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ABSTRACT

A spectral analysis of an ASTER image was performed in an oil prospective area of The Cerro Pelado
Anticlinal (CPA) in the Western Falcon Basin, Venezuela, to determine the existence of mineral alteration
zones, related to the presence of hydrocarbon seepages, in order to guide the oil exploration to better
defined areas, integrating a fieldwork, Magnetic Susceptibility (MS) and S-ratio measurements, Isothermal
Remagnetization Curves (IRM), (decomposed by applying a Direct Spectral Analysis (DSA)), laboratory
spectroradiometry, X-ray Diffraction (XRD) and Geochemical analysis. The analysis was done over 127
samples of rock and soil (59 from the surface, 47 taken at 0.5 m depth and 21 from 1 m depth). The results
indicate the presence of three areas of mineral alteration, identified through the processing of a satellite
image by anomalies of Kaolinite, FE3+, Dolomite, Clay and associated with the presence of hydrocarbons.
Alteration areas are characterized by low MS values, between 0-4 y [SI] and a range of 0.4 to 0.7 on behalf
of the S-ratio. The DSA analysis indicated a large presence of goethite and hematite. Although low levels of
MS were measured, magnetite was also observed in some samples.
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RESUMEN

Con el objetivo principal de determinar la existencia de zonas de alteracion mineral relacionadas con la
presencia de infiltraciones de hidrocarburo, se realizo el analisis espectral de una imagen ASTER en un area
prospectiva del Anticlinal de Cerro Pelado (ACP), en la Cuenca Occidental de Falcon, Venezuela. Se intenta
orientar la exploracion petrolera a zonas mejor delimitadas, integrando mediciones de campo, Susceptibilidad
Magnética (MS), Cociente-S, Curvas de Remanencia Magnética [sotermal (IRM) (descompuestas aplicando
un Andlisis Espectral Directo (DSA)), Espectroradiometria de laboratorio, Difraccion de rayos-X (DRX) y
Geoquimica. El analisis se hizo sobre 127 muestras de suelo y roca (59 en superficie, 47 a 0.5 my 2l a 1
m de profundidad). Los resultados indican la presencia de tres areas de alteracion mineral, identificadas a
través del procesamiento de la imagen satelital, correspondientes a anomalias de Caolinita, FE3+, Dolomita,
Arcilla y asociadas a la presencia de hidrocarburos. Las areas de alteracion se caracterizan por bajos valores
de MS, entre 0-4 y [SI] y valores de cociente-S entre 0.4 a 0.7. Los andlisis de DSA indican la presencia
mayoritaria de goethita y hematita. A pesar de los bajos valores de MS medidos, se observo magnetita en
algunas muestras.

Palabras Clave: ASTER, Cociente-S, MS, IRM, DSA, DRX, Hidrocarburos

Introduction

It is known that all reservoirs exhibit some kind of leakage, at least until subsurface levels, which is known
as micro seeps. In both cases, visible or not, the presence of hydrocarbons generates a series of anomalies
due to chemical, physical and mineralogical alterations, produced by the hydrocarbons in contact with its
surroundings, generating observable and measurable evidence in surface (Schumacher, 1996; Donovan,
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et al., 1979;. Foote, 1992, 1996; Saunders, et al., 1991). The present research is based on the fact that
surface alterations are generated by the vertical migration of hydrocarbons from underlying reservoirs,
inducing distinct spectral characteristics to those observed in laterally equivalent rocks, which satellite
remote sensing are able to detect through various techniques of digital image processing. (Yang, et al., 1999;
Khan and Jacobson, 2008; Petrovic, et al., 2008; Kruse, et al., 2011 and Salati, ef al., 2014). Similarly, MS,
S-ratio and IRM curves measurements have been employed before in soil and rock samples e.g., (Aldana, et
al., 1999, 2003, 2011; Constanzo-Alvarez, et al., 2000, 2006.; Diaz, et al., 2000; Guzman, et al., 2010 and
Da Silva, et al., 2010), as a possible alternative to detect anomalous magnetization and its relationship with
the presence of hydrocarbons

Combining the methods indicated above, we attempt to locate and characterize efficiently and with low
economical cost these changes and their relationship to the presence of hydrocarbons, to orient oil exploration
in the CPA prospective area at the Western Falcon Basin, Venezuela, trying to increase the degree of certainty.
To achieve this, we integrate the digital processing of an ASTER image, MS measurements, S-ratio, IRM
curves, the decomposition of these curves were obtained by applying DSA, laboratory spectrometry, XRD,
and geochemistry; conducted on 127 soil and rock samples collected on a fieldwork, with the following
distribution: 59 at Surface, 47 at 0.5 m and 21 at 1 m depth, all from The Cerro Pelado Formation (CPF).

