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The two maps accompanying this report (Plate 1 and Plate 2) present the
natural background gamma radiation in the Torrington 1°x 2° topographic map area,
Wyoming and Nebraska. Gamma radiation 1is the primary component or type of
natural ionizing radiation. The other two components, called alpha and beta, are
much less energetic and penetrating. Alpha radiation, which consists of par-
ticles composed of two protons and two neutrons, can be stopped or shielded by a
sheet of paper or plastic wrap. Beta radiation, which consists of particles
called electrons, can be shielded by an inch of wood. Gamma radiation, however,
can penetrate about three feet of concrete and about 0.25 inch of lead. Other
types of ionizing radiation, including x-rays and neutron radiation, are a minor
part of cosmic radiation (radiation wﬁose source lies beyond the solar system),
and are either totally attenuated by the atmosphere or can pass through the earth

without interacting with other substances.

Gamma radiation is a form of electromagnetic radiation characterized by wave
lengths from 107 to 10711 cm and frequencies of 1017 to 1021 gec-l (Adams and
Gasparini, 1970). This places gamma radiation at the short wave and high fre-
quency end of the electromagnetic radiation spectrum that includes infrared and

ultraviolet radiation and visible light.

A knowledge of the background radiation of an area may be useful to geolo-—
gists and land-use planners. For exploration geologists, mineralized areas often
exhibit anomalous gamma radiation (either high or low); for environmental plan-—

ners, local radiation levels may affect a particular development or land use.

The purpose of this study is to provide a reference for expected radiation
values. This report is the first of a planned series for each of the sixteen

1° x 2° topographic map sheets that cover Wyoming. Background radiation maps



were constructed for each of these maps during the U.S. Department of Energy's
National Uranium Resource Evaluation (NURE) program. These latter maps, however,
were plotted from information gathered by airborne detectors, which collected
this information from altitudes of a few hundred feet. Geologic, atmospheric,
and cosmic radiation were blended in a manner so that the NURE maps cannot be
used as a guide to local background radiation at the surface of the land. They
may, however, be used to locate broad anomalies such as those associated with
large bodies of high-background rock and uranium occurrences (Geo Metrics, 1979).
In contrast, the two maps of background radiation in this report are based

entirely on measurements taken at ground level.

These two maps illustrate background cosmic radiation and terrestrial
radiation for the Torrington 1° x 2° map area. Plate 1 shows cosmic radiation.
Cosmic radiation intensity is entirely a function of altitude. For this study,
values calculated from the work of Herbst (1964) were plotted to the nearest
0.001 milliroentgen per hour (mr/hr). Values in the mapped area range from less
than 0.008 mr/hr on the east margin where the North Platte River exits the map
area to a high of 0.014 mr/hr at the summit of Laramie Peak. The decrease in
cosmic radiation with decreasing elevation is due to attenuation (partial
shielding) of the radiation by the atmosphere. Since there 1is a greater
éhickness of atmosphere at low altitudes, cosmic radiation is less. As pre-
viously noted, other forms of cosmic radiation such as =x-rays and ultraviolet

radiation are almost completely attenuated.

Plate 2 shows the distribution of gamma radiation from the earth
(terrestrial radiation). All substances, including water and the atmosphere,
contain' trace amounts of radiogenic (radiation-producing) substances which

include uranium-238, uranium-235, thorium—-232, and potassium-40 and their decay



products. The majority of the background gamma radiation, however, comes from
earth materials (soil and rock) and is a function of the local geology. This is
the greatest source of radiation and also the most variable. Atmospheric inver-
sions can increase the amount of atmospheric radiation by ten times (Pitkin and
others, 1964). Such inversions are rare in this area, however, and windless days
were not encountered during the course of field measurements. Sampling proce-
dures used in this study would have detected the effects of atmospheric inversion
if it had existed. Most water bodies in the area are too small to have much of
an effect, and measurements were not made over the largest (Glendo and Guermsey

Reservoirs).

Terrestrial radiation was measured at 340 1locations (Table 1) in the
Torrington 1° x 2° topographic map area, including at least one measurement for
every formation and(or) rock type in the area as mapped by Love and others
(1980). Terrestrial radiation values for each site were corrected for altitude

by subtracting the calculated cosmic values (Herbst, 1964).

Values throughout this study are presented in milliroentgens per hour. These
units relate more directly to radiation dose rates (REMs) than other units used
in certain studies, such as A.P.I. units or counts per second. REMs are used as

units in most radiation—health studies.

The detectors used to measure radiation in the Torrington 1° x 2° map area
were a Precision Model 111 scintillator and a McPhar TV-1A spectrometer. The
detectors were calibrated for consistent readings wusing standard procedures
involving calibration to a. known radiation level (a standard source of gamma
radiation was used for this procedure) at each site. One or two readings were

taken each day at a base locality near Guernsey (location 26 on Plate 1) to check



for minor daily variations in the intensity of cosmic radiation. These
variations can be caused by atmospheric inversions or cosmic radiation storms of
long duration. During the course of this study, variations encountered at the
base station were never greater than 0.002 mr/hr. At each site, all count rate.

were taken at waist height to insure uniformity.

The background radiation for a given location is calculated by summing the
terrestrial radiation (Plate 2) and the cosmic radiation (Plate 1). This value
is the total background gamma radiation. Significant discrepancies, either
greater or lower than this calculated value, constitute an anomaly; the source of
which may then be investigated. Anomalies greater than twice the background
level of a formation and(or) rock unit were detected during the course of this

study. These are listed in Table 2.

