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shales of the Morrison Formation may have served as '"source 
rocks" for the humate in uranium-bearing sandstones of the 
Westwater Canyon Member and Poison Canyon sandstone (of 
economic usage). This hypothesis provides a convenient, local 
source for the humic substances associated with tabular ore, as 
the K shales are interspersed with, and the Brushy Basin 
Member immediately overlies, the ore-bearing sandstones. The 
reduced nature of these claystones and mudstones suggests 
that organic matter incorporated during sedimentation would 
have been initially preserved in the pore waters of lake-bottom 
sediments. The diagenetic alteration of volcanic ash contained 
in these sediments would have raised the pH of the pore water, 
causing solution of humic substances. Subsequent compaction 
would have forced the alkaline, humic-rich pore fluids out of 
the claystones and mudstones, into the nearby sandstones. 

The two stages of ore in the Grants mineral belt—the 
primary tabular or trend ore and the secondary redistributed 
or stacked ore—can be related to the hydrology of a compac
ting basin. During early burial, formation water moves 
generally upward and laterally toward basin margins. Mean
while, fresh meteoric water flows downdip from recharge areas 
that flank the basin. A similar early-burial hydrology is envi
sioned for the formation of tabular ore in the San Juan basin. 
In this case, humic substances, derived from pore waters ex
pelled from the greenish-gray mudstones and claystones, mov
ed into sandstone beds that served as escape conduits for for
mation water. When these alkaline formation waters en
countered fresh meteoric water, the pH was lowered, 
facilitating organo-clay reactions that resulted in precipitation 
of humate. The meteoric water also delivered uranium to the 
humate masses; the uranium probably had been leached by 
ground water moving through the sandstone beds. 

Sometime after compaction ceased, the basin achieved 
hydrologic unity, and water flowed from areas of recharge to 
areas of discharge deeper in the basin. Redistribution of ore in
to stacked or roll-type orebodies probably occurred during this 
time, destroying some preexisting tabular humate ores. Redox 
mechanisms were involved in this redistribution of uranium in
to rolls but not in the formation of the earlier tabular ores. 
Location of tabular ores within reduced ground and the 
association with humate indicates that uranium in these 
orebodies was fixed by organic materials, which does not 
necessarily involve redox processes. 
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Petrology and Potential Sources of Uranium in Tertiary 
Rocks, Logan County, Northeastern Colorado 

Chemical analyses of < 0.15-mm ( < 100 mesh) fractions 
from Holocene stream sediment in Chimney and Spring Can
yons in Logan County, northeastern Colorado, reveal values 
of uranium in excess of the regional background (3.8 ppm). 
These values reach a maxima of 60.2 ppm U. Chimney Canyon 
sediment ranges from 4.4 to 5.5 ppm U, and is composed of 
volcanic glass, quartz, and minor amounts of plagioclase, 
calcite, mica, and mixed-layer illite-smectite. Heavy minerals 
are rare and consist mainly of biotite and hornblende. Spring 
Canyon sediment ranges from 3.7 to 60.2 ppm U and is com
posed of quartz, potassium, and plagioclase feldspar, calcite, 
mica, and mixed-layer illite-smectite. Heavy minerals are com
mon and include ilmenite, magnetite, hornblende, epidote, 
and zircon. 

Content of uranium in samples of bedrock from the Brule, 
Arikaree, and Ogallala Formations ranges from 1.8 to 16.3 

ppm U, and varies according to the composition of the detrital 
fraction and the amount and type of cement. Poorly cemented 
arkose and vitric siltstone contain between 1.8 to 2.9 ppm and 
4.0 to 5.7 ppm U respectively. Bedrock cemented by micrite 
contains from 6.3 to 9.1 ppm U and silicified bedrock contains 
between 12.1 and 16.3 U. 

Petrographic studies reveal that initial deposition of the 
bedrock was followed by: (1) mechanical infiltration of clay, 
bioturbation, and precipitation of mixed-layer illite-smectite; 
(2) precipitation of sparry calcite or micrite; (3) dissolution of 
framework grains, including volcanic glass; (4) destruction of 
mixed-layer illite-smectite and the development of cahche 
structures; and (5) precipitation of opal-CT and chalcedony, 

Mica fission-track maps show that uranium is homo
geneously distributed within micrite, opal-CT, and chalcedony 
cements. Fission-track density indicates that opal and 
chalcedony contain more uranium than micrite. Sparry calcite 
cement contains no uranium. 

Four major conclusions result. (1) The content of uranium 
in Holocene stream sediment is related to the detrital composi
tion of the parent bedrock. Uranium in the Chimney Canyon 
sediment occurs in volcanic glass, which is derived from tuf-
faceous sihstone of the Brule Formation, whereas the uranium 
in Spring Canyon sediment is contained in heavy minerals, 
which are derived from the Ogallala Formation. (2) Uranium 
in the bedrock is contained in volcanic glass, heavy minerals 
(mainly zircon, iron-titanium oxides, and monazite), and in 
cements of micrite, opal, and chalcedony. (3) Uranium in 
micrite, opal, and chalcedony is derived from intrastratal 
dissolution of volcanic glass. Volcanic glass is also the source 
for silica precipitated as opal or chalcedony. (4) The 
postdepositional alterations observed in this study represent 
the earliest stages of mobilization of uranium required for the 
development of an epigenetic deposit. 
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Upper Cretaceous Stratigraphy and Tectonic History of Ridg-
way Area, Northern San Juan Mountains, Colorado 

Detailed mapping and stratigraphic studies in the Ridgway 
area, along the northern flank of the San Juan Mountains in 
Colorado, indicate that the lower Mancos Group (Upper 
Cretaceous) can be subdivided into four formations. From 
oldest to youngest, they are the Benton Formation, Juana 
Lopez, Sage Breaks Shale, and Niobrara Formation. These 
formations have lithologic and paleontologic content similar 
to their equivalents in the Denver and San Juan basins and 
Black Hills. 

The underlying Benton Formation consists of 470 ft (143 m) 
of black shale that includes the Greenhorn Limestone Member 
(12 ft or 3.5 m thick) lying 300 ft (91 m) above the base. The 
overlying Juana Lopez is 40 ft (12 m) thick and consists of 
alternating layers of calcareous siltstone and black shale. The 
succeeding Sage Breaks is a 155-ft (47 m) calcareous shale unit. 
The overlying Niobrara Formation is an 85-ft (26 m) resistant, 
cliff-forming, calcareous shale. 

Subsurface and outcrop data in the south indicate that the 
study area straddles the margin of the Pennsylvanian Uncom-
pahgre uphft. Structural evolution has been controlled largely 
by three east-west trending Precambrian fault blocks—the 
Ouray graben, the Orvis block, and the Uncompahgre block. 
Recurrent movement of these fault blocks from the Paleozoic 
through the Cenozoic affected both sediment thickness and 
facies distribution. A cross section restored to the base of the 
Dolores Formation (Upper Triassic) indicates that the Permian 


