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by

Robert J. Bisdorf

INTRODUCTION

In 1982 the U.S. Geological Survey made 21 Schlumberger soundings in and
near Newberry Caldera in Oregon (fig. 1). The soundings were made as part of
the U.S.G.S.’s Geothermal program. The purpose of the soundings was to find
areas of possible 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 wvolcano range in composition from
basaltic to rhyolitic (Sammel, 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
floor is composed mainly of rhyolitic domes and flows of obsidian, basalt, and
andesite (McLeod and others, 1981). Two lakes, Paulina and East, are located
within the caldera. A line of hot 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 permeable and the lower 320

m as probably quite impermeable (Sammel, 1981).
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The purpose of this report 1is to release the Schlumberger sounding
data. Automatic inversions and a geoelectric cross section are also given and
discussed.

SCHLUMBERGER SOUNDINGS

Figure 1 is a map showing the location, identifying number, and direction
of expansion of the Schlumberger soundings. The Schlumberger soundings are
numbered consecutively from Newberry 1 to Newberry 21. All the soundings were
made along existing roads. Soundings were corrected for road curvature in a
manner similar to that described by Zohdy and Bisdorf (1982). All the
sounding data were automatically processed and interpreted (Zohdy, 1973;
Zohdy, 1975) as shown in the graphs in 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 Appendix include:

1) A log-log plot of the field data points, in which the "0"’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 metefs and the interpreted
resistivities in ohm-m.

Soundings 1, 3, 18, and 19 had cusps that were obviously caused by
cultural factors or current leakage. These cusps were manually smoothed
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 features were manually smoothed so that
the inversion program could better fit the undistorted portions of the
soundings. 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 sounding data. The figure consists of two parts, a
nonvertically exaggerated cross section, 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 figure a 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-






tions indicate sounding locations and the numbers above the triangles are the
sounding numbers.

Two factors need to be considered when interpreting the cross 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 soundings 16 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 sections 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
cross section is presented to show the detail.

On the top of the cross section the approximate location of the caldera
rim is shown. The location of the USGS test well described by Sammel (1981)
is shown where it projects onto 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, 1981l) indicates
that the intermediate resistivity, 45 to 1000 ohm-m, materials could corre-
spond to tuffs, breccias, rhyolite flows, and lacustrine or fluviatile sedi-
ments. In the vicinity of sounding one, at a depth of about 600 m, the main
rock type changes to dacite and basalt 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 fesistivity material (31000 ohm-m) 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 flows. 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 sbunding interpretations correlate well with the drill
hole indications of elevated borehole temperatures. Low resistivity zones can
be assumed to be related to the presence of hot water or alteration 2zones.
Another low resistivity zone not necessarily 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 not 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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APPARENT RESISTIVITY IM OHM-METERS
108

B
OBSERVED

NEWBERRY &

19

100

1000

SCHLUMBERGER ELECTRODE SPRCING (RB-/2), IN METERS

AB/2
IN
METERS

3.0%
4,27
6.10
9.14
9.14
12.19
18.29
24.38
30.48
30.48
42.67
69.96
31.44

OBSERVED

RESISTIVITY
IN OHM-METERS

3600.00
2459, 00
22%590.00
28%50.00
2850.00
3280.00
3159.00
2600, 00
2400.00
2500.920
20690.00
2125.00
2160.00

20

ABs2
IN
METERS

91.44

121.92

182.88
239.88
300.23
390.23
418.80
$99.94
891.54
391.%54
1177.79
1473.71
1998. 36
2383.954

OBSERVED
RESISTIVITY
IN OHM-METERS

2280.00
2450.00
2500.00
2133.00
1950.00
19693.00
1408.00
638.00
239.00
229.00
112.00
S6.00
29.00
19.00
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APPARENT RESISTIVITY IM OHM-METERS
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1 10 100 1090 10000

SCHLUMBERGER ELECTRODE SPACING (AB-2), IN METERS
AB/2 JBSERVED
IN RESISTIVITY

METERS [N OHM-METERS

3.85 12800.00
4.27 12933, 90
5.18 7459.00
3.14 5630.00
.14 39909.00
12.19 4800.09
18.29 - 3699.09
24.38 32093.00
30.48 2450.00
30.48 2800.00
42.867 26129.1920
53,98 27690.99
91.44 2020.99
91.44 1510.00
121.92 1388.90
182.88 35%50.00
304.30 416.00
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SCHLUMBERGER ELECTRODE SPRCING

