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SUMMARY

Programme MAGTEL was written to produce apparent resistivity
and phase curves for magneto-telluric soundings over a horizontally
stratified earth. Details of the programme are discussed and a sample of
the output is given.



1. INTRODUCTION

In regions where the regional structure can be approximated by
horizontal layers, magneto-telluric soundings can be interpreted using
master curves such as those of Srivastava (1967) for two-and three-layer
models. However, master curves for models consisting of more than three
layers are usually required to interpret the field curves, and FORTRAN
programme MAGTEL was written to meet this requirement.

Apparent resgistivity and phase curves are plotted against period
for plane waves, vertically incident on a horizontally stratified éarth. Non-
vertically incident fields are not included in this programme, as their
effects have been shown to be negligible except for extremely long periods
and very shallow angles of incidence such as would occur on the continental
margins, as shown by Srivastava (1965 and 1967).
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2. THEORY

The formula for the lmpedance of an n-layered earth in response to
a vertically incident plane electromagnetic wave i8 given in MKS units
by (e. g. Keller & Frischknecht, 1967): .

Z = £ /4 = £ /Hy

. W wﬁ()’{ + Mcod.[ cod()’?f/ +

5

+M{ (%A, +amwt4,[ .

- @hcoth ﬁ““(’%—zﬂn-z + M{’“"‘W’

(7 L+ areoth 7*"-')})j)] })

where E_, E , and H_ are the electric and magnetic field intensities
with resﬁect%a £h arbitxyary set of cartesian co-ordinates in the horizontal
plane. The symbols w, 7 represent the angular velocity of the wave,

the propagation constant tﬁ'e ‘magnetic permeability, and the thickness of each‘

layer, respectively. The subscripts refer to the number of each layer, as
shown in Figure 1. The symbol £ is the complex number /.. / .

The period of the wave is given by. .
T= 2 Vw in seconds ,
The apparent resistivity at a given perlod ts defined by /04. -Iz l /(w/a)

The phase angle of Z 7] the dtfferemce in phase between the £
and’ H fields. ,_ '
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The curves of /Za against T, and phase against T give an expression
of the thickness and resistivity of the individual layers in an analogous
way to resistivity sounding.

- 3. PROGRAMME MAGTEL

This programme calculates equation (1) for any number of layers n,

using the identities e -4 - e—a
&

47./2",’

The values of ﬂa. and phase are calculated at 50 equal logarithmic
intervals of period in theé range 1 to 20,000 seconds and placed in arrays in
common storage with subroutine PLOTTER.

A listing and flow-chart of programme MAGTEL, along with listings
of subroutines PLOTTER, RHOAPLOT, PHASEPLT and MODEL are given -
in Appendixes 1 and 2.

o
4. SUBROUTINE PLOTTER

This subroutine plots logyg /oa, against logyg T and phase against
logio T. An example of the plotted output is shown in Figure 2. This curve o
is taken from the interpretation of a magneto-telluric sounding at Windorah,
Queensland (Pollard & Whiteley, in prep.). The curves are plotted on the ’
same scale as Srivastava's (1965) curves, which can be used for initial

++ . interpretation of the field data, and then a more accurate fit obtained using

MAGTEL.

All plot routines are designed for the 12-inch CALCOMP plotter attached
to the CDC 3600 computer at the C.S.I.R.O. computer centre in Canberra. The
range of values of /aa acceptable to the plotter is from 0.1 to about 400
ohm-metres.
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5. SUBROUTINES RHOAPLOT AND. PHASEPLT

Three subroutines plot field data on the same graph as the theoretical
curve, as shown in Figure 2.

6. SUBROUTINE MODEL

This subroutine is called from PLOTTER and plots a schematic
model of the layers. The resistivity and thickness of each layer are printed.

7. DATA INPUT

Data input is by punched cards, in the following sequence:

(1) The number of layers under format I3.

(2) Resistivity, dielectric constant (generally 10-15 for sedlmentary rocks),
magnetic permeability (generally 1), and layer thickness in metres, under
format (F8.1, 2F5.1, F8.1). Each layer must have a separate data card.

