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Abstract 

Coastal Fars gravimetry project in Fars province was carried out to find the buried salt domes and to 

determine characteristics of faults in this area. The Lavarestan structure was covered by 4203 gravimetry 

stations in a regular grid of 1000*250 m. Depth structural model of this anticline made in previous studies 

was based on geological evidences and structural geology measurements. In order to have a complete 

coverage of Lavarestan anticline, 4 profiles with appropriate intervals were selected on gravity data for 

further processing and interpretation. 2D inverse modeling was performed on these profiles using Encome 

Modelvision and Encome PA software. Geometrical and physical parameters of each layer were changed 

step by step and forward gravity calculations were repeated until we reached a desirable fitting between 

observed and calculated gravity anomaly. The results of 2D gravity modeling were focused on Lower 

Paleozoic and Kazerun (cap rock) top horizon, also the underground contour map was extracted from seismic 

data after interpretation. The results show appropriate correlation between the underground contour map of 

2D gravity modeling and interpretation of seismic data. 
 

Keywords: Inverse Modelling, Potential Field Data, Underground Contour Map, Encome Modelvision, 
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1. Introduction 
Exploration of structural oil traps (anticline and 

salt plug) is an important objective of the 

interpretation of gravity data. Potential field 

methods, in particular gravity technique have an 

important role in detecting subsurface geological 

structures including oil traps. An identified 

gravity anomaly could be caused by a number of 

possible mass bodies with different dimensions 

[1]. According to Lowrie [2], large scale  

deep-seated geological structures cause broad and 

low amplitude regional anomalies in the 

gravitational field while shorter wavelength 

residual anomalies are due to shallow structures. 

Removal of regional effects from the measured 

gravity data causes residual anomaly. The use of 

appropriate anomaly separation filters strongly 

influences the data interpretation and provides 

useful information to detect subsurface oil trap. 

Modelling as the final stage in gravity 

interpretation is conducted on the residual gravity 

map in which long-wavelength regional effects 

are efficiently removed from the gravity data; 

taking geological and depth control information 

from well logs or seismic data into consideration 

[3]. 

Jenkins et al. [4] presented a method for gravity 

modeling of salt domes and pinnacle reefs. They 

supposed that, the density contrast between the 

host rocks varied with the radius of a cylindrically 

symmetric body and depth. In this method, the 

density function was interpolated from data points 

by the use of a piecewise continuous cubic 

polynomial basis function. Talwani [5] presented 

a method for robust non-linear inversion of 

gravity gradients. He provided several synthetic 

examples together with a field example of 

inversion. Oruc [6] presented the application of 

the tilt angle map (TAM) obtained from the first 



Fakhrerad et al./ Journal of Mining & Environment, Vol.6, No.1, 2015 

 

56 

 

vertical gradient of a gravity anomaly for edge 

detection and depth estimation of geological 

structures. Barnes and Barraud [7] developed a 

spatially based surface inversion algorithm to 

solve geometric interface between geologic 

bodies. 

Gravimetrical surveying of coastal Fars was 

performed by NIOC in 4203 stations along with 

44 profiles in order to determine the Lavarestan 

anticline [8]. In the present work, attention has 

been focussed on Depth structural model of this 

anticline, based on geological evidences and 

surface geological measurements. To achieve the 

goal, commercial computer-based softwares 

called Encome ModelVison Pro. and Encome PA 

Pro. [9] were used to present 2D modeling and 

underground contour maps to evaluate the 

conformity between gravity and seismic data. 

Before modelling, the regional effects were 

removed from the Bouguer values and an 

appropriate residual gravity map was produced. 

2. Geographical and geological location 
Lavarestan anticline is located in southeast part of 

Zagros faulted belt and in structural state of 

coastal Fars, which has a total area of 450 km
2
. 

Average elevation of this region is 1050 m [10]. 