Table 3 presents the values of background radiation from Table 1, grouped
according to the surface rock type as mapped by Love and others (1980). The mean
value of radiation from each rock unit is also shown as the terrestrial radiation

value of each formation and(or) rock type on Plate 2.

Variability within a geologic formation and(or) rock type is due to the
distribution of radioactive isotopes within each rock, which can be a function of
(i) rock type or (2) local geochemical conditions that produce radioactive iso-
tope depletions or concentrations. Mapped geologic formations and(or) rock units
may include many different rock types, such as the Archean rock unit (Wr). This
and similar heterogenous rock units have variable background radiation. Other
mapped units, such as Quaternary alluvium (Qa), have their sources in many dif-
ferent rock types. Their background radioactivity, while not locally variable,

changes from area to area. For example, the radioactivity from alluvium in the



North Platte River Valley above Fort Laramie is lower than that from the Laramie
River Valley. Below Fort Laramie, due ﬁo the addition of higher background
material from the Laramie River, the levels of the background radiation in the
North Platte River alluvium are higher than upstream, but not as high as that of
the Laramie River alluvium above the confluence. The background gamma radiation
of landslide debris (Wls, Plate 2) is totally dependent upon the type of rock
material within the wunit, i.e., whether it is a mixture of lithologies or a
single 1lithology. Therefore, each landslide has its own background radiation

level, and no values are given for this unit on Plate 2 or Table 3.

For more information regarding this ongoing study, contact the author at:

Geological Survey of Wyoming
P.0. Box 3008, University Station
Laramie, Wyoming 82071

or 307/742-2054
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Table 1; Terrestrial gamma radiation readings hy location number, Torringtcn 1° x 2°
Juadrangle.

Formation
Jite and(or) Radia-
10.1 Location rock type2 tion3 REMARKS
1 SENE sec. 11 T.24N., R.61W. Qal .026 Platte River alluvium
2 SESW sec. 5 T.24N., R.60W. Qs .016
3 NENE sec. 22 T.25N., R.60W. Twr .014
4 SENW sec. 27 T.27N., R.60W. Twr .018
5 NWNW sec..29 T.24N., R.60W. Qal .023 Platte River alluvium
6 SWNW sec. 28 T.25N., R.61W. Qal .022 Platte River alluvium
7 NESWer sec. 28 T.26N., R.61lW. Qs .015
8 SWSE sec. 10 T.26N., R.61W. Twr .023
9 NWNE sec. 33 T.27N., R.61W. Twr .019
10 SESE sec. 14 T.25N., R.63W. Qal .023 Platte River alluvium
11 SESE sec. 15 T.25N., R.63W. Qal .021 Platte River alluvium
12 NESE sec. 2 T.26N., R.64W. Tml .023
13 NWSE sec. 17 T.28N., R.64W. MD .007
14 NWSE sec. 17 T.28N., R.64W. &F .0813 basal contact over PWgd
15 NWSE 'sec. 17 T.28N., R.64W. €F2 .012  upper 2 feet of €f
16 NWSE sec. 17 T.28N., R.64W. PWqd .0523 top of unit
17 NESW sec. 17 T.28N., R.64W. PWqd .035 porphyritic granodiorite
18 NESW sec. 17 T.28N., R.64W. PWqd .017 gneiss
21 NWNW sec. 7 T.27N., R.65W. Ws .0013 iron formation
22 SESW sec. 2 T.27N., R.66W. Tml .031 base of unit
23 NWSE sec. 2 T.27N., R.66W. MDg .009
24 NESW sec. 9 T.27N., R.66W. MDg .011
25 SWSW sec. 27 T.27N., R.66W. Tml .008
26 SWNW sec. 2 T.26N., R.66W. Tml .017 used as base station
27 NENE sec. 12 T.26N., R.68W. Tml .026 surface under cultivation
28 NWNW sec. 29 T.27N., R.68W. Qal .020 Cottonwood Creek alluvium
29 NENW sec. 5 T.27N., R.68W. Tml .020
30 NENE sec. 34 T.28N., R.68W. Tml .018
31 SESE sec. 3 T.28N., R.68W. Twr .020
32 SWSW sec. 18 T.29N., R.67W. Jm .022
33 SWSW sec. 18 T.29N., R.67W. Kcv 011
34 SWSW sec. 16 T.29N., R.67W. Knmt .011 Muddy Sandstone
35 NENE sec. 21 T.29N., R.67W. Js .007
36 SESE sec. 5 T.29N., R.67W. Tml .024
37 NWNE sec. 27 T.30N., R.67W. Tml .024
38 NWNW sec. 30 T.30N., R.66W. Tml .039
39 SWSW sec. 23 T.30N., R.66W. Tml .026
40 SWSW sec. - 8 T.30N., R.65W. pph 014
41 NWNE sec. 1 T.30N., R.66W. Tml .032
42 SWSE sec. 24 T.29N., R.69W. TRc .022



