Supplementary material

Annex S1. Depth of Investigation (DOI) parameters

ERT 1

The DOl methods uses two different reference models. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. rou can change the
multiplication factars for the first and second models below.

Firstmodel reference factor - [010 Second model reference factor  [10.00

Optimize inversian settings for D01 calculation? - &+ Yes " No
Damping factor for reference model (0.02 to 0.20) - 0.020

Instead of the multiplication factors. wou can choose to directly setthe reference background
resistivity for the first and second models
Type of background reference model - & Multiplication " User defined
lfyou had selected the user defined resistivities, you need to enter the first and second model
reference resistivities below.
Firstmodal resistivity = [4035 Second model resistivity - [4035
Marmally the smooth (L2-norm) inversion method is used for the DOl calculations.
" Smooth (L2-norm) & Robust (L1-norm)
Factar to extend depth range for D0l modsl (3010 B.0) - [400

Murnber of iterations for optimization routine (2t 4) - [4

0K Cancel

Selectinversion method -

Since the resolution of the resistivity method decreases exponentially with
depth, the damping factor used in the inversion least-squares method is
normally also increased with each deeper layer. This in done in order to
stabilize the inversion process. Mormally, the damping factor is increased by
1.05 to 1.10 times with each deeper layer, but you can change it.

Enter the value to increase the damping factor : 1.050

Alternatively, the program can calculate the value to increase the damping
factor with depth automatically if you select the appropriate option below.

@ Do not use automatic calculation. © Use automatic calculation.

OK Cancel

“ou can selectthe L curve method to estimate the optimum damping factar for the inversion model

Use the L curve method? = & Mo, do notuse L curve " Yes. use L curve method

Ifwou use the L1 norm for the model roughness or data misfit, you can use the the same norm for
the L curve method, or always use the L2 norm method within the L curve algorithm
Use the same norm? -

* No, always use L2 norm ' Yes, uge same norm

Ifyou choose to use the L curve method, itis recommended thatyou use the model refinement
method with model cells of half the unit electrode spacing so that near surface structures with
large lateral variations are sufficiently modeled by the madel grid used

Type of model cellwicth - & Cells with 1 unit spacingwidth  Cells with 0.5 unit spacing width

The L curve method will usually select reasonable damping factor values. Howewver to prevent the
inwversion from becoming unstable in rare cases where the method does not selecta reasonable
wvalue, the program will setthe upper and lower limits for the damping factor value as shown
below. You can adjustthe limits by typing in the new values.

Minimurn allowed damping factorvalue - |0.0200
Maximum allowed damping factarwvalue - [01500

MNormally, the damping factor selected by the L curve method decreases with each iteration and
settles down to near constant walues after the first few iterations. This option allows the userto
ensure that the damping factor does notincrease. If itincreases. the damping factor for the
previous iteration is used. Select option for darmping factor change below.

" Damping factor not allowed to increase. & Damping factor allowed ta increase.

Cancel

The DOl methods uses two different reference models. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. You can change the
multiplication factars for the first and second models below.

First model reference factor - |0.10 Second model reference factor [10.00

Optimize inversion setiings for DOI calculation? - + Yes Mo
Damping factar for reference model (0.02 to 0.20) - 0.020

Instead of the multiplication factars, you can choose to directly setthe reference background
resistivity for the first and second models.
Type of hackground reference maodel -

& Multiplication " User defined

If you had selected the user defined resistivities. vou need to enter the first and second model
reference resistivities below

Firstmadel resistivity - [4035 Second model resistivity - [4035
MNormally the smooth (L2-norm) inversion method is used for the DOl calculations
@ Smaooth (L2-norm) ° Robust (L1-norm)
Factorto extend depth range for D0l model (3.0t0 60) - [400
Number of iterations for optimization routine (2 to 4) - ]47

oK Cancel

Selectimversion method -

“ou can choose to limitthe upper and lowerwvalues ofthe resistivity values of the
irversion model can take. In some cases. this might be necessary 1o ensure that the
model resistivity values do not become oo large ortoo small.

& Do not limit resistivity values

50.0

OK

" Limit range of resistivity values

0.020

7 Use first iteration resistivity

Cancel

Enter upper limit factor Enter lower limit factar

* Use average resistivity

A hackground reference model helps to stabilize the inversion model by reducing
large departures from a fixed resistivity value. A homogeneous reference model
will be used. Selectyour choice below.

