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Abstract

The interpretation of electrical resistivity and conductivity structures derived from
magnetotelluric data is fundamentally influenced by galvanic distortion caused by small-scale
near-surface heterogeneities. These distortions modify the observed electric fields without
significantly affecting the magnetic fields, thereby biasing the impedance tensor and
introducing ambiguity in subsurface imaging. A rigorous understanding of the intrinsic
characteristics of MT response functions under such conditions is therefore essential
for reliable interpretation. In this study, a synthetic three-dimensional Earth model
incorporating localized near-surface conductivity anomalies is developed to investigate the
fundamental behaviour of MT transfer functions. Through controlled forward modelling,
broadband electromagnetic fields are simulated, and the full impedance tensor is evaluated
over a wide period range. This framework enables a clear separation between inductive
and galvanic effects, allowing systematic analysis of their influence on MT response
characteristics. From a theoretical perspective, galvanic distortion is described as a
frequency-independent, real-valued transformation of the impedance tensor that preserves
key invariants, including phase relationships and dimensionality indicators. Particular
attention is given to the behaviour of principal MT observables—apparent resistivity,
phase, tipper response, and rotational invariants under varying structural complexity.
The results demonstrate that although galvanic distortion can significantly alter apparent
resistivity and induce tensor anisotropy, invariant quantities such as phase tensor parameters
remain stable and provide robust indicators of subsurface structure. These findings
highlight the importance of invariant-based interpretation and physically consistent
modelling. This work establishes a comprehensive theoretical framework for understanding
the characteristics of MT response functions in the presence of near-surface distortion,
providing a foundation for improved interpretation strategies and the development of
advanced correction methodologies, including both physics-based and data-driven approaches.
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1. Yauprraiua

leobusukmita maxuaraad COpOH30H CyIa/araa
Hb JIJIXANH MaXUIraad JaMKyyaax da/iBapblH
IMUHK 9aHaPBIT OUJITOX VHJICOH 30PUATOTOIM.
CopoH30H MaHIaJ, IPHSIT MaHIA/, araap MaH-

JTaJIL YYCIyyp Oyxuit Xyraraanaac xamaapaH
©OPUJIOTIOX COPOH30H OPOH JI3JIXUM PYY HIBT-
POH OPOXO/JI MHIYKILISTIIH Onit 00/10X ra3pbiH
TYHIHIAT Tesuty pukuiiH Ty ramr (Vozoff,
1972). Konpasx [lirym6epr nap 1930 onooc
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4éaoyyn % daiaadaad oée adnaa adadodaaan Hin(ro;'; )= R™(ro;l; ) H ofre})):  (3)
??313,?3?90,06}('9'96}% b' PHOYIBE‘?? 1[‘9??‘:3:: _ Yadyyd poaaiai 6aiaadeta laénaaeéai
aaail 6a 000 00davaaia 10ged anodaéta oydgeoddyea odeaddseai 1-D, 2-D yhaye 3-
geéaayoeyo il 10 adaa c3éi iyayi ~66aé D _Gadce€aaal aalee0o€aa+ ayeoeei ooaua
4326534066401 (Y4 pi aeayeaya aieidua Berdichevsky & Dmitriev
VIJo% adaA c36i o161 “aeyes, Oapes.  (2008) fad aavaeial Oadseaay, dagaad o
Lo 8033 (781 0181 & eyes, Save iU goaaial, aya+ 5adeeoai % 6aiaadad oya-
aaai Noiicli eiacéoeéi adaad ageacaddase oYy 181064 H 1, 43 En-a #Aayd (OyA 2-3) 00é
s 7 7 O Avnns A AATAR33AAAT N\ 7 AT \,.._ e e s s . . PN N
aoe Baflilif ooieoraeci acize -afad, oya R™ -t 68866 aadetik " 6 0 4aéia. Eéia
yyoeéi iaoaiaoeé oiiuY4éié, deceé 3i- aaaaaa nioficii ot it H -~ :
aynéyeeéa oiéiéli aa+ 3¢yl a°a°°a Aadai-
A M M At PR 2N n R A &t TN s Ho(ro;) = R™(ro;!;) Hn(ro;; ):  (4)
aaé aéiaeei Qyidyo noiaia 6eényi 10 oyi-
eeéoeéi °aaacé (Erdenechimeg, 2023) ayyd Oya. 4-a Oya. 2-a 108006eaae,
3¢3kehyi aeegyyayyo Oaééaadeéanai.
