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Summary   

 Volumetric determining in mining prospect encounters certain biases. Resistivity imaging was 

comprehended to determine the resistivity distribution of the andesite body. Inversion is used to 

characterize a subsurface property upon the geological condition. Inversion data are transformed into 

model parameters which could explain the possible subsurface properties that may cause the data be 

obtained based on the acceptable forward formulation (Martakusumah and Srigutomo, 2015). Marquadt 

and Occam inversion are non-linear inversions with a linear approximation. Both of inversions are used 

on the resistivity data resulting a comparative resistivity model. The result from Marquadt inversion 

suites more with the geological condition, in contrary with Occam inversion. Andesite body identified 

as a high resistivity value ranging 400 – 2000 Ω.m. Marquadt inversion portray intrusion shaped 

andesite with a volumetric reaching 9,987 x 106 m3. 
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Introduction 

 

Mining industry in Indonesia need a breakthrough on determining prospects reserves. Volumetric 

calculation on most cases has been done by estimating the bulk volume of determined areas based on 

geological and topography map. This “conventional” method increases the uncertainty and mining risk 

of the mine reserve. Whereas overburden and rock bodies ratio is not well defined.  

 

In this research, resistivity data was used as an analytical method to determine the andesite body. 

Geoelectric is an active geophysical method that aims to obtain resistivity parameters. The measured 

field data is an apparent resistivity due to the geoelectric assumption of homogeneous isotropy, while 

the real earth conditions is heterogeneous anisotropy. Inversion was needed to transform the apparent 

resistivity into true resistivity. Inversion data are transformed into model parameters which could 

explain the possible subsurface properties that may cause the data be obtained based on the acceptable 

forward formulation (Martakusumah and Srigutomo 2015). 

 

In the inversion of resistivity data there are two inversions that are often in use, namely Marquadt and 

Occam inversion. The equations of both inversions are both using the concept of nonlinear inversion 

with linear approximation. On the basis of its inversion Marquadt and Occam are similar, but the 

difference lies in the Occam inversion which adds delta parameters to avoid overparameterized cases 

in the model. The purpose of this study was to compare the model of Marquadt and Occam inversion 

on the resistivity data and determine which model fits the best with the geological conditions. Based on 

the best inversion, the model will be used to estimate the volumetric rock body. In this case, the 

methodology is applied for calculating the andesite quarry volume. 

 

Method and Theory 

1. Geoelectric Method 

The resistivity of a material is a quantity that indicates the level of resistance to electric current, the 

greater the resistance or the resistivity, the less current will propagate within the material (Hartyanto 

and Waluyo 2002). The geoelectric resistivity method is a method that applies artificial sources in the 

form of electric currents through the surface. The concept is to measure the potential of the surrounding 

electric current. Based on the measured electrical current, it is possible to know the sub-surface pseudo 

resistivity (Telford et al, 1990). Resistivity is the level of electrical resistance to an object symbolized 

by rho (ρ). Electrical resistance is proportional to the length (L) and inversely proportional to the area 

(A). 

 

The equation can be formulated as follows: 

 

𝑅 =  𝜌 
𝐿

𝐴
 ................................................................................................................................................ 1 

 

Dengan, 

R: Resistance (Ω) 

ρ: Resistivity (Ω.m) 

L: Length (m) 

A: Area (m2) 

 

Figure 1. Injected current on a homogenous medium (Zohdy et al, 1980) 
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2. Lavenberg-Marquadt Inversion 

 

The non-linier inversion sees the relation between data and parameter as, 

 

𝐺(𝑚) = 𝑑 ............................................................................................................................................ 1 

 

Here, the objective is to find values of the parameters that best fit the data. By assuming the 

measurements errors are normally distributed, we minimize the sum squared error that normalized by 

their standard deviations (Martakusumah and Srigutomo 2015). 

 

𝑓(m) = ∑ (
G(m)i−di

σi
)
2

m
i=1  ..................................................................................................................... 2 

 

And 

F(m) = [
f1(m)

⋮
fm(m)

] ................................................................................................................................... 3 

 

If the J(m) is the jacobian matrix, 

 

J(m) =

[
 
 
 

∂fi(m)

∂m1
⋯

∂fi(m)

∂mi

⋮ ⋱ ⋮
∂fm(m)

∂m1
⋯

∂fm(m)

∂mn ]
 
 
 

............................................................................................................... 4 

 

Then in the Lavenberg-Marquadt method, the inverse problem equals to finding solution of 

 

(J(mk)
T
J(mk) + λI)Δm = −J(mk)

T
F(mk) ....................................................................................... 5 

 

Where λI is needed to ensure that the left-hand side matrix is non-singular. It denotes the identity matrix 

and λ is a damping parameter which is adjusted during the inversion to increase the magnitude of 

eigenvalues J(mk)
T
J(mk). 

  

3. Occam Inversion 

Occam inversion basically uses the discrepancy principle and seeks the solution that minimizes ‖𝐿𝑚‖2 

subject to the constraint‖G(m) − d‖2 ≤ δ. The idea of Occam inversion is a local linearization which 

is applied iteratively as (Martakusumah and Srigutomo 2015): 

 

G(mk + Δm) ≈ G(mk) + J(mk)Δm .................................................................................................... 6 

 

Where the Jacobian Matrix 𝐽(𝑚) can be written as  

 

J(m) =

[
 
 
 
 
∂G1(mk)

∂m1
⋯

∂G1(mk)

∂mn

⋮ ⋱ ⋮
∂Gm(mk)

∂m1
⋯

∂Gm(mk)

∂mn ]
 
 
 
 

 ......................................................................................................... 7 

 

By using (6), the damped Least Squares problem becomes: 

 

min‖G(mk) + J(mk)Δm − d‖
2

2
+ α2‖L(mk) +  Δm‖

2

2
 ..................................................................... 8 
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Where the updated model for after an iteration can be written as mk+1 = mk + Δm giving an expression 

to the solution in form of 

 

mk+1 = (J(mk)
T
J(mk) + α2LTL)−1 J(mk)

T
d̂(mk) ............................................................................ 9 

 

Where 

 

d̂(mk) = d − G(mk) + J(mk)mk ........................................................................................................ 10 

 

Conclusions 

Based on the inversion result, the model generated from Marquadt inversion is more suitable with 

geological condition in the research area. Because the Marquadt inversion model portray the intrusion 

body, whereas in the Occam inversion model only portray boulders. From the inversion result the 

andesite body identified as a high resistivity value ranging 400 – 2000 Ω.m with a volumetric 

calculation of andesite reaching 9,987 x 106 m3. 
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