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INTRODUCTION 
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The objective of this survey was to characterize, in terms of 
their uranium content, random and selected rock units that are 
either known or suspected to have a potential for radon gas 
generation, and are located in populated areas. This survey was not 
designed to find and delineate all source rocks that meet this 
criteria, rather only examine in general terms the range of uranium 
content of selected rock types found through out the state. Due to 
budget limits the survey was limited to several major population 
centers and surrounding rural towns. No detailed examination of any 
one particular rock type was attempted. The values reported only 
reflect the uranium content as found at some convenient location and 
should not be construed as to represent the highest or lowest or 
average value for that rock type in that area. 

Variations in the uranium content of any particular rock type 
depend strongly on the chemistry of the rock at the time the uranium 
was emplaced as well as the chemical history of the rock and its 
environment through time. For an example, in the Granite Dells 
located in Prescott Arizona, the uranium content varies from below 
detectable limits to 39.7 ppm (13.2 pCi/g) with an average value of 
8.8 ppm (2.9 pCi/g) as determined by a detailed survey of 146 grid 
stations (Proctor 1987). The survey conducted for this report 
obtained 10 stations and three continuous profiles along roads 
within the Dells. These stations show an average uranium content of 
13.8 ppm (4.6 pCi/g) with a low of 3.2 ppm (1.1 pCi/g) and a high of 
21.2 ppm (7.1 pCi/g). The enrichment in uranium and thorium in 
localized areas occurred at the time of crystallization of the late 
stage magma. The subsequent removal of uranium is due to weathering 
and leaching of uranium by infiltrating ground water. In general 
this can be seen in the lower measured uranium content of decomposed 
granite and soils compared to the uranium content of relatively 
fresh granites as noted in the geologic descriptions in this report. 
It is therefore important to distinguish between the depletion of 
uranium by weathering (oxidation) as opposed to a naturally low 
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uranium content of the rock unit at the time of formation. It 
should also be borne in mind that this radiometric survey represents 
only the uranium and thorium content of the material located at the 
surface and assumes that their daughter nuclides are in secular 
equilibrium. Clearly for oxidizing conditions this assumption may 
not be valid and the uranium content may increase with depth. 
Consequently, radon gas from such sources may still present a 
problem to structures built on these areas even though the measured 
equivalent uranium values appear low. 

The uranium decay series produces 14 major daughter nuclides 
including radon-222 and bismuth-214. Because uranium itself does 
not produce a suitable gamma ray peak for detection the gamma ray 
from the bismuth-214 daughter at 1.764 Mev is used instead. 
Consequently the amount of uranium present, as measured by bismuth-
214 is only correct if the deposit is in secular equilibrium, that 
is, none of the chemically different daughter nuclides have been 
selectively removed from the deposit geochemically. It is 
interesting to note that radium, one of the daughters of uranium, 
produces radon-222 gas which has a half life of 3.6 days. Radon 
decays through a series of short lived daughter products to bismuth-
214. The decay of bismuth-214 to polonium-214 emits the gamma ray 
of 1.764 Mev which is used to measure the amount of bismuth-214 (and 
therefore uranium) present, but also and more accurately reflects 
the amount of radium and radon-222 present as well. For the 
purposes of this report it is assumed that the uranium decay series 
is in equilibrium and therefore the activity of anyone daughter 
product implies the same activity (in picocuries not ppm) for all 
the other daughters and their names may be freely exchanged. ie; 
uranium and radium. 

The thorium decay series has 11 daughter nuclides and is almost 
always found in equilibrium. The gamma ray peak at 2.615 Mev due to 
thallium-208 is used to identify the amount of thorium present. The 
thorium decay series like the uranium series decays through radium 
and produces radon gas as the radioisotope radon-220 (sometimes 
called thoron gas) which has a half life of 55 seconds. Because of 
the short half life, which limits mobility, thoron gas is usually 
not as prevalent a problem as radon-222. 

The reported values in this survey are radiometrically determined 
assuming equilibrium and are reported as equivalent radium, uranium, 
or thorium (eRa, eU, eTh). In situ radiometric measurements tend to 
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indicate higher concentrations than laboratory methods due to source 
conditions, inhomogeneous distributions, disequilibrium, and the 
ambient radiation field (Marutzky 1986). 

METHODOLOGY 

For this survey two survey instruments were used; a portable 
McPhar model 44 Gamma Ray Spectrometer using a 3in. x 3in. thallium 
activated sodium iodide crystal and a jeep mounted Scintrex GAD-6 
Gamma Ray Spectrometer using three thallium activated sodium iodide 
crystals of approximately 5 liters total volume. Both of these 
instruments measure 4 energy channels simultaneously. The 
specifications for each instrument and channel are detailed below: 

Channel 1 

Channel 2 

Channel 3 

Channel 4 

Total Count Measures changes in gamma 
radiation in the range 0.15 - 2.77 Mev for the 
GAD-6 and all energies greater than 0.4 Mev for 
the McPhar 44. This channel provides the most 
sensitivity to overall changes in gamma 
radiation. It will also detect man-made gamma 
radiation sources (cesium-137, cobalt-60, etc.) 
within its energy band. 

Potassium Measures the potassium-40 peak 
located at 1.461 Mev. The GAD-6 window extends 
between 1.380 to 1.560 Mev while the McPhar 44 
extends between 1.66 to 1.86 Mev. 

Uranium - Measures the bismuth-214 peak located 
at 1.764 Mev. The GAD-6 counting window extends 
between 1.660 to 1.900 Mev while the McPhar 44 
extends between 1.66 to 1.86 Mev. 

Thorium Measures the thallium-208 peak 
located at 2.615 Mev. The counting window of 
the GAD-6 extends between 2.440 to 2.770 Mev 
while the McPhar 44 extends between 2.42 to 
2.82 Mev. 

These spectrometers while having a high sensitivity, will respond 
only to very near surfaces radiation sources due to the attenuation 
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effects of various materials on gamma radiation. For example, about 
3 feet of water or 1.5 feet of rock will almost completely shield 
out any uranium or thorium radiation present. Therefore the survey 
requires either near surface mineralization in outcrop or as 
weathered in place soils, or upwardly migrating radon gas depositing 
daughter products in the very near surface material to be effective. 

The spectrometers used on this survey were calibrated for 
background, potassium, uranium, and thorium at the United states 
Department of Energy's Walker Field calibration facility, located in 
Grand Junction, Colorado on September 1-2, 1987. U.S. Environmental 
Protection Agency and Department of Energy In Situ Gamma Ray 
Measurement Protocol (GJ/TMC-06 UC-70A) were adhered to in the 
operation and reporting of this radiometric survey. A daily 
calibrate was performed prior to field operations to insure the 
instrument was in calibration and operating correctly. Periodic 
calibrations were performed through out the day to insure the 
instruments had minimal drift due to temperature changes. Base 
station checks were obtained periodically to monitor instrument 
drift. With the exception of a large temperature change that 
required recalibration in Prescott, no operational problems were 
encountered. 

Daily calibrations for the McPhar 44 spectrometer are straight 
forward and used the characteristic 660 kev photopeak of a cesium-
137 source to align the spectrometer's calibration window to the 
sodium iodide crystal. The calibration of the custom designed GAD-6 
system requires that each of the three sodium iodide crystals must 
be gain matched to each other and the spectrometer's pulse height 
analyzer. This calibration is accomplished by using the 2.625 Mev 
photopeak of a thorium oxide calibration source in a fixed geometry 
with detector *1 and adjusting the gain of the spectrometer's pulse 
height analyzer to shift the 2.615 Mev photopeak from the detector 
into the calibration window. Once the thorium peak from detector *1 
is properly aligned in the calibration window the respective energy 
peaks representing potassium, uranium, and thorium will fall into 
their preset windows within the spectrometer. When the pulse height 
analyzer has been calibrated to detector *1 (the standard) detector 
*1 is turned off and the thorium oxide source is used to calibrate 
detector *2. The gain of detector *2 is then adjusted to shift its 
thorium peak to match that of detector *1. Detector *3 is 
calibrated in a similar manner which results in the thorium peak 
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from each detector properly aligned for the pulse height analyzer 
and each channel centered in the pulse height analyzer. 

