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ABSTRACT. The Florianépolis Fracture Zone (FFZ), Brazil, delimits the Pelotas and Santos basins and marks a
major change in the geology of the continental margins from south to north, along both sides of the South Atlantic
Ocean. The continental prolongation of it is represented by Lower and Upper Cretaceous alkaline rocks, Paleocene
hydrothermal manifestations and river catchments. Geological review along with total magnetic field reduced to the
pole map (EMAG 2) was used to investigate and analyze the Floriandpolis Fracture Zone. Our results indicate that
the intracontinental NW-SE transfer zones control Upper Cretaceous sedimentation and Lower Cretaceous
carbonatitic intrusions. The transition from continental crust to oceanic crust is achieved by the formation of normal
faults and horse tail structures near the coastline verging to the FFZ at the already attenuated crust. Alkaline rocks,
including carbonatitic ones, arose in the continental crust at the southwest projection of Luis Alves Craton and at
the intersection between the transfer zones and the Brusque Metamorphic Complex. The integrated analyses
indicated that the location of the FFZ was governed by the geological events in the continental crust. This
oceanic/continental trend was later well reactivated after the South Atlantic opening.

Keywords: South Atlantic Ocean; Florianépolis Fracture Zone; Upper Cretaceous alkaline magmatism; structural
inheritance; reactivation.

INTRODUCTION

The relationship between fracture zones and continental
structures has been the theme of numerous studies
(Asmus, 1978; Sykes, 1978; Gamboa and Rabinowitz,
1981; Almeida et al., 1996) and present-day integrated
geophysical data supported by geological evidence are

bringing new understanding to the relationship. Recent
studies (Taylor et al., 2009; Bellahsen et al., 2013;
Wolfson-Schwehr and Boettcher, 2019; Sengér et al.,
2019) show geometric consistencies between continental

margin transfer zones and mid-ocean ridge transform
faults suggesting that transform faults originated at
structures inherited from the rifting stage (Miller et al.,
2002; Bellahsen et al., 2013).

Shear zone in the basement, or contrasting shear
strength units, and rifting phase transfer or
accommodation zones are the inherited structures
candidates to reactivate during the rifting and drifting
phase. Examples from the Gulf of Suez (e.g. Jarrige et al.,
1990; Moustafa, 1997) and the East African Rift System
(e.g. Rosendahl, 1987; Lezzar et al., 2002) show that transfer
zones were active during early stages of rifting. It is

noteworthy that, in these two examples, the transfer zones

are both pre-existing and oblique to the divergence (Taylor

et al., 2009; Bellahsen et al., 2013; Sengér et al., 2019).
Transform faults in the Atlantic Ocean have been

related to the prolongation of Late Cretaceous Alkaline
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igneous complex lineaments in the South America and
African continents. Those structures lie along small
circles centered on the Cretaceous poles of rotation for
the South Atlantic and can be correlated with a distinct
transform fault (Marsh, 1973).

In the SE Brazilian margin, the Florianépolis
Fracture Zone (FFZ) is aligned with the Sao Paulo Ridge
and troughs and the northern Rio Grande Rise E-W edge
where differences in relief are around 1500 m (Gamboa

and Rabinowitz, 1981). The projection of this oceanic

feature to the continent is represented by the Uruguay
Lineament related to the catchment of the Uruguay
river, aligning Upper Cretaceous to Paleocene alkaline
intrusions, and Parana Basin sedimentary facies width
variation (Asmus, 1978; Comin-Chiaramonti et al.,
2007). This could mean that the location of the FFZ is
influenced by zones of weakness in the continent (Asmus,
1978; Gamboa and Rabinowitz, 1981). Furthermore,

indications of the transition from the oceanic to the

continental crust are the width variation of the Pelotas
Basin Seward Dipping Reflectors (SDR) package and
Lower Paleogene alkaline rocks emplaced in the
Florianépolis High (Asmus, 1978; Fodor et al., 1983;
Stica et al., 2014); such petro-tectonic indications are not
discussed to any degree in the literature (Figure 1).

