Universidade Federal do Parana
Programa de Pés-Graduacao em Geologia

GEOL7048: Topicos Especiais em
Geologia Exploratéria Il

Métodos semiquantitativos

Saulo P. Oliveira

Departamento de Matematica, Universidade Federal do Parana




Aula 17

@ Transformada Signum

GEOL7048: Topicos Especiais em Geologia Exploratoria Il Métodos semiquantitativos 116




Motivacao

Anomalia magnética de um dique vertical no polo:

O

M(z)=M(z,z=0)=A tan_leM _1:87;@

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Motivacao ®0

Anomalia magnética de um dique vertical no polo:

M(z)=M(z,z=0)=A (tanl Lj;a — tan ! x}:“)

Para A =300 nT, h =400 me a = 300 m:

400 M (nT)
200 / \K
G i
-2000 -1000 0 1000 2000
Easting (m)

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Motivacao ®0
Anomalia magnética de um dique vertical no polo:
1 Tr+a 1 T—a
M(z)=M(z,2=0)=A(tan ' ——— — tan™' “——
h h
Para A =300 nT, h =400 me a = 300 m:
, Mz (nT) Mx (nT)
0.6 . /\ . 0.5/ : ‘
0.2 _/ \ ] 0
przzmzmozoeem-toef
0.2 ' ' ' 050 , ; 1
-2000 -1000 0 1000 2000 -2000 -1000 0 1000 2000
Easting (m) Easting (m)

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Motivacao ®0
Anomalia magnética de um dique vertical no polo:
_ 1 —a
M(z)=M(z,2=0)=A(tan ' ——— — tan™' “——
h
Para A =300 nT, h =400 me a = 300 m:
Mz (HT) ‘MX“(hT
0.6 /\ 0.4+
0.2 _/ \ 02
przzmzmozoeem-toef
0.2 ' ' ' 9
-2000 -1000 .0 1000 2000 -2000 -1000 0 1000 2000
Easting (m) Easting (m)
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Motivacao ®0

Anomalia magnética de um dique vertical no polo:

M(x) :M(.f,Z:O) :A tanflL;:a_tanflL;a
Para A = 300 nT, h = 400 m e a = 300 m:

Mz (nT)

06 ‘ /\
02 ¥ \

2 : ‘ ‘
Yoo -1000 0 1000 2000
Easting (m)
Mz-|Mx| (nT) | Mz+|Mx| (nT)
0.5 ,
Ot SREREEERE - S 0.5 .
| : 0
%00 -1000 0 1000 2000  -2000 4000 _ .0 . 1000 2000
Easting (m) Easting (m)

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:

Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Motivacao

Anomalia magnética de um dique vertical no polo:

O

M(JU):M(x,z:O)=A<tan_1x:a—tan_1x;a)

Yoo 000y 1000 2000 MZ (xU) - 8M (Z’v) =0= Ty = + v a’2 + h2

Mz-|Mx| (nT)

M (zph-) — [Mz(zpn-)| =0

?2300 -1000 0 1000 2000
Eestrg (m = Typ = (h — Va? + 2h?)
\ Mz+[Mx| (nT)
05
M (zont) + [My(zon-)| =0
'2%00 -1000 E‘ 0 1000 2000
S asting (m)

= Typy = (b + Va? + 2h?)

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Motivacao oo o

Ty = £V a2 + h?

Easting (m)

03 Mm‘n Toh ::l:(h— /a2+2h2)
B0 1000 casilom "% 2000

Mz+[Mx| (nT)
N m Tohte = t(h + Va2 + 2h?)
2000 -1000 E;sﬁgg ("'\7 1000 2000

Resolvendo para a profundidade (h) e a meia-largura (a):

2 2
22—z
v h_
h=—"~ a=+/z2 — h?
QCEU}L

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Motivacao oo o
Ty = £V a2 + h?

Easting (m)

03 Mm‘n Toh ::l:(h— /a2+2h2)
B0 1000 casilom "% 2000

Mz+[Mx| (nT)
N m Tohte = t(h + Va2 + 2h?)
2000 -1000 E;s"qg ("'\7 1000 2000

Resolvendo para a profundidade (h) e a meia-largura (a):

2 2
X, — I _
v vh_ Tyh LToyh_
h=——" (ouh= "+ _""—

_ 2 _ 12
2y 2 “= VT

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
. GEOL7048: Topicos Especiais em Geologia Exploratoria Il Métodos semiquantitativos 3/16




Motivacao oo o
raN Ty = £V a2 + h?

