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Abstract

We report in this work progress obtained in analysis of
thermomagnetic features of the region in the southern
parts of the Tocantins state and northern parts of Goias
state, central Brazil. The approach makes use of data
collected in aeromagnetic surveys. Techniques of shading
applied to vertical derivative of residual magnetic field has
been used in identifying the magnetic lineaments and
spectral analysis in the estimative its depths. The results
obtained reveal the existence of a set of near linear
magnetic features in the region between 48°W and 51°W
longitude and between of 12°S and 14°S latitude. This is
also an area of moderate micro-seismic activity and recent
studies point to anomalous geothermal conditions in the
upper crust. However, direct evidences on occurrence of
magmatic intrusions at shallow crustal levels are absent. In
the present work, we advent the hypothesis that features
identified in aeromagnetic survey data are indicative of
fracture systems which allow up flow of carbonic fluids
transporting geothermal heat. The presence of carbonic
gas flow has observed at sites of thermal springs in the
region.

Introduction

Data acquired in aeromagnetic surveys have been
employed in several studies of geomagnetic field of
geologic provinces in central Brazil. Focus of most of these
investigations have been in mineral and hydrocarbon
exploration at shallow depths in the upper crust. Very few
attempts have been made in using aeromagnetic data to
explore crustal structure at deepmost levels. Guimaraes et
al. (2014) used techniques of spectral analysis of
aeromagnetic data in understanding vertical distributions
of magnetization in deep crustal layers. This line of
approach was pursued in a more recent study of
magnetized crustal blocks in the adjacent cratonic region
by Guimaraes and Hamza (2019).

In the present work, we examine the vertical derivative
of residual magnetic field making use of the geophysical
techniques of shading. The depth of these magnetic
sources was inferring by spectral analysis of residual
magnetic field. The location of the study area covers a

region between 48°W and 51°W (longitude) and between
of 12°S and 14°S (latitudes).

Geologic Context of the Study area

The area of study includes the northern parts of Goias state
and southern parts of Tocantins state, in central Brazil. The
main rock types are Brasilia and Araguaia belts of late
Proterozoic age. Tectonic features of the Trans-Brazilian
Lineament are evident in the western parts
(Schobbenhaus, 1975). Orthogneisses and greenstones
belts of the Brasilia belt (Tocantins Structural Province)
and the Bambui group (S&o Francisco craton) are present
on the eastern side. The regional distributions of these
geological units are illustrated in the simplified geologic
map of Figure 1.
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Figure ‘(1): Simplified geologic map indicating location of the study
area (modified by CPRM, 2014).
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Acquisition of data

The present work is based on data sets compiled under
the projects designated as Brazil-Canada Geophysical —
PGBC (1976 — cod. 1020), Area 2 (2004) and Area 5
(2006) of Goias, Tocantins (2006 — cod.1073), complement
of Tocantins (2007 — cod. 1071) and Rio Formoso (2014 —
c0d.1126). These are public domain data sets, made
available by CPRM for academic research purposes. The
earlier database (PGBC) have nominal altitude of 200m
and line spacing of 2km. The databases acquired after
2000 have similar characteristics of acquisition with the
flight lines in the N-S direction, spacing of 500m and
nominal flight altitude of 1200m.

Different types of processing techniques were applied
for these two types of database. For PGBC data,
corrections were made for levelling, micro-levelling,
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filtering. This was followed by removal of geomagnetic field
components (diurnal and principal - IGRF), which allowed
derivation of the residual or anomalous field. To group of
data after 2000, the residual magnetic field already was
acquired with all corrections and levelling applied.
Following this, suture techniques were employed in
generating a unified data set. The degree of coherence of
this union was verified with application of directional filters.
The map of residual magnetic anomaly is presented in
Figure (2). Also indicated in this figure is the parallelogram
of the segment selected for analysis of lineaments.

Figure (2): Map of residual magnetic anomaly in the study area.
The white patch indicates area with lack of suitable data. The
parallelogram indicate of the segment selected in analysis of
lineaments.

The methods adopted for identifying the depths of the
magnetic sources are based on the supposition that the
anomalies observed in the crustal magnetic field are
produced by a distributed ensemble of prismatic bodies.
So, the logarithm of the mean power spectrum generated
by these anomalous magnetic sources are related to the
depths of the top of the ensemble.

Techniques of spectral analysis were employed for
determination of depths of magnetic sources in subsurface.
The spectral analysis program (in MATLAB) allowed for
changes in size of search windows, allowing calculation the
depth of magnetic sources in different parts of the study
area. It also allowed calculation of depth to top (T) and
bottom (B) of magnetic sources. The results obtained are
presented in Table 1.

Table (1) — Depth to top (T) and bottom (B) of magnetic
sources obtained in spectral analysis by the centroid
method, for data in the study area (Guimaraes et al. 2014).

