
1Instituto de Geociências, Universidade de São Paulo, São Paulo (SP), Brazil. E-mails: cgomes@usp.br, rgazzone@usp.br, exrubert@usp.br, keisato@usp.br, gastonenrich@usp.br
2University of Queensland, Brisbane, Australia. E-mail: p.vasconcelos@uq.edu.au

*Corresponding author.

Manuscript ID: 20170094. Received on: 07/10/2017. Approved on: 11/04/2017.

ABSTRACT: New age determinations by Ar-Ar and U-Pb SHRIMP for the alkaline complexes of Banhadão and Itapirapuã that occur in the Ribeira 
Valley are in agreement with the previously radiometric K-Ar ages available in literature. Ar-Ar ages on biotite for Banhadão range in the 106-110 Ma 
interval, and suggest a minimum age of 106 Ma for the complex. Ar-Ar data on biotite for Itapirapuã are more uniform, indicating an age of 102 Ma 
for the complex. U-Pb SHRIMP determinations on titanite from Itapirapuã melanite syenitic rocks yielded an age of ~106 Ma. Thus, the age interval of 
100 and 110 Ma does exist indeed, suggesting an intermediate magmatic pulse between the already well-defined peaks of 80-90 Ma and 130-140 Ma 
for the alkaline rocks in southern Brazil, confirming the periodicity of the magmatism.
KEYWORDS: Alkaline rocks; Ponta Grossa Arch; Geochronology.
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INTRODUCTION

The Ribeira Valley in Southern Brazil was the site of 
intense and repeated alkaline magmatic activity in Cretaceous 
times (Ruberti et al. 2005, Gomes et al. 2011). It is also 
characterized by NW-SE-trending swarms of tholeiitic 
dikes of the Serra Geral Group and magnetic alignments 
(Piccirillo et al. 1990, Ussami et al. 1994). The overall 
magmatism in the area is clearly controlled by the Ponta 
Grossa Arch, a prominent tectonic feature active since the 
Paleozoic, which extends more than 600 km and plunges 
toward the inner Paraná Basin, and whose evolution is asso-
ciated with the reactivation of old deep structures (Ferreira 
1982). A group of four parallel N40-60W-trending lin-
eaments (Guapiara, São Jerônimo-Curiúva, Rio Alonso, 
Rio Piqueri; Fig. 1) is related to the named uplift struc-
ture and played an important role in the distribution in 
space and time of both tholeiitic and alkaline magmatism 
(Ferreira 1982, Almeida 1983, 1986, Riccomini et al. 
2005). As emphasized by Gomes et al. (2011), the south-
ern sectors of Guapiara and São Jerônimo-Curiúva are the 

main sites of the alkaline and alkaline-carbonatite magma-
tism in the region, with the intrusions being found on or 
close to these lineaments. In addition, these alignements 
are geographically associated with alkaline bodies of two 
different ages, Lower Cretaceous (Guapiara: Jacupiranga, 
Juquiá, Pariquera-Açu; São Jerônimo-Curiúva: Banhadão, 
Barra do Itapirapuã, Itapirapuã, José Fernandes) and Upper 
Cretaceous (Guapiara: Cananeia; São Jerônimo-Curiúva: 
Barra do Teixeira, Mato Preto, Tunas) (Fig. 2). Figures 3A 
and 3B shows the location of the various alkaline occur-
rences and the tectonic setting of the alkaline magmatism 
along the NW-SE direction, as it is also suggested by the 
elongated shape of the Itapirapuã and Tunas complexes par-
allel to the arch axis (Fig. 3B). The Guapiara lineament is 
represented by four intrusions covering areas from 65 km2 
(Jacupiranga) to 2.2 km2 (Cananeia), with the minor one 
lying on the coast at the southernmost tip of the structural 
feature (Fig. 3A). On the other hand, the São Jerônimo-
Curiúva lineament, except for larger occurrences such as 
Tunas (22 km2), Banhadão (8 km2), Itapirapuã (4 km2), 
José Fernandes (~3 km2, cf. Almeida et al. 2017) and Barra 
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do Itapirapuã (2 km2), clusters several small alkaline bod-
ies (i.e., Barra do Ponta Grossa, Barra do Teixeira, Cerro 
Azul, Mato Preto, Morro do Chapéu, Sete Quedas-Dr. 
Ulisses road), mainly occurring as plugs, dikes and swarm 
dikes. Alkaline magmatism over the entire area influenced 
by the Ponta Grossa Arch shows a wide variation in com-
position, three main rock associations (ultramafic-mafic, 
syenitic and carbonatitic) being distinguished by Gomes 
et al. (2011). Additional petrographic suites are repre-
sented by fine-grained varieties, mostly of syenitic affinity 
(trachytes, phonolites, trachyphonolites), and subordinate 
mafic-ultramafic types, as well as fenites. The latter rocks 
have been formed as a result of metasomatic transforma-
tions that took place internally and externally to some 
alkaline intrusions, and are present typically in contact 
with carbonatites and glimmerites.

