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interpretation of Time-Oomain Electro"n'Sonetic oounoinns 
in the ;-i3ndsburyf California^ 

Known Geot hern-̂ a 1 Resource Area 

oy James Kauahikau.3 

A conc ro 1 I ea-source/ time-aomain e I ec t romaqnet i c (ro£>i) 
sounding survey was conaucten in the Kandsbury, California/ Known 
Heotherrnal Resource Area ( K G K 4 ) between s'iovember 3i;, IV77/ and 
Oecemuer 13/ 1977, The data w^ere inter,:;reted us inn layered-earth 
l^avidon-F1etcher-Powei1 and Marquardt inversion computer 
orograms. The resultSf which are listed^in the apoendix, show 
tnat the area contains a good concuctor at depths ranginq from a 
few hunared to a thousand meters below ground" surf ace. 
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O A T A HFOUCTlOfi AMD INTEKPkETATIUN 
Along with the magnetic field recording, an aoparent 

conductivity was estimatea at some locations on the basis of the 
amount of time required for tne vertical magnetic field to rise 
to naif of its OC (late-time) value, thajf. The formula is 
derived from a normalized halfspace response model ana is 

apoarent conductivity = 6 .5*thalf/r**2 

where apparent conductivity is in mhos/m, 
thalf is in seconds, and 
r , the source-receiver spacing, is in kilometers. 

The following is a partial list of the soundings and their 
associated aoparent conductivities as computed in the field: 

sounding a o p a r e n t conductivity 
1 . 0 9 ^ m h o s / m 
2 .067 mhos/m 
3 ,05 m h o s / m 
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H E S V L J S 
All s o u n d i n g s fit a t h r e e - l a y e r model of l o w - h i g h - l o w 

c o n d u c t i v i t y s t r u c t u r e q u i t e c l o s e l y . The error of the fit was 
alw.ays much less than tne m e a s u r e m e n t error ( d e t e r m i n e d by 
s t a c k i n g ) . T h u s , m o r e c o m p l i c a t e d m o a e l l i n g (four or m o r e 
l a y e r s ) was not w a r r a n t e d . F i g u r e P i s a c r o s s - s e c t i o n 
d i s p l a y i n g the IDtw r e s u l t s a l o n g s i d e tLF f r e q u e n c y s o u n d i n a 
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results at the same sites (Anaerso 
shaded in. Agreement is reasonable fo 
becomes marginal for soundings 1 and 
conductivity determined in the field f 
agrees very well with the conduct 
determined by computer inversion. Fig 
sounding interpretation (Anderson, 19 
sounding interpretations at the same 
agreement between all three propos 
character of the suosurface structure 
conductivities from both TDFM and ELF 
than those from the Schlumberger data. 

n, 1978), The conductor- is 
r soundings 5 and 9 and 

ti. i-jote that the apparent 
rom the half-time formula 
ivity of the surface layer 
ure 3 shows a Schlumberger 
78) along with TDEM and E L F 
location. Note the good 
ed models for the general 

The interpreted layer 
data are generally greater 

Close examination of the parameter correla 
the standard errors shows that the TD£M data 
to the conductivity-thickness product for the s 
magnitude of these products is between 35 
individual standard errors (of the product) o 
percent. This is of course why thie second la 
a r e unrealistica11y high and the second 1 
unreasonably thin and why their standard er 
The product alone is determined, not the indiv 
Many times, the second layer conductance is pos 
with the first layer thickness, although this 
by the soundings as a group. 

tion matrices and 
are very sensitive 
econd 1ayer. The 
and 600 mhos with 
f about 3 to > 6 
yer conductivities 
ayer thicknesses 
rors are so Iarge. 
idual parameters, 
itively correlated 
trend is not shown 