The thickness of the bottom layer is assumed infinite, and any value of
thickness entered on the last layer card will be ignored.

(3) EOF card.
(4) Indicator IND under format I2.

IND = -1 (negative i,nteger) indicates no field data to be plotted
(go to (6)). |

IND =0 (blank card) indicates apparent resnstwrty field data to
follow (go to (5)).

IND = 1 (positive integer) represents the case where data that have
been used in a previous case are to be plotted again (go to (6)). '

(5) Field values of period, apparent resistivity, and standard dev1at1on in
apparent resistivity under format (3F9.1), followedy by an EOF card.

(6) Indi—cator IND under format I2 as in section'(4). L
IND = -1 or 1 go to (8) . )
IND = 0 (blank card) go to (7) -
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~ (7) Field values of period, phase, and standard deviation in phase under

format (3F9.1), followed by an EOF card.
(8) Go back to (1) and repeat for extra cases.

(9) After all cases have been done, the deck is completed by an EOF card
and an EOD.
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1 PROGRAMME LISTINGS

PROGNAR MAGTEL

. PROGRA® WAGTEL CALCULATES THE PLANE=WAVE ™AONETOeTELLURIC APPAREAY

RESISTIVITY AND PraSt CURVES a0AINSY PERIQD FOR AN h-LAveﬂiD EAIV-

COMPLEX Z,C1,P%,4NC0Tw,P%u,SU¥,COTH,PRODUCT,RMO0A

DIMENSIUN 'A(QO).ANU(:O).EPSlLou 200

COMNON/SALLY/RMOPARAR(S0) ,PERINDISC) ,PuaSELS0) . oL ..
COMMON/DAN/RMD (200 emt20) ,NNAY ) . o e
CI'CFFLI(O.B:I.Ol $P1e3,.3449028536 i

READ 1, - 3Fe3.0030,000(s3) - Sleg-

L) v-e NUMBER of LAvEKRS

4 FORMAT(13)

anocoa
w

1F(EOF 60180,

READ 2,R,AKE, AXM, TH]CRNES

R 1S Tug RESISTIVITY & OumengTERS

ANE 1S TWE DIELECTRIC CONSYANT, AND WILL OENERALL' RE $0.0
ANM IS TRE MAGNETIC PERMEARILITY,GENERALLY 3.0

THICKNES IS THE LAYER TulCANESS IN *Elﬂts

ALL PARARETEARS ARE (M =4S UNITS

FORMAT(FB,1,2¢8,1,F8.1) .

1FLEOF,60)3 .
AMU(]) sAKN nNePleiU, fiee(aY)

EPSILONLI)aAXES8 854010, 000(ag2) $ANO(S )R
u{l)eTHICRYES Sisley $G0 10 3

NMAXON

00 1%.,J03,%2

INSeN=] SIN2eNeg

00 77,%s3,N

uev--z 0ePleFaSORTID, !OAFV(!)QEFSILON(K)-l50'7(1.0'1 0/¢0uD(K)e

SRHO(R)eEPSILONIKISEPSILONIN) o4 0oPoPlafFaf))eg, bRR

ALPMASSURT (BETAGBETA®A 08P op aF of saNuU(R)SEPSILON(X) )

| PK(R)ISCHMPLI(ALPHA, HETAY .

”

©o

19

*»

CONTINVE
AﬂCo?n-CLOO(CsnnV((ﬂillNliIPn(u$o1.0)/(9K(lnl)/?!(~)-a o
00 6s1®3)NMAX

1F(l,€0,1)60 .10 8

ARCOTH .cLoo«LsoarttvaooucV-; L0)7EPRODUCTS, Di"
PKUSPKIINgIOH(INY)

SUMBARCOTH ¢ PKR
Co'n-(CEIP(SUH)OCEID(-SU“))/(CE!F(SUN)-CFIF(-SD*))
1F(N,E0,2)50 10 9

PncgucY o PREIN2I/PREINLI0COTH

[TINSY SINteing=1 | $142 oin2-3
CONTINUE
28 Cleg,0ePleFeP oty Use(a?) Pu(l)oCuTn $ \vehmay

PERIODIJIeY,0/F : - .
unul'Cl'ltllto GepleFeP(®10.000(=7))

RMUPARAN( J)aCARS (HRUA) SPﬂASEGJ)-CIMG(ISOABG asPl
Fe10,000(=4, 3010 00, 00002) .