The spectral data collected on this survey have been corrected 
for compton scattering of the higher energy gamma rays. Compton 
stripping corrections are necessary to remove the effects of the 
interferences between the spectra of each of the radionuclides of 
interest. This interference is due to the compton continuum and 
superposition of multiple spectra. The compton continuum occurs 
when a high energy gamma ray, say for example from thorium at 2.615 
Mev, is not completely captured by the sodium iodide crystal and 
leaves only a portion of its energy in the crystal with the 
remaining portion passing through as a lower energy gamma ray. nle 
portion of the energy expended within the crystal is seen as a lower 
energy photon and is counted on a lower energy channel, say for 
example the uranium channel at 1.76 Mev. Clearly this photon is not 
due to uranium and the uranium channel must be corrected for the 
count rate due to thorium. This correction is called compton 
stripping. For series equilibrium the equivalent uranium (radium) 
can be determined by: 

eRa = k2 [ C(U) - a C(Th) 

where eRa = equivalent radium in picocuries/gram (pCi/g) 
k2 = proportionality constant (pCi/g / counts/sec) 

a compton stripping coefficient for Thorium on 
Uranium 

C(U) = count rate - background in the uranium channel 
C(Th)= count rate - background in the thorium channel 

For Thorium, which has no significant 
equivalent thorium is determined by: 

eTh k3 [ C(Th) 

natural interference, 

where eTh equivalent thorium in picocuries/gram (pCi/g) 
k3 proportionality constant (pCi/g / counts/sec) 

C(Th) = count rate - background in the thorium channel 

The compton stripping coefficients and proportionality constants 
were determined at the Department of Energy's Calibration facility 
in Grand Junction, Colorado by taking measurements of the individual 
count rates produced in all channels by a known source of thorium, 
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radium and potassium in series equilibrium. 

General data discussion 

For remedial action work at uranium mill tailings and industrial 
sites the EPA has set a standard (CFR 10 192.12a) for clean up of 5 
picocuries/gram (pCi/g) Ra-226 above background levels in the first 
15 cm. of soil below the surface, averaged over an area of 100 sq. 
meters. However, there is no standard that specifies acceptable 
natural background levels. Background levels vary considerably 
depending on rock type, mineralization and weathering history. In 
general, igneous rocks have a higher uranium content than 
sedimentary rocks. In this radiometric reconnaissance of Arizona it 
was found that precambrian granites range from 0.7 pCi/g to 13 pCi/g 
eRa-226 (2 to 39 ppm eRa-226) and typically average between 1.2 and 
1.5 pCi/g eRa-226 (3.6 to 4.5 ppm). Volcanic rocks range from about 
1.0 to about 3.8 pCi/g eRa-226 (2.9 to 11.4 ppm) with an average of 
about 1.3 pCi/g (3.9 ppm). Sedimentary rocks in Arizona are 
generally low (1.1 pCi/g) with the exception of some black shales 
and limestone lake beds. These limestone lake beds are generally 
marly or silty and typically exhibit an eRa-226 content in excess of 
2 pCi/g where as a normal limestone would average about 0.7 pCi/g (2 
ppm) eRa-226. These limestones can exceed 27 pCi/g (81 ppm) eRa-226 
in some parts of the state. Black shales are also known for their 
higher than average uranium content and average approximately 2.7 
pCi/g eRa. 

The activity of basin fill material depends on 
and its weathering history. Typical ranges for 
southern Arizona range from 0.5 pCi/g to 1.8 pCi/g 
eRa-226 with an average of 1.3 pCi/g (3.9 ppm). 

the source rock 
alluvial fill in 

(1.5 to 5.4 ppm) 

In general, material containing over 2.0 pCi/g eRa-226 should be 
considered elevated while values in excess of 3 pCi/g may be 
considered mineralized. As mentioned previously the EPA requires 
clean up at its remedial action sites (mill tailings) to 5 pCi/g 
above background. Any amount of radium, through radioactive decay, 
will produce radon gas which can build up in the soil. The amount 
of radon gas in a residential structure depends primarily on how 
well the structure is coupled to the soil gas rather than how high 
the radium or radon content of the soil is. Therefore no direct 
relationship between soil radium (radon) content and a residential 
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structure's radon gas content can be drawn with out determining the 
degree of coupling between the structure and the soil gas present. 
However, for a given coupling coefficient between the soil gas and 
the structure (entry ability of soil gas through cracks and pipes) 
any increase in the soil radium content will also increase the radon 
gas content within the structure itself from diffusion or advection 
due to the increased concentration gradient. Elevated radon levels 
have been found in residences with average and below average soil 
radium content due to excellent coupling with the ground and a low 
air exchange rate of the residence. 
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LOC 
It 

AREA, 
LOCATION 

AP-Ol BE New River, 
Apache Peak 

AP-02 SE New River, 
Apache Peak 

LOC A.REA, 
It LOCATION 

BBo··01 Bisbee, 
LocklIn Ave 

BB-02 Bisbee, Moon 
Canyon and 
Sunset Ave 

BB-03 Bisbee, Sunset 
Ave and Adams 
Ave 

8B--0 4 Bisbee, AIt 
Ave 

BB··05 Bisbee, Sawles 
Ave 

8B--0 6 Warren, 
Arizona and 
Brl Ave. 

BB--07 Warren, 
30th and 16th 
Ter:race 

TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1 40 

F'IGURE 1 

DEScrUPTION pCi/g 
eRa eTh K 

ppm 
eRa eTh K Tb/U 

Altered granitic 
rock, ult I 

silicified, 

1.1 1.1 15.3 3.4 10.0 1.B 2.9 

Basin fill. 1.3 1.1 16.7 3.9 9.7 2.0 2.5 

FIGURE 2 

DESCRIPTION pCi/g ppm 90 

eRa eTh K eRa e'I'h K Th/U 

Basin f i 11. 1.3 1.2 25.2 3.B 10.9 3.0 2.9 

Shale. 1.5 1.8 37.6 4.6 16.5 4 . 5 3.6 

Granite. 2.2 2.0 53,1 6.7 18.2 6.3 2.7 

Grani 1.7 1.6 44.9 5.1 14.6 5.4 2.9 

Decomposed 1.7 1.5 32.3 5.1 14.2 3.9 2.8 
grant 

Schist. 1.2 3.2 27.0 3.6 29.0 3.2 8.1 

Limestone. 1.2 0.3 2.9 3.5 3.2 0.4 0.9 
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'fABLE 1 _0' SAMPLE DESCR IP'l'I ONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT, ) 

