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Abstract 

 

Structural traps created by synsedimentary extensional tectonics events can hold 

very interesting hydrocarbon accumulation and for this reason, they are a main 

target for the hydrocarbon exploration. Furthermore, the faults generated during 

extensional events can favour the circulation of dolomitaizing fluids, leading to 

the formation of fault related dolomitized bodies that can strongly improve the 

porosity framework. In the last few years, this type of bodies received particularly 

attention by the hydrocarbon industry, due to the decrease of conventional 

reservoir discoveries. However, structural network, porosity distribution, shape 

and geometry of the fault related dolomitized bodies and the porosity evolution of 

these types of reservoirs are difficult to predict only on the bases of well-logs and 

seismic information. The study of outcrop analogues can help to solve these 

issues. 

In this work I focused my attention to the carbonate platform of the Calcari Grigi 

group (formed by Monte Zugna, Loppio and Rotzo Formations), located on the 

Trento platform in the Southern Alps, which was extensively affected by 

synsedymentary extensional tectonic during the Early Jurassic. This tectonic event 

led to the tilting of the Loppio Formation and caused abruptly change of thickness 

in the Rotzo Formation. The extension ceased during the deposition of the upper 

part of the Rotzo Formation, which seals the Jurassic faults. 

During the late Paleocene-early Eocene, the Alpine tectonics reactivated, with a 

strike slip movement, the Jurassic faults allowing the circulation of dolomitizing 

fluids and leading to the formation of secondary fault-related dolomitized bodies. 

A Jurassic synsedimenatry structure affected by secondary dolomitization is 

spectacularly exposed near the Monte Testo on the Asiago Plateau. 

In this work a geological map, structural studies, porosity analysis, 3D 

photogrammetric model and 3D geomodel were realized in order to reconstruct 

the tectonic evolution, porosity distribution and reservoir potential of M.Testo 

structure and better understand geometry, shape and porosity of the fault-related 
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dolomititized bodies. Moreover, this multi-approaching analysis allows to 

reconstruct the complex porosity evolution of the potential reservoirs.  

The final results have shown that during the Jurassic, the early cemented tilted and 

high porous (8%) blocks of the Loppio Formation were put in contact laterally 

and above with the low porous (0%) Rotzo Formation, creating important 

potential hydrocarbon traps on the upper part of the tilted blocks. At that time the 

Zugna Formation likely had a porosity given only by fracturing (1%), hence fluids 

might have circulated from depth up to potential Loppio reservoir following the 

extensional fault network. Starting from this moment onwards the porosity of the 

Loppio Formation began to decrease due to cementation. During Late Paleocene-

Early Eocene, the formation of the fault-related dolomitized bodies within 

reactivated fault zones gave a new chance to the reservoir potential of the M. 

Testo structure. Indeed, these bodies have a porosity ranging from 0% to 10,6% 

with a mean of 4,7%. The higher porosity values are concentrated along the 

breccia fault zones enclosed within low porous and low permeable formations, 

confirming the strong relationship between late dolomitization and the structural 

network as well as the great potential of these bodies for hydrocarbon 

accumulation.  
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Le trappole strutturali create da eventi tettonici sinsedimentari estensionali 

possono contenere importanti quantità di idrocarburi e per questo motivo sono un 

target primario per lôesplorazione petrolifera. Inoltre, le faglie create da tettonica 

estensionale possono favorire la circolazione di fluidi dolomitizzanti i quali 

portano alla formazione di corpi dolomitizzati strettamente correlati alle faglie, 

che possono migliorare notevolmente la porosità. 

A causa della diminuzione delle scoperte di giacimenti convenzionali, questi corpi 

dolomitizzati stanno ricevendo una particolare attenzione dallôindustria 

petrolifera.  

La geometria delle faglie, la distribuzione della porosità, la geometria e la 

distribuzione dei corpi dolomitizzati e lôevoluzione della porosit¨ di questi 

potenziali giacimenti sono però difficili da predire basandosi solamente su 

informazioni di pozzo e su sezioni sismiche. 