rable 1. Continued

Formation
jite and(or) Radia-
10.1 Location rock type?  tion3 REMARKS
78 NENW sec. 5 T.28N., R.69W. Twr .035
79 NWNE sec. 8 T.28N., R.70W. Twr .021
80 SENE sec. 13 T.28N., R.71W. PPc .0273
81 NWSE sec. 13 T.28N., R.71W. Mm .0283
82 SENE sec. 13 T.28N., R.71W. Qal .032 Horseshoe Creek alluvium
83 NESW sec. 13 T.28N., R.71W. Wr .101 pink granite
84 SENW sec. 26 T.28N., R.71W. Wr .047 white granite
85 SWSE sec. 34 T.28N., R.71W. Wr .065 pink granite
86 NWSE sec. 11 T.27N., R.71W. Qt .055 terrace gravels derived from Wr
87 NWNW sec. 8 T.27N., R.70W. Wr .105 pink granite
88 NESW sec. 16 T.27N., R.70W. Wr .043 gray granite
89 SWSW sec. 36 T.27N., R.70W. Tmu .030
90 SWNW sec. 9 T.26N., R.70W. Qt .015
91 SWNE sec. 16 T.26N., R.70W. Wr .017 gneiss
92 SWNE sec. 22 T.26N., R.70W. Wr .055 gneiss
93 SWSW sec. 36 T.26N., R.70W. Tmu .019
94 NWNE sec. 34 T.25N., R.69W. Tmu .010
95 SWNW sec. 17 T.25N., R.69W. Qal .013 Wagonhound Creek alluvium
96 NWNW sec. 16 T.24N., R.70W. Qt 011 terrace gravels derived from Wr
97 SWNW  sec. 17 T.24N., R.70W. Wr .010 gneiss
98 NESE sec. 18 T.24N., R.70W. Wr .008 gneiss
99 SESE sec. 4 T.25N., R.62W. Qal .013 Rawhide Creek alluvium
00 SWNE sec. 10 T.26N., R.62W. Twr .015
01 NWNW sec. 33 T.30N., R.62W. Tmo .009
02 NWNW sec. 36 T.30N., R.62W. Tmo .018
03 SWwSW sec. 16 T.30N., R.61W. Tmo 014
04 NENE sec. 2 T.30N., R.61lW. Tmo 014
05 Swsw sec. 36 T.31N., R.61W. Tmo .014
06 NENE sec. 3 T.30N., R.60W. Tmo .017
07 SESE sec. 30 T.30N., R.60W. Tmo .017
08 SwWsW sec. 17 T.29N., R.60W. Tmo .018
09 SWSW sec. 2 T.28N., R.6lW. Tmo .011
10 NENW sec. 21 T.25N., R.61W. Qs .015
26 NWNW sec. 9 T.30N., R.66W. Kcv .007
27 NESE sec. 5 T.20N., R.66W. Jm .034
28 SESE  sec. 33 T.30N., R.66W. Jm .023
29 SESE sec. 35 T.31N., R.66W. Tmu .032
30 SWSW sec. 36 T.31N., R.66W. Tml .030
31 SWSE sec. 3 T.30N., R.65W. PPh .006
32 SWSE sec. 3 T.30N., R.65W. MDg .006
33 NESE sec. 12 T.30N., R.65W. PPh .005
34 NESE  sec. 12 T.30N., R.65W. MDg .009
35 NENE sec. 27 T.31N., R.65W. PPh .014
36 SESE sec. 14 T.31N., R.65W. Ws .016
37 NWNE sec. 11 T.31N., R.64W. Tml .033 granodiorite and amphibolite



Table 1. Continued

Formation
3ite and(or) Radia-
10.1 Location rock type?  tion3 REMARKS
138 NWNW sec. 14 T.31N., R.64W. Ws .024
139 SWNW sec. 14 T.31N., R.64W. Ws .007 amphibolite
l40 SWSE sec. 22 T.31N., R.64W. &fl .006  amphibolite
l41 SWSE sec. 22 T.31N., R.64W. Tml .004
142 SWSW sec. 27 T.31N., R.64W. Tml 016
L43 SWSW  sec. 27 T.31N., R.64W. Red Granite3 .101  Mother Featherlegs' Tombstone’
L44 NESE sec. 15 T.30N., R.64W. Tml 024 conglomerate zone
L45 NWSE sec. 23 T.30N., R.64W. Tml .023 conglomerate zone
L46 NWNE sec. 19 T.30N., R.63W. Tml .021
L47 NWSW sec. 31 T.30N., R.74W. Wr .118 pink granite
L48 SWNW sec. 6 T.33N., R.75W. Kfh .014
l49 NESW sec. 2 T.33N., R.76W. Knv .025
L50 NWSW sec. 9 T.33N., R.76W. .Kp .024
51 SESW sec. & T.33N., R.76W. Qal .025 Platte River alluvium
L52 SESE sec. 21 T.34N., R.76W. Qs .012
(53 NESE sec. 5 T.34N., R.76W. K1 .012
L54 SWSW sec. 32 T.35N., R.76W. K1 .013
t55 NESW sec. 4 T.33N., R.75W. Kfh .008
.56 SWSW sec. 32 T.33N., R.75W. Qt .024  gravels derived primarily from Wr
.57 SENE sec. 12 T.32N., R.76W. Wr .046 gneiss
.58 NESW sec. 18 T.32N., R.75W. Wr .034  gneiss
.59 NWSW sec. 20 T.32N., R.75W. Wr .020  weathered gneiss
.60 NWNW sec. 6 T.31N., R.75W. Qtcg .029
.61 SWSW sec. 7 T.31N., R.75W. Wr .007 amphibolite
.62 NWNW sec. 17 T.31N., R.75W. Wr .031 pink granite
.63 NENE sec. 14 T.30N., R.76W. Wr .059 pink granite
.64 SESE  sec. 22 T.30N., R.76W. Wr .058 pink granite
.65 NENE sec. 2 T.31N., R.75W. PPc .003
.66 SESE  sec. 25 T.32N., R.75W. Twr .029
.67 NWNW sec. 25 T.32N., R.75W. Wr .049  gneiss
.68 NWSE sec. 11 T.32N., R.75W. Wr .046 gneiss
69 NENW sec. 11 T.32N., R.75W. &fl .013
.70 NENW sec. 11 T.32N., R.75W. Mm .001
.71 NWSW sec. 2 T.32N., R.75W. PPc .004
.72 NWNE sec. 3 T.32N., R.75W. Twr .026
.73 SWNE sec. 27 T.33N., R.75W. Kav .009
.74 SWNE sec. 33 T.34N., R.75W. K1 .010
.75 SWNE sec. 33 T.34N., R.75W. K1 .017 carbonaceous shale
.76 NENE sec. 18 T.34N., R.74W. Tfl .013
.77 NWNW  sec. 7 T.34N., R.73W. Tfl .013
.78 SWSW  sec. 15 T.35N., R.73W.5 Ty 014
.79  SWNW sec. 8 T.34N., R.73W. Tfl .012
.80 NWSW sec. 29 T.34N., R.73W. Tfl .009
.81 SENW sec. 6 T.33N., R.73W. K1 .012
.82 NWNW sec. 10 T.33N., R.74W. Qs .012