& “Yes-Use reference model " MNo-donotuse areference model

The damping factor for reterence model controls the degree which the resistivity
wariations from the background modelis constrained. A larger damping tactor will
resultis smallervanations. A value of between 0.05 and 1.01s normally used
Reference model damping factor: (0010

“'ou can choose to use the default reference resistivity value (usually the average
of the apparent resistivity values) or a user defined reference value

" User defined reference value

User defined reference resistivity value: [To000

“r'ou can set the reference |.P. model value to the average apparent |.F. value,

" Default reference value

or setitto zero if the background medium is expected to be non-polarizable

" Use average apparent L. value " Use zero reference LP. value

QK Cancel
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ERT 2

The DOl methods uses two different reference models. The reference resistivity values are
usually set & one-tenth and ten times the average apparent resistivity values. You can change the
roultiplication factors for the first and second models below,

First model reference factor - |0.10 Second model reference factor  [10.00
Optimize inversion settings for DO calculation? - @ ves " No
Darnping factor for reference model (0.02 to 0.20) - 0.020

Instead of the multiplication factars, you can choose to directly set the reference background
resistivity for the first and second models
Type of background reference model - & Multiplication " User defined

Ifyou had selected the user defined resistivities. vou need to enter the first and second model
reference resistivities below.

First model resistivity - [4126 Second model resistivity - [4126
Marmally the smooth (L2-norm) inversion method is used for the DOl calculations.
Selectinversion method - " Smoath (L2-narm) " Robust (L1-narm)
Factor to extend depth range for D0l madel (3010 6.0) - [400
MNumber of iterations for optimization routine (2 to 4) - ’4_

0K Cancel

ERT 3

The DOl methods uses two different reference models. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. You can change the
multiplication factors for the first and second models below:

First model reference factor - (010 Second model reference factor  [10.00
Optimize inversion setiings for DOI calculation? - & “Yes C MNo
Damping factor for reference model (0,02 to 0.20) - 0.020
Instead of the multiplication factors, you can choose to directly setthe reference background
resistivity for the first and second models.

Type of background reference model - & Multiplication " User defined
Ityou had selected the user defined resistivities. you need to enter the first and second model
reference resistivities below.

Firstrnodel resistivity - |4.440 Second model resistivity - [444.0

Marmally the smaooth (L2-narm) inversion method is used far the DOl calculations:
Selectinversion method - " Smooth {L2-norm) @ Robust (L1-norm)

Factor to extend depth range for DOl model (3010 6.0) - [4.00
Mumber of iterations for optimization routine (2to 4) - |4

Ok, Cancel

ERT 4

The DOl methods uses two different reference models. The reference resistivity values are
usually seta one-enth and ten times the average apparent resistivity values. You can change the
multiplication factors for the first and second models below

Firstmodel reference factor - |0.10 Second model reference factor  [10.00
Optimize inversion settings for DOl calculation? - * Yes " Nao

Damping factor for reference model (0102 10 0.20) - 0.020

Instead of the multiplication factors, you can choose to directly setthe reference background
resistivity for the first and second models.
Type of background reference madel - & Multiplication " User defined

If you had selected the user defined resistivities, you need to enter the first and second model
reference resistivities helow.

First modsl resistivity - [4000 Second mods| resistivity - [4000
Rarmally the smooth (L2-norm) inversion method is used for the DO| calculations.
Selectinversion method - " Smooth (L2-narm) @ Robust (L1-narm)
Factorto extend depth rangs for DOl madel (3010 8.0) - [400
Murnber of iterations for optimization routine (2 to 4) - r

oK Cancel

2 0f 10



ERT 5

The DOl methods uses two different reference models. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. Yiou can change the
multiplication factars for the first and second models below,

Firstmocel reference factor:- 010 Second model referencefactor [T0.00
Optimize inversion setlings for DO calculation? - @« Yes " No
Damping factor for reference model (00210 0.20) - [opz0
Instead of the multiplication factars, you can choose to directly set the reference background
resistivity for the first and second models

Type of background reference model - & wMultiplication " User defined

Ityou had selected the user defined resistivities, vou need to enter the first and second model
referance resistivities belaw.

First model resistivity - [5087 Second model resistivity - [5087
Mormally the smooth (L2-norm) inversion method is used for the DOl calculations.
Selectinversion method - " Smooth (L2-narm) ' RabustL1-narm)
Factorto extend depth range for DOl model (3.0t06.0) - [400
Mumber of iterations for optimization routine (2 to 4) - ’4_

oK Cancel

ERT 7

The DOl methods uses two different reference models. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. You can change the
multiplication factars for the first and second models below.

First model reference factor - (010 Second madel reference factor 1000
Optimize inversion setlings for DO calculation? - & Yes Mo

Damping factor for reference model (0.02 to 0.20) - 0.020
Instead of the multiplication factars, you can choose to directly set the reference background
resistivity for the first and second models

Twpe of background reference model - & Multiplication " User defined

lfyou had selected the user defined resistivities. you need to enter the first and second model
reference resistivities helow.