CONTINUE

CALL PLUTTER

GO 10 37

eno

SUNROUT [NE PLOTTEN ©
CounON/s‘LLvlnuovlhlﬂcbu).thluntool vnhsucoo»
CALL PLOT(D,39%5140.3953,2)

CALL PLUT(*0,3951,0.u,1%

CALL PLOT(3,%5,4,303v,80

CaLl PLUTI0,0,6,3010.4) .

CaLL PLOT(0,0,0, 0:') L CIO)

VO 1e4%3:51 .

nes2ey

CaLL PLO‘(ALObxnlunuvnﬂa'lJl)o;.o,olLuaxo(!Eonn(u)),n,
Kse

conTinve . stng; n»o:v;or )

CALL PLOT(0,9678,4.0227,3) -

CALL TEXT(1pMunDa BN o-n-hﬁthg.;p,..

D0 161.,0%3,

CALL PLUOT{0,9395, .|J0|9’l.00|J.,)'.'

T CALL PLOT(D,0.4, ‘o;o-|.u'tJ’1).0)

n
162

162

CCALL PLUT0,0,90,043)

~

!l
103

Y0 ACCOMPANY RECORD No' 1971/386

Catl PLOT(=N,2706,.4, £1lJ=l.ﬂoCJ-l).ll\
Pal,0010,000( 03} .

&ucouet7.51. ufF )P
FOMMATLH 2, 1D

CALL vtuv«ﬂuf.Y 2|
CONTINUE

CALL PLOTSET(4)

caLL 9;01(-2.3700.-0-3' 3
CALL TEXT(L2WT N b:;oans..; 1

.00 162,071,4

CALL PLOT(-6,2613,ty"3)00:0, )
CACL PLUT(=4,3030,(=300310,8) -
CALL PLUT(=4,0227, la-;»-l-oou al”.la e
Va0,1030,000(Ja1) I
ENCOUE(7,51,8UF )P C : -
CaLL TEXT{BUF,e7,2)

cONTNUE . L L.
CALL PLUTSET(1) - . e
CALL PLUT(=0,3951,0.7160,3) C
CALL PLUTIN,7050,15.0,2) L
CALL PLUT(=0,7950,V.v,8)

CALL PLUOT(D,0,0,0003
CaLk PLUT(4,7702,040,4)

DO 2,J%1,51

cakb PLO'(Asnunn(Vr*lou(J)),lvtiot,
Ked

CONT INUVE CALL Bnlsﬁv;'

CALL PLUTI(1,4,2200043)

CatL TEXTUIZNT N btbohbl,la,o)
00 103.J%%,7

CALL PLUT(0,40795,3%. UO(J'I)'!’
CALL PLOT(N,0,15,00(Jed)e®)
CALL PLD‘(-D.JlbO-l§ 0"0'!’-!.‘,."
Palyet)els,0

ENCOUE(,53,BufF )P

ronnhllio,g)

CaLL YQIV(BUV»C,Zl

couvluut

G29-158A

e TN, -

V31310

e s m




Appendii 1 (continued)

CALL PLOTSET(4) .
CALL PLOT(=4,3729,-19.0,3)
CALL TEXT(10MPHASE IN UEUREFS,16,411
00 164sJ%14%
CALL PLOT(=0,0795,18.86850(J=1),3)
CALL PLOT(0,0,1B,804508J1),4) :
CALL PLOT(0,0795,18.80850(J=111,03:3)
Pel,0010,000(Jel) '
ENCOUE(7,51,8UF)P

. CALL TEXT(BUF,7,2)

164 CONTINUVE
CALL MODEL
CALL PLOTSET(1)
CALL PLOT(<0,7950,309.0,3)
RETURN ' SEND

SUNROUTINE RMOAPLUT . :
DIMENSIUN X(20 L}
READ 314 IND 03,N1L200),R2(200),R31200)
11 FOMMAT(L2)
1FCINDILT, 19,6
‘45 =i -
4 READ 1,7,AMYA,ERR
1 FOuMAT(SF9,1)
IFLEOF +6016,%
5 x¢1)*4,3030=AL0G30LY)
RYCI1ALOGLO(RHDACERN) 04,0
R2(])eaLOGIOCRHOA=ENR) @], 0

