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Schlumberger Soundings in the Dillon Resource Area 
Beaverhead and Madison Counties, Montana

By
Robert J. Bisdorf 
Richard A. Wise

In 1996 and 1997 the U.S. Geological Survey made 60 dc electrical 
soundings using the Schlumberger array in the Dillon resource area, Beaverhead 
and Madison counties, Montana. The soundings were made to determine the 
thickness and the extent of the near-surface sands and gravels of placer deposits 
for the Bureau of Land Management. Results would assist in determining the 
potential for mining operations, and the location of the placer deposits.

Schlumberger sounding is a geophysical technique that uses variations in 
the electrical resistivity of earth materials to help detect buried geologic structures. 
DC resistivity (the inverse of conductivity) is a fundamental rock property that 
varies due to of rock type, clay content, porosity and the quantity and quality of 
the water contained in the rock. Resistivity is normally expressed in ohm-m. 
Within a given rock type, the resistivity of the rock is primarily dependant on the 
quality and quantity of water and the amount of clay present. Generally speaking, 
higher clay content and/or poorer quality (higher TDS and/or chlorides) ground 
water lowers the rock resistivity.

Schlumberger sounding uses a symmetric electrode array to vertically 
explore the subsurface. The name Schlumberger derives from Conrad 
Schlumberger, an early proponent of the array geometry. Schlumberger soundings 
are processed by computer modeling of the sounding data as a series of horizontal 
layers (Zohdy, 1989 and Zohdy and Bisdorf, 1989). More detailed explanations of 
processing and automatic interpretation procedure can be found in Bisdorf (1985) 
and Zohdy and others (1993). A series of individual sounding interpretations can 
be combined to generate a geoelectrical cross section of interpreted resistivity. 
Cross sections, which can be thought of as vertical slices through the ground, 
similar to a road cut, are easier to interpret than individual soundings and show 
lateral as well as vertical variations of resistivity.
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China Town

Figure 1. Map of Montana showing general areas of data collection.

Table 1 gives the sounding number, x coordinate, y coordinate, and 
elevation of the soundings. The x and y coordinates are in kilometers UTM zone 
12 using the North America horizontal datum of 1927. The elevations are in 
meters using the North American vertical datum of 1929. Figure 1 is a map 
covering the areas worked.

The data were interpreted using an automatic computerized interpretation 
program (Zohdy and Bisdorf, 1989) written for IBM PC's and compatible 
computers. The soundings are designated Dillon 1 through Dillon 60. Sounding 
Dillon 54 has an S appended to the title of the interpreted sounding, indicating that 
the field sounding was smoothed prior to interpretation. Sounding Dillon 59 was 
distorted by a metal fence and is included only for completeness. For each 
sounding curve, the data in the appendix includes:

1. A sounding title designated by the name of the survey area followed by the 
sounding number.

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



3. A log-log plot of the field data points. Each set of data points that were 
made with the same potential electrode spacing (MN) are connected with a 
solid line. Measurements were made at MN/2 spacings of .6, 2., 20., and 
60., feet as appropriate.

4. A tabulation of the automatically interpreted layering, with depths in meters 
and feet and the corresponding resistivities in ohm-meters.

5. A log-log plot of the results of the automatic interpretation program. The 
circles represent the shifted-digitized field data, the continuous curve 
represents the sounding curve calculated from the interpreted layering, and 
the step-function curve represents the interpreted layering.

RESISTIVITY CROSS SECTIONS

Resistivity cross sections are generated from individual sounding 
interpretations. Each sounding interpretation is sampled in a manner to 
approximate a continuous vertical distribution of resistivity with depth (Bisdorf, 
1982). This vertical data is then horizontally interpolated to create a grid. Gray 
scale or color values are assigned based on the interpolated resistivity values and 
the desired contour levels. Triangles on the upper surface of the cross section 
designate the sounding locations. Topographic information, input as sounding 
elevations, is represented by connecting the surface location of the soundings by 
straight lines. The bottom edge of the cross sections will be variable and the 
elevation of the bottom is determined by the depth of useable data as determined 
by a percentage of the deepest interpreted layer depth. The variable bottom of the 
cross sections is used to discourage making interpretations not justified by the 
data.

