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voir st ony depih of commexcial 3nternmst, Seven dipole scurces

PER

: were used (o provide covaevage of the Velles Caldera prospect,
with overlapoing mzasuvements being made in the most promising
arca,  Quer £00 reasaremuents were made about the seven- dipole

4 N .
‘: ) of investice Lor to detecy the presence of a gecothermal resern-

sQuxrees,

I

Schlunhevesr directe-current coundings- were made using a

has long been token &s standavd (scoe Keller

ard Fyiscnknecht, 1007, fer a deteiled discussion of resis-
tivi ocunding), Resistivity measuremants were made with an
ay of Four electrode contacts, gpaced along a strajght line.,
by provided to the ground through {he outexmost pair i
inney pairx, ;

technique which

{ c¢lecivcdes, while voliage was weasured with ihe
Tha doptn to which 2 boundsry in resistivity can be detectas
is rovghly half the separat: onib*+wfon'th° cu

In making a counding, ‘this separation in incre
tally o pr‘vi*7 successively an ater depths o
Spacings ronging Irom 3 meters to 450 metexs (ha
elactrode sepafation) ware used for the soundings d
this report, A total of seven socundings were nmade
wwacial interest, as Jnuncatnd frxom the resulis of

a e
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diprole mapping aurv“v&._
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“The details of field techniques, data xeduction vrecedures
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report, The resistivity structures recognized at the Valles
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: inmeaiately, Inferences regaxding the probeble existance of
o grothexmal weosexvolr capable of sustaining powey production
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SUMMARY OF THE RESULTS CF THE SURVEYS OF THE

VALLES CALDERA PROSPECT

were corried out at the Valles

Dipole Mapming SUIVEYS
spurces, located zs shown

Caldera prospect usping seven dipole
Jamez Springs and Frijoles Lj-minute

{ <
copy UI pu- £ticns of the Jamez
C tes), Convour naps of the values forx

) se p‘awq coniain
sonrces,. and the contours for the two
i -inuous from one parxt

It sheould ba n d
data from two dipo!
sats of data 50 DX
of the map to the other,

topoaraphic Guodrangle
apparent resistivity ave aiven en Plotes L, 3, 5, 7 -#nd 9,
accompanying this report, vhile contour naps of valuns fox
apparent cenductance ave given on Plates 2, L, 6, & and 10.
tha
N

.

Histoorsms showing the dis
sistivity and cenductance axe given in Figures

ributions of observed values
2 end 3,

e
[9
P

e
P

of Wi

rospaetively. The median v’lue for scmewhst nmoxre then 600
Goterminntions of apgn,nnt resistivity is 31 ohm-meters,
while the rodian valve for conduets 'nee frem the same group
oF measuyeiants is 80 sahos, Ceusidering thez definition of

apuarent cenduciance, the average cnlckn651 of the suxrficial
porous roeks in the mrospac ct arws is no greater than 2.4 km,
{the product of the median resistivity end the wmedian cone

duct&xcu).

‘The general feoatures of the various d;ﬁolc maps (Plates.
1~10) that shonld be noted are as follows:

tivity and conductance
e presence of

raps for sou ce ave an‘ actexire
swath of low resistivities, gencexally less than 20 ohu-n=texs,

vending fron noxtheast to scuthuest, about 4 miles in width,
but centexed on Sulfur Creek. Within this swath, saveral

erialler areas with res sistivity less than 5 ohm-meters axe
outhwuest

yrﬁ ent, as on the xim north of Herseshoz Spring,
of xlfur bprnvq, and at the mouth of Alamo Can‘on. The

conductance in the swath of low roclst1W11v anounts to only

15L0-200 mhos with the exceptions of the three arxeas just
1 J

nentioned, where the conductance exceeds AOO mhos,
st and of Redondo Boxder): These naps

Digole 2 (Southves
confirm high yalues for conductanca, exeed ding 400 mhos, and
han 5 cohm-necters,

low values for apparent resistivity, less 1
oy the area north oif Horsasho ‘wrings. The area of gengrally
noe 2C0 to 250

I
1ow resistivity and with conductance in the za
mhos owtends from this area OdS‘V“’d th*ouqx Sulfur Springs to

S
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F.

’sburco nLOVIdbd the highest resistivities (grcater than 100
‘ohm-metexs) observed in the vValles Caldera prospect, There

" Credl <o the southwest, Resistivities observed along Sulfur

'prov1d, coverage over the areas seen as having low resistivity

the west -side of Redondo Peak, However, the feature becomes
disconiinuous as one moves e¢ast towards Redondo Peal,

Dipole 3 (Valle San Antonio): The maps about this source
are characterless with the exception of a small region with

resistivity less than 6 ohm-meters and conductance of 400 to 50

mhos - along San Luis Crcek

Dipole 4 (Vd)le Grande): Measurcments made from this

is apparently very little porous rock in the southeast quarter
of'the Coldera,

Drpo] 5 (Vvalle Santa Rosa): No sharp changes in resise-
tnvxty'or onductancu were observed in the area mapped from
this sounrce. 'The resistivity is high at Cerros del Abrigo,
gradua r]y dncr0351ng toward the north rim-of the caldera, The
conducuqnce-anthe caldera moat, along Valle San Antonio and
Valle “oledo, xeaches about -200 mhos,.

. [ . _

:3igge 6 (Redondo Creek): This source is characterized
by the presence of an anomaly st the head:of Redondo Creelk
with an appavent resistivity of 7 to 8 ohm-meters. A swath
of moil-vate resistivity (<50 ohm-nmeters) follows Redoncds

Creék axe 45 to 70 ohmemeters, considerably higher than values
observed at the same locations-using dipole 1, Hovever, there
is a suvath of moderately high conductance (180-200 nhoq) thavy
passes ihxough San Antonio Mountain and Mushroon Ldﬁln
generatly paralleling the rim of the Caldexa, The fact that.
about ihe same conductance is scen in this rogion using sources
1 and O, while the resistivities differ, indicates that the

low resistivity zone is relatively shallow.
Scurce 7 (Valle Seco), Measurements from this sourxce

from sovurces ), 2 and 6, The results confirm the existence of
low resistivities (f)O ohm-nkters) and high conductance (130~
180 mhos) along the Sulfuxr Creek - Mushroom Basin - San Antonid
Mountain trend, This major trend shows a minor spur extending
to thit head of Redonde Creek,

. These resulils are suimarized on Figures Iy and 5, maps
shoanu the locations of regions with low resistivity and
high conductivity, respectively, In this presentation, a low
resistivity 35 taken to be a value of 10 ohm=meters or less

and a high conductance is taken-to .be a value of 200 mhos or

more,
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The vesulis Civin the various dipoles do not suen to anvoe

13

(w : at fir.l oexowination, but tha failure to obiain siwilar values
i of apparent resistivity at o given site using several different
' expuated in an area where Lthe conduce
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Measurensnts wmaae
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Of resistivity varintion in the surficial rocks, aveas. with
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Three conventional resistivity sound;ngs with a maximum
spacing of 450 meters werxe carried out along Sulfur Creek (se
PFigure 1 for locations), and four soundings were made along
Redondo Creek, These two sets of soundings are shown on
Figures 5A and 5B respectively, They all have a very similar
character, and provide essentially the same intexpretation
when evaluated with a standaxd curve-matching procedure,. For
the soundings made along Sulfur Creek, the shape of the curves
is dominated by a thin surface layer of high resistivity, with
a thickness of only 8-15 meters, and a resistivity of 200 to
300 ohm-mweters. This layer is underlain by recks with pro-
gressively lower vesistivities, until a resistivity of 12 to 13
ohm-neters is reached at a depth for 400 to 450 neters, At
location &, the resistivity at depth is especially low, de-
creasiilng to only /4 ohm-meters at 230 meters depth, but then

begins to increase at greatexr depths,

' A!ong Rcdondo Cxeek the thin surface layer is only about
8 meters thick, but has a resistivity of 150-400 ohme-neters.
The reyis »Lvltylthcn ddcreases to a value of 8 to 12 ohme-neters
at depths of lJO to 180 meters, increasing again at greatex
depths. | E '

In areas such as the Valles Caldera vihere laoteral resis-
tivity changes are marked, it is not possible to cxpand a
Schlumboxger array to the large spacings vequired to detect
bascwment, and yet meet the roquirpments,for lateral. uniforwity
imposed by interxpretation procedures However, electromagnetic
soundirngs provide a paxtial soluilon to the problem of obtain-
ing imorsiation from greater depths, Electromagnetic soundings
cannot be interpreted with as much resolution as Schlumbarger
soundirQQ, but arxe faxr less affected by lateral changes in

esistivity., The interpretation of electromagnetic >ound1ngs

is di:uu ssed in Appendix II,

-Eightccn electromagnetic soundings weve made as part of
the Vailes Caldexa e]cctrlcal survaey, and the data and reduced-
curves axe al 50 included in Appendix II, Thesc soundings were
made primarily in Sulfur Creek Valley and Redondo Cxeek Valley,
as indicated on the map in Figure 1, The intcexpretations
px covided an average res istivity for the conductive surface
rocks ond a depth to resistant basement, as listed in the foll-

‘owing Thble:

Table, Electromagnetic interpretations .
Souuding nunbey Surface rcsistiVity Depth to basemen
501 27 ohmwn 3500 meters
502 19 2500
5073 Lo 2100
506 16 2600
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Apparent xesistivity,
ohm-meters
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1000  frmrmerdmenle et it e
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- .

Figure 5A, Three Schlumbergexr resistivity soundings run along
Sulfur Crcek between Sulfux Springs and.Alamo -Canyon -

GROUP SEVEMN

L . T 11A




E—C [~ B .u’n_]‘

Apparent resistivi

ohm-meters
1000
100
10.
1 . .
1o 10 . w00 © 1000
A Schluwberger spacing, AB/2, meaters

Figure 5B, Foux Schlumberger resistivity soundings run along

Redondo Creek,
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"elcctrumAQneth qoundlng Lurves for the case of a buried
"have & resistivity gencrally between 10 and 20 ohm-meters

-Along +the northern moat, in the Valle San Antonio area, the

. of ground with low resistivity paralleling Sulfur Creek has
1400 muters on the average., The strong anomaly north of

‘thickness, but with a rdsistivity reduced to 3 to 4§ ohm-neters,

effect of a relalively thin section of porous rock, and a -

507 . 12,5 ohmem - 2400 meters

508 18 3200
601 ' 13 1350
602 12,5 1770
603 20 : ‘ 1020
604 ' 19 - 1170
605 18 : 1400
606 o 3.8 , 820
701, 19 >2000
702 . 21 - >2300
704 o 22 ' " 1800
706 - 17 1850
707, 19 1950
708 10 o . 2500

t
1

o
It should be noted that even with high- qual:ty data,

resisiox provide a resolution in depth dcterm)natlon of
no betiex than‘*‘fo rexcent, Considaring this, Lhc electxo~
magnetic soundings indicate that the porous surficial rocks

in the Redondb and Sulfur Creek areas, with the depth to
basement being approximately 1400 meters in the Sulfur Creek
area and approximately 2000 meters in the Redondo Creek area,

resistivity is somewhat higher, being generally 20 olm-meters
ox more, and the depth to basement is greater, being approxi-
mately 2500 to 3000 meters, This greater depth to basement

in the valle San Antonio explains the moderately hxgh values,
of conductance obscerved along the northern rim of the Caldexa

on sevixal of the dipole maps,

¢

“Censidering all these data, ifbappears.that the swath
an average resistivity of 10 to 15 ohm-meters to a depth of
Horseshoe Sprlngo probably represents rocks with a comparable

This pattern of resistivity -- a sharply bounded region with
rcslst‘vlty of 3 to 10 ohm-meters -- is typical of gccthc:mal
systems in othéer parts of the world, -The total conductance
observed in the anomalous arcas is considerably lower than that
in most geothermul fields, Typically, conductance reaches
values of 1000 to 2000 mhos at places such as Wairaki, The low
values in the Valles Caldera probably result from the combined

porosity that is somcewhat lower on the average than Jn most
geothernal flelda found in volcanic rocks,

GROUP SEVEN
o

i
ll




“the ampount of watér contained in the rock and the resistivity

| a volcanic rock as a function of water content should be
~similar to that shown in Figure 13,

 volcan1c roclk may ‘b2 estimated from its rxesistivity, if the
resis txvxty of the water contained in the pore space is known,

fstaurated with low~salinity surface watecs, which is
“considexring the elevation of the Caldera and the age of the
volcanic rocks comprising the porous section,

“by free uallnuty. Therefore, deteérminations of ﬂalmnxty on

‘place in a rock.

"However,

“bettex information, this value might be uwd also for volcanic

EVALUATION OF RESULTS

In addition to using ‘the resistivity data described in the
preceedxng ‘section in delineating the boundaries of conductive
areas associated with the occuvence of hot water in the sube
surface, these data may sometimes also be used to infer other
characteristics of thermal aveas, It is well known that the
resistivity of a porous rock. is determined almost entirely by

of that watexr, The resistivity of water is in turn determined
by salinity and temperature, The variation in resistivity of

taken from a compilation of

data for ‘volcanic rocks fyrom the southwestuern United States
(Keller, 1960). ,The amount of water-filled porosity in a

Tha porous ;ocks in the vallcs Caldpra appear to be
reasonable

Untortunately,

[T

when a.rock is saturated with water having a salinity of less

than .a fow thousand parts per million dissolved solids, the
conductivity of the water in the pore styuctures is detexndned
more by cation exchange effects and: suriace conduction than

watex sauples taken from springs oxr drill holes are of little
use in estimating the effective resistivity of the water in
The degree to which watexr conductivity is
affected by ion exchange and surface conductance depends on
the clay content of a xock and on.the grain size distribution,
rox fresi-water saxated rocks in the southwest, it
has been observed that water in place at xoon- tenperature has
a vesistivity of approximately 1.5 ohm- meters, For lack of

rocks at the lelebACdldoxa (Keller, 1962),

In ordcr to'estimate porosity, we need to select rxepre-
sentative values of resistivity from the field data, Cons

data, w2 might select the following resistivities as representi;
the surficial rocéks in various parts of the Valles Calderxa:

I. Valle Grande (area showxng least

thexmal effects): 80 to 100 ohm-netex|

2, Norxthexn moat (Vallé San Antonio) 20 to 4o phm-meterj

. 1derlﬁg
the histograms in Figures 2 and 3 along with the various sounding

s

2 to 15 ohm-meters

3. Sﬁlfur Creek trend _ 12
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L., Horseshoe Spranq and Alamo Canyon

anomalics 3.5 ohm-meters

o ,lﬁ«",«,»."‘ '
The variation in resistivity from one area to anothex may
be a consaquence of a change in porosity from one arca to
another, a change in temperature which alters the resistivity Sl
of the pore water, or possibly a change in water salinity. No S
informsiion is available from the electrical surveys to indicatc IR
which factox is the actual cause, and indeed, the variations
- { wmay be the result of changes in each parameter simultnneously.
R However, we can estimate what the maximum change in any one
parometer might be from axeo to area by assuming the change in
resistivity is caused only by a change in that parameter, Such
maximun changes would be as follows, if the changes were due
only to variations in average porosity of the porous intervals

v

LRV

_Area o Porosity for water resis-
) o o tivity of 1.5 ohmemeters
o o . at surface temperaturxes

o ><‘Va].1ev"Gi:ahde“ ’ | 04 &
| . Valle San Artonio .13 - ,17
Sulfur Creék Trend .24 30 | t
ﬁorscshoe Springs éboﬁt .6 N
fhaSe values arcfsubject to erfors made invassuming the : ?:fzf

proper .wat er resistivity. More reliable estimates could be
made by combining the resistivity information with seismic
velocity detexminations (for an independent gstimpte of
poresity) or grnv1ty data (for an esl:natc of rock donblty)

The variation-of’electrical‘resistivity with temperature
in dilute solutions of ionic electrolytes hos been studied by
fuist ard Marshall (1966, 1968), and on the basis of their dnta,
a gorrccrlon chart for the effect of temperature on the resis
tivity of water can be prepared (F:gure 14). At pressurxes dnd
tempexatures below the critical point for waterx (374.49 C and
218 bars), the resistivity of water. decxeases with increasing
Ctemparxature until the boilihg point is reached; above the
boiling point, ‘the resistivity is effectively infinite, Near
the critical point, the behavior is somewhot different: the
resis t:v:iy still decreases with increasing temperatiure, but ‘
then, rather than increasing abruptly at the boiling point, the ,
resistivity passes graduslly through a minimin value and at G
highex temperatures, increases gradunlly,  As the boiling point . [
“is raised by increasing the ambient pxos»ure, the -enhancement
in electirical conductivity. becomes more pronounced, ampunting B
to a idLLOY of 7 by the time the Lflthul pressure and tenper- T
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ature are reached, 1In volcanic rocks, pressure increases with
depth at a rate pf at least ,030 bars per meter of buxial, if i
pressuxe is simply hydrostatic., For reservoir depths of 1 R
kilometer, we would expect resistivities to he lower by a
factor of 4 to 5fox rocks heated to just below thé boiling
point, while the resistivity would be very great if the temp-
erature were greatexr than the boiling point, At depths beyond
"3 kilometers, temperatuxes high enough to cause high resistive'

ity cannot occur, and so, in de¢p reservoirs, there should

always be an anomalously low resistivity, : ,
, If the temperature is exactly at the boiling point, steam ket
and watexr can exist simultaneously in the rock, In such a L
case, the enhancement in conductivity is less and might not W
provide.a reasonable target for electrical exploration, However) L

a reservoir in which a large fraction of the pore fluid is
steam would not provide much capacity for power production
because of the low enthalpy per unit volume of steam in com-
Sparison with that of hoiling water (see Figure 1)) The =
enthalny of boxl ing watex passes through a maximum: at about
320° ¢, At the bﬂﬁe temperatuxe, the enthalpy pex unit volune
of steam is only 10 pexcent that of water, At somewhat lower

temperaturces, the enthalpy of steam drops to less than 1 percent et
“that of boiling water, Therefore, a geothermal reservoir with -

a high cnexgy content will alwayq be wet and e> hibii an anen~
alous]y low xesistivity, :

Considexing now that the chanaes in resxst1v1ty from.area
to area are a consequence only of changes in 1cmpqrature, and
that porosity remains fixed, using the curves from Figure 14,
rrive ot the following temperatures for the four arcas:

we-a
Valle Grande 20° as;éumed - ; \ o ;
‘valle San Antonio ‘ 1300 . | 5
Sulfur Creek Trend . 220°
HorseshbG,Sprin957 "f-. Not:eX§lainab1e in terms

‘of temperaturxe alone,

It is apparent hexe. that the extremes in resistivity are
. too large to bhe expléined only by temperature erfects, and an
" | increase in porosity must also be observed in the areas of
particularly low resistivity. An increase in porosity may be
S traded off against an increase in- temperature in explaining
“thae change in resistivity from area to area as shown by the
curves in Figure 16, Fron these curves, it is apparent that
a relatively winor change in porosity will degrace the tenp- i
erature differences to a greater extent than is compatible with

temperatures alieady observed in drill holes in the Sulfur ‘ -
Creek arca. The most rcasonsble explanation at this stage is ' }f:
- GROUP SEVEN . M,
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Ratm of resistivity to that
at Valle Grande ' : ‘ _

1.0 \"3 ﬁé" Gran Qi

i
B R 2 R

»,..,;_r.. PR

1Valle qun Kh{onxo

1009
cmpexature,’?cr

FIcht of chnnglnq porosity on thc tempcratule

rlguro 16
a]ucs observed

diJJQfOUCCq interpreted Lfrom xe reistivity v
1n various parts of the Valles Cu]doxa
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“Sulfur Creek arcas, perhaps only 10 to 12 percent,

. represented by the enthalpy. It l
2. to 20 percent of '
“to. electt1Cd] enexqgy,
'low-reglut1v1ty anomalous -axea

or agsumvng thP same efflcxenc1eq,for eunrgy cnnversxon,

capermeabJo zones for pxoductlon may be net,
bec cause production would: bL larqely through fracture Aghannels

porosities arxe generally low in the Valle San Antonio and
but ave

locally highexr at Horseshoe Springs and at the mouth of Alamo
Canyon, .

Thesa bpoculbtions may be used to estimate the maximun

amount’ of energy. asvailable from the thermal areas napped at the(

Valles Caldera, The area of the anomalies at Horseshoe Spring

and Alamo Canyon is approximately 4-1/2 square kilometers, The
thirknesa'of the conductive sequence is about 1-1,2 kilometers,
“ Assuning

qmv1ng a’ reservoir volume of 6,75 cubic kilometers,
an average porosity of 25 porcent gives a volue of 1,68 cubic
kilometers for the. hot water in the reserxvoir., According to
the curves in Figure 15, the maximum energy content for this

woter would be slightly more than 200  calories p°1 1000 cc¢, or

| in terms:of the electxical equivalent, 2,66 x 10" *Megawatt-
For the cntmre ruservoxr volume, this neans

yeaxs per 1000 cc, -
Ftherc ‘would be a maximum of ©

L, 5 x 10"3 Megawatt-years of en»xgy

ias been cgtlnatod that from

the energy in.a resexvo;r con be converted
so the maxlmumfxecoyorable enexqay in the
s of the Valles Caldzra would be

90 to 900 Megawatt years,
In addition to the energy available fxom these tvio small
areas, one might also consider the energy available From the
Sulfur €reeek trend of low res sistivity rocks, * This trend has
a nuch laxger area, amounting to about 30 square kiloneters, ox
assuming a reservoir thickness of 1-1/5 kilowetexs, a volume.
of 45 cubic kilometexs With a porosity of 12,5 percent, the

volumo of water p)esent would be 5,62 cubic yllOﬂhtPfu. The
nthalpy of thx: watex would be at ltb naxinumn
82 x 103 Megawatt-ygarf'“‘f
the

convelttblc lectr:val enexqgy would be
léh,to 1640 Megawatt years

With a low-porosity reservoxr, some difficulty in lorating
On the other hand,.

it is likely the rescrvoir would" act as a "dry steam' reservoir,
- It should also bhe p01nted out that the encrgy calculated herre
Jb only the enexgy in the fluid content of the rock, In a low
porosxty rock, an equal amount ot energy, or even more, may be
'torAd ws hedt in the Olld pha es.u
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| being made, Becosuse the dipole source is fixed in location

APPENDIX XI: DIPOLE MAPPING SURVBYS
. In a dipole mapping survey, as the expression is used here, .
a large amount of eclectric curxent is caused to flow in the
earth'between e¢lectrode contacts sited in the general vicinity
of the target axea, As the current flows through the ground
from this dipole source, the flow pattern will be governed in
detail by variations in resistivity in the ground to a depth
compaxab)e to the offset distance at vhich the measurements are

while many measurements of electric Ffield are made about it, any
electrical. non-uniformities nesr the source will affect all the
measurenents siwmilaxly, and the variation in the characteristics
of the electyic ficeld from observation point to observation point
wi.ll be fadicative of the electrical structure of the ground
5rimatily‘in the’vicinity of-the-measurement,sites.

.

fggneral scheme of a dipole mapping survcv is indicated
1797 For the surveys carried out on the Valles

S measuring voltages bctuecn electrode pairs at wany. points about
‘the source dipole, DBecause the direction of curxent flow at a

’voltageg vvciorlally.

