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Abstract: We perform MT soundings in Bendigo, the northern part of Victoria, Australia, to investigate the deep
subsurface geologic structure. The primary purpose of this survey is to figure out whether the discontinuity such as faults
extends northward. The time series of MT signal were measured over 11 days at 71 measurement stations together with
at remote reference, which help enhance the quality of impedance estimation and its interpretation. The impedances are
estimated by robust processing using remote reference technique and then inverted with 2D MT 2D inversion. We can
see that known faults are clearly imaged in MT 2D inversion. Comparing resistivity images from MT 2D inversion with

interpreted boundary from reflection seismic exploration, two interpretations match well each other.
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Fig. 1. Location map of the MT survey stations. The area covered in this survey is marked as a box (top) and all MT stations are represented

in detail (bottom).
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Table 1. Location of some local sites and a remote reference site
(RR-SWAN).

Site Name Longitude Latitude Distance from RR
VC-187 143°42.798'E 36°28.261'S oF 120 km
VC-259 144°39.573'E 36°32.360'S ¢k 160 km
VC-297 145°35.154E 36°38.526'S ¢ 230 km

RR-SWAN 143°31.253'E 35°23.082'S -

Fig. 2. Location map of the MT survey stations overlapped with the central Victoria seismic transect done in 2006. Structural subdivision in

Fig. 15 are also marked as solid lines.
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Fig. 3. An example of time series of electric and magnetic fields
observed at a field site (VC-231) and the remote site (RR-SWAN).
The sampling rate is 15 Hz. From the top, electric and magnetic
fields in local and remote sites are shown in the order of E,, H,,
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Fig. 4. Various coherencies at VC-231. These are (a) Local, (b) Reference, (c) E-predicted, (d) H-predicted coherencies.
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Fig. 5. Apparent resistivity and phase curves with frequencies after robust processing of the time series for site VC-231. Estimation of apparent
resistivity and phase with (a) single site processing, and (b) remote reference processing with RR_SWAN which improves the continuity of

the sounding curves.
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o])\g{l_ .

190

2219 GAke FRstgn RE ARES 9ydx A
M3S o]&std TM (transverse
magnetic; electric field parallel to the strike) 2 TE (transverse
electric; electric field parallel to the strike) ZE2 2] 5}
Fdell ol&atdTt. Fake flok & ArME 7EHe R

ACB (Active Constraint Balancing; Yi et al., 2002)8-S A&

(impedance rotation)

Line-1 (vic100s.tm) site-189 omitted (tmda.10)

5 & o

Evation {im)

oo
Distance (km)
(a)

Distance(m)

Depth{m}

Fig. 8. 2-D inversion results using (a) ABIC and (b) ACB
algorithms for TM mode data of Vic-Line(l.

Distance (km)
160
\

Log,,(Frequency)

Log, Frequency)

oJEjZ - Toshihiro Uchida - B}<13} -

fog,gfQm)

%483 - Jim Cull
3 22 MT H4kLee er al., 2008y ©]&3t3ow, J4t 8|
o] HlFdAdd 93 BIAL Fo)al Git Bl tig s)A
o] NEE ¥o|7] St oo F7lsle] Mz e Uae
ol 719k F7ER] G4 WS Melzo® Algsied 1 F
#}E A3 9Pt oo BxAHoE ARE duEEe
ABICHS A}£3 94K (Uchida, 1993) @ NLCGH (Rodi and

Lina-1 (vic100s.bo) (site- 189 omitted) bod4-10

Erevation (k)

80 100
Distance (km)

(a)

Distance(m})

Depth{m)

Fig. 10. 2-D inversion results using (a) ABIC and (b) ACB
algorithms for both TM and TE mode data of Vic-LineOl.

Distance (km)

1og ()

100

Log, ({Frequency)

