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line OE - 20 UBC Smooth IP Chargeability Model 

LINE DE - 2D USC Smooth IP Chargeability Model 
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Line OE - 20 UBC Null Con IP Chargeability Model 

LINE DE - 2D UBC Null Con IP Chargeabi/ity Model 
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l 

Line OE - 20 MT PW TM+TE(phs) Sharp Inversion (starting from smooth 10 PW model) 

LINE OE - 2D MT PW TM+TE(phs) Sharp Inversion (starting from smooth 1D PW model) 
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Line OE - 2D MT PW TM+ TE Sharp Inversion (starting from smooth 1 D PW model) 

LINE DE - 2D MT PW TM+TE Sh8rp Inversion (starting from smooth 1D PW model) 
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Line OE - 20 MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

LINE DE - 2D MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 
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Line OE - 20 MT PW TM+TE Inversion (starting from 1000 ohm-m halfspace) 

LINE OE - 20 MT PW TM+TE Inversion (starting from 1000 ohm-m half space) 
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Line OE - 2D MT RLM TM+ TE(phs) Inversion (starting from 1 D Det model) 

LINE OE - 20 MT RLM TM+TE(phs) Inversion (starting from 10 Oet model) 
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Line OE - 20 MT RLM TM+TE Inversion (starting from 10 Oet model) 

LINE OE - 20 MT RLM TM+TE Inversion (starting from 10 Oet model) 
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Line OE - 20 MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

LINE OE - 2D MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m ha/fspace) 
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Line OE - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m halfspace) 

- -
LINE OE - 2D MT RLM TM+TE Inversion (starting from 1000 ohm-m ha/fspace) 
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Line 400E - 2D UBC Smooth DC Resistivity Model 
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LINE 4E - 2D uac Smooth IP Chargeability Model 
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Line 400E - 20 MT PW TM+TE(phs) Sharp Inversion (starting from smooth 10 PW model) 
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Line 400E - 20 MT PW TM+ TE Sharp Inversion (starting from smooth 10 PW model) 

LINE 4E - 20 MT PW TM+TE Sharp Inversion (starting from smooth 10 PW model) 
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Line 400E - 20 MT PW TM+TE Inversion (starting from 1000 ohm-m halfspace) 

LINE 4E - 2D MT PW TM+ TE Inversion (starting from 1000 ohm-m half space) 
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Line 400E - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m halfspace) 

LINE 4E - 20 MT RLM TM+ TE Inversion (starting from 1000 ohm-m half space) 
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Line 800E - 2D UBC Smooth DC Resistivity Model 

LINE BE • 2D USC Smooth DC Resistivity Model 

10005 a005 6005 4005 2005 0 200N 400N 

400 

200 

~ 
I 
Z 
0 
>= 

~ .... 
OJ 

.'Q() 

-400 

-800 

10005 a005 6005 4005 2005 0 200N 400N 

.---- ----- ------

CA00602T - November, 2008 APPENDIX D217 

- - - -

600N aOON 1000N 

400 

200 

·200 

-'WO 

·600 

600N BOON 1000N 

- - - - -
Vismand Exploration Inc. 

Mirage Project 

100000 SURVEY SPECIFICA TlONS: 
69183 

~mAH-2· ~Nrttw~ . 7863 
~~Nr"~ 33 11 3 ~~: 100m~~ 

22909 OperaIOtIOGI.. -I'aud\er. f"I. 
15849 T~ImItI.: ZERO GGT40 rn wwto ZMG·30 
1~5 
7586 PROCESSING HtS TORY: 
52.8 o..~ Fulw-tonns.mpiortg (201O ~'J 
3631 T~ProcneIng. R~A &.w.es 

2512 '"-"UPIIlIofmOGt.~) 
1738 ~20uec 5mooU'l DC RMI$lMJyIolo4el 

1m ueclroll*lmrslil :~to NpU.. """ 50iIIen 

832 ltlornNG PARAMETERS: 575 
398 Ord C418tao· 2S~ 

275 Gti:tcIrIg. ~~GncldonQ 

'91 F .. AppIitod: Q)( HWI/IWlg F .... 

132 c.or.oonL~{5.......w.cl 

91 
CoIouI'ZOIWIQ.EQLllil AI .. (Row oIbI) 

83 .. T_~o.,... Nr-, 

30 _~--Z-l-. 

" r"l z¢': ,. 
~ 

~1:~ 
K 'M '. M 

VI8mIo .............. tIOn 

Mirage Project - Patrick Grid 
Temaglml, OnU.rio 

LlNI! II! 
TlTAN-24 ARRAY DC RE$t8TMTYIP SURVEY 

:tOu.:_ oc ........,_ 

~- -



Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line 800E - 20 UBC Smooth IP Chargeability Model 
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LINE BE - 20 UBC Null Con IP Chargeability Model 
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Line BOOE - 20 MT PW TM+TE(phs) Sharp Inversion (starting from smooth 10 PW model) 

LINE BE - 20 MT PW TM+TE(phs) Sharp Inversion (starting from smooth 1D PW model) 
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Line 800E - 20 MT PW TM+TE Sharp Inversion (starting from smooth 10 PW model) 
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LINE BE - 2D MT PW TM+TE Sharp Inversion (starting from smooth 1D PW model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line 800E - 2D MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

LINE BE - 2D MT PW TM+ TE(phs) Inversion (starting (rom 1000 ohm-m half space) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - -
Line 800E - 2D MT PW TM+ TE Sharp Inversion (starting from smooth 1 D PW model) 

-
LINE BE· 2D MT PW TM+TE Sharp Inversion (starting from smooth 1D PW model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line 800E - 20 MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

LINE BE - 2D MT PW TM+ TE(phs) Inversion (starting from 1000 ohm-m ha/fspace) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - -
Line 800E - 20 MT PW TM+TE Inversion (starting from 1000 ohm-rn halfspace) 

-
LINE 8E - 20 MT PW TM+TE Inversion (starting from 1000 ohm-m ha/fspace) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line 800E - 20 MT RLM TM+TE(phs) Inversion (starting from 10 Oet model) 

LINE 8E - 2D MT RLM TM+TE(phs) Inversion (starting from 1D Det model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - -
Line 800E - 20 MT RLM TM+ TE Inversion (starting from 10 Oet model) 

LINE BE - 2D MT RLM TM+TE Inversion (starting from 1D Det model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line 800E - 2D MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

LINE BE - 2D MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - -
Line 800E - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m halfspace) 

-
LINE BE - 2D MT RLM TM+TE Inversion (starting from 1000 ohm-m half space) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Resistivity (Z=50m) - 20 UBC Smooth OC Resistivity Model 

2D RESISTIVITY (Z=50m) • 2D USC Smooth DC Resistivitiy Model 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Resistivity (Z=100m) - 20 UBC Smooth OC Resistivity Model 

2D RESISTIVITY (Z=100m) - 2D UBC Smooth DC Resistivitiy Model 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Resistivity (Z=200m) - 20 UBC Smooth DC Resistivity Model 

2D RESISTIVITY (Z=200m) - 2D USC Smooth DC Resistivitiy Model 
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Quantec Geoscience Ltd. 
Titan-24 MT & OCIP Surveys 

20 Resistivity (Z=400m) - 20 UBC Smooth DC Resistivity Model 

20 RESISTIVITY (Z=400m) - 20 USC Smooth OC Resistivitiy Model 
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Line ON - 20 MT PW TM+TE Sharp Inversion (starting from smooth 10 PW model) 

LINE ON - 2D MT PW TM+TE Sharp Inversion (starting from smooth 1D PW model) 
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Line ON - 20 MT PW TM+TE Inversion (starting from 1000 ohm-m halfspace) 

LINE ON - 2D MT PW TM+TE Inversion (starting from 1000 ohm-m half space) 
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Line ON - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m halfspace) 
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Line 400N - 2D MT PW TM+ TE Sharp Inversion (starting from smooth 1 D PW model) 
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Line SOON - 2D UBC Smooth DC Resistivity Model 
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Line SOON - 20 UBC Smooth IP Chargeability Model 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - - -
Line SOON - 20 MT PW TM+TE(phs) Sharp Inversion (starting from smooth 10 PW model) 

LINE BN - 2D MT PW TM+TE(phs) Sharp Inversion (starling from smooth 1D PW model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line SOON - 2D MT PW TM+ TE Sharp Inversion (starting from smooth 1 D PW model) 

LINE BN - 20 MT PW TM+TE Sharp Inversion (starting from smooth 10 PW model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - -
Line 800N - 20 MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

-
LINE BN - 2D MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m half space) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line 800N - 20 MT PW TM+ TE Inversion (starting from 1000 ohm-m halfspace) 

LINE BN - 2D MT PW TM+TE Inversion (starting from 1000 ohm-m half space) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - -
Line BOON - 20 MT RLM TM+ TE(phs) Inversion (starting from 10 Oet model) 

-
LINE BN - 20 MT RLM TM+TE(phs) Inversion (starting from 10 Oet model) 

1000W 800W SO ow 400W 200W o 200E 400E SOOE 800E 

400 

200 

i 
z 
0 
~ 

~ -200 

'" .... 
'" 

-400 

-600 

-800 

-1000 

1000W SOOW 600W 400W 200W o ZOOE 400E 600E SODE 

CA00602T - November, 2008 APPENDIX 0275 

- -

1000E l200E 

1000E l200E 

- - - -

l400E 

l400E 

400 

200 

100000 
75853 
57544 

o 43652 
33113 
25119 
19055 
14454 
10965 
83 18 
6310 

-200~~ 
2754 
2089 
1585 
1202 
• ' 2 
692 
525 

-4OOm 

-600 

-600 

-1000 

229 
" 4 
132 

~ 

Vismand Exploration Inc_ 
Mirage Project 

SURVEY SPECIFICATIONS : 

OCt nT......,.2'~~~..,. 