1000 2000

Boo 1000

Eastifa (m)

Mz-Mx] (nT)
" A Ton— = £(h — Va? + 2h?)
O it R

Mz+|Mx]| (nT)

Tohte = t(h + Va2 + 2h?)

~1000 1000 2000

0:
-2000
Eastitg (m)

Resolvendo para a profundidade (h) e a meia-largura (a):

1”2_5”211 Tyhy — Toh
h_v2”—<ouh_”+2”—) a = w%—hQ
Toyh_

Como encontrar x,,, Ty, € Typ_ ?

De Souza and Ferreira (2012) On the use of derivatives for interpreting magnetic anomalies due to dyke-like bodies:
Qualitative and quantitative analysis. Intern. Geoph. Conf/ and Oil & Gas Exhib., SEG.
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Signum transform

Mz (nT)
0.6
02! /|
I
{-]2%00 -1000 0 1000 2000
Easting (m)
Mz-|Mx| (nT)
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-92%00 -1000 0 1000 2000
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Signum transform

Mz () ST[Mz]
1
06
02 _/ 0
[
9 -1
“Shoo B 200 -2000 -1000 0 1000 2000
ST[ ] Easting (m)
Mz-[Mx| (nT) ST[Mz-IMxI]
i — '
9%, -1 .
-2000 000 il my 10 2000 -2000 -1000 0 1000 2000
Easting (m)
Mz (1T) ST[Mz+IMxI]
1 1
05 0
- | - R
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Signum transform

_l’_ —
dypn— = —x
d + — vh vh— vh—
v =Ty T Ty, d + _
vh+ = Typt = Typyt
Mz (nT) STiM2]
f ;
06
0.2/ 0 l >|
Wi J q
Yoo 1000 0 1000 2000 A N
i ) Easting (m) -2000 -1000 0 1000 2000
ST[ ] Easting (m)
Mz-[Mx| (nT) STIMz-IMxI]
0 0
o8 \/4 4 Ay
-2000 1000 il 10 2000 -2000 -1000 0 1000 2000
Easting (m)
Mz+|Mx]| (nT) ST[Mz+IMxI]
1 1
05 ol
4 dvh+
-2000 ~1000 o0 ! 1000 2000 -2000 -1000 0 1000 2000
Easting (m) Easting (m)
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Extensao para 2D

Position (m)
3 0 2000 4000
5 \
E
c o
28
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[ o e —" — — — — =]
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Extensao para 2D

Position (m) Position (m) Position (m)
0 2000 4000 0 2000 4000 0 2000 4000

P1 II

ST[Mz] ST[Mz-Mh] ST[Mz+Mh]

4000
4000
4000

Position (m)
2000
Position (m)
2000
Position (m)
2000

M, +— M, M, =GHT
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Extensao para 2D

Position (m) Position (m) Position (m)
s . 2000 . 4000 o 0 2000 4000 0.0 2000 4000
S g g
- < <
dv dvh- dvhs
E E E
£8 co co
25 £g £g
I3 n n
g H g
P1 P1 P2
o ° -
ST[Mz] ST[Mz-Mh] ST[Mz+Mh]

Mm <—— Mh, Mh GHT
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Extensao para 2D

Position (m) Position (m) Position (m)
s . 2000 . 4000 o 0 2000 4000 0.0 2000 4000
S g g
- < <
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Algoritmo ®0

Var. de entrada: S=ST[M,] STM2)
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Algoritmo ®0

Var. de entrada: S=ST[M,] e um grid G ST(M2)

GEOL7048: Topicos Especiais em Geologia Exploratéria Il Métodos semiquantitativos 6/16



Algoritmo ®0

Var. de entrada: S=ST[M,] e um grid G ST(M2)
1. 2,(i) =0 se (z4,y:) € G
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Algoritmo ®0

