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ABSTRACT

The sedimentary features and structures present in the Westwater
Canyon Sandstone Member of the Morrison Formation exposed in the Johnny
M Mine indicate that the sediments were deposited by a system of aggrading
braided streams. The Poison Canyon sandstone, a sandstone horizon in the
lower Brushy Basin Member of the Morrison Formation, was probably the
result of deposition in a complex environment of meandering and braided
streams. Paleocurrent direction indicators, such as fossilized log
orientation, foreset azimuths, and the axis of cross—beds and channel
scours, suggests that the local paleostream flow was to the east with
a slight component to the south.

The uranium mineralization is intimately associated with 1) local
accumulations of carbonaceous (humate) matter derived from the decay
of organic material, such as trees and plants, present in the fluvial
environment; and 2) paleostream channels preserved in the Jurassic rocks.

The ore elements were derived from leaching of air-fall tuffs and
ash, which were introduced into the fluvial systems during volcanic
activity in the western U.S. The mobile ore element ions were reduced
and concentrated by humic acids and bacteria present in the fluvial
system, and ultimately remobilized in the system into the forms present
today. The uranium is thus envisioned as fofming either, essentially
on the surface as the sediments were being deposited, or at very shallow

(20 feet, 6 m) depth.
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PREFACE

Purpose and Scope

In light of the recent revival of interest in uranium, many proposals
have been made concerning the ages of the various uranium deposits, the
environments of deposition of the host sediments, the source of the
ore elements, and the mechanisms of transportation and deposition of the
uranium. The chief purpose of this paper is to provide a thorough
description of one of the newest mines in the Ambrosia Lake District,
the Johnny M Mine, and to use this data to reconstruct the palecenviron-
ment of the host rocks, and the conditions that lead to the developnent
of the ore deposits. Since this study is limited to one mine, the findings
may not be widely applicable over the entire Grants Uranium Region, but
the author believes that they are pertinent to the Ambrosia Lake District.
At any rate, the data and conclusions should be useful to any further
thinking.

Chapters I and 11 contain a summation of data that the author has
1iberall§ borrowed from various sources. The rest of the paper mainly

contains data and ideas for which the writer is solely responsible.

Methods

The author was employed as a geologist at the Johnny M Mine during
the summer of 1977 specifically for the purpose of collecting data and
generating ideas, all of which to be used in this paper. During the
course of the following vyear, the writer spent sveral weeks in the mine

collecting additional data for this paper.
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CHAPTER I

INTRODUCTION

Location and Access

The Grants Uranium Region, also known as the Grants Mineral Belt
(Hilpert and Moench, 1960), 1s a strip of land about 30 miles (48 km;
wide and 100 miles (161 km) long, lying north of and approximately
parallel to Interstate Highway 40 (see Fig. 1). It extends southeast
from a point north of Gallup, New Mexico, to the western edge of the
Rio Grande Trough, about 20 miles (32 km) west of Albuquerque, New
Mexico. The Ambrosia Lake District, a major part of this region, 1s
located in the central part, about 20 miles (32 km) north of Grants,
New Mexico (see Fig. 1).

The Johnny M Mine, a joint venture of Ranchers Exploration and

”1 Development Corporation and Houston Natural Gas Company, is situated at
the southeast edge of the Ambrosia Lake District, on Sections 7 and 18,
T. 13N, R. 8W, in McKinley County, New Mexico. The mine is easily ac-
cessible via N.M. State Highway 53. The shaft (Fig. 2) is located 1.1

miles (1.8 km) north of this road via a well-maintained dirt road.

History

Ranchers Exploration drilled the first hole in Section 7 in late
1968. By the end of 1972, 302 holes were drilled and logged, and the
North side ore bodies were delineated. The ore bodies in Secticn 18
were initially drilled out by United Nuclear Corporationm and sold to
Ranchers in 1972 {(Naiknimbalkar, N.M., personal communication, March
1978).

The shaft for the Johnny M Mine (named for its discoverer John E.

Motica) was started in 1972 and finally completed in August 1974. The
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CHAPTER II

GENERAL GEOLOGY

Surface Features

The major part of the Ambrosia Lake District is in a belt of sedi-
ments dipping gently (1° to 3°) to the northeast. These sediments crop
out in a series of west-northwest trending ridges, mesas and broad
valleys. Most ridges or cuestas are capped by the Jurassic Todilto
Limestone, the Cretaceous Dakota Sandstone (Fig. 3), or the Cretaceous
Gallup Sandstone. The shaft of the Johnny M Mine is located about 1000
feet (305 m) south of a ridge capped by the Gallup Sandstone (Fig. 4).

Mount Taylor (¥ig. 5), a Cenozoic volcano with a summit elevation
of 11,389 feet (3,471 m), 1s located at the extreme southeastern edge
of the Ambrosia Lake District (see Fig. 1). Basalt and andesite flows
of the Mount Taylor volcanic field cover the south-central portion of
the Grants Uranium Region.

Throughout this area, elevations are typically between 6,000 feet
(1,829 m) and 8,000 feet (2,438 m). The local relief is no more than
300 feet (91 m), except near Mount Taylor, where relief may exceed
2,000 feet (610 m).

The valleys are open and moderately covered by short grass; much
of this land is used for grazing cattle. Mesas and ridges are sparsely
covered with vegetation, mostly small juniper and pinon trees. Pine
forests are conspicuous and abundant above 8,000 feet (2,438 m) on
Mount Taylor.

The climate around Grants, New Mexico is semi-arid, with a yearly

precipitation around 10 inches (25 cm). While generally mild, the

'‘summer temperatures can exceed 100°F (37.8°C) and winter temperatures
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Fig. 4 ~ Gallup Sandstone capping a ridge
at the Johnny M Mine







may drop to 15°F below zero (-26°C) for short periods.

Stratigraphy

The sedimentary rocks exposed in the Grants Uranium Region range
in age from Pennsylvanian to Cretaceous. Associated intrusive and ex-
trusive rocks of the Mount Taylor and Zuni volcanic fields are of
Tertiary and Quaternary ages.

The Paleozoic sediments are dominantly brown and red clastic rocks,
presumably of shallow marine or continental origin. The total thick-
ness is about 1,700 feet (518 m), and they are exposed on the flanks of
the Zuni Mountains, overlying a Precambrian core (Smith, 1954).

Of the sedimentary rocks that are exposed in the area, uranium de-
posits are found only in a few of the units of Jurassic and Cretaceous
age (Fig. 6). The Middle Jurassic rocks are, in ascending order,
Fntrada Sandstone, Todilto Limestone, Summerville Formation, and Bluff
Sandstone, all assigned to the San Rafael Group. The Morrison Forma-
tion, of Late Jurassic age, and the Dakota Sandstone of Late Cretaceous
age complete the mineralized units. This sequence is about 1,000 feet
(305 m) thick and unconformably overlies approximately 100 feet (30 m)
of red eolian sandstone of the Wingate Formation, in turn underlain by
1,000 feet (305 m) of siltstone and other fine clastics of the Chinle
Formation, both of Late Triassic age.

The Jurassic rocks are unconformably overlain by the Dakota Sand-
stone, and then successively by the Mancos Formation and the Mesa Verde
Group, which includes the Gallup Sandstone, the Crevasse Canyon Forma-
tion, and Hosta Sandstone. The Mancos Shale and the Mesa Verde Group
consist of some 2,000 feet (610 m) of Late Cretaceous marine and non-

marine shales, sandstones, and coal beds.
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The volcanics of the Mount Taylor and Zuni Mountains volcanic
fields form the cap rock of the eastern half of the Region.

A brief description of the uranium-bearing rocks in the Grants
Uranium Region is given below. A more detailed description of the ore-

bearing rocks exposed in the Johnny M Mine is given on page 26 ff.

Entrada Sandstone

The Entrada Sandstone, the basal unit of the San Rafael Group, is
the lowermost uranium-bearing unit. It disconformably overlies the
Upper Triassic Wingate Sandstone and ranges from 130 feet (46 m) to 250
feet (76 m) in thickness. The Entrada Sandstone consists of an upper
uniﬁ of reddish-orange, fine-grained sandstone with thick sets of large-
scale cross-beds, and a lower unit of red and gray siltstone. Scattered
uranium mineralization is found, mostly in the upper part associated

with ore bodies in the overlying Todilto Limestone.

Todilto Limestone

‘The Todilto Limestone, which is comformable and generally grada-
tional with the Entrada Sandstone, 1s composed of two members. The
bagal limestone member is from § to 40 feet (12 m) thick and fairly
widespread. Tt consists of laminated and thin-bedded, gray, fetid,
fine—grained limestone with some interbeds of siltstone at‘the base,
and a few thin seams of gypsum near the top. The upper gypsum~anhydrite
member is 90 feet (27 m) thick, and is more restricted in areal extent.
This member is conformable and gradational with the underlying lime-
stone member.

The Todilto Limestone contains some small and some fairly large

ore deposits in the Ambrosia Lake District. The ore is confined to the
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limestone member.

Summerville Formation

The Summerville Formation, 50 feet (15 m) to 220 feet (67 m) thick,
generally consists of a lower silty member and an upper sandy member.
The lower unit is a sequence of soft, reddish-brown mudstone, and thin-
bedded, silty sandstone that locally contains gypsum. It grades upward
into the upper sandy member, which consists of reddish-brown and pale-
brown, fine-grained, even-bedded sandstone, and some interbedded silt-
stone.

The Summerville Formation contains a few scattered uranium deposits
at the base, usually where the underlying Todilto Limestone is mineral-

1zed.

Bluff Sandstone

The Bluff Sandstone, 130 feet (40 m) to 400 Feet (122 m) thick,
intertongues with the underlying Summerville Formation, and the contact
betweén the two is rather arbitrary. The contact is generally selected
between the uppermost persistent siltstone and overlying thick~bedded
sandstone,

The Bluff Sandstone consists of pale-brown to pale-red, fairly
well-sorted, fine— to medium-grained, well-cemented quartz éandstone.
Tt forms massive, smooth, rounded cliffs above the talus covered slopes
and ribbed cliffs of the Summerville Formation. Thick sets of large-
scale, trough cross—beds are characteristic of the upper part. The
Jower part grades into smaller-scale sets of cross-beds and some flat
beds.

