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Presenter
Presentation Notes
Price of uranium can be very volatile. The cost of generating electricity from
nuclear power is very insensitive to the price of uranium. 
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Presenter
Presentation Notes
There has been a $10 dollar or 40% increase in the spot price since the first of
the year.

Source: James Conca – Forbes article: 
https://www.forbes.com/sites/jamesconca/2020/05/22
where-do-we-stand-on-uranium-in-the-post-pandemic-energy-world
4ac0ec27dd7d

James Conca’s  cites AFTER MARKETSINSIDER



Uranium Exploration Strategies

 Late 1940s and 1950s – Direct Detection (Near Surface).

 Late 1960s and 1970s – Roll Front Model (Pit-300 Ft. Deep; 
Insitu-1,200 Ft. Deep).

 Uranium Source – Granites, Tuffaceous Sediments, 
Lignites, Carbonaceous Marine Shales?

 All Tertiary Sandstone Deposits are Roll Fronts (?).

 Significant Sedimentary Deposits are not Roll Fronts.
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Presenter
Presentation Notes
Roll Front Model Extremely Successful
Arkosic Sands and Tuffaceous Sediments are Most Important








Generalized Roll Front Uranium Deposit

5Finch, et al., (1985)

Presenter
Presentation Notes
Classic Roll Front. Groundwater carrying hexavalent uranium, often complexed with carbonate, encounters a reducing environment where tetravalent uranium is precipitated as coffinite or uraninite. Iron minerals are very visible and are a guide to the position of the roll front. 

https://www-pub.iaea.org/MTCD/%20publications/PDF%20te_328_web.pdf


Actual Roll-Front Ore Zone within Oakville Sandstone 
in an Open Pit Mine Live Oak County, Texas

After Dickinson and Duval (1977)
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Presenter
Presentation Notes
After: Dickinson & Duval, 1977 in Geology of Alternate Energy Resources, 
Published by Houston Geological Society 

https://i2mconsultants.com/downloads/mdcampbell/DickDuvl77.pdf


Geophysical, Mineralogical, Geological Relationships in 
Wyoming Roll Fronts

Rubin (1970)
Modified by Campbell and Biddle (1977)
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Presenter
Presentation Notes
Campbell, M. D., and K. Biddle, 1977, “Frontier Uranium Exploration in the
 South-Central U.S.: Chapter 1” in Geology of Alternate Energy Resources in the
 South-Central United States, (M. D. Campbell (ed)), published by Houston
 Geological Society, pp. 3-44. see: http://www.mdcampbell.com/CamBidd77.pdf
Rubin, Bruce, 1970, Uranium roll front zonation in the southern Powder River
 Basin, Wyoming: Wyoming Geological Association Earth Science Bulletin, 
v. 3, no. 4, p. 5-12.

https://i2mconsultants.com/downloads/mdcampbell/RubinWGA70.pdf
https://i2mconsultants.com/downloads/mdcampbell/CamBidd77.pdf


1975 Concept of a Biogeochemical Cell in a Roll-Front 

Rackley, (1968 and 1975)
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Presentation Notes
Rackley, R. I., 1975, Problems Converting Potential Uranium Resources into
 Mineable Reserves: Mineral Resources and the Environment Supplementary
 Report: Reserves and Resources of Uranium in the United States, 
National Academy of Science, Washington, D. C. , pp. 120-140.


https://i2mconsultants.com/downloads/corp/Rackley1968.pdf
https://i2mconsultants.com/downloads/mdcampbell/WyomingRackley1972.pdf


Typical Tabular Uranium Type Deposit

Sandford (1992) 9

Presenter
Presentation Notes
Named for the horizontal to sub horizontal bodies of  tetravalent uranium ore
 minerals with “humate” in a totally reduced sandstone. Formed early, 
before diagenesis?

Colorado Plataeu – Triassic Chinle and Jurassic Morrison Fm.
Chenoweth and McLemore  (1989) estimated tabular sandstone uranium
deposits accounted for 65% of the production and reserves in Colorado Plateau.

Moab Utah [Chinle] , Ambrosia Lake – Grants Mineral Belt [GMB] N.M
.
Bulk of the ore mined in the Ambrosia Lake area in the GMB  was in the tabular
type ore bodies found in the Westwater Canyon member of the Morrison Fm. 
First discovered by drilling for the deeper Todilto Lms targets. 
Outcrops of the Westwater Canyon Member in the GMB area are almost
completely devoid of uranium mineralization.

Some tabular sandstone deposits in the Uravan Mineral Belt consist of 
hexavalent uranium minerals that were redistributed from roll front deposits.





https://i2mconsultants.com/downloads/corp/Sanford-TabularUranium1992.pdf


Typical Reduced Roll Front (Re-Reduced?)
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*H2S / CH4 Introduced by Faults?

* See Campbell, (2008), especially pages 33, 38, and 42.

