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the west side of Redondo Peak, However, the feature becomes
discontinuous as one moves cast towards Redondo Peak,

Dipole 3 (Valle San Antonio): The maps about this source
are charscterless with the cxception of a small region with
resistivity less than 6 ohm-meters and conductance of 40O to 50

[

mhos along Son Luis Creek,

Dipole & (Valle Grande): Measuvenents made frow this
source nrovided the highest yesistivities (grcater than 10O
ohm-naters) observed in the Valles Caldera prospect, There
is apparcntly very little porous rock in the southeast quarter
of the Caldorxa,

Dipole § (Valle Santa Rosa): No sharp changes in resis-
tivity or conductmice were observed in the area mapped fron
this sounrce. 'The resistivity is high at Cerros del Abrigo,
graduz’ily decreasing toward the north rim of the caldera, The
condue tance in [the caldera moat, along valle San Antonio and
Valle: “oledo, reaches about -200 mhos,

‘ ; v

Source O (Redondo Creek): This source is characterized
by the presence of an anomaly at the head of Redondo Creck
with arn apparent resistivity of 7 to ¥ ohm-weters, A swath
of med-vate resistivity (<50 ohmeneters) follows Redondo
Crevk o the southwest, Resisiivities observed along Sulfurx
Creek ore 45 to 70 ohmemeters, considerably highar than values
obsoyrved at the same locations using dipole 1. However, there
is » suvath of moderately high conductance (180200 nhos) thav
passes tlhocough Han Antonio HMountain and Mushroom Basin,
genexatly paralleling the rim of the Caldexa, The fact that
about he sawe conductance is seen in this region using sourcesn
1 and O, while the resistivities differ, indicates that the
low resiativity zone is relatively shallow,

Seurce 7 (Valle Seco), Measurements from this sourxce
provid: coverage over the areas seen as having low resistivity
from sources L, 2 and 6, The results confirm the existence of
Low resistivities (=20 ohme-neters) and high conductance (130~
180 mhos) along the Sulfurx Creek - Mushrocm Basin - San Antonig
Mountain trend, Lhis wajor trend shows a minor spur extending

to tho head of Redondo Crock,

These resulls are suimmarized on Figures l and 5, maps .
showing 1he locations of reaions with low resistivity and
high comductivity, respectively, In ithis presentation, a low
resietivity is taken to be a value of 10 ohm-mziers or less

- CYANEY

and 2 high conductance is taken 1o .be o varue of 200 mbo

Toxe,
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Three conventional. resistivity soundings with a maximum
spacing of 450 meters were carried out along Sulfur Creek (sce
Figure 1 fox locations), and four soundings were made along
Redondo Creck, These two sets of soundings are shown on
Fioures 5A and 5B respectively., They all have a vervy similar
charvacter, and provide essentially the same intexrpretation
when evaluated with a standard curve-matching procedure,. For
the soundings made along Sulfur Creek, the shape of the cuxves
is dominated by a thin suriace layer of high resistivity, with
a thickness of only 8-15 meters, and a resistivity of 200 to
300 oluiwrweters, This layer is underlain by roecks with pro-
gressively lower vesistivities, until a resistivity of 12 to 13
ohmemeters is reached at a depth for 400 to 450 meters, At
locatien 8, the resistivity at depth is especially low, de-
creasitg to only 4 ohw-meters at 230 meters depth, but then
begins to increase at greater depths,

Along Redondo Creek, the thin surface layer is only about
8 meteys thick, but has a resistivity of 150-400 ohmenmcters,
The rcuist;vitygthon decreases to a value of 8 to 12 otme-neters
at depths of 150 to 160 meters, increasing again at greatex
depths, i '

i

In areas such as the Valles Caldera vhere lateral resis-
tivity changes are mavked, it is not poscible to cxpand a
Schlumi zrger arrvay to the large spacings vequired to detect
basément, and yet meet the requiremeats for lateral uniformity
imposed by interpretation procedures, However, electronagnetic
gsoundings provide a partial solution to the problem of obtaine
ing imzlormation from greater depths, Electroamagnetvic soundings
cannot be interpreted with as much resolution as Schilumboerger
souwndirgs, but are fay less affccted by lateral changes in
xesisiivity, The interpretation of electromagnetic soundings
is discussed in Appeudix II.

Fighteen electromagnetic soundings wevre made as part of
the Vailes Calderxa elcectrical survey, and the data and xeduced-
curves arve also included in Appendix II, Theso soundings were
made primarily in Sulfur Creek Valley and Redondo Creek Valley,
as indicated on the map in Figure 1, The intexpretations
providad an average resistivity for the conductive surface
rocks oud a depth to resistant basement, as listed in the foll-

owing Thble:

©Table, Blectromagnetic interpretations ;
Sounding number Surface resistivity Depih to boscmen
501 27 ohmei 3500 metevs
L02 19 2500
5073 Lo 2100
506 16 2800
GROUP SEVEN
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Figure 5A, Three Schlumberger resistivity soundings yun along
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507 - 12,5 ohmem 2,00 meters
508 18 3200
601 ‘ 13 1350
602 12,5 1770
603 20 ‘ ‘ 1020
60l ' 19 o 1170
605 18 : 1400
606 ' 3.8 8i(
701, 19 >2000
702 , 21 >2300
705 o 22 © 1800
706 17 1850
707 19 1950
708 10 : 2500

.

1+ should be noted that even with high-quality data,
elcctrumagneticisounding curves for the case of a buried
resistur provide a resolution in depth determination of
no bet:er than & 20 rercent, Considaring this, the electxo-
magnets c soundihgs indicate that the porous surficial rocks
have o resistivity generally between 10 and 20 ohm-neters
in the Redondo and Sulfur Creeck areas, with the depth to
basement being approximately 1400 meiers in the Sulfur Creek
area and approximately 2000 meters in the Redondo Creek arxea,
Along iha northern moat, in the Valle San Antonio area, the
resistivity is scnewhat highex, being venerally 20 olm-meters
or morc, and ihe depth to basement is greater, being approxi-
mately 2500 to 3000 meters, This greater depth to bascment
in the valle San Antonio explains the moderately high values,
of conduectance obscrved alohg the northern rim of the Calderxa

on sevaeral of the dipole maps,

Censidering all these data, it appears.that the swath
of ground with low resistivity paralleling Sulfux Creek has
an avevage resistivity of 10 to 15 ohm-nmetexrs to a depth of
14,00 moters on the average. The strong anomaly north of
Horseshoe Springs probably represents rocks with a compaxable
thickness, but with a resistivity reduced to 3 to L oha-neters,
This pattern of resistivity -- a sharply bounded region with
resistivity of 3 to 10 ohm-meters =-- is typical of geothermal
systems in otheyr paxts of the world, -‘The total conductiance
observed in the anomalous arcas is considerably Jower than that
in most geothermal fields, Typically, conductance reaches
values of 1000 to 2000 mbos at places such as Wairalki, The low
values in the Valles Caldera probably result from the combined
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"staurated with low-salinity surface waters, which is reasonable

However, for fresi-water sauvxated rocks in the southwest, it

T GROUP SEVE

EVALUATION OF RESULTS

In addition to using the resistivity data described in the
preceeding section in delineating the boundaries of conductive
areas associated with the occuvence of hot woter in the sube
surface, these dato may sometimes also be usced to infer other
characteristics of thermal aveas, It 1s well known that tne
resistivity of a porous rock is determined almost ontmrelv by
the amount of wator contained in the xock and the wesistivity
of that water, The resistivity of water is in turn detcrmined
by salinity and tewmperature, The varlation in resistivity of
a volcanic rock as a function of water content should be
similav to that shown in Figure 13, taken from a comnpilation of
data for volcanic rocks from the southwestern United States
(Kellexr, 1960), The amount of water-filled porosity in a
volcanic rock may ba estinated from its resistivity, if the
resistivity of the water contoined in the pore space is known,

Th2 porous rocks in the Vhilns Caldera appear to be

considering the elevation of the Caldera and the age of the
volcanic wocks comprising the porous section, Unfortunately,
when a wock is saturated with watex having a salinity of less
than a iow thousand parts per million dissolved solids, the
conductivity ot the water in the pore styuctures is detewmined
nore by cation exchange effects and suridace conduction than
by free¢ valinity, Therefore, determinations of salinity on
watex sauples taken from springs or drill holes are of little
use in estimating the effective resistivity of the watexr in
place in a vock. The degree to which vater conductivity is
affected by ion exchange and surface conductance depends on
the clay content of a rock and on the yrain size distribution,

has been observed that water in place at xoom temparature has
a vesistivity of approximately 1.5 ohm-weters, For lack of
better information, this value might be uweed also for velcanic
rocks at the Valles Caldeva (Kellex, 1962),

In ovder to estimate porosity, we need to select repre-

sentative values of resistivity from the field data, Considering
the histograms in Figures 2 and 3 along with the various sounding
data,'vn might selcct the following resistivities as representicg

the surficial rvocks in various parts of the Valles Caldera:

1. walle Grande (area showing least
thermal effects): ' 80 to 100 ohm-nctexs
2, MNorthern moat (Valle San Antonio) 20 to 4O ohmmmeterﬂ
- 1
3. Sulfur Creek trend 12 to 15 ohme- l‘lein‘r'{
R

20




Volume fraction of water
present in pove space,

pace

3

S
<

Ratio of rock resistivity to the resistivity

of the water contained in ihe pore

mpirical relationship between rock resis-

I
nd w

Figuxre 13,

content for pyroclastic

2 X

ate

c

tivity

ERE—

N
o

Sk \r/ % E

[N

RoOup

vl

C

21



5
£

4 Horseshoe Springs and Alamo Canyon A

anomalics : 3«5 ohm-meters e

The vayxiation in resistivity from one area to anothexr nay
be a consaquence of a change in porosity from one arca to
anotber, a change in temperature which alters the resistivity
of the pore water, or possibly a change in water solinity., No
informaiion is available from the electrical surveys to indicatc
shich factox is the actual cause, and indeed, the variations
may be the result of changes in cach parameter simultaneously,
However, we can estimate what the maximum change in any one
parometer might be from area to area by assuning the change in
rasistivity ds caused only by a change in that parameter, Such
. maximum changes would bhe as follows, if the changes were due
g only to variations in average porosity of the porous interval:

Area Porosity for water rvesis-
tivity of 1.5 ohmeneters
at surface temperatures

égﬂ‘ 'Valle!Grande ' 0h w05
- Valle San Aritonio . A3 - .17
g : o Sulfur Creek Trend 2h- 30
Horseshoe Springs ébout .6

These values are subject to errors made in assuning the
proper vat er resistivity., More reliable estimates could be
made by combining the resistivity information with seismic
velocity determinations (for an independent estimote of .
poresity) or gfavity data (for an estimate of yock density),

The variation of electrical resistivity with temperature
in dilute solutions of ionic elecirolytes has been studied by ‘
fluist ard Marshall (1966, 1968), and on the basis of their data, e
a correction chart for the effect of temperature on the resis-
tivity of water can be praepared (Figure 14). At pressures and ;
tempexatures bhelow the critical point for water (374,49 C and N
218 bars), the resistivity of water. decxreases with increasing
tenporatnre until the boiling point is recached; above the
bolling point, the resistivity is effectively infinitie, HNear L
the critical point, the behavior is somewhot different: the i
resistivity still decreases with increasing tenperature, but k

4.

then, rather than increasing abruptly ot the boiling point, the

4}3@@ i

| A

resistivity passes gradually throvgh a mininun value and at
highoy {emperatures, increnses aradeslly, As the bolling point ;

i
is roisad by increasing the ambient pressure, the enhancement
in electvical conductivity becomes move pronounced, ampunting
Lo a Yactor of 7 by the time the critical pressure and tenpers-
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AN ature are reached, In volcanic rocks, pressure increases with
depth at a rate pf at least 030 bars per meter of burxial, if -
pressure is simply hydrostatic, For reservoirx depths of 1 -
kilometer, we would expect resistivities to be lower by a
factor of 4 to 5for rocks heated to just below the boiling
point, while the resistivity would be very great if the temp-
erature were greater than the boiling point. At depths beyond
3 kilemeters, temperatures high cnough to cause high resistive
ity cannot occur, and so, in dee¢p wreservoirs, thexe should
always he an anocmalously low resistivity.

If the temperature is exactly at the boiling point, steam
and water can exist simnltancously in the rock, 1In such &
case, the enhancement in conductivity is less and might not ‘ .
provide a reascnable target for electrical exploration, However,
3 reserwvoir in which a large fraction of the pore fluid is
steam would not provide much capaciity for power production
hesause of the low enthalpy per unit volume of steam in come-
parison with that of boiling water (see Figure 15y, The , ‘ﬁ
enthalpy of boiling watex passes through a maximum at about
3209 ¢, At the same temperature, the enthalpy pex unit velune o
of stean is only 10 pexcent ithat of water, Al somevhat lower '
temperatures, the enthalpy of steam drops to less than 1 percent
that of boiling water, Zherefore, a geothexrmal reservoir with
a high cnergy content will always he vet and exhibit an anon~
alously low resistivity,

3 b alde Tomoedds 2~

Considering now thot the changes in resistivity from.area
to ares are a consequence only of changes in temperature, and
that powvosity remains fixed, using the curves from Figure 14,
we nrrive at the following temperatures for the four areas:

Vvalle Grande 20° assumed |
Valle San Antonio 130 ;
< o CO
Sulfur Creek Trend 220 § g

&,#‘ Horseshoe. Springs Not explainable in terms

i of temperatuxe alone,

%; Tt is appavent hexe that the extrcmes in resistivity axe ‘

I . . too largce to be explained only by temperatura erfects, and an '

increase in porosity must also be observed in the areas of G

particulaxly low resistivity, An increase in porasity may be
traded off against an increase in’ temperature in explaining
tha change in resistivity frowm area 16 area as shown by the

' curves in Figure 16, Frow thase curves, it ig opparcat that
éé . ; a relatively sinox change in porosity will de ‘e th i
o arature differcences to a greater extent than

o temperatnres alieady observed in drill holes in the Sulifur

; Creok airoa, The most reasonsble explanation at this stage is f
= GROUP SEVEN ¥
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porosities are generally low in the Valle San Antonio and
Sulfur Creek arcas, perhaps only 10 to 12 percent, but ave
locally higher at Horseshoe Springs and at the mouth of Alano
Canyon,

These speculations may be used to estimate the maxinun

' amount of energy svailable from the thermal arvrens mappud at the
Valloes Caldera, ‘The areo of the anomalies at Horseshoa Spring
and Alamo Canyon is approximately 4-1/2 square kilemeters, The
thickness of the conductive sequence is about 1l-1,2 kilomaters,
giving a reservoir volume of 6,75 cubic kilometers, Assuning
an average porosity of 25 percent gives a volue of 1,68 cubic
kilemeters for the hot water in the veservoir, According to
the curves in Figure 15, the maximum energy content for this
% ' woter would be slightly more than 200 calories pre 1000 ce, or
E in terms of the electrical equivalent, 2,66 x 107

Megawati.
yeaxs pee 1000 ce, For the entire rxeservoixy volume, this neans
. there would be a maximum of

| .
t L.5 x 103 Megawatt-years of enexgy

. . ! l
o - represented by the enthalpy., Tt has been estimated that from
e 2 to 20 percent of the energy in a reservoir coan be converted
to electeical energy, so the maxiwuwm recoverable eneyvay in the
low-vesistivity anomalous areas of the Valles Caldzra would be

90 to 900 Megawatti years,

In addition to the energy available from these two small
areas, oae might also consider the energy evailable From the
Sulfuxr Creek trend of leow resistivity rocks, This trend has
a nuch laxger area, amounting to about 30 square kiloneters, ox
assuiing a reservoidr thickness of 1-1/5 kilouwetors, a volume
of 45 cubic kilometers, With a porosity of 12,5 pavcont, the
~volume of watex present would be 5,062 cubic kilometers, The
L enthalpy of this water would be at its maxinum

82 x 103 Muegawatt-years

Lo or assuming the same efficiencies for energy conversion, the
j ‘ convertible electyical enevgy would be :
4

L6 to 1640 Megawatt vears

With a low=-porosity rescrvoir, some difficulty in locating
permeable zones for production may e met, On the other hand,
becanse praoduction would be largely through fracture channels,

IAN it is likely the rescrvoir would act.as a "dry steam" veservoiv,
j, It should also be pointed out that the encergy calculated horre ;

is only the energy in the fluid content of the rock., In a low
porosity rock, an equal amount of encrgy, or even more, may be .
stored as heat in the solid phoases,

s Finsanibs
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APPENDIX I: DIPOLE MAPPING SURVEYS

In a dipole mapping survey, as the expression is used here, .
a large anount of ¢leciric curnxent is caused to flow in the
earth Letecen electrode contacts sited in the general vicinity
of the target area, As the current flows through the ground
from this dipole source, the flow pattern will be govexned in
detail by variations in resigstivity in the ground to a depth
couwpavable to the offset distance at which the measurements are
being made,  Becosuse the dipole source is fixed in location
while many measurenments of electric fFicld are made about it, any
electrical non-uniiormitics neezr the source will affect all the
measurenents similaxly, and the variation in the characteristics
of the electyic field frow obsexrvation point to observation point
will be dadicative of the electrical structure of the ground
primarily in the vicinity of the neasurement sites,

¥
'

The general scheme of a dipole mapping survey is indicated
on Figore 17 ,  For the surveys carxried out on the Valles
Coldera pvaspect, dipole lengths of 1,5 to . 2,5 kilonctlers were
used, Y most capes, the dipoles were grounded at wmetal road
culverts, In one or two cases, grounding was obtainud thyough
‘contact with well casings, Power was taken from a 10O-KVA rotor
genexator set,  The 220~volt single-phase 00 Hz output of ‘the
generatces was stepped up to 660 or 880 volls with o transforumer,
rectific' to form direct current and alternately switched to
cause current to flow fdrst one way and then the other in the
coble cornveting the power supply:-to the electrode contacts,
The pericd of reversal of the current flow was selected to b2
28 seconds, so that the frequencies contained in the waveform
of the cnrrent would be sufficiently low to avoid problems with
clectromsanetic osttenuwation of the current field and lack of
penctration caused by skin-depth effects, The current wavefora
was  asvioetricol, with the duration of current flow in one
direction being about 4O percent greater thon the duration in
thae otber; this provided a means for assigning a polarity to
the voliage detected at the receiving sites,  The omplitude of
ihe current steps was recovded with an analog recordoer and
monitored visually with an indicating meter, " Usuwally, current
steps with amplitudes ranging frxom 10 to 20 amperes were uscd,

The current ficld from a source. dipole was mapped by
measuring voltagos between electrode paivs at wany poinis about
the scuwce dipole, DRecause the direction of current Tflow at a
moasurermcnt point i¢ quite unpredictable, the total voltage drop
wust be dotermined by making ressurements with two clectrode
pailxrs ovionted at right angles to one onoiher and adding these
voltages vectorially, The clectric field is thon assumed to be
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electrodes Measurements were made with receiving electrode

separations of 30 or 100 meters
rations being used in areas where the signal strength was low,
The receiver consisted of a
deflection as current flow reversed was measured, At its maxie-
mum sensitivity, deflections as small as 5 or 10 microvolts
could be recognized on the voltmeter Readings of less than 20
microvolts were not normally recorded as useful data,

The. primary data obtained from the eight dipole mapping

Table daccouwpanying this appendix, These data may be con-
verted to apvarent resistivity values using several different
formulas, The conventional mannex of defining apparent resis-
tivity is to consider whot resistivity a uniform earth would
have to have to provide the voltages actually observed in the
real carth, In a uniform eaxrth, current spreads out from a
single electrode with spherical sywmetry, The electric field
on the surface ofj the earth at a distance Ry from a single
electrode through which a current I is passing is then:

where p is the resistivity of the sssumed uniform carth, When
a dipole palr of clectrodes is used for a current source, there
is a second contribution to the electric field from the curxrent
flowing ihrough . the second electrode:

where R, is the distance from the observation point to the
second Current clectrode.

