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3D inversion of magnetic, electrical resistivity and induced polarization
data for a Poly-metal skarn deposit: A case study from Nahavand Of
Hamedan Province, Iran.
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Dipole- Dipole
Ps.2 3788760 3788840 3788920 3789000 3789080 n.
L 1 f f

N

8.32
13.9
19.2
244
29.%5
346
39.7
Ly 7

Heasured Apparent Resistivity Pseudosection

Ps.2 3788760 3788840 3788920 3789000 3789086 n.
n H i i

8.32
13.9
19.2
244
29.%5
346
39.7
Ly 7

Calculated Apparent Resistivity Pseudosection

Depth Iteration 7 RMS error = 15.6 %
788760 3788840 3788920 37890000 37800880 n.
L | f f

1.71

9.2%

23.6

Al
18.4
29.4
e A
u2.8

Inverse Hodel Resistivity Section
I N N N (N ] (S [ N T ) (N [ .
18.0 40.2 89.9 2681 L9 1003 2243 5013
Resistivity in ohm.m Unit electrode spacing is 10.8 m.
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Dipole- Dipole
Ps.2

3788768 37888408 3788928 37898088 3780888
! L L L

n.

S s

13
19.
24
29.
3
39.
Wi

“"l.l.l-—

NN lnENe

Heasured App. Chargeability Pseudosection
Ps.2

N

3788768 37888408 3788928 37898088 3780888
! L L L

8.32
13.
19
24,
29.
3
39.
Wi

NN lnENe

Calculated App. Chargeability Pseudosection

Depth Iteration 7 RMS error = 1.9
I788760

3788840 3788920 3789000 3789080
i n L i

1.71

9.25

r
o
® ®ror

Inverse Model Chargeability Section

-----D----D--ggg--..“--

-6.24 8.384 7.81 13.6 28.3 26.9

Chargeability in msec Unit electrode spacing is 10.0 n
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N Dipole- Dipole
Elevation Hodel resistivity with topography

2260 Iteration 7 RMS ervor = 15.6

3788928
2250

2958/ 3788840

2230/ 3788760

2220
3789088
2218
2208 3789080
2198
21804

2170

2160° N N T [ [ O ] (O O .
L] 2 9 83

Resistivitu in ohm.m

99 o)leds b9 (595 2 Sl ng ol epds ohrglwglie Jow :(VA-F) S

19




52000 -
50000 - /
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3788800 3788850 3788900 3788950 : 3789000 3789050

Dipole- Dipole

Elevation todel IP with topography
2260 Iteration 7 RHS error = 1.9

S 3788920

22508

2948/ 3788848

2938/ 3788768

22204
2218

2288

3789008
3789080

Unit Electrode Spacing = 18.0 m.

21984

21804

2178

160" | I I I (N ] [ [ O ] (O O . .
6. 7 [ 20.3 26.9 33.5 ua.1
rgeability in msec
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Dipole-Dipole
Ps-2 3788760 3788840 3788928 3789008 3789088 n.

S v . - N

13.9 R
19.2 \
244
20.5
3.6
—

39.7
un. 7
Heasured Apparent Resistivity Pseudosection
Ps.2 3788760 378?8“0 378?920 378?000 378?088 n.

8.32

13.9 =
19.2

2h.4

29.5

346

39.7

4n 7 _

Ccalculated Apparent Resistivity Pseudosection

DEptll ItEratl\]n 4 RHS error = 9.1
7887

37880““ 378892“ 3789000 3789080 n.
1. 71 - !
9.25 '
18.4
23.6
29.4
35.8
42.8
lnuer'se Mudel RESIStlIll.ty SECtlﬂl‘l
91.5 ||13 683 1128 1864 30B1
Resistivity in ohm.m Unit electrode spacing is 16.8 n.
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Ps.2

8.3
13
19.
24,
29.
4.
9.
a4

Depth

NNoEree R

Dipole-Dipole
3788760 3788840 3788928 3789000 3789488 m.
1 L | L

Heasured App. Chargeability Pseudosection

3788760 3788840 3788920 3789000 3789080 n.
L n i L

Calculated App. Chargeability Pseudosection

Iteration 4 RMS error = 6.6
3788760 3788840 3788928 3789000 3789488 m.
1 L | L

Inverse Hodel Chargeability Section

I N (N (N [ (N (S N [ ) (O N .
13.7 21.9 381 38.3

-19.2 -11.8 -2.79 5.43

Chargeability in msec Unit electrode spacing is 10.8 m.
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Dipole-Dipole
Model resistivity with topography
Iteration % RHS error = 9.1

Elevation

2246

2238+

22264

22184

22064

21964

2186

2178+

2168+

2158-

3788928

3788840

3788768
3789808

3789080

I I I [ T [ (N (] D (D .

