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Abstract: Remanent magnetization is impossible to ignore in many applications of magnetic method including 
mineral exploration particularly iron ore, geomagnetism, regional investigation, and archaeological measurements. 
Magnetization vector inversion has made great attention in recent years since both distribution of the magnitude and 
direction of the magnetization have been obtained, therefore, it is easy to distinguish between different bodies especially 
when magnetic data are affected by remanent magnetization. In this research, the magnetization vector inversion 
(MVI) has presented: a 3D magnetic modelling is proposed from surface measurements to obtain magnetization 
distribution. The equations have solved in data-space least square to reduce computer memory requirements and speed 
up calculations. The algorithm has included the combination of three weights as depth weighting, distance weighting 
and compactness weighting in Cartesian direction. The method has been validated with a synthetic example including 
a dipping dyke and the results are acceptable compare with true magnetic anomaly.
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INTRODUCTION
Remanent magnetization is the presence of permanent magnetization in the subsurface bodies which is 

independent of Earth’s inducing magnetic field. In many cases, strong remanent magnetization can be present 
and often has an unknown direction which significantly different from the direction of the inducing field.

Li [1] discussed significant advances have made in the inversion of magnetic data in the presence of 
significant remanent magnetization. In general, there are three strategies for inversion of magnetic data with 
respect to remanent magnetization: 1) inversion with direction estimation of the magnetization vector, 2) 
inversion by transforming magnetic data into another data that is insensitive to magnetization direction and 
3) Magnetization Vector Inversion (MVI).

Given the magnetization vector values in three Cartesian directions, the inclination and declination of 
the magnetization vector can be easily calculated. The equations are same as Kubota and Uchiyama [2] but 
inversion solved in Data-Space least square algorithm. The advantages of this method are its high speed of 
execution and relatively good coherence of the magnetization directions. This method is validated with a 
synthetic example, which is simple with dipping dyke. 

METHODOLOGY
Within an isotropic low-susceptibility bodies (e.g. k < 0.1 SI), the total magnetization J is equal to the 

vector sum of induced magnetization Ji and remanent magnetization Jr, expressed as:

Where:
Ho: the geomagnetic field 
k : is the magnetic susceptibility, which is assumed to be isotropic throughout this paper. 
The observed total magnetic field, the linear observation equation written as

Where:
G: the field anomaly matrix
m: is the model parameter adjustment vector. The components of the model parameter vector (m) written as 

Where:
t: the transposition operator
G: is a N×3M matrix (N and M is the number of data and parameter respectively) with the components 

given by

The components of magnetic field anomaly are more described by Liu et al. [3].
Solving equation 2 requires minimization of the total objective function [4],

Minimizing the total objective function in equation 5, yields an iterative algorithm in the data -space [4]

Where:
k: the number of iterations
Tobs : denotes the measured data and the model weighting matrix Wm consists of three matrices as depth-

weighting function Wz, distance matrix Wdis, and compactness matrix Wc, 

𝐉𝐉 = 𝐉𝐉𝑖𝑖 + 𝐉𝐉𝑟𝑟 = 𝑘𝑘𝐇𝐇𝑜𝑜 + 𝐉𝐉𝑟𝑟

𝐓𝐓 = 𝐆𝐆𝐆𝐆  

𝐦𝐦 = (𝐽𝐽𝑥𝑥1, 𝐽𝐽𝑦𝑦1, 𝐽𝐽𝑧𝑧1, 𝐽𝐽𝑥𝑥2, 𝐽𝐽𝑦𝑦2, 𝐽𝐽𝑧𝑧2, . . . , 𝐽𝐽𝑥𝑥𝑥𝑥, 𝐽𝐽𝑦𝑦𝑥𝑥, 𝐽𝐽𝑧𝑧𝑥𝑥, )
𝑡𝑡

(1)

(2)

(3)

𝐆𝐆 = [
𝐺𝐺𝐺𝐺11 𝐺𝐺𝐺𝐺11 𝐺𝐺𝐺𝐺11
𝐺𝐺𝐺𝐺21 𝐺𝐺𝐺𝐺21 𝐺𝐺𝐺𝐺21

⋮
𝐺𝐺𝐺𝐺𝑁𝑁1 𝐺𝐺𝐺𝐺𝑁𝑁1 𝐺𝐺𝐺𝐺𝑁𝑁1

⋯
…
⋮
…

𝐺𝐺𝐺𝐺1𝑀𝑀 𝐺𝐺𝐺𝐺1𝑀𝑀 𝐺𝐺𝐺𝐺1𝑀𝑀
𝐺𝐺𝐺𝐺2𝑀𝑀 𝐺𝐺𝐺𝐺2𝑀𝑀 𝐺𝐺𝐺𝐺2𝑀𝑀

⋮
𝐺𝐺𝐺𝐺𝑁𝑁𝑀𝑀 𝐺𝐺𝐺𝐺𝑁𝑁𝑀𝑀 𝐺𝐺𝐺𝐺𝑁𝑁𝑀𝑀

] (4)

2𝑆𝑆(𝐦𝐦) = ‖𝐓𝐓− 𝐆𝐆𝐦𝐦‖𝑊𝑊𝑊𝑊2 + ‖𝐦𝐦−𝐦𝐦𝑜𝑜‖𝑊𝑊𝑊𝑊2  = (𝐓𝐓 − 𝐆𝐆𝐦𝐦)𝒕𝒕𝐖𝐖d−𝟏𝟏(𝐓𝐓 − 𝐆𝐆𝐦𝐦) + (𝐦𝐦−𝐦𝐦𝒐𝒐)𝒕𝒕𝐖𝐖m−𝟏𝟏(𝐦𝐦−𝐦𝐦𝒐𝒐) (5)