Figure 2 shows the location map for the Virginia City area. Soundings were 
made in Alder Gulch and Browns Gulch. Figure 3 shows a geoelectrical cross 
section made from the interpretation of the soundings made in Alder Gulch. The 
green and yellow colors under soundings 38, 39, and 40 indicate resistivities from 
10 to 100 ohm-m and are typical for unconsolidated sediments in an alluvial 
environment. The higher resistivities seen under the soundings in the gulch 
represent either gravels or the gneissic bedrock (Van Gosen and others, 1998). 
The high resistivity (150 to 300 ohm-m) tongue under soundings 37 and 38 could 
represent gravels with the potential for mining impact. Similarly the near surface



(upper 20 meters) high resistivity zone throughout the canyon could indicate 
gravels, although we would be surprised to find 25 meters of gravel as far up the 
canyon as soundings 33 and 34.

Figure 4 shows a geoelectrical cross section made from the interpretation of 
the soundings in Browns Gulch. The green and yellow colors under soundings 41, 
and 46 indicate resistivities from 10 to 100 ohm-m and are typical for 
unconsolidated sediments in an alluvial environment. The higher resistivities seen 
under the soundings in the gulch represent either gravels or gneissic bedrock. The 
near surface (upper 20 meters) high resistivity material seen under soundings 45, 
42 and 46 could possibly represent mineable gravels up to 30 meters thick. There 
is placer activity between sounding 46 and sounding 41. In general the rocks in 
this gulch are not as resistive as those in Alder Gulch, possibly indicating that 
these rocks are somewhat less competent.

Figure 5 shows a location map for the Dyce Creek area. Figures 6 and 7 
show the geoelectrical cross sections made from the interpretation of the 
soundings in the east fork and west fork of Dyce Creek respectively. Generally 
speaking, high resistivities dominate the cross section indicating that the creek is 
very close to the Hornblende gabbro that is the predominate basement rock 
(Pearson and Zen, 1985). If any placer gravels exist their presence is masked by 
the high resistivity basement materials. On figure 6 under sounding 20, the 
resistivities are somewhat lower than the rest of the cross section. This probably 
represents a unit described by Pearson and Zen (1985) as conglomerate, tuffaceous 
sandstone and tuff. On figure 7 under soundings 14 and 21 a lower resistivity 
layer may indicate the same unit. Out of the canyon (soundings 47 and 48) the 
resistivity structure is representative of unconsolidated fine grained material. The 
upper 1 to 5 meters is high resistivity material and could represent gravels.

Figure 8 shows a location map for the Grasshopper Creek area. Figure 9 
shows a geoelectrical cross section made from the interpretation of the soundings 
made in this area. The greater than 100 ohm-m material under soundings 28 and 
60 probably represent the basalt that outcrops on the nearby hills along the canyon 
of the Beaverhead River. In the canyon of Grasshopper Creek the near surface 
greater than 100 ohm-m material may represent gravels. Near surface gravels are 
indicated from sounding 30 to sounding 23. The proposed gravels are less than 10 
meters thick under sounding 30 to greater than 50 meters thick under sounding 22. 
This deposit is laid down in a westerly dipping wedge of material. Beneath the 
proposed gravels is a less than 20 ohm-m layer that may represent some finer 
grained material. Some possibilities include siltstone, tuff, or any porous media



saturated with poor quality water. Greater than 100 ohm-m material exists under 
soundings 25, 26, and 27. This zone ranges in thickness from less than 10 meters 
to greater than 60 meters and is dipping to the east. This zone could represent 
gravels. The dips seen west of sounding 30 are consistent with information given 
verbally by R.C. Pearson on the results of his preliminary geologic mapping of the 
area that indicates a synclinal structure in this area.

