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Abstract: Evaluation of three-dimensional ore body modeling has been performed by applying the geostatistical integration
technique to multiple geophysical (electrical resistivity, MT) and geological (borehole data, physical properties of core)
information. It was available to analyze the resistivity range in borehole and other area through multiple geophysical data.
A correlation between resistivity and density from physical properties test of core was also analyzed. In the case study
results, the resistivity value of ore body is decreased contrast to increase of the density, which seems to be related to
a reason that the ore body (magnetite) includes heavy conductive component (Fe) in itself. Based on the lab test of
physical properties in iron mine region, various geophysical, geological and borehole data were used to provide ore body
modeling, that is electrical resistivity, MT, physical properties data, borehole data and grade data obtained from borehole
data. Of the various geostatistical techniques for the integrated data analysis, in this study, the SGS (sequential Gaussian
simulation) method was applied to describe the varying non-homogeneity depending on region through the realization
that maintains the mean and variance. With the geostatistical simulation results of geophysical, geological and grade data,
the location of residual ore body and ore body which is previously reported was confirmed. In addition, another highly
probable region of iron ore bodies was estimated deeper depth in study area through integrated modeling.
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Fig. 1. Pictures of the study area. (a) Satellite picture around the study area (the red box indicates the study area) (b) Picture of the mining

area (115, 116) at large scale.
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Fig. 3. Grouping of rocks of borehole data in the study area by SGeMS. (a) top view (b) side view
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Range of ore body Grade
]?1?1?1}113(;1: D(cg:;h Strike/Dip Vertical depth (m) Type
From To Fe (%)
2313 240.0 19.7 Mineralized zone
10-3 250 N85W/70 4-226.
@ 240.0 240.5 2174-2260 559 Ore body
218.0 226.2
70-2 360 90 (Verticali 38-65
(b) (Verticality) 305 3448 Same to range Ore body
10, 103

Depth(m)

Resistivity{ohm-m)
(a)

Fig. 7. One-dimensional inversion results of MT survey. (a)

Depth(m)

Resistivity{ohm-m)

(b)

10-3 (b) 70-2.



A SA AAle, ATAIIM AlF B 7R JAL Hlo} MEEH, $F 34 AHE ol &5l prk &, A7)
Z2d3 2T el FHHE Fol XS skt o= A%, AT, FEATES S 22 T
AlFe] FA = A0l Ad-Eshe MTEAR] WA & A% QEA A7 B ARE AT F AXHNFTFES

7l 5
£2 Bal Mo AU AR £ o, WA - = 22 7t =l )@
=

A Aot S AEE Beete Aol dtedlAe] B1A gk H] 45
o YX| o 9] mjoto] 75| wiito|tt. o]o] A% AL FofH| A} ZAS fsiA AMEET S 4 X BA R
AAE o R F 39719 SHA EXE Fsiien 2, 2004)E5 o]&-ste] ARl AEETHE A&l th(Fig
(Fig. 6), 12H <4t =238 o] gsle] 2AEE A2t 9(a)). 28], Fo] AlE A AT HFE 571 Sl
Ai AE FoM tix AHE FEske] o] aFete 2t 310] Al59] AR A7)7F e A7 Zd*:f‘io] Q23519
ALS vepilen, 74 s A AIFE L ste] AAl om, olof] AT s ] AH] IS o83t
A FAMFE ] FA A7 ] 74 AE vERE Alolth A5uE A=t e, =53 510] A5 13 A B A3}
(Table 2). < W50l F7] fJalA Halld g4 o= NaCl &3 3 2
Fig. 7(a)= 10-33 $IX]oA1e] MT A59] 1D 94t Aol E{-8A| (Filter paper)E& FH|sl FZo] HIA S =4 A= &
™, Fig. 7(by= 70-23 $1A1°Ixe] MT Zt&5e] 1D 94 A3 825 NaCl £ ZAAM AM-S si%ich 4 4]
ojty, B Aol F3iE MT 12+ S Axle dukzog S MEEY FYF A x3AIZ] Fof A RS L, T

(@9 e A 3 Wsl e ol Yephieh B
5 Azt 2FollA vlA g 7ho] Table 20 3718 2h 7ke]
A Alg o} ZHzF AR sh= F2ol|A] F43] FolR]= RAte
Bola gt} o] Eaf, A3 xtge] 2 7l gk A
3 w4o] FPsste, 9t Aste] BYHS 158 & ek

2H44z0] SAAIE

AFA oA A7 A Go] oju gk Bl oJs) B5)eA] 205
g F35) el & Mol B4 (1%, L=, 338, 271 e L
A, Poi2e)e 25l 2le] JRAS $H R ke SO

ROz, AT AooA WA Yo 2 FAF e o] gt : o
@Net T Hom BAF 10dE 2 11EE F 103 o e S
AF Fo] 3970), F 6171e] ¢ HojE FHEE W (Fig. EX7,89°

8), = 3101¢] 739 AU 3oy S Bl o] AlEE A
Pt Zo] ABE 40~ 110 mme] Zo]& A|ZHerom,
ol A ﬁE@ Foje] F AL oF 523 ~56.1 mmo|L, A5
Fo]e] AL 36~47.5 mmE ThFsith o]F, HE @A =
ofol] tiate] &l IAFAIZE HHAZ 750l B4 42
AIZE 1 XgdElolAN E3E AR § e S S

spindle spindle

tab water

(a) (b)

Fig. 9. Pictures of sample holder for measuring core resistivity. (a) Schematic of sample holder (b) Manufactured sample holder and its
measurement picture.