Presenter
Presentation Notes
Examples – Phillips Nose Rock deposit – Crown Point N.M.
Some Wyoming Deposits ?
Gamma can be a guide.

https://i2mconsultants.com/downloads/mdcampbell/MestenaUranium43-101Draft111908C.pdf


Typical Roll Front Without Fe Minerals

11(Fe not involved in biochemical activity in U ↓ from solution?) 

Presenter
Presentation Notes
Mt. Taylor Deposit N.M. – 100 million lbs of U3O8
Gamma is a guide
Clay minerals possible guide.
PhD – “Rusty” Riese - Univ. New Mexico dissertation.




Miscellaneous Sedimentary U Deposits

 Carbonates – Todilto Limestone, Grants, N.M.

 Breccia Pipes – Northern Arizona

 Mixed Types – Unconformity, Hydrothermal –

12

Presenter
Presentation Notes
Todilto Lms  uranium secondary hexavalent  minerals on outcrop resulted in 
Grants Mineral Belt [GMB] discovery, uraninite is found at depth

Source of uranium in Breccia Pipes – most U-Pb dates 200 million years ago
Age of Chinle Fm. Triassic – likely source.

U-Pb dating of uranium deposits in collapse breccia pipes of the
 Grand Canyon region Ludwig,Kenneth R. et al.
Economic Geology(1992), 87 (7):1747


https://nmgs.nmt.edu/publications/guidebooks/downloads/54/54_p0179_p0189.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.927.1469&rep=rep1&type=pdf
http://i2mportal.com/search_resource.php?search_value=Unconformity#page=1


Exploring for the Unconventional Deposits

 Non-Roll Front Sedimentary U Deposits

 Understanding Uranium Systems

 Analogy – Petroleum Systems (Role of H2S and CH4)

 Source – Migration – Trap – Faulting

 Need to Identify Other Sources of Uranium for 
Frontier Exploration Areas (Lignite?)

 Incorporate Paleohydrogeology
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Presentation Notes
Analogy to Oil and Gas – First wave of oil exploration was direct detection 
– oil seeps and shows – Oil Creek Pennsylvania, La Brea Tar Pits etc.

2nd wave of oil exploration based on Anticline Theory very successful, but
Missed potential of stratigraphic traps 

3rd wave of based on considering source rocks, migration path, and trap 
 “Understanding Petroleum Systems Approach”

In the systems approach, we understand very well the “trap”, the
 reducing environment for most high grade sedimentary deposits. Need to conduct
research identifying source rocks in tuffaceous sediments in the source areas
of known deposits and extrapolate to frontier areas.





Arkosic Sediments – U Source

 Investigate Granite Source

 Some Granites More “Leachable” than Others

 Uranium in Allanite vs Zircon & Monazite

 Research U/Pb systematics & U/TH Ratio

 Potential Granite Sources – Wyoming, Colorado
Plateau – not Texas (Volcanics/ in Lignites?)

 Australian Paleo-Valley Roll Front / Calcrete-Type

 Canadian Unconformity Mineralization 14

Presenter
Presentation Notes
I once looked at a “hot” granite in Arizona with both high U and Th, heavy
 minerals in arkosic sediments were very high in both U and Th, 
probably not a suitable source rock for a sedimentary uranium deposit.
.
Uranium-lead isotope systematics in uraniferous alkali-rich granites from
the Granite Mountains, Wyoming; implications for uranium source rocks 
J. S. Stuckless, I. T. Nkomo Economic Geology (1978) 73 (3): 427–441.

Interpretation of thorium to uranium ratios in granitic rocks
and implications for uranium exploration
John S. Stuckless�Interpretation of thorium to uranium ratios in granitic rocks and implications
 for uranium exploration�AAPG Bulletin (May 1980) 64 (5): 789-790

Recent Australian in situ uranium mines – Beverley and Honeymoon are roll
 front type sandstone deposits.








http://i2mportal.com/resource_detail.php?resource_id=8004
https://i2mconsultants.com/downloads/corp/Paleovalley-related_uranium_deposits_in.pdf
http://i2mportal.com/search_resource.php?search_value=Unconformity#page=1
https://pubs.usgs.gov/tei/0463/report.pdf


Tuffaceous Sediments – U Source

Volcanic Glass + H2O = Clay + SiO2 + U+6 (in solution)
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Presentation Notes
During weathering of volcanic glass shards, uranium and silica are released in the environment. Clay minerals cannot accommodate the large uranium atoms.



Volcaniclastics as U - Source

 Potential Source – Wyoming, Colorado Plateau & Texas

 Rhyolitic glass high in U and easily leached

 Pedogenesis Important (Walton A.W., et al. 1981)

 High Th/U – U leached (Zielinski R.A., 1983)

 Source Rock – Paleosol with High Th/U (Sibray, S.S., 2010)
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Presentation Notes
The Walton reference is very important – there are many volcaniclastics 
and only some are possible source rocks. Soils zones are high in partial pressure 
of O2 and CO2. Hexavalent U can form stable complexes with carbonate in soil
 and/or vadose zones

Anthony W. Walton, William E. Galloway, Christopher D. Henry; Release of 
uranium from volcanic glass in sedimentary sequences; an analysis of two
 systems. Economic Geology ; 76 (1): 69–88.

