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Summary:

Quick clay plays an important role in Norway due to the occurrence of several landslides that caused severe
damage. Hence, it is of high importance to understand the properties of quick clay and locate it in the
subsurface.

In this report, 2D resistivity modelling was done in order to study the possibilities and limitations of
mapping quick clay and other material. Models of different horizontal layers, dipping interfaces and lenses
were analysed. The following configurations were used for the modelling: Dipole-dipole, Gradient, Pole-
dipole and Wenner. The forward modelling was done with RES2DMOD whereas the inversion was
performed with RES2DINV. The protocol files that were used for the forward modelling simulate the
measuring procedure in the field with an ABEM Lund system which is based on a layout of 4 cables with
total 81 electrode positions. Smooth and robust inversion was carried out for all the models in order to
compare the different responses. Additionally, vertical/horizontal filter values of 1 and 0.5 were tested and
the effect on the inversion models analysed. Results from some models are presented with two colour scales
to enhance different conditions.

In general, the smooth inversion is better for detecting quick clay in a low resistivity environment.
However, if bedrock is present with higher and sharper contrasts, robust inversion can improve the mapping
of bedrock. Mostly a vertical/horizontal filter of 0.5 showed slightly better results, since a lot of models tend
to have horizontal formations and therefore a filter value of 0.5 aligns the structures more along the
horizontal axis.
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1. INTRODUCTION

Quick clay is an important issue in Norway because it has lead to several landslides which
caused severe damage. It is very important to examine the properties of quick clay and find
ways to locate it in the subsurface. With identifying quick clay, possible landslides can be
recognised in advance and reasonable precautions can be taken. During the glaciation and
deglaciation in Norway large amounts of clay and other sediments were deposited in the sea.
The retreat of glaciers resulted in an isostatic uplift and marine clay was raised above sea
level. Consequently, the marine clay was exposed to fresh groundwater and therefore leaching
of salt. If the salt is washed out, the structure of the clay may be instable and additional
pressure causing remoulding of the clay (e.g. earthquakes, erosion, human impact) can result
in a collapse of the structure. The clay liquefies and destructive landslides can occur. Norway
is very prone to these landslides and it is therefore particularly important to be able to locate
possible quick-clay areas.

Promising results to map quick clay in the subsurface were achieved with the direct current
resistivity method (Solberg, et al. 2008). It is a good tool to distinguish between possible
quick clay and non quick clay due to different resistivity values of quick clay and clay with
high pore-water salt content. Unleached marine clay is assumed to have a resistivity of 1-10
Qm, whereas possible quick clay is more resistive since the salt has been washed out, and
shows resistivity values of 10-100 Qm (Solberg et al. in press).

2D resistivity modelling is done in this work to examine the possibilities and limitations of
imaging various types of clay and other geological material in the subsurface. Quick clay is
represented as either 30 Qm, 50 Qm or 80 Qm, whereas unleached clay corresponds to 1 Qm
or 5 Qm. Models of horizontal layers, dipping layers and lenses are created and the responses
analysed. Different electrode configurations can be used for mapping the subsurface, and each
one of them has its own advantages and drawbacks. In this work, results from Dipole-dipole,
Gradient, Pole-dipole and Wenner electrode configurations were studied.

It is of high importance to choose the right array for a survey, since they can all have fairly
different responses depending on the feature present in the subsurface. To save labour costs in
the field, it is a good alternative to create synthetic data, do the inversion and analyse the
results. In this way, it is possible to become more confident in choosing the optimal array in
different geological situations, and to learn more about the possibilities and the limitations
connected to the 2D resistivity method.

The forward modelling was done using the program RES2DMOD version 3.01.63 (Loke
2002) for creating synthetic data. To simulate measured data, 5 % random noise was added
and these data were subsequently inverted using RES2DINV version 3.56 (Loke 2008). The
electrode spacing was chosen to be 5 m and the length of the 2D line was 400 m. For the
inversion the standard least-squares constraint was used which minimises the square of the
difference between the measured and calculated apparent resistivity. Additionally, robust
inversion was performed in order to study the different responses from smooth and robust
inversions. The robust inversion code tends to give sharp interface between different regions,
and the resistivity within each region is almost constant (Loke 2008). The effect of choosing
different values for the vertical/horizontal filter was also examined. The vertical/horizontal
filter values were chosen to be 1 and 0.5, where 0.5 emphases the horizontal structures.



2. ELECTRODE CONFIGURATIONS

The responses from Dipole-dipole, Gradient, Pole-dipole and Wenner electrode
configurations were examined. The different configurations can be seen in Figure 3.1. A
current is applied and the potential difference between two electrodes can be measured. The
altered electrode positions give rise to different current flow and hence lead to different
responses. To get information about deeper regions, the distance between the electrodes is
increased to force the current to flow deeper.
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Figure 3.1.: The electrode configurations used in the modelling. C is a current electrode and P a potential electrode
(M. Loke 2002).
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Every single electrode configuration has its own advantages and disadvantages (Reynolds
1997). The different way of measuring leads to dissimilar responses depending also on the
feature present in the subsurface.

Dipole-dipole performs depth sounding in the way that the distance “a” normally is kept
constant whereas the distance between the pairs of potential electrodes and current electrodes
Is increased. As the distance enlarges, the current is forced to flow deeper and hence reveals
more information about lower regions. To increase data quality, also the distance "a" has to be
increased.

For the Gradient configuration, the potential electrodes are moved along the line between the
current electrodes with a constant separation. To get information about the deeper subsurface,
the distance between the current electrodes is increased.



The Pole-dipole configuration, which uses one “far away” current electrode, has a fixed
distance between the potential electrodes. The depth sounding is carried out in that the
distance between the current electrode and the potential electrodes is gradually increased.

Wenner shows a constant distance between all the electrodes. For a higher penetration depth
the distance “a” has to be increased progressively. As a result, the current and the potential
electrodes have to be changed for each measurement.

Data about each electrode configuration are shown in table 1.

Table 1: Technical data and names of protocol files for the forward modelling (provided by Thorleif Dahlin).

Electrode No. of data | No. of data lines | Name of protocol files for
configuration points in pseudosection | the modelling
Dipole-dipole 1417 12 DipoleDipole4LS 5m
Gradient 1416 11 Grad4XLS8plus 5m
Pole-dipole 1968 18 POLDIP4LSplus 5m
Wenner 445 13 Wenner_XLS 5m

The modelling was done with the same electrode configurations as used in the field
measurements. Herewith, overestimation of the possibilities with the method can be avoided.
The modelling simulates the measuring procedure used with an ABEM Lund System (Dahlin
1993) which is based on a layout of 4 cables with total 81 electrode positions. To cover an
extended 2D line, the first cable can be moved to the end and lateral profiling can be
achieved. The measuring procedure can be seen in Figure 2.1. Lateral information in two
dimensions is achieved letting the soundings described above roll along the cable spread
(Figure 2.2).
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Figure 2.1: Measuring procedure in the field using 4 cables in a spread (From Dahlin 1993).
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Figure 2.2: Roll along principle with the Wenner electrode configuration (After Barker 1992).

3. MODELLING RESULTS

Table 2 shows the resistivity values used in the models, and what material they may represent.

Table 2: Resistivity values used in the models, and what material they may represent.

Resistivity value | Material

1 QOm Unleached marine clay
5Qm

30 Qm Leached clay, possible quick
50 Qm

80 Qm

100 Qm Dry crust clay

150 Qm

200 Qm Dry clay, clay-slide deposits
300 Qm Coarse material (sand and/or gravel)
500 Qm

800 Qm

5000 Qm Bedrock
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3.1 Horizontal layers

Model description

Several models with horizontal layers of different resistivities were created. The aim was to
check if horizontal layers of quick clay and non quick clay can be distinguished. The possible
quick clay is represented as 30 Qm or 80 Qm and the unleached clay as 1 Qm or 5 Qm. For
most of the models a top layer of 100-150 Qm was added, since one often encounters such a
layer in the field due to weathering and drying-out processes. Layers of 300 Qm, 500 Qm or
800 Qm may represent coarse material like sand and/or gravel.

Modelling Results

It is possible to differentiate between possible quick clay and unleached clay if the layers have
a certain thickness, such as about 10-15 m (Figures 3.1.13 — 3.1.20, 3.1.33 — 3.1.40). The
thickness and resistivity values are very accurate in this case. However, if the layers decrease
in thickness, they cannot be resolved in great detail, which means that the true thickness and
resistivity values cannot be recovered (Figures 3.1.1 —3.1.12, 3.1.21 — 3.1.32).

If there are alternated beddings present in the subsurface, it is hard to see the alternation in the
inversion model. Mostly, only the first two layers can be detected (Figures 3.1.69 — 3.1.92). In
the case where 1 m thick alternating layers are present, the inversion models display an
intermediate resistivity and no alternating layers (Figures 3.1.93 — 3.1.100).

The different configurations are quite equally qualified for mapping horizontal quick clay and
non quick clay layers. In some cases Pole-dipole seems to show the less accurate results
(Figures, 3.1.33 - 3.1.40, 3.1.69 — 3.1.92).

Generally, robust inversion produces less accurate models than smooth inversion, especially
when the layers are thin. Additionally, if there are many layers present, the robust inversion
tends to overlook an intermediate layer (Figures 3.1.49 — 3.1.52, principle of suppression,
Raynolds 1997). The worse resolution with robust inversion is probably the effect of low
resistivity contrast. In cases where bedrock of 5000 Qm is present in the subsurface, the
robust inversion shows better results to map this interface than smooth inversion since the
contrast is high.

A vertical filter of 0.5 slightly improves the image capability, since the horizontal layers get
more compressed along the horizontal axis and the interfaces experience less curvature.

