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Depth detection of magnetic bodies by using the analytic signal derivative
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Summary

The analytic signal and its derivatives have been used in magnetic data interpretation such
as estimation of the edge, depth and slope of the magnetic bodies for several years.
Nabighian (1972, 1974, 1984) extensively described the principles of the analytic signal
method for the location of the 2D sources. The analytic signal shape can be used to
determine the depth of the magnetic sources. Atchuta et al (1981) used the anomaly width
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at half the amplitude to derive the depths. W. R. Roest and his collaborators used the 3D
analytic signal amplitude to estimate the magnetic source depth (Roestetal.,1992) and to
identify remanent magnetization (Roest and Pilkington, 1993). However, their
applications and many conclusions are based on a 2D vertical- magnetic-contact model
assumption. Further implementation of this technique was made by Hsu et al. (1996) who
developed an enhanced analytic signal applied to a higher order vertical derivative of
potential - field anomalies and thus providing a better visualization of the outlines of
magnetic bodies. This enhanced analytic signal was adapted as an automatic
interpretation tool (Debeglia and Corpel, 1997; Hsu et al. ,1998). Hsu et al, 1998 used the
enhanced analytic signal to estimate the depth of step models and the thin dike. They also
proposed an algorithm for the type of these models afterwards. Bastani and Pedersen
(2001) have developed an algorithm for the automatic estimation of the source
parameters, including the dip and susceptibility contrast, from the analytic signal in the
case of magnetic profiles. Salem and Ravat (2003) proposed a combined method (AN-
EUL) based on the Euler equation and the analytic signal. Li (2006) discussed a 3D
analytic signal and proposed that, generally, in three dimensions, the analytic signal is
dependent on everything that the total magnetic intensity (TMI) itself may depend on i.e.
the direction of the inducing field, the direction of the remanent magnetization, the
dipping angle of the source body, and the depths to the top and bottom of the source
body.

In this study, the equations of analytic signal and its derivatives were developed based
on their effective parameters for contact, thin dikes and horizontal cylinder models.
Afterwards, using the maximum value of the ratio of analytic signal and its derivatives, an
equation for depth and structural index estimation was obtained which was exactly similar
to the equations in the AN—-EUL method. Then, assuming a priori knowledge about the
shape of magnetic body, other equations were obtained for the depth detection of contact,
thin dike and horizontal cylinder. To evaluate the precision of these methods, we have
used a dike model with constant width located at deferent depths. In this modeling study,
we proved that the estimated depth from the AN-EUL method was dependent on the
depth-to-width ratio. Using the AN-EUL method, it is not possible to detect the depth of
bodies with their depth-to-width ratio less than two. To solve this problem, we used
proposed equations for different models. This method was used for the depth detection of
the Aliabad iron deposit, and its results were compared to the results from drilling
exploration data. The correlation coefficient between the exact depth and the estimated
depth was equal to 85 percent.

Keywords: Depth detection, analytic signal derivatives, depth-to-width ratio, Aliabad
iron deposit

Asddo

\

S b S s S el o aslizal
a0 asnge 5 aim allge oS Conl lalites
(AVF NAVY) Olas Ll ol @By B e
Ax 93 55 Jawilt Ol slaosls gl 1) dows JUSm
Dl o 55 A jtony o S Sl 15 IS 4
S e Sl OT Sl G Jeily Olis Dlizie
OLHan 5 Cudyy i eslitul wblie btesy

Q)VA{ -la.? dw ).5 ‘) 61:1’& JLi.:—w ‘_};‘jj (\QQY)

3 ) Dyseh eblie il S Sl
Glasltle 5 gdee glajlils OlasT ol ol
(g3bate 31 Bl el 4 8 51 5 o3lil 35 g0  gwlid e
by OLT LI oy 4 Loy s sl
oo iwd 53 slaesls Bl gl 1y L8 s sla i,
Ll i 3 S bl S sl a5
Joily Oln (laesls ks 53 03 28 5 by OT 51 oS