The clectric fields E; and E, are vector qudntltles, and
so must be added vectorially, The vector sum is

4 . ;
Rl) (‘h> Ay i
T{o>) =2 [+ cos (ay~ap)

Solving this expression for p provides the means for computing
apparent resistivity under the assumption of spherically sym-
metric spreadlng of current in a unifovm earth, Valucs for

1/2
D - .E?.].._......,.y.
T 2k “

Table accompanying this Appendix,
The Plates showing contour maps of apparent resistivity
abountl the /7 dipoles {(Plates 1,3,5,7,9) irﬂicwae that apparent

resistivaly increases consistently with increasing distance
from the scurce, This behavior is typical of (ilpt)]_(! mapoing
surveys carried out in an area where conductive rocks overlie

GROUP SEVEN

the ratio of voltage drop to the separatioen between the measuring
uwsually, with the longer sepa;

sensitive DC voltmeter, on which the

surveys carried out in the Valles Caldeva avea are listed in the

apparent resistivity computed with this formula are listed in the
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highly xesistant substratum, such as crystalline basement rocks.
In this case, the _appaxent 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 casa, a more mecaningful 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 electric
field depends on the ratio of plate thickness to resistivity,
h/p, -a quantity which is also know as the conductance of the
plate, S.The electric field atl the surface of the plate for a
current I to a single electrode is:

S |
By = 2SR

. ¥ 1

wvhere Ry again is the distance from the first current electrode
to the obgervation point., With the addition of a second elec-
trode to complete£1he dipole current source, the contribution of
a second electric ficld at the observation point must be con-
sidered: : | '

-1

2nSR.,

n

E2

The vector sum of these two electric fields is:

1 | R . R 12
Bl B eeedices 4 (24 -2 [ 2L -a. ]
Sl e il (Rq) 2 <R9> cos (aj-ay,)

Solving this expression for § provides the means for computing
apparent conductance under the assumption of cylindrically sym-
metric sypreading of current in a uniform conducting plate, Val~
ves for wapparent conductance computed with this formula are also-
listed in the Table accompanying this Appendix,

It must be stressed that the apparént values for resistiv-
ity or conductance are the actual values only in the case in
which the siructure of the earth is as simple as that assumed in
defining these quantities, That is, the earth must be completely
uniform laterally, However, if a conductive geothermal rxeservoir
is present in the survey area, we expect. this condition to be
violated, When latceral changes in resistivity occur, the
compnted values of apparent vesistivity and apparent conductance
will be affected, but it is unlikely that the observed values
will then bhe close te the values actually existing in ithe ground,
In this case, it is desirable to calculate how the apparent

values sy e affected by simple models of inhomogencous carth

styructures,
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A, DBehavior of apparent resistivity and apparent conductance
when the earth is layered,

The dipole maps shown on the following two pages are typical
of those for a simple two-layer carth, 1In cach case, it is
assumed that a dipole with unit length is placed on the surface
of an eayth in which a layer of unit thickness lies on top of an
infinitely thick substratove, The dipole maps on the first of
these two pages (Figures 18 and 19) pertain to an infinitely
resistant basement, The surface layer is assuwcd to have unit
residtivity, As may be seen, the contours of apparent resis-
tivity form elliptical patterns about the source dipole, a
behavior that is characieristic of layering on dipole maws,

The eccendyicity of the ellipses reflects the well-knouwn fact
that measurements made along the polar axis of a dipole source
do not detect the presence of a resistant basement until lorger
spacings are reached than are required when mecasurements arc
made along the cguatorial axis (Keller, 1966), 1t should also
be noted that there are two small regions about the ends of the
dipole where the apparent resistivity is lower than unity, the
resistivity assigned to the surface layer,

In contrast to the large variations in apparvent résistivity
as a Xunction of distance from the source, the values of appax-
ant conductance show very Jlittle change over most of the map,
after reaching some 70 percent of the correct value of $ for the
surface layer at a distance of about one unit from the dipole,

The patterns in Figures 18 and 19 were computed for a
layer of unit resistivity and unit thickness résting on an infind
itely thick substratum with a resistivity of 0.33, liere, both
the apparent conductance and the apparent resistivity vary
strongly with distance from the source, It may also be noted
that in this case, the depth of penetration for measurchnents
made alorg the polar axis of the dipole source is about ithe same
as for measurements made along the equatorial axis,
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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 st the edge of and parallel to
a dike-like featuve assumed to have a lower resistivity than
o the country rock, The country-rock resistivity is taken to
b be 10 units, while the resistivity within the dike is taken et
to be 1 unit, or smaller by a factox of 10, The maps in, ‘
Figuve 20 are computed for a very great depth to insulating

? basement, while the maps in Figure 21 axe computed for a depth

1o insulating basement of 1 unit,

The most stirxiking feature of these maps in the facto that
the contrast in apparent conductance values or apparent resis-
tivity values for measurerents made inside of and outside of the
conductive strip is much smaller than the actual contrast,

The truce conduvctance ocutside the dike, Ffor the case shown in
Figure 20 , is 0.1 unit, compared to 1 unit for the dike. The
observed conductances cutside the dike are too large by a
factor of 2 to 3, meinly because nuch of the currvent that

<%

|

{ L would norrally flow in such regions has been diverted to flow
inside whe dike, Similarly, the bigher than normal current

] concontration within the dike makes the conductance values

] chsexved there somewhat too low,

F i
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A, Apparent conductance
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Figure 21, Dipole resistivity pattcrns for the case of a o o

conductive dike-like feature. Dipole source is 2.5 units long,
dike widih 3s 2 units, and the depth to insulating bascment is
1 unit. Dike resistivity is 1 unit, while environmental resiss SR

tivity is 10 units.
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CAgain, the source dipole length is taken to be 2,5 units long
CJ s 9} 1y

“or 10 times greater than that of the country rock, The maps in

C. Behavior of apparent resistivity and apparent conductance
in the presence of a dike-like resistive structure,

Counputations for this case complement the computations
for the preceeding cose of a conductive dike-like feature,

situnted parallel to the c¢dge of a resistant dike-like featuxe
of width 2 units., The covntry-yvock resistivity remains 10
units, but the dike is now assigned a resistivity of 100 units,.

e
large, vhile the meps in Figure 23 are computed for a depth to -
insulating basenent of 1L unit. B ‘

Figure 22 are computed for a depth to basement that is very

As in the preceeding case, the contrast in observed resise
tivitica and conducitivities between the dike and the surxrvounding
rock is subducd,

|
|
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A, Apparent conductance
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B, Apparent
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Figure 22,

resiatant dike~l:
dike width is 2 nnits, and
infinite, Nke resistivity

LI\’L!" J“ i

[N

ike fecature,
the depth to 1
is 100,

Dipole soux

while

Dipole resistivity patterns for the case of a

ce is 2,5 units long,
nsulating basemant is
environmental resise-
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A, Apparent. conductance
‘A
{ T ; 1 T T 4 T T 1
b
l()’\—)
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h
the case of a AR
2. 1S 1ungi i
h L5, ey : hasement is 1 A
A unit., DPike resistivity is 100, while environmental resistivity
‘ 1s 10,
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APPENDIX I: Tabulation of Data (observed data from dipole
resistivity surveys)

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

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

R2 Distance from observation point to the other end {
of sourxce dipole, measured in kilometers ‘ i

D 7The angle detween the two lines R1 and R2 running
from an obscrvation point to the two ends of the
source dipole

T ' T The angle between the two direactions in which
o electric field mecasurenments were made at each
' site (nominally 909) : .

BT N : | . E
g | . . ;
14: V1l Voltage measured between one pair of receiver ’ o
electrodes, in microvoltis

V2 Voltage measured between the other pair of
receiver electrodes, in microvolts |

RQ  X Length of receiver line, in meters

‘ I Amplitude of current steps, in ampexes (average
o current ‘was one-half this value)

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

SA Apparent conductance computed using the magnitude
of the electric ficld, in mhos

.
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APPENDIX I, .

N Rl
0. 40
2 1. AP0
3 1. 190
4 0« 440
5 " 30 POO

¢ 3. 630
7 3.900
s fe 840
9 5. 250

10 4. €30

11 4. 070
12 3. 200
13 3..00
14 2.990
15 3.050
16 3. 450
17 3.2%0
18 3e 320
19 3.900
20 3. 900
21 3. 7350
e 3. €40
23 2.800
24 30050
25 3. 130
P26 3. €00
27 3. (00
28 1. 100
29 0.5 40
30 0. 530

31 00810

32 1. 550
33 £.320

34 G. 650

a5 3.020
'3() (J- 5”0
37 5. 760
35 Ge 380
39 G 570
40 H. 590
41 Se 170

402 Lo 00
403 e (750
44 Je 8840

45 He 690

R2
2. 880
3. 360
3. 160
2+ 620
1+ 040
1e 520
1850
2. 700
3. 090
2, 400
1.800
1.200
10 35’0

0. 950

1« 310
1.970
2. 350
2 700
4y H10
4o 200
1.900
1o 590
He 100
Se 650
6Ge 100
5 KB 40

5. 7180

2. 070
2. 050
P 6170
3. 0RO
3. 800
fe H50
5. 700
5. 120

Ae 100
5. 220
s G010
e HNO0
de 150
36 9 40
4 06RO
4. 200

" Source 1

D

42
34
36
3(9.
27.
23.
22
1 40
12,

9.

7.

O
16,
37.
L4
41 4
Lo

45.

33.
35
31
27
1a
1.
De
e
10
890
100,

. 4.

1 6o

Te
11
1 4.

1 4.

18
19
17
18 .
22
27
37«
T34k
34
33

\2)
450,
280,

- 480
"9‘()0¢
400.
~-200.
- 40,
55.

“ 3B
60

100,

“ 65
27,
115

~ 145,
-39,
-165,
80«
106

-~ 670
45
~20.
477
37.

”520

—

"‘37"

- 1250,
=140
400+
500
16 5.
B0
105.
=90
0»

e 406
=32

- 33
472
=100
=130,
=102
~ 62

- A0

v2 X

706 30
”75. 30‘
-~ 35, 30.

120, 30,
- 1206 30.
110. 30.
- l ’ '/o 30-
23 30
55, 30,
-850 30,
33 e 30,
e ) 30.
~ 128 30.
-280. 30,
-39 30«
50. 30

- D¢

"l()S- 30

~ 43 30,
- 18 30,
65 30
170 30,
504 30.
3B 30.
30. 30.
I 5 30
40, 304
1350 30

9 50 30.

& 50 . 30
900, 3G.

370, 300

) 45, 30
310 90.

30. 90.

Oe 90

- 45 30.
“ Bo 30«
=18 30.
23 30
- 55, 30
= 50 30-
-~ 4%« 30
O 30
O 30
210, 30.

14

I

1 3.
13.
{ 3.
1 3.
1 3e
1 4
1 4e
14.
1 s
1 4
1 4.
14
1 4.
1 4
1 4.
1/45
1 4.
1 4o

COCOOoO0oLWWLWWLW

e le)
= C

oCcC

PRGN
e

14.0
14. 0
L4e O
140
] 4o O

140

1 4. O
146 O
1 4. 0
140
14.0
1 40
1 4. 0O
14 O
14+ 0
1 4. O
V4. O
140

140 0

1 46 O
} 4e O
1 4. O
i4de O
1/460
1 4. O
1 4 O
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APPENDIX I,
Source 1
N R1 RT SA
1 0«8 40 5 44 ) 40 6
2 1o 420 11,53 9y, 12
% o 3 1.190 12,15 80.3
4 4 0. 440 S 3.10 1272 8
Y 5 1.040 o T.81 - 1065
TR o 6 1. 520 L9484 11647 o
7 1850 8o 62 , 15845 ,
8 2. 700 9.86 18 66 4
I 9 3.090 - 1 4e887 138.0
§.~ 10 2. 400 11e 44 14l
E I 1. 800 6088 18248
| 12 | 1.200 5. 5% § 60a 2
1 13 | 1. 350 2. 08 24641
4 , 14 0.9 50 4,26 1864 6
i 15 1. 310 7.85  © 143.2 i
1 16 1.970 - 10. 77 158.9 ' 0o
§¢_~. 1 2+ 350 19,30 11503
W 18 2,700 26a 61 102. 4
w 19 3900 104, 72 3648
17 , 20 3.900 3845 103.0
i ’ 21 S 1.900 11,77 127.0
SRR oo 1. 590 648 4 118
1 o 23 2.800 7.0 255.9 . ;
1T 24 3.350 14076 14245 it
25 3. 780 14405 163, 2 el
26 3¢ £00 18,12 1264 6
o7 3. 600 434 67 5342
g 1+« 100 26,05 4549
y 29 0.5 40 17.13 5348
| I 30 0. 530 4 58 104 3
. 31 0.810 64 53 99.8
' 32 1+ 550 ’ Bel8 135 4
15 33 2. 320 T« %0 " 1375
i 34 3. 650 11.87 2060
- 3% 3. 020 6413 332471
“ér 86 35 550 2'35 (‘8 1826 ‘:)
: 37 4,090 18. 36 163,
a5 40700 25, 40 1344 6
39 5.220 40074 1007
i 40 40900 504 62 , 8 4o 1
P 41 4. 500 73 00 594 1 , -
‘ a9 4. 050 62 1T 654 1 B
43 3.9 40 4P N6 93.6 ,
A4 3. 8240 £ 30 160, 2 ’
,“ 45 34 690 5327 44 1
I — . I
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Jj

46
a7
473
49
50
51

52
53
S4

(ol ¢
jaRe]

60
61
62
63
64
65
66
671
683
69
70
71
72
13
74
75
76
77
73
79
70
21
e
13
34
55
6
R

£
G
920

56

APPBHDIX X,

R1
3¢ 570
3960
4. 300
Lo 350

S 4,900

1.300

) ]o ﬁ)ﬂo

1.200
2+ 040
2.110
2. 120
560
310

=
9]

AANN O
e e & 0

.

$20
500
4 (440
349030
3 350
2,650
Pe 500
3. €50
3970
e 7770
die 4020
de 010
5. 200
6 1770
2050
2140
24150
3 000
G 400
Te 030
iy 5500
5. 030
5.070
4. H00
Aa (50
e 0D
e 85770
e 970
de 410
3,670

3800

1007

4
N

R2
420
610

4e 9 30
46 55 60O

5.
1.

030
080

0.830

e

160

3.840

e
e
o
Ao

.1"
.6.

D
Se
5

H00
660
710
600
420
750
550
170
2RO

4 810

Je
3e
50
H
9.
6‘

6e
T
3o
2
[
. ®
e

720
170
4830
920
000
530

" 5.900-

190
740
510
750
280
270

6 500

7.
Se
No

Se

130
700
790
070

4o 8 30

3
:15
3.
~

e
5e
G

4N

yo2
()

330
260
080
G010
&30
4770

[a}

Source 1
D T
3l 100.
<30 9 4.
27, 91
20 99.
26 9 5.
159, 90«
‘F;OO 90'
159. 90.

30. 90
24 L 90.

20. 90,
13 90
8o 90.
5.7 90,
126 90
C84s - 96
25. 950.

D4, 100.
25, 119
38 . 106

46 B3

19. ° 98.

1 Se 104
5 93,

10 120,
1 6- 8 E)o

21la B
1 7. 104,
41 99 .
$3. 103,
55- ()60
AT 1O 4.
20 91,
19 100.
23, T5e
27, 91,
26 30

P8 100,
27 90

2 3 9 4,
21 8 7.
17 BH .
i1 90.
o1, 113
o7, 90

V1
Pt
37

-120.
62
60.

- 430,

- 600,

~ 600,

““9()0

115
..'].

“‘880
33

~ 604

0o
O

~ 42

- 55,

"9()0

170
28,

’"270.

120
25,

100,

- 150,
wb’.
1 5

~ 130

=145,

- 60.

0

~ 40}
20
20.
70

- 63,

=20
A2
90

105,

<65
11e

- T4

O-

V2

~165.
1 5.
'45‘
-29.
0.
2500
« 28 5,
-~2500.
-198.
8 3.
=80
~ 70
- 134
320

"600 ‘

- 70,

-13¢ -

32
90,
-~ 40
200,
55
- 35
8.

- 5
- 130,
- 20
w Lo
~ 70
- 300,
=40
90,
= 40,
25,
-10.
~ 35
4H2
50,
180
- 60
100

140

I3
XS I
Te

4 E)c

X I
30. 1 4.
30 } 4
30, 13
30e. 1 3
30. 136
30. 13,
30, 1 3.
30« 1 3.
30. 13

30, 13
30, 1 3
. 30. 13.
30 13.

30. 13,
90 1 3
30 1 4.
30, 1 4o
30. 1 e

300 1 -’39
30 1 3»
30, 13

30. 13. 3
"30. 13 3
30 124 6
30, 12. 6
30. 12+ 6

30. 12

30. 12,
30« 15
30, 15
30« 13
30, 13
30. 13
30, 13.
30 1 3.
30 13
30. 13
30. 1 3.

30 13
30 13
30 13
30 P 3
30 [
30 12
30. 1e.

3
o9

.

3

W ww

RN

6}

e W W
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APPENDIX I,
Source 1
N R1 RT SA
46 3. 570 6. 79 584 7
a 3.9 60 18. 04 2064 1
45 4. 300 19, 46 52,0
49 4a 3E0 40073 106 4 N
50 2,920 51,002 97. 2 el
51 1. 080 28,03 oAl .
50 0. 830 50 51 179.2
54 1. 180 09,10 404 9
54 26 040 16 41 8646
55 2. 110 .34 1281
56 2.120 7. 02 PP1e 4
57 | £.560 16405 1083
S 2.310 I 5 45 100.8 ,
59 ! 2. 120 ) 6. 25 230+ 6 “
.60 4eB20 . 14016 22340
‘ 61 | 44 500 44, 36 8845
62 4e 040 21.38 1613
63 3. 930 2%, 37 125, 6
64 3. 350 1. 33 £540
65 2. 650 270 65 882
66 2, 560 o8, 59 90.8
. 67 36 (GG 0 1064 30 249 .
; 68 3.970 51e 63 50,3 i
| . 69 4e 770 1R 55 1 560 4 e
R 70 4o 420 65,83 4248
‘ A 4. 080 94, P6 30. 2
i 790 5,000 27 51 1 64.8
e , 73 6s 7770 : 32. 33 160. 3
, , ' 14 2e 250 15825 1 3469
75 24140 28 70 764 4
76 2. 280 7a 51 , 31449
77 2,270 9.99 . R20. 7
78 © 6. 400 106. 27 595
79 7. 030 83 71 B 4. 3
80 40800 20,81 20 6 8
&1 4o 790 61.96 78+ 0
8o 5. (070 73,33 694 1
3 de 500 34,87 129, 5 g
8 4 e 330 54. 59 50. 2 3
g5 3. 260 283, 20 §7.0 o
86 3. 080 32,80 684 ST
87 3. 000 30 67 63. 7
s 34490 . : S 36 42 6a 88 i
59 3. 820 1. 59 90 &
910 3e 8350 0. 52 162+ 17
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APPENDIX I,

N R1
91 4o 560
92 40 BHO
93 2. 670
94 2.000
95 1.410
96 P2.570
97 1. 750
98 fe 230
99 3 Han
TO1 4o 600
102 4. (50

03 He 050
T0 4 S50 00
THH o 3.900
706 - 3. 000
707 3. €00
708 3 550

709 4o 2000
T1O 4ty 50
711 "4 (00
712 4. G50
713 3800
714 30850
715 4. 700
P16 4800
117 4.950
719 3. 100
720  P2.950
7°1 2.9%50
702 3,000
703 3.950
R4 be 500
125 4. 150
726 3. 7H0
797 3. 050
TPT 4 450
108 5. 000

4
He
N
e
3
3.
3
()G
5

5.

e

Se
S

- D

5.
5.
6.
G
e

R2
660
530
1720
070
500
590
1650
100
180
300
200
350
400
200
250
550
000
500
150

6900

(:‘ﬂ
56

S

b

I

T

5
5.
Ye
S
50
5
be
()3
6o
9.
7.

250
300
700
700
000
300
300
250
050

650

200
750
400
050
050
490
200

Source 1
D T
28 90
29, 101,
16 90
90‘ {G ()o
R6. 80,
40 9 3.
45. !1 50
19 90,
22 D1
27, 110.
D6, 110
27 9B
2 D 70
2 5. B e
P2 105,
16 102
Te 103.
5. 91
3. 100
5. 84
9' 90‘

13 B9
18. 103

12 97
G B9 e
0. 110,
B 110
3e Q0.
15 95
2o 8 5.
9. 87
3. 91
O« 2
O G Te
0. 97,
9. B0
Te 99

L6

-2
- 100,
O

o 55&
"22'
e 1 Se
35,

~ 45
40
50.

'"150‘

X I

30 o, 6
30. 126
30. 13.3
30 13.3
30, 13.3
30. 13.3
30. 13,3
30. 13.3
30 13.3
30 13.3
30. 13.3
30.  13.3
30 133
30 12.6
30, 1246
30. 12.6
30e . 140
30s 1440
300 1400
30 13.3
30 1343
30. 13,3
30. 13.3

30 13. 3

30. 1343
30. 13.3
30, 12. 6
30, 12. 6
30. 1246
30 124 6
30. 126
30 124 6
30 12. 6
304 12. 6
30 126
30, 2. 6
30, 126
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APPENDIX T,

N

91
.97
93
9 4
95
96
97
98
99
701
702
103
104
705
7006
707
7083
709
710
711
712
113
714
715
716
71
719
1¢0)
721
702
723
124
725
126
127

128

727

R1

4 560
44 8RO
2. 670
2.000
1« 410
24570
1+ 750
4o 490
3. 540
4. 600
Lo 650
5. 050
5. 400
3.900

3. 500

3. 600
3¢ 550
e 200
4. 850
4. 600
4. 050
3.5%00
3.850
46 700
C4.800
44950
3. 100
2,950
2. 950
3. 300
3. 950
Ze 400
4. 150
3. 750
3¢ 150
Ao 450
5. 000

RT

35.02
38. 37
12470
Tv 60
9. 08

18419 -

Te 69
23. 50
1191
26,03
1708
33. 69
54,25
25, 41

9,17
16 50

5.85

3e 38
l()c 49

66 00

Qe 64

5665
1134
264 50
12,03
11e 34
17«33
21 4R
27.90
15 35
21. 56
16« 51
170 46
17 52
1752
45, 69
19.82

SA
131.2
121.9
P45 2
120.0

“131.7
20241
140. 7
2238
2655
150.9
9945
1269
285.0
149.8
35%9. 0
760571
1766 4
468+ 0
2()6-6
4456 2
240+ 8 .
116.1
2480‘
260. 1
1157

BB 4

T2 1
1399
1153
1531
1 440 2
132. 1
132. 1

()2.9
1549

. : ';;t‘
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APPENDIX I,

N R1
201 0. 7¢0

002 1. 520
203 0. 750
204 9.000
205 2950
206 £.850
207 3. 3%0
o008 3.500
209 4. 310
D10 4,960
o111 4. TH0
212 Ao H40D
013 4. 350
P14 20490
215 3. 350
216 3,670
217  4.070
218 5. 070
219 5. 600
000 T 5. 630
201 P.300
000 3, 350
203 4. 000
P4 e A9 0
005 S350
206 5. 550
207 6. 500
O0R 6. 400
009 5. 300
D30 4. 400
231 3. 700
232 40690
o33 5. 700
034 5.790
235 1.200
235 1. 610
037 2.090
238 2. 710
239 (e /50
040 5.120

AL 4B 40
D42 5. 400
PA3 AeBP0

Sah 4. 350
cah 3. 700

faly 2
e
2

3

3-

6o
3e
3e
e
be
5
Se
G
6e
6.
60
Se
6o
7.
Ts
3.
He
s
5
3.