91.5 151 258 413 683 1128 1864 3881
Resistivity in ohm.m
Unit Electrode Spacing = 18.8 m.
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46000 -
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44000

3788800

3788850 3788900

3788950

37

89000 3789050

Hodel IP with topography

Iteration 4 RHS error = 6.6

Elevation

S 2248

22884
21984
2188
2170

2160

215p-

2230

22204
3788760

22104

3788840

Dipole-Dipole

3788920

3789000

3789080

Unit Electrode Spacing = 18.8 m.
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Dipole-Dipole

Ps.2 3788760 3788840 3788920 3789000 3780080 n.
L L L L

8.32 - N

13.9
19.2
244
29.5
34.6

39.7
uy.7

Measured fpparent Resistivity Pseudosection

Fs.2 3788760 3788840 3788920 3789000 3789080 m.
L ' L L

.32
13.9

19.2
244
29.5
34.6

39.7
uy .7

Calculated Apparent Resistivity Pseudosection

Depth Iteratmn 3 RHS error = 21.3
378 378“!“] 37&892“ 3789008 3789088 n.
1 L

1.71

v,
18.4
23.6
29.4
35.8
u2.8 L

Inverse Hodel Resistiuvity Settmn

-----:I----:I--- I .
31.8 59.1 113 La8 77 1482 2823
RESIEtlUIty in ohm.m Unit electrode spacing is 16.8 m.
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Dipole-Dipole

Ps.2

3788760 3788848 3788928 3789000 3789888
L L L L

S 8.32

13.9
19.2
240
29.5
34.6
39.7
uy.7

= NNy -~

.
Heasured App. Chargeability Pseudosection

Ps.2

3788760 3788840 3788920 37890080 3789080
L L L L

8.32
13.9
19.2
244
29.5
34.6
39.7
Ly 7

p Lo

Calculated App. Chargeability Pseudosection

Depth Iteration 3 RHS error = 0.53
378876

8 a 3788840 3788920 3789080 3789080
L L L L

1.1
9.25

Inverse Hodel Chargeability Section

[ I D D N [ (S [ N O (N [ (N N
2.28 3.40 4.60 5.88 .6 8.21 2.4 18.

Chargeability in msec

42.8
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Dipole-Dipole
Elevation Model resistivity with topography

Iteration 3 RHS error = 21.3
2238,
3788840
2220
' 3788920
22184
3788760

22004 ‘
2198, 3789000
2180/ ‘
2178, - 3780680
21684 v !
2150
21484
2138/

I BN BN N S ] [ [T O ] [ O .

3.8 59.1 113 214 188 778 1482 2823
Resistivity in ohm.m

Unit Electrode Spacing
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18.8 m.

Unit electrode spacing is 18.8 m.
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Dipole-Dipole
Elevation Model IP with topography
Iteration 3 RHS error = 8.53

2230,
3788840
S 2228
3788920
2218
3788760
2208
21984 3789000,
2188
21784 3780088
2168 '
21581
2148
2136

I DN D D (N (T (N [ N (] [ [ D N N N
2. 3. 4.

2a 48 60 5.88 7.01 8.1 9.1 10.6
Chargeability in msec
Unit Electrode Spacing = 18.8 m.
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Dipole-Dipole

Ps-2 3788748 3788828 37880008 3788088 3780068 n.

ES 8.32 r\J
13.9
19.2
29.5

39.7

Ps.2 3788748 3788828 3788000 3788088 3789060
| ! L i

8.32

13.9 -
19.2
29.5
39.7

Calculated fpparent Resistivity Pseudosection

1 =9.9%
3788740 3788820 3788900 3788980 3789060
| I n i

§

Resistivity in ohm.m Unit electrode spacing is 18.8 m.

