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The use of the geophysical method in mining prospecting has been studied in the Asdaf region (South-East of

Morocco). The objective of the study is to examine the aptitude of the electrical technique, in this case induced polar-

ization (IP) and electric tomography, combined with the electromagnetic method (VLF), in the exploration of barite . The

result obtained by the pseudo-sections of electrical tomography and that of KH filtration highlighted anomalies of resistant

contact (greater than 400Ω.m) and of high charge chargeability (5mV / V). These contacts are hosted in less resistant

Devonian age shale and sandstone. The resistivity response obtained at their level is characteristic of the venous structures

associated with barite mineralization. The direction of the mineralized veins is parallel to the direction of the fractured

zones (NE-SW), which indicates that the mineralization in place is due to the tectonic movements of the Hercynian orog-

eny (from Devonian to Permian). These veins are aligned with the locations of abandoned mine shafts and with surface

mining areas. Geophysical technique therefore seems to play a key role in barite mining exploration.

Key words : electrical method, electromagnetic method, Eastern Anti Atlas, Paleozoic, resistant anomaly, mineralized

veins, barite

1. Introduction 

The region of Asdaf is located southwest of the

town of Tinejdad in the extreme north of the Ougnat

massif. The region is a depression, characterized

as a whole by the outcrop of Quaternary formations

that cover the Silurian and Devonian formations.

The measurement procedure consists of the

introduction of an electrical tomography whose

purpose is to highlight an image of the subsoil

according to sections of electrical resistivity. In order

to confirm the location of the different contacts

encountered, we also provided measurements in

induced polarization (IP). The depth of the soil

prospected by the measurement profiles is about

57 m approximately, in order to confirm the passage

of the mineralized zones, we realized electric

trainings, and electromagnetic profiles, which will

be used for the realization of the maps at the level

of the prospected area. Resistivity and chargeability

are well-known geophysical methods, and are

traditionally applied to mineral exploration (Dakir

et al. 2019; Djroh S.P. 2014; Florsch N. et al.

2017) and in environmental studies, is often used
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to delineate contaminant plumes and geological

boundaries (Elis V. R. et al. 2016; Aristodemou and

Thomas-Betts 2000; Baines et al. 2002; Bernstone

et al. 2000; Blondel 2014). The VLF-EM method

is widely used for the detection of buried conductive

targets, including Ait Bahammou et al. (2019)

aquifer faults systems. This method is applied in

the Mining Prospective (Fisher 1983) and (Usman,

A.O 2014).

2. Geological Context 

The study area is part of the Eastern Anti-Atlas

which is limited to the East by Hamada of Guir, to

the South by that of Kem-Kem, to the West by the

basin of Tazzarine and to the North by Cretaceous

and Tertiary basins of Errachidia Boudenib and

Ouarzazate. The axis of this chain is occupied by

lands of Saghro and Ougnat.

The study area is a depression formed mainly by

Quaternary soils, this zone is limited to the north

by the outcrop of Carboniferous formations (Jbel

Asdaf) and by the Ordovician formations to the

South (Fig. 1).

The structure of this region was made during the

early Paleozoic and then during the Hercynian

cycle. It constitutes the foreland of the Hercynian

chain. Thus, the formations of the study area are

affected by a set of faults (Fig. 2) of direction

generally EW to NE-SW inherited periods of rifting

Fig. 1. Geological map of the study area (Dainelli P. et al., 2007).

Fig. 2. The structural map of the Eastern Anti-Atlas (Charles Robert-Charrue 2006).
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(Cambro-Ordovician, Devonian middle-upper) and

which were reactivated in inversion during the

Hercynian Orogeny. The corresponding reefs in

recess or in reverse fault are at the origin of the

generally open folds that one meets in the Paleozoic

cover of the massif (Baidder et al., 2011).

3. Methodology

3.1. Electrical Method

The electrical method is based on the injection

of a direct current into the ground and the measure-

ment of the electrical potential generated between

two receptor electrodes located on the surface. To

characterize the structure of the subsoil, it is

necessary to measure the electrical resistivity and

chargeability. The device used is Winner’s (Fig. 3).

The electrical resistivity and the chargeability

are calculated by the two formulas (1.1) and (2):

(1.1)

With K is the geoelectric coefficient that depends

on device used

(1.2)

(2)

3.2. Electromagnetic Method 

The electromagnetic method makes it possible

to measure the conductivity of the medium by the

use of electromagnetic fields. Direct contact with

the soil is not necessary: this method is quick to

implement and can cover large areas (McNeill 1980).

