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Progrmmme MAGTEL was wlritten to produce apparent resistivity 
and phase curves for magneio-teUu:ric soundings over a horizontally 
st:ratUied 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 resistivity and phase curves are plotted against period
for plane waves, vertically incident on a horizontally stratified earth. 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).



2. THEORY

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

Z = Lr„ /16, = iy- //./..^
I

--^c4,6t (4, A * ...a. if p ce•th or, 4^I--e"^,
r,

1+ .44,,,,A(i.c.'z 0.3 43 ÷ erAcoa [-R- ...^ 6 • •41 ... I
• . •

4 2 1 )'C. 4 4 17,—"2.41-3 Cda (—roZ- -2411.-2 # 4"4417e4 1 ier9".2^I

(r,.../ ittv _ ,^er.tee•e4 3C-t:-- I )j)j)/ • • • ..))^I

Iwhere E , E , H and H are the electric and magnetic field intensities
with resifecgto at arbitiary set of cartesian co-ordinates in the horizontal
plane. The symbols UP., X, /4. represent the angular velocity of the wave;
the propagation constant,Ifie -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,I, is the complex number j27.

The period of the wave is given by.

T = 2 Vat in seconds

The apparent resistivity at a given period lB defined by l -fia,

, The phase angle of ,Z.is the difference in phase between the
and ' 11 fields.



The curves ofpa.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

Co-th^e * e 
- e` e
/9 1/ 

_e9 /
The values of fia. and phase are calculated at 50 equal logarithmic

intervals of period in tlfe- 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.

4. SUBROUTINE PLOTTER

This subroutine plots logio /2t against logio T and phase against
logio T. An example of the plotted output is shown in Figure 2. This curve
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
MAGTE L.

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 ,,o acceptable to the plotter is from 0.1 to about 400
ohm-metres.

ahccredie
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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 13.

(2) Resistivity, dielectric constant (generally 10-1 5 for sedimentary rocks),
magnetic permeability (generally 1), and layer thickness in metres, under
format (F8.1 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 12.

IND = -1 (negative integer) indicates no field data to be plotted
(go to (6)).

IND = 0 (blank card) indicates apparent resistivity 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 deviation in
apparent resistivity under format (3F9.1), followed by an EOF card.

(6) Indicator IND under format 12 as in section (4).
IND = -1 or 1 go to (8)
IND = 0 (blank card) go to (7)
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('1) _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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Appendix 1^PROGRAMME LISTINGS

PROORA* . *ACTEL
.PROGRAH RAOTEL CALCULATES T68 PLANS-WAVE HAONETORTELLUOIC PPPPP EA,

o

^

^RESISTIvlit AND PHASE CuRvES AOAIRST PERIOD FOR AR R.I.ATIOED Elarra
CORPLEA 141•P 0 ORCOTH.**H•SUP.00TH.PRODUCT• 8640A
DIRERSIUN PAI4010*g ( 20I.E*SILOht20/
CO*RON/SALLT/ Rm0PARANAONPER100460).PRASE1601
CORRON/OAR/Rwo(201.RID0).RNAs
CIPCPPLAI0,0.1.0I^S91.3.140926536

^19 READ 3.1 -^ST•9.0•10.04.t.3I^SIA1-
c I 4I: A 7,71 3 7uNTIER OF AAAAAA

IFIEOF.60/Ss,3
3 READ 20,ARE,ARR,TRIC00ES
N IS TRE PESISTIVITT is ORRRRETERS
ARE IS THE DIELECTRIC CONSTANT.ANO *ILL 0EidERALL , RE 10.0

C^Alt" IS TI'S RAGvETic PERROARILIT 9.Ge49 AL1T 1.0
.e^UMPIRES IS THE LATER TRICOINESS IN METRES^•

ALL PARAHETERS A*E IN RAS UNITS
2 FORRATIFP.1.2 1 S.1. 0-Sod

IFIEOF.60)50
4 Awl) •A44•401.P1•16.1.8. , *(.. 7I

SIIHOTII•SEPSILONIII•AREA8.654.10.0”1.121
^II.TICANRS^01.1.1^SOO TO 3NIR 

5 sogAxPN
DO 1 0 .4•1. 0 1
101A 0-1^slh2Ps.a
DO 77, 0(.104
RETA.2.00.I.P.SORTID.SAAPu(o)REPSILON(.0.(SORT11.4.1.0/I 0mOIRIP

voRotAl.EPSILORqA1.EPSILOscAl.a.DAPIRRIRF.rIl...1.0) ,
ALPRARsuRtgoETA.RATA•A.oPPIepi.r.v.ARR4AIREPSILOR(x) ,
Ps(A)RCRPLviALpwA.ROTAI