7

Te
7.

e
e

G

(')»

R2

300
500
270
390

600

900
180
600
000
570
600
610
470
450
?3()
120
230
010
53

390
350
360
390
900
650
670
530
130
750
610
180

78 0-

550
400
780
130
£10
200
220
610
300
970
390
g00
300

Source 2

D T Vi
174, 90 600
2 100, 500,
T 154, 89 2500,
61, 100. ~ 120
570 1620 . - (‘AOO
- 510 870 “'/JU-
450 760 "30:
a1, BOe ~ 10
37. 92 %5
32 81 50,
33, 100. 20,
33 103 ST
3% 90, 50.
424 B39 30.
370 90t "'(?00
350 95’ Pt 50»
35, 103, - 20,
30, BS.- 12,
27 108. 25
283 90 ‘ 25.
477, 104 30
41 90 5.
34. 90. Se
31! 950 -T0e
277 90 O
2 6. 9 3e O
P:jo 9 Te =30
22 92 25
20, 890 - b()c
19 105 27
19 90, 15
]50 930 . "'300
15 80 - 3%
17 9 5. 0.
]8_0 9 6. "'27()0
12 99 ~ 200
8. 9 5. =0
]00 87 =9 (e
23 50. 870
1o 70 = 5,
Be 90 - =5
5. 20, v Yo
e g 0. 30,
3e 90 0.
e 120 31

L8

o

V2 X I
375 27 12. 6
200. 27 126 6
450, 27 12 6
420 27 12. 6
l90~ 270 120 6
100. 27 2.6
250, 2T 12. 6
105, 27 12. 6
300. 27 12406
- 45, 27 12. 6
~8e 277, 12¢ 6
- 5 27 12. 6
~80. 27 12 6
3. 27 12. 6
656 27 12. 6
25, 2. 1246
17 o7, 1246
25 27 12. 6
i 21 12+ 6
- 9. 27 126 6
- 70 27- 12 &
- 35. 277 122.. 5
- 50, 27 12. 5
-5, 7. 12.5
“‘300 2’/' 1109
“'250 27- 1109
70 27 11.2
O 27, 11.2
"500 270 1]:2
45, 27 11.2
« 55 27. 11.8
270 "2 11 5
0. 27 1.5
0 27, 115
20 27 11e 5
=10 27« 115
140 2T 1165
- 30, 27 1165
220, 27 11e 5
-~ 30. 118
= 30 30. 11.8
o 30. [ R ERT
0. 30 1.2
=16 30. tle 2
0. 30 1. 2
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APPENDIX T,

N

201
20e
ena
P04
2005
206
P07
208
209
210

211,

210
ora
21 4

215

216

217
218
219
220
221
peyete

ers3

PP4
o5
°P6

e
208
Pe9
230
P31

232
233
234
235

235

237
235
239
240
2491

P42
243
24
RN

Source 2
R1 RT SA
0. 760 6480 134.0
1. 500 598. 18 2.1
< 0. 750 244 09 37.0
3. 390 98.23 34,0
2,950 §1.18 378
2.450 21,07 135 4
13,380 75,06 45, 4
3. 800 424 60 B9, 2
s 310 1753, 14 o/ 1
44960 61480 0.2
44 160 156 €1 300.2
4e 540 506 33 85 6
4. 350 55, 73 T30 7
2,690 . 6. 26 4204 3
3. 350 20. 46 145 6
3. 670 20. 75 158+ 9
400’/0 1118? 3?!05
5070 . 2 4o 3% ]92'}:09
5. 600 100.98 50, 4
5. 630 © 31405 17668
2.800 14 13 202 4
3. 350 11.21 301. 1
4. 000 29. 46 13772
4 490 6715 6641
5. 350 37.03 145 6
B¢ 550 340 3G 163.3
6o SO0 163, 33 40. 0
£ 400 55, (68 11592
5. 200 Sle 44 51. 7.
40800 54, 27 650 5
3. 700 D4 H6 107.2
4. 690 31. 77 1008
5, 700 485 T4 $ 3.1
5., 790 ol B0 e
1. 200 8.83 10569
1. 610 1381 8 S 4
2.090 18, 54 78+ 3
2.710 1891 9 Gs 1
On 7‘:)0 10« 75 58' l
5, 120 7.92 399.8
4. 8 40 N0, 24 1 36: 2
5. 400 -
4 300 30. 40 92, 4
4. 350 9. 3% 085, 9
4. 700 13.94 167 4
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N

D46
“Pal
P
P a9
250
251
RV
253
254
255
256
L2057
ARt
257
260
P61
2062
263

265
266
o6
268
269
270
271
aue
273
214
275
216
277
278
279
o5 0
251

s
a6 e

p[)‘—’l_

APPENDIX I,

R1
Aa 000
3. 000
2. 700
_ 24810
2. 400
e 400
1200
2,000
2. 050
1e¢ COO
2,150
4o 500
He 200
3. 4050
3. 000
3. 100
3. 000
3. 200
4 050
3. (00
4., 000
4e (50
4. 8 50
3. 00
4. 730
34910
4. 090
Ge | GU
3.570
3. 060
3. 40
2. 020
2.020
2. 390
e (R0
Zie 5000
fe 320
1. 000
1. 7700
2. 400
3. 000
300
e 100
S 300
5. 700

R2
6. 240
5. 500
5. 040

e 79 ().

4e 320
2e 750
3. 340
40070
e H20
4e 140

4e 750 )

6.3 30

L Te 690

6. 020
5. 550
B 550
5. 600
Ge 720
6. 140
6a 580
T ? S)O
Te 400
5.870
6. 800
6o 150
5. 890
7.910
. 350
4e 400
o 650
3. 290
2. 020
3. 100
e 15 30
5. 600
6o 690
3. 300
3. 700
4. 200
5. 100
5. H00
6. 000
6He 600
1. 000

Source 2

D
50
11.
177,
24
33
65 .
AP
31
20.
12.
O
S
6

3

0«

11
7.
15,
g
Je
0.
0.
3.

13.

16

1 G
20
1 5.
27
36
33
58,
80
S
38
27
03
40
36
2"}%
D26
25
O 4.
22
20

T
G 7
90.
90.
90,
90.
& 5e
87
()2.
& 3
8 3.
91
BT

79,

101,

107,

90
104
120,

90.

91

B8 .

105,
103
106,
9 3.
g e
92
88
111
97
871
95
B2
£ 6o
B0«
BY.
90
108 .
90,
G 0.
106
87
90
90
109

V1

- 20,
GO
2.

“’300

0‘
- 460,

350

135,
35

- 150
7 Se
25

OQ
-1 7.
0.

. =16

=~ e
17.
15
0.
]n‘
OQ
8.
"150
-2
w e
40
““2’.09
25
27.
20
165.
180,
100
=220
~105.
9 Ye
- 00
90.
60,
305
30,
- 30
Os

25

V2
2 4e
45,
- 120,
- 100
=180
50
170
UASDS
-100.
175
1 6.
0.
~30.
- 40
15

0.

- =20
~-35.
7.

~ 15
- 5.
"90

1 3.
-17.
13
32,
“27e
10.

- 40
"‘550
80
100«
- Pl Oc
~ 245
= 100.
90,
0.
300
=40,
=70
= 4} e
0.

~ 120,
42 .

20

X

30
30.
30.
30.
30.
30
30.
30,
30.
30,
30.
30.

30,

30‘
30
30
30
30.
30,
29.
,(39'

29

P
&Y e

30.
30
30,
30.
304
30,
30
30
3()5
30
30.
30
30«
30
30.
30,
30.
300
30s
30.
30,

11.8
11.8
11.8
118
11.8

12 6
12. 6
1246
124 6
12. 6
12
12
12
126
12
12
12,
12. 6
1246
124 6
12+ 6

xS e N oA s N e I O N 6

12. 6

Re 6

o
@
MY LN

R

P




APPENDIX I, ‘
Source 2
N RL R T SA
246 4. 000 15,41 - 1604
247 3. 020 17.20 1175
D48 2,700 2. 61 87. 6
249 Cop.g10 20.89 100+ 3
250 2. 400 04 2 800 :
55 1,400 [ 6o 36 6§58 e
. 252 1. 200 10,04 101+ 5 :
T 2453 £.000 12.97 121.3
. , 254 2. 250 12,08 134, 8
\ 255 1. 600 T 12.25 95.8
256 2e 150 7. 43 199, 2
o 257 44 300 12. 69 2104 7
& : o058 | 5. 200 25010 12646
% 2499 j 3. 450 13.95 157.8
P60 ! 3. 000 3. 31 588+ 3
. ‘ ?61] 3. 100 30 61 563 1
i IO - 260 3. 000 4, 12 4178
' 263 3. 300 9. 44 038, 1
264 e 250 818 3068
D65 3¢ 600 5. 08 451 4
266 4. 000 - 4095 502+ 3
. 267 4o 650 5,68 45240
T - 2 68 40850 : 11,56 2548
1. 269 3+ 500 BeB3 26407 »
o , 270 44 T30 168,01 1424 3 ’
oy o1 3.910 14086 1804 6
1 2hp 4e 090 5. 78 1205
273 64160 36, 39 1220
274 3. 870 21409 15005
1 275 3. 060 1 6 38 1664 4
1 076 3. 640 36. 55 90, 4
‘ 217 2., 020 19.85 97 4
2R 2,020 ©IB.91 - 106-8
279 2.390 38e 33 630 9
( 280 40 080 138,96 28, 4
: oK | 40800 135 49 33.8
o8P 6. 330 19 40 1 4 324 6
L o83 1. 000 5. 77 147 2
A : o 4 1. 700 6+ 03 009, 8 , 3
o PR D 2. 400 12470 1472 e
1 28 6 3. 200 12413 203 2 A
oF T 3. 900 i 4e 63 212, 7 R
2HG 46 700 101.06 39. 3
079 5. 300 474 60 93. 6 |
290 5. 700 530 57 B8 .1
’\ 3

GROUP SEVEN




APPENDIX T,

Source 2
N R1 R2 1)) T vl V2 X
091 6. 100 7. 300 19, 95, = 25 -~ 10 30
095 £.800  T.900 184 90, 0. ~ 20 30.
003 7. 600 H.800 1 6. 90, O ~10, 30.
o 29 4 4 650 6. 200 ?10 92 -0, 5 30,
W 095 5. 550 6. 450 . 23 92, 0. 0. 30.
o 296 5.850 6. 550 . 22 19 25, Q. 30.
e 207 6o 650 7.000 20, 90, 20 20. 30,
poR  7.000 T 300 20. B8 20 O 30
000 4. 700 S50 264 90 10 - 50, 30.
' 360 40250 5. 600 25 90 10 -5, 300
756 ©.550 S 400 3o 5. =1900. 350. 30.
1 757  1.150  3.650 6o 90 190, 140 30
3 761 3,000 4. 300 36 90, 97 65 30
759 2.150- 3700 42 90, 75 - 70 30.
" 760 2,000 2. 500 70, 116. 350 ~90. 30.
ge C761 10400 3.900 16. 90, 18 5o O 30.
T6P . 400 4. 700 21, . 90 0. - 50, 304
ﬁ 763 3.0250  5.490 14, 100, 35. O 30
3 7~ T64  Bu550 6,250 14c 90 20. -10. 30
17 7657 5o 300 7. 300 11 90 20, 10. 30
166 T. 350 9. 500 10. 80 100 O 30,
767 5. 250  T¢200 1 6. 90, Os ~20. 304
768 5.800 . 7.800 13. 90. . Qe ) 5. 30.
769 64650 8.750 12 0. O - 10 30
—— TG 6. 200 Bl 400 12 90 -10. 20, 30
3‘“ , 773 4. 500 6. 600 1 6. 90. 0. O 30
4 1A 4. TS50 6e 500 18, 91 10 - 35, 30.
775 3.800 60200 11. 100, - 20, 20. 30«
4
—~

R X

.
]

SN e ) S N S O

o
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APPENDIX I.

N
291
207
293
29 4
295

296
22
2986
299
300

156

762
163
T64
T65
766
767
168

769

7170
T

772
7173
T74
7175

757 1
785
759 |
760
761

R1
6. 100
6. 300
Te 600
4e 650
5. 550
5. 850
6 650

7. 000

4. 700
4. 250
2. 850
<150
3. 000
2+ 150
2.000
3,900

e 400

3. 250
3. %50
5¢ 300
7o 350
5. 250
5800
6o 650
6. 200
e 250
1o 600
e 500
4o 150
3800

RT
424 38
43.9 4
29. 32
17+ 48
26411
40010
60, 66
52419
41 45
16653
368. 33

56 TS
250(’.6
10. 09
244 08
634 44
6. 28
9.29
Be. 64
21.15
2154
17695
17655
1 6. 28
29.°15
4e 55
Bel
11.85
26.20
987

SA
120.9
133. 2
2164 6
207, 5
195. 2
136 4
109. 6
13441
102.0
21 4e 4
5'1
152. 7
106.9
187 4
880
42;9
277+9
245, 2
299+ O
1621
220.2
2064 4
222.8
2724 6
la'l. 6
28 5. 0
185. 3
262. 3
132. 5
251. 5

neaki:,




APPENDIX I,

N . Rl
a0t 0.850
302 1.800
303 2. 600

304 3. 650

305 4.500
306 5650
307  5.2850
0% 4. 200
309 5. 100
310 . 2500

311 1900

319 2,700
313 3.250
314 4. 050
315  3.900
316 4100
317 4,950

- 318 3.900

319. 30150
420 4. 400
a21 - 0.700
aP2 1. 550
323 2.500
324 3.200
325 4,050
326 5.000
327 5. 300
328 6. 600
3029 £.850
330 3. 750
331 3.700
332 /4. 100 -
333 4. 500
334 4.9250
33% 4. 450
337 3¢ 100
335 2. 750
309 2. 050
340 1.100
341 1. 400
349 . 500
343 4950
344 2.100
3445 w950

R2
3, 200

e 1507

5. 000
6. 000

7150 ..

8. 000
7. 650
6o 600
Te SO0
4. 1350
44150
4. 500
5. 000
54 450
Ao 9 5()
e 450
5. 200
4. GO0
S 360
6. 000
3. 050
3800
4,800
5. H50
6. 400
7. 350
£e 350
§.900
5. 130
He 900
5¢ 600
5. 800
6o 00
5. 600

5 550

3. 400
3. 100
2. 400
e 500
i-000
2. 050
5. (100
3s 400
de 300

Source 3

D
9. .

0.
3.
1.
le
Ae
1.
1.
3
b
15
25
25,
24
263
33
28

328

282
20,
1 5.
130
6
’]!
5.
Se
6
3.
10.
18,
1 7.
20.
19.
230
25,
39
47 s
64
A0
e
85

45,

T V1

90, 1 400,
90. 120,
84 10.
B9« 1 5.
91 40.
103, Qe
90, O
11 4. -1 5
91, 0.
& Te "850
97, 175
89« 40
101, 15
58 10.
92 0.
8 4e 110,
92 O
900 "300
1069 ”;)b-
68 0.
860 "]OOOO
92 250,
90. 70
92 42,
90, 40,
950 -1 T
90. - 130«
90 -13.
B3 900,
8l 70
c)]o "'350
IOOn “ 20
90 ad 1 70
93; ‘"'35;
90. O
90, - D
&4 0«
83 45
90, 0.
9 S 100,
90 =330
5. 17
91 = 30.
100 50

V2
250.
O
- lo.o
0.
O
0o
O
0.
- 57
s 500
-35.
10
"‘2&)0
O
0o
456
0o
=35
~25.
1200
20«

n
~ 20

- C)Oc
=39
- \_,‘.’)o
-1 lOo-

LS
P

13005,
12,
it 100
i 189
30

17 -

o
- 45,
- 30.
700
1400
455
-80.
10.
21 5.

o

X

30+
30
30.
30

“30.

30

30,

30
30.

30,

30,

I

12. 6

12
120‘
12
12,
12.
12
1’(?.0

2e

120
12,
126
12
12,
12
12
12
12
12
120
12
12.
12
12
12
12
13
12
12
12
126
12,
12
12
12
12
[ 2e
1

,
12

136
12
[
L <e
12

e

' 6

6

o
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APPENDIX I.

N
301
302
303
304
305
306
30717
308
309
310
3t
312
313
314
315
316
317
318
319
320
321
302

323
324
325
326
3r7
328
329
330
331
332
333
334
337
335
339
340
341
342
343
344

5 L

. &
240

Source 3
R1 RY

0.850 18. 34
1800 164 64
2. 600 10.83
3. 650 Ge 39
4.800 27871
5¢ 650

5. 250

4. 200 .07
5. 100 :

2. 500 B« 69
14900 1 3. 31
2. 700 942
3. 250 S5¢ 43
40 050 13. 68
3,960 23. 53
4. 100 56681
46 9 50 39.06
3. 900 13.92
3. 150 12.06
de 400 15,20
0. 700 13,90
1e 550 1197
2. 500 10 57
3. 200 18.29
4s 050 24, 09
5. 000 3098
5S¢ 300

6. 600 22. 31
2.850 300. 42
3. 750 2696
3. 700 1394
4. 100 1 4. 80
4. 800 26+ 30
4o 250 2e. 02
3. 700 15.81
0,750 514
2. 050 5. 85
1« 100 19. 37
1. 000 .
1. 500 11:CG3
4.8 50 15,73
2. 100 20. 4t
2950 11. 40

" 18 5

SA

36.8
756 5
1 5%.3
35541
1036 1

31841

190. 6
1018
21645
46040
23949
147 6
13. 0
1279
270. 2
190:9
218. 2 .
4o 4
9 e

. 157,

1
0
1130~
1046 3
9Tl

178,
()o
AT

20 5.
137
1564 6
2360
550
367,

63

RrromMwwm

(3]

-~ o

N
—_0 .
P

m [
.
S

N

e D e
Dy
»

no
jos]
B
~
<
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N

3 /_I 6
347
345
349
350
351

353
354
355
356
357
354
359
360
361

363
364
365
3606
367

3693

352,

APPENDIX I,

R

3. 400
3. 250
P 0P

1. 650
2.100
3. 900
3. 320
5. 950
6e T30
6. 330
5. HOO
T 150
4. 320
4. 400

3. 200

5. 100
4s 400
5. 050
5. 400
3. 250

-3 650

4. 200

R2

4, 200
3. 370
4. 200
3¢ 550
3¢ 560
ZI.‘:’?D
3. 850
Ta 470
£. 370
Be 300
T 750
Qe 450
6. 180
6. 750
5. 550
6. 700
5. 350
5. 900
5. 900
5. 550
5. 800
64 500

D

35,
43.
31
33.
400 e
3C.

38«

15.

1 e
1.
90
6o

1o,

e
2e
17
25
2.
2 e
e
12,

7e

Source
T

102.

110.

90.
90

96..‘

90.
B 5e
90
90,
B 5He
107,
8T
90

B8
90«
b

B8
9 e
9 3
90.
9 4

92

V1
3().
5.

- 65.
~1100,
~950.
-~ P22
=10,
- Do
"'150
1 5.
30.
- 60,
«13e
~ 25
= 400
0.

+ 15
20.
10,
O
13

-20.

V2
=40,
80
55
0.
1000.
45;
- 65¢
~ 10,

0«

O

80.

’55.\

~ 30,

- 15
OU
-2
- 22
130
30.
20.

- Do

X
30
30.
30.
300
30
30
30
300’
30
SOQ.
30
30«
300
30'.

304

30,
30,

30..

30.
30
30.
30.

1
124 6
1

1
126

124 6

12. 6
2. 6
12. 6
13,
13"
13
136
13
134
13
134
134
13,
124 6
12. 6
12 6
12. 6
4’3' ()

2. 6

GROUP SEVEN




APPENDIX I,

Source 3
N R1 RT 5A

346 3. 400 14076 221, 5
347 3. 250 2152 153, 2
345 0. 520 12457 16161
340 Io 650 590.96 22, ()
350 2.100 125 64 1 4.5

351 3. 900 D384 163 4
352 - 3¢ 320 19,35 172 3
353 5.9 50 1 5. 63 27949
354 6o T30 31.76 154.8
355 6. 330 o2, 63 163, 3
354 54 600 33:.25 105. 8
357 7. 750 30E.99 1Se 4
355 die 320 34, 24 756 3
359 G 4D 2103 125. 8
3460 3. 200 21,63 Q 4o ()
363 4o £00 - 2121 - 16 408
34 5. 050 274 56 169.0
366 5. 400 19,11 275, 9
266 30 250 7:96 DAGe D
367 3. G50 870 275 1
368 4. 200 10 36 253. 2

e e £ ST . o oy
GROA
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APPENDIX T,

M

R1

Rz

Source §

D T

Vi

V2

I

101 D500 2. 500 9. 94 5000, 10000, 30 10. 2
1OD 1.nan 3060 1ae o 90 So0.  1pnp. 300 102
1A 20100 30650 P30 B, 250, Cop. B0 1000
i (G4 2es0N 3610 D0 T 500, Lwt. 800 9.8
| LO5 PO In 5,000 270 96 170, - 400, B0e Yt
. P0G 3e 650 4. 720 el IS GG 310. SO0, e 9.
-g 107 40120 5,430 17. 96 00y 10, aDe 9.8
F11 1. 500 Ge 470 3. 1040 1950, ~gL0. S0 101
119 1e 0y 8230 & o 90« 1000. 1100 G0 PERS

P1a Jensan 30350 © G Ghe w100, - 000 30. 9.8
1A oot 3000 Rt SR AT0 T 30 9.4
P15 3100 4. 130 20, 65 . - a0, G0, A0 9ol
] Pl 2o 000 5,000 0. £ 1 e e} 4% 160 3 G fd
; [ e 9 () 5.500 1 81 1950 90 O 9t
Pl e ann S0 G0 1o, He e iy 30 9}
Jra s nn SOt 19 - 90 -0, |40 30 G 6
P Ne s Gl o S Qe 13000, SO00 0 50 96 D
Ted S GO 3. 200 e 90, 150, e eTer 9 H
P00 A 450 G. 117 100, o000, S0 9.1
T e [ SO0 he 20N T 71 0. = G ER
40 1o R T e T (O 00 S 9 1
P05 e A0 Fe han O« 9. GO0, IO Gibe e
] 1G] 200 0700 19 90 1100, ~1170. 30 9.y
{09 30510 1. GO0 0 90 50 = P000. S Yt
P00 ae 150 pu Al Te G0 190 - 1100 A0 IS
1 POy Seant as 040 D, 13%. - 4700 <1020, RIeE G0
4’ ThH e 220 e 10 e G (1 ~ 1 O -1 60, KT Gt
PSG 700 54890 e 90 60 “ G0 S 9.6
157 50150 30060 90 ~ 450, 60, 300 9.8
j PUS A H5U 20730 11, 90 ~ IS0, = 6300, Si0e 9e b
: J RO Se 00 3. 54D 1 b 90. R - 200 30 9 5
Ve Aedal Ce9qn o0, 90, - 100 ~ Y 500 9o 5
3 Lol AC0T0 B3040 A 90. BRI - GP 50 S|
] PGP A0 BTG Be G0 20 90 - 15 0. ~ P00 300 9. 1
P e3 A0 A0n 4w 26, 90. A0 =9 Y I 9ol
F O e 0 Al 680 2 90, 21 ~ 9 20« 9. 1

[ SOy

CLOUP SEVER
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APPENDIX T,

101

102
103
104
105
106
107
I

112

— et e s a b
~
N

N e e s e e
2 X

AV

100
1235
124
125
151
152
153
154
155
156
157
* 158
159
160
161
162
163
164

R1

0. 500 -

1. 840
2. 100
2. 400
2870
3. 550

T4 120

1. 500
1+ 450
14840
24530
3. 120
4,090

44990
5. 460

Ao 570
0. 580
3¢ 350
he 450
5,210
5. 750
2. 550
0. 720
1. 600
2. 240
4o 040
44 750
58490
3. 260
2. 730
3. 540
2.910

3. 040

3. 680
4. 090
4e D30

Source 4

RA

140. 78
162+ 30
B83.64
9582
12775
171.18
12680
7961
B83.86
1?7«' (\l
13713
190. 74
18 6. GO
261470
155.96
17070
2170288
()8040

