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ABSTRACT

Aeromagnetic data were used to estimate the depth of the Alto Xingu Sub-Basin basement. This information may
allow a better planning of new research activities in the region. The Alto Xingu Sub-Basin is a large area of
approximately 200,000 km2 covered by closed forests in Brazil. The aeromagnetic data acquired allow the
study of an underdeveloped region, located in a sedimentary basin, possible carrier of natural gas reservoirs
and also shale gas. The Euler Deconvolution technique was applied after obtaining the magnetic anomaly in the
region. Several structural index values and window sizes were tested. The Euler Deconvolution maps obtained
allow to estimate the magnetic sources depth and to locate the regions of deeper sediment.
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I. INTRODUCTION

The aeromagnetic surveys are very useful for the mineral resources exploration. They allow sweeping
large areas with low cost collecting important data that are used in geological research. The research
arising from the acquisition of magnetic data of a sedimentary basin is one of the early stages of the
search for new oil fields.

Among many techniques used in the magnetic data processing, the Euler Deconvolution enables to
estimate the magnetic sources depth and to locate regions of deeper sediments. Thus, it is possible to
locate the regions of greatest sediment depth. The natural gas production perspective motivated
PETROBRAS to promote various geophysical surveys in the Alto Xingu Sub-Basin. So, it is entirely
covered by aeromagnetic surveys such as those provided by the National Agency of Petroleum,
Natural Gas and Biofuels (ANP). In this context, a network nearly 200,000 km? of treatable magnetic
data were made available for research. By processing these data, we intend to identify faulting regions
and to estimate sediments depth of the basin. This information is very useful for management of oil
resources in the region.

Braga in paper [1], constructed a three-dimensional gravity modeling of the basement constrained by
spectral estimates of depth to magnetic sources. Bahia in paper [2], updated the geological knowledge
of the region and determined its tectonic domains using gravity and magnetic potential methods.
Ribeiro & Santos in paper [3], determined the basin magnetic anomaly and located the areas with the
greatest geological faulting events. There is still the necessity to confirm the regions with the greatest
depths of sediments that are more attractive to promote new researches. Therefore, in this paper,
Section 2 presents the characteristics of studied area as location, topography, geology, some results of
previous researches and the data used in this work. Section 3 summarizes the theoretical basis of
magnetometry and Euler Deconvolution that were the techniques used in this work. Section 4
describes the data processing and presents the results using maps. Section 5 summarizes the main
results obtained and the conclusions of this paper.
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Il. STuDIED AREA CHARACTERISTICS

The Alto Xingu Sub-Basin is located in the eastern sector of the Parecis Basin (Figure 1) [4]. The
region has many active petroleum systems and points of gas exudation as found by more than 800

meters along the Teles Pires River. In this region, six blocks were auctioned in the Tenth Round of
Oil and Gas Bids [5].
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Figure 1. Brazilian Paleozoic basins [4]

The terrain topographic map indicates that in most of the basin the altitudes range from 200 meters
(blue portion of Figure 2) to 500 meters in the southern portion of the basin (pink part of Figure 2) [3].
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Figure 2. Alto Xingu Sub-Basin Topography [3]
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The basin contains sediments of the Paleozoic, Mesozoic and Cenozoic, including Cretaceous
volcanic rocks (Figure 3). Its base is the Amazonian Craton, comprising metamorphic, meta
sedimentary and intrusive rocks.

Geologic Map

| Dpg - shale, siltstone and sandstone | -56

| Ca - siltstone and sandstone |

| Ku - conglomerate and sandstone |

| Ksn - conglomerate |

Figure 3. Alto Xingu Sub-Basin Geologic Map [2]

The region is separated from the Juruena Sub-Basin by the Serra Formosa Arc. It has the southern
edge with the Parana Basin. The Alto Xingu Sub-Basin tectonic areas are shown in Figure 4.
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Figure 4. Tectonic Domain of the Alto Xingu Sub-Basin [2]

The basement topography in meters was obtained using an inversion technique based on continued
down of the gravity field linked to the equivalent density layer principle (Figure 5) [1].
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Figure 5. Gravity modeling of the Parecis Basin [1]