The Bluff Sandstone contains no known uranium deposits.
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Morrison Formation

Tn the Grants Uranium Region, the Upper Jurassic Morrison Forma-
tion consists of three members, in ascending order, Recapture Shale,
Westwater Canyon Sandstone, and Brushy Basin Shale.

The Recapture Shale Member, which is conformable on the Bluff
Sandstone, ranges in thickness from 50 feet (15 m) to 200 feet (61 m),
and averages 150 feet (46 m) thick. The Recapture Member is mostly
distinctive gray and grayish-red beds of sandstone, siltstone, mudstone,
and some thin beds of limestone. The beds‘range from a foot (30 cm) to
several feet thick, and some sandstone beds are 10 feet (3 m) thick.
The sandstone is soft, clayey, poorly sorted, and fine- to medium-
grained. Tt is commonly ripple~laminated and thin-bedded.

The Recapture Shale contains a few, very small, low grade uranium
deposits.

The Westwater Canyon Sandstone Member generally intertonguss with
the Recapture Shale Member. The Westwater Canyon sandstone ranges from
50 feét (15 m) to 300 feet (91 m) thick, with an average thickness of
approximately 150 feet (46 m) (Kittel and others, 1967). The average
thickness in the vicinity of the Johnny M Mine is approximately 155
feet (47 m). It is mostly a light, yellow-brown to gray-tan, fine- to
coarse~grained, poorly sorted, cross-bedded, arkosic sandstﬁne. Small
lenses of pebbles and some thin seams of gray-green claystone and silt-
stone are present. Grains of pink feldspar are conspicuous in hand
specimen. Silicified bones and silicified or carbonized trees are
locally abundant. The cross-bedding is generally of small- to medium-
scale trough sets.

The Westwater Canyon sandstone contains 90% of the large uranium
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ore deposits in the Grants Uranium Region.

The Brushy Basin Shale Member conformably overlies and intertongues
with the Westwater Canyon sandstone. The Brushy Basin shale is general-
1y 20 feet (6 m) to 350 feet (107 m) thick, with the average thickness
in the vicinity of the mine being 110 feet (34 m). It consists of
greenish-gray claystones with interbedded sandstone and a few thin beds
of limestone. The sandstone beds are similar in color and lithology to
those of the Westwater Canyon Sandstone Member. These beds range from
1 foot (30 cm) to several tens of feet in thickness.

Uranium deposits of significant value have been found and mined in
a lower sandstone lens (locally called the Poison Canyon sandstone),
and an upper sandstone lens (locally called the Jackpile sandstone) of

the Brushy Basin Shale Member .

Dakota Sandstone and overlying Cretaceous rocks

The Dakota Sandstone, a prominent cliff former in the Grants area,
unconformably overlies the Morrison Formation. It ranges from 10 feet
(3 m) to 150 feet (46 m) thick. The Dakota Sandstone consists mostly
of tan to gray, well-cemented, quartz sandstone, dark-gray carbonaceous
shale, and local lenses of conglomerate and impure coal. The sandstone
is generally medium~grained, clean, and contains numerous small molds
of carbonized plant fragments. The sand grains are rounded and cemented
with silica.

A few, very small uranium deposits occur in the Dakota Sandstone,
mostly near the base.

The Dakota Sandstone is conformably overlain by approximately 1,000

feet (305 m) of Mancos Shale, a succession of Upper Cretaceous dark-gray
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marine shales. The Mancos Shale is in turn overlain by about 1,000
feet (305 m) of marine and non-marine shales, sandstones, and coal beds
of the Mesa Verde Group of Upper Cretaceous age. None of the Creta-
ceous sediments above the Dakota Sandstone have any apparent relation

to the uranium deposits.

General Structural Geology

The Grants Uranium Region extends in a NW-SE trend, 30 miles (48
km) wide and 100 miles (161 km) long, along the southern edge of the
San Juan Basin in northwestern New Mexico. It extends from the Gallup
sag on the west to the Rio Grande trough on the east. The principal
minefalized region is found along the Chaco Slope, a northeast dipping
homoclinal structure, which is the southern structural flank of the San
Juan Basin (Kelley, 1951). The Chaco Slope lies between the Central
Basin to the north and the Zuni Uplift to the south. The Ambrosia Lake
District occupies a faulted and folded part of the Chacc Slope. The
regional northeast dip of 3° is modified in many places by folds and
faults (see Figs. 7 and 8).

The principal regional structures of the Ambrosia Lake District
are the Zuni Uplift and the Acoma sag. The Zuni Uplift is a bread
northwest trending upwarp asymmetrical to the southwest. The uranium
region cuts across the northern edge of the uplift and is approximately
parallel to its trend. The Acoma sag is a broad, flat, downwarp that
slopes very gently to the north between the Zuni Uplift to the west and
the Puerco fault belt to the east. The McCartys syncline, near the
margin of the Zuni Uplift, forms the axis of the sag. Near its eastern
end, the uranium region crosses the Acoma sag into the Puerco fault belt

and dissipates at the western edge of the Rio Grande trough.
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The major deformation of the region probably occurred in Laramide
(Late Cretaceous-Farly Tertiary) time and gave rise to the Zuni Uplift
and the San Juan Basin. At this time, the principal folds and faults
in the Ambrosia lLake District were formed and the gentle regional dips
were established (Kelley, 1963). The faults and associated folds of
the Puerco fault belt, and the Rio Grande trough were formed and struc-
turally defined in Pliocene time (Kelley, 1963). Some faults that dis-
locate the Mount Taylor volcanics may be as late as Pliocene or early
Pleistocene.

The eastern and northeastern parts of the Zuni Uplift are broken
by numerous radial faults. The Ambrosia Lake District is structurally
bounded to the west by the Big Draw fault zone and to the east by the
San Rafael fault zcne (see Tig. 8).

The San Rafael fault zone, striking northeast through Grants, is
the largest fault zone in the region. This zone is comprised of several
faults which fracture the eastward dipping west flank of the McClartys
synciine (Santos, 1970). The movement along the fault zone is essen-
tially vertical, as the downthrown east side is displaced approximately
1,000 feet (305 m) vertically along the fault zone 3 miles (5 km) north-
geast of Grants.

The San Mateo fault zone, downthrown to the east, has a maximum
vertical displacement of 450 feet (137 m) where it strikes northeastward.
Strata on the downthrown side dip about 12° toward the fault plane.
Strata on the upthrown west side appear to abut the fault plane with
little or no drag (Santos, 1970).

The Ambrosia fault zone, also downthrown to the east, strikes near-

1y due north, where the maximum vertical displacement is about 350 feet



(107 m) (Santos, 1970). As in the San Mateo fault zone, strata on the
downthrown side dip toward the fault plane, whereas the strata on the
upthrown side abut the fault plane with little or no drag.

The Big Draw fault zone strikes northeastward in the Zuni Moun-~
tains, curves, and strikes due north, north of Interstate 40, at the
extreme western edge of the Ambrosia Lake District. The fault is down-
thrown on the east, with a maximum stratigraphic throw of 600 feet (183
m) (Smith, 1954).

West of the Ambrosia Lake District, the Bluewater fault zone
strikes due north. An en echelon pattern is developed in which each
succesaive fault surface shows its maximum separation either northwest
or southeast of the preceding fault surface (Smith, 1954), Maximum
stratigraphic throw along the Bluewater fault zone ranges from 200 to
; 400 feet (61 to 122 m), although the average is probably less than 100

feet (31 m).

Many folds are also present in the Grants Uranium Region. Folds

g in stfata of Jurassic age that are not reflected in the overlying Dakota
Sandstone are called pre-Dakota folds. These structures are presumed

to have formed during the deposition of the Morrison Formation or

;l alightly thereafter. Folds that involve the Dakota Sandstone are called
post-Dakota folds, and probably developed during the Laramide deforma-
tion of the region.

The McCartys syncline is the largest post-Dakota fold in the region,
and bounds the Ambrosia Lake District on the east. This fold is asym-
metrical, and the dips that form the steeper west limb develop a maxi-~
mum structural relief of about 1,600 feet (488 m). The crest of the

Z monocline trends northward, and is offset at three places by the San
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Rafzael fault zone,

Ambrosia dome, the mext largest post-Dakota fold in the district,
is an asymmetrical triangular fold with steep flanks on the south and
west, and a gentle flank on the northeast. The steep western flank is
cut by the Ambrosia fault zone, producing a maximum structural relief
of 1,150 feet (350 m).

Pre-Dakota folds are present in the Laguna District to the south-
east of the Ambrcsia Lake District (see Fig. 7). Two sets of folds
occur: a major set which trends to the east and northeast, and a minor
set which trends northward (Moench and Schlee, 1967). Folds of the
major set are sinuous and have an amplitude of several hundred feet.
Folding is believed to have begun during or shortly after Tedilto Lime-
stone deposition, and to have continued through to very latest Jurassic
and possibly Early Cretaceous time.

No pre-Dakota £folds of the magnitude of those in the Laguna Dis-—
trict occur in the Ambrosia Lake District. None have been obgerved in
outcrop; and if any do exist in the subsurface, they are too subtle to

be indicated by drill hole data (Santos, 1970).

Collapse Structures

Collapse structures are common in the Bluff, Summerville, and
Morrison Formations in the Ambrosia Lake District and alsc in the near-
by Laguna District. The peculiar structures are circular in plan and
vertical to near vertical in orientation. They are usually bounded by
one or more concentric ring faults. The material within the structures
is displaced downward and may consist of brecciated fragments of sand-

stone and mudstone, a disaggregated mixture of mudstone and sandstone,
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or bedded material in which the beds sag toward the middle of the col-
lapse. The structures are known to be as much as 200 feet (61 m) in
diameter and more than 300 feet (91 m) in depth. No collapse struc-
tures are known that have a base which penetrates the Todilto Limestone
or whose top penetrates the Dakota Sandstone (Kittel and others, 1967).

In the Ambrosia Lake District, the collapse structures are not
associated with folds as they are presumed to be in the Laguna District.
These structures are clustered in an area where the Recapture Shale
Member of the Morrison Formation is uwnusually thick, 240 feet (73 m),
compared with 125-145 feet (38-44 m) elsewhere. Three of the collapse
features are close to the San Mateo fault zone, and their existence may
be related to the faulting there. Elsewhere in the district, there is
no obvious relationship between faults and collapse structures. Most
of these structures occur where the Dakota Sandstone has been removed
by erosion, but drill hole data indicates that these structures are

probably all pre-Dakota in age (Clark and Havenstrite, 1963).