Figure 10 shows a location map for the China Town area. Figure 11 shows 
a geoelectrical cross section made from the interpretation of the soundings made in 
this area. The greater than 150 ohm-m material present under soundings 1 and 2 
represent the basement rocks. The greater than 70 ohm-m material in the upper 50 
meters is presumed to represent gravel deposits. The placer gravels in the China 
Town area were actively worked and piles of material can still be seen. This made 
access to the center of Jeff Davis Creek difficult and as a consequence many of the 
soundings were located on the sides of the valley. This is not ideal for 
determining the presence and thickness of gravels. The greater than 70 ohm-m 
material present in the upper 50 meters of the cross section is presumed to 
represent the gravels. The cross section indicates a low resistivity structure under 
sounding 55 that divides the valley. Gravels thicken to the east and west from this 
divide. This low resistivity body is probably a clay rich rock such as a siltstone, 
mudstone, or tuff. A less likely possibility for the composition of this low 
resistivity material is rhyolite (in a previous survey (Zohdy and Bisdorf, 1994 p 
23-24) measurements were made on a competent gray rhyolite that had similarly 
low resistivities (i.e. <15 ohm-m)), although it was questioned whether the 
sounding in question was actually measuring the resistivity of the rhyolite. 
M'Gonigle and Mortimer (1997) show an anticline with both flanks faulted just 
north of this low resistivity zone. Extending the mapped faults and anticlinal crest 
south to Jeff Davis Creek matches the low resistivity zone. It isn't known if this 
low resistivity divide is related to the source of gold in Jeff Davis Creek.

The transition from high resistivities to low resistivities between soundings 
1 and 2 represents the Maiden Peak fault designated MP on M'Gonigle and 
Mortimer (1997). The transition from moderate resistivities to low resistivity near 
sounding 56 represents the Horse Prairie Basin fault designated as HPB on 
M'Gonigle and Mortimer (1997). The cross section has faults represented as 
dipping lines. The fault dips are determined by those that are visually pleasing 
since the soundings are not typically closely enough spaced to determine dip.



REFERENCES

Bisdorf, R.J., 1982, Schlumberger sounding investigations in the Date Creek
Basin, Arizona: U.S. Geological Survey Open-File Report 82-953, 55 p. 

_, 1985, Electrical techniques for engineering applications: Bulletin of the
Association of Engineering Geologists, v. XXII, no. 4, p. 421-433. 

M'Gonigle, J.W., and Mortimer, H.H. Jr., 1997, Geologic map of the Jeff Davis
Peak quadrangle and the eastern part of the Everson Creek quadrangle,
Beaverhead County, southwest Montana: Geologic Investigations map I-
2604. 

Pearson, R.C., and Zen, E-An, 1985, Geologic map of the Eastern Pioneer
Mountains, Beaverhead County, Montana: U.S. Geological Survey
Miscellaneous Field Studies Map MF-1806-A. 

Van Gosen, B.S., Hammarstrom, J.M., Kellogg, K.S., and Berg, R.B., 1998, Map
showing areas with potential for garnet resources in bedrock and placer in
the Blacktail Mountains and the Gravelly, Greenhorn, Ruby, and Snowcrest
Ranges of southwest Montana: U.S. Geological Survey Open-File Report
(in press), Iplate. 

Zohdy, A.A.R., and Bisdorf, RJ.,1989, Programs for the automatic processing and
interpretation of Schlumberger sounding curves in QuickBASIC 4.0: U.S.
Geological Survey Open-File Report, 89-137 A&B, 64 p. + diskette. 

__, 1994, A direct current resistivity survey near the marine corps logistics bases
at Nebo and Yermo, Barstow, California: U.S. Geological Survey Open-File
Report 94-202, 155 p.



