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ABSTRACT- The Nopal I uranium deposit located in the Sierra Peiia Blanca, Mexico. The deposit was mined in 
the early 1980s, and ore was stockpiled close by. This stockpile area was cleared and is now referred to as the Prior High 
Grade Stockpile (PHGS). Some of the high-grade boulders from the site rolled downhill when it was cleared in the 1990s. 
For this study soil samples were collected from the alluvium surrounding and underlying one of these boulders. A bulk 
sample of the boulder was also collected. Because the Prior High Grade Stockpile had no ore prior to the 1980s a maximum 
residence time for the boulder is about 25 years, this also means that the soil was at background as well. The purpose of this 
study is to characterize the transport of uranium series radionuclides from ore to the soil. 

Transport is characterized by determining the activities of individual radionuclides and daughter to parent ratios. 
Isotopes of the uranium series decay chain detected include 'I0pb, 2 3 4 ~ ,  2 3 0 ~ h ,  2 2 6 ~ a ,  '14pb, and '14~i.  Peak areas for each 
isotope are determined using gamma-ray spectroscopy with a Canberra Ge (Li) detector and GENIE 2000 software. 

The boulder sample is close to secular equilibrium when compared to the standard BL-5 (Beaver Lodge Uraninite 
from Canada). Results for the soils, however, indicate that some daughterlparent pairs are in secular disequilibrium. These 
daughterlparent (DIP) ratios include 2 3 0 ~ h / 2 3 4 ~ ,  which is greater than unity, 226~a /230~h ,  which is also greater than unity, and 
2 ' 0 ~ b / 2 ' 4 ~ i ,  which is less than unity. The gamma-ray spectrum for organic material lacks ' ) O T ~  peaks, but contains 2 3 4 ~  and 
2 2 6 ~ a ,  indicating that plants preferentially incorporate 2 2 6 ~ a .  Our results, combined with previous studies require multistage 
history of mobilization of the uranium series radionuclides. Earlier studies at the ore zone could limit the time span for 
mobilization only to a few thousand years. The contribution of this study is that the short residence time of the ore at the Prior 
High Grade Stockpile requires a time span for mobilization of 20-30 years. 

I. INTRODUCTION 

The Peiia Blanca natural analog is located in the 
Sierra Peiia Blanca, approximately 50 miles north of 
Chihuahua City, Mexico. The Peiia Blanca site is 
considered a natural analog to the proposed Yucca 
Moimtain nuclear waste repository because they share 
similar characteristics of structure, volcanic lithology, 
tectonic activity, and hydrologic regime. 

One of the uranium-mineralized zones, the Nopal 
I deposit, is a brecciated zone that lies mostly in the 
Tertiary Nopal formation, which is silicic ash flow tuff. 
The uranium bearing mine is part of a large breccia pipe 
in Tertiary ignimbrites dated to be 44 Ma [I]. Previous 
studies focused on the . brecciated zone and the 
surrounding area of the mine. Most samples that were 
analyzed for these studies were infillings from several 
fractures that make up an E-W fracture zone that runs 
from the middle of the breccia zone to the non-brecciated 
country rock (Fig. 1): 

The focus of this study is the mobility of 
radionuclides from high-grade ore boulders of the Prior 
High Grade Stockpile into local soils. The Prior High 

Grade Stockpile is located approximately 250 meters west 
of the Nopal 1 mine. High-grade boulders from the mine 
were stockpiled here in the 1980s, while the area was 
being mined and later moved to another location in the 
1990s. The advantage of this is a short, well constrained 
residence period. Some of the boulders rolled down slope 
from the site, and one of these boulders is the focus of our 
study. In order to analyze the mobility of the 
radionuclides from this boulder into the soil, soil samples 
were collected under, around, and into the subsurface near 
the boulder. 

The soil samples were then analyzed using 
gamma ray spectroscopy. This method was used because 
individual radionuclide peaks from the uranium decay 
series could be produced and relative activities 
determined. Then, these peaks could be used to form 
ratios using daughterlparent pairs to determine 
equilibrium or disequilibrium for that pair. By knowing 
the characteristics of each radionuclide and this ratio, a 
deficiency or excess could be determined for either the 
daughter or parent. 











are 'I0pb and 2 1 4 ~ i ,  with a deficiency of 21@Pb. 21@Pb was 
depleted in the soils, presumably because radon was 
escaping into the atmosphere and decaying into 2 ' 0 ~ b .  
This deficiency of 2 ' 0 ~ b  has been seen in waters collected 
from local water wells (unpublished data). These 
observations are explained by the high mobility of "Opb, 
which has most likely been leached out of the soil by 
water. The 2 ' 0 ~ b  deficiency may be a function of both 
water chemistry and radon loss to the atmosphere. The 
fact that 2 ' 4 ~ b  is in equilibrium in the encapsulated 
samples shows that radon is now being retained in the 
sample containers. 

VII. CONCLUSIONS 

This study of the samples in this desert system 
indicates that environment plays a large role in how 
radionuclides are mobilized. The disequilibrium that 
exists between some of the DIP pairs shows that the soil is 
an open system in which radionuclides move freely. 
Multistage mobilization is prominent since radionuclides 
were found in soil and organic samples, and 
disequilibrium was found between DIP pairs. These 
conclusions agree with several previous studies. Water is 
a dominant factor in radionuclide mobilization because 
the most radioactive samples were found closest to the 
drip line, while radioactivity decreased in samples that 
were farther from the drip line. The idea of water being 
the dominant mode for movement is supported by the 
surface gamma survey. 

The 2 2 6 ~ a  excesses found in all the soil samples 
and organic material are indicative of 2 2 6 ~ a  fixation by 
plants as described by Leslie et al. [4]. The 2 3 4 ~  

deficiencies described in this study and in others can be 
attributed to uranium solubility and the relatively quick 
movement of uranium in soils. Overall, the mobilization 
was quick, with a time span of 25 years, but the 
radionuclides have not traveled far from the original 
source boulder. 
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