RIC(])I2ALOGI0{RNDA) %30 [T ! Siefel

GO Y0 4

6 DO 16,181,4 :
CALL PLOT(Ri(1),xt1),8)
CALL PLOTIRZC ) X (] }oa)
CALL PLOT(RSCII,Xt1) 3
CALL TEXT(gHe,0,2)

46 CONTINUE

17 REVURN SEND

SUHROUTINE PHMASEPLT - o
DIMENSION X(200),F11200)¢P2¢200),P3L200)° -
. READ_33¢1ND ) o
43 FORNAT(]2) -
IFLINDY17,15,0
19 les B
@ READ 107+PHASE ERR
4 FORMAT(IF9,1)
I1F(EOF,0006,9
s n(irsaloGao(T)
Pel])sPHASECERR C
P2t 1) sPHASE~ERR AT .
P31t 1) aPHASE shs| S sleley
6o Y0 & C o - :
6 DO 16,101,M ' '
CALL PLOT(NET),PILID.S)
CALL PLOTIXTE),P2(1Dea}
CALL PLOTIX(1),P3(I2, ¥
CALL TEAT{gNe,0,2?
g6 CONTINUE . .
17 RETURN sknD

. COMMON/DAN/RHOL20) ¢
DO 701 0L08 oNNAX
x990, 0=(,+3187.3 . )
CALL PLOT{1439,X,8) S,
CAbL PLOTI3,98,Xe4) -
CALL PLOYI!.‘!:n.l-O.SoS) . L
PaknO(L) stuconet;;.vo.sut)'

09 FORMAT(FB, 1,81 OHNen) ’ S i
CALL TEXT(BUF,14,2) _ : ,
1F (L €U, NMAX )60 TO Toi . S
PadiL) - $ENCODE(13,4000VF 1P

100 FORMATESX,FU,1,20 LT o .
cALL TEKT(BUF,13,2) s o

701 CONTINUE : : B
HETURN

SUBROUTINE MODEL - Lo
We20 . NMAY: - SDINENSION BUF(3)

BEND .

70 ACCOMPANY RECORD No. 19T1/38
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Appendix2 MAGTEL Program Flow Chart

MAGTEL

Dimension PK(40), AMU (20), EPS ILON(20), RROPARAM(60),
PERIOD(60). PHASE (60), RHO(20), H (20)
Complex Z. Ci. P, ARCOTH, PKH, SUM, COTH, PRODUCY

RHOA
=1 Read
F=5x10™5 N=Number of

kol Layers PKH=PK(INT) x H (INT)

SUM= ARCOTH + PKH
COTH= UMy o ~SUM

!

i ' esum‘_ o—Sum
Read
R= resistivity
AKE=dielectric const
AKM=magnetic perm. ARCOTH=
THICKNES=layer PRODUCT+1
thickness log | TR 0vET

' _ : }ves

AMU(D) = 47x10™7 x AKM

EPSILON (1)=8.854x A

10~ "2 x AKE

H(1)= THICKNES

RHO(H=R :
PRODUCT = COTH x(PK(IN,)

| | /PK(IN1) _

N=N-1 w
INT=INY =1

IN2=IN2~ ;..

'} NO _
-< 1= NMAX ¢
1=0
YES Y .
i= : N=NMAX
: o : PERIOD(J)= V/F
J=0 ' Vr INT)/PK(N) £ 1 RHOPARAM(J)= IR
: log _!(_)_mmn/m!_l._”) = PHASE(})= ARG (RHOA)
. . F= )

r J=141 ]

[ CALL PLOTTER J

BETA =

. ALPHA =
r K=K +1 : ]——»——‘ PK (K) = CMPLX

ANY MORE DATA?

(ALPHA, BETA)

‘ ' END

TO ACCOMPANY RECORD No.1971/38

G29-160A
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