The data of two aeromagnetic surveys (Figure 6) with an altitude at 1,000 m, sampling interval of 50
m and control lines spaced at 18 km are available. The west block corresponds to a survey conducted
by an Islander aircraft covering an area of 94,662 km? with flight lines spaced at 3 km. And the west
block corresponds to a survey conducted by a Dehavilland aircraft covering an area of 101,850 km?
with flight lines spaced at 6 km.
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Figure 6. Aeromagnetic data available
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1. METHODS
3.1. Magnetometry

When Earth's magnetic field measurement is made, the measured value is the superposition result of
contributions that have different origins:

e The main field generated in the Earth's fluid core by a geodynamo mechanism.

e The crustal field generated by magnetized rocks in the Earth's crust.

e The external field produced by electric currents flowing in the ionosphere and the

magnetosphere due to the interaction of electromagnetic radiation and the solar wind with the
Earth's magnetic field [6].

The magnetic field is measured by a device called magnetometer. It measures a combined signal of
the Main Field, External Field and Crustal Field. However, only the Crustal Field is important to
mineral exploration. This field can be obtained by isolating and obtaining the Magnetic Anomaly.
After the isolation of it, we can apply enhancement techniques that provide important subsoil
information as the location of the faulting regions and the basement depth [7].
Thus, the magnetometry is performed through the following steps:
(1) Measuring the terrestrial magnetic field at predetermined points,
(2) Correction of measurements for knowing changes, and
(3) Comparing the field resulting value with the expected value at each measurement station. The
field expected value is considered to be the International Geomagnetic Reference Field (IGRF).
The difference between observed and expected values is called magnetic anomaly [8].
The magnetometric process can be enhanced through the use of aircraft equipped with
magnetometers. The aircraft can fly large areas acquiring a wide range of evenly spaced
measurements. Generally, sedimentary rocks have lower magnetic susceptibility than the igneous and
metamorphic rocks (Figure 7) [9].
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Figure 7. Magnetic susceptibilities of some rocks [9]

So, when the magnetic anomalies are observed in areas covered by sediments, they are usually formed
by the crystalline basement (igneous or metamorphic), as well as intrusions. Dykes, sills, intrusions of
igneous or metamorphic rocks and the crystalline basement rocks rich in magnetite ores are the most
common causes of magnetic anomalies in sedimentary basins [9].

3.2. The Euler Deconvolution

The Euler Deconvolution technique allows estimating the magnetic sources depth from magnetic
subsurface data. The technique was developed from studies done on interpretation of magnetic data on
a large scale through aerial surveys. There is a combination of flexibility and simplicity in the
algorithms used by the method.
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The Euler Deconvolution uses the Euler's homogeneity equation to enable estimation of the position,

depth and type of magnetic sources:
xﬂ+yg+z£=NT (1)
OX oy 0z

where T is the magnetic field and N is the homogeneity degree called structural index. This index
depends on the geometry of the magnetic source that we want to explore (Table 1) [2].

Table 1: Structural Index table.

0 Geological Contacts
0.5 Fautings regions

1 Dikes and Sills

2 Cylindrical Sources and Monopoles
3 Spherical Sources and Dipoles

In the data processing, it is always recommended to use all available structural indexes and then,
analyze the index that provided the best results for the function groups. For each structural index
chosen, we can estimate the geographical coordinates of the source that causes the anomaly by
solving the Euler equation in a moving window of the total field measured at the point T; (X, y, z) and
with its derivatives in an overdetermined system:
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After choosing the structural index, the dimensions of a moving window must be defined. This
window runs across the mesh generating the set of solutions. The location of the sources will be seen
as well-defined when there is a low dispersion of the solutions, so that different windows can provide
solutions in similar positions (Figure 8) [10].
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Figure 8. Quality of Euler deconvolution solutions [10]

Thus, the Euler Deconvolution is able to provide the position and depth of the various existing sources
in the area surveyed, so independent of the main magnetic field direction and the source orientation.
Thereby, it presents great results even in low latitude regions or areas with remnant magnetization.
The main disadvantage of this method is that only a structural index can be used at a time, so the
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technique is an unique source estimator. It limits the usage of the method in geologically complex
areas [11].