of

o I Sliztie o3l b _ousbline (slaos 55 3o 3,57

IS &35 0y 5 s sibainn o IS
Olal 5 o sl & awly o2 Gt o
s ety gmmbliie Ols 5055 (S i boline
Gaas o o IS ldie S daly dlis ol 5s
Gos k) OT 5 Jse b mal)l sy Dogline
Al gmebliin Olie Dlatnda o35 S 05,8513
Lo Sl ol 0313 arm g 0SS sbrosy (sl (0T
sl slaas o 5 o5l o U 0 i 1 030zl
Gl a5 Ges 3551 2 gl (Jals) 0T p3 5
S RIS (A1 (B3 L e Dl ol (B me 035
035 2 o 231 5 Gl Sailsy weng die 4 o
5B ose bl (Sl e 5 gy 5 8 Ol
2 Sl T Sgline slages o S5
Gos 3381 Gl (Fsan Giledie Sl akaT e
o3lizul LT Jo T LS wbliae 5 (sloosls
S35 S Do ST Sl i 4 a5 LS
5 edeT sy Gas 3597 5 b QT Bl Olils ol
50 T oleel 5 ot anlie low JIS Sliz

Wl a3 815 S5

G fgy Y

DB A

Slp o I e I OAVF AVY) OLas
Sl S eslital (cualss fewiln Ol glresls
s Sl 53 M (x) edd 6,80 Il il Ol

Glalsd 035 G Lodd slowl 5 Sl gl G s o

5 aA/(;(x) Bl G (Y gn S350 OT slital o
X

Il s o) L g M)
L T N R T SOV >

A3 95 5 J:*”\:-l Ol slaosls 61‘»‘1"'7 d\.i.:.w O‘J:gs‘

by Sy ey

r.‘,lé

oM (x) oM (x)
= —
Ox 0z

A(x) , )

T S b 5 B Oliie Jols &7 (gyls
S (Sl Mo IS e I b A
o3liznl fonilty Ol (o (GuaSl) (gbabam lresl
o IS e 1 8L 5 Sy LS
5¢08Y OLKas 5 Culyy) oz Ges 3,57 2 sl 0
5 sy bl Sl Si ablie o gl
5 T L e 1 s S eslimal (V44T (0 5SSy
B SIS Jue 6 55 el O 5 Sl 6l
5 Cwbsy 5 (VAAY) 0L 5 b puT 3y (cdalss
5w I aels 5 e (o 31 (144Y) 0, Ken
wals Cabe LS o dhols 51 (144Y) 01, 5 5 S
o3lital (a3 S35 Gas ol 8l (o S
Sledd sbul OMSIL 56 Cow aST gy opl s S
OHKes 5 g 5,8 o S sl lagslia o
5 A0l dr g |y Gdmian o S 35, (1449)
IS s IS 5V (slaas o (6 Solizis
I 51 g 15 Loz 5,0 4 d(adlpoans o
I 5l S sl S o Laie Mo
i Sl NS by 6So)3 wlans oS
¢ JiosS 5 UKs) ol ous oslizul wbliae (glaesls
oo 5 Sl L(189A V448 (O 5 gun 144V
sblae lros g (la eyl 5557 5 55kt (Ye0))
N A BT RG] S N
5 Sl L35 45 10 e S5 glaedls sl (s
Gladis @l 1y o S daly (Y2 +0) O,
Glgal 5 olbeas ¢S eSSl (eSS gdass
QS Hlin 03,8 Sl bog LS o BB
5 Gl Latls (Ges OT dudy Jldis L o
3,57 Gz 1 08U sloss 5 st pl
b Sl I e 5 S8 Saly 355 5
slidl Olysad dhax I (wbliae Ol Olasia
4 JolS sba (F09) Jay (oo S o5



AFAY OF oyleds oV o (Ol ) ¢S 3 555 Aloms

LS 5 o ob

Zg 035 Gee
(Gl Lo la) Hstle S -
(S Jun 5l ) nim
b liae Ol Ol il 5 oo s 5l e -
O Ko Los g (5 pdya s pls -
Gos daly sl 05N ey Gas 3551 sl 2l pl
s 4 1y Moo IS JMis oy zg 035
sl sl 6,8t OT oy bl Ko &8 ciy
sy gladde gl (Y00 0) LK 5 el
Sl (B &l gl 5 lacad @ST3L eSSl (STks
Ol 25 daaly L1y 0T gl a3 5 o3l ks S
Ls S

N (n,))B,
(¢ =29) +(xr —xy))

4, )= . =12

(j+n)/2

*)

