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,ABSTRACT -

A three~dimensioval high-resolation seismic
‘study of the summit caldera of Hewberry Volcano,
Oregon, was conducted by the D.5. Geological

Survey using an adsptation of the method spplied:

by Wercessisn et sl., (1984). Preliumisery iater-
’ pn:uin of the traveltime: residuals: revesls a-

ring of high P-velocity matsrial coiaeiding with-

the inner ring fault systes of the calders in the.
uwpper 2 km. A sone of lower P vilocities exteads
desper than 2 km in. the canter of the caldera.

INTRODUCTION

Rewberyy Volcsoo is a young. shield: volecano.
located in central Oregon about 50 km esst of the-

axis of the Cascsde volcanic chain. (Pigure 1).
Nacleod and Sammml (1982) descride-the geology: of
Newbarry Volcano.
vensered with basalt and basaltic-sndesite cinder
conas and flows, the youngest haviang O-14 ages of
5800 years. A 6-km dismster caldera. is preseat
st the summit and has been the locus of recurring
rhyolitic wolcanism. during the last 6000 years.
The youngest rhyolita is' 1350 years old and
vented msar the southern edge of - the caldera.
The: continuing rhyolitic wolcsnise. ia the summit
caldera has made it an attractive target for geo-
thermal exploration asnd asuggests that silicic
sages ssy be present in the shallow crest bensath
the calders.

Two geothermal wells drilled: in: the caldera:

encountered high temperatures st shallow depths.
A 930w well drilled by the: U.S3. Ceologicsl

Survey (USGCS) had- a: bottom hole temperature of -
A A%-n well drilled

265°C (Saumel, 1981).
asarer the caldera riag faults by Savdia Watiocual
Laboratories encountered a similar bet: slightly
hotter. temperaturs profile.
Slack et ol.

fault system. The locatioms of megmatic intru~
sicns, end the 1liksly besat eource: for the
thermal water, are poorly understoed.
be mear the ring fsults, or desper, with the
ring faulte serving se: conduits: for the water.

NOTICE

. THIS REPORT 1S 111,

. EGIBLE TO A DEGRER

‘major Cascade Range voluuo

The flanke of the shield are:

Thie: pettern. lad-
(1984) to suggest thet thermal
waters ware floving away from the calders risg.

Thay may - volcano..

" 1984) is shown ia Pigure 3.
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Location. of MNewberry Volcano and
wvolcanos (open
triangles), - previous seismic refraction lines
(dashed. lizes), and shotpoints wused in the:
current study (luu).

Figure 1.

The USG8 bas conducted oeveral seismic
stadies of Bewderry Volcano to elucidate its
structure snd to locate magma chambers. Staudber

. ot ale, (1985) did e telsseismic P-residusl study

to examine the crust beneath the volcano to &
depth of 40 km with a spatial resolution of $~10
kn. Pigure 2 is a vorthwest-southeast cross
section of the P-welocity wodel obtained. The
main festure is the sone of high P-velocities
bensath the caldera extending from within 10 km
of the surface to 25 ks depth. Stauber et al.
(1985) show that these high wvelocities severely
limit' the fraction of wagma present ia this
volume to- less than o fev percent. They
interpret the: high P-velocities to be csused by
oumsrous sudsolidus mafic iatrusions, lodged ia
the crust as the volcano grew.

Next, to exsmioe the: shallow structure of
the volcano, the USGS conducted an: east-west
ssismic refrection. experiment scross the
A preliminary interpretation of the
ssismic refractioa profile (Stauber and Berge,
This isterprecation
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Pigure 5. Pg. residuals for & shots recorded: at the Nevberry csldera erray. The values are in
waits: of hundredths: of seconds: end: sre contomsed st 0.1 o intervals. Aress with residuals greater
than 0.1 s snd less then =0.1 ¢ are: indicated by the shading. The hesvy dark lines show the
calders ring. fsult system. Dark arrows: show the direction of wave: propagaticn acroes the array.



foo km. Wigher density and higher P-velocity
ere expected in crystalline -intrusive bodies dus

to lower porosity snd  lower glass cootent than:
the surrounding extrusive rocks. This effsct {s.

clearly demcustrated for the rvift sooss of
Kilsues volcano by Ellswerth snd Koysnsgi (1977)
and. Broyles et al. (1979).
small intrusions in the upper fewv km sround the:

ring fault oystem at Wewderry Volcswo is an -

attractive candidate for the heat source of the
hot well wster found in: the calders.

The source of the rhyolitic mgmse erupted:

in the caldera is mot addressed with this ring-
intrusion wodel.

calders: by the present study is. & possible candi-
date for ¢ small eilicic magms chamber., A formsl
inversion of the present Pg and wide-angle
reflection data is needed. to. svaluate this hypo~
thesis (and is underway).

CONCLUSIONS

Qualitative: analysis of the traveltise:
residual patterns. obtained bBy. ¢ thees~dimen-.
sienal seismic imaging experimsat st Newberry:
Volcano indicates that P-velecity emsmsliss eu:
the- order of 30%, ars preseat is the wpper 5 b=
In particular, & ring of high-
velocity matarial in the upper 2 ke sround the.

of the volcano.

calders ring. fault systes is inferrved-  to exist

and coincide with a density anomaly inferved by
Griscos. and Roberts. (1983).. A low-velocity sone:
in. the center of the celders: is- inferred to-
extend somevhat deeper than the high-velocity
ring: aad is 8 poesible source region- for the.
high-silica rhyolitic magmas which have erupted

in the caldera several times. in the: last 6000
years.
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DEPTH IN KILOMETERS

DEPTH IN KILOMETERS

NO YERTICAL EXAGGERATION

] 1 2 Kn
W

FIGURE 2. Computer-generated geoelectric cross section. Top and bottom

parts are ver_tically exaggerated 4 and 1 times respectively.
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RESIDUAL BOUGUER GRAVITY

(Finn and Williams, 1984)
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100 PRE-TERT!IARY BASEMENT ROCK, POSSIBLY LARGELY INTRUSIVE IN NATURE
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GENERAL GEOLOGY OF

" THE CASCADES?!

The central Oregon Cascade Range is separable into two
physiographic provinces: (1) the Western Cascade Range—a
deeply dissected, uplifted block of Miocene and older tuffs and
lavas, and (2) the High Cascade Range—a relatively
undissected pile of chiefly post-Miocene volcanic rocks (Fig-
ure 2.1). Whereas great thicknesses of volcanic rock were
accumulating in the area during Oligocene to Miocene time,
the Cascade Range was not high enough until the Pliocene to
deplete the prevailing westerly winds of their moisture and
thereby to create semiarid conditions in eastern Oregon
(Chaney, 1938; Williams, 1942). In the early Pliocene (5 to 4

m.y. B.P.), rapid uplift and erosion of the central Western'

Cascades relative to the area now occupied by the High Cas-
cades created an elevated mountain range in the western part
of the province, thereby causing an effective rain shadow (e.g.,
Chaney, 1938; Williams, 1942, 1953; Taylor, 1980; Flaherty,
1981). Deep valleys were rapidly cut into the elevated western
part of the range, and by about 4 to 3 m.y. B.P., most of the
relief and the drainage patterns which characterize the pre-
sent-day Western Cascade physiographic province were well
established (e.g., Thayer, 1936, 1939; Williams, 1942, 1953;
‘Flaherty, 1981). Most of the present relief on the High Cas-
cade Range did not exist until the Quaternary, when the
majority of the High Cascade composite cones were built on a
platform of voluminous mafic Pliocene lavas (e.g., Williams,
1953; Taylor, 1980).

These changes in the physiography of the central Cas-
cades were accompanied by changes in the style of tectonic
deformation and the overall composition of the volcanic rocks.
During latest Eocene to earliest Miocene time, voluminous
silicic ash flows and lesser amounts of black tholeiitic lava and
calc-alkaline andesite, dacite, and rhyolite covered all of the
area now occupied by the Western Cascades (e.g., Callaghan,
1933; Thayer, 1937, 1939; Peck and others, 1964; White,
1980a,c). At about the same time, similar but more alkaline
lavas and tuffs were erupted from the area just east of the High
Cascade Range (e.g., see descriptions of the western facies of
the John Day Formation by Robinson and Brem, 1981). Dur-
ing the middle Miocene, calc-alkaline andesite, basaltic
andesite, and quartz-normative basalt flows were erupted
(Thayer, 1936, 1939; Williams, 1953; Peck and others, 1964;
Hammond, 1979, Hammond and others, 1980). Toward the
end of the Miocene and beginning of the Pliocene, between
about 9 to 4 m.y. B.P., eruption of olivine-normative basalt,
basaltic andesite, and subordinate andesite and dacite from
vents east of many of the earlier Cascade vents began. In the
latter part of this episode, basaltic andesite to dacitic volca-
nism became more common. When the volcanism became
increasingly mafic, about 9 m.y. B.P., the local minor folding
which characterized the middle Miocene north-central
Oregon Cascades was replaced by normal faulting along north
to northwest trends, and numerous northwest-trending dikes
were injected (e.g., Hammond and others, 1980; Avramenko,
1981; Priest and Woller, Chapters 3 and 4).

Uplift of the Western Cascade Range in early Pliocene
time was accompanied by additional north- to northwest-
trending normal faulting, especially at the present Western
Cascade-High Cascade physiographic boundary. Major
north-south faults form the eastern boundary of the uplifted
Western Cascade block in the McKenzie River-Horse Creek
area (Taylor, 1980; Flaherty, 1981; Avramenko, 1981) and in
the Waldo Lake area (Chapter 6).

21 See discussion of nomenclature in section on petrochemistry later
in this chapter for a discussion of rock classification used here.

Lineaments in the topography (e.g., Allen, 1966) and
regional gravity anomalies (Couch and others, 1982a,b) sug-
gest that similar faults bound the Western Cascade Range in
other localities as well. The uplift, faulting, and development
of most of the resulting erosional relief on the McKenzie
River-Horse Creek escarpment occurred over a very short
interval between about 5 and 3.4 m.y. B.P., according to
Flaherty’s (1981) data. Taylor (1980) concluded that most of
the faulting on the east-facing McKenzie River escarpment
and west-facing Green Ridge escarpment (Figure 2.1) proba-
bly occurred between 5 and 4 m.y. B.P. He suggested that these
faults bound a downfaulted block of the ngh Cascade
province.

This major faulting event in the early Pliocene was fol-
lowed by voluminous eruptions of basalt and basaltic andesite
in the High Cascade Range. Highly fluid diktytaxitic basalt
flows which dominated the earliest eruptions frequently
poured into the Western Cascade drainages, whereas the more
silicic lavas were constrained by their higher viscosity to the
low shieldlike platform that was developing on the present site
of the High Cascade Range (e.g., Taylor, 1980). By Quaternary
time, basaltic andesite composite cones were developing as the
result of explosive volcanic activity along the central and
western parts of the High Cascade province at the same time
that effusive eruptions of basalt and basaltic andesite were
continuing on the platform (Williams, 1953; Taylor, 1980).
Intermediate to silicic composite volcanoes were built in the
latter part of the Quaternary at Mount Hood, Mount Jeffer-
son, Mount Bachelor, South Sister, and Mount Mazama, but
basaltic eruptions continued in the surrounding platform (e.g.,
Williams, 1953; Taylor, 1980). The youngest eruptions in the
High Cascade Range have been chiefly dacite to rhyodacite
(e.g., South Sister, Mount Hood, and Mount Mazama) and
basalt to basaltic andesite (the Belknap Crater and Sand
Mountain flows). '

VOLCANIC STRATIGRAPHY

Introduction

A combination of time- and rock-stratigraphic units-has
traditionally been used for regional stratigraphy in the Cas-
cade Range (e.g., Wells and Peck, 1961; Peck and others,
1964). Because of regional changes in the composition of
volcanic rocks along the Cascades through time, certain inter-
vals of geologic time are characterized by distinctive rock-
stratigraphic units. Ages of volcanic rock have been judged in
the past by both radiomietric dates and relative degree of .
alteration, as well as by the tacit assumption that distinctive
compositional types of volcanic rock characterize certain geo-
logic times. Radiometric and compositional data from the
present study suggest that the latter assumption is often,
though not invariably, justified.

Figure 2.3 summarizes regional and local stratigraphic
units defined by various workers in the north-central Cas-
cades and compares them to an informal system of time cate-
gories used for this paper (Tables 2.1 and 2.2). The system
used here provides a basis for discussion in this paper and is
not intended to be used as formal usage or as a replacement for
existing rock-stratigraphic nomenclature. It is based on
breaks in time which, from mapping in the central Cascades,
appear to correspond to broad changes in the overall composi-
tion of volcanic sequences. This system avoids some of the
confusion generated by previous usage of regional rock-strat-
igraphic systems which sought to correlate particular type
sections over unrealistically large distances along the Cas-
cades. Terms such as “Sardine Formation,” whose meaning,
in terms of the age of the rocks concerned, is still debated (e.g.,
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Schlumberger Soundings near Newberry Caldera, Oregon

by

Robert J. Bisdorf

INTRODUCTION

In 1982 the U.S. Geologicél Survey made 21 Schlumberger soundings in and
near Newberry Caldera in Oregon (fig. 1). The soundings Qere made as part of
the U.S.G.S.’s Geothermal program. The purpose of the soundings was to find
areas of possibie geothermal potential ‘and to map zones of hot water which
have been detected by drilling (Sammel, 1981).

Newberry Volcano, located about 40 km south of Bend, Oregon, is one of
the largest Quaternary volcanoes in the conterminous United States. The
volcano and its lava flows cover an area of greater than 1200 kmz. Paulina
Peak (elevation 2434 m) is the highest remnant of the former mountain. The
floor rocks and ejecta that form the volcano range in composition from
basaltic to rhyolitic (Sammél, 1981).

The Newberry caldera (fig. 1) covers an area of about 45 kmz. All
exposed rocks within the caldera are Quaternary in age. The present caldera
fldor is'éomposed mainly of rhyolitic domes and flows of obsidian, basalt, and
andesite (McLeod apd others, 1981)., Two lakes, Paulina and East, are located
within thé caldera. A line of hof springs occurs along the south shore of
East Lake‘and a few springs occur on the north shore of Paulina Lake..

In 1981 the USGS drilled a geothermal test well in the caldera floor, to
a depth of>930 m. Water temperature at the bottom of the hole was 256° c.

The upper 610 m of the hole was described as very perméable and the lower 320

m as probably quite impermeable (Sammel, 1981),
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The purpose of this report is to release: the SEﬂluﬁberger sounding
data. Automatic inversions and a geocelectric cross section are also given and
discussed..
SCHLUMBERGER SOUNDINGS
Figure 1 is a map showing the iocation, identifying number, and direction
of expansion of the Schlumberger soundings. Thé Schlumberger soundings are

numbered consecutively from Newberry 1 to Newberry 21. All the soundings were

made along existing roads. Soundings were corrected fotr road curvature in a

manner similar to 'tﬁat described by Zohdy and Bisdorf (1982). All the

sounding data were automatically précessed and interpreted (Zohdy, 1973;
Zohdy, 1975) as shown in the graphs 1in the Appendix. The curves were

interpreted on a Hewlett-Packard (HP) 9845B desk top computer using a program

‘based on that of Zohdy (1973). The HP program was modified to use 0‘Neill

coefficients (0‘Neill, 1975) in place of Ghosh coefficients (Ghosh, 1971).

For each sounding, the data in the Appéndix include:

1) A log-log plot of the field data points, in which the "O"’s represent
the individual data points. The AB/2 electrode spacings, which were
measured in feet, have been converted to meters. Each set of data
points that was made with the same potential electrode spacing (MN) is
connected with a solid line. Measurements were made at the fixed MN/2
spacings of 2, 6, 20, 60, 200, and 600 feet.

2) A tabulation of the AB/2 electrode spacings in meters and the
corresponding apparent resistivities in ohm-m.

3) A log-log plot of the output of the automatic inversion program in
which:

a) The continuous curve represents the'shifted-digitized field curve

(Bisdorf and Zohdy, 1979).




b) The step~function curve represents the distribution of
interpreted—true resistivity with- depth.
c¢) The plus (+) signs represent points on the theoretical sounding
curve for the given distribution of resistivity with depth. These
points are given to show how well the interpreted model fits the
shifted-digitized curve.
4) A tabulation of the  interpreted depths in meters and the interpreted
. resistivities iIn ohm-m. |
Soundings 1,: 3, .18, and 19 had cusps that were obviously caused by
cgltural factors or current leakagé.< These cusps were manually smoofhed
before interpretation. Soundings 2; 4; 5, 12, 15, 16, 17, 20 and 21 had cusps
and other features»including'rapid decreases of apparent resistivity from -a
maximum on the sounding curve. Such featuresAwere manually smoothed sd that
the inversion program could better fit the undistorted portions of the
soﬁndings. Smoothed soundings have "-S" designations after the title on the
sounding interpretation plots in the appendix. Sounding 7 was not expanded to
the originally planned AB/2 spacing due to the effects of a buried telephone
cable. | |
GEOELECTRIC CROSS SECTION
Figure 2 shows a geoelectric cross section constructed from the interpre-
tation of the Schlumberger séunding data. The figure consists of two parts, a
nonvertically exaggerated cross secfion, and the same cross section vertically
exaggerated four times. The cross sections were generated in a manner similar
to that described by Bisdorf (1982, pages 5 to 7). On the right hand side of
the figureba scale is presented which relates interpreted resistivities with
shades of gray. Darker shades indicate higher resistivities and lighter

shades indicate lower resistivities. Triangles at the top of the cross sec-
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tions indicate sounding locations and the numbers above the triangles are the
sounding numbers. |

Two factors need to be considered when interpreting the crbss section.
The first factor is that, due to the nature of the interpolation techniques
used, anomalies not based on existing data may be generated between sounding
locations. For example,. between,soundihgs lé(and 17 in the upper 100 m a
lower resistivity - area. is shown. This area is very mch lower than the
resistivities under soundings 16 and 17 would dictate. The second factor is
the limited resolution of the plotter which produced the 'original plots.
Because of its fixed resolution the.xl and x4 cross seefions were generated
with a different number of vertical points. Therefore the xl cross  section is
only presented to show the layered structure of the cross section and the x4
crosé section is presented to show the detail.

‘On’the top of the cross section the approxiﬁate location of the caldera
rim is shown. The location of the USGS test well described by Sammel (1981)
is shown where it projects ﬁnto the cross section. The well is located about
1/4 mile southeast of this location (fig. 1).