First modsl resistivity - [4755 Second model resistivity - [4755
MNormally the smooth (L2-norm) inversion method is used for the DOl calculations.
Selectinversion method - " Smooth (L2-narm) = Robust{L1-norm)
Factorto extend depth range for DOl model (30t 6.0) - [400
Murnber of iterations for optimization routine (2 to 4) - r

OK Cancel

ERT 8

The DOl methods uses wo different reference models. The reference resistivity values are
usually set a one-tenth and ten times the average apparent resistivity values. You can change the
multiplication factars for the first and second models below,

First model reterence factor = |0.10 Second model reference factor {1000
Optimize inversion settings for DOl calculation? - + ez " No
Damping factor for reference model (0.02 to 0.20) - 0.020

Instead of the multiplication factors. you can choose to directly setthe reference background
resistivity for the first and second models
Type of background reference model - & Multiplication " User defined

lfyou had selected the user defined resistivities, you need to enter the first and second madel
reference resistivities below.

First model resistivity = [4870 Second model resistivity = [4970
Marmally the smooth (L2-norm) inversion method is used for the DO calculations.
Selectinversion method - ¢ Smooth (L2-narm) ' Robust (L1-norm)
Factorto extend depth range for DOl model (3.0t0 6.0) - [400
Mumber of iterations for optimization routine (2 to 4) - r

0K Cancel
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Annex S2. Measured apparent resistivity pseudosections, calculated apparent resistivity
pseudosections , inverse model resistivity and model resistivity with topography

ERT 1

PERFIL 1 CON TOPO bin
00 40.00 80.0 1200 160.0 2000 m

Measured Apparent Resistivity Pseudosection
0.0 40.00 80.0 1200 160.0 2000 m

725 -

Calculatad Apparant Resisthity Pseudosaction

Depth _teration 5 Abs. error = 1.80 %
0

102 -

40.00 80.0 200.0 m

23
271
325
383

4.7

Inverse Model Resistivity Section

I I N N T (R [ ] T ..
150 22 39.0 629 102 164 264 426
Resistivity in ohm.m Unit slectrode spacing 5.00 m.

PERFIL 1 CON TOPO.bin

Model resistity with topography
Iteration 5 Abs_ error = 1.8

Elevation
102048

1010-

1000

T (R [ ) O ..
150 242 390 629 102 164 264 426
Resistivty in ohm.m
Unit Electrode Spacing = 5.00 m.

Horizontal seale is 31.32 pixels per unit spacing

Vertical exaggeration in model section display = 0.64

First electrode is located at 0.0 m.

Last electrode is located at 2350 m.
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ERT 2

P2 contomo y fitrado.bin
250 65.00 105.0 145.0 185.0 2250 m.
260 ' . . .
725
124
1.1
29

WMeasured Apparent Resistiity Pseudosection
250 65.00 1050 1450 185.0 2250 m.

9
Calculated Apparent Resistity Pseudosection

Depth _Iteration 5 Abs. error = 1.20 %
260 65.00 105.0 145.0 185.0 2250 m,
L L h i

383

- stivity Secti
I T [ [ ] T ..
150 242 390 629 102 164 264 426
Resistivty in ohm.m Unit electrode spacing 5.00 m.

P2 con tomo y filtrado.bin
Elevation  Model resistiity with topography
Jogp,  teration s Abs. aror=12

990-
980-
970-
960-

950

940

I T [ [ N O ) O ..
150 242 300 629 102 164 264 426
Resistivty in ohm.m

Unit Electrade Spacing = 5.00 m
Horizontal scale is 35 05 pixels per unit spacing
Vertical exaggeration in madel section display = 0.64
First electrode is located at 25.0 m.
Last electrode is located at 2350 m.
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P3.bin
0.0 40,00 80.0 1200 160.0 200.0 m
n n h h

Measured Apparent Resistiity Pseudosection
00 40.00 80.0 1200 1600 2000 m.

Calculated Apparent Resistity Pseudosection

Depth _Iteration 5 Abs. error = 1.10 %
0.0

40.00 . m

130
7.02
139
223
211
325
383
a7

Inverse Model Resistivity Section
L1 1§ | [emjcojen] peeiesjeayesy § ) ] |
15.0 242 390 629 102 164 264 426
Resistivty in ohm.m Unit electrode spacing 5.00 m

P3.bin
Model resistnity with topography

fteration 5 Abs. amor=1.1
Elevation

980,20 100 800 120 160 e
975 W

970-

(O (T (R [ ) O ..
150 242 390 629 102 164 264 426
Resistivity in chm.m
Unit Electrode Spacing = 5.00 m.

Horizontal scale is 3112 pixels per unit spacing

Vertical exaggeration in model section display = 0.64

First electrode is located at 0.0 m.