Igneous Rocks

The principal igneous rocks in the region include a variety of
rather extensive basaltic flows and shallow intrusive rocks. Diabase
dikes and sills are fairly common in the Laguna District; most of these
are less than 10 feet (3 m) wide, but a few that branch from plugs are
several tens of feet wide. 8ills are found at many stratigraphic hori-
zons in the district. Dike trends are principally northerly and north-
westerly; maximum known length is about 10 miles (16 km).

Numerous basaltic necks occur in or adjacent to the Mount Taylor

volecanic field. Most of these probably fed volcanoes, and several
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sections of partly dissected cones and feeder necks are exposed along
the edge of Mesa Chivatc and lesser volcanic—capped meszs. These necks
may consist of solid lava, lava breccia, or lava-sedimentary mixed
breccias.

An elliptically shaped dome, one to one and one-half miles (2.4
km) in diameter, is present in East Grants Ridge, about seven miles (11
km) northeast of Grants. The central part of the dome is aphanitic,
lithophysae-bearing, flow-banded rhyolite surrounded by a peripheral-

chilled sheath of obsidian and perlite (Kittel and others, 1967).
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CHAPTER 111

GEOLOGCY of the HOST ROCKS

Introduction

The Johnny M Mine produces uranium from two members of the Morrison
Formation. Most mines in the Ambrosia Lake District are mining ore
either from the Westwabter Canvor sandstone or from sandstones in the
Brushy Basin Member; however, at the Johnny M, both members are being
mined.

The mine is separated into two sections, the North side and the
South side, as Ranchers personnel call them. The North side, situated
in Section 7, produces ore exclusively from the Westwater Canyon sand-
stone. The South side, in Section 18, produces ore from both the
Westwater Canyon sandstone and the Brushy Basin Member. The approximate
outlines of the ore bodies in their respective sections are shown in

Figs. 9a and 9b.

Interpretation of Stratigraphy using

Self-Potential and Resistivity Logs

Interpretation of stratigraphy in the Johnny M Mine was done using
Self-Potential (SP) and Resistivity logs. In general, these logs give
a clear indication of the subsurface geology and formation contacts.

A typical log from the Johnny M Mine is shown in Fig. 10.

The first prominent marker horizon that the author used for corre-
lation is the base of the Dakota Sandstone. This marker is nearly always
very distinct.

The base of the Brushy Basin Shale Member is designated at the

IRETaNl

bottom of a prominent shale horizon, known as the shale to geologists
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in the Grants Region. The sandstone unit directly above the "K" shale
ig interpreted as the Polson Canyon sandstone, a term of economic usage
in the Ambrosia Lake District for the basal sandstone horizon of the
Brushy Basin Shale Member. Some geologists (e.g. Santos, 1970) favor
classifying the Poison Canyon sandstone and "K' shale as part of the
Westwater Canyon Sandstone Member; however, in this report the upper
contact of the Westwater Canyon Sandstone Member is placed at the base

of the "K" shale.

The Westwater Canyon sandstone typically has three to four prominent
sandstone horizons separated by shale (claystone) zones. These sandstone
units are usually given various letter names, such as "A", “"B", and "C"
sand, by the different mining companies. The shale =zones, which are only
traceable for short distances, are commonly referred to, from top down,
as the "K1" shale, "K2" shale, and so on.

The top of the Recapture Shale Member, which is not exposed in the
mine, is usually placed at the top of a thick shale horizon below the
basal éandstone unit of the Westwater Canyon sandstone. The thickness
of the Westwater Canyon sandstone is used as a guide to the placement
of the Recapture shale contact, as the Westwater Canyon sandstone is
commonly between 140 feet (43 m) and 180 feet (55 m) thick in the

vicinity of the mine.

General Stratigraphy in the vicinity of the mine

In the vicinity of the Jchnny M Mine, the upper two members of the
dlorrigon Formation, the Westwater Canyon sandstone and the Brushy Basin
shale, have a total thickness of 265 feet (88 m). The Westwater Canyon
averages 155 feet (51 m) in thickness, while the Brushy Basin averages

110 feet (36 m) thick, but these thicknesses vary over Sections 7 and 18.
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Host rocks for the ore deposlits being mined are the upper twe sand-
stone horizons of the Westwater Canyon ("A" and "B horizons in Fig. 10),
and the Poison Canyon sandstone of the Brushy Basin Member. The majority
of the ore is in the "A" sandstone horizon and in the Poison Canyon sand-
stone, but some of the richest ore was found in the "B" sandstone horizon
of the Westwater Canyon sandstone.

The upper sandstone horizons of the Westwater Canyon ("A" and "'B")
are of varied thicknesses throughout the area, but near the ore bodies
they average about 20 feet (7 m ) thick. In between these sandstone
horizons there usually exists a shale zone, often referred to as the
"K1'" shale (see Fig. 10). This shale zone is usually continuous, but at
times it is absent. This shale is usually 10-12 feet (4 m) thick.

The Westwater Canyon Sandstone Member and the Brushy Basin Shale
Member are separated by a continuous shale layer known as the "K" shale
(fig. 10). This shale is very similar to the shale present in the upper
Brushy Basin shale, therefore the "K" shale is considered the lowest
shale unit of the Brushy Basin Shale Member. The thickness is relatively
uniform, commonly 8 to 12 feet (3-4 m).

The Poison Canyon sandstone, which rests directly on the "K' shale,
tapers from 70 feet (23 m) thick in the northern part of Section 7, to a
feather edge in the southern part of Section 18. Where the Poison Canyon
is mined, its thickness is approximately 12 feet (4 m).

Above the Poison Canyon sandstone is the thick, main shale zone of
the Brushy Basin. Thickness varies considerably, but averages 90 feet
(30 m) near the ore bodies. Thickness is greater where the Polson Canyon

sandstone is thin, and vice versa.
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The relacionships between the various stratigraphic horizons are

illustrated in Appendix I,

Westwater Canyon sandstone

Sandstone

The sandstones of the upper Westwater Canyon have the composition
of an arkose; feldspars comprise about 35% of the rock. The sandstone
layers may be horizontally bedded or complexly cross-bedded. The cross-
bedding is associated with scour-and-fill structures, foreset develop-
ment, and erosion surfaces or diastems which extend for distances up to
50 feet (16 m).

Sandstone varies unpredictably from weakly to strongly indurated
(principally cemented by calcite), and varies widely in grain size,
sorting, androundness. Changes in texture and structure within beds,
and from one bed to another are common. Claystone fragments up to 2
inches (5 cm) in length are dispersed in some of the coarser-grained
sandstone units. Claystone cobble conglomerates one to two feet (320
to 60 cm) thick are fairly common along diastems.

Permeability appears to be quite high. Water derived from the
Westwater Canyon sandstone 1s constantly being pumped out of the mine
workings. Small diameter probe holes drilled upward and outward fre-
quently yield flows of several gallons per minute.

Plant remains, and fossil trees and bones are especially widegpread
in the Johnny M Mine. Fragments of logs, branches, and twigs are abun-
dant along with separate accumulations of leaves and reed-like plant
stems. The smaller pieces are usually coalified, whereas the larger logs

are commonly silicified. Dinosaur bones are also conspicuously abundant.
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Claystone

The claystone, which 1s present in layers interbedded in the
sandstones, can occur in various shades of green and red. Fresh clay~
stone ig commonly dark green, whereas weathered claystone is a light
grayish—green, with irregularly shaped reddish-colored lenses. Weathered
c¢laystone is very fragile and powdery, breaking up when handled. Fresh,
dry claystone is bleocky, having a smooth, almost soapy, feel with little
grittiness, and a waxy sheen; it is usually sectile. The claystone con-
sistently contains a small proportion of non~clay detrital particles,
and the balance is composed of fine-grained clay minerals probably
devived from alteration of volcanic ash,

Boundaries between areas of red and green claystone are sharp, but
always irregular in nature, and thev tend to cross the bedding at any
angle. The red claystone is harder and more brittle than the green clay-
stone and more resistant to breakdown in water. Moist, weathered clay-
stone clasts of any type dessicate within a few days and split into
chunks.

A variety of textures exist in thin-sections of the claystone.

They commonly contain up to 10%-15% of subangular, fine sand-size quartz
and feldspar particles. These coarser particles are most frequently
randomly scattered through the clay, but may be concentrated in very
fine laminae. Clay particle outlines are indistinct, even at magnifi-
cations of 100X. Some orientation of the clay particles is indicated

by a tendency to show extinction parallel to the bedding in polarized
light.

A very Interesting feature of the claystone zones is the existence

of a mantling effect of colors on individual clay galls. A common




feature is to see a gall, 1 foot (.3 m) across, with a red core and
a green mantle (Fig. ila). The inverse color scheme, a green core with

a red mantle is also observed, but 1t is not nearly as common (Fig.

11b).

Sedimentary Structures and Features
Following are descriptions cf the sedimentary features that the
author observed while working underground.

Channel-fill cross-bedding

Cross—beds may be produced by the filling of small alluvial or
erosional channels, such as may be present in a braided stream environ-
ment. A trough-shaped, scoured channel is filled by thin sets of laminae
conforming to the shape of the channel floor (McKee, 1957). In a later
phase, this trough~shaped channel, with its conformable laminae, is
partially eroded, and a new, younger trough is produced, which is ulti-
mately filled by another set of thin laminae. This is schematically
shown in Fig. 12 and illustrated in Fig. 13. This sedimentary feature
is conspicuous in the sandstones of the mine. Most of these features
are of medium- to large- scale, as the individual sets are usually 5 cm
or more in thickness.

Systems of channel-fill cross-bedding can vary greatly in size,
ranging from 3 cm thick and .3 m across to nearly 1 m thick and 5 m
long. In these systems, there tend to be several individual channels
that are filled by the trough-shaped beds. These beds range from 1 to
3 cm in thickness. Frequently, some graded bedding exists within each
bed, with subtle changes from coarser to finer material. This sequence
is repeated up through the trough. Overall, the sorting is moderate

(Folk, 1968) within the graded beds.