~svs-nlvrl#t~ 
~~'(On,....,.T __ AU'T 
~OGL ·f-..ctlW. N 

PROCESSING HISTOR't: 

DtItI~'aTII~~(4$;'ieOD'I ZOHZ J 
T ___ ~~~ 

~PwIorm:~) 
~: ::!OWl' RlM TU'T!{pI'e) 110m 10 0.. 
o.otooIIMo6IInTI5 .... t.IaI6-IOpct.Max50"'" 

PLOmNG PAltAMiETfRS: 
Gtld c.lSiw. 25 ..... 
GnIIdIIg. ........ Co.wwka'., G(~ 
F ... ~OJ(Hllrw'Qp;-., 
eor.o.n;~(!5 It...elllOK) 

COIot.lZollirle: e~Aree(Rn.-.1IlI) 

Scaie l :5000 ,. ... ... ' .... 
~ -----"'iiiiiiii 

Mirlge Project - Sudnip Grid 
Tern.gaml.Ont. rio 

LIN!! IN 
TIlAH-2A ARRAY MAGNETOTELLURIC SURVEY 

--~ , .. ...-~--
f ___ ,... 

- -



Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line SOON - 20 MT RLM TM+ TE Inversion (starting from 10 Oet model) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP SU/veys 

- - - - - - -
Line BOON - 20 MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

-
LINE BN - 2D MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

Line SOON - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m halfspace) 

LINE 8N - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m hslfspace) 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - -
20 Resistivity (Z=50m) - 20 USC Smooth DC Resistivity Model 

- -
20 RESISTIVITY (Z=50m) - 20 USC Smooth OC Resistivitiy Model 
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Vismand Exploration Inc. 

Mirage Project 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP SU/veys 

20 Resistivity (Z=1 OOm) - 20 UBC Smooth OC Resistivity Model 

20 RESISTIVITY (Z=100m) - 20 USC Smooth OC Resistivitiy Model 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 
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20 Resistivity (Z=200m) - 20 UBC Smooth DC Resistivity Model 
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2D RESISTIVITY (Z=200m) - 2D USC Smooth DC Resistivitiy Model 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Resistivity (Z=400m) - 20 UBC Smooth DC Resistivity Model 

20 RESISTIVITY (Z=400m) - 20 USC Smooth OC Resistivitiy Model 
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USC Model m'efc: eonv.vn to Npts. Max 100 iter!. 

PLOTTING PARAMETERS: 

GOdCelll~: 25~ 
GrW:ldinQ: Mit'oirnwn CuMItlR GAdding 
F_ AwMd: ox tww"w1g FiIItr 
ConI()(Q: logetithmic (lO 1evehIdK) 
Colour ZIri"lg: E~f Atfila (RMis.tbl) 

S<AMll:8000 

MA'*'IUllII_11N 

- -r-::::=:'!I 

Mirage Project - Sud nip Grid 
Temagaml, Ontano 

2D RI!SISTIVITY (Z-400m) 
TlTAN·24 ARRAY DC RESISTMTY liP SURVEY 

~.a_.,.

~Q_~Ud. 

If'~A".S!*" 
TOf'OOIIIO. ONMWva 



- - - -
Quantec Geoscience Ltd. 
Titan-24 MT & OCIP Surveys 

- - - - -
2D Chargeability (Z=50m) - 2D UBC Smooth IP Chargeability Model 

- - -
2D CHARGEASILITY (Z=50m) - 2D USC Smooth IP Chargeability Model 
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Vismand Exploration Inc. 

I -IN 
I 
J 

SURVEY SPECIFICATIONS: 

Mirage Project 

Quanlec TlTAN-24 EMtrdlutI!d AlTIIv SyMen'! 
CoutQnaile S.,..tem UTM COOfdinatee 
~ Spac~. 100m JlW1M Asrav' p~ 
O~ aGL · Faoc:~. N. 

PROCESSING HISTORY: 

0 •• .t.oqYisiion" Futl W.....tQt'm Sampling (24O~) 
Time-Seriet p~ Robult S~ 
Pl'OC4lNing ~. QGf OuidcIey(lm) 
1Ovcft,ion: 20 U8C Smooth IP Chargwbb.y Model 
UBC ModeI~. ~!oNPfIi. Male 100 .... 

PLOTTING PARAMETERS: 

Grid Ceft Size: 25 '"*" 
GridcIng: MinimIJT1 CufWtlR Grlddir'e 
F_~: OXH.tI'ri1gF_ 
Conk:w.n' UnMr (1 & 5 nwd) 
~ ZOfW'G. Equal Area (Cc:b.t!' .lbI) 

. ..... Scale 1 '8000 

(~I 

Nl\l)l;JI lITMlOM 11,. 

Vlsm.nd I!xplomlon 

Mirage Project - Sud nip Grid 
Temagaml, Ontario 

2D CHAIUII!AIIILlTY (Z-SOm) 
TfTAN-24 ARRAY DC RESlSlMTY f IP SURVEY _._." 

0uII00IIK ca.-.,...I.N. 
" • .,..,..Aw., .sc.. .... 
r....,.,ONIIIAI.' 

- -



Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Chargeability (Z=1 OOm) - 20 UBC SmoothlP Chargeability Model 

2D CHARGEASILITY (Z=100m) - 2D USC Smooth IP Chargeability Model 
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Vismand Exploration Inc. 
Mirage Project 

SURVEY SPECIFICATIONS: 

QUWlIIIC Tl TAN-24 Dlatributt'd Afray Sylltm 
Coofli.,.. Srtl.m. UTM Coordinates 
Dipole S~: 100m melIK ~: p~ 
OperwtQl1l.: OGl· FkJChat. N 

PROCESSING HISTORY: 

Data Ac;quiu.on: FtJI W IIYefum s.nping (240~) 
Tune-Seriea ProcaMing: RobtAt ~ 
p~ ptatform: OGI a __ lllay('m) 
tnver\ion: 20 US C Smooth)P CharQINbiICy MoOeI 
u sc Model miaflt C~ to Np's. MGlt 100 iren 

PLOTTING PARAMETERS: 

Grid CeQ sa.: 25 mttr.s 
Grtddng.: Mirjmurn CUNW.~ ~ 
FIleI' Appied: OX Hanni"IQ Fthf 
CmOlQ: Unear (1 & S rnrad) 
Colour ZOf'Wlg: Equ&! Area (CoIouI'.tbl) 

Scale 1:&000 
100 • _ . !" 

-""' .. J 

Mirage Project - Sudnlp Grid 
TomlOlml. Ontario 

2D CHA.G~ILlTY (Z-100m) 
TITAN-24 ARRAY DC RESISTMTY liP SURVEY 

......,.. .. - .. 
o-owca_~.Ud. 

'l'f~A .. , ,,,,, 
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- - - -
Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - -
20 Chargeabilitv (2=200m) - 20 UBC Smooth IP Chargeability Model 

- - -
20 CHARGEASILITY (2=200m) - 20 USC Smooth IP Chargeability Model 

552500E 553000E 553500E 554000E 554500E 

552500E 553000E 553500E 554000E 554500E 

ti'a~ 
/ 

-

555000E 

~ 

~ 
Z 

I 
Z 

555000E 

- - - -
Vismand Exploration Inc. 

Mirage Project 

r - 1

1
-

J 
so.o 
. 7 .• .... 
42. ' SURVEY SPECIFICATIONS: 

39.7 QuaoI8C TITAN-24 Distriluted Arrav Systefll 
37,2 Cooldinale System" UTM Coordioa(n 

"' .• D!pOI.e Spaci1g. 100m rnetr~ /way: p~ 

" , Operat()(6" QGL· F~eJ. N 

"' .. ,. . PROCESSING HISTORY: 
"A DIIIa Aoquisitioo: FuU W!hI'Ilform S4mpling (240~) 
21.8 Tirne-Senn Proceastng: RobU$l Sta,isflC$ 
19.2 Procusing PtafOfm: 001 QuicklIiy(lm) 
'67 irlV8l'$Ql. 20 U8C Smooth IP Chalgeilbdfy Model 
'04. 1 USC Model w4fit: Coovtiges to NPf'S, Max tOO it~ 
11.5 

9.0 PLOTTING PARAMETERS: 

6. ' Grid Cell SIZe: 25 mMrl!S 

J. ' Godding: Minimum Curv.t ... e Gridding 

" FIlei' AppMa': OX HaMing Ftiter 
0.0 ConI:QtJ,... Unear (1 & 5 mr.t) 

Chaf:e~abiliCy Colour Zoning: Equi( Al.a (COOu.tbI) 

Scakt 1:8000 

'" . "' . ... 
~-'i!'!ooJ 

MAOIl I UTII_11111 

V ...... net bploratlon 

Mirage Project - Sudnlp Grid 
Temagaml, Ontario 

2D CHAIIGI!AIIILlTY (Z-200m) 
ffiAN-24 ARRAY DC RESlSTMTY liP SURVEY 

20 UK --.. • CM,.,... .. "'Y IIkIcMt 

-.......--~ GQuantec au.-(l_dwocto~ It' Spidne A ___ .".... 4H 

Geoscience YOflMto, ONIff\I1f(' 

"''''_od..,T"""",,,r.- !)¥roO. ,·C-"'<~~-..uec_l_""_ 
Date: Aug-s.tpt, lODe 
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Quantec Geoscience LId. 
Titan-24 MT & DCIP Surveys 

20 Chargeability (Z=400m) - 20 UBC Smooth IP Chargeability Model 

2D CHARGEASILITY (Z=400m) - 2D USC Smooth IP Chargeability Model 
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Chare-biIitY 

Vismand Exploration Inc. 
Mirage Project 

SURVEY SPECifiCATIONS: 

au.,tec TlTAN·24 Oi:sVilutN Atray sya.m 
~I!I Sywtem: UTM Coor~ 
Olpole Spacing: Iron "*'_ Array: PoIeo-dIpoIe 
Operaton: QGL - FoJOC:t1er , N. 

