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Fig.1 Flow chart for stereoscopic quantitative prediction of the concealed ore body
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Fig.2 Scattering patterns of dG—SN and dG—PB
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Table 1 Correlation coefficient and regression effectiveness of mineralization
indexes Sn, Zn, Pb, Sh, Cu with intrusive distance factors idG, 0dG

HMRRER

SN= botb1idG+ €
ZN= botb1idG+ €
CU= botb1idG+ €
PB= botbiodG+ ¢
SB= bgtb1odG+ €

-0.1105468475
-0.1697280023
-0.2043988012

-0.09509686392
-0.01706997119

F(1,1606)  Foos(1,1606)  [HIJ%R
19.86910491  3.847255542 W
47.6373136  3.847255542 W
70.02231841  3.847255542 W
14.65626479  3.847255542 W
0.4680989662  3.847255542 AN

% 2 H{LIEHR SN.ZN.PB.SB.CU 5EKKIEEE wr,G.r,G BIHEXFZH K B3R
Table 2 Correlation coefficient and regression effectiveness of mineralization indexes
Sn, Zn, Pb, Sb, Cu with intrusive surface amplitude factors wr,G, r,G

MRAER

F(1, 1606)

Fo.os(1, 1606)

EEREN

SN= botbwriG+ ¢
ZN= botbiwriG+ ¢
PB= botbhwriG+ &
SB= botbhiwriG+ &
CU= bothiwriG+ ¢
SN= botbir:G+ ¢
ZN= botbirsG+ ¢
PB= botb11:2G+ &
SB= botbir:G+ ¢
CU= botbiraG+ &

-0.1314133487
-0.2492730893
-0.1481925414
-0.1230059374
-0.2465552089
0.07570294672
0.1432011489
0.09749342934
0.06616058429
0.1197786137

28.22214741
106.4037574
36.06135763
24.67283106
103.9467589
9.256934343
33.62304316
15.41146533
7.060726372
23.37652868

3.847255542
3.847255542
3.847255542
3.847255542
3.847255542
3.847255542
3.847255542
3.847255542
3.847255542
3.847255542
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Table 3 Correlation coefficient and regression effectiveness of mineralization
indexes Sn, Zn, Pb, Sb, Cu with strategraphic lithologic factors c,R"*

cpR

SIMRAHR

F(8, 1599)

Fo.0s(8, 1599)

EVERES

SN=f{ciR)+ &
IN=flciR)+ &
PB=f{ciR)+ &
SB=flciR)+ &

0.19696992206750369
0.33126716588739508
0.18810898331698542
0.15923625277206821
0.32749787013272907

CU=flciR)+ &

8.067579489
24.63754288
7.332018184
5.199917379
24.01308397

1.944183613
1.944183613
1.944183613
1.944183613
1.944183613

L% 'T'f(ﬁR){t%% Bo+BicuR +B2ceR + B 5 R+ BucosR + B scuR + B R +

B 7CosR + B 8Cook o

F 4 W LIBHE SN.ZN.PB.SB.CU 5WiEE % dF1 HHEXRE K
EVER & vl
Table 4 Correlation coefficient and regression effectiveness of
mineralization indexes Sn, Zn, Pb, Sh, Cu with fault factor dF1

HMRRER

F(1, 1606)

Fo.os(1,1606)

[EVEEYER

SN= botbidF1+ ¢
ZN= botbidF 1+ ¢
PB= botbidF1+ ¢
SB= botbhidF1+ ¢
CU=botb1dF1+ ¢

-0.1820125177

-0.3080212570

-0.1838201049

-0.1525405408

-0.3273108046

55.02744163

168.3446672

56.16424901

38.2596473

192.6988588

3.847255542

3.847255542

3.847255542

3.847255542

3.847255542

kEn
i

En
i

En
i

En
i

kEn
i

% 5 W LIBHR SN.ZN.PB.SB.CU 5#8% swr,R swr,R HItH X R EUR EVARREL
Table 5 Correlation coefficient and regression effectiveness of mineralization indexes
Sn, Zn, Pb, Sb, Cu with fold factors swr,R, swr,R

