mined in Northern Italy, and we are 
unable to compare our scarce data with 
those obtained by other authors. Also 
for other parts of Europe, mesozoic 
magnetic poles have been scarcely es
tablished. Kalashnikov (1962) is of the 
opinion that the jurassic magnetic pol~ 

was situated N54 - 159E, based on 100 
stable russian directions. 
The english data published by Cox and 
Doell (1960) show scattered directions 
which may be due to unstability. The 
following data obtained in the alpine 
ranges by Girdler (1960) and Hargra
ves, Fisher (1959) are of interest. 

Pyre 43 N 1,5 £ 38 I 55 +60 49 N 76,5£ 
nees 
Alps 47,5N 12,5£ 21 S 36,5+48 56 N 122,5£ 

47,5N 12,5£ 30 S 48 +50,5 50 N 109,5£ 

Of the approximately 20 jurassic samples 
collected in the Vicentinian Alps, only 
seven had magnetic intensities that could 
be measured. Only of four of these seven 
samples the viscous remanent magneti 
zation could be removed entirely without 
decreasing too much the intensity. The 
data are shown in table II (sample 113 
- 116). The inclinations are south or 

southwest directed which is in accordance 
with	 the general european trend since 
the late Triassic. 

Only one cretaceous pole is known 
in Europe, Le. the pole for the Wealden 
sediments (early Cretaceous) on the Isle 
of Wight. Here, evidence is found for a 
stable component of magnetization, about 
40 from the present field direction. 
Up to 20 samples have been collected in 
the Cretaceous. Five of these samples 
have a measurable direction of magneti 
zation and four (table II sample 117-120) 
of these five may have stable directions. 
However, no conclusions can be based 
on these scarce data. Remarkable are the 
rather constant values of the inclination 
in contrast to those of the Jurassic. 

3d.	 Paleomagnetism of the Vi
centinian tertiary rocks. 

Most magnetic directions for the 
Tertiary, measured in Europe, do not 
differ significantly from those of the 
present pole. Reversals of the magnetic 
field appear to have been common. The 
southern part of the Vicentinian Alps is 
ideal for sampling correctly dated ter
tairy rocks. This region was volcanic 
during the middle Eocene, the middle 
Oligocene and the Mio-Pliocene. 

- 158 



In three areas orientated samples have 
been collected: 
a) Malo area (SW part of the Vicentinian 

Alps) 
b) Marostica area (SE part of the Vi

centinian Alps) 
c) Colli Euganei area (near Padova). 

a) In the neighbourhood of Malo mostly 
eocene rocks are exposed. A thick tuf
faceous series overlies the lower eocene 
limestones and is covered by the more 
clastic upper Eocene (Priabonian). These 
volcanic deposits are middle Eocene, as 
confirmed in places by index fossils. In 
the tuff series, thin lava beds are found ori
ginating from local basaltic cones and 
necks. Nineteen orieritated samples have 
been collected from these necks (mainly 
found in the valley of the Rio Rana) and 
of various lava flows (table II, sam pIe 
121 - 139, fig. 51). After measuring, 
a mean direction is obtained with a 
Decl of 353 0 and an Incl of -+48 0 • On 
account of the varying individual values, 
this mean direction was not considered 
to be representative of the Eocene of the 
Vicentinian Alps. The samples 134 - 139 
have been collected from three horizon
tal basaltic lava flows, the tectonic cor
rection of which could exactly be esta
blished. The directions of these samples 
do not show any appreciable variation. 
It seemed that the mean direction de
termined from these samples (Decl 346 0 

Incl + 51 0 ) is more representative of 
the Eocene. However, both values dif
fer only slightly. To prove the inclina
tion to be correct again ten samples 
have been taken from these flows in 1962. 
The magnetic directions of these sam
ples that were all exposed only to a field 
of 700 Oersted, form a good cluster 
and their average has a Decl of 352 0 

and an Incl of + 52 0 which do not dif
fer considerably from the above men
tioned values. It is remarkable that 
these mean directions differ considerably 
from that of the present magnetic field 
(Decl 357 0 , Incl + 640 

). The intensity 
of magnetism of the total of 29 samples 
ranges from 1 to 10 x 10-3 gauss. Most 
rocks required a demagnetization in a 
field of 900 Oersted to become clean. 