Var. de entrada: S=ST[M,] e um grid G ST(M2)
1. 2,(i) =0 se (z4,y:) € G
2. G* ={(zi,yi) € G5 S(xi,yi) =1}
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Algoritmo Yo

Var. de entrada: S=ST[M.] e um grid G ——
1. 2,(i) = 0 se (x;,y;) € G,
2. G" ={(zi,yi) € G S(zi,yi) = 1} s
3. Para cada (z;,y;) no grid G*:
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Algoritmo Yo

Var. de entrada: S=ST[M,] e um grid G STMZ)
1. 2,(i) = 0 se (z;,y:) € G, 3_:,
2. G* ={(wi,yi) € G5 S(wi,y;) =1} 3
3. Para cada (z;,y;) no grid G*: 28
Al

3.1 Ache o maior circulo C; em G*
(centro em (z;,y;) e raio r;)
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Algoritmo Yo
Var. de entrada: S=ST[M,] e um grid G STM2)

1. 2,(i) = 0 se (z;,y:) € G, 3:,
2. G* ={(zi,yi) € G; (i yi) =1} 3
3. Para cada (z;,y;) no grid G*: 23
3.1 Ache o maior circulo C; em G* 1:
(centro em (z;,y;) e raio r;) ;
3.2 z, = max{z,,r;} em C;; 05

00 1 2 3 4 5

o 6/16
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Algoritmo Yo
Var. de entrada: S=ST[M,] e um grid G STM2)

1. 2,(i) = 0 se (z;,y:) € G, 3:,
2. G* ={(zi,yi) € G; (i yi) =1} 3
3. Para cada (z;,y;) no grid G*: 23
3.1 Ache o maior circulo C; em G* 1:
(centro em (z;,y;) e raio r;) ;
3.2 z, = max{z,,r;} em C;; 05

00 1 2 3 4 5
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Algoritmo Yo
Var. de entrada: S=ST[M.] e um grid G STM2)

4
1. 2y(1) = 0 se (z, ;) € G, a5)
2. G* ={(wi,yi) € G5 S(wi,y;) =1} s
3. Para cada (z;,y;) no grid G*: 28
ol
3.1 Ache o maior circulo C; em G* |
(centro em (z;,y;) e raio r;) ;
3.2 z, = max{z,,r;} em C;; 05

00 1 2 3 4 5
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Algoritmo Yo
Var. de entrada: S=ST[M.] e um grid G STM2)

4
1. 2y(1) = 0 se (z, ;) € G, a5)
2. G* ={(wi,yi) € G5 S(wi,y;) =1} s
3. Para cada (z;,y;) no grid G*: 28
ol
3.1 Ache o maior circulo C; em G* |
(centro em (z;,y;) e raio r;) ;
3.2 z, = max{z,,r;} em C;; 05

00 1 2 3 4 5

o GEOL7048: Topicos Especiais em Geologia Exploratoria Il Métodos semiquantitativos 6/16



Algoritmo

| J©)

Var. de entrada: S=ST[M,] e um grid G
1. 2y(i) =0 se (zi,v:) € G;
2. G ={(zs,4:)) € G; S(zi,y:) = 1} 8

ST(Mz)

3. Para cada (x;,y;) no grid G*: 23
3.1 Ache o maior circulo C; em G* 12
(centro em (z;,y;) e raio r;) ;
3.2 2, = max{x,,r; } em Cy; 05-

00 2 3 4 5
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Algoritmo

| J©)

Var. de entrada: S=ST[M,] e um grid G
1. 2y(i) =0 se (zi,v:) € G;

2. G* ={(zi,yi) € G; (i yi) =1}

3. Para cada (z;,y;) no grid G*:

3.1 Ache o maior circulo C; em G*
(centro em (z;,y;) e raio r;)

3.2 2, = max{x,,r; } em Cy;

3.5~

25-

1.5-

05-

ST(Mz)
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Algoritmo Yo

Var. de entrada: S=ST[M,] e um grid G
1. z,(i) = 0 se (x;,y) € G,
2. G* ={(zi,y) € G; S(wi,yi) =1}
3. Para cada (z;,y;) no grid G*:
3.1 Ache o maior circulo C; em G* (centro em (z;,y;) e raio r;)