Summary

The difference between possible quick clay and unleached clay is very accurate if the layers
have a thickness of about 10-15 m. As the thickness decreases, the resolution gets worse and
the true resistivity values cannot be recovered. Alternated beddings are difficult to display and
only the top few layers or an intermediate resistivity is displayed. Generally, all
configurations are suitable for mapping horizontal clay layers, apart from Pole-dipole that
shows in some cases a worse response. Smooth inversion with horizontal filter of 0.5 resulted
in the most accurate inversion models.
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3.2 Dipping interfaces

Model description

Inversion models with dipping interfaces and different contrasts were produced and analysed.
Mostly three different resistivities are present in the model and it is examined whether the true
resistivity can be recovered and the interfaces displayed.

Possible quick clay is represented as 30 Qm or 50 Qm and unleached clay as 1 Qm or 5 Qm.
For most of the models a top layer of 100-150 Qm was added to simulate field conditions.

Modelling results

Above bedrock of 5000 Qm, two different contrasts are mapped, such as 30 Qm, 300 Qm and
50 Qm, 800 Qm. If the dipping interface extends to the surface, the three different resistivities
and the right interface in between can be mapped highly accurate (Figures 3.2.1 — 3.2.24).
However, if the dipping interface does not continue to the surface, it is not possible to image
the 300 Qm layer (Figures 3.2.25 — 3.2.32). This effect can also be seen for 50 Qm and 800
Qm (Figures 3.2.41 — 3.2.48). Additionally, it is already troublesome to distinguish between
800 Qm and 5000 Qm, even though the dipping interface continues to the top (Figures 3.2.33
- 3.2.40). This might be the effect of the smaller contrast between 800 Qm and 5000 Qm.
Resistivity of 30 Qm, 5 Qm and 1 Qm can be distinguished; however, the shape of the
interface between 1 Qm and the close-by resistivity is not straight but rather curved (Figures
3.2.49 -3.2.52).

There was not an outstanding difference of the image capability for the different arrays.

For dipping interfaces, robust inversion yields worse results than smooth inversion, since the
robust inversion shows rather a staircase-shaped interface instead of a continuous dipping
interface. However, for the imaging of the bedrock interface, the robust inversion shows
better results. Also a vertical/horizontal filter of 0.5 increases the resolution of the bedrock,
since the interface can be mapped more to its true horizontal structure.

Summary

Interfaces between 30 Qm, 300 Qm and 5000 Qm can be mapped quite accurately if the
interface continues to the surface. If the interface does not continue, or the contrasts get
smaller, the image capability decreases and the true resistivity cannot be resolved. The
resolution of the different configurations is very similar. Best results were achieved with
smooth inversion, where the dip can be mapped very accurately. A V/H filter of 0.5 increased
the accuracy of the bedrock interface.
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3.3 Lenses

Model description

In the field one can encounter lenses with a certain resistivity. The aim of this part is therefore
to create lenses with different resistivities and contrasts and analyse how well they can be
imaged with the direct current resistivity method. It is often the question how big such a lens
has to be in order to be seen. Additionally, the depth of the lens plays an important role
regarding the resolution. Hence, different sizes and different locations are used to examine the
ability of imaging lenses in the subsurface.

Modelling results

A large quick clay lens (30 Qm) in a surrounding of unleached clay (1 Qm) can be mapped
quite accurately regarding the resistivity and the position. Since the lens is quite big, it is hard
to image the lower interface of the lens (Figures 3.3.1 — 3.3.4). For a lens of 1Qm in quick
clay surrounding (30 Qm), it is easier to map the bottom of the interface (Figures 3.3.5 —
3.3.8).

Lenses with various contrasts and two different sizes were imaged which can be seen in
Figures 3.3.13 — 3.3.44. A size of 90 m x 24 m in a depth of ~25 m can be mapped highly
accurate regarding shape and resistivity. Even a lens with the size of 30 m x 12 m in a depth
of ~15 m can be displayed quite exactly.

Smaller lenses with resistivity of 200 Qm, 800 Qm and 5000 Qm were tested in a surrounding
of 50 Qm in about 20 m depth (Figures 3.3.45 — 3.3.68). The lens with dimensions of 20 m x
10 m can be seen, however, the size cannot be determined very exactly from the inversion
models. Additionally, the different resistivities (200 Qm, 800 Qm, 5000 Qm) give all similar
results and hence cannot be distinguished. A lens of 15 m x 6 m in a depth of ~20 m can
hardly be detected. For the models with a 10 m thick 200 Qm layer at the top, the location of
the lens gets even more troublesome (Figures 3.3.69 — 3.3.92).

The robust inversion generally shows worse results, partly due to the square shaped lenses
instead of round lenses. Additionally it is assumed that the change in resistivity is rather
gradual, so the robust inversion results in too sharp interfaces. Mostly the VV/H filter value 0.5
yields better results due to the rather flat shape of the lenses.

Summary

Lenses can be mapped quite accurately in case they have a certain size. If the size is smaller
than 20 m x 10 m and the depth greater than 20 m, it is troublesome to recover the true shape
and resistivity of the lens. Normally, robust inversion shows worse results, since the
resistivities are expected to have a gradual change with no sharp interfaces. A V/H filer of 0.5
shows slightly a better result, since in most of the models have rather flat-shaped lenses.
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3.4 Special models

Model description

Models with dipping interfaces between resistivities of 50 Qm and 5000 Qm are created,
partly with additional clay lenses of 5 Qm. For some models, a resistivity of 800 Qm is
added above 5000 Qm in order to check if this layer can be distinguished from bedrock.

Modelling results

The bedrock of 5000 Qm can be mapped highly accurate if the dip is moderate and runs along
the whole profile (Figures 3.4.1 — 3.4.8). The clay lens is mapped fairly precise as well and
has no influence on the image capability of the bedrock, probably since the location is on the
side (Figures 3.4.9 — 3.4.16).

A larger dip is analysed in the next models. Due to the steeper angle, the bedrock is present
only on the side of the profile (3.4.17 — 3.4.24). Pole-dipole can image the bedrock in the best
way, since there are more data points available on the edge of the profile. For the models
where an additional 800 Qm layer is added above the bedrock, it is hard to differ between
5000 Qm and 800 Qm in the inversion models (Figures 3.4.33 — 3.4.40). The interface
between these two resistivities is gradual and the difference between models 3.4.17 — 3.4.24
and 3.4.33 — 3.4.40 is only minor.

The robust inversion shows better results for mapping the interface of 5000 Qm bedrock,
since the contrast is quite high. In cases where 800 Qm is added, robust inversion is slightly
worse. Additionally it doesn’t image the dip in the proper shape, since it rather results in a
staircase-shaped interface. Between the filter values of 1 and 0.5 it is hardly any difference
recognisable, so they are equally appropriate.

Summary

Dipping bedrock of 5000 Qm can be imaged quite accurately if situated below 50 Qm.
However, if an additional layer of 800 Qm is added above bedrock, it is troublesome to see
the interface between 5000 Qm and 800 Qm. Therefore, it is not possible to assess if there is
only a 5000 Qm layer present or an additional 800 Qm. Robust inversion shows better results
for mapping the 5000 Qm interface. However, if 800 Qm is present, it shows rather worse
results, since the resistivity increase is not sharp enough (principle of suppression, Reynold
1997) . The filter values of 1 and 0.5 depict fairly equal results.
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4. CONCLUSIONS

2D resistivity imaging is a very effective tool for detecting possible quick clay structures in
the subsurface. The ability to map quick clay with electrical resistivity depends on contrast,
size and depth of the features, and this can be assessed using forward modelling followed by
inversion.

Horizontal layers of quick clay can be imaged highly accurate if they have a thickness of
about 10-15 m. As the thickness decreases, the resolution gets worse and the resistivity value
is hard to estimate in a confident way.

Dipping and horizontal interfaces between 30 Qm, 300 Qm and 5000 Qm can be mapped
quite accurately if the interface continues to the surface. If the interface does not reach the
surface or the contrasts get smaller, the image capability decreases and the true resistivity
cannot be resolved.

Lenses can be mapped quite accurately unless they reach a limited size. If the dimensions are
smaller than 20 m x 10 m and the depth greater than 20 m, it is troublesome to recover the
true shape and resistivity of the lens.

Dipping bedrock of 5000 Qm can be imaged quite accurately if situated below 50 Qm.
However, if an additional layer of 800 Qm is added above bedrock, it is troublesome to detect
the interface between 5000 Qm and 800 Qm.

Generally smooth inversion shows better results, since between quick clay and unleached clay
a rather gradual change in resistivity is assumed. Additionally it is better for recovering the
true shape of a dipping layer and round lenses. However, in some cases, robust inversion
shows better results for mapping the 5000 Qm interface, due to a larger contrast.

Between the vertical/horizontal filter values, there is only a minimal difference noticeable in

the inversion models. In most of the cases, the filter value of 0.5 increases the resolution
slightly, since most of the models have rather horizontal than vertical structures.
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APPENDIX A - Modeling results. Horizontal layers

Figures 3.1.1 - 3.1.12:

Figures 3.1.13 - 3.1.16:

Figures 3.1.17 — 3.1.20:

Figures 3.1.21 — 3.1.32:

Figures 3.1.33 — 3.1.40:

Figures 3.1.41 — 3.1.48:

Figures 3.1.49 — 3.1.56:

Figures 3.1.57 — 3.1.60:

Figures 3.1.61 — 3.1.64:

Figures 3.1.65 — 3.1.68:

Figures 3.1.69 — 3.1.72:

Figures 3.1.73 — 3.1.80:

Figures 3.1.81 — 3.1.84:

Figures 3.1.85 - 3.1,92:

Figures 3.1.93- 3.1.96:

Figures 3.1.97 — 3.1.100:

Horizontal layers; 5m, 2 mand 1 m (30 Qm) in a depth of 14 m
surrounded by 1 Qm.

Top layer (3m) of 100 Qm overlaying horizontal layers of 30
Qm and 1 Qm.

Horizontal layers of 300 Qm, 30 Qm and 1 Qm.

Horizontal 5 layers; 5 m, 2 m and 1 m thick zone of 300 Qm in a
depth of 10 m.