Lo studio di analoghi esumati può aiutare a risolvere questo problema. 

In questo lavoro, ho concentrato la mia attenzione sulla piattaforma carbonatica 

del Gruppo dei Calcari Grigi (composto dalle formazioni di Monte Zugna, Loppio 

e Rotzo), che si trova sulla Piattaforma di Trento nel Sud Alpino e che durante il 

Giurassico inferiore è stata interessata da tettonica sinsedimentaria estensionale.  

Questo evento tettonico a portato al tilting della formazione di Loppio e a bruschi 

cambiamenti di spessore della formazione di Rotzo. La tettonica estensionale 

cessò durante la deposizione della parte superiore della formazione di Rotzo, la 

quale sigilla le faglie giurassiche. 

Tra il Paleocene Superiore e lôEocene Inferiore, le faglie giurassiche sono state 

riattivate in trascorrenza dalla tettonica alpina favorendo la circolazione di fluidi 

dolomitizzanti e la formazione dei corpi dolomitizzati correlati alle faglie. 

Nei pressi del Monte Testo sul altopiano del Pasubio, affiora in maniera 

spettacolare una struttura sinsedimentaria giurassica interessata da 

dolomitizzazione secondaria.  

Durante questo lavoro ¯ stata realizzata la carta geologica, lôanalisi strutturale, 

lôanalisi di porosit¨, un modello fotogrammetrico e un modello 3D della struttura 

geologica per ricostruirne lôevoluzione tettonica, la distribuzione della porosità e 
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il potenziale come reservoir e per capire geometria, forma e porosità dei corpi 

dolomitizzati legati alle faglie. Questo approccio multi-metodologico ha inoltre 

permesso di ricostruire la complessa evoluzione della porosità del potenziale 

reservoir. 

I risultati finali mostrano che durante il Giurassico inferiore, i blocchi di Loppio 

cementati precocemente ma ancora porosi (8%), sono stati messi in contatto 

lateralmente e nella parte superiore con la poco porosa e poco permeabile 

formazione di Rotzo (0%). Portando alla formazione di potenziali reservoir nella 

parte superiore dei blocchi tiltati. La formazione di Monte Zugna aveva una 

porosità data dalla fratturazione del 1%. I fluidi avrebbero potuto raggiungere il 

potenziale reservoir nel Loppio seguendo le faglie estensionali.  

Da questo momento in poi la porosità del Loppio iniziò a diminuire a causa della 

cementazione.  

Tra il Paleocene Superiore e lôEocene Inferiore, la formazione dei corpi 

dolomitizzati lungo le faglie riattivate ha dato una nuova chance alle potenzialità 

di reservoir della struttura del Monte Testo. Questi corpi infatti hanno una 

porosità che può andare dallo 0 al 10,6% con una media del 4,7%. Le porosità 

maggiori sono concentrate lungo le brecce associate alle zone di faglia e sono 

racchiuse allôinterno di formazioni poco porose e poco permeabili. Questo 

conferma la stretta relazione tra i corpi dolomitizzati e le faglie così come il loro 

grande potenziale per lôaccumulo di idrocarburi.  
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Structural analysis and 3D modeling of a potential 

analogue of hydrocarbon reservoirs: the Jurassic 

synsedimentary structure of M. Testo 

(Southern Alps, Italy). 

 

 

Introduction  

 

 

Syn-sedimentary structures can form important hydrocarbon traps and potential 

reservoirs because of the particular relationships between trap and seal units and 

the potential of fault-zones as conduits for hydrocarbon. For this reason syn-

sedimentray structure associated with permeable faults have been target for 

hydrocarbon exploration from several years.  

