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Abstract 
The Hercynian massif of the central Jebilet (Morocco) is characterized by the 
outcrop of many gossans with great economic importance. This work focuses 
on interpreting gravity data of Benslimane gossan, located about thirty kilo-
metres to the North-West of Marrakech. The residual gravity map of the 
study area highlights several anomalies which coincide with the mining and 
geological contexts. Applying edge detection methods, for example, tilt angle 
derivative (TDR), the total horizontal derivative of the tilt angle derivative 
(HDR_TDR) and the 3D Euler deconvolution, allowed us to estimate the 
depth of the Benslimane deposit. As a result, the average depth of the ore de-
posit was estimated to exceed 200 m. The results are promising, and the 
processing methods must be applied to the other gossan in the Jebilet massif 
for further exploration studies. 
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1. Introduction 

The Hercynian massif of Jebilet is known for its potential mining, attested by the 
many metalliferous deposits with great economic importance (Draa Sfar, Ketta-
ra, Koudiat Aïcha, etc.) (Figure 1(b)). These deposits have been the subject of 
many academic studies and various types of work mining exploration [1] [2]. 
The gossans, present in abundance at the Paleozoic massif, cover most of these 
deposits and constitute excellent guides for mining exploration. This type of de-
posit is sought to meet the needs of local industry for sulfuric acid necessary for 
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transforming phosphates and producing base metal ores (Zn, Cu, Pb).  
Geophysics applied to mineral exploration uses principles and physical me-

thods for discovering mineral deposits. Potential field methods (gravity, mag-
netic, electromagnetic) are advantageous for revealing characteristics of multi-
source mineralization-related anomalies that can be further used for defining 
mineral exploration criteria, which could be represented quantitatively in either 
spatial domain or frequency domain. Therefore, data of potential field, typically 
in the form of sparse datasets integrated with geological datasets and other geos-
cience datasets, are widely applied to either 2D or 3D modelling for mineral ex-
ploration targeting. [3] analyzed the regional gravity data to locate metallic ore 
deposits (Burkina Fasso). [4] used large-scale gravity data to delineate iron mi-
neralization (Rajasthan province, India). [5] used gravity data to locate Edge po-
sition and estimate depth for mineral exploration (Turkey). 

 

 
Figure 1. Regional (a) and local (b) geological map of the study area. 
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[6] applied gravity data to get a comprehensive geological and metallogenic 
model of Sn-(W) ore deposits (Central Iberian Zone, Spain). In mineral explora-
tion, the gravity method is still widely used to identify geological context and 
major structures [7] [8] [9] [10] [11]. 

This study concerns the gossan of Benslimane. The Benslimane gossan is a 
sulfide deposit of Zn-Cu-Pb located at the south-eastern extension of the Kettara 
deposit [11]. This gossan constitutes with the Kettara in the North-East and 
Kerkoz in the South, one of the main lineaments of sulfide deposits of the central 
Jebilet massif (Figure 1(b)).  

In this study, we interpret gravity data combined with surrounding geological 
information to estimate the depth of the Benslimane deposit. In this goal, the 
gravity data are analyzed with a qualitative approach using Bouguer anomaly, 
Tilt derivative, Total horizontal derivative of tilt derivative and 3D Euler decon-
volution methods. 

2. Geological Setting 

The Hercynian massif of Jebilet is part of the western Moroccan Meseta (Figure 
1(a)); it extends towards E-W, north of the city of Marrakech. Three major units 
constitute this massif: western, central and eastern, given the nature of the ter-
rain and the style of the Hercynian tectonics that affects it [12]. The Benslimane 
gossan site, which is the subject of this study, belongs to the central Jebilet unit, 
formed mainly of a volcano-sedimentary series comprising intrusive magmatic 
bodies (gabbro, granite, etc.) in metapelites called “Sarhlef shist” whose age is 
reported to the Upper Visean-Namurian [13] (Figure 1(b)). The Benslimane 
appeared as a series of lenticular gossan in a few kilometres long.  

From a structural point of view, the carboniferous formations that forme the 
Sarhlef serie of Central Jebilet have undergone intense Hercynian deformation. 
They were first affected by a major phase of synschistous folding in a sub meri-
dian direction (N0 to N30), accompanied by a schistosity subparallel to the stra-
tification associated with epizonal metamorphism [2]. Then, during a second 
phase, the central Jebilet were the seat of shears sub-parallel to the schistosity flow, 
they taken up by a folding associated with a crenulation schistosity. The third and 
last phase is characterized by conjugated dextral and sinistral strike-slip faults 
oriented towards N70E and N135E [12].  

In mining context, the sulfide deposits are mainly polymetallic orebodies 
dominated by pyrrhotine and intimately linked to rhyolitic volcanism [2]. These 
mineralizations are consistent with the stratification of the host rocks and are 
often associated with underlying stockwork zones. These are volcano-sedimentary 
type mineralizations which are relatively distal to the volcanic manifestations 
contemporary with their formation [13]. At the outcrop, the sulfide mineraliza-
tion is strongly oxidized and altered into limonitic products, which form gos-
sans. The central Jebilet massif is characterized by three principal gossans linea-
ments (Figure 1(b)): 
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● the Koudiat Aïcha-Laachach-Bouhane lineament; 
● the Kerkoz-Benslimane-Kettara lineament; 
● the Draa Sfar-Nzalet El Harmel lineament. 