Horizontal 3 layers; 2 m top layer (100 Qm) over horizontal
layers of 30 Qm and 5000 Qm. Two different colour scales.

Horizontal 4 layers; Top layer (150 Qm) over horizontal layers
of 30 Qm, 300 Qm and 5000 Qm. Two different colour scales.

Horizontal 5 layers; 3 m top layer (150 Qm) over horizontal
layers of 30 Qm, 5 Qm, 30 Qm and 5000 Qm. Two different
colour scales.

Horizontal 3 layers; 3 m top layer (150 Qm) over horizontal
layers of 80 Qm and 800 Qm.

Horizontal 3 layers; 3 m top layer (150 Qm) over horizontal
layers of 80 Qm and 5 Qm.

Horizontal 5 layers; 3 m top layer (150 Qm) over horizontal
layers of 80 Qm, 40 Qm, 15 Qm and 5 Qm.

Horizontal 8 layers; 2 m top layer (100 Qm) over horizontal
layers of 30 Qm and 300 Qm with a thickness of 8 m. 1 Qm as
the bottom layer.

Horizontal 8 layers; 2 m top layer (100 Qm) over horizontal
layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
as the bottom layer. Two different colour scales.

Horizontal 6 layers; 2 m top layer (100 Qm) over horizontal
layers of 30 Qm and 300 Qm with a thickness of 12 m. 1 Qm as
the bottom layer.

Horizontal 6 layers; 2 m top layer (100 Qm) over horizontal
layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000
Qm as the bottom layer. Two different colour scales.

Horizontal 6 layers; 3 m top layer (150 Qm) and 1 m thick
horizontal layers of 500 Qm and 50 Qm between 30 Qm.

Horizontal layers; 3 m top layer (150 Qm) and 1 m thick
horizontal layers of 500 Qm and 5 Qm between 30 Qm.

17



Dipole-dipole
Standard inversion, V/H=1

Bepis  Ibewatinn & i serer = B X
[N w.n Al ThE bF ] "
1.0

4
et |
13.2) |
TR
iw.m )
|

Inwsrus Mol Secintivity Tectinn

--.--:I---EI_]------

ll":il.t]kllﬂ ln aha, . unlt elestrade spacieg 5,08 &,

Gradient
Standard inversion, V/H=1

hptl. Itrutl.u-i § B errar = W, i 'l.
1 Thil EF ] "

1. BH ., i, raa— i A

rorr]
..
S
188

WL
Inwerse Wodel Resistlvity Sectlon
(8 1 ] | Jsmjesjooy  jesimmjoeges] ] |
INT] FRT] 7] 11.9 1.9 (1] LT ]
peciatiuity is ahs.n Uil slectirans cpsrieg 5. 80 &,

Pole-dipole
Standard inversion, V/H=1
Mptt Itrutmq & END giFar = N i 'I.

A ] |
I.J'!] — _"

L .ﬂﬁ
|| h
rE.9 g

e
LL R
a3
.14
Inwerse Mudel Geslstivity Section

Ll e e e e e

T.am ]
lﬂlsuulw lr A Ir Unit elecirede spauiog 5.08 A,

Wenner
Standard inversion, ViH=1

Bepth | ltaration § WS erear - A2 'l.
P
el
(ERCD

rz.0y

PR
im0

Ivwerue Hodel ll-l.l.ll!ull Aectian

EEEs ENEmCT S . . .-

T.8m
H:I!‘Hkﬂﬂ n ahe n unit electrade spacisg 5.08 &,

Synthetic model

BrUlAEIRLlY N e WA ELRCEreE iparisg B .H AL
LE S W FE AR %R bR BER  WEE  UBSE FEW IS D0SE REE SEe |eaed
- O E e N B B O W = D B s o W .

et bed sy mel
7 oRE TEE  AEE aNE §RE . L 14 e e i = A 1 i i) T i T e i
¥
™

Figure 3.1.1: 5 m zone (30 Qm) in a depth of 14 m surrounded by 1 QOm. Standard inversion, VH=1
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Figure 3.1.3: 5 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
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Figure 3.1.5: 2 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Standard inversion, V/H=1
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Figure 3.1.6: 2 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Robust inversion, V/H=1
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Figure 3.1.7: 2 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Standard inversion, V/H=0.5
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Figure 3.1.8: 2 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Robust inversion, V/H=0.5
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Figure 3.1.9: 1 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Standard inversion, V/H=1
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Figure 3.1.10: 1 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Robust inversion, V/H=1
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Figure 3.1.11: 1 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Standard inversion, V/H=0.5
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Figure 3.1.12: 1 m zone (30 Qm) in a depth of 14 m surrounded by 1 Qm.
Robust inversion, V/H=0.5
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Standard inversion, V/H=1
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Standard inversion, V/H=0.5
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Figure 3.1.16: 3m top layer of 100 Qm with horizontal layers of 30 Qm and 1 Qm.
Robust inversion, V/H=0.5
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Standard inversion, V/H=1
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Figure 3.1.18: Horizontal layers of 300 Qm, 30 Om and 1 Qm.
Robust inversion, V/H=1

35



Dipole-dipole
Standard inversion, V/H=0.5

Beth  Idrwstden b R eerer = B
e

|

|
waey
o

el
|

1“'!! vl Beintisity et
) ) )

Semiskinbty (n wam.n Wit slstesss sasning 69w

Gradient
Standard inversion, V/H=0.5

Byt rwabiss § M peree < bH
ln
r.av)

R
LT
L AR

I

L LB B

imwrrss Fodel Reilabivity Seciie
----- i---[__------

hl.hll!llp I! - ll Ball elmiireds wsaning 5.0 w

Pole-dipole
Standard inversion, VIH=0.5

L AL I'|-r"d|'!|?lﬂ|lrr'1-' =m|.a %

l||
"I.

.4

IR DT e A N S

Wenner
Standard inversion, V/H=0.5

BEMA  Ihiration b TS eoree = 6
e

bl sisvireds apesing .8 e

Synthetic model

Esiutinlty in sen.n Wi eleiirade spanleg 50w

LR OGE W R R MR UM B AW TR IR OO R v b T
- = = W ]
Besiatisity medel
IORBE TR RRE R AR .- 11 58 e " . m 4 e e .- e i T 11 o
¥
.

Eramm
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Standard inversion, V/H=0.5
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Figure 3.1.20: Horizontal layers of 300 Qm, 30 Om and 1 Qm.
Robust inversion, V/H=0.5
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Figure 3.1.21: 5 m thick zone of 300 Qm in a depth of 10 m.
Standard inversion, V/H=1



Dipole-dipole
Robust inversion, ViH=1

Pepth  [Reration 5 BBy, error = 3.4 &
.. w0

e e —— ===

Inwerse Made]l Besistivity Sectism
| ----m-.--l.._l------
1.8 oz 5.7 W L T LT otz
ArSistivity ih shm.A it electrode spacing 5.00 n.

Gradient

Robust inversion, V/H=1
Pepth  [terabion 5 BB, errorf = 3.7 &
L M ] wi.n 2.1 ELil ) e LD
r.n i

..
naAa
ELEL]

A

L

Inwerie Model Resistivity Sectise

-‘----m ---I__I------
.77 ] o0
NPSIsEIVITY n oNA.N it slectrade spacing 500 m.

Pole-dipole
Robust inversion, V/iH=1

Bepith o Itll‘lt]l.l 5 Bby. FRPEF ! & i

1.73

v w
RN
TN
: =

.2
&1.2

1.1
invwrue Madel I-l.i'lfiul.II Sectiom

. T R | B . ..

Iﬂulluiw In TN n il elechrsde spacing 5.00 a.

Wenner
Robust inversion, WIH=1

Bepth s ltll‘l”ll § #bi. Errer = 3.5 ‘

1.70
r.or
3.9

na

1B Ll
s
0.1 ¥
-, |
1.0

Inastrae Mnnel lﬂhrluhu teeriam

1 1 [ Q== ---[:I------
1.08 Tl .07 LER .0 LI L1
Resisbiulty in ohm,n Bnif electreds spacing 500 m.

Synthetic model

Pralativity ln sham Wit shecirads speciog b0 6.

L8 S TE P BE NE UEE OB S B FEE FLEE DESE AEEE SEEE 1EERR
- - G = S = = = D = s - - -
Besiatinity msori
Fomme M4 mLE GRE BRLE . 134 el i 1 o o] v il E . £ a8 ETT ] 1w i
7.8
.8
"

