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, Magnetotelluric Method (MT) X ith &8 fié X%

. | B The MT response (Z) describes

Passive (natural) sources Magnetic Field the linear relationship between

magnetosphere horizontal components of the B

A and E variations. It implies the

<?Qd> .- %%%%%é%% underground electrical features.
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Solar wind

Chanapa Tantibanchachai, 2020

Z_E
B

Resistivity is sensitive to water,

THE UNIVERSITY

orQuennsiave - cgrbon, partial melt, etc.

AAAAAAAAA

Induced Electric Field



2021EM At R BHE  SENAYIEZORIRA S atim
, Magnetotelluric Method (MT) X ith & 4% @9

Passive (natural) sources B The MT response (Z) describes

Magnetic Field the linear relationship between

magnetosphere horizontal components of the B

A - and E variations. It implies the

v N WW underground electrical features.

PV A —

Solar wind K -\ | & = E
CanapaTantibanchachai,2020 y 4 =t Z —_— —

Resistivity is sensitive to water,

Wel I-IOggl ng THE UNIVERSITY

OF QUEENSLAND carbon, partial melt, etc.
* Direct measurement

 Shallow structure Induced Electric Field * Deeper structure
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Magnetotelluric Method (MT) A3t &8 i %

y

Electromagnetism—EM Magnetic Field B (mT)

-5.0 =25 0.0 2. 5.0

- —4000

Air, p =¥f kQOm - —2000

3
3
Dept: (m)

2000
0=10

- 4000

* EM waves attenuate with depth > 1 o T 3

Electric Field E (V/m)
Skin depth (6)
o = 5001/pT The electromagnetic waves will attenuate with depth.

/ \ It usually be described as skin depth effect.

apparent resistivity period  That s, the longer periods we use, the deeper structure could be seen.
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, Magnetotelluric Method (MT) < i1 &8 fizi; 3

Magnetic (I):iéeld B (mT) .
. -5.0 =25 . 2.5 5.
Z(T) is a complex number, so we usually - : - - : E (T)

present it as the combinations of apparent L 4000 Z (T) - —
resistivity p;;(T) and impedance phase (complex number) B (T)
¢ (T). [ —2000 -
£ Zin terms of
0 E uT 2
p =100kQm o - (T) = —|7.:
7 / 9 pl]( ) T | l]|
2000 Im[Z- ]
-1 lj
0 =10 kQm ¢;;(T) = tan
Re[ZU]
- 4000 _ .
W: magnetic permeability;
> 1 0 1 2 Re[]: real number;
Electric Field E (V/m) Im[]: imaginary number

modified from Thibaut Astic

The MT response, Z(T), can be presented as

the combinations of ->(a) apparent resistivity, p;;(T) &
REBAEX

(b) impedance phase , ¢;;(T)
BEHAR AL 4
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Magnetotelluric Method (MT) A ith &8 fiz;

Z in terms of E(T)

Z(T) = —=

(a) apparent resistivity, p;; (T) (complex number) B (T)
HEE =
(shows average resistivity of the half-space) E,(T) Zr(T) ny (T) B,.(T)
[EJ’(T)] - [Zyx(T) ] [By(T)

(b) impedance phase , ¢;;(T)
BEfTAR I
(E is advanced ¢ degrees to the B)

Z(T) is a matrix, which has 4 elements.
E & E _ We only focus on red and blue one, which
observed predicted shows on these figures.
(Epredicted = BZ) In figure c, the higher coherence means
well data quality.
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Objectives and Data

Scientific Goal

stagnating at mantle transition zone?)

~

Electromagnetic exploration is used to image
the electrical structures and can help us discuss
back-arc basin mantle dynamics (e.g.: what are
the geological consequences of slab falling and

Pacific plate is subducting beneath Philippine sea plate,
but it stopped at mantle transition zone (MTZ).
Therefore, we use MT data to explore electrical
structures beneath this region.

Distribution of
used OBEM (21) and on-land sites (3)

125° 130° 135° 140° 145° 150° 155°

120°

Pacific Plate

T20 PA 30°

] OBEM in this study
OBEM used in previous 10°
Land station |
Plate boundary
PA Subduction

Bathymetry (m)
< ——

'-10000-8000 -6000 —4000 -2000 0 2000 4000
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, Objectives and Data

Scientific Goal

Electromagnetic exploration is used to image
the electrical structures and can help us discuss
back-arc basin mantle dynamics (e.g.: what are
the geological consequences of slab falling and

stagnating at mantle transition zone?)