Table 1; Continued

Formation

Site and(or) Radia-
10.1 Location rock type2 tiond REMARKS
L83 SESE sec. 9 T.33N., R.74W. Qal .014 North Platte River alluvium
184 NENW  sec. 4 T.32N., R.73W. Twr .015
.85 NENW  sec. 21 T.32N., R.73W. PPc .004
.86 SWSW  sec. 16 T.32N., R.73W. Twr .010
.87 SWSW  sec. 16 T.32N., R.73W. TRc .014
88 SWSW sec. 16 T.32N., R.73V. "Rag .004
89 SWSW  sec. 16 T.32N., R.73W. TRj .009
90 NENW sec. 16 T.32N., R.73W. Kcv .016
91 SENW  sec. 16 T.32N., R.73W. Jm .028
92 SENW  sec. 12 T.32N., R.73W. Twr .028
93 S1AN1/2 sec. 12 T.32N., R.721HW Tur .028
94 NWSE sec. 5 T.31N., R.71W. Js .013
95 SWSE sec. 5 T.31N., R.71W. Js 5 .020 Canyon Springs Sandstone Member
96 SWSE sec. 5 T.31N., R.71W. TRj .031
97 NENW sec.' 8 T.31N., R.71W. Rc .036
98 SWSW sec. 8 T.31N., R.71W. Js .017 Canyon Springs Sandstone Menmber
99 NENW sec. 17 T.31IN., R.71Ww. TRPg .023
00 SENW  sec. 17 T.31N., R.71W. TRPg .003 gypsum
01 SENW sec. 17 T.31N., R.71W. TRPg .031
02 SENW sec. 29 T.31N., R.71W. Jm .033
03 SENW  sec. 29 T.31N., R.71W. Kcv .004 lower sandstone
04 SENW  sec. 29 T.31N., R.71W. Kcv .022 Fuson Shale®
05 SENW sec. 29 T.31IN., R.71W. Kcv .012 upper sandstone
06 SENW sec. 29 T.31N., R.71y. Kt .030
J7 SENW  sec. 29 T.31N., R.71W. Knmt .013  Muddy Sandstone
J8 SENW sec. 29 T.31N., R.71W. Kor .040
)9 NESW sec. 29 T.31N., R.71W. Kf .0563 lowest black shale
10 NESW . sec. 29 T.31N., R.71W. Kf .017
11 SWNW  sec. 36 T.3IN., R.72W. Twr .031
12 SENW sec. 2 T.30N., R.72W. Jm .035
L3 SWNW sec. 2 T.30N., R.72W. Js .022
l4 SWNE  sec. 32 T.31N., R.72W. PPc .007
L5 NWSE  sec. 23 T.31N., R.72W. PPc .006
l6 NESE  sec. 23 T.31N., R.72W. TRPg .017
-7 NWNW  sec. 24 T.31N., R.72W. RPg .022
-8 NWNW sec. 24 T.31N., R.72W. TRPg .002  gypsum
.9 SWsw sec. 13 T.31IN., R.72W. Twr .031
‘0 SWNW  sec. 18 T.31N., R.71W. Rcg .021
'l NWNE  sec. 18 T.31N., R.71W. TRj .023
‘2 SWSW sec. 6 T.28N., R.71W. Tmu .054 lower conglomerate
3 SENW sec. 25 T.28N., R.72W. Wr .104 pink granite
4 SHNW sec. 18 T.28N., R.71W. Tmu .049 lower conglomerate
5 NWSW sec. 21 T.29N., R.71W. Wr .040 gray granite
6 SESW  sec. 32 T.31N., R.71W. Kn .021
7 SWSW sec. 27 T.34N., R.70W. Tw 044

