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Understanding the emplacement of giant dike swarms 
such as the Mackenzie, in Canadá (>2000 km), Okavango, 
in Botswana (~1500 km), and Az 125° (~1000 km) is still 
limited, due to the absence of exposure, and also due to 
the generalization of the mechanisms of propagation of the 
dikes. In this way, it is important to know how magma could 
spread for hundreds or even thousands of kilometers within a 
heterogeneous and cold continental lithosphere.

Is the emplacement of the Az 125° dikes associated with 
rifting processes? For this proposal, and disregarding if it 
was a rift zone that has failed or proceeded to continental 
breakup, some geophysical definable characteristics must be 
present on these lithospheric-scale weakness zones (Le Pera 
2014), such as i) an anomalous thin crust, hence a shallow 
Mohorovicic Discontinuity depths; ii) an elevated Curie Point 
Depth; iii) the presence of positive gravity anomaly.

i) An anomalous thin crust, hence a shallow Mohorovicic 
Discontinuity depths: In the lithospheric model (Fig. 7) 
presented by Moraes Rocha et al. (2015) and updated in 
this study for the central portion of Az 125° Lineament, the 
crustal thickness is about ~40 km, with an average of 35 km 
(Assumpção et al. 2013). These authors detected, for the 
whole area, crustal thicknesses between 30 and 50 km. In the 
central segment of the Az 125° (CK, Fig. 1), we observed the 
thickest values, ranging from 35 to 50 km (Fig. 7). Geophysical 
investigations of rift systems such as the Muglad basin 
(Fairhead et al. 2012) and the Rio Grande rift (Olsen et al. 
1987) have indicated the presence of a domed Mohorovicic 
discontinuity below the axis of the rift, at depths varying from 
22 to 33 km. The average 40 km Mohorovicic Discontinuity 

for the central portion of Az 125° (Fig. 7) suggests that the 
upper lithosphere was not expressively affected. This fact 
can, consequently, decrease or eliminate the probability that 
underplating exists below the Az 125° region. Accordingly, the 
dikes that form the Az 125° Lineament, probably, were not 
formed in association with the evolution of a rift system.  

ii) An elevated Curie Point Depth: Moraes Rocha et al. (2015) 
estimated, for the southeastern portion of the Azimuth 125° 
Lineament, Curie depths reaching up to 40 km. In this work, we 
calculated, for the whole project area, Curie depths about 42 km 
(Fig. 4). Given this, and provided the fact that the Mohorovicic 
discontinuity for the area extends to a depth of approximately 
35 km (Assumpção et al. 2013) based on seismic datasets 
(receiver function, deep refraction, and surface-wave dispersion 
velocities). We noticed that Curie point depths are controlled 
mainly due to the geological setting of the end of Neoproterozoic 
rather than the thermal field signature that could be registered 
by the Cretaceous magmatism. The Mantiqueira Province, 
São Francisco Craton, Tocantins Province, and Amazonian 
Craton have each a particular signature (Fig. 4). Therefore, the 
Cambrian magmatism did not leave evidence of a disturbance in 
the curie depths points, as well as in the crustal thickness. Thus, 
the long wavelength variation Curie point is associated with the 
depth to the magnetic bottom layer, which depends mainly on 
the composition of the crust, instead of the thermal field. Shorter 
variations (wavelength smaller than 100 km) are due to crustal 
heterogeneities. The Euler Deconvolution estimates depths 
to the top of the magnetic sources around 1 km in the eastern 
portion of the Az 125° Lineament. It suggests that the dikes of 
the Az 125° were probably set within the upper 5 km of the crust. 

Figure 6 - Map of the Total Gradient with the entire area of study (black polygon). This map shows that there is no magnetic evidence that 
the Az 125° Lineaments extends far beyond to the west of the Transbrasiliano Lineament (shown in the map in black dashed and dotted line).
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The shallow Curie depths found along the Az 125° extension 
are probably related to the high susceptibility circular magnetic 
anomalies.  These anomalies are directly associated with the 
alkaline intrusive bodies (such as Catalão, Serra Negra, and 
Salitre). We propose them as ancient magma feeder chambers, 
whose shapes, sizes, and position were controlled by crustal 
weakness zones and terrain heterogeneities. Assuming that 
crustal thickness is negatively correlated with thermal gradient 
as shown by Correa et al. (2016a), the geophysical data shows 
distinct depth to the magnetic bottom along the Az 125° area and, 
based on our interpretations, the Az 125° dikes emplacement 
is incompatible with the typical thermal system below failed rift 
systems, once in this environment is expected constant shallow 
depth to the magnetic bottom.

iii) The presence of positive gravity anomaly: In rift zones, 
increased sedimentation at the time of the subsidence of 
the surface usually produces a negative Bouguer anomaly 
(Ebbing et al. 2007).

Figure 8 presents the Bouguer anomaly for the studied 
area with crustal thickness information. The high gradients 
are located, mainly, in the limits of the major provinces, as 
occurs in the limits between the São Francisco Craton and 
Mantiqueira Province. There is a crustal-scale discontinuity in 
the central portion of Tocantins Province, and a high gradient 
between the Tocantins Province and the Amazonian Craton. 
Besides, regions related to high density corroborate with the 
low depth to the magnetic bottom, except for the midwest 
portion of the Tocantins Province. In this part, the calculated 
depths are elevated, which probably indicates the presence of 
serpentinized minerals (magnetic) in the upper mantle. This 
signature is, usually, related to Neoproterozoic orogens, as 
in the Borborema Province (Correa et al. 2016a). Thus, the 

signatures of Curie surface and Bouguer anomaly can reflect 
the end of the Neoproterozoic configuration that culminated in 
the formation of the Gondwana Supercontinent.