"
™
~
™
"
-
L
-
-

Figure 3.1.22: 5 m thick zone of 300 Qm in a depth of 10 m.
Robust inversion, V/H=1
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Figure 3.1.23: 5 m thick zone of 300 Qm in a depth of 10 m.
Standard inversion, V/H=0.5
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Figure 3.1.25: 2 m thick zone of 300 Qm in a depth of 10 m.
Standard inversion, V/H=1
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Figure 3.1.26: 2 m thick zone of 300 Qm in a depth of 10 m.
Robust inversion, V/H=1
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Figure 3.1.27: 2 m thick zone of 300 Qm in a depth of 10 m.
Standard inversion, V/H=0.5
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Figure 3.1.28: 2 m thick zone of 300 Qm in a depth of 10 m.
Robust inversion, V/H=0.5
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Figure 3.1.29: 1 m thick zone of 300 Qm in a depth of 10 m.
Standard inversion, V/H=1
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Standard inversion, V/H=1
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Figure 3.1.34: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 5000 Qm.
Robust inversion, V/H=1
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Figure 3.1.35: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 5000 Qm.
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Figure 3.1.36: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 5000 Qm.
Robust inversion, V/H=0.5
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Figure 3.1.39: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 5000 Qm.
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Figure 3.1.45: 3m top layer (150 Qm) over horizontal layers of 30 Qm, 300 Qm and 5000 Qm.
Standard inversion, V/H=1
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Figure 3.1.46 3m top layer (150 Qm) over horizontal layers of 30 Qm, 300 Qm and 5000 Qm.
Robust inversion, V/H=1
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Figure 3.1.47: 3m top layer (150 Qm) over horizontal layers of 30 Qm, 300 Qm and 5000 Qm.
Standard inversion, V/H=0.5
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Figure 3.1.48: 3m top layer (150 Qm) over horizontal layers of 30 Qm, 300 Qm and 5000 Qm.
Robust inversion, V/H=0.5
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Figure 3.1.49: 3 m top layer (150 Qm) over horizontal layers of 30 Qm, 5 Qm, 30 Om and 5000 Qm. Standard
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Figure 3.1.50: 3 m top layer (150 Qm) over horizontal layers of 30 Qm, 5 Qm, 30 Qm and 5000 Qm. Robust inversion,
V/H=1
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Figure 3.1.51: 3 m top layer (150 Qm) over horizontal layers of 30 Qm, 5 Qm, 30 Om and 5000 Qm. Standard
inversion, V/H=0.5
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V/H=0.5
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Figure 3.1.58: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 800 Qm.
Robust inversion, V/H=1
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Figure 3.1.59: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 800 Qm.
Standard inversion, V/H=0.5
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Figure 3.1.60: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 800 Qm.
Robust inversion, V/H=0.5
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Figure 3.1.61: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 5 Qm.
Standard inversion, V/H=1
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Figure 3.1.62: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 5 Qm.
Robust inversion, V/H=1
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Figure 3.1.63: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 5 Qm.
Standard inversion, V/H=0.5
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Figure 3.1.64: 3 m top layer (150 Qm) over horizontal layers of 80 Qm and 5 Qm.
Robust inversion, V/H=0.5
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Figure 3.1.65: 3 m top layer (150 Qm) over horizontal layers of 80 Qm, 40 Qm, 15 QOm and 5 Qm. Standard inversion,
V/H=1
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Figure 3.1.66: 3 m top layer (150 Qm) over horizontal layers of 80 Qm, 40 Qm, 15 Qm and 5 Qm. Robust inversion,
V/H=1
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Figure 3.1.67: 3 m top layer (150 Qm) over horizontal layers of 80 Qm, 40 Qm, 15 Om and 5 Qm. Standard inversion,
V/H=0.5
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Figure 3.1.68: 3 m top layer (150 Qm) over horizontal layers of 80 Qm, 40 Qm, 15 QOm and 5 Qm. Standard inversion,
V/H=0.5
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Figure 3.1.69: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m.

1 Om as the bottom layer.
Standard inversion, V/H=1
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Figure 3.1.70: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m.
1 Om as the bottom layer.
Robust inversion, V/H=1
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Figure 3.1.71: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m.
1 Qm as the bottom layer.
Standard inversion, V/H=0.5
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Figure 3.1.72: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m.
1 Qm as the bottom layer.
Robust inversion, V/H=0.5
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Figure 3.1.73: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
as the bottom layer.
Standard inversion, V/H=1
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Figure 3.1.75: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
as the bottom layer.

Standard inversion, VV/H=0.5
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Figure 3.1.76: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=0.5
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Figure 3.1.77: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
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Standard inversion, V/H=1
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Figure 3.1.78: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=1
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Figure 3.1.79: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm

as the bottom layer.
Standard inversion, V/H=0.5
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Figure 3.1.80: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 8 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=0.5
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Figure 3.1.81: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m.
1 Qm as the bottom layer.
Standard inversion, V/H=1
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Figure 3.1.82: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m.
1 Qm as the bottom layer.
Robust inversion, V/H=1
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Figure 3.1.83: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m.
1 Om as the bottom layer.
Standard inversion, V/H=0.5
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Figure 3.1.84: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m.
1 Qm as the bottom layer.
Robust inversion, V/H=0.5
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Figure 3.1.85: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Standard inversion, V/H=1
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Figure 3.1.86: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=1
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Figure 3.1.87: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Standard inversion, V/H=0.5
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Figure 3.1.88: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=0.5
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Figure 3.1.89: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Standard inversion, V/H=1
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Figure 3.1.90: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=1
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Figure 3.1.91: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Standard inversion, V/H=0.5
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Figure 3.1.92: 2 m top layer (100 Qm) over horizontal layers of 30 Qm and 300 Qm with a thickness of 12 m. 5000 Qm
as the bottom layer.
Robust inversion, V/H=0.5
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Figure 3.1.93: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 50 Qm between
30 Om.
Standard inversion, V/H=1
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Figure 3.1.94: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 50 Qm between
30 Om.
Robust inversion, V/H=1
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Figure 3.1.95: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 50 Qm between
30 Om. Standard inversion, V/H=0.5
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Figure 3.1.96: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 50 Qm between
30 QOm. Robust inversion, V/H=0.5
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Figure 3.1.97: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 5 Qm between 30 Qm. Standard
inversion, V/H=1
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Figure 3.1.98: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 5 Om between 30 Qm. Robust
inversion, V/H=1
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Figure 3.1.99: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 5 Qm between 30 Qm. Standard
inversion, V/H=0.5
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Figure 3.1.100: 3 m top layer (150 Qm) and 1 m thick horizontal layers of 500 Qm and 5 Qm between 30Qm.
Robust inversion, V/H=0.5
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APPENDIX B - Modeling results. Dipping interfaces

Figures 3.2.1 -:3.2.24:

Figures 3.2.25 — 3.2.32:

Figures 3.2.33 — 3.2.40:

Figures 3.2.41 — 3.2.48:

Figures 3.2.49 - 3.2.52:

Figures 3.2.53 — 3.2.56:

Shallow, intermediate and steeply dipping interface between
resistivities of 300 Qm and 30 Qm above bedrock of 5000 Qm
below. Two different colour scales.

2 m top layer (100Q2m) over a horizontal and dipping interface
between 30 Qm and 300 Qm. Bedrock of 5000 Qm below. Two
different colour scales.

3 m top layer (150 Qm) over a dipping interface between
resistivities of 800 Qm and 50 Qm. Bedrock of 5000 Qm below.
Two different colour scales.

3 m top layer (150 Qm) over a horizontal and dipping interface
between 50 Qm and 800 Qm. Bedrock of 5000 Qm below. Two
different colour scales.

3 m top layer (150 Qm) over a dipping interface between
resistivities of 30 Qm and 5 Qm. Clay of 1 Qm below.

Dipping interfaces between 1 Qm, 30 Qm and 1 Qm.
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Figure 3.2.1: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=1

120



Dipole-dipole
Robust inversion, ViH=1

Depth  [TeFation % #bs. error = 3.8 %
L ] LLE ] w.@

Inwerse Made]l Besistivity Sectism
| ----m-.--l.._l------
1.8 oz 5.7 W L T LT otz
ArSistivity ih shm.A it electrode spacing 5.00 n.

Gradient

Robust inversion, ViH=1
Depihi  [ieraijos % #6s. error = 3.5 &
[ M ] i@ wp.a 1] aae 0 LN

AP ¢ TR T T R PP E U PP O UTPTTe |
F.v |

e -
Tt

3.1
LI
51.%

Inwerie Model Resistivity Sectise

-‘----m----r_l--q----
ST .3 o0 w2
WeSISERUELY iR onmm Enit electrade spacing +.00 .

Pole-dipole
Robust inversion, V/H=1

Depth  [terabion 5 #bs. error = &0 i
LA .0 ., 128 tha kL ELL) EL L] e Jan .

1.73
LB
RN
0.9
e
.2
&1.2

1.1
invwrue Madel I-l.i'lfiul.II Sectiam

B B R EEml | B i . .-

Iﬂulluiw In TN n il elechrsde spacing 5.00 a.

Wenner
Robust inversion, WH=1
bepih  [terabion & 8Bs. errer = 3.3 %
: mﬁ.l kn.m [T 128 Tl 200 Ll Fil ] e Tim :l
1.7
Inverse Wadel Beclotluinyg Secriam

12.8
AL ]
n.
-----ﬂ----cl------
FAT] 5. 77 (LN | LLb
lnh.lhilv 1n nhm,m Bnif electrede spacing 5,00 m,

.S
.7

Lo ]

Synthetic model

Srslatiuing s sham wedY ebroTrmie piag 4.0 8,
S0 TR PR PR WM A §EE A R JEE FUe BESE nEER AR TEDER
_ O O E O B I O B O B B .
L]

N I.

Faawm

ANy el
ina LA LN ) LN . e ALl ELLY

Figure 3.2.2: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=1
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Figure 3.2.3: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=0.5
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Figure 3.2.4: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=0.5
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Figure 3.2.5: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 QOm below.
Standard inversion, V/H=1
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Figure 3.2.6: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=1
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Figure 3.2.7: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=0.5
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Dipole-dipole
Robust inversion, VIH=0.5
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Figure 3.2.8: Shallow dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=0.5
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Figure 3.2.9: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Standard inversion, V/H=1
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Figure 3.2.10: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
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Figure 3.2.11: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Standard inversion, V/H=0.5
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Figure 3.2.12: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Robust inversion, V/H=0.5
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Figure 3.2.13: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Standard inversion, V/H=1
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Figure 3.2.14: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Robust inversion, V/H=1
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Dipole-dipole
Standard inversion, VIH=0.5
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Figure 3.2.15: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Standard inversion, V/H=0.5
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Figure 3.2.16: Moderately dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm
below. Robust inversion, V/H=0.5
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Figure 3.2.17: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=1
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Figure 3.2.18: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=1
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Figure 3.2.19: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=0.5
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Figure 3.2.20: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=0.5
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Figure 3.2.21: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=1
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Figure 3.2.22: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=1
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Figure 3.2.23: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Standard inversion, V/H=0.5
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Figure 3.2.24: Steeply dipping interface between resistivities of 300 Qm and 30 Qm with bedrock of 5000 Qm below.
Robust inversion, V/H=0.5
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Figure 3.2.25: 2m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=1
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Figure 3.2.26: 2m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, VV/H=1
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Figure 3.2.27: 2m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=0.5
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Figure 3.2.28: 2m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, V/H=0.5
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Figure 3.2.29: 2 m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=1
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Figure 3.2.30: 2 m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, V/H=1
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Figure 3.2.31: 2 m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=0.5

150



Dipole-dipole
Robust inversion, ViH=0.5

Bepts  Thewatine & s, ereor « 3.6 &
[ (TN wn.a

o893
.25
LA )

0.4
L)

a8
LLA
L)

Imwrrse Hodrl lnl.nhq. Teution

L] A5
h'll'lti!lly I| ELERLY Unil wlectrode spacing 5.0 n.