The Zielinski reference is also important. Th and U behave similarly in 
magma and Th/U ratios should be relatively constant. In the sedimentary
 environment, U is much more easily leached than Th. In a highly weathered
volcaniclastic where U has been leached, Th/U should be much higher. 

Robert A. Zielinski, Tuffaceous sediments as source rocks for uranium: 
A case study of the White River Formation, Wyoming, Journal of Geochemical 
Exploration, Volume 18, Issue 3,1983,Pages 285-306, ISSN 0375-6742
 
 


https://i2mconsultants.com/downloads/corp/Walton-1981.pdf
https://www.sciencedirect.com/science/article/pii/0375674283900742
https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


White River Group
Badlands National Park, S.D.

Brule

Chadron
Interior
Paleosol

Yellow Mounds
Paleosol

17From Sibray, (2010)

Presenter
Presentation Notes
The tuffaceous sediments of the White River Group were thought to be the source of the uranium deposits in the underlying sediments in the Tertiary Basins of Wyoming – Powder River Basin, Shirley Basin, and Wind River Basin. 
Love, J.D. 1954  Preliminary Report on Uranium in the Gas Hills Area, Fremont and Natrona Counties, Wyoming. USGS Circular 352.

Greg Retallack recognized at least 87 paleosols, fossil soil zones, in 143 m of strata. Two of these, the Interior Paleosol and the Yellow Mounds Paleosol, are geosols. A geosol is a whole soilscape that is laterally extensive enough to be a stratigraphic horizon and can be associated with unconformities.
 
A paleopedological approach to the interpretation of terrestrial sedimentary rocks: The mid-Tertiary fossil soils of Badlands National Park, South Dakota 
GREG J. RETALLACK
GSA Bulletin (1983) 94 (7): 823–840.


https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Yellow Mounds Paleosol Sioux Co. NE

18From Sibray, (2010)

Presenter
Presentation Notes
This is a highly weathered zone of Pierre Shale that is normally a black marine shale. It is laterally very extensive in the High Plains

https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Paleosol as Possible Uranium Source

19From Sibray, (2010)

Presenter
Presentation Notes
The White River Group has been divided into three formations in Nebraska and
South Dakota. Oldest to youngest, they are the Chamberlain Pass Formation, 
the Chadron Pass Formation, and the Brule Formation. The most likely 
source rocks for the Crow Butte in situ recovery mine are the Interior Paleosol 
and the paleosols in the lower part of the Chadron Formation. The paleosols
 in the upper part of the Chadron were developed when the water table was higher
 and the vadose zone limited. The paleosols in the Brule Formation are less well 
developed and they typically contain a high percentage of unaltered volcanic
glass shards.   Geology is adapted from Dennis O. Terry, Jr. 

Terry, D.O., 1998, Lithostratigraphic revision and correlation of the lower part of 
the White River Group: South Dakota to Nebraska. In Geological Society of
 America Special Paper 325.
 DOI: https://doi.org/10.1130/SPE325 ISBN (print): 9780813723259



https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Basal Chadron Fm – South Dakota

20
From Sibray, (2010)

Presenter
Presentation Notes
Outcrop of the basal sands and gravel of the Ahearn member of the Chadron 
Formation near Red Shirt, South Dakota. These sand and gravels are arkosic 
and contain granite and metamorphic clasts, probably sourced from the 
Precambrian core of the Black Hills uplift. There are red oxidizing looking
 paleosols above this zone in either the upper part of the Ahearn member or the 
lower part of the Crazy Johnson member of the Chadron Formation. 


https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Basal Sand Chamberlain Pass Fm Sioux Co. NE

21
From Sibray, (2010)

Presenter
Presentation Notes
Older basal sands and gravel of the Chamberlain Pass Formation located
near the Orella bridge in the Whitehead creek area of Sioux Co. Nebraska.
Gravels are composed largely of quartz and chert, resistant to the intense
 weathering that occurred during the development of the Interior Paleosol. It is 
possible that the Chamberlain Pass Formation was deposited before the
 Precambrian core of the Black Hills was exposed. Outcrops are very white or
 bleached. Any feldspars may have been weathered to kaolinite during
 development of the Interior Paleosol. This outcrop  is relatively close
 [approximately 15-16 miles], to the Crow Butte mine. No uranium minerals
observed in the area.

https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf
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Presentation Notes
Combination of electric log and mudlog of disposal well drilled for Nebraska
Public Power District near Sutherland, Nebraska. Please note that the color code
is for lithology, not the color of the sediments. Gamma shows low readings through
Yellow mounds paleosol with a sharp gamma spike near the unweathered Pierre
Shale. Uranium was likely leached out of the weathered zone and precipitated
at the top of the  black Pierre Shale. This pattern was observed in a number
of  test holes drilled in another project for Nebraska Department Environment and
Energy in western Nebraska. The Yellow Mounds paleosol is not an effective
source rock, no underlying aquifer. Uranium leached during weathering ended up 
either transferred to underlying top of unweathered zone or drained by streams 
and ultimately to the Gulf of Mexico.
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Presenter
Presentation Notes
Drill Cuttings from disposal well described in previous slide. Yellow Mounds 
Paleosol grades into relatively unweathered Pierre Shale.