ID LON LAT Shallow Mean Deep
(W) (S) T/IB T/B T/B

M2 49,52 12.08 0.42 0.97 16.03
(300) 0.83 3.67 33.30
M5 4998 12.87 0.43 1.08 12.63
(225) 0.87 5.77 28.28
M10 45.74 13.05 0.14 3.66 17.79
(150) 1.88 6.76 32.79

Analysis of Vertical Derivative

Study of magnetic expressions of tectonic lineaments
require enhancement of short wavelength anomalies. This

is usually achieved by examining vertical derivatives of the
residual field. Thus, maps of vertical derivatives are often
employed in outlining tectonic lineaments. Magnetic
imprints of lineaments arise from emplacement of thin
sheets of material of relatively higher magnetic
susceptibility. Clearly, fracture systems triggered by the
tectonic process is responsible for the formation of a
system of parallel fractures.

Large-scale tectonic features of the study area in the
present work are the Trans-Brazilian Lineament (TBL) on
the western side and the Sao Francisco craton (SFC) on
the eastern side. Pioneering studies of TBL were carried
out by Schobbenhaus et al (1975) and Brito Neves &
Cordani (1991). Analysis of the vertical derivative of the
residual magnetic field in the study area indicated the
presence of magnetic lineaments associated with TBL.
These are actually closely spaced linear magnetic
features, as illustrated in the map of Figure (3). The blue
colored line is the lineament identified in geologic studies.
The red colored near-linear features in this figure have
been considered as indicative of fracture zones in the
basement rocks. There are five main fracture zones to the
left the TBL. An additional set of three fracture zones can
be identified to the west of TBL. The white segments in this
map refer to areas that lack the needed spectral resolution.

Figure (3): Distribution of vertical derivative of the residual
magnetic field in the study area. Mapping done using the
technique shading. The white areas in the map refer to areas
which lack spectral resolution.

More than ten fracture zones with magnetic
expressions can easily be identified in the map of Figure 3.
These have NE-SW trending directions. Note that the
lateral spacing of such features is relatively small,
generally in the range of 5 to 10 km. The presence of such
closely spaced anomalies may be considered as indication
that TBL in the study area is composed of a set of parallel
quasi-linear fracture zones.

Fracture zones also occur in the region between TBL
and SFC. However, their spacing is relatively large, of the
order of several tens of kilometers. The directions of these
fracture zones are also NE-SW. Following Gholipour et al.
(2016) such differences in fractur spacing has been
considered as indication of fundamental differences in the
deep tectonic process. It is also interesting to note that
fracture zones are absent in the cratonic region on the
eastern side of the study area. This may be considered as
indication that the cratonic area is composed of relatively
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unbroken structural elements with practically no significant
contrast in their magnetic properties.

Deep Crustal Structure along Profiles

Deep crustal structure of the study area may be
understood by considering vertical variations in Moho
depths, Curie temperatures and heat flow along selected
profiles. The locations of these profiles are indicated in
Figure (4). The first profile (P1) have NE-SW direction,
between 50° and 48°W (long) and coincides with the TBL.
It is situated in the western part of the study area. The
second profile (P2) is a W-E profile cutting across the
structural provinces of Tocantins and S&o Francisco. The
third profile (P3) have NE-SW direction, between 47° and
46°W (long) and is in the SFC.

STy

-48° -46°

9,

TBL (Préfile 1)

-14°

1 1
Figure (4): Locations of profiles selected in the present work. The
highlighted area is indicative of geothermal anomaly.

Values of Moho depths along the profiles are based on
results reported in seismic studies of the region
(Assumpcao et al, 2013). Similarly, results of spectral
analysis of aeromagnetic data reported by Guimaraes et al
(2004) was employed in setting the thickness of
magnetized crustal layer. Heat flow values were derived
using the procedure reported by Guimaraes and Hamza
(2019). Variations of Moho depth and curie temperatures
along the middle profile (Profile 2) is illustrated in Figure

(5).
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Figure (5): Lateral variations in Curie temperature, Moho depth

and heat flow along the central region (Profile 2) in the study area.

168 597

In this Figure (5), the top panel indicates variations in
Moho depth and Curie temperatures, while the bottom

panel illustrates heat flow variations. It is evident that there
is a prominent heat flow anomaly in the region between
TBL and SFC.

Variations of Moho depth and curie temperatures along
top and bottom profiles are illustrated in Figure (6). In this
case, the variations in Moho depth and Curie temperatures
are much subdued. Also, it is evident that heat flow
variations are much less subdued along the northern
(Profile 1) and southern (Profile 3) parts of the study area.
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Figure (6): Lateral variations in Curie temperature, Moho depth
and heat flow along profiles in the western (Profile 1) and eastern
(Profile 3) parts of the study area.