BASEMENT GEOLOGY

The Neo-Proterozoic basement along the continental
projection of the FFZ is represented by the northern
portion of the Dom Feliciano Belt (Figure 4), which is
part of the Mantiqueira Province (Heilbron et al., 2004).

The main shear zones are NE-SW striking Itajai-
Perimbé and Major Gercino, which divide the terrain
into defined domains. The northwestern domain is
characterized by a foreland basin which is thrusted
over the Luis Alves Craton. The central domain is
constituted by metavolcano-sedimentary fold-and-
thrust belt of Brusque Metamorphic Complex. The
southeastern domain represents an association of
voluminous granitic intrusions of the Floriandpolis

Batholith (Hueck et al., 2018).

The Major Gercino Shear Zone plays an important

role in margin reactivation and on the location of the
Upper Cretaceous alkaline intrusions of the Lages
Province (64 — 77 Ma) (Scheibe, 1986). It marks a rheology
contrast between the Brusque and Floriandpolis
basement units and its strikes NE-SW which are almost
45° with the FFZ E-W main trend. Those characteristics
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make this domain prone to reactivation because of the
contrasting shear strength, which became a stress guide
to the deformation. In addition, the 45° relation with the
Florianépolis Fracture main direction makes this
domain a site susceptible to nucleate shear fractures
and faults during oblique applied stress (Misra and

Mukherijee, 2015).

MARGINAL BASINS

The Pelotas Basin is compartmentalized by the
continuity of the oceanic fracture zones, possibly
associated with rift transfer zones (Stica et al., 2014).
Magnetic anomalies M4 and M2 indicate that the
breakup began at 130 and 127 Ma in the south
segment, followed by a second break, as indicated by
the MO magnetic anomalies (~125 Ma) (Stica et al.,
2014). The minimum age for the inception of the oceanic

crust in the northern segment is inferred to be 113 Ma
(Stica et al., 2014).

The Santos Basin central segment opened 18 Ma
after the Pelotas Basin SDR deposition begin. It also
marks the end of thick evaporite deposition (Upper
Aptian-Lower Albian: 113 Ma) (Rabinowitz and
LaBrecque 1979; Curie, 1984; Karner and Gamboa, 2007;
Torsvik et al., 2009; Moulin et al., 2013). Transfer motion
along the FFZ probably accommodated most of this shift

in time and position. As a consequence, the continental
crust east of the Sdo Paulo Plateau area was highly
stretched and intensely injected by magmatic intrusions
(Gamboa et al., 2021), reflecting the link between fracture

zones and hyperextended basins (e Pourhiet et al., 2017).
At the ASA (Aborted Spreading Axis) (Cande and
Rabinowitz, 1978; Meisling et al., 2001; Mohriak, 2001;

Gamboa et al., 2021), north flank magmatic activities are

registered in the Campanian strata in the form of volcanos
(Schattner and de Mahiques, 2020).

Oceanic Crust Indications in the
Florianoépolis Fracture Zone (FFZ)

The FFZ is a broad tectonized region with a width
generally greater than 100 km, which delimits the
northern portion of the Rio Grande Rise. Its westward
continuity is represented by Sdo Paulo Ridge (Gamboa
and Rabinowitz, 1981) (Figure 1). The angle of the
fracture zone tracing slightly changes from E-W to the
west of the Rio Grande Rise to ENE-WSW towards the
continent. The direction of the FFZ in the continental
crust changes to NW-SE.




Branddoetal. 313

56°W 48°W 40°W 32°W

25°5 e Santos Sao Paulo Plateu g

Floriancpolis

Fracture Zone
Sao Paulo Ridge

30°S

Porto Alegre
Fracture Zone

Chui Fracture

35°5 . :I : Zone

Southeast Continental Rift [lll santa Lucia-Aigua-

Neo Proterozoic

. Laguna Merin Basins Mobile Belts
Alcaline Intrusions i Paleo Proterozoic
. Jacui Group . Cratons
|:| Serra Geral Acid Rocks . Bauru Basin
. . ) 500 km
Serra Geral Basic Rocks Parana Basin