Gradient
Robust inversion, VIH=0.5
Pepth  TEeration © &bs, error = 3.4 &
.a BEL.E BO.E

LELLE
el

(LA
.
7.1
WL
5.5
------ﬁ---::------
T, m 399 "5 ] 131 [T 0 (372
Eesistiulily 18 aha.s AL electrade spacing 5. 08 n

Pole-dipole
Robust inversion, Y/H=0.5

Depld  TDerdtiue § Bim. srror = 3.9 §
LA LLE ] LM

LN ]
3.9
M.
ELE
3.3

Imwerse Hodel Besistivity Section
------ﬁ---l:]------

3,99 ELI 131 1T
tnhu.-!.l' Is aha.m init slsttrode spacing 1.0 A

Wenner
Robust inversion, ViH=0.5

Prpil 1.l'lrdtllﬂ ¥ l'i'l wrear I I'I.
"
LA .!'—'—'

.5
%5
w7
LR
LT
Imeprsn Model Besistivity tectlon
------ﬁ---:z------
3.9% 1.5 131 A5 L
lrIl'I'!il!.I' TN - Uit #leitrode spacing 5.08 n

Synthetic model

draishlnliy in e el shpcineie apbeg 5.0 m
e BB BE FE BR AR P AR TER  (BER FESR T ERER B TeE  GRese
- . W s = e = O = -

-

[=]
Fia LI N ] (1} (LN Rl ) 1 L] il Nl 1ar 1l wiw

Figure 3.2.32: 2 m top layer (100Qm) over a horizontal and dipping interface between 30 Qm and 300 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, V/H=0.5
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Figure 3.2.33: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=1
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Figure 3.2.34: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, V/H=1
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Figure 3.2.35: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=0.5
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Figure 3.2.36: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, VV/H=0.5
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Figure 3.2.37: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, VV/H=1
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Figure 3.2.38: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, V/H=1
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Figure 3.2.39: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Standard inversion, V/H=0.5
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Figure 3.2.40: 3 m top layer (150 Qm) over a dipping interface between resistivities of 800 Qm and 50 Qm. Bedrock of
5000 Qm as the bottom layer. Robust inversion, VV/H=0.5
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Figure 3.2.41: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Om. Bedrock
of 5000 Qm as the bottom layer. Standard inversion, V/H=1
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Figure 3.2.42: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Robust inversion, V/H=1
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Figure 3.2.43: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Standard inversion, V/H=0.5
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Figure 3.2.44: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Robust inversion, V/H=0.5
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Figure 3.2.45: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Standard inversion, V/H=1
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Figure 3.2.46: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Robust inversion, V/H=1
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Figure 3.2.47: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Standard inversion, V/H=0.5
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Figure 3.2.48: 3 m top layer (150 Qm) over a horizontal and dipping interface between 50 Qm and 800 Qm. Bedrock
of 5000 Qm as the bottom layer. Robust inversion, V/H=0.5
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Figure 3.2.49: 3 m top layer (150 Qm) over a dipping interface between resistivities of 30 Qm and 5 Qm.
1 Om as the bottom layer. Standard inversion, V/H=1
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Figure 3.2.50: 3 m top layer (150 Qm) over a dipping interface between resistivities of 30 Qm and 5 Qm.
1 Om as the bottom layer. Robust inversion, V/H=1
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Figure 3.2.51: 3 m top layer (150 Qm) over a dipping interface between resistivities of 30 Qm and 5 Qm.
1 Om as the bottom layer. Standard inversion, V/H=0.5
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Figure 3.2.52: 3 m top layer (150 Qm) over a dipping interface between resistivities of 30 Qm and 5 Qm.
1 Om as the bottom layer. Robust inversion, V/H=0.5
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Figure 3.2.55: Dipping interfaces between 1 Qm, 30 Qm and 1 Qm. Standard inversion, V/H=0.5
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APPENDIX C - Modeling results. Lenses

Figures 3.3.1 - 3.3.4:

Figures 3.3.5 -3.3.8:

Figures 3.3.9 -3.3.12:

Figures 3.3.13 — 3.3.20:

Figures 3.3.21 — 3.3.28:

Figures 3.3.29 - 3.3.36:

Figures 3.3.37 — 3.3.44:

Figures 3.3.45 — 3.3.56:

Figures 3.3.57 — 3.3.68:

Figures 3.3.69 — 3.3.80:

Figures 3.3.81 — 3.3.92:

2 m top layer (100 Qm) over 1 Qm and a quick clay lens of 30
Qm.

2 m top layer (100 Qm) over 30 Qm and a clay lens of 1 Qm.

10 m of slide deposits (100 Qm) over horizontal layers of 30
Qm, 1 Qm and a lens of 300 Qm.

2 m top layer (100 Qm) over 1 Qm and a lens of 300 Qm with
the size of 90 m x 24 m in a depth of ~25 m, and the size of 30
m x 12 m in a depth of ~15 m.

2 m top layer (100 Qm) over 30 Qm and a lens of 300 Qm with
the size of 90 m x 24 m in a depth of ~25 m, and the size of 30
m x 12 m in a depth of ~15 m.

2 m top layer (100 Qm) over 30 Qm and a lens of 1 Qm with the
size of 90 m x 24 m in a depth of ~25 m, and the size of 30 m x
12 m in a depth of ~15 m.

2 m top layer (100 Qm) over 1 Qm and a lens of 30 Qm with the
size of 90 m x 24 m in a depth of ~25 m, and the size of 30 m x
12 m in a depth of ~15 m.

3 m top layer (150 Qm) over 50 Qm with a lens of clay slide
deposits of 200 Qm, a lens of sand and gravel of 800 Qm, and a
rock of 5000 Qm. The size of the lens is 20 m x 10 m.

3 m top layer (150 Qm) over 50 Qm with a lens of clay slide
deposits of 200 Qm, a lens of sand and gravel of 800 Qm, and a
rock of 5000 Qm. The size of the lens is 15 m x 6 m.

3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lens of
clay slide deposits of 200 Qm, a lens of sand and gravel of 800
Qm, and a rock of 5000 Qm. The size of the lens is 20 m x 10
m.

3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lens of

clay slide deposits of 200 Qm, a lens of sand and gravel of 800
Qm, and a rock of 5000 Qm. The size of the lens is 15 m x 6 m.
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Figure 3.3.1: 2 m top layer (100 Qm) over 1 Qm and a quick clay lense of 30 Qm. Standard inversion, V/H=1
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Figure 3.3.2: 2 m top layer (100 Qm) over 1 Qm and a quick clay lense of 30 Qm. Robust inversion, V/H=1
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Figure 3.3.3: 2 m top layer (100 Qm) over 1 Qm and a quick clay lense of 30 Qm. Standard inversion, V/H=0.5
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Figure 3.3.4: 2 m top layer (100 Qm) over 1 Qm and a quick clay lense of 30 Qm. Robust inversion, V/H=0.5
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Figure 3.3.5: 2 m top layer (100 Qm) over 30 Qm and a clay lense of 1 Qm. Standard inversion, V/H=1
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Figure 3.3.6: 2 m top layer (100 Qm) over 30 Qm and a clay lense of 1 Qm. Robust inversion, V/H=1
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Figure 3.3.7: 2 m top layer (100 Qm) over 30 Qm and a clay lense of 1 Qm. Standard inversion, V/H=0.5
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Figure 3.3.8: 2 m top layer (100 Qm) over 30 Qm and a clay lense of 1 Qm. Robust inversion, V/H=0.5
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Figure 3.3.9: 10 m of slide deposits (100 Qm) over horizontal layers of 30 Qm, 1 Qm and a lense of 300 Qm. Standard
inversion, V/H=1
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Figure 3.3.10: 10 m of slide deposits (100 Qm) over horizontal layers of 30 Qm, 1 Qm and a lense of 300Qm. Robust
inversion, V/H=1
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Figure 3.3.11: 10 m of slide deposits (100 Qm) over horizontal layers of 30 Qm, 1 Qm and a lense of 300Qm. Standard
inversion, V/H=0.5
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Figure 3.3.12: 10 m of slide deposits (100 Qm) over horizontal layers of 30 Qm, 1 Qm and a lense of 300Qm. Robust
inversion, V/H=0.5
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Figure 3.3.13: 2 m top layer (100 Qm) over 1 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Standard
inversion, V/H=1
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Figure 3.3.14: 2 m top layer (100 Qm) over 1 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Robust
inversion, V/H=1
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Figure 3.3.15: 2 m top layer (100 Qm) over 1 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Standard
inversion, V/H=0.5
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Figure 3.3.16: 2 m top layer (100 Qm) over 1 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Robust
inversion, V/H=0.5
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Figure 3.3.17: 2 m top layer (100 Qm) over 1 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Standard
inversion, V/H=1
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Figure 3.3.18: 2 m top layer (100 Qm) over 1 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Robust
inversion, V/H=1

195



Dipole-dipole
Standard inversion, VH=0.5

mepin IteFatine 3 EFY EPFoF ¢ 8.3 %
.. ) ®,n ires 1] raw aE bl - ] E T L
bbb

Inwerse Model Resistivity Tectism

. = ._.l_ --ml__.lﬁm----
L] 5.7 .3 LN 192
H-'\.h!HItl.r in ohm, - it electrade spacing 5.00 m.