R R R F(1,1606)  Foos(1,1606)  [AIJARGR
SN=botbiswriR+ ¢ -0.1100846616  19.70127668  3.847255542 B
ZN= bytbiswriR+ ¢ -0.2516298354  108.5619001  3.847255542 e
PB= bytbiswr R+ ¢ -0.1032297658  17.29849298  3.847255542 W
SB= bgtbiswriR+ ¢ -0.06621858404  7.073165932  3.847255542 W
CU= botbiswriR+ ¢ -0.2159279028  78.54151075  3.847255542 e
SN=bgtbiswraR+ € -0.09064109018  13.30388859  3.847255542 W
ZN= botbiswraR+ ¢ -0.1670934611  46.12777887  3.847255542 W
PB= bytbiswraR+ ¢ -0.06713675421 7271569551  3.847255542 W
SB= bgtbiswraR+ € -0.06958938097  7.815193699  3.847255542 W
CU= botbiswraR+ ¢ -0.1645405315  44.69010124  3.847255542 e
SN= bgtbiwgR+ ¢ -0.07821531751  9.885398514  3.847255542 W
ZN= bgtbiwgR+ € -0.1667201425  45.91600629  3.847255542 B
PB= by+bwgR+ ¢ -0.1024833689  17.0466002  3.847255542 B
SB= bytbywgR+ ¢ -0.07336794465  8.691651517  3.847255542 B
CU= bytbiwgR+ ¢ -0.1330767437  28.95408814  3.847255542 B

SHEWT A 231, BT AT LAXS 23 A 765 PR M

10 FEL A B8 B AR A R 47 S0 A1
4.1 TREE

A0 A1 SE B _E A b 1 = 48 1L

Jit 2 [H]
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[, S 1 R SEAR BT I & PEEAG I SCE
TCE A PEFEAT Tore 1

Tore=1, 4 OSN>=0.30 5 OZN>=3

Tore=0, H:Ath (7)

A, OSN F & A FTT H ik B 5 A7 2R 1Y
JIT AT ol 1 B 5 i AR A S48, OSN 7%
A BATE HLAR B 10 A (7 SR A AR 1Y BE S B B4R A
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BICE T YESRAR Tore 24 T8 1046 b5 (H A HE
b, S AR AR — A X b AR 4R S B B R
BAREE, MR E A 5 &0 e br 2
[ AETE AR SR Z s Y . BT Jore 7R Y
JEME A WOR 2 i (Logistic) EYEy S (]
BT E A TR Y

p
Iore= exp(B,, + 2 B, G1})/
i=

P
[1+ exp(B, + 2, Bjcm)] ®)

K i ISLARBTCIR T | Tore, HSLAKBATE i 90
PEFEAREUAGITHE, GV, SR ERTT i B95E 50 VEH]
AR ME B, B, BB BB BB BBy,
B By B o B sy By B s F BRI 0] AR AL 2 4L
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Table 6 Calculation results of mineralization model
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Fig.3 3D visualized software system for displaying and querying prediction results

MR, FR O B AR A A 7 A R £ T SR T A A o T
SN L /=S RITE

Shy {6 b TN B3O A S 45 SR A AT G T A
b SB R AR ], P& T B AR (AR 37 A s 1t 500 ] 40
A R G, HoAT — 2 b o 5 % s (R 2 1 R AL
gl o TS5 SRAT S ThRe (B 3),
4.3 TEWIE

R FIR T AE S 7P AR X
JoT BA K T 4 A 48 A 8 B AR A M B (A 3 X TR
FVH BT TR B X AT T BB TR (WU )it T,
TER S X MR T KBNS L2 2Bk, 8 B,
B 4 JR IR A 43 0 AT A B v BT RRIA 7R TR
W2 SW R T EMT 125 5B L LR/ K ;2007
AETR AR ARSI X T T = AN A,
PRI DL JZR 0 = 5 BYVERER 4 WA FLAEEE 400 m,
WA JEBE 3 5 A 4.25 m A 8.2 m, B & 67 43 1 R
5.59%F1 6.54% , H i i A ¥ i A R A