This study aims to confirm the existence of an alkaline 
magmatic pulse in the 100-110 Ma age interval, as suggested 

by old K-Ar radiometric determinations carried out on 
Banhadão and Itapirapuã rocks. New analytical techniques 
have been employed in search for more precise and reliable 
data for the age of both complexes.

LOCAL GEOLOGY

Banhadão
This oval-shaped complex (Fig. 4) is located at 20 km 

NE of the city of Cerro Azul, in the Paraná state, and it was 
emplaced into the Neoproterozoic Três Córregos granitic 
suite (Cerro Azul Granite, cf. Brumatti et al. 2015). Most of 
the complex is composed of different foid syenite-foidite 
rock types, sometimes not differentiated in the geological 
map (Ruberti et al. 2012). Banhadão has been previously 
investigated by Algarte (1972) and, more extensively, years 

Figure 1. Schematic map of the Ponta Grossa Arch (after Almeida 1986, Ruberti et al. 2005, modified). NW-SE 
tholeiitic dike swarms and alkaline occurrences are indicated as follows: 1) and 2) dikes inferred by field geology 
and aeromagnetic survey; 3) alkaline centres and abbreviations: BC, Bairro da Cruz; BIT, Barra do Itapirapuã; BN, 
Banhadão; BT, Barra do Teixeira; CN, Cananeia; IP, Ipanema; IT, Itapirapuã; JC, Jacupiranga; JF, José Fernandes; 
JQ, Juquiá: MP, Mato Preto; PAR, Pariquera-Açu; PI, Piedade; TU, Tunas. Other indications: I, Basement; II, Paraná 
Basin; III, Flood Basalts.
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Figure 2. Radiometric ages for individual alkaline massifs from the Ponta Grossa Arch region. The range of values 
(grey bars) and the preferred age (black circles) for each occurrence are represented. N: number of analyses; 
AM: analytical method I, K-Ar; II, Ar-Ar; III, Rb-Sr; IV, U-Pb; R: references (a: Amaral et al. 1967, Sonoki & Garda 
1988; b: CG, unpublished data; c: Ruberti 1984; d: Ruberti et al. 1997; e: Gomes & Cordani 1965; f: Amaral 1978; 
g: Roden et al. 1985; h: Chmyz et al. 2017; i: Almeida et al. 2017; j: Born 1971; k: Machado Jr. 2000; l: Cordani & 
Hasui 1968; m: Spinelli & Gomes 2008; n: Siga Jr. et al. 2007).

later, by Ruberti (1984) and Ruberti and Gomes (1984), 
who described the presence of a phlogopite melteigite 
body at the central-eastern portion of the complex and of 
a pipe-like, well-defined late body of nepheline syenites at 
the western section. These latter rocks are clearly character-
ized by the presence of centimetric to decimetric, rounded 
to subrounded or even to polygonal structures (up to 
40 vol.%) of alkali feldspar-nepheline intergrowths, along 
with kalsilite segregations, generally looking like pseudo-
leucite crystals (Comin-Chiaramonti et al. 2008, Ruberti 
et al. 2012). Gray or light reddish nepheline syenites, 
grading from basic to intermediate variants, are the most 
abundant petrographic type occupying the largest area of 
the intrusion. Basic rocks are represented by fine to medi-
um-grained malignites and alkali feldspar-melanite ijo-
lites. Fine-grained to aphanitic foiditic or phonolitic dikes 
occur crosscutting the nepheline syenites as well as the 
country rocks. Another less common type of dike is iden-
tified by the presence of large amounts of melanite garnet 