2949.14

189 4. 33
186485
17897
143. /lIJ
168+ 69
466492
19550 59
18()& 40
171e 57

161795
110.89
225.19
35. 35
18 5. 35
90. 44
11371

SA
3.0
149

185
204 3
1847
162
23+ 9
13.0
12.8
10.9

15. 3,
138 -

17.9
166 7
356 1
2441
1o 7
30. 1
0.9
1. 6
17+ 6

0

°

N — s e
® e & 9 e

WY —=—= RN GO
-
NN O ==V NV IIw0

~

°
18- 4
456 2

406 6

GROUP 5E




APPENDIX I,
Source 5

N R1 R2 D T V1 V2 X I

501 3.150  4.800  28. 192 1 50. 45, 30, 12,6

502 4.100 5. 650 23, 8 5. 40 - 45, 30. 1246

503 5. 150  6.850 23, 9 4 20. O 30, 2.6

504  5.900 6. 600 . 22, 86 10. 0. 30. 1026

505 4. 000 5. 800 19, 80. 20, -80. 30 1P.6

506 4. 550 6. 600 1 4. 90 © 20, 40, 30, 1246

507. 5 700 1.850 11, 90. 1 5 - 150 30, 12,6

508 3. GO0 4,800 1 Ge 90 - 105 400 - 304 1246

509 4. 400 5. 400 28 & 6 O 354 300 1246

510 2. 500 4,000 37. 9 3. 190, - 5%, 30. 12.6

511 1.900 24700 62. 104 -¢00. = 4000. 30, 11.2

512 2. 350 2. 650 60 90. 800, 150. 30, 11.2

503 2100 34100 50, 90 §00. 90 30. 11.2

514 40200 5.850 o, 9 4. - 34, 200. 30 11.2

5195 5250 64500 22, 69, 160, 20. 30 11.2

516 9. 5007 64 400 23, 92, ~80. 25, 30, 11.2 :
517  6e 250 7.000 20, B8. - 70 20. = 30, 11.2

518 6. 150 64450 23 9 Je -~ 175 - 50. B0. 1.2

519 6o 650 6e 650 20, 90. o5, 10 30, 11.2

520 6e 100 6s ADD D4, 90 10. - 20 30 11.2

521 1000 1. 600 150, 90. 210C. =1600. 30 11.2

500 10,0150 3.000 0 42 90, =2200. =500 30, 11.2

503 1. 600 30000 0 40, 90.  =900. - S0G0. 30, 112

504 P.150 4. 150 31 90. ~ 240, ~210. 30. 11.2

5946 0,900 4.900 20, 90. ~-270. - 120, 30, 11.2 -
L6 0 3. 250 5. 500 1 4. 90 - 45, 530 30, 11 i
507 3,750 60000 10, 90 ~ 165 ~ 17 30. 11+

505 2.000 4e 500 16 e G0 145, 450 30 112

559 2. 150 4. G0N0 S 90 ~210. ~ 1804 30. 11

530 1e 150 4. 200 3o 90 - 400, 250 30, 11.2

531 4. 500 5. 200 29, 90. 12, ~ 20, 300 1P.6

539 4. 050 4. 700 31 8 3e 50 -25, 30. 2. 6

533 4,100 4,100 35 9 6 60 8o 30. 12.6

534 3.950 4. 700 33. 88 90 T =35, 30, 12.6
535 3. 00 4. 050 37 B8 - 15, O 30, 12.6

536 e 400 5. 600 £ 6 §0. 105, ~ 40, 30, 1246

537 Y. 200 6. 350 23 98 . L 05, - 35. 30. Pe 6

539 4. 550 7. 500 20. 90. 10 - 18, 30, 12.6

539 7,000 §.2050 16 104 0. - 35 30. 1246

540 e 00 84900 15, 110 SO 10 30. 12,6

541 Ge 50 9.000 $0. =20 13 30 1 3 0.0

S48 1. 200 Tl 400 20, $9 . 0. 25, 30, 11.2 B
543 6000 T.200 20. $9e 16 =10 30. 1l1.2 a
Gad oo Gee 00 1L T00 19. 113 ©H. -1 4 30, 1142 ,

545 400500 56600 26e 109 =20 35 30 11.2




APPENDIX I,

N
501
bo2
503
504
505
506
507
508
509
510
914

5127

503
51 4
515
516
517
518
519
520
521

sy
.)(’.2

523
H2 4
525
S 6
527
Hewn

(el
D¢

530
931
532
533
534
535
536
537
53%
539
540
541
HHe
543
544
545

Source 5

R1

3. 150
4. 100
5. 150
95900
4, 000
4o H50

5. 700

3¢ 600
4o 400
24 500
1900
2¢ 350
2« 100
4o 300
5. 250
5. 500
6+ 450
6o 150
6o 650
6. 100
1. 000
0. 750
1« 600
2. 150
28300
3. 250
3. 750
26 200
2. 150
o 750
40 500
4¢ 250
4. 100
3.9 50
3. 600
4 400
5. 300
Ge 550
7.000
Te 600
6o S0
Te 400
6. 300
66900
4. 800

RT
D893
31. 77
19.25

14. 67,

406 55
27. 869
3. 27
49697
21.81
2792
329. 47
92« 20
0. 64
129. 16

1786 52

109,11
14973
334. 39
S8 . 37
380 34
36¢ 55
2.8 4

57 43 -

35.18
61e11
157 59
696 9 4
58+ 40
306 49
33: 85
I 5 71
34 37
28. 63
456 32
26.89
66. 27
47.85
38.20
60.15
29410

T3¢
92+ 07
35s 79
33« 34

SA

4776 6
101
234
382. 0

T1e 4
109 7
158.

L v

4
51e 6
18 4. 6
770 It
60 0
2645
0

0

oy 8
() e

206
?.[h()
466 2
424 2
186 4-
1139
159.8
318
2663
230 6
4% 6 2
336 4
13.9
35, 2
27.0
484 3
36s H
2T 7«3
123.8
143.2
840 7
135: 3
57.7
98 4
{551
710
209.9

100, 2
129« 3
1783+ 6
1 35« 4

GROUP SEVEN




APPENDIX 1.

3 T ) Source 5§
v .
N R1 R2 - D T vl V2 X 1
546 56700 64000 D4, 118 - 40, 32, 30. 11.2
@ : 548 5.500 6. 100 04, 9 3. 23 “12 30. 11.2
A 549 4. 700 5. 100 9. 89 60 -225. 30 1l.2
550 4¢ 400 5.900 o0, 79 125, 80« 30 1142
551 4,900 6. 400 20. 105 022, - 30. 30 11.2
550 5, 600  T.000 19 8 4e -22, 0. 30, 11.2
563 2.900  4¢ 600 30. 103 210 -90. 30, 11.2
554 2,100  3.800 3% 88 - 15 400 30 1162
55% 2,300 4. 100 360 95, © =190 - 45, 300 1142
556  1e 400 3. 9200 49§ 8 6 620.. =130, 30, 11.2
o 557 3. 600 6. 100 r 9 5. ~80. 125, 30, 11.2
1 555 4,000  6e SO0 o, 85, - 604 50. 30, . 11.2
J 559 4,800 7. 300 1e 87 ~130. 304 30, 1142
‘ S60  5.200 T.700 3. 90 - 434 704 30 11.2
561 1.800 4,200 11 80, - 370. - 350 30, 11.2
T 562 1.000  3.000 3. 90. . 3100 10506 30 112
563 0.450  3.100 40 90, 3400. 2250 30 11.2
Sa4 1900 3800 35, 90, 370 170, 30, 1142
565 64500 8.100 1 Ge 9 5., 15 O 300 112
5677 e GO0 46 00 19 B9 37 -1 C‘Po 300 11.
SER 34200 3.500 40 90 410 140 30, 112
569  3.200 4.900  28. 93,  ~965. 28 Se 30, 1l1.2
590 5.300  5.800 D6e 111 8 S -95, 30, 11.2
571 4,900 5000 09, 90. ~190e 08 54 30 11.2
570 5. 700 5.200 4 8 Se ~ 07 25, 30, 11.2
j 5773 6.000 & 400 7. 100. 40 40 30, 11,2
: 574 6. 100 8. 600 1. 90, 30« 25, 30, 11.2
' 575 5. 400 7.900 O 9 6 100 O 30, 112
j C 57() 4, 700 Te 200 He 930 _ Oo "l/‘O-. 30- 1‘-2
577 4. 500 64800 9 91 650 ~ 70 30, 11.2
s 578 3. 250 5. 700 3¢ B5. - 280. 400 30 110
§@ 579 3,250 5,700 3.  BS.  -=280.  400. 304 112
i
H
i
g GROUP SEVEN
i 42



APPENDIX I,

Source 5

R1

50 ’/OO
5. 800
S5e 500
4ie 700

Cde 400

4 900
5. 600
2. 900
2100
2. 800
1. 400
3. 600
4. 000
Z6 800
e 200
1.800
1.000
0. 850
1.900
6. 800
2. 600
3. 200
3. 200
5. 300
4. 900
5. 700
6. 000
6. 100
5. 400
de T00 -
4e 500
3: 000

© 3.250

RE SA
63.91 89 5
40,06 133.5
34. 383 155 3

199. 40 , 2346
94, 31 3648
39. 51 9 60 7
29.07 153.8
49. 26 4765
42428 41.8
43. 02 57. 5
26. 64 464 6.
52.8Y 4347
31. 36 79 1

102. 56 2863
T6e 277 4140
34. 671 37.0
65, 22 13.8
S8, 271 1826 5
33.97 45 4
34 58 157. 3
28.94 639

1284 56 25.0
B 6. 64 29.5

130. 21 40. 3

313.17 15.8
45. 07 7549
4. 01 436 6
54. 56 656 5

102:.83 31.2

100 53 2. 6
62.80 45. 3

46 »
149419 13.9
GROW \VE




o APPENDIX I,
v Source 6
N R1 R2 D T V1 V2 1 X
» 601 0.900 3¢300 0. 90 3200. - 6504 13, 300 | . ‘
' , L02  1.400  3.£00  11. 90. §00. 1204 13, 30,0 ‘
% o 603 24400 40350 24 90. 9 5, ~ 100« 13 3060 .
L 604 2,200 40 550 2. 90. 105. 50. 13, 300
A 605 3.350 4,950  R26.  90. 60, - 40s 130 3050
3." 606 3.800  5.150 D6e  90. 22, 504 13, 30,0
, 601 3. GOO 4. 600 32 90. 70 - 55, 1 3-. 300 0
. 608 3. 650 4. 250 3% HE. 90. 704 13. 30,0
§~ 609 9200 40250 33. 90. 30 ~90. 13. 30,0
: 610 46200 4 500 32, 118, 62 - 55 13 3060
611 5.000 7. 300 5. $9. - 404 204 13, 3040
%,f~ 612 5,050  7.300 7o 90. = =124 -17, . 13. 30.0
| 613 5.200 10250 12, 90 ~10¢ 254 13« 30+0
614 4.4500° 60700 15. 90 - 55, 354 13, 30.0.
615 40250 60100 17. 105, - 125, ~50. 13, 3040
616 4+150 54700 2o, 90. - 33, 90« 13, 30.0
617 3.400 5.250 244 90. 30. - 150 13, 30.0
' 01 & 3e 500 e 5500 2 O 3 Te -~ 100. - 48 0 . ) 30‘ 30‘ 0
? = 6197 3.150 4,950 23, 90. 1404 -67¢ 134 3040
; 20 T 2. 150 40800 D6 90, 150. ~2504 13, 3040
621 3.850 4. 600 30. 90. 100 - 15 13, 30.0
622 3. 400 3.700 404 90% 140. 1004 13, 30,0
6°3  3.200 3. 500 424 92. "240. . 30. 13, 30.0
624 4. 500 5.300 26 90 60e 0. 13  30.0
625 e THO /v 950 . P8 90. 10 ~ 50 1 Bv‘ 30-0
; 626  5.050 5,250 274 90 40, 5. 13 30.0
' 627 5.800  6.100 23 90. Q. - 25, 13 30.0
628 6. 550 7. 200 19, 9 5. 25 -104 13, 3040
, 629 6.900  7.800 17 9 6. . 0. -30. 13, 30.0
- 630 6.900 8.000 17 1004 0. -15. 13, 30,0
” 631 2. 550 4. 700 17 90. 120. - 750 13, 30.0 ,
3 632 2,700  5.000 9 90, © =50, =700 13, 30,0 :
3 633 3.050  5.300 9. 92, ~ 165 - 65, 13, 30.0 :
¢ 634 3.700  5.900 9. 90 ~ 40 1904 13, 3040 (-
635 4. 200 6e 300 10 90. . =50 28« 13s 30.0 o
636 4. 350 6. 650 9, 90 - 70, - 404 13.  30.0
L 637  £.5300 3. 400 43 B0. 370. 520 13 3040 i
! ‘ 635 3. 050 3« 400 45. 90. =200 -250, 13, 30,0 C
639 2. 400 3. 700 40 95, 310 2100 13s 30.0 L
&40 3. 340 e 200 35, Q0. B0 ~80e 136 30.0 V,,A
641 G 100 Te 150 19, 90. O - 25, 13 30.0 1
A2 5. 550 6. 500 20 8 4. . 0. 35. 13.  30.0 ,
643 5. 400 60050 24 90. 35, 0. 130 300 ‘
{ GA4 6o 100 66200 2 3. 90. O 0. 13 300
645 Lo 20OC 5. 200 16 930, ~90. Je 136 30. O
GROUP SEVEN ,
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APPENDIX

N

601

602
603
604
605
606

607 -

608
609
610
611

612
613
614
615
616
617
618
619
620
621

622
623
684
625
626

i
|

6ol

624
629
630
631

632
633
634
635
636
637
633
639

640
64

642
643
GA4

AN
G40

‘R1

0.900
1« 400
2. 400
2. 200
3. 350
3.800
3. 600
3+ 650
4o 250
4e 200
Se 000
5. 050
5. 200
A 600
1. 250
4e 150
3- 800
3. 500
3. 150
2. T50
3: 850
3. 400
3. 200

“ 4. 500

e TH0
S. 050
5.800
6 550
6e 900
6. 900
2. 550
2. 700
3. 050
3. 700
4. 200
4. 350
2. 800
3: 050
2. 400
3. 340
6+ 100
He 550
S 400
6Ge 100

NN

.
1
fle LI

Souxce 6

RT

477+ 50
30. 37
18.05
12.07
21.67
23« 24
33.13
43.81
34637
3800
35,06
1 6+ 67
23.83
47.81
92.28
50. 31
65620
17295
394 61
50.99
456 34
5104
61.28
42. 72
40. 67
37457
3579
54. 06
T0.21
33+ 35
13 45
19. 11
4107
7189
29. 63
436 55
112.86
69+ 33
51.20
34. 58
39. 50
440 89
40612

-

~

c . TH
Il i

L] ~

-

R
AVad

" SA

14.9

34.

1

98 .8

127,
122,
1354
100.‘

82

98

1116¢

8 64
18 6.
1436

69

32

64,

4G

16,

59,

400

!

)

[

4

0

3
7

RSB GV RN}

9

81.8

68«
53.'
98 .
l 1 7.
135,
162,
114,

0
4
2
9
7
4
6

B86.9

175,
1 E)o'
15,

486 5

7
1
1

5

3249

90.
63«
25

456

5

3
0
1

41 n'9
912
1 336 4
108 5

1294 5
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APPENDIX I,

N
646
641
648
649
650
651
652
653
654
655
656
657

653
659
660
661

662

663 -

664
665
666
667
66H
669
610
671
672
613
614
615
676
671
678
619
680
31
&8 2
633
G5 4
6B 5
56
G4
(E3FS]

R1
3.000
4o 550
4800
5. 200
5. 450
2. 350
2.050
1700
1. 700
2,000
2900
1.950
1350
3es H S0
4s 200
4 8 50
1. 300
Oo :i t)(]
0. 600
1. 500
D4 450
3.100
3.400
4e 650
6. 000
Go 7150
S 150
3. 950
3. 550
3. 000
3. 750
2, 000
4. 700
1. 300
4250

0.900

08 50
000
200
700
o 840
600
2. 700

o)
.

380N A
i

s TN
-

e
6o
6o
6o
6o
Lo
2
:30
3.
4o
De
o
2o
Se
Ga
70
30
2o
e
3
Fi e
N

Sa

()o

R2

400
250
200
250
350
350
600
200
750
300
00
300
100
& 50
550
200
600
750
850
550
200
700
450
450

To 600

6o
7.
4o

500
700
150

3. 850

Ao
Yo
e
6o
1.

000
900
300
200
450

1800

(]
Gid

(2}
c.®

o
e
e

o
3

300
700
350
500
750
400
790
700

D
31,
18
20
20
07
60,
61,
469
26

T

3

T
(20

11
\'}.
0

()‘

Se
2.

38

29

29.

25,

28 o

16.

12

10

[s) .'

38
38
36
27.
254
19
119.
103
8 5.
S8 .

S,

8
19
456
60
A0

Source 06

T

90,
90
88
906
90,
95
90.
90
9 5.
9 5.
90
90
90‘;
9 5.
90
90
92
9 5.
90
90.
105,
92.
90
90
90
90
90.
90
95,
950
90,
T80
90,
8 5e
90
9 5.
90.
9 5
85
PAD
91,
109,

8 3e

vl

160.

'40.
«~ 30
50.

30

=400
175

=~ 1150
"2400

2800

1150.

1150,

200,

d 2700‘

-1 20
(V)ﬂ

6750

3700

= ]80‘ i
- 3804

-21 Se
”'?500
=110

"750

220

75

100

s 300.

50
~160.
~190.
= 1500
870
‘15756
3 i e
=80

-850

. 80
~ 220
- 600

130

V2
~120.
0O«
50

Oe .

- 30«
= SOOt
- 330

~ 1300,
~ 6100

A5

~1500.

%}200

360

‘/IOO;
- 15

5().
500
11006
1100
- 4000

0. .

2100
-125
180
- 35«
O
~190.
- 53
«200.
135,
~ 180
" 60,
-=110¢
675
-1 4400
1350,
= 1800
- 150
~2100
=240
60«
S50

1 30

1

13
13e
1 3.
1 3.
13.

13s

136
13«

13«

] 3..
1 3¢
130
13
130

13

13
13"
13
13s
136
1 3e
136
13
136
1 3e
13,
13
13
13
136
13.
1 3.
13
[ Be
1 3e
1 3¢
13¢
1 3.

13«

13
1 3e
1 3¢
1 3e

GROUP SEVEN

X

3060
3060
30.0
30.0
3000
304 0
300
3060
306 0
306 0
3060
300
- 30,0
3060
30.0
30.0
3060
300
30.0
30. 0
30, 0
3060
30e 0
30. 0
30. 0
3060
300 0
300
306 0
30. 0
30. 0
30. 0
30« 0
800
30 O
30+ 0
306 0
306 0
30. 0
304 0
30. 0
30. 0
30 0




?’?&é

APPENDIX T,

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

6 5¢
659
6o0
661
662
663

665
666
667
668
669

671
6178
613
614
675
676
671
6183
679
630
61
652
G353
68 4
685
686
6B
6858

657 |

664

670

R1

‘3. 000

4e 550
4,800
5. 200
5. 450

1« 700
1. 700
2. 000
2.900
14950
1850
3. 550
46 P00
46 8 50
1. 300
0« 350
0. 600
1. 500

e 450

3. 100
3800
46 650
6. 000
64 150
5. 750
3. 950
3¢ 550
3. 000
3‘ '750
46 000
4¢ 700
1. 300
1250
0.900
0850
2« 0DO
2. 200
2. 700
26 8 40
1 600

De 700

Source 6

RT
A6, 24
260 56
476 OF
53.25
49094
479 4
29453
100. 40
39. 60
41 30
33 3+ 49
11215
30. 44
1664 45
606 Y7
35,77
27. 53
Be 20
6693
19. 31
540 34
. T4e 65
109,02
186402
157. 24
143.96
36084
436 91
T3 45
79,92
79.90
97,195
163,15
30. 79
366 36
29422
23. 63
1485
23, 03
434 66
430 11
340 27

30. 73

SA
5444
124, 9
80.2
829
98.9
4900
T2e 6
15,1
38. 1
336 4

4.'9
120
4246
13.3
L4245

81.0

34 8
379
75
60,
35.
32
28 e
1 7‘.
250
30¢
9a
92,
49 6
340.
40
34, 2
21e9
446
3{5 0'
302
33
92«
656
4348
6669
‘/9‘60‘ 1

e g
U le [

AR NDNONE ™ L

b— e Y (2

—
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,fﬂ\‘ APPENDIX I,
q Ry 7% Source 7
N R1 R2 D T V1 V2 1 X

\ 801 0,900 26550 35. 90. 2030, -7104 19 30.0
v BO2  1.700 2+930 39 90 320 - 3% 19. 30.0
g 803 2. 460 3. 340 36 90 130« -110. 19. 3000
804 3.250 3.830 31 90 9 5. -135. 19, 30.0
- 805 3.850 4.230 27, 90, C 132, ~ 40. 19« 30.0
3‘ o BO6 4.170 4170 27. & e 80 20. 19, ° 30.0
s 807 3.900 4. 300 26, 90, 90 754 19. 300
BOE 4460 5. 130 00, 90. - =50 0. 19.  30.0
8O9 4. H60 9. 30 19, - 90, « 35 B0, 19. 30.0
8§10 2.000 3.900 O 90, 200, 145, 19+ 30.0
% , 811 1.200 2.870 24, 92, ~ 600« =1200. 19. 30.0
7 812 1.800 3.600 1 6. 88 - 160 - 160, 19.. 30.0
% ‘ 8 1 3 1 e 36() Sc ?00 4- 8?0 b 6000 - 3(/00 190 30\& O
814 3,050 <4930 4 2. - 55. -50. - 19« 30.0
815 1.700 3150 31. 9 3. - 400, -30, 19, 30.0
% 816 2.950 4,100 26 87 - B0 250, 19. . 30.J0
817 3670 4,800 20, 8 G “125% 5 S 19. 30.0
) , %18 3,950 4. 620 21, 9 4. =105 -95, 19. 30.0
§ P 619 4850 50400 21, 92 - 45 -~ 30, 19 30.0
i/ 8O0 T 5.550 60770 13, 83 60 9 5, 19. 30,0
8'{?1 po 7()0 /J- 580 4- lOOo 1300 - 550 190 30-0
822 3.350 5.200 T 920. ~160. 55, 19, 30.0
803 4. 550 6. 340 12. 900 . 65 5. 19 30.0
8§24 5,200 64900 10 - 90. 700 30 19 30,0
825  4.550 6,040 16 - 90 e 40, 19, 30.0
826 5570  6.800 1 2 90. O 204 19. 30,0
827 5920  7.330 11 90. 25, 40. 19. 30.0
828 4.050 5.830 3. 90 -80. O 19, 30.0
] 1 829  4.040 5.720 R 90. 0. 135. 19, 30.0
i 830 4. 540 6. 440 e 90 O 8 S 19. 30.0
o 21  6.030 6.820 15 9 4s -~ 20, 110 19¢ 30.0
8332 Se & ("O Ge l’iso ] T 860 N 25» « =30, 19 3000
B33 5. 700 6.030 18. 98 10, 30. 19. 30.0
834 5.160 5,250 21, 93, -20. O 19. 30,0
835 4. 550  4.830 23. 9 Se =40, 0. 19. 30.0
836 3.820  5.160 18 90 90. O, 19.. 30.0
837  3.340  4.900 15 9 3. =150, 20. 19. 300
§a 2. 670 5. 430 9, 9 3. 60 100. 19. 30.0
839  0.640 4. 400 12, 95, -9 5, 110, 19, 30.0
£A0 4. AD0 5.9 60 12, 90. - 30 - 604 19. 30.0
, 841 5.200  T.230 0. 90 §0- 10. 19.  30.0
| g0 5. 550 7.45%0 1. 90 10 55, 19,  30.0
1 A3 Y. BAED 4. 930 e S(la A - 40 19 30.0
= B A4 4. 350 6,200 6o 90 -9 G -840 19.  30.:0
d FA5 3. 760 5. 630 5. 90. ~100. =45 19.  30.0