Fig. lla - Clay gall with a red core and green rim
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Fig. 12 - Scheme demonstrating the development
of channel-fill cross-bedding (Fig.
153, Reineck and Singh, 1975)

Fig. 13 - Channel-fill cross-bedding as seen in the mine
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average size being about 1/4 inch (.6 cm). The gravel is commonly com-
posed of chert, pink feldspar, and graniric and claysteone fragments.
The coarsest material is confined to the extreme basal layer about

2 inches (5 cm) thick and grades into finer material upward. The
sorting is moderate to well (Folk, 1968) for this coarse layer, appar-
ently due to the winnowing out of the finer material, and then becomes
poorer upward. Organic matevial, such as pieces of carbonized branches,
leaves, and veeds, are commonly concentrated about a foot (30 cm) above
the basal layer, seemingly deposited after all the fines were winnowed
out.

Graded Bedding

Graded beds are sedimentation units characterized by a gradation in
grain size, from cecarse to fine, upward from the base to the top of the
unit. Pettijohn (1957) discusses the two Lypes of grading possible:

a) the decrease in the grain size upward as a result of the addition of

successive increments of material, each of which is finer than the pre-
ceeéding. This is probably the result of sedimentation from a current
gradually decreasing in velocity and competence; b) the finer material
is distributed throughout, with the coarser grains gradually decreasing
upward. This is a product of sedimentation from a suspension in which
all sizes ave carried, and out of which they settle.

The second type of graded bedding (b) is apparently the dominant
type present in the sands exposed in the mine, however; this feature
is subtle and not easily perceptible. This graded bedding is pervasive
throughout the horizontally bedded sands. Each bed incorporates a
sequence of coarser to finer material, with this being repetitive over

several feet vertically. In a particularly good exposure, a 2 foot (.6 m)
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sequence of coarse sediment had thin (1-2 inches, 2-5 cm) beds of much
finer material interlayered within. The change from the coarse to the
fine sand was abrupt, almost knife sharp, but this is rare to see.

Reverse graded bedding, where the finer material grades upward
into the coarser material was not observed in the mine exposures.

Horizontal Bedding

The most abundant and conspicucus type of bedding present in the
Westwater Canyon sands is evenly layered sand composed of parallel and
almost horizontal sand lavers up to 1 inch (2.5 cm) in thickness. Indi-
vidual layers are usually horizontal or slightly inclined due to depo-
sition on originally inclined surfaces. The layers can commonly be
traced up to 12-15 feet {(4-5 m). Bedding is commonly marked by alternat-—
ing sequences of graced beds. Bedding ranges from very thin-bedded to
thin-bedded (Reineck and Singh, 1975).

The fine- to medium-grained sandstones show the best developed
horizontal bedding. Occasionally, a 1-2 cm thick layer of coarse sand
is present, interlayered with the normal sequence of bedding. This
feature is probably due to deposition during a single flood stage. Dif-
ferent sets of evenly laminated sands are frequently separated from each
other by very low angle erosional surfaces.

Scour and Fill

A conspicuous and interesting sedimentary feature present in the
Westwatrer Canyon sands is the scour and fill structure. This occurs
where the older horizontally bedded sands are eroded by a fast moving
stream of water, and, in place of the eroded material, sediment is

deposited by the sgtream.



These scour and [11]l structures range in size from 1 foot to 20
feet (25 cm to 6 m) across. The contact with the lower sand bed is con-
cave upward, forming the apparent trough shape of the eroding channel
(Figs. 15a and 15b). The channel fill sand sequence usually extends
upward from up to 2 feet (1 m) to where another scour and fill feature
is present or the horizontal bedding is resumed.

Scour and fill structures, which are generally produced on the

channel bottom, are good aids in the determination of paleocurrent
direction, because the longer axis runs parallel to the general current
direction.

Ripple-marks are very rare in the Westwater Canyon sands exposed
in the mine. 1t is assumed that they are erased with each new rush of
water, and being superficial in nature, would not be easily preserved,
or that ripples never formed because the sediment was coarse sand.

ipple-marks, or more correctly, casts of ripple-marks have been
observed in only one small area within the mine. These small-scale
ripples (Reineclk and Singh, 1975) have a height of approximately 2 mm
and a length of 3 cm. The size of the ripples and the fact that they
were formed in a fine-grained sandstone indicates that they were formed
in a quieter water environment.

No dependable flow direction was obtainable.

Current Lineation

Current lineation, a bedding plane feature consisting of a stream
lining effect of sand grains on smooth bedding planes, is extremely

rare. Only one set of lineations was observed. The lack of lineations
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Fig. 15a — Hammer head points to scour contact
between fine-grained sand below and
coarse-grained sand above

Fig. 15b - Pencil points to scour surface
between cross—bedded fine-grained
sand below and coarse—grained
sand above
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may be due to the very poor bedding plane exposures in the mine, as
well as the difficulty of observing this structure.

Slump Features

Slump structure is a general term which includes all the penecon-
temporaneous deformation structures resulting from movement or displace-
ment of already deposited sediments, mainly under the action of gravity
(Reinck and Singh, 1975). Slumping of a sediment mass may result in the
breakage and transportation of sediment, producing a chactic mixture of
different types of sediments, such as mud fragment clasts embedded in a
sandy matrix, or vice-versa.

The slumping of mud layers is locally abundant in the mine. It is
not unusual to have large, angular mudstone clasts or galls in a mixture
of coarse-grained sandstone. These slump structures (Fig. 16) produced
by gravity probably originated on the oversteepened banks of a channel.
Occasionally, thin claystone layers can be observed disrupted and the
angular clasts, up to an inch (2.5 cm) long, Intermixed in the upper
zone of the underlying sandstone bed. Distorted or conterted bedding
within the sandstone beds is not a common feature.

Trash Piles

Squyres (1970) coined a term, ''trash piles', for large, local
accumulations of small, carbonized plant fragments within the Westwater
Canyon sandstone. These features are also abundant in the sandstone
horizons in the Johnny M Mine (Fig. 17).

These trash piles are large sedimentary accumulations up to 30 feet
(10 m) wide and 10 feet (3.1 m) thick of various types of carbonized

plant remains, such as reeds, grasses, and small branches (Fig. 18).




Fig. 16 - Slump structure - red clay galls in a sandy matrix



Fig. 17 - Trash pile - the dark brown material is
uranium mineralization, and
the white is kaolinite

Fig. 18 - Coalified organic debris commonly found
in a trash pile
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The matrix is usually a poorly sorted, gray, very friable, fine- to
redium-grained sandstone that lacks any distinctive bedding. The organic
debris tends to be uniformly distributed throughout the trash pile.
Trash piles consistently have low grade uranium mineralization -
0.047 to 0.10% U308 -~ probably due to the abundance of organic debris.

Claystone Coobles

Conspicuous in several sandstone units are claystone or mudstone
clasts, commonly called clay "galls". Sizes range from 1/8 inch to
2 inches (12 mm to 5 cm) but may be larger. The galls tend to be sub-
angular and elongate. The long dimension of the galls, especially the
small ones, are conformable with the bedding planes, thus giving the
appearance of being deposited along the sand grains (Fig. 19a).

In addition to the smaller clay galls, mudstone clasts are present
that range up to 3 feet (1 m) thick and tens of feet {several meters)
in lateral extent. tHere are found large clasts, up to 2 feet (.6 m)
long, which are subangular fragments of once thick mudstone accumulations
(Fig. 19b) in a quiet part of a channel system, possibly behind a big
point bar on the inside of a meander loop. The mudstone layer broke up
as a result of differential compaction prior to lithification. These
galls must have formed in situ, since they are much too large to have
been transported any significant distance. Sand usually £ills the
interstices between the galls.

Texture

The sandstones vary widely in texture. Grain slze can vary from
a very fine~grained sandstone to a sandstone with abundant pebbles
{the Udden-Wenrworth scale, see Blatt and others, 1872) through a

vertical rib distance of 6 feet (2 m). The majority of the sand grains
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- RFlongate, green clay galls concentrated
along the bedding planes of a coarse-
srained sandstone; the white nests are
kaolinite

Fig. 19b - Large clay galls representing break-up
of a claystone accumulation



fall within a size range of .125 mm to .75 mm, which puts 1t in the
range of fine to coarse sand. Taking into aécount all the different
sandstone beds, the author estimates that the median grain size is
about .4 mm, making it a medium sand.

Sorting is also variable, and there is a definite relationship
between grain size and sorting. The coarser, conglomeratic sandstones
are characterized by poor sorting (Fig. 20), with a phi Standard
Deviation (where phi = logzd, where d = diameter in mm) of 1 to 2
(Folk, 1968). This poor sorting is probably characteristic of flood
stages, after which all the sediment is rapldly deposited together. The
finer—grained sandstones are well-sorted, with a phi Standard Deviation
of .40 to .50 (Folk, 1968). This sorting allows the finer sands to have
permeability as good as that of the poorly sorted coarser sandstones.
Overall, the sandstone sorting factor is phi S.D. = 1.00, somewhere
between poorly sorted and moderately sorted.

An interesting feature of these sandstones is the fabric, partic-
ularly the grain to grain contact. While few grains, as viewed in thin-
section, actually touch one another, the sandstones are probably grain
supported. The overall spacing between the grains is usually less than
half the diameter of the average grain. The grains that do touch meet
on a point and not along a line. The lack of grailn to grain contact is
very evident in thin-sections of high-grade ore bearing sandstones.
Here, the grains actually appear to be floating in a matrix of humate

matter (Fig. 21). This floating is also apparent in barren sandstones

that are well-cemented with calcite. It does not appear as if the calcite

replaced a previous matrix, since there are no "ghosts' present. This

could imply that the calcite was introduced during or shortly after
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Fig. 20 - Poor sorting in a coarse-grained
sandstone (2.5X)
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Fig. 21 - Detrital grains appear to be
humate matter (2.5X)

floating in a matrix of
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deposition of the sands. In some thin-sections ol ore-pearing sandstones,
the relatcionship between the humate matrix and the sand grains suggests
that the grains were deposited into the humate mass, since the distance

between grains can be as much as 1.5 mm.

The most variable feature of the Westwater Canyon sandstone horizons
is the color. The predominant color is a light yellow-tan, but the whole
spectrum of colors includes gray-brown, reddish-brown, gray-green,
bleached tan, light gray, and red. No obvious pattern exists in the dis-
tribution of colors, except that sandstone adjacent to the ore bodies
tends to be bleached gray-tan, whereas the sandstone is a distinctive
red color away from the ore bodies.

