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This  study  analyzes  a portion  of  the Azimuth  125◦ lineament  (Az  125◦), located  in the  Brazilian  states  of
Goiás  and  Minas  Gerais,  based  on  its  magnetic  signature  and  previous  studies.  In particular,  the deter-
mination  of  a  chronology  of events  that  shaped  the  Az 125◦ lineament  is  the  focus  of  this  contribution.
Geological  provinces  with highly  economically  valuable  mineralizations  occur  along  Az 125,  including
the  most  important  carbonatite  and kimberlite  complexes  in  Brazil.  Az 125◦ is the main  structural  feature
associated  with these  complexes,  consisting  of  an  extensive  set  of NW-SE  oriented  faults  (approximately
850  km  long  and  70 km wide),  however  it is  not  mapped  on geological  maps  at  a regional  scale  as  a
continuous  structural  feature,  because  it is  not  consistently  visible  on the  surface  or  in satellite  images.
Magnetic  signature  characterizes  the lineament  as  a set  of linear  features  with  regional  continuity  in
the  subsurface.  It  is characterized  by a higher  magnetic  susceptibility  response  that  contrasts  with  the
response  exhibited  by surrounding  host  rocks. Field  data  support  geophysical  data:  occasional  outcrops
resulting  from  active  erosion  reveal dikes  formed  by gabbroic  rocks  and diabase  and  define  the  Az 125◦

lineament  as  a set  of  dikes  of  different  ages.  Other  magnetic  anomalies  that  occur  along  Az  125◦ are
associated  with  intrusive  rocks  from  the  Goiás  and  Alto Paranaíba  alkaline  provinces.  Based  on  magnetic
signatures  and  mapped  igneous  rocks  chronology,  the Az 125◦ is partitioned,  within  the  study  area,  into
three  main  systems  (called  L1, L2,  and  L3).  This  subdivision,  in conjunction  with  the  dates  assigned  to
various  basic  dikes  within  the azimuth,  reveals  that  the  evolution  of the  azimuth  can  be  associated  with
three  events.  The  first event  occurred  during  the  Brasiliano  (950–520  Ma).  The  second  event  occurred
during  the  Gondwana  fragmentation  (starting  circa  180  Ma).  The  third  event  is  related  to  the tectono-
magmatic  activity  of The  Trindade  plume  (90–80  Ma).  We  posit  that  the  L1  system  includes  the  older

dikes,  and  the L3  system  includes  the  youngest  dikes;  the  L2  system  which  is  intersected  by L3, is there-
fore,  of intermediate  age.  The  determination  of a  chronology  of  events  that  characterizes  the  segmented
structure  of the Az  125◦ lineament,  here  defined  as L-systems  (L1, L2,  and  L3),  based  on both  geological
and  geophysical  data,  and  not  yet  reported  in earlier  scientific  articles,  is the  main  contribution  of  this
study.
. Introduction

Bardet (1977) first described the Azimuth 125◦ (Az 125◦) linea-

ent as a succession of diamond deposits that were aligned from
baeté (state of Minas Gerais) to Rio Machado (state of Rondô-
ia) on a belt with an NW-SE orientation. This belt is 1800 km
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long and approximately 200–300 km wide. Az 125◦ lineament is
known as the Pará de Minas Dike Swarm (Chaves and Neves, 2005)
and as Alto Paranaíba lineament in the Triângulo Mineiro region
(Schobbenhaus et al., 1975). According to Gonzaga and Tompkins
(1991), Az 125◦ occurs from the state of Rondônia to the state of Rio
de Janeiro (Fig. 1). Pereira et al. (2008) indicated that this azimuth
is one of the most significant metallotects for kimberlite diatreme
intrusions in Brazil and is a set of faults that operated as a conduit
for kimberlite magma.
In Brazil, alkaline–carbonatite complexes and kimberlite
provinces are located in fault zones and arched areas on the edges
of the Paraná, Paranaíba (Almeida, 1986), and Amazonas basins
(Biondi, 2003; Fig. 1) along the three main structural lineaments,

dx.doi.org/10.1016/j.precamres.2014.05.005
http://www.sciencedirect.com/science/journal/03019268
http://www.elsevier.com/locate/precamres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.precamres.2014.05.005&domain=pdf
mailto:loianemoraes@hotmail.com
mailto:acbpires@unb.br
mailto:chatack@unb.br
mailto:oswaldo@unb.br
dx.doi.org/10.1016/j.precamres.2014.05.005


274 L.G.d. Moraes Rocha et al. / Precambria

Fig. 1. Map of the geological provinces and major structural lineaments of Brazil,
the  location of study area, and the Az 125◦ lineament segments – RO: Rondoniense;
PA: Parguazense; DL: Brasiliano (Dunites and Lamprophyres); CK Brasiliano (Car-
b
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onatites and Kimberlites); SF: Brasiliano (Syenites and Phonolites).

odified from Gonzaga and Tompkins (1991), Delgado et al. (2003), Schobbenhaus
nd Brito Neves (2003), and Curto et al. (2013).

ncluding the Transbrasiliano, Blumenau, and Az 125◦ lineaments.
z 125◦ is the most important lineament regarding carbonatite
nd kimberlite distributions in Brazil (Gonzaga and Tompkins,
991). Carbonatite complexes typically occur in orthoplatforms and
ppear as dikes, stocks, and plugs that are associated with alkaline
ocks (Lapin et al., 1999).