(up to 20 vol.%) and diopside microphenocrysts (melanite 
nephelinites, cf. Ruberti et al. 2012). A small carbonate- 
sodalite-rich phonolitic dike occurs in the western side of 
the complex and, more recently Brumatti et al. (2015), 
distinguished in the map a small body of the same rock 
type in the northern part. Rocks pointing to the action of 
incipient fenitization processes are identified along the con-
tact zone with the Três Córregos batholith. Chemically, a 
peculiar feature of the Banhadão complex is the presence 
of two potassic SiO2-undersaturated magmatic series, one 
high and the other poor in Ca.

Itapirapuã
This complex displays an irregular NW-trending shape at 

approximately 130 km SSW Itapeva, the most important city 
in the region, and it was emplaced into the Neoproterozoic 
Três Córregos granitic suite (Cerro Azul Granite, cf. Brumatti 
et al. 2015). According to Gomes (1970), it consists predom-
inantly of undersaturated syenitic medium to coarse rocks 
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Figure 3. (A) Sketch map indicating the Jacupiranga, Juquiá, Pariquera-Açu and Cananeia alkaline complexes at 
the Guapiara Lineament (after Ruberti et al. 2005). (B) Geological setting and distribution of alkaline complexes, 
plugs, dikes and dike swarms at the São Jerônimo-Curiúva Lineament (José Fernandes and Bairro da Cruz not 
included; after Vasconcellos & Gomes 1998, modified). Captions: (1) and (2), alkaline occurrences (stocks, plugs and 
dikes); (3) Late Precambrian-Cambrian rocks (Neoproterozoic Três Córregos Granite included); (4) Mesoproterozoic 
metasedimentary and metaigneous rocks (Açungui Group included); (5) Faults, as suggested by mafic dikes; (6) 
and (7) Covered and well-defined faults, respectively.

A

B
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variable in texture from hypidiomorphic to inequigranular. 
Although not individualized in the geological map (Fig. 5), 
and being less frequent rock types in general, mafic syenites 
(malignites) with high amounts of Ti-rich garnet (melanite) 
and varieties bearing wollastonite in the composition are 
also reported. Rocks of the urtite-ijolite-melteigite series are 
recognized and mostly represented by biotite melteigites. 
Other cumulatic rocks include syenites with minor amounts 
of nepheline (pulaskites) and high concentration (up to 80%) 
of alkali feldspar. Tinguaites occur as NW-oriented decime-
ter dikes crosscutting the other alkaline petrographic types 
and the granitic country rocks. Granular white carbonatite 
forms centimeter veins that intrude medium-grained nephe-
line syenites in the central part of the complex. A magmatic 
breccia covering a few square meters is found associated with 
fine-grained syenitic rocks in southern area. A funnel-shaped 
mass segregation of granular idiomorphic magnetite is pres-
ent in the southernmost part of the intrusion and has been 
exploited economically by the Maringá Ferro Liga S/A for 
the extraction of iron ore.

PREVIOUS GEOCHRONOLOGICAL 
DATA ON THE ITAPIRAPUÃ AND 

BANHADÃO ALKALINE COMPLEXES

Data for the Banhadão and Itapirapuã complexes were based 
on K-Ar determinations reported initially by Ruberti (1984) 
and Gomes and Cordani (1965), respectively. These ages were 

recalculated later by Sonoki and Garda (1988) using the new 
decayment constants as proposed by Steiger and Jäger (1977).

For Banhadão, eight analyses were performed on whole rock 
(phonolite and nepheline syenite) and phlogopite concentrates 
taken from phlogopite melteigite samples. Considering only 
the phlogopite analyses, which are highly precise and believed 
to represent more confident data, values are 108.7±2.1 and 
107.7±3.1 Ma, with an average age of 108.2 Ma for the complex.

For Itapirapuã, six analyses were carried out either on 
whole rock (tinguaite) or mineral concentrates (alkali feld-
spar, biotite and pyroxene) from different rock types (biotite 
melteigite and nepheline syenite). Accounting for the biotite 
analysis only, the complex age is 103.7±4.3 Ma.