PROCESSING HISTORY: 

Oafll~' F"' WawJfotm ~(240~) 
TirM-~ Proceuing: RobtC St.11S6cs 
p~ P\Iit10m0' QGI OuicIdey(tm) 
lnversaon. 2D U8 C Smooih lP C~geratliMy Model 
USC Model mils,.: CO'wet9H 10 Npts . Max I OOit~ 

PLOTTING PARAMETERS : 

Grid Cflll Stle: 25 m11lJ" 
G~ Mir.\nun C\lf"lMw. GOOding 
mer Appiec1 ox ~ F~.f 
Cortou'$: Unear (1 & 5 mrlld) 
Cok:uf Zonng. EqlJ.iJ Alu (Cobur IblJ 

Scale 1:8000 
lOll 0 toO 

Ioii • • p=-----

NADl3I UTM _ H". 

Mirage Project - Sudnlp Grid 
Temaglml, Ontario 

2D CHAIIGUilILITY (Z-400m) 
TITAN-24 ARRAY DC RESISTIVITY liP SURVEY 

-,w'_"'" 
~Q;_dMc.1..ftt 

"'~A~.SUh4«) 
T~.ONtfSV2K' 



- - - -
Quantec Geoscience Ltd. 
Titan-24 MT & OCIP Surveys 

- - - - -
20 Chargeability (Z=50m) - 20 UBC Null Con IP Chargeability Model 

- - -
20 CHARGEASILITY (Z=50m) - 20 USC Null Con IP Chargeability Model 
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Vismand Exploration Inc. 

Mirage Project 

SURVEY SPECIFICATIONS: 

Quantec TIT AN-24 OTslrDuted AJray System 
CoofdiNle Sy-ttem: UTM CoordinatM 
DIPOMI Spactlg: 1(K)m metrM ArraV: PoIe-dIpoia 
OpeRllon: aGL· Fauchef, N 

PROCESSING HISTORY: 

Date Acqui5tioo: Fi.A\ WavefOfm S~ (240 tampIeIJ&) 
T llTle-Senea Procnling: ROOU&t Stttisti<;a 
ProcfIssing Pliltform QOI Quiclday(lm) 
IrwersKln: 20 uac f'Ii.ld Con IP C~~y Model 
UBC Model miar.: Converges 10 Npts. MltI( 100 iI .. 

PLOTTINO PARAMETERS: 

Grid Cell Size: 25 metr ... 
G~ ~CuMltur.GriddIng 
Fk AppHd: OX Harring Filter 
Cor1tcua: U~ (1 & 5 mrad) 
Co6our l ClWlg; EQUilI Alea (CoIouf.tbl) 

,~ ... 
Scale 1: 6000 

HADlJIU11I_t7N 

- '" -----
V .. 1INUId bploratlon 

Mirage Project - Sud nip Grid 
Temagaml, Ontario 

2D CHAR.UBILITY (Z-aOm) 
TITAN-24 ARRAY DC RESlSTMTY liP SURVEY 

~auantec 
~ GeoscIence 

~,-""" 
o.-_G_dMHUtt 
U'~A .. ,s.Irw_ 
T~ON1I5VMI 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Chargeability (Z=100m) - 2D UBC Null Con IP Chargeabilily Model 

2D CHARGEABILITY (Z=100m) - 2D UBC Null Con IP Chargeability Model 
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Vismand Exploration Inc. 
Mirage Project 

SURVEY SPECifiCATIONS : 
Quant.: TlTAN-24 ~o!od /4.rrlly $yscem 
Coofct:n.la SyPern. UlM COOI'diNf. 
~ Spac~: 100m metrM AmI'f , p~ 
Oper1llor&: QGL · Faucn.r. N 

PROCESSING HISTORY: 

0111. Acquiscion: FIJI W ... lorm s.mpIing ( 240~) 
Ti~Seriss PfOCKsilg: RobtAI Stilltistict 
Proceuing Pi.tfOfTTl: QOI Quktday('m) 
Inversion: 20 usc Null Cal IP C'nargeabillty Mode! 
UBC Model miafit: Converg.e-s 10 N~s . M:ax 100 iI~ 

PLOmNG PARAMETERS: 

Grid eel Siu: 25 mMres 
G~: MirWtnum CuNW:uf6 Gnckting 
Firer Applied: ax ~ Fiter 
ConI0Uf5: Unew (1 & S mrad) 
CokJur loning: Equal ArM (CoIou.tbI) 

ScM 1.8000 
100 HIO '" 
~ 

NAl)l:) I U1lI_ 17M 

Mirage Project - Sudnlp Grid 
Temagaml. Ontario 

2D CHAIiGUIlIUTY (Z-100m) 
mAN·2. ARRAY DC RESISTIVITY liP SURVEY 

-,...,-", 
~o-..,~.lM. 
'''~A ....... _ 
r.,....,OIfllftl llC. 



- - - -
Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - -
20 Chargeability (Z=200m) - 20 UBC Null Con IP Chargeability Model 

- - -
2D CHARGEASILITY (Z=200m) - 2D USC Null Con IP Chargeability Model 

552500E 553000E 553500E 55~OOOE 554500E 

SS2500E 553000E 553S00E SS~OOOE 554SOOE 

'i'a~t/ 
/ 

-

555000E 

~ 
g 
Z 

'" 
~ 
Z 

555000E 

- - - -
Vismand Exploration Inc. 

Mirage Project 

so.o 
41 ." .... 
" 3 SURVEY SPECIFICATIONS: 

397 QuaNte nTA~ ·24 OistriOOted Array System 
37> CoorOinel~ System: UTM COOf~" , ... OIp0/4 Spaci"lg: 100m I'Mtlfi Arr.iIy: p~ 

)2' 
O~Ot'I. CGl · Faucher, N 

29.' 
26.1 PROCESSING HISTORY: 
". 0 •• Ac:quISoItlOf'I ' F..al Wr.oeIOfm SampIrog (240~) 
21 .' Timt-S«in Pr~ Robu&l StllJ5bcl ,., 

Proc:.uirog P1litform: CGI O~('m) 
16,7 tllWQQn. 20 uac NuM Con JP C~gubility Model 
U ,I USC Model m.r_ Corrv«gn 10 Npts. Malo: 100 •• t& 

'" ' .0 
PlOTTlNG PARAMETERS: 

•• Grid Cell &z..: 25 mt'trH 
3.8 Grid6'Ig: MinWTun CuMlture Gfiddiog 
' .3 FII« AppMd OX ~ FiM!" 
0 0 Conkuw.: li,.... ( t "5 mrad) 
C_ 

Coku ZIri1g' Equal Area (CoIour.lbJ) 

Scakt 1: 8000 ". . - ... j"'IiiiiL _____ -== 
NADIl I UT1II I_UN 

V .. mand bploratlon 

Mirage Project - Sudnlp Grid 
Temageml. Ontarto 

2D C"AIlGUIIILlTY (Z-200m) 
TITAN-2~ ARRAY DC RESlSTMTY liP SURVEY 

2Ovec"'IICCMI ~a-~"..... _._-Gauantec au..tK o.o.C'/Itot« utt 
If ............. SIabo4ttl 

Geo8c/e"ce r_. OHM5VlJC. 

"' __ ""-.,c.-
DWO' •. ~'OC».f'i.OII'_.uIlC~III:~ .. ..-.. 

0 .. : Au,..:i1lPC, loot 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Chargeability (Z=400m) - 20 UBC Null Con IP Chargeability Model 

2D CHARGEABILITY (Z=400m) - 2D UBC Null Con IP Chargeability Model 
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Vismand Exploration Inc. 
Mirage Project 

SURVEY SPECIFICATIONS: 

Quant-.: TITAN-2 .. DftI,tnbuted Array Sysrem 
COOf~e Syst.m: UTM COOtliinatK 
D~ Spacing: 100m mel.res ;vr.y: PiJIe.4poIe 
Oper1llOCS: aGL - F .. uc;hef, N 

PROCESSING HISTORY: 

Data Ac:qui$iIion . FIAI Wavekwm SwnpIing (240 sample$J$) 
T IITI&-S .... Proc:euing: Robust StatisliaI 
Proceuing Pt.form: QGt Qutclday(lm) 
ln~: 20 USC Nul Con lP Chatgeae.iIty Model 
UBC Model m.fi: eorw.rges to Npts. Max 100 ilera 

PLOTTING PARAMETERS: 

Grid Cell Size: 25 metlfl 
GOdding: Minimum Cu!Vlil\ .. GOOding 
Flier AppMd: OX 1ia/'lfWlg F .. , 
Contours: Unew (1 & 5 mrad) 

c~ Colour Zoning: Equ.l! Ar .. (C()/()u".tbi) 

Sca6e 1 BOOO ,. . 
IiZ"IW"!'Iiii 

Mirage Project - Sudnlp Grid 
Temagaml, Ontario 

2D CHARGUilILITY (Z-4OOm) 
TITAN-24 ARRAY DC RESlSTMTY lIP SURVEY 

L/!JIi. Quantec 
~ Geoscience 

-,-"" ao-G_ar.-,LM. 
" • .,.....Aw..s.-._ 
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- - - -
Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - - - -
20 Resistivity (Z=50m) - 20 MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

2D RESISTIVITY (Z=50m) - 2D MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m half space) 
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Vismand Exploration Inc. 