The generalized lithologic log of the test well (Sammel, 1981) indicates
that the intermediate resistivity, 45 to 1000 ohm-m, materials could corre-
spond to tuffs, breccias, rhyolite flows, énd lacustrine or fluviatile sedi-
ments. In the vicinity of sounding one, at a depth of about 600 m, the main
rockl type changes to dacite and Easalt flows. Generally these rock types

exhibit higher resistivities than the 45 ohm-m (or lower) value indicated by

the interpretation of soundings 4, 5, and l. The low resistivities could be

indicative of a significant amount.of alteration, large quantities of hot or
saline water, or both. The temperature profile for the test well indicates an

increase in temperature at about 680-m, thus the low resistivity zone seems to



correlate with the increasing temperature. A larger low resistivity zone at a
depth of about 700 m is present under soundings 10, 6, and 12, The
resistivity cross section does not indicate a hydrologic connection between
the low resistivity areas in the upper 1.5 km, but this zone probably contains
hot water.

High resistivity material (>10Q0 ohm-mj is present in the upper 600 m
along the flanks of the volcano, mostly outside the caldera. This material
most likely consists of scoria and basalt or andesite f}ows. A thin (<100 m)
layer of this material'extends into the caldera from the east.

SUMMARY -

The USGS test well has shown the presence'of hot water in the Newberry

Caldera. Schlumberger séunding interpretations’correlate well with the drill
" hole indications of elevated borehole tempefatures. Low resistivity zones can

be assumed to be related to the presence of hot water or alteration zomes.

Another low resistivity zone not lnecessarily hydrologically related to the

zone near the test well.is present to the west and could contain significant
- amounts of hot water.

High resistivity material up to 600 m thick was detected on the flanks of
the volcano. .High~resistivity materials do no; occur in such large
thicknesses inside the caldera. The high-resistivity unit either does not
occur inside the caldera, or it has been altered.
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121.92 320.00 3514.34 41.98
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18.29 2519.09 304.38 78.00
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30.48 78@. 90 1196.98 §1.2@
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2803.86 §5.20
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3.9 3050.90 91. 44 22908.00
4.27 2288.00 121.92 2420.090
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IN RESISTIVITY IN RESISTIVITY
METERS [N OHM-METERS METERS IN JHM-METERS
3.99 2088.00 91.44 3200.09
4,27 15029.00 118.21 3698.080
6.19 938.09 171.91 3847.00 .
3.14 869.99 233.78 4409.08
12.19 958.09 299.78 40859.08
9.14 779.09 299.78 4872.08
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13.29 1109.09 $99.99 2645.09
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30.48 16@8. 80 882.79 1682.00
39.48 1550.98 1888.14 1234, 08
42,67 1909.00 1586.48 237.00
58.96 2659.00 2174,.14 79.00

91,44 3400.00 2793.26 46.09
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SCHLUMBERGER ELECTRODE SPRCING (ARB-2), IN METERS

ABs2 OBSERYED AB-/2 OBSERVED
IN RESISTIVITY IN RESISTIVITY
METERS [N OHM-METERS METERS [N OHM-METERS
3.88 1158.90 121,92 S109.98
4.27 908,99 182.88 43%8.0280
5.19 989.09 121.92 42909.080
3. 14 1358.00 182.88 35%568.90
12.19 1720.00 242.01 3364,.90
%.14 16020.90 302.96 2779.09
12.19 2190.00 392.06 3079.00
13.29 39080.00 422.18 1818.98
24.38 38009. 98 $95.38 1137.80
39.48 4600.00 898.2% 416,80
39,438 4550.00 1199.43- 256.80
42,67 $350.00 898.25 S21.00
50.96 €350.90 1195.43 286.90
91,44 $490.080 1787.96 © 73.00
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SCHLUMBERGER ELECTRODE SPACING (AB/2), IN METERS

Bk 4}‘

RBs2 OBSERVYED AB-2 OBSERVED

IN RESISTIVITY IN RESISTIVITY

METERS IN QHM-METERS METERS IN JHM-METERS
3.98 900.90 121.32 4937.09
4,27 645,00 183.79 4541.00
6.10 - 580.090 23%.61 4361.99
9.14 $99.00 277.67 3868.989
.14 620.00 277.87 420890
12.19 6§9%5.00 327.96 3391.09
18.29 849.20 439.94 © 1783.00
24.38 1973.99 732.43 $76.00
- 30,48 1250.09 843.89 455.00
38,48 1280.4980 732.13 445,00
42.67 1650.80 843.59 372.498
38,52 2068,.00 1357.58 153.00
37.78 2699.30 ) 1924, 51 Se.00
87.78 2931.00 2431.74 27.08.
2970.28 33.080
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SCHLUMBERGER ELECTRODE SPACING (ARB-2), IN METERS’

AB/2 OBSERVED ABr2 OBSERVED

N RESISTIVITY IN RESISTIVITY

METERS [N JHM-METERS METERS [N OHM=-METERS
3.95 1300. 20 121.92 3350.00
4.27 1050.89 191,41 3579.00
6.19 " 1979.00 248.49 326%.00
9. 14 1275.89 285.99 2634.0@
3.14 1219.98 28S5.90 2559.0@
12.19 13%0@.90 37%.351 2332.08
18.29 1808.98 S41.63 1524.00
24.38 22809.09 ) 837.29 §91.00
30.48 2599.20 337.29 818.00
38.48 2350, 00 1886.61 : 488,00
42.87 3009, 99 1417.32 179.30
60.96 3125.909 19S55.59 123.09
91,44 3450.08: 2%5098.1S 104,99
31.44 3%500. 89 2816.9S 93.00
3831.98 33.00
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DEPTH
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RESISTIVITY
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DEPTH
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INTERPRETED

4563.99
4171.68
3968.99
4079. 36
4192.49
3433.39
2251.53
10@4.79
282.39

S4.51¢
124,18
190.30

«97
.02
-89
.77
.83
.53
.98
.29
.54
.89

895.39

23
37
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391
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1619.13
"1991699.13
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63
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28
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89

1593.68
1514, 21
1534,23
1537,29
1410,
1088,
818
9081.98
1543.99
3018,
4949
Se4s.

.29
.42
.62
.31
1.33
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4.17
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3.21
19.94
15.71

18.68
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SCHUIUMBERGER ELECTRODE SPRCING (ARB/2), IN METERS

AB-2 0B3ERVED AB/2 OBSERVED
1N RESISTIVITY IN RESISTIVITY
METERS IN OHM-METERS METERS ' IN OHM=-METERS
3.0% 34%8.00 91,44 178,09
4,27 2%00.00 91. 44 . 15%.00
5.19 2499.09 . 121.92 148.00
9.14 2000.00 179.22 13%5.00
12.19 1559.09 237.44 120.08
3.14 2800.29 299.92 119.20
12.19 2159.90 299.92 109.00
13.29 13009.00 429.091 93.90
24.38 7108.@0 886.13 94.99
39. 48 450,00 369.29 198.98
30.48 489,00 1165.56 98.09
42,67 279.90 1165.56 79.0@
58.96. 189. 3@ 1771.%0 111.980
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SCHLUMBERGER ELECTRODE SPRCING ¢

RB-2
IN
METERS

3.08
4.27
.19
9. 14
2. 14
12.19
18.29
24.38
30.48
30.48
42.67
58,96
91.44

0BSERVED

RESISTIVITY
[N OHM-METERS

16200.90

26300.00
39000.08
16800.80
148098.00
19800.00
7000.99
$3590. 0909
47909.00
$500.09
4000.930
3698.99
2490.00
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ABs/2
IN
METERS

91.44
121.92
182.88
243.84
394.89
304,39
426,72
£§09.89
914,49
914,49

1219.29
1828.88
2438.40
3048.90

AB-2), IN METERS

OBSERVYED
RESISTIVITY
IN OMNMN=-METERS

2408.090
2250.09
1825.99
17%0.09
1549.08
15358.086
199809.98
748.09
350.90
300.00
260.00
209,00
169,008
133.289
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SCHLUMBERGER ELECTRODE SPARCING (AB-2J), IN METERS

RB/2 QBSERVED RBs2 OBSERVED
IN RESISTIVITY IN RESISTIVITY
METERS [N QHM-METERS METERS [N OHM-METERS
3.88 S1980.09 . 91,44 3420.09
4.27 41500.09 121.92 3440.00
.10 31009.00 182.88 3509.08
3.14 179098.20 243.84 © 3200.99
9.14 19009. 00 364.39 3380.98
12.19 12000.89. 304.30 3200.00
18.29 7909.99 426.72 2700.930 -
24.39 $50090.909 699.59 29008.99
20.48 4259.00 ’ 914.40 1509.09
42.67 3009.00 914,40 159@.00
39.48 £000.09 1219.20 72S.09
42.87 3600.00 1828.89 $09.00
50.96 2700.90 2438.4@ 3009.00
91.44 31900.99 3048.99 278.90
3637.69 194,99
40
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SCHLUMBERGER ELECTRODE SPACING (RB-2), IN METERS

RB/2 OBSERVED RB-2 OBSERYED
IN RESISTIVITY IN RESISTIVITY
METERS IN OHM-METERS METERS [N OHM-METERS
3.03 235009.80 91.44 4209.08
4,27 249008.09 121.9%2 45350.0@
§.10 23689.00 182.88 So00.2e
- 914 17509.089 243.84 : 4800.09 :
9.14 21989.09 304.39 4609.00
12.19 140008.29 304.399 4899,00
18.29 6099.98 426.72 4500.00
24.38 3790.080 609.59 3700.99
39.48 3490.00 914.40 2350.09
42.87 35900.99 - 914,40 2%08.099
. 30,48 4000.90 1219.29 2258, 28
42.87 .3790.08 1828.39 9098.089
£9.96 4100.00 2438, 40 $00.99
91.44 4000.00 3048,.90 399.80
3637.60@ 300.020 ComTT
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SCHLUMBERGER ELECTRODE SPRCING (RB/2), IN METERS

ABs2 OBSERVED : ABs2 OBSERVED
IN RESISTIVITY IN RESISTIVITY
METERS [N OHWM-METERS METERS I[N OHM-METERS
3.0% 18908. 080 121.92 6009, 920
+.27 20000.90 182.388 3800.00
6.10 21256.00 243.84 83608.08
9.14 23000.00 304.38 7290.00
S.14 24000.90 426,72 7%09.09
12.19 23%50.2@ 304.30 3400.99
18.29 24300.90 : 426.72 3500.08
24.38 289008.906 $09.60 3709.00
20.48 299009.29¢ ) 914,439 37%58.00
42.87 2290648.99 1213.29 2609.439
38043 25e909. 00 314. 48 2500.00
42.67 19008. 00 1219.29 1790.90
59.96 12900. 00 1828.39 6%2.00
31,44 $800.020 2438.40 317.90
121.32 3969.00 3048.00 2635.00

91.44 12000.00- ) 3657.60 378.00
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DEPTH
IN METERS
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RESISTIVITY
IN OHM-METERS

DEPTH
[N METERS

INTERPRETED

42427.81
17096.06
$699.64
2439.23
2372.63
1514.37
1223.8%
2751.76
79%54.45
3887.11
1947.673
183,27
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© 33.6%
12

36

33

96

39.

.59

48

1009929, 48

1S.
23,
46.79
69.73
183.
194,
234,
31S8.
489.
714
921.

.98
.58
.72
213

1498638.13
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Introduction

A time-domain electromagnetic (TDEM) survey of Newberry Volcano, Oregon
was carried out during July 1983 as part of a research project funded by
Department of Energy in conjunction with the USGS Geothermal Program.
Nineteen TDEM soundings were made using a central induction loop configuration
" at locations shown in Figure 1. This report describes the results of layered
earth inversions.

Newberry Volcano is a large Quaternary volcano located about 40 km south
of Bend, Oregon (MacLeod and Sammel, 1982). The flanks of the volcano are
composed of basaltic flows, andesitic to rhyolitic tuffs, and alluvial
sediments. The summit caldera, which contains Paulina and East Lakes, 1is
interpreted as being a collapse feature formed after the eruption of large
volumes of tephra.

In 1981 the USGS completed a 932 m deep drill hole in the caldera;
temperatures as high as 265°C were encountered (Sammel, 1981; MacLeod and
Sammel, 1982). The demonstrated occurrence of such high-temperature water has
caused an increase in geothermal exploration activity in the vicinity of
Newberry Volcano.

Field Procedure and Equipment

TDEM measurements were made using a SIROTEM II system (Buselli and
0’Neill, 1977). The SIROTEM system injects a bipolar, square-wave current
into a transmitter loop. When the current is turned off, the voltage induced .
in a recelving coil 1located at the center of the transmitter loop is
recorded. The SIROTEM system records and stacks the transients from a large
number of current turn-offs, and reports the averaged voltage-current ratios.

Square transmitter loops 457 m, 229 m, and 152 m on a side were used.
The receiver coil was an eight turn 38 m x 38 m loop (receiver ,coil moment
M. = 11,613 turn—mz) situated at the center of the transmitter loop. Four to
six runs, consisting of 2,048 transients per run, were made at each site. The
polarity of the receiver coil was reversed on alternate runs to reduce
instrumental noise.

At several locations, an external tramnsmitter built by the USGS was used
to increase transmitter current to about 12 amperes, which is about three
times the current delivered by the SIROTEM transmitter. The higher current
made it possible to record the transient with an acceptable signal-to-noise
ratio at later times, thereby gathering information from greater depths.

Data Preparation

The recorded voltage-current ratios were converted to late stage apparent
resistivity (Kaufmann and Keller, 1983, p. 457) using the formula

2
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where u, is the free space permeability, L is the length of a side of the
transmitter loop, M, 1s the receiver loop moment, t is time since current
shutoff, and V/I is the voltage-current ratio (all in SI units). Data from
several runs were averaged and converted to apparent resistivity. Data from
the first two SIROTEM channels were not used because they appeared to be
noisy. Late-time data were rejected when the data appeared to be noisy and
the apparent resistivity curves no longer behaved smoothly. Data obtained
using the external transmitter were combined with data from the internal
transmitter to obtain longer data records with less noise. :

Inversion of Soundings

Initial models for the data were obtained by curve matching wusing a
catalog of two-layer models (Kaufmann and Keller, 1983). These models served
as starting points for a non~linear least squares inversion by computer
(Anderson, 1982). Best-fit two and three layer models were found for each
sounding. If the three layer model did not provide a significantly better fit
than the two-layer model, then the three-layer model was rejected.

Results

Results of the inversions are presented in Figures 2 through 19. Figures
2a through 19a contain the output from the inversion program. This consists
of the sounding title, the effective transmitter loop radius (A = ﬂ‘l/zL), and
a 1list of the model parameters held fixed. For all models the . SHIFT
parameter, which is a scaling factor, has been set to 1.0. The next line of
the output specifies the type of convergence criteria which terminated the
inversion. See Dennis et al. (1979) for 'a discussion of the convergence
criteria. -

The first table contains the observed (0BS.Y(I)) and calculated (CAL)
apparent resistivities, and the residual (RES), i.e. the difference between
the observed and calculated apparent resistivity. The residual is also
expressed as a percentage of the calculated resistivity. The last column
(X(1,1)) gives the time. The line following this table gives the RMS error of
the fit. o ‘

The next table is the parameter correlation matrix. This provides a
measure of the interdependence of the model parameter estimates. A high
correlation between parameters indicates that only their ratio can be
determined, while a high inverse correlation between parameters means that
only their product can be resolved. Only the lower half of the symmetric
correlation matrix is shown. The column of integers to the left gives the
parameter number. It corresponds to the columns of integers in the following
two tables. As an example, if we consider the second entry in the first
column of any given correlation matrix, this will be the correlation between
the second and first unconstrained model parameters. :

The third table gives the model parameter estimate (PARM SOL.), the
standard deviation in the parameter estimate (STD ERROR), the relative error
which 1is the standard deviation divided by the model parameter (REL_ERROR),
and” the percentage relative error (% ERROR). The column of integers to the
left gives the parameter number,



The last table gives the final model parameter estimates: parameter
number and name, layer conductivities and resistivities, layer thicknesses,
and depths to the bottom of each layer. All units are SI.

Figure 2b through 19b present the observed apparent resistivity (circles)
and the computed model apparent resistivity (solid 1line) as a function of
time. The actual model resistivities as a function of depth are given in
Figures 2c¢ through 19c.

The RMS error of the models ranges from 1 to 147 with most errors less
than 10%. The percentage error of the layer thickness estimates is smaller
than the percentage error of the conductivity estimates. The second layer
conductivity is usually resolved to better than 5%Z. 1In a few cases, the first
layer conductivity is not well resolved, most often when the first layer is
very resistive.

Using the inversion results, three cross sections were constructed (AA’,
BB’, and CC’; see Figure 1). The first (A-A’, Figure 20) runs along an east-
west line through the caldera. The second (B-B’, Figure 21) goes north-south
just west of the western edge of the caldera. The third (C-C’, Figure 22)
goes north-south just to the west of the eastern caldera wall.

Discussion

The east-west profile A-A’ (Figure 20) can be divided into three
regions. The western boundary, which lies between stations 5 and 18, is
slightly west of the caldera rim and a probable ring fracture (MacLeod and
Summel, 1982). The eastern boundary, lying between stations 17 and 16,
corresponds to the inner caldera rim and the caldera rim fracture (MacLeod and
Sammel, 1982). :

The western region is characterized by a resistive (>300 ohm-m) near-
surface zone with a thickness of 300 to 500 m, underlain by a conductive
basement with resistivities in the range 16 to 61 ohm-m. The basement becomes
more conductive in the direction of the caldera.

The eastern region, which is near or outside of the caldera, has a very
resistive first layer (2,500 to 4,300 ohm-m). The resistive zone thickens
from 440 m at station 16 on the west to 500 m at station 11 on the east. The
second layer is a conductive zone with resistivities of 39-53 ohm-m; this zone
is similar to the near-surface layer on the eastern edge of the caldera. The
electrical basement below station 16 is even more conductive (10 ohm-m).

The central region, which roughly corresponds to the caldera, is composed
of a first layer that has resistivities of 56 to 190 ohm-m and which varies.in
depth from 270 to 430 m. Station 17 was interpreted as a three-layer section,
but the first two layers are comparable to the first layer at the other intra-
caldera stations. A conductor having resistivities of 2 to 31 ohm~m underlies
the caldera floor and bulges upward between stations 1 and 4. The first layer
corresponds with the fragmental rocks seen to a depth of 500 m in USGS test
hole Newberry 2; the deeper conductor corresponds to the flows and associated
breccia below 500 m depth (Macleod and Sammel, 1982). A



The western profile B-B’ (Figure 21) is similar to the western end of the
east-west profile. A resistive surface layer (210 to 730 ohm-m) overlies a
conductor (12 to 62 ohm~m). The depth of the conductor varies from 430 to 690
m. The conductor rises below station 2, which is near a hole being drilled by
Union 0il Company.

The eastern profile C-C’° (Figure 22) 1is more complicated. The
interpreted section at station 12 resembles the intra-caldera sections shown
in figure 20. Stations 16 and 13 show a very resistive first layer underlain
by progressively more conductive material; a section similar to that of
station 11 (Figure 20), which is located east of the caldera. The electrical
section at station 10 is similar to the section to the west of the caldera
(see Figure 20).