Uranium in Bauxite - Puzzling

 Yanfeng bauxite deposit, China

 Paleo-karstic deposit

 U average: 35 ppm, 18-62.4 ppm

 Geochemical Study – Th/U and REE

 Intense Weathering

 Parent Material – Black Shale - Lower Cambrian

24
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Presentation Notes
Outstanding study of a uranium bearing bauxite in China. Detailed
 petrographic [including electron probe micro-analyzer (EPMA) and Raman
 spectroscopic analysis] and whole rock chemistry including trace elements and 
REE.  As in the previously described development of the Yellow Mounds paleosol, 
uranium is leached from black shale and precipitated below the water table. 
Detailed model is presented on the next slide.

Yongzhen Long, Guoxiang Chi, Jianping Liu, Dexian Zhang, Hao Song,
Uranium enrichment in a paleo-karstic bauxite deposit, Yunfeng, SW China: 
Mineralogy, geochemistry, transport – deposition mechanisms and significance for
 uranium exploration,Journal of Geochemical Exploration, Volume 190, 2018,
 Pages 424-435, ISSN 0375-6742


https://i2mconsultants.com/downloads/corp/1-s2.0-S0375674217308774-main.pdf


Genesis of Black Shale Uranium

25Long, et al., (2017)

Presenter
Presentation Notes
Model for the development of uranium bearing Bauxite deposit.

https://i2mconsultants.com/downloads/corp/1-s2.0-S0375674217308774-main.pdf


Crow Butte Deposit Dawes Co. Nebraska

 Discovery Announced – January 13, 1981

 U3O8 ≥ 25 Million Lbs. ≥ 0.25%

 Production – Started 1991

 Produces ≈ 800,000 Lbs./Year

 Total Production = 18 Million Lbs.

 Basal White River Group – Chamberlain Pass?

26

Presenter
Presentation Notes
Prospect was developed by looking for gamma anomalies in oil well logs in sediments underlying the White River Group. Classic roll front deposit. No
surface indications of mineralization nearby. Nearest basal White River Group sands and gravel outcrops are Chamberlain Pass Formation and show no uranium mineralization or other indications of a roll front deposit.



Uranium 
Potential 

of 
Fluvial 

Boundaries

27
From Sibray, (2010)

Presenter
Presentation Notes
Map showing  thickness and distribution of basal sands and gravels of the
White River Group. Source is Swinehart, J.B., Souders, V.L., DeGraw, H.M., 
Diffendal, R.F. Jr. 1985. Cenozoic paleogeography of western Nebraska.
 In: Flores, R.M., Kaplan, S.S. (eds). Cenozoic paleogeography of west-central 
United States: Rocky Mountain  Paleogeography Symposium 3, 
Rocky Mountain Section. Society of Economic Paleontologists and Mineralogists,
 Tulsa, Oklahoma, pages 209-229. 


North Tributary is the Chamberlain Pass Fm. and appears to be devoid of any 
uranium mineralization until the vicinity of Crawford where it intersects the thick 
accumulation of sands and gravels of Basal White River Group – either
 Chamberlain Pass Fm. or Chadron Fm.  Test holes drilled in the North tributary
had no gamma spikes and there were no uranium minerals observed on 
outcrop. Exploration drilling of the west to east trending accumulation has shown
 widespread uranium mineralization.





https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Why Uranium Absent in Northern (Blue) Tributary?

 Chadron Fm. Contains Bentonitic Clay

 Uranium Released From Clay - Limited Migration?

 Lack of Granitic Source?

 Lack of Rhyolitic Source in Interior Paleosol?

 Lack of Lignite Source in Fluvial Sediments?

28
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Presentation Notes
Chadron Fm. bentonitic clays overlaying Chamberlain Pass Fm. in Sioux County
tend to be greenish in color suggesting a shallow water table and limited
 opportunity for uranium to leach in the vadose zone?

Lack of Granitic Source – the sands and gravels of the mineralized west to east
accumulation are somewhat more arkosic. Is this the younger Chadron Fm.?
 Granitic source in Wyoming?

Was there sufficient volcanic glass shards in the Interior Paleosol to act as a
source of uranium? Retallack and others have noted glass shards in the Interior
 Paleosol but this soil zone is very thin  and could the few glass shards observed 
originated in the overlaying Chadron Fm, then moved into the Interior
by some sort of mechanical illuviation process? Based on our work, 
we believe the underlying Yellow Mounds Paleosol is depleted in uranium so
weathering of  this geosol during development of the Interior Paleosol would not
yield  much uranium. Is the Chamberlain Pass Formation older than the White
River Group? Equivalent to Wasatch or Wind River Formations in Wyoming?