ANALYTICAL METHODS

Two types of samples were analysed by laser incre-
mental-heating 40Ar/39Ar geochronology: single crystals of 
biotite ~1.5 mm in diameter (IT-4E15); and fine-grained 
 (50-200 µm) mineral aggregates (samples EX-5, EX-30 and 
IT-4E7). Due to large differences in grain sizes, these sam-
ples were prepared and dated following distinct preparation, 
irradiation, and analytical procedures, as outlined below.

Single ~1.5 mm biotite crystals from sample IT-4E15 
were mounted in wells in an Al-disk and irradiated together 
with Fish Canyon (FC) sanidine as neutron fluence monitor. 

Figure 4. Geological map of the Banhadão complex in 
the Ribeira Valley, Paraná state (Ruberti & Gomes 1984).

Figure 5. Geological map of the Itapirapuã syenitic 
complex emplaced into the Três Córregos granitic 
suite (Gomes 1970). Carbonatite and magmatic breccia 
occurrences are indicated by C and B, respectively. 
Also showed is the location of the iron ore mine.
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Several grains of GA-1550 biotite were irradiated in another 
well in the same disk as an independent check on the ana-
lytical procedures and results. Sample and neutron fluence 
monitor arrangements in the irradiation disk followed the 
geometry illustrated in Vasconcelos et al. (2002). The disk 
was irradiated for 14 hours over the period from 4/12/2015 
to 7/12/2015 and analysed in the period from 3/5/2016 
to 30/7/2016, i.e., within 5-8 months from irradiation.

The fine-grained samples were loaded into 1 mm-I.D. 
by 2 mm-O.D. quartz glass tubing, flame-sealed at one 
end. Loose grains were loaded to a height ranging from 1 
to 3 mm. The quartz tubes were connected to a UHV vac-
uum line and evacuated to below 1x10-8 T, the base of each 
tube was cooled with liquid nitrogen, and the capsules were 
pinched off with a torch at ~10-15 mm above the sample. 
The vacuum-sealed quartz capsules are 2 mm in diameter 
and range in length from 13 to 17 mm. The capsules were 
inserted into a stack of 21-pit Al disks, where the base holds 
FC sanidine neutron fluence monitors arranged in the geom-
etry illustrated in Vasconcelos et al. (2002). The geometry 
of the capsule holder ensures that the samples are located at 
the base of the holder on the same horizontal plane as the 
neutron fluence monitors. The Al-disk stack was wrapped 
in aluminium foil. The wrapped stack was vacuum heat-
sealed in a 1-inch diameter quartz vial. Sample IT-4G15 was 
irradiated for 14 hours over the period from 4/12/2015 to 
7/12/2015. Samples EX-5, EX-30 and IT-4E7 were irradiated 
for 14 hours over the period from 28/1/2015 to 30/1/2015.

All samples were irradiated in the Cadmium-lined 
B-1 CLICIT facility, a TRIGA-type reactor, Oregon State 
University, USA. All ages are reported using the decay con-
stants of Steiger and Jäger (1977): 40K isotopic abundance = 
0.01167; 40Ke: (0.581 ± 0.017) x10-10 yr-1; 40Ke = (4.962 
± 0.086) x 10-10 yr-1; 37Ar decay = 0.01975 d-1; 39Ar decay 
= 7.068 x10-6 d -1; and 36Cl decay = 6.308 x 10-9 d-1. 
J-factors for each Al-disk were determined by the laser total 
fusion analyses of 15 individual aliquots of neutron fluence 
monitor, each aliquot consisting of one to three crystals of 
FC sanidine. J-factors for each aliquot was calculated by the 
Mass Spec program (Vasconcelos et al. 2002) based on an age 
28.201 ± 0.046 Ma for the FC sanidine (Kuiper et al. 2008). 
A single J for each pit was calculated using the arithmetic 
mean of the three calculated J values from the three aliquots 
in each pit. The J for the Al-disk is the arithmetic mean of the 
five individual pit J values. The calculated error of the J for 
each Al-disk is the standard deviation of the five-pit J values.