The Goiás Alkaline Province (GAP) and Alto Paranaíba Alkaline
rovince (APAP) are associated with the Az 125◦ lineament. Both
f these provinces resulted from intense mafic-alkaline magmatic
ctivity that occurred in the Upper Cretaceous (Dutra et al., 2012).
he formation of these provinces has been attributed to thermal or
hemical influences from mantle plumes that impacted the base of
he continental lithosphere (Gibson et al., 1995, 1997; Thompson
t al., 1998). Thus, the Upper Cretaceous magmatism of the GAP and
PAP are considered to result from the Trindade plume (Crough
t al., 1980; Gibson et al., 1995, 1997; Thompson et al., 1998).

Regional structures, such as faults, basic rock dikes and geo-
ogical contacts, can often be identified based on their magnetic
ignatures. Kimberlites and other ultramafic rocks, which are often
ssociated with these features, can be recognized in the same man-
er because they have high magnetic susceptibility (Power et al.,
004).

Geophysical methods are important tools for acquiring infor-
ation and understanding geology. These methods provide a

hree-dimensional view of the study area (Moraes, 2007) and have
een used to understand the geological setting. In recent decades,
he magnetometric method has excelled in regional geology stud-
es in Precambrian areas. The different magnetic susceptibilities
etween certain rocks and their host rocks may  enable the identifi-
ation of kimberlite bodies, regional faults, and basic dikes (Smith
nd Fountain, 1999). This identification is based on the structural

nd lithological characterization of the lateral differences in the
rust’s physical properties (Airo, 1999). Geophysical methods, such
s magnetometry and gravimetry, have been applied at different
cales to identify and describe environments that were formed by
n Research 249 (2014) 273–287

tectonomagmatic processes (including alkaline intrusions in differ-
ent provinces) (Marangoni and Mantovani, 2013).

The relationships between the intersections of magnetic signa-
tures with outcrops of known ages were used to determine the ages
of Az 125◦ dikes in areas where this information was not available.

The geotectonic relationships that were involved in evaluat-
ing the Az 125◦ lineament indicated the presence of economically
important mineralizations along the lineament (Moraes Rocha
et al., 2011). These mineralizations included phosphate, niobium,
barium, titanium, and rare earth elements (REE) (Brod et al., 2004).

2. Geological context

The study area is located in the central portion of the Az 125◦

lineament and covers the states of Goiás and Minas Gerais, in cen-
tral Brazil. Three structural provinces with different stratigraphic,
tectonic, magmatic, and metamorphic characteristics make up the
area, namely, Tocantins, São Francisco, and Paraná (Almeida et al.,
1977, 1981; Fig. 2).

The central Tocantins Province consists of a system of oro-
gens (Fig. 3). These orogens are characterized by the mobile belts
of Brasília, Paraguai, and Araguaia. These belts resulted from the
convergence and collision of three blocks: the Amazonian Craton
(west), the São Francisco Craton (east), and the Paranapanema Cra-
ton (southwest). Fuck et al. (1993) and Fuck (1994) partitioned
the Tocantins province into the following tectonic units: (i) Cra-
tonic Zone, (ii) Brasília Belt, (iii) Goiás Massif, (iv) Goiás Magmatic
Arc (west), and (v) Paraguai-Araguaia Belt. Delgado et al. (2003)
proposed a more detailed subdivision of the Tocantins Province
that included the following tectonic domains: (i) Archean Granite-
Greenstone Terrains and tonalite-trondhjemite-granodiorite (TTG)
Domes, (ii) Porto Nacional-Nova Crixás Domain, (iii) Dianópolis-
Silvânia Paleoproterozoic Mobile Belt, (iv) Goiás Mafic-Ultramafic
Layered Complexes, (v) Paleoproterozoic Rift Basin, (vi) Remnants
of Oceanic Crust, (vii) Brasiliano Orogens, and (viii) Terrain of
Unknown Tectonic Significance (Fig. 3).