Mirage Project 

SURVEY SPECIFICATIONS : 

ael TiTAN-2<1 CMttibuted AfTayt-R~e-Relererq 
~ Sywaem. UTM Cooroo.te. 
~ Spacing' 100m metres AirilY. Tenw AMT 
OI*1ll~ COL· Faucher , N 

PROCESSING HISTORY: 

0 .. A.cquISIbOn. Trne Senes ~ (48k .9600+120H2) 
Trme-Setta Pr~ Robl.-S~ 
Proceuill9 Platform" c.otooll,(tm) 
InvfIr1;IOn. 20 MT PW TM+TE{phS) from 'OCXlchrl-m~ 
Geotoo's Model rms miafit: Ma:6-10pct, Max25 jjers 

PLOTTING PARAMETERS: 

Grid CIII 56z.II: 25 rnwes 
Grdding: Mi!"limu'n Cu~ GOdding 
Fitler~: ox Henn.ng Fillet 
Cc:nour.-l~hmoc (10 !.vets/dec) 
Coiour Zoning: Ef:P.IlIl Ai .. (Rem tbI) 

Scale 1:6000 

v ..... nd exploration 

Mirage Project - Sudnlp Grid 
Temagaml. Ontario 

2D ReSISTIVITY (Z-sGm) 
mAN·24 ARRAY MAGNETOTELLURIC SURVEY 

L!!f!!rt. Quantec 
~ GeoscIence 
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Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

20 Resistivity (Z=100m) - 20 MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

2D RESISTIVITY (Z=100m) - 2D MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m half space) 
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Vismand Exploration Inc. 
Mirage Project 

+ J 

SURVEY SPECIFICATIONS: 

aCI TITAN-24 DisltibtAedArray+-RMlOte-Relertlf'lCe 
CoofdinMe S~stem' UTM Coordtnata. 
Dipole Spaci1g" 100m rntotnn Array: T8050f AMT 
O~cn. OGl· F.uchet. N. 

PROCESSING HISTORY: 

D •• AcqyisIbon. rlf1les.oes.~(o48k~12OHz) 
TI~ PfOCftSInIiI: Robust Stau.tic:& 
Proc...ing PlatfOfrn- Geotools(tmj 
Irtv9I'5IOI"l. 2D Mj pw nh"TE{phs) tram 1 !XX) oI"m-m haltspace 
Geotools Model rms mISfit: Max5-10pe1, Max25 ilM5 

PLOrnNG PARAMETERS: 

Grid CAl Size: 25 "*'" 
Gcidding: Minimum Cu!v.tufe GMcing 
Fi.eI AppMd: OX Hilnn..-.g Filler 
ContCUT>: LogariItmc(10kw-'sJdec) 
Cdoul Z~: Ec,.41 Area (Rasis.!bI) 

Scale 1 :8000 
11:10 \I lao 
:.iu...eo.: 

NAOIlI UTlI lOn_17M 

V ...... nd I!xploFlltlon 

Mirage Project - Sud nip Grid 
Temagaml, Ontario 

2D ItI!SISTIVITY (Z-100m) 
T1TAN·24 ARRAY MAGNETOTELLURIC SURVEY 

~au.ntec 
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- - - -
Quantec Geoscience Ltd. 
Titan-24 MT & DCIP Surveys 

- - - - - - - - -
20 Resistivity (Z=200m) - 20 MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

2D RESISTIVITY (Z=200m) - 2D MT PW TM+TE(phs) Inversion (starting from 1000 ohm-m ha/fspace) 
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Vismand Exploration Inc. 

Mirage Project 

SURVEY SPECIFICATIONS: 

aCllITAN·204 DiWibt.ted A.mIytR~efllWl!nOe 
~. Syatem: un~ COOI'dinatM 
Oipolll! .sp.cing l00m!Tl8tr8& Array: TM50I AMT 
OpeRltcn: aOL· Fauctw, N 

PROCESSING HISTORY: 

o .. ~· r ... Senn~(o48A..gooo...120Hl:1 
T~s.n. p~: R~ StIb&bcs 
_~P' •• om" _ 1 
~ 2DMTPWTMtTE(ph.o)froml000ohm-m halt&paoe 
~ MoeN! rma m"'" Max5-10pa. Max25 .. 

PLOmNG P_ETERS: 

Grid e .. sa.: 251T11MlltS 
Gridding: MirWnum Cu~ GriddIng 
f!1et AppII«t ox Harrilg' Flier 
Corikl!..n: ~ (10 1eYebIdec) 
Cdow Zorq' Equal Ar.,. (Reus.tbI) 

'" , 
~ 

Scale 1:8000 
~ . , -~ 

Mirage Project - Sudnlp Grid 
Tomaglml, Ontario 

211 "~.I.TIVITY (Za2oollll 
nTAN-24 ARRAY MAGNETOTELLURIC SURVEY 
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line OE - 20 UBC Smooth DC Resistivity Model 
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Line OE - 2D USC Smooth IP Chargeability Model 
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Line OE - 20 USC Null Con IP Chargeabilitv Model 
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Line OE - 2D MT PW TM+TE(phs) Sharp Inversion (starting from smooth 10 PW model) 

LINE OE - 2D MT PW TM+TE(phs) Sharp Inversion (starting from smooth 1D PW model) 
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Line OE - 2D MT PW TM+ TE Sharp Inversion (starting from smooth 1 D PW model) 
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LINE DE - 20 MT PW TM+TE Sharp Inversion (starting from smooth 10 PW model) 
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Line OE - 20 MT PW TM+TE(phsl Inversion (starting from 1000 ohm-m halfspacel 
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Line OE - 20 MT PW TM+TE Inversion (starting from 1000 ohm-m halfspace) 
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LINE OE - 2D MT PW TM+TE Inversion (starting from 1000 ohm-m half space) 
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line OE - 20 MT RLM TM+TE(phs) Inversion (starting from 10 Oet model) 

LINE OE - 20 MT RLM TM+TE(phs) Inversion (starting from 10 Oet model) 
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- - - - - - -
Line OE - 2D MT RLM TM+ TE Inversion (starting from 1 D Det model) 
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Line OE - 20 MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 

LINE OE - 2D MT RLM TM+TE(phs) Inversion (starting from 1000 ohm-m halfspace) 
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Line OE - 20 MT RLM TM+TE Inversion (starting from 1000 ohm-m halfspace) 
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LINE OE - 20 MT RLM TM+TE Inversion (starting from 1000 ohm·m halfspace) 
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APPENDIX E: DCIP THEORY 

INTRODUCTION 

Vismand Exploration Inc. 
Mirage Project 

The resistivity is among the most variable of all geophysical parameters, with a range exceeding 106
. 

Because most minerals are fundamentally insulators, with the exception of massive accumulations of me
tallic and submetallic ores (electronic conductors) which are rare occurrences, the resistivity of rocks de
pends primarily on their porosity, permeability and particularly the salinity of fluids contained (ionic conduc
tion), according to Archie's Law. In contrast, the chargeability responds to the presence of polarizeable 
minerals (metals, submetallic sulphides and oxides, and graphite), in amounts as minute as parts per 
hundred. Both the quantity of individual chargeable grains present, and their distribution within subsurface 
current flow paths are significant in controlling the level :Jf response. The relationship of chargeability to 
metallic content is straightforward, while the influence of mineral distribution can be understood in geologic 
terms by considering two similar, hypothetical volumes of rock in which fractures constitute the primary 
current flow paths. In one, sulphides occur predominar.tly along fracture surfaces. In the second, the 
same volume percent of sulphides are disseminated throughout tre rock. The second example will, in 
general, have significantly lower intrinsic chargeability. 

More detailed descriptions on the theory and application of the IP/Resistivity method can be found in 
Van Blaricom (1992) and Telford et al. (1976) . 

HALVERSON-WAIT CHARGEABILITY 

The Titan-24 DCIP chargeability decays are described using the Halverson-Wait spectral model 
(Halverson et aI., 1981), which is not well known, but is similar to the Cole-Cole model proposed by Pelton 
et al. (1978) which is a simple relaxation model that fits complex (frequency-dependant) resistivity results. 

The time domain chargeability, originally proposed by Siegel (1959), is defined (Telford et aI., 1976) 
as 

Where Vet) is the residual or secondary voltage at a time t, that is decaying after the current is cut off, be
tween time t1 and t2, with the steady voltage Vc during the current flow interval. The ratio V(t)Nc is ex
pressed in millivolts per volt 

In the frequency domain, the "frequency effect" is defined as: 

Where PDe and PAC are apparent resistivities measured at d.c. and 'very high" frequency, usually in the 0.1 
to 10Hz range, 

The Cole-Cole model for the chargeability m, as defined by Pelton et al. (1978) is given by the follow-
ing: 

Z( m) = R.[ 1-m( 1- 1 + (:mr r)] 
Where Z(w) is the complex impedance, Ro is the DC resistivity, m is the chargeabliity in volts per volt, w is 
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the angular frequency in Hz, r is the time constant in seconds, and c is the frequency dependence 
(unitless) . The latter two physical properties describe the shaJe of the decay curve in time domain or the 
phase spectrum in frequency domain, and commonly range between 0.01 s to +1 OOs and 0.1 to +0.5, re
spectively (Johnson, 1984). 