3035 oo 2o (Mo ) R 45,0 (1)
o3ls (kb Lasls b alie 5 0T (sybtle jaslan
n=0 SLS gy Sl Ll Esy s edd
> K 0T ,5 & By =2KFesind) g N(0,j)=1
F 05,8 5y beSin 5 o5y omblite 5 0is
dal) Oypen bl (o) publie Ol Dl
daly pl )3 &S ssh o o m ¢ =1-cos’i xsin’a
(CSTES b a5 d b lite e fo 4515 s
Coie S 5 (gerbline Jled Glvly o wlj a
Gl sbdds 6l (O0AVY (OLis) dmes X e
&Slp 5B =2KFew N (1,j)=j =185 3L (1)
P N(2.j)=(4j -2) =2 | & gl
sos W Ol 5 & (CwlBy=KFSsin(i)/sin(l)
bl gl g mlaw Colae § (Y i) eSSl

(Y000 O 5 Cvanl) Cltan] =tani /cosa s
N(n,j) 3 gedin ldie (Jda o glla (P) daly )5
S alaly G St OIS e OT Sl 5 e el

LS‘J! 9 sl A Iy ) AL_II) O‘)Sgs‘ .J; ol

Joily Oldn slaosls sutass ot JUSw i 5
Dyl g5 O e
oM

|40 00)|= +(az) )

aw 3 1, L51:1,.; I (188Y) 0L, K 5 Sy,
Jits 5 (B Olinte Jals &l 6K D pon dn
el S e ey ks 5 el oo 6T O s
S35 ok S oIl M (x.p) il Olibn Sbnfas
Db Ol ) D) s B el S

M2 M2 M 2
IWE J SRR )

S eslmal coa Hslrs Glaes g DY ] e ow
S B 035 0 s 8l 03l o S
a3l e e 4 (V448 OLSKer 5 gun)
Sl (Bl pans o J) s S 5YL
Slrods (gl p 2sd or o3ltul oS 0 F 58> et
s I 0449) OLKs 5 s (Glaian

SN S N 5 gt | pl) 4 e 4Bl

o2lizl OT (36 32 S| uablite Ols sl 4 0T
"}'&k.fﬁ
- s Ay
@, y)—i(” L i(” M-, 0 M- \2
1 Oz oz 62]

3l e bl pand (it o I e

A, x| = J(i(%ﬂ»z - (%(%A»zﬂ%(%»z )
gl IS S e S SYL slaas
S esliul cpl sgmy bodas o 2alS 1y (g)la
L gladd 5ol El Sl e oY 15V (slaes e
) At T g 5 OIS i g0 VU il
Glesg e cmn p oesde L0448 L
3557 03 Oy (o IS Jlkin 1 ¢ gunbliin
b s I lie 3 S oslinul 35 Wes g Ges

(Y~~0 Lr_“.wj\;-:-s-w‘) Sl 4:'“"1‘5].’.) L;Lhﬁa.':.n



[\id

o I Sliztie o3l b _ousbline (slaos 55 3o 3,57

i o3l Sigline glaas e dow IS dal,
AledsT Sy
Lils, Olg e (00) 5 () A) Laily, Sl eslial L
sty OFUE Gloss Gae 35T Gy 6
o)ls kS Sl xils ok (6T S eslizal &S 5T
ladda 1y Gos 2557 Lals) cpl ol el 03 5 Joke

Sy gots o s il &l gzl 5 &S50 ESSls (oSS

2 2 1
Ze =" Zo =T 9 Zo = av)
C3 C2 €
2
zdziczdz i jZd =— (\?)
c3 C2 €
4 12
Zh=T T IR TN T 2 ch -2 (o)
c3 C2 €

Gos ke 51 015 gn 035 e 0331 psbre Sy g 53
03¢ A 4 .laffo o oal> 4.194‘) dw )‘ odal o ddy

.J; oalaia!

S s SRoSIS 3as 3y91 5 Y-¥
5 dzea Lol glaes g gl VU 43 ols 4 e Laly,
blie Cools (clls S Sl lilS zaS adb s
3y Ll STL el b 5 ST Jue o ds
35 oy o) Sy e @l Ce e 4yl
CLoss G5y odd by, Bly glaesls ijls
Uik 5 7o ¥ e b IS8 (Kol e Sl ¢ bl
58 Al b OT Ol &) fe Ve
oo ol ok eslimel e Yoo des
e smeblie Ol Sus 0.2 CGS 0T (5 pdss
7 mblae Ol 5 e asly Sl SU FVFe
ol ot 3 & L5 )5 4 )3 F/O 5 OF L ol s ja
905y sl p dsee 5 e Yo Sy babs Aol
Gl el ol 45 S L s e b Cls , bli dlols

L‘ﬁ‘LL&QJ}]G’A&J)jTﬂ)Jo&;s.b{‘j)de)J{

e Gl s Bl &gl 5 $ST5E eSSl (oSS

(b S Al st 1y OT o S

(n+j)B,

2y +n+D72 3/ =0,12,.. V)