Intrusive complexes with known ages of the intrusion are sig-
nificant for geological and geophysical characterization occur along
the Az 125◦ lineament (Fig. 4). These complexes include the Ameri-
cano do Brasil Mafic-Ultramafic, Santa Bárbara Gabbro-Diorite, and
Rio Piracanjuba suites and the GAP and APAP alkaline provinces.
These complexes and provinces are included in the Brasiliano Oro-
gens tectonic domain of the Tocantins Province (Delgado et al.,
2003). This set of orogens developed from a Pan-African/Brasiliano
orogeny and is composed of the Paraguai, Araguaia and Brasília
belts and the Goiás Magmatic Arc (Fuck, 1994; Trompette, 1994).
The Americano do Brasil Mafic-Ultramafic Suite is part of the
Goiás Magmatic Arc and is located in the state of Goiás (in the
north portion of the study area, marked by bright green color in
Fig. 3). This suite is represented by gabbros, gabbronorites, amphi-
bolites, pyroxenites and dunites (Araújo and Moreton, 2008) dated
at 626 ± 8 Ma  (Laux et al., 2004). In addition, the Santa Bárbara
Gabbro-Diorite Suite is also part of the Goiás Magmatic Arc in the
northern portion of this area (Fig. 3, yellow color). Araújo (1997)
subdivides it into a gabbroic zone, which is composed of metagab-
bros and meta-anorthosites, and a metadioritic zone, which is
composed of metadiorites and amphibolites (622 ± 6 Ma)  (Laux
et al., 2004). The Rio Piracanjuba Suite and the Goiás and Alto
Paranaíba alkaline provinces are included in the Brasília Belt. The
Rio Piracanjuba Suite is located in the central portion of the area in
the state of Goiás. This suite includes bodies that are composed of
metagranite, metagranodiorite, and metatonalite. In addition, this

suite is controlled by a ductile shear zone that gives the suite a
gneissic feature with an age of approximately 1300 Ma (Tassinari,
1988). The Goiás Alkaline Province (GAP) is located in the north-
west portion of this area and is represented by Upper Cretaceous



L.G.d. Moraes Rocha et al. / Precambrian Research 249 (2014) 273–287 275

Fig. 2. Aerogeophysical survey areas and geological provinces.
Modified from Delgado et al. (2003), Schobbenhaus and Brito Neves (2003).

Fig. 3. The tectonic domains of the Tocantins Province, the intrusive rocks, and the associated alkaline provinces. (For interpretation of the references to color in text, the
reader  is referred to the web  version of the article.)

Modified from Delgado et al. (2003), Schobbenhaus and Brito Neves (2003), Brod et al. (2004), Junqueira-Brod et al. (2005).
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Fig. 4. Location of the alkaline provinces and the ages of some of the ass
odified from Sonoki and Garda (1988), Eby and Mariano (1992), Brod et al. (2004)

amafugitic rocks (Junqueira-Brod et al., 2005). Intrusive bodies are
resent in the central and southeastern portions of Goiás and Minas
erais. These intrusive bodies form complexes that are composed
f ultramafic alkaline rocks, carbonatites, and phoscorites (some of
hich form the APAP) (Brod et al., 2004). For example, the following

omplexes occur (Fig. 4): Catalão I (85 ± 6.9 Ma;  Sonoki and Garda,
988), Catalão II (87.1 ± 10.1 Ma;  Eby and Mariano, 1992), Araxá
84.4 ± 1.9 Ma;  Eby and Mariano, 1992), and Tapira (81.7 ± 7.9 Ma;
by and Mariano, 1992).

The Maratá metavolcano sedimentary sequence is significant for
he geological and geophysical characterization of the Az 125◦. This
equence is part of the Dianópolis-Silvânia Paleoproterozoic Mobile
elt. It is composed of schists, metariolites, and milonites, with
n age of approximately 790 Ma  (Pimentel et al., 1991; Rodrigues,
996; Bizzi et al., 2003).

Serra Negra (79.1 ± 8.7 Ma;  Eby and Mariano, 1992), Salitre I
89.8 ± 6.9 Ma;  Eby and Mariano, 1992) and Salitre II (82.6 ± 3.7 Ma;
by and Mariano, 1992) carbonatite complexes, members of the
PAP (Fig. 4), and the Mata da Corda Group (Hasui and Cordani,
968; Fig. 4) are geotectonically important in this area and are

ncluded in the São Francisco Province. This province includes the
ldest rocks in Brazil, which form small cores of TTG orthogneisses
nd are surrounded by younger rocks. These cores indicate that suc-
essive accretion events occurred during the construction of the
lder crustal segments (Delgado et al., 2003). The Mata da Corda
roup, which is represented by intracontinental alkaline volcanism
nd is distributed over an area of approximately 2200 km2, is com-
osed of volcanic rocks dated at 77.9 ± 3.9 Ma  (Hasui and Cordani,
968).

The Paraná Province (Fig. 2) makes up three independent sedi-
entation areas, including the (i) Paraná Basin, (ii) Serra Geral Basin
consisting of aeolian sandstones of the Botucatu Formation and
asaltic flows of the Serra Geral Formation), and (iii) Bauru Basin
an intracratonic basin) (Milani, 1997; Delgado et al., 2003). The
ubstrate of Paraná Province includes cratonic blocks and massifs
d intrusive bodies in the Analytical Signal Amplitude geophysical image.
ueira-Brod et al. (2005).

that are elongated in the NE-SW direction and are separated by the
Brasiliano mobile belts (Milani and Ramos, 1998).