Sounding 
number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

X 
(km)

329.37

328.54

325.74

326.46

327.69

327.81

325.26

324.23

339.71

339.77

339.63

339.16

339.45

339.57

340.61

340.93

340.95

340.84

340.76

340.81

340.18

356.62

355.81

354.88

354.00

353.21

352.27

360.74

359.10

358.87

Y 
(km)

4972.07

4972.06

4972.82

4972.13

4972.28

4972.09

4973.21

4973.45

5020.21

5019.72

5018.98

5018.38

5017.66

5017.08

5015.72

5016.40

5016.93

5017.66

5018.43

5019.06

5016.40

4996.86

4996.64

4996.56

4996.45

4996.83

4996.77

4996.72

4996.19

4996.39

Elevation 
(meters)

2371.7

2257.0

2118.4

2141.2

2188.5

2203.7

2100.0

2078.7

2329.3

2240.8

2190.5

2140.2

2097.6

2064.0

1971.0

1998.6

2024.4

2067.1

2129.6

2176.8

2012.2

1667.3

1652.4

1667.7

1667.7

1679.9

1652.4

1623.5

1631.1

1626.5

Sounding 
number

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

X 
(km)

357.87

427.07

427.39

427.80

427.86

426.87

426.64

426.42

425.98

425.29

423.46

423.28

423.51

423.15

423.15

423.34

340.59

340.52

322.98

321.86

327.26

326.89

327.58

326.99

326.23

323.83

358.29

359.40

360.13

359.95

Y 
(km)

4996.77

5008.05

5008.54

5009.94

5011.61

5012.68

5013.40

5014.49

5015.41

5016.20

5017.03

5015.27

5012.62

5013.42

5014.25

5016.36

5014.92

5013.34

4973.78

4973.97

4972.32

4972.27

4971.65

4971.93

4972.51

4973.51

4996.70

4995.92

4995.79

4995.59

Elevation 
(meters)

1631.1

2118.9

2109.7

1997.0

1896.3

1852.1

1823.2

1780.5

1768.3

1740.8

1725.6

1774.7

1884.1

1850.6

1817.1

1773.9

1946.6

1905.5

2061.0

2007.6

2167.1

2168.7

2206.8

2164.1

2142.7

2050.4

1639.8

1630.7

1615.4

1618.5

Table 1. Schlumberger sounding coordinates. Horizontal coordinates (x and y) are in kilometers 
UTM zone 12 using the North American horizontal datum of 1927. Elevations are in meters 
using the North American vertical datum of 1929.



32 Schlumberger Sounding 
0 Location and Number

Contour interval 50 meters

Figure 2. Map showing Schlumberger sounding locations near Virginia City, 
Montana.



32 Schlumberger Sounding 
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Figure 5. Map showing the Schlumberger sounding locations in the Dyce Creek Area, west of 
Dillon, Montana.
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Figure 3. Geoelectrical cross section of the Schlumberger soundings along Alder Gulch near 
Virginia City, Montana.
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Figure 4. Geoelectrical cross section of the Schlumberger 
soundings made along Browns Gulch near Virginia 
City, Montana.
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Figure 6. Geoelectrical cross section of the Schlumberger
soundings along the east fork of Dyce Creek, Montana.
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Figure 7. Geoelectrical cross section of the Schlumberger soundings along the 
west fork of Dyce Creek, Montana.
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32 Schlumberger Sounding 
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Contour Interval 50 meters

Figure 8. Map showing the location of the Schlumberger soundings made along Grasshopper 
Creek, Montana.
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32 Schlumberger Sounding 
Location and Number

Contour interval 40 meters

Figure 10. Map showing the location of the Schlumberger soundings made along Jeff Davis Creek, 
Montana.
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Figure 9. Geoelectrical cross section of the Schlumberger soundings made along Grasshopper 
Creek, Montana.
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Figure 11. Geoelectrical cross section from the interpretation of Schlumberger soundings made 
along Jeff Davis Creek, Montana.
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