Figure 1: Simplified continental geology, main oceanic structures, and locations of the wells discussed in the
text. Compiled from: Riccomini et al. (2002; 2004; 2016); Stica et al. (2014); Cernuschi et al. (2015); Cordani et
al. (2016); Gamboa et al. (2021).
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Figure 2: Age of magmatism and paleostress field in the different sectors (Figure 1). Compiled from: Fodor and
Thiede (1977); Perch-Nielsen et al. (1977); Fodor et al. (1983); Gamboa and Rabinowitz (1984); Riccomini et al.
(2002); Jelinek et al. (2003); Almeida et al. (2013); Florisbal et al. (2014); Riccomini et al. (2016); Schattner and

de Mahiques (2020).
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The Sao Paulo Ridge (Figure 1), characterized by
arelief of 2000 m at its eastern end, gradually decreases
towards the west and is totally buried by sediments at
Longitude 45°W. The Deep Sea Drilling Project
(DSDP), Site 356, drilled sediment cores and igneous
rocks in the Sao Paulo Ridge (Perch-Nielsen et al., 1977;
Fodor et al., 1980) (Figure 1). The analysis of 741
meters of cored sediments recovered from Site 356

indicates that the sediment source is both the Santos
Basin and the ridge itself. There are three Sdo Paulo
Ridge slump events: in the Eocene, and between the
Maastrichtian and Turonian ages (Perch-Nielsen et al.,

1977; Fodor et al., 1977; Kumar et al., 1977) (Figure 2).

Site 357, basaltic pebbles were found embedded in 4
meters of breccia composed mainly by calcareous
pelagic matrix at the Middle Eocene section (Fodor

and Thiede, 1977). Relations between breccia matrix,

mineral paragenesis and chemical analysis of the
igneous clasts indicate that those rocks have alkaline
affinity and were formed in an ocean island
environment triggered by a hot spot or by a fracture
zone prior to and during the Eocene time (Fodor and
Thiede, 1977).

Analysis of sediments recovered at Sites 357 and
516F along with multichannel seismic allowed Gamboa

and Rabinowitz (1984) to propose the following

The older slump (Coniacian/Mid Turonian - Unit 6)

(Perch-Nielsen et al., 1977) is a conglomerate with

basaltic clasts, indicating volcanic activity at the Sio
Paulo Ridge, which were classified as magmatic breccia
(Kumar et al., 1977; Kumar and Gamboa, 1979). At the
bottom of the overlying unit (Maestrichtian/Santonian
— Unit 5) (Perch-Nielsen et al., 1977), it occurs marly

calcareous chalks containing small, sub-rounded basalt

pebbles, about 3.5 cm long and 2 cm thick, along with
pebble-sized fragments of dark mudstone (Perch-
Nielsen et al., 1977). The analysis of those igneous

clasts recovered from the Site 356 indicates that they
were emplaced strictly in a fracture-zone environment,
or in a fracture-zone environment that was later
subjected to greenschist facies metamorphism (Fodor et
al., 1980). The described mineral paragenesis (Fodor et
al., 1980) is indicative of fault weakening processes
(Wintsch et al., 1995).

The Rio Grande Rise (Figure 1) is a major aseismic
rise in the western South Atlantic Ocean. It is divided
into West Rio Grande Rise and East Rio Grande Rise
(Gamboa and Rabinowitz, 1984). The western portion

has an approximate elliptical shape with E-W main
1984) bounded
northward by the FFZ. The eastern portion has a north-

axis (Gamboa and Rabinowitz,

south trend and may represent an abandoned
spreading center (Gamboa and Rabinowitz, 1984).