The single crystals of biotite were analysed by incremental 
heating with a continuous-wave green wavelength (532 nm) 
diode laser with a defocused (~2mm) beam. Prior to analysis, 
all grains were baked-out to ~ 200 °C for 12 hours. The quartz 
sample capsules were not baked out prior to analysis to avoid 

any possibility of temperature-related argon release from the 
fine-grained minerals. In lieu of bake out, a low background in 
the sample chamber was achieved by an extended pump-down 
period prior to analyses. The quartz capsules were breached 
using a pulsed excimer laser with an ultra violet wavelength of 
248 nm. The laser drilled a hole of approximately 200 microns 
in diameter through the end of the capsule opposite the sam-
ple. The argon released from the capsule after piercing was 
analyzed as the first step in an incremental-heating program. 
After the piercing step, the UV excimer laser was replaced 
with a continuous-wave green wavelength (532 nm) diode 
laser with a defocused beam. The samples were then heated 
incrementally, generally following the procedures outlined in 
Vasconcelos (1999) and Vasconcelos et al. (2002), with the 
exception of a modified laser beam movement pattern during 
heating reflecting the geometry of the capsules. A defocused 
2 mm beam was programmed to heat the sample within the 
tube for 15 seconds at 1 mm intervals along the tube where 
sample was present. After the last 1 mm segment of the sample 
was heated, the beam was programmed to traverse the remain-
ing length of the capsule in order to heat any fine particles of 
sample present on the capsule inner walls.

The fraction of gas released in each step was cleaned through a 
cryocooled coldtrap (T = -125 °C) and two C-50 SAES Zr-V-Fe 
getters, and analysed for Ar isotopes in a MAP215-50 mass 
spectrometer equipped with a third C-50 SAES Zr-V-Fe getter. 
Full system blanks and air pipettes were determined before and 
after each sample. Automation and analytical procedures fol-
lowed are described in Vasconcelos et al. (2002). The data were 
corrected for mass discrimination, nucleogenic interferences, 
and atmospheric contamination following the procedures in 
Vasconcelos et al. (2002), using the software “MassSpec Version 
7.527” developed by Alan Deino of the Berkeley Geochronology 
Centre, USA. A 40Ar/36Ar value of 298.56 ± 0.31 for atmo-
spheric argon was used for the calculation of the mass spec-
trometer discrimination (Renne et al. 2009).

U-Pb isotopic analyses of titanite from Itapirapuã 
melanite-nepheline syenites were carried out in the GEOLAB 
of the Institute of Geosciences – USP, using a SHRIMP 
He/MC. Technical information regarding the equipment, 
operating conditions and analytical methods are found in 
the papers by Sato et al. (2014, 2016).

RESULTS

40Ar/39Ar geochronology
Incremental-heating spectra and isochrons for bio-

tite samples (EX-5, melteigite; and EX-30, phonolite) 
from the Banhadão complex are displayed in Figure 6 
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Figure 6. Incremental-heating spectra (A, C and E) and isochrons (B, D and F) for biotite of melteigitic rocks from 
the Banhadão complex. MSWD: mean standard weight deviation.

(Tab. 1 - http://sfbjg.siteoficial.ws/Sf/2018/n1/Sf_TableG1.
pdf). Sample EX-5 shows an ascending spectrum, with minor 
disturbance in the low-T steps (A-C), a plateau-like segment 
for the low- to mid-T (D-G) steps, and an ascending pattern 
from steps H to V (Fig. 6A). The high-T steps (J-V) also 
define a plateau-like segment. The saddledshapped degassing 
pattern may suggest either excess argon or partial alteration 
and argon loss in the sample. An isochron derived from 
regression through all the steps (Fig. 6B) defines an age of 
105.72 ± 0.35 Ma, and a 40Ar/36Ar intercept of 306.1 ± 4.7, 

inconsistent with significant amounts of excess argon in 
the sample. Individual isochrons derived for the low- and 
high-T plateau-like segments (Figs. 6C and 6D) yield ages 
of 105.69 ± 0.29 Ma (40Ar/36Ar intercept of 298.4 ± 4.2) 
and 110.08 ± 0.41 Ma (40Ar/36Ar intercept of 297.9 ± 3.6), 
respectively. These results are consistent with a sample whose 
original emplacement age was 110.08 ± 0.41 Ma that went 
re-heating at ~ 105.69 ± 0.29 Ma.

