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Abstract 
The Oldman radioactive occurrence was discovered during an Alberta Geological Survey field program in 
2008 to evaluate the uranium potential of southern Alberta. Measurement of radioactivity on the 
discovery outcrop, within siltstones of Willow Creek Formation, showed values in excess of 1000 cps. 
Analysis of rocks from the outcrop showed values of up to 169 ppm U. To help understand the nature of 
occurrence of uranium minerals in the siltstones, we did thin-section, X-ray diffractometry, scanning 
electron microscope and microprobe studies on the radioactive samples. 

During microprobe studies of thin sections, the uranium was found not in the matrix or on the grain’s 
surfaces, but rather as inclusions in quartz, and possibly feldspar or chert, grains. This mode of occurrence 
was unexpected for sandstone-hosted uranium mineralization and, to the best of our knowledge, has not 
been previously reported. To check this result, we performed two different selective chemical analyses. 
These analyses, however, showed that most of the uranium is not confined to the quartz. This could mean 
that most of the uranium occurs very finely disseminated in the siltstone matrix, but the concentration is 
too low to see on the microprobe images. The origin of the uranium inclusions in the quartz grains 
remains unexplained. Further field and regional geology studies could shed light on the distribution of 
anomalously uraniferous rocks in Upper Cretaceous and Tertiary formations of southern Alberta, and 
assist in evaluation of their economic potential. 

 



1 Introduction 
The Oldman radioactive occurrence was discovered by Alberta Geological Survey staff during a field 
program in 2008 (Figure 1) to evaluate the uranium potential of southern Alberta. Measurements of 
radioactivity on the discovery outcrop, within light grey siltstones of the Willow Creek Formation, 
showed values in excess of 1000 counts per second (cps) on a handheld EXPLORANIUM® GR-135 Plus 
‘Identifier’ radioisotope identification device (the ‘GR-135 analyzer’). 

 
Figure 1. Sample locations and results. 
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Radioactive occurrences have been known in southern Alberta since at least the 1980s. During our field 
program, we tried to visit and confirm known occurrences (Matveeva and Anderson, 2007; Matveeva and 
Kafle, 2010a). In all cases, we found anomalous radioactivity to be associated with organic-rich black 
shaly units or fossilized bone material. This is why, when we noticed radioactivity in the Oldman outcrop, 
we initially believed that it must be coming from some underlying source, because the rocks did not look 
organic rich and we could not see any bone material. 

2 Sample Descriptions and Locations 
We noticed anomalously high (400 cps) radioactivity on the surface of the light grey siltstone outcrop 
(stop 081015_02, UTM Zone 12, 335055E, 5520653N, NAD 83). Background radioactivity for 
sandstone, mudstone and siltstone in the area is 50 cps, whereas organic-rich black shale units 
consistently reach 100 cps. The outcrop was covered by a mud layer that had a cracked appearance 
(‘popcorn texture’), suggesting a high content of swelling clay in the rocks (Figure 2). Outcrop consisted 
of dark grey and reddish brown mudstones (recessive) with interbeds of light grey siltstone (more 
resistant). The GR-135 analyzer showed up to 1072 cps (Figure 3) on a 2 m long zone of the 0.5 m thick 
siltstone bed. Trace fossils occur in the siltstone bed (Figure 4). We collected sample 08USA002 from 
just below the surface of the outcrop, and then dug as deep as possible (~0.5 m) to collect sample 
08USA003. Table 1 shows the values obtained for sample 08USA003 with the GR-135 analyzer in 
analytical mode, compared to the laboratory data. 

It appears that the GR-135 analyzer determined the high uranium content with reasonable accuracy. 

Sample 08USA004 was taken approximately 2 m southwest of sample 08USA002, from just below the 
surface of the outcrop. Table 2 provides partial analytical results for these four samples; see Matveeva 
and Kafle (2010b) for complete analytical results on these and other samples. 

 
Figure 2. Oldman radioactive occurrence; inset shows ‘popcorn’ texture of mudstone. 
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Figure 3. High reading (1002 cps) on GR-
135 analyzer. 

Figure 4. Trace fossils in the siltstone bed. 