However, in the last few years, the decrease of discoveries of conventional 

hydrocarbon reservoirs, pushed hydrocarbon exploration towards more complex 

types of reservoirs. (Møller-Pedersen & Koestler, 1997; Coward et al. 1998) 

Among the others are the dolomitized successions and the structurally controlled 

(hydrothermal) dolomites, which have gained increased attention worldwide 

(Davis and Smith, 2006).  

It is well known that the dolomitization processes can substantially improve rock 

porosity and permeability (Qing Sun, 1995), two petro-physical properties that 

play a key role in determining the characteristics of reservoirs (Loucks R.G et al. 

1986). For example, primary pores of a potential reservoir rock can be completely 

filled by cements and later events of hydrothermal dolomitization can create 

secondary porosity giving life to a new potential reservoir. Unfortunately, 

geometry, shape and distribution of porosity of dolomitized bodies are difficult to 

predict being strictly dependent from the involved dolomitization processes 

(Jacquemyn et al., 2015).  



14 

 

Study of outcrop analogues integrating geological mapping, 3D modelling and 

image analysis can allows to better understand the distribution of secondary 

porosity by hydrothermal fluid dolomitization along fault systems. 

 

 

 

The Jurassic Trento platform, located in the Southern Alps, presents several 

spectacularly outcrops of synsedymentary structures affected by hydrothermal 

dolomitization (Ronchi et al. 2012; DiCuia et al. 2011) such as Monte Toraro, 

Monte Cengio, Rotzo and the Monte Testo graben on the Pasubio plateau (Fig.1). 

The latter one, dissecting Lower Jurassic units such as Zugna, Loppio and Rotzo 

formations, has been investigated in this work using different techniques: 

geological mapping for the local context structural analysis to infer the sequence 

of kinematic events, image elaboration to retrieve rock porosity, and 

photogrammetry and 3D modelling to understand the potential as a putative 

reservoir of the entire structure. A particular attention has been paid to map and 

understand geometry and size of the dolomitized bodies. Indeed, the 3D 

Fig.1: The Monte Testo tectonic structure seen from NW 
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geometrical model shows the rock formations as well as the fault network, and the 

dolimitized bodies. In particular, the 3D model allows to display the shape and 

geometry of the dolomitized bodies and their direction of growth inferred on the 

bases of the field observations. Both formations and dolomitized bodies were also 

populated with petro-physical properties such as porosity, retrieved from image 

elaborations of representative thin sections, and permeability.   

We have finally shown how the porosity in the region could be evolved through 

time during three possible steps: i) before and ii) after cementation of the potential 

primary reservoir (i.e. Loppio Formation), and iii) after the inception of the 

hydrothermal circulation which lead to the formation of later dolomitized bodies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

1. Geological Setting 

 

The Pasubio Plateau is located in the southernmost part of the Southeastern Alps 

in North Italy and it is part of the Early Jurassic paleo-structural high of the 

Trento Platform (fig.2). 

The Southern Alps represents the south vergent sector of the Alpine Chain, which 

escaped alpine metamorphism and is separated from the north-vergent collisional 

wedge by the Periadriatic Lineament. 

The Southern Alps are carved on very different types of rocks ranging from the 

Varisican metamorphic basement to the Permian, Mesozoic and Tertiary clastic, 

volcanic and carbonate units (Bosellini et al. 2003). In particular the Trento 

Platform, is made up by the Late Triassic Dolomia Principale Formation and 

Early Jurassic Calcari Grigi Group. The group is formed by the Monte Zugna 

Formation (Hettangian-Sinemurian); the Loppio Oolitic Limestone Formation 

(mid-Sinemurian) and Rotzo Formation (Sinemurian-Pliensbachian) (Bosellini 

and Hardie, 1988). Above the Calcari grigi group is the Rosso Ammonitico unit of 

Middle Jurassic age.  

The Calcari Grigi Group is not well preserved on the entire platform since in the 

eastern part the Loppio and Rotzo formations are lacking and the Rosso 

Ammonitico Formation lays directly upon the Monte Zugna Formation  
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Fig. 2: Geological map of Trentino (Bosellini et al. 1999). Red rectangle: study area. 