Lavarestan anticline is limited to Dehno anticline 

and Hendurabi fault from west, to salt domes from 

east, to Gezeh anticline from north and to 

Khalfani anticline and northern shores of Persian 

Gulf from south. Figure 1 shows the location of 

survey area. 

 
Figure 1. Location of survey area. 

 

General strike of this anticline is northwest to 

southeast and actually very close to east-west 

direction. Except for the mentioned salt domes in 

east, the oldest structures in this anticline are 

traced back to Cretaceous, and all structure 

outcrops have an age of Cretaceous to Quaternary. 

These sediments include Gurpi, Pabdeh, Asmari, 

Gachsaran, Fars group and Bakhtiari formation 

and modern era sediments [11]. The appropriate 

reservoir rock, based on NIOC reports, is the 

Kangan formation from Dehram group while 

Dashtak formation from Kazerun group is the cap 

rock [10]. 

3. Background of geophysical modeling 
Regardless of which system is used (2D or 3D), 

there are two main modeling methods: inverse and 

forward modeling. The former has two  

sub-models: parametric and smooth modeling. In 

this study, parametric inverse modeling was 

performed using Encome Modelvision pro 

software. In this method, geometrical and physical 

parameters are changed step by step and 

calculations will be repeated until differences 

between observed and calculated anomaly is 

minimized. 

Although the potential field depends nonlinearly 

on certain source parameters, this dependency is 

nearly linear with respect to sufficient changes in 

those parameters. For example, the gravity field 

due to a set of polygonal prisms can be expanded 

in Taylor’s series based on changes in the 

positions of the coordinates of the polygons. If 

changes in coordinates are small, the Taylor’s 

series can be truncated, and the functional 

dependency on these changes thus becomes linear. 

In a prism infinitely extended in one direction, 

with uniform density, and with cross sectional 
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shape defined by an N-sided polygon, if    

represent one of L discrete measurements of 

gravity anomaly, we would have: 

   = A (  
 ,    ,    ,    , …, 

    ,    ,   ,   ) 

i= 1, 2, …,L 

(1) 
     = A (          )  

where (        ) is the location of the i
th
 

measurement, the primed coordinates are the N 

corners of the polygon, represented in shorthand 

by the 2N-dimentional array, w includes only the 

body coordinates. For the sake of discussion, let 

   and   ̅ represent the observed and calculated 

anomalies, respectively, at one observation point. 

We define cost function E as below: 

  = ∑        ̅( )   
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  ̅ is a nonlinear function of w,   ̅ will be nearly a 
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now substitute equation 3 into equation 2 to get: 
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To find the parameters that provide the smallest 

  , we calculate the partial derivative of          
respect to   , j= 1, 2, …, 2N, and set each 

equation equal to zero: 
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Where we have dropped higher-order terms: 

  =∑    
  
   ∆  
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 (6) 

Following the algorithm of Marquardt, equation 6 

becomes: 

  =∑    
 
   ∆  
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 𝛌) (7) 

Where: 

   
   {

              
                     

 

If 𝛌=0 equation 7 reduces to equation 6 for 𝛌>0 

the new values of  (   )are restricted to a 

neighborhood about  ( ); as  𝛌⟶∞, Equation 7 

becomes the method of steepest descend.  

The classical least squares solution Zs is given by 

the formula (Morrison 1969): 

  =  y (8) 

With 

    (   )     
 (9) 

The least squares inverse    is formed under the 

assumption that N>M, i.e. the linear system is 

over constrained. Likewise, it is required that the 

rank of A is equal to M, otherwise we could not 

evaluate(   )   of (9). 

The properties of    can be explored by applying 

the decomposition theorem. 

A=U      (10) 

where   is a M Χ M diagonal matrix with the 

eigenvalues   , …,    along the diagonal. 

Matrices U and V are constructed from columns 

of the eigen vectors   and  , respectively of the 

eigenvalue equations: 

A    =   
        j = I, N                  (11) 

      =   
       j = I, M (12) 

The eigenvalues    are conveniently arranged in 

decreasing order, so that   >      … >  . In 

least square problems the rank of A is assumed to 

be equal to M, and the surplus eigen values of 

equation (11)    ,     , …,    are equal to 

zero. 