The Rio Grande Rise was drilled during the
DSDP Legs 39 and 72. The cores which recovered
igneous rocks are the Sites 357 and 516F. The base of

Hole 516F includes calcareous and volcanogenic

sediments, ferruginous chert, and two or more
relatively fresh basalt flow units (Barker et al., 1983).
The best estimate of the Ar/Ar age of the basalt at the
base of Hole 516F is 86.0 = 4 Ma, which agrees with
estimates from a seafloor spreading model of 84.5 +0.5
Ma (Mussett and Barker, 1983; Rohde et al., 2013). At

Braz. J. Geophysics, 40, 2, 2022

evolutionary model (Figure 2): the Rio Grande Rise
presents a first phase of basaltic flow in the

Coniacian/Santonian (O’Connor and Duncan, 1990)

followed by extensional movements causing rifting
during the uplift of the large volcanic bulge (Gamboa
and Rabinowitz, 1984; Praxedes et al., 2019). By the
Middle Eocene (Fodor and Thiede, 1977; Gamboa and

Rabinowitz, 1984), volcanic islands emerged above sea

level increasing the deposition of volcanic breccia and
ash layers (Gamboa and Rabinowitz, 1984). After

volcanism ceased, thermal subsidence took place over

the entire rise with intense erosion and sedimentation.
Finally, the uppermost sedimentary layers were
deposited in pelagic conditions and offset by sub-vertical
normal faults (Praxedes et al., 2019).

Continental Crust Magmatism in the
Floriano6polis Fracture Zone
Thermo-magmatic events in the continental margin in
proximity to the FFZ are described and can be
subdivided as follows (Scheibe et al., 2005): 1) the early
stages of rifting before the Africa-South America

separation; 2) the time of sea-floor spreading; 3) a more
advanced stage of the continental separation. They can
also be subdivided according to their emplacement
tectonic control (Figure 2).

The first group is related to the alkaline
magmatism in Eastern Paraguay (145-138,9 Ma)
followed by flood tholeiitic basalts of the Serra Geral
Formation (133-130 Ma). Synchronously, the Anitapolis
alkaline-carbonatite complex (132 Ma) and the
Florianépolis Dike Swarm (134 Ma) intruded in the Late
Proterozoic crystalline basement in Santa Catarina
State (Rodrigues, 1985; Scheibe, 1986; Scheibe et al.,
2005; Almeida et al 2013; Florisbal et al., 2014).
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The second group is related to the Florianépolis
Dyke Swarm during the Late Early Cretaceous (134
Ma) and by a second pulse of alkaline magmatism in
Eastern Paraguay concentrated in the Asunciéon Rift

(Velazquez et al., 2011). The last group is represented

by the Late Cretaceous (76 Ma) alkaline-carbonatite
magmatism in Lages Province (Scheibe, 1986; Scheibe
et al., 2005; Gomes et al., 2018), by the precipitation of
the Santa Catarina Fluorite District (67 to 40 Ma)
(Jelinek et al., 2003), and by the alkaline rock recovery
by the Petrobras exploration well 1-SCS-1-SC which
chronological data indicate 58 Ma for the emplacement
of those rocks in the Florianépolis High (Fodor et al., 1983).

The group related to the last phase is represented

by the Asuncién Rift Alkaline Province. En-echelon
NW-SE dykes intruding the Asuncién Rift is indicative
of the paleostress field related to an E-W dextral couple
during the Paleogene (Riccomini et al., 2002).

Intruded in the Luis Alves Craton, it occurs some
alkaline rocks in the form of dykes, volcanic flows and

plugs (Iglesias et al., 2011). There is no available age

data for these occurrences.

Continental Crust Paleotensions
Floriandpolis Fracture Zone

The Florianépolis Dyke Swarm is characterized by
subvertical dykes with generally N208E, N108E and
N258W strike, cross-cutting the granitic rocks of the
Florianépolis Batholith. Geometric analysis indicates
both dextral and sinistral sense of shear during its
intrusion (Almeida et al., 2013). According to Almeida
et al. (2013), the 119.0 + 0.9 to 139.1 + 3.4 Ma Ar/Ar age
(Raposo et al., 1998; Marques et al., 2003; Tomazzoli
and Lima, 2006) is related to the extension of the

continental crust, indicating a relationship with the

stretching and thinning of the continental crust rifting
phase (Almeida et al., 2013). Nevertheless, U-Pb data

for the swarm indicate a 134 Ma age for this

magmatism which is related to the PEMP (Parana-
Etendeka Magmatic Province), in this case associated