5 45 i

B AT R SE R L AT R B IR AR A R, RL)
ViR B2 &R RG], WS T — Mo T

FEAL™ LR B A M He ™ 5 s B4 B AR AR S AR
PO T5 ¥k #EAT T MR AT RO A S = 4RI R
S AR ORI AR B Ak = 2k 52 7 2 o T AFF 5T,
RITH XA TREARE A B 48 TAR S 4L 1 25
PRAE e (iAE R B A RIS 20 10 2R A9 U 25 21 | A
BRSO SL B T R0 DX B e A8 2 B

SEHWWETE RN S BRI, R S R 2
St TN L DG AR AR B T SRR AR 7 O T Y
Mo ST S L3 4 o R A S PAY TR ) £ b T RS A
JEAE S T B A KR T4 | AT T 042 B 4R IR
TAELE A MR BORH S B P R R SRR S
F8 TN A5 7R B L) e A R = 4R Y e B
TSERLAT LR AR AR T ) B4 s 5 B T
R T M2 ) R e GORZ A A 58 73 A A R
T AEALET L S CE T I TR AR (T 2,
NI SURGSIE R IS SN R SR @R

5 2% ik (References) :

[1] BEMG I, Tk e, BRAEST- S HLw L AT $2 8 B 5 300 3 A 2 F ()
BERTT [)). MUERIL TR 2224 (AR AR, 2004, 31 (2):111—
117.



ERTESN R

TIEIAE SEPL 1L R 2 8 B R A SL M SE BT BT s —— LA PR 8 2 & Jm T IR 91 433

Zhao Pengda, Zhang Shouting, Chen Jianping. Discussion on
prediction and appraisement of replaceable resources of crisis mine
[J]. Journal of Chengdu University of Technology (Science &
Technology Edition), 2004, 31 (2):111 =117 (in Chinese with
English abstract).

[2] FE B, 4 [ fE ML Ly R B IR AR TR A0 (2004-2010
AE)[EB/OL]. E L F IR M IS hetp : //www.mlr.gov.cn. 2004,
Ministry of Land and Resources PRC. Prospecting program for
replaceable resources of crisis mines in China (2004 —2010) [EB/
OL]. http://www.mlr.gov.cn. 2004 (in Chinese).

=

Harris D P, Freyman A J, Barry G S. Methodology employed to
estimate potential mineral supply of the Canadian Northwest [J].
Dep Energy, Can, Mines Resour, Miner Resour Div, Miner Inform
Bull. 1970, 105:1-56.

[4] Agterberg F P, Kelly A M. Geomathematical methods for use in
prospecting [J]. Canadian Mining Journal. 1971, 92 (5): 61-72.

[5] Griffiths ] C, Menzie D W, Labovitz M L. Exploration for and

Evaluation of Natural Resources

Mechanical Engineers (ed.). AAPG Res Symp, Probab Methods in

[C]//American  Society of

Oil Explor, Notes. Stanford:American Society of Mechanical
Engineers, 1975:21-25.

[6] Singer D A. RESIN, a FORTRAN IV program for determining the
area of influence of samples or drill holes in resource target search([J].

Computers & Geosciences. 1976, 2 (2):249—-60.

[7] McCammon R B. An interactive computer graphics approach for
dissecting a mixture of normal distributions [J]. Computer Graphics.
1976, 10 (2):8—12.

[8] Barry G S, Freyman A J. Mineral endowment of the Canadian
Northwest: A subjective probability assessment  [J]. Canadian
Mining and Metallurgical Bulletin. 1970, 63 (701): 1031—-1042.