FIGURE 3 

LOC AREA, DlI:SCRI prrrON i/g ppm 96 

If LOCA'rION eRa eTh K eRa eTh !( Th/I] 
~~~_-__ ~~~~_o~~.~ 
BC-01 Black Canyon, Marl. 2.5 1.9 36,1 7.6 17.3 4.3 2.3 

Rock Springs 
exit and I 17 

BC--O 2 Blacl< Canyon, Pediment gravels. 1.2 1.0 12.7 3,5 9.4 1.5 2.7 
K Mine Rd. and 
Black Canyon 
Highway, dirt 
lot. 

BC--O 3 Black Canyon, Pediment gravels. 0.7 1.0 14.0 2.1 9.0 1.7 4.3 
Oasis Dr. and 
Westridge 

B(;--O 4 Blael;;. Canyon, Marl. 2.2 1.7 34.2 6.7 15.9 4.1 2.4 
Black Canyon 
Highway and 
1-17. 

FIGURE 4 

LOC AREA, DE8CIUP'rrON pCi/g ppm '?6 

# LOCATION eRa eTh K eRa eTh K Th/U 

BS-01 Benson, 4th st Ba:3 in fill. 1.8 1.3 23.7 5.4 11. 6 2.8 2.1 
and Prickly 
Pear 

BS~02 Benson, Pear"l Basin filL 1.4 1.4 27.6 4.1 12.9 3.3 3.1 
and Huachuca 

BS~03 Benson, Basin fill 1.6 1.2 30.2 4.9 11.1 3.6 2.3 
Comstock and 
County 

B8--0 4 Benson, 8th Basin fill. 1.8 1.1 33.2 5.4 10.0 4.0 1.9 
and gonta 
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TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

LaC 
tt 

AREA, 
LOCATION 

DESCRIPTION 

CC-Ol Cave Creek, Schist. 
Blac]{ Htn., 
Blue Hidge PI, 

CC-02 Cave Creek, Schist. 
Black Mtn, f 

Sunset T:r. and 
Surry 01:. 

CC-03 Cave Creek, Schist. 

CC~"04 

CC--O 5 

CC-06 

CC--07 

CC-08 

Black Mtn. I 

Sentinel Rock 
Rd. 

Cave Creek, 
Black Mtn. , 
Lcmquid Ln. and 
Chino Ln. 

Cave Creek, 
Black Mtn" 
Whi lemvay Rd 
and stagecoach 
Pass. 

Cave Creek, 
Blac]{ Mtn. f 

Meander Way 
and stagecoach 
Pass* 

Cave Creek, 
Black Mtn" 
Carefree Dr. 
and Piedra 
G:t:ande. 

Cave Creek, 
Black Htn" 
CaJ~efree and 
Skyline 

Schist. 

DecompoBed 
granite. 

Granite and 
decomposed 
granite. 

Basin fill. 

Decomposed 
granite. 

FIGURE 5 

pCi/g ppm ~o 

eRa eTh K eRa eTh K Th/U 
--~~~-=~~~-~-~ 

1.1 1.2 27.0 3.2 10.9 3,2 3,4 

1.3 1.3 27.1 3.8 12.2 3.2 3.2 

1.4 1.3 25.9 4.0 11.7 3.1 2.9 

1.1 0.8 17.0 3.3 7.5 2.0 2.3 

1.4 2.0 38.8 4.1 18.8 4.6 4.6 

1.3 1.5 37.3 3.8 13.5 4.5 3,6 

1.3 1.9 33.4 3.9 17.5 4.0 4.5 

l.G 2.0 35.8 4 . 7 18.2 4 . 3 3.9 
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TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS, 1-40 ( CON'!'. ) 

F'IGURE 5 (cont. ) 

LOC ARE:A, DESCRIP'I'ION pCi/g ppm tJ6 

It LOCATION eRa eTh K eRa eTh K Th/U 
~..-=--==---==~--~-~~=-=-=.-=~==~--

CC-09 Cave Creek, Marl. S.S 0.7 4 .4 26.4 6.9 0.5 0.3 
Willow Springs, 
Echo Canyon Dr. 

eC-09a Cave Creek, Marl. 12.0 0.8 2.7 35.9 7.2 0.3 0.2 
Willovl Spr i ng;3 
area, Echo 
Canyon, Sierra 
Vista 

CC-09b Cave Creek, Marl. 7.9 0.6 1.1 23.5 5.4 0.1 0.2 
Willow Springs, 
pmiferline rd. 

CC~09c Cave Creek, Marl, 3.1 0.4 2.6 9.2 3.5 0.3 0.4 
Willow springs, 
powerline road. 

FIGURE 6 

LOC AREA, DESCR IP'rr ON pCi/g ppm 96 

~ LOCATION eR.3. eTh K eRa eTh K Th/U 
-~~-==~~~-

CD-01 Clark.dale Colluvium. 0.6 0.8 14.2 1.9 '7.'7 1.7 4,1 

FIGURE 7 

LOC AREA, DESCRIPTION pC1/g ppm ?6 

~ LOCATION eRa eTh K eRa eTh K Th/U 
~-~~~---

CO-01 Congress Basin fill. 1.5 1.7 32.4 4.6 15.4 3.9 3,3 

CG-02 Congress Basin fill. 1.4 1.5 34. 5 4.2 14.1 4.1 3.4 
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TABLE 1 ~ SAMPLE DESCRIPTIONS 
FOR STATIONS PLO'rTED IN FIGS. 1~'4 0 (COWl'. ) 

FIGURE 8 

-*~-~=""= 

LOC AREA, DESCRIP'I'ION pCi/g ppm % 
# LOCATION eRa eTh K eRa e'Nl K Th/U 

CL·-Ol Catalina, Basin fill. 1.2 1.8 27.9 3.6 16.6 3.3 4,6 
Grahn Str(~et . 

CL-02 Catalina, Basin fill. 1.5 2.9 30.9 4.6 26.6 3,7 5.8 
Magoo and 
Columbus 

CL-03 Catalina, Ba~:; in fill. 1.2 2.7 29.8 3,5 24,6 3.6 7.0 
Bronco Ln and 
Pinto 

FIGURE 9 

LOC AREA, DESCRIP'rrON pCi/g ppm % 
I~ LOCATION eRa eTh K eRa eTh K Th/U 

C:V-01 Camp Verde, MaJ: 1. 23.1 1.1 0.0 69.3 10.2 0.0 0.1 

CV-Ola Camp Verde. Marl. 27.1 0.9 0.0 81.2 8 . 6 0,0 0.1 

CV--Olb Camp Verde. Marl. 4,5 0.5 4.5 13.5 4.3 0,5 0.4 

CV-Olc Camp Verde. Marl. 9.8 1.0 7.4 29.3 8.8 0,9 0.3 

CV-02 Camp Verde, Pediment gravels. 1.1 0.6 7.0 3.4 ~j , 1 0.8 1.5 
3:rd and Head 
st. 

FIGURE 10 

LaC AREA, DESCRIl:>rrrON pCi/g ppm 0, 
~(;t 

# LOCATION eRa f3Th K eRa (~Th K 'rh/V 

FR-Ol Florence, Basin f.il1. 1.1 1.2 25.6 3.2 11. 2 3.1 . ., r:: 
-.) • ..l 

Ruqgles and 
Pinal Par]<v/ay 
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TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT.) 

LOC 
# 

AREA, 
LOCATION 

GB-Ol Globe, 
Silver and 
Santee 

LOC AREA, 
# LOCATION 

GC-Ol prescott, 
Groom Creek, 
Spur Lane 

GC-·Ola Prescott, 
Groom Creek, 
Spur Lane 

GC·~02 Prescott, 
Groom Creek. 

GC--03 Prescott, 
Groom Creek, 
Groom Creek 
canyon road. 

LOC AREA, 
tf LOCATION 

GD-01 Prescott, 
Granite Dells. 

GD~02 Prescott, 
Granite Dells, 

GD·--03 Prescott, 
Gi:an 1 te Dells. 

DESCRIPTION 

FIGURJ.~ 11 

pCi/g 
e[-<..';t eTh K 

ppm 
eRa eTh 

Basin fill. 0.6 0.8 22.3 1.8 7.6 2.7 4,2 

FIGURE 12 

DESCRIPTION pCi/g ppm <:&0 

eRa 8Th j( eRa errh K Th/U 
_~~~~_~c __ "_ 

C~~~~~~_~~~ 

Gracnite and 1.1 0.9 18.9 3,2 8,1 2.3 2.5 
decomposed 
granite 

Decomposed LO 0.9 18.8 3.0 8.2 2.3 2.7 
granite. 

Granite. 1.2 1.1 21.8 3.7 10.4 2.6 2.8 

Schist. 1.6 1.2 23.2 4.7 11. 2 2.8 2 . 4 

FIGURE 13 

DESCIUPTION pCi/g ppm % 
eRa eTh K eRa eTh K Th/U 

Decomp<)sed 1.1 0.9 21. 4 3.2 8.6 2.6 2.7 
granite. 

Decomposed 1.6 1.0 21.8 4.9 8 .. 8 2,6 1.8 
granite. 

Granlte. 4.4 4.3 36.6 13.2 39.2 1.4 .3.0 
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TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

FIGURE 13 (cant.) 

LaC 
If 

AREA, 
LOCATION 

DESCRIprl'ION 

GD-03a Prescott, Granite. 

80--04 

GD-05 

GD---06 

GD-07 

GD-08 

GD--09 

GD-~lO 

LaC 
H 

Granite Dells. 

Prescott, 
Granite Dells. 

Prescott, 
Grantte Dells. 

Prescott" 
Granite Dells. 

Prescott, 
Granite Dells. 

Prescott, 
Granite Dells. 

Prescott., 
Granite Dells. 

Prescott, 
Granite 

AREA, 
LOCATION 

De 11:3. 

Granite. 

Granite. 

Granite and 
decomposed 
granite. 

Decompo::'i(=d 
granite. 

Granit.e. 

Granit.e. 

Gl:anl te . 

DESCRIPTION 

GV-Ol Green Valley, Basin fill. 
Duval Mine Rd. 

GV-02 Green Valley, Basin fill. 
Aliso Drive. 

GV-03 Green Valley, Basin fill. 
El Nopal. 

GV-04 Green Valley, Basin fill. 
Paseo del Chino 

pCi/g 
eRa e'rh K 

ppm 
eRa eTh 

% 
K Th/ll 