GROUP SEVEN
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APPENDIX I,

N

801
g80¢
BO3
804
805
306
8§07
803
809
g10
811
8312
813
814
8515
816
817
818
819
820
821
822
823
B8ea
825
26
g7
88
829
8 30
g 31
832
6§33
834
535
836
%37
8 39
839
840
G4l
G 4a
843
8 A4

8ab

Source 7
R1
0.900
1. 700
D A60
30 P[)O
3850
44 170
3900
4o 460
4o 560
2. 000
1.200
1.800
1+ 360 i
3. 050
1.700
2.950
3e 6770
3.950
4, 850
5. 550
24700
3¢ 350
4e 550
5. 200
4+ 8 50
5. 570
4, 050
4e 040
40. 540
6. 030
5.8 60
5. 700
5. 160
46 560
3.820
3. 340
3. 670
2e 640
de 400
5. 200
Se 550
5. 560 .
4o 350
3s 160

‘RT

21. 33
13. 395
17¢ 63
36. 14
49,26
33. 31
446 13
26s 63
47 70
140 75
25. 98
10., 210
16604
11+ 53
16« 18
406 18
45480
6126
37 48
96413
1 66 49
356 47
29« 29
50. 20
24490
35 54
46.8 6
27« 47
436 21
38. 36
39 77
Be 24
3787
1 6o 49
D3 66
286 50
32.60
31.98
1()9 44
20,75
496 T4
4720 D9
90691
50 40

306 63

164,

SA
346 6
109.2
12840
774
1250
8¢
1544
']9 "
B9
35,

122,

59.

o

O ~N2D0=~N

- =

80, 1
5643
Ghe 4
576 4
122. 5
418
103« 7
59. 0
1026
664
1470'
116+
85
91,
496
69«
361.
1129
14840
314, 6
192.8
98. 1
69 « 4 )
29.3 [
10602 ‘
9 Te 7
608
T4 8
34s 4

i’\!) ) 3 - i
Dl RS} 4

RNR N =W

T4:9

[N

D

GROUP SEVEN




1
]
m,fmh' ~ APPENDIX I,
3 ’ *’fﬁg} Source 7
: RN N Rl R2 D T vl v2 I X .
%; 846 3.300 S5.150 S.  90. © -120. 15, 19, 3040 :
o 847 20‘9 E)U /4-?(/10 10 900 "11(). -l/45.' 190 30-0
" 148 2. 120 4. 000 6o 90, - 155 190, 19, 3040
849 2,100 3.860 1 /e 90, 205, -~ 220, 19.  30.0
850 2. 500 4.000 D1, 90 0. -~ 350. 19,  30.0
851 4.900 5.350 21. R - 50. ' 19, 30.0
S g52° 4.8500 5. 600 19 89 . 50, - =30 19, 30.0
853 4. 400 5. 600 17 920, - 70 -~ 30, 19 30,0
854 5,000 Go 150 G 9 3. Os - 40 19, 3000
855 4. 600 6. 500 1. 90. -10. Oe 19. 30.0
856 3.950 5. 700 e 68 ~10. 55, 19. 30,0
T 357 4,000 5.800 Ge 93. ’ 35- - 45, 19. 80&0
s K 8535 4. 550 6. 450 3. 100, ~ 55 0. 19. 30.0
"} ¢ 8 59 5. ] f)f) ()o 9 50 ’ E)c 9 7. "22- nd l 70. 190 30& O
. 8O 4. 650. 6o 300 10. 90. -30. - O 19,  30.0 ,
1 B61 3,100 4660 17 90« 0. 260, 19, 3040 ‘
] v 862 3.600  5.030 13. 9. 190. - 120 19. 30.0
i 863 3.330 4.7710 19. 83. 45 ~2704 19 30.0
CB64 40100 5,720 11 103. 75 =190 19. 30.0
' B65 4. 750 6. 500 & 95, 130. ~ 380 19, 30.0
£ 666 - 5 650 Te 500 5. 90. -90.  -280. 19+ 3040
{ 867 YHe 410 7.130 8 90, O - 60. 19,  30.0
7 B6R 5,080 6. 630 11. 90. .25, -5, 19, 30.0
' b 69 S5 070 6o 420 1 4. 103 9 Se - 350 19 . 30.0
870 ‘/40 C)'(—f 60 ]OO 16- 980‘ ' /400 "65- 190 3000
‘ 871 5. 600  Te250 9. 90 ' -20. 19, 30.0
; 872 5 500  7.050 11. 90. - 40. O« 19« 3040
L 873 6. 200 Te 400 13 90, 30. 27 19. 300
B 874  5.550 64850 13 9 3. -20s = -25. 19. 30.0
875 4.500  6.300 14 105 0o ~35, . 19, 30.0
g 7() 4. 00 Se 400 16 900 Oe 70; 190 30 0
877 3. 1')0 P4 SUO 271 90¢ 210 70 19 30.0
1 €78 2.550 4.000 23. ~ 90.  80. . -80. 19, 30.0
1. 879 1. 700 3. 300 26, 90, 120 180+ 19,  30.0
B0 10000 ?. C)L‘O 3&)- 90— lSOO 70o 19. 3000
§81 1.150 26500 50 90. 1420, -800. 19, 30.0
BR2 0. 500 1.900 82. . 90, 2700, 31400, 19 30,0
883 1.100 1.200 114 90. ~1700. 1100 19. 38.0
e BRI 1.100 1.200 114 90. ~1700. 11004 19. 30,0
N R34 1.900 16000 57, 90. 500. - 400 19, 30,0
255 1350 1950 69+ 1056 «900. =~1900. 19¢ 30,0
BHG 1.950 24250 55, 90. - 750, 150 19. 300
887 0.500 2. 700 0 90 2200, - 300 19. 30.0
8858 i« OD0 2.900 i5. G()e PG00, 7506 Ve 300 i
B B89 1. 500 3050 29, 90 950, 260 19. 30.0
£ K90 2. 100 3. 300 30 9 %5, 900. =2600 19, 30,0
- N e i
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APPENDIX T.

N
846
gat
B 443
$549
700

865
866
867
g 68
8 69
870
81
#5172
873
874
875
376
871
878
819
g0
851
BE2
883
He3
(184
¥B 5
88 6
587
568
869

6a0

864 .

Source 7

R1
3. 300

24950,

2.120
2,100
2. 500
4.900
4800
44 400
5. 000
de 600
26950
4. 000
4e 550
54150
e 650
3. 100
3+ 600
3. 330
e 100
4o T50
5. 630
5. 410
S 030
5. 070
44920
5. 600
5. 500
6. 200
5 H50
4. 800
4. 000
3. 150
2. 550
1. 700

1. 000
" 1e 150

0. 500
1100
1. 100
1900
1« 350
1. 850
0800
16 050
1= 500
2. 100

RT
24452
27. 72
16.86
20 42
37.05
376 60
38. 55
3627
23.83
e 671
18+ 31
1855
25. 27
18.97
1511
466 58
59'03
61.18
70674
20 46 58
242,07
A4 25
22.97
6&4e 39
LG 39
1 6. 41
31.83
453+ 34
28. 61
20. 04
24,88
15. 44
126 57
893
1.863
27.06
87. 48
13.82
17 51
25 62
5082
a5. 00
17-.16
17: 35
30. 61
16596 18

SA
8 3.
664
8 3
70¢
49 .
126,
108

91

129
577
133.
131,
106
1 60

196+ 2

466
404
39 .'
37,
14
134
75
145
56¢
B0
215
i1 /N
9 5.

a2
1
0

3
0

D AWV U

4
7

6 .

4
3
3
5
i

2
7
5
4

[O1]

138, 6

1 66,
114
150,
151,
1430
4456
38 QA
5

ge.

65
Tl
28 .
Hie
36&
45,
38«
()e

71

6
3
9
4
9
4
1

7
8

4
0
0
5t

o0’

i

5
0
2
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APPENDIX I

N 3
891 3.950
892  3.0300
893 3. 700
894 2. 300
895 0. 550
896  0.700
897 0.970
898 1. G50
£99 0900
900 2,150
201 3. 650
902 3.250
903 3. 150
504 3. L00
905 4. (00
906 4. 750
907 5. 000
908 -5 L00
909 2, 550
910 4. 150
911 4,800
912 44500
913 4. 500
914 5300
915  S5.600
916 6. 700
917 6. 350
918 4. HOO
919  $.100
920 5750
921  2.500
922 2,600

923 2.420

9P 4 2. 420
925 3. A00
926 3.060
o277 9. 200
9o 5. 630
909 Ge N0
930 6. 740

9 G 150

(

—

¢!
o]

5.
e
50
3e
20
le
1.
1e
1e
2
4a

. 3.

3e
3
4o
SQ
5,
6o
30
4
Se

- D

e
S
S
Go
6
e
Se
e

e

Qe
3.
3.
N
e
6.
6e
Te
7o

.
i

R2

100
700
300
750
450
200
650
700
9 30
250
250
700

350

300
600
300
600
250
400
650
700
100
100
550
950

700

450
650
100
900
620
9 40
090
530
Q50
200
300
770
150
700
200

—

Source 7
D T V1
‘ 190 1020 "’180-
19- 1000 "'l?Ob
1 e 8 6e =100

?So 950 210

b 90. 5500,
T3, y0. ~3200.
92, 0. 650,
71 90, w00

T7. 100. =22300.

52. 8 3. ~280.
27 110, O
30 8 Te 30.
34 117. 110,
30. 91e . 105
25 9 3. 110
21 90 126
20. 97 32
19, 90. - 15
35 90, 8 50
25. 86 - - 656
19. 92, - 70,
21. 99 . 20.
21, 100 40,
20. 88 326
]90 1000 “]00
17.. 116, 50.
17. 100. ~ 40
24 9 De "750‘
?P. ! 90¢ 906
19, 8 3. 110.
44 92 - 65
40, B0 -190.
38. §0. = 300,
32 B0 100,
16, 90, =310
26, 106 AR
16 87 2 5
1 5. 90 ~20.
15 75 17
13 20. e
1 4. 92, 27

V2
- 454

556
-~ 304

125"

14200
- 1150
- 700+
had 506
300«
750

- 700.
~8 5
- 1 70-
- 400
135
80«

™ 76‘
354

-1 SbOn
35

- 35
‘55
Se

50
=75
~-20.
500-
~110.
155

9 Sa
600.

. Os
~ 50,
90.
20
90,
554
40
25,
=23«

0.

1 X
19 300
19, 300
19,  30.0
19 300
19.  30.0
19,  30.0
19. 300
l() l‘ O
19, 30.0
19. 30.0
19,  30.0
]90‘ 3060
19, 3040
19.‘ 300‘0
19, 30.0
19 30.0
19, 30.0
194  30.0
19, 3040
19. 30.0
19, 30.0
19  30.0

19, 3040
19. 20.0
19. 30. 0
194 300
19 30+ 0
19« 30.0
196 30,0
19« 30.0
194 30.0
19 30.0
19, 30.0
19..  30.0
19, 300
19, 30.0
19. 30.0
19. 30.0

19« 30.0

19« 30. 0
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APPENDIX I,

N
891
892
893
89 4
895
896
897
598
B99
200
901
9202
903
504,

905

906
907
9208
909
210
911
91e
913
914
915
216
917
918
919
920
921

.....

224
929
930
931

:3'
:3'
3e
2.
().
O
O
e
e
2‘
3o

4
%
46
5'
5
G
6.

3s

30'

Se
6o
6o
6

Source 7

R1

950
300 -
700
300
550
700
970
¢80
900
150
650
250
150
500
000
150

000

500
550
150
00
500
500
300
800
700
350
500
100
750
500
600
420
420
400
0460
200
630
350
740
150

RT
71489
964691

284 65
21.86
53. 3%
136 71
10. 21
11639
21409
5082
00,32
©21.03
33.92
30. 22
70.25
52, 78

. 23.94

35,773
182 o8-
33,17
50.07
35. 51
26401
526 T4,
89 50
8387
90.23
T6e 12
34 67
53¢ 13
57 61
22 39
306 28
12. 31
T3 26
"16.25
A6 ©5
A1 e 45
3% 64
39, 32
33. 01

Y o

SA
42.‘5
B89 4
870
79.8
B¢ 4
60. 3
104¢ 6
148+ 3
43 9
430.1
15149
151.9
9442
11644
53. 8
BS5.0
19445
1371
12.9
1211
81.3
117 4
173.2
100.3
65. 1
79.9
704 6
37«9
375
4442
118.0
769
1673
3241
15447
90& 4
104. 9
141.5
1379' 4
146. 4
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APPENDIX II : PROCESSING AND INTERPRETATION
OF TIME-DOMAIN EM SOUNDINGS

In the time-donmain electromagnetic sounding technique, as
it was used in the Valles Caldera electrical survey, 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-
tuxn loop of wire laid on the ground. The voltage induced in
this coil of wire by the electromagnetic field incident at a
receiver location was recorded on an analog recorder,

The same source lines used in the dipole wmapping surveys
were usaed for the time-domain electromagnetic soundings; the
locations are indicated on Figure 1 , Receiver locations
vere selected 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 26 conductors
were in series and formed a continuous loop. The voltage gen-
erated in this loop was filtered to attenuste hioh frequencies
(above 5 Hz) and then rccorded on an analog oscillograph. A
typical oscillograph record is shown in Figure'24.

The observed voltages, such as shown in this Figure, must
be subjucted to extensive data reduction procedures before they
may be cvaluated in terms of an carth conductivity structure,
The transient voltage as recorded is distorted to some extent
by the use of the low-pass filtex, 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
random noise in cases where the signal to noise ratio
was low, or selection of the best signal in cases

where the signal te noise ratio was high;

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

moothing with an exponentially time-varying filter, |
o fuxther reduce the uncorrelated noise; and

= 0
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Example of the voltage recorded as an electro-

: magnetic sounding, The vertical scale is 5 microvolts per

o division and the horizontal scale is 0.1 second per division,
iy ' This record is part of sounding 605, The distance from source
6 was 4350 metexs,

Figure 24,




comparison with theoretical models,

Synchronous’stacking or signal selection: Signals from = 5
to 10 transmissions wexre rccorded at ecach receiving station,
This multiple recording permitted the selection of a signal
with o minimum 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. 7Tf not, that data point
would not be included in the synchronous stacking., With the
stacking of a number, n, of signals_the random noise level
should be reduced by a factor (n-l)l/z, for large n, With the
small numbers of signals added synchronously in these measure-
ments, the relative noise reduction was twofold to threefold,

Deconvolution: After stacking, the effect of the low-pass
filter wos partially removed by deconvolution, To accomplish
this, the transfer function of the reccording system was com-
puted from a record of the response 'to a step input voltage,
The Fourjer transform of each data sel was computed and divided
by the step-response stectrum, The resulting compensated
spectrum was then transformed back to the time domain,

Smoothing: Deconvoltuion has the effect of enhancing the
highnfzoa;ency components in the recorded signal. The stacking
process results in a random scatter of successive points on the
stacked signals which has a dominant frequency equal to the
nyquist frequency for the data samwpling rate, As a consequence,
the deconvolved data are much wmore '"noisy'" in appearance than
the original stacked data, Linear filtering cannot be applied

because such a procedure sould merely reduce the efficiency of

deconvolution, A non-linear filtering process was used to
smooth the deconvolved signals, .

This non-lineax filtering method was based on the shape-
invariant property of transient electromagnetic sounding curves
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 logarithmic coordinates, When the linecarly sanpled
field data axe plotted to logarithmic coordinates, the ecarly
part of a signal appears to be sparscly sampled while the late
paxt appeaxs to be densely sampled, Because the noise that
persists after signals have been stacked has a half-period
equal to the distance between two successive data points, the
noise apocars to increase in frequency for progressively later
GROUP SEVEN
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parts of the signal, when data are presented in the logarithmic
format, Moreover, the signal to noise ratio is higher in the
early part of the signal than in the later part. This variation|
in signal to noise ratio as the apparent frequency varies pro-
vides a basis for separating the signal from noise during the
late part of the signal without undoing the effect of deconvo-
lution on the early part, This 3s accomplished by applying a
linear smoothing filtex in the logavithmic dowain, 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 relationship
betveen observed voltsge and apparent resistivity for induction-
field electromagnetic soundings, a value for apparent resistive
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 apparent resistivity curves, This expression is:

l
A s V)

a = 348M cos O

where M is the moment of the source (product of current and
wire length), A is the arca of the receiving loop, © is the
angle between the equatorial axis of the sourxce 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 convert the observed data to a standardized form
for interpretation, For the early part of the signals, the
apparent resistivities as computed with the formula above will
have some loose association with the actual resistivity in the
earth, but for the late part of the signal, the apparent
resistivities may be nuch different than any resistivity in the
earth, However, despite the fact that these values have no
meaning in terms of actual resistivity distributions in the
use of the formula is convenient for comparing the
field data with theoretical curves presented in the sawe
normalized fashion,

earth, the

Procedures for interpreting electromagnetic sounding
curves are not yet as fully developed as procedures for inter-
preting XX sounding curves, 1In pxinbipleE field data are inter=-
preted by comparison with theoretical curves computed for
specific models of earth electrical structure., 7The theoretical

curves used in interpreting the data obtsined in the

GROUP SEVEN
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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 (1969). A repre-
sentative set of theoretical curves for a sequence of two
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 layexr 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,

I1f the thickness of the surface layexr is small compared 1o

the separation between source and recciver, the apparent
resistivity value begins to depart from the value for the
surface layer at later times and approach the value for the
second layer, However, at still later times, the apparent
resislivity values are grossly affected by the assumptions made
in development of the couwputational formula, and rapidly drop
to low values which have no rcal significance.

layers is

It has been the experience of Group Seven, Inc, that
graphical curve comparison between observed electromagnetic
sounding curves and theorctically-computed curves is not an
effective means of interpretation because the chavacter ox
shape of the theoretical cuxves varies so little from-case to
case. In matching a field cuxrve 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 intex-
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 thg
curve whore the transition from early-tine to late-time
behavior takes place, The match provides two values for first-
layer conductivity -- one from the relative positions of the
vertical scales on the two plots when the curves are matched,
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 field curve is not
characteristic of a uniform earth, 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 conputed
as to/upl”, where ty is the time on the field plot that corres-
ponds to the time origin on the theoietical plot, ug is the
magnetic permeability and R is the séparation from source to
receiver), The ratio of py 1o 10/110}2:3 1zay then be used to
find the depth to the conductive second layer with the aid of
the curves shown in Figure 206  provided one may make a crude

the first and

GROUP SEVEN
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ed resistor,
o_=3
1
1
. Uniform earth
— ,
=
Buried concuctor,
02/51"‘3
o0
=
2
Cc.L
.C1 .1 DNorralizeé time, 1.
Figure 25, Examples of two-layer electromagnetic sounding curves for the
case in which the thickness of the first layer is 1/16 the separation, R.
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frigure 26, Interpretation chart for evaluating an

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

by matching the field curve with the theoretical curve
for a uniform earth, The firsi-layer resistivity is
£1s magnetic permeability is ug and source-recdiver

separation is R,
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approach must be

second layers.

.

This procedure works only if the second
ductive than the first layex., If the second layer 1s more
resistive, the ratio of pp to to/uOR2w111 be slightly greater
than unity, but the value for the ratio will be nearly indepen-
dent of the depth to the second layer. Therefore, an alternate
uscd to make on interpretation, The diagnostic
feature of an apparent resistivity curve for a buried insulating
basement is that the value for apparent resistivity will rise '
from the value for the surface layexr and pass through a maximnum
before it drops off to assume late-time behavior. The height
of the maximum may be used 1o determine the depth to the insu-
lating second layer, again providing that one may estimate the
resistivity contrast between the first and second layers
approxinately. A ratio is formed between the maximum apparent
resistivity and the apnarent resistivity for the first layer.
Then, the depth to the second layer may be detexmined using
the curves shown in Figure 27,

f

layer is more con-.