[9] Sincair A J , Woodswith G 1. Multiple regression as a method of

estimating exploration potential in an area near Terrace, British
Columbia [J]. Economic Geology and the Bulletin of the Society of
Economic Geologists. 1970, 65:998—1003

[10] MG, TIRESE, 2250 4 0 IR GETHI0I (35 — W) (M), b a i
HRAL, 1994:1-314.

Zhao Pengda, Hu Wangliang, Li Zijin. Statistical Predication of
Mineral Deposits (2nd Edition) [M]. Beijing: Geological Publishing
House, 1994:1-314 (in Chinese).

[11] Agterberg F P. Geomathematics: Mathematical Background and
Geoscience Applications [M]. Amsterdam, New York:Elsevier
Scientific Pub. Co., 1974:1-596.

[12] Zhao P D. Theories, principles, and methods for statistical
prediction of mineral deposits [J]. Journal of Mathematical Geology,
1992, (6): 589-595.

[13] HEWTHLT B0 p ML BP0 4 I8 5 DK 1038 B8 £ 7 BE M. 4248 7C
P b MU MORE ) 1982:1-65.

Koncrantunos P M. Logic Information Method for Appraising
Mineral Deposits [M]. Beijing : Geological Publishing House, 1982:
1-65 (in Chinese).

[14] Bridges N J, Hanley J T, McCammon R B. PREPRO:A
computer program for encoding regional exploration data for use in
characteristic analysis [J]. Computers & Geosciences, 1985, 11 (5):
513-519.

EAERR, M. S g AR SRR R ). K T e A AR,
1989, 19(3):311-316.

[5

Wang Shicheng, Chen Qiuming. The integrated information
exploring model of gold deposits[J]. Journal of Changchun College
of Geology, 1989, 19 (3):311 =316 (in Chinese with English
abstract).

AR, K BT 5 PR A 4 A L O M, L
JiH RCEE, 2001 :1-163.

[6

Wang Shicheng. Comprehensive Information Predication of Large
and Superlarge Gold Deposit  [M]. Beijing: Geological Publishing
House, 2001:1—-163(in Chinese).

[17] Singer D A. Basic concepts in three—part quantitative assessments of
undiscovered mineral resources [J]. Nonrenewable Resources, 1993,
2 (2):69-81.

(18] B, NIHS, 36 Mo 5295 ). R — o [ M I 22

2, 1991, 16(3) :241-248.
Zhao Pengda, Chi Shundu. A preliminary view on geology
anomaly [J]. Earth Science (Journal of China University of
Geosciences), 1991, 16 (3):241 —248 (in Chinese with English
abstract).

[19] BME K, B . b BT 5 507 7 O[], MR A — b [ i
KEF2A, 1993, 18(1):39—47
Zhao Pengda, Meng Xianguo. Geologic anomaly theory and
mineral resource prognosis [J]. Earth Science —Journal of China
University of Geosciences, 1993, 18 (1):39—47 (in Chinese with
English abstract).

[20] B S, MaRAE, TR, &5, WA B0 b g S b 0 e I SR
3BT —— LA 2 B S )], R R, 2002, 29(4) : 416—420.
Liao Chonggao, Yang Wunian, Xu Lin, et al. Integrated analysis of
remote sensing and geological anomalies in ore deposit prediction:
A case study of he Lanping basin[J].Geology in China, 2002, 29(4) :
416—420 ( in Chinese with English abstract).

[21] Bonham —Carter G F, Agterberg F P, Wright D F. Weights of

evidence modelling:a new approach to mapping mineral potential
[J]. Geological Survey of Canada Paper, 1990, 89 (9):171—-183.

[22] Knox —Robinson C M, Wyborn L A I. Towards a holistic
exploration strategy : using geographic information systems (GIS) as
a tool to enhance exploration [J]. Australian Journal of Earth
Sciences, 1997, 44 (4):453—463.

[23] Asadi H H, Hale M. A predictive GIS model for mapping potential
gold and base metal mineralization in Takab area, Iran [J].
Computers & Geosciences, 2001, 27 (8):901-912.