Sample EX-30 also shows some disturbance in the low-T 
steps (A-H), but it corresponds to a descending spectrum 
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that reaches a well-defined plateau representing ~ 68% of 
the total 39Ar released and a plateau age of 105.97 ± 0.26 Ma 
(Fig. 6E). The 39Ar/40Ar vs. 36Ar/40Ar correlation diagram for 
all steps yields an isochron containing 14 steps, displaying 
a 40Ar/36Ar intercept of 298.6 ± 3.1, and defining an age of 
105.97 ± 0.33 Ma (Fig. 6F). The isochron eliminates any 
possibility of excess argon in sample EX-30 and suggests an 
age of crystallization that is statistically indistinguishable from 
the age of the re-heating event identified in sample EX-5.

The combined analytical results for the two samples sug-
gest an emplacement age of 110.08 ± 0.41 Ma, with subse-
quent magmatic events at ~ 106 causing partial resetting of 
the Ar ages in some of the samples. These results suggest a 
minimum age of 106 Ma for the complex, once phonolites 
are attributed to the last magmatic stage of the complex 
(Ruberti et al. 2012).

Biotite grains from the Itapirapuã complex (sample 
IT-4E15, from a biotite-bearing melteigite; and sample 
IT-4E7, from biotitite enclaves in the main nepheline syenite) 
yield simpler and internally consistent 40Ar/39Ar results. 

Duplicate analyses for the first sample yield statistically com-
patible plateau ages of 101.53±0.72 and 101.83±0.49 Ma 
(Fig. 7A). The 39Ar/40Ar vs 36Ar/40Ar correlation diagram for 
all steps yields an isochron including 12 steps, displaying 
a 40Ar/36Ar intercept of 284 ± 26, and defining an age of 
101.94 ± 0.59 Ma. This isochron excludes the possibility of 
excess argon (Fig. 7B). The incremental heating spectrum for 
sample IT-4E7 corresponds to a slightly descending spectrum 
that reaches a well-defined plateau, representing >90% of 
the total 39Ar released, and a plateau age of 102.2 ± 0.23 Ma 
(Fig. 7C). The 39Ar/40Ar vs 36Ar/40Ar correlation diagram for 
all steps yields an isochron containing 17 steps, displaying 
a 40Ar/36Ar intercept of 304.9 ± 3.0, and defining an age 
of 101.98 ± 0.27 Ma (Fig. 7D). Together, the analytical 
results for the two samples suggest an emplacement age of 
101.96 ± 0.65 Ma for the complex.

U-Pb geochronology
U-Pb data are only available for titanite from a 

Itapirapuã melanite-bearing syenitic rock (IT-5A). 

A B

C D

Figure 7. Incremental-heating spectra (A and C) and isochrons (B and D) for biotite of syenitic rocks from the 
Itapirapuã complex. MSWD: mean standard weight deviation.
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Diagrams relating 206Pb/238U age Ma and analytical 
error bars and 207Pb/206Pb vs 238U/206Pb isotopic ratios are 
shown in Figures 8 and 9, respectively. Age values taken 
from both diagrams are 105.0±2.5 and 106.8±3.7 Ma, 
respectively, suggesting an age of ~106 Ma for the com-
plex. Individual analytical results are listed in the sup-
plementary material (Tab. 2 - http://sfbjg.siteoficial.ws/
Sf/2018/n1/Sf_TableG2.pdf ).

DISCUSSION

The radiometric ages of the alkaline rocks from Southern 
Brazil, mostly determined in the past by the K-Ar method 
(values recalculated by Sonoki & Garda 1988), allowed 
Ulbrich and Gomes (1981) to draw attention to the wide 
age interval of 40 to 240 Ma showed by the numerous 
occurrences, with peaks of higher concentration of values 
clearly distinguished in the histogram. Revising the whole 
set of data available and working only with the more precise 
and reliable analytical results, Ulbrich et al. (1990) defined 
some age clusters, also referred to as chronogroups, that 
would correspond to the main peaks of alkaline magmatic 
activity in the entire region. Four distinct chronogroups 
closely linked to important tectonic features were proposed 
by the authors – 133, 108, 84 and 70-62 Ma. Thus, for 
instance, the 133 Ma peak mainly characterizes the alkaline 
complexes associated with the Ponta Grossa Arch, the 84 
Ma peak encompasses a great number of alkaline bodies 
related to the Minas-Goiás Lineament and so on. Excluded 
by the authors were the old ages of ~240 Ma reported for 
intrusions of the Alto Paraguai alkaline province, at the bor-
der of Brazil and Paraguay, and the values <60 Ma relative 