10



Table 1. Continued

Formation
SHitle and(or) Radia-
no.l Location rock type2 tion3 REMARKS
228 NESW sec. 8 T.33N., R.70W. Tw .041
229 SWNW  sec. 25 T.34N., R.70W. Tw .039
230 SENW sec. 9 T.34N., R.69W. Tfl .020
231 SESW  sec. 31 T.35N., R.68W. Tfl .017
232 SWSE sec.'34 T.35N., R.68W. Tfl .023
233 SWSW sec. 35 T.35N., R.68W. Tfl .019
234 SWSW  sec. 35 T.35N., R.68W. Tfl .011  coal outcrop
235 SWNE  sec. 31 T.35N., R.67W. Tfl .027
236 SENW sec. 6 T.34N., R.67W. Tft .010 white sandstone
237 NWNE  sec. 18 T.34N., R.67W. Tft .023 claystone
238 NENW sec. 36 T.34N., R.68W. Tft .022
239 NWNE  sec. 30 T.33N., R.67W. Tfl .023
240 NWSW  sec. 29 T.33N., R.67W. Tml .0403
241 SESW sec. 1 T.32N., R.71Ww. Tfl .027
242 NWNE sec. 9 T.32N., R.70W. Tfl .027
243  SWSW sec. 1 T.32N., R.70W. Tfl .027
)44 SWNE sec. 8 T.32N., R.69W. Tfl .027
245 NENE  sec. 15 T.32N., R.69W. Twr .048
146 SESE sec. 13 T.32N., R.69W. Twr .043
247 SESE  sec. 13 T.32N., R.69W. Twr 041 channel sandstone
148 NESE sec. 11 T.33N., R.65W. Tml .0403
149 NESE sec. 11 T.33N., R.65W. Tml .019 channel sandstone
150 SENW sec. 14 T.34N., R.65W. Twr .042
151 SESE  sec. 15 T.35N., R.65W.2 Kp .013
)52 NWNW sec. 6 T.35N., R.65W.2 Kfh .009
)53 SESW sec. 36 T.36N., R.66W.2 Kl .015
154 NWSW sec. 35 T.36N., R.66W.? Tft .015
)55 NENW sec. 5 T.35N., R.65W.° Twr .047
156 NENW sec. 8 T.34N., R.62W. Twr .042
)57 NESW sec. 32 T.35N., R.61W. Twr .025
!58 NWNE  sec. 15 T.34N., R.60W. Kp 011
'!59 SESW  sec. 30 T.34N., R.60W. Twr .025
'60 NWNE sec. 1 T.33N., R.61W. Tml .017
'61 NWNW  sec. 19 T.33N., R.60W. Tml .024  agricultural land
62 SWSW sec. 6 T.33N., R.60W. Tml .017
63 SWSE sec. 18 T.33N., R.61W. Tml .019
'64 SWSW sec. 16 T.33N., R.62W. Tml .024  agricultural land
'65 SESE sec. 15 T.33N., R.63W. Tml .025 agricultural land
327 SESE  sec. 4 T.27N., R.77W.J Twdr .032
328 SWNE  sec. 18 T.27N., R.76W. Twb .066
329 SESE  sec. 17 T.27N., R.76W. Twdr .030
330 NWSW sec. 22 T.27N., R.76W. TRPg .021 Satanka Formation equivalent
331 NENW  sec. 26 T.27N., R.76W. PPc .0283
332 NWSW  sec. 30 T.27N., R.75W. Twb .038
333 SWNW  sec. 29 T.27/N., R.75W. Mm .010

11



rable 1. Continued

Formation
site and(or) Radia-
10.1 Location rock type? tion3 REMARKS
}34 SWSW  sec. 16 T.27N., R.75W. Wr .093  pink granite
}35 NWNW sec. 16 T.27N., R.75W. Twdr .030
}36 NWNE sec. 16 T.26N., R.75W. Twdr .015
137 NENE  sec. 16 T.26N., R.75W. Mm .010
}38 SENE sec. 5 T.26N., R.75W. Twb .023
139 SENE  sec. 29 T.27N., R.75W. Ws .103  pink granite
340 SENE sec. 29 T.27N., R.75W. Ws .1653 limonite-stained pink granite
141 NWSE sec. 35 T.27N., R.76W. TRPg .021 Satanka Formation equivalent
142  NWSE sec. 35 T.27N., R.76W. TRPg .009 Forelle Limestone equivalent
143  NENW sec. 2 T.26N., R.76W. Twdr .028
44 SWSE  sec. 10 T.26N., R.76W. TRc .025
146 SESE sec. 16 T.26N., R.76W. Jm .027
147 SESE sec. 16 T.26N., R.76W. Jm .036 freshwater limestone unit
148 SESE sec. 16 T.26N., R.76W. Kcv .007 lower sandstone
49 SESE  sec. 16 T.26N., R.76W. Kcv .004  upper sandstone
150 SWSW sec. 28 T.26N., R.76W. Kt .024
151 SWSW sec. 28 T.26N., R.76W. Knt .007 Muddy Sandstone
152 NENE sec. 32 T.26N., R.76W. Kf .026
153 NENE sec. 32 T.26N., R.76W. Kf .019 sandstone unit
54  NWNW sec. 5 T.25N., R.76W. Qal .058 playa lake in closed depression7
55 SWNW sec. 18 T.25N., R.76W. Twdr .035
156 SENW sec. 19 T.25N., R.76W. Qp .026 mixture of Paleozoic and Wr material
57 NWNW  sec. 19 T.25N., R.76W._ Kn .036
.58 SWNE sec. 35 T.25N., R.77W.° Kp .025
i59 NWNW sec. 26 T.24N., R.77W.2 Qpg .030 mostly Wr material
60 NWSW  sec. 35 T.24N., R.77W.> Kmr .064 bentonite
61 NWSW sec. 35 T.24N., R.77W.° Kar .034
62 NENE sec. 3 T.23N., R.77W.° Kf .024
35 S8SWSW sec. 36 T.24N., R.73W. Twdr .015
.36 NWNE sec. 30 T.24N., R.72W. Ws .019 gneiss
37 SESE sec. 17 T.24N., R.72W. Twdr .016
38 SESE sec. 27 T.24N., R.73W. Twdr .015
39 NWNW sec. 14 T.24N., R.73W. Wr .018  migmatitic gneiss
40 NWNW  sec. 33 T.24N., R.73W. Wr .016 migmatitic gneiss
41 SWNE sec. 30 T.25N., R.73W. Ws .054 pink granite
42 NWNW  sec. 25 T.25N., R.74W. &fl .022.
43 NENW sec. 26 T.25N., R.74W. Mm .003 grey cherty limestone
44 NWNW sec. 26 T.25N., R.74W. Mm .003 orange, limonite—-stained limestone
45  NWNW sec. 21 T.25N., R.74W. Twb .035
46 SWNE sec. 17 T.25N., R.74W. Twb .037
47 NENE sec. 5 T.25N., R.74W. Twb .031 boulder conglomerate unit
48 NWNW sec. 28 T.26N., R.74W. Twb .045
49 SENW sec. 15 T.26N., R.74W. Twb .068 boulder conglomerate unit
50 SWNW  sec. 15 T.26N., R.74W. Wr .133 pink granite
51 SENW  sec. 16 T.26N., R.74W. Twb .043
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rahle 1. Continued

