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1- Introduction

Due to the high depth of pressure and the weakness of the plates between the geological layers, hydrocarbons can
escape from subsurface reservoirs through fractures and faults. In their migration path, hydrocarbon seepages
affect other elements within the soil and cause alterations (Abrams, 2005). The relationship between surface
alteration caused by hydrocarbon seepage at the ground's surface and the subsurface hydrocarbon reservoirs has
been explored for many years. However, over the past few decades, it has been used successfully as a practical
tool to explore oil reserves and prioritize exploratory drilling in oil fields.

Since the formation of a reduction environment due to hydrocarbon seepage caused by reducing or acidic fluids
such as H,S and removing hematite and converting it to pyrite and magnetite, remote sensing can detect these
alterations. Fu et al. (2007) studied alterations of minerals due to hydrocarbon seepage using ASTER sensor data.
The results showed that the band ratio technique could detect the effects of bleached red beds and secondary
carbonate minerals due to hydrocarbon seepages (Fu et al., 2007). Salati, using ASTER and Hyperion data,
studied the alteration of carbonate minerals due to hydrocarbon leakage in the Dezful embayment and proposed
generalized models of spectral and geochemical alterations (Salati, 2015). In addition, magnetic anomalies above
the oil and gas fields have been considered for decades. Studies show that autogenic magnetic mineralization in
shallow sediments above hydrocarbon accumulation causes slight but detectable changes in magnetic field
profiles. The sediments with magnetic susceptibility contain anomalies involving ferromagnetic minerals such as
grigite, magnetite, magmatic and pyrrhotite. The hydrocarbons-regenerating environment can lead to the
deposition of various magnetic iron oxides and sulfides, including magnetite, maghemite, pyrrhotite, and grigite
(Ellwood, 1996).

Donovan reported magnetite in the Permian rocks overlying the Oklahoma Cement oil field and thought that the
migration of saline waters associated with hydrocarbons from the bottom caused hematite reduction and
magnetite formation (Donovan, 1974). Reynolds et al. (1990) re-tested the phenomenon of magnetite formation in
the Cement oil field and concluded that it was due to contamination from drilling. However, they confirmed the
ferrimagnetic pyrrhotite minerals in this area and stated that it was deposited due to hydrocarbon seepages
(Reynolds, 1990). Although autogenic magnetite was not present in the Cement field, its formation in many
hydrocarbon seepage sites was confirmed by EImore et al. (1987) and McCabe et al. (1987). The study results for
more than 2,700 exploration wells presented at the AAPG International Congress in Perth, Australia, showed that
82% of the wells drilled on prospects with positive geochemical anomalies were completed as commercial
explorations. In contrast, only 11% of the boreholes drilled on prospects without positive hydrocarbon
geochemical anomalies resulted in oil and gas exploration. Therefore, by combining seismic data with surface
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exploration methods, the success of drilling and exploration would be more than doubled and, in some cases, it
would resulted in a ten times increase (Schumacher, 1996).

2- Materials and methods

The present study aimed to process and interpret the geological, remote sensing, and surface geochemical
exploration data of the Moghan sedimentary basin and then compare these exploration data with possible
hydrocarbon-rich areas (anticlines). In remote sensing studies, band ratio methods, RGB colour composition and
principal component analysis were applied to ASTER and Landsat8 data to identify ferrous iron, carbonate
replacement by gypsum, and clay mineral alterations (Rangzan et al., 2021; Bonyadi et al., 2020). Also, surface
magnetic anomalies were identified by applying analytical signal analysis, first derivative and continuation filters
on ground magnetic data (Karimpour, 2012). Output alteration maps were matched with the control map of the
anticlines, and the control map was obtained from the combination of the anticline and faults. Output alteration
maps were first matched with the control map of the anticlines and then with the control map obtained from the
combination of the anticlines and faults. Finally, a combination layer of all alterations was matched with the
anticline's control map and the control map of both anticline and faults in the study area.