Spacing between elements of the Lineament

Geologic lineaments are usually defined in literature as
interpreted lines that has visible relations with geometrical
features of terrain forms, such as valleys and slopes. A
notable feature of the lineaments in Figure 3 is the high
degree of parallelism between the fracture zones. This is
often interpreted as consequence of thermo-mechanical
nature of the rupture process in geological materials (see
for example: Schultz and Fossen, 2008).

The spacing between fracture zones can be measured
in terms of the average distance between features in the
lineament. According to Ladeira and Price (1981) the
average spacing between elements rapidly approach
asymptotic limits, as illustrated in the top panel of Figure 7.
The spacing is achieved on small time scales (bottom
panel of Figure 7). However, there are indications that
spacing is weakly related to the layer thickness. Gholipour
et al. (2016) argue that the lineaments that exhibit parallel
trends over long distances has similarities with those
observed in segmentation processes occurring geothermal
activities.

According to Lamour (2018) and Lamour et al (2017)
changes in fracture spacing is induced by upflow of hot
material. In the case of rapid up flow of high temperature
molten magmatic material, the failure of confining rock
strata take place on relatively short time scales. The
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resulting fracture zone is an elongated feature with parallel
side walls. Thus, pulses of magma eruptions lead to sets
of closely spaced fracture zones. On the other hand, in the
case of weaker effusive eruptions internal pressure buildup
takes place on relatively longer time scales, allowing for
opening of fractures with larger spacing. In other words,
fracture spacing may be considered as indication of the
type of fluid flows during occurrence of lineaments.
However, effusive eruptions imply transport of geothermal
heat by upwelling flow of fluids rich in water or carbon
dioxide. Hence areas with wider fracture spacings are likely
to be associated with localized heat flow anomalies.
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Figure (7): The top panel illustrate the relation between fracture
spacing and bed thickness. The bottom panel illustrate time scale
involved in laboratory simulations of fracture spacing (Modified
after Ladeira and Price, 1981).

In the region of TBL the spacing of fracture zones is
less than 10km, while the lengths are greater than several
hundreds of kilometers. These have NE-SW trending
directions. On the other hand, in the region between TBL
and SFC the lateral spacing of fractures is relatively larger,
generally in the range of 10 to 50 km.

Geothermal Field of the region between TBL and SFC

A recent geothermal study by Descovi and Vieira
(2019) have identified an anomalous geothermal field in
the region between TBL and SFC. In this area, geothermal
gradients vary from 15 to 55°C/km while thermal
conductivity values are in the range of 2.2 to 3.2 W/m.K.
Consequently, heat flow values are in the range 40 to 160
mW/m?. The heat flow map derived from the results
obtained in the present work are illustrated in Figure (8).
Note that heat flow in the region between TBL and SFC

reach values in excess of 80 mW/m2. The SFC have the
lowest values heat flow, generally less than 50 mW/m?.

-48" -46°

Figure (8): Heat flow map of northern Goias and Southern
Tocantins, the region between TBL and SFC.

It is clear that the region between anomalous
geothermal conditions prevail in the region between TBL
and SFC in the northern parts of the state of Goias and
southern parts of the State of Tocantins. However, direct
evidences on occurrence of magmatic intrusions at shallow
crustal levels are absent. Descovi and Vieira (2019)
suggested the possibility that anomalous geothermal
conditions arise from supplementary heat transport by up
flow of carbonic fluids. Hence, we advent the hypothesis
that features identified in aeromagnetic survey data are
indicative of fracture systems which allow transport of
geothermal heat. The presence of carbonic gas flow has
observed at sites of almost all thermal springs in this
region.

Conclusions

Techniques of shading applied to vertical derivative
and spectral analysis of residual magnetic field has been
used in identifying and characterization magnetic
lineaments. The results obtained reveal the existence of a
set of near linear magnetic features in the region between
48°W and 51°W longitude and between of 12°S and 14°S
latitude. Along the western side of the study area, the
spacing of magnetic lineaments is in the range of 5 to 10
km. On the other hand, the spacing of fracture zones is in
the range of 10 to 50 km along the eastern segment of the
study area. This difference in the spacing of fracture zones
have been considered as indicative of changes in the
nature of deep-seated tectonic processes.

The magnetic sources depth in the region inferred by
the spectral analysis technique have the range of 35 to
50km, be that in big part of the TBL region the thickness
between the Curie and Moho surfaces presents a
difference of 10km. In the CSF region, this difference
becomes almost null (2 km), showing that almost all the
crust is magnetized.

The region between TBL and SFC has moderate micro-
seismic activity and recent studies point to anomalous
geothermal conditions in the upper crust. However, direct
evidences on occurrence of magmatic intrusions at shallow
crustal levels are absent. In the present work, we advent
the hypothesis that features identified in aeromagnetic
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survey data are indicative of fracture systems which allow
up flow of carbonic fluids transporting geothermal heat.
The presence of carbonic gas flow has observed at sites of
thermal springs in the region.
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