The TDEM soundings at Newberry Volcano indicate the presence of a
conductor at depth which becomes shallowest within the caldera. The overlying
material is more resistive, but £falls iInto three categories: moderately
conductive inside the caldera, moderately resistive to the west of the
caldera, and very resistive to the east of the caldera.
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<NLSTCI2>: Newberry Crater NBel 2 layer
A= 0,257900£+03 :
PARAMETERS HELD FIXED: IB= 4
¥%x¥kxk X=CONVERGENCE *¥¥xx
I 088.Y(I) CAL RES . %RES,.ERR
1 0,182000E+03 0,180539E+03 0,146€£+01 0,809157E+00
2 0,159000E+403 0,.159708E+03 =0,70BE+00 =0.443076E+00
3 0,142000£+403 0,143564E+03 =0,156E+01 =0,108944E+01
4 0,124000E+03 0,124469E+03 =0,469E+00 -0,377156E+00
5 0,109000E+03 0.107754E+03 0,125E+01 0,115602E+01
6 0,983000E+02 0,969028E+02 0,140£+40% 0,144185E+01
7 0.,900000E+02 0,8B4078E+02 0,.159E+01 0,180095E+01
8 0,788000E+02 0.821539E+02 =0,335E+01 -0,408248E+01
S 0.,747000E+02 0,756246E+02 =0,925E+00 =0,122269E+01
10 0,698000£+02 0,690392E+02 0,.761E+00 0,110199E+01
11 0.644000E+02 0.,643324E+02 0,.676E=01 0,105062E+00
12 0.605000E+02 0.608401E+02 «0,340E+00 -0,558980E+00
13 0.,597000E+02 ©,580973E+02 0,160E+0f 0.275868E+01
14 0.543000E+402 0,548513E+02 =0.551E+00 =0,100503E+01
¥% RMSERR= 0,15671540E+01 -
CORRELATION ™ATRIX
1 0.1000E+01
2 0,3587E+00 0,1000E+01
3 0.5687E+00 0.7172E+00 0.1000E+01
*¥PARM_SOL, STDL.ERROR RELERROR % ERROR ¥x
1 0,5993E«02 0,.1449E-03 0.2416E=01 0,2416E+01
2 0.3872E~01 0.6775£-03 0,1750E-01 O0.1750E+01
3 0.3730E+03 0.2166E=02 0.5806E=05 0,5806E=03
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA( 1) = 0.59982953E-02 0.16671404E+03
2 SIGMA( 2) = 0.38715161E=01 0.25829674E+02
3 THICK( 1) = 0,3730283BE+03
] SHIFT = 0,10000000E+01

XCI,1)
0.120000E=02
0.160000E=02
'0,200000E=02
0.260000E=02
0.340000E=02
0.420000E=02
0.500000E=02
0.580000£=02
0.700000E=02
0.860000E=02
0.102000£=01
0.118000£=01
0.134000E=01
0.158000E=01

LAYER DEPTH

1

0.37302838E+03

2a
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<NLSTCI2>: Newberry Crater NB=2 2 layer
A= 0,257900E+03 :
PARAMETERS HELD FIXED: IB= 4.
X¥%¥%*% X-CONVERGENCE *%x%¥
I 0B8S.Y(I) CAL RES %RES.ERR X(I,1)
1 0,336000E+03 0.328380E+03 0,762E+0! 0,232039E+01 0,120000E=-02
2 0,270000E+03 0,279927E+03 =-0,993E+01 =-0.354645E+01 0,160000E=02
3 0,243000E+03 0.243790E+403 =0,790E+00 ~0,323934E+00 0,200000E=02
4 0,205000E+03 0,202656E+03 0,234E+01 0,115665E+01 0,260000E=02
5 0,171000E+03 0.168195£+4+03 0,281E+01 0,166785E+01 0,340000E=-02
6 0,147000E+03 0,146398E+03 0.602E+00 0,411096E+00 0.420000E~02
7 0.,130000E+03 0.130043E+03 =0,430£-01 =0.330302E-01 0.500000E=02
8 0,119000£+03 0.118268E+03 0,732E+00 0.618799E+00 (,.580000E=02
9 0,106000E+03 0.105851E+03 0,149E+00 0.140463E+00 0,700000E=02
10 0.954000E+02 0.938310E+402 O0,157E+01 0,167216E+0! 0.860000E=02
11 0,849000E+02 0,854220E+02 -0,522E+00 ~0,611043E+00 0,102000E=-01
12 0.799000£+02 0.792177E+02 0,632E+00 0.861254E+00 0,118000E=01
13 0,722000E+02 0.743712E+02 =-0,217E+01 =0.291943E+01 0,134000E~-01
14 0.669000E2+02 0,687234E+02 -0,182E+01 ~0,265319E+01 0.158000E=01
*% RMSERR= 0,40761223E+01 '
CORRELATION MATRIX
1 0.1000E+01
2 =-0,4530E-01 0.1000E+01
3 0.4387E+00 0,3108£+400 0,1000E+01
¥*¥DARMALSOL, STD.ERROR REL-ERROR % ERROR *x
1 0.,3334E-02 0,1098Z=-03 0,3294E-01 0,3294E+01
2 0.4288BE=-01 0,1030E-02 0,2402E-01 0,2402E+01
3 0.4925E+03 0,1621E-02 0,3291E-05 0.3291E~-03
PARAMETER NANE FINAL SOLUTION ' RESISTIVITY LAYER DEPTH
1 SIGMA( 1) = 0,.,33337125E=02 1 0,29996588E+03
2 SIGMA( 2) = 0,42883433E-01 2 0,23319029E+02
3 THICK( 1) = 0.49249362E+03 1 0.49249362E+03
4 SHIFT = 0.10000000E+01
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<NLSTCI?2>: newberry Crater NB=3 2 lavyer
Az 0.257900E+03
PARAMETERS HELD FIXED: IB= 4
k¥xtx VARIABILITY CONVERGENCE *x%x%xx%
I 0BS.Y(I) CAL RES $RES.ERR
1 0,671000E+02 0.660378E+02 O0,108E+01 0,160854E+01
2 0.669000E+02 0,652104E+02 0.169E+01 0,259093E+01
3 0,.663000E+02 { 0,647156E+02 0,158E+01 0.244823E+01
4 0,637000£+02 0.648072E+02 ~0,111E+01 «0.170849E+01
5 0.620000E+02 0.636003E+02 =0.160E+01 =0,251615E+01
6 0.600000%+402 0.615260E+02 <0.,153E+01 =0,248028E+01
7 0.575000£+402 0,5932835E+02 =0,183E+01 ~0,308201E+01
8 0.563000£+402 0,567574E+02 =0.457E+00 =0,805928E+00
9 0.530000E+02 0,528882E+02 O0,.112E+00 0,211305E+00
10 0,495000E+02 0.495370E+02 O0,126E+01 0.260217E+01
11 0.462000%+02 0.452112E+02 0.989E+00 0.,218714E+01
12 0.434000E+02 0,424898E+402 0.910E+00 0.214228E+01
13 0,.412000E+02 0.400854£+02 0.111E+01 0.278051E+01
14 0,.3820008+02 0.371044E+02 O0.110E+01 0,295270E+01
15 0.351000E+02 0,344064E+02 0,694E+00 0,201581E+01
16 0,324000E+02 0,323341E+02 0,659E=01 0,203877E+00
17 0.299000E+02 0.305756E+02 =0,.676E+00 «=0,220949E+01
13 0.286000E+402 0.29128B9E+02 =0,529E+00 «0,181566E+01
19 0,.265000E+02 0,275415E£+02 =0,104E+01 =-0,378153E+01
20 0.249000E+02. 0.259293E+02 =0.103E+01 =0,396955E+01
** RMSERR= 0,12219495E+01
CORRELATION MATRIX
1 0,1000E+01
2 0.2307E+00 0,1000E+01 :
3 0.2442E+00 0.7058E+400 0,1000E+01
**¥PARM_SOL. STD_ERROR REL_ERROR % ERROR *x
1 0.1781E=-01 0,1672E=-03 0,9389E=02 0,9389E+00
2 0.8440E-01 0,1959&=02 0,.,2321E~01 0.2321E+01
3 0.4553E+03 0.3160E=02 0,.6940E=05 0,6940E=03
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA( 1) = 0.17807685E=-01 0.56155533E+02
2 SIGMA( 2) = 0.84403656E=-01 0.11847828£+02
3 THAICK( 1) = 0,45531293E+03
4 SHIFT = 0.10000000E+01

X(1,1)
0.120000E=02
0.160000£=02
0.200000E=02
0.260000£=02
0.340000E=02
0.420000E=02
0,500000E=02
0.560000E=02
0.700000E=02
0.560000£=02
0,102000E=01
0.118000E=-01
0.134000E=-01
0.,158000E=01
0.190000E=01
0.,222000E=01
0.254000E=01
0.286000E=01
0.334000£-01
0.398000E=01

LAYER DEPTH

1 0,45531293E+03
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Newberry Crater

<NLSTCI2>: NB=4 2 layer
A=z 0,257900E+03
PARAMETERS HELD FIXED: IB= 4
¥*xx** VARIABILITY CONVERGENCE #*x%xx
I 0BS.Y(I) CAL RES %RES.ERR
1 0,124000E+03 0.123296E+03 0,7924E+00 0,570923E+00
2 0,118000E+03 0(,118845E+03 =-0,845E+00 ~0,711317E+00
3 0,111000£+03 0,111500E+403 =-0,500E+00 =0,448676E+00
4 0,990000E+02 0,101860E+403 =0,226E+01 =-0,221831E+01
5 0,905000E+02 0.,909406E+02 =0.441£+00 ~0,484514E+00
6 0,832000E+02 0,821203E+02 0,108E+01 0,131480E+01
7 0,769000E+02 0,755089E+02 O0,133E+01 0,1765144E+01
8 0,718000E+402 0.707651E+02 0,103E+01 0,146248E+01
9 0.,647000E+02 0.550146E+02 =0,315E+00 =0,483853E+00
10 0.,599000£+02 0.590745E+02 O0,825E+00 0,139732£E+01
11 0,562000£+402 0.551483E+02 0,105E+01 0,190713E+01
12 0,518000E+02 0.520977E+02 =0,298£+00 =«0,571381£+400
13 0,488000E+02 0,495726E+02 =-0,773£+00 ~0,155859E+01
14 0,464000E+02 0,.,465781E+02 «0,178E+00 =0,382345E+00
15 0,421000E+02 0.437467E+02 =0,.165E+01 ~0,376413E+01
¥* RMSERR= 0,11577367E+01
CORRELATION MATRIX
1 0,1000E+01
2 0.7853E+00 0,1000E+01
3 0,8610E+00 0,9171E+00 O0,1000E+01
¥¥PARM_SOL, STD_ERROR RELL.ERROR % ERROR *x¥
i1 0.9541E~02 0.2090E-03 0,2190E-01 0,2190E+01
2 0.4840E~91 (0.1793E~=02 0.3704E~01 0.,3704E+01
3 0.3856E+03 0,4702E=02 0.1219E=-04 0,1219E-02
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA(C 1) = 0,95408158E=02 1 0.10481284E+03
2 SIGMA( 2) = 0.,484000789E-01 2 0,20661123E+02
3 THICK( 1) = 0,38564847E+03
4 SHIFT = 0.10000000E+01

X(I,1)
0.120000E=02
0.,160000E=02
0.200000£-02
0.260000E=02
0.340000E=02
0.420000E=02
0.500000£E=02
0.580000E=02
0.700000£=02
0,860000E=02
0.102000E=01 -
0.118000E=01
0,134000£=01
0.158000E=01
0.190000E=01

LAYER DEPTH

0.38564847E+03
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<HLSTCI2>: Newberry Crater &B=5 3 lavyer
A= 0,257900E£+03
PARAMETERS HAELD FIXED: IB= 6
¥x¥%x¥ X-CONVERGENCE ¥x%x*%xx
I 0RS.Y(I) CAL RES %SRES,ERR X(I,1)
1 0,298000E+03 0.294898BE+03 O0,131E+02 0,459875E+01 0,120000E=02
2 0,250000E+03 0,.252716E+03 =0,272E+01 =0,107472E+01 0,.,160000E~02
3 0.222000E+03 0,22827BE+03 =0,628E+01 =«0,275008BE+01 0,200000E=02
4 0,189000£+03 0.1956463E+03 =0,746E+01 =0,379862E+01 0.260000E=02
5 0,1630002+403 0,.165631E+03 =0,263E+01 ~«0,158869E+01 (,340000E=02
& 0,143000£E+403 0.,143776E+03 =0,776E+00 =0,540056E+00 0,420000E=02
7 0,128000E+03 0.127957E+03 0,430E~01 0.336045E-«01 0,500000E=02
8 0,122000E+03 O0,1158B27E+03 O0,617E+01 0,532940£+01 0.,580000E=02
9 0.107000£+03 O0,102141E+03 0,486E+01 0,475761E+4+0% 0,700000E=02
10 0.,937000E+02 0.894113E+02 0,429E+01 0.479661E+01 0,.,860000E-02
11 0.,839000E+02 0.805051E+02 0.339E+01 0,421696E+01 0,102000€=01
12 0.758000E+02 0,737343E+02 0,207E+01 0.280159E+01 0,118000£=01
13 0,693000E£+02 0,684333E+02 0,867E+00 0.126654£+01 0,1340002=01
14 0,621000E+02 0,623905E+02 =0,291E+00 =0,4656412+00 0,158000E=01
15 0.,564C00E+02 0.566014E+02 =0,201E+00 =0,355823E+00 0,190000£-01
16 0.523000E+02 0.523013£+02 =0,132E-02 ~-0.,251632E=-02 0,222000£E-01
17 0.475000E+02 0,490090E+02 =0,151E+01 =0.307902E+01 0.254000E=01
18 0,434000E+02 0,463933E+02 =0,299E+01 =-0.6451978+01 0,286000E-=01
19 0.,418000E+02 0,433341E+02 ~0,153E+01 =0,354024E+01 0,334000E=01
20 0.401000£E+02 0,403164E+02 =0,216E+00 «0,536726E+00 0,398000E=01
21 0.366000E+02 0.,38B0452E+02 <=0,145£+01 ~0,379860E+01 (0,462000£=01
¥* RMSERR= 0.4963448B0E+01
CORRELATION MATRIX
1 0.1000E+01
2 0,2227€+00 0.1000E+01
3 0.4656E+00 0.5078E+00 0,1000E+01
4 0,4974E+00 0,8203E+00 0,5011E+00 0,1000E+01
S 0,2213E+00 =0.1408E+00 0,3189E+00 =-0,2769E+00 O0,1000E+01
X¥PARM_SOL. STD.ERROR REL.ERROR % ERROR *%
1 0,2826E-02 0.2385E~03 0,8440E-01 0,8440E+01
2 0.,1430E-01 0.1080E-=02 0,7597E=01 0.,7597£+01
3 0.6202E-0t1 0,.,1689E~02 0,2723E=-01 0,2723E+01
4 O0.3344E+03 0.5220E~02 0,.1561E-04 0.1561£E=02
5 0.2313E+03 0.6684E-02 0.2890E-04 0,2890E«02
PARAMETER NAME FIMNAL SOLUTION RESISTIVITY LAYER DEPTH
1 SIGMA( 1) = 0,28262159E=02 1 0,35383002E+03
2 SIGMA( 2) = 0.14299732E=01 2 0,69931381E+02
3 SIGMA( 3) = 0.62019791E~01 3 0,16123886E+02
4 THICK( 1) = 0,33438226E+03 1 0,33438226E+03
S THICK( 2) = 0.23125919E+03 2 0.,56564148E+03
6 SHIFT = 0.10000000E+01
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Newberry Crater NB-5 3 l|ayer
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<NLSTCIZ2>: Newberry Crater NB=6 2 laver
A= 0.257900E+03 ‘
PARAMETERS HELD FIXED: 1IB= 4.
¥kx%% X=-CONVERGENCE ***xx%xx
I 0BS.Y(I) CAL . RES %RES.ERR
1 0,717000E+03 0,696352E+03 0.,206E+02 0,296523E+01
2 0,576000E+03 O0,587895E+03 ~0,119E+02 =0,202332E+01
3 0.493000E+03 0,.,504980E+03 ~0,120E+02 =0,237233E+01
4 0,414000E+03 0,425888E+03 =0,119E+02 =0,279132E+01
S 0.,354000E+03 0,358043E+03 «0,404E+01 =0.112908E+01
6 (,320000E+03 0.313197€+03 0,680E+01 0,217227E+01
7 0.299000E+403 0,283220E+03 0,158E+02 0,557172E+01
B8 0.275000E+03 0,260098E+03 0,149E+02 0.572957E+01
9 0,239000E+03 0,233931£+03 0,507E+01 0,216708E+01
10 0,209000E+03 '0,210254£+03 ~0,125E+01 =0,596204E+00
11 0.198000E+03 0,193326E+03 0,467E+01 0.241751E+01
12 0.177000E+03 0,180750£+03 =0,375E+01 =0.207490E+01
13 0.146000E+03 0,170953E+03 ~=0,495E+01 =0,289706E+01
- 14 0,153000FE+03 O0,159560E+03 ~0,656E+01 =-0,411132E+01
*% RMSERR= 0,11744075E+02
CORRELATION MATRIX
1 0.1000£+01
2 =0,4264E+00 0,1000£+01
3 =0,55%42E+Q0 0,3028£+00 0Q,.1000E+01
*XPARM_SOL, STD.ERROR REL_ERROR % ERROR *%
1 0,1377E=02 0,4998E=-04 0,3630E=-01 0,.3630E+01
2 0.1601E~-01 0.4325E=-03 0.2702E-01 0,2702E+01
3 0.6964£+03 0,2608E~«02 0,3745E=-05 0,3745E-=03
PARAMETER NAME FINAL SOULUTION : RESISTIVITY
1 SIGMA( 1) = 0.13767633E=02 0.72634125E+03
2 SIGMA( 2) = 0,18007731E-01 0.62469818E+02
3  THICK( 1) = 0.696393439E+03
4 SHIFT = 0.,10000000E+01

X(I1,1)
0.,120000E=-02
0.160000E=02
0.200000E=02
0.260000E=02
0,340000E-02
0.420000E=02
0.,500000E-02
0.580000E=02
0,700000E=02
0,860000E=-02
0.102000E=01
0.118000E=01
0.134000E=-01
0.158000E=01