: afptaapect ’dxpo]e lengths of 1,5 to.2.5. kilometers were
‘used, - XIn most capes, the dipoles were grounded at metal road.
qu]vcrta.j In:one! or two cases, grounding was obtained through
lth wc]lfc"51nqo.. Power was talken from a lO-KVA moior
't The 220-volt single~phase 60 Hz output of the
was steppvd up to 660 or 860 vo]l w1th a trans fO)mer,

CdUgG vﬁrrcnt to IJow first one way and ihen the othex in the
céhle cornecting the power supply:to the electrods contacts,
The pericd of reversal of .the current flow was selected to b2
“b seconds, so that the frequencies contained in the waveform

£ “the cnrrent would be sufficiently low to avoid problems’ with
,ctromaqnctlc attenuation of the current ficld and lack of
penctrat:un caused by skin-depth effects, The current waveforn
‘ casviatrical, with the duration of current flow in one
dlrectnon being about 4O percent greatex than the duration in
"1h“r'vth1¢ pxovlded a-means for assigning a polarity to
oltnqp detected at the recei iving sites The osmplitude of
cur:vnt_ teps was recovded with an analog recoxder and-
mon1tornJ VL sually with an. 1nd1cat;nq meier, " Usually, currxent
°tcps m_ »h ampl: wdw' xan g:mg from 10 to 20 ampCle vere uscd,

'Thn urlort fiold flom ‘a sourca. dipole was mappgd by

measurement point is quite unpredictable, the total voltage drop
must be dztermined by making messurements with two clectrode
pa:r “oriented at right angles to one another and adding these
The electric field is than assumed to be
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the ratio of voltage drop to the separation between the measuring
electrodes, . Mcasurements were made with receiving electrode
separations of 30 or 100 meters, usually, with the longer scpa-
rations being used in areas where the signal strength was ‘low,
The receivex consisted of a sensitive DC voltmeter, on which the
deflection as current flow reversed was measured., At its maxi-
mum sensitivity, deflections as small as 5 oxr 10 microvolts
could be recognized on the voltimetex, Readings of less than 20
microvolts were not normally recorded as useful data,

~ The. primary -data obtained from the eight dipole mapping
surveys carried out in the Valles Caldeva area -are listed in the
Table -  ~accompanying this appendix,’  These data may bLe con--
verted to apvarent resistivity values using several different
fornulas,  The conventional manner of defining apparernt resis-
tivity is to consider what resistivity a uniform earth would
have to have: to provide the voltages actually observed in the
real earth, In a uniform earth, current spxeads out from a
q;nqle electrode wlth spherical dymmgtry. The electr1c field

|on the surface ofj the earth at a distance Rl-xxom a single

electrode through which a current I is passing is then.A

_ ‘ Fl = _Bl
' o 2an

) a

:;whcre pis the r951stlv1ty f the as sumed wniform caxth, When
a dipole pair of clectrodes is used for a curlont source, there

is ‘a second contribution to the electrlc field from the current

‘flowxug 1hrouqh .the second electzode"

52 =. .281_7.

ﬂR')

where Rq is the distance from the ohcervatlon p01nt to the
second cnrrpnt clectrode. :

The’C1ectric ficlds'El and B, are vector quantitiqs; and

SO must be andcd vector1ally. “The vector sum 1 :

v

o pl | R
Ep = é;ﬁ;*‘(l 4-( ) ' ( l cos (dl az)l

Solving this;cxpres,lon for o) prov1des the means for computlng
apparent resistivity under the assumption of spherically sym-
metric spreading of current in a uniform earth, Values for
apporent resistivity computed with this formula . are listed.in the

Table accompanying this Appendix.

" The. Plates showing contour ‘maps of apparcnt reolst3v1ty

~about the 7 dLPO]LS (PJates l,‘,),i 9)"  indicate that appaxent

resistivity increases gunqxbtcnt)y with increasing distance
from the source, This behavior is typical of dipole mapoing

‘surveys carried out in an area where conductive rocks overlie.
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"trode to cumpletegthe dipole current source, the contribution of

'~31dereq:_

ues for apparent conductance computed with this formula axe also-

highly resistant substratum, such-as crystalline basement rocks.
In this case, the apparent resistivity increcases linearly with
distance from the source dipole for distances greater than the
depth to the resistant rock., Because the current is constrained
to flow almost entirely in the surface layer of conductive rock,
the calculation of resistivity on the basis of an assumed
spherical spreading of the current secems inappropriate. .In ‘
‘this case, a more moanlanul way to reduce the field data might
be to use a formula based on the assumption of cylindrical
spreading, For current spreading through a plate, the electrlc
field depends on the ratio of plate -thickness 1o rxesistivity,
h/p, -a quantity which is also know as the conductance of the
plate, S.The electric field at the surface of the plate for a
current ) to a single electrode is:

' I

Ey 5 om—

T L 7o2rsry

shexe Ry again. 1s}the dlstance from the first current electrode
.to the obkervatlon point, With the ‘addition. of a. second eloc

a second electric field at the observation point must be con-
2

-1
Ey =

anRq

The vector sum of these'two electric fields is:

. g R 1/2
S 2 () con (3-8,
) .aanl [ (R,, 2 (,R,,) cos (ay-ay)j

Solving this cxpzcssion'for S provides. the means for computing
apparent conductance undex the assumption of cylindrically sym- -
metxXic sypreading of current in a uniform conducting plate, Val-

-llsted in. the Table dccompanylng thig Appcnd;x.

: ¥It mdSt'be-stresséd that;thc apparént valucs for resistiv- .
ity or conductance are the actual values only in the case in

which the structure of the earth is as simple as that assumed in
defining these quantities. lhdt is, the earth must be completely

is present in the survey area, we expect.this condition to be
violated, .When lateral chonges in resistivity occur, the
computed values of dppdrcnt resistivity and apparent conductance
will be affected, but it is unlikely that the observed values
wlll then be close to the values actually existing in the ground.
In this case, it is desirxable to coalculate how ‘the apparent
values are affected by SJmple models of inhomogencous earth
stxucturgﬂ‘, :

uniform Jatelally. Houcvcr, "if a conductive geothermal resexrvoir]
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Behavior of apparent re SIStIVJty and apparxent conductance | '_,M.ﬁ

A.
when the earth is layered, i

D sezaeeily -

PSP S

The dipole maps shown on the following two pages are typical
of those for a simple two-layer earth, .In cach case, it is
assuned that a dipole with unit length is placcd on the surface | . o
of an earxth in which a layer of unit thickness lies on top of an N
infinitely thick substratum. The dipole maps on the first of
these two pages (Figures 18 and 19) pertain to an infinitely
resistant basement, The surface layer is assumed to have unit
resistivity., As may be seen, the contours of appaxent re51s- ..
tivity form elliptical patterns about the! source dipole,'a -
behavior that is characteristic of layering on dipole maps
‘The ecceantyicity of the ellipses reflects the well-known fact,
s;that measurements made along the polax axls of a dlpolu,source

do“not detect the presence of a resistant basement until large
**paclnaq are rcached- than are required when measure ement:
made aloiig the equatorial axis (Keller, 1966) . ‘1t shoul
| be noted that there are two small rcglons about the ends’ ofgthe
-dipole where the apparxent resistivity is lower than un;ty the
Leslstlvyty a,sngn ed to the surfaro layer.,

. . 1
:In contrast to the large- vallatnon in appatent reqlsf1v1ty

”as a Ffunction of distance from the source, the vallues of" appar-i’
ent. condu\ -ance show very little change over most of the.map, : . :
taftex rPdthnQ some 70 percent of the correct value of S for the ,fhg.'
buzioce layer at a distance of about. one unit from the dipole. SR

1he pdttCLns in Figures 18 and 19 were computed for a ' ;Q@gg;
layer of unit resistivity and unit thickness résting on an-infind ~ T
itely thick substratum with a resistivity of 0.33. liere, .both I
the apparent conductance and the opparent. resistivity vary - AT
strongly with distance from the source, - It may also be noted
that in . this case, the depth of penetration for measurcments
ddL .along the polar axis of the dipole source is-about the same
for mvdsurcmont mada along the equdtorlal axis, :

G . -GROUP SEVEl




5Figure
layer

and
the

A. Apparent conductance

!

B, Apparent resistivity
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18, Dipole resistivity patterns for the case
sequence in. which the second layer is
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layer sequence in which the second layer is
unit resistivity,

A, Apparent conductance
!
\ ! -
B, Appavent res istivity
1
L3
Figure 18. Dipole res;st1v1ty patterns for'the case‘of a two~

a perfect insulator
The thickness of

and the surface loyer has
the surface layer is one unit, and the source dipole length is
one unit, : o _ :
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A, Apparent conductance

{

.

B

.6
. | @ | ‘ r.
| . :: A
B. Appafenj resistivity o

Figure 1.8, Dipole iesistivity patterns for the case of a two-

layer sequence in which the second layer is a perfect insulator {
and the suxface layer has unit resistivity. The thickness of T

the surfoace layer is one unit, and the source dipole length is
one unit, : - »
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A. Apparent conductance

\

Figure 19.
two-layer secquence i
and the second layer has a res
the surface layer is one unit,

one unit,

i |
L

B, Appasent resistivity

Dipole resistivity patterns for the case of a

i1y which the first layer has unit resistivity
sistivity of 0.3  The thickness of
and the source dipole length is

RESOPRT FCa

GROUP SEVEN
34

4
: 1
"‘; !1@ .
e (;.531{5*'
s legRe s .




9

B, DBehavior of apparent resistivity and apparent conductance
in the presence of a dike-like conductive structure,

The dipole maps shown on the following two pages were
computed for a source located at the edge of and paxallel to
a dike-like featuve assuwed to have a lower resistivity than
the country rock, The country-rock resistivity is taken to
ba 10 units, while the resistivity within the dike is taken
to be 1 unit, or smallex by a factor of 10, The maps in
Figuve 20 are computed for a vexy great depih to insulating
basement, while the maps in Figure 21 axe computed Yor a depth
10 insulating Qasement'of 1l unit, :

The most striking feature of these maps in the facto that
the contxast in apparent conductance values or apparent resis-
tivity values for moasurerents made inside of and outside of the
conductive strip is much smaller than the actual contrast, :
The truc conductance cutside the dike, for the casce shown in
Figure 20 , is 0,) unit, compared to 1 unit for the dike,
observed conductances outside the dike are too large by a
factor of 2 to 3, wmeinly because nuch of the current that
would normally flow in such regions has been diverted to flow
dike,.  Similarly, the bhigher than normal current

The

inside thoe

concentration within the dike makes the conductence values
chserved there somewhat too low,
k3
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35

LA EN]



)

<<§?'Ay.

e

A. Apparent conductance

| T R T T i 1 ¥ ]
.
A bi ks Sl el L0414

|
!
!

R
B. Apparent resistivity
¥ ,Ar T T ’
I
st .xﬁ'm:,q
! 15
A Saars e ok or aloL e oA AL AL A AL LA AL )M.__;_mm‘ok;v»ﬁ"ﬁ—rrr—r—rm
L
\\___/jl 9
i)
25
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iNfinite, Dike resistivity is
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ty patterns for the case of a
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j A, Appuarent conductance
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Figure 21. Dipole resistivity patterns for the case of a PR
g conductive dike-like featurc. Dipole source is 2.5 units long,
i dike widih 3s 2 units, and the depth to insulating basement is
" 1 unit. Dike resistivity is 1 unit, while environmental resis-

f \ tivity is 10 units, .
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C. Behavior of apparent resistivity and apparent conductance
in the presence of a dike~like resistive structure, v

Caonputations for this case complement the computations

for the preceeding case of a conductive dike-like featurc,
Agoin, the source dipole length is taken to be 2.5 units long,
situnted parallel to the cedge of a resistant dike-like feature
of width 2 units, The country-rock resistivity remains 10
units, but the dike is now assigned o8 resistivity of 100 units,
or 10 times greatexr than that of the country rock, The maps in
Figure 22 are computed for a depth to basement that is very L
large, vhile the meps in Figure 23 are computed for a depth to ~| =~ -e=ni
insulating baserent of 1 unit, B ;

As in the preceeding case, the contrast in observed resis-
tivitics and conductivities between the dike and the surrounding
rock is subducd,,

i
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A. Apparent conductance
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B, Apparent resistivity
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Figure 22,
resistant dike-like feature.

dike width is 2 units,
infinite,

Dike resistivity is 100,
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A, Apparent. conductance
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Figure 23,. Dipole resistivity patterns for the case.of a i
resistant dike-like feature, Dipole source is 2.5 units long,
, dilke width is 2 units, and depth to insulating basement is L. f
fﬁ\ unit, Dike resistivity is 100, while environmental resistivity
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APPENDLIX I: Tabulation of Data (observed data from dipole

R1

R2

V1

v2

RT

SA

resistivity surveys)
The following quantities are listed in the tables;
Station number, keyed to Plates 1-10

Distance from observation point to one end of
source dipole, measured in kilometerxrs

Distance from observation point to the other end
of source dipole, measured in kilometers

The angle detween the two lines Rl and R2 running
from an obscrvation point to the two ends ol the

scurce dipole

The angle betwecen the two direactions in which
electric field measurenents were made at cach
site (nominally 909)

| .
! . . v
Voltage measured between one pair of receiver

electrodes, in microvolis

Voltage measured between the othex pair of
receiver electrodes, in microvolts |

Length of receiver line, in meters

Amplitude of current steps, in amperes (average
current ‘was one~half this value)

Apparent resistivity computed using the magnitude
of the electric field, in ohm-meters :

Appaxent conductance computed using the magnitude
of the electric field, in nmhos
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A
N e

20
21

0e

23
4
25
Ph
27
28
29
30

31

ae
33

34

a5
36
a7
a5

39
40
4

42
43
a4
45

R1
Oio 40
1. 420
1. 190
O« 440

- 3200

3. 630
3. 900
4 840
5. 280

fa £330

4. 070
3. 500
3. L00
2.990
3. 050

3. 450

3.2%0
3. 320

3.900

"3.900
C 34750

3. €40
2,800
3. 250

30130

3. €00
3. €00
1.100
0.8 40
0. 530

0.810

1+ 550
2. 320
3 650
3. 020
5. 520
5. 760
€is 380

6 8700

S /B0
S. 150
4. 200
A. 00H0
DR 40
3. 690

APPENDIX I. .

2
. 880
3. 360
3. 160
2. 620
10 OZIO
1+ 520
1850
267700
3.090
2. 200
1.800
1. 200
1.350

" 0.950

1310
1.970
2. 350
2. 700
40 510

T 200

1.900
1+ 590
5e 100
9. 650
66 100
5.8 40

5. 180

2. 070
2.050
2. 670

‘3. 0RO

3.800
4e 550
5. 700
5. 120
3. 550
4. 090
4. 700
5. 220
4, 900
4. H00
L. 050
3.9 40
4. 0DAQ
4. 200

Source 1

D

1(20

34.
36
3‘9.
270
23.
20,
1 4.
12,

9.

7.

Q.
1 6.
37.
Hhe
41
441,

45.

33.
35.
31.
27
Te
1.
5.
e
10.
B9 .
100.
47
16.
T
11.
1 4.

| 4.

18,
19.
1 7.
16,
22
27,
37,
34
34
33

T

93.
78 .

9 4

80.
91.
8 4.
102.
99.
6.
9 3.
100.
78 o
107.
98,
9 6.
106
9 3.
9 3.
166,
92,

102,

87
9 3.
9 3.
9 3
106,

- 90

97,
89,

100, -
90.

0.
90.

90. -

90.
91,
BE.
98,
B89.
105.
9 3.
87
5.
89
80,

vl
450,
280,

- 480,
“‘9(.')00
400.
-200.
-400
55,

- 3B
60,
100,
~ 65,
27,
115.
=260,
- 145,
-38.
-165.
80,
T0.
~67.
45
~20.
41
37

- 52.
- 37,

- 1250,
-1480.

400.

500,
18 5.

g0.

105,
=90,

0.
=40,

- 32.
-~ 383

472
-100.
-1 30.
- 102,

- 67,

~ /0.

—

v2
T0.
=75
- 350
120,
-120.
110.
-1177.
23
55.
~80.
33 .

-228.

-128.

-280.
-39
50.
~165.
~ 4
- 18,
65
70,
50
38
30«

1 5.
e
135,
9 50,
-850
900.
370

T 45,
310.
30

0.

- 45
- 6o
-18.
23

- 55)-

—

- 50.
~ 45,
O
0O
210,

X

30.
30.
30.
30'
30.
30.
30.
30,
30.
30,
30.
30,
30.
30,
30.
30.

30. -

30.
30.
30
30.
30.
30.
30.
30.
30.
30.
30,
30.
30,
30,
- 30.
90.
90.
90.
30.
30.
30.
30.
30,
30.
30.
30.
30.
30.

I

1303
13. 3
13. 3
13.3
133
140
1 4.0
1 4. 0O
140
14.0
1440
14. O
140
| 4e O
1 4. 0
14-0
14 0
1 4. 0

1400

14. 0
14.0
140 O
1440
1 4e O
140
14.0
144 0)
1 4.0
140
1 4. 0
1‘/400
1400
1 4. O
1440
1 4. 0
lj’to
1 4.0

. ‘400
. 14.0

1 4. 0
14. 0
1 4, 0O
1 < 3]
1 4. 0
1 4.0
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o

R3]

10
11
12
13
1.4
s
16
|
18
19
20
21
22
23
24
AR
206
21
78
29
30
- 31
32
33
34
35
36
37
35
39
40
41
42
43
qra
45

Source 1

R1

0.8 40
1. 420
1190
0. 440
1. 040
1. 520
1850
2. 700
3.090
20 /’00
1. 800
1. 200
1. 350
0.950
1. 310
1.970
2. 350
2. 700
3.900
3.900
1.900
1. 590
2.800
3. 350
3. 780
3¢ 600
3. 600
I« 100
0.5 40
0. 530
0.810
1. 550

2, 320 -

3. 650
3. 020
3. 550

4,090

4y 700
5.220
4.900
4e 500
4. 050
3.9 40
3. 8 40
3. 690

RT

S 44
11.53
12.195
3. 10
cTe81
GeB 4
Be 62
9.86
1 4e%7
1144
6o B8
5¢ -‘)8
4. OF
4. 26
7.85
]O. '/”
19. 30
2(}4 61
104. 72
3% . 45
1177
6.8 4
T.07

14, 76

14,05
18. 12
434 677
26.05
17.13

4 5B

6. 53
Bel8
'l 50
1187

6,13
1.3 68
18. 36
05, 40
406 74
50. 62
73. 00
G 17
A N6
24,33
83,27

SA

IRCHANE
94, 2
80.3
107. 2
106 5
11647

158+ 5

18 64 4
138.0
1411
18248
1 6042
2464 1
186+ 6

143,02

1 58+ 9
1153
102 4
3648
103, 0
127. 0
1778.8

255.9

1424 5
1642
126. 6
53.2

45. 9.

53.8
104. 3

99.8
135« 4
137¢5
206.0
33247
1825
163.1
1 34 6
1007

847 .

59+ 1
65. 1
938
160. 2
44 1

R

L
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APPEUDIX I,

N R1 R2

46 3. 570 4. /420
47 34960 4670
43 4. 300 46 9 30
49 4. 350 40 13 GO
50 4,920 5. 030
51 1. 300 1. 080
52 1.500 0.830
53 1200 1. 150
54 2.040 3.840
55 ?. i 10 e 5(\0
56 P10 de 660
57 2560 4e 7710
“8 Pe 310 4. 600
59 24120 4. 420
60 o570 66 THRO
61 4¢ 500 5. 550
62 4 0040 5. 170
63 3.9050 5. 280
64 3. 350 40880
65 2,650 3.720
66 2.550 3.170
67 3. &30 5. 450
683 3.9 170 5. 920
€9 4 7770 7. 000
70 de 4020 6e 530

A 4,010 0 5.900-

72 5. 000 6190
T3 6,770 74780
T4 2.050 0 3.510

5 2.140 2.750
76 24750 2.280
77 3,000 2.270
T3 6. ADO 6. 800
79 7.030 T.130
RO 4.%00 5. 700
K1 5.030  4.790
g S.070  H5.070
83 4. 500 4.850
34 Ze (250 3. 330
555 /1. 00 3. 250
BG6  4.870  3.080
K7 A.970 30000
A 3. 400 50630
89 4.8°0  5.470
90 35507 40980

Source 1
D, T
31 100,
'30‘ ()/Jo
27, 91.
28, 99.
26 9 5.
159, 90.
180 90.
159. 90
30. 90,
P4, 90,
20. 90.
13. 90.
8.  90.
5. 7 90.
12 90
- 240 9 6. .
25, 95,
D24, 100,
24, 119,
35. 106,
46 383
19. 9¢.
150 104,
5 93,
10. 120.
1 6. 3 5.
21 B
17, 104,
4] . 99 .
53. 103.
55' 96.
477 1011.
2b. 91,
19. 100.
2 3., TS5
27, 91.
26, 20.
P23 100.
7. 90.
2 3 9 4.
Ol 87,
1 7 B
11 90.
o1, 113,
27 90.

V2

-165.
1 5.

- 45,
-25.
o.
2500.
- 28 5.
-2500.
~198.
8 3.
"800
~ 70
- 134
38

- 60,
~T0.
- 13
32
9 0.
=~ 40
200.
155,
- 35
e
-5

-~ 130,
-25.
- L
~-170.
- 300.
- 40.
90
- 40.
25,
-10.
- 35,
H2.
50,
180.

- 60

100.

1407

13
2
450

X

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
- 30.
30.
30.
90.
30.
30.
30.
30.
30.
30,
30.
T30,
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

X
1 4.
1 4

"~ 1 3.

1 3.
13
1 3.
1 3.
1 3.
13
1 3
1 3.
13
13
1 3.
1 3e
1 4o
1 4.
1 4
1 3.
13s
13
13.
13'
12
12.
12«
12
12,
1 5.
1 5.
1 3.
13.

13

1 3.
13.
]3.
13
1 3.
1 3.
1 3.
13.
1 3.
12,

12.

0
0
3
3
3
3
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APPENDIX 1.