Aos s (s I 45 50) it i j S
Sy 5o ahaz Ll |8 abaly b alin OT sla el
(n=0) CSS Jde aw o (gl oS Sl 0T alaly op
C;M(n=2)65.’a|4slj:.w|j(n=1)¢§jl3¢§.ll.s
Oldwe oS S0y & das o Ol (V) aal,y .ol
o S B 7 a3 5 Kan 1 S ol
L olg o .¢M|<n+1)@)>5|0§ucu&.ﬂ
Saas o 5 (= 0) o3l S S yldite I o3lizal
NS I 05 50T (G =2) ps5 5 G =1) s
((x =0) 035 Sbaad 59,1, 0T IS 5 Gas o35 o
Salie gl e Mow I 55 5T,

T oo Cwdts 5 bl 51 (x =0) (sljla

B

|Ao(0) :”!Zw—nm’ W)
B

|A,(0)| = (n +1)!—Z o @)
B

|A,(0)| = (n +2)!—Z 2, ()

Slaas o o IS iy e o) 55 L
Soslizal b 5 3,8 o 15 0355 50 5y s O slize
3 G0 50 Gl ey Ol gl o o

:J)jTg;.wDA{J.L). Q)}JA{L&QJ}} 6)\}':—\.04 u,a:-l.&

G (o)
€1 —=¢C3
1
zy= ) \Y)
c3—C
. 4,0 a0 4,00
C3

T 7T )] T 4000

o a8 dizn Jals; b alie T (VY 511) Ll o
5 Sl S oy 3l sl (Y207 01,800
boss oltle Lasls 5 Gas 3,57, &l bl
L 5 jesle s Lalyy gl s 5 55 k55 S 5 aa



AFAY OF oyleds oV o (Ol ) ¢S 3 555 Aloms

LS 5 o ov

or ol BV IS s s e G STIL e
g;.w‘ ol 03l Quu )‘bj.a.; Q)}..AA.:

5 ealazal b odeT sty Gas 1l Sloj 4 I
doly 51 Sl a5 &SHE cbeSKls 4 by e alal
Sl olle jesls €5 5 eslennl CSLS 4 by
D2 ()l gaS saGes) ge V5 0 (slaGes
5ol Cwsay Gos 5 ol 0l &K 1 zaS (s g
S8 eSS plpls oyl (g i Cés CSLS abal,
LY Sl Lg)\.'b-l.w LJDL& (s J)jTJ.: AL_I‘) w::d'
SodeT Cwsty o 5:S0ke Sl en (1l 31 &S gla S
Sl alasly 51 1{n (2 S1VY) alayl,y 5 oSS alayl
Els 5 () dlal 1 ol Gas ke 51U 5 &S50
Szl 5 OV daly 51 Jool Gas ke 1L 5 o
&K}}bmkﬁfﬁLﬁ‘b?jbs;abmﬂ‘daﬁ‘
6&&96|j|qd)5uﬁw5|ﬁ%w

i Zg s Ze

Seslizal b 5 a3 ,8 5 55 Soline Glages 3 Jubo
3037 5 ety 5 SL eSKls (oSS 4 by e Ly,
25572 0T Gas (VY dlal)) 0355 Julos & disly b Gos
Sl okl esls OLES Y Jade o CL’ Ll ol
oleT Cowssdy Gos 35k g0 odalie mul 51 457 ) 5b0les
ClGes 55 OT S5 5 S LILL (1Y) aaly
Do 0T 1 015 e amys Sl piie Oogline
Gob i 35 e3lital Gas 5,57 6l p ple (glala
L33 53 (oo oo Lk (27w ) OT (oo 4035
¢S Sbges sl S S16 5 4 ol ok 3,5 ) Gas
(zw )
GSle b (2, :(0F) daly) oSS ol wil i
() cSks Gl el Ges

s & S Gk B (2, +2)/2) Sy seon

aaly 51 eslazwl L oodd :)jTJ.: S s

daly

l{ﬁMJ)jTﬂ&ﬁab)‘cwﬁ‘ﬁ‘b-L!)‘D.b_.rb)
daly 5l Jole Gas 5 3580 wulS SIS dal,

Z Soglize gaGes o Céljjj:»h o b K Sl dae Sl ol o ae laesls 65)&*95”]]% C{LJ A J;J}