LAYER DEPTH

1 0,69639349E+03
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<NLSTCI2>: Newberry Crater NB-7 2 layer
A= 0,257900E+03
PARAMETERS HELD FIXED: IB= 4
**¥%%% X«CONVERGENCE *%%%x¥x
1 0BS.Y(I) CAL RES %RES,.ERR X(1,1)
1 0.3865000E+4+03 0,340598E+03 0,.,244E+02 0,716436E+01 0,120000E=-02
2 0,317000E+03 0,322120E+03 =-0,512E+01 «0,158943E+01 0,160000E~02
3 0.,280000E+03 0,296954E+403 -0,170E+02 =0,570931E+01 0,200000E=~02
4 0,245000£+03 0,257525E+03 ~0,125E+02 =0,486360E+01 0,260000E=02
S5 0,216000E+03 0,.,217986E+03 ~0,199E£+01 =-0.910342E+00 0,340000E=-02
6 0.193000E+03 0,190756E+03 0,224E+01 0,117613E+01 0,.420000E=02
7 0.179000E+03 0.169297E+03 0,970E+01 0.573129E+01 0,.,500000E=02
8 0.161000E+03 0.,153409E+03 0.759E+01 0,494834E+01 0.58B0000E~02
9 0.140000E+03 O0,137047E+03 0.295E+01 0.215456E+01 0,700000E=02
10 0,124000E+03 0.120792E+03 0,321E+01 0,265570E+01 0,860000E«02
11 0,.,112000£+03 0.109103E+03 0,290E+01 0,265520E+0! 0,102000E~01
12 0.103000E+403 0,100724E+03 0,228E+01 0,225954E+01 0,118000E~=01
13 0.,932000£+02 0.941709£+402 =0,.971E+00 =0,103098E+01 0,134000E=01
14 0,825000E+02 0.863864E+02 =0,389E+01 =0,449882E+01 0,158000£=01
15 0.771000E+02 O0.788546E+02 =0,.175E+01 «0,222507E+01 0.190000E=01
16 0,727000E+02 0.733393E+02 «0,639E+00 =0,871760E+00 (0.222000£=01
17 0.,083000E+02 0,691490E+02 =0,849E+00 «0,122773E+01 0,254000E=01
18 0.,623000E+02 0.658117£+02 =-0,351E+01 =-0,533605E+01 0,286000E=01
*% RMSERR= 0,92804003E+01
CORRELATION MATRIX
1 0.1000E+01
2 =0,2126E+00 0,1000E+01
3 ~0,5523E=01 0.2364E+00 0,1000E+01
*¥PARM_SUOL, STD.ERROR REL_ERROR % ERRQOR *x
1 0,.3494E-02 0.,1181E-03 0,3381E-01 0,33B1E+01
2 0,3908E-01 0,1251E=-02 0,3200E-01 0,3200E+01
3 0,6062E+03 0,.,3365E=-02 0,5551E-05 0,5551E-«03
PARAMETER NAME FINAL SOLUTION RESISTIVITY LAYER DEPTH
1 SIGMA( 1) = 0,34938017E=02 1 0.28622116E+03
2 SIGMA( 2) = 0.39084874E-01 2 0,25585346E+02
3 THICK( L) = 0,60620282E+03 1 0,60620282E+03
4 SHIFT = 0.10000000E+01
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Newberry Crater NB-7 2 layer
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NB=8

<NLSTCI2>: Newberry Crater 3 layer
A= 0.257900E+03
PARAMETERS HELD FIXED: IB= 6
¥x¥%kx X-CONVERGENCE *¥xx*x
I 0BS,Y(I) CAL RES $RES.ERR X(I,1)
1 0.207000E+03 0,208521E+03 =0,152E+01 =0,729298E+00 0,120000E=02
2 0.195000E+03 0,195554E+03 =0,.,564E+00 =0,298635E+00 0,160000E=02
3 0,183000£+03 0,.,183844E+03 O0,116E+01 0.628739E+00 0,200000E=02
4 0,17Q0000E+03 0.169514£+03 0,486E+400 0,28A526E+00 0,260000E=02
5 0.,155000E+03 0,156531E+03 =0,153E+01 -0,978046E+00 0,340000E=02
6 0,141000E+03 0,143422E+403 =0,242E+401 =0,168875E+01 0,420000E=02
7 0.,133000E+03 0,.130678E+03 0,232£+01 0,1776BO0E+01 0,500000E=-02
8 0.,122000E+03 0,120044E+03 O0,195E+01 0,162948E+01 0,580000E=02
9 0,106000E+03 0,106303E+03 =-0,303E400 «0,285043E+00 (0.700000E=02
10 0.904000£+02 0,916297E+02 =0,123E+01 =0,134203E+01 0.860000E=-02
11 0.801000£+02 0,805847E+02 =0,485E+00 =-0,601492E+00 0,102000E~01
12 0.,721000E+02 0.719589E+02 0,141E+00 0,196135E+00 0,118000£E=-01
13 0.,667000E+02 0,651686E+02 0,153E+01 0,234992E+01 0.134000E=01
14 0,576000E+02 0,574299E+02 O0.170E+00 0.296109E+0C O0.158000E=01
15 0.502000E+02 0,499901E+02 0.210E+00 0.419845E+00 0,190000E=01
15 0.,455000£+02 0,445012€+02 0,999E+00 0,224438E+01 0,222000E=01
17 0,414000€+02 0,403113E+02 0,109E+01 0,269952E+01 0,254000E=01
18 0.374000£+02 0.370399E+02 0,360E+00 0.972163E+00 0,286000E=01
19 0,321000E+02 0.333070E+02 =0,121E+01 =0,.,362377E+01 0,334000E-01
20 0,.,286000E+02 0,296327E+02 =-0,103E+01 =-0,348509E+01 0,398000E=01
*¥ RMSERR= 0,14316093E+01
CORRELATION MATRIX
1 0,1000E+01
2 0.8378E+00 0.1000E+01 | |
3 -0,1353E+00 =-0,3102E+00 0,.1000E+01
4 0,.8603E+00 0,9619E+00 =-0,3672E+00 0,1000E+01
5 =0,8210E+00 =0.8589E+00 0.2387E+00 =-0,8981E+00 0.1000E+01
X¥PARM_SOL, STD.ERROR REL.ERROR % ERROR x*xx¥
i 0,5327E-02 0,1623E-03 (G,3046E=-0t 0,3046E+01
2 0.3183E-01 0.1355£-02 0.4256E=0! 0,4256E+01
3 0.1853E+00 0.16625=02 0.,8974E=-02 0,8974E+00"
4 0,4222E+03 0.4436E-02 0,1051E=-04 0,1051E-02
5 0.2387£+03 0,5186E=02 0,2173E-04 0,2173E-=02
PARAMETER NAME _ FINAL SOLUTION RESISTIVITY LAYER DEPTH
1 SIGMA( 1) = 0,53270226E-02 1 0,18772212E+03
2 SIGMA( 2) = 0,31825010E=01 2 0,31421829E+02
3 SIGMA( 3) = 0,18526085E+00 3 0.53977947E+01
4 THICK( 1) = 0,42220587E+03 ' 1 0.42220587E+03
5 THICK( 2) = 0.23867612E+03 2 0.66088202E+03
) SHIFT = 0,10000000E+01
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<NLSTCI2>: Newberry Crater ©NB=9 3 layer
A= 3,257300E+03 &
PARAMETERS HYELD FIXED: IB= 6
¥¥%¥%kx X=CONVERGENCE #**x¥x
I 0B85,Y(I) CAL _ RES $RES.ERR X(1,1)
1 0.331000x+03 0.328833E+03 0,217E+01 0.659051E+00 0,120000E=02
2 0.,273000E+03 . 0.275666E+03 =0,267E+01 =0.,967107E+400 0,160000E=02
3 0.241000E+03 0,242536E+403 =0,154E+01 =0,633244E+00 0,200000E=02
4 0,207000E+03 0,210931E+03 =-0,393E+0}! ~-0,186361E+01 0,260000E=02
S 0,185000E+03 0.,184592E+03 0.408E+00 0,220757E+00 0,.340000E=02
6 0,170000E+03 0,167674E+403 0,233E+01 O0,138740E+01 0,420000E=02
7 0,161000E+03 0.155699£+03 0,.,530E+01 0.340489E+01 0,500000E=02
8 0,153000E+03 0.146641E+03 0,.,636E+01 0.43363BE+01 0,580000£=02
9 0.134000E+03 0.13645€6E+03 =0,246E+01 =0.179961E+01 0,700000E=02
10 0.122000E+03 0,127028E+03 =0,503E+01 =~0,395841E+01 0,860000E=02
*¥¥ RMSERR= G(G,51970654E+01 ‘
CORRELATION MATRIX
1 0.1000£+01
2 =0,3382E+00 0.1000£+01
3 =0.6829E+400 =0,2451E+00 O0.1000E+01
4 =0,2077£+00 0,4342E-02 0,3834£E+00 0,1000E+01
5 =0,2688E+00 0,3347E+00 0.686B8E«01 =-0,6915E+00 0,.1000E+01
- ¥¥pPARM.SOL,. STD.ERROR RELLERROR % ERROR *%
1 0.1113E~-02 G,5115SE=-03 0,459SE+00 0,4595E£+02
2 0,5592E=02 0,1418E«02 0,2535E+00 0,2535E+02
3 0,1645€E=01 0,1588E=02 0,9654E=01 0,9654E+01
4 0,2855£+03 0,5506E«02 0,1929£=04 (0,1929E=02
5 0,1249E+03 0.1284E=-01 0,1029E=03 0,1029E-01

PARAMETER NAME FINAL SOLUTION RESISTIVITY LAYER DEPTH
1 SIGHMA( 1) = 0.11131888E=02 1 0.89832019E+03
2 SIGMA( 2) = 0.55924091E-02 2 0,17881381E+03
3 SIGMA( 3) = 0.16453654E~01 3 0.60776775E+02 o
4 THICK( 1) = 0.28549359E+03 1 0,.28549359E+03
5 THICK( 2) = 0.12487097E+03 2 0.,41036456E+03
6 SHIFT = 0.10000000E+01 N
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<NLSTCI2>: Newberry Crater NB=10 2 layer
A= 0,257900E+03
PARAMETERS HELD FIXED: IB= 4.
¥x£%x VARIABILITY CONVERGENCE **x¥%
I 08S.Y(I) CAL RES $RES.ERR
1 0.539000E+03 0,523273E+03 0,157E+02 0.300541E+01
2 0,443000E+403 0,457858E+03 =0.149E+02 =-0,324510E+01
3 0.351000E+403 0.393085E+03 =0,121E+02 «0,307434E+01
4 0,315000E+403 0,322468BE+03 =0,747E+01 =0,231587E+01
5 0,262000£+03 0,256666E+03 0,533E+01 0,207836E+01
6 0,219000E+03 0,215065E+03 0.,394E+01 0,182989E+01
7 0.191000E+03 0.187299E+03 0.370E+01 0,197580E+01
3 0.169000E+03 0.166005E+03 0,299E+01 0,180404E+01
9 0.148000E+03 0.142660E+403 0.,534E+01 0,374319E+01
10 0,125000E+03 0.122390E+03 0,261E+01 0,213232E+01
11 0,107000E+03 0,108043E+03 =0,104E+01 =0,.965572E+00
12 0.9620002+02 0,974934E+02 =0,129E+01 =0,132664E+01
13 0,902C00E+02 0.,894735E+02 0,726E+00 0,811957E+00
14 0.794000E+02 0.804204E+02 =0,102E+01 =0,126885E+01
15 0.704000E+02 0,717131E+02 «0,131E+01 =0,183098E+01
16 0,624000E+02 0,653913E+02 =0,299E+01 =0,457447E+01
*¥ RMSERR= 0,77798038E+01
CORRELATION MATRIX
1 0.1000E+01
2 =0,6231E=01 0,1000F+0}
3 0.,1745£+400 =0,6711E=01 0,1000E+01
*¥PARM_SOL, STD.ERROR  REL.ERROR % ERROR *¥
1t 0,2416E-02 0.7581E-04 0,31382-01 0,3138E+01
2 0,6271E-01 0.1437£-02 0,2292E-01 0,2292E+01
3 0.6375E+03 0,.1853E=-02 0,2907E=-05 0,2907E=03
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA( 1) = '0,24156065E=02 1 0.,41397470E+03
2 SIGMA( 2) = 0,62712103E-01 2 0,15945886E+02
3 THICK( 1) = 0.63750897E+03
4  SHIFT = 0,10000000E+01

LA

1

X(I,1)
0.120000E~02
0,160000€E=02
0.200000E=02
0.260000E=02
0.,340000E=02
0.420000E=02
0.500000E=02
0.580000E=02
0.,700000£=02
0,860000E=02
0.102000E~01
0.118000E-01
0.,134000E=01
0.158000E=01
0.190000E=-01
0.222000E=-01

YER DEPTH

0.,63750897E+03
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<NLSTCI2>: Newberry Crater HNB=11 2 layer
A= 0,.257900E+03 '
PARAMETERS HELD FIXED: IB= 4
¥x%% X=-CONVERGENCE ¥*xx%x
I 0BS.Y(I) CAL RES %RES.ERR
1 0.511000E+03 0.511044E+03 «0,441E=01 =0.863495E=02
2 0.398000E+03 0,400054E+03 =0.205£+01 =0,513450E+00
3 0.333000E+03 0.333795E+03 ~0,795E+00 =0,238119E+00
4 0,270000E+03 0,273230E+03 =0.323E+01 =0,118199E+01
5 0.227000E+03 0,225479E+03 0,152E+01 0.674392E+00
6 0,194000E+03 0.195854E+03 =0,185E+01 =0,946533E+00
7 0.188000£+03 0,175486E+03 0,125E+02 0,713130E+01
8 0.,165000£+03 0.16046SE+03 0,453E+01 0.282360E+01
9 0,141000E+03 0,144145E+03 =0.315E+01 =0,218194E+01
10 0.127000E+03 0,129199E+03 =0,220E+01 =0.170174E+01
11 0,124000E+03 0,113645E+03 0,536E+01 0.451360E+01
12 0,107000£+03 0.110743E+03 =0,374E+01 =0,337975E+01
13 0,107000E+03 0,104595E+03 0,240E+01 0,229900E+01
14 0.101000E+03 0.975181E+02 0,348E+01 0,357051E+01
15 0.856000E+02 0,9056268E+02 ~0,503E+01 =0.554673E+01
16 0,822000E+02 0.854293E+02 =0,323E+01 =0,378006E+01
**¥ RMSERR= 0,48768506E+01
CORRELATION MATRIX
1 0.1000E+01
2 0,1796E=01 0.,1000E+01
3 0.2936E+00 0.6251£+00 0.1000E+01
¥¥PARM_SOL. STD.ERROR REL-ERROR % ERROR *x
1 0.3953E=03 0.7494E-04 0.1896E+00 0.1896E+02
2 0,2566E=01 0,6324£-03 0.,2464E=01 0.2464E+01
3 0.,4935E+03 0,2192E=02 0,.4441E=05 0,4441E=03
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA( 1) = 0,39529625E=03 0.25297483E+04
2 SIGMA( 2) = 0,25664145E=01 0.38964867E+02
3 THICK( 1) = 0,49351880E+03
3 SHIFT = 0.10000000E+01

X(I,1)
0.120000E=02
0.160000E=02
0.200000E=02
0,260000E=02
0.340000E=-02
0.420000E=02
0.500000E=02
0.,580000E=02
0.700000E=02
0.,860000E=02
0,102000£=~01
0.118000E=01
0.134000E=-01
0.158000£-01
0.190000E=01
0.222000E=01

LAYER DEPTH

1

0.49351880E+403
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APPARENT RESISTIVITY (OHM-M.)
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<NLSTCI2>: Newperry Crater NB=-12 2 laver '
= 0.129000E+03
PARAMETERS HELD FIXED: IB= 4
¥¥5%%x X=CONVERGENCE *¥*¥x
1 0BS.Y(I) CAL RES SRES.ERR
1 0,222000E+03 0,205097E+03 (0,169E+02 0.824121E+01
2 0.,185000£+403 0,183050E+03 O0,195E+01 0.106537E+01
3 0,156000E+03 0,158874E+03 =0,287E+01 =-0,180923E+01
4 0,127000£+03 0,131147E+03 =0,415E+01 =0,316236E+01
5 0,103000E403 0.106417E+403 =0,342E+01 =0,321052E+01
6 0.,879000E+02 0.893017E+02 =0,140E+01 =0,156963E+01
7 0,770000E+02 0,780401E+02 ~0,104E+01 =0,133277E+01
8 0,690000E+02 ©0,69848BE+02 =0,8495+4+00 ~0,121518E+01
9 0,603000E+02 (0.503924E+02 =~0,924E=01 ~0,152967E+00
10 0.525000£+402 0,520053E+02 0,495E+00 0,9512B1E£+00
11 0,480000E+02 0.462502E+02 O0,175E+01 0,378337E+01
12 0,432000E+402 0,.,419067E+02 0,129E+01 0,308620E+01
13 0,406000E+02 0,385644E+02 0,204E+01 0,527852E+01
14 0,359000E+02 0.348168BE+02 0,.,208E+01 0,598340E+01
15 0,323000E+02 0.312262E+02 0,107E+01 0,343866E+01
¥ RMSERR= 0,53620958E+01 '
CORRELATION MATRIX
1 0.1000E+01
2 0.2146E+00 0.1000E+01
3 -0.6170E+00 0,9738£=01 0,.,1000E+01
¥*PARM4_SOL, STDLERROR REL.ERROR % ERROR xx%
1 0.6000E-02 0,1981E-03 0,3302E-01 0,.,3302E+01
2 0,1330E400 0,3297E=-02 0,2478E=-01 0,2478E+01
3 0,4147E+03 0.2822E=-02 0,6807E=-0S O0,6807E=-03
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA( 1) = 0.59996559E=02 0.16667622E+03
2 SIGMA( 2) = 0,13302813€E+00 0.75172067E+401
3 THICKC 1) = 0.41485356E+03
4 SHIFT = 0,10000000E+01

X(1,1)
0.120000E-02
0.160000E=02
0.200000E=02
0.260000E=02
0.340000E=-02
0.420000E=02
0.500000E~02
0.580000E=02
0.700000E=02
0.860000£E=02
0.102000E=01
0.118000E=-01
0.134000£=01
0,158000E=01
0.190000E=-01