'U'

Gradient
Standard inversion, VIH=0.5

Ih-|liI| I'H'I allnm % lH'u Jyerer.= N, l- 'l.
s F1 ] "
F. 7

Tk

e
3.1

ki

51.%
Inwwvrsie Model Resistivity Tectise

“--:Iﬂ---l_l------

5.0
Hi\-lL!Ivlll‘- in ohm WL PLRCTIFESE SpECLig %00 A.

Pole-dipole
Standard inversion, V/H=0.5

Depth _ [Ueration 3 BMI error = 5.0 %
[ ] so.m W00

RN
T
Fa i
3.7
&1.2

1.1

Imswrse el Brcistivity Secriom
----- _|ﬂ --E- -m----
1.08 T8 .9 (YT
HHI'LlHlHIt Iﬂ' LU

Enik rlectrasss sparing 5.00 m

Wenner
Standard inversion, V/H=05

nrplh un-nln 5 lm rror « 1. 'I 'l.

[ us. i e

|
. 5|
EL T
.7
.k
1.7

Inwerse Model Brcistiving Secrism

-----jﬂ--ﬂﬂ:-ﬂ----

1. 0m oAl 577 1.9

nnluwun,r |r|. nhm, it rlectrede spacing 5,00 m

Synthetic model

Ersistimiiy §o sham
T [ ] TEE aEE W T Fem FLED PEEE wEE GaEl  (EER
- - - = = = = - = b=l L1=] = LI
Wrsiat iy meied
L]

LA LLA ) LN LLE AL e tel el (Ll Tae res e . el R e L 1w Ll

it sbertrets sping U0 &

- P

EEEFEEAGFinn

Figure 3.3.19: 2 m top layer (100 Qm) over 1 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Standard
inversion, V/H=0.5
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Figure 3.3.20: 2 m top layer (100 Qm) over 1 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Robust

inversion, V/H=0.5
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Figure 3.3.21: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Standard
inversion, V/H=1
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Figure 3.3.22: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Robust
inversion, V/H=1
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Figure 3.3.24: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 300 Qm in a depth of ~25 m. Robust
inversion, V/H=0.5
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Figure 3.3.25: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Standard
inversion, V/H=1
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Figure 3.3.26: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Robust
inversion, V/H=1
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Figure 3.3.28: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 300 Qm in a depth of ~15 m. Robust
inversion, V/H=0.5

205



Dipole-dipole
Standard inversion, V/H=1

Feplh  diawasilen § ML wrre - B8 G
() LLN )

Huwswns mmivl Bevintinity Seviim

) -

pevivtinlin b v it aletre waring 0w

Gradient
Standard inversion, ViH=1

Beis Iderabien b M prree - b6

'.'::f =

LLA ) 1w e e ELt) Bl Ei ] ma LN

Wie
noal
o)
L
1

(IR T

e e e Y L

-----Eﬂ ---I:------
[ %7 12
L R P S T

Pole-dipole
Standard inversion, ViH=1

Beyin Ilewatisn o B prree < b0
_snm 1 i e o o | "

- :!
o] I|
. i
5 5 )
B EL IE R W S RRAE S
Wenner
Standard inversion, ViH=1
L Al 'I:T-'Iﬂliu i m.— 303

. --“----[_------
.= -
litinity 0w il slehreas wnaring L0 w

Synthetic model

Eeshitheity In ass Wil stegtyeds spaieg b0 &,

LSRR TR B . M B M U PR B ah e i i
- . =] O N O L O O .
Beadatbaily medui

IoEE I AR ARG B . w T L1 e L]
.

.

"

"

"

n

n

L

=

"

=

-

kT

Figure 3.3.29: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 1 Qm in a depth of ~25 m. Standard
inversion, V/H=1
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Figure 3.3.30: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 1 Qm in a depth of ~25 m. Robust
inversion, V/H=1
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Figure 3.3.31: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 1 Qm in a depth of ~25 m. Standard
inversion, V/H=0.5
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Figure 3.3.32: 2 m top layer (100 Qm) over 30 Qm and a lense (90 m x 24 m) of 1 Qm in a depth of ~25 m. Robust
inversion, V/H=0.5
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Figure 3.3.33: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 1 Om in a depth of ~15 m. Standard
inversion, V/H=1
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Figure 3.3.34: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 1 Qm in a depth of ~15 m. Robust
inversion, V/H=1
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Figure 3.3.35: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 1 Om in a depth of ~15 m. Standard
inversion, V/H=0.5
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Figure 3.3.36: 2 m top layer (100 Qm) over 30 Qm and a lense (30 m x 12 m) of 1 Qm in a depth of ~15 m. Robust
inversion, V/H=0.5
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Figure 3.3.39: 2 m top layer (100 Qm) over 1 Qm and a lense (90 m x 24 m) of 30 Qm in a depth of ~25 m. Standard
inversion, V/H=0.5
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Figure 3.3.41: 2 m top layer (100 Qm) over 1 Qm and a lense (30 m x 12 m) of 30 Qm in a depth of ~15 m. Standard
inversion, V/H=1
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Figure 3.3.42: 2 m top layer (100 Qm) over 1 QOm and a lense (30 m x 12 m) of 30 Qm in a depth of ~15 m. Robust
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Figure 3.3.43: 2 m top layer (100 Qm) over 1 Qm and a lense (30 m x 12 m) of 30 Qm in a depth of ~15 m. Standard
inversion, V/H=0.5
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Figure 3.3.44: 2 m top layer (100 Qm) over 1 QOm and a lense (30 m x 12 m) of 30 Qm in a depth of ~15 m. Robust
inversion, V/H=0.5
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Figure 3.3.46: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10 m). Robust
inversion, V/H=1

223



Dipole-dipole
Standard inversion, V/H=0.5
ot binan .2

¥ | | [
1.08 FT 5.7 13.% .3 (1N ] T [H]
Bealstivity in ohn.n it electrode wpaciog 5.98 n.
Gradient
Standard inversion, VIH=0.5
Bepih  [terakics & AN prrer - B.F R
I.-I.-- (TN ] R @ LB
F.m
EEY
F
f ]
Wi.A
F1.8
Inwerse Hodel Resistivity Sectios
I ) .
T FRCT E.FF 13.9 .3 [1N] T LT5]
Beslstiuity In ohe.n Enir slertrsls opecieg 80 B

Pole-dipole

Standard inversion, VIH=0.5
Bepih  lierabios 3 NG prever = w0 &
l:| ﬂl.l Ill.l ﬂl'd ‘!'. 208 I!l ﬂll Fam j!l .'
178 T E= e —_——— ——— — = —
L]
AL Y
Fa.0
WA
LT
3.3
1.1
Inverse Hodel Resistivity Gectiom
| _§ | I G . . .
1.nE ENCT] K.FF 13.9 8d.3 [1N] Ty (5]
Reslstivity in shi.n Wil eleciroads wpacisg 508 5.
Wenner

Standard inversion, VIH=0.5

Bephh  [terabivs & AN moeer = 0.0 %
L A R (LN}

bbbkl e e ke s b ke e bt e

Inssris Mol Besiabiwid i Teetion

it
1 1 7 I | | §  Je-qum) fof ] ] 1 |
1.08 [T 50T %9 3.3 (LM Ty L.
Bepdsbivity In ohn,n i elestrade speciog 588 n,

Synthetic model

aeniativity in obnm Unlk elecbrodr spacing 5.8 m.
0 IR SE TEE 158 PEM AOE TENEE FORR JERE  sEAE SEEE  TRORe
- - ] = ] - R = [ =) =] -

7.8 .0 1
2] - .
Mrslstlvity webel
£ D.oR FELE ADLE AD.E  CHE.E 108 e gLl] L] ien ren e Eng ae
r.
w.n
1%
ra
4

E

kL]
Ll
L |

Figure 3.3.47: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10 m).
Standard inversion, V/H=0.5
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Figure 3.3.48: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10 m). Robust
inversion, V/H=0.5
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Figure 3.3.49: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10 m). Standard
inversion, V/H=1
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Figure 3.3.50: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10 m). Robust
inversion, V/H=1
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Figure 3.3.51: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10 m). Standard
inversion, V/H=0.5
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Figure 3.3.52: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10 m). Robust
inversion, V/H=0.5

229



Dipole-dipole
Standard inversion, V/H=1
Mpn lhﬂttlﬂl ¥ Wi errer = W, l t

1“-
L

hi TRl i LS

.8
LN
a8.8

Al LB
Inwprus Hudel -Iilllul.i Tectinn

------ --D------
.08 B8 5.7 Hs.0 198 rr

.I-IJ'IT.‘I.UI.I.’ I'I ELERLY Unll electraile spaiieg 500 5,

Gradient
Standard inversion, V/H=1

Ew  Therat L4 L)
[ A inn LT “?

L-EF
L

(1] 1] bl LS

LES
A

ae.s
w1

RLEL
Inwsrne Wadel Becictivit 'l-llt.‘lln

----- --I:I------
(L L .48 "7 [N [LF]
Ilrlhﬂdlr is ok, - Unik sirctrade speciog 5.8 A,

Pole-dipole
Standard inversion, V/H=1

Bopis 1.un!|.-u 1 W errwr o= WY
LLH

. LLLY I‘fl a2 I-.
LE " T — L ———— —— ~agprr - —— —
¥.08
(LN
3.9
m.n
6.2
®3.3
1.1

1N rEs MEoel -‘I]‘Illﬂ.l aFETLON

EEEL IEEmCT | B . . .-

7.am [ J'-'
lnl“.{lll., Il ah || Unit electrade spacing 5.00 0.

Wenner
Standard inversion, V/H=1

th  Iteratinn & WG = n.0%
(T g et i rrar a

Rl ThEl e n,

Bl 3
Beiistivity is ama.n Unit electrode spacicg 5. 90 .,

,
Synthetic model
Feslitivity 1n she.n SniE eirctrage spacing 5.9 m,
1.0 %0 0 i kL] L1} 180 150 780 B EEE TERE JOFE AbeR Saed  1ooR
E = - E =E O = B . B O = N .. .
EeRlstivity mndel
£ @08 Te@  WD.D &R0 WER  leE 130 TWE B TR FAR  3FE ZAd 340 FEB JED 1@ JRD D& 30 kel

Figure 3.3.53: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (20 m x 10 m).
Standard inversion, V/H=1
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Figure 3.3.54: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (20 m x 10 m).
Robust inversion, V/H=1

231



Dipole-dipole
Standard inversion, V/H=0.5
Brpth -IlI.IrHI.H a I‘l‘.l"“r - l.:'?.