In the Valli and Recoaro areas nine 
samples have been collected from basal
tic dikes cutting the quartz -phyllite se
ries. These samples were measured for 
distinguishing the dikes from older intru
sions. The measured paleomagnetic di
rections have a resemblance to the eo
cene as well as to the oligocene direc
tions (table II, sample 140 - 148, fig. 
1-6); accordingly, it is difficult to es
tablish their exact age. The directions, 
however, are typically tertiary and this 
type of dikes can be easily distinguished 
from the ladinian and probable pre-per
mian basaltic intrusions. 

b) In the neighbourhood of Marostica 
mainly oligocene rocks are exposed. Se
veral basaltic lava flows are intercala
ted in the tuffaceous part of the Oligo
cene, which js considered to be middle 
Oligocene. Ten orientated samples have 
been collected and measured (table II, 
sample 149 - 159, fig. 51). The ave
rage obtained for the ten directions has 
a Decl of 1830 and an Incl of -620 

• This 
mean oligocene direction is not notably 
different from the local direction of the 
present pole (Decl of 3570 , Incl of +640 ), 

but it is reverse. The intensity of mag
netis m range s from 0, 5 to 8 x 10-3 
gauss. Most of the rocks were clean af
ter exposure to a field of more than 
500 Oersted. In NE-Italy the earth 
axis of rotation seems to have reached 
its present position in the Oligocene. 

c) In order to determine the youngest 
directions of magnetization (to be used 
for the age determination of young in
trusive masses), paleomagnetic work 
was carried out also in the area of the 
Colli Euganei near Padova. Geologically, 
the Colli Euganei is the southernmost 
part of the Vicentinian Alps. The base 
of the mountains is formed by jurassic, 
cretaceous, and eocene rocks, cut by 
abundant mainly acid intrusives. The 
compos ition ofthese volcanic rocks varies 
from liparitic to andesitic, the greater 
part being formed by trachytes. The 
exact age of these post-eocene rocks is 
difficult to establish. 

Near Catayo, marine liparitic tuffs 
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of middle miocene age are covered by the 
deposits of an andesitic stratovolcano 
(M. Cena - M. Spinefrasse). The slight 
weathering of most igneous domes and 
their strong relief indicate these acid 
intrusions to be young. Two groups of 
trachytic rocks, different in age, can 
be distinguished by paleomagnetic mea
surements. One group of trachytes must 
have cooled in a normal magnetic field, 
the other in a (probable) reverse field. 
Both directions of remanent magnetiza
tion do not notably differ from the pre
sent local magnetic direction (table n, 
sample 159 - 168, fig. 51; sample 169 
- 175, fig. 51). 
As during the middle Oligocene the Vi
centinian Alps were volcanic further to 
the north, it seems quite possible that 
one type of trachytes is of the same 
age. The middle oligocene igneous rocks 
intruded in a period with a probably 
reverse magnetic field, and their direc
tions may be compared with the reverse 
directions mentioned above. The trachy
tes, which have reverse directions of 
magnetization, form the Monte Altore 
and the Monte Grande domes and the 
trachytic flow of Zovon. The trachytic 
dikes that intruded along NNW-SSE faults 
(direction of Vicenza fault), have normal 
directions of magnetization (Monte di 
Madonna, the Monte Pendice and Monte 
Venda). They are younger and most 
probably of middle miocene age, be
cause in this period the volcanoes of the 
Colli Euganei where active which is in
dicated by the marine tuffs of Catayo. 

In the Colli Euganei area, orientated 
samples have been collected also from 
basaltiC dikes cutting the acid volcanic 
rocks. The measurements of four sam
ples from different dikes (table II, sam
pIe 165 - 168, fig. 51) show reverse 
directions of magnetization. The direc
tions, however, are cons iderably different. 
A reason for this difference may be that 
a tectonic correction has not been applied 
for lack of data. As the dikes are inter
secting a. o. the Zovon trachytic lavas 
(magnetized in a reverse magnetic field), 
they must be younger and might be ear
ly Pliocene, because in this period all 

over the world reversed magnetised 
rocks are found (Glaugeand (1962) ). 

