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An Improved Tilt Angle Method and Its Application:
A Case of Weigang Iron-Ore Deposit, Jiangsu
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Abstract: In order to slove the “singularity” problem of Tilt angle, an improved tilt angle method to detect the field source boundaries
is proposed in this paper. Theoretical simulations reveal that improved Tilt angle method inherits the properties of the 1st order vertical
derivative and traditional tilt gradient that identifies boundaries by zero value line and it is better for the deep weak anomalies identifica-
tion than other methods such as the total module of horizontal gradient. Besides, the improved Tilt angle method avoids the abnormal
degeneration due to its clear physical significance. Magnetic anomalies of the Weigang iron-ore deposit is analyzed and anomaly D is sig-
nificantly enhanced except for three main anomalies of A, B, C, which indicates that the weak anomaly D is caused by deep concealed
orebodies. The orebody depth is found as 1 000—1 200 m, based on the interactive inversion results of the 2.5 dimension. DH6-6 drilled
hole is located in line 6, exactly on the east side of anomaly D, which coincides with the boring drilling of thin ore body. No-mine DH6-
7 drilled hole is located at the outside of the weak anomaly area. It is possible that iron orebodies may be discovered if a drilled hole is
arranged to the west and the north of Line 5.
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Fig.1 Geometric definition of Tilt angle method
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Table 1 The model’s parameters
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Fig.3 Total module of horizontal gradient (a) and 1* order vertical derivative (b)
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Fig.4 Results of traditional tilt gradient (a) and results of improved tilted gradient (b)
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Table 2 Magnetic parameter statistics of rock and ore samples in Weigang iron mining area
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Fig.8 Reduction to the pole results of work area iron ore AZ magnetic survey

900 - E & Line6
%00 ATs (nT/m)
B 450
-_—
400
g 700 ﬁ 350
E . C 300
A = \ a |
& 600 - | DH6-4f. DHY-1 250
= a A |
=200
-_—
500 150
- 100
400 I50
| | | _0

200 300 400 500 600 700 800 900 1000 1100 1200
% i 7 8 (m)

B9 Al S e K A A

Fig.9 Reduction to the pole results of Total module of horizontal gradient



2098 HoIRFL 2 [ b BT K2 2 R

40 %

800
700

600 BN

1t 1 iz i (m)

500

200 300 400 500 600

700 800 900 1000 1100 1200

75 7 Bz (m)
Bl 10 Tile A6 B8 R0 50 45

Fig.10 Identification results of traditional tilt gradient method

900
800
700

600 RN

JE 1 £ E (m)

500

200 300 400 500 600
7 0 (m)

B 11 i Tile 46 B PR 0 4%

Fig.11 Identification results of improved tilt gradient method

75 SR 6 5L L 0 R AY & AL T A A 12 B
NS o5 S 4 R A FL 4 4 i 8 DH5-1~DH5-10,
10 NEFFL.6 5k EEF L& 2 Bk DH6-1~
DH6-7.

BT =R R D O i R R R
S 8 S BB 8 TR AR A L AR S A 5 SR L6
52 b S5 ) T T 5 R L R ) T A 4N OE I T
TGS G R AWML R 5 v S T A
I A UE .
3.2.1 SELBEST  HILX 5 B4 AL
(K™ EAT R S5 W IR TR S5 S AN 18] 13a TR s H
1 B B At LA — I M I R

700 800 900 1000 1100 1200

T A S TS BRI S A A
FAE R BN B AR IR R (S 4 5
S ARARL R B T KR SRR T 28 Bl AR A A A
0 2 52 5 177 6 A AR B 400~ 600 m 8 Bl Y . FE7E — 3
YR AT R MRE 618 nT. 8 13b G (0524 5 K
P ATE S RV JEbR AZ (55 86 FL 32 i 09 & 8 gk i
IE T T AR S5 25 (E, R B L AL 11 o
SR Tile R TR0 45 SR T A 5 5 0 T 4
P AR R ] BEAE 5 5 2R AU M7 72 B8 5 H g U
FERCIERTE T B 5 5 il T ok R L 25
14 FiREHNNES SLILMM T2 1000 m
TRBE L AT BEAEAE 3 S50 1K (Fed).