g y yyyy Eh:Re(Rm)l Hh:Z Hh (5)
2. Noaiaado danilin 66ieseéi o1ais- aieit. Yla Z-iu _]Q—}ééiﬂéi.@ aifi 0aicio
51681806064 a°8°°a oyag °io°ao €éndaeiaodi fenoaia
o -it Biea y -iu ¢%% aa  z -l alig ~eaeynyi
2.1. 10 oafiilifi 66ie666a 4aé0 4°a°°a oaicioli yéaiaioa iu
Yiy Gyfiydao 10-i ioaiaado daniiin 66ieo 7 0y 2 . !
Ayce 3acO01 4282032 AYYO0 OYiceeB0eél iy  z(or )= L (oh) 2wl g
N\~ s N~ NNz 2N ~NAXAL AL N N
Oydo &30o0ayaayd Oadeéaaai aa niolichi Zy(roits) Z yy(rost)
00 Oyieseeoeel GyOyaoyy Oylseefoyyd  gagia. Oya 6-a aa+ *cayé EO i ¢°ao’i
0'?‘:?9'}??‘??'9 6?‘\ I1in “0oleoooa alieio ayeoeéi asieé 33 aaadacaodali oadeedaai
Eiiaaaif 0aicid, Oac 0aicio aa Oeiiadeei géice +aiad0i 0AEAADE IyayyEEesa A3008iA.
“““ N3~ 3cAVi N Fov AN A s X N s AN v~ s ~ o~ ~
Oagaad ad+ *cfiyi O=+ed it Oaandaeoaa 3¢3eniyyd 3%naks 16-
i0 0aéaand iyayyéye iu iioi~eieé deeadayod
2.1.1. Eiidaaiii 0aicid 334 oyageoayeyyn adeeéaaa. 1°1 EO il 4390-
Eiidaaif 0&icid (EO) il ayedeéi daaad- dyaanyi hediaeli aadoaiee, Oyiseeéoeéi dya
aa ,qyxa, aceeaéaaaal dadeédaal aa ATOTICTT  &1él 16+i0 badeedaai adiseedoead +asaa-
'O?g:ggfe' eﬂgg'l'oa'; oo g‘l'”ga'er?% \%’c}aiééé daan daiaadniai efiieden 6oaacaé aaéia
0r o ol NS, S RS DT = 0)-1i1 AVARAAT 33(ad 33 3338383111 337-
oaicid aaéia. EO iu ayédeéi 3a aaaddadaoo- ; I§O|~u ?, ?ie\e.,' A&,‘ "??, 'a aaf’lf) aNa a}u~|,a}“|
A0 3-D 6A0GLEE33] 2Aie00630 ~a33380i dadeedaai 01aoodi iyayyeesaeéa aaddéae
o3ayeoeéi iyayyeéeéd adodeaaa (ai. Chave aaéadaa “Sia:
& Jones, 2012). EO-i iadaiaoeé aa 6eceé N NOROOARALS viRvIAE3
géize +aiad0a 0aéeaadeadii ooea dasaaa Q°e°eeeei ynyoakoye
Onici 16108 *hayd aaaacaa z -f ayye z RS E05 SPEeROa] JRVBATOIE Aa o1
1400 43086 4aédeas 4adu vadesadal aéay- N lyeyo 0 € "ececl ynyoa=oye aa ¢
B8R63 ladaifiééi oaicioli aavoedadaé dyaea-
Jext = k H 0(z z ) 1) aaa. ‘5 2