3-Results and discussion

The results of the alteration matching with the anticlines and faults of the region are shown in pie charts
separately for each alteration layer in Fig. 1. Pie charts of surface magnetic anomalies and alteration of carbonate
minerals, ferrous iron and clay minerals are shown in Fig 1. As shown in all charts, the percentage of positive
anomalies in the anticline area relative to total area anomalies is higher than in the anticline area in the study area,
indicating a high concentration of positive anomalies in the anticline area. Also, the same results simultaneously
show a high concentration of positive anomalies in the anticline and fault area (Fig. 2).

The results extracted from these pie charts are presented as concentration rates in Tables 1 and 2. Concerning the
efficiency coefficients in Table 1, carbonate (3.33) and illite minerals (2.76) alterations are the most, and ferrous
iron minerals (1.39) alteration and surface magnetic anomalies (2.29) are the minor alterations observed upon the
anticlines at the surface. Comparing Tables 1 and 2 shows the improvement and increase in the efficiency
coefficient of different alterations in Table 2 than in Table 1. It indicates that if the faults are also used in
adaptation, the results will be better than before, which may be due to the positive effect of the regional faults in
directing hydrocarbon leakages to the surface.

Table 1. Concentration rates of alterations and magnetic anomalies within the anticline and outside the anticline
range.

. . Concentration of anomalies .
Concentration of anomalies : Efficiency
Type of anomaly - outside the range of .
upon anticlines L coefficient
anticlines
Ferrous |ron_m|nerals 191 0.92 131
alteration
Carbonate r_nlnerals 203 0.67 303
alteration
Illite minerals alteration 1.93 0.70 2.76
Montmorlllom_te minerals 151 083 182
alteration
Kaolinite rr_unerals 150 0.83 181
alteration
Surface ma_gnetlc 193 0.92 134
anomalies
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Fig. 1. Pie charts showing the percentage of Fig. 2. Pie charts showing _the percentage of
hydrocarbon seepage anomalies at the top of hydrocarbon seepage anomalies at the top of
anticlines and areas without anticlines for anticlines and faults and areas without anticlines

various anomalies and alterations. and faults for various anomalies and alterations.

Table 2. Concentration rates of alterations and magnetic anomalies within the range of anticlines and faults and
outside the range of anticlines and faults.

. . Concentration of anomalies .
Concentration of anomalies . Efficiency
Type of anomaly o outside the range of g
upon anticlines and faults - coefficient
anticlines and faults
Ferrous |ron_m|nerals 1.20 0.86 139
alteration
Carbonate r_nmerals 182 0.42 433
alteration
Illite minerals alteration 1.70 0.51 3.33
Montmorlllonl_te minerals 1.60 0.57 281
alteration
Kaolinite n_1|nerals 161 0.57 582
alteration
Surface magnetic 1.97 0.86 2.29
anomalies

According to the pie chart (Fig. 3a), 35% of the anomalies are concentrated upon the anticlines, and 65% of the
anomalies are concentrated in the rest of the study area, outside the range of anticlines. So calculating the
concentration and efficiency coefficients in Table 3 show that alterations upon the anticlines are twice as many as
in other areas. Similar results were obtained by matching a combination layer of all alterations with the anticline

and faults control layer (Fig. 3b and Table 3).
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Fig. 3. Pie charts showing the percentage of all alterations due to hydrocarbon seepage (derived from the
anomaly layer) above the anticlines and faults and areas without anticlines and faults.

Table 3. Concentration rates of all anomaly layers within the range of anticlines and faults and outside the
range of anticlines and faults.

Integrated layer derived from all alterations Anomaly type
The concentration of anomalies outside the range
.- 0.86
of the anticlines
The concentration of anomalies upon anticlines 1.42
The efficiency coefficient of the anomalies upon
L 1.65
the anticline
The concentration of anomalies outside the range
- 0.81
of anticlines and faults
The concentration of anomalies upon anticlines
1.37
and faults
The efficiency coefficient of the anomalies upon
s 1.69
the anticlines and faults

4- Conclusions

The following results were obtained from the present research:

Geochemical methods used to identify alteration patterns in Moghan plain while saving time, cost and
investigating a more comprehensive range than conventional geophysical methods show high confidence in costly
exploratory drilling.