46
i
48
49
50
51
He
53
54
55

56

51
53
59
. 60
6
62
63
649
65
66
67
C 68
69
70
71
A%
73
74
75
76
77
78

79

80
&1
32
f+ 3
a4
85
36
87
TR 3
9
90

Souxce 1
R1 RT
3. 570 6. 79
309(‘0 l“. A”l
"4e 300 19. 46
de 380 404773
A¢ 920 51.0°7
7« 080 °8.03
0.830 50 51
1. 180 29,10
2e 040 164 41
2. 110 12 34
2.120 7.02
2+ 560 16405
2.310 1 5. 45
2,120 6. 25
4 20 14. 16
44 500 44, 36
4. 040 21.38
3.930 2%, 37
3. 350 31. 33
Pe 650 27T 65
2,560 28, 59
3+ 680 1064 30
3.970 51. 63
44770 18+ 55
4 4200 65.83
4. 080 9 4. 026
5. 200 D76 B
6. 1710 32. 33
D, 280 15,25
2.140 28470
2. 280 7+ 51
2.270 9.99
6. 400 106. 27
7. 030 83. 71
4. 300 20.81
46 790 61,96
5. 070 73,33
Ze SO0 34,87
3. 330 54. 59
3. 250 23+ 20
3. 080 32.80
3. 000 30. 67
34 490 . Se 36
3. 820 31. 52
3. 850 20, 52

SA

58+ 17
2064 1
52.0
1064 4
97.2
41677
1792
/1009
§ 6.6
128.1
221« 4
108.3 -
100.8 .
250. 6
2230
585
161.3
125. 6
8$5.0
BH. 2
90.8
24.9
52.3
156 4
424 8
30.2
164.8
180. 3
134.9
T6e A
31449
220. 7"
59¢5
8 e 3
206.8
T8+ 0
694 1
12945
50.2
87.0
683 4
63. 7
42 64 8
90.8
1627

hLs
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APPENDIX I,

Source 1
N R1 R2 D T V1 V2 X 1
91 4. 560 4. 660 pele I8 90. - 36. -~ 32, 30, 12.6
92 AB%0 5. 530 25, 101, - 42, 0. 30, 12.6
93 2.670 40720 164 90. 25, 75 30. 13.3
94 2£.000 4,070 20. £ 6o -20. 90. 30. 13.3
95 1.410 3.500 R6. £0. 98. 240. 30, 13.3
96 P£.570 34590 a0. 93, ~120. 20. 30. 13.3
97 - 1.750 34180 45. 115, 5, -120. 30. 13.3
98 IR »/'()Q ()b 100 1()0 900 "320 ?20 SUO l:ic 3
99 3. %40 5.180 20, 91, 30. -20. 30. 133
TO1 4. GO0 54300 27. 110, 2. - 33 20. 13.3
702 4 650 S.200 0 264 110 124 -202. 30. 13.3
703 4.050  5.3%0  27. 98, -~ 35. -10. 30. 13.3
104 50000 5. 400 2 5. 70 51 1 5. 30, 13.3
M08 3,900 - 50200 25, B ~-15. " 50. 30, 124 6
T06 3. 500 5.°250 22, ‘OEN 21 - 12- 30. 126 6
707 3. €00 5,950 16. 102, <40, 15, 30. 12.6
108 3. 550 6.000 7« 103. 15 10, 30. . 14.0
709 4. 200 6. H00 5. 9. e O 30 14.0
710 4.6 50 7.150 3.  100. 0. 25, 30,  14.0
711 T4 00 60900 S5 84 O 104 30 13.3
712 40 G50 Ge 250 9. 90, O« 20, 30, 13.3
714 3.850  5.700 18. 103. 8. 25, 30. 13.3
715 4, 700 6,700 12. 97 " 0. - 40 30. 13.3
T16 4800 7.000 P 89 -10. -15. .  30. 13.3 "
11T 4950 1. 300 0. 110. 10. -15. 30. 13.3
719  3.100  5.300 e 110 - 55, -25.,°  30. 12.6
700 2.950 5.250 3. 20. -17. - 100, 300 1246
721 2.950 5. 050 15. 95, 130, 0. 30. 12.06
122 3. 200 Se 650 2 123 5 "‘150 : "550 30« 120()
123 3.9%0  5.200 9. &7 ~ 30, -022, 30. 12.6
124 4, 500 5 750 3. 91 - 15, - Se 30. 120()
705 4.150 6. 400 0. B0 0. 35, 30, 12.6
796 3. 750 6.050 0. 97, -5, - 45, 30, 12,6
707 3460 6.050 0. 97, - 5. - 45, 30. 1246
IOT 4 450 54490 9. 80, 0. 50. 30. 126
108 5.000  T.200 7. 99, “17e -15. 30.  12.6
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APPENDIX I,

91
.92
93
9 4
95
96
91
98
99
701
702
703
104
705
706
107
708
709
710
711
712
713
14
715
716
717
719
700
721
722
723
724
725
V7126
127
727
728

RL

4. 560
4.880
2. 670
2. 000
14 410
2,570
1. 750
4o 490
3.« 540
4. 600
40 ()50
5. 050
5. 400
3.900

3. 500

3. 600
3¢ 550
4. 200
4. 850
4. 600
4. 050
3. 400
3. 850
4. 100

. 4.800

4.9 50
3. 100
2.950

" 2.950

3. 300
3.950
46 400
44150
3. 750
3. 750
4. 450
5. 000

RT

35.02
3837
1270
7T 60
9. 08

18419 -

To 69
23.80
1191
26,03
17. 08
33. 69
54. 25
25, 41
9.17
1 6« 50

5.85

3. 38
l()e {)9

6. 00
Y. 64

5. 65
]]0 34
264 50
12.03
ll' :;‘q
17« 33
21, a2
27.90
15435
21,56
166 51
170 46
1 7. 52
17,52
45- 69
19.82

SA

131.2
121.9
I/I‘J.E'

1908

120. 0

1317

20241
140, 7
223.8
169.2
2655
150.9
9945
12649
285.0
149.8
339.0
T65. 77
176+ 4
46840
2664 6
4H45. 2
240.8
11641
248. 1
260. 1
115.7
BB. 4
72. 1
139.9
115.3
153. 1
144, 2
1321
132.1
62.9
154.9
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N
201

L02
P03
204
205
206
207
208

209

210
P11

212
213

fra

215
216
217
218
219

eeo

221

P8
Pe3
P4
2025
°R6
227
208
P9
230
231

. 232

233

234

235
235
237
234
239

240
2at

242
~43
eaa

248

R1

0. 7¢0
1. 520
0. 150
9. 000
2.950
2.5 50
3. 380
3. 5300
4. 310
Ze Q60
4e 1570
4o D40
Ze 350

3. 350
3. 670
40 0710
5. 070
5¢ 600
5, 630

2.300

3,350

4. 000
40 490
e 350
5. 580
G. H00
6. 400
5. 300
L 400
3. 700
4e GO0
5. 700
5. 790
1.200
1. 610
2,090

2. 110

0. 750
5.120
4 840
5, 400
4. 520
Ae 350
3. 700

R2

2,300
1+ 500
2.270
3. 390
3. 600
3.900
4. 180
4. 6GOO
5. 000
5. 570
5. 600
5610
5. 470
e /‘lf)ﬂ
4. 930
5. 100
5. 230
e 010
6o SB0
64 3920
3. 350
3. 880
4. 390
4,900
5. 650
H. 670
6. 530
6. 130
6o TR0
Ge 610
5,180

6. 15 0-

T. 50
7. 400
3. 780
4. 130
4¢ 610
H 200
3.220
T« 610
7. 300
T.970
Ge 390
60900
6. 300

Sourxce 2
D T
17/4u 90-
2. 100.
) 154. 89-
61. 100.
57. 1 62. .
51 87T
45, 16
ll]. RO'
37. 92,
32. 1.
33 100.
33. 103.
349. 90.
4824 39 .
37. 90
35, 95,
35, 103.
30, B S
2T 108.
28, 90,
477, 104.
41' 90.
34. 90.
ale 95,
27. 90
206, 9 3.
23, 97,
22, Q2.
20. B2
19. 105.
19. 90,
15. 9 3.
. 1 5. B0«
17 9 5,
18 96
12 99.
Be 9 5.
10. BT
23. 90,
s 90
8. 90.
5. 90.
e 5 0.
3 90.
2 120,

V1

600,
500.
2500.
=120,
- 60,
~ 40}
- 303
-10.
35
50
20.
75
50.
30.
~20.
-~ 50,
-2().
12
25,
25.
30,
5.

5

- 70-

0.

0.

30.
25.
- 50

27

1 5.

« = 30.
- 35.

0.

- 270,

-200.
=80
~90.
870

~ 5,
- 5.
0.
30.
0.
31,

V2

375.
200.
- 450.
- 420
190.

. 100.
"2500
~-105.
300.
~ 45,
-8.
-5,
~80.
3.

65,
25

17

0.

- 20,
- 70,
~140.
- 30.
-220,
-,
-30.
O

He

- 106.
0.

X

27
27,
27
27
27
27.
27.
7.
27
27
27,
e7.
27,
27
27,

27

2.

2.
27
27,
2.
27
2’/0
27,
27
7.
27,
27.
27,
27.
27,

) 27-

27
27,
27.
27
T
27
27.
30,
30.

30..

30.
30.
30,

12,

I

12.
12
12
124
12,
12,
12.
12.
12
12.
12
12.
12.
122,
12,
12
12.
1.
12,
12
12,
12,
12

11.

!.
1.
1.
IR
1)
I
1.
1.
1o
1.
1.
1l
1.
1.8
10{‘
1.8
1.
l.
l.
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N

201

202
203
204
205
206
207
208
209
210

211,

o1 e
era
et

215

216

217
218
219
2r0
221
peede

223

204
pe5
o6
LT

PPR
229
230
231
232

233

oNP
P43
Pad
245

© O

5. 590
(.u S‘OO .
¢ 400
5. 200
4. 800
3. 700
4, 690
5. 700
5. 790
1. 200
1e 610
2. 090
2.710
0. 750
5. 120
4.8 40
5. 400
4e 3P0
4. 350
4. 700

Source 2

R1 RT
0. 760 6.80
1. 500 598. 18

750 4. 09
3. 390 98.23
2,950 £1.18
2,850 21.07
3,380 75%. 06
3.800 4920 60
4e 310 1783, 14
4.9 60 61.60
Lio 780 ] f)o C‘]
e 540 %0. 33
4. 350 55, 73
2.890 . 6. 26
3. 350 204 416
3. 670 20. 75
4,070 11.82
5. 070 244 3K
S. 600 100.98
5. 630 © 31.05
2.800 14013
3. 350 11.27
4. 000 29. 46
4o 490 6T 75
5. 350 37.03

34. 38
163, 33
55. 62
1. 44
S4. 27
P4 H6
3177
455 T4
ol
8.83
13.81
18. 54
1%8.91
10. 75
7.92
22.24

30. 40
9. 33
13,94

SA
134.0
Pl
37.0
34. 0
37.8
135 4
45. 4
89.2
241
$0.2
300. 2
)
7

8 O
T3
420. 3
145 6
1565
32145
1968.9 -
H2. 4
1768
2024 4
301.
137.
()6'-
145
1 63,
240,
115,
51
65,
107,
100.8
€301

’:‘C!J\.?“
105.9
8 5. 4
733
9 6.7
53. 1
399.8.
13602

[
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P46
ey
D4R
Pay
250
251
oL
2L3
“ 54
255
256
257
243
289
P60
P61
2062
263
nG4
265
26¢C
AN
P68
269
270
271
2
213
274
275
276
2717

>

APPENDYX 1,

R1

4. H00
3. 070
2,700
2810
2. 400
1. 400
1. 500
0,000
0, .00
1+ GOO
2,190
4. 500
5. 200
3. 450
3. 000
3. 100
3. 000
3. 200
40 050
3. (00
4. 1000
4. 650
4.8 50
3. 00
4. 130
3.910
4., ()90

6~ ] ()U

3.8°10
3. 060
3. G40
2.020
2.020
2. 3590
4 R0
40600
6. 330
1. 000
1. 700
2. 400
3. 0100
3,900
4. 700
He AN0
5. 700

R2
6. 240
5. 500
5. 040

4 190

4e 320
2. 750
3. 340
4. 070
e B20
4o 1 40
46 750

' 6.3 30
\ 70 ()9()

6. UE’.(’)
5. 550
5 550
5. 530
5. ¢00
6. 120
6. 140
6o DB 0
T 250
7. 400
5.8710
6. 800
6. 150
5890
T7.910
5. 350
4 400
e 65‘()
3. 290
2. 020
3. 100
4. % 30
5¢ 600
Ge G900
3+ 200
3. 700
4, 200
5.100
5. 500
6. 000
64 600
7. 000

Source 2
D T
5. 87
11, 90.
17, 90.
2 90,
33 90.
68 . # De
N2 87
'\31. ()2.
20. 6 3
12, 83
0. 91
S. 87
6 79+
3. 101.
0¢ 107.
11. 920.
Te 104.
15 120.
£ 90.
5. ()l‘
O K8 .
O‘ 105.
3. 103.
13, 1006
1€ 93.
160 84-
e Qe
1 5. BH.
2. 111
36, 97
33 B 7.
5‘;3. 95.
50, 82
S54. 6.
382, 80
27 B89
23‘ 900
240 108 .
36. 90,
27 90.
26 106,
25, 877
AR 920.
22. 90.
20.

109.

V1

- 20,
6O

22,

- - 30.

0.

- 1’600
350.
135.
35

- 150.
75
205

0.

v2
24
- 45,
~-120.
- 100.
- 180-
50
1700
IS
-100.
175
1 6.
0.
- 30.
- 40

15,

0.
- =20,
- 35,
R
-105,
-5
-9,
13.
~17.
13
32.
"270
10.
- 40
- 55,

80

1004
"PlOo .

~ 245
- 100.
90.
G.
300.
- 40,
- 700
- 40,
0.
~-120.
42

20.

X I

30. 1148
30. 11.8
30. i1.8
30. 118
30, 11.8

30, 12. 6
30, 12. 6
30. 1246
30, 12. 6
0. 12.6
30, 12. 6
30. 126
30, 1246
30. 12+ 6
30 12. 6
30. 12. 6
30 12. 6
30. 12+ 6
30 12. 6
29 12~ 6
?:90 1".. 6

?.90’ ]2' b

o 124 6
30. 11.9

30. 119
30. 11.9
‘30. 11. 2

30. 10,
30. 11
30, 118

2
30. 11.2
30. 105
30. 10. 5
30. 105
30 10+ 5
30, 105
30. 10. 5
30. 105

5

8

30 11.8

306 118
30, 11.2
30. 1.2
30. 11.2
30. 11.2
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N

246
247
AR
249
250
25
242
2?53
254
255
246

257
PSR |
049 |

P ED

D61 |
YN

263
264
PES
266
2617
264
269
2170

o1

212
273
274
275
216
217
2713
279
280
261
oRP
2R3
2154
PR D
216
oK 7
P0G
P59

290

Source 2
R1 RT
4. 000 1 5. 41
3. 020 17. 20
2. 700 21. 61
2.510 2089
2. 400 24,21
1. 400 16. 36
1. 200 10. 04
£. 000 102.97
2. 250 12. 08
1. 600 12.25
2150 Te 43
4e 300 12 69
5. 200 25410
3. 450 13.95
3. 000 3. 31
3. 100 3. 67
3. 000 4, 12
3. 300 9. 44
4. 250 B3e18
3. 600 5. 08
4. 000 - 4095
e ()E)O 50 88
4,850 11, 56
3. 500 .83
4. T30 184 01
3.910 14. 86
5. 090 25. 72
6 160 36. 39
3.870 P21.29
3. 060 1 6. 38
3+ 640 364 55
2. 020 19.85
2.020 18,91
2. 390 38. 33
4. 080 138.96
40820 135. 49
6. 330 19 4. 1 4
1. 000 5.77
1. 700 6. 03
2. 400 12. 70
3. 200 12413
3. 900 { 4. 63
4. 700 10106
He 300 47. 60
5. 700 53. 57

SA
160 4
117 5
87 6
100. 3
80.0

5.8
101+ 5
121.3
134. 8

95.8
199, 2
21047
12646
157. 8
548 . 3
563 1
4178
23%. 1
308.8
451 4

502.3

45240
254-8
2()4'.7
16520 3
1804 6
120. 5
1220
1500 5
1()6¢ 4
92« 4
97 4
106'~8
63.9
284 4
33.8
32. 6
147. 2
2r9.8
147.2
203.2
212+
39. 3
93. 6
84d.1
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Source 2
N R1 R2 D T vl V2 X 1
591 6.100  7.300 19, 9 5. 25, ~10. 30. 11.8
pc)‘o 6- HO() 70 900 18- 900 Oo “r.).()o 300 l 20{‘
003 7. 400 £.800 16 90. O - 10. 30, 11.8
oG4 4G 650 64200 21, 92, =22, Se 30, 11.5
095 5. 550 6,450 23 92, 20, 0. 30 11.5
596 5.850 6. 550 . 22 79 o 25 O 30 115
507 G 650 14060 o0, 90. 20. 20. 30, 115
noR 7000 7300 20 8F . 20. 0. 30, 115
P9 4. 100 5. 150 D6 90. 10. - 50. 30. 11. 5
3(}() PP 50 5. GO0 ?5‘ 90. 10 -2 Y 30 11 5
756  2.350 5 400 3 85, =1900. 350. 30. 12.6
757 1150 3. 650 G 90, 190, 1 40, 30. 12.6
741 3.000 4. 300 36. 90. 97, 65 30, 12.6
7%9  P.150- 3.700 42, 90 75 - 70, 30. 12.6
760 £.000 2. 500 70, 116 350. ~90. 30, 12.6
S 761 14400 3,900 1 6. 90. 18 5. O 30. 12.6
762 24400 4. 700 21. . 90. O - 50, 30, 12.6
763 3.0250 5450 14« 100, 35. 0. 30. 12.6
764 30550 6.250 1 4 90. 20. ~-10. 30 o, 6
7657 H. 300  T.300 . 11 90. 20. 10. 30. 12406
766 1+ 350  9.500 10. 80. 10. 0. 30, 12.6
7677 5.250 7.200 1 6. 90. 0. - 20, 30, 12.6
7¢8  5.800° 7.800 13. 90. 0. ) Se 30, 12.6
769 6. 650 8.750 12 90. O -10. 30. 12.6
770 6. 200 £ 400 12¢ 90. -10. 20. 30. 1246
773 L 500 (}- 6(}0 1 (70 900 20- O- 3()- 1?0 C‘:
174 4. TH0 64500 18, 91. 10 - 35 30. 12.6
775 3.800 6.200 11+ 100. -20. 20. 30. 18.6
GROUP SEVEN
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N
291
297
273
29 4
295
206
22l
298
299
300

156

157 |
755
759
760 |
761

162
163
164
765
766
T677
T8

769
770
T

Tie
773
174
T75

R1
6. 100
6. 8300
T« 600
Y 650
5. 550
5. 850
6. 650

© 7. 000

4. 700
4. 250

2. 850
1150
3. 000
2. 150
2. 000
3.900
20400
3. 250
3. 850
5« 300
7. 350
5. 250
5. 6500
6. 650
6. 200
1. 250
1« 600
40 500
4. 750
3. 800

RT
42 a8
43.9 4
£29.32
17 4
266 11
40.10
60. 66
2. 19
41 45
16 53
368+ 33

575
25, 46
10,09
24,08
63. 44
6.28
9.29
Be 64
21.15
21«54
17¢95
17455
16,28
29. 15
A ':)5
Be177
11.85
26. 20
9.87

SA

120.9
133.2
216. 6
207 5
195.2
138 4
109. 6
1341
102.0
21 4. 4
Se 1
152. 7
106.9
187. 4
88.0
42.9
277.9
24%. 2
2994 0
162.1
220.2
2064 4
222.8
2712, 6
137. 6
285.0
185. 3
262.3
132. 5
251« 5

53
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N
a0l

302
303
304
305
306
307
308
a09

310 .

311
319

313

314
315
316
317
31K

319-

320
321
are

323

324

325
3026
327
328
309
330
331

332

333
334
a3b
337
3358
229
340
a4l

342
343
344
345

RL

0.850

1.800
2. 600
3¢ 650
4,500
5. 650
5, 280
46 200
5.100
2. 500
1,900

2,700

4. 050
3.900
e IOO
4. 950
3.900
D150
He 400

0700

1. 550
2. 500
3.200
4. 050
4. 000

5. 300

& 600
2.500
3. 750
3,700

/. 100 -

4. 500
N, 250
4. B0
3. 700

£.750

2. 050
1. 100
1. 400
1. 900
.5 50
2. 100
2,950

R2
+ 200

e 1507

5. 000
6. 000

T+ 150 ..

8. 000
7. 650
6. 600
Te 500
H. 1350
e ‘1 50
4 ES()O
5,000
5. 450
40 9 50

e 450

4. 600
5. 300
G. 000
3, 050
3.800
4, 800
5. 550
6o 400
7. 350
£ 350
£5.900
5. 130
5,900
5. 600
5.800
6o 400
5. 600

5 550

3. 500
3. 100
2. 400
1o 500
1,000
2 050
5. 000
3. 400
4. 300

e e et

Source 3
D T V1 v2 X 1
9. . 90. 1400, 250. 30. 12. 6
00 90- 1200 "'2?00 300 120 6
3. 8 4. 70, O 30. 124 6
1. B89 1 5. -10. 30. 12. 6
1 91 40, 0. 30. 12.6
e 103 O. O« 30. 12. 6
1. 90. O. 0o . 30. 12. 6
ie 114 - 15 O 30. 12. 6
3. 91. 0. 0. 30. 2.6
de 8 Te -25. =57 30, 124 6
1‘.)0 . 9”- 1754 “50‘ 300 120 6
250, 89. 40 - 305 30. 124 6
QS- ]OI- 15- 10« 30« ’2-6
24 58 100 -25)- 300 120 6
20 92. 0. O 30. 124 6
33« B 4. 110. O 30 - 12.6
2. 92 0Os 45, 30, 12.6
32' 904» '30& O. 30. 12, 6
22, 0 106, - 25 ~35. 30. 12 6
20, 8. 0. ~-25. 30. 124 6
150 860 "]OOO- ]2()00 30. 12, 6
1 3. 92. 250, 20. 30. 124 6
6 90. 70 - 25, 30, 12406
Te 92« 42, =~ 60« 30. 12. 6
5. 90. 40, - 356, 30, 12. 6
Se 95. =177 - Ui 0. 1246
6 90. -~ 130, - 110, 304 13,
3. 900 -1 3. '{:,» 300 20 133
10. g8, 900, 1300. 30. 12. 6
12 Bl T0. 12, 30. 12. 6
17. 91 =359, ~10. . 30. 12. 6
20. 100- ~20. - 18- 30. 12. 6
19. 90. =17 30. 30. 12. 6
23’ 980 "35; 17~ - 30. 120 f)
25, 90, 0. 0. 30. 12+ 6
39. 90. - 5. - 45, 30 12. 6
477 & 4. O« =30, 30. 12. 6
&4 83 45, 70 30. 126 6
140, 920. 0. 1 400. 30. 12. 6
8. 95,  100. 45, 3000 134
8 Y. 90. = 330. -80. 30.  12.6
28 . & 5. 17. 10. 30. 12. 6
45, 91. - 30. 2195, 30. 12.6
31.. 100 50. Q. 30 1246
o GROUP SEVEN
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N

301

302
303
304
305
306
307
303
309
310
atl

312
313
314
315
316
317
318
319
320
321

322
323
324
325
326
327
aes
329

330
331

332
333
334
337
338
339

340
341

342
343
344
345

Source 3

R1 RY
0.850 18. 34
1800 160 64
2. 600 10.83
3. 650 Ge 39
4.8500 27.8°1
5¢ 650
5. 250
4. 200 8.07
S5« 100 :
2. 500 B. 69
1900 1 3. 31
2. 700 Q.42
3. 250 5. 43
4. 050 13. 68
3.900 23. 53
4. 100 56.81
/16 950 49.06
3.900 13.92
3¢ 150 12.06
4 400 15,25
0. 700 13.90
1. 550 11.97
2. 500 10. 57
3. 200 18.29
4. 050 24, 09
5. 000 30.98
5. 300
6+ 600 22. 31
2.850 300. 42
3. 750 26.96
3. 700 13.94
44100 14.80
44800 26+ 30
4. 250 20,02
3. 700 15.81
2. 750 5,14
2. 050 5.85
1. 100 19. 37
1. Q00 .
1. 500 i1. C3
4. 850 15,7173
2. 100 20. 41
2.950 11. 40

SA

36.8
75 5
158.3
35541
103.1

318. 1

190+ 6
101.8
21645
46040
239.9
147 6
13. 0
1279
272.2
190.9
218.2 .
) e 4
9 4. |

. 157.0

113-0
104. 3
978

1724 5
6. 3
91.2

“185.0

205. 5
137.8
1564 6
23645
550. 1
367. 6

6347

14041
J11.2
9 4. 2
218.0

-~
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Source
N 131 R2 D T V1 V2 X 1
346 3.400  4.200 a5. 102. 30 - 40 30. 1246
547 3.250 3.370  43. 110. 5. $50. 30. 1246
343 2. 520 4.200 31. 90. - 65. 55 30, 12.6
349 1. 650 3¢50 33. 90, =-1100. 0. 30, 12.6
350 ?0 10() 33 560 1‘00 9 60‘ "’9 500 10000 :50' l?o ()
351 3.900 4.370 32, 90. * —22 45« 30«  13.
3507 3,320 34850 38 8 Se -10, - 65¢ 30+ 13.
453  5.950 7. 470 1 5. 90, -5 -10. 304 13.
354 6. 730 8. 320 1 4. 90, - 15 5e 30« 13
355 6. 330 B.300 11. 8 5. 15. 0. 304 134
356 5. 600 7750 9. 107, 30. 0. 30. 13
357 7. 750 9. 450 6. 87, - 60. 80 30¢ 134
358 4. 320 64160 1.. 90. -13¢ =55 30« 13
359 4. 400 6. 750 e ) - 254 ~30. 30+ 134
360 3.200. 5.550 2. 90.. - 40, - 15 300 13,
361 5,100  6.700 174 Bé. 0. 0. 30, 12.6
363 4. 400 54350 25, B8 . .15, -27. 30. 12.6
364  5.050  5.900 24, 95. 20. -p2. 30.. 12.6
365  5.400  5.950 2 4. 9 3. 10. 13 30, 12.6
366 3.250 5. 550 6. 90. 0. 30. 30. 1246
367 - 3. 650 5.800 124 9 4. 13 20, 30.  12.06
368  4.200 6. 500 7s 92. -20. - 5. 30. 2.0
GROUP SEVEN
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A

v

% - | © source 3
A

B

H

R

N R1 RT S5A
346 3, 400 1 4. 76 2215
347 3. 250 21. 5% 153.2

o "7 16101

348 . 320 e 5

‘. -~
349 1. €50 5996 2.0
350 2.100 125 64 14. 5
35 3:900 23.84 163. 4
5 3. 320, 19, 35 172+ 3
5 5.9 50 15.63 279.9
5 6. 730 31.76 154.8
<

6. 330 163. 3
5. 600 105. 5
T 750 30£.99 15 4

LN = e
o
s
W

N L
[oV]
-
n
[

(S e IRt IRV BRC Y, NS B NS B I

HONARENEANWRAIRI AR IR AR AIEA R ARSI N

) 4. 320 , 34,84 744 3
5 4o 400 213 ' 125, 8
& 3. 200 21632 e 4. 0
& de SO0 - 21.21 168 40 8
& 5., 050 27.56 69.0
65 5. 400 19,11 275 9
66 3. 250 7.9 6 D62
6 3. G50 Be 72 275 1
6% 4, P00 10 36 253, 2
|

et e GROUP SEVEN
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APPERDIX T,

3] R
161 0. 500
1 o4 a0
o 8. 100
1G4 Pe 200
1060HL Po8D
100G, 3e HLGD
107 4. 120
11 s 500
11° 1o 00
P13 beivan
11Aa o
115 33100
P16 2000
V17 Aco9(

1% Ge rint)
11 Lo TN
o e el
i He 0 80
10 (.. (0
[ a0
y oo IO
[BEEY) pot
151 o0 G
1o e D10
{TRC TP &
I ha He 00
PRy fe 220
Y {1000
P57 50150
[ Ao HBUY
[ He 0D

R2
20500
3. GO0
A 650
3. 610
8. 900
de 720
5. 430
3. 370
G 050
3. 350
3o 400
% 130
5. 070
5.5 00
S G3D
ST 0
Fie A0
3. 000
V4 /‘E;U
He 231N
Yo TV
S DHOD
O /720
i LR
AN
4. 040
e 7150
a9 0
e 200
20130
3e H4D
Geain
3. 040
PR
e 00
Ao E8 Q)

Source |

D T
9. 9 4
1 Ae 9 AR
3. #oH.
! T
3 r) (’C
21 e
¥, Q b

3. 104

16 90«
w0 G,
A S
20, (S5
0 Bl
14 8l

‘
AR

Vi
25000,
17200,
350,
H00.
170,
310.
20,
12050,
000.
HESMA O
L0
- 370,
-} 4l
~ 1560,
= (s
- &0
13000,
152,
I RERIS
RN PATE
(G
500,
1100.
-~ L0
= 190

- A7)

—

~ {0
6O

- A0
150,
o= b
160
-7
=150
40

e
f}}.; .