The Az 125◦ lineament was  divided five segments by Gonzaga
and Tompkins (1991) (Fig. 1): the Brasiliano segments (SF, CK, and
DL); the Parguazense segment (PA); and the Rondoniense segment
(RO). The study area is included in the Brasiliano segments DL and
CK. The CK segment is considered the most important segment
among a number of bodies that are associated with carbonatites
and kimberlites. However, the primary mineralization of diamonds
was not observed in the kimberlites, although some of the largest
diamonds in Brazil were found in the area (Gonzaga and Tompkins,
1991). Thus, these diamonds were most likely associated with sec-
ondary sources.

Basic rock dikes are present in the study area along the Az 125◦

lineament. Some of these dikes are mentioned in technical reports,
geological maps, and scientific articles (Silva et al., 1995; Baêta
Junior, 2001; Raposo et al., 2004; Riccomini et al., 2005; Chaves and
Neves, 2005; Kuchenbecker, 2011; Seer and Moraes, 2011). How-
ever, the descriptions of these dikes are not very detailed, and their
georeferenced locations are not accurate. Silva et al. (1995) dated
mafic dikes (oriented NW-SE) at approximately 906 Ma  (U/Pb) and
associated them with the early stages of the Pan-African/Brasiliano
Event. A diabase dike outcrop in the state of Goiás (no coordi-
nates found) was  dated with the K/Ar method at 178 ± 5 Ma  (Baêta
Junior, 2001). Diabase dikes that are oriented NW-SE in the south-
east portion of Minas Gerais were dated at 120 Ma  (K/Ar) and are
likely related to the Gondwana fragmentation (Silva et al., 1995). A
metadiabase dike near the city of Brejão in Minas Gerais was  dated
at approximately 450 Ma  (Hasui et al., 1975).
3. Materials and methods

Five aerogeophysical surveys were conducted between 2000
and 2007 in the study area, covering a total of 198,000 km2. These
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Table  1
Main characteristics of the aerogeophysical surveys in the study area.

Project name Direction and
spacing between
flight lines (m)

Direction and
spacing between
control lines (m)

Goiás – Arenópolis
Magmatic Arc –
Juscelândia Sequence
(Area 1 of Goiás)1

N-S
500

E-W
5000

Southern Brasília Belt
(Area 4 of Goiás)1

N-S
500

E-W
5000

Unaí – Paracatu –
Vazante –
Coromandel (Area 1
of Minas Gerais)2

N30W
250

N60E
2500

Patos de Minas – Araxá
– Divinópolis (Area 7
of Minas Gerais)2

N-S
400

E-W
8000

João Pinheiro –
Presidente Olegário –
Tiros (Area 9 of
Minas Gerais)3

N-S
400

E-W
8000

Notes: Responsible agencies: 1SGMTM (Secretariat of Geology, Mining and Mineral
Transformation)/MME  (Ministry of Mines and Energy)/SIC (Secretariat of Indus-
try and Commerce)/SGM (Superintendence of Geology and Mining)/FUNMINERAL
(Mining Development Fund).
2SEME (State Secretariat of Mines and Energy).
3SEDE (Secretariat of Economic Development)/CODEMIG (Economic Development
C
C

s
(

v
n
d
p
e

polarity pattern with the positive lobe to the south and the neg-
ompany of Minas Gerais)/MME  (Ministry of Mines and Energy)/CPRM (Research
ompany of Mineral Resources).

urveys were conducted at an average flying height of 100 m
Table 1 and Fig. 2).

The data were processed with the Oasis MontajTM software,
ersion 7.1 (Geosoft, 2009). The magnetic data are presented in
anoteslas (nT). Data were checked for consistency and the spatial

istribution analysis of the flight lines was conducted to eliminate
ositioning errors and data noise. MAGIGRF was used as the ref-
rence data channel, which was defined as the difference between

Fig. 5. Anomalous Magneti
n Research 249 (2014) 273–287 277

the total and local magnetic fields. The bidirectional interpolation
method was  used to generate a grid in the Oasis MontajTM soft-
ware by using the Bi-grid function (Geosoft, 2009). The generated
new regular grid was  used to establish the Anomalous Magnetic
Field (AMF, Fig. 5), which was  the basis for other magnetic products
(Fig. 6).

Therefore, a Fourier transform was conducted based on the
AMF  grid. This Fourier transform generated the following products:
Upward Continuations at 500, 1000 and 2000 m (UPCON; Kellogg,
1953), Directional Derivatives (Dx, Dy and Dz; Nabighian, 1984;
Blakely, 1996), Analytical Signal Amplitudes (ASA; Nabighian,
1972; Fig. 4), Total Horizontal Gradient Amplitudes (THGA; Cordell
and Grauch, 1985), the Reduction to the Pole (REDP, Baranov and
Naudy, 1964), and the Tilt Angle Filter (TILT; Miller and Singh, 1994;
Fig. 7). In addition, the Euler Deconvolution algorithm was  used
(EULER; Thompson, 1982) to estimate the depths of the magnetic
sources in the area.