CLzea VE Y Y Lol sy 5l ede] sy Gos

o sl sl sl | oSke el oSl el ol
St z, Z4 z

zZ, Zy4 z Z.,2 Z.,2 Z4,Z Z4,2 o=l
0.25 5.3 0.05 9.1 0.83 6.0 0.19 5.4 0.09 8.3 0.67 0.18
0.5 9.7 -0.03 16.8 0.68 15.5 0.55 11.2 0.12 16.5 0.65 0.81
0.75 13.0 -0.13 224 0.49 24.6 0.64 159 0.06 229 0.53 1.23
1 16.0 -0.20 274 0.37 34.8 0.74 20.7 0.03 292 0.46 1.65
1.25 18.2 -0.27 31.1 0.25 37.6 0.50 23.0 -0.08 32.7 0.31 1.50
1.5 20.5 -0.32 352 0.17 41.0 0.37 25.6 -0.15 36.6 0.22 1.40
2 25.5 -0.36 43.7 0.09 49.0 0.22 31.3 -0.22 45.0 0.13 1.29
25 30.8 -0.38 52.8 0.06 59.8 0.20 38.0 -0.24 54.6 0.09 1.32
3 36.1 -0.40 61.9 0.03 70.3 0.17 44.6 -0.26 64.0 0.07 1.33
35 41.0 -0.41 70.5 0.01 717 0.11 50.2 -0.28 72.3 0.03 1.25
4 46.6 -0.42 80.0 0.00 82.0 -0.03 64.3 -0.20 81.0 0.04 1.18
5 55.5 -0.44 95.5 -0.04 96.5 -0.03 65.8 -0.34 95.8 -0.04 1.03
5.5 60.3 -0.45 103.7 | -0.06 105.5 | -0.04 71.6 -0.35 104.2 -0.05 1.04




OA

s I Sl Sl oslizl b gunbline slaos 5 Gos 5,557 5

1 120
4y |e-cese—ge z
O.Si A :; 100 -
0.6 \" ‘\ avg(z.ze) <
| . avg(z.z9) B B0
_ 04+ =
£ 2 60
<
B £
2 40 —
20
T T T [T 0 T f I
0 1 2 3 4 5 6 0 1 2 3 4 5
Exact depth/Width Exact depth/width
(<) (I
1 120
0.8 100 - e
0.6 T
1 £ 80 o
. 0.4 3 1 o
S 1 o i /
Eo024 P 2 60 7
Cud e £ | o
0(2)i e g 97 7
el 20+ &
0.4 1
o
T T T T T 0 — T T T
0 1 2 3 4 5 6 0 1 2 3 4 5
Exact depth/Width Exact depth/width
) @
2
1.6
512+
g 0.8
a |
0.4 —
0 [ ‘ ,
0 2 4 6
Exact depth/width
()

(20 ) oSS (2 ) o35 do s amly b Lol 31 aslizal b ol 3,50 Gas () ois Ol Jalyy 3l sslizal b Gos 3510 s Sl N IS
cnl 03 e Ol gy 3l sl bodd 35510 Ges () ol 3 0t 3550 Gas slat Ao 3 () (24,2 5 24,2 ) T ke 5 (2 ) S3LS

Sl oz 03ls QLES Y g 5 lssed ol slaesls (V) adasly 51 eslinal b ods :)ﬂf' Golrle ol (o) T Lo Gas :)ﬂf' sl () .Jlis

ol sl S s Sl e G 51 zin Yo 510
S edel sty Gas 50l ol Sldie laes
sl lyls (z,.,2) (VY) daly 5 CSLS

I imia 3,5 oslizul Gos 3,57, dal, ol
oslw ;l..l:u_. 5 d\&ﬁdﬂ./‘ R C)ju.ia Lgl.hﬂ\,;]ﬁ ;l..l:u. 5



AYAY oF ojlad oY o Ol 6K 58 555 aloma

O 5 b o4

320 polhe SGbe 3 da 4ty 53 033 43 e (o
daly 3l Sose lns 5 (OF) 5 OY) Lalyy) z
z 52y SNl by (2, :009) daly) &S5L Sls
258 on o3kl Gas 3557 5 6l ((VF) 5 (V) Lalyy)
ol Seslizal L OT & by j (sllast 5 0 5557 2 Gas

el o 0als QLIS Y d)-\:— BE Lbu.ajs

(W 12) &Kls o, (a3l eSS laGes ljla
S5 Moy O LB Gas BIBIL 5 e e ks 5
JK ol oms bdas e Ol &Kl (65 0 ) g
P S SlaGes Gl LB s ad e o
e laaidy sluw pl ply cdas e i 93 @SSl
Sl sl 53 shee <o e o IS
IS omin & S5 5055 Lol Gas 3557 1 dlay

305000

4054000

306000

LEGEND

monzo-syenitebody.