The Halverson-Wait model was proposed by Halverson et al. (1981) as an extension to the Wait 
(1959) model of the impedance of "volume loading" of spheres, given by: 

Z(m)== ~[1-3V(1- 38 )] 
G 1+28 

Where G is a geometric factor, p is the resistivity of the media, v is the volume loading (the volume frac

tion of chargeable "spheres"), 8 is the sphere surface impedance. The Wait model was designed to 
provide an explanation of the differences in the shape of decay curves from different polarizeable targe·:s , 
but does not describe very well the physical attributes of the rocks . 

The Halverson-Wait model expands the Wait coated sphere ID model to include a new formulation of 
~he sulphide-rock interface impedance, based on field studies and laboratory tests on samples . It is 
closely correlated to the Pelton et al. (1978) Cole-Cole model and is given by: 

3 / 
/ 2 

1-3v 1--'---
1 + r[imY 

Where r is ~he sphere radius and is equivalent to r -the Cole-Cole time constant (r = r K) . The v vol 
ume loading compares well to m - the Cole-Cole chargeability (see equation below) - and the exponent k 
is equal to c - the Cole-Cole frequency dependence (Halverson et aI. , 1983). For sulphide systems, the r
factor reflects the size or interconnection of the sulphide grains and the k-factor reflects the electrical 
characteristics of the sulphide surfaces. An example of time domain Halverson-Wait model responses is 
shown in Figure G.1. 

Tim e·Domain Halvers on-Wail Response S hOWIng W ITH and W ITt-IOUT Volume Loading 

[ 

I ----,---,~-

l- 12% Vol. Loading I 
- - No Vol. l oading 

1 /~~- •.•. . - .~ . ...,-::-.,---" 

FI 
" l._~~~ -"-___ ---'----_-'--_---'-~'-.. __ ·_-_-____',_~_-__ I= .. ===r====~j 

o 0.05 0.1 0.15 0. 2 0.25 0.3 0.35 0.4 0.4 5 0.5 
Normalized Time (sec/period) 

Figure G.1: Polarizeable versus Non-Po/arizeable TDIP Response using Halverson-Wait Model 
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In practice the Titan chargeability decays are fit to a Halverson-Wait model. In order to solve for the 
volume loading v, the r-factor and k-factor are set to the standard (typical) Halverson-Wait values of 1.0 
and 0.2, respectively. In the Halverson-Wait model the t~eoretical PFE (for infinite bandwidth), which 
equates to the theoretical chargeability in the Cole-Cole equation, is thereby defined by the volume load
ing: 

9v 

(2+3v) 
and m is output in units of 'llilliradians. 

INVERSION THEORY 

An excellent overview and introduction to both the philosophy and use of inversions in geophysics is 
available on the University of British Columbia (UBC) website (http://www.geop.ubc.ca/ubcgif/; Oldenburg 
et aI., 1998). 

Several points, detailed on the website, are crucial to understanding the Titan-24 approach to explo
ration : 

o Inversion is a powerful 'tool', not a 'solution' 

o Inversion is not normally "unique". Given noisy and incomplete data of inherently limited 
resolution there are usually an 'infinite' range of models that 'fit' the data equally well. 
Recognition of this inherent non-uniqueness is why inversion must be viewed as a tool 
rather than a solution. Understanding and exploration of this non-uniqueness is an impor
tant part of the interpretive process. 

o Inversion finds 8 model that 'fits ' the data. The precise definition of 'fit' can be critical in 
the actual model that is found. 

o The inversion depends on the data, and the data errors. The importance of the data er
rors is often overlooked. 

o Inversion depends on a "model norm" - the mathematical definition of which model the 
inversion should try to find. This definition is almost as :mportant as the actual data in de
termining the final inversion model. 

Mathematically, inversion is the process of minimizing a function . The choice of which function to 
minimize ultimately defines the inversion model. Schematically, this function might be expressed : 

f/J == f/Jd +/3 ¢Jm == (misfit)"*," p(nlodel norm) 
o < P .<: a:; is a co nshlllt 

This defines a function to be minimized that consists of some function that minimizes the data misfit, 
combined with some function that finds a "smooth" model. Beta represents a relative weighting between 
fitting the data and smoothing the model. 

Clearly, the data misfit function must be defined in more detail. One approach might be: 

}Ii ( . Ti' [ ] J obs J 2 L _1'_1' ln~~i_ 

i - I E j 
. -
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This function defines the data misfit as the sum of the individual misfits squared, normalized by the errors 
associated with each data point. It is a very common, and stable, definition of the data misfit. 

An important point not made on the UBC website is that the errors depend on many factors. The 
most common measure of data errors is simply the repeatabil 'ty of the vo;tage and current measurements 
in the field . This may be misleading as there are also "errors" associated with electrode positioning, geo
logic complexity (20 vs 3D, but also coupling of shallow and deeper structure), and errors in the numerical 
calculation of model responses and inversion. 

Another point not sufficiently detailed on the UBC site is the importance of not overestimating the 
data errors and fitting the data as closely as possible. Most geophysical techniques, but particularly elec
trical techniques, have large responses to shallow structure . This is expressed as "pant legs" in DCIIP , or 
"statics" in MT. The response to deep structure is generally a very subtle component of the data, com
pared to the sensitivity to shallow structure. Without excellent data, and an excellent match between the 
data and model response, the deep structure will not be imaged to the degree necessary for commercial 
exploration. 

The model misfit function must also be defined in more detail. One of the most flexible definitions is 
the one used by UBC: 

In this definition there are three components to the "model norm" (or "smoothness" constraint, or "regulari
zation"), each of which contains an a constant (as, ax, az) that are commonly referred to as "alpha pa
rameters". The first component is simply an overall difference between the model and a "target" model , 
the second component is a horizontal smoothness, and the third component is a vertical smoothness. The 
three "alpha" parameters (as, ax, az) represent a relative weighting of each component. A fourth vari
able, rna, refers to the starting or reference model - either a half-space or geophysical constraint - that 
also has a profound influence on the model-misfit. 

The UBC website provides an excellent example of the im portance of selecting an appropriate "model 
norm ", reproduced in Figure G.2 

In this example the expected response of the top figure was computed. These 'data ' were then in
verted six times , using different "model norms" (as, ax , az, mo). The lower six figures show the range of 
valid inversion models that can be produced, Note that six of these models are essentially mathematically 
equivalent, they all "fit" the data. 
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2D DC Reference Model 

Calculated 2D DC Forward Model 

Six Equivalent 
Calculated 2D DC Inverse 
Models that Fit Calculated 
2D Forward Model Response (0.001,1,1,1140ohm-m) 
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O .... m 

(0.001,1,1,5000ohm-m) 

Figure G.2: Effects of Model Norm and Starting Madelon Inversion Results 
(modified after Oldenburg. et al .. 199B). 

An important philosophy, driving much of the academic communities approach to inversion for the 
last two decades, is that the "best" model is the "smoothest" model consistent with the data. There are 
good reasons for taking this approach . However, from an exploration viewpoint this philosophy can be re
phrased to "find the model with the least exploration value" - perhaps not reflecting the real goal of an ex
ploration program. 

Recently, several groups have taken major steps towards developing inversion approaches more 
tuned to exploration needs. Instead of using "smooth" model norms, they are being replaced with "focused 
(minimum transition zone) inversion, or smoothing to a geologic "target" model. 

For exploration smoothing to a geologic target model makes sense. It requires good geologic control, 
and some understanding of the rock physical properties. There are three drawbacks to the geologic target 
approach: 

o The geologic information is incomplete or inaccurate. 

o Physical property data are incomplete. 

o It is difficult to determine whether the geophysical data support the geologic model, or 
simply provide no information. 

The most sensible approach is to combine smooth model inversion with geologic target inversion. For 
now, we are focusing on providing inversions using both approaches . It is up to the project geologist and 
geophysicist to review these inversions and develop a final interpretation. 
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The magnetotelluric (MT) method measures time-variations in the Earth's natural electric (E) and 
magnetic (H) fields to image the subsurface resistivity structure. No source or transmitter is used. These 
natural fields penetrate much deeper than is practical with a transmitter. At the same time the natural sig
nals are a plane-wave source. The plane-wave source is much simpler to model than complex transmitter 
geometries and signals. 

The E and H fields are measured over a broad range of frequencies. Typically, the frequencies can 
range from above 10 kHz to below 0.001 Hz. High frequency signals are attenuated more rapidly in the 
subsurface. High frequency data are indicative of shallow resistivity structure while low frequency data are 
indicative of deep resistivity structure. 

At frequencies below 1 Hz the signal source is due to oscillations of the Earth's ionosphere as it inter
acts with the solar wind. At frequencies above 1 Hz the signal source is due to worldwide lightning activity. 
There is a lack of signal around 1 Hz, often referred to as the "hole". Modern 24-bit recording hardware 
and signal processing techniques have largely eliminated the data quality problems that have been tradi
tionally seen around the 1 Hz signal hole. 

Between about 8Hz and 300Hz the signal from worldwide lightning activity propagates in a "resonant" 
cavity (the resistive atmosphere) between the conductive ionosphere and the Earth's surface. Above 3 
kHz the signal propagates as a ground wave. Between 300Hz and 3 kHz there is a "dead-band" where the 
signal does not propagate well. Despite hardware and signal processing improvements this dead-band 
remains problematic. When signal (atmospheric activity) is present within several hundreds of miles of the 
survey area the data is quite good. When no Signal is being generated in the vicinity data quality is poor. 