~~~=~~~~~~~--~--~--~~-~-~--"~~~~--~ 

6.3 4.2 30,3 19.0 38.9 3.6 2.0 

7.1 4.0 31.0 21.2 36.6 3.7 1.7 

6 PI , '" 3.8 30.9 18.7 34. 5 3.7 1.8 

3.7 3,5 29.6 11.1 32.0 3.5 2.9 

1.9 1.4 24.9 5.7 12.6 3.0 2.2 

3.8 4.3 34.5 11.5 39.6 4.1 3.4 

8.7 4.0 34.5 26.0 36.7 4.1 1.4 

5.8 1.9 24.4 17.5 17.2 2.9 1.0 

FIGURE 14 

19 

pCi/g 
eR';;1 eTh K 

1.3 1.5 32.3 

1.1 1.5 33.9 

1.4 1.9 29.6 

1.6 1. ~~ 30.6 

ppm 
(,,::Ra eTh K Th/U 

_._----

3.8 14.0 3.9 3.7 

3.4 13.5 4.1 4.0 

4,2 17.6 3 r:: . ;:) 4.2 

4.9 13.8 3.7 2.8 



TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS, 1-40 (CONT,) 

FIGURE 14 (cont.) 

LOC 
I~ 

AREA, 
LOCATION 

DESCRIPTION 

GV-05 Green Valley, Basin fill. 
Av(~nida Cipr"es. 

GV 06 Green Valley, Basin fill. 
Paseo Quinte 
and Apeo 

GV-07 Green Valley, Basin fill. 
Los 'l'opac i 05 

and Camino del 
Honte 

GV-OB Green Valley, Basin fill. 
Paseo d(31 
Canto. 

GV-09 Green Valley, Basin fill. 
Abrego and 
Cant. 

GV-10 Green Valley, Basin fill. 
Abre90 and Los 
Arcos 

GV-11 Green Valley, Basin f111. 

LOC 
If 

Abrego and 
Paseo del 
Ver"de. 

AREA, 
LOCATION 

HD-01 Hayden, 
4th and Ray 

DESCRIPTION 

Basin fill. 

pC1/g 
eRa eTh K 

ppm 
(~Ra eTh K Th/U 

1,2 1.6 32.0 3.5 15.0 3.8 4.3 

0.9 1.6 34.6 2.8 14.8 4.1 5.3 

1.3 1.4 36.7 3.B 12.8 4.4 3.4 

1.3 1.4 37.5 3.9 13.1 4.5 3.4 

1.4 1.2 35.8 4.3 10.8 4.3 2.5 

1.3 1.3 32.1 3.9 12.0 3.8 3.1 

1.4 1.4 28.8 4.2 13.1 3.4 3.1 

FIGURE 15 

pCi/g ppm 96 

eRa eTh K eR.!\ eTh K Th/ll 
"~~"'-"=~~~. ~=~-" -

0.9 0.9 26.3 2.7 8.3 3.1 3.1 

20 



TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

LOC 
H 

IS·-01 

IS~Ola 

IS Olb 

AREA, 
LOCATION 

Prescott, It'on 
Springs Rd. 

Prescott .. Iron 
Springs Road 

Prescott, Iron 
Springs Road 

LOC AREA, 
tl LOCA'l'! ON 

LOC AREA, 
It LOCATION 

KL~Ol Kirkland, 

KL~Ola KirJ<1ana 

KL-02 Kirkland. 

KL-03 Kirkland. 

DESCRIPTION 

Granite. 

Granite. 

Granite. 

DESCRlprl'rON 

Colluvium. 

DESCRIPTION 

Rhyol1te, 

Rhyolite. 

Rhyol1te. 

Basin £111. 