The color of the sandstone may be uniform over some distance, but
more commonly, it varies vertically in the rib. It is common to see a
fine-grained yellow-tan sandstone overlain by a dark gray-green coarse-
grained sandstone, or any other combination. Abrupt color changes typi-
cally correspond to either a change in the grain size of the sands, or
in the amount of mudstone galls or lenses present. No one color is
characteristic of any one feature.

Locally abundant in the sandstones are thin (up to 2 cm) streaks
of red or green extending horizontally across an otherwise uniform
horizon (Fig. 22). These streaks or bands may occur singly or in
elusters. They may extend laterally for up to 20 feet (& m), but they
usually are not extensive. These bands may be either red or green in
any one area, or the colors can be intermixed.

The only application of color to exploration for ore within the
mine is that a thick sequence of red sands implies the disappearance

of the ore zone.
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grained sandstone
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Cement

Calcite is the major cementing agent in the Westwater Canyon sands,
and it occurs as lenses rather than as a continuous, pervasive inter-
granular material. Whera present, calcite transforms soft, friable sand-
stones into well-indurated rock. When a mudstone layer is present in a
sandstone horizon, the most cemented sandstone zone will most likely be
immediately above the mudsteone layer, extending upward from 1 foot to
4 feet (.3 m to 1.3 m). It appears that the less permeable mudstone layer
acted as a barrier for ithe cementing fluids. The contact between the well-
indurated and friable sandstones is commonly a gradational one, extending
over a zone of 1 to 2 feet (.3 m to .6 m).

Chert is occasionally present as a cementing agent, but is volume-
trically unimportant. Interstitial clay is important in some beds, as
it may be the only cementing agent. These sands are of course the most
friable of the sandstones. In red sandstones, ferric oxides may also
act as a cementing agent along with calcite.

Fossils are very abundant in the Westwater Canyon sands exposed in
the mine. Trees, branches, dinosaur bones, and grasses are encountered
during mining.

Trees and branches range in size from 2 inches (5 cm) long and 1/2
inch (1.3 cm) across, to over 50 feet (17 m) long and 3 feet (I m) across
(Fig. 23). Most of these trees are completely replaced by silica and are
barren of uranium. Carbonized trees and branches may be highly mineralized.
A 100 1b. (45 kg) fragment of a tree collected during this study ran
16% U308. On some trees, the bark is almost perfectly preserved, looking

fresh enough to burn. Knots are also clearly visible on some trees.
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- Sample of bones collected from the mine;
the largest bone in the picture is a
reconstruction of several small pieces
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Dinosaur bones are particularly interesting. They range in size
from a few inches to 12 feet (4 m) long (Fig. 24). The most commonly
preserved specimens are the thigh and rib bones of these Upper Jurassic
creatures. One observation made (Malkoski, M., mine geologist, personal
communication, March 1978) was a rib bone, in full curvature, sticking
out of a pillar. Practically all the bones observed are replaced by
silica. In some cases the preservation 1s so good that the bone structure
is visible to the unaided eye. Most of these bones are unmineralized;
if any do contain any uranium it is in a thin carbonized crust arocund
the fossil.

Carbonized remmants of reeds and grasses are locally abundant in
grayish, organic rich, sandstones known as trash piles. The remmants
are basically carbon remains that have been lithified into the sandstone.
Fragments are usually 1 to 2 inches (2.5 to 5 cm) long, but never more
than 5 inches (12 cm).

The two most interesting fossils that have been collected in the
mine are fresh-water clams, and what appears to be a tooth. The clams,
embedded in a coarse-grained sandstone, have been identified (Balk, C.,
personal communication, March 1978) as a member of the genus Unio,
possibly of the species felchi. These clams are relatively common in
the Upper Jurassic Morrison Formation of Colorado, but have never been
reported in the Ambrosia Lake District. The habitat of these clams is
interpreted (Balk, C., per. comm.) as fresh-water streams. Shells of
the specimens collected in the mine are remarkably well preserved and
in one piece. Only minor erosional wear on these shells indicates that

their site of deposition was relatively close to their living grounds.




The fossil that appears to be a tooth was collected from a green
claystone above a sandstone horizon. The tooth, only 1/4 inch (.6 cm)
in the longest dimension, is well preserved and shows very little ero-
sional wear. It is probably from a carniverous dinosaur, since the point

on it is sharp.

Mineralogy

Detrital Minerals

The proportions of detrital minerals in the Westwater Canyon sand-
stones of the mine vary within wide limits; feldspar is usually between
25% to 40% of the total, with quartz comprising mest of the remainder.
Thus these sandstones are considered arkosic.

Quartz, on the average, composes approximately 61% of the detrital
minerals, but can range from 357 to 71%. Most grains are clear and free
of fractures, but some have inclusions of dust and a rare bubble. The
extinction patterns commonly are uniform, but occasionally a strained
pattern is observed. Quartz overgrowths occur but are uncommon. The
roundness of the grains varies considerably from rare singly terminated
crystals to very well-rounded grains, but most fall between subangular
and subrounded (.3 to .5 on the chart in Krumbein and Sloss, 1955).

The grain sizes rarely exceed 1.5 mm.

Orthoclase, the next most abundant mineral, comprises 137 of the
detrital minerals. The orthoclase is commonly cloudy, more rounded than
quartz, and contains fractures. Occasionally, some alteration, probably
to sericite, is seen along the borders. Grain sizes are similar to those
of quartz, with orthoclase more commonly occurring as larger grains.

Roundness ranges from angular (rare) to rounded, with the typical

grain somewhere between subangular and subrounded,



The large pink grains that are conspicuous in hand specimen (page 12)
are microcline, and comprise 8.5% of the detrital minerals. Microcline
grains are usually very fresh, only rarely showing clay alteration.
Polysynthetic twinning, or "grid-iron" twinning, characteristic of
microcline is very well-developed (¥Fig. 25). Microcline grains are usually
larger than adjacent grains of other minerals, and may be as large as
20 mm. Angular crystal laths are relatively common. It is surprising
to see subrounded quartz grains next to angular microline grains. This
possibly can be explained by the microcline crystal being in a larger
pebble and ultimately being weathered out further from the source, thus
the grain would show less erosional wear. The average microcline grain
is commonly subrounded to subangular.

The plagioclase feldspar (14.57 of the detrital minerals) present
in the Westwater Canvon sands 1s sodic. The extinction angles on the
albite twinning for crystals cut normal to 010 range from 189 to 300,
wirh the majority of the angles being between 20° and 25° (Michel~Levy
method). This, along with the positive optic sign, indicates that the
plagioclase is principally in the composition range AnO—SO’ with the
majority of the plagioclase being andesine. The grains are very closely
twinned, but no zoning was observed. Plagioclase is more intensely altered
than potash feldspar, with many grains being completely coated by a
thin layer of alteration clay, probably a kacolinite or smectite. The
azrain shapes and sizes are comparable to that of microcline, except that
the upper size limit is 2-3 mm. Graine of antiperthite, stringers of
orthoclase intergrown -in andesine, are present.

About 3% of the sandstone particles are rock fragments, mostly

chert, with subordinate volcanic, granitic, limestone, and quartzite
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Fig. 25 - Microcline grain exhibiting polysynthetic or "grid-
iron" twinning; the light grains are quartz (2.5%)




fragments. Chert grains, which may be as large as 15 mm in dlameter, are
often conspicuous in hand specimen. The chert grains are rounded and
apparently quite fresh. Rare volcanic detritus consists mostly of semi-
spherical masses of low-birefrigent clay minerals. A few identifiable
sanidine grains are presant, and these were almost completely dissolved
leaving an empty shell.

Biotite and chioritas are present but uncommon in the 30 thin-sections
examined by the author. Biotite appears slightly altered, and the chlorite
exhibited its anomalous blue interference color.

The only heavy detrital mineral identified was apatite, and this
was in only one thin-section. Pyrite, extensively altered to hematite but
showing cubic form, exists but is rare. Magnetite and ilmenite are con-

spicuously absent from these sandstones.

Authigenic Minerals

The description of the minerals that follows is of the minerals that
occur in the Westwater Canyon sands regardless of mineralization. The
minerals that are intimately associated with the ore bodies will be
covered in the section that describes the ore deposits.

Kaclinite - Kaolinite is pervasive throughout the mine, occurring
in all sandstone horizons. The kaolin occurs as disseminated blebs or
nests, ranging in size from a few millimeters to a couple of centimeters.
These nests are composed of clean, white, well-crystallized kaolinite,
filling the interstices of the sandstones and frequently surrounding
several sand graing., The nests do not necessarily form around only feld-
spar grains; therefore it can be assumed that they do not form in situ,
but rather the kaclinite flakes were transported some distance prior to

deposition.



Nests are dissewlinated throughout all the sands, but are larger
and more prevalent in coarser-grained sands. The nests may be either
randomly distributed in the sands or follow sedimentary structures, such
as bedding (Fig. 26a). Kaclinite nests, particularly in the coarser
sands, follow the bedding. If many nests follow the bedding, the appear-
ance is more of a linear belt than that of a series of individual blebs
(Fig. 26b).

Where kaolinite nests are abundant, they may occupy about 5% of the
voiume of the sandstone; kaclin makes up about 40% of the volume within
a particular bleb. Kaolinite also has been observed filling very small,
narrow fractures in sandstone and cracks in carbonized wood. Kaolinite
may coat smaller pieces of carbonized fossils.

When kaolinite nests are present in a sandstone that is penetrated
by uranium mineralization, there is no physical difference to these nests
as compared to the mnests occurring in the barren sandstone. The kaolinite
is definitely post-ore, since the nests are on top of the ore, and not
coated by it. The source of the kaolinite is most likely plagioclase that
ig¢ present in the sands themselves, asg alteration is present on most of
the plagioclase viewed in thin-section.

Calcite - Calcite, in addition to acting as the major cementing
agent, occurs as small rhomb-shaped crystals filling fractures within
the sandstones and claystones. Crystals are typically clear and well-
defined, and may be as large as 1 cm. Calcite is also present in cracks
in fossil trees and bones.