Ocean bottom electromagnetometer (OBEM)

Data ;
Acknowledgement g=

Gkosa xcr&%’

~

Ocean bottom electromagnetometer (OBEM) recorded
3 components magnetic data and 2 components

\ f electric data on the seafloor.
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, Characteristics of Electromagnetic Field Data Recorded by OBEM %9

@ The spectrogram of the observed magnetic fields shows clear
variations due to geomagnetic storms (high Ap-index).

high Ap -index

L OBEM T14
g_ 25
<
0 11/17 12/15 01/12 02/09 03/09 p4/06 I 05/04 06/01 06/29
I I . . . . .
:353°° "L We can see Ap-index is high while there is a
= 35200 | magnetic storm. Also, there are large
% I
> storms c L .
35100 | | | | | L | | variations in the magnetic time-series data.
» 11/17 12/15 01/12 02/09 03/09 b4/06 i 05/04 06/01 06/29 At the same time’ strong (ShOW|ng in red)
II | ! | I | I ' | II | 1 energy appears in spectrogram.
O I | | | | ‘ l ! l L I 20
ERL L e (b M
-'g 103 4 l g HE ‘ : 1! 10 E
5 : 8
o 0
.

102 T T T T T .h L T T T
11/17 12/15 01/12 02/09 03/09 04/06 05/04 06/01 06/29

Date




2021EM AR R BHE S AYIEZEIR Caim

, Characteristics of Electromagnetic Field Data Recorded by OBEM @

@ The spectrogram of the observed magnetic fields shows clear ©  0BEMT14 recorded Power Spectral
. . - - - e 103 102 10? 10°
variations due to geomagnetic storms (high Ap-index). e w ‘ - '

3531 107 A

@ The power spectral of the observed magnetic and electrical x > oy II"'"” " "MW o
3.51 1

fields show clear variations caused by solar quiet daily ]
variation, and its higher harmonics.

3.50 107 4

unit: nT unit: nT*/Hz
T 1073 T T

le3

10°

-1.3 107
~La eweterlipobiieiise |
> 10° 4
@ _ 15
101 P
-1.6 1 . 107! 4 5
unit: nT Lo unit: nT*/Hz
10 : : : : 10°

107 A
10° 4
10° 4
10 A
1071 4

unit: microV/m

Left panel shows the magnetic and electrical time series data. 0 ' ' ' —

I i L " 10’5
Right panel shows the power spectrum. As you can see the 0 |
peaks, where are marked in orange. These features are caused 1071
by solar quiet daily variation, and its higher harmonics.

unit: microV/m*Hz

103 N

101 R

10-1 N
T T 10°? T

1006.0\ 10069“ 1006'01 1006"»0 10-? 102 107! 10°

unit: microV/m
T T

unit: microV*/m*/Hz

Time Period [day]
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Differences between B, & Bogem (‘5
o

B foronlandKAK
107 - B for OBEM T14

105_
sea level

A TT— > 10°

101_

10—1_

1073 ' ' .
102 103 104 10°
Period [sec]

i seafloor
Amplitude: Skin depth &

* Magnetic field recorded in OBEM S = 500\/ﬁ (unit: m) We can also use skin.depth to illustrate
is weaker than on-land station (< Devanan = 0.3 Om it. The 200 s signal will attenuate a lot at
104 s) because of skin depth 4000 m depth. However, it need deeper
offect  for water column Tat200s —» 6 =4000m depth for longer periods to have same

attenuation.
So the shorter period, the weaker
amplitude we can see on OBEM.

(~5000 m depth). T at10%*s - § = 27000 m
(27000 >> OBEM'’s depth)

10
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Differences between B_ 4 & Bogem

0 Power Spectral Densnty ® Transfer functlon ,
, Transfer function can be used

| B for on-land KAK 1.01  § KAK-Bx & T14-Bx (b : ;
107 1 B for OBEM T14 0.8{ ¢ KAK-Bx&T14-By {}; tC‘) quantlfy the ampIItUde
i ! differences. It showed the
Biand i el OBEM'’s amplitude is 0.1 times
Y N — >ea level 10° 1 0.2 smaller than land station data
10! - 0.01 #EEe at 100 s period. It’s about 0.5
107 | 021 e g el times smaller at 10,000 s.
-0.4 = % |
1073 : . ; ‘ : 2,
102 10° 10 10° 10? 103 10 10°
B Period [sec] Period [sec]
inl seafloor
Amplitude: Transfer function (TF):
 Magnetic field recorded in OBEM Quantizg the relationship of horizontal
is weaker than on-land station (< magnetic field between B and Byyng
10* s) because of skin depth
effect for water column B = BlandITF T €

(~5000 m depth).

11
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- |
Differences between B, & Bogem ©)
0 Power Spectral Densnty @ Squared Coherence

i B, for on-land KAK ﬂ i

107 B for OBEM T14 0.8 & I
K )
M 061 * Iﬁ{
[}
103 i
0.4-
10% 4 I
10-1 02{ & Coherence between r
B, Bigeal

107 02 10° 10° 10° *%% 103 10° 105

The magnetic data reocrded
at OBEM and land stations

will record their own noises.

Period [sec] Period [sec]

Instrument noise:

* The noises (g) often lead to

estimate of MT response (Z)
B nal= Bideal + €1and being biased if only one station
data is analyzed.

B = Bijgeal T € noise

— KAK as a remote reference

j> Here, we use the KAK as a remote reference station
to reduce the effect of site-dependent noises.