Of the el 
12 were somew 
3 did not stac 
profusion of j 
attempted, T 
from the sourc 
problems were 
attempted for 
infinite wire 
program. Ther 
and a two-1aye 
The data for 
the source w i r 
be zero. Howe 
too large 
magnetometer, 
taken to be 
and at its een 
relate to real 

even soundings, the data from soundings 3, 7, and 
hat difficult to interpret. The data from sounding 
k well due to a bit reaoina error which caused a 
umps of magnitude 256, Interpretation was not even 
he data for sounding 
e wi re C see f i gure 

encountered when 
this distance from a 

models were not 

7 were recorded 10 meters away 
1 ) , Considerable numerical 

IDEM model calculations were 
1528-m-long source wire, and 
implemented in the inversion 

efore, the source wire was approximated as a aipole 
r model was interpreted (listed in the appendix). 

sounding 12 were recorded straight off the end of 
e where the vertical magnetic field was expected to 
ver, the measured field was surprisingly large 
to be due to a slight misorientation of the 
Again, modelling was impossible so the source was 
a dipole oriented perpendicular to the source wire 

ter. Exactly how these last two interpretations 
ity or the other soundings is unknown. 

Finally, the vertical magnetic field data were used to 
estimate the magnitude of the primary magnetic field as is done 
in the magnetometric method of geopKysical surveying (Edwards, 
197iJ), The theoretical primary vertical field is given, for 
example, by Kauahikaua and Anderson (1977), The following is a 
list of observed and theoretical primary fields for each sounding 
plus the magnetometric anomaly* (obs-theoretical)/theoretica1, 
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xpressed in percent: 

sounai ng 
I 
2 
3 
a 
5 
6 
7 
8 
9 
11 
12 

observed, amp/m 
5.35e-a 
2.66e-4 
7.28e-5 
2.a6e-a 
2,90e-a 
7,71e-S 
9.36e-3 
l.52e-3 
1.81e-a 
8.a6e-a 
5,87e-a 

t h e o r e t i c a l , amp/m 
4,aae-a 
2 ,86e-4 
2.12e-'4 
l , 3 0 e - 3 
3 . l 2 e - a 
l , 8 1 e - a 
1 .9 le -2 
U 6 7 e - 3 
2 . l 2 e - a 
1.31e-4 

0 

anoma1y 
+ 
-
-
-
-
m» 

-
- • 

-

11 
7 

66 
78 
7 

57 
51 
9 
15 

+546 
infinite 

The anomaly values are contourea in figure 1. Ihe values are 
generally large, suggesting the existence of lateral 
inhomogeneities, but the contour pattern is not defined well 
enough to warrant more quantitative interpretation, 

A similar analysis will be possible for the horizontal 
magnetic field data upon completion of the reguirea comouter 
programs (now in progress). Future TUEM sounding surveys could 
possibly utilize vertical magnetic field data as well as 
horizontal magnetic and electric field data. One possible 
drawback to the use of horizontal fields in sounding work is that 
they appear to be more contaminated with noise than the vertical 
fields, requiring more sophisticated stacking and smoothing 
routines than have been used here. 



page 6 

REFERE.SICES 

Anderson, W. L., 1977, Marauardt inversion of 
field measurements from a grounded wire source: 
Geological Survey Report USGS-GO-77-033, available 

vertical magnet i c 
Ll. S. 

beoiogicai ourvey Keport uibi-ou-//-u.5i, avaiiaoie 
only from U, 3, Department of Commerce Natl, Tech, Inf. 
Service, Springfield, VA 22161 as Report P8-26i-924/AS, 
76 p. 

Sci 

,. 1978, Interpretation of electromagnetic extra-
1ow-freauency soundings in the Randsburg* California* 
Known Geothermal Resource Area: U, S. Geological 
Survey Open-File Report 78-562, 22p. 

Edwards, R, M,, 1974, The magnetometric method and its 
application to the mapping of a fault: Can, J, Earth 
V, 11, p. 1136^1156. 

Fitterman, D, V, and Stearns, C, 0,, 1978, Transcription of 
Gould 6100 data logger cartridges using the HP-9640A System: 
U, S, Geological Survey Report U3GS-GD-78-007, available 
only from U, S, Department of Commerce N'atl, Tech, Inf, 
Service* Springfield* VA 22161 as Report Pb-278-994/AS, 
56 p. ... 