Barite - Barite occurs as honey-colored, tabular crystals up to
Il em in length, and is limited to fractures in sandstones and claystones

that occur in and near ore. The most visible barite crystals occur where
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Fig. 26a - Large kaolinite blebs in a coarse-
grained sandstone

Fig. 26b - Kaolinite blebs, defining the bedding,
appearing as linear belts
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revealed by their high reflectance. The pyrite exposad on the surtaces
of the mine workings is typically fresh with no hematitic staining around
or in the clusters.

Silica - Silica overgrowths on detrital quartz grains are pervasive
throughout the mine and locally abundant, but actually comprise a very
small fraction of the total rock. Overgrowths may be present on every
quartz grain in a particular area, and impart a characteristic sparkle
to the rock, but more commonly, they occur only on isolated grains.

Silica also occurs in the form of silicified wood and bones, which
are widespread and abundant (see section on fossils, page 49) . The
larger detritus, such as trees and bones, are always silicified, either
completely or in the center along with a carbonized periphery, whereas

the smaller fragments are commonly carbonized.

Poison Canyon sandstone

The Poison Canyon sandstone is a gray to tan, generally poorly
sorted, medium— to very coarse-grained and locally conglomeratic sand-
stone. The general composition is that of an arkose, with feldspars

composing abcut 30% of the detrital grains.




Y
¥

The Poison Canyon sandstone tvpically is horizontally bedded with
thin laminae of very coavse clastics interbedded with the finer material,
but locally it is complexly cross-bedded. Cementing agents, mostly
calcite, are irregularly distributed, yielding areas of friable sand-
stone and other areas that are very well-indurated. Grain size, and
degree of roundness and sorting may vary considerably within beds, or
from one bed to another. Claystone fragments are present along the
bedding planes of the coarser material, but are not nearly so abundant
as in Westwater Canyvon sandstones. Larger claystone fragments, up to
20 cm long, are irregularly dispersed througheout the sand horizon but
are rather rare.

Organic debris, abundant in Westwater Canyon sands, 1s very rare
in the Poison Canyon sands. Trash piles do not appear here, and small
pieces of carbonized plants and trees are rare.

The permeability 1s such as to support a considerable flow of

water, as evidenced while drilling probe holes upward and outward.

Sedimentary Structures and Features

Compared to the Westwater Canyon sandstone, the Poison Canyon con-
tains fewer sedimentary features. Features in common include channel-
fill cross—bedding, foresets, graded bedding, horizontal bedding, and
scour and fill features. Thesgse features are not as conspicuous nor as
abundant as they are in the Westwater Canyon sands. The discussion given
of these features on pages 31-37 dis wvalid for the Poison Canyon sand-
stone, therefore the reader is referred to those pages. The Poison Canyon
sandstone is conspicucusly lacking in channel-lag deposits, slump

features, mudstone cobble conglomerates, and especially trash piles.



A unique feature of the Poison Canyon sandstone 1s the existence

" shale, immediately

of what appear tc be scours in the zop of the "K
below the Poison Canyon. These scours are broad, shallow features
extending up to 100 feet (33 m) across. These scours indicate a change

in depositional environment from the low energy processes trhat deposited
the "K'" shale, to an active fluvial system that deposited the Poison
Canyon sands. The scours are the result of the first major channels to
develop during the deposition of the Poison Canyon sandstone.

Texture

Texture of the Poison Canvon sands 1s varied. Grain sizes wvary
greatly from bed to bed and within beds. Within a vertical distance of
4 feet (1.4 m), the rock may change from a medium-grained sandstone to
a sandstone with abundant pebbles (Udden-Wentworth scale). The majority
of the sand grains fall within a range of .25 mm to 1.25 mm, between
medium~ and coarse-grained. The median grain size is probably near.65 mm,
a coarse sand on the Udden-Wentworth scale. Thus the Poison Canvon sand-
stone is coarser—grained than the Westwater Canyon sandstone exposed in
the mine.

Sorting within the Poison Canyon sandstone beds is asvaried as in
the Westwater Canyon sands. The coarsest sands are the most poorly sorted,
within an overall phi S§.D. of 1 te 2 (Folk, 1968). The finer sediments
are better sorted, usually exhibiting a phi S.D. of .4 to .6. QOverall,
the Poison Canyon sandstone has a phi S.D. of 1.25, making it a poorly
sorted sandstone on Folk's (1968) scale.

The fabric of the Poison Canyon sandstone is very similar to that

of the Westwater Canyon, especially in that the sandstone is grain
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supported. Grains [loating iu the matrix are not as prevalent hers as in
the Westwater Canvyon sands, butl they do exist.
Color

The color of the sandstones is extremely consistent, being shades
of gray end tan. Actually, the Poison Canyon gives the appearance that
it has been entirely bleached, hecause there is essentially no red sand-
stone exposed. The dominant color is a light gray-tan; only rarely are
green sandstones encountered.

Cement

As in the Westwater Canyon sandstones, calcite is by far the most
abundant cementing agent. Its occurrence 1is unpredictable and spotty,
occurring mostly as leuses rather than as a continucus sheet. Calcite
tends to ﬁe more abundant at the bottom of the sandstone, concentrated
along the contact with the "K' shale. Where calcite cement is not present,
the sandstone is very friable. A gradational contact usually exists
between the well-indurated and friable sandstones, extending over a
zone of I to 2 feet (.3 to .6 m).

Chert is also a cementing agent locally, but it is volumetrically
unimportant. Interstitial clay is the only cementing agent In the more
friable sandstones.

Fossils

The Poison Canyon sandstone is virtually devoid of fossils. At most,
only a dozen fragments of trees and grasses have been found. This is
in surprising contrast to the fossil-rich Westwater Canyon sands, con-

sidering that both are fluvial sandstones.




Mineralogyy

Detrital Mincrals

The proportions of detyital minerals in the Poison Canvon sandstone
fall into a small range, with feldspar making up about 30% of the detrital
grains. Therefore, this sandstone is arkosic, similar to the Westwater
Canyon sands.

Quartz is by far the most abundant mineral in the Poison Canvyon
sandstone, averaging 697 of the detrital wminerals. The amount of quartz
is fairly constant, ranging from 60% to 76%Z. Quartz grains are clear
and fracture free, with rare inclusions or bubbles. Uniform extincrtion
patterns are the rule, with only a very small number of grains exhibiting
a strained pattern. As might be expected in a fluvial svstem, the round-
ness of the grains varies, but the majority of the grains fall between
subangular and subrounded (.3 to .5 on the chart in Krumbein and Sloss,
1955), with a general tendency towards the subrounded category. The
size of the quartz grains rarvely exceeds 25 mm.

The second most abundant mineral is orthoclase, which averages 20%
of the detrital minerals. These orthoclase grains are cloudier than
quartz grains (due to alteration); they also contain some fractures.
Sericite, an alteration product, is present along the borders of some
of the grains. The orthoclase grains tend to be a little larger than
the quartz, and are also more rounded. Grain shapes range from subangular
to rounded, with most of the grains being subrounded. Perthite, ortho-
clase with blebs of albite, is irregularly present.

Microcline, which tends to ferm the largest grains in any one hand
specimen, averages 4.57 of the detrital minerals in the Poison Canyon

sandstone exposed in the mine. Microcline grains are very fresh, with



prominent polysynthetic or Merid-iron’ twinuing. Angular crystals latns
are fairly common. with grains up o 20 mm in diameter being common.
Cenerally, microcline grains ave larger than the adjacent grains. The
majority ave subangular to subrounded, with most being subrounded.

Plagioclase feldspaxr averages 4.5% of the detrital minerals. The
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extinction angles observed on the albite LWINNIDEZ range from 19 to 28,
and the optic signs are positive, thereby indicating that the plagioclase
is sodic, having the composition of andesine. The grains are twinned,
although not as closely as in the Westwater Canyon sands; no zoning was
observed. Many grains ave altered, thinly covered with a clay, prcbably
kaolinite or a smectite. Lath-shaped grains are common, and most grains
are subangular to subrounded. Grains rarely exceed 4 mm in diameter.

Abour 2% of the sandstone particles are rock fragments, mostly
chert, with some granitic and volcanic fragments. Chert grains are
commonly rounded and fresh, and may be as large as 15 mm across. The
volcanic detritus is similar to that encountered in the Westwater Canyon
sands, being spherical masses of undifferentiable clay minerals. Sanidine
grains are rare, the visible ones being largely dissolved and leaving
empty shells.

Riotite occurs as thin flakes, and is randomly dispersed throughout
the sands. Pyrite is also present, but is commonly altered to hematite.
As in the Westwater Canvon sands, magnetite and ilmenite are absent.

Authigenic Minerals

Since the authigenic minerals present in the Poison Canyon sandstone
are the same as in the Westwater Canyon sands, the reader is referred

to page 53 for the descriptions.
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Structure

There 1g a striking contrast between the North and South sides of
the mine as far as structure is concerned. The North side has virtually
no major structures, whereas the South side 1s extensively faulted.

The North side is cut by seveval small normal faults, with an
oceasional reverse [ault present. A typical normal fault with a dis-
placement of 3 feet (1 m) is shown in Fig. 27, Most of these faults are
accompanied by a thin zone of fault gouge. All the faults are post-ore
as the ore bands are always offset by the faults. No ore has been found
along the fault planes. The majority of the faults are high angle, with
fault plane dips in the range of 50 to 857, Fault planes strike consis-
tently in a north-northeast direction, with a range from N10TW to NAOOE,
with the average strike around N10°E.

An interesting structural feature present on the North side 1s a
subtle‘monocline on the northeastern edge of the ore body. The monocline
is approximately 100 feet (33 m) long and 30 feet (10 m ) deep (as much
as could be secen and deduced from the mine workings). Whereas the average
dip of the beds in the mine is 30, the beds along the monocline dip at
an average of 359 in a N40°FE direction {(Fig. 28). The monocline dies out
rapidly as it is not present in the mine workings 25 feet (8 m) below.

Some ore, with an average grade of 0.06% UBO is present in the sands

8’
of the monocline. The ore tends to follow the bedding closely as shown
in Fig. 28. The contact between ore and waste is gradational in the
down dip direction.