to volcanic rocks found near Asunción, at the western side 
of the Asunción-Sapucai-Villarrica Rift area, in Eastern 
Paraguay. New and revised analytical data of several alka-
line and alkaline-carbonatitic occurrences from the Alto 
Paranaíba, Goiás and Serra do Mar provinces, as discussed in 
the works by Gibson et al. (1995), Morbidelli et al. (1995), 
Thompson et al. (1998), Ferrari (2001) and Riccomini 
et al. (2005), have generally confirmed the aforementioned 
chronogroups, and pointed to the convenience of placing 
the defined peaks of 84 and 133 Ma within age intervals, 
such as 80-90 and 130-140 Ma, respectively. In the last 
years, systematic investigation of alkaline rocks from other 
South American countries – Paraguay specifically (Comin-
Chiaramonti et al. 2007, Gomes et al. 2013, Gomes & 
Comin-Chiaramonti 2017) – led to the characterization 
of some additional alkaline magmatism pulses (e.g., 139 
Ma for the Rio Apa and Amambay provinces in Paraguay 
and Velasco province in Bolivia; 126 and 118  Ma exclu-
sively for the Central and Misiones provinces, respectively, 
in Eastern Paraguay). These authors also suggested the 
association of the alkaline rocks of Mariscala, in Uruguay, 
and of Candelaria, in Bolivia, with the magmatic events of 
130-140 Ma (Lower Cretaceous) and 80-90 Ma (Upper 
Cretaceous), respectively. It is clear that more high-pre-
cision analyses are needed to confirm whether those new 
peaks indeed represent real ages or eventually resulted of 
analytical procedures.

Notably, the alkaline rocks that spread over the Paraná 
Basin and in theirs margins and along the borders of the 
Santos and Bauru sedimentar basins have radiometric ages 
that seem to be repeated within certain value intervals. 
This periodicity has been interpreted as due to tectonic 
agents mainly controlling the generation and emplacement 

Figure 8. Analytical results and error bars for titanite 
of melanite-nepheline syenites from the Itapirapuã 
complex. MSWD: mean standard weight deviation.

Figure 9. Plot of 238U/206Pb vs 207Pb/206Pb for titanite 
of melanite-nepheline syenites from the Itapirapuã 
complex. MSWD: mean standard weight deviation.
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of the intrusions and reactivated after a period of time of 
20 or 25 Ma (Ulbrich et al. 1990). Herz (1977) related the 
basaltic and alkaline magmatism that affected large areas 
mainly in Southern Brazil with the Atlantic Ocean opening 
and rate of motion of the South American plate. A tectonic 
model of evolution was proposed by the author on the basis 
of K-Ar radiometric ages of alkaline rocks and the stratigra-
phy of the coastal basins, with different episodes of magmatic 
activity being distinguished. The first event is associated with 
basalt flows dated 147 Ma in the state of Santa Catarina, 
heralding the start of domal uplifts, and it is followed by 
alkaline magmatism, including the site of the Jacupiranga 
and Anitápolis triple junctions, which are taken to represent 
the nodes of hot spots that began to develop at 138 Ma in 
latest Jurassic time and that reached a climax of activity at 
about 120 to 130 Ma in Lower Cretaceous time. Two arms 
became spreading ridges or a ridge and a transform fault – 
that is, loci of initial plate separation –, which follow to the 
northeast and southwest Brazilian coast. The third, or failed 
northwest-trending arm, became, in this case, a locus of basal-
tic or later alkaline volcanism. Alkaline rocks linked to both 
nodes are thought to be contemporaneous with the Paraná 
basaltic volcanism aged 122 to 133 Ma. After a Barremian 
hiatus of at least 10 Ma, alkaline activity was renewed about 
110 Ma, close to the axis of the Ponta Grossa Arch with the 
emplacement of the Tunas group. Some 20 Ma after the start 
of the Tunas group volcanism, alkaline magmatism reached 
its highest expression in Southern Brazil, being character-
ized by numerous Upper Cretaceous intrusions ranging in 
age from 83 to 51 Ma, mainly emplaced into a belt along 
the coast line of the São Paulo and Rio de Janeiro states and 
the Serra do Mar mountains (the largest Poços de Caldas 
complex included), as well as along the Minas Gerais-Goiás 
belt. The latest magmatic alkaline manifestation is associ-
ated with the Early Paleocene-Holocene volcanic islands of 
Trindade and Martin Vaz in the Atlantic Ocean. Some years 
later, the same line of reasoning emphasizing the relation 
between pulses of platform activation and plate kinematics 
was followed by Sadowski (1987). At least four major peaks 
of volcano-tectonic activity on the continents were admit-
ted to be related to important changes in the position of the 
rotating poles and the spreading rates of the South American 
and African plates. A pulse started the rifting of the South 
Atlantic between 120 and 140 Ma, and it is considered to 
be one of the most significant tectonic-magmatic event in 
South America. Magmatism includes the basaltic lava flows 
of the Paraná Basin and the different alkaline complexes of 
the Lower Cretaceous chronogroup (130-140 Ma), mainly 
occurring in the Ponta Grossa Arch region, but also present 
in Paraguay and Uruguay. A second minor pulse took place 
in the same Ribeira Valley after the break-up  (111-116 Ma), 