LAYER DEPTH

1 0.41465356E+03
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<NLSTCI2>: Newberry Crater KNB=13 3 layer
A= 0,129000E+03
PARAMETERS HELD FIXED: IB= 6.
¥%%%¥x X=CONVERGENCE ¥%¥¥x%x
I 0BS.Y(I) CAL RES %RES.ERR X(1,1)
1 0,145000E+03 0,145252E+03 =0,252E+00 =0.173659E+00 0.120000E=02
2 0.133000E+03 0,132123E+03 0,877E+00 0.663670E+00 0,160000E=02
3 0.124000E+03 0,122460E+03 0,154E+01 0,125743E+01 0,200000E=02
4 0,110000%+03 0,111647E+403 =0,165E£+01 =0.147520E+01 0.260000E=02
S 0.992000£+02 0,100071E+03 =0,871E+00 =0,870052E+00 0,340000E=02
6 0,8940005+02 0,907704E+02 =0,137E+01 =0,150974E+01 0,420000£=02
7 0,840000E+02 0,837284E+02 0,272E+00 0,324390E+00 0,500000E=02
8 0.761000£+02 0,779535E+02 =0,1B85E+01 =0,237766E+01 0.580000E=02
9 0,695000E+02 0,708854E+02 =0,139E+01 =0,195437£+01 0.700000E=02
10 0.623000£+02 0,638322E+02 ~0,153E+01 =0.240033E+01 0,860000E=02
11 0,603000E+02 0.585505£+02 O0,17S5E+01 0.298807E+01 0,102000E=01
12 0.558000£+02 0,.543315£+02 0,147£+01 0,270278E+401 0,118000E=01
13 0.5490002+02 0.508654E+02 0,403E+01 0,793187E+01 0,134000E£-01
14 0.479000E+02 0,465727E+02 0,133E+01 0,284992E+01 0,.158000E«=01
15 90.433000E+02 0.420429E+02 0,126E+01 0,299014E+01 0.190000E=01
16 0.367000E+02 0,386602E+02 =0,196E+01 =0.507042E+01 0,222000E=01
% RMSERR= 0,20227797E+01
CORRELATION MATRIX
1 0,1000E+01
2 =0.56194E+00 0.1000E+01
3 «0,1043E+400 =0,4634E+400 O0,1000E+01
4 =0,5328E+00 0,9288BE+00 =~0.5044E+00 0,1000E+01
5 0,5709E+00 =~0.8789E+00 0,1984E+00 «0,8589E+00 0,1000E+0} /
*¥PARM_SOL, STD.ERROR REL_ERROR % ERROR *¥
1 0.2360E=03 0,6390E=04 0.,2707E+00 "0,2707E+02
2 0.,1770E=-01 O0,6303E-03 0.3560E=01 0,.3560E+01
3 0.,5187E=01 0,1506E=02 0,2904E=01 0,2904E+01
4 0.,1557E+03 0.5029E=02 0.,3229E=04 0,3229E=02
5 0.3333E+03 0,1019E-01 0,3056E=04 0,3056E=02
PARAMETER NAME FINAL SOLUTION RESISTIVITY LAYER DEPTH
1 SIGMA(C 1) = 0,23603022E=-03 1 0.,42367456E+04
2 SIGMA(C 2) = 0,17703634E=-01 2 0.56485580E+02
3 SIGMA( 3) = 0.51869310E=01 3 0.,19279222E+02
4 THICK( 1) = 0.15571378E+03 ' 1 0.15571378E+03
5 THICK( 2) = 0,33328336E+03 2 0,48899713E+03
6  SHIFT = 0.,10000000E+01 -
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APPARENT RESISTIVITY (OHM-M.)
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Newberry Crater NB-13 3 layer
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<NLSTCI2>: Mewberry Crater NB=14 3 layer
A= 0,129000E+03
PARAMETERS HELD FIXED: IB= 6.
¥%%%¥%x X=-CONVERGENCE **xxx
I 085.Y(I) CAL RES %$RES.ERR X(I,1)
1 0.199000E+03 0.187446E+03 0,116E+02 0,616379E+01 0,.,120000E=02
2 0,165000E+03 0,166606E+03 =0,181E+01 =0,108241E+01 0,160000E=02
3 0.,144000E+03 0,149318E+03 =-0,.,532E+01 =-0,356172E+01 0,200000E-02
4 0.124000Z+403 0,129179E+03 =0,518E+01 =-0,.400936E+01 0,260000E-02
5 0.,109000E+03 ©0.110250E+03 =0.,129E+01 =0,116925E+01 (,340000E=02
6 0,981000E+02 0.,981234E+02 =0,234£-01 =0,238080E=01 0,420000E=02
7 0.,908000£+02 0.890088E+02 O0,179E+01 0,201238E+01 0,500000E=02
8 0.848000E+02 0,818478E+02 0,295E+01 0,360688BE+01 0,580000E=02
9 0.761000E+02 0,741B803E+02 0,192E+01 0.25878B4E+01 0,700000E=02
10 0.680000E+402 0.670097E+402 0,.990E+00 0,147782E+01 0.860000E=02
11 0,618000£+02 0,617188E+02 0,812E-01 0.131502E+00 0,.,102000E=01
12 0,592000E+02 0,577922E+02 0,.,141E+01 0,243600E+01 0,118000E=01
13 0.,5530005+02 0.547372E+02 O0,563E+00 0,102815E+01 0,134000E=01
14 0,5086000E+02 0.,511800E+02 =-0,580E+00 ~0,113323E+01 0,158000£E=01
15 0.472000E+02 0,477131E+02 <0,513E+00 ~0,107538E+0! 0,190000E-01
*¥¥ RMSERR= 0,45153741£+01
CORRELATION MATRIX
1 0.1000E+01
2 0.,1015E=-01 0,.,1000E+01
3 <0,1733E+00 =-0,5940E+00 0,1000E+01
4 =0,1797E=01 0,3896E+00 =0,2776E+00 0,1000E+01
5 0,6491E-01 =-0,5181£+00 0,2617E+00 =-0,8175E+00 0,1000E+01
**PARM.SOL, STD.ERROR RELERROR " % ERROR *x
1 0.4759E=-02 0.9058E~04 0,1903E=-01f 0,1903E+01
2 0.8331E=02 0,4777£-03 0.,5735E=-01 0,5735E+01
3 0.4932E-01 0,9405£=03 0,1907E=-01 0,1907E+01
4 0.1971E+03 0,3820E=-02 0,1938E-04 0,1938E=02
5 0.2184E+03 0,469%90E-02 0.2147E-04 0.2147E-02
PARAMETEKR NAME FINAL SOLUTION - RESISTIVITY LAYER DEPTH
1 SIGMA( 1) = 0,47591785E=-02 1 0.21012030E+03
2 SIGMA( 2) = 0,83308360E=02 2 0.,12003597E+03
3 SIGMA( 3) = 0.,49321495E=01 3 0.20275135E+02
4 THICK( 1) = 0,19714076E+03 1 0.,19714076E+03
5 THICK( 2) = 0.,21840993£+03 2 0.41555069E+03
6 SHIFT = 0.,10000000E+01

15a



APPARENT RESISTIVITY (OHM-M.)

Newberry Crater NB-14 3 layer

3 ] LI lllllll ' 1 LI L L L]

10 F :
2 -
10 “F :
b -
- =
1 4 A 1 il Lll 1 1 ] | I S |
10 -3 -2 -1
?0 10 10

TIME (SEC.)

15b



Newberry Crater NB-14 3 layer

LR

) T ) —---Jl

L 1 1 \—FPP—— 1 1

N
Q
-

( "H-WHO) ALIAILSIS3Y ¥3AVT

‘001t

‘000!

‘006

-~ *008

*00Z

*009

‘00s

‘00¥

‘00

"002

‘001

10

LAYER DEPTH (M.)

15c



<NLSTCI2>: Newberry Crater NB=15 2 layer
= 0,129000E+03
PARAMETERS HELD FIXED: I3= 4
*%%xx% X=-CONVERGENCE *¥*%xx%
I 08S.Y(I) CAL RES $RES,ERR
1 0,330000£403 0,286423E+4+03 0,436E+02 0,152142E+402
2 0,275000E+03 0,278239E+03 =0,324E+01 =~0,116421E+01
3 0,240000E+03 0,258164E+03 =0,182E+02 «0,703567E+01
4 0,204000E+03 0.221843E+03 =-0,178E+02 ~-0,804305E+01
5 0,177000E+03 0,184055E+03 «0,706E+01 =0,383316E+01
6 0.161000E+03 0,157122E+03 0,388E+01 0,246810E+01
7 0,141000E+403 0,136316E+03 0,.,468E+01 0,343587E+01
8 0.,123000E+03 0,121359£+03 0.164E+01 0,135216E+01
9 0,111000E+03 O0,105800E+03 0.520E+01 0,491459E+01
10 0.897000E+02 0,905564E+02 =0,856E+00 =0,945700E+00
11 0.824000E+02 0,799727E+02 0,243E+01 0,303516E+01
12 0.722000E+02 0.,724338BE+402 =0,234E+00 ~0,322792E+00
13 0,69300Q0E+02 0,.,665638E+02 0.274E+01 0,411068E+01
14 0,.630000E+402 0,597228E+02 0,328E+01 0,548733E+01
15 0,563000E+02 0,532646E+02 0,304E+01 0.,569878BE+01
¥¥ RMSERR= 0,15023120E+02
CORRELATION MATRIX
1 0,1000£+01
2 -0,1627E+00 0,1000E+01
3 0,1351E+00 =-0,8361£=-01 0,1000E+01
¥xPARM..SOL, STDLERROR REL_ERRQOR % ERROR *%
1 0.4304£-02 0,1858E-03 0,4317E-01 0,4317E+01
2 D.,8631E-01 0,2860FE-02 0,3314E-0%f 0,3314E+01
3 0.5672E+03 0.3545E=02 0.6250E-05 0.6250E=03
PARAMETER NAME FINAL SOLUTION RESISTIVITY
1 SIGMA( 1) = 0,43036090E=02 0.23236311E+03
2 SIGMA( 2) = 0.86310074E-01 0.11586133E+02
3 THICKC 1) = 0,56717145E+03
4 SHIFT =

0.10000000E+01

X(I,1)
0.120000E=02
0,160000E=02
0.200000E=02
0.260000E=02
0.340000E=02
0.420000E=02
0.500000E=02
0.,580000E=02
0.700000E=02
0.860000E=02
0.102000E=01
0.118000E=01
0.134000E=-01
0.158000E=-01
0.190000E=01

LAYER DEPTH

1

0.56717145E+03
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<NLSTCI2>: Newberry Crater NB=16 3 layer
A= 0,129000E+03
PARAMETERS HELD FIXED: IB= 6
¥xx%¥x X=CONVERGENCE **¥*xxx
I 08S.Y(I) CAL RES SRES.ERR X(I,1)
1 0.487000E+03 0,475804E+03 0,112E+02 0,235300E+01 0,.,120000E=-02
2 0.,404000E+03 0,399945E+03 0.405E+01 0,101380E+01 0,160000E=02
3 0.353000E+03 0,353157E+03 =0,157E+00 =0,443302E=01 0.200000E=02
4 0,294000E+03 0.303925E+03 =0,992E+01 =0,326556E+01 0,2560000E=02
5 0,245000E+03 0,255699E+03 =0,107E£+02 «0,.418405E+01 0.340000E=02
6 0.215000E+403 0.220194E+03 ~0,519£+4+01 =0,235905E+01 0,420000E=02
7 0.,191000E+03 0,193154E+03 =-0,215E+0! =-0,111529E+01 0.500000E=02
8 0.,170000E+03 0,171463E+03 =-0,146E+01 ~-0.853279E+00 0,580000E=02
9 0,144000E+03 0,146226E+03 =0,223E+01 <0,152241E+01 0,.,700000E=~02
10 0.124000E+03 0.122622E+03 0,138E+01 0,112376E+0% 0,860000E=02
11 0.109000E+403 0,105664E+03 0,334E+01 0.315670E+01 0,102000E=01
12 0.973000E+02 0,927126E+02 0,459E+01 0,494793E+01 O0,1158000E=01
13 0,.838000E+402 0,827934E+02 0,601E+01 0,725497E+01 0.134000E=01
14 0,764000E+02 0,714898E+02 O0,491E+01 O0,6B6846E+01 0,158000E=01
¥* RMSERR= 0,73616719E+01
CORRELATION MATRIX
1 0.1000E£+01
2 =0,7277€+00 0,1000E+01
3 =0,8195£+00 0.5012E+00 0,1000E+01
4 =0,2315E4+00 0,5397E+00 =-0,1860E-01 O0,1000E+01
5 0.2992E+00 ~0.6481E+00 =0,1194E+00 =0,6639E+00 0,1000E+01
¥¥PARM_SOL. STD.ERROR REL.ERROR % ERROR **
1 0.,2334E-03 0,3555E=04 0.1523E+00 0,1523E+02
2 0,1881E-01 0.5441E=-03 0,2893E=-01 0,2893E+01
3 0,9594E~01 0.1294E=-02 0,1348E-01 " 0,1348E+01
4 0,4431E+03 0,2345E-02 0,5293E=-05 0,5293E=-03
5 0,3264E+03 0.3344E=-02 0,1025E=-04 O0,1025E=02
PARAMETER WAME FINAL SOLUTION RESISTIVITY LAYER DEPTH
1 SIGMA( 1) = 0,23338229E-03 1 0.42848154E+04
2 SIGMA( 2) = 0.18810613E-01 2 0,53161480E+02
3 SIGMA( 3) = 0,95942847E=01 3 0,10422872E+02
4 THICK( 1) = 0.44313925E+03 1 0,44313925E+03
5 THICK( 2) = 0.32636188BE+03 2 0.76950116E+03
) SHIFT = 0.10000000E+01
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<NLS
= 0

PARAMETERS HELD FIXED:

TCIZ2>:
«129000E+03

Newpberry Crater

IB= 6

¥¥¥%kx VARIABILITY CONVERGENCE *¥*xx

O X0~ W N

10
11
12

08S.Y(I)
0.100000E+03
0.983000E+02
0.979000E+02
0,965000E+02
0.987000E+02
0.947000E+02
0.880000E+02
0.856000E+402
0.733000E+02
0,748000E+02
0.661000E+02
0.600000E+02

CAL
0.100371E+03
0.964696E+02
0.942440E+02
0.945513E+402
0.958641E+02
0.949352E+02
0.9333S53E+02
0.902201E+02
0.834095E+02
0.733851E+02
0.,644609E+02
0.,573557E+02

¥% RMSERR= 0,407068B962E+01

NB=17 3 lavyer
RES $RES.ERPR
-0,371E+00 «0,370017€+00
0.,183E+401 0,.189740E+01
0.,366E+01 0,387925E+01
0.195E+01 0.206099E+01
0.,284E+01 0,295824E+01
=0.,235E+00 =0,247699E+00
«0.534E+01 ~0,571623E+01
-0,462E+01 =0,512091E+01
“0.,511£E401 =-0,.612585E+01
0.141E+01 0,192805E+01
0.,164E+01 0.254271E+01
0.264E£+01 0,461030E+01

X(1,1)

" 0,120000E=02

0.160000E=02
0,200000E=~02
0.260000E-02
0.340000E=02
0.420000E=02
0.500000E=02
0.580000E=02
0.700000E=02
0.860000E=02
0.102000€E-01
0.118000€E-01

0.1000E+01
0.2862E+00

% ERROR *x
0,2811E+01
0.5996E+01
0.1683E+01
0.3640E=-02

"0,2927E=-02

RESISTIVITY

0.1000E+01

LAYER DEPTH

CORRELATION MATRIX
1 0,1000E+01
2 0,5303E+00 O0,1000E+01
3 0.,4247E+00 0,.,7590E-01 0.,1000E+01
4 0,6423E+00 0,.,6753E+00 0.3354E+00
5 0.3025E+00 =0,2995E+00 0.5040E+00
¥*¥PARM_SOL, STDLERROR REL.ERROR
1 0.9863E-02 0.2772E-03 0,2811E=-01
2 0,2414E-01 0,1447E=-02 0.5996E-01
3 0.,48985E+00 0.8245E-02 0,1683E=-01
4 0.2679E+03 0,9751E-02 0,3640E=04
5 0,3185E+03 0,9323E=-02 0,2927E~04
PARAMETER NAME FINAL SOLUTION
1 SIGHA(C 1) = 0,98628579E=02 1
2 SIGMA(C 2) = 0.24136271E-01 2
3 SIGMA( 3) = 0,48984161E+00 3
4 THICK( 1) = 0,26787317E+03
S TAICK( 2) = 0.31850494E+03
6 SHIFT = 0.10000000E+01

0,10139049E+03
0.41431419E+02
0.20414762E+01

0.26787317E+03
0.58637811E+03
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X(I,1)
0.120000E=-02
0.160000E=02
0.,200000E=02
0.260000E=02
0.340000E=02
0.,420000E=02
0.500000E=02
0.580000E=02
0,700000E=02
0.860000E=02
0.102000E=-01
0.118000E=01

<NLSTCI?2>: . Newperry Crater NB-18 2 laver
A= 0,860000E+02
PARAMETERS HELD FIXED: IB= 4
¥¥xx%x X=CONVERGENCE *%xX%x%
1 0BS.Y(I) CAL RES %RES,ERR
1 0.,408000E+03 0.,438315E+03 =0,303E+02 =0,691621E+01
2 0,335000£+03 0,353527E+03 =0,185E+02 =0,524060£+01
3 0,290000E+03 0,296412E+03 ~0,641E+01 =0,216309E+01
4 0,239000E+03 0.245090E+03 =0,609E+01 =0,.248474E+01
5 0.,200000£+403 0,1990Q036E+03 0.696E+01 0,349862E+01
6 0.180000E+03 0.,169992E+03 0,100E+02 0,588740E+01
7 0.159000£+03 0,.150416E+03 0.858E+01 0,570653E+01
8 0,144000E+03 0.135808E+03 0,819E+0f 0,603215E+01
9 0,125000E+03 0.120438BE+03 0,456E+01 0,378774E+01
10 0,114000E+03 0.106171E+03 0,783E+01 0,737443E+01
11 0.954000E+02 0,.959114E+02 =0,511E+00 =0,533230E+00
12. 0,879000E+02 0,882818E+02 =0,382E+00 =-0,432450E+00
¥% RMSERR= 0,13793685E+02
CORRELATION MATRIX
1 0.1000£+01
2 0.9710£=02 0,1000E£+01
3 ~0,4974E+00 0,3889E+00 O0,1000E+01
¥X¥PARM_SOL. STD.ERROR REL.ERROR % ERROR *x
1 0.2060E=02 0,.,1934E-04 0,9391E-02 0.9391E+00
2 0.4233E-01 0.,9932E-03 0.2346E~-01 0,2346E+01
3 0,.5350E+03 0,1765E=-02 0,.,3300E=05 0,3300E=03
PARAMETER NAME FINAL SOLUTIGN RESISTIVITY
1 SIGMA( 1) = 0.,20598779E=02 1 0,48546567E+03
2 SIGMA( 2) = 0,42326998E-01 2 0.,23625584E+02
3 THICK( 1) = 0,53501312£+03
4 SHIFT = 0,10000000E+01

LAYER DEPTH

1

0.,53501312E+03
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Newberry Crater NB-18 2 layer
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Introduction

This report describes the results of a time-domain electromagnetic (TDEM)
survey of Newberry Volcano, Deschutes County, - Oregon, which was performed
during July 1984 to determine the geoelectrical structure of the volcano.
Twenty-three TDEM soundings were made using a central induction loop
configuration. This was our second field season at Newberry Volcano. During
the previous field season 18 soundings were made (Fitterman, 1983). Figure 1
shows the locations of the 1983 and 1984 soundings.