FIGURE 16 

FIGURE 

pCi/g 
eRa eTh K 

1.9 1.6 35.6 

1.3 2.0 41. 6 

.1.9 3.6 43.7 

17 

pC.i/g 
eRa eTh K 

-_. ~---='--==-~-.=~ 

0.7 0,7 13.8 

FIGURE 18 

pCi/q 
eRa e'l'h K 

3.4 2.0 40.0 

2.8 1.7 32.8 

3.3 2.0 33.4 

0.8 0.8 22.3 

21 

ppm 
eRa eTh 

5.6 14.2 

3.9 18.7 

5.6 32.6 

ppm 
eE~a eTh 

% 
l{ 'I'h/U 

4.2 2.5 

5.0 4.8 

h ") 
...,.' Q.l ... 5.8 

% 
K Th/U 

~~~~~-~~~~-~~~~~-

2.1 6.3 1.6 3.0 

ppm % 
eRa eTh K Th/U 

10.3 18.7 4.8 1.8 

8.3 15.7 3.9 0.0 

9.8 18.4 4.0 1.9 

2.4 7.0 2.7 2.9 



TABLE 1 ~ SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT.) 

FIGURE 19 

LOC 
tt 

AREA, 
LOCATION 

DESCRIPTION 

MD-Ol McDowell Mtns., Basin fill. 
Shea Blvd. and 
Mayo el.i n i c 

MD-02 McDowell Mtns., Gran! 
3N 5E SE1/4 13 

MD-03 McDowell Mtns., Granite. 
3N 6E NW1/4 18 

MD-04 McDowell Mtns., BaBin fill. 
3N 5E SE1/4 24 

MD-05 McDowell Mtns., Basalt. 
3N 6E e 30. 

pCi/g 
eRa eTh K 

ppm 
eRa eTh 

96 

K 'rh/U 

1.4 1.3 30.8 4.2 11.5 3.7 2.7 

1.8 1.7 38.0 5.5 16.0 4.5 2.9 

1.4 1.6 32.8 4.3 14.5 3.9 3.4 

1.1 1.1 25.2 3.3 10.1 3.0 3.1 

0.8 0.7 14.3 2.3 6.2 1.7 2.7 

FIGURE 20 

Loe 
# 

AREA., 
LOCATION 

MI -In Miami 

MI-~02 Miami, 
Wentworth and 
Woodr 0\11 

MI-03 MiamI 

MI-04 Miam.t, 
Laurel Ave 
and Live Oak 

DESCRIPTION 

Schist. 

Pediment gravel. 

Schi:5t. 

Schist 

22 

pCi/g 
eRa eTh K 

ppm 
eRa eTh K 'l'h/U 

2.3 1.8 28.5 6.9 16.9 3.4 2.4 

0.8 1.2 21.8 2.3 10.8 2.6 1.7 

1.8 1.7 34.3 5.5 15.4 4.1 2.8 

2.3 1.7 46.3 7.0 15.5 5.5 2.2 



'l'ABLE 1 - SAMPLE DESCRIP'rrONS 
FOR STATIONS PLOTTED IN FIGS. 1~40 (CONT, ) 

FIGURE 21 
~~--~~-~--===-,,~~" ----~=~~~~~~=--=-~~-" 

LOC AREA, DESCRIPTION pCi/g ppm % 
If LOCATION eRa eTh K eR.'.l eTh K Th/U 

~~-==-~=~-~-~"~~-~~"-~----
_-=~ __ ~" __ ~~" _~_~_~_~~=~~~_~'_~~_~ __ "---..-o.~~=== 

MM-Ol tlarnmoth Basin f i 11. 1.3 2.0 33.4 4.,0 18.2 4,0 4,5 

FIGURE 22 

LOC AREA, DESCFHP'I'ION pCi/g P:[;llU % 
It LOCATION eRa eTh K eRa eTh K Th/U 

~-.~~--~"~". 

OR-()1 Oracle Granite. 0.9 2.0 29.5 2.6 18.5 3.5 7.1 

OR~02 Oracle Decomposed 1.5 2.0 36.0 4.6 18.7 4.3 4.1 
<;:Jranite 

OR--03 Oracle Basin £ ill. 1.0 1.7 31. 6 2.9 15.4 3.8 5.3 

OR-04 Oracle Basin fill. 1.2 2,0 33.3 3.6 18.5 4.0 5.1 

FIGURE 23 

LOC AREA, DESCRIP'rION pCi/g ppm ~6 

If LOCATION eRa eTh K eRa eTh K Th/U 
-~--" --~"~"~--

PI-Ol Pioneer, Colluvium. 1.0 1.2 24.0 2.9 11.0 2.9 3.8 
Pioneer 
I nterchanlJe I 
1··-17. 

PI·~02 Pioneer Marl. 1.1 0.8 13.4 3.4 7.7 1.6 2.3 

PI-02a Pioneer Marl. 0.8 0.4 4.2 2.4 3,7 0.5 1.5 

PI-03 Pioneer: Colluvium. 1.4. 0.9 30.3 4.2 8.5 3.6 2.0 

23 



LOC 
# 

AREA, 
LOCATION 

TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT.) 

DESCRIPTION 

FIGURE 24 

pCi/g 
eRa erh K 

ppm 
eRa eTh K Th/U 

PM-01 Phoenix Mtns., Schist and 1.4 1.4 12.5 4.3 12.6 1.5 2.9 
N. 16th Pl., basalt. 
dead end 1 cUrt 
lot. 

PM---Ola Phoenix Mtns., Basaltic 2.3 3.3 18.8 7.0 29.8 2.3 4.3 
N. 16th Place, andes i b~, 
dead end. 

PM~01b Phoenix Mtns' f Basaltic 2.1 2.6 19.1 6.2 23.9 2,3 3.9 
N, 16th Place, andesite. 
I:lead end. 

PM~02 Phoenix Mtns., Basaltic andesite 2.7 3.8 22.4 8.1 34.7 2.7 4.3 
N. 16th st. cobbles. 

PM-03 Phoenix Ntns., Basaltic 4.0 6.8 35.3 12.0 62.5 4.2 5 ') • t. 

N. 16th sto .';lndes i te , 

PM---03a Phoenix Ntns. , Basaltic 5.'7 9.8 50.5 17.0 89.9 6.0 5.3 
N. 16th place. .~ndes 1 te. 

PM-·03b Phoenix Mtns., Basaltic 5.2 10.4 54.5 15.6 95.3 6.5 6.1 
N. 16th street. andee-, i te . 

PM~04 Phoenix Mtns. , Basaltic 4.8 6,3 32.3 14,5 :.7.7 3.9 4.0 
E. Sierra. andesite, 

PM·--05 Phoenix Mtns., Schlst. 1.0 0.6 14.5 3.0 5.3 1.7 1.8 
Mtn. View, dead 
en.d. 

PN--06 Phoenix Mtns., Schist. 1.0 0.6 9.4 3.0 5.'7 1.l 1.9 
E. Hatcher Dr. f 

dead end. 

E1M--0 7 Phoenix Mtns., Colluvium. 1.0 0.9 12.3 3.1 8.3 1.5 2.7 
N. 3x'd st. 

PlvI-08 Phoeni}{ Mtns., Fanglomm:ate, 1.4 1.1 20.6 4.2 9.9 2.5 2.4 
Roberts Rd. 
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LOC 
# 

AREA, 
LOCATION 

TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

FIGURE 24 (cant.) 

DESCRIPTION pCi/g 
eRa eTh K 

ppm 
eRa eTh 

% 
K Th/U 

PM-09 Phoenix Mtns., Fanglomerate. 1.2 0.9 15.1 3.7 8.3 1.8 2.2 
Lookout Mtn, BE 
corner. 

PM-10 Pheonix Mtns., Fanglomerate. 1.1 1.0 20.4 3.4 9.5 2.4 2.8 

LOC 
It 

E. Karen st. 
dead end. 

AREA, 
LOCATION 

PP-01 Pinnacle Peak, 
Jomax Rd, dead 
end. 

PP~'O 2 Pinnacle Peak, 
Jomax Rd and 
Pima Rd, 

PP'~O 3 Pinnacle Peak, 
Windy Walk Dr. 
and Happy 
Valley Rd. 

PP-04 Pinnacle Peal{ I 

Candlewood 
cUl-de-sac. 

PP·-05 Pinnacle Peak, 
lO9t:h st. and 
Jomax Rd" 
dirt road. 

PP~06 Pinnacle Peak, 
Quartz Rock RcL 
cul~-de~sac and 
Windy Walk Dr. 

DESCRIPTION 

Decomposed 
granite. 

Decomposed 
granite. 

Granite and 
decompo:3ed 

FIGURE 25 

eRa 
-, =~~~~ 

1.6 

1.3 

1.6 

granitf~f small 
lot. 

Granite and 1.4 
decomposed 
granite. 

Granite and 2.1 
decomposed 
granite 

Granite and 1.7 
decomposed 
granite. 

25 

pCi/g 
eTh 

1.3 

1.0 

1.8 

L5 

1.5 

1 " . ;) 

ppm % 
K eRa eTh K Th/U 

- ~~~.-,~~-----

19.9 4.7 11.9 2.4 2 I-. :) 

23.0 3.9 9.0 2.7 2.3 

39.2 4.6 16.5 4.7 3.6 

38.5 4.3 1.3 " 5 4.6 3.1 

31.1 6.2 13.3 3.7 2.1 

30,8 5 '1 . "- 12.3 3.7 2.4 



TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT.) 

F'IGURE 25 

LOC AREA, DESCRIP'I'ION pCl/g ppm % 
It LOCATION eRa eTh K eRa eTh K 'I'h/U 

~~-..,~~ -"----" 

PP"·07 Pinnacle Peak, Granite and 1.2 1.3 32.3 3.5 12.2 3.9 3.5 
Desert Wil1mif decomposed 
Dr. and 9ranite. 
Yearling Dr. 

PP-08 Pinnacle Peak, Decomposed 1.6 1.2 24 .. 7 4.8 11. 0 3.0 2.3 
Golf Club Dr. f granite, 
d h:t road. 

Pp·-09 Pinnacle Peak, Granite and 1.7 1.5 26.9 5.2 14.1 3.2 2.7 
Falcon Circle decomposed 
cul~de~sac and ~reani te. 
Apacbe Plume 
Dr. 

PP-10 Pinnacle Peak, Basin fill and 1 I" . :) 1.4 25,9 4.4 13.2 3.1 3.0 
Hay(jen Rd. and decomposed 
Via de Luna Dr. granite. 

PP~-11 McDowell Htns. Schist. 1.2 1.1 21.9 3.7 9.7 2.6 2.6 
prospect, 4N 
5E SE1/4 20" 

PP·-12 McDowell Mtns. Basin fill and 1.2 1.1 27.8 3.7 10.4 3.3 2.8 
4N 5E SE1/4 18 decomposed 

granite, 

FIGURE 26,27,28 

LOC AREA, DESCRIPTION pCi/g ppm % 
If LOCA'rION eRa eTh K eRa eTh K Th/U 
-~-~-~~~~~~-~~~~ 

PR~Ol Pr(:;5cot t I Oak Granite. 0.9 1.8 30.4 2.6 16.4 3,6 6.3 
Knolls Village. 

PF{<~"02 Prescott, Colluvlum. 0.7 0.6 17.0 2.2 5.9 2.0 2.7 
Juniper Heights 

PR-03 Prescott, Granite. 0.9 0.8 22.9 2.6 7.4 2.7 2.8 
Pebble Hill Ln 
and Paul Dr. 