Methodology and results

An ASTER image was used, covering an area of 1800 Km?, with a level of processing L1A, which has
three subsystems: the visible and near infrared (VNIR), the shortwave infrared (SWIR) and thermal infrared
(TIR), with a total of 14 bands. The pre-processing of the ASTER image was made through the radiometric
and geometric calibration, upgrading the image to a L1B processing level. The atmospheric correction
was performed to obtain the reflectance image. Once this image was obtained, we proceeded with the
multispectral processing of the ASTER image, which applies the method of bands ratio oriented to identify
FE3™, dolomite, kaolinite and clay. The method of main components (conventional, oriented and Crosta
applied to kaolinite) was also used. Then a hyper spectral processing on the reflectance image was applied,
using the transformation fraction of noise, pixel purity rate and a spectral analysis through an n-dimensional
display, to finally classify through the spectral angle method and the matches tuned mix filter method
(Kruse, et al., 2011; Van Der Meer and De Jong, 2006). The results obtained after the digital processing of
an ASTER image, allowed reducing the exploration area to about 35 Km?, in accordance with the observed
anomalies. This area is characterized by its scarce vegetation, specifically on the CPF at the CPA, in three
areas, which have mineral alterations; they are also aligned with the prospective structure of the CPA and
the presence of hydrocarbon seepages. This suggests that these alterations could be due to the presence of
hydrocarbons. The three areas are characterized by high values of Fe3™, clay, kaolinite and a decrease in
the values of dolomite, compared with the mean response of the CPF; these results are consistent with those
obtained by Salati, ef al. (2014) and the alteration model introduced by Schumacher, (1996).

By having a better defined area, a fieldwork was conducted, with the main aim of collecting 127 samples
of soil and rock, using hand tools for removal; 59 were collected at Surface, 47 at 0.5 m and 21 at 1 m
depth, all over the CPF, inside and outside of the alteration areas (A, B and C), as shown in Figure 1. It is
remarkable that, during the fieldwork, there were observed significant concentrations of sulfur and gypsum
precipitations in surface, at areas close to the hydrocarbons seeps.

Ten spectral signatures were taken for each sample and then an average was carried out, generating a
spectral library for 127 samples. We employ a laboratory spectroradiometer ASD Inc., which has a spectral
range of 350-2500 [nm], a precision in wavelength of + 1 [nm], a sampling interval of 1.4 [nm] between 350
to 1000 [nm] and 2 [nm] between 1000 and 2500 [nm] with light and temperature conditions controlled in
the laboratory. An absorption peak around 2200 [nm] was shown by the laboratory spectral signatures in the
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samples that are within the alteration areas. This peak increases when the hydrocarbon seeps are approached
and it is associated with kaolinite, according to comparisons made against the USGS spectral library (Clark,
et al., 2007).

Geochemical analysis were performed on 20 samples (10 inside of the alteration halos and 10 outside);
particularly XRD and clays separations were used, following the methodology applied by Petrovic, et al.,
(2012). An arithmetic mean was used as pattern of comparison between both populations. The correlation
histogram for the kaolinite over other clays indicates that the samples belonging to the alteration halos have,
on average, 5.8% more clay. When the clays separation was performed, it was observed that, on average,
83% of the clay was kaolinite for the samples within the halo. In external samples, this switches to only
60%. The XRD of the samples near to the hydrocarbon seeps, could directly detect kaolinite, natrajarosita,
jarosite, illite and chlorite, all of them indicators of mineralogical alterations due to the presence
of hydrocarbons (Van Der Meer, De Jong, 2006). MS measures were performed on 127 samples with a
Bartington Susceptometer at room temperature. S-ratio (IRM -0.3T / IRM + 2T) measurements were also
performed using an ASC Scientific pulse magnetizer model IM-10-3. The magnetization was measured
through a spinning magnetometer MolspinLimited. Three maps were generated, for the analysis of the
MS and S-ratio results, one for surface samples, another for samples around 0.5 m and one for samples at 1
m depth, trying to better observe the spatial distribution of the results.
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Figure 1. Location of the study area and collected samples. The Longitude and Latitude are in UTM
WGS84 Z19N