These gossans are organized in the form of sub-meridian lineaments parallel 
to the Hercynian structures [13]. 

3. Materiel and Methods 
3.1. Data 

Gravity data used in this study have been obtained from the Moroccan Ministry 
of Mines and Energy [1]. They were acquired from April 11 to May 2, 1988. The 
measure stations were uniformly distributed over the study area. Data were col-
lected using a Lacoste & Romberg gravimeter that allowed a resolution of 0.01 
mGals. The gravity database contains a total of 1800 measurements. Gravity data 
were processed using a reduction density of 2.67 g/cm3. The gravity data used in 
this study is obtained by digitalizing the Bouguer anomaly map [1]. The data are 
processed using Geosoft oasis montaj [14]. 

3.2. Methodology 

● Filtering technique 
Different techniques can be used to filtrate the regional component from the 

residual component. The Fast Fourier Transform (FFT) was applied on the grav-
ity data for calculating the energy spectrum curves and examining the residual 
(shallow) and regional (deep) sources [15]. The method is based on the distribu-
tion of the frequency generated by high contrasts of density of the shallow and 
deep bodies. This filter is based on the cut-off frequencies that pass or reject cer-
tain frequency values and pass or reject a definite frequency band. The cut-off 
wavelength used to generate the residual gravity map is 500 m. 
● Tilt angle derivative (TDR)  

The tilt derivative (TDR) filter was introduced by [16] [17]. This filter is de-
fined as: 

1 FVDTDR tan
THDR

θ −  = =  
 

                     (1) 

where THDR is the total horizontal and derivative FVD is the vertical derivative.  
The variation of the tilt derivative amplitudes ranges between −π/2 and π/2 

(radian) [18]. An estimation of the depth of the source can be deduced from the 
contours of the TDR map. The zero-contour value produced by the tilt deriva-
tive (TDR) delineates closely the edges of structures [16]. The distance between 
the 0 to the 45 contours of the tilt angle is equal to the depth of the top of the li-
neament or the half distance between −45 and 45 [18] [19]. 
● The total horizontal derivative of the tilt angle 

The total horizontal derivative of the tilt angle produces accurate-defined 
maxima centered over the source’s edges [17]. Total horizontal derivative of the 
tilt angle (THDR_TDR) provides estimation of the depth to the top of the body 
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source [20]. Total horizontal derivative of the tilt angle (THDR_TDR) amplitude 
is equal to the inverse of the depth to the top of source.  

THDR_TDR is the square root of the sum of the square’s TDR in the x and y 
directions. 

22TDR TDRTHDR of TDR
x y

 ∂ ∂ = +   ∂ ∂   
               (2) 

● 3D-Euler deconvolution (ED) 
The Euler deconvolution is a method based on the automatic localization and 

depth estimation of potential field sources field data [21] [22]. Euler deconvolu-
tion equation can be written as follow: 

( ) ( ) ( ) ( )0 0 0 SIf f fx x y y z z B f
x y z
∂ ∂ ∂

− + − + − = −
∂ ∂ ∂

           (3) 

where B is the regional field, f is the observed field at (x, y, z) location, and SI is 
the structural index [22]. The structural index (SI) characterizes the type of 
source and the rate of variation of the field amplitude with distance from the 
source. The base of this method is founded on solving the above equation, which 
has four unknowns: x0, y0, z0, which represent the source position, and B.  

The Euler equation’s calculating process is based on window size, structural 
index and the grid spacing. In the current work, a grid spacing of 250 m × 250 
m, a window size of 10 × 10 and a structural index of SI = 1 were adopted. 

4. Results and Discussion 

The gravity data’s radially averaged power spectrum curve of the study area dis-
plays the regional and residual, and noise signals (Figure 2). 

The low wavenumbers signify the deep sources (red line), and the high wave-
numbers (blue line) indicate the shallow sources. 

The Bouguer anomaly map (Figure 3) shows a lateral change of gravity values 
ranging from −19.5 to −15.8 mGal. The gradient is increasing of Bouguer values 
towards the North western part of the map.  

The residual gravity map (Figure 4) reveals a positive (P2) elongated in the 
NE-SW direction. This anomaly is located in the central part of the study area 
and is attributed to the Benslimane gossan. In the southwestern part of this 
anomaly, we find another elongated positive anomaly (P6) that corresponds to 
the continuity of the Kerkoz gossan. In Benslimane, the gossans extend those of 
Kerkoz towards the North-East with offsets due to the N70˚ faults. On the 
North-West side of the Benslimane anomaly, a positive anomaly (P1) appears 
directed along a NE-SW axis and is marked by a strong gradient. It is superim-
posed on a band of gabbro. This band of gabbro continuously crosses the north-
ern half of the sector; it becomes discontinuous by the series of faults affecting 
the sector. This discontinuity of gabbro is appeared in the positive anomaly (P8). 
We noted the gabbro could reach a density of 3.05 g/cm2. A positive anomaly 
(P7) trending in the NW-SE direction appears in the southwestern part of the  
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Figure 2. Power spectrum curve of the gravity data. 