Why Uranium Absent in Other Northern Tributary (Yellow)? 

 Uranium Migrated Through but No Accumulation.

 Reported Radiation Damage in Quartz using 
Cathodoluminescence Microscopy (Leibold, 2013). 
 Found Damage in Ore Zone but Not Upgradient.

 Lack of Radiation Damage in Upgradient Core Suggests It 
Never Hosted Ore.

 Roll Front - Moves Periodically (?) and Only Forms 
under Favorable HydroBioGeochemical Conditions.

29
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Presentation Notes
This may explain why some really good aquifers* hosting sedimentary deposits
have little or no secondary uranium minerals on outcrop. Example –
 Westwater Canyon member of the Morrison Formation and possibly Crow Butte 
Deposit.

 * Good aquifer meaning one with good permeability.

Leibold, Julie, 2013, “Geochemistry and mineralogy of the alteration halo
associated with the Three Crow roll-front uranium
deposit, Nebraska, USA. 173 pages, Colorado School of Mines. Ph.D. Thesis

Additional cathodoluminescence microscopy research would be useful in 
determining how roll front and other sedimentary uranium deposits move
 and form.



https://i2mconsultants.com/downloads/corp/Leibold_mines_0052E_10283.pdf


Yellow Mounds and Interior Paleosols – Sioux Co., NE

Interior Paleosol + Clay? Yellow Mounds Paleosol

30
From Sibray, (2010)

Presenter
Presentation Notes
Interior Paleosol [red] overlying Yellow Mounds Paleosol, Orella Rd. west of Whitehead Creek, Nebraska. Development of Interior Paleosol on Yellow Mounds Paleosol would not be an important source of uranium, development of Interior Paleosol on tuffaceous White River Group material [in Wyoming and Nebraska?] could have been the source of uranium in the roll front deposits.
REE chemistry of the Interior Paleosol may determine if there was a significant amount of rhyolitic parent material. This is west of Whitehead Creek shown
in the next slide.

https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Chamberlain Pass Fm. Sioux C. NE

Weta
Paleosol Clay PlugSandstone

31From Sibray, (2010)

Presenter
Presentation Notes
Whitehead Creek – Orella Bridge outcrop of Chamberlain Pass Fm. The Weta 
Paleosol is the lateral equivalent of the Interior Paleosol. In contrast to the red 
oxidizing  of nature Interior Paleosol, it displays hydromorphic features – both 
oxidizing and reducing colors. Red fine grained sediments of the clay plug may
 have been derived from the Permian-Triassic red beds in the Black Hills
Uplift. Would the Weta Paleosol preserve any of the glass shards? 
Would the REE chemistry indicate whether the parent material was
 dominantly volcanic glass or Yellow Mounds Paleosol or the older sediments
 from the Black Hills?


https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Basal Sands of Chamberlain Pass Fm. 
(Cemented by Mn Oxides)

32From Sibray, (2010)

Presenter
Presentation Notes
This is located at the base of outcrop shown in the last slide. Mn oxides are not 
encouraging for the geologist looking for roll front uranium deposits. Manganese
is generally soluble under reducing conditions and precipitates as oxides under
 oxidizing conditions. However, this could be a relativity recent phenomena.
Water in the basal sands of the White River Group are reducing in many areas 
and in some areas produces biogenic methane.

https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Cretaceous / Paleogene Unconformity

*

*Note:  IP Containing Atmospheric Fallout of Ash from Meteor Impact in Wyoming and/or Mexico? M
See: Wise and Campbell (2018), pp. 128-131. 33

From Sibray, (2010)

Presenter
Presentation Notes
Diagram showing the relationship of the Interior Paleosol and the lateral
 equivalent Weta Paleosol in the Whitehead Creek area of Sioux County,
Nebraska. How much of the Interior Paleosol was rhyolitic glass shards and how
 much of it was Yellow Mounds Paleosol which was depleted in uranium? What
was the fate of the uranium released from the glass weathered during the
 development of the overlying Chadron Paleosols?


https://i2mconsultants.com/downloads/corp/AAPGEclipseSeminarFieldGuide-Final2017.pdf
https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


GeoChemical/Petrographic Study – WRG Paleosols

 Th/U Ratios Relatively Constant:
 Volcanic Source? and or
 Meteor Impact Source?

 Th – Not Mobile During Weathering

 Th/U – Higher In Source Rock?

 REE in Paleosols – Source? minor fractionation

 REE can characterize parent material in Paleosols.