MS results were not conclusive, because, in general, all samples have low susceptibility values, between
0 and 4 y [SI], resulting in a homogeneous distribution throughout the three alteration halos. Also it was
observed that the range of MS values increased with depth, which shows the effects of weathering on the
samples in sifu. In the S- ratio maps (see Figure 2), values between 0.55 and 0.75 are observed, within
the alteration halos near the hydrocarbon seepages. The low MS values and medium S-ratios obtained
suggest that the mineral alterations are not characterized by the presence of authigenic magnetite as the
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main magnetic mineral. Furthermore, it is clear the alignment of the hydrography, calculated from the
digital elevation model derived from the ASTER image (with 30 m of spatial resolution), with the low
values of S-ratio, mainly in surface samples maps and the 0.5 m depth maps, suggesting that the effects of
erosion are minimal at 1m depth.

14 profiles were extracted from the maps, over the samples acquired in the field, integrating the results
of bands ratios associated with kaolinite, dolomite, FE3' and clay from the multispectral satellite image
processing, considering in addition, the topography, the S-ratio and the MS measurements. In Figure 3a,
it can be observed the profile 2 location, traced on the samples derived from the drilling of approximately
Im deep, arranged from west to east. In Figure 3b, the closest points to the hydrocarbons seeps are marked
by the red vertical lines. It can be clearly observed the increase of FE3™, clay and kaolinite values, while
the values of dolomite decrease. The MS, generally, has a uniform behaviour (low values), the S-ratio is
represented by high values; also a lack of dependence with the topography can be observed at this depth
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Figure 2. S-ratio map for samples at Im depth. The Longitude and Latitude are in UTM WGS84 Z19N

Finally, 7 samples (Al4a, A6B, B15B, BS5, C13, C32B, and C35A) were selected, distributed in three
alteration halos, and their IRM curves obtained. These curves were analyzed with the DSA method (Aldana,
et al., 2011), trying to identify the main magnetic minerals and their relative concentration at the alterations
areas (see Figure 4). In the samples A6B, B5 and C35A, each belonging to each alteration halo (A, B and
C respectively), the analysis indicates, in average, a mixture of goethite (38%) and hematite (62% ); also the
presence of magnetite is observed in the B15, C13 and C32B samples in different relative concentrations.
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Figure 3. a) Location of Profile 2 on the samples at 1m depth, sorted by Longitude W-E. b) Results for the
Profile 2. Noting values FE3 ™, Dolomite, Clay, kaolinite, topography, S-ratio and Magnetic Susceptibility

Conclusions

The integration of the applied methodologies indicates the existence of, at least, three alteration areas,
probably due to the presence of hydrocarbons, in the prospective area of the CPA at the CPF of the
Western Falcon Basin, Venezuela. These alteration areas show a spatial alignment with the structure and
the hydrocarbon seepages observed in situ. The digital ASTER image processing, regardless of the low
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Figure 4. Results of the direct signal analysis (DSA) on 7 samples belonging to the
alteration halos

spatial resolution of the bands used (30m), detected and characterized the mineralogical anomalies due to
the increase of the relative concentrations of kaolinite, clay and FE3™; however, the dolomite decreases. All
these characteristic features of alterations associated with hydrocarbons were confirmed by the laboratory
spectroscopy, XRD and geochemical analysis. Through this integration it was possible to quantify the
increase of the relative concentrations of kaolinite and other minerals as natrajarosita, jarosite, chlorite
and illite in the samples within alteration halos, obtaining on average, a 5.8% more clays. For these altered
samples an 83% of the clay are conformed by kaolinite. However, for samples outside of the alteration areas,
the kaolinite represents only 60% of the total clay.

The magnetic characterization of the alteration areas indicates low values of the susceptibility and average
values of S-ratio, which suggest, that the alterations are associated, principally, to magnetic minerals
other than the magnetite. The DSA analysis of the IRM curves indicates a combination of different relative
concentrations of goethite and hematite associated with these alteration zones and probably due to the
presence of hydrocarbons. In some samples it is observed the presence of magnetite in lesser proportion.
These results may help to guide future oil exploration in the region, focusing resources in the alteration areas
found, defined and characterized in the oil prospective zone of CPA.
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