Table 1. Results obtained for sample 08USA003 with the GR-135  
analyzer in analytical mode, compared to laboratory data. 

Element GR-135 Analyzer SRC ICP1 results1 

K 2.4 % 1.18 % 

U 73.6 ppm 84 ppm 

Th 11.6 ppm 5 ppm 
1Method recommended by Saskatchewan Research Council Geoanalytical  
Laboratories for analyzing samples from uranium exploration programs 

Table 2. Sample description and analysis results. 

Sample Field Description Field Measurements 
(cps on GR-135) U (ppm)1 CaO 

(%)2 U (ppm)2 

08USA001 Dark grey mudstone bed, 
approximately 50 cm thick 

426 6.67 3.72 10 

08USA002 Siltstone 700 158 24.4 169 

08USA003 Competent massive siltstone, light 
grey, rust and black film in crevasses, 
about 50 cm deeper than 08USA002 

800 79.1 21.9 84 

08USA004 Light grey massive siltstone 700 106 21.5 106 
1 partial digestion followed by fluorimetry 
2 total digestion followed by ICP-OES 
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3 Thin-Section and X-Ray Diffraction Studies 
To understand the character of the uranium mineralization, we conducted detailed thin-section studies and 
XRD analysis. Sample 08USA002 (Figure 5) was selected for thin-section study. A standard thin section 
was prepared by Calgary Rock and Materials Services Inc. and described by JMS Geological Consultants. 
To better understand the mineral composition of the fine-grained matrix, X-ray diffraction (XRD) 
analysis of the sample was carried out by Calgary Rock and Materials Services Inc. 

 
Figure 5. Close-up of siltstone sample 08USA002, which was subjected to thin-section and X-ray diffraction and 
microprobe analysis. 

Sample 08USA002 (Figures 6, 7) is a very fine grained, poorly sorted litharenite (Folk, 1980). It has a 
massive texture with rare, partially calcite filled microfractures. The framework mineralogy is 
monocrystalline quartz (30%), carbonate lithoclasts/fossil fragments (20%), chert (10%), alkali feldspar 
(5%), plagioclase feldspar (2%) and igneous/volcanic lithoclasts (3%), plus accessory muscovite and 
heavy minerals. Quartz occurs as angular to subangular, clear and mainly inclusion-free grains that lack 
overgrowth cement. Carbonate lithoclasts/fossil fragments include both micritic peloids and fragmented, 
undifferentiated bivalves. Alkali feldspar (stained yellow with sodium cobaltinitrite) and plagioclase 
feldspar (nonstained with albite twinning) show minimal alteration. Igneous/volcanic lithoclasts contain 
mainly quartz and lesser feldspar crystals within a microsiliceous matrix. Muscovite occurs as clear, platy 
crystals, and high-relief heavy minerals include zircon grains and undifferentiated opaque minerals. 
Matrix (20%) consists of nondescript carbonate mud (micrite) and/or detrital clay. 
X-ray diffraction of the clay fraction, which forms 11.7 wt. % of the rock, indicates that the matrix fines 
consist of calcite (64%) with minor kaolinite (8%), illite (16%), smectite (10%) and quartz (2%). 
Dolomite cement (distinguished from calcite in thin sections by a rhombic crystal morphology and lack of 
staining with the mixture of Alizarin Red S and potassium ferricyanide) accounts for 10% of the matrix 
fines. X-ray diffraction of the bulk fraction indicates quartz (38%), alkali feldspar (4%), plagioclase 
feldspar (5%), calcite (38%) and dolomite (14%). 
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Figure 6. Thin section of sample 08USA002 under crossed polars. 

 

Figure 7. Annotated thin section of sample 08USA002 under crossed polars. 
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Thin-section studies showed that the mineral composition of the siltstone differs significantly from that of 
uranium-bearing rocks in sandstone-hosted uranium deposits, which commonly have a high percentage of 
potassium feldspar and large grain size (Matveeva and Kafle, 2010a). In the siltstone from the Oldman 
radioactive occurrence, the feldspar content is very low and grain size is small. The mineral composition 
of the siltstone (considerable chert and calcite, and almost no feldspar) indicates that the grains originate 
from sedimentary rather than granitic rocks (for details, see Matveeva and Kafle 2010a). 