Formation
site and(or) Radia-
0.1 Location rock typeZ tion3 REMARKS
+52 SENE sec. 30 T.25N., R.74W. Twb .032 boulder conglomerate unit
t53 SWNE sec. 24 T.24N., R.75W. Twb .039
154 NWSW  sec. 36 T.24N., R.75W. PPc .007  bleached white sandstone
155 SWSW  sec. 36 T.24N., R.75W. PPc .013
'56 SWNW  sec. 13 T.23N., R.75W.° PPc .010
457 NESE  sec. 25 T.23N., R.75W.° RPg .018  Satanka Formation equivalent
/58 NENE sec. 28 T.25N., R.66W. Ws .0673 gneiss
59 SWNE sec. 22 T.25N., R.66W. Ws .0623  gneiss
.60 NWNE sec. 28 T.25N., R.66W. Tml .025
-61 NENE sec. 28 T.25N., R.66W. Tml .0623 basal conglomerate
95 NENW sec. 2 T.30N., R.64W. MDg .016
96 NWSE sec. 15 T.28N., R.65W. Ws .050 pink granite
97 NENW sec. 24 T.34N., R.67W. Tfl .023
98 SESE  sec. 19 T.35N., R.65W. Twr .0633
99 SESE sec. 21 T.35N., R.65W. Twr .020
15 SESE sec. 30 T.24N., R.66W. Tml .021
16 SWSW sec. 13 T.24N., R.66W. Qs .018
17 NENE sec. 6 T.24N., R.65W. Tml .021
18 SWSW sec. 27 T.25N., R.65W. Tml .020
19 SWSW sec. 30 T.25N., R.64W. Tml .018
20 NENE sec. 33 T.25N., R.64W. Qs .019
21 SWNW sec. 30 T.25N., R.63W. Twr .025
22 SWSE sec. 30 T.25N., R.62W. Qal .021 North Platte River alluvium
23 NESE sec. 31 T.25N., R.62W. Twr .023
24 SWSW sec. & T.24N., R.62W. Twr .023  agricultural land
25 NESE sec. 6 T.26N., R.65W. Twr .028 some admixed pediment gravel
26 NWNW sec. 15 T.26N., R.64W. Qal .024  North Platte River alluvium
27 SWSW sec. 14 T.26N., R.64W. Qs .021 .
28 NESE sec. 2 T.26N., R.64W. Tml .028
29 NWNW sec. 19 T.27N., R.63W. Qs .022
30 SWSW sec. 33 T.28N., R.63W. Qs .022
31 SWSW sec. 16 T.28N., R.63W. Qs .019
32 SWSE sec. 2 T.28N., R.63W. Tml .028
33 NESE sec. 29 T.29N., R.62W. Tml .026
34 NENE sec. 3 T.28N., R.62W. Qs .020
35 SESE sec. 29 T.29N., R.61W. Qs .018
36 NWNW sec. 16 T.29N., R.61W. Qs .016
37 SWSW sec. 16 T.30N., R.61W. Qs .021
38 SESE sec. 32 T.31N., R.61W. Qs .019
39 SWSW sec. 16 T.31N., R.61W. Qs .021
40 NWSW sec. 4 T.31N., R.61W. Tml .025
41 NENE sec. 14 T.33N., R.75W. K1 .020
42 SWNE  sec. 16 T.33N., R.75W. Kfh .019
43 NWSW sec. 29 T.33N., R.75W. Kfh .021
44 SENW sec. 18 T.33N., R.75W. Kfh .021
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Table 1. Conti ued
Formation
Site and(or) Radia-
no. Location rock type? tion3 REMARKS
545 NENE sec. 5 T.32N., R.76W. Knv .027
546 NWSW  sec. 26 T.33N., R.76W. Kfh .019
547 SWNE sec. 28 T.34N., R.76W. K1 .019
548 SWSW  sec. 11 T.34N., R.74W. Tw .025
549 SWSW sec. 4 T.34N., R.73W. Tw .023
550 NWNE sec. 3 T.34N., R.73W. Tw .024
551 NWNE sec. 30 T.34N., R.72W. Tfl .027
552 NWSE sec. 32 T.34N., R.72W. Tw .024
553 NWNW sec. 10 T.33N., R.72W. Qal .018 North Platte River alluvium
554 SWSE sec. 15 T.33N., R.72W. Tfl .024
559 SWNW  sec. 11 T.27N., R.64W. Tml .019
560 SWNW  sec. 11 T.27N., R.64W. Qad .012
561 NENW sec. 11 T.27N., R.64W. Qad .012 cobble conglomerate
562 NWNW  sec. 11 T.27N., R.64W. Qad .012  cobble conglomerate
563 SWNE  sec. 11 T.27N., R.64W. Qad .011 white ash and diatomite
564 SENW  sec. 32 T.26N., R.65W. Tmoc .011 conglomerate
565 SESW sec. 4 T.25N., R.65W. Tmoc .019 agricultural land
566 SESE sec. 31 T.25N., R.63W. Tmoc 014 siltstone and conglomerate
567 NESE sec. 6 T.24N., R.63W. Tmoc .009 conglomerate-metamorphic rock clasts
368 SWSE sec. 25 T.25N., R.64W. Tmoc .010 conglomerate—-metamorphic rock clasts
371 SESE sec. 26 T.27N., R.66W. Ws 017 gneiss
372  SWSE sec. 13 T.27N., R.66W. Ws .023 schist
373  NWNW sec. 17 T.27N., R.65W. Ws .018 gneiss
374 NWNW sec. 17 T.27N., R.65W. Ws 014 metalimestone and metadolomite
375 NWSW sec. 4 T.27N., R.65W. Ws .020 ferruginous quartzite
376 NWSW  sec. 4 T.27N., R.65W. Ws .022 grey quartzite
377  NWSW sece 4 T.27N., R.65W. Ws .025 black schist
378 SWNE sec. 36 T.27N., R.66W. Ws .020 ferruginous quartzite
380 NWNW  sec. 6 T.26N., R.65W. PWgd .047 gneiss and quartzite
381  NWNW sec. 6 T.26N., R.65W. PWgd .032 amphibolite and ferruginous schist