The very low frequency electromagnetic method

(VLF-EM) is based on the use of radio waves

between 15 and 30 kHz (Müller et al., 1984). The

primary magnetic field Hp emitted by the VLF

stations can be captured by the VLF instruments

(Fig. 4). When a conductive element is traversed

by an electromagnetic field Hp, an induced current

(eddy current) passes through it and produces a

secondary magnetic field Hs phase-shifted with

Hp, oriented in any direction (McNeill and Labson,

1991). The two components are calculated by the

two equations (Saydam 1981).

(3)

(4)

In order to have effective electromagnetic measure-

ments, we used two filters using KHFFILT software:

The Karous and Hjelt (KH) filter that applies to

the real component. This filter makes it possible to

establish apparent current density cross-sections

showing the driver’s response at depth (Karous

and Hjelt 1983). Qualitatively, it is possible to

distinguish the conductive anomalies from the

resistances by using a cross-section of the apparent

current density (Karous et al. 1977), where a high

positive value corresponds to a conductive structure

and low negative values corresponds to a resistant

structure (Benson et al. 1997; Sharma and Baranwal,

2005).

The Fraser filter has also been applied to the real

component and presented as a contour map. As a
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result, the real filtered component will always have

a positive peak above an anomaly zone (Fraser1969).

4. Results and Discussion 

To achieve the objective of highlighting the

different heterogeneities of the soil prospected and

to determine the location of the mineralized veins

(barite), we realized 2 profiles of electrical tomogra-

phy (induced polarization and electrical resistivity),

4 horizontal electrical profiles and 10 electromagnetic

lines, which are located on the map of (Fig. 5).

4.1. Electrical prospecting

The profiles are made over a length of 320 m

and are oriented slightly in a NW-SE direction.

The results of the study are presented in the form

of inverse models of electrical pseudo-sections (2-

D). These resistivity models generally have mean

square errors (RMS) varying from 0.1 to 2%,

which reflects the degree of adjustment between

the calculated data and those obtained in the field,

and subsequently improves the use of these models

to analyze and interpret them later. The models

representing the abnormally high resistivity and

Fig. 4. Principle of low frequency and near field electromagnetic methods (Chouteau M. and Giroux B. 2008).

Fig. 5. location of the geophysical profiles made on the map extracted by Google Earth.
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chargeability contacts were distinguished from the

rest of the zones investigated. Their resistivity

varies from 300 to more than 500 Ωm. Figure 6

represents the typical inverse model of these

identified anomalies. In fact, two large resistant

anomalies in symmetrical mound form (> 500 Ωm)

were located to the northwest and southeast of the

pseudo-section. These two resistant anomalies are

Fig. 6. Model 1 in pseudo-correlative sections of chargeability results a) and those of apparent resistivity b).

Fig. 7. Model 2 in pseudo-correlative sections of chargeability results a) and those of apparent resistivity b).
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located at distances of 80 and 240 m respectively

from the start of the profile, with a depth of 30 to

32 m and an average thickness of around 3 m. The

base of the structure extends beyond 34 m, which

probably suggests the continuity of the mineralization

at depth. These resistant contrasts present gradual

variations in the color scale linked to a zonation

probably distinct from the mineral content. This

response reflects the presence of a vein-like structure

to which the mineralized barite veins have been

assigned. Figure 7 shows the presence of a resistant

contact anomaly (500 Ωm), of chargeability greater

than 5mv / v, located in the middle of the profile,

it probably corresponds to the passage of another

possible mineralized vein.

The map of Fig. 8 reveals the presence of two

faults located in the northern part of the east map

and having a general direction NE-SW, and suggests

the presence of three deferent zones: The first one

appeared resistant is situated in the NNW part of

the map, this zone is characterized by important

values of the resistivity around 350 Ohm-m, these

values are attributed to the outcrop of the sandstones

and the passage of the veins in barite. The second

zone is located in the middle of the map, the values

of the resistivity vary between 100 and 200 Ohm-m,

these values are explained by the establishment of

quaternary alluvium which becomes thicker towards

the SE part of the map. And the third zone with

low resistivity located in the SSE part of the map,

with a value of less than 100 Ohm-m due to the

thickening of quaternary alluvial formations and

the presence of a water accumulation zone.

Fig. 8. Apparent resistivity map at the Asdaf area.