Both the electric and magnetic fields are measured. The measured fields depend on the ionosphere 
and lightning, and are essentially random . While the E and H fields are random the ratio of the fields de
pends on the subsurface resistivity structure. Note that it is primarily the orthogonal E and H fields that are 
related. The magnetic field must be measured perpendicular to the electric field. It is possible for complex 
subsurface resistivity structure to rotate the fields, and full tensor data are usually measured. 
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It is often useful to think of the magnetic field as the source signal and the electric field as the re
sponse. Time variations in the magnetic field induce currents to flow in the ground . 

In the field the electric and magnetic fields are measured as a function of time. The electric field is 
measured using two orthogonal dipoles consisting of a wire connecting two grounded electrodes. In es
sence, the recording system consists of a voltmeter between the electrodes. The voltage measured de
pends on the electric field strength and the length of the dipole. The magnetic field is measured using an 
induction coil. 

While the actual fields that are measured vary randomly (with solar and lightning activity), the rela
tionship between the measured magnetic and electric fields is constant and depends on the subsurface 
resistivity structure. Extracting the subsurface resistivity structure from the measured magnetic and elec
tric fields is a multi-step process. First time series processing techniques are used to derive geophysical 
parameters from the electric and magnetic fields. Then geophysical processing and inversion techniques 
are used to convert the geophysical parameters to a subsurface resistivity image. Finally, the resistivity 
image must be interpreted in terms of geologic units. 
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The measured magnetic and electric fields are Fourier transformed into the frequency domain. The 
system response is removed from the data (making the measurement independent of the hardware sys
tem). The Fourier coefficients represent the amplitude and phase of the electric and magnetic fields as a 
function of frequency. 

A variety of signal processing techniques are used to minimize noise and bias in the estimation of 
geophysical parameters from the measured fields. The details are complex, but the approach is easily 
understood. Philosophica"y, the idea is to use multiple approaches to noise and bias reduction, not letting 
anyone statistical approach have too much impact on the data, but relying on the combination of ap
proaches to produce good estimates. The approaches include: 

1. Spatial isolation of noise. A remote reference magnetic station is used to separate widely 
distributed signal from local noise. 

2. Coherency sieves to find coherent signal. First the local and remote magnetic field meas
urements are compared and coherent signal kept. Then the local magnetic and electric 
fields are compared for coherency. 

3. Frequency isolation of noise. Long Fourier transforms are used to provide extremely 
sharp isolation of noise in frequency. 

4. Time isolation of noise. Short Fourier transforms are used to remove noise that is isolated 
in time (noise spikes, or noise that is randomly turning off and on). 

5. Robust statistics that minimize biasing effects of a few isolated measurements. 

Once the time series processing is complete geophysical parameters can be estimated. The primary 
geophysical parameters for MT are typically the apparent resistivity versus frequency and phase versus 
frequency. 
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The depth of penetration of the signal depends on its frequency and the resistivity of the rocks. The 
depth at which the signal amplitude has been attenuated to 37% (1/e) is called the skin depth and is de
fined: 

where 

8 = skin depth 

I! = magnetic permeability 

(J = conductivity=1/resistivity 

(j) = angular frequency=2nf 

p=resistivity= 1/conductivity 

The ratio between the two measured components (E and H) is the electrical impedance. The imped
ance (denoted Z) is defined as 1 Z I = I E/H I. The impedance is a complex number because the E and H 
fields are out of phase. Note that Z, and H are all functions of frequency. 

The complex impedance is used to calculate an apparent resistivity as follows: 

Pa ==_1-IZI 2
(ohm.m) 

flO} 

The apparent resistivity is also a function of frequency. At any frequency the fields must travel 
through the overlying geology. The apparent resistivity depends on the inteorated (weighted) conductance 
of the rocks being sampled. It is a smoothly varying function of frequency because it represents the aver
age resistivity of a progressively larger volume of the subsurface. On a log nasistivity-Iog frequency plot the 
apparent reSistivity generally can not exceed a slope of +/- 45 degrees. 

The phrase "apparent resistivity" arises from the volume averaging. At a single frequency the electric 
and magnetic fields measurements can be used to calculate an impedance. This impedance depends on 
the resistivity of a large volume of the subsurface. The impedance can be thought of as the impedance of 
a half-space that would provide identical measurements to the actual subsurface. 

The calculated phase or apparent phase is the difference between thE~ measured E field phase and 
the measured H field phase. If the subsurface is one-dimensional (10) or two-dimensional (20) the phase 
is related to the resistivity. The Hilbert formula (minimum phase wavelet) relates the phase to the slope of 
the apparent resistivity curve. If the slope of the resistivity curve (on a log-Io!~ plot) is 0 the phase is 45 de
grees. If the resistivity is increasing with decreasing frequency the phase is less than 45 degrees. If the 
resistivity is decreasing with decreasing frequency the phase is more than 45 degrees. As the apparent 
resistivities are constrained to a slope of no more than 45 degrees on a log-log plot, the phases are con
strained to remain in a quadrant, between 0 and 90 degrees. 

The phase measurement is largely independent of the apparent resistivity measurement. The Hilbert 
relationship provides an independent way to calculate the apparent resistivity curve from the phase data. 
There are effectively two independent measurements of the resistivity curve. providing a powerful check 
on data quality. 

The apparent resistivity and phase curves are the primary parameters used in the interpretation of 
MT data. For a layered (10) earth the apparent resistivity and phase data can be converted into intrinsic 
reSistivity versus depth simply by accounting for the volume averaging nature of the method. There are a 
variety of algorithms for doing the conversion. The conversion is not unique. Some algorithms provide 
smoothly varying intrinsic resistivity versus depth functions (Occam inversion, Bostick transform). Others 
provide distinct layered solutions (Marquardt inversion). 
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1 D modeling and inversion raises the following points: 
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• A single MT site provides information about resistivity versus depth. This is a major 
distinction from potential fields techniques that only provide information about relative 
variations along a profile. 

• The conversion from apparent resistivity versus frequency to intrinsic resistivity versus 
depth is not unique. It is susceptible to equivalence. In particular any sharp resistivity 
contrast can be replaced by an equivalent transition zone. 

• In a layered model the thickness of a resistive layer is well resolved. The resistivity of 
a resistive layer is poorly resolved. 

• In a layered model the conductance (conductivity*thickness) of a layer is resolved. 
Neither the thickness nor the conductivity is uniquely resolved. 

• Once the constraint that the subsurface is composed of distinct, resolvable, units is 
imposed the 1 D inversion of MT data is essentially unique. Resolution is excellent 
(better than 5% of depth). 

Apparent resistiVity versus frequency is the most fundamental way of looking at the data in the inter
pretation phase. While the overall process is complex, with advanced processing techniques and inver
sions, it is important to keep in mind that the subsurface structures are apparent in the raw data - the ap
parent resistiVity plots. 

The following sequence of illustrations is intended to introduce the apparent resistivity versus fre
quency sounding curves. But it is also intended to highlight the relatively complex, but understandable, 
relationships between the observed data and subsurface structure. 
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A simple layered subsurface structure is not generally the problem of immediate interest in explora
tion. In the case of more complex two-dimensional (2D) or three-dimensional (3D) structure the MT re
sponse will be affected by lateral resistivity variations. 

The MT measurement relies on natural, plane-wave, source signals. The measured response de
pends on lateral resistivity variations as much as (or more than) resistivity variations below the immediate 
sounding site. 
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Full tensor measurements of the E and H fields are made at every site. For each site there are two 
apparent resistivity sounding curves (or modes) and phase curves. These two modes are arbitrarily la
beled Rho-XYand Rho-YX. The first, Rho-XY, refers to the apparent resistivity (Rho) calculated from Ex 
and Hy. 

Once full tensor measurements are made in the field it is possible to mathematically rotate the fields 
to any arbitrary coordinate system. Traditionally, the data are rotated independently at each frequency to 
maximize the difference between the two apparent resistivity sounding curves. This puts the data into 
"geologic" or "principal" coordinates. 

One sounding curve will have the electric field in the geologic strike direction and is referred to as 
'Transverse Electric" or TE. The other mode will have the electric field in the geologic dip direction and is 
referred to as "Transverse Magnetic" or TM. Note that TE and TM are interpretive designations, and refer 
to geologic strike. XY and YX were simply geometric designation. 

For a layered (1 D) earth the two measurements are identical. When the structure is 20 or 3D the lat
eral resistivity variations will distort (often severely) the simple 10 response. The distortion of the fields by 
complex structure is realized in the apparent resistivity data as "anisotropy". This is a divergence between 
the two apparent resistivity sounding curves. 

The measurement of two orthogonal apparent resistivity sounding curves provides valuable informa
tion. Both curves reflect the resistivity structure underlying the site. Both curves will show increasing or 
decreasing resistivity at a frequency in response to reSistivity structure under a site. The two apparent re
sistivity curves will diverge in response to lateral resistivity variations. 

If the site is located on the resistive side of a lateral resistivity contrast the TE mode will be slightly 
suppressed due to the contact and the TM mode will be significantly biased up by the contact. If the site is 
located on the conductive side of a lateral resistivity contrast the TE mode will be slightly biased up while 
the TM mode will be significantly biased down by the contact. 