This research project was funded by the Department of Energy in
conjunction with the USGS Geothermal Program.

Field Procedure and Equipment

TDEM measurements were made using a SIROTEM II system (Buselli and
0’Neill, 1977). The SIROTEM system injects a bipolar, square-wave current
into a transmitter loop. When the current is turned off, the voltage induced
in a receiving coil located at the center of the transmitter 1loop is
recorded. The SIROTEM system records and stacks the transients from a large
number of current turn-offs, and reports the averaged voltage-current ratios.

Square transmitter loops 305 m on a side were used. The receiver coil
was an eight turn 38 m x 38 m loop (receiver coil moment M. = 11,613 turn-m“)
situated at the center of the transmitter loop. Four to six rums, consisting
of 2,048 transients per run, were made at each site. The polarity of the
receiver coil was reversed on alternate runs to reduce instrumental noise. __

At all 1984 locations except NB-4l, an external transmitter built by the
USGS was used to increase transmitter current to about 20 amperes. The higher
current made it possible to obtain useful signals at later times, thereby
collecting information from greater depths. At NB-41 a single loop (L=305 m)
was used for the transmitter and receiver with the lower power internal
SIROTEM transmitter. :

At most locations VLF resistivity data were collected at 25 m intervals
along one leg of the transmitter loop using a Geonics EM16R. This information
was used to determine near surface resistivities for use in inversion of the
TDEM sounding. The geometric mean of thirteen measurements from each site are
given in Table 1.

Data Preparation

The recorded voltage-current ratios were converted to late stage apparent
resistivity (Kaufmann and Keller, 1983, p. 457) using the formula
S 2u0Lzur)2(3
4t * 5t V/1I

where u, 1is the free space permeability, L 1is the length of a side of the
transmitter loop, M, is the receiver loop moment, t is time since current
shutoff, and V/I is the voltage-current ratio (all in SI units). Data from




Tab1e>1. VLF apparent resistivities from transient souﬁding sites. The data
were obtained using the 24.8 kHz VLF station at Jim Creek, WA. The
results are the geometric mean of 13 data points spaced along a 300 m

long line.
Apparent
Station Resistivity. (ohm-m)
 NB-19 1700
NB-20 4 1500
NB-21 | 1200
NB~22 2800
NB-25 1400
NB-26 2200
NB-27 1400
NB-28 1200
NB-29 560
NB-30 930
NB-31 1000
NB-32 880
NB~-33 2600
NB-34 o 780
NB-35 , 1200
NB-36 - 1700
NB~37 , 2600
NB-38 900
NB~-39 1600
NB-40 4700
NB-41 1600



several runs were averaged and converted to apparent resistivity. Data from
the first two SIROTEM channels were not used because they appeared to be
noisy. Late-time data were rejected when the data appeared to be noisy and
the apparent resistivity curves no longer behaved smoothly. Data obtained
using the external transmitter were combined with data from the internal
transmitter to obtain longer data records with less noise.

Invefsion of Soundingg_

Initial models for the data were obtained by curve matching using a
catalog of two-layer models (Kaufmann and Keller, 1983). These models served
as starting points for a non-linear least squares inversion by computer
(Anderson, 1982). Best-fit two and three layer models were found for each
sounding. If the three layer model did not provide a significantly better fit
than the two-layer model, then the three-layer model was rejected. Initial
estimates of first layer resistivity were made using the VLF apparent
resistivities. The first layer thickness was taken as the VLF skin depth.
The first layer parameters were usually held fixed. If an acceptable fit was
not obtained with these values, the first layer parameters were allowed to
vary.

Results

Results of the inversions are presented in Figures 2 through 24. Figures
2a through 24a contain the output from the inversion program. This consists
of the name of the inversion program, used, the sounding title, and the
effective transmitter loop radius (A=n-l/2L).

The first table contains the observation time (seconds), the observed
apparent ' resistivity (ohm-m), the estimated standard deviation 1in the
observation, the computed model resistivity, and the percént error in the
fit. The estimated standard deviation is based upon the statistics of several
runs. Following these data are the RMS error in the fit and the convergence
criterion which terminated the inversion. See Dennis et al. (1981) for a
discussion of the convergence criteria.’ -

The next table 'gives the parameter correlation matrix for the
unconstrained parameters. This provides a measure of the interdependence of
the model parameter estimates. A high correlation between parameters
indicates that only their ratio can be determined, while a high inverse
correlation between parameters means that only their product can be
resolved. Only the lower half of the Symmetric correlation matrix is shown.
The column integers at the left gives the parameter number. These numbers are
seen to the left of the third table and under the "P" heading in the "FINAL
INVERSION MODEL" table. As an example, the second entry in the first column
of any correlation matrix will be the correlation between the second and first
unconstrained model parameters.

The third table gives the unconstrained model parameter estimates, the
standard deviation 1in the parameter estimates, the relative error (the
standard deviation ‘divided by the model parameter), and the percentage
relative error in the parameter estimates, This information is provided for
the unconstrained parameters. ' The parameter error estimates are based on
nonlinear statistics, and as such cannot be taken as actual parameter
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uncertainties. It is necessary to do a sensitivity analysis to determine the
actual bounds on allowable models.

The last table gives the resistivity, conductivity, thickness, and depth
to the top of each layer. The column marked “P" gives the model parameter
number. An astericks under the column marked "F" indicates that the model
parameter was fixed in the inversion.

Figures 2b through 24b contain the apggrent resistivity sounding curve
(circles) plotted as a function of (2wt)1/ . The data error estimates are
indicated by vertical bars on the data points. The solid 1line i1s the
calculated sounding curve based upon the final inversion model.

‘The final inversion model is shown in Figures 2c through 24c. The
interpreted layer resistivities are plotted as a function of depth. Solid
lines represent layer resistivities and thicknesses which were allowed to
vary during inversion. Dashed lines represent model parameters which were
constrained during inversion.

Discussion

The data are similar in nature to the previous survey results (Fitterman,
1983). The geoelectrical section 1is resistive near the surface, becoming
conductive with depth. All soundings described in this report were made
outside the caldera rim. The first layer resistivities range from 370 ohm-m
to 2800 ohm-m. These values are often not well determined. Some values were
constrained based upon the VLF resistivity data. The basement resistivities
ranged from 19 ohm-m to 73 ohm-m. A second layer of intermediate resistivity
was required for most interpretations.

Figure 25 shows a contour map of depth to the conductive basement based
upon all soundings made to date. Depth to the conductive basement ranges from
370 m to 810 m. After the intra-caldera region, the shallowest conductive
zones lie to the west of the caldera where depths as shallow as 410 m are
seen, This region has been the focus of commercial drilling activity.

Inside the caldera, the conductor 1is associated with high-temperature
fluids as confirmed by drilling. The cause of the conductor outside the
caldera is not as clear. The conductor could be due to conductive rocks- that

- predate Newberry such as Tertiary ash flows or sedimentary rocks. Pre-

2094 ko
183

Newberry rocks would be expected at gan elevation of below $1280 m (N.S.
MacCleod, personal communication, 1985). The elevation of the conductor
varies from 640 m to 1580 m, and is lower away from the caldera. Thus, in
some regions the pre-Newberry rock hypothesis 1is supported, whereas in others
it 18 contradicted. The conductor could also be due to the water table. Dry,
near surface, Newberry rocks are exceedingly resistive. Saturating these same
rocks should significantly reduce their resistivity. The deepening of the
conductor away from the volcano 18 in accord with the idea of ground water
flowing downward and outward from the caldera. Increased saturation of
Newberry, or possibly pre-Newberry, rocks with depth could account for the
conductive layer we have detected. There are no publically available well
data in the vicinity of the volcano to unambiguously unravel the cause of the
conductor, however, the regional water table ‘elevations are about 1280 m
(Black, 1983).  We suspect that the conductor 1is caused by increased

3at§tation with depth, and that in places the conductor may be pre-Newberry
rocks.
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Figure 2a

 KNLSTCI>:
LOOP RADIUS= 172.0

Newberry vVolcano NBE=19

OBSERVED STANDARD COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVIT
1 0,0016000 450,4 6.6 450.3
2 0,0020000 382.6 9.2 382.3
3 0.00626000 315.0 7.4 316,9
4 0.,003400v0 265,6 6.3 265,0
5 0.0042000 232.4 Y,0 230.3
6 0,0050000 209,.8 8.9 .207.0
7 0.0058Q000 191,3 11,3 189,7
8 0,0070000 168.9 10.8 170.4
9 0,0U80000 147.3 B.9 152.4
10 0.,0102000 135,9 5.7 '139,8
11 0.0118000 127,7 3.9 130.3
12 0,0134000 129.5 6.2 123.0
13 0.0158000 115,9 12.7 114.3
14 0,0190000 104,.1 10,1 105.9
15 0.0222000 94,0 17.6 99,6
16 0.0254009Q 55.4 23.1 94.6
17 0.0286000 93,6 29.1 90.4
18 0.0334000 80,1 26.1 85.6
19 0.0395000 87.7 43,2 80.9
RMS ERRKROR= 3,841 X=CONVERGENCE
CORRELATION MATRIX
2 3 5
2 1,000
3 =0.208 1.000
5 0,502 0,41 1,000
PARAMETER STAHDARD RELATIVE PERCEN
ESTIMNATE ERROR ERROR ERROR
2 0.1966E=-02 0.630BE-04 0.3209E=-01 3.
3 0,2299E=01 0.1920E-03 0,8353E=02 0.
5 0.4657E+403 U.1465E=02 0.3145E-05 0.
FINAL INVEKSION MODEL
LAYER KESISTIVITY P F CONDUCTIVITY P F
1 1652.9 1 * 0,60500001E-03 4
2 508,7 2 0.,19659291E=02 5
3 43,5 3 0.,22991039E=-01
P - parameter number
F - * indicates fixed parameter
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Apparent regletlivity (ohm-m)
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~ Newberry Volcano NBE-19
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Figure 2c

Newberry Voiceno NBE-19
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Figure 3a

<NLSTC1>:

Newberry VvVolcaho NBE~20
LOOP RADIUS= 172.0

OBSERVED STANDARD COMPUTED

I TINE(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 530,7 2.6 501.5

2 0,0020000 456,5 3.2 456.9

3 0.00260000 386,9 1.7 398.4

4 0,0034000 329.6 2.1 334.0

5 0.,0042000 287.9 2.0 285,7

6 v.0050000 258,6 5.4 251.4

7 0.0058000 237.3 8.7 226,06

8 0,0070000 204.8 3.8 198.0

9 0,0086000 193.3 9.6 171.0
10 0.6102000 175.4 7.1 152.8 -
11 0,0118000 169.5 11.3 139,2
12 0.0134000 151.3 4.9 128.3
13 0.0158000 136,0 11.3 116,.1
14 0.01900600 108,7 4.3 104,5
15 0.0222000 100.0 5.9 95,9
16 0.0254000 91,9 4,8 89.2
17 0.0256000 84,9 4.8 84.1
18 0.0334000 74.4 3.3 78.0
19 0.0398000 72.6 5.2 71.9
R#S ERROR= 17.17 X~CUNVERGENCE
CORRELATION MATRIX

1 2 3 4 5

1 1.000

2 =0.422 1.000

3 =~0,326 0.450 1.000

4 =0,264 =0,417 0,030 1.000

5 =0,301 0,627 0,064 =0,764 1.000

PAKAMETEK STANDARD RELATIVE PERCENT
ESTIMATE ERRIR ERROR ERROR

1 U.1179E~-02 0.1011E-03 0.8575€E~-01 8.6
2 0.2501E=02 0.2351E=03 0.8500E=01 8.5
3 0.,3832e=01 0.1289E=02 0.3363E=-01 3.4
4 0.1325E+03 0.6219E=-02 0.4693E=04 0.0
5 0.6392E+03 0.9625E=-02  0.1506E=04 0.0

FINAL INVEKS1ON MODEL

LAYER RESISTIVITY
1 848,.2
2 357.,0
3 26.1

F

P CONDUCTIVITY
1 0.11789675E~02
2

0.28009799E=02
3 0,38316090E=-01

P = perameter number
F = % jinuicates tixed parameter
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- 5.8

P F THICKNESS

4
5

132.5
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Newberry Volcano NBE-20
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Figure 3c
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Figure 4a

<NLSTCI>: Newberry volcano NBE=21
LOOP RADIUS= 172.0
OBSERVED STANDARD COMPUTED
I TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 474.7 1.8 461.7
2 0,0020000 399.5 3.0 399,6
3 0.,0026000 328.5 1.6 336.3
4 0.0034000 274.6 0.7 279.1
5 0,0042000 244.2 3.5 240.3
6 0.0050000 216,06 28.9 213.5
7 V.,0058000 205,0 3.2 193.8
8 0.0070000 180.2 1.3 171.3
9 0,0086V00 155.2 1.3 150.2 .
10 0.0102000 139.6 1.2 135.4
11 0.0118000 128.3 1.9 124.1
12 0,0134000 115.06 3.1 115.1
13 0,0158000 1ve.8 1.7 104.5
14 0,0190000 95,1 2.3 93,9
15 v,.0222000 91.9 4.9 85.7
16 $.0254000 82.5 5.6 79.1
17 0.0286000 75.8 2.2 73.8
18 0.0334000 69.8 2.6 67.2
19 0,0398000 6l.8 4.4 60.8
RMS ERKROUR= 6,592 X=CONVERGENCE
CORREULATION MATRIX
o1 2 3 4 5
1 1,000
2 =0.,383 1,000
3 =0.3¢3 0.122 1.000
4 0,002 0,173 =-0,.474 1.000
5 =0.,470 0.265 0.434 -0.740 1.000
PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROK ERROR ERROR
1 0,2u03E-03 0.4305e-04  0,2149E+00 21.5
2 0.3324E=-02 V.2112E=03" 0.6354E-01 6.4
3 0.2943E-01 0.479BE=03 0.1630E-01 1.6
4 0.,1692E403 0.4116E-02 0.2433E-04 0.0
5 0.5045E£+03 0.3917£-02 ., 0,7765E=05 V.0
FINAL INVERSIOW MUDEL
LAYEk RESISTIVITY P F CONDUCTIVITY P F
1 4992,2 1 0.20031395E«03 4
2 300,.8 2 0.33240221E=02 5
3 34,0 3 0.29433116E-01

P = parameter nuaber
F - % indicates fixed parameter
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Apparent resistivity (ohm-m)

Figure 4b

Newberry Volcano NBE-21
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Figure 4c
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Figure 5a

<NLSTCI>: Newberry Volcano NBE=22
LOOP RADIUS= 172.0

OBSERVED STANDARD COMPUTED PERCENT

1 TIME(sS) RESISTIVITY DEVIATION RESISTIVITY ERROR
1 0.,0016000 . 550.3 4.3 .536.9 2.5
2 0,0020000 458.6 2.5 464,17 -1.3
3 0,0026000 377.2 3.4 388.1 : -2,.8
4 0.0034000 315,2 2,0 317.0 «0.6
5 0,0042000 270.5 2.4 269.9 0.2
6 0.00500600 242.3 2.6 1238.2 1.7
7 0.0058000 218,.2 3.7 214.3 1.8
8 0,0070000 193,5 1.6 187.2 3.4
9 0,0086000 165.3 3.7 162.8 1.5
10 0.01020600 144,1 5.6 145.9 -1,2
11 0.0116000 127.6 3.9 133.1 -4,1
12 0.0134000 117.0 6.3 123.2 5.1
13 0,0158000 106,8 4.8 112.1 -4,7
14 0,0190000 99,8 3.0 101,2 -1.4
15 0.0222000 92,2 6.1 - 93.2 -1.1
16 0,0254000 87.4 4,9 86,9 0.5
17 0.0286000 60,3 3.0 82.0 -2,0
18 0,0334000 72.7 3.2 76.1 -4,5
19 0,0398000 64.3 3.7 70.2 -8,3
RMS ERROR= 6.360 X=CONVERGENCE
CORRELATION MATRIX
i 2 3 4 5
1 1.000
2 =0.790 1.000
3 0,520 =0.378 1.000
4 0.544 =0.657 0.188 1.000
5 =0.710 0,805 =0,266 =0,902 1,000
PARAMETER STANDARD . RELATIVE PERCENT
ESTIMATE ERRUR ERROR ERROR
1 0.5920E=03 0.2397£~04 0.4049E-01 4.0
2 - 0,2707E=02 0.1511E-03 0.5581E=01 5.6
3 0.3538E=01 0.4582E=-03-. 0.1295E=01 1.3
4 0.1657E+03 0.3282E~02 0.1980E~04 0.0
5 0.5588E£+03 0.4209E=02 0.7532E=0S 0.0
FINAL INVERSION MODEL
LAYER RESISTIVITY P F CONDUCTIVITY P F THICKNESS DEPTH
1 " 1689.1 1 0.59203734E-03 4 165,7 0.0
2 369.4 2 0.27069722E=02 5 558,8 165.7
3 28,3 3

0.35377163E=-01 7124.5

P = parameter number
F - ¥ indicates fixed parameter
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Apparent reesletivity (ohm-m)

Figure 5b

Newberry Volcano NBE-22
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Figure 5c

Newberry Volcano NBE-22
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Figure 6a

<NLSTCI>:

LOOP RADIUS= 172.0
UBSERVED STANDARD COMPUTED
1 TIME(s) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 803.5 9,4 789,.2
2 0.,0020000 676.0 4.3 665.8
3 0.0026000 546,2 3.5 545,6
.4 0,0034000 443,2 4.4 448.5
5 0.,0042000 379.4 8.3 383.9
6 0.0050000 339,8 24.4 341.3
7 0.0058000 300,7 11.6 309,3
8 0.0070000 268.4 5.0 273.5
9 0,0086000 234.4 6.1 241,0
10 0,0102000 218.4 7.3 218.2
11 0.0118000 196.6 6.2 201.3
12 0.0134000 161.5 11.1 188,.5
13 0.0158000 163.5 6.8 173.2
14 0.,0190000 148,0 2.1 158.3
15 0.0222000 133,0 13.5 147.4
16 0.0254000 118.3 11.9 138.8
17 0.0286000 126,3 8.7 132,0
RMS ERROKk= 10,006 X~CONVERGENCE
CORRELATION MATRIX
1 2 3
1 1.000
2 0.Uel 1,000
3 -0.124 -0,065 1.000
PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.1049E=02 0.7331E=05 0.6992E=-02 0.7
2 0,1667E~-01 ~ 0.,1478E=03 0.7913E=02 0.8
3 0.8130E+03 0.1248E=02 0.0