Q¢ = Cultivated area.

Qms;= Quartz monzo-syenite.
Qms,= Quartz monzo-syenite covered hy
screes  derived by the erosion of quartz

Q= Young and low level
piedmont fan deposits.

E¥ = Eocene volcanic rock, including:
Andesite, dacite andesite, tracchi andesite)
~ and pyroclastic rocks, mainly green tuff.

200 0 200
g —

(Meters)

Symbols
e Fault

& River

s==a(re indication

——— Road

Contour line

1994 Elevation

.[\Y’/\O ‘L_...«:TQALM w_,:ul.:fu QSJJ‘.L:)an [SEE w’u‘}:l‘) &fi)ljf].ii)l‘gfguldkh"}‘;ﬁj o‘ﬁquwjﬂi.*‘)ﬁ



s I Sl Sl oslizl b gunbline slaos 5 Gos 5,557 5

(<)

4052400

=
&
8
g

4052000

305600

ol
306200

(h

305800 306000

Sa i Sn Sl il 5 sl el Cusdge () OF Ll 4 0ls,8 5 () LTl el LGl eblie e 28 ¥ IS

@Lﬁ Ll 03,8 dea 0T d=Is s ;L:Tu.l.a—.\.i)ljja
Ol LT e = i jls 0 65585 03T 0355 wliticSan
(Crrasise FoIS 5l eag S5 S dass
AN Csise 5 Cdsiss FOS U s
G35 OLT e —d)lsp0) (qwpp 3550 4l A5 o
& oo 53 5Ol VO et wlid e i
o 1S 33 ol e Slidizs 3 ls 13 SR RERFIED
AT &8 & das e Ol SLT de—ijly 0 Gdna
o3 esg JEs 3y bl Osee cuia
Sl odd 555 Objee jow GO S 5 (55 90 g
Ohme OS5 chislge Odae i) 315
elidiope; a2l Y SE VAL (lwT Oslas drw g
ViOr v 4l 1 aS das e QLIS |y gw) 390 03 gk
Gl i, s ol 5 .l ods 48§ caikis
ASL,  slagslnin o o) Gor 3531 1 5 omblie

el 45§ Oy 0 AS2

el ol ols OLLS (0) 5 (W) slaais

v-Y

SuT e

Oy o oga 53 Aly,e oal S Odns

AT Ul bl slaosls Gas 3,97

Y& 0T g ws oly ajls S5 el (slae S s
S5 sk fah paB Ol olliT (g el
b cIlwT oslr 20 lS A et o ba I8 5
Shwgy S g3 cpl il o aalsh A plg e gl
bolspe Gy G0 Cwnd Uy o b 7 e e
530 O 3 ol L S gadaie 53 a8 5,5 anlsl
—G,5 sldel 53 dibte ol Glal 5 3 s
018l gty lls S Sl akob by oo
g5 5 ol b el A )3 (o) 2 3,50
$lsgy 055 B OT g &5 ag ) opl )05 13 el
Sricyr —opdld Ly, bl o alsl 05515
ST 5T laaieT &Ko 51 gy 350 028 30

G358 p 5T ey & ok JSE5 gl glojliS

s s Jde 8l OF 0 by o gllast 5 o 550 0 Gas Y J g

Sl Ges | 50 10.0 15.0 20.0 25.0 | 30.0 | 40.0 50.0 60.0 | 70.0 | 80.0 | 100.0 110.0
e
B 54 11.2 15.9 20.7 31.1 | 352 | 437 52.8 619 | 70.5 | 80.0 95.5 103.7
s35 0
o Ao s 8.7 11.8 6.2 3.5 246 | 173 9.3 5.7 3.1 0.7 0.0 4.5 -5.7




AFAY OF oyleds oV o (Ol ) ¢S 3 555 Aloms

Q'J&uﬁj@sﬂé

4l

L8 e LM;LsJNJqs;uukyi)uls;mnﬂawéu@vgdw w;)jiﬁ@u ARPRES

~

«ls X y Bl Ges Zc zd z n ok 3550 1 Gos e oo

BH-1 305662 | 4052313 4.7 14.6 253 19.5 | 0.46 14.6 209.6
BH-8 305725 | 4052358 28 12.6 21.6 26.7 1.56 24.2 -13.6
BH-7 305918 | 4052409 25 11.7 20.0 23.1 1.37 20.6 -17.6
BH-15 305987 | 4052425 15 13.2 22.8 20.0 | 0.71 14.1 -6.1