IV. RESULTS

In the first stage of processing, the data inconsistencies as spikes and lacks were analyzed. Levelling
and microlevelling techniques have been applied by using the Butterworth filter. Then, the raw data
were given diurnal variation correction for the subtraction of the external magnetic field and the IGRF
correction for subtraction of the main magnetic field. The result is the magnetic anomaly map made
by a minimum curvature interpolation (Figure 9).
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Figure 9. Magnetic Anomaly Map

This map reflects the crustal magnetic field in the region. It shows strong magnetic anomalies
associated with the border regions between the Brasnorte Horst and adjacent grabens.
Then, the magnetic anomaly grid received a combination of vertical and horizontal derivatives filters:

2 2 2
A= (ﬂj ST +(ﬁj ©
OX oy 0z
where T is potential field anomaly and (ﬂJ ﬂ
OX oy

and vertical derivative in z). The result is the analytic signal map shown in the Figure 10.

J and (aa—Tj (horizontal derivative in x and y
z

731



International Journal of Engineering Sciences & Emerging Technologies, Mar. 2015.
ISSN: 22316604 Volume 7, Issue 5, pp: 725-736 ©IJESET

0000088

o
]
=l
=l
=1
=1
=l

8600000
0000098

8500000
0000058

[= 0
[ i~
(= =
= - ) s =1
@® 47UU0UU UUUU Uou000 v I'UUUUU 9ZUUUUU o
nT/m
0.003  0.005  0.006 0.008 0009 0.011 0. 0.015 0.019  0.025  0.042
Analytic Signal

Alto Xingu Sub-Basin

Figure 10. Analytic Signal Map

The analytical signal amplitude allows the location of the magnetic source without the incorporation
of the permanent magnetization. The Euler Deconvolution technique was applied from the analytic
signal in order to investigate the basement depth. Various values of tolerance, structural index (SI)
and window sizes were tested for the Euler Deconvolution. The best results were obtained with 10%
tolerance and 20 km windows. They allow mapping the major sources that are more interesting when
we want to determine the basement depth from a sedimentary basin.

The Euler Deconvolution application with Structural Index SI = 0 (Figure 11) is able to map the
geological contacts which are surfaces that separate rock units with different characteristics. The
depths range from nearly 800 m to 6,400 m. However, most of the contacts identified were located at
depths less than 2,000 m.
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Figure 11. Euler Deconvolution Map with Structural index SI = 0
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The Euler Deconvolution application with Structural Index SI = 0.5 (Figure 12) is able to map the
basin faults as the separation regions between the grabens and horsts. The depths ranged nearly from
1,300 m to 7,500 m. The Pimenta Bueno Graben and the SW Xingu Graben were well located, in
regions with large numbers of solutions in blue denoting depths around 7,000 m. The Brasnorte Horst
was also well located at north of the Pimenta Bueno Graben with depths ranging from 1,300 m to
3,000 m, denoting the shallower region of the sedimentary basin. Thus, it was consistent with the
gravity modeling map (Figure 5).

The Euler Deconvolution application with Structural Index SI = 1 (Figure 13) is able to map the
regions with intrusion as dykes and sills. The depths ranged nearly from 1,700 m to 8,000 m. The
Pimenta Bueno Graben and the SW Xingu Graben were well located, in regions with large numbers of
solutions in blue denoting the greatest depths. The Brasnorte Horst was well located as the shallowest
part of the basin in red.
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Figure 12. Euler Deconvolution Map with Structural index SI = 0.5
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Figure 13. Euler Deconvolution Map with Structural index SI = 1.
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The Euler Deconvolution application with Structural Index SI = 2 (Figure 14) is often used with lower
window values with goal to mapping cylindrical sources as kimberlite chimneys that may be carrying
diamonds regions. The use of Structural Index SI = 3 (Figure 15) is able to map spherical sources. The
2 and 3 index solution did not characterize the sedimentary basin structure. However, the few
solutions found are compatible with the basement depth.
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V. CONCLUSIONS

The Euler Deconvolution application in the Alto Xingu Sub-Basin allowed to estimating the depth of
the basin sediments. The estimated depth ranged nearly from 6,500 m over to 8,000 m depending on
the chosen Structural Index. These depth values were very close to the found value in the basin
gravity modeling (Figure 5). The maps with 0 and 0.5 structural indexes allowed us to visualize the
direction of the basin faulting with a predominance of guidelines on the northeast-southwest direction.
However, the maps with 2 and 3 structural indexes did not allow to visualizing effectively the
structure of the region. Soon, cylindrical and spherical sources are not very representative in the
generation of magnetic anomaly. For future studies, a joint modeling procedure of gravity and
magnetic data using link wells in the region is recommended.
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