- Plotted on Plate 1.

From Love and others, 1980.

g Background gamma radiation level corrected for elevation.

' €f (Flathead Formation) mapped with the Mississippian Madison and Missippian—
Devonian Guernsey Limestones by Love and others (1980).

) Anomalous reading (see Table 2).

' Rock imported from elsewhere. Location not included in other calculations.

Data point outside of map area. Information used to calculate mean background of
rock unit. (Table 3).

' T a and T j (Alcova Limestone and Jelm Formation) not mapped separately, but
included in the Chugwater Formation.

' Not included in calculations of background radiation for the Cloverly Formation.

O\ot included in calculations of background radiation for Quaternary alluvium.



Table 2. Gamma radiation anomalies, Torrington 1° x 2° Quadrangle.

Site Locationl Measured Background Measured radio-—-
No. ' radio— radioactivity activity as a
activity for unit?2 function of the
(mr/hr) (mr/hr) normal background
raditiond
14 sec. 17 T.28N., R.64W .081 .013(€ef) 6.2X
21 sec. 2 T.27N., R.65W. .001 .033(PWgd) -33.0X
80 sec. 13 T.28N., R.71W .027 .007(PPc) 3.9X
81 sec. 13 T.27N., R.71W. .028 .005(Mm) 5.6X
189 sec. 16 T.32N., R.73W. .009 .026(Rc) -2.9X
209 sec. 29 T.31N., T.71W. .056 .022(Kf) 2.5X
331 sec. 26 T.27N., T.76W. .028 .007 (PPc) 4.0X
458 sec. 28 T.25N., R.66W. .067 .026(Ws) 2.6X
459 sec. 22 T.25N., R.66W. .062 .026(Ws) 2.4X
461 sec. 28 T.25N., R.66W. .062 .021(Tml) 3.0X
498 sec. 19 T.35N., R.65W. .063 .026(Twr) 2.4X

1 See Plate 1 and Table 1.
2 For explanation of formation and(or) rock unit abbreviations, see Plate 2.

3 Anomalies are 2X background radiation or greater.
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Table 3. Terrestrial gamm. radiation readings groupced by for-
mation and(or) rock type.

No.l Radiation? No.l Radiation? No. ! Radiation?
Qa, Q1, Qls Qad Tml continued
1 .026 560 .012 145 .023
5 .023 561 .012 146 .021
6 .022 562 .012 240 .040
10 .023 563 011 248 .040
11 .021 249 .019
28 .020 average = .012 260 .017
82 .032 261 .024
95 .031 262 .017
99 .013 QTcg 263 .019
151 .025 264 .024
354 .0583 160 .029 265 .025
522 .021 460 .025
526 .024 461 .0624
553 .018 Tmu 515 .021
558 .022 517 .021
89 .030 518 .020
average = .022 93 .019 519 .018
94 .010 528 .028
120 .032 532 .028
Qt, Qp 222 .055 533 .026
224 .049 540 .025
86 .040 559 .01l4
90 015 average = .032
96 .011 average = .021
156 .024
356 .026 Tml
359 .030 Tmoc
12 .023
average = .024 22 .031 564 .0l1
25 .008 565 .019
26 .017 566 014
Qs, Qsl 27 .026 567 .009
29 .020 568 .010
2 .016 30 .018
7 .015 36 .024 average = .013
110 .015 37 .024
152 .012 38 .039
182 .012 39 .026 Twr
516 .018 41 .032
520 .019 101 .009 3 .014
527 .021 102 .018 4 .018
529 .022 103 .014 8 .023
530 .022 104 .014 9 .019
531 .019 105 .014 31 .020
534 .020 106 .017 78 .035
535 .018 107 .017 - 79 .021
536 .016 108 .018 100 .015
537 .021 109 011 166 .029
538 .019 130 .030 172 .026
539 .021 138 .016 184 .015
142 .016 186 .010
average = .018 144 .024 192 .028
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Table 3 continued