 Morrison Fm. and Chinle Group Deposits
34

Presenter
Presentation Notes
Detailed geochemical and petrographic study of tuffaceous sediments
can answer a lot of questions concerning potential source rocks within the 
White River Group. Detailed field study of the White River Group strata and its paleosols  by Dennis Terry and others has given us a excellent  framework  for future work. The White River Group is ideal for this type of work because of the availability of relatively unaltered volcanic ash of different compositions in the
Brule Fm. and outcrops of unweathered Pierre Shale.

The paleosols of the Morrison Fm. and the Chinle Fm. in the Colorado Plateau area have also been studied extensively and the lessons learned from future work on White River Group could be applied there.



Conclusions

 Yellow Mounds Paleosol – depleted in Uranium

 Eocene Oxidizing Paleosols – Uranium Source?

 Geochemistry + Paleopedology Define Source Rocks
Exploration for Unconventional Sedimentary Uranium
Deposits.

35
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Presentation Notes
Our test hole drilling program indicates that the uranium in the black shale of the
Pierre Shale was leached and mobilized during the development of the Yellow
Mounds Paleosol, a geosol.

Oxidizing paleosols of the tuffaceous White River Group may have been the
 source of uranium mineralization in the uranium deposits in Wyoming and
 Nebraska. One potential paleosol is the Interior Paleosol which is a geosol 
that developed over a long period of time over a wide area. Other potential source
 rocks include the paleosols of the lower part of the Chadron Fm.

Understanding uranium systems by defining source rocks and considering
 migration of uranium or paleohydrology can aid the exploration of both roll front
and non- roll front  deposits.





Primary References
1. Yellowcake PLC Investor, 2020: https://www.yellowcakeplc.com/

2. Dickinson, K. A., and J. S. Duval, 1977, “South Texas Uranium: Geologic Controls, Exploration Techniques, and 
Potential: Chapter 2: Trend Areas and Exploration Techniques Utilization,” in Geology of Alternate Energy Resources in
the South-Central United States (M. D. Campbell (ed)), Houston Geological Society, pp. 45-66. See: 
http://www.mdcampbell.com/DickDuvl77.pdf

3. Campbell, M. D., and K. Biddle, 1977, “Frontier Uranium Exploration in the South-Central U.S.: Chapter 1” in Geology of
Alternate Energy Resources in the South-Central United States, (M. D. Campbell (ed)), published by Houston Geological 
Society, pp. 3-44. see: http://www.mdcampbell.com/CamBidd77.pdf

4. Rubin, B., 1970, Uranium Roll-Front Zonation in the Southern Powder River Basin, Wyoming: Wyoming Geological
Society Earth Science Bull., Vol. 3, No. 4, December, pp. 5-12, URL: http://mdcampbell.com/RubinWGA70.pdf

5. Wise, H. M. and M. D. Campbell, 2018, “K-T Impact Craters in Wyoming and Nebraska: Wyoming K-T Boundary Thin-
Sections A Preliminary Assessment,” in AAPG Solar Eclipse Seminar & Field Guide for Wyoming Geological Structures
and Impact Craters, Instructors: W. H. (Jack) Schmitt and J. Reilly, with Editors: D. Clarke, D. Cook, K. Osvald, and K.
Sundell. URL: http://i2massociates.com/downloads/AAPGEclipseSeminarFieldGuide-Final2017.pdf, pp. 21-131, with 
post-trip analysis, pp. 128-131.

6. Rackley, R. I., 1975, “The Environment of Wyoming Tertiary Uranium Deposits:” AAPG Bulletin, v. 56, n. 4, pp. 755-774.

7. Rackley, R. I., P. N. Shockey, and M. P. Dahill, 1968, “Concepts and Methods of Uranium Exploration, Wyoming 
Geological Assoc. Guidebook,” pp. 115- 124, see:  http://www.i2massociates.com/downloads/Rackley1968.pdf 36

https://www.yellowcakeplc.com/
https://i2mconsultants.com/downloads/mdcampbell/DickDuvl77.pdf
https://i2mconsultants.com/downloads/mdcampbell/CamBidd77.pdf
https://i2mconsultants.com/downloads/mdcampbell/RubinWGA70.pdf
https://i2mconsultants.com/downloads/corp/AAPGEclipseSeminarFieldGuide-Final2017.pdf
https://i2mconsultants.com/downloads/mdcampbell/WyomingRackley1972.pdf
https://i2mconsultants.com/downloads/corp/Rackley1968.pdf


Primary References
8. Walton, A. W., W. E. Galloway, and C. D. Henry, 1981, “Release of Uranium from Volcanic Glass in Sedimentary 

Sequences; An Analysis of Two Systems,” Economic Geology, Vol. 76, No. 1, pp. 69–88. URL: 
http://www.i2massociates.com/downloads/Walton-1981.pdf

9. Zielinski, R. A., 2018, “Tuffaceous Sediments as Source Rocks for Uranium: A Case Study of the White River Formation,
Wyoming”, Journal of Geochemical Exploration, Vol. 187, No. 3, pp. 285-306, URL: 
https://www.sciencedirect.com/science/article/pii/0375674283900742