BH-10 306066 | 4052414 13 13.1 22.5 233 1.08 15.7 20.7
BH-4 306111 | 4052409 14 13.5 23.4 18.5 | 0.50 13.5 -3.6

BH-11 306181 | 4052425 29 15.5 26.6 314 1.44 28.9 -0.3

BH-5 306211 | 4052427 5 11.9 20.5 18.8 | 0.80 12.8 156.5
BH-14 306446 | 4052455 11 11.5 20.1 11.3 | 0.00 8.9 -18.9

=0 JS2) 0T s @ 013§ 5 cbiline Olbe s
OT p33 4 5 Jsl 4, cosle o YU ()
IS iz ja Sl ol asls Ol (o — 0 JSK8)
s Sl o3y Sy At i & bl ol o
Aoy e 33 053 43 e ot SIS el 0315 0L
Gl CSLS daly 1Ly das e Ol 35 (6,

..s;a.su.:wl&@.c:)jTj

‘s
[}

R
Lh
|

Estimated depth (1)

0 F I 15 200 25 30
Exact depth (m)

oy p kot 035 Bl Ges a0l 350 Ges Llase ¥ Jss

s e 0L 1y dleds! s gas

5 4 s 5 bl Ol 2B ¥ S s

CLalE Cumbge 5 iy LS (g 550 adlate
el ok osls OLE aibate ) 53 edd > Sl
5O SU PVFe s dibate ol 3 b liie e Jow g
a3 F/0 5 0F Cuja pwbliae Ol ol 5 o 49l
I Slizte gy Sl oslizul b Ges 3,57 5 o
Joe 516 0o g slimel s ges oo o5 (Mo
bl 42 & & g (S o, L2 glawileS
Tors Y o3 slacad s el 0Ly Lb B
SY sl 53 0T s & 3.8 Spp oo 35T,
22 By Gas e s 0dd 35T 5 Gas 13 gl
G Nad sl 0 03l Ol P S
Ll o3 AO L ol Lo, w8ly Ges 5 (63,30
N S G281 5 okl jatle 7 Slag s )
glon @ly 5 S Ges 3,57, aaly Sl sy
S el ol oslizel (V1) daly 51 &K 51 56855
ol Lasls ST 55 L BH-10 LS Eops
daly 1 odeT Cwsts Gos ((V/0A) Sl 51 i
NS S goiler ol S5 5 bl ke 4 oSS
Sl Gl bl jatle poegdle il Ol
Sl I slajlage 4 b usTn by

M3sad Fop nl Sl Ddls a5 5 D gline (slaad e



7Y

o I Sliztie o3l b _ousbline (slaos 55 3o 3,57

ASO (uT/m)
= = —-AS, *10@T/m?)
AS,*1000T/m?)

@ Drilling station

400

200 —

0 I o =
4052320 4052400 4052480
Distance (m)

()

12000
————— RTP(nT)
Magnetic anomaly(nT)
© Drilling station
8000 —
4000 —
4
[
-4000 T T 15 T

4052320 4052400 4052480
Distance (m)

(ally

les o & (2) OF Chad 4 03 S 5 5 eblie Olis Eops (i) BH-10 LS Jous 3 0355 sltsl 3508 5 o Jlod 5505 0 JKS

Sloasls Sl Sl (o ] Dosline
4 by daly Sl ol Ges S5l ST ol
5 CSLS daly Sl ol Ger o SSle b 5 oSkS
S S s 2l kg i3 035 Je ) JRrs dlayl
ol Gatle bl I (2/w ) o
Sl daly 51 ol Gas S g 35k 0 Ol 2h
5 ES56 eSSl dlaly Sl Jol o  SKibe b 5 eST5U
Gos )3 G i 85 wedy e I fJEee
LI b5 eSS Lalyy Sl ealizal b odd 3,47
g oars LSl 538 03y Jde Sl i dal;
N3 ga 31l 03 (o 3557 5 daly s 61 4!
Syt oy ol 3 eslizel 635 eslizal 15 Mo JUS
Olg oo dor B 0355 oo a5 0ld (GAuaS (laosls
= 1y Ges 551 5 sy Sl el b Las
W el eS0T s (el 5 Js 5 S
Sy okd udls y pmbliae glaosls 3y iy o
Sl 3 A8 Jlesl Ol Olial 53 @8ly 5UT Je Lls”
Slags i DM 1 s S5 o) 1 5 (i )lzs]
oo S b oslinul dilaie y5 4B 5 Oy LIS
G5 b 63557 5 Gas 5 i G G (San