4

§

V2
10000
1000,
- 000
13 (e
- 400,
220,
150
-8 U0,
1100,
- 200
- 30
G35
1 G0
20,
G0
1 A0

300006

A
had “{10

Pann.

ll RRNTN P

100,
I
-~ 1170,
=000,
- 1100
-} 30,
~ 1 &0
G )e
GO

= 6300
020
- D

- GEe
-0,
~9 b

- 9;::0

X I
30. 10. 2
30, 1002

30 10.0
30. 9.8
a0. Yets

o

40 9.
30. 0 98
50 1001
Side Y.
30, 9.8
3i)e 9.4
dUe D6

30. Gl
O 9t
30, 9o its
30, Gt
30 Qe b
30 9¢H
30, 9.1
KItH 91
St 9.1
Sie 9.
R QoY
Gide 9t
ane 9.6
A0 G0
0. 9.t
30 9
31, 9l
KIIR 9.5

I
30 9. 5
S0 0 9
30, 9
20,

‘U
e
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101
102
103
104
105
106
107
111
110
113
‘ 114
115
116
117
118
119
120
121
100
123
124
125
151
152
153
1 54
155
156
157
158
159
1 60
161
162
163
164

R1
0. 500
14840
2.100
2. 400
2.870
3. 550

4. 120

1+ 500
1o 4530
14840
2. 580
3.120
44 090

44990
5S¢ 460"

4e 570
0. 580
3. 330
de 450
5.210
5. 750
20 5'5‘0
0. 720
1. 600
2. 240

4. 040

44 750

5.890 .

3. 260
2. 730
3, 540
2.910

3.040

3. 680
4. 090
4e B0

Source 4

RA

140.78
16R« 30
B83.84
9582
127475
171418
126480
79. 861
B83.86
127+ 61
137. 13
190. 74
18 66 60
261. 70
155.96
17070
270.88
65+ 40
DY L9, 1 4
189 4. 33
186.89
173.97
143. 44
166. 69
466,92

1556 59

18 6+ 40

17157
1617.95
110.89
225.19
35. 35
165+ 35
900 4 4
113. 71

SA
3.0
7.9

18«5
20. 3
18+ 77
16.2
23.9
13.0
12.8
10.9
15.3

13.8 -

17.9
167
351

1.7
30. 1

lav] —
- O
* e e o

°

LI

.

av}

RO =R UN g OO

—
. - .

49,
40+ 6

b
WMAITNOVNO =TIV DV IINDan D
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APPENDIX I,

N R1
501 3.150
502  4.100
503  5.150
504  5.900
L5085 4. 000
806 4. 550
507. 5 700
S0 3. 600
509 Ao AN0
510 £. 500

- 511 1200

512 20350
503 2.100
514 24300
515 5. 250

516 0. 5007

517 Ge 450D
518 6+ 150
519 6o 650
520 6. 100
501 1.000

500 7 0. 750
503 1. 600
504 24150
RIZEN) 2.900
H6 0 3. 250
607 3. 150

508 2.000
L9 2. 150
530 1. 150
531 4. H00
532 2.050
533 4.100
534 3.950

535 3. 400

536 4o 200
537 L. 3200
538 6. 550
539 7. 000
S40 e 200
541 Go 00
542 7o 500
943 G 00
44 6200
545 s 500

R2
4. 800
50 () {)()
6. 250

60 6()0 .

5. 500
6o 600
7¢8 50
4. 3010
5. 200
4. 000
2 100
2. 6 50
3. 100
5.8 50
6. 500
G 400
7. 000
6o 450
6o (L0
Ge 400
1o 600
3. 000
3. 500
Ae 150
4. 900
5. 500
G O00
4. H00
de 6GDO
4. 200

5.200

4. 700
/l- l ()O
4. 700
4. 050
5. 600
6. 350
Te SO0
. 250
8. 900
9. 000
7. 400
T« 2000
T 700
H5e GOG

Source

T
122
8 5
9 4
8 6
80.
900
20,
90.
£ 6.
9 3.
104.
90-
920,
9 4.
59,
92‘
BE .
9 3.
20,
90.
20.
90.
90.
90.
90.
90
90.
GO
90
90.
20.
8 3.
96.
88.
B8 .
g0
98,
90.
10 4.
110.
- f.’U.
9.
G9.
113
109.

V1
1 50.
40,
20.
10.
20.
20,
15.
-105.
0.
190.
- £00.
800,
6500,
- 28

160.
"800

"700’

-175.
25.
10.

210cC.

-2200.

-900.

~-240.
-270.
- 45,
- 165,
145,
-210.
~ 4000,
12,
50,
60
90,
-75.
-105,
- =25,
10,
0.
N

] B
0.
18,
e

- 20«

- 4000.
1 50.
90.

200.

20.
25
20.
- E)Oa
10.

-20.

jiéoo.

- 500.
- SOOO
- p, 1 G.

=120,

530

~17.
440,
-180.
26 0.
~20.
~-25.
8.

T =35
O«

-~ 40.
- 35.
~ 18,
- 35,
10.
30.
256,
-10.
-1 4.
35.

30+ 124
30. 124

30. 12. 6
30. 12+ 6
30. 12 6
30, 12.6
30, 1246
30. 12.6
30. 12+ 6
30. 11.2
30. 11.2
30. 11.2
30. 112
30. 1142
304 11.2
304 11.2
30. 11.2
30. 11.2
30. 11.2
30. 11..2
30, 11.2
30. 11.2
30. 11.2
304 11.2
30, 11

30. 11

30, 11.2
30. 11'

30. 11.2
30. 12. 6
30. 12+ 6
30. 12.° 6
300 12.6
30. 12. 6
30, 12 6
30 12. 6
30« 12. 6
30, 12,6
30. 12,6
13 0.0
30. 11.2
30. 1.2
30, 112
30, 11.2

6
6
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APPENDIX 1,

N

501
b2
503
50 4
505
506
H07
508
509
H10
511

S

503
514
5106
516
517
518
519
520
521
502
523
L2 4
525
He6
507
Y21
509
530
531
532
533
534
535
536
537
53K
539
540
541
haz
543
594
545

3.

S

3e

Go
60
6
l.
0.
1
2

Source 5

R1
150

. 100

i 50
900
000
550
700
600
400
500
900
350
100
300
250
500
450
150
650
100
000
150
600
150

2. 800

3e
3.
2.
2
e
4o
%N
G
3.
3.
4,
He
G
7.

2350
750
200
150
750
500
250
100
950
600
400
300
550
000

T 600
6. 650
7. 400
6. 800
66900
4. 800

RT
52,93
31. 77
19.25

14. 67

406 55
27.89
23. 27
49.97
21.81
27.92
329. 47
92.20
B2. 64
129.16

178452

109.11
149.73
334. 39
58. 37
38. 34
364 55
24. 8 4

57- a3 -

35618
61e 11
157 $9
69 .9 4
58. 40
30. 49
33.85
15. 71
34 37
28. 63
4%, 32

26.89

66.27

47.85
38.20
§0.15
2910
7302
52,07
35, 79

33. 34

SA

477+ 6
10}e 5
2344 3
382.0
T1e4
109. 7
158. 4
H51. 6
18 4. 6
T 1

6. 0
2645

0

0

o
() e

206,
2449
4642
42, 2
18+ 4-
159.8
31.8
2643
23. 6
4962
33. 4
13.9
35,2
27.0
4543 -
3()0 :)
2773
123.8
143.2
g 4.
135,
57.
98
155.
710
209.9

ka2~

100. 2
129.3
178. 6
135 4
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APPENDIX 1.

Sourxce 5
N R1 R2 D T V1 V2 X 1
546 5.700 64000 24, 118, - 40, 32. 30. 11.2
547 :)- §00 G 600 21 92 250 0‘. 300. 1.2
S48 50500 6.100 D4, 9 3. 23, -12¢ 30, 11.2
549 e 700 Se ]00 29 89 GO "‘2250 3()0 1 102
550 4. 400 5.9200  22. 794 125. 8O, 30. 1142
5{)1 . /Je (/'OO 6- IJOO 20« 1050 “22- hd 30- 300 l l- 2
550 5,600 7.000 19. 8 4 -02. Qe 30, 11.2
t)'):i f’,,‘)()o 4 600 30. 103. (3‘00 -90. 300' 11-?
554 2.100 3.800 3. 88 -15. 400 30.  1l1.2
55%  2.500 4. 100 36 95. «190. - 45, 30, 1172
556 1e400 3.200 49 860 620, - 130, 30, 11.2
557 3. 60Q 6.100 I 9 5. -80. 125, 30, 11.2
555 4,000 6. 500 2. 85, - 60 20. 30, 11.2
559  4.800 7.300 e 87 ~130. 304 30, 11,2
560  5.200 7.700 3. 90. - 43 70. 304 tl.2
561 10(\'00 /40 POO 1]0 800 "370- "3500 800 1 1-2
562 1.000  3.000 53. 90. . 3100 1050 30 11.2
563 0.%50 3.100 40 90. 3400. 2250. 30 11.2
64 1.900  3.800 35, 90. 370 170, 30. 11.2
5()5 . 6» r; (')D 8- 100 1 (H 9 50 1 50 - O- 300 1 102
567 . 600 4.800 19. 89, 37. ~1624 30, 11
SeR 3,200 3.800 . 40.° 90. 410 140, 30, 11.2
570 5.300 5.800 D6, 111 8 5 -9 5. 30. 11.2
571 4N (/OO St 000 ?90 900 - 1900 28 5; 30‘ 1]-2
57;‘) 5S¢ 700 5 200 4o 3] Se - 27 250 30. 11 2
573 & D00  &. 400 7. 100, 40. 40. 30. 11.2
574 6. 100 8. 600 1a 90. 30« 25. 30, 11,2
575  5.400 7.900 O 9 6. 100. 0. 30. 11.2
576 4. 700 7200 4. 9 3. O -1 40, 30. 11.2
577 4. 500 6.800 9. 91 65 - 70, 30 11.2
578  3.0250  5.700 3 g Se - 280, 4004 30, 1100
579 3.250 5.700 3. . 85 - 280, 400, 30, 11.2
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APPENDIX I,

Source 5

R1

5. 700
5.800
5. 500
4, 7100

4. 400

5. 600
#2.900
2. 100
2.800
1. 400
3. 600
4. 000
4. 800
5,200
1.800
1. 000
0. 850
1. 900
6. 800
2. 600
3. 200
3. 200
S. 300
4. 900
5. 700
6. 000
6. 100
5. 400
4. 700

4. 500

3. 000

" 3. 250

RT
63.91
40. 06
34. 33

199. 40
9 4. 31
39. 51
29.07
49.206
424 28
43.02
D6. G4
H2.89
31.36

10256
T6. 277
34. 67
65.22
53. 277
33.97
34. 58
28.94

128+ 56
B 6. 64

1 30. 21

313.17
45,07
84, 01
S4., 56

102.83

100. 53
62.80

46
149419

SA
89+ 5
133¢ 5
155. 3

., 2346

36.8
967
153.8
/{.7“ 5
41.8
57. 5

464 6.

113- 7
7941

©28.3

41. 0
37.0
13.8
120 5
456 4
57. 3
6349
25.0
29+ 5
40. 3
15.8
7549
43¢ 6
65 5
31.2

—

28. 6

45. 3

13.9
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APPENDIX I,
3 Source 6
i "N R1 R2 D T V1 v2 1 X
o 601 0.900 3.300 0. 90. 3200. - 6504 13, 30,0
] (02 1,400 3.800 11 90 800 120+ 13, 30.0
% v 603 2.200 4. 350 24 90. 9 5. - 1004 13, 30.0
L 604 £2.200 4 550 3 90. 105 50 13. 30,0
v 605 3.350 4.950  R26. 90, 60, - 400 13. 30,0
i ‘ (06 3.800  5.180 D6 90, o0, 504 13, 30.0
607 3. 600 4. 600 32, 90, 70. - 55, 13, 30.0
608 3. 650 4. 250 3. 88 . 90.- 704 13. 30.0
g‘ 609 9.200 4.250 33,  90. 30, -90. 13+ 30.0
610 4. 200 4. 500 32. 118, 62, ~ 55, 13, 30.0
611 5. 000 . 7 300 5 $9 . Lo- 400' 20' i 30. 300 Q
];f 612 5.050  7.300 7o 90. -12. -17., .13, 30.0
613 5200 7250 10, 90. -10. 25, 13. 30,0
: €14  4.4800° 64700 15. 90. - 55, © 354 13, 30.0.
1" 615 4,250  6.100 17. 105, - 125, ~&0. 13 30,0
i ’ (‘1 6 VAT b() 50 ]OD {1’2- 900 el 33- 900 1 30- 30- O
' 617  3.400  5.250 24 90. 30. - 150, 13.. 30.0
' 618 3. 500 4.800 26, 87 - 100. — 480 13, 3070
3 N 6197 3.150 4,950 23, 90. 140, =674 13. 3040
I ,) 00 20150 4.800 26, 90, 150. -250. 13, 3040
. 621  3.350 4. 600 32, 90. 1004 -15, 13, 30,0
602 3. 400 3.700 40 90V 140. 1004 13  30.0
603 3.200  3.500 . 42. 92. "p40. 0 30. 13, 30.0
6P4 4. 500 5. 300 26, 90. 60 0. 13. 30.0
625  4.T50 4,950 0 28. 90. 10 - 504 13, 3040
606  S5.050  5.250 27. 90. 40. 54 13, 30.0
627 t)& fi()() ()- 10“ PS- 900 Oo‘ '250 . ‘3- 3000
628 6. 550 7.200 19,  95. 25 -104 13« 3040
629 6.900  T7.800 17 9 6. 0. - 30. 13, 30.0
630 6.900 8.000 17. 100 0. - 15, 13, 30.0
631 2.550 4. 700 17, 90. 120, - 7504 13, 30,0
a 632  2.°700  5.000 9. 90, © =50, - 700, 13. 30.0
y! 633  3.050  5.300 9. 92, ~ 1654 - 65 13, 30.0
h 634 3.700  5.900 9. 90. ~ 40, 1904 13, 30,0
¥ 635  4.200 6. 300 10, 90. . =50, 28, 13, 30,0
636 4,350 6. 650 9. 90. - 700 - 404 13.. 30.0
Lo 637 £.500  3.400 43 B0 370 - 5020 13, 300
ik ' 638 -3.050  3¢400 45, 90. ~=200¢ -250. 13, 300
- 639 2. 400 3.700 40. 954 310. 2104 13« 30.0
640 3.340  4.250 35. 90 BO. ~80. 13, 30<0
641 Ge 100 T+ 150 19. 90. O -25 13, 30,0
640 5. 550 6. 500 20, 8 4. . 0. 3% - 13. 30.0
643 5. 400 6. 050 24, 90. 35. 0. 13, 30.0
| -) 644 6100 6e 200 23,  90. O 0. 13, 30,0
S 645  4.200  5.200 1 64 90. ~90. 0. 13, 30.0
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APPENDIX I.

N

; 601
602
603
604
605
606

607

08
609
' 610
611
612
613
614
615
616
617
618
619

620

621

622
623
624
625
626

e

6273
629
630
631
632
633
634
635
636
637
633
639
640
641
642
643
(A4
645

R1

0.900
1. 400
2. 400
2. 200
3. 350
3. 800
3. 600
3¢ 650
4e 250
4. 200
5. 000
5. 050
5. 200
e 8 ()O
/1. 250
44150
3. 800
3« 500
3. 150
24150
3. 850
3. 400

" 4. 500

Ze 150
5. 050
5.800
6. 550
6. 900
64900
2+ 550
2. 700
3. 050
3. 700
4. 200
4¢ 350
2.800
3. 050
2. 400
3. 340
6. 100
Y. 550
5. 400
6. 100
4. 200

Source 6

RT

47. 50
30. 37
15,05
12.07
21. 67
23.24
33.13
43.81
34. 37
3%. 00
35.06
164 67
23,83
47.81
92,28
50. 31
65422
1724995
"39. 61
50.99
45. 34
51'04
61.28
42472
40. 67
37+ 57
35. 79
S54. 06
70. 21
33. 35
113. 45
119.11
41.07
11.89
29. 63
43. 55
112.86
69+ 33
51,20
34. 58
39. 50
4489
4012

63. 75

" SA

14.9
34. 1
98.8
127.1
12242
13544
100.0
8§23
98. 7
111.8
86¢3
18 6+ 1
1432
6942
3245
64 1
46 4
16,6
594 4
40.9
81.8
6840
534 4
98 . 2
11749
13547
16244
11 zhv 6
8649
17557
157
1541
485
32.9
90.5
6341
25.0
4541
4]0-9 .
9142
1334 4
10845

12945

5042
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“% ‘ Souxce 6
N R1 kz D T V1 \) 1 X
' 646 3.000 4. 400 31. 90, 160« -1204 13, 30.0
‘ 64T 4o 550 6. 250 18. 90. = =40, 0. 13. 30.01}. ,
' - 648 4. 8500 6. 200 20. 88, ~30. 50, 13 30.0 e
S 649  5.200 64250 ° 20 90 50. 0.. 13. 30.0
N 650  5.450 6.350 22 90. 30« -30s - 13, 30.0
651 20350 2.350 60. 95, - 400 - 3004 13+ 3040 ;
652 2.050 2.600 61. 90. 175, - 330 13, 30,0

653 1.700  3.200 46. 90. =1150. ~1300. 13, 3040 .
()54 1 700 3 750 2(7.‘0. 950 . "‘2/’0; "6100. 13. 3000 .
65% 2.000 - 4. 300 T 95+ © 280 375, 13, 30.0

656 2.900  5.200 3. 90 1150. ~1500¢ 13, 30.0

o 657  1.950. 4. 300 2. 90. 11504 £20. 13. 30.0
o 658 1.350  4.100 11. - 90« 200. 360. 13, - 30.0
' 659 3. 550 5.850 3. 9 S, .270. 4004 13+ . 30.0
660 4 200 6. S50 0. 90. =120 -15. 13, 30.0

S 661 a-850  T.200 O 90 0. 50+ 13 30.0

: 662 1.300  3.600 5. 92 675 500 13, 30.0

) GE3 - 00350 24750 2. 9 5. 3700. 11004 13, 30.0

‘ 664 0.600 2.850  33. 90. =200 1100 13, 30.0

665 14500 3. 550 29 « 90. ~1804 =400, 13 30.0.

666 0.450  4.200 29. 105 - 2604 . 0.. 13. 30.0 -
667 3.100  4.700 25, 92. -215. 2104 13, 30.0 o
666 3.400  S.450 28. 90. ~250. -125, 13, 30.0 :
669 4. 650 6. 450 164 90. ~ 200 180 13, 30.0 ‘
670 6,000  T.800 12, 90 ~110. -35 . 13. 30.0
671 G750 8.500 10. 90. - 75 0. 13. 30.0
672 S50 7.700 o 90. 220, -190. 13, 30.0
673 3.950  4.1850 33. 90. 75 - 534 13. 30.0
674 3.550 3.850  38. 9 5. “100. =200/ 13, 30.0
675 3.000 4.000 36. 95, + 300« - 135 13, 30,0 ‘
I 676 3.750 4.900 27 90. 50« ~ 1404 13, 30.0 "
o 677 4,000 5. 300 25. 720 -160. " 60, 13, 30.0 i
678 4. 700 64200 19. - 90. ~-190¢ -1104 13,  30.0 o
679 1.300 1.450 119. 85, =1500. 675.. 13, 30.0 ,
L .l 60 1.250 1.800 103. 90.  B70.  ~14404 13. 30.0 S
S ' 631 0,900 2.300 85. 95, 1575 1350. 13, 30.0 C
L €52 0.85%0  2.700 58, 90. 510. =1800. 13, 30.0 A
o 633 2.000 4. 350 5. 95, -80. =150, 13, 30.0 s
= (84 2,200 40500 8. 5. -0,  =210s 135 30.0
s , 635 20700 4. 750 19 90, . 6O. - 240. 13. 30,0 4
i | 86 pusa0 3,400 45 91.  -220. 60<  13< 3040 ‘
" 647 1. 600 20750 600 109, - 600 550. 13. 30.0 .
) 638 2.700 3. 700 40. &5 3. 1304 130. 13. 30.0 Cl
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APPENDIX I,

N
646
6477
648
649
650
651
652
653
654
655
656

657 |

653
659
660
661
662
663

664 .