Thus in the Colli Euganei area, at 
least three different groups of igneous 
rocks can be distingUished paleomagne
tically: 
a) Trachytic masses forming intrusive 

bodies, magnetized in a probably re
verse field of middle oligocene age. 

b)	 Trachytic masses exposed as dikes 
or acid lava flows, probably cooled 
during the middle Miocene when a 
normal magnetic field was present. 

c)	 Basaltic dikes, cutting the trachy
tes mentioned under b) which intru
ded in a period with a reverse 
magnetic field probably the early 
Pliocene. 

Taking into consideration the above 
mentioned differences in age of the va
rious types of rocks, the follOWing suc
cession of volcanic events may be as
sumed for the Colli Euganei area. 
a) Differentiation of a basaltic magma 

that began to rise during the Eocene 
and the forming of intrus.ive trachytic 
masses during the middle Oligocene. 

b)	 Forming of NNW-SSE faults (Vicenza 
fault type) along which the acid mag
ma intruded and flowed out. probably 
during the middle Miocene. 

c)	 Intrusions and eruption of andesitic 
and basaltic magmas, probably during 
the late Miocene and early Pliocene. 

DeViating young tertiary directions. 

In the three mentioned sampling areas 
for tertiary rocks, samples have been 
collected, the measurements of which 
showed aberrant directions of magneti 
zation. In the Monte di Malo area three 
of such samples (table II, sample 180, 
181 and 182) were collected from ba
saltic intrusions cutting the eocene de
posits. In the Marostica area two sam
ples (table II, sample 178 and 179) were 
taken from an intrusive basaltic mass 
along a NE-SW fault accompanying the 
Marostica flexure, and cutting through 
lower miocene sediments. Their age is 
post-lower Miocene. In the Colli Euganei, 
two samples (table II, sample 176 and 
177) with aberrant magnetic directions 
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were collected from the fresh trachytic
liparitic mass of the isolated Monte 
Ortone. These seven samples from va
rious areas have a reverse direction 
of magnetization. According to the mode 
of occurrence, their age must be post
lower Miocene. The divergence of· their 
magnetic directions (see fig. 51) may be 
d~ to a secular variation of the earth 
magnetic field. 

Pre-Permian 

In the third column oftable V the rock type 
is given (A = Acid igneous rocks, B = 
Basic igneous rocks, S = Sediments) and 
in the fourth the number of samples on 
which the average direction is based. 
From these mean paleomagnetic directions 
(column 5) two conclusions may be drawn 
a)	 The declinations of the paleomagne

tic directions remained constant du
ring the Permo-Triassic, but changed 
in late triassic time. 

4.	 Paleomagnetic history of 
the Vicentinian Alps. 

Before discussing the paleomagnetic 
history of the Vicentinian Alps, a sum
mary will be given of the average values 
obtained. The location of the sampling 
area is 45 0 45' N. L., 110 20' E. L., for 
the triassic and 450 45' N. L. 110 30' for 
the 

Ta ble V. 

1	 2 
I 

At	 present 

{ Middle Miocene (7) 
Middle OligoceneTertiary --, 
Middle Eocene 

Cretaceous 

Jurassic 

Norian 
Ladinian 
--- , 
Anisian 
Upper Scythian-

Triassic Lower Anisian 
, 

Upper Scythian 
Lower Scythian 

tertiary rocks. 

3 4 

A 7 
A 6 
B 10 
B 19(+10) 

S 4 

S 4 

S 3 
B 7 
A 6 
A 9 
A 8 

A 6 
A 5 
A 10 
S 5 

{ Late upper Permian A 7 
, A 10Permian Early upper Permian S 5 

Lower or middle Permian A 7 

B 7
 

5 

357 +64 

351 +64 
185 -61 
183 -62 
353 +50 

356(7) +37( 7) 

190( 7) -14(7) 

15 +47 
330 +49 
343(7) +44( 7) 
331 +49 
327 +39 

330 +41 
333 +40 
149 -39 
149 -35 

328 +34 
155 -30 
150 -22 
148 -29 

143 -34 

b)	 The inclinations of the paleomagne
tic directions gradually increased 
during the Permian and Mesozoic, but 
changed abruptly in post-eocene time 
and reached their present values 
during the middle Oligocene. 