Log, ,{Frequency}

Tikhonow functional
" “ ?
2 Tikhonow Functionak
[ ~. -8 Datta Misfit
oe 4 -+ Modei Gonstraint
:%:1 o4
kY
07 Y
o \
\
3 3
2L \
H 05| \“
2 3
2 o4 %
L »
Q3| .\
~~~~~ s
a2~ e X N 5 4 .
a1
B o
P ik, 2o " . i
1 2 3 a 5 13 T 9 0 1" 12 13 14 15

Fig. 9. Comparison of (a) the observed, (b) the calculated apparent resistivity and phase, and (c) a Tikhonov objective functional curve from

2D inversion using ACB algorithm.



FF Victoriat MT BAF 28 84 191

Mackie, 1993)e] 7]4Fst Geotools MT A& AT Eo] ¥ A ARE B AEE] SARE 23E Ve s )lsd), A
F|Alolth. Arbell AMGE Tl F 27N ol Fue A Z M¥oE 18 FERA & 4 4 ohm-me| AHxeEo]
< 0.0092, 0.0134, 0.0183, 0.0269, 0.037, 0.054, 0.073, 0.107, o, olfolls 4= ¥-1000 ohm-m, TH 2 olgjol&= wi¢-
0.146, 0.215, 0.293, 0.43, 0.59, 0.86, 1.17, 1.72, 2.34, 3.4, 4.7, Wro A )& 8k2o) Wakaly 9o o 2 9k EA o] A
6.9, 94, 13.7, 18.8, 27.5, 40, 66, 97 Hzolth. $I Aa% o SR Ello g FAJE FRoMe}l o] wlg w8 uA gl
Aol Z3FEIH o™ ACBHS o83 - Al & Ha4 PE o] A7t F7HA] Gat Aol BT FAtslE Zlolth
3} A2 747} 059 52 AR s Fig. 9% ACB €38]5202 ¥1leh 7o et o8 &%
Fig. 8% TM EE& o83t L& Vie-Line0l S0 gt s W G4 Rd2RE AL o]EXQ] FRIH|AE E 9
Aak432 Fig. 8(ays ABIC, (b)E ACB €1 ES o]&3} el 7R, Al 5XEE Ve ZleE A4t
of Ao Folt} oMY Ao HAIS FEE FUS Mo AE AFo] wf¢ & HAUSE BT, A8 o3k
A2 A5t 28-S YehliEd A2 ACB €868 0% Ao FHANSES ¢ & Utk
g 7397t ¢ Rogle JAS HodFy oy oy, £ 9 Fig. 102 Vic-Line0l S0l thd T™ 2 TE 2= )3l

Oistarce (km) - Distance (km) o0, (0m)
., 1o

180
7

Log,g(Frequencyi

Log,Frequercy|
Log,gf Frequency)

Distance fum)

Log,,fFrequency)
Log,gFrequoncy}

Log,,Frequency)
Lag,(Fraquency)

Tikhonov functiorat
1 ° ERCa
‘. ®  Tikhonov Functional |
e w-tm- Data Misfit
’ I - (ST Model Corstraint |
\ .
(Y18
l
i ,
o7f kY
\
ol \
8 A
g \g
g
S 05 3
[roh L
2 o T by
E 04k - H
‘ o e 32 -l
i ! * ’ ’ a
03i-
)
0,2;—
otf I
_______ R
...... S
i ‘ , . - . » * - »
d 1 2 3 4 5 6 7 8 ° o " *
herations
(e)

Fig. 11. Comparison of the observed (a) TM (b) TE mode, and the calculated (c) TM (e) TE mode data apparent resistivity and phase in the
pseudo-section for the inverse model from the ACB algorithm in (b).



192 o] - o]ej=E - Toshihiro Uchida - B}e13} -

(a) ABIC, (b) ACB &al2]55 olgsl 42 534 A5
& HAF3 e, YoM 9} o] 7 G4 A BF H|A
o 2 AR g fA A EAS S
e}, gk, TMRE H4ka) v watodr = % 20 km A %0l A
ﬂﬂlﬂﬂtHJ AA7E 2A FAskE A= vehted], o]
= ™ BT A57t $3AQ o & %Xl 3= Hle g
gl A2 A= F4d dojMe FEE 7K dok=
AP Ad71eta Begh 16}7} A 2xglo] ofd W oz}t
Zx0] oA okl & FAo] ofd H5-S 3}
A o] F JA ASE ﬁa gMsledot & Aog ek
Fig. 112 ACB €522 A4 Z¢ol e 48 &
F AE € G Bd2RE dL ol2F9l ARImAE 7
S 7}%‘?9.5014. ™ 28] 3¢ 25 Agoe] nj¢ 2

HAE 9= AAHL FFe At
A TM RERTR: AFaleo) X 239039 st g
oldg HAFT rh. vk, Aallxe] FHAL T Hol
Act.

&, Fig. 125 143 VC-189, VC-19191A] & 71 17]
v A3 2 H*P— Uehi gle} VC-1899] AEE AwRH
5o B o]Ao] YA Fou}, AHE vC-187 2 VC-
