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System (MLS). (b) Michael Barnhardt using a gamma log to aid in interpreting core. (c) Interpretation of three 
gamma logs for Quaternary sediments showing the relationship of gamma counts per second to amounts of silt and 
clay. (d) Antigone Dixon-Warren inserting an MLS gamma sonde into a newly drilled borehole for a water well. (e) 
Monitor and controls of the converted MLS logging system. (f) Gamma logs from the MLS and Mount Sopris systems 
for an ISGS test hole showing the peak at 265.67 foot depth of the test hole used for standardization alignment. (g) 
Keegan Gallagher, one of several students who performed geophysical logging using the two systems during summer 
field seasons, collecting single-frequency differential GPS for elevation and location of a water well. (h) Phil Reed 
initiated downhole logging at the ISGS operating the converted Gearhart-Owen Industries, Inc. MLS. Winch is in the 
foreground. (i) Andrew Stumpf using the Mount Sopris System to gamma log a new water well. (j) Geophysicist Timothy 
Young logging a well using a Mount Sopris system. (k) Eduard Breuer, one of several students who used a sieve to catch 
samples from newly drilled water wells and performed geophysical logging using the two systems during summer field 
seasons.
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Summary
Downhole natural gamma-ray logs provide important lithologic data based on radioactive decay and the 
proportions of potassium, uranium, and thorium contained in predominantly clay minerals. These data  
provide important information for many geologic uses in hydrogeology and three-dimensional geologic 
mapping.

A combined analog Gearhart-Owen Industries, Inc. Mineral Logging System (MLS) with a Widco winch 
was converted to a digital system by Mount Sopris Instrument Company, Inc. in 1995 for the Illinois State 
Geological Survey (ISGS). The MLS gamma (sodium iodide) sonde was used with the system to gather 
lithologic information for glacial and bedrock geology studies until 2004. This system was replaced in 
2004 with a Mount Sopris 4MXC digital logging system, which uses a combination gamma, spontaneous 
potential (SP), and single point resistance (SPR) probe (serial no. 3342) for the same purposes. The obser-
vations recorded by the new system have greater counts per second (cps) values than those of the system it 
replaced despite having a smaller sodium iodide crystal.

 A regression of downhole logs made by the two systems at the ISGS Test Hole on the South Farm of the 
University of Illinois at Urbana-Champaign compares the systematic difference in their measurements. 
Analysis indicated a high correlation (R2, 0.97) between logs made with the Mount Sopris gamma 3342 and 
the MLS sonde/probe. The data from both logs were recorded at a rate of 10 feet per minute and adjusted to 
a common layer at a depth of 265.67 feet. In this study, we concluded that the cps values of the older MLS 
sonde/probe system should be multiplied by 1.66 to achieve an equivalent value for observations made 
with the newer Mount Sopris gamma 3342 probe. 

Background, Statistical Analysis, and Discussion
Downhole geophysical gamma logs measure the energy emitted from the radioactive decay of potassium, 
uranium, and thorium naturally occurring in lithologies, predominantly in clay minerals. Because the en-
ergy measured is largely proportional to the amount of clay minerals in a lithology, the logs indicate gra-
dational or abrupt changes in the lithologic or mineralogical components of unconsolidated sediment and 
rock. Depending on the lithologic composition of the sediment or rock, natural gamma radiation can be 
used as a proxy for grain size. Interpretation of the magnitude of the measure of gamma radiation is used 
for setting screens for wells, delineating stratigraphic units for three-dimensional geologic mapping, and 
other geologic purposes (Keys 1990; Dixon-Warren and Stohr 2003; Bleuer 2004; Stohr et al. 2004). 

Between 1989 and 1995, the Illinois State Geological Survey (ISGS) used an analog Gearhart-Owen In-
dustries, Inc. Mineral Logging System (MLS) with a Widco winch, using the gamma lithology sonde for 
groundwater and mineral resource and geologic mapping studies. In 1995, the analog system was converted 
to a digital system by the Mount Sopris Instrument Company, Inc. (Denver, Colorado). The detector was 
replaced at the end of July 2003 with a crystal of the same size and diameter. Hundreds of wells in Illinois 
have been downhole logged using the MLS lithology sonde. 

An invoice for the sodium iodide (NaI) or scintillation detector shows the dimensions of the detector crys-
tal to be 1 inch in diameter by 4 inches in length (Appendix A). The volume of the MLS cylinder is 12.57 
cubic inches or 205.93 cubic centimeters. 

In 2004, the ISGS purchased a Mount Sopris 4MXC digital logging system to replace the aged converted 
analog downhole geophysical system. The Mount Sopris system uses a 2PGA-1000 poly-gamma combina-
tion gamma, spontaneous potential (SP), and single point resistance (SPR) probe (serial no. 3342). 

Specifications for the Mount Sopris NaI gamma detector are 0.875 inches in diameter by 3.0 inches long 
(Appendix B). The volume of the Mount Sopris cylinder is 7.22 cubic inches or 118.25 cubic centimeters.