Kauahikaua, J, and Anderson, rt, L., 1977, Calculation of standard 
transient and freguency sounding curves for a horizontal 
wire source of arbitrary length: U. S, Geological Survey 
Report USGS-GD-77-007, abailable only from U, S. Department 
of Commerce iMatl, Tech, Inf. Service* Springfield* VA 22161 
as Report P8-274-119, 61 p. 



page 7 

o. 
Mra9,9n* 

~ ^ l W 

- V -

v-;^-

• i ^ 
/ : - ^ MJJSM.X 

k ^ \\. 

. 'M ; ^ j 

• « A M .. • ^ . - - - • . . ^ . • 3s»2iS6 

.-^^^ 

QUAMAr.iOL£ LOOtnON 

,•- N 
RED MOUNTAIN, CALIF.--i. 

iZJ* PAN0S8URO IT OOAO.IANOtE _ / 
N 3 5 1 5 — V / H 7 3 0 / 7 . 5 

j \ - : ^ -

. -̂  \ 

'̂ pv 

\ 
1967 

AMS 2454 I SE-SERIES V899 
• / • " 

I \ 
I \ 

1 \ 
« I - Ki^^: 

-''J . 

1 \ 

r-£ET 

aM 2670 *«-

van 0 
Hi. M >5= 

lOOO 2000 ?000 «XIO MiO 6009 WOO r : n 

I 5 I KiLCMcrcii 
X 0566^ =V 

1 •" ' t i l ^ 

( / Brawn.-

CONTOUR INTERVAL 2 0 FEET 
DATUM IS MEAN S£A LEVEL 

i f / 
•3«oo'- -\ 

• i r s * iirso 

Figure 1. '\^s^ of the southwestern section of the Randsburg* 
California KGRA showing locations of the source wire and 11 TDEM 
magnetometer sites. Magnetometric anomaly values (percent 
anomalous field values) are contoured; at an interval of 50 
percent. 



p a g e B 

5fi«i^ 

•ItJ6H BLf 

-

.63 

lO««i\-» 

. . . . 

> ^ 

' - ^ 

»o« 

Ul 

o 
2 

1 SD£i 1 

Tte«1 BLP 

.Ob? 

w? 

vo« 

• 

.0»> 

NN 

.oiS 

SDt, ^ SOt\ > ifcfc, a 

TDBM -roen TCCH etP 
. 1 ^ 

boo m-» 

.Ofift 

.o-rt 

: ^ 

.ft 

.ofe 

^ ^ ' l • 

.ooo5 

.toy I 
.ooS? 

Figure 2, Cross-section perpendicular to the wire source in 
Figure 1 showing both TDEM and ELF sounding interpretation. 
Horizontal distances are not to scale. 



page 9 

J A i l 1 ^ .̂  0 100 iOOO 

AB/2, DEPTH, IN METERS 

Figure 3. VES-8 Schlumberger sounding and interpretation 
(modified from Anderson, 1978), Shown also a r e the 
interpretations at TDEM and ELF sounding 8 for comparison. 
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APPENDIX 
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Randsburg TDEM sounding 2.3 : Hz component 

phi standard error 
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i 
2-

1 
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parameter correlation matrix 
*' 4u 4. 

it. .9226 
a, .97 23 .985 6 
â  -.9231 -1.0000 -.9857 

fctr -.7709 -.8070 ,.8013 

standard 
error 

ax 
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<v 
<» 
A. 
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4c4^»< 

f i n a l 
p a r a m e t e r s 

.047 
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l . e - 5 
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Randsburg TDEM sounding 6.1 : Hz component 

standard error 
0.804074 135183 

parameter correlation matrix 

A .0310 
d. .2804 
dv -.0430 

fctr -.7623 

final 
parameters 

.9616 
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Randsburg TDEM sounding 9.1 Hz component 

phi 
1.95297 

standard error 
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parameter correlation matrix 
' l 

<v .0387 
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Randsburg TDEM sounding 11.1 : Hz component 
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