Newberry Volcano NBE=23

FINAL INVERSION MUDEL

LAY
1
2

ER

RESISTIVITY
953,17
53.6

. 0.1535E=05

P F -CONDUCTIVITY
1 0.10485020E=02
2 0.18673740E=-01

P = parameter number
F - % indicates fixed'parameter
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Newberry Volcano NBE-23
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Figure 6¢
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Figure 7a

<NLSTCI>:
LOOP RADlUS= 172,V

OBSERVED NDARD COMPUTED
I TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 494.7 7.2 509.8
2 0,0020000 445,0 7.3 460,0
3 0.,0026000 376.3 5.7 394,7
4 0,0034000 327.1 2.1 335.5
5 0.0042000 296,3 4,5 291.7
6 0,0050000 263.3 39.1 261.4
7 0.0058000 246,.4 1.0 240,2
8 0.0076000 220.4 5.2 215.2
9 0,0086000 196.6 3.4 190.9
10 0.0102000 165.0 4.2 174.3
11 0.0118000 152.0 6.9 161.6
12 0,0134000 136,.6 3.7 151,3
13 0.0158000 139,1 4.8 139,.6
14 0.0190000 122.2 5.8 128.4
15 0.06222000 133,9 18.9 120,1
16 0.0254000 132.1 24.8 113.8
17 0.0286000 104,2 11.3 106.8
RMS ERRUR= 11,84 X~CONVERGENCE
CORRELATION MATR1X
1 2 3
1 1.000
2 0,270 1.000
3 ~0.929 =0.253 1,000
- PAKAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERKOR ERROR
1 0.2069E=02 0.4261E=04 0.,2059E=01 2.1
2 0,2177E=01 0.4253E=-03 0.1954E=01 2,0
3 0.7416E+403 0.2596E=02 0.3500E=05 0.0
FINAL INVERSION MODEL
LAYER RESISTIVITY PF CONDUCTIVITY PF
1 483.3 1 0.20692274E-02 3
2 45.9 2 0.21765832E=01

P - parameter number
F - % jndicates fixed parameter
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Newberry Volcano NBE-24
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Figure 7c
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<NLSTCI>:

Figure 8a

LOOP RADIUS= 172,.0

STANDARD

Newberry volcano NBE=25

OBSERVED COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 418,7 0.9 417.9
2 0.0020000 379.4 0.7 379.4
3 0.0026000 323.5 2.6 332.4
4 0.0034000 279.4 1.7 280,.7
5 0,0042000 242.6 1.7 243.1
.6 0,0050000 217.0 1.6 216,5
7 0.0058000 199.6 3.4 196.7
8 0,0070000 175.1 2.6 173.6
9 0.,0086000 156,.6 3.9 152.1
10 0,0102000 137.9 3.9 137.3
11 0.0118000 128,.6 1.9 125.,9
12 0,0134000 119,6 5.0 116.7
13 0,0158000 107.0 4,1 106.3
14 0,0190000 97.2 2.7 96.2
15 0.0222000 94,0 5.4 8E.6
16 0.02540060 83.1 3.8 82.6
17 0.0286000 77.2 3.5 77.6
16 0,0333000 69.1 4.3 71.7
19 0.0398000 62.8 0.8 65.4
RMS ERROR= 3.261 X=CONVERGENCE
CURRELAT1UN MATRIX
2 3 5
2 1,000
3 -0.719 1.000
5 «0,05% =0,034 1.000
PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
2 0.3576E=02 0.3268E~04 _ 0,9138E=02 0.9
3 0.3362E-01 0.3090E=03 0.9194E=02 0.9
5 0.5893E+403 0.7973E-03 0.1353E=05 0.0
FINAL INVERSION MODEL .-
LAYER RESISTIVITY P F CONDUCTIVITY PF
1 2770.1 1 ¥ 0.36100001E=03 4 %
2 279.6 2 0.35759581E£-02 5
3 29.7 3 0.33615280E=-01

P =~ parameter number

F = x indicates fixed parameter
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Figure 8b

Newberry Volcano NBE-25
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Newberry Volcano NBE-25

Figure 8c
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Figure 9a

<NLSTCI>:
LOOP RADIUS= 172.0

Newberry Volcano NBE-=26

. OBSERVED STANDARD COMPUTED PERCENT
1 TIME(s) RESISTIVITY DEVIATION RESISTIVITY ERROR
1 0.0016000 569.5 1.1 568.4 0.2
2 0.0020000 493.4 5.0 506.0 -2.5

3 0.0026000 418.7 5.8 425.9 -1.7
4 0.0034000 348,7 5.4 352,8 “1.2
5 0,0042000 307.4 3.5 303.6 1.2

"6 0.0050000 258.7 48,0 267.0 -3.1
7 0.0058000 244.6 11.2 239,9 2.0
8 0.0070000 212.5 3.9 211.2 0.6
9 0.06086000 184.9 3.1 184.1 0.4

10 0.0102000 173.2 2.7 164,7 5,2

11 0.0118000 155.3 5.5 150.6- 3.2

12 0.0134000 142,86 6.2 13955 2.3

13 0.0158000 127.1 2.1 126.6 0.4

14 0.0190000 112.9 3.9 113.9 -0.9

15 0.0222000 102.5 1.4 104.7 -2.1

16 0.0254000 95.0 1.8 97.5 -2.6

17 0.0286000 160.7 11.2 91.7 9.8

18 0.0334000 84.8 4.5 84.8 0.0

19 0,0398000 68.7 5.2 77.8 -11.7

RMS ERROR= 6.208 X=CONVERGENCE

COKRELATION MATRIX

2 3 3
2 1,000
3 0.069 1,000
5 «(.910 0,050 1.000
PARAMETER STANDARD RELATIVE  PERCENT
ESTIMATE ERKOR ERROR ERROR
2 0.2575E-02  0.4734E-04 0,1839E-01 1.8
3 0.3062E-01  0.1544E=03 ° 0.5044E=02 0.5
5 0,6267E403  0.1218E=02  0,1944E-05 0.0
FINAL INVERSION MODEL
LAYER RESISTIVITY PF CONDUCTIVITY P F THICKNESS
1 2232.1 1 ¥ 0.44800001E=03 4 % 150.0
2 388.4 2 0.25747700E-02 5 626,7
3 32.7 3 0.30615348E~01

P - parameter number
F = # indicates fixed parameter
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-Figuré 9b
Newberry Volcano NBE-26
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Figure 9c¢
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Figure 10a

<NLSTCI>: Newberry vVolcano NBE=27
LOOP RADIUS= 172.0
UBSERVED STANDARD COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 343,.8 0.3 339.8
2 0,0020000 313.0 0.5 . 324,2
3 0.0020000 280,6 1.7 294.8
4 0.0034000 255,2 0.9 257.0
5 0.0042000 233,7 1.3 227.5
6 0,0050000 207.6 18.2 203,9
7 0.0058000 196,90 16.9 185.1
8 0.,00700v0 181.,1 10.0 164.0
9 0,0086000 155,.8 0.8 144.8
10 0,0102000 139.2 0.7 130.4-
11 0.0118000 128,.8 2.0 11953
12 0.0134000 117.0 3.2 110.7
13 0.0158000 101.86 0.5 101.1
14 0.0190000 87.5 1.2 91.5
15 0.,0222000 82,5 1.9 84.4
16 0.0254000 82,5 4.0 78.9
17 0.0286000 73.7 7.0 74.4
18 0.0334000 63.9 1.1 69.1
19 0.0395000 56.8 2.8 63.6
KkMS ERROKk= 9,332 X=CONVERGENCE
CURRELATION MATR1X
‘ 1 2 3 4 5
1 1.000
2 =-0,850 1,000
3 0.392 -0.,512 1.000
4 -0,762 0,882 ~-0,326 1,000
5 0.457 =-0,586 =0,160 ~0,786 1,000
PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.5405€E=-03 0.8VU94E=04 0.1498BE+00 15.0
2 0.4576E-02 0.2847E=03 0.6221E=01 6.2
3 0.3784E-01 0,1361E-02" - 0.3597E-01 3.6
4 0.,1223£+03 0.5348£=02 0.4372E-04 0.0
5 0.5957E+03 0.7033E~-02 0.1181E-04 0.0

FINAL INVERSION MODEL

LAYEK

1
2
3

RESISTIVITY

1650.2
218,5
26.4

CONDUCTIVITY

0.54047536E~-03

P
1
2 0.45763673E=02
3

0.,37836563E=-01

P = parameter number
F = » 1nd;cates fixed parameter
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Figure 10c
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"Figure 11a

PERCENT
ERROR
4.1
-0.5
-2.7
-3.9
1.6
9.5
-6.0
-12.4
13.4

15,7

24,5
19.7
56.4
80.8
43.0

P F THICKNESS

<NLSTC1>: Newberry Volcano NBE-28
LOOP RAD1US= 172.0 _
: OBSERVED STANDARD CUMPUTED
1 TIME(s) RESISTIVITY DEVIATION RESISTIVITY
1 0.,0016000 429.,5 11.1 412.6
2 0,0020000 389.6 7.7 391,5
3 0.,0026000 343.2 3.4 352.7
4 0.,0034000 292.6 12.3 304.4
5 0.0042000 267.5 6.4 263,3
6 0.0050000 253.7 15.9 231.7
7 0,0058000 195.6 49,5 208,0
8 0.0070000 159.5 61.3 182,0
9 0,0086000 177.7 7.8 156.6
10 0,0102000 160,7 18.2 138.9
11 0.06118000 156.9 11.6 126,41
12 0.0134000 138.8 16,9 116,0
13 0,0156000 163,0 40,7 104,2
14 0.0190000 167,9 81.1 92.8
15 0.02220060 121.1 65.5 84,7
R¥S ERROR= 38,07 X=-CONVERGENCE
CORRELATIUN MATRIX
1 2 3 4 5
1 1,000
2 =0.824 1,000
3 0.%14 =0.296 1.000
4 =0,913 0,970 =0.299 1.0060
5 0,453 =0,795 =0,.142 =-0.708 1.000
" PARAMETER STANDARD RELATIVE PERCENT
"ESTIMATE ERROR ERROR ERROR
1 0.7732E=03 0.3808E-03 0.4925E+00 49,3
2 0.3727E=02 0.1125E=-02 0.3018E+00 30.2
3 0.4354E=01 0.2960E=062 _ 0,6097E=01 6.1
4 0.1197E+03 0.1992E=-01 0.1664E=-03 0.0
5 0.6447E+03 0.1234E-01 0.1914E-04 0,0
FIiWAL INVEKRSION MUDEL -
LAYER RESISTIVITY P F CONDUCTIVITY
1 1293.3 1 0.77318924k£~03 4
2 268.3 2 0.,37266919E=02 5
3 20,6 3

0.48544604E-01

P = parameter number
F = * indicates fixed parameter
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Apparent reelstivity (ohm-m)

Figure 11b

Newberry Volcano NBE-28
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Figure 1llc

Newberry Volcano NBE-28
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Figure 12a

<NLSTCI>:

F = * jnaicates flxed paraneter

37

Newberry Volcano NBE=29
LODP RAD1US= 172.0
OBSERVED STANDARD COMPUTED
1 TIME(s) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 ' 520.8 7.1 498,.9
2 0,0020000 461,.7 5.1 468.5
3 0.,00U26000 396,5 3.0 412,6
4 0,0034000 343,1 4.5 347.9
5 0.,0042000 305.3 4.8 298.7
6 0.0050000 285.3 144.6 260.5
7 0,0058000 232,90 22,8 232.8
g 0,0070000 239,2 33.0 203.2
9 0.0086000 192,7 4,2 174,5
10 0,0102000 171,5 5.5 154.3 .
11 0.0113000 153,2 9.3 139.9
12 0.0134000 142,9 12,3 128.7
13 0,0158000 130,¢ y.8 115.7
14 0,0190000 116.7 4,3 103.3
15 0.0222000 108,0 4.9 94.4
16 0,0254000 93.9 6.4 87.6
17 0.02860uU0 87,2 4,3 82.2
RMS ERROPR= 17.79 X=CONVERGENCE
CORKELATION MATRIX
1 2 3
1 1,000
2 =0,050 1,000
3 =0,254 0,112 1,000
PARAMETER STANDARD RELATIVE PEKRCENT
ESTIMATE ERRDOR ERROR ERROR
1 V.2418BE=02 0.5334E=-04 0.2205E~-01 2.2
2 0,4384L=-01 0.8804E=-03 0.2008E-01 2.0
3 0,7916E+03 0,48V1E=-02 - 0,6065E-05 0.0
FINAL INVERSIOW MODEL
LAYER RESISTIVITY P F “~CONDUCTIVITY P F
1 413,5 1 - 0.24184240E-02 3
2 22,8 2 0.498419518-01
P = parameter numper

PERCENT
ERROR
' 404
1,4
-3,9
-1.4

e 8 & o 6 & © 9 o o o @
=N O R = U b N

- s
N~ WW = O OO OUN

[T

TH1CKNESS
791.6

DEPTH
0.0
791,6




Apparent reslistivity (ohm-m)
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Figure 12b

Newberry Volcano NBE-29
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Figure 12c
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Figpre 13a

Newberry Volcano NBE=30

<NLSTCI>:
LUOP RADIUS= 172.0
OBSERVED STANDARD COMPUTED
1 TIME(s) RESISTIVITY DEVIATION RESI1ISTIVITY
1 0,0016000 476.1 2.0 437.8
2 0.,0020000 433,5 4.6 432,2
-3 0,0026000 384.1 4.8 411.5
4 0.0034000 340,3 4.2 365,.8
5 0.0042000 304.4 3.3 324,.4
6 0.005u000 278.9 26.9 288,2
7 0,0058000 254.7 14.9 259,.3
8 0.00670000 223.0 5.8 228,17
9 0.0086000 201.8 5.9 199.0
10 0,0102000 179.4 S.7 176.7
11 0,0118000 167,2 4.4 160.6.
12 0.0134000 155.9 7.4 14846
13 0.0158000 143.0 6.1 134,1
14 0.0190000 125.4 4,3 119.7
15 0,0222000 115,9 9.0 109.3
16 0.0254000 98,0 0.6 101.5
17 0,0286000 96.3 1.9 95,3
RMS ERROR= 16.25 X=CONVERGENCE
CORRELATION MATRIX
1 2 3
1 1.0060
2 0.281 1.000
3 U.162 0.476 1,000
‘PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.2704E=02 0.5341£-04 0.,1975E=01 2.0
2 0.3716E-01 0.8861E-03 0.,2365E=01 2.4
3 0.6678E+03 0.7882E=02 0.9083E=05 0,0
FINAL INVERSIUN MOUDEL
LAYER RESISTIVITY PF CONDUCTIVITY
1 309.8 1 0.27038516E=02 3
2 26.9 2 6.37156533E=01
P = parameter number
F - * indicates tixed parameter
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Figure 13c
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Figure'14é

<NLSTC1>: Newberry Volcano NBE=31
LOOP RAD1US= 172.0 :
OBSERVED STANDARD COMPUTED PERCENT
I TIME(S) RESISTIVITY DEVIATION RESISTIVITY ERROR
1 0,0016G00 . 426.3 1.4 420.5 1.4
2 0.0020000 373,0 1.9 370,0 0.8
3 0,0020000 318.8 0.6 319,.8 -0,3
4 0,0034000 276,.6 1.8 273.8 1.0
S 0.00420G00 246,0 2.7 242.8 1,3
6 0.0050000 229,.2 28,0 222.2 3.2
7 0.0056000 201,2 14.5 205,717 *Z.2
8 0,0070000 184,.3 2.1 186,8 -1.4
9 0,0086000 167.6 2.2 169,7 -1.2
10 06.0102000 155.4 3.3 157.4 1.3
11 0,0118000 153.0 5.3 148,0° 3.4
12 0,0134000 145,.6 1.7 140.6 3.5
13 0,0158000 129.5 3.0 132.1 -2.0
14 0.,0190000 113.8 3.8 123,.8 -8.1
15 0,0222000 100.1 5.4 117.6 -14,9
16 0.,0254000 92,5 5.9 112.5 -17,.8
17 0.0286000 96.0 5.2 108.4 -11.4
RMS ERKOR= 9,113 'X=CONVERGENCE
CORRELATIOUN MATRIX
2 3 5
2 1.000
3 =0,209 1,000
5 0,342 =0.301 1,000
"PARAMETEK STANDARD RELATIVE PERCENT
ESTIMATE ERKDK ERROR ERROR
2 0.2482E=-02 0.8234E~04 0.,3317E-01 3.3
3 0.1757E-01 0.2441E~03 0.1390E-01 1.4
5 0.5207E+03 0.9011E-03 0.1730E-05 0,0
FINAL INVERSIUN MODEL
LAYEX RESISTIVITY P F  CONDUCTIVITY P F THICKNESS DEPTH
1 1015,2 1 ¥ 0.98500005E=03 4 x 100.0 0.0
2 402.9 2 0.24823032E=02 5 520,7 100.0
3 56.9 3 0,17567847E=-01 620,7

P - parameter number

F - ¥ indicates fixed parameter
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Figure léc

Newberry Volcano NBE-31

LA

r
1
:
:
'
'
i

—--- 1 ¥ —J-Jd- ]

- d

[ U I I S R | A --.h..??

i

—-bh 'l

v

——

Al ‘001
(w-wyo) Aj|A]is|sau dalen

‘0l

*0001

‘008
‘009 _
£
= »
o ~
@
Q
‘00
‘002
oo.



Figure 15a

PERCENT

ERROR
2,1
-2.1
4.4
=3.0
=0,7

. 0
NN XT O~ WS @

O NP WOOON=WO

P F THICKNESS

<NLSTCI>: Newberry vVolcano NBE=32
LOOP RALIUS= 172.0
OESERVED STANDARD COMPUTED
1 TIME(s) RESISTIVIT DEVIATION RESISTIVITY
1 0.0016000 523.9 3.4 513.2
2 0,0020000 466.0 7.4 476,0
3 0,0026000 399,0 6.9 417,.3
4 0,0034000 346,4 5.4 357,3
5 0,0042000 308,2 10.3 310,3
6 0,0050000 278.1 35.7 275,.8
7 0,0058000 259.3 10,6 251.17
g8 0.0070000 226,.8 9,2 223.8
9 0.,0086000 ~201.6 10.1 196.3
10 0,.,0102000 178,9 9.9 177.7
11 0.0118000 1e5,1 12.9 163.9.
12 0.0134000 151.3 11,8 152.6
13 0.0158000 134.5 8.7 139.8
14 0,0190000 121.,3 4.8 127.4
15 0.0222000 115.0 9.6 118,4
16 V,.0254000 112.7 9,3 111.3
17 0.02806000 106,1 14.6 105.8
RMS ERKOR= 7,813 X=CONVERGENCE
CORRELATION MATRIX
1 2 3
1 1.000
2 0.616 1,000
3 0.379 06,733 1.000
" 'PARAMETEK STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.2192E=02 0.35832E=04 0.1634E-01 1.6
2 0.25206E-01 0.6069E=03 0.2403E-01 2.4
3 0,7932E+03 0.6276E=-02 0.7915E=05 0.0
FINAL INVERSION MUDEL
LAYER RESISTIVITY P F CONDUCTIVITY
1 456.2 1 0.,21921159E=02 3
2 39.6 2 0.25256963E~01

P = parameter numbper.
F - ¥ indicates flxed parameter

»
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Newberry Volcano NBE-32
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Figure 15c
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Figure 16a

<NLSTCI>:

STA
DEV

Newberry Volcano NBE=-33

NDARD
IATION
2.8 .