 

 
Figure 3. Bouguer anomaly map of the study area. 
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Figure 4. Residual anomaly map of the study area. 

 
area, which can be attributed to the calcareous formation. Between the Benslimane 
anomaly and the previous band of gabbro, a negative anomaly (N4) trending 
NE-SW superimposed on passages of rhyolites.  

The negative anomalies (N3) and (N5) seem to be the continuity of the rhyo-
lite passage intersected by faults. On the eastern side of the Benslimane anomaly, 
we note a band of low density materialized by the negatives anomalies (N1), 
(N7) and (N9). This band corresponds to the felsic intrusion (rhyolites, granite).  

The positive anomalies (P3), (P4) and (P5) located in the southeastern and 
north eastern parts correspond to gabbro intrusion. The negative anomalies 
(N2) and (N6) trending in the NE-SW direction correspond to the schist forma-
tion. 

Figure 5 shows the tilt derivative map (TDR) map obtained from applying the 
filter on the Bouguer anomaly map. The contact zone between the positive ano-
maly and negative anomaly is well identified. This map indicates that the ampli-
tude of tilt derivative anomalies of the Bouguer anomaly map vary from −1.361  
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Figure 5. Tilt angle derivative map (TDR). The black line (0 rad), the cyan line (0.785). Dashed white line 
is the limits of Benslimane deposit.  

 
to 1.309 rad. For the study area, the depth of the edge deduced from the distance 
between 0 and +0.785 radian lines shows that the northwestern, northeastern 
and southeastern parts have a crucial average depth that can exceed 280 m. The 
depth of the Benslimane gossan at the central part is about 260 m. In the north 
and south parts of the gossan, the depth is about 220 m and 130 m, respectively.  

The THDR_TDR provide shaped anomaly with maxima over the edges of the 
bodies [23]. Figure 6 shows the THDR of Tilt derivative of the Bouguer anoma-
ly. From the colored bar scale, the depth to the top of the source ranges from 55 
to about 1000 m. The estimated depth results correlate perfectly with the TDR 
map’s results. The causatives sources bodies are deeper in the western and east-
ern parts of the study area and correspond to gabbro intrusion. The depth of the 
Benslimane deposit is about 250 m in the north part, 330 m in the central part 
and 142 m in the south part. For the 3D Euler deconvolution solution, a  
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Figure 6. The total horizontal derivative of the tilt derivative (HDR_TDR) map. Dashed white line is the 
limits of Benslimane deposit.  

 
good similarity with the results obtained from the previous edge detection me-
thods is noticed (Figure 7). The Euler calculated depths solutions range from 80 
m to 170 m. The central part of the Benslimane deposit is deeper (exceeding 170 
m) than the north and south parts.  

According to the Bouguer map, the Benslimane gossan and the causative 
structures associated with acid and basic intrusion are clearly defined. These ob-
servations confirm the relationships between the geological and mining context 
with the various gravity anomalies. The correlation between the gabbro of this 
region and the positive residual anomalies suggests that this formation has a 
strong gravimetric marker on the whole sector. The same is true for rhyolite 
which reflects a negative trait due to its low density. And finally, we observe the 
correlation between the surface mineralization indices (gossan) and the positive 
residual anomaly known as Benslimane. The enhanced methods show that the  
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Figure 7. 3D Euler solution plotted on the residual gravity map. Dashed white line is the limits of Benslimane 
deposit.  

 
causative structures in the study area’s eastern and western parts, corresponding 
to the gabbro intrusion, are more profound. In contrast, the rhyolitic bands have 
a low depth. The Benslimane gossan bounded by this felsic and mafic intrusion 
presents an average depth of about 200 m.  

5. Conclusion 

Gravity data interpretation has helped map geological features and the minera-
lized zones within the study area. The interpretation also reveals the existence of 
numerous intrusive bodies. Using edge detection techniques allowed us to esti-
mate the average depth of the ore deposit. The tilt derivative methods show that 
the average depth of Benslimane gossan is about 230 m. The low deeper part 
corresponds to the rhyolite bands, whereas the deeper part corresponds to gab-
bro intrusion bounded the study area in the eastern and western parts. The ho-
rizontal derivative of the tilt derivative correlates perfectly with the results ob-
tained by the tilt derivative and shows that the Benslimane deposit has an aver-
age depth exceeding 200 m. The Euler deconvolution satisfactorily estimates the 
depth of the Benslimane gossan and shows an excellent correlation between the 
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Tilt derivative (TDR) and the HDR_tilt results. Edge detection methods from 
gravity data are powerful for estimating ore depth deposit; it provides a reduc-
tion in exploration time and costs. For further study, a modelling and inversion 
process of the Benslimane anomaly is recommended for getting an accurate idea 
of the geometry of the ore body. 
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