42.8 y
Inverse Model Resistivity Section
I N N [ (N [ B ) (O O

76.9 123 195 311 496 M 1268 2808
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Ps.2

S 8.32

13.9
19.2

Depth Iteration 6 RMS error = 0.51
3788740

1.1
9.25
18.4
23.6
29.4
35.8
42.8

3788740 3788820 3788900 3788980
| n |

Dipole-Dipole

3788740 3788828 3788988 3788088 3789068 m.
| ! | i

—

-

Heasured fipp. Chargeability Pseudosection

3789060 m.
i

"

\ N
> NN

Calculated App. Chargeability Pseudosection

3788820 3788900 3788980 3789060 m.
| n n i

~ . @)

-~ A

Inverse Hodel Chargeability Section

[ N N [N (O N ) (O .

.938 2.93 4.92 6.91 8.90 10.9 12.9 14.9
Chargeability in msec Unit electrode spacing is 10.0 .
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Dipole-Dipole

Eleuation Model resistivity with topography

S 2248

2220
2200
2188
2160-

2140

2128

Iteration 6 RMS error = 9.9

3788828 N

'\"

I I . T [ .

76.9 123 195 a1 496 701 1268 2008
Resistivity in ohm.m

3789060

/1

Unit Electrode Spacing = 10.8 m.
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Dipole-Dipole

Elevation Model IP with topography

2216 Iteration é RHS error = 8.51 _
S 3788828 N

2228/ 3M 3788900

2208

21804

2168

21484

2128-

R/

3788988

N

Unit Electrode Spacing = 18.0 m.
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Dipale-Dipole
P22 srss7oe 3788800 3788880 2788060 3780040 n.
| | | f
S 8.32 . N
13.9 —
19.2
24,4
29.5
34.6
29.7
uy.7
Ps.2
3788720 3788800 3788880 3788960 3789040
n n | |
8.32
13.9 ——
19.2
2.4
29.5
3.6
39.7
u.7
Calculated Apparent Resistivity Pseudosection
Depth Iteration 4 RHS error 9.1
3788720 :m;nsuu 3788880 3788960 3789040
1.7 *
9.25
18.4
23.6
29.4
35.8
42.8
Inverse Model Res1st1u1ty SECtan
33.8 65.8 123 1828 3535
Reslstlulty in uhm.m Unit electrode spacing is 10.0 m.
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Ps.2

3788720 3788800
L

Dipole-Dipole
3788880
L

3788960
n

3789040 n.
L

S 8.32

13.9
19.2
24.4
29.5
34.6
39.7
4.7
Heasured App. Chargeability Pseudosection

PS-2 4788720

3788800
L

3788880
n

-~ S

3788960
n

3789040 n.
L

Calculated App. Chargeability Pseudosection

Depth Iteration 4 RHS error = 1.5
3788720 3788800
I

3788880
n

T3 e

3788960
n

3789040 n.
L

1.71
9.25
18.4
23.6
29.4
35.8
42.8

Inverse Model Chargeability Section

I N N [ [N [ B ) (O .
6.51

-6.11 -2.95 8.282 3.36 2.67

Chargeability in msec

12.8

16.8

Unit electrode spacing is 16.8 m.
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Elevation yuga) pesistivity with topography
2240+ Iteration 4 RHS error = 19.1

3788800

22204

3788728

22004

21804

21604

21404

2128/

Resistivity in ohm.

°T II

3788880

Dipole-Dipole

1820

3536

3788960

3789840

Unit Electrode Spacing = 10.8 m.
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47500 -
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47000 - — r/
46500 -

46000 -

45500 - U

45000 T . T T . . r
3788740 3788780 3788820 3788860 3788900 3788940 3788980} 3789020

: Dipole-Dipole
Elevation y,401 1p with topography

2248 Iteration 4 RHS error = 1.5

S 3788800 N

2220
3788728 .
2200

3788880

3788960

2180/

21684 N
2148

2120- —5_11 —2 EONONEOCIE E- 1ﬁ_ﬂ--

95 8.282 3.36 6.51 9.67 12.
msec

Unit Electrode Spacing = 18.0 m.
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Dipole-Dipole
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H | i i
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34.6
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Calculated Apparent Resistivity Pseuﬂnse:t1nn