O OOV OL VO NN

-
S U WL WOOONN D U == e

[

COMPUTED
RESISTIVITY

594.4
499.5
410.0
338.5
293.7
262.5
239,5
214.4
191.6
175.4
163.3
153.8
142.9
131.9
124.1
118.1
113.2

VARIABILITY CONVERGENCE

RELATIVE
ERRDR
0.1324E-01
0.1856E=-01

© 0,1028E=05

F  TCOWNDUCTIVITY

LOOP RADIUS= 172.0
OBSERVED
I TIME(s) RESISTIVITY
1 0.0016000 588, 1
2 0.0020000 497.3
3 0.0026000 412.7
4 0.0034000 342.1
5 0.0042000 298.6
6 0.0050000 266.8
7 0.0056000 240,7
8 0.0070000 209.9
9 0.0086000 191,6
10 0.0102000 174.3
11 0.0118000 173.4
12 0.0134000 158.1
13 0.0158000 141.2
14 0.0190000 125.6
15 0.0222000 108.5
16 0,0254000 103.6
17 0.0286000 107.4
RMS ERROR= 7.445
CORRELATION MATRIX
1 2 3
1 1.000
2 =0.029 1,000
3 =0.216 =0.225 1.000
PARAMETER STANDARD
ESTIHATE ERROR
1 0.7330E-03  0.9701E=05
2  0.1871E-01  0.3472£-03
3 U.6481E+03  0.6665E=03
FINAL INVERSION MODEL
LAYER RESISTIVITY
1  1364.3
2 53.4

P = parameter num

P
1 0.,73295023E-03
2 0,18710205E~01

per

»

F = % fnaicates fixed parameter
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Figure 16c
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Figure 17a

<NLSTCI>: Newberry vVolcano NBE-34
LOOP RADIUS= 172.0 -
OBSERVED STANDARD COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
b 0.0016000 347,17 1.2 345,.3
2 0.0020000 307.1 1.9 309.7
3 0,0026000 265.1 1.1 267.5
4 0.0034000 228.6 1.0 229.9
S 0.0042000 205.5 0.8 203,2
6 0,0050000 188.5 12.7 183.1
7 0,0058000 172.4 5.9 168,.8
8 0,00700060 154.2 2.7 152.9
9 0.0080000 138,0 4.7 137.2
10 0.0102000 126.6 4,3 126.1
11 0,0118000 113,.1 3.1 117.9
12 0,0134000 1V5.5 2.4 111,3
13 0.0158000 98 .8 2.0 103.8
14 0,0190000 90.4 3.3 96.3
15 0.0222000 B5.5 5.6 90,8
16 0,0254000 84.8 6.7 B6.5
17 0,0286000 79.3 2.0 ‘83,0
R4S ERROR= 4,052 X=CONVERGENCE
CORRELATION MATRIX
2 3 5
2 1,000
3 0,385 1.000
S 0.481 0.717 1,000
- PARAMETER STANDAKD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
2 0.3430E=-02 0.86874E-04 0.2587E=01 2.6
3 0.2540E-01 0.3837E=03 0.1507E=01 1.5
5 0.5133E+03 0.,1213E=02 0.2363E-05 0.0
FINAL INVERSION MODEL
LAYEK RESISTIVITY P F CONDUCTIVITY P F
1 775.2 1 * 0,12900000E=02 4 *
2 291.5 2 0.34304564E=02 5
3 39,3 3 0.25457317E=-01
P = parameter number
F - %

indicates fixed parameter

52

PERCENT
ERROR

[}
DU OOON W
e * e e 8 e
NSO =ON DW= O

Tt 1 v
o Do

THICKNESS
90,0
513.3

DEPTH
0.0
90,0
603.3



Figure 17b

- Newberry Volcano NBE-34
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Figure 17c
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Figure 18a

KNLSTCI>: Newberry Volcano NBE=35
LOOP RADIUS= 172.0 :

. OBSERVED STANDARD COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 604.5 1.8 617.1
2 0.,0020000 518,0 4,3 524,1
"3 0,0026000 433,2 1.4 434,3
4 0,0034000 373.9 2.7 362,.8
5 0,0042000 330.1 5.2 317.4
6 0.0050000 301,.6 23,2 285.7
7 0,0058000 285.5 11.7 262.2
8 0.0070000 254,4 11.7 236,.8
9 0,0086000 230.3 5.7 213.2
10 0,0102000 211.8 1.8 196,4
11 0.0118000 207.5 17.3 183.9
12 0.0134000 192.6 14,7 174.1
13 0.01%8000 174.9 8.2 162,8
14 0,01%0000 160,1 5.9 151.1
15 0.0222000 137,0 8.7 142.6
16 0.0254000 130,.1 10.4 130,2
17 0.0280000 120.4 10.6 130.8
RMS ERKOK= 15.68 VARIABILITY CONVERGENCE
CORRELATION MATRIX
1 2 3
1 1.000
2 =0.533 1.000
3 0,727 0.603 1,00V
"PARAMETEK STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.,7022E=03 0.8988E=04 0.1280E+400 12.8
2 0.1499E=01 0.4855E=03 0.3238BE=01 3.2
3 0.,6537E+03 0.2675E=02 0.4092E=05 0.0
FINAL INVERSION MODEL
LAYER RESISTIVITY P F CONDUCTIVITY
1 1424,1 1 0.70220424E-03 3
2 66.7 2 0.14993451E-01

P - parameter number
F = * indicates fixed parameter

4
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Figure 18b

Newberry Volcano NBE-35
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Figure 18c
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Figure 19a

<SNLSTCI>: Newberry Volcano NBE=-36
LOOP RADIUS= 172.0
UBSERVED STANDARD COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0,0016000 667.0 9.7 697.9
2 0.0020000 564,6 2.9 576,.,7
.3 0.0026000 456,.8 2.4 466,.6
4 0.0034000 381,.4 3.9 379.8
5 0.0042000 333.5 20,0 326,2
.6 0,0050000 290,2 21,1 289,0
7 0.0058000 273.1 4,8 262.1
8 0.0070000 234,2 1.3 232.9
9 0.0086000 213,.6 2.2 206,0 °
10 0,0102000 198,.8 4.8 187.2
11 0.0118000 186.4 1.1 173.1"
12 0.0134000 177.0 5.1 162.1
13 0.0158000 152.2 2.4 149.4
14 0,0190000 135.2 0.6 136.9
15 0.0222000 120.9 2.2 127.6
16 0,0254000 109.0 2.6 120,.3
17 0,0Uz286000 110,9 6.7 114,.4
RMS ERKOR= 12.44 X=CONVERGENCE
CORRELATIUON MATRIX
1 2 3
1 1.000
2 =0.,145 1,000
3 0.250 =-0,349 1,000
‘PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.4449E-03 0.3395E-04 0.7632E-01 7.6
2 0,1950E=-01 0.,3188E-03 0.1635E-01 1.6
3 0.6921E+03 0.10692E=02 0,2445E-05 0.0
FINAL INVERS1ON MODEL
LAYER RESISTIVITY P F CONDUCTI1VITY
1 2247.8 1 0,.444888652E=03 3
2 51.3 2 0.19498365E=01

P = parameter number
F - ¥ indicates fixed parameter

Ry
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Figure 19b

Newberry Volcano NBE-36
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Figure 19c
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Figuré 205

<NLSTCI>:

Newberry Volcano NBE=37

PERCENT
ERROR

=3,7

-1.8

]
[

VOO WOLESNWORNOO OO

(S :
NW WO OO OO~ D U WW s

® 9 ¢ © o @ e ¢ ¢ §F © ¢ ¢ 9 @

P F THICKNESS

LOOP RADIUS= 172.0
OBSERVED STANDARD COMPUTED
I TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 738.9 6.9 767.0
2 0.0020000 606,.1 | 616.9
3 0,0026000 472.4 2.8 479.9
4 0.0034000 379.9 5.0 375,90
5 0.,0042000 318.0 10,0 312,0
6 0,0050000 279.1 8.4 269.3
7 0.0058000 246.0 1.7 236.5
8 0.007000C 217.0 1.8 205.4
9 0,0086000 183,2 5.4 175.7
10 0.0102000° 163.4 7.6 155.3
11 0.0118000 150.2 9.3 140,2°
12 0.0134000 136,.8 11.0 128.6
13 0,0158000 122.9 3.2 115.5
14 0,0190000 109.8 5.4 102.9
15 0.0222000 103.2 75 93.5
16 0.0254000 94,9 2.9 86.3
17 0.0250000 63.4 5.4 80.4
18 0.0334000 76,2 8.3 73.4
19 0.0398000 70.1 10.1 66.2
RMS EKROR= 10.89 X=-CONVERGENCE
CORRELATION MAIRLX
1 2 3
1 1.000
2 0.090 1,000
3 =0.829 =0.167 1,000
PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
1 0.3674E-03 0.1351E-04 0.3678E-01 . 3.7
2 0.3824E-01 0.5269E=03 ~ 0.1378E=-01 1.4
3 0.7260E+403 0.2827E=-02 0.3894E-05 0.0
FINAL INVERS1ON MODEL .
LAYER RESISTIVITY P F CONDUCTIVITY
1 2721.9 1 0.36739412E-03 3
2 26.2 2 0.38237121E=01

P = parameter number
- ¥ jndicates fixed parameter

F
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Newberry Volcano NBE-37
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Figure 20c

Newberry Volcano NBE-37
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Figure 21la

<KNLSTCI>: " Newberry Volcano NBE=38
LOGP RADIUS= 172.0

OBSERVED STANDARD COMPUTED PERCENT

1 TIME(s) RESISTIVITY DEVIATION RESISTIVITY ERROR

1 0.0016000 318.5 1.7 315.0 1.1

2 0,0020000 291.0 2.0 294.4 -1.2
-3 0,0026000 251.5 2.5 264.0 : -4,7

4 0,0034000 214.2 2.0 224.8 -4,7
5 0,0042000 189.4 2.5 195.4 -3.1

6 0.0050000 170.4 11.1 174.3 2,2

7 0.0058000 147.2 8.4 157.9 6,8

8 0.0070000 150.2 14.6 138.6 8.4

9 0,0086000 124,.8 1.5 120.9 3,2
10 0.0102000 112.6 1.6 108.7 3.5
11 0,0118000 - " 105.6 3.2 99.4. 6.3
12 0,0134000 99,2 1.7 91,9 7.9
13 0,0156000 92.4 1.1 83.7 10.4
14 0.0190000 82.0 2.6 75.7 8.3
15 0.0222000 73,2 5.6 69.8 4,9
16 0.0254000 65.1 6.5 65.2 0,2
17 0.U286000 4.5 8.6 61.6 4.8
RMS ERROR= 7.802 X=CONVERGENCE
CORKELATION MATRIX

2 3 5
2 1,000

3 =0,164 1,000
S 0.240 0.049 1.000

-PARAMETER STANDARD RELATIVE PERCENT
ESTIWMATE ERRDR ERROR ERROR
2 0.4634E-02 0.,1662E-03 - 0.3586E-01 3.6
3 0.4895E=-01 0,1039E-02 0.2122E-01 2.1
S 0.5499E£+403 0.3706E=02 0.6739E-05 0.0

FINAL INVERSION MODEL

LAYER RESISTIVITY PF CONDUCTIVITY P F THICKNESS DEPTH
1 909.1 1 ¥ 0,.11000000E-02 4 % 100.0 0.0
z 215.8 2 0.46335631E-02 5 549,9 100.0
3 20.4 3 0.48954826E=-01 : 649.9

P - parameter nunber ,
F = ¥ jndicates fixed parameter
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Figure 21b

Newberry Volcano NBE-38
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Figure 21c
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Figure 22a

PERCENT
ERROR
0.4
-1.0
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]
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[ ]

THICKNESS
130.0
551.4

<NLSTICI>: Newpberry Volcano NBE=-39
LOOP RADIUS= 172.0
OBSERVED STANDARD COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0010000 429,.4 1.1 427.9
2. 0,0020000 376.0 2.1 380.0
3 0.0026000 316.5 1.6 325,3
4 0,0034000 2608.1 2.0 270.1
S 0.0042000 234,5 2,2 231.4
6 0.,0050000 208.3 10.7 204.5
7 0,0058000 189.3 11.7 184.8
8 0.,0070000 162.9 4.0 162.1
9 0,0086000 146.4 1.3 141,.3
10 0.,0102000 130.,9 ‘1.6 127.0
11 0.0118000 117.9 1.5 11651
12 0,0134000 109.7 3.3 "107.6
13 0.0158000 97.4 2.6 97.9
14 0,0190000 B4,7 2.0 88.5
15 0.0222000 79.8 1.5 81.6
16 0,0254000 74.6 1.7 76.3
17 0.0286000 68.4 2.6 72.0
RMS ERKOR= 5.465 X=CONVERGENCE
CURRELATION MATRIX
2 3 5
2 1,000
3 =0.576 1.000
S 0.552 =-0.645 1.000
PARAMETEK STAMDARD RELATIVE PERCENT
ESTIMATE EKRROR .ERROR ERROR
2 0.3456E=-02 0.1456E=C3 0.4213E-01 4.2
3 0.3974E-01 0.2940E=-03 0,7398E=02 0.7
5 0.5514E+03 0.,1842E-02 - 0,3341E-05 0.0
FINAL INVERS1I0ON MOUODEL
LAYER RESISTIVITY P F CONDUCTIVITY P F
1 1589.6 1 x 0,62900002E=03 q4 *
2 289.,.4 2 0.34558526E=02 "5
3 25.2 3 0.39743692E=01

P - parameter nunmber
¥ indicates fixed parameter

F =
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Figure 22b

Newberry Volcano NBE-39
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Figure 23a

<NLSTCI>:

STA COMPUTED
1 TIME(S) RESISTIVITY DEVIATION RESISTIVITY
1 0.0016000 677.5 : 2.9 679.1
2 0.0020000 573.9 4.1 571.4
3 0,0026000 474.6 2.8 474.1
4 0.0034000 395,9 2.7 395.2
5 0,0042000 348,0 2.5 345.3
6 0.0050000 311.2 21.9 310.6
7 0.0058000 287,.3 8.1 285.2
8 0.0070000 251.8 10,1 257.3
9 0.0086000 227.8 6.1 231.6
10 0.0102000 209.1 2.4 213.5
11 0.0118000 195.5 6.4 199,7
12 0.0134000 186.0 4,3 188,9
13 0,0158000 166,5 12.2 176.3
14 0.0190000 151,.3 24.9 164.1
15 0.0222000 147.3 35.0 155.0°
RMS ERROR= 5%.773 X=CONVERGENCE
CORRELATIUON MATRIX
2 3
2 1.000
3 -0,185 1,000
PARAMETER STANDARD RELATIVE PERCENT
ESTIMATE ERROR ERROR ERROR
2 0.1373E-01 0.3015E=-04 0.2196E=02 0.2
3 0.,6727E+403 0.3161E~03 0.4700E=06 0,0
FINAL INVERSION MUDEL
LAYER RESISTIVITY P F CONDUCTIVITY PF
1 1956.2 1 ¥ 0.51119964E-03 3
2 72.8 2 0.13732332E=-01

OBSERVED

P - parameter number }
F - % Indicates fixed parameter

-

Newberry Volcano NBE=40
LOOP RADIUS= 172.0 ) :

NDARD
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Newberry Volcano NBE-40

- ) 1 1 ]Tllli L ! l1|1]11
- -
= -
- L
- -
- o
r— —
- -
- = -
p -
e -
1 L1 JlllJ] 1 B | llJ]JI
0.01 0.1 1.0 3.0

Teu = eqrt(2 pl 1)

71



Figure 23c

Tveov ¥ 0 L 3 | § —--- L ) ¥ 1 ] —--- | | L | —--- | |
- o™
— -
- -
[~ m
1 —
oo -
ol -
4
| — . —
(1]
2t 1
MT -
®
CI -
S -
v_l L
[
'8
e' -
b [}
s “ -
= ; -
14 4. 1 | N 5 P--- 1 [ [ —--- 1 ] i | b--— 1

A01L

At

‘001l
(w-wyo) Ajjalie|sad Jahen

‘01

‘0001

‘008

*009

‘00

‘002

Depth (m)

72



Figure 243‘
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P F THICKNESS

<NLSTCI>: Newberry Volcano NBS~=41
'LOOP RADIUS= 172.0
OBSERVED STANDARD COMPUTED
I TIME(s) RESISTIVITY DEVIATION RESISTIVITY
1 0.,0012000 646.0 7.5 648.2
2 0.,0016000 523,3 9.9 521.0
3 0.0020000 451,6 8.5 446,0
4 0.0026000 377.5 11.3 374.2
5 0.,0034000 313.0 7.6 316.2
6 0.0042000 273,2 7.2 279.6
7 0,0050000 257.1 15,3 254.2
8 0.0056000 236,2 16.3 235.2
9 0,0070000 210,7 12.8 214.4
10 0.0086000 192,17 34,3 195,.1
11 0.0102000 172.9 18.0 181.1:
12 0.0118000 13,6 24.1 170,33
13 0,0134000 149,3 62.9 162.1
14 0.,0158000 129,90 14.6 152.7
15 0.,01%0000 144.8 93.6 143,1
16 0.0222000 112,90 53.1 135.9
RMS ERRUOK= 10,80 X=CONVERGENCE
CORRELATION MATRIX
1 2 3
1 1.000
2 -0.,030 1,000
3 0.288 0,422 1.000
 PARAMETEK STANDARD RELATIVE PERCENT
" ESTIHWATE ERROR ERROR ERROR
-1 0.7312E=-03 0.1473E~-04 0,2014E-01 2.0
2 0.1439E=-01 0.1651E-03 0.1147E-01 1.1
3 0.5617E+03 0,1251E=02 0.2151E=05 0.0
FINAL INVERSION MUGDEL
LAYER RESISTIVITY pF CONDUCTIVITY
1 1367.6 i 0.73121284E-03 3
2 69.5 2 0.14385572E=01

P - parameter number .
F = ¥ indicates fixed parameter
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Newberry Volcano NBS-41
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Figufe'24c
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