Field data were used to validate geophysical data. The field cam-
paigns aimed to identify the surface features. In addition, samples
were collected from rock outcrops to determine if they were part of
the Az 125◦ lineament feature, which was characterized by a strong
magnetic pattern in the region.

Visualization and interpretation of the data were performed
using the Geographic Information System (GIS) in ArcGis 9.3 (ESRI,
2008).

4. Results

The AMF  image (Fig. 5) shows irregular magnetic relief with
bipolar anomalies. Most of these anomalies show a positive lobe
to the north and a negative lobe to the south, which is typical in
regions at low latitudes. However, some signatures have a reversed
ative to the north. The most distinct anomalies correlate with the
known outcropping alkaline intrusive bodies, however, many other
anomalies may  occur in intrusions that do not outcrop.

c Field (AMF) image.
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Fig. 6. Geophysical interpretation of the lineament systems for Az 125◦ in the TILT image: L3 in red; L2 in black; and L1 in yellow. (For interpretation of the references to
c
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olor  in this figure legend, the reader is referred to the web  version of the article.)

Based on the magnetic images and, especially, that from the Tilt
ngle Filter (TILT), the lateral extensions of the magnetic sources
ere identified, and three main linear features (L1, L2, and L3, Fig. 6)

orresponding to the Az 125◦ lineament were delineated.
All lineaments have NE-SE orientation. The L1 system is rep-

esented by smaller curved segmented magnetic lineaments with
engths of 3–30 km.  This system occurs in both the southeast and
orthwest regions. L1 system is approximately 180 km long (in the
outheast region), and 200 km long (in the northwest region), and
0 km wide. The L2 and L3 systems extend over entire study area.
he L2 system displays magnetic lineaments with 2–60 km long
egments. These segments are arranged on a belt that is up to 15 km
ide and approximately 800 km long. The L3 system is composed

f segmented magnetic lineaments with lengths of 2–50 km.  These
egments cover a total length of 850 km with maximum width of
5 km.  Overall, the set of lineaments that forms Az 125◦ is approx-

mately 850 km long (in the NW-SE direction) and 70 km wide. The
agnetic signatures of the three systems are important because

he L1 and L2 systems exhibit normal polarity, while the L3 system
xhibits reversed polarity (Fig. 7). Generally, when the REDP trans-
ormation is applied, the bipolar anomalies become monopolar
nd are centered above the magnetic bodies or sources. However,
nomalies of bodies with remanent magnetization (Shurbet et al.,
976; Schnetzler and Taylor, 1984; Roest and Pilkington, 1993) may
ot be transformed properly if the remanence direction is different

rom the current magnetic field direction. This situation occurs with
he anomalies that are related to the L3 system and to the Tapira
nd Salitre II complexes (Fig. 7).

Based on the geological map  of the Campos Altos Sheet, Seer and

oraes (2011) associated the subvertical sinistral shear zones to

he Az 125◦ lineament. This connection strengthens the hypothesis
hat sinistral tectonics occur along the azimuth. The geophysical
mages in the northern portion of the L3 system and the central
portion of the L2 and L3 systems (Fig. 8) clearly demonstrate the
sinistral tectonics.

In the northern portion of the area, the L3 system intersects the
L2 system twice (Fig. 9). These intersections are highlighted in the
ASA image, which emphasizes that the L3 system crosses the L2 sys-
tem. In addition, the ASA image shows that the L3 and L2 systems
cross the magnetic anomaly related to the Santa Bárbara Intrusive
Suite, the L2 system intersects the magnetic signature of the Amer-
icano do Brasil Complex, and the L3 system crosses the magnetic
anomaly related to the Rio Piracanjuba Suite (Fig. 9). L1 system is
intersected by L3 system in the central portion of the study area,
and forms a slightly curved system that resembles a sinistral kine-
matic fault splay (Fig. 10). In addition, L2 and L3 systems intersect
the Maratá metavolcanosedimentary Sequence while L1 system is
intersected by it (Fig. 10).