RB/2
IN
METERS

3.089
4.27
5.10
3.14
?.14
12.19
18.29
24.38
30.48
39.48
42.67
50.96
91.44

OBSERVED

RESISTIVITY
IN OHM-METERS

3950.00
2280.00
1719.080
1300.00
1460.00
1459.00
1589.00
1820.00
2100.90
2110.900
2300.00
2500.00
2200.09

24

RB/2
IN
METERS

91.44
121.92
182.38
241.71
295.66
406.91
2935.66
406.91
$79.42
863.02
3635.02

11359.13
1753.51

(RB-2), IN METERS

OBSERVED
RESISTIVITY
IN OHM-METERS

2200.09
2420.09
2809.98
2665.00
2%5983.09
1502.00
2905.00
1739.99
1128.99
587.00
631.900
342.09
90.990

10000
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UBSERVYED NEWBERRY 3
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OHM-METERS
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APPARENT RESISTIVITY IN
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ol i L
1 18 100 1000 12000

SCHLUMBERGER ELECTRODE SPRCING (RB-2), IN METERS

RAB/2 OBSERVED RB/2 OBSERVED
IN RESISTIVITY IN RESISTIVITY
METERS IN OHM-METERS METERS IN OHM-METERS
3.95 2080.00 91.44 3200.00
4.27 1500.00 115.21 3698.00
.10 930.00 171.91 3847.00
.14 860.00 233.78 4409.00
12.19 950.00 290.78 4059.00
9.14 770.00 299.78 4072.00
12.19 850.00 409,35 3415.00
13.29 1100.00 $98.089 2645,00
24.28 13900. 00 882.70 1692.00
30.48 1600.00 882.70 1682.00
30.48 1550.00 1088.14 1034.00
42.67 1900.00 1586.48 257.00
50.96 26%50.00 2174.14 79.00
91.44 3400.00 2753.26 46.00
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OBSERVED NEWBERRY 1@

Sy —

APPARENT RESISTIVITY IN OHM-METERS

S — !
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ol i L i |
1 10 100 1000 10000

SCHLUMBERGER ELECTRODE SPRCING (RB-2), IN METERS

ABs2 OBSERVED RBs2 OBSERVED
IN RESISTIVITY IN RESISTIVITY
METERS IN OHM-METERS METERS IN OHM-METERS
3.09 8780.00 91.44 620.00
4.27 3980.00 120.70 $70.00
5.10 2260.00 181.97 478.00
J.14 1?770.00 239.88 308.00
9.14 1880.00 296.38 244.00
12.19 1450.00 296.88 263.00
18.29 1200.00 416.03 181.00
24.38 970.00 $94.97 128.00
30.48 845.00 875.08 85.00
42.67 660.00 1894.84 68.00
30.48 1000.00 875.08 106.00
42.67 ?90.00 1094.84 ?S.00
80.96 ?20.00 1448.41 $57.00
31.44 €40.00 2036.87 40.09

28
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19

120

1200

SCHLUMBERGER ELECTRODE SPRCING (RBr/23), IN METERS

AB/2
IN
METERS

3.908
4,27
5.10
.14
12.19
.14
12.19
13.29
24.38
30.48
30.48
42.67
50.36
91.44

OBSERVED

RESISTIVITY
IN OHM-METERS

1150.900
300,00
980.00

135@.00

1720.900

1600.00

21990.909

3080.00

3300.00

4€00.00

4550.00

$350.00

6350.00

$400.00

30

AB/2
IN
METERS

121.92
182.88
121.92
182.88
242.01
302.06
302.06
422.18
$95.58
898.2%
1195.43
898.29
1195.43
1787.96

OBSERVED
RESISTIVITY
IN OHM-METERS

S100.00
4350.00
4200, 00
3550.00
3364.00
2770.09
3079.09
1818.00
1137.00
416.00
256.00
S$21.00
286.00

78.00

19000
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APPARENT RESISTIVITY IN OHM-METERS
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190

1900

SCHLUMBERGER ELECTRODE SPACING (AB-2), IN METERS

RBs2
IN
METERS

3.8S
4.27
6.10
9.14
3.14
12.19
18.29
24.38
30.48
308.43
42.67
S$8.352
37.78
87.78

OBSERVED

RESISTIVITY
IN OHM-METERS

900.00
€45.00
5808.90
599.09
€20.00
€95.00
849.00
1875.09
1250. 080
1280.09
1650.08
2868.00
2609.00
2931.09