912 X8 QA < Tile B i 58k 4 ik 55 ) T 2099

S
T q n — o e < o ~
el) he - S O O )
T T T Iz T T I T
A A A . A Aan A A A A
-100 H 1 _100 +
-200 200+
-300 300 F
E
2 -400 - -400 |
&S
-500 -500 F
-600 2600
-700 I _700 L N
(a) (b)
-800 -800
12 552 (a) 6 52 (b) A 1 5 1) 1T
Fig.12 The geological profile of line No.5 (a) and line No.6 (b)
30000
e i 24 800 [ Fxsww 700
20000 — WAL P Tilthf 140
_ 600 | . ~
= = ;o Al 20 ©
= ;o i E 3
S 10000 E 400 L P o/ H
3 N ! \ Y 10 &
ol < ‘1 \ Il“.,'/
200 ] ‘\\‘// 120
-10000 1 1 1 1 J 0 T/“/' i 1 1 ~40
-200 0 200 400 600 800 -200 0 200 400 600 800
X (m) X (m)
= =
o o~ — o o~ —
b “ B e
T T jas) T T jas)
a Q a [a a
0r 0r
E 400t Fe E 400 F Fe
i i
800 Fe 800 | Fe
(a) (b)
1200L 1200 L

K13 FHgke 5 T2
Fig.13 The Weigang iron ore of line No.5
a. ORI 77 A BRGS0 5 b RIAR 528 S Tile B J3 {E

322 6 SEHBASWT 55 SLMEMANIEL, MO8 TRMORD A B LS TR B 2R
Hext 6 54 DAL A BRET AT G SR R ORAE 6 S AL 400~ 600 m 2 [A]FF £ R R 5 R
FLERANE 15a s b A W R A —EMB HELDHG6-7 BTk B IE 5265 4 b i IR 3 A A7 75



2100 HoBR B} 25— [ Hb T K 2 2 4R %40 B
30000 o 16 000
SR — S
20000 F W il 2 12000 | — AL
& - L
S 10000 2 8000
< Y 4000 |
0 -
0 -
-10 000 ! ! : : )
20 0 200 400 600 800 -4000 : : .
X (m) =200 200 400 600
IS X (m)
DU n
£ £ = I S T
a [a)] ) O O Ne) Ne) Ne)
- = I T T T
ae a /o A
o ol
200
E 400r h 400
%;( @ Fe
% 2 L
Fo *H; 600
800 |- = N\ Fe2
800
LS
L z
1200L 1000 &UJF%
1200 L

Bl 14 FREEA" 2.5D AMLAS B 45 R (5 24

Fig.14 2.5D Inversion results of the Weigang iron ore

B 16 FHixeky 2.5D APLEEH LR 6 5480
Fig.16 2.5D Inversion results of the Weigang iron ore

B A 1A% 90 A0 41 7 J PR 2 — S Bl fL DH6-7 TR JEE

A SRR Z O %R AR S W RS S5 A AR S |
s 5T LA e W, 25 G 150 P R AR S R DL

Tilt B 2R . B XS 6 5 2l 1T — B2 2 S
RN 16 Fros O B 55 AT K Fes, il ) 4%

16000

S
}Jﬁﬂgi 1200F TR H 760
12000+ — W O TiltBs {40
£ 8000} £ 800f ' 1?° =
Y 4000} 3 1° g
400 1-20
0k 1-40
-4000 : ! ! ! ) 0 -60
=200 0 200 400 600 800 2200 0 200 400 600 800
X (m) X (m)
e < o) ol N <t o o~
SO o O SO S O ¢
I I T T T T T
ae o 8 oR A A A
of 0
el el
200 F 200 |
B g
ey | &
w 400 w 400+
600 600
(@) \@2 (b) Nez
800 L 800 L

K15 FHEEE 6 5Lk
Fig.15 The Weigang iron ore of line No.6
a. AR 77 AL B G SH 5 b. R A 58 & Tile B4 B {E



512

XM & A5 - Tile B R 53k 10 ook 5 07 2101

AT LLRME IZ 45 R 5 R ] Tile #6 3 R B 6
5 2R A AR 55 S5 RT AR R A2 TR R B AR 0 AR s e 7Y
SES A — BRI, 25 DH6-7 &L LLVE .5 S 4
Jb A B AL L AT BE DL AL,

4 rirSae

AR S Tl B R vk AT T Bk L g P T AEAE
“RRMT AT AR IX — R RS, BE IS B R R T A BE A G BR
N BB T S KRS AR R TR
e e M 5 SR A SCRE M fa WL LT 9548 5 B 4k
DR S 8 A T RS Al o0 BT 5 e R L S o T TR 5
WM RS s T e 1 Tile A6 R AR Y Ab PR 2
BLEBLEM X M E A KR ST A
B.C 3 MERFW I AE T IXALE & BT % 5 =
D 5 80 45 A T RS L ORE IR ) T R
S R I B Ak X b AT A AE 7 T R
T A IZ AT R R R T HMMEE 1 2.5 2 B
A 1) T 1) AU AE {6 Y PR L T B AR A, BT IR
WAL T HUR 1000 m PRAL , 2 58 055, 22 Bt
SR FH B B S R 60 AEARIIN i) AZ S L RG BE
B o A T B AR KX I 4598 8 A T T adE — 4 1Y
TAERE.