10. Zielinski, R. A., and A. L. Meier, 1988, “The Association of Uranium with Organic Matter in Holocene Peat: An
experimental leaching study,” Applied Geochemistry, Vol. 3., No. 6, pp. 631-643. URL: https://www.sciencedirect.com/
science/article/abs/pii/0883292788900959

11. Terry, D. O., 1998, Lithostratigraphic Revision and Correlation of the Lower Part of the White River Group: South Dakota 
to Nebraska in Depositional Environments, Lithostratigraphy, and Biostratigraphy of the White River and Arikaree Groups
(Late Eocene to Early Miocene, North America),” in Geological Society of America Special Paper 325. Editors: D. O.
Terry, Jr. et al., URL: http://www.i2massociates.com/downloads/i0-8137-2325-6-325-0-15.pdf

12. Leibold, J., 2013, Geochemistry and Mineralogy of the Alteration Halo Associated with the Three Crow Roll-Front
Uranium Deposit, Nebraska, Ph.D. Thesis Colorado School of Mines, Advisors T. Monecke and R. Wendlandt, 173 p.
URL:  http://www.i2massociates.com/ downloads/ Leibold_mines_0052E_10283.pdf

13. Finch, W., D. Pretorius, H. Fuchs, J. Ferguson, and D. Toens, 1985, “Geological Environments of Sandstone-Type Uranium 
Deposits,“ IAEA, VIENNA, in IAEA-TECDOC-328, 391 p., URL: http://www.i2massociates.com/downloads/te_328_web.pdf

37

https://i2mconsultants.com/downloads/corp/Walton-1981.pdf
https://www.sciencedirect.com/science/article/pii/0375674283900742
https://www.sciencedirect.com/science/article/abs/pii/0883292788900959
https://i2mconsultants.com/downloads/corp/i0-8137-2325-6-325-0-15.pdf
https://i2mconsultants.com/downloads/corp/Leibold_mines_0052E_10283.pdf
https://i2mconsultants.com/downloads/corp/te_328_web.pdf


Primary References

38

14. Hou, B., B. H. Michaelsen, Z. Li, J. L. Keeling, and A. J. Fabris, 2014, “Paleovalley-Related Uranium: Case-Studies from Australia and
China,” Acta Geologica Sinica, Vol. 88, Supp. 2, pp. 1355-1357. URL: http://www.i2massociates.com/downloads/ Paleovalley-
related_Uranium_ Case-studies.pdf

15. Hou, B., J. L. Keeling, and Z. Li, 2017, “Paleovalley-Related Uranium Deposits in Australia and China: A Review of Geological and
Exploration Models and Methods,” in Ore Geology Reviews, Vol. 88, pp. 201-234. URL: http://www.i2massociates.com/downloads/Paleovalley-
related_uranium_deposits_in.pdf

16. Long, Y., G. Chi, J. Liu, D. Zhang, and H. Song, 2018, “Uranium Enrichment in a Paleo-Karstic Bauxite Deposit, Yunfeng, SW China:
Mineralogy, Geochemistry, Transport – Deposition Mechanisms and Significance for Uranium Exploration,” Journal of Geochemical
Exploration, Vol. 190, pp. 424-435, URL: http://www.i2massociates.com/downloads/1-s2.0-S0375674217308774-main.pdf

17. Sandford, R. F., 1992, “A New Model for Tabular-Type Uranium Deposits,” Economic Geology, Vol. 87, pp. 2041-2055,  m URL: 
http://www.i2massociates.com/downloads /Sanford-TabularUranium1992.pdf

18. Berglof, W. R., and V. T. McLemore, 2003, Economic Geology of the Todilto Formation, New Mexico Geological Survey Fall Field 
Conference Guidebook, pp. 179-189, URL: https://nmgs.nmt.edu/publications/guidebooks/ downloads/54 /54_p0179_p0189.pdf

19. Wenrich, K. J., 1985, Mineralization of Breccia Pipes in Northern Arizona, Economic Geology, Vol. 80, pp. 1722-1735, URL: 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.927.1469&rep=rep1&type=pdf

20. Campbell, M. D., 2008, Discussed and Cited Collins & Talbott (2007), in http://mdcampbell.com/MestenaUranium43-101Draft111908C.pdf

21. Sibray, S. S., 2010, White River Group Paleosols as Source Rocks for Uranium Mineralization in Western Nebraska, The Mountain Geologist, 
v. 48, no. 1, pp. 9- 22. www.rmag.org, URL: http://www.i2massociates.com/downloads/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf

https://i2mconsultants.com/downloads/corp/Paleovalley-related_Uranium_Case-studies.pdf
https://i2mconsultants.com/downloads/corp/Paleovalley-related_uranium_deposits_in.pdf
https://i2mconsultants.com/downloads/corp/1-s2.0-S0375674217308774-main.pdf
https://i2mconsultants.com/downloads/corp/Sanford-TabularUranium1992.pdf
https://nmgs.nmt.edu/publications/guidebooks/downloads/54/54_p0179_p0189.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.927.1469&rep=rep1&type=pdf
https://i2mconsultants.com/downloads/mdcampbell/MestenaUranium43-101Draft111908C.pdf
http://www.rmag.org/
https://i2mconsultants.com/downloads/corp/WhiteRiverGroupPaleosols-UraniumSourceRocksC.pdf