The paleomagnetic poles ofthe Permo
Triassic measured in the Vicentinian Alps 
differ notably from those obtained in 
other areas of the europain continental 
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shield. As most studies in Europe con
cern paleomagnetic directions of the Per
mian, a comparison will be made with 
the rather abundant data of this period. 
The permian poles for areas on the 
European continent have an average po
sition of N44-169 E, which is east of 
Japan in the Pacific. The average of 
the three permian poles measured in the 
southeastern Alps by Dietzel, van Hilten 
and the present author is located at about 
N 45 - 150 W. The two pole positions 
differ at preserlt about 600 in longitude, 
whereas their latitudes are ,about the 
same age. 

These different positions of the per
mian poles may be explained by the 
following assumptions: 
1.	 The direction of magnetization may 

not be representative of the permian 
geocentric axial dipole field, 

2.	 The tectonic unit, to which the SE 
Alps belong, may have been subjected 
to large (geotectonic) displacements 
and rotations. 

1. The following factors may cause a 
direction of magnetization not repre
sentative of the permian field: 
a) Unstability of magnetization. 
b) Incorrect or incomplete tectonic 

correction. 
c) Temporary secular variations. 
d) Metamorphism of magnetic minerals. 
e) Magnetostriction of magnetic minerals. 

a) By exposing the sampled rocks to al 
ternating magnetic fields of stepwise 
increasing intenRity, two magneti 
zations of different stability can be 
recognized. One of these two magneti 
zations has a low and the other a 
high coercive force. The magneti 
zation with the higher coercive force 
is most probably the thermo-remanent 
one, being representative of thelo
cal magnetic field at the period of 
cooling or sedimentation and/or dia
genesis of the rocks concerned. As 
all samples have been demagnetized 
(see table II), major errors regar
ding the stability of magnetization 
seem to have been avoided. 

b)	 The difficulty in determining the tec
tonic correction has already been 
mentioned before. 
In the Vicentinian Alps the tectonic 
corrections could be rather well es
tablished in most cases. Corrections 
for local translations and rotations. 
however, are difficult to determine 
by simple methods in the field. 

c)	 The influence of temporary secular 
variations in the earth magnetic field 
on the average poles is negligible 
because the average position of the 
paleomagnetic poles in the Vicentinian 
region remained constant during the 
permo-triassic (108 years), whereas 
the periods during which secular va
riations Qccur, are relatively short 
(102 - 104 years). 

d) + e) 
The influence of metamorphism and 
magnetostriction are negligible also. 
In the,Vicentinian Alps, permian and 
younger sediments generally have 
not been metamorphosed since their 
deposition, and major tectonic stresses 
have not been active. An exception 
is the Guizza-Faedo area, at the north
ern border of the Schio flexure-fault 
zone. Hydrothermal solutions have 
partly changed the petrographic com
position of the rocks and magnetos
triction may have reached consider
able values (the vertical throw of the 
SchioUexure-fault in this region mea
sures apprOXimately 2 km). How
ever, the directions obtained from 
orie'ntated samples collected in this 
area do not differ notably from those 
measured elsewhere for rocks of the 
same age, and of the same compo
sition. Consequently, it may be con
cluded that the influence of meta
morphism and magnetostriction in 
the Vicentinian Alps was below the 
critical value that could have changed 
the magnetic directions of the mine
rals. 

