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ABSTRACT 

The Frequency-domain helicopter-borne electromagnetic (FHEM) applications are industrially 
feasible, as long as there is a fairly fast algorithm which is accurate enough for inversion of the 
tremendous amount of survey data. In the present study a comparison between 1D, pseudo-2D, 
and pseudo 3D Occam’s inversions has been made with analysis of data from field data set 
acquired in the north of central Iran. In 1D Occam’s inversion approach the model 
regularization contains only vertical smoothing constraints with sharp layer interfaces in the 
horizontal direction. In pseudo-2D Occam’s inversion, 1D Occam’s inversions could be 
horizontally constrained with each other along a flight line. Finally, 1D Occam’s inversion 
regularized through 3D constraints on resistivity structure. The results show that pseudo-3D 
Occam’s inversion gives fewer inversion artifacts, better model recognition, smoother, and more 
continuous models and are effectively reducing the effects of data noise.  
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INTRODUCTION 
Despite the great progress made in the computational power of today's processors, an inversion 
with reasonable accuracy based on the full 2D and 3D solutions requires high computational 
cost. Therefore, 1D inversion approaches are the standard choices in rapid quantitative 
interpretation of such large airborne datasets, in many experimental cases. In most cases, the 
traditional 1D inversion methods use a 1D forward model with each station being inverted 
individually and, then, combined together to form a pseudo 2D or 3D image. One of the most 
commonly used 1D inversion algorithms is the Occam method. In this method, in addition to the 
data fitting error, the structure of a model is minimized by constraining the roughness, i.e., the 
resistivity difference between adjacent layers (Chang-Chun et al. 2015). Shirzaditabar et al. 
(2011) applied this algorithm named as 1D Occam in FHEM data inversion. In this station-by-
station inversion approach sharp lateral variations are freely allowed to appear in the pseudo 2D 
or 3D obtained image. The resulting image can show unrealistic blocky models characterized by 
sharp lateral variations due to either the multi-dimensional structural effects or the measurement 
noise and masks important geologic features. To overcome this limitation on the 1D Occam’s 
inversion, the single-station Occam’s inversions could be laterally constrained along a line to 
have a more realistic reconstruction in terms of geology with smoother cross-sections from 
ground-based frequency-domain EM measurements. This approach is referred to as pseudo-2D 
Occam’s inversion. The parameters of the earth model may still be inconsistently estimated 
using individual inversion of parallel flight-lines. Consequently, an inversion procedure based 
on an Occam’s inversion regularized through 3D constraints on resistivity structure where leads 
to smooth spatial transitions and an increase in 3D resolution. (Ghari et al., this conference). 
This inversion algorithm is named pseudo-3D Occam’s inversion  
The main objective of this paper is to compare resulting models from 1D, pseudo-2D and 
pseudo-3D Occam’s inversion by applying them to real data. 
 

METHODOLOGY 
As mentioned in the introduction, 1D Occam’s inversion has the limitations when modeling 
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multidimensional structures and is expected to become biased in the presence of 2-D or 3-D 
structures. The objective of this section is to discuss the degree to which such a bias affects the 
interpretations made based on the models from the 1D and pseudo-2D Occam’s inversion 
described in detail by Shirzaditabar et al. (2011) and Ghari et al (2019). The pseudo-3D 
Occam’s inversion is based on Ghari et al. (this conference). This inversion scheme the 
constraints are weighted subject to the lateral, vertical, and cross-line variance of the subsurface. 
Real data set is presented to compare 1D and pseudo-2D and pseudo-3D Occam’s inversion in 
multi-dimensional environments. 
 

CASE STUDY: PORPHYRY MINERALIZATION 
The study area called Kalat-e-Reshm is located 350 km to the east of Tehran, capital of Iran. In 
March 2003, the Geological Survey of Iran (GSI) supervised an airborne survey over the area. 
This is accomplished through the Aerodat FHEM system. The survey is run at a 200-m line 
spacing, a sampling interval of 4m, and a nominal flight height within30 to 60 m above 
relatively gentle topography. To reduce computational costs, the selected FHEM data are 
resampled at every 10 stations, with a roughly 40 m spacing. From geological mapping in 
Figure (1) copper porphyry deposits are known in the region, such as to the west and the 
northeast of the airborne survey area (Shirzaditabar et al., 2011). 
 