Sodium iodide crystals of different sizes and sondes having different electronic components will produce 
“markedly different count rates in the same well at the same depth” (Keys 1990, p. 80). Logging systems 
measure the amount of gamma radiation in counts per second (cps) based on the scintillation of the NaI 
crystal, which emits light in proportion to incident radiation, as described previously. The ratio of the crys-
tal volumes of the older and newer systems is 1.74.
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Counterintuitively, the new system, which has a smaller crystal, records higher cps than does the older 
system, which has a larger crystal. To standardize observations made by the two systems, a 314-foot-deep, 
2-inch-diameter PVC-cased borehole was logged on August 4, 2004, using the converted MLS gamma 
sonde. The test hole is located on the South Farm of the University of Illinois at Urbana-Champaign south 
of Windsor Road and west of the Lincoln Street extension. Coordinates of the test well are 40.080395 m 
(±0.02 m) north, 88.218892 m (±0.01 m) west, 217.59 m (±0.06 m) NAD83/NAVD88. 

Observations were compared with a log of the same test well made on September 7, 2004, using the newly 
acquired Mount Sopris Instrument Company, Inc. 4MXC combination gamma, SP, and SPR probe, serial 
no. 3342 (hereafter, Mount Sopris 3342). Both logs were made from the bottom to the surface at a rate of 
10 feet per minute. The logs were found to be out of alignment by 1.23 feet when visually compared, and 
abrupt contacts were inspected both as plots and in the measured data. Relative depths were adjusted to a 
0.9-foot-thick layer displaying a peak at 265.67 feet (Mount Sopris 3342). 

Copies of both logs are found in Appendix C. Summary statistics of the two logs show that cps of the newer 
system are larger (Table 1). Analysis of the logs by simple linear regression was done to determine whether 
the difference between the two logs was systematic and whether data from the logs were directly compa-

Statistic MLS, cps
Mount Sopris 

3342, cps

Mean 49.5 82.60

Median 38.9 65.50

Mode 36.4 87.62

Standard deviation 46.2 78.81

Sample variance 2,130.8 6,210.28

Range 446 803.33

Minimum 5.8 4.67

Maximum 451.8 808

Count 3,115 3,115

rable. 

 Table 1 Summary statistics of gamma observations of a  
 test hole using the Gearhart-Owen Industries, Inc. Mineral  
 Logging System (MLS) and the Mount Sopris Instrument  
 Company, Inc. probe no. 3342 (Mount Sopris 3342)

Figure 1 Comparison of direct and predicted gamma observations for logs of a cased borehole us-
ing the Gearhart-Owen Industries, Inc. Mineral Logging System (MLS) and the Mount Sopris Instru-
ment Company, Inc. probe no. 3342 (Mount Sopris 3342).
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The Mount Sopris 3342 log was used as the dependent variable for simple regression analyses calculated 
by modeling without a constant. Analysis of 3,115 gamma observations along the 314-foot-deep, 2-inch-
diameter boring yielded a coefficient of determination (R2) of 0.97 without an intercept (i.e., the model was 
forced through the origin; Figure 1). The model was forced through the intercept to compare systematic dif-
ferences in the radiation measured by the two sondes. The summary regression statistics (Table 2) show that 
observations of the two gamma logs were highly correlated, which was expected. The modest standard er-
ror was likely caused by natural variation of the earth materials and radioactive disintegration, which would 
be observed if the probes recorded data at a single depth for a length of time (Keys 1990). 

The regression slope is calculated to be 1.66. Consequently, observations made with the Mount Sopris 3342 
gamma probe would be approximately 1.66 times the value of observations made using the MLS gamma 
probe. This could be stated as

 Mount Sopris 3342 observation (cps) ≈ 1.66 × MLS observation (cps).

Interpreters of natural gamma logs will recognize that direct numerical equivalency of logs is almost im-
possible for physical and operational reasons, such as (1) natural variation in gamma emissions of sedi-
ments; (2) differences in casing diameter, thickness, and materials; (3) borehole diameter; and (4) moisture 
inside the casing and in sediments, which can attenuate radiation (Keys 1990). The length, diameter, and 
sensitivity of NaI crystals used for radiation measurement and other variables complicate direct correlation 
of the records of gamma logs (Keys 1990). Although the original and replacement NaI crystals are not com-
parable, the common dimensions and electronics should yield similar cps measurements.

This exercise is intended to provide general guidance for comparison of the numerous logs made by these 
two systems that have been in general use by the ISGS. 
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Appendix A: Gerhart-Owen Industries Manual and Specifications

Provided courtesy of Haliburton.
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Provided courtesy of Haliburton.



12



13



14



15



16



17



18



19



20



21



22



23



24



25



26



27



28



29



30



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45





47

Appendix B: Mount Sopris Manual and Specifications

Permission to publish from Mount Sopris Instrument Company, Inc.
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Appendix C: Gamma Ray Logs of ISGS Test Boring
Gamma log of the Gearhart-Owen Industries, Inc. Mineral Logging System (MLS) is shown in blue on the 
left. Gamma log of the Mount Sopris Instrument Company, Inc. 4MXC combination gamma, SP, and SPR 
probe (serial no. 3342) is shown in red on the right.
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