26 



TABIAE 1 ~~, SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1~40 (CONT. ) 

F'IGURE 26,27,28 (cont. ) 

LOC ARE1\, DESCRIPTION pCi/g ppm % 
n LOCATION eR,3, eTh K eRa eTh K Th/U 

... ==~--~ ,---~~=-==== 

PR~' 0 4 Prescott, Granite. 1.0 0.7 21.9 3.0 6.6 2.6 2.2 
Forbing Parl( f 
Et~trella Rd. 

PR~·05 Prescott, Basalt. 3.4 4.9 38.1 10.1 44.6 4. G 4.4 
Geneva and 
Willow Creek 
Road. 

FR-05a Prescott, Basalt. 2.7 4.0 32.3 8.1 36.2 3.9 4.5 
Geneva and 
Willovl Creek 
Road. 

PR~06 PrefJe'ott, Basalt. 3.3 2.9 27.1} 9.9 26.6 3.3 2.7 
Willow Creek 
Rd. 

FIGURE 29 

LOC AREA, DESCRIPTION pCi/g ppm % 
It LOCA'l'ION eRa e'l'h K eRa eTh K Th/U 

~~-",...."'==-~~~~ ~~~- - -~~~--~-~--~~-~-.~.-

PS-01 Payson, Granite. 2.0 1.8 40.9 6.0 16.4 4.9 2.7 
N. Sherwood 
and Beeline 
Higlway 

PS~Ola Payson, Decomposed 1.2 1.5 41. 4 3.6 14.1 5.0 3.9 
[II. Sherwood granite. 
and B(~eline 

Highway 

PS~·Olb Payson, Granite. 2.1 2.0 41. 2 6.4 18.2 4.9 0.0 
N. Sherwood 
and Beeline 
Highway 

PS~02 Payson Decomposed 0.6 1.3 40.0 1.7 11. 6 4.8 6.8 
granite. 
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TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT.) 

FIGURE 29 (cant.) 

LOC AREA, DESCRIPTION pCi/g 
I~ LOCATION eRa 8Th K eRa 

"'=-=-~='-'-=~=~~==~--~.~-=-=~~~--~~-~. ~.~------ "~==~-~. 

PS-03 Payson 

PS~03a Payson 

LOC AREA, 
I~ LOCATION 

SD-01 st. David, 
Miller Lane 

8D·-02 st. David, 
t1il1er Lane 

LOC AREA, 
#: LOCATION 

SM-Ol Phoenix, 
South Mtns. 

SM-02 Phoenix, 
South Mtns, 
24th and 
Baseline 

Granite. 1.7 1.6 41. 4 5.2 

Decomposed 1.1 1.8 39.9 3.4 
granite. 

FIGURE 30 

DESCRIPTION pCi/g 
eRa eTh K eR,,*, 

= .... ~=--~~--~~-~--~~. -
Basin fill. 1.5 1.7 25.0 4.6 

Basin fill. 0.8 1.4 27.4 2.4 

FIGURE 31 

DESCRIPTION pCi/g 
eRa eTh K eRa 

Grano(J i or i. te, 1.2 0.7 25.1 3.5 
chloritic and 
fractured. 

Granodiorite, 0.6 0.6 38.2 1.9 
una 1 te r<~d . 

ppm ?b 

eTh K Th/U 

14.6 4.9 2.13 

16.4 4.8 4.8 

ppm (>, 
·'(1 

eTh K 'l'h/U 

15.3 3.0 3 . 3 

12.5 3.3 5.2 

ppm 9(, 

eTh K 'I'h/U 

6.1 3.0 1.7 

5.2 4.6 2.7 

SM--03 Phoenix, 
South Mtns. 

Gneiss. 0.7 1.3 32.1 2.1 12.0 3.B 5.7 

28 



LOC 
It 

SP-·Ol 

SP~-O 2 

SP-·03 

LOC 
It 

SV-Ol 

SV~02 

SV-03 

SV~-04 

TABLE 1 SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

AREA, 
LOeA'l'ION 

Superior, 
Stone and 

Superior 

Super:ior, 
Lobb and 
Porphyry 

AREA, 
LOCATION 

East 

Sierra Vista, 
Camino del 
Norte and 
Foothills Drive 

Sierra Vista, 
Between Ft Hill 
and 90/92 
intersection 

S i en:a Vista, 
Norman Ave 

Sierra Vista, 
'l'aylor and 
Garden 

DESCRIP'rrON 

Basin fill. 

Decomposed 
granite. 

Basin fill. 

DESCRIPTION 

Basin fill. 

Basin fill. 

Basin fill. 

Basin f1ll. 

FIGURE 32 

FIGURE 

29 

pCi/g 
eRa eTh K 

0.7 0.7 14.0 

0.6 1.0 19.5 

0.5 0.8 1,1.5 

33 

pCi/g 
eRa eTh K 

1.2 1.8 34.3 

1.1 2.1 38.5 

1.0 2.0 30.9 

1.3 1.5 28.1 

ppm 
eRa eTh 

2.0 6.8 

1.9 9.5 

1.6 7.0 

ppm 
eRa eTh 

3.6 16.4 

3.3 19.2 

.3.0 18.7 

3.8 13.5 

96 

K Th/tJ 

1.7 3.4 

2.3 5.0 

1.7 4.4 

% 
K Th/U 

-.~----_. -~ 

4.1 4.6 

4.6 5.8 

3.7 6.2 

3.4 3.6 



'1'ABLE :1 ~ SAHPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CONT. ) 