1919 ] 0}04 2o o] FRr7MAFe] oF 10008 7
E9) 2ol E HolX it} o] thE X Ho] FIER H 3l
e g 24 V189l st FAEE it
EFoA w77k oM EE ZoE olT AR F
2 =4 IHAE Bwrdoe] g FHRHAZ Qe 4

VC-189A edi: Apparent Resistivit’y

#Z - Jim Cull

A ot Aoz Bl webA, - e Ay
Zol7h Ve A EF e o AF AdPx o A4t A3
7} A=E $E7t A o] ARE AASE ik FE F
3t

Fig. 13& VC-189A4S5E A A ¥ Vic-LineOlo] thd
ACB 9%+ 9 NLCGYAte] A3E vjastal $ivt. Fig. 13(a),
(by= 717} ACB 94t 2 NLCG 94H2 0|23 TM E=o)| )
3 obo|m, Fig. 13(0)%} (d& 247 ACB 94t % NLCG &
ARS- 0]4-3F TM 2 TE R2=9] B84t Agjolr}, M2 A
71R| A &2 tha: wobx] ot AA A o2 TH|A e EH 0
U AR AniA kel A7t Fg. 1034 Hlm}oq 9] FAKGH
FFe Mz e Al= Hol F AT BF 4 Qe A
o= A7k

3, Vic-Line029} Vic-Line039 M= $Jollx] gt 2+
a}m_g oa}\p_g /\1}\]—5‘].93\];]_ Fig 4= TMEE ;q.g_ ] tH‘_
B 94+ A3 VERNT QUth Vie-Line012} ¥|s=5HA &
+%o1w 20 km WollX = 28[A 7}, 2 olstelAl=
Au A7t FAdsET dE & F Ao

' rlo

_11)4' >
=

oot ket X1 A Bt XjF2fe| H]W

MT &1} —;45351 Victoria® Bendigo 5% A9 A F
A7F #& FFRGOR RSty 1 AAAQ Aol Wit
27} uJ—o] z]sggch QLx:]. F2AATAH O 2 Victoriad Al
A2 FA Delamerian & Lachlan 5=t (Fold Belts)® =LA
&=, HA 2 80% °]’de] Lachlan &3thel &3ch

VC-191Aedi: Apparent Resistivity

LOG(10) Freauency (Hz}

¢

LCG0) Aro [Dhmm) R

LCG( 0) Ao (Chm) [eta

LOGI0) Feguerc, Hz)

Ee
]
N
0

¥

VC-189A edi: Impedance Phase

VC-191Aedi: Impedance Phase

LOT(10) Frequency (Hz)

®  Phessxy
] Phase yx

1
Ao

3 2 T © 4 2 L -+
LOG!10} Feguency {Hz)

04 Phase
& Prase rx

Fig. 12. MT sounding curves at VC-189, and VC-191. Apparent resistivity at higher frequency range are much bigger that those of adjacent
MT sites. The data at VC-189 were removed in the inversion results shown in Fig. 13.



IF VictoriaT MT BAF A& 314 193

Lachlan &-2ti= ¢33 New South WalesZ 2 Tasmania®l]
A 700 kme] 3} 1200 kme] F3F do)& e F=2 M
o}zl dlEr] x7171Rle] A AYE iR A 72
olrf, B3] QwH|A Wy RE Mebr7px] ge ¥y, T4,
AtgE 9 BiA Epo] SRS O o]F WA=

HEglo] F4g itk delA St 53] VictoriaT

AN

&2 e e

Distance{km)

—
(=]

20

Depth(km)
.3 (4
o (=]

FHELE o| Lachlan Fold Beltol] )= 3do25E
Huohal g, o] (YL & 9F 55 AAE A Whitelaw
Terrane® Benambra TerraneC. . U o] Xw, Whitelaw
Terrane2 =7 Stawell Zone, Bendiogo Zone, Melbourne
zonel.Z Yol o} gArt o] %3] XF-2 Stawell ZoneHd
B9l Bendigo Zone, Melbourne Zone®] YH-2, AZ:9] Avoca

rlo

e
' 4

(a) TM mode, ACB

Depth{km)
N
S

(b) TM mode, NLCG

Depth(km)

P L) N =
o (=] o < q‘\,
¥ (=1

(c) T™M and TE mode, ACB

Depth(km)
N
Q

Distance(km)

Distance{km)

Distance(km)
100

(d) TM and TE mode, NLCG

Fig. 13. Inversion results of MT data for Vic-LineOl with the data at VC-189 removed.

Distance(m)

Distance(m)

ol

Fig. 14. 2-D inversion results for (a) Vic-Line02 and (b) Vic-Linc03 using TM mode data.
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Stawell Zone, Bendigo Zone, and Melbourne Zone.
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