77 CORYIRui
AROTR.CLOWSORTtiPAIIN10/PR(R1.1.0)/(PR(Is11/PR) - 1. 0111
DO 6.1•1.RmAs
litl.E0.1)So to s
ARCOTR RcLoutcSORTITPR0DucT.I.umPRo0ucT.1.0) 1 )

o p4m•PAIIN1/" ( INI )
SURAARCOTH • Pill.
COTR.ICExPisumf.cEARt.su5 II/ICEXPISu4I.CEAPI.su 41 )
IFts.E0.2100 to
PRODUCT • PATIN2//PAIINI/scOT6
NAN.1^SIN141661•1^0IO2 A$N2.1

6 CONTINUE
N•60.All9 2F CI.0.0.PWAPIP10.0...4-7)/PsT1IPCOT5^S

pER1000.1,0/,
mmoAPC1 6ZPZ/01.0•PI•F.P1.1 0 .0•P(..7)1
FIRUPARAHIJWARSIRROA/^DPRASEIJOACAN0421•180.0/01
rA10,00•1•41.301•00.R6602/

IS ColIsut
CALL PLuTtER
GO to 27

88 END

SUNROUTINE PLOTTER •
COHNOWSALLY/RH0PARA.160/0 0601881681 .RHAS6160 /
CALL PLUTIO.3961o0.051•24
CALL PLUT00 0.3*510. 0 •11 ,
CALL PLOT11.56,40.4U1O431
CALL PLUTI0.0.4,3010.61
CALL PLOTIO•00.00/^5003
SO 1.•1061
H.62.4^ •
CALL PLUTIALODIOIRRO PPPPP sj1044.001AtualoIPEO1001.011.8)
KSS

CONTINOt^ *CALL 11400100
CALL PLOY1C.90 7 8. 4 02 1,0)^.
CALL Y0Ar11000WPA 14 9001•04110,11.01
oo 161,010
CALL PLOT(0039 5.R.44ss - 1.0PiJ.D), 3 1
CALL PLO 1 10.0.4,9010 .1.0*(J.11.4) .
CALL PLUTI•1,27460,d133•It,44/4,4k.ss ,

0.1.0.110.0**1..P.11^
.

ENCODEC7.61.PUrIP
91 commot#7.1)

CALL TEA,TtaUr•T,21
161 CONTINUE

CALL PLUTSET(41^.
CALL PLUTI•2.3706..0.3 8 . 8 1'..'
CALL TEATilkm1 IN SECON06 01.2i81

.00 1 62•.01. 4 • '
CALL PLUT•4.2615•14•1/ 14.00/
CALL PLuTt-4.3010.1.1 - 11 40 1.9011
CALL PLuTt-A,6927.1.0. A1 01.0404.410244.^.^.
P•0.I•10,0*•(,)-1)
ENCouEIT,stour)p
CALL TEATIRUr••6•2 1

062 CONTINUE
CALL PLUTSETC11
CALL PLUT0.00 951.*0 7 1,8•4 1
CALL PLuTtnO05A.15.u.21
CALL PLUTI. 8 .7960,U.u.1I
CALL PLuIlsoo0.0.31^•
CALL PLuTco.o.s.0. 4 )^.
CALL PLuT( 4 . 770 2.0. 0 . 41^• Vie!
DO 2..1.1.51^ .
CALL PuOTIAL06101 0 1,.. 4 10D1421saPA$P1 .0
1101

^2 CONTINUE^'CALL ORASEW
CALL PLUT110...20 .0.1 4 )
CALL l'ATI1WRT 114 30 00091.1201
DO 163.J.1.7^ -
CALL PLUT(O410 296.1 5 .4AIJ.1),31
CALL PLOTI0,0,16.0“..7.11•61
CALL PLUTI•0.3160•160**1#°11''S.10, 1
p.0.11•15.0

• ENWEI4,63,PorIP
93 rowmAtIF4.1)

CALL tEsTfeur,4.91

^

163 CONY lout^•

G29 -158A
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Appendix 1 (continued) .