2N i N s A .. o Srie s st N N Moz N 27 =JZijJ_ |12[x'y] (7)
daéacaad ad+ 3cla. Yia dadaaad a’eeeeéi & Ly '
AeA0Al jex -iU A0I0 Raegde aa ayeoeéi S AN 9Nl N oioomA A XX xgai s o
ATGTICTT 1610 dadesoai ¢e+eye, asiaae CE nenoaid, o°e*eeee X@g’??‘ oye I
0adeédaai ieddyeya cyoya ayedeé aa 0%- lacadeaéli ooaeéi yfnyodasoyeoye iy-
ieéa 03oyyeyi aoé 10+eia yaaaaad vadee- dyi aaeé -i -yyo Oyiseedaaya. Yia o°-
j‘?‘g!. RIBIIcH eiaoeoeei *eyaaeyyd oaece- gocgeeéi yiydasoye il iaoadeaedi 66-
aadéaadas aa -ill Aedaceel qaeuoa 001e0 aeéi yiiydassoessaeéi aeiyenyi ieée-
aaéia. Eélyyn tadeédaai aa Aiolicii 10- U3 4368 068 C°AB°T VAV 0°3E86 18
0 E n(ro;'; ) Hi(ro!; ) 0yaoyy aaéago- Y e aas s ooty e
€aad+ea iu ayedeéi aaaaoani acoli oyao +efa 0°é°°eeeei aa doaeel ynyoasoye
components (x;y;z) Ho-01é godaiai 0a- iad oyio3 aaéié
aoaeoaé aaéia. e
Eliaaaineei oag .
En(ro;!; )= REe(ro:l;) H ofro;) 2) Oya. 6-a aa+ 3c¢iiyyd EO -il éfiieaén
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0aaodaé ayyo 0iaio0iéeiaaid 0oe 033-  2.1.2. Ogiiad
ie€ baceed aadaad aaeaeaad olaiddiee- 0 fvaacaaaia Apeacasasas °°o iyayi oan-
ala, ifif 66iéd aié nolicli 10i0 dyaoyy aa
(2 aifil aaedooead~adi oiioliaio énieaén
m . ~NYY N A~ \ e s ~NN 7 s~ N sms O N ~ N
=arctan M@0 ooy (g 0 Oaladdena eéysbeéeys Oeiias pi (Al
Re(Z;) Simpson & Bahr, 2005). Oaaoaaé aieaeiia
a°0°eo°a aa+ 3chiyyd aifii Atonicti 1oii
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8841 Byiseyyfeéi 0a6aadd iyayyeseéa 0351'96% 'c}gagé ééﬁ%ggl,%e%é@'..g”aaeaé agggg;aa
ad668aaa 1-D id+éfa 6adéeaaal yhys- O\Yoa TiG 19T O U ooaua Sar oo
a0y€ il ¢°a0° &% 7 -66 aaacs o5+~ DCNa0 (1)U 1] FO-1 adeg elileaeh 0o |
6°88°0 00E elidaalfi 04icid (Oya 6)-e¢i 32 a700¢ ddaoaie |, Ojacel aaeoea (n-n
3jafyi adaaiiaeeéi yeaiaio®a oyaoyé Oalaaonal aaeolo aaela.