3703?““ ) 378882“ 3788900 3738?8“ 3789060
i

Inverse Model Resistivity Section

38.6 67.5 118 207 361 632 1186 1935
Resistivity in ohm.n Unit electrode spacing is 18.8 m.
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Depth
3

1.71
9.25
18.4
23.6
29.4
35.8
h2.8
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L | | L
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Heasured App. Ghargeability Pseudosection

“

Calculated App. Ghargeability Pseudosection

Iteration 6 RMS error = 1.7
788740 37EEEZH 37889““ 378898“ 3789060 n.
f

lnuerse Mudel Gnargeahlllty Sectlnn
7 B.“1 16.7 25 5 34.2 u2 -b
Chargeability in msec Unit electrode spacing is 16.8 m.
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Dipole-Dipole
Hodel resistivity with tepography

Elevation rieration 6 RHS error = 15.4
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S 2228

22181 3788740
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2198
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21680
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3788820 N

3788900

3788980
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Unit Electrode Spacing = 168.8 n.
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. Model IP with topography
Elevation yepration 6 RMS error = 1.7

3788740

3788820

Dipole- Dipole

3788900

3789060

Unit Electrode Spacing = 18.8 m.
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ohm.m
2568.911

1951.89

1334.87

717.8489

100.8283

ms
31.0197

23.26842

15.51714

7.765861

0.01458131
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y Layer 5, Depth: 35.0-47.2 m.

y Layer 6, Depth: 472613 m.
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P in msec
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Resistivity in Ohm.m
X Unit Electrode Spacing 50.0M. Y Unit Electrode Spacing 20.0M.  lteration 6 - RMS Error 28.1%
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Abstract

Geophysical methods have high efficiency in the Prospecting and Exploration of
mineral deposit. These methods if chosen properly, these will provide valuable
information of mineralization in Surface or depth. A Magnetometric survey with 1060
sampling points of 10 meters distances was applied in this study with the aim of more
accurate evaluation of poly metal skarn deposit of copper, gold, zinc and iron. The survey
was conducted in northeast of Nahavand near the village of Oshvand in a region with area
of 350 x 400 square meters. After determining the extent of anomaly and also
Mineralization along the trend, the best place for acquiring Resistivity and Induced
Polarization data was obtained. Seven parallel profiles with 50 m spacing and Dipole-
Dipole arrays and perpendicular trends to the mass were designed to investigate the dip
and trend of the masses in depth and to determine the optimum points for drilling. In order
to determine the source geometry and mass magnetization contrast to the surroundings,
3D inversion of magnetic data was applied using Li-Oldenburg algorithm (software UBC
MAG3D). For optimum utilization of the algorithm, it's application on the synthetic data
was firstly investigated and then used for modeling actual data. The surveyed Resistivity
and IP data were entered to RES2DINV Software and inverted after primary corrections
including removing outliers and results were presented as 2D sections. Finally, in order
to reduce the risk of future studies and drilling costs, three-dimensional inversion
modeling was used to analyze the data by RES3DINV Software . Regarding Reduction to
the pole magnetic map with 5m upward continuation, it can be seen that masses are
extended from east to west and most of them had depths up to 20 m. In almost all parts
with magnetic anomaly changes, induced polarization anomaly changes were observed
and the shapes of the masses were also well determined. It can only be said that weak
magnetic anomaly sections are less likely to have iron content or the masses are in more
depths. It was also observed that the dip direction of nearly all masses were to the south.
The mass under study started from the Earth's surface and extended to depths of over 40
meters in some places. The separate masses with different slopes and depths that might
be separated by fault were also well determined. Based on the obtained models from 3D
inversion of magnetic data of the studied area, it seems that from 3 existing anomalies,
the anomaly A is greater than the others from both size and magnetic intensity points of

view.



Based on all the information and results of the three-dimensional modeling of
Magnetic, Resistivity and Induced Polarization data, Promising areas for exploratory
boreholes were identified and introduced.

Key words: 3D inversion modeling, Resistivity, Induced Polarization,
Magnetometery, Poly-metal, Oshvand, Hamedan
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