Contribution of Geophysics to the Study of Barite Mineralization in the Paleozoic ... 265

4.2. VLF Data Filtering and Qualitative

Interpretation

The pseudo sections of Fig. 9a and Fig. 9b show

that the terrain appeared very homogeneous and

slightly resistant, the current density value is varied

between -10 and 10. The appearance of the pseudo-

section Fig. 9c suggests significant variations, in

the middle at a distance of 300m the ground appeared

resistant (below -10) this zone is continuous at

depth up to 60m at the end of profile, at a distance

Fig. 9. Apparent Current density cross section plots of real component data against distance, from all VLF line.
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of 450m a conductive zone is encountered due to

the passage of a fractured zone. For the profile of

Fig. 9d which appeared heterogeneous shows the

presence of a zone of fracture anomaly at the

beginning of profile at a distance of 10m this

fracturing is limited in surface. The pseudo section

Fig. 9e highlights 3 conductive anomalies the first

is spotted at a distance of 100 meters this anomaly

is becoming more important at depth (60m), the

second anomaly is located deep at a distance of

300m from the beginning of the profile and the last

conductive zone is located on the surface. For

Fig. 9f and Fig. 9g, the profiles show significant

variations in apparent current density, the ground

is marked by 4 conductive zones (greater than 40)

which are successively located at 50m, 150m, 250m,

and 400m, these zones are probably attributed to

the passage of fractures, this profile also suggests

resistant zones located in the middle of the profile

which will be attributed either to the barite vein or

to sandstone formations of Devonian and Silurian

age. For the profile of the Fig. 9h appears hetero-

geneous, the shape of this profile will allow us to

identify 4 zones of conductive anomalies that are

located successively at a distance of 100m, 200m

350m and 500m these anomalies are observed on

the surface. With regard to the pseudo-section of

the (Fig. 9i) it signs the presence of 5 zones of con-

ductive anomalies which are marked successively

at a distance of 75m, 125m, 300m, 350m and 400,

these values   are always attributed to the passage

accumulations of alluvial formations. For the last

profile of Fig. 9j, the latter shows a strong hetero-

geneity, the values   of the apparent current density

are negative and positive, for the negative resistance

encountered at the beginning and in the middle of

the profile is really related signal of the sandstone

formations and the passage of a mineralized zone,

then for the positive anomalies they are attributed

to the passage of the fracturing. Finally, after

appreciating the qualitative interpretations of the

pseudo-sections obtained in the Asdaf zone, the

latter allowed the resistant zones attributed to the

passage of the baryte veins and the conductive

zones that are attributed to the passage of the zones

to be well located. fractured.

The structural analysis of geophysical anomalies

allowed us to identify a set of faults crossing the study

Fig. 10. Fraser filtered contour map of real component from 10 VLF lines.
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area. The stereographic processing of geometrical

properties of these structures has highlighted two

major fault families; NE-SW (N30-50) and ENE-

WSW (N60-90), in addition to some N-S direction

of fractures and ESE-WNW (Figure 11a), their dip

is vertical to sub-vertical (Figure11b) .The majority

of mineralized veins identified by geophysics,

whose dip is also almost vertical (Figure 12b) have

an EW orientation along the fault planes. The

other veins are slightly NE-SW and ESE-WNW

oriented. This trend is confirmed by the stereographic

projection of all the alignments of the resistant

geophysical anomalies (Figure 12a).

Mineralization occurred and developed at the level

of deep faults under the effect of hydrothermal

movements in relation to the Hercynian orogeny.

The relatively conductive areas located in their

vicinity are attributed to the presence of superficial

secondary fractures occupied by conductive alte-

rations.

5. Conclusion

The combination of electrical methods and the

VLF electromagnetic method has proven to be

more effective and more suitable for characterizing

the importance and the placement of mineralized

veins in relation to the structural system in the

Asdaf region. 

The geophysical study highlighted the presence

of resistant (300 to 500 Ω.m) and loadable (greater

than 8mV / V) electrical anomalies, the average

Fig. 12. A. Directional rosette of the veins. B. Associated stereogram.

Fig. 11. A. Directional rosette of faults. B. Associated stereogram.
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depth of which can reach up to 30 m. The anomalies

identified are attributed to the barite mineralized

veins whose alignment is oriented in direction E-

W to NE-SW parallel to the faults that affected the

anti-Oriental Atlas. Their development depends on

the degree of alteration of the structures in place.

The deep filling of these barite faults occurred by

the circulation of hydrothermal fluids during the

Hercynian orogeny and after the host formations.

These veins are aligned according to the locations

of the mining shafts which are either abandoned or

still in operation and exploited by artisanal open-

cast miners. This therefore confirms the importance

that the technique can play in orienting and improving

the cost of barite exploration and extraction.
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