32

RB-2
IN
METERS

121.92
183.79
233,861
277.67
277.67
327.96
459.94
732.43
843,69
732.13
343,69
1357.858
1924.51
2491.74
2970.28

OBSERVED
RESISTIVITY
IN OHM-METERS

4937.00
4941.00
4361.00
3868.09
4208.00
3391.00
1783. 00
§76.00
455.020
445.00
372.09
153.00

Se.00

27.09

33.00

————— e}
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30.48
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488.00
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IN RESISTIVITY
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9.14
12.19
9.14
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18.29
24.38
30.48
30.48
42.867
50.96
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2490,00
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1550.00
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RAB/2
IN
METERS
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121.92
179.22
237.44
299.92
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420.01
$86.13
869.29
1165.56
1165.56
1771.50
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RESISTIVITY
IN OHM-METERS

170.00
15S5.00
140,00
135.00
120,00
119.00
109.00
93.00
94.00
108,00
98.00
79.00
111.00
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1989.90
740.080
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268.00
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169.00
133.00
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1430.60
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21.18
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66.19
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RB/2 OBSERVED AB 2 OBSERVED

IN RESISTIVITY IN RESISTIVITY

METERS IN OHM-METERS METERS IN OHM-METERS
3.8S Si1000.00 91.44 3400.00
+.27 41500.00 121.92 3440.00
5.10 31000.00 182.88 3500.90
9.14 17000.00 243.84 3200.00
3.14 19000.00 304.39 3300.00
12.19 12000.00 304.80 3200.00
13.29 7000.00 426.72 270@0. 00
24.38 5000.00 609.60 2900.00
30.48 4250.00 314.40 1500.00
42.87 3000.00 914.40 1500.00
30.48 6000.00 1219.20 725.00
42.87 3600.00 1828.80 S$00.00
50.96 2700.00 2438.40 300.900
31.44 3100. 00 3048.00 278.90
3657.60 194.00
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SCHLUMBERGER ELECTRODE SPACING (AB-2), IN METERS
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METERS
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4.27
5.10
9.14
9.14
12.19
18.29
24,38
30.48
42.57
30.48
42.67
58,96
91.44

OBSERVED

RESISTIVITY
IN OHM-METERS
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24000.00
23600.00
17500.00
21800.00
14000.00
6000.00
3700.00
3400.00
3500.00
4000.00
3700.00
41008.00
4000.00
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AB-2
IN
METERS

91,44
121.32
182.38
243.84
304.30
304.30
426.72
609.60
914,40
914,40

1219.20
1828.80
2438.40
3048.00
3657.69

OBSERVED
RESISTIVITY
IN OHM-METERS

4200.00
4550.00
$0080.90
4300.00
4600.00
4300.00
4500.00
3700.00
2350.00
2500.00
2250.90

900.920

S00.009

390.90

300.90
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SCHLUMBERGER ELECTRODE SPACING tAB-2), IN METERS

AB/2 OBSERVED RAB/2 OBSERVED
IN RESISTIVITY IN RESISTIVITY
METERS [N QHM-METERS METERS IN OHM-METERS
3.8S 18900.00 121.92 €000.00
4.27 20000. 90 182.38 3800.00
§.10 21250.00 243.84 8360.00
d.14 23000.00 304.30 7200.00
9.14 24000.00 426.72 7S500.080
12.19 2395@.00 304.39 3400.08
18.29 24300.00 : 426.72 3500.00
24.38 280008.00 €085.60 3700.09e
208.48 290008.090 S14.40 3750.08
42.67 22000. 900 1213.28 2600.00
308.43 25000.00 d14.40 2500.00
42.67 19000.00 1219.20 1700.90
58.96 12000.00 1828.30 €508.00
91.44 53800.00 2438.40 317.00
121.32 3968.80 3048.00 265.00
91.44 12900. 30 3657.58 378.00
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APPARENT RESISTIVITY IM OHM-METERS
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IN OHM-METERS
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?7000.00
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72000. 20
72000.00
60000. 00
44000, 020
22000, 00
13500.00
16000. 20
3800.00
2200.00
2579.00
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METERS
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123.14
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281.3%4
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835. 1S
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1695.68
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1915.00
1385.00
445,00
626.080
$58.00
319.00
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12.19
18.29
24.38
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42.67
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51,87
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RESISTIVITY

IN OHM-METERS

20209.900
173509. 099
13200.990
3209.09
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3000.99
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1173.00
1549.090
1325.09
219S.08
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30.48
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59,36
91.44
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400. 00
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