U and V are unitary matrices of rank N and M, 

respectively. Inserting (10) into (9) gives 

    (          )        

         
(13) 

We now re-parameterize our inverse equation (8) 

by introducing a new generalized model vector 

 ζ =   Z. 

Equation (8) then reads [12]: 

(     )      
  

 {

      

  
      

}{

  

 
 

}  
(14) 

4. Modeling the Lavarestan anticline 

The complete Bouger gravity map of Lavarestan 

was used for 2D modelling. Figure 2 shows the 

location of the profiles which are used for gravity 

modeling. 
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Figure 2. Complete Bouger view of Lavarstan anticline and position of profiles (contour interval is 4 mGal, WGS 

84, UTM 40N). 

 

2D modeling was performed on 4 profiles namely: 

AA’, CC’, EE’ and GG which are composed of 50 

point and their length and azimuth is respectively 

as (31024.14, 215.31), (31135.12, 206.57), 

(34170.7, 196.87), (33893.44, 197.76). 

NIOC based on local evidences, geological 

measurements and rock sampling was prepared 

Structural geology section of EE’ profile. This 

section was used as primary model for 2D gravity 

modeling of mentioned profile. In addition to 

potential (gravity and magnetic) measurements in 

coastal Fars project, rock sampling operation was 

performed to define density of major formations 

of study area by using laboratory studies [2]. By 

taking into account the similarities in material and 

range of rock densities, seven layers were selected 

and categorized based on density obtained from 

rock sampling operation and well logs of adjacent 

structures. Table 1 presents the properties of 

stratum which used in the model. 
 

Table 1. The properties of stratum which used in the model. 

Stratum 
Density 

(in surface) 
Density 

(using logs) 
Density variance in model 

Aghajari 2.03 ... 
 

Mishan 2.12 ... 2.03-2.26 
Gurilimeston ... ... 

 
Gachsaran 2.19 ... 

 
Asmari 2.52 ... 2.27-2.52 
Pabdeh ... ... 

 
Gurpi 2.36 ... 

 
Bangestan ... ... 2.21-2.46 

Khami 2.29 ... 
 

Kazerun ... 3.42 3.37-3.46 
Dehram ... 3.19 2.77-3.19 

Lower Paleozoic ... ... 2.72-3.7 
Hormoz salt 1.92 ... 1.92-2.6 

 

Each layer is defined by different node, during the 

2D gravity modeling procedures geometry of 

nodes interactively varied until the difference of 

the modeled and observed data become 

minimized. Figure 3 presents a sample of 

discussed gravimetric modeling of EE’ profile. In 

part A (Figure 3), the first, second and third layers 

were included in the model. The modeling 

procedure continues until suitable correlation was 

achieved between observed and modeled data. In 

the next stage, Kazerun and Dehram groups were 

added into the model and in part C two last layers 

were added into the model. 

Modeling procedure was the same for all the 

profiles. Underground contours of Kazerun and 

top of Lower Paleozoic were plotted based on the 

depth extracted from results of 2D Gravity 

modeling due to whole profiles (AA’ to GG’). In 

Figures 4 and 5, the map of underground contours 

maps (ugc) of Kangan and Lower paleozoic 

structures were obtained from gravimetric 

modeling is presented. 
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(A) 

 
(B) 

 
(C) 

Figure 3. 2D gravity model generated for EE’ profile, in part A,B and C different layers have been added in to 

the model, the blue curve indicates gravity model data and red one shows observed data. 
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Figure 4. Underground contours map of horizon top of Kangan (obtained from 2D gravimetric modeling). 

 

 
Figure 5. Underground contours map of horizon top of Lower Paleozoic (obtained from 2D gravimetric 

modeling). 