The South side of the mine is more intensely faulted than the North
side {(Appendixz — Plates 1 and I1). There are several faults or fault

zones present with digplacements up to 75 feet (25 m). In an east~west
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7 — Normal fault with the downthrown
side on the right; displacement
is about 3 feet él m); the fault
plane trends N1OE

e

H.
s

2

Fig. 28 - Mogocljne - the beds are dipping
357 to the northeast; the ore
(black) follows the bedding
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direction across the middie of the ore body, a gseries of noerthward
striking faults causes the strata to be step-faulted down to the east.
The total displacement across the fault series is about 93 feet (31 m)
as shown in Fig. 29. All these faults are normal, with very steeply
LD o . . .
(Fig. 30) dipping fault planes (65 F to 85 E). Strike is generally in
L . . o (S
4 north-northeast dirvection, with a range from NIO W to NZO E.
The fault zone on the east side of Fig. 29 is of particular interest.
Total displacement is on the order of 70 feet (23 m) as indicated by
study of the SP and Resistivity logs. The only observed faults in the
area yield a total displacement of about 30 feet (10 m), therefore, an
undetected fault or fault zene is present that has a total stepping
down to the east displacement of 40 feet (13 m). This fault zone is
probably 100 feet (33 m) wide.
In addition to these major faults there are minor faults with dis-
placements from several inches to 3 feet (8 cm te 1 m). These faults
. . 0 0 o o
are also normal, with dips from 60 E to 85°F, and striking from N5 W
) . . . . . o
to N20°E, with one very small vertical fault striking N&45 W,
A1l these faults are post-ore and probably of Laramide age. As
may be seen from the major fault zone map (Appendix - Plate III) the

rrend of the faults is to the north-northeast, and are probably associated

with a northeast splinter of the San Mateo Fault zone (Fig. 8).
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30 - Near wvertical fault with a displacement

Fig.

of about 30 feet (10 m); the Brushy Basin
(on left) downthrown against the upper
Westwater the fault plane

is
Canyon on right;
. o

trend is N5 E




Paleostream Channels

Remnants of paleostream channels or channel-like deposits occur
commonly in the sandstones exposed in the mine. Most of these features
are small, such as channel scour troughs, on the order of 10 feet (3 m)
across and up to 20 feet (6 m) long. Locally a channel deposit complete
with a well defined basal conglomerate (see page 33), can be traced for
up to 75 feet (25 m) long, and up to 35 feet (12 m) across. A couple
of these larger channels have a distinct bank developed, as shown in
Fig., 31. These channel banks are rare, but they can be detected either
visually or through interpretation of long-hole drilling within the
mine.

Since the mine workings are limited to those areas that show uranium
mineralization, it is often hard to get data on the lateral extent of any
possible channel system. The writer prefers to use the term channel
system in describing the sandstones, because we are most likely dealing
with not one major channel but an aggrading system of braided streams.
Even without a distinctive channel scour to follow, one can usually
identify a channel deposit by the presence of relatively variable,
coarser—grained sediment that is strongly cross-bedded over a lateral
distance of up to 100 feet (33 m). These zones often grade laterally
into more uniform, finer—-grained, horizontally bedded sandstone on
gither side. Numerous intersecting erosion surfaces are characteristic
within the channel system. Claystone conglomerates, trash plles, and
coarse plant and fossil detritus are more abundant here than elsewhere.
Larger trees and bones tend to be accumulated along the outer extremities
of the channel.

Stream channel directions implied by the sandstones of the Morrison

Format ion have been the subjoect of much study. Santos (1963) states that



Wueq TOUGUBYD B JO UCTIBIAISNTII — ¢ 'SI4

210 D
aT®RYg D

‘euolspue
PHUOREPIES mu 1 S2 = o1 sa1e2sg

[\lq‘l\l\\\\\u\\\lll\!l\\\t Apoq oXo TEIUO UT

1589 BUTYOO] “UOTIVDS-SSOID §-N

-— T/

yureq
[suuet)

SEUTHEON U

{/VT\I& h/‘ \, sduryroy

AUQISPUBS NOANY]) UILVAMLSTM

m.\—fu-wwm :M._




mines ol the Ambrosia lLake District indi-

the current lineations in
cate that the lower two-thirds of the Westwater Canyon sandstone was
deposited by streams oriented in a northwest-southeast direction, and

the streams that deposited the upper one-third were oriented northeast-
southwest. He did not rveach any conclusions as to the streamflow direction.
Granger and others (19561) also used current lineations to deduce 2
northeasterly-~southwesterly flow in the upper parts of the Westwater

Canyon and in the Poison Canyon sandstones. Squyres (1970) states that
structures present in the Ann Lee Mine clearly indicate stream flow

was to the southeast in the upper Westwater Canyon. Rapaport (1963),

using cross-bed directions, log orientations, and heavy mineral line-
ations, showed that current flow during Poison Canyecn deposition was

to the east. Campbell {19706) states that the average bearings of paleo-
currents in the Westwater Canyon indicate a northeasterly trend, but
occasional averages are directed either northwesterly or southeasterly.
Care must be taken in using Campbell's interpretations because his data
was collected over a large area of Morrison outcrop. Riese (1977), in

his study of the Morrison Tormation near the Gulf Mount Taylor Project,
states that the streams which deposited those sediments flowed to the
southeast.

Oriented sedimentary structures of various kinds are abundant in
the mine workings of the Johnny M. These include foreset dip azimuths,
the long axis of channel scours, the axis of channel-fill cross-—beds,
and the long axis orientation of trees and bones. The directional
resultants of these sedimentary features are generally quite consistent
in any particular channel, and as it turns out, consistent throughout

large regions of the mine.
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The autlor colieccted directional data frowm all arcas of the mine
over a period of several months to determine if there was one major
stream flow direction in this part of the Morrison Formation. This data
was then fed into a computer program called Paleostat, for the vecteral
analysis of the palsocurrent direction. The mine was broken down into
four areas for ease of data separation: central ore body, 800-2, 800-3,
and south side. These areas are shown in Figs. 32a and 32b. The analysis
proved very Interesting.

The central ore body, which is contained in the uppermost sandstone
horizon of the Westwater Canyon (see Fig. 10), has a strong streamflow
orientation of 1127 east of north, with 80% of the data falling in the

0 O . . ) ; .
range of 60 -150 . This directional analysis was based on 96 measurements
of scour trends, locg orientations, and foreset dip azimuths.

The south side data is all from the Poison Canyon sandstone. Since
there are verv few logs present, the analysis was based on 62 measure-
ments of foreset dip azimuths and the axis of channel-fill cross-bedding.
This data yielded a presumed flow direction of 102° east of north, with
86% of the data falling between 30°-180°. There was obviously a greater
spread on the measurements, nonetheless, a stream flow to the east is
strongly indicated.

The data for the other two areas, 800-2 and 800-3, is mot as
abundant as for the first two areas, and thus the results are not as
reliable. The lack of data is because these stopes are older and many
areas are closed off. With 30 measurements of log orientations and
scour trends in 800-2 (which is contained in the uppermost sandstone
horizon of the Westwater Canyon), there is an indication that the stream

orientation was northeast-southwest, but a reliable flow direction was
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Section 7

Western 1/2 of Section 18

15
Shaft

Fastern 1/2 of

Section 18

600 feet

Section 19

Fig. 32b - South side orebody and the
paleocurrent direction (rose
diagram is in number of

measurements)
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not obtained (the author tends to beilieve the flow was to the northeast) .
There is wide dispersion in the data from 800-3. This may be attributed
to the fact that this area of the mine is in the two upper sandstone
horizons of the Westwater Canvon, and thus two different stream systems
could have been encountered. Without corraberative data, all that can be
said is that 75% of the data falls in the range OO~1500, thereby indicat-
ing an easterly trend.

In summary, sedimentary evidence present in the sandstone horizons
in the Johnny M Mine indicates that most of the stream systems that dep-
osited the sediments flowed in a predominantly easterly direction (Figs.
32a & 32b). As the channels were part of a complex braided stream system,
some dispersion in the channel orientation would be expected. Since the
Johnny M Mine is situated right on line between the old main body of the
Ambrosia Lake Distriect and the Gulf Mount Taylor Project, this paleocurrent
data provides an additional link. The author is fairly convinced that
with all the new data available, the streams that deposited the sediments
of the upper Westwater Canyon sandstone and the Poison Canyon sandstone

flowed eastward, with a slight component to the south.
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Environments of Deposiiion

of the Morrison Formation

The first major interpretation of the depositional environment of
the Morrison Formation was by Mook (1916) . Mook interpreted the Morrison
Formation as a broad alluvial plain, formed by a number of individual,
coalescing fans, with lakes forming locally. He likened the Morrison
deposits to the great elluvial plains of eastern China.

Stokes (1944) agreed in general with Mook's interpretation but
states that Mook did not take into account the part played by volcanic
ash in building up the Morrison Formation, as indicated by bentonites.

Craig and others (1955), McKee and others (1956), and Haréhbarger
and others (1957) all concluded that the Morrison Formation in north-
western New Mexico was deposited primarily in a continental fluvial
environment with streams flowing to the north and/or northeast from a
source area in southwestern New Mexico known as the Mogollon Highlands.

Craig and others (1955) state that the facies distribution of the
Westwater Canyon Sandstone Member indicates that it was deposited as
a broad fan-shaped alluvial plain. The unit was formed by an alluviating
distributary system of braided channels, and represents a continuation
of Recapture deposition. The Westwater Canyon differs, however, in that
it consists of much coarser material thaen the Recapture. This is
thought to reflect a rejuvenation of the source area in west-central
New Mexico. As the source was recuced and ceased furnishing coarse
material, Brushy Basin sediments were spread over the area of depogition

of the Westwater Canvon sandstone. Craig and others (1955) also note
that the abundance of fossil plant and dinosaur remains suggests that

the climate was humid,
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Hilpert (1Y63) sunmarizes the views of some writers in the distcrict:
"Studies of the lithologies and sedimentary structures
of the Morriszoan by Craig et al. (1955) indicate that
the sediments were largely derived from a landmass in
east-central Arizona and west-central New Mexico and
were deposited by an aggrading system of northeastward
flowing streams. The sediments of the Brushy Basin
Member were probably deposited in a mixed lacustrine
and fluvial environment in which the fluvial material
probably came largely from the Mogellon Highland to
the south (Harshbarger et al., 1957)."