Other than a high percentage of calcium carbonate (micrite), the analysis revealed nothing unusual about 
the siltstone. Organic content observed in the thin sections is similar to that of average siltstones of the 
Willow Creek Formation, so we have no reason to believe that the anomalous uranium content is 
associated with a high organic content. 

4 Electron Microprobe and Scanning Electron Microscope Studies 
Failing to identify uranium-bearing minerals in thin section, we moved on to study samples using the 
electron microprobe at University of Alberta. Three polished thin sections were prepared by Calgary 
Rock and Materials Services Inc. Microprobe images of sandstone-hosted uranium-bearing ores from 
known deposits (e.g., in Colorado) show that uranium minerals form coatings on framework grains or 
intergranular aggregates (Meunier et al., 1990). We expected the same uranium mineral morphology in 
the thin sections of sample 08USA002. 

The higher yield of backscattered electrons for atoms with higher atomic number make uranium-rich 
phases appear as brighter areas on BSE images. Energy dispersive spectroscopy (EDS) and 
wavelength dispersive spectroscopy (WDS) were used to confirm the presence of uranium. The 
characteristic uranium Kα radiation line was used to perform qualitative and quantitative measurements 
of uranium abundance, as well as for the X-ray mapping. We identified multiple pyrite, gold, monazite 
and sphalerite grains, but saw no uranium in the matrix. 

Bright inclusions inside a silica (quartz or chert) grain were observed and analyzed (Figures 8a, 9a, 10a, 
11a, 12a), and were showing uranium peaks on EDS spectra. Uranium-bearing silica grains are very rare, 
but were found in all three thin sections studied. Uranium was then confirmed by EDS and WDS 
methods. The graphs (Figures 8c, 9d, 10b and 12b) demonstrate uranium peaks on spectra of several 
grains. 

Mapping of the grains using the WDS method confirmed the distribution of uranium inclusions within the 
grains (Figures 8b, 9b). Bright spots on the image indicate areas of the grain with high uranium content. 

Two of the uranium-bearing grains from the thin sections were consequently studied using the scanning 
electron microscope (SEM) to understand the morphology of the inclusions (Figures 9c, 11b, 11c). We 
also attempted to find uranium in small unpolished chip samples using the SEM method but did not 
succeed. 

5 Chemical Analyses 
The first set of analyses is from the Saskatchewan Research Council Geoanalytical Laboratories’ standard 
package for uranium-bearing sandstones. Agate grind was used for sample preparation, followed by the 
ICP1 Package, which includes 62 analyses: 46 elements by total-digestion inductively coupled plasma–
optical emission spectrometry (ICP-OES) and 16 elements by partial-digestion ICP-OES. Uranium by 
fluorimetry is recommended for samples with low (<100 ppm) concentrations of uranium and has a 
detection limit of 0.02 ppm for the partial digestion. See Matveeva and Kafle (2010b) for complete 
analytical results. 
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a) 

 

b) 

 

c) 

 

Figure 8. Uranium-bearing grain 1: a) backscattered electron image, with bright spots indicating uranium 
concentrations; b) WDS X-ray map of uranium concentrations; c) EDS spectrum of uranium inclusion. 
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 a)   b) 

 c) 

 d) 
Figure 9. Uranium-bearing grain 2: a) backscattered electron image, with bright spots indicating uranium 
concentrations; b) WDS X-ray map of uranium concentrations; c) secondary electron image, showing a close-up of the 
uranium inclusion in (a); d) EDS spectrum of uranium inclusion in (a). 
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 a)   b) 
Figure 10. Uranium-bearing grain 3: a) backscattered electron image, with bright spots indicating uranium 
concentrations; b) EDS spectrum of uranium inclusion. 

 a)    b) 

 c) 

Figure 11. Uranium-bearing grain 4: a) backscattered electron image, with bright spots indicating uranium 
concentrations; b) secondary electron image (SEM) of uranium inclusions in (a); c) close-up of uranium inclusion in (b). 
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 a)   b) 
Figure 12. Uranium-bearing grain 5: a) backscattered electron image; b) WDS spectra showing uranium X-ray line. 