[24] M Lo, RAAE, REWE. #77 %0 GIS & = ITAr (). T E R,
2000, 27(7):29-32.

Xiao Keyan, Zhu Yusheng, Song Guoyao. GIS quantitative

assessments of mineral resources [J]. Geology in China, 2000, 27



434 h 5|

Hi J 2009 4F

(7):29-32 (in Chinese with English abstract).
[25] WhHpdE TR AN, S BT GIS fh X T g 181 77 1k ).
P E ML BT, 2005, 32 (4):713-717.
Han Kunying, Ding Xiaozhong, Fan Benxian, et al. Methods of
regional geological map production based on GIS [J]. Geology in
China, 2005,32(4): 713=717 (in Chinese with English abstract).
VEEOE BA0R, M0, 45 A A A R = A B R A
HRLG(). P EMET, 2006, 33(4):928—935.
Xu Huiping, Qin Rufu, Ye Na, et al. Management system of the

[26

3D lithospheric structure database of China [J]. Geology in China,
2006, 33(4):928—935(in Chinese with English abstract).

[27) Mo, SKIBEWL, Ph e A B T I A 4t BR Ak A B 43 B i R
AR XTI BT e 7). E ML, 2006, 33(3):682—688.
Yang Xiangrong, Zhang Xiaofan, Sun Baosheng. Prediction model
of large ore deposit clusters based on an exploration —geochemical
data analysis A discussion [J]. Geology in China, 2006, 33 (3):
682—688 (in Chinese with English abstract).

(28] BAEAL, WK B, A 2604 85T BRIk B PR A4 7 A i i 0 (). A
MRIE 4 b T 24 B 27 4. 1988,8(1):15—22.

Mao Xiancheng, Chen Guoguang. Stereo —quantitative predication

of a hidden tin ore deposit in the Xianghualing orefield [J]. Journal
of Guilin College of Geology. 1988, 8(1):15—22 (in Chinese with
English abstract).

[29] BT, BRER. B AL B 0 IR s B
[]. HuBT 5 HEER. 1988, 24(10):25-31.

P % ST AR SE 2 TUI 40 44¢
Mao Xiancheng, Chen Guoguang. The Xianghualing Sn—deposit:

its mathematical model and three —dimensional quantitative
prognostication [J]. Geology and Prospecting. 1988, 24(10):25-31
(in Chinese with English abstract).

[30] B, AR FS. W5 UG K SRR IR = 4 R R R
H M S A BT [C)/ /24 W, AR, G T 2 B O
SR, K R Tl R A, 1992:105-110.

Mao Xiancheng, Song Hongbang. Three—dimensional mathematical
model of the Qinshuitang Pb—Zn deposit and stereo —quantitative

predication of blind ore bodies occurred in depth and margin of the

[C]//Peng Shenglin, Dai Tagen (ed.). Research and
Application of Diwa Theory. Changsha: Central South University of
Technology Press, 1992:105—110 (in Chinese).

[31] MFRAE, REdERy . &R PRIRASF 07 i i b BTRIF 5 (7). Il o

2007, 34(5):855—869.

deposit

Ye Tianzhu, Xue Jianling. Geological study in search of metallic
ore deposits at depth[]] .Geology in China, 2007, 34(5): 855—869
(in Chinese with English abstract).

[32] BAEH, B, ABHAZL, 45 ) 0GR 0T H BT RO A Y
WF9E 5 R G001 & ()], Wt 5 4R, 2003, 39(5):72—76.
Mao Xiancheng, Dai Tagen, Zou Yanhong, et al. Research and
system development of geological mineral database of the Dachang
orefield [J]. 39 (5):72 =76 (in
Chinese with English abstract).

[33] ABHELL, B, o a5 R T ). P R AR (A
IREREIR), 2004, 35(3) :463—467.