Based on the crosscutting relationships and known ages of the
mafic-ultramafic suites and the carbonatite complexes and other
rocks that occur in the area, we interpreted that: (i) the L3 system
probably has ages between 118 Ma  and 622 Ma.  The lower limit
of this range was  defined because L3 intersects the Santa Bárbara
Intrusive Suite (Fig. 9). In addition, the upper limit was based on
the reversed polarity of the L3 system. Because it is intersected by
Salitre I Complex (89.8 ± 6.9 Ma;  Eby and Mariano, 1992; Fig. 13), L3
was likely formed during a reversed polarity period before 89 Ma.
Based on the studies of Kent and Gradstein (1985), the magnetic
reversal period before 89 Ma  occurred at 118 Ma  (Fig. 13); (ii) the
L2 system is older than the L3 system, because L3 system intersects
the L2 system (Fig. 9). However, it was  not possible to determine
the upper age limits of the rocks that were associated with the

L2 system. The lower age limit of these rocks was  estimated to be
approximately 622 Ma,  because L2 system also intersects the Santa
Bárbara Intrusive Suite (Fig. 9); and (iii) the L1 is the oldest system
of the Az 125◦ lineament. We determined the upper limit of the L1
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Fig. 7. (A) Anomalous Magnetic Field (AMF), and (B) AMF  reduced-to-the-pole. Details of images A and B include the following: (A.1) signatures of L3 and L2 systems in the
AMF  image; (A.2) signature of the Tapira complex in the AMF image; (B.1) signatures of the L3 and L2 systems in the AMF  reduced-to-the-pole image; and (B.2) signature of
the  Tapira Complex in the AMF  reduced-to-the-pole image.
Fig. 8. Sinistral tectonics along the Az 125◦ lineament in the ASA image: (A) northe
rn portion in the L3 system and (B) central portion in the L2 and L3 systems.
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Fig. 9. The northern portion of the area in the ASA image: (A) the L2 system intersects the anomaly of the Americano do Brasil Complex, the L2 and L3 system cross the
anomaly  of the Santa Bárbara Intrusive Suite, and L2 is intersected by L3; and (B) the L3 system intersects the anomaly of the Rio Piracanjuba Suite.

Fig. 10. The crosscutting relationships in the ASA image: (A) the L2 and L3 systems intersect the anomaly of the Maratá metavolcanosedimentary sequence, while L1 is
intersected by it: (B) the L3 system intersects the L1 system.
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Fig. 11. Kimberlite 

odified from Gonzaga and Tompkins (1991) and Bizzi et al. (2003).

ystem as being circa 790 Ma,  due to its crosscutting relationship
ith the Maratá metavolcanosedimentary sequence.

The generation of these three lineaments systems (L1, L2, and
3) ocurred at the same time, during the Brasiliano Event (started
t ca. 950 Ma). It resulted in the formation of the Az 125◦ linea-
ent, characterized by a large set of faults subsequently filled by
agma. Basic dike swarms are generally associated with large shear

ones under transcurrence (Wilson et al., 1985; Park and Tarney,
987; Cadman et al., 1990). The sinistral movements that were
bserved along the Az 125◦ lineament indicate a likely association
ith a transcurrent shear zone. The intrusion of basic magma pro-
uced many dikes along the large faults that compose the Az 125◦

ineament, was facilitated by extension movements that were fol-
owed by regional sinistral kinematics (transtension). The injection
f dike forming magma  into the faults of the Az 125◦ lineament
ccurred during two or three different periods: (i) between 950 Ma
nd 520 Ma  at two Brasiliano orogeny cycles, older (950–650 Ma),
nd younger (ca. 700–520 Ma)  (Cordani et al., 2013), (ii) at approx-
mately 180 Ma  (during the fragmentation of Gondwana), and (iii)
t circa 90 Ma  (during the passage of the Trindade plume). The last
eriod (90 Ma)  maybe was a source of magma  injection only in cer-
ain portions of the Az 125◦. Worldwide, large igneous provinces
ave been associated with the passage of mantle plumes (White
nd McKenzie, 1989; Campbell et al., 1989; Ernst and Buchan,
997).

Gonzaga and Tompkins (1991) suggest that significant diamond
ineralizations occur worldwide in kimberlite and lamproite,
here the last thermo-tectonic event occurred at more than
500 Ma.  The kimberlites in the studied region do not contain dia-
ond mineralizations due to the passage of the Trindade plume

etween 79 and 89 Ma  (Gonzaga and Tompkins, 1991; Gibson et al.,
995, 1997), which caused thermal and tectonic effects in the
s in the TILT image.

region and influenced the mineralization of diamonds. The spa-
tial distribution of the kimberlites in the study area emphasizes
that the Az 125◦ lineament facilitated the intrusion of these bodies
(Fig. 11).

The seismic tomography low-velocity and high-seismicity
anomalies indicated that stress focused on the upper crust; this
stress resulted from lithospheric thinning and was most likely
related to the Trindade plume (Rocha et al., 2011). Drift reconstruct-
ions of the tectonic plates were conducted by Morgan (1983); these
reconstructions suggested that the central point of Trindade plume
was located below the APAP at approximately 90 Ma.  In addition,
Gibson et al. (1995) suggested that the fusion that was  responsible
for the origin of the Province rocks was  generated by conduction
and advection in the potassium-rich sub-continental lithospheric
mantle (Gibson et al., 1997) due to the high melting temperatures
of the asthenosphere that resulted from the plume (Gibson et al.,
1995).