References

Bhattacharyya, B. K.. 1965. Two-Dimensional Harmonic
Analysis as a Tool for Magnetic Interpretation. Geo-
physics +30(5):829—857.do0i:10.1190/1.1439658

Chen,].G., Xiao, F., Chang, T., 2011. Gravity and Magnetic
Anomaly Separation Based on Bidimensional Empirical
Mode Decomposition.Earth Science—Journal of China
University of Geosciences »36(2) :327 — 335 (in Chinese
with English abstract).doi:10.3799/dgkx.2011.034

Cheng,Q.M.,2012.1deas and Methods for Mineral Resources
Integrated Prediction in Covered Areas.Earth Science—
Journal of China University of Geosciences, 37 (6):
1109—1125(in Chinese with English abstract).doi: 10.
3799/dqkx.2012.118

Gerovska,D., Aratzo-Bravo, M.].,2006.Calculation of Mag-
nitude Magnetic Transforms with High Centricity and
Low Dependence on the Magnetization Vector Direc-
tion. Geophysics» 71 (5): 121 — 130. doi: 10. 1190/1.
2335516

Grauch, V.].S., Cordell, L., 1987. Limitations of Determining
Density or Magnetic Boundaries from the Horizontal

Gradient of Gravity or Pseudogravity Data.Geophysics ,

52(1):118—121.doi:10.1190/1.1442236

Guan, Z. N., Yao C. L., 1997, Inversion of the Total Gradient
Modulus of Magnetic Anomaly due to Dipping Dike. Earth
Science— Journal of China University of Geosciences » 22
(1) :81—85 (in Chinese with English abstract).

Hood, P. J., Teskey, D. J., 1989. Aeromagnetic Gradiometer
Program of the Geological Survey of Canada.Geophys-
ics»54(8):1012—1022.doi:10.1190/1.1442726

Hood, P., McClure, D. J., 1965. Gradient Measurements in
Ground Magnetic Prospecting.Geo physics »30(3) :403—
410.doi:10.1190/1.1439592

Huang,L.P.,Guan, Z.N., 1998. Discussion on “Magnetic In-
terpretation Using the 3-D Analytic Signal”.Geophys-
ics +63(2) :667—670.

Fairhead,J].D.,Green,C.M.,2004,New Insights into Magnet-
ic Derivatives for Structural Mapping. The Leading
Edge,23(2):116—119.

Li, X., 2006. Understanding 3D Analytic Signal Amplitude.
Geophysics 71(2) :1.13—1.16.doi:10.1190/1.2184367

Liu,J.L.,Li,Q.C.,Zhao,B.,2007.New Detection Techniques
of Geologic Boundaries Using Potential-Field Data and
Its Application in the Shanxi Paleo-Structure Zone and
Faults.Journal of Engineering Geology »15(4):569 —
574(in Chinese with English abstract).doi: 10.3969/j.
1ssn.1004—9665.2007.04.024

Liu Y.P.,Wang Z.W.,Du X.]., et al., 2012. Boundary Detection
Method and Its Application in Hulin Basin. Journal of Ji-
lin University (Earth Science Edition) 42 (Suppl.3):271
—278(in Chinese with English abstract).

Ma,G. Q., Huang, D.N., Yu, P., et al., 2012. Application of
Improved Balancing Filters to Edge Identification of Po-
tential Field Data. Chinese Journal of Geophysics, 55
(12) ;4288 — 4295 (in Chinese with English abstract).
doi:10.6038/j.issn.0001 —5733.2012.12.040

Ma,G.Q., Li,L.L.,2012. Edge Detection in Potential Fields
with the Normalized Total Horizontal Derivative. Com-
puters & Geosciences ,41:83 — 87.doi: 10.1016/]. cageo.
2011.08.016

Miller, H. G., Singh, V., 1994. Potential Field Tilt—A New
Concept for Location of Potential Field Sources. Journal
of Applied Geophysics,32(2—3):213—217.doi: 10.
1016/0926—9851(94)90022—1

Nabighian, M. N., 1972. The Analytic Signal of Two-
Dimensional Magnetic Bodies with Polygonal Cross-
Section: Its Properties and Use for Automated Anoma-
ly Interpretation.Geophysics » 37 (3): 507 — 517.doi: 10.
1190/1.1440276

Roest, W.R., Verhoef, J., Pilkington, M., 1992. Magnetic In-



2102 HoBR A} A —— i [ B A R 4R %540 %

terpretation Using the 3-D Analytic Signal.Geophysics ,
57(1):116—125.do0i:10.1190/1.1443174