Geology and Prospecting, 2003,

Zou Yanhong, Mao Xiancheng. Establishment and application of

geological survey database [J]. J. Cent. South Univ. (Science and

Technology), 2004, 35 (3):463 —467 (in Chinese with English
abstract).
(34] WS 3C. WL VE B0 12— IR R ROy ka8 [)). M 2B R &%,

1994, 1(3/4):53-73.

Yu Chongwen. Dynamics of ore —forming process

and methodology [J]. Earth Science Frontiers, 1994, 1(3/4):53—73

systematics

(in Chinese with English abstract).
[35] A0, 5% 30 A B Hh DXBR A6 0 PR B0 ) AR 1 A% 5 R ) T
iz 3 7)), MRS, 2001, 30(6) :533-539.
Cen Kuang, Yu Chongwen. Mass and energy transport in ore forming
processes of sulfide deposits in Tongling district [J]. Geochimica, 2001,
30 (6): 533—539(in Chinese with English abstract).
[36] XUATAE, Besd i, B, WL G M) KD
HRAL, 1997:1-219.

SR Tl k2

Liu Shinian, Duan Jiarui, Mao Xiancheng. On Geological General
Field [M]. Changsha:
Press, 1997:1-219 (in Chinese with English abstract).

Central South University of Technology



% 36 & 45 2 ] TIEIAE SEPL 1L R 2 8 B R A SL M SE BT BT s —— LA PR 8 2 & Jm T IR 91 435

The stereoscopic quantitative prediction of concealed ore bodies in the deep
and marginal parts of crisis mines: a case study of the Dachang tin
polymetallic ore deposit in Guangxi

MAO Xian—cheng, DAI Ta—gen, WU Xiang—bin, ZOU Yan—hong

(School of Geoscience and Environment Engineering, Central South University, Changsha 410083, Hunan, China)

Abstract: Crisis mines and old mines possess great mineral resource potentials in their deep and marginal parts,
but the search for resources in the depth is frequently confronted with enormous difficulties and risks. Old mines
have usually experienced high degrees of exploration and exploitation, resource prognosis and prospecting goals
have to be transferred to the three —dimensional space in the depth, and geophysical and geochemical anomaly
information is strongly interfered by mining activities. Therefore, the adoption of new prognostic and appraisal
methods for crisis mine prospecting seems to be an important means for making breakthrough in the appraisal and
prospecting work in the deep and marginal parts of old mines. Aimed at solving the problems of evaluating and
prospecting for replaceable resources in crisis mines, this paper established a core workflow for the stereoscopic
quantitative prediction of concealed ore bodies, i.e., the flow chart of "geological data integration—quantitative
mineralization information extraction —three —dimensional quantitative prediction", by using a data—driven and
knowledge —driven combination method. From the viewpoint of the field analysis, the ore —controlling field
models of magmatites, faults, strata, lithology and folds and the mineralization distribution filed model were
constructed, with their solutions reached by transferring continuous models into discrete models. By means of
statistical analysis and nonlinear programming, the correlation between geological ore —controlling fields and
mineralization indexes was analyzed, and then the quantitative location parameters which describe the control of
geological factors over mineralization were extracted. Thus the quantitative index set of geological ore—controlling
factors was obtained. The stereoscopic quantitative prediction models composed of mineralization mathematical
models and ore potential estimation models were built on the basis of the relationship between the mineralization
indexes and the geological ore —controlling factor indexes. With the prediction models, the three —dimensional
localization and quantitative prediction of concealed ore bodies were carried out in the deep and marginal parts of
the Dachang mine, and the prediction database was created, based on which the unit prediction maps were drawn
according to elevation levels. A three —dimensional visualization software system for displaying and querying the
prediction results was developed. Deep prospecting drill holes were designed and put in practice following the
prediction results and new ore bodied were thus found in the depth of the Changpo section and the Tongkeng
section within the Dachang mine, which shows that the prediction models and results are effective.

Key words: crisis mine; concealed ore body; 3D geological model; location and quantitative predication;

quantitative appraisal of mineral resources
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