. I
These two procedures were used
pretations of the electromagnetic soundings reported in the
body of this report,

to carry out the inter-




p
peak
10

First-layer thickness/separation

Figure 27. Interpretation chart for evaluating an
electromagnetic sounding made over a sequence of two
layers in which the second layer is more resistive
than the first, TInterpretation 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:

TIME

NUMBER
AVERAGE

ST, DBV,

I
RRSISTIVITY

!
i
( .
i
|
i

.

s

*e

The length of time following the beginning
of a transient at which the voltage is
sanpled, in seconds

. The number of individual samples added

togethexr to form an average

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

Standard deviation of the voltage samples
from which the average was formed, in
millivolts gexponential format)

Apparent resistivity computed using
Vanyan's formula, in ohm-meters
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jf‘\ FLECTROMACN ETTC SOUNDING DATA

NIAN BIL COMPNAY VALLES CALDER SOUNDING 501, 1972
ek BFFFEST DISTANCFZ 5300, METERS
SAURCE LFENGTH= 2500. METERS
RECFIVFR AREA=. 1664 SOUARE KM
CURKFNT STEP=11.20 AMPERES
DIGITIZING SCALF 1S  0.0544ICRBVOLTS/ DIV
FEDITED AND STACKED DATA
TIME  NUJMRFR AVERAGE STe DEV. RESISTI VI TY
0. 04 6 0. 419E=-04 0. 79 SE~05 156 55
0. 08 6 O 6T4F~04 Os 464E~05 04,99
0. 192 6 0. T67FE~04 0. 351E-05 P45
v 0D.16 6 0. T45E~04 O« 427TE-05 27. 61
T 0.20 6 Os TO4E~04 0«58 5E-05 56 10
' 0.24 6 0. 617E-04 . O« 69 4F~05 22, 88
0. P28 6 0. 531E=04 O+ 631 E~05 19. 68
s 0. 32 6 O« 449 E= Q4 0. 58 7F=05 l 6. 66
i;;w ' 0. 36 6 0. 3% 6k~ 04 0. €9 3E-05 { 44 31 .
i 0. 40 6 0.309FE~04 T0. 921 E-05 11.45 L
O 44 6 0.251E~04 O« S50E-05 94 30- .
0. 48 6 0.211E=-04 O 71 HE-05 1483
0. 52 6 0.159F~04 00 431 E-05 5.91
‘ 0. 56 6 0. 118E-04 0+ 390E-05 44 37
y b O 60 6 0.978E~05 0. 49 3E-05 3. 63
1 0464 6 0.833K-05 0. 481 E-05 3. 09
0. 68 6 0. 643E-05 0« 549 F=05 2.39
D72 6 D¢ 362E~05 0+ 401F-05 1434
0. 76 é 0. 326E-05 0 3E2E-05 1.21
0.5%0 6 025405 0« 312E-05 0.9 4
0.84 6 0.199F-05 0. 309E-05 0. 74
0. 88 6 0.906E-06 0« 309E-05 0. 34
PR 0.92 6 0. 109E~05 0+ 331E~05 0. 40
e ‘ 0.96 6 0:906E-06 Oe 455E-05 0+ 34 o
B o C1..00 6 ~0.181E-06 0e 08 9F-05 ~0.07 -
i ' Fe 04 6 0s 543E-06 0. 344F=05 0. 20
L 1.0R 6 0. 453E~06 0e 333E~05 017 _
e 1.12 6 0e 453E-06 0. 333k-05 0.17 i
I 1o 16 6 0. 453F-06 0. 333E-05 0.17 Sl
g 1.20 5 0.141E-05 0.818F=-04 0. 52
i 1.24 5 O« 141E=05 0.818E~04 0. 52
S ). PR 5 Os 141F=05 D818E~04 0. 52
1. 30 5 D« 141E=-05 0.818E-04 0. 52 :
.36 5 O« 141E=05 0.817E-04 0. 52
1. 40 5 N 1A1F=-05 0. 107E-03 0. 52
io a4 5 D.141E-05 0. 107E-03 ‘ 0. 4“2 i
~ zﬁfﬁ S on;41§—Q§ 0. 107E-03 | ”‘??
i e 4P 5 O 141F-05 0. 107-03 0. 52
P. 56 5 O 141F-05 0. 107E-03 0. 52 s
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AFFEST DISTANCE=
SOURCE LENGTH=

RECEFT VER AREFA=. 1664
CURRFNT STFP=11.20 AMPERES

DIGITIZING SCALE IS

2500

FLECTROMAGNFTIC SOWNDING WWA
INTON (IL COMPANY VALLES CALDERA SOUNDING 502,

6750, METERS

METEKS
SOUARE KM

0, 022MI CRAVOL TS/ DIV

EDTTFD AND STACK F.D DATA

TIMF
Na Q04
0. OF
NDe 12
0e 16
0.20
Ne @4

© 0. PR
0. 32
le 36
0e 40
Oe 44
(1o 453

- Ne 52
s 56
0e ¢O
Oe 64
e 68
Oe 72
e 16

080
0« 4
0Oe 8K
Ne'9 2
N9 6
1000
1.04
1. 08
112
s 16
1+ 20
1o P4
les 283
1. 32
1« 36
1o 40
1« 44

1 e 4§

I« 58

ls 56

NUMRBER

-~

AVERAGE

0. 135F-04
0e 179E-04
0. 208F-04
0.212E~04
0.215-04
0. 216E~04
N 214E~04
0. 193FE-04
0. 183E-04
0s 1651-04
0s 1511E~04
0. 139E~04
0. 119E-C4
O 111E~04
0. 103E-04

0.8T71E~05.

0« 739E-05
0+ 613E-05
0. S60IE-05
O« 477TE~-05
0« 41 6E~-05
0. 323E~-05
0. 205E-05
0e 311 E=Q5
0. 30Z2E-05
0. 354E-05
0.222E~05
0+ 225E~05

D¢ 104E-05

0.230F~05

0. 1 62E-05 -

0+119E-05
0. 718E-06
Qe 11 5E~-05

0. 158F=-05 .

0. 158FE-05
e 399 E=Q:6
(e | GEE=03
0. 172F-005

STe DEV.
0.154E-05
0. 125E-05
0.912F-06
0e 125E=05
O 1 45E-09
0. 105F-05
0e 100E=05
0. 112E-05
0.917E~0¢€
0. 110FE~05
0.136E-05
0. 136E=05
0e131E-05
0. 118E-05
0. 608E-06
0e 19 4E=05
0.989E-006
0. 152E~C5
0 1B9E=05
0e 132E-05
0. 114E-05
0e 1 45E-05
0o 1 64E-05
0e171E-05
0.151E=05
0e 192E-05
0.9 62FE-06
O 1 46E-05
O 133E~05
0.241E-04
0. 239 k=04
0.237E-04
0. 236E~04
Oe 237E~04
(1. 239 =04
0. 237E-04
0. 172E-05
0. 142E~04
0. 442E-04

GROUP SEVEN

197e

RESISTIVITY

12 76
16496
19. €64
20. 10
20. 34
20, 42
20. 022
18.27
17.36
15 62
T 14.25
13.20
L« 22
10. 46
9. 70
B.25
6.99
5.80
5. 30
4o 52
393
3.06
1694
2.9 4
2.86
3¢ 39
2.10
2.13
0.99
2.18
L« 53
1. 12
0. 68
1. 09
1+ 50
loE)O
0. 38
ls 53
le 63
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£ Sss prie o 2

FLEFCTROMAGNETIC SBLNDING DATA
LNION OTL COMPANY VALLES CALDERA SBULNDING 503, 1972
GFFEST DISTANCE= 7750, METERS
SAURGE LENGTH= 2500, METERS
RFCFTVER AREA=.1664 SOUARE KM
CURRFNT STEP=11.20 AMPEKES
DIGITIZING SCALE IS 0. 022M1 CROVEL. TS/ DIV
ENITED AND STACKED DATA
TIMF NUMBER " AVERAGF STe DEV RESI STIVITY
D. 04 2 0.251E-04 O« 446FE~05 4089
0. 0% o 0.257E~-04 0.261E-05 4178
0.12 2 0« 260F~04 O TG1E-06 42. 31
0.16 o O« P48 E-04 0.000F+00 404 36
0. 20 2 0. 228E-04 S 0.870E-06 3717
0.04 ) 0e 223E~04 0.326L-06 36429
0. 08 2 0.218E-04 0.228E-05 354 58
0. 32 e 0.191E-04 0.261E~05 31.16
0.36 pe 0. 195E=-04 0 446E-~05 | 31. 69
"0e 40 2 0. 149E-04 . 0. 543L~06 24025
Os 44 o O, 1O05E=04 0. 120E~05 1717
D 48 o 0.978FE~05 0. 109E-05 15.93
0. 52 o 0. 105E-04 0. 543F~06 1717
0. 56 2 0.9 46E-05 Os 543E-06 "1 5. 40
D« 60 e 0.880E-05 0s 543F-06 1 4. 34
0. 64 ) 0o G63E~05 0.978E-06 10.80
0. 68 2 0¢ 565E~-05 0. 130E-05 - 9.21
n. 12 2 0. 457F=-05 Oe 174E-05 . 74 43
0. 76 2 Oe 42 4E~05 0. 761E-06 6490
0,80 5 0« 370E-05 D.217L~06 6. 02
084 2 0+ 293F=-05 Os 543E-06 4. 18
0.88 2 0.217E~05 D¢ 435F-06 3. 54 '
0.92 o 0.207E-05 0« 120E~05 3. 36 ~
0.96 2 0. 261E~-05 Oe 652E-06 4025 -
1. 00 2 O« 22RE-05 0.9 716 E~-06 372 o
1. 04 2 0.217E-05 0. 435E-06 3¢ 54 o
1e 08 o 0. 337E-05 0«1 63E-05 Se 49
119 e D.239E-05 Oe 652E-06 3.89
Jo 16 2 0:239E-05 0. 652E~06 3489
120 o De 239E-05 O« 652F~06 3. 89
1.24 o 0. 163E~05 . 0.109FE-06 2. 66
198 o 0. 163E~05 Oe 109 E~06 2. 66
1. 32 2 0s 228 FE~-05 0: 543F-06 3. 72
1. 36 e 0. 2PRE-05 0. 543E~06 3. 70 _
1. 40 P 0. 208F-05 0. 543E~06 3 72 -
Pe 44 2 0. 208F-05 0. DA3E-06 3. 72 i
Lo 45 2 0. 2P0 E=05 O« 5431E-06 3. 72
1. 49 e 0. 208 1~05 0.543F-06 e 72 '
1. 56 2 O¢ PPRE-05 O« 543F~06 Ge 70 Vi

GROUP SEVEN
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FLECTROMAGNETIC SGUNDING DATA

VALLES CALDERA M SOUNDING 506

@FFEST DISTANCE= 6900. METERS

SAURCE

LENGTH=

METERS

RECFI VR ARFA=. 1664 SOUARE KM
CURRENT STFP=11.50 AMPERES

DIGITIZING SCALE 15

0. 022MI CROVOL TS/ DLV

EDITED AND STACKED DATA

TIME
0. 04
(e 08
0.12
O« 16
0. 2(

Oa P4

0e 08

(. 32
(.36

NIMBER

0. 40

0. 44
0. 48
(e S
(e 56
0. 6O
(e 64
Ne 65
0. 72
076
0«80
e84
(Ve 88
(e 92
ﬂn() ()
1. 00
1.04
1«08
1. 192
Ie 16
1«70
1e 24

1. 28

o 12
e 36
P o A0
i- 44
1
)
|

(SRR G2 G2 IR SN CRR GL RO AR OL IR,

[Samer

‘-
o

[Sagnel]

U U

'

(e Sain O3

o

U

w

o
N

(O

PR RS RS RS

pal

[o8)

AVERAGE

0. 115E-04
O« 1 34L-04
O¢150E~04
O« 1 56E~04
0. 1 67E-04
0.1 THE=-0Q4
O¢ 1 6HE~04
O« 1 45KE~-04
0. 1 34k~04
O 116F-04
0.9 70E~-05
Oe8611E-05
0. 706GE-05
O 5711E=-095

0. 39HE~00-

0. 307E=~05
0.2811-005
U0.216E~-05
0. 195E-05
0. 186E-05
O 126F-05
0. 1P6F~05
0. 104E~05
0.909F~06
DRE6CE-06
N.2641°-04
D.265F~04
Qe 265F-04
(e P6HE=-04
Qe 2065E-04
0. 263E~04
089 7F~05
089 71~05
0B 7E=05
Ve P29 TE~05
089 7E~005
0.897=-05
O 69 77F~05
05971005

STe
0.
O
0
0.
0.
Ge
0.
0.
(e
e
0
0.
O
0.
0.
0.
O
0.
O
0
0.
0.
0.
0o
0.
0.
O
Q.
Os
{}a
0
O
0.
0.
0.
(s
(e
0
0.

DEV.
134F-05
627F-06
117E-005
123E~05
102E-05
131 F~-05
139 E-05
T91E-06
100E-005
109E-05
L61E~0D
199 - 00
189 E-05
f02E-05
172K-005
101E-05
L10E-05
9eRE~-06

49 4F-06 7

182E-06
162E-06
420E~ 06
S501E-06
4830K-06
19 4k-06
S11E-04
511E-04
SI0E~04
S11E-04
510FE-04
505E=-04
159 k~-04
159 =04
159 F~04
1 H9k=-04
PS5 E-04
FLOF-04
1 L9 =04
1591~ 09

RESISTIVITY

124 45
1 4. 50
16419
1 6084
18, 06
18. 43
17.87
1572
1 4 46
12. 59
“10. 49
Q. 31

7o 63

6e 185
4e 30
3. 32
3. 04
'20 34
2. 11
2. 01
136
1+ 36
1.12
0,93
0.94
28. 54
28« H9
28« 63
25 59
28 . L8
PHe 41
9e 69
e 69
e 69
9. 69
9e 69
9. 69
e 69

9. 69

N py TN TR 2RI/ TT R
GROUP SuViid




1

j FILECTROMAGNFTIC SOUNDING DATA
e VALLEFS CALDERA EM SOUNDING 507
i OFFEST DISTANCE= 7500. METERS
SOURCE LENGTH= 2500. METERS
‘ RECFIVER ARFA=. 1664 SOUARE .KM
3‘ CURRENT STEP=11.50 AMPERES
PIGITIZING SCALE IS 0. 022MI CROVAL TS/ DIV
FDITED AND STACKED DATA
A
i TIME  NUMRER — AVERAGFE STe DEVs RESISTIVITY
O, 04 K 0. 41 3E-05 O:116E-05 6s 66
0. 08 3 0. 125E-05 0. 126E-0S 1168
0,10 3 0.928E-05 0. 739 E~06 1495
0516 3 0.9 4PF=05 0.205F-06 15.19
0.20 '3 0.993E~05 . 0.571E-06 | 6. 00
0.24 3 0.98 6F=-05 0.131FE-05 1589
0. 08 3 0.949E-05 "0 151E-05 1530
0.32° 3 0.833E-05 0. 410E-06 13+ 43
1 n.36 '3 0. 18 3E-05  0.887FE-06 124 62
1" : 0. 40 3 0. 6456=05 . 0. 118E-05 10. 40
0. 44 3 0. 543F-0% 088 TE-06 Be 16
e 0. 48 3 0e 4571-05 0. 145E-05 7. 36
i 0. 50 3 0. 420E-05 Oe 11 4E~05 S G T
' ' 0. 56 3 0. 333F-05 0¢178E-05 5¢ 37
0. 60 3 0. 232E-05 0+ 1 65E~05 3. 74
0. 64 3 0e 225E~05 0. 128E-05 3. 62
0. 6% 3 0. 130E-05 T0.988E-06 . 2.10
0.79 3 0. 152E-05 0. 710E-06 2445
076 3 0. 123K~ 05 0.893FK-006 1.99
0.%0 -3 0.870E~06 0.106E~-05 1+ 40
0.84 . 3 0.870F~06 0. 106F~05 1. 40
058 3 0. 125E~06 0.893E~06 Co1e 17
0.92 3 0. 4356-06 0. 615E-06 0. 70
0.96 3 0.217E~06 0. 532F-06 0. 35
Lo 1.00 3 0. 435E~ 06 Oe 61 5E-06 0. 70
o L 1.04 3 0« 435E=06 0. 615E-06 0. 70
.08 3 0. 435E-06 0. 615E-06 0. 70
. 1. 12 3 O« 435E~06 0. 615FE~06 0. 70
v 1.16 3 0. 435F-06 +  0.615F-06 0. 70
2 : 1.20 3 0. 435F-06 0.615E-06 0. 70
1.04 3 O« 435E=06 Os 615E=-06 0. 70
| .08 3 ~0. 138F-05 0.232F-05 ~0.02
1. 32 3 ~ Q. 304FE=04 0. 432F-04 -~ 48495
' i.36 3 -0, 304E-04 O¢ 432E~04 - 4. 95
140 3 =0 304E~04 0. 43°PFE~04 - 480,95
T+ 44 3 -0 3O04I=-04 , 0. 432E-04 - 48.9 5
1« 48 3 - e 3021~-04 0O 4301~-04 =48 66
AN 1. 6o 3 0. 213F-04 0. 389 L=-04 - 43.98
1. 56 3 - 0. P73E-04 0. 389 FE-04 ~ 43,98
T T GROUP SEVER
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FLECTROMAGNETIC
VALLFS CALDERA

SOUNDING DATA
SOUNDING 508

BFFEST DISTANCE= 7000. METERS

SGURCE LENGTH=

METERS

RECRI VIR AREA=.1665 SOUARE KM
CURRFNT STEP=11.50 AMPERES

DIGITIZING SCALE IS

0. 022MICROVOL TS/ DIV

FDITED AND STACKED DATA

TIME
0. 04
0. O8
Ne 12
0e16
0. 20
e 24
0. 28
0. 32
Ne 36

0. 40
(e 44
0. 48

0. 52
O 56
0. 60
0. 64
(Ve 68

0. 72

O¢76
0.50
(e 8 4
0. 88
(.92
v 926

1.00

1.04
1.08
1.12
116
1.20
1.24
1o &8
1,32
1. 36
1o 40
Pe 4t
be 48
]
1

]+ D2

[SeR GRS LG IR LI SR YL I S R Oy

NIMBER

()]

(8]
]

[N ORI GagR S RN Cal

[S2 NN O IO

o

[SANS N ER S S IS I O I 2 BN S Os !

€2 3RS+ BN G IN S}

[Sa I #3]

oA

AVERAGE

0. 190E-04
0.203E~04
0.203F~04
0.203E~-04
0211 E~-04
0.204F~-04
0. 185E~-04
Qs 169E~04
0. 154FE-04
0. 130E-04

C0.109FE-04

0.927E-05
0. 78 4E-05
0. 621505
0. 552E-05
O 4T8E~05
0. 418E~05
0. 341E-05
0. 27PE-0%
0.259E~05
0.211E-05
0 224F=05
0. 164E~05
O« 121E-05
0.819F~06
0. 690E~06
0. 733E-06
0. S60E-06
0. S60E-06
0.5606-06
0. S60E~06
0e 560E=06
0. 560E-06
0s 560k~ 06
0 560E~06

8 LM 0 7
e DGO~V O

0. 560F-06
0« 560E-06
De2121-04

8

STe DEV.

0e 1411E-05
0e 124E-05
04 134E-05
0. 409E=06
0e 107E~05
0.822E-06
0e151E-05

06 H35F-06
0. 120E-05

0. 117E-05
De 168E~05
0. 167E-05
0s127E-05
0.856E~06
O 158 E-005
De 122FE~005
0.9 50E-06
0. 138E~05
0s 173E-05
0. 127E~05
0. 101E-05
0.602F-06
0¢ S3BE-06
0« TT3E-Q6
0. 46QE~06
0.,977E-06

T 0. 588E-06

0. 690E~-06
0. 690E~06
0. C90E~06
0. G90QE~06
0. 690E-06
0. 690E~-06
O 690LE-06
0. 690F~06
0. 65 0E~06
0« 690L=06
0. GO0E~06
O 407E-04

RESI STI VI
20.25
2158
21. 63
216 58
22.50

21,76
19. 74
1795
1 6. 39
13.82

Tl 57
9.87
8. 36
“6e 61

5.88
5.10
4e 45
3. 63
P¢89
P T6
2.25
e 39
]0‘74
1. 29
08T
0. 73
0. 76
O+ 60
0. 60
0: (0
0. 60
0. .60
0. €0
0. 60
0. 60
0. 60
0. 60
0s 60

2255

S GROUP SEVEN

TY




FLECTROMAGNETIC SOWNDING DATA ;
UNION BIL COMPANY VALLES CALDERA SOUNDING6OI1S »l972

AFFEST DISTANCE= 3650, METERS
SHURCE LENGTH= 2350. METERS
RFECEIVER ARFA=. 1664 SOUARE KM
CURRENT STEP=11.50 AMPERES

DIGITIZING SCALE IS 0« S3EMICRAVIL TS/ DIV

EDITED AND STACKED DATA

TIME  NUMBER AVERAGE STe DEV. RESISTIVITY
0.04 6 0. 489 E-03 0«131E-03 704 79
0.08 6 0.949F-03 0. 536E-04 137. 32
0.12 6 0.101E-02 0. 111FE~-04 145, 60
0s16 5 0.857E-03 0«31 45~ 04 124, 09
0.20 6 O« 637E~03 0« 264FE~04 92415
0.24 6 O+ 47T6E~03 0.370E-04 65e85
0. 2% ja 0.321E~-03 0. 222E~04 46. 46
0.32° 6 0.232E-03 0. 327E~04 33, 52
0«36 6 D¢ 1 46E-03 0156104 21.10

0. 40 '6 0.112E-03 0.318E~04 [ 6o 18
Q. 44 6 0. 733E~04 0.190F~04 10. 61
0. 45 6 O« 528 E-04 Os 159 F~04 7o 64
0. 52 6 O. 411E-04 Oe 147504 5,95
0 56 6 O¢ 41 1LE=-04 0207504 5.95
0. 60 6 0. 125E-04 0.800FE~05 181

S 0. 64 6 0.268E-05 O« 148 E-04 0.« 39
0. 63 6 0«89 4E=-06 O« 1 40E~04 0.13
N.72 6 0.715E-05 0. 1683 E~04 1.04
0. 76 6 ~0.107E-04 0. 619kE~05 -1.55
0.80 6 -0.715E~05 0. 101E~04 -1.04
0.8 4 5 0. 5366£=-05 O 853 1E-05 0. 78
0.868 6 -0+ 626E~05 0. 76 5E-05 -0.91
0.92 6 098 4E-05 0. 18 7E-04 - 1. 42
0.96 6 ~0.805E~05 0. 123E~04 -1.16
1.00 6 ~0.89 4E=05 0. 115E~-04 -1.29
104 6 -0 134E~04 " 0.123E-04 ~1.94
1.08 5 -0. 161F=-04 0. 676 E~03 ~02.33
1.12 5 ~0.161E=-04 O« 678 E~03 -2.33
1,16 5 ~0.161E-04 0o 6THE~03 -2.33
1.20 5 “0.161E-04 0« 67T8E-03 -2.33
1.24 5 ~0e 161E-04 Ds 615 FE~03 -2.33

.28 6 ~0e 134E-04 0. 123k=~04 194
1.3°2 6 ~0. 134E~04 Oe 123E~04 “1.94
1. 36 6 ~ 0. 134E-04 0. 123kE~04 “1.94
1. 40 6 ~0e134E=04 O« 123E~04 ~1.94
I. 44 6 ~0e134E-04 0. 123FK~-04 -1.94
1o 453 6 < 0. 134104 0. 123FE~04 1.9 4
1. 42 & 0. 134804 0. ) 23F~04 “1.94
1. 56 6 ~0.134F-04 0. 123604 ~ 1

T ) GROUP SEVEN

90
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o el

FLECTROMACGNETIC

INITON @TL

ABFFEST DI STANCE=

SAURCE LENGTH=
AREA=. 1 664

RECEI VER

2350,

SOWDING DATA
COMPNAY VALLES CALDERA SOUNDING 602,

3950, METERS

METERS
SQUARE K™

CURRENT STEP=11. 50 AMPERES

DIGITIZING SCALE IS

0.021MICROVBL TS/ DIV

EDITED AND STACKED DATA

TIMFE
0.04
0. 08
0. 12
016
0.20
0. 24
0,283

0. 32°

0. 36
0. 40
0. 44
0. 48
0. 52
(e 56
0. 60
0. 64
0. 68
0. 72
0. 76
0.80
(1. 8 4
0.88
0.92
0,96
1. 00
1.04
1. 08
1. 12
116
1. 20
.74
1.28
1. 32
1. 36
1o 40
1e 44
1. A8
T. 99

1. 56

NUMBER
3
3
3
3

N
1]

.~

3

[R)
(94

t W W WWwWwLwwww

LW ww

W Ww LW

DWW

SRR
[

AVERAGE

0. 427TE-04
0. 682LE-04
0. 677F-04
O« 573E-04
0. 476L-04
0. 337E-04
0.247E-04
0 17T1E-CG4
0¢1348-04
0s 110E-04
0. 776E-05
Qe 48 4E-005
0.249E~05
0. 150E~05
0. 641E~06
0. 285E-06
O« 142FE-06
0. 235F~06
0. 150E~-05
0.997K-06
0. 570E-06
0. 427E-06
0. 356E~06
De T12E~07

0.214E-06

0. 214E-06
0. 340k~04
0« 340E-04
0s 3401-04
0. 340FE-04
0 340E-04
0. 340LE-04

O0.214E-06-

0.214F-06
Ce 21 4E~-06
D214E-06
0. 2148-06
021 4E~06

e 21 4E~06

STe DEV.