665
666
667
668
669

670

671
672
673
674

675

676
6711
618
679
630
6E L
652
¢33
68 4
68 5
686
68 7
688

Source 6

R1

‘3. 000

4. 550
1le800
5. 200
5. 450
2. 050
1. 700
1o 7(‘0
2. 000
2.900
1.950
1.8°50
3. 550
4. 200
4.8 50
1. 300
0. 350
0. 600
1. 500

) S 450

3. 100
3.8500
4. 650
6. 000
6+ 7150
5. 750
3. 950
3¢ 550
3. 000
3. 750
4. 000
4 700,
1. 300
1.250
0-900
0.850
2. 000
2. 200
. 700
2.8 40
1. 600
2. 700

l\

RT
46. 28
26, 56
474 OF
53. 25
499 4
47.9 4

29,53
100. 40
39. ()O
41. 30
3334 49
112. 15
30. 44
1 666 45
60. 177
as. 1
27. 53
. 20
6493
19. 31
5. 34
T4 65
109.02
186.02
19724
143.96
360.8 4
434 51
736 45
79.92
79.90
97415
1 630 l 5
30. 79
36« 36
29,22

236 63

1485

£3.03
43466
43411
34023
30.73

SA
5446 4
124.9
802
$2.9
9849
4940
T2 6
1541
32.7
33+ 4
449
12,0
4248
13.3
42495
81.0
3448
379
757
60. 7
35.3
32+ 1
26+ 6
1746
2546
3046
942
92,0
4942
3/1;8
404 4
3442
219
4403
38. 2
32. 1
3301
9247
651
4368
() 60‘9
4641
B2l
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APPENDIX I,

N R1

g01 0.900
802  1.700
803 2.460
BO4 3.250
B0S. 3.850
BO6 4.170
807 3.900
808 4460
809 46 G0
810 2.000
811  1.200
812 1.800
813 1.360
814 3,050
815 1.700
816 .02.950
817 3670
818 3.950
£19 41350
800 5. 550
go1 2,700
822 .3.350
823 4. 550
24 5.200
825  4.550
826 5570
B27T  5.920
g28 4.050
829 4. 040
830 4. 540
821 6.030
832 5.860
833 5. 700

834 5.160

335 4. 550
836 3.820
837 3.340
gas 3. 670
539 2. 640
% 410 4. 400
841 5.200
842 5. 550
843 5. HEO
344 4. 3H0
345 3.760

R2
2. 550
2,930
3. 340
3.830
4. 230
4. 170
4. 300

C 5.130

5. 530
3.900
2.870
3. 600
34 200
"h 93()
3. 150
4. 100
4. 800
4e 620
5. 400
6o 770
A B8O
5. 200
6. 340
6. 900
6. 040
6. 500
7. 330
5. 830
5. 720
6o 440
6.820
6« 430
6. 030
5. 250
/.880
5. 160
A.900
5. 430
4o 400
5.9 60
Te 230
7. 450
6.9 30
Ge 200
5. 630

Source 7
D T
35. 900
390 9()0
36 90.
31. 90.
27, 90,
27, £ 5.
26, 90.
22 90.
]90 90.
r(.‘ 90’
24 92
16 88 .
4. 820
4 2.
31. 93.
26, 87,
L0 83 6.
21. 9 4.
21. 92,
13. 83
4o 100.
Te 90.
12. 90. .
10, 90,
1 G 90.
1 4. 90.
11, 90.
8 90.
e 90.
1. 90.
1 5. 9 4,
17 S
18. 98
21. 93,
23. 9 5.
18, 90.
15- ()3-
T 9 3.
12 9 5.
12, 90.
O. 90.
le 90.
4. 90.
b 90.
S

90.

|2

2030+
320.
130.
9 5.
132
80.
90
-50.
- 35
200.
- 600.
-160.
~ 600
-55.
- 400,
B30,
-125.
- 105,
- 45.
60+
130.
~ 160,
65
70
5

0.
25,
-80.
0.

0.
~20.
+ 25.
10
-20.
=40
90.

- 150,
60.
-9 5.
- 30.
B0
10.
-90.
-9 5
- 1000

v2
- 7104
- 35-
- 1 10o
-135¢
- 40-
20.
75
0.
8O
145.
-1200.
~160.
- 320
~50.
- 30‘
250.
3 5
-9 5.
"’300.
9 50‘
- 55,
55,
S
30.
40.

A0

40,
0.
135.
8 5

110. .

= 30.
30,
0.

0.

0.
20.
100.
110.
- 604
lOt
55,
- 40,
-80.
- 45,

19+
19'.
19.
194
19+
194
19¢
19.
19
19“
19.

19. .

19..
19,
194
19,
19.
19«
190‘
19.
19«
194
190.
1.9+
19
19.
19.
19.
19«
19,
19+
194
194
19.
19+

19..

19
l()l.
19.
19.
19+
19+
19
19+
19.

X

30. 0
30. 0
30.0
3040
30.0
30. 0
30.0
30, 0
3040
30. 0
30. 0
30. 0
30+ 0
3040
30.0

. 3040

30.0
30. 0
30.0
30. 0
30. 0
30.0
30. 0
30,0
30.0
309'0
30. 0
30.0
3040
30.0
30. 0
30.0
30.0
36.0
30.0
30,0
30.0
30.0
3040
30. 0
30.0
30.0
30.0
30.0
30.0
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Souxce 7
N R1 RT SA
801 0.900 21.33 34, 6
802 1. 700 13.35 109.2
803 2. A6D 17 63 128, 0
804 3. 250 36,14 8G9
805 3. 850 49426 7705
80(”) e 170 33w 31 IQSOZ
g07 3.900 44413 87141
805 Ao 260 D6e 63 154, 0
809 40 B60 474 70 7940
10 2. 000 140 75 89. 7
811 1.200 25, 58 35.7
g1e | 1.800 104 20 122.0
g13 ! 1. 360 16.04 597
814 | 3.050 11. 53 16447
15 | 1.700 16478 8041
816 2.950 42478 5643
817 | 3. 670 45.80 G40 4
818 3.950 6126 57. 4
819 4,850 37 48 122. 5
820 5. 550 96.13 41.8
821 2.700 1 64 49 103+ 7
823 44 550 29,29 10240
8e4 5. 200 50. 20 6643
825 40850 24,90 1474 4
626 S. 570 35. 54 11641
27 5.920 46.86 65,2
8 % 4,050 27. 47 921.5
829 . 4. 040 43421 4908
8 30 4. 540 38. 36 6945
§ 31 6. 030 139477 3648
832 5.8 60 43424 112.9
833 5. 700 37.87 14840
834 5. 160 16+ 49 314, 6
835 4, 580 234 66 192.8
836 3.820 28+ 50 98¢ 1
%37 3. 340 32.80 694 4 o
8 3% 3. 670 31.98 7243 .
839 2. 640 160 24 10642 S
& 40 4s 400 29475 9707 o
£ 41 5. 200 494 T4 60. 8 o
842 Se 550 42459 7448
843 5. 560 92.91 342 4 ™
844 4. 350 504 40 5243 ' f
845 3. 760 30¢ 63 74.9
g
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APPENDIX 1,

N
846
847
40
8 49
%50
& 51

- BSse

853
854
855
56

857
855

8 59
8 60
861

CB6R

863

- B64
B65
866

867
868
369
870
571
872
#6773
B74
875
B76
877
8718
879
880
$el
8R2
883
853
B34
BH S
BH O
887
B8E
589
BeO0

3.
2o
e
Qe

S

/e

R1
300

9 50

100
100
500
900

4. 500

e
5.
e
3.
4
4-

.SI

e
3.

3e

3.

e
A
5,
5
S

5.

400
0no
600
750
oo
550
1507

650 .

100
“00
330
100
750
660
410
030
070

4o 922

5.
5

6

5

600
500
200

550

4.500

4
3.
2
1o
e
e
Qe
e

g

noon
150
550
700
000
150
500
100
100

1.900

1.

350

1.4 50

0.
.
1-

2o

500

050
500
100

R2

Se
4e
Vi
30
4
5‘
S
S.
6o
G
He
S
6.
6
G
e
5.
4.
5l
G.
T
Teo
6.
6o
6.
Te
Te
Te
6.
G
S
4e
e
3‘
2.
2.
1.
1.
1.
1
1.
2
2,
D

I

3.

150
g 40
000
860
000
350
600
600
150
500
700
800
450
950
300
660

030

7170
720
500
500
130
630
420
100
250
050
400
850
300
400
500
000
:}OO
650
500
200
200

200

000
950
250
700

200

050
300

—

Source 7

D T
50 90.
1. 90.
6o 90
1 4. 90,
21. 90.
21. 12,
19. 869
17, 20.
{‘0 93.
1e 90.
& 849,
6. 9 3.
3. 100.
-5, 97
10. 90.
17 90,
13. 9H .
19. 8 3
11 103.
80 95‘
bO 900
8.  90.
11, 90.
1 /1. 103.
1 6 98.
90 90‘
11. 90.
13. 90,
13. .93,
14 105,
1 6. 90.
21. 90.
23. ~ 90.
26, 90.
35, 90.
50. 90.
82. . 90.
1 4. 90.
1 4. 90.
57. 90.
69 105,
55. 90.
0. 90
15& 90‘
2“}! 900

320 9[)0

V1

- ‘20'
-110.
- 155.
205,
0.

- 500
50.
-70.
0.

= ‘()-
-10.
35.

-~ 55,
-22.
- 30.
0.
190.
45
TS5
130.
-90.
Q0.
250

9 5.
40,

0.

- 0.
30.
“200
O«

O'

40,

80
120
130.
1420
2700.
-1700.
-1700.
500.
«900.
- 750.

2‘2000 '

1000,
9 50.
900.

v2 I
15 19,
- 1454 19,
190, 194
'2200 190
- 350. 19,
0. 194
'300- 190
- 30. 19¢
=40 19,
Oo 19‘
55, 19,
- 45, 19.
0. 19,
“17-. ]90
0. 19.
260 194
-1201 19#
-270. 19«
~190. 194
-~ 3530 19.
~230. 19«
- 60. 19,
-25, 194
~35. 194
~ 65, 19
-20. 19+
0. 19+
27, 194
"25o 190
-~ 35 19«
70. 19«
70. 19.
. =80 19.
180+ 19+
70, 19.
-800. 194
31400. 194
1100, 19.
1100 19.
- 4004 19«
"1900- 190
I 50 19.
300. 19.
7504 19+
260. 194
"2()00- ]90

X
30.0
30.0
30.0

30. 0

30. 0
3()0 0
30.0
30.0
30.0
30.0
30,0
30,0
3040
30.0
SOO (_)
3040
30. 0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30. 0
30,0
30.0
30.0
30.0
30. 0
30.0
30.0
30.0
30.0
30.0
38.0
30.0
3040
30.0

3007

30.0
30.0
30.0
30. 0
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N
846
B47
843
49
250
851
8§52
853
8§54
3859
456
857
go8
8 59
60
861
662
863
564
B6YH
866
867
868
8 69
870
871
72
g73
#74
875
8576
817
878
879
830
8l
862
8583
$83
6 a
885
BE 6
687
068
g6
690

Source 7

Rl

3. 300
2.9 50.
2. 120
2100
2. 500
4.900
40500
44 400
5. 000
4. 600
3950
4. 000
4e 550
5. 150
1|0'650
3. 100
3. 600
3. 330

de 100

e
S
5.

I
wle

750
CEG0
4110
080

5.070
4. 920
5. 600
5. 500
6. 200
5» 5)50
4. 300
4. 000
3. 150
2. 550
1. 700

" 1.000
“1.150

0. 500
1100
1. 100
1.900
1. 350
1.850
0.800
1. 050
1. 500
2. 100

RT
24,52
27«12
16.86
20. 42
37.09
37. 60
384 55
36.27
23.83
4. 671
18+ 31
1. 55
25%. 27
18,97
15. 11
466 58
%9.03
61.18
70 74
20 4. 58
242.07
H4e 25
2P, 97
646 39
464 39
1 6. 41
31.83
4534 34
P28. 61

20.04

24,88
1 5. 44
12457

8.93

1.83
27.06
87e 48
1 3.82
17. 51
05, 62
50.82
35. 00
17-16
17+ 35
30. 61
169418

SA
g3.a
664 ]
83.0
70+ 3
49.0
12641
108.3
9147
19941
5779.
133
131
1064
160,
196.2
464 4
4047
39.6
37 4

uArxwY U

1 44
134
75
454

—

8
5

1

562
B80. 7
21545
11 4, 4
95,5
1394 6
16646
i1 A4 3
1529
15144
143.9
24454 4
38. 1
50’ ']
828
65, 4
710
2.0
5448
36.0°
4545
3840
9.2
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APPENDIX
N R1
891 3.9 50
892 3. 300
893 3. 700
$94 2.300
#95 0.550
96 0.700
897 0.970
98 1. 680
699 0.900
900 2.150.
901 3. 650
902 3250
903 3. 150
504 3. 500
905 4. 000
906 4. 750
207 5. 000
908 -5 500
909 2. 550
910  4.150
911 4,600
912 4. D00
913 4. 500
914 S5.500
915 5.8400
916 6.700
917 6. 350
918 de HO0
219 5. 100
920 5. 750
921 2, 500
922 2. 600
923 2. 400
904 2. 4P0
905 4. 400
926 3. 060
Q2" 5., 200
973 S. 630
90r9 6. 3%D
9 30 Go 120
931 64150

5.
e
Se
3
Lo
1.
e
1.
1o
e
fa

. 3

30
3.
e
S
5.
6.
30
4.
5

N

4
5.
S.
Ge
6.
e
SO
5e

2.

O
3.
3.
“e
4.
6.
6o

>7'

7o
Te

R2

100
700
300
750
450
200
650
700
930
250
250
700

350 °

500
600
300
600
250
400
650
700
100
700
550
9 50

700

450
650
100
900
620
9 40
090
530
9 50
200
300
770
150
700
200

—

Source 7

D T
19. 102.
19. 100.
] 4e 8 6.
25. 95,

6 90.
'l:‘;. 90.
97 50.
T1. 90.
T7. 100.
5. 8 3.
27, 110.
30. 81
34. 117
30. AR
25, 9 3.
21 90,
20. 97.
1. 90.
35, 90.
25. 86
19, 92,
21. 99.
21, 100.
20. 8.
19. 100.
17. 116,
‘7'. 100.
24 9 5.
22. - 90,
19. 83
44, 92.
40« 0.
38. 80.
32. 80.
16. 90.
206, 106.
1 6. g7,
1 5. 90.
15. 75,
13. 90.
1 4. 92,

vl

- 1800

-1 20.
- 1 OUQ
~210.
-5500.
- 3200,
650.

100

0.
30.

110.

105,
110.
12.
32
-15.

8 50.

- 65.

"700
20.

40«

32,
-10.
50.
- 40.

~75¢

90.
110.
- 65.
-190+
- 300.
" 100.
-310.
=21
25.
-20.
17.
1
27

V2 1 X
- 45, 19. 30,0
556 19+ 30.0
- 30, 19, 30.0
"1250 190 3000
1112000 190 30u0
-700. 19. 30.0

- 50, 19.0

300« 19, 30,0
750, 19. 30,0
- 704 19. 30.0
"850 ]9- 30‘0
~170. 190 ,30.0
L~ 40 194 30.0
135 19 30.0
g0« 190 300
- Te 194 30.0
" 35 19, 30.0
"13on 190 BOoO
35. 19 30,0
"'350 190 3000
55/ 19. 30.0
54 19. 3040
504 19, 30.0
* "75. 19o 3()00
“'200 19~ 30‘0
50« 194 30.0
"IIO-A 190. . 3000
155. 19. 30.0
9 54 19. 30.0
600, 194 30.0
.00 19, 30,0
~ 50, 19, 30.0
90. 19.. 30.0
90. 19. 30,0
90. 19, 30-0
554 19« 30.0
40. 19. 30.0
25, 194 30.0
- 23 194 30.0
0. 194 30.0
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APPENDIX I.

N

891
8o
893
89 4
895
89 6
897
898
B99
200
901
902
903
504,

905

906
907
908
909
210
911
912
913
914
915
916
917
918
919
220
921
902
903
994
925
926
9p7
924
9229
9 30
9 31

Sourxce 7

R1
3. 950
3¢ 300 -
3. 700
2. 300
0. 550
0. 700
0,970
1. ¢80
0.900
2. 150
3. 650
3. 250
3. 150
3, 500
4. 000
e 150
5. 000
5. 500
2. 550
4. 150
4.800
4 500
4e 500
5. 300
5.800
6. 700
6. 350
500
100
750
500
600
. 420
« 120
3. 400
3¢060
5. 200
5, 630
6. 350
6. 740
6+ 150

S
» * -

WO ;W
.

RT

7189
26.91
284 65
21.86
53. 38
13.71
10.21
11439
21.09
50.82
22.82
21.03
33.92
30. 22
70.25

52478

L 23.94

35.73

182. 258"

23,17
50007
35. 51
26401

26 T4

$9.+ 50
83.87
90.23
T6.12
34. 67
5373
S'I‘ ()l
22. 39
30428
12. 31
T3. 26
16,25
A4+ 95
41 e 48
3%, 64
39. 32
33. 01

—

SA
4245
B89 4
7.0
798
3¢ 4
60+ 3
104+ 6
1484 3
43.9
4341
151.9
151.9
9442
11644
5308

B5.0

1940 5
1371
12.9
1214
81,
117
173«
100«
65,
79
704 6
59.5
379
375
4442
118.0
7649
1673
3241
1540. 7
900' 4
1049
14145
137+ 4
1464 4

\')"‘CJ{\?.}(.J"

73 .
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APPENDIX II : PROCESSING AND INTERPRETATION

OF TIME-DOMAIN EM SOUNDINGS

In the time-domain electromagnetic sounding technique, as
it was used in the Volles Caldera electrical surxrvey, an
electromagnetic signal is generated by passing a step-wave of
current through a grounded length of wire, The magnetic field’
from this current is detected at a receiver site with a multi-
turn loop of wire laid on the ground, The voltage induced in
this coil of wire by the e¢electromagnetic field incident at a
receiver location was recorded on an analog reccorder.

The same source lines used in the dipole mapping surveys
were used for the time-domain electromagnetic soundings; the
locations are indicated on Figure 1 , Receiver locations
in arecas of interest several kilometers away
from a dipole source, generally along the equatorial axis of
the source., The induction coil used as a receiver consisted
of a 10U0-foot length of 26-conductor cable, laid on the ground
in the Form of a square and connected so that the 206 conductors
were in series and formed a continuous loop, The voltage gen-
erated in this loop was filtered to attenuate high frequencies
(above 5 Hz) and then recorded on an analog oscillograph. A
typical oscillograph record is shown in Figure 24,

were selected

The observed voltages, such as shown in this Figure, must
be subjccted to extensive data reduction procedures before they
may bLe cvaluated in terms of an earth conductivity structure,
The tronsient voltage as recorded is distorted to some extent
by the use of the low-pass filter, with the distortion being
most severe in the early part of the signal, Also, noise added
to the recorded signals makes recognition of the signals with
the desired accuracy difficult, The first stage in reduction
of the iield observations consisted of efforts to reduce these
problems, This initial reduction of the data consisted of the

following steps: - ’ .

1. Use of synchronous stacking to reduce the level of
raondom noise in cases where the signal to noise ratio
was low, or selection of the best signal in cases
where the signal to noise ratio was high;

2. deconvolution, to minimize the effect of distortion
in the recording equipment;

3. smoothing with an exponentially time-varying filter,
to furxrther reduce the uncorrelated noise; and

;. conversion ‘to values of apparent resistivity, for

GROUP SEVEN
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Figure 24
magnetic
division

sounding,
and the
This record is paxrt of sounding 605,

SANBORN Arecording Fermapaper

. 3 R e cop

Example of the voltage recorded as an electro-

6 was 4350 meterxrs,

The vertical scale is 5 microvolts per

sorizontal scale is 0,1 sccond per division,

The distance from souxrce
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comparison with theoretical models,

Synchronous’stacking or signal selection: Signals from = 5
to 10 transmissions werce recorded at cach receliving station,
This multiple recording permitted the selection of a signal
with a winimum amount of added random noise, which was done
in cases in which the signal level was much highex than the
random noise level, or synchronous addition of several signals
to reduce the apparent noise level, which was done in cases
in which the noise level was significant, The analog records
were digitized on a semi-automatic digitizer at an intexval of
0.04 seconds, For those records with which syncronous addition
was used, a statistical test was applied to each data point to
see if It lay within a reasonable distance of the average for
the group of signals being added., If not, that data point
would not be included in the synchronous stacking. With the
stacking of a pumber, n, of signals_the random noise level
should be reduced by a factor (n-l)l 3, for large n, With the
small numbers of signals added synchronously in thesc measure-
the relative noise reduction was twofold to threefold.

ments,

Deconvolution: After stacking, the effect of the low-pass
filter was partially removed by deconvolution, To accomplish
this, the transfer function of the rcecording system was com-
puted from a record of the response to a step input voltiage.
The Fourier transform of each dato sel was computed and. divided
by the step-response staectrum, The resulting compensated
spectrum was then transformed back to the time domain,

Smoothing: Deconvoltuion has the effect of enhancing the
The stacking

high-frequency components in the recorded signal,
process results in a random scattex of successive points on the
stacked signals which has a dominant frequency equal to the
nyquist frequency for the data sawmpling rate., As a consequence,
the deconvolved data arxe much more '"noisy'" in appearance than
the original stacked data., Linear filtering cannot be applied
.because such a procedure sould merely reduce the efficicency of
deconvolution. A non-linear filtering process was used to
snmooth the deconvolved signals, .

This non-linear filtering method was based on the shape-
property of transient clectromagnetic sounding curxves
when they are plotted to logarithmic coordinates., As will be
described later, interpretation is accomplished by a graphical
comparison of field data with theoretical curves when both are
plotted to logavithmic coordinates, When the lincarly sampled
fiecld data are plotted to logarithmic coordinates, the carly
part of a signal appears to be sparsecly sampled while the late
part appears to be densely sampled., Because the noise that
persists after signals have been stacked has a half-period
equal to the distance between Lwo successive data points, the
nolse apoears to increase in frequency for progressively later

invariant
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parts of the signal, when data are presented in the logarithmic
Moreover, the signal to noise ratio is higher in the

This varxiation]
varies pro-
during the

format,
carly part of the signal than in the later part.
in signal to noise ratio as the apparent Lfrequency
vides a basis for separating the signal from noise
late part of the signal without undoing the effect of deconvo-
Jution on the early part, This is accomplished by applying a
linear smoothing filtex in the logayithmic domain, which is
equivalent to applying a logarithmically time-compressed filter
in the original linear-time domain,

Conversion to apparent resistivity: The final step in data
reduction was the conversion of the measured voltages to values
of apparent resistivity. Because there is no unique relationshi
between observed voltsge and apparent resistivity for induction-
field electromagnetlic soundings, a value for apparent resistiv-
ity can be computed only by assuming some asymptotic condition,
An expression given by Vanyan (1967), valid only for the early
part of a signal, was used in converted the observed signals to
carly-time apporent resistivity curves, This expression is:

! 4
o 2nRT V(t)

Pa = I4M cos O

where M is the moment of the source (product of current and
wire length), A is the axed of the receiving loop, © 1s the
angle between the equatorial axis of the source line and the
radius vector from the middle of the source line to the receiv-
ing station, R is the distance between the center of the source
wire and the center of the receiver loop, and V(t) is the
recorded voltage as a function of time, t.

The initial data reduction described above is intended
primarily to cownvert the observed data to a standardized form
for interpretation, For the early port of the signals, the
apparent resistivities as conputed with the formula above will
have some loose association with the actual resistivity ain the
earth, but for the late part of the signal, the apparent
resistivities may be nuch differxent than anﬁ resistivity in the
earth. lHowecver, despite the fact that these values have no
meaning in terms of actual resistivity distributions in the
earth, the use of the formula is convenient for comparing the
field data with theoretical curves presented in the same
normalized fashion.