to a pre-rift scenario (Florisbal et al., 2014), as indicated

by the tectonic evolution of the Pelotas Basin.
The Lages Alcaline Province, emplaced between 64
— 77 Ma, generated a dome shape relief with its major

axis in the NW-SE direction. The petrogenetic model

involves partial mantle fusion, within CO: superior
mantle contribution previously metasomatized due to
basement fault reactivation (Scheibe, 1986). The NW-SE
dome main axis indicates that this structure was coeval
to a NE-SW SHmax paleostress field, the later cooling
switched the main tensor but kept the same SHmax
direction. Later phonolite dikes are preferably oriented NE-
SW and some NW-SE. NNE-SSW to NE-SW dextral shear
faults and the E-W sinistral shear were formed under the
same paleostress field direction (Machado et al., 2012).

The Santa Catarina Fluorite District occurs

predominantly at the Floriandépolis Batholith. Its main
occurrences are along NNE-SSW lineaments which,
besides fluorite, also contain cataclastic rocks, quartz
veins and calcedony. All those elements occur along a
stripe 1km wide (Bastos Neto et al., 1991; Jelinek et al.,
2003). Local 67 to 40 Ma AFT central ages indicate that

this hydrothermal manifestation might have its roots

on a regional thermic anomaly related to the FFZ

associated magmatism (Jelinek et al., 2003).

The dJacui Group represents the uppermost
stratigraphic unit of the Parana Basin. It is filled by the
fluvial sediments of the Tupancireta Formation which
holds volcanoclastic rocks associated to the Serra Geral
magmatism. Probably it represents an interior sag
basin initiated due to the NW-SE-oriented regional
crustal stretching indicated by NE-SW faults and NW-

SE clastic dykes (Riccomini et al., 2016).

DATA

A systematic survey of geological data was carried out
from publications involving several maps, and the
features of interest observed in them were recovered in
georeferenced files for their manipulation. Regional
geological structures and lineaments were then plotted
on the magnetic map of Figure 3 for interpretation.
The image presented (Figure 3A) corresponds to
the total magnetic field reduced to the pole (RTP)
obtained from the global database EMAG2 (Maus et al.
2009). These authors carried out a meticulous work of
compiling and selecting magnetic data from various
ship and airborne surveys around the world. Using
robust algorithms, these data were leveled and filtered
in such a way that the long wavelengths were replaced

by extremely reliable satellite measurements.

Braz. J. Geophysics, 40, 2, 2022
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Figure 3: (A) Map of the total magnetic field reduced to the pole. Black feature — geological lineaments

and faults (B) — Interpretation highlighting the magnetic lineaments; White features - highlighting the

sinistral dislocation of the ASA central axis (doted lines) and its flanks (black lines along with white

dots) by the Florianépolis Fracture Zone and its propagation over the continental crust in a horse tail
end structural fashion. Circle K — Lages Alkaline District (~70 Ma); ASA — Aborted Spreading Axis; FFZ
— Florianépolis Fracture Zone; LAC — Luis Alves Craton.

RESULTS

The main oceanic tectonic features are well delineated by
the magnetic anomaly map (Figures 3a, 3b). They are the
Aborted Spreading Axis (ASA) (Cande and Rabinowitz,
1978; Meisling et al., 2001; Mohriak, 2001; Gamboa et al.
2021) with a general N-S direction. The strong pink
anomalies at east and northwest are volcanic covers
already described by Gamboa et al. (2021). The strong blue
magnetic anomaly parallel to the Florian6polis Fracture
Zone is correlated with the Sao Paulo Ridge (Gamboa and
Rabinowitz, 1981). Figure 3 also shows the adjacent

continental platform overlaid by the main Precambrian
structures and rocks of the Northern Dom Feliciano Belt

as well as reactivation structures and intrusions.

Braz. J. Geophysics, 40, 2, 2022

The FFZ ramifies in three different lineaments
when it reaches the attenuated crust in a horse splay
fashion (Figure 3B). The main lineament direction
rotates, mostly probably, in response to the different
rheology of the terrain. The new lineaments are named
from north to south: Florianépolis Lineament, Lagoa de
Imarui Lineament and Torres Lineament (Figure 4).
The Torres Lineament points toward the projection of
the NW-SE Torres Sincline.