with the alkaline magmatism being represented by two main 
occurrences, Banhadão and Itapirapuã, with ages that con-
firm the 108 Ma chronogroup. It is followed by the most 
important quantitative pulse of activation with intense mag-
matic and volcanic manifestations (kimberlites included). The 
numerous intrusions correspond to the Upper Cretaceous 
chronogroup (80-90 Ma), with the episode also being respon-
sible for the formation of some massifs like Lages, in Southern 
Brazil, and Candelaria, in Southeastern Bolivia, and by the 
several alkaline intrusions, mostly of syenitic composition, 
occurring along the Serra do Mar province and that extend 
over the northeastern portion of the Rio de Janeiro state. 
A possible fourth phase of activation (38 Ma) comprises 
the volcanic rocks described by Riccomini and Rodrigues-
Francisco (1992) and Riccomini et al. (1983), for example, 
in the Itaboraí and Volta Redonda basins.

Riccomini et al. (2005) reviewed the main tectonic con-
trols of the Mesozoic and Cenozoic alkaline magmatism in 
central-southeastern Brazilian Platform. Specifically for the 
Ponta Grossa Arch region, they defined two main groups of 
alkaline occurrences linked to different tectonic events. The first 
group, also referred to as Ponta Grossa Arch province, clusters 
exclusively Lower Cretaceous alkaline intrusions and occurred 
in two phases: a former, coeval with the tholeiitic magmatism 
(132-131 Ma), and a more recent (101-105 Ma) that includes 
the Itapirapuã complex on the basis of older ages. These Lower 
Cretaceous occurrences were influenced by the same tectonic 
reactivations that took place around the Paraná Basin. Also 
included in this group are the alkaline bodies of Ipanema, 
Piedade and Itanhaém, in São Paulo state, all aligned along a 
NW-SE-trending structure (Piedade Lineament) parallel to 
the Guapiara Lineament, and to the south of the Anitápolis 
complex, in Santa Catarina state. The second group involves 
the Upper Cretaceous occurrences (Cananeia, in the Guapiara 
Lineament, and the alkaline intrusions related to the São 
Jerônimo-Curiúva Lineament) lying in the central sector of 
the Serra do Mar province and linked to tectonic extensional 
structures and reactivations associated with the Santos basin.

The new geochronological data yielded for Banhadão 
and Itapirapuã complexes confirm the existence of the sec-
ond phase of the alkaline magmatism of Lower Cretaceous 
age in the Ponta Grossa Arch region. The new data define a 
chronogroup of 100-110 Ma, not coeval with the tholeiitic 
magmatism, but also associated with the reactivation of 
NW-SE structural alignements in the region. 
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