..LAT g;.wDA.l -L.é)b Ab

sl ol esls 0L I3 503 55 8 65y SLEST Al e oo I sl

S ams ¥
il Colal 51 (S b lie Gres 5 Gas 3557
Glp s3dnze (Sla sy 055 8l sl ombline (slaosls
ST 52,05 sy (queblite Glaos 5 Gas 2557 5
4 e A5 E 4 Sl Osh 8 Sl ol T
Qae ol 55 S 55T 1) 035 Ges o35 Cunds
OFLE looss sy o S IS sl o
wxf@g&ﬂ;muwpw,um;m@
55 Sty 5 (Ges 3557 2 sl ens Jis @l
Gss & weT Cowsas OT (bl Lasls 5,57 0 (6l
3325 Gl jasli 5 Ges 35T Ly, Ll
oo sl (AN —EUL) o IS 5 bl ails
ils) o3 g Jhe 4 o (IS B A 58 L
5 SSHL el (eSS Gladde Gas 35T, sl
N isy opl S85 gy p Sl i 4l e (B8 &l g2l
Oslize GaGas 53 5 Culf Ll b JSKa SSls e
Cns &S Sl gy gy o) El A eslial
3591 2 03 (oot Sl Jole(2/W ) Gas w35 50
ol aea s Jue 5l Jats alaly 5 Sl OT S5 5 Gas

2ol glila gy cpl 85 g syl ;;....y s



AFAY OF oyleds oV o (Ol ) ¢S 3 555 Aloms

Q'J&uﬁj@sﬂé l4s

MacLeod, I. N., Jones, K., and Dai, T. F., 1993,
3-D analytic signal in the interpretation of
total magnetic field data at low magnetic
latitudes: Exploration Geophysics, 24, 679—
687.

Nabighian, M. N., 1972, The analytic signal of
two-dimensional magnetic bodies  with
polygonal cross-section: Its properties and use
of automated anomaly interpretation:
Geophysics, 37, 507-517.

Nabighian, M. N., 1974, Additional comments on
the analytic signal of two-dimensional
magnetic bodies with polygonal cross-section:
Geophysics, 39, 85-92.

Roest, W. R., Verhoef, J., and Pilkington, M.,
1992, Magnetic interpretation using the 3-D
analytic signal: Geophysics, 57, 116-125.

Roest, W. R., and Pilkington, M., 1993,
Identifying remanent magnetization effects in
magnetic data: Geophysics, 58, 653—659.

Salem, A., and Ravat, D., 2003, A combined
analytic signal and Euler method (AN-EUL)
for automatic interpretation of magnetic data:
Geophysics, 68, 1952-1961.

Smith, R. S., Salem, A., and Lemieux, J., 2005,
An enhanced method for source parameter
imaging of magnetic data collected for mineral
exploration: Geophysical Prospecting, 53,
655-665.

@L’uﬁ

C)L_[ﬁu dﬁc-’g)‘jfbu\;u wuw) JZJIJ'?
AFAD OLT b T O3lre anes 5

Atchuta Rao, D., RamBabu, H., and Sanker
Narayan, P. Y., 1981, Interpretation of
magnetic anomalies due to dikes: The
complex gradient method: Geophysics, 46,
1572-1578.

Bastani, M., and Pedersen, L. B., 2001, Automatic
interpretation of magnetic dike parameters
using the analytical signal technique:
Geophysics, 66, 551-561.

Debeglia, N., and Corpel, 1., 1997, Automatic 3-D
interpretation of potential field data using
analytic signal derivatives: Geophysics, 62,
87-96,1346.

Hsu, S. K., Coppens, D., and Shyu, C. T., 1998,
Depth to nmagnetic source using the
generalized analytic signal: Geophysics, 63,
1947-1957.

Hsu, S. K., Sibuet, J. C., and Shyu, C. T., 1996,
High — resolution detection of geological
boundaries from potential - field anomalies:
An enhanced analytic signal technique:
Geophysics, 61, 373-386.

Li, X., 2006, Understanding 3D analytic signal
amplitude: Geophysics, 71, L13-L16.