Procedures for interpreting electyomagnetic sounding
curves ~re not yet as fully developed as procedures for inter~
preting IXC sounding curves, In principle, field data are intex-
preted by comparison with theoretical curves computed for
specific models of eaxth electrical structure., 7The theoretical
curves used in interpreting the data obtained in the
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- - were computed for a sequence of
two or three horizontal layers (Frischknecht, 1967) and trans-
formed to a time-domain presentation by Silva (19069). A repre-
sentative set of theoretical curves for a sequence of two
layers is shown in Figure 25. In these curves, the ratio of
resistivities between the two layers is fixed, while the ratio
of separation between source and rcceiver to the thickness of
the upper layer varies from curve.to curve. As may be seen,
and as would be expected, the early-time apparent resistivity
values approach the actual resistivity in the surface layer.
1f the thickness of the surface layev is small compared to
the separation between source and receiver, the apparent
resistivity value begins to depart from the valuc for the
surface layer at later times and approach the value for the
second layer., However, at still latexr times, the apparent
resisiivity values are grossly affected by the assumptions made
in development of the computational formula, and rapidly drop
to low values which have no recal significance,

1t has been the experience of Group Seven, Inc, that
graphical curve comparison between observed clectromagnetic
sounding curves and theorctically-computed curves is not an
effective means of interpretation bzcause the character or
shape of the theoretical curves varies so little from- case to
casc. In matching a field curve with a model curve, not only
must the shape of the field curve correspond to the shape of
the model curve with which it is matched, but the horizontal
and vertical positions of the coordinate axes on the two plots
must provide the same value for first-layer conductivity when
the curves are matched., To accomplish this, a technique has
been devised to assist in arriving at a sclf-consistent inter-
pretation, The technique consists of matching a field curve
with the early-time theoretical curve for a uniform halfspace,
with the emphasis on matching being placed on the portion of thd
curve where the transition from carly-time to late-time
behavior takes place, The match provideé two values for first-
-- one from the rclative positions of the

layer conductivity
hen the curves are matched,

vertical scales on the two plots w
and one from the relative positions of the horizontal scales,
The two values are the same if the field curve is that for a
uniform carth, but will differ if the ficld curve is nol
choracteristic of a uniform easrth, If the second layer is more
conductive than the surface layer, the resistivity determined
from the vertical scale, pp, will be lower than the resistivity
determined from the horizontal scale (this value is computed
as to/uplt, where t, is the time on the field plot that corres-
ponds to the time origin on the theoietical plot, ug 1s the

is the séparation from source to

magnetic permeability and K
izay then be used to

receiver). The ratio of pj to to/u R
find the depth to the conductive second layer with the aid of
the curves shown in Figure 20  provided one may make a crude

estimate of the contrast in conductivity between the first and
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Figure 25, Examples of two-layer electromagnetic sounding curves for the

bl 3
case in which the thickness of the first layer is 1/16 the separation, R,




tory 1 t
u,RkR* E
. 0.1
0.1 ‘ 1
First-layer thickness/separation
Figure 26, Interpretation chart for evaluating an

electromagnetic sounding made over 3 sequence of two
layers in which the second layer is more conductive
than the first., 7The reference time tg is obtained

by matching the field curve with the theoretical curve
v {or a uniform earth, The firsi-layerx resistivity 1is
R P1 magnetic permeability is ug and source-xecdiver

< N separation is R.
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second layerxrs.

.

This procedure works only if the second layer is more con-
ductive than the first layer. If the second layer 1s more
resistive, the ratio of py to to/uORZwill be slightly greater
than unity, but the value for the ratio will be nearly indepen-
dent of the depth to the second layer. Thercfore, an alternate
scd to make an interpretation, The diagnostic

approach must be u
@ for a buried insulating

feature of an apparent resistivity curv
at the value TXor apparent resistivity will rise
for the surface layex and pass through a maximum
me late-time behaviox. The height
to determine the depth to the insu-
stimate the

basement. is th
from the value
before it drops off to assu
of the maximum may be used
lating second loyer, again providing that onc may ¢
resistivity contrast between the first and second layers
approximnately. A ratio is formed between the maximum apparent
resistivity and the apparent resistivity for the first layer.
Then, the depth to the second layer may be detexmined using
the curves shown in Figure 27,
: ?

These two procedures were use
pretations of the electromagnetic
body of this report,

d to carry out the inter-
coundings reported in the
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/Py

.05 S

First-layer thickness/separation

Interpretation chaxrt for evaluating an

Figure 27.
over a sequence of two

electromagnetic sounding made
layers in which the second layer is movre resistive
than the first. "Interpretation is . based on the ratio
of the peak resistivity recorded on the sounding to
the first-layer resistivity. '
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APPENDIX II: Listing of electromagnetic sounding data,

The following quantities are tabulated:

)

R

"'ﬂ-u——-\-a-r—-d YOS ) Wik !

The length of time following the beglnnlng

TIME :
of a transient at which the voltage is
sampled, in seconds

NUMBER . . The number of individual samples added
togethex to form an average

AVERAGE : The average voltage at a given time,
in millivolts (exponential format)

ST. DBV, . Standard deviation of the voltage sanples
from which the average was formed, in

. millivolts fexponential format)
RTSISTIVI' Apparent resistivity computed using

-

Vanyan's formula, in ohm-metcrs
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FILECTROMACNETIC SAUNDING DATA
INTAN O1L COMPNAY VALLES CALDER QGU\JDING 501, 1972

DFFEST DIS'I'A»\JCF; 5300. METERS
SOURCE LENGTH= 2500, METERS
RECFIVER ARENA=.1 664 SOUARE K
CURKFNT STEP=11.20 AMPERES

DIGITIZING SCALF TS5 0. 05241 CRAVOL TS/ DIV

EDTTED AND STACKED DATA

TIM® NUYRFR  AVERAGE ST. DEV. RESISTIVITY
0. 04 6 0. 419E-04 0. 79 5F-05% 1555
0. 08 6 O, 6T4F~04 0. 464E-05 24,99
0,12 6 0. T67E=04 0. 351 E-05 PE. 45

C0.16 1 0. 745F~04 0. 42 7E-05 27. 61
0.20 6 0.704E~04 0. 585E-095 D6.10
0.24 6 0. 61 7E-04 0. 69 4E~05 20,868
n. 2% ‘6 0. 531E-04 0. 631E-05 19. 68
0. 32 6 O 449 1=-04 0. 587F-05 | be 66

0«36 6 0.3%6F=04 0. €93E-05 1 44 31
0. 4n 6 0. 309F~04 0. H21E~05 11.45
Oe 44 6 0.251E~04 Os S8 0F=-05 9. 30-
0. a8 6 0.211F-04 O 71 5E-05 7.8 3
0. 5P 6 0.159F-04 0o 481 E-05 5,91
0. 56 6 0. 118E-04 0+ 390E-05 4. 37
0O« 60 6 0.978E~05 0. 49 3E-05 3. 63

0. 64 6 0.833K-05 0. 481 E-05 3. 09
0. 68 6 0. 643E-05 0.549F-05 © 2,39
D12 6 0. 362E-05 0. 401E-05 1.34
0. 76 é 0« 326E-05 0.362F-05 1.21
0.80 6 0 254L-05 0. 312E-05 0.9 4
0.5 4 6 0.199(-05 0. 309 E-05 0. 74
0. 88 6 0.906E-06 0. 309E-05 0. 34
0,92 6 0. 109E-05 0.331E-05 0. 40
.96 6 0.906FE-06 0.455E-05 0.34

1.00 6 -0.181E-06 0.285E-05 -0.07
1.04 6 0. 543E-06  0.344E-05 0.20
1.08 6 0. 453F~06 0.333E~05 017
112 6 0. 453E-06 0.333kE~05 0.17
1.16 6 0. 453F~-06 0.333E-095 0.17
1.20 5 0. 141E~-05 0.818E-04 0. 52
1.24 5 0. 141F-05 0.818E~04 0. 52
1. 0P8 9 O 141F=-05 0.8181~04 0. 52
1. 32 5 0. 141E-05 0.818k=-04 S 0. 52
1. 36 5 O+ 14T E-05 0.817E-04 0. 52
1. 40 5 Ne 141F=-05 0.107E-03 0. 52
1o 24 5 0. 141E-05 C0.107E-03 ' 0. 42
| o 48 5 0.141F-05 0. 107E-03 L 0. 52
1. 6P 5 0. 1411-05 0.107-03 0. 52
.56 5 0. 141F-05 0.107F~03 0. 52
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FLEFCTROMAGNFTIC SOWNDING DA 1A

INION Ol COMPANY VALLES CAL DERA SOWNDING 502,

AFFEST DISTANCE= 6750. METERS
SOURCH LFNGTH= 2500. METEKS
REGFT VFR ARFA=. 1664 SQUARE KM
CURRFNT STFP=11.20 AMPERES

DIGITIZING SCALE IS

EDITFD AND STACKED DATA

TIMF  NUWIRER AVERAGF
N.04 7 0. 135F-04
0. 0% 7 0.179E-04
0. 12 7 0.208FE-04
0.16 - 1 0.2102E-04
0.20 b 0.215E-04
n. o4 ]'1 0.216F~04

C0.78 |7 0.2145~04
0. 232 jv 0. 193FE-04
0. 36 b7 0. 183E-04
0. 40 7 O¢165FK=04
0. 44 7 0. 151E-04
0, 45 7 0.139E~-04

S0, 52 7 0.119E-C4
0. 56 7 0.111E~04
0. 60 -7 0.103E-04
0. 64 7 0.871E~05 .
0. 68 7 0. 739E-05
0. T2 7 0. 613E-05
0. 76 6 0. 560F-05

S 0.80 T 0. 477E-05
0.5 4 7 0. 41 GE~05
0. 88 7 (}e 323E~05
0.92 6 0.205E-05
0.9 6 7 0.311E-05
1. 00 7 0.302E-05
1.04 7 0. 354E-05
1. 08 7 0.222E~05
1o 12 7 0.225E-05
1.16 6 0. 104F=05
1.00 6 0.230E-05
1. 04 6 0.162E-05 .
1. 2% 6 0.119E-05
1. 32 6 0.718E-06
.36 1 0. 1156-05
1. 40 6 0. 158F-05 -
.04 6 0.158F-05
1. 48 6 0. 399E-06
1. 99 6 0. 162FE-05

{ e 56 6 0. 17PF"05

0. 022MI CRAVOL. TS/ DLV

ST. DEV.

0. 154E-05
0.125E-05
0.912F-06
0 125E-05
0+ 1 45E-05
0. 105F-005
0« 100E-05
0. 112E-05
0.917E~0¢€
0. 110F-005
0. 136E~05
0. 13CGE-05

0« 131E-00.

0. 118E-05
0. 608E-06
0. 19 4E=05
0.989E-06
0.152E-C5
0.189E-0%
0.132E-05

0. 114E-005

0. 1456-05
0s 1 64E-05
0.171E-05
0. 151E-05
0., 192E-05
0.962F~06
0. 146E-05
0. 133E~-05
0.241E-04
0.239E-04
0.237E-04
0. 236E-04
0.237E-04
0.239E~04
0.237E-04
0.172E-005
0. 142E-04
0. 442E-04

1972

RESISTIVITY
12. 76
1696
19. 64
20.10
20. 34 !
20, 42 l
20. 02
18.27
17. 36
15. 62

14425
13.20
11.22
10. 46
9. 70
8.25
6.99
5.80
5. 30
4o 52
3.93
3.06
1094
2.94
2.86
3. 35
2.10
2.13
0.99
2.18
1.53
1.12
0. 68
.09
1+ 50
1. 50
0.38
1. 53
1. 63
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FLECTROMAGNETIC SOLDING DA TA

LNTON OTL COMPANY VALLES CAL DERA SOLNDING 503, 1972

AFFEST DISTANCE= 7750, METERS
SAURCE LENGTH= 2500. METERS
RFCFETVFR AREA=.1664 SOUARE KM
CURRFNT STEP=11.20 AMPEKRES

PIGITIZING SCALE IS 0. 022MI CROVOL. TS/ DIV

FRITED AND STACKED DATA

TIMF NUMBRER " AVERAGE ST DEV. RESISTIVITY
D.04 2 0. 251E-04 0. 446E-05 40,89
0. 0% o2 0.257E-04 0.261E-05 41. 78
0.12 o 0.260E~C4 0.761E-06 424 31
0.16 2 0. 248 F=04 0.000F+00 40. 36
0. 20 2 0.228E-04 L 0.870E-06 37.17

0.24 2 0. 223E-04 0. 3261-06 36429
0,08 2 0. 218FE-04 0.228E-05 35. 58
0. 32 o 0.191E-04 0.261E-05 31.16
0.36 e 0. 195E-04 0. 446E-05 31. 69
"0e 40 2 0.149E=-04 . 0. 543FE~06 24,25
0. 44 2 0. 105E-04 0. 120E-05 17417
0. 48 2 0.978E-05 0. 109E-05 15.93
0. 52 2 0.105E-04 0.543L-06 1717
0. 56 o 0.9 46E-05 0. 543E~06 "1 5. 40
0. 60 2 0.880E-05 0. 543F-06 1 4. 34
0D 64 2 0. 663E~05 0.978E-06 10.80
0. 68 2 0. 565E-05 0. 130E-05 9.21
0. 72 2 0. 457E-05 - 0. 174E-05 7+ 43
0. 76 o 0. 42 4E~05 0.761E-06 6.90
0.80 o 0.370E-05 0.217kE=06 6. 02
0.8 4 2 0. 29 3E-05 0. S43E-06 4,78
0. 63 2 0.217E-05 0. 435EF-06 3. 54
0.92 2 0.P07E-05 0. 120E~05 3. 36
0.96 2 0.261E-05 O« 652E-06 4. 25
1. 00 2 0.228E-05 0.9 78 F-06 3. 12
1.04 2 0.217E-05 0+ 435E-06 3. 54
1. 08 b 0.337E-05 0.163E-05 54 49
1o 12 2 0.239E-05 0. 652E-06 3.89
1. 16 2 0:239E-05 0. 652E-06 3.89
1.20 2 0s239E-05 0. 652F-06 3489
1. 24 2 0.163E-05 . 0.109E-06 2. 66
1.908 2 0. 163E-05 0. 109E~06 2,66
1.3 2 0.22RF~-05 0. 543FE-06 3,12
.36 b 0v2P8E-05 0.543E-06 3072
1e 40 2 0.228F-05 0. 543E~06 3. 72
1. 44 2 0. 228F~-05 0. 543E-06 3.72
o 45 2 0. 200 FE=-05 0. 543L-06 3. 72
1. 59 P 0. 205E-05 0« 543F-06 3.72
1. 56 2 0. 208F-05 0. 543FE~06 e 70
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FLEGCTRIIAGNETIC SOUNDING DATA
VALLES CALDERA M SOWDING 506
@FFFST DISTANCE= 6900. METERS
SAURCE LENGIH= 2500. METERS
RECFT VER ARKFA=. 1664 SOUARE KM
CURRFNT STEFP=1 I.: 50 AMPERFES

DI GIA'I'I 7ZING SCALE IS 0.022MI CROVOL TS/ DLV

EDITED AND STACKED DATA

TIME  NIMBER AVERAGE ST. DEV.
.04 5 0. 115E-04 0.134E-05
0. 08 5 O 1 34l-04 0. 627E-06
0. 12 5 0. 150E~-04 0. 117E-05
0.16 5 0. 156E-04 0. 123E-05
0. 2¢ 5 0.167E-04 0.102E-05
0.2 S 0. 1T1E=04 G 131 E-05
0o 28 P 5 0. 165E-04 0.139E-05
0. 32 5 0. 145E~04 0. 791E-006
(.. 36 5 0. 134k=04 0. 100E-0%
0o 40 5 0. 116F-04 0. 109E=-05
0. 44 5 0.970E~-05 0. 161E~05
0. 43 5 N.%61E-05 0.199E-05
S0 he 5 0. 7T06F-05 0. 189E-05
(1e 56 5. 0.571F-05 0. 202E-05
0. 6O 5 0. B9RE-05 0. 172E-05

L0 64 5 0. 307E-05 0.101E-05
0. 65 5 0.281E-05 0. 110E-05
0.7 5 0. 216k-05 0.92%E~06
076 5 0.195E-05 0. 49 4E-06
0. 80 5 0. 186E-05 0. 782K-06
0.84 5 0. 126F-05 0.162E-06
0. 59 5 0.126FE~05 0. 420F-06
(.92 5 0. 104E-095 0. 501 E-06
0.96 5 0.909F-06 0. 482E-06
1.00 5 0.866F-06 0.194k-06
1.04 5 0.2641-04 0. 511E-04
1. 08 5 0. 265FE~04 0« 511E-04
.12 5 0.265F-04 0. 510E~04
1.16 5 0.265E-04 0. 51 1E-04
1.70 5 0o 265F-04 0. STOE-04
1.04 5 0.263E=-04 0. S05E-04
1.0 5 0.897E~05 0.159E-04
.22 5 0.897E-09 0. 159 K-04
be 36 5 0.897F~05 0. 159F-04
. 40 5 N.P9TE-05 0. 159E-04
Y 5 0.5897E=-05 0 1592F-04
Lo 4% 5 0.8 7F-05 0. 199F-04
I 5 0.897F=-05 0. 199 F-04
1o 5h6 5 0.59 75095 0. 159E-04

RESI STIVITY

12. 45
1 4« 50
1619
16.84
18. 06
18 43
17.87
15 72
1 4o 46
12. 59
10, 44

Q. 31

Te 63

66 15
4. 30
3. 32
3. 04
.34
2.11
2.01
1 36
1. 36
112
0.9%
0.94
28+ b9
28+ 63
2. 59
28. €8
28 . 41
9. 69
e 69
Q. 69
9. 09
9. (9
9. &9
9. 69

9. 69

e e
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FILECTROMACNETIC SOUNDING DATA
VALLES CALDERA EM SOINDING 507
OFFEST DISTANCE= 7500. METERS
SOURCE LENGTIH= 2500, METERS
REFCFIVER ARFA=. 1664 SQUARE KM
CURRFNT STEP=11.50 AMPERES

NDIGITIZING SCALE IS

FDITED AND STACKED DATA

1o 56 3

TIME  NUMRER AVERAGF
O.04 3 0. 413E-05
0. 08 3 0. 125E-05
012 3 0.928E-05
016 3 0.9 4PF=-05
0.20 i3 0.993E-05
0.24 3 0.98 6F=-05
0. 928 3 0.949E~-05
0.32° 3 0.833E-05
0. 36 '3 0. 78 3E-05
0. 40 3 0. 645E-05 |
O. 44 3 0. 543FE-0%
0. 45" 3 0. 4571-05
0. 59 3 0. 420E~05
0. 56 3 0. 333F-05
0. 60 3 0.232E-05
0. 64 3 0. 225E-05
0. 68 3 0.130E-05
0.792 3 0.152E-05
0076 i 0. 123E-05
0.50 -3 0.870E~06
0.84 . 3 0.&T70F-06
0.58 3 0. 7125E-06
0.92 3 0. 4356-06
0.96 3 0.217E-06
1.00 3 0. 435E-06

L 1.04 3 0. 435E-06
1.08 . 3 0. 435E~06

b 12 3 0. 435E-06
1.16 3 0. 435E~-06
1.20 3 0. 43S5E-06
1,24 3 0. 435E-06
.28 3 ~0.138F-05
C1. 32 a -0.304E-04
‘ 1.36 3 -0.304E-04
1. 40 3 -0.304F-04
1. 44 3 -0.304F=-04 ,

1. 4% 3 =0.302E-04
1. 59 3 ~0.273E-04
-0.273E-04

0.022MICROVAL TS/ DIV

ST. DEV.
O+ 116E-05
0. 12(‘1h" OE)
0. T39E-06
. 205F-06
0« S7T1E-06
0.131E-05
“0.151E-05

0.410F-06
0.88 7E-06

0. 118E-05
088 7F-06
0. 145E-05
Oe114E-05
0.178F-05
0.165E~-05
0.128E-05
T 0.988F-06
0. 710E-06
0.893FK-06
0.106E~05
0.106F~05
0.893E~06
0. 615E-06
0. 532E-06
0. 61 SE-06
0.615E-06
0. 615E-06
0. 61 5E-06
0.6156-06
0.6]15E-06
0. 61 5E-06
0.232F-05
0. 432F-04
0. 432k~04
0. 432F-04
0. 432F~04
0. 430LE~04
0. 389 1L-04
0. 389E-04

RESISTIVITY

6s 66
11e 68
12,95
15.19
1 6. 00
1 5.89
15. 30
1 3. 43
12+ 62
10. 40

Bs 16

7+ 36
Ge T3
5. 37
3. 74
3. 62
2.10
2. 45
1.99
1+ 40
1«40
117
0. 70
0. 35
0. 70
0. 70
- 0.70
Q. 70
0. 70
0. 70
0. 70
~-02,00
- 45495
- 48495
48 .95
4%.95
- 48. 66
43.98
43,98

t

1
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FLFCTROMAGNETIC
VALLFS CALDERA

BFFEST DI STANCE=

SHURCEF LENGTH=

£

2500.

SOUNDING DATA
SOUNDING 508

7000. METERS

METERS

RECFIVFR AREA=.1665 SOUARE KM
CURRFNT STEP=11.50 AMPERES

DIGITIZING SCALE IS

0.022MICROVOL TS/DIV

FDITED AND STACKED DATA

TIME
O. 04
0. O8
0. 12
(e 16
e 24
0. 28
0. 32
he 36

0. 40
O. 44
0. 48

0. 52
0. 56
0. 60
0. 64
(Yo OB

0. 72 7

(.76
080
0.8 4
0.88
0.92
0.6

1.00

1.04
1.08
1. 12
1e16
1.20
1.24
1.2t
1. 32
1+ 36
e 00
|« 44
e 48
1. 52
1o 06

NIMBER

I3
~

[S2IN S RN SRR VAR IR SR Fad

[S20RS LI G2 RN UL 2 B U2 N SR Oy

’ e
y

SN NG R G R G IS I S I S & IR S BT S R O B S I S B o

SN el

1

AVERAGE

0.190E-04
0.203E-04
0.203FE-04
0.203E-04
0.211E-04
0.204F-04
0. 185E~-04
0. 169E-04
0.154FE-04
0. 130E-04
0.109FE-04
0.927E-05
0. 78 4E~05
0. 621E-05
0. 552E~-05
0. 478E~05
0. 418E~-05
0s341E-05
0.272E-05
0.259E-05
0.211E-05
N.224F-05
Q0. 164E~05
0.121E-05
0.819E-06
0. 690E-06

- 0. 733E-06

0. S560E-06
0. S60E-06
0. SGOE" 06
0. S60E-06
0.5606-06
0. 560E-06
0. 560E-06
0. 560E-0¢
0. 560E-06

0. 560FE-06

0« S60E-006
0.2121-04

ST. DEV.
0.1411-05
0. 124E-05
0+ 134E-005
0. 409E-06
0. 107E-05
0.822E-06
0.151E-00
0. H535F-06

0. 120E-05

0. 117E-05
0. 168E~05
0. 167E-05
0. 127E-05
0.856E~06
0. 158E~-05
0. 122F~05
0.950E-06
0. 138E-05
0. 173E-05
0.127E-05
0.101F-05
0.8021-06
0. 538E-06
O T183E-006
0. 46QE-06
0.977E-06

" 0.988E-06

0. 6950E-06
0. 69-0E-06
0. C90E-06
0. 690E-06
0. 690E-0¢
0. 6Y0E-06
0. 690LE-06
0. 690F~-06
0. 690L-06
0. 690L-06
0. 620E-06
0. 407E-04

89

RESI STIVITY
20.25
21. 08
21. 63
21.58
22, 50

21,76
19. 74
l'/.95
1 6« 39
13.82

T11.57
9.87
. 36
“6e 61

5.88
5.10
de 45
3. 63
P89
P16
2.25
2. 39
174
1.29
0.87°
0. 73
0. 78
0. 60
0. 60
0. GO
0. 60 .
0060
0. €0
0. 60
0. 60
0. €0
0. 60
0. 60

e
22,55
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FLECTROMAGETIIC SAWNDING DATA K

INIGON OIL COMPANY VALLES CALDERA SOWNDING60L, 1972

AFFEST DISTANCE= 3650. METERS
SOURCE LENGTH= 2350. METERS
RECETVFR ARFA=.1664 SQUARE KM
CURRENT STEP=11.50 AMPERES

DIGITIZING SCALE IS 0. S53MICROVBL TS/ DIV

EDITED AND STACKED DATA

TIME  NUMBER AVERAGE STe DEV. RESI STIVITY
0.04 6 0. 489E-03 0.131E~03 70. 79
0. 08 6 0.949F-03 0. 536E-04 137. 32
0.12 6 0.101E~02 0. 111E-04 145, 60
016 5 0.857E-03 O« 31 4E=04 124, 09
0.20 L6 O« 637TE-03 0 264E~04 92.15
0.24 ¥ O+ 47T6E~03 0. 370E~04 6. 85
0.2% jo 0.321E-03 0.222E-04 46. 46
0.32° 6 0.2324-03 0.327E-04 33. 52
0«36 6 0.146E-03 D.156E-04 21.10

L0440 6 0.112E-03 0e 318 LE~Q4 16018
0. 44 - 6 0. 733E-04 0. 190F-04 10+ 61
0. 45 . 6 O« 528E-04 0. 159 F-04 Te 64
0. 52 6 Oo 411FE~04 0. 1475E-04 5.95
0:s 56 6 O« 41 1E-04 0.207k~04 5,99
0. 60 6 0. 125E~04 0.800E-05 1.81

- 0. 64 6 0.268E-05 O« 148 - 04 O+ 39
0. 63 6 089 4F-06 O« 1 40E~04 0.13
0.72 6 0.715E-05 0.188E~04 1.04
0. 76 6 -0.107E~04 0. 619E-05 -1.55
0.80 6 -0. 71 5F~05 0.101E-04 -1.04

C0.84 5 0. 536E-05 0.853E-05 0. 78
0.6 6 -0.626E-05 0. 76 5E-05 ~0.91
0.92 6 -0.98 4E-05 0« 187E-04 - 1. 42
0.96 6 ~-0.805E~05 0. 123E-04 -1.16
1.00 6 -0.894E-05 0.115E-04 -1.29
1.04 6 -0.134E-04 ' 0.123E-04 -1.94
1.08 5  -0.161E-04 0. 676 E~-03 ' -2.33
1.12 5 “0.161E=-04 0« 678 E~03 -2.33
1.16 5 -0.161E~-04 0. 678 E-03 -2.33
1.20 5 -0.161E-04 0. 678 E-03 -2.33
.24 5 -0 161E-04 0. 678 FE-03 -2.33

C1.08 6 -0. 134E-04 0.123E-04 ~ 1494
1.32 6 -0.134E~04 0.123E~04 -1.94
1. 36 6 ~0.134E-04 0. 123E~04 -1.94
1.40 6 -0.1345-04 0. 123E~04 ~1.94
1. 44 6 -0+ 134E-04 0. 123F-04 -1.94
1. 43 6 -0.134E-04 0.123E-04 -1.94
1. o2 6 -0.134E-04 0. 123FE-04 -1.94
1. 56 6 -0.134F-04 C0.123E-04 ~1.94
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FLECTROMAGNFTIC SOUNDING DATA

UNIGON ©IL COMPNAY VALLES CAL DERA SOUNDING 602,

AFFFEST DISTANCE= 3950. METERS
SAURCE LENGTH= 2350, METERS
RECEI VFR AREA=. 1664 SQUARE KM
CURRENT STEP=11.50 AMPERES

DIGITIZING SCALE IS

EDI TED AND STACKED DATA

0.021MICROVOL TS/ DLV

ST. DEV.