060 |
.05
.8

128

LU

Inwprus Mudel Gecistivily Tection
------i 0 Je=dmm) foof § ] | |
< FRCT] 5.3 LU LI awhr
.IIJ'IT.‘I.UI.I.’ s ahs.m Unlt electraide spscieg 5.8 5,

Gradient
Standard inversion, VfH=0.5

Pepts  dEeration & BHS evrer = &8 %
(M ] WE.B E8.8
B.EE7
r.ow

LL%
2h.0
A
LN

51.5
I nwsrna hlII Miltl\lll Teetlon

[T 7.4 1 1.3
Ilrlhﬂdlr is ok, - Unik sirctrade speciog 5.8 A,

Pole-dipole
Standard inversion, V/H=0.5

Prpls  Ibewatios § BN evrer = 8.0 %
[ 4] (TH | [N ] 1?. ] e
V.7 - == ST

AL}
3.9
.
a2
w3.1

B0

inwwrse mooel avsisvivitg dsevian

lnl“.{lll., Il ah || Unit electrade spacing 5.00 0.

Wenner
Standard inversion, V/H=0.5

Bepis  IEsrstias § BN svrer = 3.0 %
(N ] B ® LN ]

o, 885
.80
128

(L8]
6.5

”7n hi el TaR Tin I asm LS

4.5
LT
LA}
BT

Bl
Beiistivity It aha.m Unit electrode spacicg 5. 90 .,

Synthetic model

Wesistivity im sha.n anit electrade Spacing %.8 m,
m s i1 ] 10 158 7@ EEE f90d TEDE JOFE AR SHE0 1ooOE
L] - OE D B . I OO O H 3. .
Eelstivity msodel
i m . . 4.8 HE.E  Tem 1R TWE B TR FAR  3FE ZAd 340 FEB JED 1@ JRD D& 30 kel
¥
L]

Figure 3.3.55: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (20 m x 10 m).
Standard inversion, V/H=0.5
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Figure 3.3.56: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (20 m x 10 m).
Robust inversion, VV/H=0.5
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Figure 3.3.57: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6 m). Standard
inversion, V/H=1
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Figure 3.3.58: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6 m). Robust
inversion, V/H=1
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Figure 3.3.59: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6 m). Standard
inversion, V/H=0.5
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Figure 3.3.60: 3 m top layer (150 Qm) over 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6 m). Robust
inversion, V/H=0.5

237



Dipole-dipole
Standard inversion, V/H=1

H‘pﬂ Illllltilﬂ I WM eerer = llt

3.8
LN

FLN |

LN
Inwrrae n-pl -Iill.l.ul.l htu

E I T - -

h'l:l'ltil‘l.l, in ohs.w Unif electrade spaciog b8 8,

Gradient
Standard inversion, V/H=1

Bepls  IEsration & BIG eerar = &7 %
v LN

Inverss el Grsistivity Seciion
L 1 1 | j== i
N1 7.4 5.

=

wesistivity in aha.n Unit #lectrade spacing 5.8 n,

Pole-dipole
Standard inversion, V/H=1
Bepih  Iterabion 3 AW svrer = A9 %
L] L e 2am e L

—— e — —rmmm - —— ———

1.73 |
LR

s
TN
e
.2
EE |
51,1

Inssrse Wudel Becistiviiy Tsetion

----------D------
FNT] % T a3.3 nE.0 "y
'hpl'lt!.ld.l, is aha.n Unit slectrade wpscing 5.0 n.,

Wenner
Standard inversion, ViH=1

brpth Ilir.l-tllq & KL #vrar = l.l t

“-'ﬁ"ﬁ. £ e ) e o

wrslstivliy Is aia.m Unll eircirede spadleg 5.00 A,

Synthetic model
wreiitivity in sha.n Bnit #lectrade apacing 6.8 Ao
1.0 %0 mw 4 ] 1] t1 ] inm I'Ii BN FEA (R4 TADE JONE S0BE  SeE4 (0000
e =) L - | ]| En - ] = = ] ] | i ]
Besdativity model
£ B.Ee 8@ kD@ &B.B  BE.E il 1o AL ] Hhe LL1] ELL] fre ] iL1 ] Ll Eil]
7.8
I;:
n
b2

kL]
ELl

kL

Figure 3.3.61: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6 m). Standard
inversion, V/H=1
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Figure 3.3.62: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6 m). Robust
inversion, V/H=1
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Figure 3.3.63: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6 m). Standard
inversion, V/H=0.5
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Figure 3.3.64: 3 m top layer (150 Qm) over 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6 m). Robust
inversion, V/H=0.5
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Figure 3.3.65: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (15 m x 6 m). Standard inversion, V/H=1
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Figure 3.3.66: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (15 m x 6 m). Robust inversion, V/H=1
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Figure 3.3.67: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (15 m x 6 m). Standard inversion, V/H=0.5

244



Dipole-dipole
Robust inversion, V/H=0.5

Depth  IEFFaCion & @B, #FPeF < 3.3
L] LU o.@

]
-

$

Model REEiSTI

5 ) 6 ) - -

1.08 .3 (LN} w2
Hesistiwity In ohm.m it electrade spacling .08 m.

Gradient
Robust inversion, V/H=0.5

Depth  lEerstion & dbc, errer = 3.7 §
T, - an.m &a.n

F.¥

" = {
i

LIMLS

51,5
[

. .
[T

1 Beslslivity iectiom

------D------
ST m.¥ 3.3 LU ] wa
Renlstiviiy In ohnom Enll electrede spaclng %.00 n.

Pole-dipole
Robust inversion, V/IH=0.5

Il'pl:l [tlfltililﬂ-l ll'fr-llt
wo.m

L
1.‘1‘ R R I-ll -—-I- o l B e e e e e L T

Inwerse Made]l Beslstivit !H:rl.-

-‘----- --D------

.08 507
Iﬂl.:l:l'rl.t; 1.|| ahm, ll Enit elecbrade spacing 5.00 m.

Wenner
Robust inversion, V/H=0.5

Depth  [Geratios % M. erroc = T8 4
LEL LLH ]

&®0.0

LALLLS
&
2.0
mwa

.5
Ih.5

m.r
L

1.7

Inwerse Model Besistivity Sectism

IH““I“! ii m.a- it electrede spacing b.00 m.

Synthetic model

Resistiwlty Is sha.m Bailt electrode spacing 5.0 m.
.1 5.0 in To 0 50 1op 158 IR W80 ioie Jeda Jeie l_ L1 'I“
H E E B E 5 HE E E &8 O = =
lni.:l:jruil:g madel
Fd il 160 =a Tea fd | 20 el 288 TaE az2a ane ase e Ll ]
]
| |

Figure 3.3.68: 3 m top layer (150 Qm) over 50 Qm with a rock of 5000 Qm (15 m x 6 m). Robust inversion, V/H=0.5
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Figure 3.3.69: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10
m). Standard inversion, V/H=1
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Figure 3.3.70: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10
m). Robust inversion, V/H=1
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Figure 3.3.71: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10
m). Standard inversion, VV/H=0.5
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Figure 3.3.72: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of clay slide deposits of 200 Qm (20 m x 10
m). Robust inversion, V/H=0.5
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Figure 3.3.73: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10
m). Standard inversion, V/H=1
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Figure 3.3.74: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10
m). Robust inversion, V/H=1
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Figure 3.3.75: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10
m). Standard inversion, VV/H=0.5
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Figure 3.3.76: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (20 m x 10
m). Robust inversion, V/H=0.5
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Figure 3.3.77: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a rock of 5000 Qm (20 m x 10 m). Standard
inversion, V/H=1
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Figure 3.3.78: 3 m top layer (150 Qm) over 200 Qm and 50 OQm with a rock of 5000 Om (20 m x 10 m). Robust
inversion, V/H=1
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Figure 3.3.79: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a rock of 5000 Qm (20 m x 10 m). Standard
inversion, V/H=0.5
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Figure 3.3.80: 3 m top layer (150 Qm) over 200 Qm and 50 OQm with a rock of 5000 Qm (20 m x 10 m). Robust
inversion, V/H=0.5
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Figure 3.3.81: 3 m top layer (150 Qm) over 200 Om and 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6
m). Standard inversion, V/H=1
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Figure 3.3.82: 3 m top layer (150 Qm) over 200 Om and 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6
m). Robust inversion, V/H=1.
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Figure 3.3.83: 3 m top layer (150 Qm) over 200 Om and 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6
m). Standard inversion, V/H=0.5
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Figure 3.3.84: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of clay slide deposits of 200 Qm (15 m x 6
m). Robust inversion, V/H=0.5
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Figure 3.3.85: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6
m). Standard inversion, V/H=1
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Figure 3.3.86: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6
m). Robust inversion, V/H=1
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Figure 3.3.87: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6
m). Standard inversion, V/H=0.5
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Figure 3.3.88: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a lense of sand and gravel of 800 Qm (15 m x 6
m). Robust inversion, V/H=0.5
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Figure 3.3.89: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a rock of 5000 Qm (15 m x 6 m). Standard
inversion, V/H=1
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Figure 3.3.90: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a rock of 5000 Qm (15 m x 6 m). Robust
inversion, V/H=1
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Figure 3.3.91: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a rock of 5000 Qm (15 m x 6 m). Standard
inversion, V/H=0.5
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Figure 3.3.92: 3 m top layer (150 Qm) over 200 Qm and 50 Qm with a rock of 5000 Qm (15 m x 6 m). Robust
inversion, V/H=0.5
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APPENDIX D - Modeling results. Special models

Figure 3.4.1- 3.4.8:

Figure 3.4.9 - 3.4.16:

Figure 3.4.17 — 3.4.24:

Figure 3.4.25 - 3.4.32:

Figure 3.4.33 — 3.4.40:

Figure 3.4.41 — 3.4.48:

3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a
dipping interface. Two different colour scales.