0. S68E-05
0¢ 157E-05
0.19&[~05
0.263E-05
0.267E~05
0. 119E-05
0. 705E-06
0v8 12k~ 06
0.211E-05
0.861E-06
0.806E-06
0. 1056~05
0.124K~05
O¢149E-05
0.923F~06
0.3241E-06
0. 112E-05
0. 439F=06

0.106E-05"

0. 661E-06
0 561 E-06
0. 629E-06
0. S33E-06
0.201E~06
0. 3491E-06
0. 3491E-06
O« 475E~04
0. 475E-04
Q. 475E-04
0. 475E-04
O« 475E-04
0. 475E-04

0. 349F~-06

0. 349FE-06
0. 342 E-~06
0. 349E-06

e 3491~06
0. 349E-~06

0. 349E-06 7

1972

RESISTIVITY

T. 671
12.27
12. 16
10. 30
B+ 56
6. 06
4e 45
3..19
2 4‘
1.99
1e 40
0.87
0« 45
0. 27
0. 12
0. 05
003
=0, 05
-0 27
-0.18 .
"Oo IO '
- 0. 08
~0. 06
- (0. 01
0,04
0. 04
“ o 12
Ge 12
Ge 12
6e 1 2
He 12
Ge 12
0. 04
0. 04
0. 04
0. 04
0. 04
0. 04
0. 04

GROUP SEVEN




FLECTROMAGNETI G
INION OIL COMPANY VALLES CALDERA SOUNDING 603

SOUNDING DATA

GFFFST DISTANCE= 4250, METERS
SIURCE LENGTH= 2350. METERS
RECKTVFR AREA=, 1664 SQUARE KM
CURRENT STEP=11.50 AMPERES

DIGITIZING SCALE IS

0. 054MI CROVOL TS/ DIV

EDITED AND STACKED DATA

TIME
0.04
0. 08
0. 12
0.16

0.20

024
0.24

0. 32

0. 36
T 0 40
0. 44
0. 45
oDe 92
Ne 56
0. 60
0. 64
0« 68
0. 77

NUMBER

AVERAGE
5 0. 49 4E-04
5 - 0.112F~-03
5 0. 120E-03
5 0. 105FE-03
5 0.813E~-04
5 0. 643E~-04
5 0. 4T3E~04
5 0. 344F-04
5 0. 240E-04
5 0. 176E-04
5 0.121E-04
5 0s837TE~05
5 0. 37605
5 0.258FE-05
) De 161E~0S
5 0. 751E-06
5 0. 377E-04
5 0. 396E-04
5 0. 387TE~04
5 = 0. 536E-06
5 -0.107E~-06
5 ~ 0 644E-06
S -0 P04E~05
5 -0. 1 50E~05
S -0, 11BE~05
5 ~0.858E-06
5 -0.311E-05
5 -0 2470~04
5 -0 247~ 04
5 0. 247FE~-04
S “0e247k-04
5 =~ 247E~04
5 ~ 0. 226E-04
5 -0 118E=-05
5 -0 118E~0H
5 0. 118E~-00
5 ~ 0. 118K~05
5 ~0. 1IBF-05
5 (e T1HF-0ND

STe DEV.

0. 134k-04
0. 3558-04
Qs 463E~04
0. 441 =04

0 330CE-0C4

0. 262F-04
0. 234E~04
0. 180E-04
0 133E-04
0. 103E-04
0. 634E-05
0. 340F=05
0. 759 E-06
0v164E-05
0. LAOE-0S
0. 125E-05

0. T43E-04

0. 7331E-04
0. 735 E~-04
0« 345 E-05

0.248E-05

0.8538~06
0. 142F~05
D« 115E~05
0. 5261-06
0.872E~06
0. 412505
D« 469 E~-04
0. 469 =04
0. 469 FE-04
O 469 E~04
0o 469 E-04
0. 429 E-04
O H26E=06
0. 526E~-06

Uy g
G. 526E-006

0. 526006

0. 526E-00
0 5261~06

1972

RESISTI VI TY
10. 53
23.91
25, 56
00,33
1735
13. 71
10. 09

7435
5.13
3. 75
2. 59
1e 79
0.80
0.55
0. 34
016
.03
Se 44
B.e206
-0 11
-0.02
"Oo 14
~0. 43
- 0. 32
~0.25
"Oo 18
- 0. 66

.26

26

526

026

.26

“4eB3.

-0.25

-0.25

0. 25

- 0. 25

~0.25

-0.25

£ ¢
[SxE G2 NS I U]

?
w
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FLECTROMAGNFTIC

SOUNDING DATA

UNION ©O1L COMPANY VALLES CALDERA SOUNDING 604, 1972

OFFEST DISTANCE=

SGURCE LENGTH=
AR A=, 1 664

RECFI VER

2350,

3900. METERS

METERS
SQUARE KM

CURRENT STEP=11. 50 AMPERES

DIGITIZING SCALE IS

0. 025MICROVOL TS/ DIV

EDITED AND STACKED DATA

TIME
0. 04
0: 08

0. 12
N.16
0s 220
D24
0. PR

0. 32 °

0. 36
0. 40
O 44
Oc 48
0. 52
0. 56
0. 60
0 64
0. 68
0. 72
O 76
0. 80
084
.88
0.92
0.96
1. 00
1. 04
1. 08
112
116
120
1o 24
I o 228
1, 32
1. 36
1. 40
bo 44
s A3
1o H2
1

. 06

NUMRBIR
6
6
6
6
6
6

" AVERAGE

0. 76 5E-04
0.171F-03
0.192E-03
0.176E-03
0.1461k-03
0.110E-03
0. 736E~04
0+ 517E-04

0« 360E~04
0.265F~04

0. 196F-04
0s 115E-04
Os T45F~05
0s SS9 E-05
O¢ 45TE-05
0+ 250E~05
0.239E-05
0.178E-05
0« 102E-05
0.847E-06

0. 59 3E~06 .

0. 339E-~-06
O 423K-06
0.127E-05
0. 119E-005
0. 106E-05
0« 169E-06
0. 1 52E-06
0. 423E-06
Qs 2128~-06
0. 423E-06
0. 7T20E~06
Oe 127E~05
0. 169E-06
NeBATE-DT
0. 635E-06
0e 381E=-06
0.8 47E~07

O.107E-06

i
I

STe DEV.
0.196F~04
O 1 77TE~-Q4
0+ 430E~05
0. 104E~-04
0.108E~-04
0.866E~Q5
0.9 421~05
0.883kE~-05
0. 323E-05
0. 443F-005
(e 455E~-05
D.263K~05
0.1 74E~-05
0. 129E-05
0.1 40E~05
0. 198E~05
0. 127E~04
0. 125E-04
0. 123E~-04
0. 183E-005
0.159E-05
0. 143E-05
0. 115E-05
0. 167E-05
0. 187E-05
0. 104E-05
0. 107E-05
Q.QO?E-OS
0.909E-06
O.111E-05
0.873E-06
0. 118E~-05
0. 131E=-05
0. 117E=-05
0.279E-05
0. 204105
0. 153E-05

0. 192K~05

RESI STIVITY

9e¢ 55
20.83
23. 36
21. 41
17479
13.35
Be9
64 28
4o 34
322
L 2.038
1+ 40
0.91
0. 68
0. 56
O. 30
0. 29
0.22
0.12
0.10
O. 07
0.0
D. 05
0.15
0. 14
0.13
0. 02
- 0.02
-0.05
-0.03
0.05
0. Q9
0.15
"0-02
0. 01
- 0s 08
=0.05
0. 01

9.3




FLECTROMACGNFETIC

SOUNDING

UNIGN GIL COMPANY VALLES

AFFEST DISTANCE= 4100. METERS

SOURCKE LENGTH=
AREA=. 1664

RECELI VIR

2350. METERS

SOUARE KM

CURRENT STEP=11.50 AMPERES

DIGITIZING SCALE 1S

0. 05441 CROVAL TS/ DIV

EDITED AND STACKED DATA

TIME
0. 04
0. 08
0.12
016
0.20
0.4

028

0. 32"

0. 36
0o 40
O 44
0. 47
0«82
0. 56
0. 60
:Ot 64
0- 65
0. 72
0. 76
050
0.8 4
0.886
0.92
0.96
1. 00
104

o

108
112
116
120
e 24
1 285
1+ 32
1o 36
1 40
1« 44
1o 48
e 5P

1= 56

NUMBER

¢

QUM U A U

[S2 3Ry}

S IR G208 ¥

[oaR o2 e N e A SR o NN

AVERAGE
0.771E-04

0., 145E-03"

0. 167E-03
0. 157E-03
0. 134E~03
0. 107E-03
0. 766E-04
0. 556E-04
0. 418E~04
0. 304-04
0.2145-04
0. 130E-04
0., 606FE-05
0. 2T76E-05
Qe 4T6E=05
0+ 314E-00
0.119F~05
0+ 152F-05
0. 238E-05

0.271E-06

~0s 171E-05
~0. 451E-06
-0 722FE-06
=0« 451E-06

-0« 126E~05

-~ 0. 135E~05
=0 1.62E-05
~-0. 18CE~0D5
= 0. 1892E-05
~0. 189E-05
~0. 180E-05
=0 180KE~-05
-0, 180E-005
- 198K~05
=0 198E-005
-0, 198E-05
=0 198E=-05
= 0. 1961-005
=0 1981-09

ST DEV.

0. 187E-04
0.156E~04
0.361E-05
0. 654E=05
0. 7T15E-05
0.123E~04
Ose 610E~-04
0. 532F=-C4
0. 281E~04
O 439E~04
0. 40PE-04
Os 362F-04
0. 23 3E~04
0. 26 5F~04
0.293E-04
0.295E~04
0.293E~04
O« P9 4E~04
0.296E~04
0. 350E-05
0. 339E~05
0. 404E-05
0. 433E-05
0. 425E~05
0.3215-05
O« 31 4E~05
0. 305E-05
0. 301E-05
0. 301E-05
0. 301E-05
cP9YE~05
0e 299 =05
0. 299E~05
00 301 E~05
0. 301E~05
Ge 301E-05
0. 301E~05
0. 301 E~-05
0. 301E=05

0

DATA CALDERA SOINDING 605,

RESISTIVITY
10 20
19.26 -
22. 06
20.80
17. 79
1412
1015

Te 37
5. 53
4, 03
. 284
1o 72
0.80
0s 63
0. &3
0. 42
0.16
0.20
0. 32
0.04
"Oo>23
"'Oo OC)
~0e10
-0 06
."OO 17

" ~0.18
~0e 21
~0.24
~0.25
~0.25
-0. 24
=0. 24
“'00 24
~0.26
= 0. 26
-0. 26
='Os ?6
~0. 26

~-0-26
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FLECTRAMAGNETIC SOUNDING DATA
UNION OIL COMPANY VALLES CAL DERA SGUNDING 606s 1972

GFFEST DISTANCE= 5500. METERS
SAURCE LENGTH= 2350. METERS
RECEIVER AREA=. 1664 SOQUARE KM
CURRENT STFP=12. 60 AMPERES

DIGITIZING SCALE IS 0.022MICROVWOLTS/ DIV

EDITED AND STACKED DATA

TIME NUMBER AVERAGE STe DEV.e RESISTIVITY
0.04 7 0. 535E-05 0. 166E~-05 2. 09
0«08 8 0.112E-04 0.301E-05 4 38
(e 12 7 0. 165E~04 0.247E-05 © 6y 44
0.16 L7 0. 198FE=~04 0. 238E-05 7. 73
0.20 ' 8 0.219E~04 0+ 135E-05 8+ 59
0.24 L8 0.217E-04 0. 134E~05 8. 48
0. 28 7 0.197E-04 0. 340E-04 Te T
0. 32 k 7 0. 118F~-04 . 0. 3345-04 6496
0.36 P T 0. 156E~04 + 0.326LE-04 6,10
Oe 40 7 0. 12204 06 315E~04 44 78
0. 44 7 Q.89 4FE-08 O« 304F~04 © 3. 50
0. 48 7 0. 711E~05 0.298 1~ 04 2. 78

. 0. 52 7 0. 609E-05 0 220E-04 2. 36
0. 56 7 D. 560E-05 0. 26 3E~04 2.19

. 0. 60 7 0. 380E-05 0.361E-04 1e 49

(0. 64 7 0.238E~05 0«29 4E-04 093
O« 68 7 0. 1L79E-05 O« 367E-04 0. 70
(e 72 7 0. 186F=-05" D.295F-04 0.73
0. 76 7 0. 139E-05 O+ 133E~04 0. 54
080 8 0. 595FE~-06  0.801E~06 0.23
0.8 4 7 0. 433E-06 0.998E~-06 0. 17
0.88 8 0 S68E-06 0,980F~-06 0. 22
0.92 7 O« 340FE~06 0. 102E~05 0.13
0.9 6 8 0. 162F-06 0. 716E-06 0.06
1+ 00 8 ~0. 108E~06 0. 108E~05 = 0.04
1. 04 7 O« I8 6E-06 0. 114E-05 0.07
}o 08 7 -0.155E-06 0« 343E-04 ~0.06
1.12 7 0.928F~07 0. 342F-04 0. 04
{16 7 0. 618E~-07 - Oe 342E-04 0. 02
1.20 7 “Q0e 618 LE~07 Oe 343F~04 ~0. 02
1.24 7 «0e 402E-06 Oe 344F~04 -0.16
1.23 8 “0a 541 E~07 D¢ 1O6E-05 0. 02
{32 7 0. 124FE=06 0. 125E-05 . 0.05
1.36 8 -0 379FE~06 0« 135E-05 -0.15
Pe 40 7 -0 124F-06 0. 9206 E-06 “0.05
1o 44 7 “0e 159%E-06 ° 0.101E-05 “0. 06
1. 49 7 ~0.9P8F-07 0. 109F=-05 -0.04
.52 7 (e 49 5F~006 0s 19 4FE-04 019

/ 0. H26E-006 0: 19 4F~04 -0 2}

1. E){‘
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FLECTROMAGNETIC

VALLES CALDERA EM

GFFEST DI STANCE=

SHURCE LENGTH=

SOUNDING DATA
SOUNDING 701

3950, METERS

METERS

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

DIGITIZING SCALE IS

0« 054MI CROVOL TS/ DIV

EDITED AND STACKED DATA

TIME NUMBER
0.04 5
0. 08 5
0.12 5
0.16 5
0.20 'S
024 i)
0. 28 "3
0. 32 .5
Ce 36 15
Oe 40 5
0. 44 _5
0. 49 5
0. 52 5
0. 56 5
()e 60

L 0. 64 9
D+ 68 5
Q. 72 S
076 5
0.50 5
D64 5
.88 5
0.92 S
0.96 5
1.00 )
1.04 5
1608 5
1e12 )
1e 16 5
1. 20 )
124 5
128 5
1. 32 S
1. 36 5
1. 40 5
1. 44 5
1o 4K 5

0 HP 5
fe D6 5

AVERAGE
0. 124E-03
0.161E-03

0.122E-03

0.841E-04
0. H522E-04
0. 314E-04
0. 166E-04
0.909E-05
0. 541E-05
(e 249E~005
0.195F-005
0.5 66E-06
0. 325E-06
0.866F-06
O 649E-06
0.866C-06
O« 541E~06
0. 758E-06
0« 541E-06
3o 325E~06
0.325E-06
0. 541E~06
0. 649E~06
0. 758E-06
0. 325E-06
0. 325E~06
0. 758E-06
0.853E~14
De 649F~-006
0.866E-06

~(0.853E~-14

0. 325E~06
0.931E~05
O 635E~04
0. 639E~-04
0. 5641E-04
0. 635E=-04
Oe 6241-04
0. 5691E-04

STe DEVe

0. 181E~04
0, 121E-05
0+ 462E~05
0s 269 [~ 05
0.2156-05
0. 249 E~05
0.201E-05
0:866E~06
0. 1456~05
0. 552E-06
0. 6491=06
0. 159-05
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. 121 E~-05"

0.121E-05
0.139E-05
0s 1 45E-05
0. 130E~05
0: 152F-05
0.1 45F-05
0. 121E~05
0e211E-04
0s 129F-03
0.129E-03
0. 129E-03
0.129F-03
0. 1276-03
0. 11 7E=03

RESI STIVITY
1 4. 68
11410

Te 65
de 15
2.86
1. 51
0.83
0. 49
0. 23
0. 18
0. 08
-0.03
-0+ 08
"O;O()
- (0. 08
-0.05
"Oc 07
-0+, 05
~-0. 03
-0.03
-0.05
~0.06
-0 07
~0.03
~-0.03
=007
- 0. 00
~0. 06
-0« 08
-0. 00
-0. 03
085
5- 78
5. 81
2.563
Se 73
5. 68
5. 18
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FLECTROMAGNFETIC SAOWNDING DATA
VALLES CALDERA 702

GFFEST DISTANCE= 4600. METERS
SAURCE LENGTH= 1900. METERS
RECETIVER AREA=.10664 SQUARE KM
CURRENT STEP=19.00 AMPERES

"DIGITIZING SCALE IS 0. 0S3MICRAVOLTS/ DIV

EDITED AND STACKED DATA

TIME NUMBER AVERAGE STe DIEVs
0.04 4 0.8 40KE~04 O« 449E~05
0e 03 4 0.1166-03 0. 116E~05
012 4 0.104~03 0. 305E~05
0«16 .4 O« 199~ 04 0« 339E~05
0.20 4 0. 578~ 04 0« 465E-05
0.24 4 0.390E-04 0. 372E-05
0. 28 |4 0.23%K-04 0+ 205E~05
0.32 4 0.160E-04 0. 262E-05
0. 36 | 41 D9 7H5F~05 0.378E~-05
O 40 4 0. 641E-05 0e 259 E~05
O 44 4 0.294F~-05 0.58 6E=-06
(e 48 4 0.801FE-06 0. B8 6E~06
0. 52 4 ~0.801E-06 0 246E~05
0Os 56 4 0« 000+ 00 0 32°7F~05
0 60 4 O¢ 134F-06 0. 308E-05

0. 64 4 0.214E-05  0s352E-05
0. 65 4 0.107E~05 0e 343E-05
0. 72 4 -0, 267E=-06 0. 116E~05
O« 76 4 0.267E=-06 0+ 153E-05
0.80 4 0.2676~06 0. 179LE-05
0.84 g “0e267E~06 . 0.134E-05
0.88 4 ~0eB01E-06 O« 463E-06
0.92 4 0. 134E~06 0.954E~06
0.96 4 0. 1471E-05 0. 291E-05
1. 00 4 0. 663E~06 0¢ 157E-05
1,04 4 0. 668E=06 0« 157E-05
1. 08 4 Os 663E~06 0.157F-05
1.12 4 O. 668E=-06 Oe I'57E~05
1e16 4 0. 668FE~06 - 0. 157E~05
1.20 4 0. 668E~06 0. 157E~05
124 4 0. 665F~06 00 157E~05
1.28 4 Oe 666106 O« 1 57E=-05
1. 32 4 Oe 6681~06 0c157E=-05
1. 36 / 0. 668E~06 0. 157E-05
1. 40 4 Oe GOSE=06 0« 157E-05
Ve 44 4 0. 668E~06 0. 157E-05
1o 4% 4 O« 66EF=06 Oe 157E-09
1. 52 4 Oe 665F~06 Os 157E=05
1. 56 4 Oe 6GBE~06 O 157TE-05

RESISTIVITY
13. 64
18« 75
16,91
12.96
9. 39
6+ 33
3.866
20 C)O
1o 59
1 04
0. 48
0.13
"0013
0.00
0.02
0. 35
0«17
“00.04
0.04
0. 04
-0.04
-0.13
0. 02
0.24
Oe¢ 11
0.1
0¢1
0.1
0. 1
0.t
0.1
01
Qe 1
Gs 1
Os 1
0.1
O 1
0.1
}

0
e

1
1
1
1
i
1
]
1
1
1
1
1
]
!