For a 2D resistivity structure the TE mode is always providing an indication of the integrated conduc
tance of the volume being sampled. It will always be a slowly varying function of position. The TM mode is 
responding dramatically to the presence of charges on the lateral reSistivity boundaries, and will dramati
cally overshoot on the resistive side of a contact and undershoot on the conductive side. The anisotropy 
(divergence of the two sounding curves) is diagnostic of a lateral resistivity contrast. 

The following simple model demonstrates most of the critical 20 behaviours. The model consists of a 
100 Ohm-m host with a 10 Ohm-m basin on the right. There is a 1 Ohm-m layer buried within the host and 
below the basin. The response is shown at two sites, one immediately on the resistive side of the basin 
contact and the other immediately on the conductive side of the contact. 
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• The apparent resistivity at high frequencies reflects the true shallow resistivity. 

• The apparent resistivities converge at high frequencies to the true shallow resistivity. 

• The divergence in apparent resistivities occurs at a higher frequency for the site on 
the resistive side of the contact. Because the skin depth is larger in the resistive me
dia the site on the resistive side of the contact is effectively "closer" to the contact 
than the site on the conductive side of the contact. The TE mode is constrained to the 
range of physical resistivities actually present in the model 

• The TE mode "volume averages" the intrinsic resistivity. The TM mode exhibits ap
parent resistivities outside the range of physical resistivities in the model. Note that for 
the site on the right the TM mode indicates resistivities below 1 Ohm-m. 

• Both the TE and TM modes respond in tandem, at the same frequency, to resistivity 
structure under the site. At both sites both the TE and TM modes indicate the top and 
bottom of the 1 Ohm-m layer. While 1 D inversion of the TE and TM modes would 
place different apparent depths to the 1 Ohm-m layer the response is at the same 
frequency in both modes indicating it is the response of one layer. 

• The intrinsic resistivity of the 1 Ohm-m layer is difficult or impossible to discern . With
out physical property data only the conductance of the layer can be resolved . 
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These effects can also be clearly seen in pseudo-sections of the TE and TM apparent resistivity re
sponse of the model : 
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The apparent resistivity data at each site have been contoured, as a function of frequency. The in
herent smoothness of the TE section can be clearly discerned. The distinctive "undershoot" of the TM re
sponse on the conductive side of the contact can be clearly seen. 

One of the key factors in multidimensional MT data is "static shifts". The apparent resistivity sounding 
curves can be biased, up or down, by lateral resistivity contrasts too small to be resolved by the MT data. 
The curve is essentially OC shifted on the log-log apparent resistivity plot. This can be seen by examining 
the sounding curves from the previous 20 model. Assuming data had not been acquired above 1 Hz the 
two sounding modes would be seen to be separated in the highest frequency data. Note that there are no 
static shift effects in the phase data. 

Inversions and forward modeling are used to derive the subsurface resistivity structure from the data. 
The primary interpretation tools are 20 inversions. Problems emerge when the real world , complex, data 
are not consistent with the simplistic 20 assumptions. In a perfect world we would use modeling and in
version programs capable of reflecting the full complexity of the subsurface. However, in practice incorpo
rating too much complexity in the modeling and inversion programs results in very coarse models which 
are incapable of resolving exploration targets. Instead, we must find ways to remove some of the com
plexity from the actual data. To this end, we have developed the Titan "EVA" data processing stream: 

• Rotation to principal coordinates. The inversion algorithms presume that we have ac
quired a true geologic dip profile. In reality, geologic dip is often difficult to define, and sel
dom known prior to acquisition. However, because we have acquired full tensor data we 
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• Eigenvector processing. 3D structures can introduce complex "rotations" of the electrical 
currents. These rotations produce effects, such as excessively steep resistivity curves 
and out-of-range phases, which would be impossible to fit with 2D modeling programs. By 
relaxing the assumption that the electric and magnetic fields are orthogonal, eigenvector 
analysis provides a unique and trivial methodology for simplifying complex 3D data. 

• 1 D inversion for curve fitting. Real data are often noisy, and inconsistent. Out-of-range 
phases are a typical example of features seen in real data that can not be fit using 2D in
version. It is often best to make use 1 D inversion to make interpretative decisions about 
how to ubest" fit the data, rather than letting the 2D inversion thrash trying to fit inconsis
tent data. 

Once these data processing techniques have been completed the data are inverted. Generally, two 
inversions of the MT data are done. The first inversion uses an approach (a model norm) that explicitly 
looks for the "smoothest" model consistent with the data. This approach essentially finds the minimal sub
surface structure consistent with the data. The second inversion uses an approach (a model norm) that 
looks for a model most consistent with the known geology. 

For the geologically constrained inversion we use a proprietary approach developed by Dr. Phil Wan
namaker. This approach uses the geologic constraints as a target, while not imposing any intrinsic 
smoothing on the inversion. The approach finds the maximum structural information, at the risk of some
times including structure not required by the data. It represents an effort to extract the maximum explora
tion information from the data. 

Both approaches are valid, and important. A smooth model approach to inversion can be viewed as 
finding the least possible useful exploration information. However, it does provide an independent as
sessment of what the data actually require. The geologically constrained inversion will provide a much 
sharper subsurface image. But it will also reproduce the known geology where the data does not require a 
change to the model. Without an independent smooth model inversion it can be hard to determine 
whether a geologically constrained inversion has confirmed the geologic interpretation, or simply doesn't 
have any information either way. 
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APPENDIX G: INSTRUMENT SPECIFICATIONS 

SPECIFICA TlONS: 

REF TEK -120 DATA ACQUISITION SYSTEM 

REFRACTION TECHNOLOGY INC .. - PLANO, TEXAS 

( WWW.REFTEK.COM ) 

;1' .", 'Ilf"l..-~~r~'" " I 
, , " ", .. , ._ .... L 

Mirage Project 

LP.t!y~.icC!I____ ----.J,I 
i Size: i 267 x 248 x 184 mm . 
l ____ . __ . __ . __ .. ______ .Ug:.~_~~: r~J.<_~.:.~~ lQ.:. __ . ____ . __ ·-------.. ____ · ..... _____ .. __ ... ___ ..... __ ..... _______ ... _··_· __ ·_1 
1 Weight: " 3.7kg I 
r 305 g l ______ . ____ L~lbS 2-Channel~. m?ximum weig.b!2.) _____ . __________________ --1 
t_!~~e.~..c~.~l!re~ ... __ . ___ J--iQ.~g..tQ.§Q~f-QeE?I.~tjn.gJ:9..!:).9~-------.-- ---........... - .. -----.--.-----........... ---------.1 
i Environmental: I Operates in 1 m of water without leaking for 48 hours. I 
t$hoCl<~ ... ---··--·-+~~~~i~~~i~~naC~fler1~ d~opjany.=~grn~I~61<?-c~~ent flQor~ --=--====J 
f-~i~:1~!D~eB:--TA-pair ofici'entical 16pin Ui 7iu style connectors-:---- -----i 

i Each connector provides 3 pairs of lines (+): II 

• A (+ )/B (-) Receive telemetry data andlor commands 

L--- f- ~-- ~~- ~~~~sm~ttele:e~~ d~t:::~ co::an~~______~ 
1 Power: I PT07A12-8S style connector. : 
l-----.-. ______________ .. ___ LPI?_~d.~~_i_'lp~.~l.;?_ V Q.g~ P2!l.e_cL fro.rn_.I??g~EY~ .. __ ....... __ .... _. ___ ... _. _. ______ . _____ .......\ 
! Sensor: ! PU283/U style connector. i 

r~~w~f.J~equT;:~!nentt~=~id..~~ .!.C?~?-~~~.=~c;9~:e.~==n fr~...:==~==~t~:~~~:=-=:=~=~=-_==_-=--==.:=====_~.~j 
l .. I?.9.!!~.ry.: . _______ L!~QJ]~Q!!J.~~ acid battery (!.. Ah)~_ ........ _ .......... ________ ... _. ________ ..... _____ ...... _.J 
L_~J9.Q~L!np~L ........ __ .L---------. ..... . --.-.. ---... ----... -.. ____ ._._._. ____________ ... _______ . ____ 1 

l. -'.Q.p-~~ I ~P..ed~I]_~~ ___ (--1..q.~e..9.Qb.~ s-,.l30pf , di!ferenti~L _____ . __ ... _._. __ ... ____ . _________________ .... _ ........ 1 
i Broadband i 130dB (noise power ratio test @ 125 sample per second [sps]) i 

1 !!~~:e_=~~t~~~~r:;~tomil~On-~-=-=~=~:: ~=-~- ...==== -~==-j 
~ .. Q?iQ ... §E:l!!ilJg.~~.-------. ..l Four - programmable for 1, 4, 16 and 64. ! 
! Sensor Input Signal 24-Bit High Speed 24-Bit Low Speed 
I Range: Gain AiD AiD 
I Actual Reported Actual Reported 

~ .192j1V 78.12mV 1.907f.lV 125.0mV 
._-----_ .... -1- ..... - ..... - ..... ---- ... --- ... ----.... -- - .. ..... ---.... ---.-------..... - .. -.-... ---.-----..... 