2. To ass ume that the tectonic unit, to 
which the SE-Alps belong at present, 
has been subjected to large tectonic dis
placements and rotations, remains the 
most probable solution for IJxplaining the 
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deviation of its permo-triassic paleo
magnetic directions from those in the 
more stable parts of the european con
tinent. A more southern position of the 
mesozoic sedimentary basins from which 
the Alps originated has been suggested 
by many authors. The northward shifts 
during the Alpine orogenesis may have 
been accompanied by rotations of more 
restricted units. For explaining tecto
nic dis placements, boundary conditions 
must be determined, which are concer
ne<1 with space and time. As such may 
be mentioned: 
a) The size of a tectonic unit, and its 

boundaries, 
b)	 The position of a tectonic unit in the 

course of time determined by means 
of paleomagnetic data. 

a) All north Italian poles have been ob
tained from areas in the SE -Alps. 
The triangular tectonic unit, to which 
the SE-Alps belong, is bordered by the 
Giudicaria line in the west, by the In
s ubric line in the north, and by ENE
WSW flexure or fault zones, the south
ernmost of which seems to coincide 
with the present north Adriatic coast 
near Venice. It is to be regretted 
that so few directions have been mea
sured in rocks sampled west of the 
I""iudicaria fault, so that little is known 
from the SW-Alps (Bergamasker Alps). 
Van Hilten (1960) measured three 
samples of permian igneous rocks 
collected near Lugano. 
The directions obtained have the same 
typical deviations as determined for 
the SE-Alps: Van Hilten's measure
ments, however, have not been correc
ted for possible tectonic tilting. Ac
cordingly a discussion of tectonic dis
placements will be restricted to the 
region of the SE Alps .During the Per
mian and Mesozoic the Alps were not 
present, and it is preferable to speaK 0f 
the area presently occupied by NE
Italy. 

b)	 The boundary position in time is sub
jected to the inaccuracy of the longi
tudinal position of a tectonic unit as 
determined by means of paleomagne

tic data. The latitude of a tectonic 
unit can be established from the pa
leomagnetic inclination in relation 
to the magnetic pole at that time. 
The declination furnishes only the 
orientation of the unit in relation 
to that pole. Only in case the pos i 
tjon on the earth surface of a cer
tain point of the unit is known, its 
position can be determined exactly. 
This, however, cannot be determined 
from paleomagnetic data. 

Before comparing the paleomagnetic 
directions of Italy with those of Europe, 
the general concept should be known for 
explaining the deviations between the 
paleomagnetic directions of large units. 
Two factors seem to have played a 
important role: 
a) continental drift, i. e. the change in 

mutual position of the continents. 
b)	 polar wandering, i. e. the change of 

the earth's axis of rotation with res
pect to all continents. 

Though many authQrs are of the opinion 
that only polar wandering took place, many 
others refer only to continental drift. 
Both phenomena, however, seem to have 
played an important role. In the period 
from early Permian to late Jurass ic, the 
paleomagnetic poles of North America, 
South America, Europe, Africa, and 
Greenland appear to have moved north
ward over about 500

, more or less pa
rallel to the fortieth degree of western 
longitude (see van Hilten, 1962, fig. 8). 
This parallel shift of the paleomagnetic 
poles can be explained by polar wandering. 
During the Cretaceous the earth's axis 
of rotation seems to have reached ap
prOXimately its present position. The 
post-jurassic displacements may be as
cribed for the greater part to continen t
tal drift. The polar paths indicate that 
Europe, Greenland, North America and 
South America may have moved west
ward over considerable distances after 
the Jurass iC; Africa, however, seems 
to have persisted in a farther northward 
movement since the Jurassic. Conse
quently,considerable compression as well 
as megashear movem ents along deep 
faults (called "geosutures" by Rod, 1962) 
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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 on a mean permian magnetic pole 
located at 169,50 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 -50 a value of -300 is found. 
This indicates that NE Italy must have 
been situated on the -300 isocline during 
the Pe rmian. 