0yi0® aa Gasedoaui aeadiiaceéi yéa- H, = TxHy + T Hy (12)
1ai0%%a Oyi6® aiéfa+ yndya+ ~eaeye- 8 K i A A § X K AaA A A K0T Of
oyé aaéia Oeiiad it 6adeéaaai ynyoasoeeei 6°iaei
+edeyeeéi °°0+e°e0eéa eeyodeéeyd aaéoi-
Zo=Zyy =0 Zy=Z 5 LD O3 Oyeaydyyd axdrieyaayo ook cadel of-
(9) Oeleaiéa eiaoéoeéi aaéoid ayee i°i iyo-
2-D 10+eia oadeéaaai ynyoasspye iu éyaya. Yia eiadéoeei aaéoioui iadieooa
ael iya ~eaeyeé i°i asieé aaaono °°o+e°a- u q
a°0 006 3ianyi acadiiaéeéi yéaiaio®sa L= (Re(Tx))?+(Re(T )% (13)
iU aaibadeeaaai éioaeiaoli nenoaia FNAR AN NBIAL +AXAC
i°i oyaoyeé oyio® aaed a°a°°a 6aax00- aaeo aa o™iee ~eaeye Iu
adi aeaaiiaéeéi yeaiaiossa oaoeéoai Re(T,)
a886a% aaéia = arctan - (14)
Re(Tx)
Zy =Zy =0; Zy 6= Z, 2-Did+eia Alaéo oOynasiaeéi 6oaua 01aiodiééiaaid
) (10)  acac°a 6600iaa Oyfiyao i°i ayyod ofiuvaiél-
Yia aai6adeéaaai éidaeiaodi fenoal 804 ageadcadad. Oeceé oaéeadaoli ooana
il 060aéi i0+eia aadaidaééae aoé aai- ayyd aa+ Schyi  -iu  Oyideyayyn yasya
oabeéaaal ~eaeyeeéi aaado oiéa oide- +eaeyseéi 42400 ONEIA4T6 acei6o. Oeiid-
d00enai ofieedi yooyé aaéaaa E€ia 6a- deéi iadieoda il a3éaeeéi élivaiodaceéi
aeooaeei aeaaliaeeel yeaiaio>aeei 00844 ioliibeaiagll o6é o°iae°i ~eagyeeei
¢°d%0ye aaeaae iU 6a nefioala 0adee- papesaaal yiydaRoeeéi 40aa2dioeéi (ae-
daai AATicTi aiéaeiio ooeégedaédli pyysaye eeoieiaeéi 6eé caas, 6adadae ayd
+eaeyeyyd oaceaadeaaaaaa. iy0) Oyieeyya eéyodeééaya. Jupp & Vozo
. e A com A an s A a Al sians oo
Oadei 3-D 10+eid EO-&éi 436 yéaiai- (1971) F, ' ‘oo,eee:iaa R ”gaxg"?l,a}ogoeel
0% fii Oyayyh yeanaoas aaes ashs oa- aacololl 00 I aeased! elicaiosace
besaAdl YAYBETOYE 430 ~easyeee aa- 1o 00Ye 10+ G*roye OIEAlo ooand
800 °°5+8°F848°4. ¢reaya
Oceereeeel ynyoa®oye oag it 10 oai- 2.2, Gadesaaal dARINM 66166664
aaeoai sianyi ”'iaeééa¥633l33a a°ac°a oya- o el e
ayyoeéa 3aT = 2! -e€i 00ie0 Oyéay- 221 Oabeéédaai 0aicis
oyyd a3onéyd 1006éa caidaaeoli 1686e ayee Oalbeédaai ynaye 0aeedoeéeéi oaiaaeo iu
iyoeyiy. , aa -iu 6adééoai daiaadaé iu fidooei r, aa ikaeeéi r¢ Oya®a ayyd iyayi
Edaiad-Ediaéiaeéi a3oiyyo oaééaadéaaa- cydya aldodyadyae aoé oabeédaai 10i0 60-
aaa, dadaail °°0+&°€0°°d olaiddieéiaaaia Oa-
'z, o a (f)(g‘:;e':aé%') 0aicgid (O0) T -0 eéyodeéeyaaaya
_ ! a(! [ ya. .
"= 1 . log( . )ﬁ, (11) |
Txx Txy
. E(rs)=T(r p;re) E(rp); T(rs;rp) =
= | = .
Yla_ 0 ¢ AOA) (e.g. Berdichevsky & Tyx Ty
Dmitriev, 2008) aiéif. (15)
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