FLECTROMAGNETIC SOWNDING DATA
VALLES CLADERA EM SOUNDING 70 3

GFFEST DISTANCE= 5400« METERS
SOURCE LENGTH= 1900 METERS
RFECEIVFR AREA=.1664 SQUARE KM
CURRENT STEP=19.00 AMPERIES

DIGITIZING SCALE IS 0. 054MI CROVOL. TS/ DIV

EDITED AND STACKED DATA

TIME  NUMBER AVERAGE STe DIEVs RESISTI VI TY
0.04 4 0« 188 E~04 0.9 66E-06 S¢ 62 .
0. 08 4 0. 345F-04 D¢ 234E-06 11031
(e 1 2 4 0, 422F=04 0.251E-05 12 62
0.16 4 O« 402E-04 0. 189E-05 L8 01
0«20 v D¢ 356F~04 0.135E-05 106 64
0.24 4 0.267E-04 O« 104E-05 7497
0. 28 4 0.312E-04 0eB819E~04 ~94 34
0.32° 4 0. 341F=04 0.862E-04 -10.19
0. 36 4 0s 371F-04 08 45E-04 -1 1«08
0. 40 4 0«39 58~ 04 0.331E~04 ~11.81
0. 44 4 Os 410E=-04 0.823E-04 -18: 26
0. 48 4 0. 530E~04 0.834E-04 1584
0.52 4 0s 381E-04 Qe GOTE~04 11e39
0. 56 4 0. 373F-04 O« 611E-04 1114
0. 60 4 0. 769E~04 0.132E-03 20,99

C0. 64 4 O« 365E~04 0. 61 6E-04 10.90
0o 65 4 O+ 445E=-04 0.792E-04 -13.29
O 72 4 Oe 427105 0.873E-05 -1+08
0«76 4 0. 63CE~-04 0.106E-03 19.03
0.%0 4 0.216E~05 0¢ 304E~-05 0. 65
0.8 4 4 0.271E~-06 0. 124E=-05 0. 08
0.88 4 0. 122E~05 0. 326F~05 -0 36
0.92 4 0. 135F~-06 0e164E-05 ~0.04
0.96 4 0. 406FE-06 O 11 7E-05 0.12
{ « 00 4 0+ 406E-06 0 117E=-05 0612
1.04 4 0« 406E=06 0.117E-05 0.12
1.08 4 0. 406E-06 O« 117E-05 0«12
1« 12 4 00 406E=06 0. 117E-05 0. 12
1.16 4 0. 206F=-06 0.117E-05 0,12
{20 4 0. 406E-06 0.117E-05 s 12
{24 4 0. 406F=06 0. 117E-05 0.12
1488 4 0. 406E-006 0. 117E-05 012
1.32 4 0. 406F-06 0 117E~-05 . Oe 12
1. 36 4 O« 406E-06 0.117E-05 Q12
1o 40 4 0. £206E-06 sl TE=-DS Oe. 12
1. 44 4 0. 406k-06 D.117E-05 0. 12
1. 48 4 0« 40 6E=06 0.117E~05 0«12
1 o 52 4 Qs 498F-04 Q.847E-04 1 4488
1o 56 4 0. 295 E~-04 0.847E-04 1 46 08
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B FLECTROMAGNETIC SOUNDING DATA
oo VALLES CALDERA 705
' OFFEST DISTANCE= 5450. METERS
SAURCE LENGTH= 1900. METERS
, RECFIVER AREA=. 1664 SQUARE KM
| CURRENT STEP=19.00 AMPERES
o PDIGITIZING SCALE IS 0:022MI CROVOL TS/ DIV
EDITED AND STACKED DATA
TIME NMUMBER . AVERAGE 5T DEV. RESISTIVITY
0.04 4 0.223F-04 0. 19 5E~05 6. BY
0. 08 4 0. 518E~04 O+« 141E~05 1599
012 4 Os 566E-04 0. 137E=05 17+ 46
0.16 .4 O 518E~04 0. 245605 15097
Ge 20 14 0, 709 E-04 0. 456F-04 21,88
0.24 4 0. 635E~04 . 0. 497E-04 19. ¢8
0. 28 4 O¢ STTE-04 0. 532E-04 17.81
. 0. 32 L4 O« 524E-04 0« 563E~04 16416
P 0. 36 L4 0 48 6E-04 0. 53 4E-04 14499
37 \ 0. 20 4 O 451E~04 0. 605L-04 13.90
L O 44 4 Oe 437E~04 0o 611E-04 . 13. 49
Os 48 4 0« 39 4E~-04 0. 576E-04 12,16
}( X , L0452 4 0. 377E~04 O¢ S8 1E-04 11,62
0. 56 4 O« 37T4E~04 Qe $576F-04 11+ 53
o 0. 60 4 De3645-04 0. S560E~-04 11.23
' ; C 0. 64 4 O« 354E~04 0. S82F~-04 10.91
- 0. 68 4 0. 350E-04 O. 5831 E-04 10.80
S 6 P £ 4 . 0e353E-04 0. 579 E-04 1089
5 0. 76 4 0. 347E-04 0« 58 1E~-04 10¢ 69
0.80 4 0. 7T58E-06 0.699F-06 0. 23
; 0.8 4 4 0.9 74E~06 0. 622E-06 0. 30
0.68 4 ¢ 43 TE~06 0. 231E-06 0.15
0.92 4 O« 114E-05 O+ TH6E=06 0. 35
L 096 4 0.9 74E~06 0. S8 3E~06 0. 30
S . 1.00 4 0. 108E-05 0. 66TE-06 0. 33
by 1. 04 4 0. 108E-05 0. G6TE-06 " 0.33
1.08 4 D. 103E-05 0. 619E~06 0« 32
1012 4 0.103E~05 0. 619E-06 0. 32
e 1e16 4 0.812E~06 - 0. S60E-06 0.25
s 1.0 4 0.812E-06 O« S60E~-06 0.25
e ‘ 1.24 4 0.812E-06 0. 560E-06 0.25
1. 28 4 0.812E-06 0. 560F-06 0.25
1. 32 4 0.812F-006 0. 560E~ 06 C0.25
1. 36 4 0:.812E-06 0. 560E~06 0.25%
1. 40 4 0.812E~06 0. 560FE-06 N.25
1. 44 4 G.8120-06 0. 5608-06 0,55
1. 48 4 0.312F~06 0. S60E-06 0:25
; e 59 4 0.8661E~06 0. 552E-06 0+27
' 1. 56 4 0.8 661E~06 Oe 552E-06 Oe 277
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FLECTRAMAGNETIC SOUNDING DATA

VALLLES CALDERA 706

OFFEST DISTANCE= 5750 METERS

SAURCE LENGTH= 1900.
RECELI VER AREA=.1664

METERS
SOUARE KM

CURRENT STEP=19.00 AMPERES

DIGITIZING SCALE IS

0.022M1 CRO VAL TS/ DIV

EDITED AND STACKED _DATA

TIMF NUMBER
0. 04 5
0.08 5
Os 18 5
0.16 5
0. 20 5
0« 9/1 -.-
0.28 5
O« 32 5
0. 36 5
0. 40 5
0 44 5
O 48 5
Ve 52 5
0.56 5 -
0. 60 5 -
0. 64 5 -
0. 68 5 -
0. 72 5 -
0. 76 5 -
0. 80 5
0«84 5
0.68 5
0.92 5
0.96 5
1400 5
} o 04 &
1. 08 5
1. 12 5
1.16 5
.20 5
o84 5
14 2F 5
e 32 )
1¢ 36 o
1« 40 A
1o 44 5
o 75 5
1. 52 5
5

e 56

AVERAGE

0. 230k=-04
0. 460F~-04
0o 534E~04
06 464E-04

. 0. 382E-04

0. 304E-04
0.227E-04
0. 176E-04
0. 127E-04
0,99 6E-05
0., 730E-05
0. 574E-05
0e 604E~05
0+ 643E~-05
O« T8 TE-0D5
0.,822FE-05
0.,826E-05
0.8 42E-00
0. 1 5TE-05
0.135E-05
0. 157E-05
0+ 113E~-05
0. 139E-05
0. 113E-05
0. 609 E-06
0. 609E~06
0.870E~-06
0« 118E=05
0. 104E-05
0. 10012-095
0. 100E-05
0: 100E-0b
0. 100E-05
0. 100E-05
0. 100E-05
0. 100E~05
0. 100F-05

0. 100E=-05

100

STe DEV.

0. 28 5E-05
0.170E-05
0. 111E-05
0.9 78E-06
0. 180E-0Y
0.160E-05
0. 200E-05
0.208E-05
0. 148E-05
0. 133E-05
0. 219E-05
0. 155E-05
0. 134E-05
0. 222K~ 04
0. 220E-04
0. 213F-04
0.211E-04
0.211E~04
0.210E=04
0. 79 SE=06
00 574E=06
0.8 63E-06
0. 636E-06
0. 488 - 06
0. 60 6E-06
00 422E-06
0. 503F-06
0. 790E-06
0.906E~-06
0. 770E=~06
0. 109 E-06
0. 709 E=06
0. 709 E=06
0. 709E-06
0. 7T09E-06
0. 709E=06
0. 709 E~06
0. 709FE-06
0. 709E=06

RESI STIVITY
B.862
17 61
20. 44
20. 35
17. 76
140 63
11e 65
Bo 10
6o 12
4s8 6
© 3.6 1
2.850
2. 20
—2- 31
-2 48
"'3001
-30. 15
- 3. 1 6
= 30?.2
0. 60
0. 52
0. GO
0. 43
0. 53
0. 43
0.23
0.23
D« 33
0. 43
0. 40
0. 38
0. 38
- 0. 38
0+ 38
0. 38
0. 38
0. 33
0+ 38
0. 33

GROUP SEVEN



AR & . B &
= .

SRS el 2

FLECTROMAGNETIC SOUNDING DATA

VALLES CALDERA 707

OFFEST DISTANCE= 6400 METERS

SOURCE L.ENGTH=

1900.

METERS

RECFIVER ARFA=. 1664 SQUARE KM
CURRENT STEP=19.00 AMPERIES

DI GIATIZING SCALE 15 0. 021MICROVAL TS/ DIV

EDITED AND STACKED DATA

TIME
Ce 04
0. 0%
0. 16
0. 20
0. 24

0w 32
0. 36
0. 20
0. 44
0. 45
"0 52
0« 56
. 0. 60
0. 64
0. 63
O 72
0. 76
0. 80
0.84
O 88
0«92
0906
100
1.04
1. 08
1. 12
1«16
1«20
1 «@4
1«28
s 32
e 86
1« 40
1o 44
1o 48
s 52
]

=7
« OO

N UABER

[ NS IO IO IR O IR S AR S IR O IR V)

w

oo ueyaou s Ut

N

rm o
o L7

AVERAGE
0. 176E-04

0. 323E-04

0. 338LE-04
0s 391 E-04
0s 367E~04
0. 306E-04
0.240E~04
0.191E-04
O¢ 14TE-04
0. 100E~04
0. 721E-05
0.292E-04

0281104

0.271E-04
0.264F-04
0.233E~04
0. 363E~05
0. 128E-05
Q« 131 E-05
0. 112E-05
0, 142E~05

0e153E-04

0.152E-04
0. 154E-04
0. 1561F=-04

0.159E-04

0.153E-04
0. 15PE~04
D¢ 196E~05
0 19 6E-05
0. 19 6E-05
0, 19 6E-05
0.196E-05
0.196E~-05
0. 196F=05
0. 196E~05
0.196E=-05
0 1906E~05
0.196K-05

101

STe DEVe

G+ 31 SE~-0S
0+ 119E-05
0.975E-06
0. 130E~-05
O+ 49 7E-06
Os 1 42E-05
0. 808E~06
0« 119E=-05
0+151E-05
0¢ 173E-05
099 4E-06
O ATTE-04
0. 433E-04
0. 438 1E-04
0. 492E~-04
0 450E-04
0. 473E-05
0s191E-05
0. 378~ 05
0. 173LE~05
0. 124E-05
0. 28 7E-04
0. 290LE-04
0. 289 E~-04
0.2881E~04
0. 28 6E~04
0. 289 E-04
0 26 6E~-04
(s 319 L1005
0« 319E-05
0. 319 E~-05
O« 319 E~05
Os 319 E=Q5
0« 319E-05
0+ 319E-0D
0.319E-05
0. 319E-05
0.319E-05
0s 319E-05

RESI STIVITY

10+ 35
19. 04
2286
23. 06
21. 62
18 05
14015
1124
Be 68
592
4625
1724
1 6. 58
15.98
156 54
2. 14
0.87
~0e 77
0« 66
0.8 4
9 32
8.94
9. 09
9,19
9.+ 39
9.04
.98
]"16
116
l. 16
1. 16
1. 16
lo16
le 16
1«16
1«16
1o 16
1. 16

GROUP SEVEN




FLECTROMAGNETIC SBUNDING DATA
VALLES CALDERA 708
@FFEST DISTANCE= 4850. METERS
SPGURCE LENGTH= 1900. METERS
RECEI VER AREA=.1664 SQUARLE KM
CURRENT STEP=19. 00 AMPERES
DIGITIZING SCALE IS 0. 022M1 CRAVAL TS/ DIV
EDLTED AND STACKED DATA
TIME NUMRER AVERAGE ST. DEV. RESI STIVITY
0.04 4 0. 288E-04 O« 419E-05 5. 66
- 0. 08 4 0. 509E-04 0. 67T1E-06 9.99
0.12 4 O« 519E-04 0. 1556~05 10419
0v16 4 0. 446E=-04 O 542E~05 Ge 16
0«20 o 0. 335E-04 0. 318E-05 6+ 58
0. 24 4 0. 253F~04 0 206E~05 4496
0. 28 ia Os 1 TTE-Q4 0.902E~06 34 477
0. 32 4 0. 121E-04 0.134E-05 24 38
0« 36 ‘4 0e 89 4E-05 0. 117E-05 176
0. 40 4 O« 603E~05 Oe 1 TSE~05 118
O 44 4 O« 4045-05 0.204F~05 0. 79
0. 4% 4 Os 366E-05 D 172E-05 0. 72
0. 52 4 0.291E-05 0. 122E~05 0. 57
0. 56 4 0. 172E-05 | 0.927E-06 0. 34
0. 60 4 . 0. 102E-05 O+ 1521E-06 0. 20
0. 64 4 0+« 113E-05 0.919E~06 0.22
"0. 68 4 Oe 64TE~06 0. 403E-06 0.13
0«72 4 Oe 754E-06 Qe 444E-06 0+195
0.76 4 0. 108E~05 De 549FE-06 0. 21
0:80 4 De B 62E-06 0 2641=06 0417 b
0:8 4 4 0.8 62F~06 0. 264E-06 017 ;
0.88 4 0. 59 3E-06 O« 41 4E-06 0.12 §
0.92 4 0. 431E-06 0. 664E-06 0. 08 2
0.96 4 0. 323E~06 0.842F~ 06 0,06 E
1.00 4 0. 323E~-06 0.842E-06 0.06 |
1.04 4 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 0.8 54E-06 0. 07
1.16 4 C 0. 37TTE~06 0.854E~06 0.07
1.20 4 0. 377E~06 0+854E~06 Ge 07
1. 24 / 0. 37TT7TE~-06 0.854E-06 0.07
S Ipatss 4 0« 377E~06 0.854L~06 007
1. 32 4 0.377E-06 0.854E=06 0,01
1. 36 4 0. 3TTE~-0Q6 0.8354E-06 0. 07
is 40 4 0. 377E-06 0:854E-06 0. 07
1. 44 4 O« 377TE-06 0.8 54E=06 0. 07
1o 4% 4 0. 377E~06 0.854E-06 007
Po 59 4 0e 377H-06 0.854F-06 0. 07
1. 56 4 0. 37706 0.654F=06 0. 07
GROUP SEVEN




Apparent resistivities forx electromagnetic soundings made R
from source S, after correction for system response,
Sounding
Time, sec, 501 202 503, 506 - 507 508
0. 046 og.00 . 20.21 56. 02 P6e 49 31,85 23,55 Ex
‘ 0.051 DG . 42 [9. 69 51e 64 © 264006 34,77 24,95 ) |
I 0.056 27,80 19.35 /8.3l 2574 -36.66 2598 N
e 0GP 09,12 19.19 49,86 25,52  ~37.81 D6y 59
Al 0. 069 09,05  19.20 44,19 25,40 -38.40 @ 26475 :
D 0,077 29.59 19038 43,20  £5.33  -38.49 D646
) 0.065 29,74 1974 42,87 25045 -ggo1y 25.72
ﬁ | 0. 094 29.83 2028 43,17 2563 ~37.20 244 59
0.105  0o.g6  €1.02 4412 25,91 ..35.63 23.08 m
: 0.116 29483 21499 454 76 26429  ~33.16 1. 351 o
g 0. 129 09, 44 @266 460 91 . 26.56 -30.95 5017 S
‘ 0. 143 23+ 34 2. 31 44026 C6e A0 -31.19 . P0.66 R
} 0,158 26,77  21e31 403725099 ~33.,07  £2.23 I
@f\ 0.176 25,20  20.54  37.31  25.89 -g6.12 23,24 |
0.100  pa.p0 20«45 3813 2651 -39.81  22.15
R 0.016  po.67  20.42  38.53 0 26.05 -40.50 @ 20.76 g
i.‘»‘. ‘ 0. 240 20.07 19674 364 59 22.95 392,864 20, 30 T
a no 0260 17.¢3 18.94 34.04 22.A4 —11.61 18.992 - -
- 0.096 15,70 18419 31.83  28.00 12,57 16438
0. 320 1338 1698 9. 21 36424 13, 46 15, 32
E o 0. 364 1115 1 5. 59 27.22 37« 11 9. 66 1337
s 0. 404 g.56 13752 20.48  33.70 869 10,95 i
RE | O 443 (o 58 12+ 10 15.66  31.43 6o 52 Be 15 S
?‘j g 0. 491 aogg 10095 15045 29,55 o 7o 6 9% o
b | 0. 55) 3.05 9. 51 13.93 9.2 3.66 - 5.39 il
Co D (102 0,01 7. 70 10.96 2. 66 5,79 4o 05 L £
A C0. 619 1.54 S 78 70 62 2. 41 2. 31 3. 64
v} . 0. 753 0.98 4990 6025 193 1.87 2,90 o
A ‘ 0.6035 0.82 4019 5+ 35 1. 61 1. 50 o) 47 i ;
_— 0,927 - 0,93 . U068 4087 1. 32 106 5. 30 Rty
10 1,003 .20 3. 61 5. 20 297 1. 49 0,08
RIS B PR 0,95 2e 51 4 24 1. ap 1. 58 SR
N AN 0. 54 Le 24 3. e ~ 14,90 0. 79 Rt
g o A09 0. 53 1.20 3o 31 w340 060 R
1
‘v i
.
!
[
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Apparent resistivities for electromagnetic soundings made
from source 6, after correction for system response,

Time

0. 046
0.051
0.056
0062
0. 069

0,077

0. 085
0. 094

0,105,

D116
Q0. 129
0+ 143
0. 156
0. 176
0,195
0.2106
0. 240
0.266
0.296
0. 328
0. 364
0+ 404
0. 445
Qe 497

O' S)E)] »

O« 612
0. 670
0. 753
0.835
0.927
1. 028
1o 4
1.2606

j s 4()“

601

143. 70

150 26

155. 29
1 58+ 60
160.10
15973
157 51
1 534 50
147895
140. 74
130. 73
11674
10086
85.90
T2.95
60. 26
47018
3% 67
25,98
1735
11e 17
7. 32
Yo 22
2443
1. 98

"0026 ’

~0.84
“?.’,t 03
- 2. 08
0. 04
U 282
-0 G4

-0, 04

c.e

- e 0 E)

602

13. &Y

13.97

{4011
1412
13.98
13« 72
13 32
12.81
12619
11449
1071
984
a1
Te 58
5,83
de T4
e 9 4
6o 35
e 33
7o 61
689
6e 5T
6o 21
2.29
003
"‘Oo Ob
=0 06
=0 23
~ e 24
=0 02
0. 12
1.23
3e 7Y
0. 67

Sounding

603

2. 19
25.91
27. 30
28.29
28.866
28.97
284 65
27.85
26 66
2510
23« 37
21. 67

19.90°

170' 45
14613
10. 2
6o 21
3. 41
1. 72
“0o 08
-1+ 34
"20 73
- Pe 71
= 0e 49
0.23
~0-.03
2+ 41
4e 09
3.28
1+ 61
‘00'02
~ 36 47
-5 17

e 6O

604, 605 L1606
21. 30 20. 11 4, 30
22. 62 20493 44 58
23.73 21463 4e 87
24, 59 22,20 5.18
25.18 22, 63 S.e 51
250 at 20,90 5680
08, 45 23,02 6o 21
256413 22.97 6e 59
240 5{2 220 76 ' 70 UO
23. 64 204 40 Te 42
20 44 D14 67 T80
20.90 20, 34 8.005
19.13 15. 64 B$e19
1715 16,87 = Be28
15.00 1517 e 30
12499 13s 14 e 24

9489 10 6O Ts T8

T 37 e 21 7.07

5. 34 6o 25 e 27T

3:.89 4y 64 Se 49

2,15 © 3. 46 461

1.97 D434 3. 43

1. 28 1434 2. 35

O¢ 9 Q. 47 e 177

O 49 0,19 1e 41

0,35 0. 21 0.8

0,18 0.07 0. 50

0.11 0.03  0.37

0. 09 0. 04 0. 31

0.12 0. 04 0. 34

018  0.10 0 46

0.1  «0.05  0.39

0. 04 -~(0. 23 0+ 00

-0, 02 =06 206 = 0. 09
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Apparent resistivities for e
from source?,

‘Time

0.046
0.051
0.056

0,062

0.069

0.077"

0.085
0.024
0,105
0. 116
0129
0. 143
0.153
0176
0+.195
0.216
0. 240
0.266
(. 296
0. 328
e 364
G. 404
O« a4%
O 4977
Oe 551
(0. 612
0. 679
0. 753
0.835
0.987
1« 024
1o14al
1. P06

e 405

701

23.19
23,07
22. 70
22.09

21,26

20. 24,

19.06
17.75
16635
14069

D4 69

11977
10 683
G O
536
2.12
0.92
0« 53
0. 14
0. 05

. ~0.01

"'Oo. U*/l
= Qe 1 1
"Oc. 1 5

~00 182

- 0. 08
~0e U':)
-0.05
=~ Qe UE.}
= 0e 04
- 0. 02
-~ (0. 02

1«19

702

22.08

21. 72

‘21425
20. G6 -

19.97
194 20
18.34
1 7o /42
166 45
15 44
1 4. 09
126105
10 04
§« 36
Te27
5.9 4
4e 06
2.08056
2419
1« 34
0.93
Oe SO
0«10
-0.20

_‘0016

0.20
0.10

. ~0408

~-0. 02
0. 03

O 04‘

0.03
0. 10
0. 11

Sounding
703 705
1609 1781
Lac49 . 15,98
13.31 1984
12+ 50 50, 34
12. 02 90e 46

11486 20418

126
12
] 3e
13¢
12+

01 19453

45 18+ 54
29 17.26
€8 1 6o 44
66 16490

1083  18.27

966 19.81
9294 20,94
707 20,77
-l.62  jg.23
- 10. ¢l 15,98
-13.01 15701
-12.24 13,56
=953 2. 41
-11.13 11e 49
=784 10.45
11659 9,18
905 Te 53
-1e 74 44 13
2¢ 50 44 00
~0.89 4. 03
4e 473033
090 le 62
= 0. 46 0. 40
012 0. 25

706

13+ 65.

19+ 52
20. 28
20.93
ol 45
21.83
22006
22.15
22 08
2187
21 39
20. 50
19. 32
17.8656
16. 077
14418
12. 29
1028
Be24

o 45

2493
3¢ 69
2o 64

1« 50
g lc 19
-~ 2. 21
-1.59
~1e15
-0.59
~1.01
-0 48
0. 44
O 46

O« 38

lectromagnetic soundings made
after correction for system response,

7071 708

52,03 11e
22,77 1le
23. 42 114
23699 1.
D4, 46 114
D463 11,
25.10
25626 10
25,351 10.
25. 03 9.
P4e 36 S

23028 7.
20 H3 Se
18,95 4.

1576 3¢

13. 14 2
1098 2
8;64 le
5.9 4 le
/4;8 4 - Qe
9.97 0O
20+ (9 O
19. 12 0
15.86 O
641 - 0.
-0 17 0.
-0 28 1 0.
390 Q.
Ta a7 O
3. 12 0.

1«15 Oe

1e 16 Os

21.23 . 10.92

23
44
55
54
43
21

10.90

49
00
34
40
34
33
43
56
53
85
12
55
15
76
56
47
26
15
15
17
15
09
10
18
08
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