The dispersion of carbonates replacement by gypsum, clay minerals, ferrous iron alterations and surface magnetic
anomalies showed a good agreement with the position of the anticlines and faults, indicating that these alterations
have a common origin and because of their adaptation and overlapping upon the anticlines and faults of the area,
they are likely due to leakage of hydrocarbons from underground to the surface.

The percentage of positive anomalies upon the anticlines relative to total anomalies is higher than the percentage
of anticlines and faults in the study area, which indicates a high concentration of positive anomalies in the area of

anticlines and faults.
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The highest increase in efficiency coefficient for anomalies outside the range of anticlines was due to the
alteration of carbonate minerals by 3.03, 9 times higher than its initial state, and the lowest increase in efficiency
coefficient was 1.31 for ferrous minerals alteration, which has changed only about two times as much as it was.
Using the faults in the adaptation, the efficiency coefficient of carbonate minerals alteration became 20 times
higher than its initial state, and the efficiency coefficient of ferrous minerals alteration was only two times higher
than their initial state. The use of faults made not a significant difference in its efficiency coefficient.

By comparing the efficiency coefficients for the anomalies upon the anticlines and faults relative to the anomalies
outside the range of the anticlines and faults, it was found that carbonate and illite minerals are the most
prominent alterations due to hydrocarbon leakages in the area. In contrast, surface magnetic anomalies and ferric
iron minerals are minor alterations due to hydrocarbons in the Moghan plain.

Due to the accumulation and distribution of alteration minerals in the central and southern parts of the following
results were obtained from the present research:

Geochemical methods used to identify alteration patterns in Moghan plain while saving time and cost and
investigating a more comprehensive range than conventional geophysical methods show high confidence in costly
exploratory drilling.

The dispersion of carbonates replacement by gypsum, clay minerals, ferrous iron alterations and surface magnetic
anomalies showed a good agreement with the position of the anticlines and faults, indicating that these alterations
have a common origin. Because of their adaptation and overlapping upon the anticlines and faults of the area,
they are likely due to leakage of hydrocarbons from underground to the surface.

The percentage of positive anomalies upon the anticlines relative to total anomalies is higher than the percentage
of anticlines and faults in the study area, which indicates a high concentration of positive anomalies in the area of
anticlines and faults.

The highest increase in efficiency coefficient for anomalies outside the range of anticlines was due to the
alteration of carbonate minerals by 3.03, 9 times higher than its initial state, and the lowest increase in efficiency
coefficient was 1.31 for ferrous minerals alteration, which has changed only about two times as much as it was.
Using the faults in the adaptation, the efficiency coefficient of carbonate minerals alteration became 20 times
higher than its initial state, and the efficiency coefficient of ferrous minerals alteration was only two times higher
than their initial state. The use of faults made not a significant difference in its efficiency coefficient.

By comparing the efficiency coefficients for the anomalies upon the anticlines and faults relative to the anomalies
outside the range of the anticlines and faults, it was found that carbonate and illite minerals are the most
prominent alterations due to hydrocarbon leakages in the area. In contrast, surface magnetic anomalies and ferric
iron minerals are minor alterations due to hydrocarbons in the Moghan plain.

Due to the accumulation and distribution of alteration minerals in the central and southern parts of the Moghan
plain, the Zivar Formation can be suggested for further hydrocarbon exploration. In general, the findings of this
paper indicate that locating geochemical and geophysical anomalies due to hydrocarbon leakage to the surface
can be a considerable help in identifying the location of hydrocarbon potential of reservoirs in oilfields. However,
it should be noted that not observing these anomalies on other anticlines in the region does not mean that the
hydrocarbon potential of those anticlines is negative. The Moghan plain and the Zivar Formation can be
suggested for further hydrocarbon exploration. In general, the findings of this paper indicate that locating
geochemical and geophysical anomalies due to hydrocarbon leakage to the surface can be a considerable help in
identifying the location of hydrocarbon potential of reservoirs in oilfields. However, it should be noted that not
observing these anomalies on other anticlines in the region does not mean that the hydrocarbon potential of those
anticlines is negative.
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Geological layers