FIGURE 34 

-~------

LOC AREA, DESCRIPTION pCi/g ppm 0, 
"0 

hl LOCATION eRa eTh K eRa eTh K Th/U 
~~~-~~- ~~~-~-~-~-===-~=~~-~-"~~~~=-. ~~~~-~"'""'"'==~-~---=~---~-~~-----

TH~Ol Cav(--} Creek, Decomposed 2.2 2.4 28.0 6.5 22.1 3.J 3.4 
Tonto Hills, granite. 
La Plata Rd 
and Cave Creek 
Highway 

TH~02 Cave Creek, Decomposed 1.9 2.2 28.6 5.7 19.9 3.4 3.5 
Tonto Hills, granite. 
Hohokam Lane 

FIGURE 35 

I,OC AREA, DESCR I P'rI ON pei/g ppm 0, 
'Q 

It LOCATION eRa eTh K eRa eTh K Th/U 
~-~-~~ 

'l'S~()1 Tombstone, Limestone. 1.1 0.7 10.7 3.2 6.11 1.3 2.0 
Toughnut and 
Sumner 

TS~02 Tombstone, Limestone. 1.2 0.6 S.l 3.5 5.3 1.0 1.5 
Allen and 12th 

TS-03 Tombstone, Shale 4.5 1.7 31. 6 13.5 15.6 3.8 1.2 
Skyline Drive 

rrS~03a 'rombstone, Shale 1.4 1.7 29.7 4,2 15.2 3.5 3.6 
Skyline Drive 

TS·-04 'rombstone, Shale. 3.0 1 ? . .) 21. 2 9.1 12.3 2.5 1.4 
Skyline Drive 

30 



L.OC 
# 

AREA, 
LOCATION 

TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

DESCRIP'rrON 

FIGURE 36 

pCi/g 
eRa eTh K 

ppm 
eHa eTh K Th/U 

UH-Ol Union Hills, Granite. 1.6 0.8 17.7 4.7 7.4 2.1 1.6 

UH~02 

UH 03 

UH-04 

LOC 
# 

Buffalo Ridge, 
22nd st., rd 
cut. 

Union Hills, 
Buffalo Ridge. 

Union Hills, 
16th st. and 
Bear:dsley Rd. 

Union Hills, 
16th st~ and 
Beardsley Rd. 

A.REA, 
LOCATION 

.~--~--... ~--~.~---.~-~ .. -. 

\'lB~[)1 Wickenburg, 
N. Tegner and 
Cavane~3s Av. 

WB'-O 2 Wickenburg 

WB~02a Wickenburg 

WB-·02b WIckenburg 

~~ -~. ~.-~~~.~-~~~~-~ 

LaC AREA, 
tt LOCA"'I'ION 

WH-·01 Wilhoit. 

Gr"ani te, 

Granite. 

Granite 

FIGURE 

DESCRIPTION 

Ba:3 in flll. 

Rhyolite. 

Rhyolite 

Sandstone. 

FIGURE 

DESCRIP'l'ION 

Gl:anite. 

31 

2.0 1.6 28.6 6.0 14.9 3.4 2.5 

1.6 1.2 24.8 4.9 11.1 3.0 2.3 

1.3 0.9 16.7 3.9 8.0 2.0 2.0 

37 

pCi./g ppm 9-0 

eRa eTh l< eRa eTh K Th/U 
~--~~ 

1.5 1.2 28,1 4.5 11. [) 3.4. 2.4 

1.0 2 l: . ..) 49.7 2.9 22.7 5.9 7.8 

1.6 1.0 21.1 4.9 9.3 2.5 1.9 

1.7 1.7 36.2 5.2 15.2 4.3 2.9 

38 

pCi/g ppm 9" 
eRa e'I'h K eRa e'rh K Th/U 

0.8 1.0 22.4 2.3 8.7 2.7 3.8 



TABLE 1 - SAMPLE DESCRIPTIONS 
FOR STATIONS PLOTTED IN FIGS. 1-40 (CaNT.) 

LaC 
~f 

AREA, 
LOCA'.rION 

DESCRIPTION 

WM-Ol Winkleman, Basin fIll. 
4th and Thorne 

LaC Af{EA, 
# LOCATION 

YN-01 Yarnell, 
Oak Way and 
Shrine Rd. 

YN~Ola Yarnell, 
Oa.k Way and 
Shrine Rd. 

YN~02 Yarnell, 
Broadway and 
Happy 

YN--03 Yarnell 

YN-04 Yarnell 

DESCRIPTION 

Granite. 

Basin fLll. 

Ba s i. n :Ei 11 . 

Granite. 

Gt:anite. 

FIGURE 39 

FIGURE 
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pCi/g 
eRa eTh l( 

pprn 
eRa e'rh K Th/U 

0.6 1.3 23.6 1.7 11.5 2.8 6.8 

40 

pCl/g ppm 96 

eRa e'1'h K eRa (c:lTh K Th/U 
----~~=~~=~-

2.7 2.6 36.0 13.0 23.9 4,4 3.0 

1.7 1.B 30.1 5.2 16.1 3.6 3.1 

1.5 1,3 29.8 4.4 12.0 3.6 2.7 

2.4 2.4 33.9 7.1 21.8 4.1 3.1 

1.5 2.4 42.5 4.6 21.7 5.1 4.7 
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INTRODUCTION 

DUDLEY F. EMER 
Geophysicist 

Operational Research Projects 
Radioactive Waste Management 

Environmental Sciences Department 

Reynolds Electrical & Engineering Co •• Inc. 

MIS 738 702·295·7808 FTS 295·7808 
P.O. Box 98521 
Las Vegas, Nevada 89193·8521 AN <-\ EGc.G COMPANY 

The objective of this survey "TaS to characterize " in terms of 
their uranium content, random and selected rock units that are 
either known or suspected to have a potential for radon gas 
generation, and are located in populated areas. This survey was not 
designed to find and delineate all source rocks that meet this 
criteria, rather only examine in general terms the range of uranium 
content of selected rock types found through out the state. Due to 
budget limits the survey was limited to several major population 
centers and surrounding rural towns. No detailed examination of any 
one particular rock type was attempted. The values reported only 
reflect the uranium content as found at some conventent location and 
should not be construed as to represent the highest or lowest or 
average value for that rock type in that area. 

Variations in the uranium content of any particular rock type 
depend strongly on the chernistry of the rock at the time the uranium 
was emplaced as well as the chemical history of the rock and its 
environment through time. For an example. in the Granite Dells 
located in Prescott Arizona, the uranium content varies from below 
detectable limits to 39.7 ppm (13.2 pCi/g) with an average value of 
8.8 ppm (2.9 pCi/g) as determined by a detailed survey of 146 grid 
stations (Proctor 1987). The survey conducted for this report 
obtained 10 stations and three continuous profiles along roads 
"Yli thin the De lIs. These stations show an average uranium content of 
13.8 ppm (4.6 pCi/g) with a low of 3.2 ppm (1.1 pCi/g) and a high of 
21.2 ppm (7.1 pei/g). The enrichment in uranium and thorium in 
localized areas occurred at the time of crystallization of the late 
stage magma. The subsequent removal of uranium is due to weathering 
and leaching of uraniurn by infil trating ground water. In general 
this can be seen in the lower measured uranium content of decomposed 
granite and soils compared to the uranium content of relatively 
fresh granttes as noted in the geologic descriptions in this report. 
It is therefore important to distinguish between the depletion of 
uranium by weathering (oxidation) as opposed to a naturally low 
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uranium content of the rock unit at the time of formation. It 
should also be borne in mind that this radiometric survey represents 
only the uranium and thorium content of the material located at the 
surface and assumes that their daughter nuclides are in secular 
equilibrium. Clearly for oxidizing conditions this assumption may 
not be valid and the uranium content may increase with depth. 
Consequently, radon gas from such sources may still present a 
problem to structures built on these areas even though the measured 
equivalent uranium values appear low. 

The uranium decay series pr'oduces 14 major daughter nucl ides 
including radon-222 and bismuth-214. Because uranium itself does 
not produce a sui table gamrna ray peak for detect ion the ganuna ray 
from the bismuth-214 daughter at 1.764 Mev is used instead. 
Consequently the amount of uranium present, as measured by bismuth-
214 is only cOJ::'rect if the deposit is in secular equilibrium, that 
is. none of the chemically different daughter nuclides have been 
selectively removed from the deposit geochemically. It is 
interesting to note t.hat radium. one of the daughters of uraniurn, 
produces radon-222 gas which has a half life of 3.6 days. Radon 
decays through a series of short lived daughter products to bismuth-
214. The decay of bismuth-214 t.o polonium--214 emi ts the gamma ray 
of 1.764 Mev which is used to measure the amount of bismut.h-214 (and 
therefore uranium) present, but also and more accurately reflects 
the amount of radium and radon-222 present as well. For the 
purposes of this report it is assumed that the uranium decay series 
is in equilibrium and therefore the activity of anyone daughter 
product implies the same activity (in picocuries not ppm) for all 
the other daughters and t.heir names may be freely exchanged. ie; 
uranium and radium. 

The thorium decay series has 11 daughter nuclides and is almost 
always found in equilibrium. The gamma ray peal< at 2.615 Mev due to 
thallium-208 is used to identify the amount of thorium present. The 
thorium decay series like the uranium series decays through radium 
and produces radon gas as the radioisotope radon-220 (somet.imes 
called thoron gas) which has a half life of 55 seconds. Because of 
the short half life, which limits mobility, thoron gas is usually 
not as prevalent a problem as radon-222. 

The reported values in this survey are radiometrically determined 
assuming equilibrium and are reported as equivalent radium, uranium, 
or thorium (eRa, eU, eTh). In situ radiometric measurements tend to 
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indicate higher concentrations than laboratory rnethods due to source 
conditions, inhomogeneous distributions, disequilibrium. and the 
ambient radiation field (Marutzky 1986). 

METHODOLOGY 

For this survey two survey instruments were used; a portable 
McPhar model 44 Gamma Ray Spectrometer using a 3in. x 3in. thallium 
activated sodium iodide crystal and a jeep mounted Scintrex GAD-6 
Garnma Ray Spectrometer using three thaI I ium activated sodium iodide 
crystals of approximately 5 liters total volume. Both of these 
instruments measure 4 energy channels simultaneously. The 
specifications for each instrument and channel are detailed below: 

Channel 1 

Channel 2 

Channel 3 

Channel 4 

Total Count Measures changes in gamma 
radiation in the range 0.15 - 2.77 Mev for the 
GAD-6 and all energies greater than 0.4 Mev for 