 

Figure 6 presents these structures together with 

the topography of location in two views. In 2010 a 

two-dimensional seismic survey was performed in 

study area. The result of seismic interpretation on 

line "Lav03" (shows in Figure 7), confirmed the 

result of 2D gravity modeling [8]. As mentioned 

before, Figure 4 (extracted from 2D gravity 

modeling) shows the top of anticline in Kangan 

formation about 2000m below the earth surface. 

Seismic interpretation result on line "Lav03” 

shows the top of Kangan formation about 2040m 

below the surface. With respect to this point that 

the EE’ profile is closely to seismic line (Lav03), 

there is a desire correlation between results from 

potential field modeling and 2D seismic 

interpretation. 
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Figure 6. 3D schematic view of Kangan and lower Paleozoic with topography map in two view (Y axis is north 

direction). 

 
Figure 7. Location of EE’ profile and Lav03 seismic line in study area. 
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5. Conclusions 
Geophysical potential field data, specially gravity 

data, are of great importance in the optimization 

of underground simulations. 2D Gravity data 

modeling can present significant information 

about geological structures. The confidence on the 

results of 2D Gravity data modeling increases 

when additional information like rock sampling, 

well log data and structural geology were 

involved on modeling. Generally UGC map are 

extracted from seismic data after interpretation. 

The location of future well log and expansion 

program for oil/gas filed are strongly effected by 

UGC maps. In this paper, the UGC map of Lower 

Paleozoic and Kazerun are extracted from 2D 

Gravity modeling with prior information. The 

result show an appropriate correlation between 

UGC map of Gravity data and interpretation 

seismic data. Acquisition and interpretation of the 

gravity data have lower cast compared to 

acquiring seismic data. So this agreement between 

the two type of UGC map can be used for cast 

optimization in the exploration program for 

oil/gas fields. 
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 چکیده:

هلا در منقهله انجلاد شلدخ سلا  مان      های گسل  گنبدهای نمکی مدفون و برای تعیین ویژگی نسنجی فارس ساحلی در محدوده فارس برای پیدا کردپروژه گرانی

ملدل عمهلی سلا  مانی از ایلن      ،اسلتخ در مقاععلات لبللی    شده دادهپوشش م ر  9111×351 سنجی در یک شبکه منظمایس گاه گرانی 4313 وسیله بهالورس ان 

شناسی تهیه شده بودخ برای داش ن یک پوشش کام  روی این تالدیس، چهلار پروفیل  بلا    های سا  اری زمینیگیرشنا  ی و اندازهتالدیس بر پایه اطالعات زمین

 و Encome PA یافزارهللا نللردمنظللور پللردازش و ت سللیر بیشلل ر ان خللاس شللدخ بللا اسلل  اده از    و بلله هللای میللدان پ انسللی  فاصللله مناسلل  بللر روی داده 

Encome Modelvision تغییلر داده شلد و    للدد  بله  لدد یههر الها انجاد شدخ پارام رهای فیزیکی و هندسی برای دی روی این پروفی سازی معکوس دوبعمدل

سلازی بلر روی   تکرار شدخ ن ایج این ملدل  شده مشاهدهو آنوماعی  شده محاسبهآوردن تقابق مناس  بین آنوماعی  به دستمحاسبات مدل مس هیم میدان پ انسی  تا 

اسلتخ بلین    شده اس خراجای پس از ت سیر های عرزهاز داده یرسقحیز)سنگ پوشش( تمرکز داش ه است، همچنین نهشه کن وری  کازرون پاعئوزوئیک وافق باالیی 

 ای ت سیر شده، انقباق مناسبی مشاهده شدخهای عرزهو داده آمده دست بهسازی نهشه کن ورهای زیرسقحی که از مدل

 نخ، الورس اnoisivdedoM Encome، زیرسقحیهای میدان پ انسی ، نهشه کن وری کوس، دادهسازی معمدل کلمات کلیدی:

 

 