Van Hilten explained the deviating 
direction as follows. The position of 
NE-Italy on the _300 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 -300 isocline). 
Moreover geological data indicate 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 +300 isocline, which runs 
across the Sahara, changes into a -300 

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 1500 

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 
-300 to 00

, and subsequently in an increase 
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-ltaly 
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 -300 isocline 
as far as the area where it crosses the 
northern part of the permian Tethys 
zone. The latter has been approximately 
E -Wand is generally thought to have coin
cided with the equator during the Perm ian. 
No large mistake can 00 made in assu
ming that its northern part was located 
in the present Himalaya region. The in
tersection of the -300 isocline an9 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 cll)/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 (106 ) 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 
period the average inclination of the mag
netic field in NE-Italy amounted to +500 . 
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Fig. 52 Magnetic isocline 

The paleomagnetic map (see fig. 52) shows 
the eocene +500 isocline to pass across 
the southernmost part of Italy. As during 
the middle Oligocene the inclination had 
already reached its present value of 640 , 

it may be concluded that NE-Italy moved 
northward (or northwestward) over about 
500 statute miles (800 km) at a rate of 
4 em/year, in the late Eocene and early 
Oligocene. This distance is large in 
comparison with the distance mentioned 
by Glangeaud (1962). Quoting this author 
"Apres 1'Eocene moyen" les blocs bor
dant la Tethys se sont raproches (de 
250 a 400 km) entre 50 et 27 millions 
d 'annees" (after the middle Eocene 
the blocks bordering the Tethys approa
ched each other considerably (over a 
distance of 250 to 400 km) during a 
period from 27 to 50 millions of years). 
These movements marked the beginning 
of the Alpine deformations. 

maps with the relative position of NE-Italy during the Permian and the Eocene 
;showing the possible wandering path. 



I In summary, NE-Italy might have 
/,een located N 300 - 650 E during the 
IPermian and N 400 - 150 E during the 
fiddle Eocene. Thus this region has 
moved westward with respect to Meso
I
Europe during the Mesozoic and north
lwestward in the early Tertiary. 

During this westward drift the tectonic
Ilunit rotated (in relation to the European 
shield) over about 600 anti-clockwise 
laround subvertical axis. This rotation 
!appears to have taken place during the 
Ilate 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 in the 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
quence of these intrusions. The minera
lizations occur particularly in a part 
of the Schio flexure-fault zone of appro
ximately lOx 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 'in this region. After asucces
ful mining period during the Venetian 
governments, the longlasting strug;gles 
between Italians and Austrians caused 
all activities to be terminated. 

It is generally assumed that the mi
neral resources are for the greater 
part exh'llusted. 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 ofthe 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 suitable for construc
tion purposes. Especially the lower ju
rassic (liassic) ivory-white limestones 
are quarried. The beds are 50 - 200 em 
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 a void the gradually developing shor
tage or to provide for hydro-electric 
power. 

A dam has been built in the valley 
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 larger than 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; 
they 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 in the 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 (1955), 
must be located north of Treviso. 

The western part of the Vicentinian 
Alps has several sources of vadose 

- 169 



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 second level 
is provided by the agglome rates 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 a;refound 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 is 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 read. 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 bas ic dikes 
In the Norian, the bas is 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 in the 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 800 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 southward in 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 19 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, in ani
sian and ladinian 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 r and antimony and the 
general presence of germanium, thal
lium, and arsenic. The paragenesis of 
the minerals is irregular 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 ~ ich are rela
ted to the ore veins. 

In the mineralized zone of the Schio 
flexure-fault zone, two mining centres 
were presen t; one in the rhyodacitic 
Guizza-Faedo mass, and the other in the 
steeply south-dipping ladinian 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 (J 912), and Caddeo (unpubl.) pu
blished several papers on the 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 
coul rl 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 success ion of mi
nerals has been found: pyrite - galena-
sphalerite - chalcopyrite - tetraedite 
marcas ite - 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 below 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 
igneous rocks. The veins are generally 
striking NNE-SSW and dipping about 600 

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 tJ.e 
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 400 

- 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 400 south; the width is 140 
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cm. The lead-zinc ores are ('onsidered to 
be of triass ic age and to have ',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-fault zone. 
Calcite- and barite lenses, up to 100 cm 
thick, are found in the sedimentary series 
just north of the Schio flexure-fault 
zone. In this zone 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 ill inerals. 

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 PozzaI}i, 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 carhonaceous shales 
of the lower Jurassic. These lignites 
are mined incidentally on a 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 
s ide 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 em. 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 em length and 1 em 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 to be 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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