4 298.0nV 19.53mV 476.8nV 31 .25mV _ ... _----_ ... - _ .. _ ..... __ ... _---_._ . ...... _-----_ .. _ .. _ .. -_ ......... _ ..... ....... _------_ ................. _ .. _ ... _----------...... _ ... -
16 74.51nV 4.883mV 119.2nV 7.812mV 

~- ... ----- ... ... -... -.- --- 64 18.63nV 1.221 mV 29 .80nV 1.953mV 
LQ~a ?_~~~_9_~ ___________________________ ... ~ 

~-Q?~9-§J~~.: ... ----.-. ---f 32-bit two~~Q.~pli f!l.en.! :. ... __ .. __ .. __ .... __ .. _ . . ...... __ ._ ... __________ . ___ ... _.--4 

i Base Memory: ! 128K EPROM 
i ! 6.5Mb SRAM i 
f--· ~. ~- .• ..--- •.•.•. ---- ------------ j. ---------.-----.0--------"---- .. ---- .. - ---- .- _. _.- --.. 0-------.---- ------.----._-- ---.. --------.---.. --- _.J 
i Base Capacity: ! Better than· .5 million samples or approximately 3 hours 10 minutes continuous ! 
L_._. ___________ ... __ .l data @ 125 sps . ! 
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L~M ~i~~~-!!Y---r----------' -'------- ----------'------------------.--.. - .. --.-.---.------------------1 
L.f!91Q.~Qt ___ . ____ t_L~_q~~!~X sY!J~rqnous dat~_l ink ~g~!!QL(~!?_~gL _________________ . _____ .. _________ . __ ./ 
l __ ~rro~_~orrecJl2.~ __ IJ:>-~~~~t acknowl~~~Ql_!!!Q9~lo_? __ ~!!.Q!!~g _ ~lf.:l_d_q~_. ----.--.-.---------------J 
1 __ ~p~~.9 _______ · ________ t--~~Q.?~b/s~con<!----------.-__________________ .______ .-----J 
L~l1codi~L _______ t-Bi:P.bas~~~--:=-1.L.!!!is~n.g..2.YJse = 0 --------------------------J 
lJ:ine_ J..r:n..£~9ance: ___ U9..9_2..I!~ __________ . _______ . _________ ... __ . _____________ . __________ . ________ . ___ ~ 

f- ~~j~~~!:'.!~~!!~r::'.----·-r-E-achAM on-line is timed and synchronized for simultaneous samPling-within--:;---1 

L_. ___________________ .. _LL~Q_l!::;_E3.<::Q.fl2~ _____________ . _______ . ___ . __ .. ____ . ____ ...... ___________ ........ ______ .. __ .. __ .. _. _____ ._. _____ ....... _. __ .. ____ . ____ -f 

f-~f~J~~~r!!----rune A and Line B signals circuits are--protect-by-: ----------.-----.----... ----------.---~ 
i Protection: I . A surge arrestor located on the RT514 board (SS1-14). ! 

I I • A line isolation transformer located on the RT514 board (T1-6) with over-
I I volta e diodes 01-4 on both sides of each secondar windin s. 

f·-f~l;!~~~~nea'!~~-==~;he AM reoorts information on battery status~ cloCksetting; gain Setting~librat~~ 
LEr.<?~~_~<:l_ : ____ . ______ . ___ J._f"Q.Q.Q.~_"!nd the ~QE!!!!l~~~~tion~fl~.:. __ .. _________________________ .. _. __ .. ___ .... _. __ . __________ .. ___ .1 

ACQUISITION PARAMETERS 

Acquisition parameters include the sample rate, transmitter freqL:ancy and number of samples desired. 
The operator can also determine whether the AMs calibration signal is activated during data collection. 
In typical use, the acquisition parameters are set according to the specific application configuration and 
event type. For each event type, several recording sessions are made, each at a different transmitter 
frequency and sample rate_ The recording period is set based on event type and transmitter frequency. 
The listing below shows several examples of event type, typical transmitter frequency (Hz), sample rates 
(with applicable AOC resolution) and the corresponding number of samples (record period). 

E t T Transmit SIR t AOC Number of ven ype amp e a e 
Frequency Resolution Sample 
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SENSOR CAL/BRA TION 
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The AM can source a 12.5Hz, 50~A signal to the sensor input for measuring the source 
impedance of the attached sensor. The user can also specify frequency in amplitude of 
calibration signal. 

TELEMETRY CABLE 

The telemetry cable is a Category V specification cable and is supplied by the customer. 

SAMPLE RA TES 

The following table shows all available sample rates, based on a 12.288 Mhz oscillator. A 24-bit 
resolution ADC is used for sample ~ates 48000 through 4800 and a 24-bit resolution ADC is used 
for sample rates 3200 and below. The correct ADC is selected automatically by the AM, based 
on the sample rate. 

Typically, different sample rates and transmitter frequencies are used in 50 Hz and 60 Hz power 
environments to minimize AC power effects on the data. In the table, the shaded areas indicate 
the sample rates typically used in a 60 Hz power environment. A few rates are typically used in 
both environments. 
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APPENDIX F: INSTRUMENT SPECIFICATIONS 

SPECIFICA TlONS: 

EMI- ELECTROMAGNETIC INSTRUMENTS INC 

Now EMI TECHNOLOGY CENTER - SCHLUMBERGER - BERKELEY, CA

{ WWW.EMIINC.COM } 

BF-4 Series Magnetic Sensors 

BF-4 Magnetic Field Induction Sensor 

Mirage Project 

The BF-4 sensor utilizes a magnetic feedback design to provide a stable flat response over several 
decades of frequency. The sensors respond as a B field detector over the flat band regions. Both the 
amplitude and phase responses are highly stable with variations of less than 0.1 dB in amplitude and +/
one degree in phase between sensors . For the frequencies below the flat response region, the sensor 
response is proportional to signal frequency so that the sensor acts as a dB/dt detector. The coil is potted 
with epoxy and housed inside a rugged impact-resistant Nema G-10 fiberglass tube. A matched low noise 
preamplifier is connected to the coil in a waterproof case and powered by an external +/- 12V power 
supply. 
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Features 
• High sensitivity 
• Very low noise 
• Magnetic feedback design 
• Chopper stabilized amplifier for best low 

frequency performance 
• Ruggedized and waterproof 
• Light weight and compact 
• Low power consumption 
• Stable phase response 

BF·4 Sensor Noise 

00001 0.001 0.01 0.1 10 100 1000 

Frequency (Hz) 

Applications 
• Magnetotellurics 
• A.udiomagnetotellurics 
• Controlled-source electromagnetics 
• Magnetometric resistivity 

Technical Specifications 
Performance 

• Frequency Range: 0.0001 to 1000 Hz 
• 3 dB frequency corners: 0 .2 Hz, 500 kHz 
• Sensitivity (flat region) 0.3 V/nT (standard) 
• Power consumption: 12mA at +/··12V 

CA00602T 
December, 2008 

G4 

Physical 
• Housing: Nema G-1 0 straight tube 
• Length: 142 cm ( 56 inches) 
• Diameter: 6 cm (2.4 inches) 
• Weight: 7 kg (15Ibs) 
• Connector: 8-pin Tajimi 
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SPECIFICATIONS: 

EMI- ELECTROMAGNETIC INSTRUMENTS INC 

Now EMI TECHNOLOGY CENTER - SCHLUMBERGER - BERKELEY, CA

(WWW.EMIINC.COM ) 

BF-6 Series Magnetic Sensors 

BF-6 Ma!lnetic Field Induction Sensor 

Mirage Project 

The BF-6 sensor utilizes a magnetic feedback design to provide a stable flat response over several 
decades of frequency. The sensors respond as a B field detector over the flat band regions. Both the 
amplitude and phase responses are highly stable with variations of less than 0.1 dB in amplitude and +/
one degree in phase between sensors. For the frequencies below the flat response region, the sensor 
response is proportional to signal frequency so that the sensor acts as a dB/dt detector. The coil is potted 
with epoxy and housed inside a rugged impact-resistant ABS tube. A matched low noise preamplifier is 
connected to the coil in a waterproof case and powered by an external +/- 12V power supply. 
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Features 
• High sensitivity 
• Very low noise 
• Magnetic feedback design 
• Ruggedized and waterproof 
• Light weight and compact 
• Low power consumption (210 mW) 
• Stable phase response 
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• Magnetotellurics 
• Audiomagnetotellurics 

1000 

• Controlled·source electromagnetics 
• Magnetometric resistivity 
• Time domain electromagnetics 

Technical Specifications 
Performance Physical 

10000 

• Frequency Range: 1 Hz to -100 kHz or 1 
Hz to 25 kHz 

• Housing: High Impact ABS Straight Tube 

• 

• 

• 

3 dB frequency corners : 10Hz, 25 kHz or 
10 Hz, 100 kHz 
Sensitivity (flat region) : 0.3 V/nT 
(standard) 
Power consumption : 9mA at +/-12V 
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• Length: 73 cm (29 inches) 
• Diameter: 5 cm (2 inches) 
• Weight: 1.7 kg (3.7 Ibs) 
• COl"'nector: 8-pin Tajimi 

G5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Quantec Geoscience Ltd. 
Titan-24 DC/IP & MT Surveys 

APPENDIX F: INSTRUMENT SPECIFICATIONS 

Vismand Exploration Inc. 
Mirage Project 

PHOENIX GEOPHYSICS L TO 

( WWW.PHOENIX-GEOPHYSICS.COM ) 

MTC 50 (P50) Serie Magnetic Sensors 

SPECIFICA TlONS: 

MTC-50 magnetic sensor coils weigh just over 10 kg, and measure only 141 cm . They provide 
magnetotelluric data at frequencies between 400 Hz to 0.0802 Hz. 

AMPLITUDE AND PHASE RESI'ONSE MTC-SO SENSOR 
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Technical Specifications 
• Overall Length: 141 cm 
• Outside Diameter : 6.0 cm 
• Weight : 10.5 kg 
• Frequency Range (for MT) : 

400 Hz to 0.00002 Hz 
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