Due to the lack of typical rift features related to the Az 
125°, and based on the high-resolution magnetic data, we 
suggest that the Az 125° was emplaced along a zone of 
lithosphere weakness. The propagation of the Az 125° dikes 
was aided over the 1000 km distance by the occurrence of a 
sequence of magma feeder chambers. The semi-rounded and 
high magnetic anomalies imaged along the Az125°, related 
to the Alto Paranaíba and Goiás Alkaline Provinces, maybe 
represent the solidified form of these feeder magma chambers 
(Fig. 9). Great magma chambers can be responsible for the 
propagation of the dikes to a long distance. Buck et al. (2006) 
speculate that chambers related to great gabbroic intrusions, 
which are found close to the axis of some enormous igneous 
provinces, could fill dikes spreading thousands of kilometers. 

Even so, how could magma propagate over such a long 
distance before solidification? Theoretical models studied by 
Lister and Kerr (1991) show that dikes as thin as 10 meters 
could spread for thousands of kilometers. Also, Rubin (1993) 
proposed that certain characteristics of the basaltic magma, 
like viscosity and initial pressure, could be responsible for the 
propagation of the dike to infinity without solidification.

5.2. The normal and reversed polarization  
Azimuth 125° dikes 

As suggested by Moraes Rocha et al. (2014) and as described 
above, the Az 125° Lineament is composed by, at least, three 
sets of dikes with specific geophysical characteristics. We 

Figure 7 - A-B profile along the central portion of Az 125°: indicating the main crustal discontinuities and the Curie surface defined in different studies
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figure 8 - Map of the Bouguer Anomaly. Filled colored circles represent the crustal thickness (Assumpção et al. 2013). Gravity data is provided 
by the National Gravity Database controlled by ANP (Agência Nacional do Petróleo).

Figure 9 - Azimuth 125° dikes emplacement model. The swarm was probably fed into the vertical flow. The alkaline bodies (Serra Negra and 
Catalão, for example) may have acted as along-strike magma chambers that supplied extra magma volume to support, for at least, three dike 
systems to propagate along 250 km (emplacement model based on Le Pera 2014).
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notice that one of these dikes exhibits reversed polarity (Fig. 
10). But, what explains the difference of polarization once 
the set of dikes are so close to each other? The cause of this 
alternating polarity is not known. Two hypotheses can explain it: 
self-reversal of magnetization or field reversal.

The works of Néel (1948, 1951) and Nagata et al. (1952) are 
references for understanding self-reversal processes. The term 
self-reversal means that the magnetization of ferromagnetic 
minerals is conducted antiparallel to the magnetizing field 
(Liebke et al. 2012). The self-reversal magnetization is due to 
some intrinsic property of the magnetic minerals in the rocks 
such that the rocks acquire a remanence that is antiparallel to 
(or reverse of) the Earth’s field (Lawson 1989). When some 
igneous rocks and the ferromagnetic minerals detached 
from their primary rocks are cooled in a weak magnetic field, 
they can get the remanent magnetization whose direction is 
contrary to that of the magnetic field during cooling (Nagata 
et al. 1952).

Dikes can be multiphase intrusions emplaced over time. 
In the work of Preston (1967) a variety of dolerite types in the 
Fermanagh Doraville Dike are interpreted as having crystallized 
from discrete magmatic pulses over time. Gibson et al. (2009) 
propose that a comparable process may have happened in 
the Cuilcagh Dike and that different sections of the dike cooled 
and solidified under different field polarities and at different 
times. This unique situation may reflect the rare chance of 
capturing dike injection during a magnetic polarity switch. This 

hypothesis is likely for the Az 125° Lineament dikes, and the 
alternating polarity could suggest local re-magnetization of 
the dike at some time after its intrusion. 

6. Conclusions

This study was relevant for understanding the regional 
manifestation of the Az 125° Lineament. It was important to 
explain the expression of such great continental-scale dike 
swarms and to show the efficiency of geophysical methods 
for mapping areas of dike swarms where they are set in the 
subsurface.

Many studies describe the Az 125° as a geological feature 
that follows from Rondônia to Rio de Janeiro states. Based 
on our data, we found no relevant geophysical evidence that 
this lineament occurs between the states of Mato Grosso and 
Rondônia. Also, the cross-cutting relationships between the 
Az 125° and the Transbrasiliano (TB) lineaments are not well 
defined by the geophysical data, and we notice that the Az 
125° does not extend far beyond the TB to the west. 

Based on the high-resolution magnetic data and the 
absence of common rift features associated with the Az 125°, 
we suggest that the Az 125° was set along a zone of weakness 
of the lithosphere.

The alternating polarity of the Az 125° Lineament dikes 
can be explained by local re-magnetization at some time 
after its intrusion.

Figure 10 - Map of the Anomalous Magnetic Field presenting two dike systems with distinct polarization characteristics. Black box indicates a 
dike magnetic signature with normal polarization; white box emphasizes a dike magnetic signature with reversed polarization.
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We propose that the propagation of the Az 125° dikes were 
facilitated over a 1000 km distance because of the occurrence 
of a sequence of magma feeder chambers. The semirounded 
and high magnetic anomalies imaged along the Az125°, 
related to the Alto Paranaíba and Goiás Alkaline Provinces, 
maybe represent the solidified form of these feeder magma 
chambers.

We suggest the geochronological dating of the Az 125° dikes 
samples to limit their ages more precisely, and also to determine 
the age of other magmatic events related to the lineament. We 
also recommend the acquisition and processing of deeper 
geophysical data, such as magnetotelluric and seismic, in order 
to realize the in-depth behavior of the Az 125° and the processes 
occurred in the subcontinental lithospheric mantle along the area.
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