Pm, Gypsiferous marl, Wwif and silt
=3 1. sity shale, sandstone and agglomerate
, silty shale with thin beds of limestone and tuffaceous sandstone

3. slit, silyclay, marl and tuffaceous sandstone

Il =-. Ateration of tuffaccous sandstone, elay, silt and sandy tuff
Eb3. Pyroxene basaltic lava

b4, Basall

Ev1, basattic lava

7 Ev2, Basaltic rocks

EWI K1u. Reefal and marly limestone

I kshu. Greenish grey shale and sandstone
I «vu, Spilitic diabase and basalt

I M1, Alteration of marl and siltyclay with interbeds of sandstene and dolomitic limestons
EHEL M2, Alteration of siltyclay with sandstone and thin interbeds of dolomitic limestone
P

7777 M3, Varicolored, Gypsiferous, siltyclay and sandstone with conglomerate layers

M4, Siltyclay, sand stone with Conglomerate

M5, Conglomerate, sand stone and siltystone

“ at2. Young terraces and fans

MU, Variably coloured clay, siltyclay, sandstone and sand
OMc1. Grey conglomerate and plant-bearing sandstone

OMc2. Conglomerate with interbeds of sandstane
7 OMz1, Alteration of Varicolored silt, clay shale with thin beds of sandstone and shale
i ©Mz2, Varicolored sillstone with thin beds of sandstone
©OMz3, Massive tuffaccous sandston with interbeds of shale
©hiz4, Alteration of sandstone with silt and clay
7] oMz5, Alteration of plant-bearing sandstone, siltstone and clay
Mzs, Thick bedded tuffaccous sandston
Os, Alteration of silt, clay marl and tuffaceous sandstone
P1Qap, Alteration of siltyclay, gravel, sand and volcanic ash ( APSHERON Frm.)
P1ag, Canglomerate, silt, sandstone, and volcanic ash { AKCHAGYL Fm.)
Pc, Grey conglomerate
7| Qat. Recent alluvium
#ZZ] aba, Siltyclay and sandy Wit with fresh water limestone (BAKU Fm.)
| ©1 ] qe, conglomerate and clay
[T at1, oid terraces, mainly siltyclay
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Fig. 3. Geological map of study area, Moghan plain, with scale of 1.250000.
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Fig. 5. False color combination of relative absorption Fig. 4. False color combination of 6.2, 6.7, 6.5 4 4.5,
band (RBD) and band ratios: b4 / (b6 + b9) plotted with Landsat 8 band ratios in 5 study areas, Moghan plain.
red color indicates gypsum rock, b7 / (b9 + b8) plotted Red color indicates opaque minerals, green indicates
with green indicates calcite and b5 / (b7 + b6) plotted hydroxyls, and blue indicates ferrous iron.
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ASTER Landsat 8
Band ratios Minerals Band ratios Minerals
(7+9)/8 Calcite 5/6 Ferric oxide
Ferrous iron (Fes4) (For example; magnetite
(5+7)I6 Clays 4/2 ] ] -
and pyrite) with carobonates and silicates
4/(6+9) Gypsum (4/5)*(6/5) minerals Opaque
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Fig. 8. Alteration map of carbonate minerals
(carbonate replacement gypsum) have been plotted
with purple color on ASTER mosaiced images of true
color combination RGB: 1 2 3 of the study areas,
Moghan plain.
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Fig. 19. Pie charts showing the percentage of
hydrocarbon seepage anomalies at the top of

anticlines and faults and areas without anticlines and
faults for various anomalies and alterations.