This first set of analyses showed anomalous uranium values. After studying the thin sections with the 
electron microprobe, we expected to find the uranium concentrated mainly in the grains rather than in the 
cement/matrix. To determine uranium content separately for the cement and the grains, the lab suggested 
dissolving the sample first in aqua regia to obtain the uranium content in everything except quartz, and 
then completely dissolve the remaining material in a mixture of acids, including HF, to obtain the 
uranium content in the quartz. Once again, the results were not what we expected (Table 3). 

Table 3. Uranium concentration of sample 08USA002 after partial and total digestion followed by ICP-OES. 

Sample Digestion Details Uranium by ICP-OES 
(ppm) 

G-10-14AR Aqua regia Dissolved all components 
except silica 

153 

G-10-14TD Total Dissolved silica 11 

These results contradicted the mode of uranium occurrence observed during the microprobe analysis, so 
we ordered a third round of tests. This time, we tried methods of uranium extraction similar to those used 
in uranium-mining operations. For in situ uranium extraction from sandstone-hosted deposits, companies 
use a weak solution of sulphuric acid or various combinations of carbonate leaching solutions (lixiviants). 
Sulphuric acid is usually more efficient at extracting the uranium but cannot always be used due to 
mineralogy of the sandstone or environmental concerns. 

We extracted the uranium from three subsamples of 08USA002 using very weak sulphuric acid and two 
different carbonate lixiviants. The sample was digested in the solutions for 1 hour in a 95°C water bath 
and analyzed by ICP-OES. The acid solution extracted more than 50% of the uranium, whereas the 
carbonate lixiviants extracted less than 10% (Table 4). 

The lower uranium concentrations in these tests, compared to results in Tables 1 and 3, can be explained 
by the weak concentrations of the solutions. However, these results confirmed that most of the uranium is 
likely contained in the matrix minerals. Thus, we did not see the bulk of uranium in the microprobe 
analysis; in fact, we only saw less than 10% of the uranium, which is possibly confined inside the silica 
grains. 
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Table 4. Uranium concentration of sample 08USA002 by various extractions. 

Extraction Method Source (interpreted) Uranium by ICP-OES 
(ppm) 

H2SO4 – 2 gpl  Matrix 76 

K2CO3/KHCO3 – 2 gpl  Matrix 8.2 

NH4CO3/Na2CO3 - 2 gpl Matrix 11 

6 Conclusions and Recommendations 
The anomalous radioactivity of the Oldman occurrence is caused by a high uranium concentration in a 
siltstone bed within the Willow Creek Formation. 

Thin-section studies showed that the mineral composition of the siltstone differs significantly from that of 
uranium-bearing rocks in sandstone-hosted uranium deposits, which commonly have a high percentage of 
potassium feldspar and large grain size. The siltstone bed at the Oldman occurrence has a very low 
feldspar content and small grain size. The mineral composition of the siltstone indicates that most grains 
originated from sedimentary rather than granitic rocks. 

Electron microprobe studies of three thin sections revealed an unusual mode of uranium occurrence: 
uranium concentrations were observed as inclusions within silica grains. In all three thin sections studied, 
rare uranium-bearing silica grains were observed. No uranium was observed in the matrix, probably due 
to very low concentrations. 

Experiments with different analytical techniques showed that most of the uranium (150 ppm) is contained 
in the matrix of the siltstone and can be extracted using weak acid. A smaller proportion (10 ppm) is 
locked inside silica grains, as determined by microprobe analysis. 

Uranium in the Oldman radioactive occurrence occurs mainly within the matrix in siltstone, which is 
consistent with deposition of uranium from solution, the known mode for sandstone-hosted uranium 
deposits (Matveeva and Anderson, 2007). 

To further understand the nature of this occurrence, 
1) auto-radiographs of thin sections might reveal where most of uranium is concentrated, because a 

radiograph can cover the total area of the thin section (Duane and Williams, 1980); and 
2) cathodoluminescence could be used to distinguish between genetic types of quartz or chert grains, 

thus helping interpret the origin of the uranium-bearing grains. 
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