Researchers have developed strategies for geophysical interpre-
tation studies of the igneous bodies in the Goiás and Alto Paranaíba
alkaline provinces (Marangoni, 1994; Dutra and Marangoni,
2009; Dutra, 2011; Oliveira and Mantovani, 2011; Requejo and
Mantovani, 2011; Dutra et al., 2012; Marangoni and Mantovani,
2013; Jácomo, 2010; Feitoza et al., 2010). In the central portion
of the study area (Fig. 12), the circular magnetic signatures that
are associated with the Catalão I, Catalão II, Serra Negra, Salitre I
and Salitre II carbonatite complexes follow a NW-SE trend along
the magnetic anomaly that is related to the Az 125◦ lineament. In
the southeast the Tapira Carbonatite Complex (n◦ 7) has reversed

polarity (Fig. 7A2 and B2), which indicates that remanent magneti-
zation occurred in the body. The same process may have occurred
in the Salitre II Carbonatite Complex. Because this region shows
four very intense anomalies (including Salitre II), the magnetic
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Fig. 12. Magnetic signatures of the carbonatite com

ignatures of individual bodies are not well defined, which hinders
ur interpretation.

The geomagnetic polarity reversals provide information
egarding the tectonic activity in the region. These reversals reveal
agmatic events in the lineament belt that characterizes Az 125◦

r in its vicinity. The geomagnetic polarity time scale presented
y Kent and Gradstein (1985) was correlated with the main bod-

es that compose the Alto Paranaíba Alkaline Province and with
heir respective ages as proposed by Eby and Mariano (1992) and
onoki and Garda (1988; Fig. 13). These data indicate that the Tapira
nd Salitre II carbonatite complexes are in the same geomagnetic
olarity reversal range, further supporting the timing of the Az 125◦

ineament and dikes formation.
The Euler deconvolutions were based on the AMF  and were

onducted for structural indices 1 (dikes and sills; Reid et al.,
990; Geosoft, 2009) and 2 (pipes; Geosoft, 2009). These decon-
olutions were conducted to estimate the depths of the magnetic
ources in the area. One advantage of the Euler deconvolution
or interpreting magnetic data is that the direction of the mag-
etization source is not needed (Barbosa et al., 1999). After Euler
econvolution, the linear and circular features that are associ-
ted with the Az 125◦ lineament and the carbonatite complexes
ere highlighted. The areas near the carbonatite complexes had
eeper magnetic sources than the areas near the Az 125◦ lin-
ament sources. Near the lineament, the deepest sources for
ndices 1 and 2 were approximately 4 and 6 km,  respectively. The
adial power spectrum verified the Euler deconvolution results,
n which three main groups of magnetic sources were located at
epths of approximately 9, 4, and 1 km.  The Upward Continua-

ion Transformation (UPCON) was used to simulate a flying height
hat was greater than the height used in the aerial survey. A
reater flying height enhances the magnetic signatures with greater
avelengths. This transformation indicated that the carbonatite
es and the Mata da Corda Group in the ASA image.

complex areas had longer wavelengths than the Az 125◦ lineament
areas (i.e., the magnetic sources associated with the carbonatite
complexes were deeper than those associated with the Az 125◦

lineament).
Field study supported the findings of the geophysical interpre-

tation. Five dikes were mapped (shown as white lines with labels
in Figs. 14–16), three (A, B, and C) were located in the northern
portion of the area (Fig. 15), and two  (D and E) were located in the
southeast portion of the area (Fig. 16). The overlapping between the
mapped dikes and the geophysical images indicates that dikes are
directly associated with the Az 125◦ magnetic lineament. Dikes A, B,
C, and D occur in the L3 system and appear as centimeter- to meter-
sized block outcrops. These dikes occur on a belt that is oriented
NW-SE with lengths of 100–200 m and a width of 100 m (Fig. 15).
Dikes A, B, and C intrude in schists of the Araxá Group (Baêta Junior,
2001). Dike D intrudes into the Bambuí Group. The blocks exhibit
characteristics of hypabyssal intrusive rocks; they consist of dark
gray olivine gabbro (characterized by a fine-grained texture) and
olivine diabase with phaneritic texture. These rocks are mainly
composed of plagioclase (46%), clinopyroxene (34%), magnetite
(10%), iddingsite (6%), and others (4%). These rocks have magnetic
susceptibility in the range of 35–40 × 10−3 SI, which agrees with
the magnetic signatures of the sources shown on the ASA magnetic
image (Fig. 14).