Last electrode is located at 235.0 m.
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160.0 200.0 m
L h

71
229
275
333
380
438

Measured Apparent Resistiity Pseudosection
00 40.00 800 1200 160.0 2000 m

171

215
333
38.0
438

Calculated Apparent Resistity Pseudosection

Depth Iteration 5 Abs. error = 2.5 %
0.0 40.00 m

130
7.02
139

223
211

325

a7

Inverse Model Resistivity Section

L1 1§ | [emjcojen] peeiesjeayesy § ) ] |
15.0 242 390 629 102 164 264 426
Resistivty in ohm.m Unit electrode spacing 5.00 m

P4.bin
Model resistnity with topography

Elevation  toration 5 abs. emor =25

1050
1040
1030

1020-

-y
1010

990
I T [ [ ) O ..
150 242 390 629 102 164 264 426
Resistivity in ohm.m
Unit Electrode Spacing = 5.00 m.
Horizontal scale is 31.29 pixels per unit spacing
Vertical exaggeration in model section display = 0.
First electrode is located at 0.0 m.
Last eleclrode is located at 235.0 m
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ERT 5

P5 CON TOPO bin
Pl g9 40.00 80.0 1200 160.0 2000 m
260
725
124
17.1
229
275
333
380
438

Measured Apparent Resistivity Pseudosection
Fe2 0.0 40.00 80.0 1200 160.0 2000 m.
260
725
124
171
29
275
33
380
438

Calculated Apparent Resistnity Pseudasection

Depth _lteration 5 Abs. error = 1.99 %
0. 40.00 . m

130
7.02
139
23
271
325
383
4.7

Inverse Madel Resistivly Seclion
N N O N (N () (R [ N (T ) (N (T N N ..
150 242 390 629 102 164 264 426
Resistivity in ohm.m Unit electrods spacing 5.00 m.

PS5 GON TOPO.bin
Model resistity with topography

Elevation  eration § Abs_errar =20

1080-
1070
1060-
1050-
1040-

1030

1020-

I I N O T [ [ O ) O .
150 242 330 629 102 164 264 426
Resistivty in ohm.m

Unit Electrode Spacing = 5.00 m.

Horizontal scale is 31.33 pixels per unt spacing
Vertical exaggeration in madel section display = 0.64
First electrode is located at 0.0 m.
Last electrode is located at 235.0 m.
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ERT 7

P7 con topo.bin

0.0 40.00 80.0 1200 160.0 200.0 m

275

33
380
438

130
7.02
139
23
271
325
383
4.7

Ireration 5 Abs. error = 1.02 %
0

Measured Apparent Resistivity Pseudosection
0 40.00 80.0 1200 160.0 200.0 m

Calculated Apparent Resistnity Pseudasection

40.00 80.0 1200 160.0 m

Inverse Model Resistivity Section

-----D----I:I--zm----

150 242 39.0 62.9 102 164

Elevation

1000
0

990-

980

970

960

950-

940+

9304

426
Resistivity in ohm.m Unit electrode spacing 5.00 m

. P7 con topo.bin
Model resistiity with topography
Iteration § Abs_ error = 1.0

(T [ () ..
150 242 390 629 102 164 264 426
Resistivity in ohm.m

Uit Electrode Spacing = 5.00 m

Horizontal scale is 31.17 pixels per unit spacing
Vertical exaggeration in mods| section display = 0.64
First electrode is located at 0.0 m.
Last electrode is located at 235.0 m
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ERT 8

P8 con topo.bin

P2 g 1000 50.0 1200 1600 2000 m

260
725
124
17.1
229
275
333
380
438

Measured Apparent Resistivity Pseudosection
Fe2 0.0 40.00 80.0 1200 160.0 2000 m
260
725
124
171
29,
275
33
380
438

Calculated Apparent Resistnity Pseudasection
Depth _lteration 5 Abs. error =2.1%
0.

130
7.02.
139

40‘nn 0. m

23
271
325
383

4.7

Inverse Model Resistvity Section
I (N () (R (O N () (N (O .-
150 242 39.0 62.9 102 164 264 426
Resistivity in ohm.m Unit electrode spacing 5.00 m.

» P8 con topo.bin
Mode! resistiity with topography
Elevation  lteration 5 Abs_emor =2 1
103090.0 40.0 800
1020
1010

1000-

9707 . ) [ [ . ) O ..
150 242 390 629 102 164 264 426
Resistivity in ohm.m

Unit Electrode Spacing =500 m

Horizontal scale is 3117 pixels per unit spacing
Vertical exaggeration in model section display = 0.64
First electrode is located at 0.0 m.

Last electrode is located at 2350 m
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