The FFZ most northern lineament changes its
trend to WNW-ESE when crossing the south border of
the ASA, dislocating it eastwards indicating a sinistral

reactivation.
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Figure 4: Geological Map of the continental margin adjacent to the Florianépolis Fracture
Zone. The ocean lineaments represent the structures mapped with the potential map of
Figure 3. Geology compiled from: Rodrigues (1985); Scheibe (1986); Bastos Neto et al (1991);

Florisbal et al. (2014); Wildner et al. (2014); Santos et al. (2019).

In the continental crust, the Florianépolis Lineament
points toward the carbonatitic occurrence of Anitapolis
(132 Ma) and to the NW-SE diabase dykes of the
Florianépolis Dyke Swarm. This indicates that it is the
first structure formed during the rifting phase. This
lineament also has a good correlation with the NW-SE
dissected scarps of the Serra Geral Group, indicating a
posterior reactivation phase.

The Lagoa do Imarui Lineament cleary correlates
with the Lages Alkaline Dome, indicated by the dome
intrusion NW-SE main axis. This lineament exerts a
control over the emplacement of NW-SE aligned
kimberlites and carbonatites, indicating that this fault
might reach the mantle. The NE-SW SHmax tectonic
control of the Early Paleocene phonolite dykes related
to this that the landward

reactivation of the Lagoa do Imarui Lineament was

intrusion indicates

concomitant to a plate sinistral rotation.
The magnetic response of the northern Dom Feliciano

Mobile Belt clearly correlates with the major tectonic

which
characterizes the contact between the Florian6polis
Batholith and the Brusque Metamorphic Belt, makes a
sharp magnetic contact which reflects the strong shear

features. The Major Gercino Shear Zone,

strength variance between these two units. Its projection to
the northeast reaches the north end of the ASA structure.

The Santa Catarina Fluorite District is also
compatible with an E-W sinistral couple; however, its
60-40 Ma indicates a diachronic event. This fact means that
E-W sinistral couple remained active at least until the
Middle Eocene. This thermo-tectonic event is synchronic
with the Eocene magmatic activity in the Rio Grande Rise
(Fodor and Thiede, 1977) and with the alkaline intrusion
in the Floriandpolis High (Fodor et al., 1983).

DISCUSSION

The fracture zone reactivation (Pockalny et al., 1997;
Maia et al., 2016) implies a plate rotation promoted by
rotation pole migration and variations on spreading rate

of the ocean floor. These changes modify the fracture zone

Braz. J. Geophysics, 40, 2, 2022
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tracing and create sites of deformation and magmatism.

The FFZ is a reactivation of the former Floriandpolis
Transform Zone between the Santos and Pelotas Basins
during the Late Cretaceous pole migration (Szatmari and
Milani, 2016). As the imposed deformation also affects the
continental crust, the reactivation process was influenced
by the contrasting shear strength between the oceanic and
the continental crust (Dauteuil et al., 2002).

The three magnetic anomalies, which present a

structural horse tail end geometry, emerged from the
FFZ tracing near Longitude 42W (Figure 3B). This
position is the inferred position of the Pelotas Basin
COB north end. From this point westward, the FFZ
progressively thickens until reaching the emerged
continental terrain, a correlation made via field geology.

There are two hypotheses for the time of
generation of those lineaments; each of them requires a
different geotectonic explanation: sin rift tectonics and
Late Cretaceous reactivation.

The hypothesis is that lateral rheological variation
can promote segmentation along rifted margins. The
sinistral finite movement is inferred by the left lateral
displacement of the Pelotas Basin aborted spreading axis
prolongation and by the NE-SW SHmax dyke intrusion
control.

To resolve this differential spreading rate between
Pelotas and Santos, the Floriandépolis Fracture Zone
reactivated and became a site of intense volcanism. The
age of volcanism became younger toward the continent.