Fig.3: The area of study. Monte Testo into the red circle 
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1.1 Stratigraphy 

 

The Dolomia Principale is present in the area of the study, but it was not in the 

goal of this work, for this reason it will be described briefly. This formation (DP, 

Norian-Rhaetian) has a thickness ranging from 500 to 1500 m, is formed by a well 

stratified succession of metric peritidal cycles and presents a widespread early 

dolomitization (Iannance and Frisia, 1994).  

 

Monte Zugna Formation (FMZ, Hettangian-Early Sonemurian). 

 

The Monte Zugna Formation is represented by three different shallow water 

lithofacies (Masetti et al., 1998; Romano et al., 2005): A) strongly bioturbate 

micritic or bioclastic oolitic limestones in metric or sub-metric cycles; B) 

stromatolitic limestones organized in peritidal successions characterized by metric 

cycles C) pseudo-nodular micritic limestones and dark marls. 

The lower part of the formation presents a widespread early dolomitization similar 

to that of the Dolomia Principale Formation from which it is hardly recognizable.  

The depositional environment of this formation is a tidal flat passing 

progressively to a subtidal environment.  

 

Loppio Oolitic Limestone Formation (LOP, mid-Sinemurian) 

 

The Loppio Oolitic limestone testifies a deepening of the sedimentary 

environment (Masetti et al. 1998). It is formed by a sequence of poorly stratified 

oolitic limestones (grainstone) arranged in metric to decametric strata. The grains 

are mainly formed by ooids and in some cases intraclasts and bioclasts, welded 

together by a spatic cement. The top of the formation is characterized by an 

unconformity and its thickness within the Trento platform increases from the east, 

where it presents a minimum of 30 m on the Asiago plateau, to the west, where it 

reaches the maximum value of 200 m at the platform margin. This gradual 

increase in thickness, gives to the Loppio Formation a prismatic shape suggesting 
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that it represents a set of coastal bodies that followed the rising of the sea level.  

 

Rotzo Formation (RTZ, Sinemurian ï Pliensbachian) 

 

The formation was deposited in a subtidal environment (Clari 1976; Masetti et al, 

1998) and it is organized in asymmetrical, thickening and shallowing upward 

cycles (Masetti et al. 1998). 

It is divided into two overlapping litofacies: i) the lower one is characterized by 

calcareus packstones interleaved by decimetric calcareus-marl layers; ii) the upper 

one is characterized by Lithiotis mounds with lenticular and tabular shapes. 

The depositional environment of the Rotzo Formation was interpreted by 

Bosellini and Broglio-Loriga (1971) as a lagoon enclosed by marginal oolitic 

bodies and by Masetti et al. (1998) as a ramp lagoon with a gentle regional 

westward slope bounded by coeval oolitic bodies.  

 

Fig.4: The Calcari Grigi group of the Pasubio Plateau (Looking towards Monte Testo from Monte 

Zugna) 

Monte Zugna F. Loppio F. 

Rotzo F. 



20 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Stratigraphic framework of the Calcari Grigi group on the Trento Platform, 

E-W cross section (M. Avanzini et al. 2002) 
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1.2 Tectonic evolution 

 

From the Late Triassic onwards, the Southern Alps underwent two important 

tectonic events: The first was the Late Triassic-Early Jurassic est-west extension 

due to the opening of the Piedmont and North Atlantic Oceans. During this event, 

the Dolomia Principale platform was fragmented into N-S trending paleostructural 

domains that from west to east are: the Lombardian Basin, the Trento Platform, 

the Belluno basin and the Friuli Platform (Fig. 6), (Bosellini at al. 1981). 