Supporting References

Search Results from the I2M Web Portal and Other Sources:
t
“Search Terms:”
1. “Uranium Exploration”:
http://web.i2massociates.com/search_resource.php?search_value=%22Uranium+Exploration%22&sort=date#page=1

2. “Nebraska” Uranium: https://www.dmr.nd.gov/ndgs/mineral/uranium.asp and
http://web.i2massociates.com/search_resource.php?search_value=Nebraska&sort=date#page=1

3. Uranium in Lignite in Nebraska: https://pubs.usgs.gov/tei/0463/report.pdf and 
in North and South Dakota: http://www.i2massociates.com/downloads/USGSPP463U-Lig1965ND-SD.pdf

4. “Unconformity” – Related Uranium Deposits:
http://web.i2massociates.com/search_resource.php?search_value=Unconformity#page=1

5. “Allanite” – Research:
http://web.i2massociates.com/search_resource.php?search_value=Allanite#page=1

6. “Allanite in Alaska”:
http://web.i2massociates.com/resource_detail.php?resource_id=8004

7. “Uranium in South Texas”:
http://mdcampbell.com/CampbellWiseRackleyGCAGS2007l.pdf

8. ”UCOM 2020 Annual Report”: 
http://www.i2massociates.com/downloads/EMDUraniumNuclearMineralsandREECommitteeAnnualReport-2020.pdf 39

http://i2mportal.com/search_resource.php?search_value=%22Uranium+Exploration%22&sort=date#page=1
https://www.dmr.nd.gov/ndgs/mineral/uranium.asp
http://i2mportal.com/search_resource.php?search_value=Nebraska&sort=date#page=1
https://pubs.usgs.gov/tei/0463/report.pdf
https://i2mconsultants.com/downloads/corp/USGSPP463U-Lig1965ND-SD.pdf
http://i2mportal.com/search_resource.php?search_value=Unconformity#page=1
http://i2mportal.com/search_resource.php?search_value=Allanite#page=1
http://i2mportal.com/resource_detail.php?resource_id=8004
https://i2mconsultants.com/downloads/mdcampbell/CampbellWiseRackleyGCAGS2007l.pdf
https://i2mconsultants.com/downloads/corp/EMDUraniumNuclearMineralsandREECommitteeAnnualReport-2020.pdf


Acknowledgements

 Nebraska Public Power District [NPPD]

 Nebraska Department of Environmental and
Energy [NDEE]

 Editors of the I2M Web Portal

40

Presenter
Presentation Notes
NNPPD and NDEE helped fund some of the research presented here.,
They provided funds for the test drilling and logging. 

http://i2mportal.com/whats_new.php#page=1


Questions????

41


	 Recognizing Uranium Source Rocks in the Sedimentary Environment
	Slide Number 2
	Slide Number 3
	Uranium Exploration Strategies
	Generalized Roll Front Uranium Deposit
	Actual Roll-Front Ore Zone within Oakville Sandstone in an Open Pit Mine Live Oak County, Texas
	Geophysical, Mineralogical, Geological Relationships in Wyoming Roll Fronts
	1975 Concept of a Biogeochemical Cell in a Roll-Front 
	Typical Tabular Uranium Type Deposit
	Typical Reduced Roll Front (Re-Reduced?)
	Typical Roll Front Without Fe Minerals
	Miscellaneous Sedimentary U Deposits
	Exploring for the Unconventional Deposits
	Arkosic Sediments – U Source
	Tuffaceous Sediments – U Source
	Volcaniclastics as U - Source
	White River Group�Badlands National Park, S.D.
	Yellow Mounds Paleosol Sioux Co. NE
	Slide Number 19
	Basal Chadron Fm – South Dakota
	Basal Sand Chamberlain Pass Fm  Sioux Co. NE
	Slide Number 22
	Slide Number 23
	Uranium in Bauxite - Puzzling
	Slide Number 25
	Crow Butte Deposit Dawes Co. Nebraska
	Slide Number 27
	    Why Uranium Absent in Northern (Blue) Tributary?�
	Why Uranium Absent in Other Northern Tributary (Yellow)? 
	Yellow Mounds and Interior Paleosols – Sioux Co., NE
	Chamberlain Pass Fm. Sioux C. NE
	Basal Sands of Chamberlain Pass Fm. �(Cemented by Mn Oxides)
	Slide Number 33
	GeoChemical/Petrographic Study – WRG Paleosols
	   Conclusions
	Primary References
	Primary References
	Primary References
	Supporting References
	Acknowledgements
	Questions????