Dike E is related to the L1 system and outcrops as an elongated
body that is oriented NW-SE. This dike is approximately 500 m
long and 150 m wide and intrudes into the argillite of the Lower
Serra da Saudade Formation (the Bambuí Group) (Kuchenbecker,
2011; Fig. 16). In addition, this dike is composed of grayish

olivine gabbro with a fine-grained texture. Dike E is mainly com-
posed of plagioclase (55%), clinopyroxene (30%), magnetite (7%),
and iddingsite (8%) with magnetic susceptibility of approximately
30 × 10−3 SI.
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ig. 13. Correlation between the ages (Eby and Mariano, 1992; Sonoki and Garda, 

rom  Kent and Gradstein, 1985). Sequence filled in black = normal geomagnetic pola

Microtectonic studies reveal shear deformation observed in field
ock samples and in thin sections. These studies confirm the sinis-

ral kinematic displayed in the geophysical data (Fig. 8).

The basic rock dikes that form the Az 125◦ lineament occasion-
lly outcrop where weathering action and erosion processes have

able 2
ain characteristics of the L1, L2, and L3 systems of Az 125◦ lineament.

Lineament system Estimative of age Geophysical characteristics 

L1 Upper limit at 790 Ma  Normal polarity 

L2  Lower limit at 622 Ma  Normal polarity 

L3  118–622 Ma  Reversed polarity 
 of the APAP carbonatite complexes and the geomagnetic polarity scale (modified
current); sequence filled in white = reversed geomagnetic polarity.

exposed them. This finding is explained by the hypabyssal for-
mation environment of the intrusive igneous bodies, which occur

deeper than the extrusive bodies.

A correlation of the main geophysical and geological character-
istics of the Az 125◦ lineament systems are displayed in Table 2.

Petrotectonic characteristics

NW-SE direction; 200 km long (northwestern portion), 180 km long
(southeastern portion), and 20 km wide; slightly curved with sinistral
kinematic; olivine gabbro
NW-SE direction; 800 km long and 15 km wide; sinistral kinematic; basic
rocks.
NW-SE direction; 850 km long and 15 km wide; sinistral kinematic; Olivine
gabbro and olivine diabase
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Fig. 14. Locations of the dikes that were mapped in the field in the ASA image: (i) dikes A, B, and C in the northern portion, and (ii) dikes D and E in the southern portion of
the  area.
Fig. 15. Dikes B, C, and D (olivine gabbros and olivine diabases) associa
ted with the L3 system of the Az 125◦ lineament over ASA image.
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Fig. 16. Dike E (olivine gabbro) intruding in argillite of the Lower Serra

. Conclusions

The Az 125◦ lineament, that covers an area of approximately
50 km in length and 70 km in width in Central and Southeastern
razil, and is NW-SE orientated, was characterized magnetically by
rocessing aeromagnetic data. In addition, the field data confirmed
he magnetic behavior of the rocks that form the Az 125◦ lineament
nd its main host rocks.

The Az 125◦ shows magnetic signatures from high-intensity
ources (as shown in the ASA image, between 0.05 and 0.20 nT/m),
n contrast to signatures of the host rock source (between 0.045
nd 0.015 nT/m). The estimated depth of the top of the lineament
agnetic sources was 4–6 km.  This depth was shallower than the

epth of the main intrusive bodies that form the alkaline provinces
hey are related to. Rare outcrops of basic rock, gabbro and diabase
ikes are found in the field and form the Az 125◦ lineament. These
ikes have high magnetic susceptibility (between 35 and 40 × 10−3

I).
Based on petrographic and magnetic evidence, the Az 125◦ lin-

ament was divided into three magnetic lineament systems (L1,
2, and L3). These lineament systems exhibit different magneti-
ation characteristics (normal and reversed polarity). In addition,
he crosscutting relationships between the lineament systems indi-
ated that different tectonomagmatic processes occurred in the
tudy area. The L3 system exhibits reversed polarization, which
ndicates remanent magnetization in part of Az 125◦. All of the sys-
ems are formed by segmented linear features with extensions of
–60 km;  these systems are associated with the subvertical shear
ones that promoted a sinistral kinematic along Az 125◦.
These informations allow us to interpret that the formation of
he three lineaments systems occurred at the same time, during
he Brasiliano Event (started at ca. 950 Ma). This process gener-
ted a large set of faults. The filling of these faults by basic magma
udade Formation, Bambuí Group – L1 system of the Az 125◦ lineament.

was facilitated by transtensional movements during at two  or three
different time periods, including (i) between 950 Ma  and 520 Ma
(during the Brasiliano orogenic Event) (Cordani et al., 2013), (ii) at
approximately 180 Ma  (during the fragmentation of Gondwana),
and (iii) at circa 90 Ma  (during the passage of the Trindade plume).
The last one event (90 Ma)  maybe was source of magma injec-
tion only in certain portions of the Az 125◦. Because this area is a
rather extensive weakness zone, the Az 125◦ lineament is involved
in controlling the geometry and the regional NW-SE tectonic pat-
tern (NW-SE). This pattern has resulted in the placement of several
intrusive bodies, such as carbonatites and kimberlites, that are
located in the central and southeast portions of the study area.

Acknowledgements
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Moraes, L.G. de, (Dissertaç ão de Mestrado) 2007. Processamento, interpretaç ão e
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