12
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@ Conventional remote method

2> 1= (BlandVB)_

@) 2-stage method

15t stage:
Bldeal

2"d stage:

2> 7= (BidealVB)_ B

1
BlandVE

weighting

Bland (Bland Bland) Bland B

idealVE

MT responses (Z)

in terms of

apparent

resistivity (p)

&

impedance
phase (¢)

Z(T) are smooth, and smaller error
bar with high coherences for both

methods.

¢ [degree]

Squared coherence
|
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Z Obtained by Remote Reference Methods
@Conventional @

(Error bars indicate 95% confidence limits)

Remote
lvear 1 year
‘OBEIVI T14 (@) | : (d) |
i;ﬁ::::::x:!¥f r ;:::.:I:;S!T r
Pmﬁ ¥ ] HHIHPH ;
Puf P - 1 L {1 pnlp [
Pyx { Py
t""(iJ ‘ i l "}j I l
(; X {} (b) 3 lp“ I l }‘ —-e)
lidsizeid | sez sl
LE“'T ' ; _ H*? ik
|5 oy II(C)T’ ok Ol
_~ | IIH
ﬁz a fl}:{ 4
10 10° 10“ 105 102 10° 10* 10°
Period [s] Period [s]

AW ™.

S

2-stage bounded influence method

13
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, Z Obtained for Longer Recovered Data by Remote Reference Methods &,

2-stage bounded influence method

For those sites with longer recovery data, we Mt responses (2) dyer Syers
. . in terms of ONS ®
are able to obtain Z up to period ~2 x 10°s. 1 - ;T § I
S. EX** % ees s r: $eveces TEz= Ii
apparent < } J |
B resistivity (p) 3 | HHIH"ﬂ | L IHHIP} H
5 oon| ElEs F
. FiR I el d- £ TJof]
—_ 1 T 3
,é ;gn ] F“,?id;ﬂi» ztzzszzz:itiiﬁ_,
= 5 impedance 3 | hﬁ T { |
< | phase (¢p) & l F |}
Q. ﬂ ! m-_----.I-
a . S i
Courtesy of Unsworth 2] a0 e - @
-5 é %’Pﬁ!‘! %IIHLH 1"{’# IE’IILAH.
E ug; 1;)2 10° 10* 7 10° 102> - -105 — _1(_)“_ — 1.05
Period [s] Period [s]

(Error bars indicate 95% confidence limits)
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We calculated the period-dependent
MT responses for all 21 sites using
1-year long OBEM data.

* All sites show p(T) have similar
primary features with a decreasing
trend with an increasing period.

* The tendency is greater for the sites
on the Pacific plate.

Log apparent resistivity [2m]

Impedance phase [degree]

Observed MT responses

Philippine Sea plate

35
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Results: Obtained Z for OBEM Deployed on PH & PA Plates

Dbl

S

15
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, Results: Obtained Z for OBEM Deployed on PH & PA Plates @

Forward modeling is used to Observed MT responses Forward Modeling

investigate the electrical structure

Philippine Sea plate Pacific plate
. E 3.5 . - - /__L_ 'c§:3.5 L 2 L 04
beneath the study region % I R S 2 S5 VS I _
g 2.5 9 1 ?&- g 2.51 r 50 4
. . . . g 2.01 L ] 3 I.a =, g 2.0
» We find this modeling needs a high = .. !5=s;§ﬁ;;ﬂ . "-’zni £ 15| MEmmoIN
. o« o . L o o %1.0_ T
resistivity layer in the uppermost z :
mantle. ® 0o 2 o0
- -0.5 - 0.5 EZOO-
. . o . . 180 : . : . . 180 =
 The high resistive layer is thicker 7 g £
. S 15 B 2
beneath the Pacific plate. g g a0,
Y 901 F B & 90
g ;fi P ? 2 300
% 45 ;E!!!!§§;;¥ S x;l.'.rﬂﬁﬁ gf ASP
% Il {! % 350
g g | T
§ § e 33 km
Moz 10° 10 10° 102 10°  10° 105 107 10° 10° 105  ““Tiol Tor 107 10°
Period [s] Period [s] Period [s] Resistivity [ am]
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Summary and Key Points Cb

y

€) Observed MT responses @ Forward Modeling

Philippine Sea plate

Pacific plate

@ p(T) from all 21 sites show similar » “[Teiwivin |/ o wim s °
primary features.wnh a-decreas..mg %’E " ?#"'-":'-'Ji ﬁ .
trend with an increasing period. £ h"’*ﬁ*ﬂ ) R T
The tendency is greater for the & ° =
: o o » T
sites on the Pacific plate. - e =
g 135 v 135 §-zso
From the forward modeling, the g% - - i a5 "
observed features might indicate ts | - & $s @
ope . . E ° £ °
that the Pacific plate is thicker, ) % I B
102 103 104 10° 102 103 104 105 10? 103 104 10° 101 102 103 10%
oIder, and colder. Period [s] Period [s] Period [s] Resistivity [ am]
4

In the future, we will use these

Z(T)to do 1-D and then 3-D o onwmw:,
o) . , =)
inversion to image the electrical w W,; ,='

structures and discuss back-arc
basin mantle dynamics.
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