1972

RESI STIVITY

TIMF NUMBER AVERAGE
0.04 3 O« 4271E-04 0. S68E-05 7. 61
0. 08 3 0. 632F-04 0¢ 157E-05 12.27
0.12 - 3 0. 61TF=-04 0.198FE~-09 12. 18
016 .3 O« ST3E-04 0.263E-05 10. 30
0. 20 '3 0. 4T6E-04 0.267E~05 B.56
0.24 '3 0. 337E-04 0.119E-05 6. 06
0.28 !3 0.247E-04 0. 705E-06 4e 45
0. 32" '3 0. 177E-04 08 12E~-06 3..19
0. 36 '3 0+ 134E-04 0.211E-05 2. 41
O. 40 3 0. 110E-04 0.861E~-06 1.99
0. 44 3 0. 776E-05 0.806E-00 1. 40
0. 48 3 0. 49 48~ 05 0. 105E~05 0.87
0. 52 3 0.249E-05 0+ 124Lk~-05 0. 45
0. 56 3 0. 150E-05 0 149E-05 0.27
0. 60 3 0. 641E~06 0.923F~06 0. 12
S 0. 64 -3 0. 285E-06 0.324E-06 0. 05
0. 68 3 0+ 142E-06 0.112E-05 0.03
0. 72 3 ~-0.235F-06 0. 439F-06 -0, 05
0. 76 3 -0. 150E~-05 0. 106E-05 -0.27
0.80 -3 -0.997k-06 O« 661E~06 -0.18 .
(1.8 4 3 -0. $70E-06 O¢ 561 E-06 -0.10 "
0.88 3 “0s 427E-06 0. 629E-06 -0.08
0.92 3 -0.356F-06 0. 533E-06 -0.06
0.96 3 -0.T712E-07 0.201E-06 ~0. 01
1. 00 3 0.214E-06 0. 349E-06 0.04
1.04 3 0.214E-06 0. 349 F-06 0.04
1.08 3 0. 340E-04 O« 4715E-04 6e 12
1.12 3 0. 340E-04 0. 47T5FE-04 6o 12
1.16 3 0. 340E-04 0. 475E-04 Ge 12
1.20 3 0+ 340F~04 0. 475FE-04 e 12
1.24 3 0. 340E-04 0« 475E-04 Ge 12
1.28 3 0. 340E-04 0« 475FE-04 6. 12
1.32 3 0.214E-06 0.349F-06 0.04
1.36 3 0.214F-06 0+ 349E-06 0.04
1. 40 3 0.214E-06 0. 349F~06 0. 04
1. 44 3 0. 214F-06 0.349E-06 0. 04
1. 43 3 0.2145-06 0. 349 1~-06 0.04
1. 58 3 0.2140E-06 0. 3491=-06 0.04
1. 56 3 0.214E-06 0.349E~06 0. 04
GROUP SEVEN
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FLECTROMACNETIC SOUNDING DATA

INION OIL COMPANY VALLES CAL DERA SOUNDING 603,

OFFFST DISTANCE= 4250, METERS

SHURCE LENGTH=

2350. METERS

BFCETVUFR AREA=. 1664 SOUARE KM
CURRENT STEP= 11,50 AMPERES

DIGITIZING SCALE IS

EDITED AND STACKED DATA

TIMF NUMBER
0.04 5
04 0% 5
0.12 5
0.16 5
0.20 5
0.24 5
0. 2% 5
0.32 5
0. 36 5

"0 40 5
0. 44 5
0. 4% 5
0. %2 5
Ne 56 5
0. 60 5
0. 64 5
0. 68 5
0.772 4
0. 76 5
0.%0 5
0.6 4 9 .
0.88 5
0.92 5
0.96 5
1.00 5
1.04 5
1. 0% 5
112 )
1.16 5
1.20 5
. lo?Z/) 5
1. P8 5
1. 32 5
1. 36 5
1. 40 5
1. 44 5
o 4887 5
1o 52 5
1. 56 5

AVERAGE
0. 49 4F-04
0.112F-03
0. 120E-03
0. 105E-03
0.813E~-04
0. 643E-04
0. 473E~04
0. 344F-04
0. 240E-04
0. 176E-04
0.121E-04
0.837E-05
0. 376E-05
0.25%E~0Y9
0.161E-05
0. 751E-06
0.377E-04
0. 396E-04
0. 383 7TE-04
-0. 536E-06

. -0.107E-06

~0. 644E-06
~0.204E-05
- 0. 150E-05

-0+ 11BE-05

~-0.858E-06
-0.311E-05
“ Qe 247E-04
~0.2476=-04
~0.247E-04
~Q0.247E-04
-0, 247E-04
- 0. 226E-04
~0¢ 1IBE-05

=0+ 118E~05

~ 0. H18F-05
~ 0. 118FE-005
-0, 118F~-05
-0« 118E-0\D5

0. 054MI CROVOL TS/ DIV

STe DEV.
0.134E-04
0. 355E-04
0. 463E~-04
0. 441 E-04

. 0. 33CE-04
0.262F-04
0.234E~04
0. 180E-04

0. 135 E-04

0. 103E~04
0. 634F~05
0. 340FE-05
0. 759 E~-06
0.164F~-05
Ov 1L40E-05
0. 125E-05

0. 7T43E~04

0. 733E-04
0. 738 F-04
0. 348 E-05
0.248E-05
0.853E-06
0.142F-05
0. 115E-05
0. 526-06
0.872K~06

0. 412E-05"

0. 46915~ 04
0. 469 =04
0. 469 E-04
O. 469 E~04
0. 469 E-04
0. 429 E-04
0. BR26E~06
0. 526E~-06
0. 526E-06

0. 526E-06

0. 5206E-06

0. 526L-06

1972

RESISTIVITY

10. 53
23.91
25. 56
22.33
17+ 35
13. 71
10.09
Te 35
513
3. 75
e 59
1. 7%
0.80
S 0. 55
0. 34
0.16
$8.03
8 44
B.26
-0.11
-0.02
-0 14
-0. 43
- 0. 32
-0 25
-0.18
- 0. 66
.26
26
. 26
.26
26
"4083‘
-0.25
"O- 25
-0.25
-0.25
-0 25
-0.25

t
(SN SRR VA G Oy
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FLECTROMAGNFTIC SOUNDING DATA
UNIBN O1L COMPANY VALLES CALDERA S@UN DING 604,

OFFEST DISTANCE= 3900. METERS
SOURCE LENGTH= 2350. METERS
RECFIVER AREA=.1664 SOQUARE KM
CURRENT STEP=11.50 AMPERES

DIGITIZING SCALFE IS 0.025MICROVOL TS/ DIV

EDITED AND STACKED DATA

" AVERAGE ST. DEV.

1972

TIME NUMRER RESISTIVITY
0.04 6 0. 76 5FE- 04 0.196E-04 9. 55
0. 0% 6 0.171F-03 0. 177E-04 20.83

T 0.12 6 0.192E~-03 0+ 430E~05 23,36
n.16 .6 0.176E-03 0. 104E-04 21. 41
0.20 6 0. 146:-03 0.108E-04 17479
0. 24 6 0. 110E-03 0.866E-05 13.35
0. 28 6 0. 736F~04 0.9 421-05 B.94
0. 32 ° 6 0« 517E-04 0.883E-05 6+ 28
0. 36 & O« 360E=04 0. 323E-05 4e 38
0. 40 6 0.265F-04" 0. 443E~05 3.22
O. 44 5 0.196E~-04 0s 455E~05 . 2.38
O 48 6 0.115E-04 0. 263E~05 1+ 40
0. 52 6 O« 745F~ 05 0.174E-05 0.91
0. 56 6 0+ SS9 E-05 0. 129E-05 0. 6%
0. 60 6 O+ 457E-05 0.140E-05 0. 56

0. 64 6 0+ 250E-05 0.198E-05 0. 30
0. 68 5 0.239E-05 0.127E~-04 0. 29
0. 72 5 0. 178E-05 0. 125E-04 0.22
076 5 0+ 102E-05 0.123E-04 0.12
0.80 6 0.847E-06 0. 183E-05 0.10
0.8 4 6 0. 59 3E~06 . 0. 159E-05 0.07
0088 6 0. 339E-06 0.143E-05 0.0
0.92 6 0. 423K-06 0. 115E-05 0.05
0.96 6 0.127E-05 0.167E-05 0.15
1. 00 6 0. 119E-05 0. 187E-05 0.14
1.04 6 0. 106E-05 0. 104E-05 0.13
1. 08 6 0. 169E-06 0.107E-05 0.02
1.12 5 0. 152E-06 0. 207F-05 ©0.02
1. 16 6 0. 423E-06 0.924E-06 -0.05
1. 20 6 0.212F-06 0.909E-06 -0.03
1.24 6 0. 423E-06 0.111E-05 0.05
.28 6 0. 720E-06 0.873F-06 0. 09
1. 32 5 0. 127E-05 0.118E-05 0.15
1.36 1 0. 1 69E-06 0. 131E-05 -0.02
1. 40 6 0.847E-07 0.117E-05 " 0.01
1. 44 6 0. 635E~06 0.279E-05 -0. 08
1o 453 6 0. 3315-06 0. 204E~05 =0.05
1o 52 6 0.8 471E=-07T 0. 153E~05 0.01
1. 56 13 0. 107E-06 0.192E~05 0. 02
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FLEGTROMACNFETIC SOUNDING DATA CALDERA SOWNDING 605,
WNION BIL COMPANY VALLES

AFFEST DISTANCE=

SOURCE LENGTH=

4100. METERS
2350. METERS

RECEIVIR AREA=. 1664 SOUARE KM
CURRENT STEP=11.50 AMPERFES

DIGITIZING SCALFE IS

0.05441 CROVOL TS/ DIV

EDITED AND STACKED DATA

TIME
0. 04
0. 08
0.12
0016
0.20

S0P 4

0.28

0. 36
0. 40
0. 44
0. 48
0. Y24
0. 56
0. 60
:‘O‘ 64
0. 68
0.72
0. 76
0.80

0.84

0.86
0.92
0.96
1. 00
1. 04
]0,8
1.12
1.16
1. 20
1.249
128
1. 32
1. 36
1«40
1. 44
1+ 48
1. 52
1> 56

NIMRBRER

«

C RGO R LU OUUNUUORNGGRNUU

AVERAGE

0.
0.
0.
0.
0.
O.
(W
0.
0.
O

7T71E-04

145E-03-

1676-03
157E-03
134E~-03
1076-03
T66E-04
556E-04
4181E-04
304E-04

0.214FE-04

0.
De
0.
O
0.
0.
0.

130E~-04
GOG6E-05
47 6E~-05
4T6E=05
314E-005
119E£-05
152E-05

0.238E-05

0.271E-C6

-0
- e
=0
=0
~0s
-0,
..O.
-0
-0.
-
- 0.

-0.
-0
-0.
-0
-0.
-0.
- 0.

171E-05
451E-06
T22E~-06
451E-06

126E-05 -

1 35E~05
162E-05
180E~-05
189 E-05
189E-05
180E-05
180E-05
180E-05
1981-05
198E-05
198E-05
198 E-05
196E-05
198E-05

ST
0.
o.
0.
0.
0.
O‘
0.
0.
O
0.
0.
O.
0.
0.
O.
O
G.
0

0O
0.
O
0.
0.
0.
op
()‘
Q.
0.
0.
0.
0.
0.
O
O
0.
0o
0.
0.
O

DEV.
18 76-04
156E-04
361E~05
6541=05
71 5E-05
123E~04
610E~04
532F=-04
481E~-04
439 E~04
402F-~04
362F~-04
28 3E~ 04
% HE-04
29 3E- 04
29 5E-04
29 3E~ 04
29 4FE-04
29 6E~04
3506~-05
339E~05
404E=05
4331~ 05
42 5E~09
321E-05
31 41E-05
305K~ 05
301E-05
301E-05
301E~-05
299 E~05
299 E-05
299E~05
301E-05
301E-05
301E-05
301E~05
A01E-05
301 E-05

RESISTIVITY
10 20
19.26
22.06
20.80
17+ 79
14412
1015

Te 37
50 53
4402
L 2.8 4
1. 772
0.80
0. €3
0. 63
0. 42
0.16
0. 20
0. 32
0. 04
-0.23
~0.06
-0.10
-~0. 0606
0417

" =-0.18
~-0.21
‘00.24
"Oo 25
~0.25
-0.24
~0.24
~0.24
“Oo 2()
"Oo 26
-0.26
-0.26
-0.26

"'Ov 26
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FLECTRAMAGNETIC SOUNDING DATA
NTON OIL COMPANY VALLES CALDERA SOUNDING 606, 1972
GFFEST DISTANCE= 5500. METERS
SAURCE LENGTH= 2350. METERS
RECEIVER NREA=. 1664 SOUARE KM
CURRENT S$TFP=12.60 AMPERES
DIGITIZING SCALE IS 0.022MICREBVAL TS/ DIV
EDI TED AND STACKED DATA
TIME  NUMBER AVERAGE ST. DEV. RESISTIVITY
0.04 7 0.535E-05 0. 1 6GGE-05 2. 09
0. 08 g 0.112E-04 0.301E-05 4o 38
0.12 7 0.165E=-04 0.247E-05 6y 44
0.16 7 0.198F-04 0. 238E-05 7. 73
0.20 | 8 0.219E~04 0. 135E-05 8. 59
0.24 bg 0.217E~-04 0. 134E-05 8. 48
0. 28 7 0.197E-04 0« 340E-04 7. 71
0.32 1 0. 178F-04 0. 334L-04 6.96
0.36 7 0.156E-04 0.326L-04 6,10
0. 40 7 0.122E-04 0. 315E~04 4. 78
0. 44 7 089 4KE-05 0. 304F~04 3. 50
0. 43 7 0. 711E~-05 0. 298 E~04 2. 78
. 0.52 7 0. 609E~05 0.200E-04 2. 34
0. 56 7 0. 560E-05 0.283E~04 2,19
- 0. 60 7 0. 380E-05 0.361E~04 1. 49
064 7 0.238E~05 0.29 4E-04 0.93
0. 68 7 0. 179E-05 0. 367E~04 0.70
(.72 7 0. 186F~-05" 0.29 5F-04 0,73
0. 76 7 0« 139E-05 0. 133E~04 0454
0.80 8 0. 595E~06 0.801F~06 0.23
0.84 7 0. 433E-06 0.998F-06 0.17
0.88 & 0. S68E-06 0.980E-06 L0.22
0.92 7 0. 340E-06 0. 102E-05 0.13
0,96 8 0. 162E~-06 0.716E-06 0.06
1.00 8 ~0. 108E~06 - 0. 108E-05 ~0.04
1.04 7 0. 186E-06 0 114E-05 0.07
). 08 7 -0.155E-06 0. 343E-04 -0.06
1.12 7 0.928F-07 0. 342F-04 0.04
1.16 7 0. 618E-07 0. 342E-04 0.02
1.20 7 ~0. 618E-07 0. 3436-04 -0.02
124 7 -~ 0. 402E-06 0. 344F-04 ~0.16
1. 98 g -0.541E-07 0. LO6E-05 ~0.02
1.32 7 0.124E-06 0. 125E-05 0.05
1.36 3 -0.379F-06 0.135E-05 -0.15
. 40 7 -0.124E-06 0,906 k=06 -0.05
1. 44 7 -0.15%E-06 0. 101E-05 -0.06
1. 48 7 -0.9P8E-07 0. 109E~05 -0.04
.52 7 0 49 5F=06 019 4E-04 ~0.19
1.56 d -0.526E-06 0. 194E-04 -0.21

GROUP SEVEN




FLECTREMAGNETIC SOUWNDING DATA

VALLES CAL DERA

@FFEST DISTANCE=
SAURCE LENGTH=

SOINDING 701

39 50. METERS
1900. METERS

RECFIVER AREA=.1665 SQUARE KM
CURRENT STEP=19.00 AMPERES

DIGITIZING SCALE IS

0.054MI CROVOL TS/ DIV

EDITED AND STACKED DATA

TIME
0.04
0. 08
0.12
0.16
0.20

0.24

0. 2§

0. 32
0. 36
0. 40
Q. 44
0. 49
. 0. 52
0. 56
0. 60
C 0. 64
0. 683
0. 72
0O.76
0. 50
0.8 4
(3. 88
0.92
0.96
1. 00
1.04
1. 08
1.12
1+16
1. 20
1.24
1,29
1. 32
1.36
1, 40
e 44
1o 48
1. 52
1.56

NUMBER

mwutmmmuum:;*.wmmmAmLnu'mn—mwb{wwmu‘-

‘n
<

LR

[S2 GRS IR O IR S I SR R G R UL R Vs B U I ¥ ]

AVERAGE
0.124E-03
0.161E-03
0. 122FE-03
0.841E=-04
0. $22E~04
0. 314E-04
0. 166E-04
0.909E-05
0« 541F~-05
0.249F-085
0. 195F=-05
0.866E-006
-0. 325E-06
~0.866F-06
~0e 649E-06
-0.866E-06
-0.541E-06
-0, T58E-06
-0. 541E-06
- 0. 325E-06
-0. 325E-06
~0.541E~06
-0.649E-06
-0+ T58E-06
- 0. 325E-06
-0.325E-06,
-0. 758E-06
-0.853E-14
-0+ 649E-06
~0.866E-06
~0.853E-14
~0.325E-06
0.931E~-05
0. 635E-04
0. 639E-04
O« 641 E~04
0. 635E-04
Os 62 4F=~04
0.569F-04

ST. DEV.

0. 181E~04
0.121E-05
0. 46PE~05
0,269 F~05
0.215E-05
0.249E~05
0.201E-05
0.8 66E~-06
0. 145E~05
0. 552E-06
0. 649 1=06
0. 159F=09
0.106E~-05
0.111E~05
0. 116E-05
0.9 43E-06
0. 123E-05
0. 139E-05
0. 123E-05
0. 121E-05
0. 121F-05
0. 123E-05
0. 130E~-05
0. 139E-05

0. 121E-05

0.121E-05
0.139E~-05
O+ 145E-05
0. 130E~-05
0+ 152E-05
0. 145E-05
0.121E~05
0.211E-04
0.129E-03
0. 129E-03
0.129E-03
0.129E-03
0. 12703
0. 117E-03

RESISTIVITY
11.32
1 4. 63
Pl 10

T 65
4e 15
2.86
1. 51
0.83
0. 49
0.23
0.18
0. 08
-0.03
-~ 0. 08
_'OO‘O()
- 0. 08
-0.05
-0.07
-O»OS
-0.03
-0.03
-0.05
-0.06
-0.07
"Oo 03
"'D- 03
~0.07
~-0.00
~-0.06
"0.0S
-0.00
-0.03
. 0.85
5. 778
5. 81
9.03
5. 73
5. 68
5.18

