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ABSTRACT 

Gravity surveys have been used for a wide range of studies such as oil and gas exploration, mining 

applications and mapping bedrock topography. Due to the existence of 2-D geologic structures 

such as fracture zones, faults, dikes, rift zones and anticlines, 2-D inversion of gravity data is very 

practical. Gravity data inversion has two main problems about non-uniqueness and instability of 

the solution which can be obviated by using constraints and a priori information. In this paper, an 

inversion algorithm based on inserting compactness and depth weighting constraints in the 

weighted minimum length solution is introduced and truncated singular value decomposition 

(TSVD) is manipulated as regularization. At first the inversion algorithm is applied on the 

synthetic data for free noisy and high level noisy cases. Ultimately, the productivity of the 

algorithm is tested by applying it on the real data of the manganese mine of Safo. 
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INTRODUCTION 
Gravity surveys have been used for a wide range of studies including oil and gas exploration, 

mining applications, mapping bedrock topography, estimation of crustal thickness and recently 

developed microgravity investigations (Nabighian et al, 2005). The main purpose of gravity 

interpretation is to derive a plausible causative subsurface body from measurements on the surface 

expressing gravity inversion. Gravity inversion is confronted with two ambiguities: theoretical 

ambiguity due to the Gauss’ theorem which says many equivalent sources can produce the same 

known field at the surface -and algebraic ambiguity as a result of less data points relative to the 

number of model parameters. In addition to the mentioned ambiguities, data always is 

contaminated by some noise and this noise can propagate large errors in to reconstruction process 

of the subsurface model. So, the inverse problem is non-unique and instable. Getting rid of these 

problems demands to introducing a priori information and constraints. During last decades, 

different algorithms were proposed by geophysicists (Last & Kubic, 1983; Li & Oldenberg, 1998; 

Boulanger & Chouteau, 2001; Cella & Fedi, 2012; Paoletti et al, 2013). 

In this paper, an efficient algorithm is used which is somewhat similar to Last & Kubic algorithm 

(1983), but with two significant differences: i) their algorithm is composed of just compactness 

matrix as model weighting matrix, but the updated weighting matrix is composed of 

multiplication of compactness matrix by depth weighting matrix, introduced by Li & Oldenberg 

(1996 & 1998), ii) data covariance matrix is used as regularization term in Last and Kubic 

algorithm, but we utilized truncated singular value decomposition (TSVD) technique. This simple 

algorithm is tested on synthetic case for free noisy and noisy data and finally it will be applied on 

real data of manganese mine of Safo. 
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Methodology and results 
For 2-D gravity modeling, considering the subsurface of the interested area is discretized into a 

lot of prisms with rectangular cross-sections and assuming constant density contrast for each cell 

(Fig. 1), forward response of the anomaly can be computed by the following formula: 

𝒅 = 𝑨𝒎+ 𝒆 (1) 

 

𝒅 is data vector, 𝑨 is the kernel matrix (forward operator) data, 𝒎 is model parameters vector 

(here density contrasts of the prisms after discretizing of the subsurface (Fig. 1)) and 𝒆 is the 

added noise vector to the data. Readers are referred to the paper by Last and Kubic (1983) for the 

efficient calculation of kernel matrix. 
 

 
 

Fig. 1. Subsurface discretization into a lot of prisms which are elongated along strike direction. 

 

 

Equation (1) tells us that for a given model its gravity response can be calculated. The purpose of 

this paper is to obtain density (density contrast) model from the known data which can be made 

through inversion process. The exploited inversion formula is regularized weighted minimum 

length solution: 

𝒎 = 𝑾𝑚
−1𝑨𝑇(𝑨𝑾𝑚

−1𝑨𝑇)−1𝒅 (2) 

𝑾𝑚 is model weighting matrix derived from multiplication of compactness and depth weighting 

matrices. For solving equation (2), truncated singular value decomposition (TSVD) is used as 

regularization method to overcome instability of the solution. Applying another constraint related 

to lower and upper bounds of model parameters limit them to a logical interval. 

 

Synthetic case 

At first, the inversion algorithm is applied to the synthetic data derived from a cubic model shown 

in Fig. 2. The synthetic model is considered so that to be congruous with real case. Data is also 

corrupted to noise with different levels of 5% and 50%. Inversion results derived from the free 

noisy data and noisy cases are represented in Fig. 2 (c-e). For free noisy data, as is expected, the 

true model is perfectly retrieved. For noisy data with 5% noise, the reconstructed model show 

deviations from true model especially in deeper parts, but it can be considered as a good inversion 

result for this level of noise. Increasing noise level to a very high value of 50% leads to an 

outstanding result and is also indicative of robustness of the inversion algorithm to very high noise 

levels.   
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Real case 

Finally, the algorithm was applied on a real data set of Safo manganese mine. It is located in 

northwest of Iran, 25 km from the north of Chaldoran. This area is structurally and geologically 

located in the northwestern ophiolite zone of the Khoy Ophiolite. In Khoy ophiolite, mineralogy 

is generally manganese, manganese-iron, iron, and manganese-iron-copper. Safo deposit ore has 

a simple mineralogical composition. Based on the previous studies, Pyroloic, Bixbite and 

Brownite are manganese ores in various parts of it, among which the dominant and abundant one 

in storage is Pyrolosite. The algorithm is applied on a profile acquired over the Safo data. The 

residual anomaly of Safo manganese mine is shown in Fig. 3 and profile AB is adopted to apply 

inversion algorithm on it. Fig. 4 represents both the inversion model from adopted profile and real 

data computed data from inversion model. 

Subsurface is discretized to 97 and 12 prisms along x and z directions, respectively, and prism 

lengths are chosen to be 2.5 and 5 m along x and z directions, respectively. The recovered model 

demonstrates an anomaly with depth ranges from 5 to about 30 m and horizontal extension of 30 

m which is indicative of the efficiency of the method for practical applications.  

 

 
Fig. 2. A) true model, B) computed synthetic data of the assumed model for free noise and noisy (50%) 

cases. Recovered model using the inversion algorithm from C) free noisy data, D) 5% noisy data and E) 

50% noisy data. Color bars are in unit kg/m3. 
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Fig. 3. The residual anomaly over manganese min of Safo. 
 

 

 
Fig. 4. Inversion section from real data (top). Measured data and computed data from inversion model 

(bottom). 
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CONCLUSION 
An inversion algorithm including depth weighting and compactness constraints were introduced 

for gravity data. TSVD was manipulated as a regularization tool to prevail over the instability of 

the inverse solution. The efficiency of the algorithm was investigated by its application on 

synthetic data derived from a cubic model. Since the reconstructed models from free noisy data 

and noisy data with high levels of noise was promising, we applied the algorithm to the real data 

of Safo manganese mine. The inverted section from real data were in a good agreement with the 

real subsurface anomaly. 
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