 

 

The Trento Platform, where our study area is located extends in an N-S direction 

and covers a wide region going from Verona to Cortina. During the Early 

Jurassic, on the Trento Platform a shallow-water sedimentary sequence (the 

Calcari Grigi group) was deposited on top of the Dolomia Principale, and along 

the western margin of the Platform submarine landslides developed in response to 

the Mesozoic extensional activity (Bertotti et al. 1993). 

In the internal part of the platform, the Calcari Grigi group shows several 

sinsedimentary evidence of extensional tectonics, as testified by the large 

thickness variations affecting the group, especially the Rotzo Formation, and the 

presence of synsedimentary faults (Avanzini & Masetti, 1992; Avanzini 1994; 

Zampieri 1995, 1996; Franceschi et al., 2014). Relevant examples are Monte 

Fig.6: Paleogeography of the Southern Alps during Lias (Modified after Moretti 2007) 
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Fig.7: NW-SE cross section of the Alps. (Modified from Dal Piaz et al. 2003).  

Australpine domain,  in red and brown (Ma), Penninic domain in blue (P), Helvetic basement 

in green(H) , Southern Alps in yellow (SA), Europena Continental crust (EC), Molasse(M), 

Jura belt (J) 

Conello and Monte Testo structure. 

At the end of the Jurassic, the platform drowned definitively leading to a pelagic 

condensed sedimentation with the deposition of the Rosso Ammonitico Veronese.  

In the last few years, new works suggest a complex tectonics setting for the 

Jurassic evolution of Southern Alps.  In particular, an orthorhombic fault network 

has been recognized by analyzing variogram maps of thickness variations in the 

Early Jurassic sedimentary succession (Franceschi et al. 2014). According with 

this interpretation, Jurassic faults are organized in two sets with NNW-SSE and 

NE-SW directions. This suggests a non Andersonian faulting due to a true triaxial 

strain field (Reches, 1978; 1983; Aydin and Reches, 1983; Krantz, 1988; Healy et 

al. 2006) with a dominant N100° extensions during the Early Jurassic rifting 

(Franceschi et al., 2014).  

The second main tectonic event affecting the Southern Alps, is the north-south 

compression caused by the collision between Europe and Africa, which lead to the 

formation of the Alpine chain.  

According to some authors (e.g. Castellarin et al. 2010) the compression can be 

subdivided into three main stages: the late Cretaceous precollisional (Eo-Alpine), 

the Eocene collisional (Meso-Alpine) and the late Oligocene-Neogene (neo-

Alpine) events.  The last stage, characterized by a NNW-SSE sigma 1 orientation, 

is the main alpine phase recorded in the Southern Alps and led to the formation of 

major south verging thrusts (Valsugana Line, Belluno Line and Bassano-

Valdobbiadene line) and the reactivation of Jurassic normal faults.  
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1.3 Dolomitization in the Calcari Grigi group  

 

The Calcari Grigi group underwent two major phases of dolomitization (DiCuia et 

al. 2011; Ronchi et al. 2012).  

The first event happened during the Mesozoic, producing shallow burial and low 

temperature dolomites.  It affected the lower part of Monte Zugna formation with 

a widespread dolomitization and an undulatory front, making difficult to 

recognize the boundary with the underlying Dolomia Principale formation.  

The second event is represented by hydrothermal fault related dolomites which 

appear as pinnacle-shaped bodies and related dolomite fingers (DiCuia et al., 

2011). In this case, the dolomitization is usually limited to the Monte Zugna and 

Loppio formations and only along major faults might reach younger formations. 

This pattern suggests that the fault network have strongly controlled the paleo-

hydrological system and consequently, the dolomitizing fluid. This event probably 

occurred between the Oligocene and the early Miocene when the tectonic loading 

caused by the growth of the Alpine Chain, forced pressurized fluids to move from 

the collisional zone to the foreland according to a general ñsqueegee 

dolomitization modelò (Ronchi et al. 2012). 

 

 

Fig. 8: The Monte Testo structure. In red the undulatory front of the first dolomitization 

phase. In yellow the fault related dolomitized bodies 