HAgare] BA| W=

o] ALNA=FI E ohE gt o] AFHFo| ZH2F HHate] Al
5 A ] vATE 4 38= B2
(Katsube, 1969)°] w2} AFHAF(C) & APy Hsld
gAS XS HA(F)E PFCF-AE-FCFPe| A2 vk
3] T WolthH 93}, 1999).
Fo] M7 A =4 AHZE ABEM(i)S] SAS-10002
o] 83193, SAS-10000] AFHF(C)zF AAAF(P) AL o
ste] 3o A|52] A7 A} 5788 I TH(Fig. 9(b)).
o] wf, FH]oX AREEE T3 (Stack) B xRl FMH S
T, AEAde] e FHe] ARE 5kt TGl
%“—i—% AA2EL] B 3 ol8ete 7 I FAES A
)Jq. 7 ot}%_( 73}%1’ g‘ljn}m- 4:101- 01-un o]-/\LoL) o
=2 1‘3— S BER3l] AAAAE BAET
Fig. 10(ay= 3019 D=8} HlFHe] AAE
AA S vlEshe JEBAIE Yep L o] UR V#Cﬂ o|&
Aol FLTS RIS Fig. 10(bys Heb 902 &
Al Zlo] A4, e o2 FAE Zlo] 7[er goltt.

_1>
ro
ey
4
i
Q
W
1>
2
il
il
nj

O

i)

P A AT 53 2l 183

AP A o] 718t FFell sl vt A eg =4 374 E
on, dtH o Wyt FrkebH HIAE SN ¥
o] 73S B ol AHA 3o Yo Ax zlo]
A (Fe) A ol Bedt A7 Ewrt S7keE 202 Hel
o webd, 7 23 AN e W Skl B nixg
e sy ]«] AAIE VERA QAT 3Lofe] ol w
E A7MIAE ko] Al E4S B, 3R F999ke] 4
s Ao =w AekE ) e 2)

=
]'\__ 'l_]_-
6] A

oL
\I

W g uA e fF7t
A Fole] HAF gk el o] a9 FA md™ A,
FA EXE 7] A% 7E FHRSE ARSI

A &5 Xzl S7H #8

Fig. 11(ay= A7AHolA 535 1A AEE SGeMSE ©]
g3t Ul Aotoltt. WA, A2 AFFAIHF )0l L,
shele M)A Ao S4), HAe MTEAHGOH &
;G) u].x]tﬂ—oi HHL7]-/\H0] qicﬂ %Aéx}g_(my].])% >33k
Zolek. A7A) tjs] A ow BE FHo) ARE U

450

a0 P
375

350 /

325 ’/‘7

300 ¢ y :

275 - f“
. y

250

Density (g/em3)

250 275 300 325 350 375 400 425 450

specific gravity

100000.00
~ 1000000 K_e\
£
£ (’ . »
e
> 100000 \._{ \
2 100,00
.
\ .5 \
10.00 - . . : * /.

250 275 300 325 350 375 400 425 450

Density (g/cm3)

(a)

(b)

Fig. 10. Correlation results of physical properties. (a) Specific gravity-density (b) Density-resistivity.

3 | e i AN
""" ) e :
1
M Borehole
Resistivity survey
MT survey
B Physical properties
(@) (b)

Fig. 11. Spatial expression results of total acquisition data in study area. (a) top view (b) side view. Black means borehole data, cyan means
electrical resistivity survey data, green means MT survey data, red means physical properties data of cores.
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Fig. 14. Variogram results of each data. (a) Total data (b) Grade data.

Table 3. Parameters of each variogram.
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Type Model Azimuth Dip Directional feature Nugget effect Sill Max range (m)
(a) Spherical 0 0 Isotropy 0.05 0.675 88
(b) Spherical 45 0 Anisotropy 0.05 0.93 83.7
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Fig. 15. Simulation results of each data. (a) One-simulation of total data (b) Mean of twenty-simulation of total data (c) One-simulation of
grade data (d) Mean of twenty-simulation of grade data. (colorbar of (a), (b): resistivity (ohm-m), colorbar of (c), (d): percent of grade).
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Table 4. Value comparison of simulation mean and variance.

Type Mean Variance
(a) — total data (log) 3.02358 1.81434
(b) — back trans 2.89982 2.3006
(c) — grade data 32.681 372.097
(d) — back trans 32.4546 345.624
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Fig. 16. Mutual comparison of histogram results about each data. (a) Original total data (log) (b) Back trans histogram after simulation of
original total data (log) (c) Original grade data (d) Back trans histogram after simulation of original grade data.
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Fig. 17. Three-dimensional modeling results of ore body. (a) top view of total data (b) side view of total data (c) top view of grade data (d)

side view of grade data.
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