Sykes.M.P..Das,U.C.,2000.Directional Filtering for Linear
Feature Enhancement in Geophysical Maps. Geophys-
ics,65(6):1758—1768.doi:10.1190/1.1444860

Wang, W. Y., 2012. Spatial Variation Law of the Extreme
Value Position of Analytical Signal Amplitude for Po-
tential Field Data. Chinese Journal of Geophysicss 55
(4):1288 — 1299 (in Chinese with English abstract).
do0i:10.6038/j.issn.0001—5733.2012.04.024

Wang,W.Y.,Qiu,Z.Y., Yang, Y., et al.,2010.Some Advances in
the Edge Recognition of the Potential Field. Progress in Ge-
ophysics s25 (1) :196 — 210 (in Chinese with English ab-
stract).doi:10.3969/j.issn.1004—2903.2010.01.027

Wang,Y.G.,Wang,Z.W.,Zhang,F.X.,et al.,2012. Edge De-
tection of Potential Field Based on Normalized Vertical
Gradient of Mean Square Error Ratio.Journal of China
University of Petroleum ,36(2):86—90,96 (in Chinese
with English abstract).doi: 10.3969/j.issn.1673 — 5005.
2012.02.014

Xia,L.Y.,Wu, H.N., Bai, G.].. et al., 2008.Research on En-
hancing Weak Signal Technology and Recognition of
Linear Structures Using Aerial-Magnetic Data in the
Qaidam Basin. Progress in Geophysics, 23 (4):1058 —
1062 (in Chinese with English abstract).

Yu.Q.F..Lou,H.,1994.Locating the Boundaries of Magnetic
or Gravity Sources Using Horizontal Gradient Anoma-
lies. Com puting Techniques for Geophysical and Geo-
chemical Exploration, 16 (4):363 — 367 (in Chinese
with English abstract).

Zhang, H. L., Liu, T. Y., Yang. Y. S.. 2011. Calculation of
Gravity and Magnetic Source Boundary Based on Ani-
sotropy Normalized Variance.Chinese Journal of Geo-
physics 554 (7):1921 — 1927 (in Chinese with English
abstract).doi:10.3969/j.issn.0001 —5733.2011.07.026

Zhao,X.G., Wu, H.N.,Bai, G.]. ,et al.,2008. Magnetic and Gravi-
ty Data Processing Method and Imaging Techniques for

Faulted Structure Interpretation. Progress in Geophysics +23
(2):414—421(in Chinese with English abstract).

Bt 3B % STk

MRt B, L #2011, 38 T 4 20 00 MO AS 43 10 T R 7
HOT B b ERRE A B Hh T K 2 2R, 36 (2
327—335.

BB, 2012, 8L 55 X7 77 g0 A I R B 5 5 B sk R
2 —— v [ Ml BT R A 2R, 37(6) : 1109 —1125.

BT WA, 1997 ATURMR 1A B 5 H RBE B AR R 3 T vk b
BRBR 2 —— b [ b 5T R 22 4, 22(1) 81— 85,

X 422 AR R AR LB, 2007, 07 3 3 TR i F AR 38 R B
TE 1L VY T A 3 ol 5 0 SRR Y N B Y. TR Ml
4R, 15(4) 1569 — 574,

XA, S0 AR BRI L 25,2012, 30 B B4R B H A jE bk
A My v R PR K 2 A A (b BR B 2% D 5 42 (3 T
3):271—278.

I R #EKAR T L 48, 201 2.0 a0k B 2 465 0 Ik 7% 7E 17 35 5L
P& F AR B0 b B . b Bk M B 2F R, 55 (12)
4288 —4295.

F TR, 201207 5 % BT 15 5 1R e A 1B 7 B 45 [A] A% 16 0 4 B
ST M ER ) BE 23R ,55(4) : 1288 — 1299,

FER 25 K4, 20104037 91 G- 91 7 B 0F 58 2
Bk Yy HAE UE R L, 25(1) 196 —210.

FEE, FHIC, KRB 45,2012, 38 F 05 22t — b 3 15
Tof B 5 0 o7 7 300 SR ARG T o L R 2 A 4 A AR 2
i, 36(2) :86—90,96.

M, RIUT L HE 55,2008, 58 1K K 5 U B UE R S
15 B3 0 AR AIF 5% M e e M A R b i ez L b sk
Yy Pt ,23(4) 1058 —1062.

AR B, 1994, 7K B B v £ JC i VR S0 0 R AL
BT AR, 16(4) :363—367.

JKAE & X KA A T, 20114 ) Sk bR AL 7 253 E
TGRS R B2 4, 54.(7) 11921 —1927.

AR R BT MU 7 L 45, 2008, T RS R A R R SR s A
AEER Ty vk K B R H R R A B 2E ik R, 23 (2).
414—421.