3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a
dipping interface and a lens of 5 Qm. Two different colour
scales.

3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000
Qm. Two different colour scales.

3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000
Qm and a lens of 5 Qm. Two different colour scales.

3 m top layer (150 Qm) over 50 Qm and dipping layers of 800
Qm and 5000 Qm. Two different colour scales.

3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm
and 5000 Qm and a lens of 5 Qm. Two different colour scales.
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Figure 3.4.1: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface. Standard inversion, V/H=1
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Figure 3.4.3: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface. Standard inversion, V/H=0.5
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Figure 3.4.5: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface. Standard inversion, V/H=1
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Figure 3.4.6: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface. Robust inversion, V/H=1
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Figure 3.4.7: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface. Standard inversion, V/H=0.5
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Figure 3.4.8: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface. Robust inversion, V/H=0.5
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Figure 3.4.9: 3 m top layer (150 Qm) over 50 Qm and 5000 Qm with a dipping interface and a lense of
5 Qm. Standard inversion, V/H=1
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Figure 3.4.10: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of
5 Om. Robust inversion, V/H=1
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Figure 3.4.11: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of
5 Om. Standard inversion, V/H=0.5
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Figure 3.4.12: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of
5 Om. Robust inversion, VV/H=0.5
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Figure 3.4.13: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of
5 QOm. Standard inversion, V/H=1
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Figure 3.4.14: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of
5 QOm. Robust inversion, V/H=1
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Figure 3.4.15: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of
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286



Dipole-dipole
Robust inversion, ViH=0.5

Ihawrstins & Bz, srFor = B3 K
[ W] BB LR

Imerrse Model Bralativity Seation
------i---ﬂ Im--!'m--
.00 .39 5
lﬁlitillly I! ane, l it wleitrode spacing 3.0 o,

Gradient
Robust inversion, VIH=0.5

DT::!':.I'IMLH § ‘-I. #PFDF = !'ti

P9
(LAY
2h.1
131
W.5 ‘

515
I wweras Wedel Mtlti‘ﬂ- Taatlan

L F 1 1 | == ---I:I------
[RT] FET] 1.5 131
:nluu.uu, in aha. - it #leiirude spacing 5.0

Pole-dipole
Robust inversion, VY/H=0.5

th TEeration & b - 3.0
s -.l-r iy LLM ] e LU

L] kL1 ELL L L) o aze qiw

“p

1734
w8

(LN
a9

ew.A
8.2
#3.3

.1

merrie oorl Ersistivity Section

LA
I"i“:lrll' h b ll it eleitrode spacing 4.0 n,

Wenner
Robust inversion, VIH=0.5

Brpis JIertI.lﬂ E m #FFAF - 'I I I. —
. “'i ' £

LA

mrsistivity iection
“- =X - -- |:3 -""- -

L]
'lnld'l:l.rll' h b ll it electrode spacing 4.0 n,

Synthetic model

Fesdstiwlly In she.m Snik elruirede spasing 5.8 m,

1.8 %.0 i Fa ] aw L] 188 %8 J@8 L@E IVNE TEDE JEFE A0ER L9 T0UUE
- OE O =R . =2 S = =
Beslstivity model
£ L] 48,8 HE.W LLL] L LL L] a8 LLL ELL] ra INE b1 e Ll e el aaw e Ll
T,
.

Figure 3.4.16: 3 m top layer (150 Qm) over 50 Qm and 5000 OQm with a dipping interface and a lense of 5 Qm.
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Figure 3.4.17: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm.
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Figure 3.4.18: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Robust inversion, V/H=1
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Figure 3.4.19: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Standard inversion, V/H=0.5
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Figure 3.4.20: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Robust inversion, V/H=0.5
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Figure 3.4.21: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Standard inversion, V/H=1

292



Dipole-dipole

Robust inversion, ViH=1

Ireratias § Abe, srFor = 3.6 &
[N ] LT N L]

Wik wlectrode spacing 5.0 n,

Gradient
Robust inversion, ViH=1
Bepth  Tberation & Mw. #FFor - 5.0 X
L) we.i 0.8 18 e 08 o L 320 e "
T
1% &

.5

-
1LE

Ineerie Model Eesistivity Sevtiun
1 1 1 | Ju= L Jesimmcoges] § ] ] |
. 3.9 (L .. LE ] L Hie L
wesiitivity ia aha.n Uik electrade spacing 5.08 n

Pole-dipole
Robust inversion, V/H=1

bepth  Iteration 5 Bbs. ereor = 3.9 3
wa e, 0 .. REL] e ELL] Tun ELL EL) use n
nraf - }

Wil wlectrude specing 5.6

Wenner
Robust inversion, ViH=1
Pepts  Iterition % B, error = 3.7 %
[ M ] BB L1}
m.EAh

LELL}
..

K
9.7
W5 &
(108

Inwerse Mol leﬂlthilﬁ!ﬂtin

[ 1 1§ | |ssjesjon) [esiemjeegesy ] ] |
1m0 a.aw . . 1 AN b el
wrEEiATiny s ana.m NiE FISFOdE Spacing %P A

Synthetic model

Beslatiwlty e sha.s

Snit electrsds spaning 5.8 Ao
.8 .0 1

L H ] as i 188 5@ @R f8E  EER  FABE 3OS A68R Sead Jpo0d
H - O OE " = O @ @ e W O = o . =]
Besistivity model
A8 FE.E kD@ AB.B  WE.W L] 1En (L1 A L] ran e fLL] o gl L]

z
2.
LB

Figure 3.4.22: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Robust inversion, VV/H=1
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Figure 3.4.23: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Standard inversion, V/H=0.5
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Figure 3.4.24: 3 m top layer (150 Qm) over 50 Qm and a dipping layer of 5000 Qm. Robust inversion, V/H=0.5
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Figure 3.4.27: 3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000 Qm and a lense of 5 Qm. Standard
inversion, V/H=0.5
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Figure 3.4.28: 3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000 Qm and a lense of 5 Qm. Robust inversion,
VIH=0.5
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Figure 3.4.29: 3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000 Qm and a lense of 5 Qm. Standard
inversion, V/H=1
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Figure 3.4.30: 3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000 Qm and a lense of 5 Qm. Robust inversion,
V/H=1.
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Figure 3.4.31: 3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000 Qm and a lense of 5 Qm. Standard
inversion, V/H=0.5
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Figure 3.4.32: 3 m top layer (150 Qm) over 50 Qm, a dipping layer of 5000 Qm and a lense of 5 Qm. Robust inversion,
V/H=0.5.
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Figure 3.4.33: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Standard inversion,
V/H=1.
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Figure 3.4.34: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Robust inversion,
V/H=1.
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Figure 3.4.35: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Standard inversion,
V/H=0.5.
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Figure 3.4.36: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Robust inversion,
V/H=0.5.
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Figure 3.4.37: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Standard inversion,
V/H=1.
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Figure 3.4.38: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Robust inversion,
V/H=1.
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Figure 3.4.39: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Standard inversion,
V/H=0.5.
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Figure 3.4.40: 3 m top layer (150 Qm) over 50 Qm and dipping layers of 800 Qm and 5000 Qm. Robust inversion,
V/H=0.5.
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Figure 3.4.41: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Standard inversion, V/H=1.
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Figure 3.4.42: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Robust inversion, V/H=1.
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Figure 3.4.43: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Standard inversion, VV/H=0.5.
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Figure 3.4.44: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Robust inversion, VV/H=0.5.
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Figure 3.4.45: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Standard inversion, V/H=1.
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Figure 3.4.46: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Robust inversion, V/H=1.
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Figure 3.4.47: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Standard inversion, VV/H=0.5.

318



Dipole-dipole
Robust inversion, VIH=0.5

bopts  (Beration & e, error = 3.5 %
a LB LU

6,689 }
pE
..

LA
.
L EN ]

L
Imerrse Model Bralativity Seation

e = ety e IMiE electrode spacing 5,68 .

Gradient
Robust inversion, VIH=0.5

Pepts  IEerition & Nbi, #rror = J.8 §
[N ae.e Ea.a
n.mar
F.oy
LE ]

LR

Imwerse Wpdel Bezlstivit i Taatlan

. . I B
[T - L] 1

-1-I:I------

mhuuu, Is ates.m nlE wlectrode specing 5. 068 n

1%

Pole-dipole
Robust inversion, VY/H=0.5
Brpi -_J‘Ilrdtllﬂ g mi Ll L .i=.=

1. 7o)

PR

L1}
LL ]
.9
w.n
.3
Al

.1

e e Hedel ll-l.l'llhl ﬁ!litl-
---- | 2] --I:!------

1.39 M5 .8 15 59
IHI“:I.rI.l' h (LW ll it eleitrode spacing 4.0 N,

Wenner
Robust inversion, VIH=0.5

Bepis  IEsrstias & Bbz. sFFor = 3.9 %
(N ] T8} LTH ]
.5 =

LeLL
LF ]

4.5
.
LA}
BT

1
mlltilllj I iha.m Unlk electrode spacing 5.0 A

Synthetic model

Beadstiwity in ahn.n Enit slrctrade spacing 5.8 m,
8 18 F ] am 1] 18@ 1% I8 @9 D 7OODR JWER BB SE00  10omE
H = B N B O B B B B O B @D = =B BN
Erlatfulty nodel
F a5 5 . [ LN L LR, F 18  fAB 1B FAB T fed 340 RS 3M0 10 GhE 36 308 &BE
= -
L]

Figure 3.4.48: 3 m top layer (150 Qm) over 50 Qm, dipping layers of 800 Qm and 5000 Qm and a lense of 5 Qm.
Robust inversion, V/H=0.5.
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