the McPhar 44. This channel provides the most 
sens i t i vi ty to overa 11 changes in ganuna 
radia.tion. It ~vi 11 also detect man-made gamma 
radiation sources (cesium-137, cobalt-60. etc.) 
within its energy band. 

Potassium Measures the potassium-40 peak 
located at 1.461 Mev. The GAD-6 window extends 
between 1.380 to 1.560 Mev while the McPhar 44 
extends between 1.66 to 1.86 Mev. 

Uranium - Measures the bismuth-214 peak located 
at 1.764 Mev. The GAD-6 counting window extends 
between 1.660 to 1.900 Mev while the McPhar 44 
extends between 1.66 to 1.S6 Mev. 

Thorium Measures the thallium-20S peak 
located at 2.615 Mev. The counting window of 
the GAD-6 extends between 2.440 to 2.770 Mev 
while the McPhar 44 extends between 2.42 to 
2.82 Mev. 

These spectrometers while having a high sensitivity. will respond 
only to very near surfaces radiation sources due to the attenuation 
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effects of various materials on gamma radiation. For example, about 
3 feet of water or 1.5 feet of rock will almost completely shield 
out any uranium or thorium radiation present. Therefore the survey 
requires either near surface mineralization in outcrop or as 
weathered in place soils, or upwardly migrating radon gas depositing 
daughter products in the very near surface material to be effective. 

The spectrometers used on this survey were calibrated for 
background, potassium. uranium, and thorium at the United states 
Department of Energy's Walker Field calibration facility. located in 
Grand Junction. Colorado on September 1-2. 1987. U.S. Environmental 
Protection Agency and Department of Energy In Situ Gamma Ray 
Measurement Protocol (GJ/TMC-06 UC--70A) were adhered to in the 
operation and reporting of this radiometric survey. A daily 
calibrate was performed prior to field operations to insure the 
instrument was in calibration and operating correctly. Periodic 
calibrations were performed through out the day to insure the 
instruments had minimal drift due to temperature changes. Base 
station checks were obtained periodically to monitor instrument 
drift. With the exception of a large temperature change that 
required recalibration in Prescott. no operational problems were 
encountered. 

Daily calibrations for the McPhar 44 spectrometer are straight 
forward and used the characteristic 660 kev photopeak of a cesium-
137 source to align the spectrometer's calibration window to the 
sodium iodide crystal. The calibration of the custom designed GAD-6 
system requires that each of the three sodium iodide crystals must 
be gain matched to each other and the spectrometer's pulse height 
analyzer. This calibration is accomplished by using the 2.625 Mev 
photopeak of a thorium oxide calibration source in a fixed geometry 
with detector #1 and adjusting the gain of the spectrometer's pulse 
height analyzer to shift the 2.615 Mev photopeak from the detector 
into the calibration window. Once the thorium peak from detector #1 
is properly aligned in the calibration window the respective energy 
peaks representing potassium. uranium. and thorium will fall into 
their p1:~eset windows within the spectrometer. When the pulse height 
analyzer has been calibrated to detector #1 (the standard) detector 
#1 is turned off and the thorium oxide source is used to calibrate 
detector #2. The gain of detector #2 is then adjusted to shift its 
thorium peak to match that of detector #1. Detector #3 is 
calibrated in a similar manner which results in the thorium peak 
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from each detector properly aligned for the pulse height analyzer 
and each channel centered in the pulse height analyzer. 

TIle spectral data collected on this survey have been corrected 
for compton scattering of the higher energy gamma rays. Compton 
stripping corrections are necessary to remove the effects of the 
interferences between the spectra of each of the radionuclides of 
interest. This interference is due to the compton continuum and 
superposition of multiple spectra. The compton continuum occurs 
when a high energy gamma ray, say for example from thoriu.m at 2.615 
Mev, is not completely captured by the sodium i.odide crystal and 
leaves only a portion of its energy in the crystal with the 
remaining portion passing through as a lower energy gamma ray. The 
portion of the energy expended within the crystal is seen as a lower 
energy photon and is counted on a lower energy channel, say for 
example the uranium channel at 1.76 Mev. Clearly this photon is not 
due to uranium and the uranium channel must be corrected for the 
count rate due to thorium. This correction is called compton 
stripping. For series equilibriurn the equivalent uranium (radiurn) 
can be determined by: 

eRa = k2 [ C(U) - a C(Th) 

where eRa == equivalent radium in picocuries/gram (pCi/g) 
k2 = proportionality constant (pCi/g / counts/sec) 

a compton stripping coefficient for Thorium on 
Uranium 

C(U) = count rate 
C(Th)= count rate 

background in the uranium channel 
background in the thorium channel 

For Thorium, which has no significant 
equivalent thorium is determined by: 

natural interference, 

eTh k3 [ C(Th) 

where eTh equivalent thorium in picocuries/gram (pCi/g) 
k3 proportionality constant (pCi/g / counts/sec) 

C(Th) = count rate - background in the thorium channel 

The compton stripping coefficients and proportionality constants 
were determined at the Department of Energy's Calibration facility 
in Grand Junction .. Colorado by taking measurements of the individual 
count rates produced in all channels by a known source of thorium, 
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radium and potassium in series equilibrium. 

General data discussion 

For remedial action work at uranium mill tailings and industrial 
sites the EPA has set a standard (CFR 10 192.12a) for clean up of 5 
picocuries/gram (pCi/g) Ra-226 above background levels in the first 
15 cm. of soil below the surface. averaged over an area of 100 sq. 
meters. However. there is no standard that specifies acceptable 
natural background levels. Background levels vary considerably 
depending on rock type. mineralization and weathering history. In 
general. igneous rocks have a higher uranium content than 
sedimentary rocks. In this radiometric reconnaissance of Arizona it 
was found that precambrian granites range from 0.7 pCi/g to 13 pCi/g 
eRa-226 (2 to 39 ppm eRa-226) and typically average between 1.2 and 
1.5 pCi/g eRa-226 (3.6 to 4.5 ppm). Volcanic rocks range from about 
1.0 to about 3.8 pCi/g eRa-226 (2.9 to 11.4 ppm) with an average of 
about 1.3 pCi/g (3.9 ppm). Sedimentary rocks in Arizona are 
generally low (1.1 pCi/g) with the exception of some black shales 
and limestone lake beds. These limestone lake beds are generally 
marly or silty and typically exhibit an eRa-226 content in excess of 
2 pCi/g where as a normal limestone would average about 0.7 pCi/g (2 
ppm) eRa-226. These limestones can exceed 27 pCi/g (81 ppm) eRa-226 
in some parts of the state. Black shales are also known for their 
higher than average uranium content and average approximately 2.7 
pCi/g eRa. 

The activity of basin fill material depends on 
and its weathering history. Typical ranges for 
southern Arizona range from 0.5 pCi/g to 1.8 pCi/g 
eRa-226 with an average of 1.3 pCi/g (3.9 ppm). 

the source rock 
alluvial fi 11 in 

(1.5 to 5.4 ppm) 

In general. material containing over 2.0 pCi/g eRa-226 should be 
considered elevated while values in excess of 3 pCi/g may be 
considered mineralized. As mentioned previously the EPA requires 
clean up at its remedial action sites (mill tailings) to 5 pCi/g 
above background. Any amount of radium. through radioactive decay. 
will produce radon gas which can build up in the soil. The amount 
of radon gas in a residential structure depends primarily on how 
well the structure is coupled to the soil gas rather than how high 
the radium or radon content of the soil is. Therefore no direct 
relationship between soil radium (radon) content and a residential 
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structure's radon gas content can be drawn with out determining the 
degree of coupling between the structure and the soil gas present. 
However, for a given coupling coefficient between the soil gas and 
the structure (entry ability of soil gas through cracks and pipes) 
any increase in the soil radium content will also increase the radon 
gas content within the structure itself from diffusion or advection 
due to the increased concentration gradient. Elevated radon levels 
have been found in residences with average and below average Boil 
radium content due to excellent coupling with the ground and a low 
air exchange rate of the residence. 
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