()6
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J,,\ FLECTROMAGNETIC SOUNDING DATA
" VALLES CALDERA 702
3 . GFFEST DISTANCE= 4600. METERS
| SAURCE LENGTH= 1900. METERS
RECELVER ARFA=. 1664 SQUARE KM
i CURRENT STEP=19.00 AMPERES
}' CDIGITIZING SCALE IS  0.053MICREBVOLTS/DIV
B EDITED AND STACKED DATA » ,
afﬁ* TIME  NUMBER AVERAGE ST. DEV. RESISTIVITY .
‘ 0.04 4 0.840E-04 0. 449E-05 13+ 64
N 0. 03 4 0.116E-03 0.116E-05 18. 75
i 0,12 4 0. 104E-03 0. 305E-05 16491
v 0.16 .4 0. 1991-04 0. 339E-05 12.96
C 0. 20 L4 0. 578 E~04 0. 465E-05 9. 39
}“. 0. 24 4 0.390E-04 ~ 0.372E-05 6 33
J 0.28 |4 0. 238E-04 0.205E-05 - 3.86
i 0.32 ;4 0. 160804 0. 262E-05 24 60
Y 0.36 L4 0.9 75F-05 0. 373E-05 1458
i:~' 0. 40 4 . 0. 641E-09 0. 259 E-05 1,04
: 0. 44 4 0. 29 4E-05 0. 88 6E-06 0. /8
‘ 0. 4% 4 0.801F=-06 0.886E-06 0.13
3 /’3 e 0. 52 4 ~0.801E-06 0. 246E~05 -0.13
. 0. 56 4 0. D00E+00 0.327E-05 0400 .
& 0. 60 4 0. 134F-06 0. 308E-05 0. 02 i
1 0. 64 4 0.214E-05  0.352E-05 0. 35
i - 0. 68 4 0. 107E-05 0+ 348 E~05 0.17
o 0. 72 4 ~0.267E-06 0. 116E~05 ~0,04
RS 0. 76 4 0. 267F-06 0. 153E-05 0.04
};, 0.80 4 0. 267E~06 C0.179E-05 0.04
S 0.84 ° 4 =0.267E-06 . 0.134E-00 -0.04
e 0.88 4 -0.801E-06 0. 463F-06 -0.13 .
N 0.92 4 0. 134E-06 0.954E-06 0. 02 C
15 L 096 4 0.147E-05 0.291E-0S 0. 24
L 1. 00 4 0+ 663E-06 0.157E-05 . 0+11
1.04 4 0. 668FE~06 S 0.1578-05 0.11
1.08 4 0. 663E~06 0.157F-05 0. 11 o
| 1.12 4 0. 668E-06 0. 157F-05 0.11 e
s 1.16 4 0. 668F-06 0« 157E~05 0.11 3
g 1.20 4 0. 668E~06 0. 157E-05 0411
0 .24 A4 0. 668F-06 0. 157E-09 0. 11
1.28 4 0. 668106 0. 157E-05 0411 ¥
1.32 4 0. 668E-06 0. 1571-05 . 0.11 :
1.36 4 0. 666E-06 0. 157E-05 0. 11
o e 40 4 0. 668E-06 0. 157E-05 - 0411
T | 1. 44 4 0. 668E-06 - 0. 157E-05 0. 11 [
- I 48 4 0. 663F-06 0. 157E-09 0. 11 e
/’;} 1. 52 4 0s 665E-06 0« 157E=-05 0.11 L
L 1.56 4 0. 66BE-06 0. 157E-05 o 11 %;
s - I
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‘J, -\ FLFCTROMAGNETIC SOUNDING DATA
? VALLES CLADERA EM SOWNDING 703
3 : GFFEST DISTANCE= 5400. METERS
Lo SPURCE LENGTH= 1900. METERS
- RECEI VER AREA=. 1664 SQUARE KM
g CURRENT STEP=19.,00 AMPERES
},“ DIGITIZING SCALE IS  0.054MICROVILTS/DIV
oo EDITED AND STACKED DATA
3;3;' TIME  NUMBER AVERAGE ST. DEV. RESI STI VI TY
o ‘ 0.04 4 0.188E-04 0.966E-06 5. 62 :
0. 08 4 0. 345E-04 0.234E-06 10+ 31
0.12 4 0. 422E-04 0.251E-05 12. 62
016 4 0. 402E-04 0. 189E-05 12.01
0.20 4 0.356F-04 0.135E-05 10. 64
0.24 4 0.267E-04 0. 104E-05 7,97
0. 28 4 0.312E-04 0.879E~04 -9. 34
0.32 4 0. 341F-04 0.862E-04 -10.19
0.36 4 0.371E-04 0.8456-04 ~11.08
0. 40 4 0.395E~04 0.331E-04 ~11481
0. 44 4 0. 410E=-04 0.823E-04 -12.26
0. 48 4 0. 530E~04 0.834E-04 15.84
0. 52 4 0. 38 1E-04 0. 607E-04 11+39
(.56 4 0. 373F-04 0. 611E=04 1114
0. 60 4 0.769E-04 0.132E-03 20,99
0. 64 4 0. 365E-04 0. 61 6FE-04 10490
0. 68 4 0. 445E-04 0.792E-04 -13.29
072 4 0. 427E-05 0.8 73E-05 -1.28
0.76 4 0. 636E-04 0. 108E-03 19,03
0.80 4 0.216E~-05 0. 304E-09% 0. 65
% 0.84 4 0.271E~06 0.124-05 0.08
o 0.88 4 0.122E-05 0. 326F-065 -0 36
o 0.92 4 0. 135E-06 0. 164E-05 -0.04
e 0.96 4 O+ 406E-06 0. 117E-05 012
2o 1.00 4 0+ 40 6E-06 0. 117E~05 0.12
] 1.04 4 0 40 6E-06 0.117E-05 0. 12
b 1.08 . 4 0. 406E-06 0.117E-05 0.12
1.12 4 0. 406E-06 0.117E-05 0.12
1.16 4 0. 406F-06 0.117E-05 0412
1.20 4 0. 206E-06 0. 117E-05 0,12
1.24 4 0. 40 6F~06 0.117E-05 0.12
.08 4 0. 406E-06 0.117E-05 0412
1.22 4 0. 406E-06 0. 117E-05 L0412
1. 36 4 Q. 406E-06 0.117E-05 0.12
1. 40 4 0. 406E-06 0. 117E-05 0.12
1. 44 4 0. 406E=-06 0.1176-05 0412
1.8 4 0. 406E=06 0.117E~05% 0.12
1. 52 4 0. 498 E=04 0.847E-04 1 4568
e 56 4 0. 498 E~04 0.847E-04 | 44 Gt
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FLECTROMAGNETIC SOUNDING DATA
’"}' VALLES GALDERA 705
' OFFEST DISTANCE= 5450. METERS
SAURCE LENGTH= 1900. METERS
RECEIVER AREA=.1664 SQUARE KM
CURRENT STEP=19.00 AMPERES
| PIGITIZING SCALE IS5 0:022M1 CRO VAL TS/ DLV
g EDITED AND STACKED DATA
TIME  NUMBER AVERAGE ST. DEV. RESISTIVITY
0.04 4 0.223F~04 0.195E-05 6. 688
0. 08 4 0. 518E-04 0.141E-05 15.99
012 4 0. S66E-04 0. 137E-05 17+ 46
0.16 L4 0. 518LE-04 0.245E-05 - 15.97
Ge 20 R 0.709E-04 0. 456E-04 21.88
0.24 L4 0. 638E~04 0¢ 49 TE-04 19. 68
0.28 4 0« 577E~04 0. $32E-04 17.81
3 0. 32 L4 0. 524E=-04 0.563E-04 1616
0. 36 (7 0+ 48 61-04 0. 583 4E-04 14,99
0. 40 4 0. 451E~04 0. 605E~04 13.90
0. 44 4 O« 437E~04 0.611E-04 .13+ 49
Qo 48 4 0. 39 4E~04 0. 576E-04 12.16
{ ) L0 52 4 0.377E~04 0. 58 1E-04 11,62
o 0.56 4 0. 374E-04 0. 5768-04 11.53
0. 60 4 0. 364E-04 0. 560E-04 11.23
C 0. 64 4 0« 354E-04 0.582F~-04 10.91
0. 68 4 0. 350E-04 0. 58 1E-04 10,80
0. 72 4 0.353E~04 0.579E-04 "10.89
’ 0.76 4 0.347E-04 0. 53 1E~-04 10 69
) 0.850 L4 0. 758E-06 0.699E-06 0.23
0.8 4 4 0.974E~06 0. 622E-06 0. 30
0.68 4 0. 48 TE~06 0.281E-06 0415
0.92 4 0.114E-05 0. T56E-06 0. 35
0.96 4 0.9 74E~06 0. S83E~-06 0. 30 B
1.00 4 0. 108E~-05 0. 667TE-06 0+ 33 -
1.04 4 0. 108E-05 0. 661E-06 0. 33 tn
1.08 4 0.103E-05 0. 619E~06 0. 32 o
1.12 4 0.103E-05 0. 619E-06 0.32 . 5
1416 4 0.812E~06 - 0. 560E-06 0.25 N
1.020 4 0.812E-06 0. S60E~06 0.25 S
. 1.24 4 0.812E-06 0.560E-06 0.25
s 1.28 4 0.8121E-06 0. 560F-06 0.25
5 1.32 4 0.812E-06 0. 560E-06 0.25
oy 1. 36 4 0.812E-06 0. 560E-06 0.25%
1. 40 4 0.812E~06 0. S60E~-06 0.25
. 1. 44 4 0.812E-06 0. 560F-06 0.25
; 1. 48 4 0.812£-06 0.560E-06 0.25
o ) 1. 52 4 0.866E-06 0. 552E-06 0.27
S 1. 56 4 0.866E-06 0. 552E-06 0.27 -




FLECTRAMAGNETIC SOUNDING DATA

VALL ES CAL DIERA

@FFEST DISTANCE= 5750. METER;S

SAURCE LENGTH=

1900. METERS

RECELVER AREA=.1664 SOUARE KM
CURRENT STEP=19.00 AMPERES

DIGITIZING SCALE IS

0. 022M1 CREVAL TS/ DIV

EDITED AND STACKED DATA

$T. DEV.

RESI STIVITY

TIME NUMBER AVERAGE
0.04 5 0.230k=-04 0. 28 5E-05 B.82
0.08 5 0. 460F-04 0. 170E-05 17+ 61
0,12 5 0. 534E-04 O 111E-05 20. 44
0.16" 5 0. 532E-04 0.978E-06 20. 35
0. 20 5 0. 464E-04 . 0+ 180E-05 17. 76
0.24 5 . 0. 332E~04 0.160E-05 14, 63
0.28 5 0. 304E~-04 0. 200E-05 11465
" 0. 36 5 0. 176E-04 0. 148 E-05 6. 12
0. 40 5 0.127E-04 0. 133E-05 4.8 6
0. 44 5 0.996E-05 0.219E-05 C 3481
0.8 5 0. 730E~05 0. 155E-05 2.860
Ve 52 5 0. 574E~-05 0. 134E-05 2.20
0. 56 5 -0. 604E~-05 0.222E~-04 -2.31
0. 60 5 -~ 0. 643E~-05 0. 220E-04 - 2. 48
‘0. 64 5 -0.78TE-05 0.213FE-04 - 3. 01
0. 68 5 ~0.822E-05 0.211E-04 =315
0. 72 5 -0.826E-05 0.211E-04 ~3.16
0. 76 5 -0.842E-05 0.210E-04 - 3,22
0.80 5 0.157E-05 0. 79 SE-06 0. 60
0.84 5 0.135E~-05 0. 574E-06 0. 52
0.48 5 0.157E-05 0.863KE-06 0. GO
0.92 5 0.113E-05 0. 636E-06 0+ 43
0.96 5 0.139E-05 0. 438 E-06 0. 53
1.00 5 0.113E-05 0. 606E-06 0. 43
1. 04 5 0. 609E-06 0. 422E-06 0.23
1. 08 5 0. 609E~06 0. 503£-06 0.23
1.12 5 0.870E-06 0. 790E-06 0. 33
1.16 5 0. 113E-05 0.906E-06 0. 43
1.20 5 0.104E~05 0. 7TT0E~06 0. 40
1.24 5 0.100E-05 0. 709 E~06 0. 38
1. 28 5 0. 100E-05 0. 709E-06 0. 38
1.32 5 0. 100E-05 0. 709E-06 . 0438
1.36° 5 0. 100E-05 0. 709E-06 0. 39
1. 40 5 0, 100E-05 0. 709E~-06 . 0. 38
1o 44 5 0. 100E-05 0. 709 E-06 0. 38
1o 43 5 0. 100E~05 0. 709E-06 0+ 33
1. 52 5 0. 100F~05 0. 709FE-06 0. 38
1.56 5 0. 100E-05 0. 709E-06 0. 38
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FLECTRAOMAGNETIC SOUNDING DATA

VALLES CALDERA 707

GFFEST DISTANCE= 6400. METERS

SOURCE LENGTH=

1900.

METERS

RFECFIVER ARFA=. 1664 SOUARE KM
CURRENT STEP=19.00 AMPERES

DI GITIZING SCALE 1S 0. 021MICRGVAL TS/ DIV

EDITED AND STACKED DATA

TIMIE
C. 04
g. 0%
e 12
0.16

0«20

0. 24

0. 32
0. 36
0. 40
De 44
0. 4%
0. 92
0. 56
. 0. 60
0. 64
0. 63
0. 72
00 76

L 0.80

0.84
0. B8
0.92
0.906
1. 00
1.04
1.08
112
1.16
120
1.24
1.28
1. 32
1¢ 36
1. 40
1. 44
1. 48
1o 52

].56

NUMBER
5

[@2]

MU ONCOU OO U NS a

AVERAGE
0. 176E-04

- 0.323E-04

0. 338E-04
0¢391E-04
0. 367E-04
0. 306FE-04
0.240E-04
0.191E-04
0. 147E-04
0.100E~04
0. 721E-05
0.,292E-04

L 0.281E-04

0.271E-04
0, 264F~04
0.233E~04
0. 363E~05
0. 148E-05
0. 131E-05
0.112E-05
0.142FE~05

0.153E-04

0.152E-04
0.154E~04
0.156F-04

"0.159E-04

0. 153E~-04
0. 152E=-04
0. 196E~-05
0.196E-05
0. 196E-05
0. 19 6E=05
0.196E-05
0.196E-05
0,19 6F=-05
0. 196E~05
0.196E=05
Oc 19 ()[i“OS
0.196F~05

'

- ST+ DEV.

0. 315E-05
0. 119E-05
0.975E-06

0.130E-05

0. 49 TE-06
0+ 142E-05
0.808E~06
0« 119E-05
0.151E-05
0. 173E-05
099 4E-06
0. 47T7E-04

0. 433E-04

0. 4381~ 04
0., 492E-04
0. 450E-04

0. 4°13E-05

0.191E-05
0. 378E~05
0.173E~05
0. 124E-05
0. 287E-04
0.290E-04
0. 289E-04

0.288E-04
0. 28 6E-04-

0. 289E-04
0. 26 6E-04
0. 319E-05
0. 319E-05
0.319E-05
0« 319E-05
0. 319E-05
0. 319E-05
0. 319E-05
0. 319E-05
0. 319E-05
0. 319E-05

RESISTIVITY

10« 35
19. 04
2286
23,06
21. 62
18095
14615
11.24
8. 065
5.992
44295
1724
1 6+ 58
15.98
15 54
14406
2; 1 4
Q.87
~0. 77
" 0. 66
0.8 4
9. 32
8.94
9. 09
9419
9.39
9.04
8‘98
10‘ 1 6
1016
116
1.16
1.16
o106
1 16
1.16
1.16
1+16
1.16
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FLECTROMAGNETIC SOINDING DATA

VALLES CALDERA 708

GFFEST DI STANCE= 4850. METERS

SOURCE LENGTH=
AREA=. 1664

RECEI VER

METERS
SQUARE KM

CURRENT STEP=19+00 AMPERES

DIGITIZING SCALE 1S

0.022M1 CRAVAL TS/ DIV

EPILTED AND STACKED DATA

RESISTIVITY

TIME  NUMRER AVERAGE ST. DEV.
0.04 4 0. 288E-04 O« 419E-05 5¢ 66
- 0. 08 4 0. 509E-04 0. 671 E-06 9.99
0.12 4 0+ 519E-04 0. 155E-05 10419
0v16 4 0. 446E-04 0. 542E~05 8+ 16
0. 20 Ly 0. 335E-04 0. 318E-05 64 58
0.24 14 0. 253E-04 0. 206E~05 4096
0. 28 4 0. 177E-04 0.902F~06 3. 47
0.32"° ' 0.121E~-04 0.134E-05 2. 38
0.36 {4 0. 859 4E-05 0.117E-05 1,76
0. 40 4 0. 603LE~-05 0« 1 T5E-05 1.18
0. 44- 4 Os 404E-05 0.204E- 05 0. 79
0. 43 4 0. 366E-05 0. 172E-05 0. 72
0. 52 4 0.291E-05 0. 122E~05 0. 57
0. 56 4 0. 172E~-05 . 0.927TE~06 0«34
0. 60 4 0. 102E-05 0. 7521E-06 0.20
0. 64 4 0O« 113E-05 0.919E-06 0. 22
‘0. 68 4 Os 64TE-06 0. 403E-06 0.13
0.72 4 0. 754E-06 0. 424E-06 015
0.76 4 0. 108E-05 O« 549 FE-06 0.21
0.80 4 D.B62E-06 0.264E-06 0417
0.84 4 0.862E~06 0.264E-06% 017
0.88 4 0. 593F-06 0. 41 4E-06 0.12
0.98 4 0. 431E-06 O+ 664E-06 0. 08
0.96 4 0. 323E-06 0.8 42F~06 0,06
1.00 4 0. 323E-06 0.8 42E~06 0. 06
1.04 Y g 0. 377E-06 0.854E-06 0.07
1.08 4 0. 377E~-06 0.854E-06" 0,07
1.12 4 0. 377E-06 0.854E-06 0. 07
1.16 4 - 0. 377E-06 0.854F-06 007
1. 20 4 . 0. 377E-06 0.8 54E-06 0.07
1.24 4 "0.377F-06 0.854E-06 0.07

C 1. 08 4 0. 377E-06 0.854E-06 0.07
1.32 4 0.377E-06 0.854F-06 0.07
1.36 4 0. 377E-06 0.8354E-06 0.07
1. 40 4 0.377E-06 0.8 54E-06 0.07
1. 44 4 0. 377TE-06 0.854E-06 0.07
1o 43" 4 - O« 377E-06 0.854E-06 0,07
1.52 4 0. 377E-06 0.854E-06 0. 07
1. 56 4 0.377E~06 0.854F-06 0.07
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RE L]

Apparent resistivities for electromagnetic soundings made

from source 5, after corxection for system responsc,

Sounding
Tinc,sec. 501 502 503, 506 S07 503
0.046 og.00 . 20.21 56. 02 26,49 -31.85 23455
0. 051 08, 42 1969 51e 64 26,06 -34,771 2495
0. 056 P8 X0 1935 /8.3l 2574 -36.66 2598
(e 062 £29.12 19.19 a%.86 25,092 -37.81 264 59
0. 069 o9, a5  19.20 44419 25,40 - 38. 40 26. 15
0.077 09, 59 19. 38 43. 20 25.38  -38.49 D6e 46
O. 08 % 29, 74 19. 74 4287 25,45 38,11 o8, 712
0.09 1 29,63 2028 43. 171 25,63 -37.20 24,58
0.100 09,6  £1.02  44.12 25,91 . .35.63  23.08
0. 116 29.83 21.99 454 76 26,29 -33.16  21.31
0.1 D9, 44 22 66 460 01 6. 56 ~30.95 o0. 37
0.143 o, 34 22. 31 49 206 26. 40 ~31.19 20. 66
0. 156 o6 17 21+ 31 404 37 25,99 ~-33.07 02,23
0.176 25, 20 0. 54 376 25.89 -g6.12  23.24
0,195 24,20 20+ 45 3% .13 26 51 - 39,81 20,15
0.216 20, 67 20. 42 33+ 53 26.05 - 40.50 20. 76
0. 240 20.07 19.74 36459 22.95 -30.86 20. 32
0.2606 1 7. 63 18.94 34.04 22 44 -11.061 18.902
0.296 15,70 18.19 . 31.83 234 00 12,57 1 6. 38
0. 326 1 3. 38 16.98 29.21 3624 13, 46 15,32
0. 364 11015 15. 59 27.22 37411 9. 66 13.37
0. 404 .56 | 3052 20. 48 33. 70 B8.09 10,95
O 443 Go 58 12.10 15. 66 31. 43 Go H2 8. 79
0. 497 4 68 10,95 15445 29,55 5, 77 6.9 6
0. 551 3.05 9. 51 13.93 9.82 3.86 5,392
0. G172 0,21 7. 70 10.96 2. 66 2,19 405
0. 619 1.54 S. 78 7. 62 2« 4l 2.3 3. 64
0.753 0.9 4290 6+ 25 1.93 1.87 2,90
0.63% 0.82 4. 19 5. 35 1. 61 1. 52 2047
0.927 0.93 3. 68 4087 1. 32 1.06 2. 30
1,088 .20 3. 61 5. 20 2.97 fo /9 2. 08
{14l 0.95 e 01 40 24 1. 50 1. 58
IPEARCYS 0. 54 e 54 3.7 ~14.90 0. 79
1. 405 0«53 1o 3. 31 -3 40 0. 60
GROUP SEVEN
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Figuye 29,  Electromagnetac soundings 506, 507 and 508,
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Appaxent resistivities for electromagnetic soundings made
from source 6, after correction for system xesponse,

Sounding
Time 601 602 603 - 604, 605 . 606
0. 046 143. 70 13. 69 24. 19 21.30 20. 11 44 30
0.051 150,26 13.97 2591 22. 62 20.93 4. 58
0,056 155, 29 1411 27. 30 23. 73 21,63 be &7
0. 06% 1 58+ 60 14,12 . 2R.29 24459 22,20 5.18
0.069 160,10 13.98 RB.66 25.18 22, 63 Se b1
0.077 19973 13. 72 28.97 25, 47 20.90 5,85
0.085 157 51 13. 32 28. 63 08,45 23,02 6. 21
0.094 153.50 12.81 27.85 25.13. 22.97, 6o 59
0.105 147.85 . 1219 26. 66 24,52 02,76 - 1.00
D116 . 140+ 74 11449 25.10 23,64 204 40 7. 42
0. 129 130. 73 10+ 71 23. 37 22, 44 21467 760
S 0,143 116074 9,84 2le 67 20.90 20. 34 805
D. 158 10086 $.91 19.90° 19.13 18. 64 B3.19
0.176 %5.90 T+ 58 17445 17.195 16,87  B.88
0,195 72,95 5,83 1413 15,00 15,17 8o 35
0.216 60.26 40 T4 10.27 12459 13.14 8. 24
0.240 47518 4094 6. 21 9.89 10+ 60 7.5
0.2606 35. 67 6o 35 3. 41 7.37 8.1 7.07
0.296 25,98 §.38 1. 72 5. 34 6425 6o 21
0. 328 1735 7+ 61 -0.08 3.69 4e 64 5449
0. 364 11417 6489 =1.34 2,75 3. 46 4, 61
0. 404 7. 32 6o 57 -2.73 1.97. 2434 3043
0. 44 acge G6e21  —eedl te2on 1434 2+ 35
0. 497 RS 43 0 2429 ~0.49 0.9 0.sar o VT
0. 551 1.98 0.03 0.23 O 49 0.19 1. 41
0. 617 -0.26 -0.05 ~0.03 . 0.35 0. 21 084
0. 679 ~0.84 -0.06 2541 0 0418 0.07 0. 50
0. 753 -2.03 -0.23 ‘e 09 0.11 0.03  0.37
0.835 - 2.08 -0.24 3. 28 0. 09 0. 0 % 0. 31
0.927 0. 04 -0.02 1-()1 0.12 ) 0.04 0. 34
1.0268 0. 22 0,12 -0.02 0.18 0. 10 0. 46
1.1 41 -0 64 1.23  =3.47 0.12 ~-0.05  0.39
1.266 -0, 04 3. 7Y -5.17 0,04 -0.2 0. 00
1.405 -2.05 0. 67 ~ 4. 66 -0.02 -0.26 ~0.09
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ities for electromagnetic soundings made

Apparent resistiv
ystem response,

fyom source/, after correction for s

Sounding

“Time 701 702 703 705 106 707 708

0.046 23,19 .22.08 18.16 16.539 18.65. 21.23.10.92
03,07 21.72 16409 17081 19.52 22.03 11.23

0.051
0.056 00,70 21.25 14449 16,98 £0.28 2277 11e 44
20.93 23.42 1155

0,062 22.09 20.66 . 13.31 1984
0,069 21.26 19.97 1250 20,34 £1.45 £3.99 11.54
0.077° 20.24. 19.20 12,02 20,46 £1.83 040 46 11+ 43
0.085 19.06, 18434 11786 20,18 #2.06 24,63 11,21
00094 - 47.75; 17.42 12401 1963 22.15 25.10 10.90
0.105 164 35 16445 124 48 18,54 22.08 2526 10.49
0 e a9l 15,44 13,29 p7.26 21.87 2551 10.00
G.143 1269 124105 12466 16.90 20.50 2436 8440
\1.07 10.04 10.83 1gJp7 19.32 23.28  7.034

0.1 53

0.176 10+ 68 8-36 9. 66 19.81 17.85 1. 98 ‘6o 33
0.195  8.57 7,27 9494 20094 16,07 20e93 5043
0.216 6.36 5094 7707 00,77 14018 18455 4. 8¢
0. 240 2. 12 4.06 -1062  jg.23 12.29 1576 3408
0.266 0.92 2.65 ~=10.¢C1 15,98 10 028 1314  2.85
0.296 0. 58 2,19 =13.01 15, 01 8,04 1098 2,10
0. 328 0. 14 134 =12.24 13. 56 645 He 64 1e 55
00364 0.05 0.93 -9.53 12. 41 e 93 5:9 4 1,15
0. 204 . =001 0.50 =~11.13 11e 49 3. 69 484 - 0. 76
0. 445 -0 04 0«10 -T7.84 10. 45 2.64 9 97  0.56
0.4917 -0.11 =0.20 11.59 9,18 1.50 209 0. a7
0. 551 -0s15 ~0.16 10.91 Ge09 ~1.79 19. 12 0. 26
0.612 ~0J12°  0.20  9.09 7.53 =2.21 1586 0.15
0. 679 - 0. 08 0.10 -4,22 6,59 =1459 6. 4 - 0.15
0.753  =0.05 . -0s02 © =174 4ogg <1416 =0:17 0417
0.835 -0.05 < 0. 02 2. 50 4.00 -0.89. ~0.28 1 015
0.957 =0.05  0.03 =089 4 Op -1-01 32907 0.09
1. 028 - 0. 04 0. 04 4047 . 3,33 —0.48 Tooad 0.10
1. 14l -0. 02 0.03 .90 1. 62 044 3.12 012
1. P66 ~0. 02 0. 10 =0+ 46 0. 40 046 115 0. 08
e 405 .19 0«11 0,12 o.n5 0038 1416 0.07
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