Figure 5 shows that the magmatism and deformation
during the Late Cretaceous are towards the continent. The
migration of volcanic activity is related to the variation
of pole rotation and spreading rate of the ocean floor
during the Late Cretaceous (Pérez-Diaz and Eagles, 2014).

shear strength imposed by adjacent basement crustal
blocks — the Luis Alves Craton and the Brusque
Metamorphic Complex.

The inland magmatism aligned to the regional
tracing of the continental portion of the FFZ presents
decreasing age towards the continent (Figures 2 and 5)
with, however, contrasting paleo tension control. The
Asuncién Rift alkaline intrusions are controlled by the
compressional stress promoted by the far field stress
imposed by the subduction of the Nazca Plate under the
South America Plate (Riccomini et al., 2002).

Continental
Magmatic Activity

Extended Continental c
Crust

magmatic breccia ¥
Sdo Paulo Ridge

Oceanic Crust

Maestrichtian

Extended Continental
Crust
magmatic activity
Aborted Spreading Axis
Reactivation

Oceanic Crust

Campanian

Extended Continental A
Crust

magmatic breccia
¢ ¢ Sao Paulo Ridge

DSDP 356

Oceanic Crust
Turonian

Figure 5B sketches the reactivation of the
Florianépolis Fracture Zone at Campanian times. It is
characterized by volcano structures emplaced in the
Santos Basin Campanian strata, defined as the Santos
Cluster (Schattner and de Mahiques, 2020).

The model proposes that magmatic activity

migrates towards the continent. In the Turonian times,
the magmatic activity occurs in the Sdo Paulo ridge.
Plate reorganization during the Late Cretaceous rotates
the Floriandpolis Fracture Zone.

The magmatism in the prolongation of the FFZ
into the continent is controlled by basement inherited
structure directions, shear strength variation and far
field stress. The Lages Alkaline province is located at
the crossing between NW-SE and NE-SW basement
directions. Another important factor is the differential

Braz. J. Geophysics, 40, 2, 2022

Figure 5: Evolutionary model of the magmatism
and reactivation of Florianépolis Fracture Zone
during the Late Cretaceous. A) Turonian - in this
time the ASA was already formed (Cande and
Rabinowitz, 1978; Meisling et al., 2001; Mohriak,
2001; Gamboa et al., 2021) and Anit4dpolis Alcaline
District intruded (An - 132 Ma) (Scheibe, 1986). The
reactivation was registered by magmatic breccia
recovery by the IODP site 356 in the Sao Paulo
Ridge B) Magmatism activities form volcano

structures in the Campanian strata of the Santos
Basin south portion (Schattner and de Mahiques,
2020); C) Emplacement of the Lages District (Lg 64
— 77 Ma) controlled by the reactivation and

segmentation of the Florianépolis Fracture Zone.
The ASA (Gamboa et al., 2021) was also deformed
by a sinistral E-W binary.
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CONCLUSION

The Florianépolis Fracture Zone (FFZ) bounds the
saline hyperextended Santos to the north and the
magma rich Pelotas Basins. During the Cretaceous
evolution, this fault acted as a transform fault and
became a fracture zone after the end of the salt
deposition.

Meanwhile in the continental platform, NW-SE
basement inherited structures got reactivated as
variations in the Parand Basin sedimentary packages.
During these reactivations, the aligned Late Cretaceous
alkaline province was intruded (Asuncién Rift and
Lages).

During the Late Cretaceous, the FFZ already had
its principal morphology as the S&do Paulo Ridge
emerged. Pole rotations along with contrasting
spreading rates between the Santos and Pelotas Basins
reactivated the FFZ. The deformation started at the Rio
Grande Rise with the bulging of the ocean floor in the
Santonian.

Magmatic and deformation sites move westward
in the Sao Paulo Ridge, where basalt pebbles were
found just after the breccia level. In the Campanian,
magmatism is registered at the south portion of the
Santos Basin (Schattner and de Mahiques, 2020).

The transition from continental crust to oceanic

crust is achieved by the formation of a near coastline
normal fault parallel to it and horse-tail / splay like
structures verging to the FFZ. The shear strength
variation and the Late Cretaceous plate reorganization
are the competing factor with shear strength
controlling the angle variation of the FFZ at the
already attenuated crust.
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