CALL PLOT5ETI41^.
CALL PLOTI.A.1725,0.15.0,11
CALL TAKTIIAR9RAEA IN uEoREfs,1601111
DO 164*.1 4 1$5
CALL RLOT(..0,0795,1 4 .40554,4J■11. 3 1
'CALL RLOT(0,0.18.566561J.11,41^•
CALL PLOTIO.0705,/4.8685.(J.11.A.05.3)
R.1,0410.0• 4 1J.11
ENCOUE47.51.011 ,0

.^CALL TEETADoro,^)
164 CONTINUA

CALL moUAL
CALL PLOTSETIll
CALL PLOTC.0.7950.165.00)
RETURN^SEND

sumRouTINE RwoApLoT
piNENEWN Al200/01Ia 00 /02,W)031200)
READ 11.1.0

11 FoR4AT112)

19 181
4 READ 10.61 140,E6R
FORNAT(09.1)
IFIEOF$6 0 ) 6 , 5

5 A(I) 4 4.101 0•ALOG1OtTI
641(1) ,"LOGIA(RROA .E NR ) .1 . 6
N2III.ALOG1OIRROA.,ENR1 41.0
0011/4ALOG10tRN0A141.0^SN41
GO TO 4

6 DO 16,1110
CALL PLOT4R1(11.X(11.31
CALL PL0TIRVII,X116)
CALL PLOVIR4(1)011I/31
CALL TEI011 04 .0,21

16 CONTINUE
17 RETURN^ SENO

SURROUTINE PolASEPLT
DIMENSION x(200),P1121101.92(20A1. 1,312A01

.^REAR 11.IND
11 ToRmATII21

miND)1 7.00
0 1.1
4' READ 1.1.9RASA.ERR
I FoRmAyg3r9.0

101500 ,b0 IA .0
9 ROIAALODIAITI

91111A9mAsE 0ERR
RVIIARmASEmERR IR31110mAsE ARA
GO To A

,4A Do 16.1 9 11
CALL RLOTTRIII,R11 1 1.1 1
CALL OLOTIR11/02111.41
CALL PLOTIX(I),P 50 1 . 31
CALL TEATI1Noo0,21 .

14 CONTINUA
17 RETURN^SAND

SOGROG7ING 'OHL
COND0N/D6G1MGO(20/0112010040-
DO 70111010047
..00.0*(L■11 417 .0
CALL PLOT(1,59,0,31
CALL PLOTI3.500,41
CALL 9LOT11031D,A - A. 9 . 31

pelmOILI^sksCODE1141.9900/P
99 0ORmATIA8.1A6m Ommmm)

CALL TAAT(Ru 0 .1 4 , 21

^

IFIL.Eu.NmAx 100 TO 701^.

POW .^604000113.10041171P

IAD FOxmA713A.70.1.2N
CALL TEATIDur.13.2 1

701 CONTINUE
RETURN^SEND •

G29-159A
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A YES

I^NMAX= N
)=0

J r. J + 1

1N1 =N-1
1N2= N —2

K=0

K=K+1

1=1
5—F=5x10

Read
R= resistivity

AKE= dielectric cons(
AKM= magnetic perm.

THI CKNES= layer
thickness

AMU(1) =^x10-7 x AKM
EPSILON (1)=8.854x

10-12 SAKE
H(1): THICKNES
RHO(I) = R

PKH=PK(IN1) H(1N1)
SUM= ARCOTH +PKH

uCOTH= e ms + e—sum

es um - e —sum

PRODUCT =COTH x(PK(IN )

/PK(IN1)
N= N —1
IN1=1N1 —1
IN2=IN2 — ;.

Z =^: N= NMAX
PERIOD(1)= 1/F
RHOA =
RHOPARAM(1)=111140A1
PHASE() )= ARC( RH OA)
F=

/ Read
^ N= Number of

Layers

• ARCOTH =

log liPK(1N1)/PK(N)+ 1 
PK(INWPK(N) —1

YES

NO

BETA =
ALPHA =
PR (K)= CMPLX
(ALPHA, BETA)

NO

1=1 + 1

NO

1=0

ARCOTH=

1 „.. I/PRODUCT+ 1
."6 Enr-7E-.I CT
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