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Schlumberger sounding results and the altitude of the
Pierre Shale at the Pueblo Chemical Depot, Pueblo, Colorado.
by
Robert J. Bisdorf

INTRODUCTION

In 1995 and 1997 the U.S. Geological Survey made 73 dc electrical soundings at the Pueblo
Chemical Depot near Pueblo, Colorado, using the Schlumberger array. The soundings were made
to determine the altitude and topographic surface of the underlying Pierre Shale. The purpose of this
report is to present the sounding data, its automatic interpretation and a map of the altitude of the top
of the Pierre Shale.

The geology consists of alluvium overlaying Cretaceous age Pierre Shale (Watts and Ortiz,
1989) with the alluvium ranging in thickness from 40 to 95 feet. The Pierre Shale, more than 1000
feet thick in the study area (Watts and Ortiz, 1989), contains localized iron concentrations and
limestone lenses and is effectively an impermeable layer. The alluvium comprises sand and clay.
The Pierre Shale is a good target for electrical exploration because of the contrast between the
relatively high resistivity sand/clay mix of the alluvium and the consistently low resistivity of the
shale.

SCHLUMBERGER SOUNDING

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
aseries 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).

SCHLUMBERGER SOUNDING DATA

Figure 1 is a map of the sounding locations, and numbers. The soundings are represented
by circles. 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 13 using the North America
horizontal datum of 1927. The elevations are in feet using the North American vertical datum of
1929. Soundings were located by using global positioning satellite (GPS) equipment and by
comparison with USGS topographic quadrangles and landmarks. In general the GPS locations did
not compare favorably with known positions, so landmarks and measured distances were used to
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Figure 1. Map showing the location, and number of the Schlumberger soundings.



locate individual soundings. Inside the Depot along roads positional accuracy was + 10 m and better
at road intersections, wells and landmarks. Soundings 1, 3, 21, 22, and 43 are probably located to
better than +30m. 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 PDA 1 through PDA 73. 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.
Several sounding titles have a suffix that indicates what special treatment the sounding may
have undergone. For instance the suffix S denotes that the field data were smoothed before
the inversion was performed. In general, only the interpreted sounding titles will have
suffixes.

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) is connected with a solid line. Measurements were made
at MN/2 spacings of 0.6, 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.

INTERPRETED DEPTH TO SHALE

To estimate the depth to the top of the Pierre Shale from the interpreted Schlumberger
soundings, the sounding interpretations were evaluated by a computer program to determine the
deepest depth to a resistivity of 12 ohm-m in a section of decreasing resistivity. Twelve ohm-m was
used as the shale criterion because it is lower than the typical resistivity of alluvium and slightly
higher than the highest interpreted resistivity of the Pierre Shale. The resistivity of the Pierre Shale
was somewhat variable, possibly because of the iron concentrations and limestone lenses. The depth
evaluated at sounding 15, located next to well ATMW-05 and sounding 41, located next to well
ATMW-01 were compared to the depth of the Pierre Shale from each well (Chafin, 1995) and a
correction factor was calculated to adjust the interpreted depth to Pierre Shale to the measured depth
to Pierre Shale. The correction factor was necessary to compensate for a depth shift resulting from
the nature of a multi-layer interpretation over a large contrasting low resistivity basement layer
(pseudo-anisotropy), and/or to correct for possible anisotropy in the overlying sediments. Koefoed
(1979) and Zohdy and others (1974) discuss the effects of anisotropy. Pseudo-anisotropy (the effect
of combining layers of varying resistivities and thicknesses) has the same effects as anisotropy (a
material property). The evaluated depths to the Pierre Shale from the sounding interpretations were
multiplied by the correction factor and used to calculate the elevations shown on figure 2. The
elevation of the top of the Pierre Shale from this survey are consistent with the elevations shown in
Chafin (1995).



Sounding X Y elevation] Sounding X y lelevation

Number |kilometersjkilometers feet Number ilometersjkilometers feet
1 555.610 4236.200 4575. 38 560.210 4239.960 4685.
2 556.710 4236.460 4642. 39 558.030 4245.870 4815.
3 556.160 4236.350 4625. 40 558.660 4245.860 4801.
4 555.220 4235.985 4542, 41 559.500 4245.860 4788.
5 560.610 4236.990 4640. 42 560.120 4245.880 4779.
6 561.575 4237.785 4625. 43 554.710 4235.920 4541.
7 562.240 4237.500 4673. 44 561.000 4237.440 4631.
8 554.580 4244.080 4680. 45 559.810 4236.240 4640.
9 555.070 4244.050 4730. 46 561.090 4245.860 4745.
10 555.515 4243.835 4777. 47 561.520 4245.230 4723.
11 555.800 4244.150 4784. 48 561.840 4244.490 4716.
12 557.050 4236.640 4670. 49 562.020 4243.720 4698.
13 563.300 4237.930 4675. 50 562.020 4243.010 4690.
14 555.880 4239.670 4694. 51 554.090 4245.990 4721.
15 556.410 4239.670 4713. 52 556.300 4245.830 4810.
16 555.900 4238.760 4661. 53 555.290 4245.750 4783.
17 555.170 4239.600 4640. ' 54 554.990 4241.880 4695.
18 554.950 4239.600 4601. 55 557.960 4245.030 4794.
19 554.720 4239.620 4599. 56 558.050 4244.220 4781.
20 555.520 4239.550 4664. 57 557.950 4243.570 4773.
21 554.080 4239.600 4598. 58 557.940 4242.970 4766.
22 554.180 4244.040 4681. 59 557.990 4242.290 4755.
23 554.590 4241.800 4640. 60 558.020 4241.590 4744.
24 554.240 4241.720 4640. 61 558.170 4238.640 4695.
25 555.235 4242.005 4732. 62 558.060 4240.790 4734.
26 555.690 4242.025 4752, 63 557.210 4237.650 4703.
27 556.440 4242.325 4757. 64 558.160 4237.920 4688.
28 553.550 4244.050 4692. 65 559.080 4237.970 4688.
29 557.260 4239.680 4722. 66 559.640 4237.420 4679.
30 556.620 4237.210 4651. 67 560.760 4243.980 4745.
31 556.300 4237.750 4655. 68 560.590 4243.010 4730.
32 557.120 4242.680 4766. 69 562.380 4245.990 4772.
33 557.050 4245.810 4813, 70 563.240 4245.820 4776.
34 555.710 4245.760 4806. 71 563.300 4242.870 4700.
35 554.570 4245.790 4717. 72 563.410 4236.800 4655.
36 558.190 4239.800 4718. 73 559.530 4242.970 4746.
37 559.170 4240.200 4710.

Table 1. Schlumberger sounding coordinates. Horizontal coordinates (x
and y) are in kilometers UTM zone 13 using the North American
horizontal datum of 1927. The elevations are in feet using the
North American vertical datum of 1929.
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Figure 2. Map showing the elevation of the top of the Pierre Shale from the interpretation of the

Schlumberger soundings at the Pueblo Chemical Depot. The observation well locations and
elevations are from Chafin, 1995.
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