𝐦𝐦𝒌𝒌 = 𝐦𝐦𝒐𝒐 +𝑾𝑾𝑚𝑚𝒌𝒌𝐆𝐆𝒕𝒕(𝐆𝐆𝐖𝐖m𝒌𝒌𝐆𝐆𝒕𝒕 +𝐖𝐖d𝒌𝒌)−𝟏𝟏(𝐓𝐓𝒐𝒐𝒐𝒐𝒐𝒐 − 𝐆𝐆𝐦𝐦𝒐𝒐) (6)
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The depth weighting matrix Wz represents a diagonal matrix whose nonzero elements are given by

Where:
zj:  the depth of j-th voxel
h: is measurement height [5].
Wdis introduced based on [6] a diagonal matrix whose nonzero elements are given by

Wck represents a diagonal matrix whose nonzero elements in k-th iteration are given by

Where                                               is magnetization magnitude of the model in j-th voxel.
Accordingly, the model weighting matrix Wmk (3M×3M) and Wdk [7] in k th iteration is given 

Where μ > 0 is damping factor or regularization parameter which its value depends on the noise level 
associated with measured data, and Wmk is data-error weighting matrix in k-th iteration.

INVERSION OF SYNTHETIC DATA
To illustrate the efficiency of the proposed approach, the algorithm was tested using a synthetic example 

includes a dipping dyke with 45o west and 100 m top depth (Figure 1). Magnetization of the body is 2 
A/m (0.05 SI) with magnetization inclination and declination of -25o and 330o respectively. The ambient 
field has strength of 50,000 nT, with a geomagnetic inclination 50o and declination 5o. The data set of the 
example are observed over a 21x17 grid of 50m spacing and contaminated with pseudorandom Gaussian 
noise with zero mean and a standard deviation of 5 nT (10% noise).

𝐂𝐂𝑘𝑘 = 𝐖𝐖𝑧𝑧𝐖𝐖𝑑𝑑𝑑𝑑𝑑𝑑𝐖𝐖𝑐𝑐(𝑘𝑘) (7)

𝑤𝑤𝑤𝑤𝑗𝑗𝑗𝑗 = (𝑤𝑤𝑗𝑗 + ℎ)3 (8)

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑗𝑗𝑗𝑗 = (𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠(∑(𝑅𝑅𝑖𝑖𝑗𝑗 + 𝑅𝑅𝑜𝑜)2
𝑁𝑁

𝑖𝑖=1
))

−1

(9)

𝑤𝑤𝑤𝑤𝑗𝑗
𝑘𝑘 = ((𝐽𝐽𝑗𝑗

𝑘𝑘)2 + 𝜀𝜀2)0.5   ,     𝑗𝑗 = 1, 2, 3, … , 𝑀𝑀 (10)

𝐽𝐽𝑗𝑗 = (𝐽𝐽𝐽𝐽𝑗𝑗2 + 𝐽𝐽𝐽𝐽𝑗𝑗2 + 𝐽𝐽𝐽𝐽𝑗𝑗2)1/2

𝐂𝐂𝑘𝑘 = [
𝐖𝐖𝑧𝑧𝐖𝐖𝑑𝑑𝑑𝑑𝑑𝑑𝐖𝐖𝑐𝑐(𝑘𝑘) 𝟎𝟎 𝟎𝟎

𝟎𝟎 𝐖𝐖𝑧𝑧𝐖𝐖𝑑𝑑𝑑𝑑𝑑𝑑𝐖𝐖𝑐𝑐(𝑘𝑘) 𝟎𝟎
𝟎𝟎 𝟎𝟎 𝐖𝐖𝑧𝑧𝐖𝐖𝑑𝑑𝑑𝑑𝑑𝑑𝐖𝐖𝑐𝑐(𝑘𝑘)  

] (11)

(12)𝐖𝐖d𝑘𝑘 = 𝜇𝜇2 × 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝐆𝐆𝐖𝐖m𝑘𝑘𝐆𝐆𝑇𝑇)

 

 

 

(A) (B)

Figure 1. Synthetic example; A: a dipping dyke with 45o west and 100 m top depth; magnetization of the body is 
2 A/m (0.05 SI), B: the magnetic data with magnetization inclination and declination of -25o and 330o respectively 

(The ambient field has strength of 50,000 nT, with a geomagnetic inclination 50o and declination 5o.)
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The example is inverted using cubic voxels with the size of 30m in 15 iterations and μ = 0.3. The cone-
plot of the models and volume-rendered inversion results of the recovered effective susceptibility with the 
cut-off at 0.02 SI also recovered (Figure 2). In Figure 2, directions of the cones near the surface and the 
edge of the bodies are a bit disorder and as the depth increases, the direction of the cones becomes more 
regular and closer to real model. This condition is due to sparsity near the surface but, the overall recovered 
magnetization or susceptibility model even near the surface is acceptable. In order not to face this problem 
and to recover more reliable inversion, especially with outcropped magnetic bodies (ore body), a few 
upward-continuing is proposed.

CONCLUSION
In this study, we presented the magnetization vector inversion process by minimizing the total objective 

function in data-space method. The proposed model weighting function integrates the depth weighting, 
compact weighting, and distance weighting functions into the inversion process. After modeling synthetic 
data and proving its validation, the Shavaz magnetic data was inverted and, the model presented here three 
separated magnetic body with two magnetization directions. The inversion give quite acceptable results 
compared to the information obtained from drilling and also two different anomaly was recovered.
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Figure 2. Inversion of the data in Figure1; A: volume-rendered inversion results of the recovered effective 
susceptibility with the effective susceptibility cut-off at 0.02 SI, B: magnetization vector inversion as cone-plot with 

the size of the cone indicates the value of effective susceptibility