No.l Radiation? No.l Radiation? No. 1 Radiation?
' Twr continued Twdr K1
193 .028 327 .032 153 .012
211 .031 329 .030 154 .013
219 .031 335 .030 174 .010
239 .023 336 .015 175 .017
245 .048 343 .028 181 .012
246 .043 355 .035 253 .015
247 .041 435 .015 541 .020
250 .042 437 .016 547 .019
255 047 ' 438 .015
256 .042 average = .015
257 .025 average = .023
259 .025
498 .063%4 Kfh
499 .020 Tfl
521 .025 148 .014
523 .023 176 .013 155 .008
524 .022 177 .013 252 .009
525 .028 179 .012 542 .019
180 .009 543 .021 -
average = .026 230 .020 544 .021
231 .017 546 .019
232 .023 '
Twb 233 .019 average = .016
234 .0115
328 .066 235 .027
332 .038 239 .023 Kp, Kec
338 .023 241 .027
445 .035 242 .027 150 .024
446 .037 243 .027 251 .013
447 .031 244 .027 258 .011
448 .045 497 .023 358 .025
449 .068 551 .027
451 .043 554 .024 average = .018
452 .032
453 .039 average = .021
Kmv
average = .042
Tft 149 .025
173 .009
Tw 236 .010 545 .027
237 .023
178 .014 238 .022 average = .020
227 044 254 .015
228 .041
229 .039 average = .018 Kn
548 .025
549 .023 226 .021
550 .024 357 .036
552 .024
average = .029
average = .030
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Table 3 continued.

No.l Radiation? No.l Radiation? No. 1 Radiation?
Kf Js PPc
209 .056% 35 .007 80 L0274
210 .017 194 .013 165 .003
352 .026 195 .020 171 .004
353 .019 198 .017 185 .004
362 .024 213 .022 214 .007
345 .018 215 .006
average = .022 331 .0284
average = .01l6 454 .007
455 .013
Kmt-Kt® 456 .010
Rc
34 011 average = .007
206 .030 42 .022
207 .013 187 .014
350 .024 188 .0049 Mm
351 .007 189 .009%
196 .031 81 .0214
average = .017 197 .036 170 .004
220 .021 333 .010
221 .023 337 .010
Kmt—Kmr® 344 .025 443 .003
Lb4 .003
208 .040 average = .023
360 .064 average = .005
361 .034
TR Pg
average = .046 MDg
199 .023
200 .0038 13 .007
KJ-Kcv-Kikb 201 .031 23 .009
216 .017 24 .011
33 .011 217 .022 132 .006
126 .007 218 .0028 135 .014
190 .016 330 .021 495 .010
203 .004 341 .021
204 .0227 342 .0098 average = .011
205 .012 457 .018
348 .007
349 .004 average = .022 efl0
average gypsum8 =
average = .009 .003 14 0814
15 012
141 004
KJ-Jmb 169 .013
PPh 442 .022
32 .022
127 .034 400 .014 average = .0l3
128 .023 131 .006
191 .028 133 .005
202 .033 134 .009
212 .035 136 .016
346 .027
347 .036 average = .010
average = .030
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Table 3 continued

No.l Radiation2 No.l Radiation?
Pwgd Wr
16 .0524 83 .10112
17 .035 84 .04713
18 .017 85 .06512
21 .001 87 .10512
580 .047 88 .04313
581 .032 91 .01914
92 .05514
average = .033 97 ' .01014
147 .11812
157 .04614
Ws 158 .03414
159 .02014
137 .033 161 .00711
139 .00711 162 .03112
140 .00611 163 .05912
458 L0674 164 .05812
459 L0624 167 .04914
496 .050 168 .04614
571 .017 223 .10412
572 .023 225 .04013
573 .018 334 .09312
574 .014 339 .10312
575 .020 340 .16512
576 .021 436 .01914
577 .025 439 .01814
578 .020 440 .016l4
441 .05412
average = .026 450 .13312
average of all Wr
.059
average of pink granite
.091
average of gray granite
.043
average of gneiss
.030
amphibolite
.007
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Table 3 continued

Refers to site locations, Plate 1.

Units are milliroentgens per hour (mr/hr)
Playa deposit, not included in calculations

Anomaly (see Table 1), not included in calculations

Coal bed

N U~ W N

Units given separately due to large difference in background
radioactivity

7 Fuson Shale, not included in calculations

8 Gypsum beds calculated separately

9 Alcova Limestone, not included in calculations
10 Flathead Formation, not shown on Plate 2

11 Amphibolite

12 pink granite calculated separately

13 Grey granite calculated separately

14 Gpeiss calculated separately
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