 
Figure 1. The schematic geologic map of the study area (Kalateh-Reshm). The airborne survey lines have 

been superimposed on the sought geological unit (modified after Shirzaditabar et al. 2011) 
 

Here, the data are used for all frequencies but (4490 Hz) and for the entire dataset of 800 
stations shown in Figure (1).The in-phase (R) and quadrature (Q) components of the data are 
displayed in Figure (10). The effects of an arc-shaped structure is observed as low values of 
both components at frequencies 875 Hz and 927 Hz and the real component at 4920 Hz.  
Since the geological studies in the area reveal a predominantly layered subsurface in the 
Kalateh-Reshm case, which is common in sedimentary environments, we simultaneously 
reconstruct subsurface resistivity distribution and flight height by utilizing the 1D, pseudo-2D, 
andpseudo-3D inversion algorithms. Figure (3) shows the inverted resistivity models resulted 
from the 1D, pseudo-2D, and pseudo-3D algorithm. The results of the 1D, pseudo-2D, and 
pseudo-3D inversions in the study area are compared.  
 

  



Figure 2. The in-phase (R) and quadrature
including: (a) R-33000 Hz, (b) Q-33000 Hz, (c) 
Hz, and (h) Q-875 Hz. The outlines of the boundaries of the arc
comparison. 
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shows horizontal depth slices at eight depths. The two thicker black lines marked 
with P3 and P4 on the maps in Figure (3) show the location of two electrical resistivity 
tomography (ERT) profiles measured by the GSI.The results of 2D inversion of the ERT data 
are used to evaluate the models from various inversions of the HEM data. 
The significant feature in the resistivity maps is the arc-shaped high-resistivity 

resistivity structures. The resistor coincides with the high magnetic anomaly 
and roughly occurs at the location of the arc-shaped porphyry andesite rock called “ap’’, 
partially outcropping, on the geological map. The high-resistivity and magnetized structure dips 

southwest regions. In the shallower parts of the models, the andesitic 
has lower resistivity than that of the deeper parts, which might be mainly because 

of a severe erosion process and sedimentary coverage, as mentioned above. The low
surrounding the magnetized resistor result from the presence of less resistive overburden 
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among the 1D, pseudo-2D, and pseudo-3D inversion results, most 
notably in the case of zones with high resistivity; these differences are visible at shallow depths

east, around the beginning of the profile P4 and, also, along the narrow ribbon on 
the right side of the models around the end of the profile P3 (see Figure 3). These are reduced in 

2D and are roughly not present in the pseudo-3D inversion model (see Figure 3
hence, it can be concluded that these are artifacts result from the application of 1D and pseudo

environment. The reproduced resistivity cross-sections from ERT along 
demonstrate that the above-mentioned high-resistivity values are unreliable. In

n, resistivity values resulting from ERT surveys are provided and compared with vertical 
cross sections of three inversions (1D, pseudo-2D, pseudo-3D) at the location of the profile P4. 

the undesirable 3D effects are represented as relatively high-resistivity values 
 section, while they disappear in pseudo-3D inversion results as 
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Figure 3. 1D, pseudo-2D, and pseudo-3D Inversion results of field data acquired in Kalateh-Reshm, Iran. The 
outlines of the boundaries of the arc-shaped unit are also represented for comparison. Left, middle and right 
columns, show horizontal sections of models constructed by1D inversion, pseudo-2D inversion andpseudo-3D 
inversion at the different depths, respectively. Rows correspond to the elevation at 0-0.5 m (a-c), 1.6-2.7 m (d-
f), 4-5.3 m (g-i), 6.7-8.2 m (j-l), 13.5-15.6 m(m-o), 22.7-25.5 m (p-r), 47.3-51.9 m (s-u) and 88.4-96.3 m (v-x), 
respectively. P3 and P4 show the location of two electrical resistivity tomography (ERT) profiles measured by 
the GSI. 
 

 
Figure 4. Vertical sections of inversion result along profile P4 at y = 7030191 m from (a) 1D approach, (b) 
pseudo-2D approach, and (c) pseudo-3D approach, and (d)are vertical sections of inversion result from 2D 
resistivity data (P4) 
 

CONCLUSION(S) 
As expected, 3D effects on pseudo-3D inversion were much smaller than those on 1D Occam’s 
inversion, showing the advantage of performing pseudo-3D algorithm in resolving subsurface 
structures. These findings lead to demonstrate that the cross-line constraint makes 1D inversion 
more reliable than non-constrained 1D inversion in resolving 3D structures. 
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