FAT

9 Gl sbatd (olod b b pmadl (59, cote slags e o
slagluag o515 E5 5 Col (295 Bl Ghls adhie Sl S
J el beslmag o515 5 5 il bapmadl 59, cue
slp @ core GRlE PG il b adl sdg0ome
DB slaglria g 4 S lpwadl e3gao (59, slagsluae
e 4 6loS Gla gl (SleSe 4 Blite damaBl eoguze |
Gl GapieS il adsl b 4y Camd iy & m YT
B osp ol sla gl Gl Ss 4 WY Jlide b oS oyl
Gl 00505 psd adgl Sl @ Gl plp ¥ odgas g aS ole
sl glo S o eaes colil 5 @l S b S5 Sl S plpl
ool Gla s Glu)So g o) o 50 o madl (55, eadosalis

xle ol S g bl slags bt 5 o5 %

i 1o o 5 1o 35 b o il 55 5l
o 5 ol b o il Ss 3l ool §l o> il

Y o glp alle jgba 5 lopb slologel ©)gon aihie
b loged colod ;o el oad ool ioles V4 g VA UKo jo Sledlbl
Fa s pwall oogazme (53, Cote slag)lrin o o)
dibie )0 Lo 5 byl arlics 0o o ) dibaie slags loxin o

Perecentage of area of
anticlines b
in the study area

25%
Perecentage of areas

without anticlines M
in the study area

Carbonate minerals
alteration

errous iron minarals
F I

alteration
30%

51%

Tlite minerals
alteration

Kaolinite minerals
alteration

48%

Montmorillonite minerals
alteration

Surface magnetic
anomalies

Percentage of anomalies upon the range of anticlines relative to total anomalies in the study area

W Percentage of anomalies outside the range of anticlines relative to total anomalies in the study area

3ol o bus o jpax> sy aS Glopls slajloges -VA S
1y a8l a3l Bblie g o uwadl YL ;0 1) layeSTg 0um Sagl s
s e lis alitee glo Sl 5 g bag v o
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hydrocarbon seepage anomalies at the top of
anticlines and areas without anticlines for various
anomalies and alterations.
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Table 2. Concentration rates of alterations and magnetic anomalies within the anticline and outside the anticline

range
Tvpe of anomal Concentration of anomalies Concentration of anomalies | Efficiency
yp y upon anticlines outside the range of anticlines | coefficient
Ferrous |ron_m|narals 121 0.92 1.31
alteration
Carbonate mlnerals 203 0.67 3.03
alteration
Ilite minerals alteration 1.93 0.70 2.76
Montmorlllonl_te minerals 151 0.83 1.82
alteration
Kaolinite n_nnerals 150 0.83 1.81
alteration
Surface ma_gnetlc 1.23 0.92 1.34
anomalies
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Table 3. Concentration rates of alterations and magnetic anomalies within the range of anticlines and faults and

outside the range of anticlines and faults.

. . Concentration of anomalies .
Concentration of anomalies : - Efficiency
Type of anomaly L outside the range of anticlines g
upon anticlines and faults coefficient
and faults
Ferrous |ron_m|narals 1.20 0.86 139
alteration
Carbonate r_nlnerals 182 0.42 433
alteration
Ilite minerals alteration 1.70 0.51 3.33
Montmorlllonl_te minerals 160 057 281
alteration
Kaolinite n_unerals 161 057 282
alteration
Surface magnetic 1.97 0.86 2.29
anomalies
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Fig. 20. Pie charts showing the percentage of all alterations due to hydrocarbon seepage (derived from the anomaly
layer) above the anticlines and faults and areas without anticlines and faults.
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Table 4. Concentration rates of all anomaly layers within the range of anticlines and faults and outside the range of

anticlines and faults.

Integrated layer derived from all alterations Anomaly type
The concentration of anomalies outside the range of the anticlines 0.86
The concentration of anomalies upon anticlines 1.42
The efficiency coefficient of the anomalies upon the anticline 1.65
The concentration of anomalies outside the range of anticlines and faults 0.81
The concentration of anomalies upon anticlines and faults 1.37
The efficiency coefficient of the anomalies upon the anticlines and faults 1.69
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