3.2 x, = max{xz,,r;} em Cj;

4

e
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Algoritmo oo

Em corpos quase 1D, o algoritmo retorna z,, ~ const
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Exemplos (dados sinteticos)

7

® OO

1000
1500
E 2000~
N 2500-|
3000

3500 |

4000

1000

2000 -
3000 4000 ©

Easting (m)

P1: i = 100m, a = 200m, L, = 3000m,
P2: 1 = 300m, a = 400m, L, = 3000m,

Position (m)
2000

o

4000

4000

Position (m)
2000

TV (nT) '
L, =4000m
L, = 4000m
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Exemplos (dados sintéticos) ®e0

Transformadas Signum:

Position (m) Position (m) Position (m)
g0 2000 ) 4000 s ) 2000 ) 4000 s ) 2000 4000
S 3/ S
E E E
53 53| 53
= =R =R
@ @ ®
o o o
o o o
° ot
ST[Mz] ST[Mz-Mh] ST[Mz+Mh]
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Exemplos (dados sintéticos) coeo

Prof. 1/2 larg:

Position (m) Position (m)
3 0 2000 4000 3 0 2000 4000
S S
E E
c o c o
S g 28 I
2N B
'3 '3
o o
o a
P1 P2 P1 P2
o o
99 141 184 226 269 201 290 378 466 554
h (m) 2a(m)
LTyhy — Toh
+ vh_
h = a = .'L'% _ h2
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Exemplos (dados sintéticos) coeo

Prof. 1/2 larg:

Position (m) Position (m)
0 2000 4000 0 2000 4000
8 8
s s
e =i
E E
c o c o
o8 ]
2N 2N
[ [
[« [<]
o o
=
P1 P2 P1 P2
o o
95 162 228 294 360 143 226 309 392 475
h (m) 2a (m)
x2 — x2
v “wh 2 _ 12
h=———2"= a=+/22—h
2xvh_
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Exemplos (dados reais) ©@0000

Localizagao:

Santa Catarina

Flori; mfpf)fhs

O — — Km
RS\L\\,\ 012,525 50 75 100 ?
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Exemplos (dados reais) ©0000

Anomalia magnética (reduzida ao polo, upward continued / 500m):

Longitude
49°10'W 49°00'W

27°00'S
T

Latitude

27°10'S
T

-80 -22 -13 8 -3 3 13 159
[ o T T—T ]

RTP-TMI (nT)
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Latitude

27°00'S

27°10'S

Exemplos (dados reais)

0 00O

Transformadas Signum:

Longitude
49°10'W 49°00'W

Longitude
49°10'W 49°00'W

Longitude

49°10'W 49°00'W

_Latitude

27°10'S

27°00'S

Latitude

27°00'S

27°10'S

-

ST[Mz]

ST[Mz-Mh]

ST[Mz+Mh]
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Exemplos (dados reais)

0 00O

Prof. (ST)

Prof. (Euler)

Longitude Longitude
» 49°10'W 49°00'W » 49°10'W 49°00'W
S T T H T T
P
:,; 0 'v. W e :,; oy, S e
% ey .
Y - P - -
et C /
4 L v j/ - i
- i S )
VY — A L ‘ Fﬂ £
o i " o i
3 i T F=
3 ’
2| . i £ | g 1
3 ' 3
& Lol 4] | -
» i ¥ . ¥ » L d
2 ) =) 4 g
ST or A
& - G ~ s =
- o . -
. .
i . € 4 4
o hd L J < S 4 <
e & b
. - & ] = —
47 141 345 509 793 1062 a7 141 345 509 793 1062
—— ) [ s S s ]
Depth (m) Depth (m)
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Exemplos (dados reais)

Meia-largura:

Latitude

Longitude
[ 49°10'W 49°00'W
Sr T T
13 - [ ]
8 . (: " 4 »
5 o 2 e
g
> . > '®
o ‘-s,- N
; )
€N
&~ \;
«&
‘ .
9 a’
144 2
21 & »
& > ‘@
3 > ™
) .‘,' ]
L]
PRT N ]
¢ -
192 485 778 1070 1437
|  E— T T T 1]
Width (m)
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	Transformada Signum