Santos (1970) states that the composition of the clastic material
in the Morrison units indicates that they were derived from sedimentary,
igneous, and metamorphic tervanes. The Recapture Member is regarded as
a fan-shaped alluvial plain constructed by aggrading streams carrying
clastic material to the northeast and east. Rejuvenation of the source
area (postulated to have been south of Gallup) resulted in the deposition
of a blanket of coarser sand -~ the Westwater Canyon Sandstone Member -
over northwest New Mexico. The trend of current lineations in the Ambrosia
Lake District indicates that in this area the streams that deposited the
sands flowed east—-southeast during deposition of lower Westwater sands,
and northeast during deposition of upper Westwater sands.

Flesch (1975) shows that the genetic sequences of the Westwater
Canyon resemble relatively rapidly aggrading stream sequences deposited
by wide but shallow, low sinucsity, sandy, braided streams (Fig. 33).
Problems exist, accerding to Flesch, in definitely stating that the West-
water Canyon streams were braided, for they lack planar (tabular) cross-
stratification typical of transverse bars, and characteristics of longi-
tudinal bars. Most longitudinal bars, however, have been described for

gravelly, braided streams, whereas the Westwater Canyon units are mostly

medium-grained sands.
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CHANNEL BAR

- Schematic drawing of an idealized
braided stream (modified after
Reineck and Singh, 1975)
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The sedimentologlc characreristics of Westwater Canyon sandstones
are somewhat unique in thet they resemble neither well-documented
meandering nor braided streams, but appear to fall somewhere in between.
The repetitive internal sequence of scoured surface — trough filling -
horizontal stratification - clay drape, argues against meandering
(Flesch, 1975). Since the sandstone units are widespread, if they did
not originate as superimposed loop deposits, they must have originated
as shallow, widespread river systems containing smaller scale, braided
or anastomosing streams.

Flesch (1975) also states that a model of meandering streams with
extensive floodplain deposits containing temporary fresh water ponds
best explains the Brushy Basin Shale Member. Claystone units are thick
and extensive with occasional thin micrite beds and contain randomly
intermixed, discontinuous sandstone units of local to more widespread
extent and variable texture (silt to gravel). Streams of varying mag-
nitude existed, from smali accessory stream channels tens of feet in
width, to more persistent, larger streams up Lo a few hundred feet in
_width (possibly locally of low sinuosity?). Streams which deposited
the more persistent sandstone units may have had an overall meandering
pattern. Sediment deposition occurred principally during flood stage,
at which time point bars were drowned and the streams took on a low
sinuogity pattern.

Campbell (1975) states that the Westwater Canyon sandstone in
northwestern New Mexico should be regarded as a fluvial sheet sandstone.
This sandstone body consists of coalescing fluvial channel systems that

in turn are composed of still smaller coalescing individual channels.
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Campbell concluded that the Westwater (anyon probably formed by the
coalescing of braided stream deposits.

Based on a review of the literature and on personal observation
in the mine and in outcrop, the author concludes that the Westwater
Canyon Sandstone Member of the Morrison Formation was formed by an
aggrading system of low sinucsity braided streams. This interpretation
is supported by the following data: 1) low dispersion of paleocurrents,
2) paucity of silts and muds in the section, and 3) the high width to
depth ratios of the channel scours. These streams flowed on broad,
coalescing alluvial fans emanating outward from a source (Mogollon
Highlands) in west-central New Mexico. While the major flow was to the
north and northeast, filling and choking of these channels probably
caused braided, perhaps ephermal distributaries to spill laterally off
the flanks of the fan (Cranger, 1968). These newly created streams
would then yield the easterly depositicnal trends that are evident in
the Ambrosia Lake District, in the Johnny M Mine, and in the Mount
Taylor area.

The Brushy Basin Shale Member, with its laterally uniform, blanket-
like shale units, and random, discontinuous sandstone units (Poison
Canyon sandstone), was probably deposited in an environment of meandering

streams with extensive floodplains, dotted with an occasional small

fresh water lake. This interpretation is supported by: 1) the relatively
high dispersion of paleocurrents, 2) paucity of extensive sandstone
units in the section, and 3) the low width to depth ratios of the channel

scours.
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ORE DEPCSITS

The uranium ore consists essentially of sandstone that is impregnated
by a dark, tarry-looking organic substance which coats sand grains and
fills interstices. The uranium is contained within the organic material.
There are occurrences of organisc material that contain no uranium mineral-
ization, but never has uvranium mineralization been found that has not
been intimately aszociated with some type of organic material.

The color of the ore ranges from a light gray-brown to a very dark
black. There is a direct relationship between the thickness of the grain
coating (and ore grade) to the color of the mineralization: the darker

the color, the higher the U content. With practice, a person can visu-

O
38
ally estimate the grade of the ore with good accuracy from .057Z to 1%

U,0

10g> and with lesser accuracy as the ore grade exceeds 1%.

The average grade of the ore from the Ambrosia Lake District, dis-
counting dilution during mining, is about .20% U308' The Johnny M ore
has an average grade of .40% to .453%, with ore ranging from .05% to
over 2% U308'

and widespread in the mine.

Sub-ore grade material, less than .05%7, is also abundant

Vanadium occurs assocciated with the uranium ore, although in lesser
concentrations. Vanadium ranges from .02% VZOS in very low-grade uranium

ore, to 1.25% V0. in high-grade uranium ore. Molybdenum, copper, selenium,

5
and arsenic, listed in order of decreasing abundance, also are concen-
trated in the uranium mineralization. Iron is much more abundant than

all the elements (except for uranium), but there is little change in its

goncentration between ore and the surrounding sediments.




Squyres (1970), in uis veview of the Grants Uranlum Region, states
that at least two generziions of uranium ore are presenc: an early
~generation that is displaced by Laramide faulting, and a later genera-
tion which has been directed and controlled by the faults, as opposed
to displacing the ore. Even though there are several major fault zones
and numerous small faults with a north-south trend (see structural sec-
tion) cutting the stratigraphy in the Johnny M, the ore is only displaced
rather than diverted by the faults. Therefore, it is assumed by the author
that all the uranium cre in the Johnny M is early. It will be mentioned
later that scme of the ore in the mine has been remobilized, but this
is not connected to faulting.

The uranium ore that occurs in the Poison Canyon sandstone is
slightly different in form and distribution than the ore which occurs

in the Westwater Canyon sandstone. Therefore, the author will treat

each separately.

Westwater Canyon Ore

Forn

The ore bodies shown in Fig. 32a define regions which enclose all
known currently commercial grade ore. The uranium mineralization is not
consistent throughout the individual ore bodies, being composed of
numerous ore pods.

The overall trend of the ore bodies is linear. The central ore body
(see Fig. 32a) is about 1000 feet (333 m) in length and up to 200 feet
(66 m) in width. The thickness of the ore body varies as the ore is not
confined to one specific level in the herizon, which is the uppermost

sandstone horizon in the Westwater Canyon sandstone, but it is usually
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no more than 15 feet (5 m) thick at any one location. The lateral extent
of this ore body is more predictabie than is the thickness. This shows
up well in mine drilling programs where no ore is encountered laterally
outside the defined regions of the ore body, whereas up and down probe
holes sporadically strike ore.

The other two bodies, B800-2 and 800-3, contain ore that is com-
plexly layered in the two upper sandstone horizons of the Westwater
Canyon. The two ore zones are often separated by a 5~10 foot (2-3 m)
shale zone ("K1" shale). While the ore Bodies are distinct in themselves
in their respective horizons, they can be stacked on top of one another.

In plan view, ore bedies 800-2 and 800-3 lack any truly definable
shape but tend to be ellipsoidal. Ore body 800-2, which is situated in
the same horizon as the central ore body, is the oldest ore producing
stope in the mine and is now closed down. The gross dimensions of the
ore body were 300 feet (100 m) long and 200 feet (65 m) wide at the
widest point. This ore body contained some of the richest ore encountered
in the mine.

Ore body 800~3 is a unique stope in that the ore occurs in the two
upper sandstone horizons of the Westwater Canyon. This is not the result
of one continuous ore body, but rather the interfingering of two distinct
ore zones. Overall, the ore bodies are linear to ellipsoidal in plan,
being about 600 feet (200 m) in length and up to 300 feet (100 m) wide.
Since the ore occurs in two different levels, the stope is 60 feet (20 m)
high in places.

The ore bodies are not one continuous zone of uranium ore but rather
congist of individual ore pods that cccur in various shapes (Figs. 34a,

34b, 34c, 34d). The predominant ore pod form is that of elongated,
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Fig. 34a - Ore pod in a fine-grained sandstone; note the
red band above and to the right of the pod

Fig. 34b - Ore pod in a medium-grained sandstone; ncte the
red band below the pod. This form is the most
characteristic of the ore pods in the Westwater
Canyon
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Fig. 34c — Ore pod, looking south; note the red
band below and to the right of the pod

Fig. 34d - Complex ore pod; note the red band above
the pod
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long (Fig. 35). These pods are commonly lenticular in cross section with
a length-to-widih ravio of 2ol te Zh:1. The thickness of any glven indi-

vidual ore pod is usually less than 5 feet (1.6 m). Numerous thin ore

cesulting In complex forms.
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Blanket ore is a term given to very long, thin ore pods that are
irregular in ore conient and unpredictably undulate or Yroll'" through
the sandstone horizons (Figs. 36a and 36b). The pod usually only deviates
about 6 feet (2. m) from some horizontal plane. fﬁis blanket ore is commonly
sitvated in the lower part of the exposed sandstone layer, usually occur-
ring atop a claystone zone if one is present. Calcite cement usually
separates the ore from the claystone zone.

Since it is difficult to view the ore pods in three dimensions, a
trend is not always obtainable; when an ore pod trend is visible or
projectable, the elongation is commonly parallel or subparallel to the
overall trend of the entire orebody. This is especially evident in the
central ore body.

The ore pods, especially the smaller ones, are generally uniform
in ore composition, and have sharp boundaries with the surrounding bar-
ren rock. The U3O8 content of the sandstone at the ore boundary can
decrease several hundred-fold in a distance of 2 inches (5 cm}. Some
contacts are knife-edge sharp. Some of the pods are patchy and ill-
defined, and these generally are much lower in U308 content than the
more vniform ore pods. The smaller, more homogenous ore pods are con-
sistently the richest ones, commonly containing over 1% U308' The

richer ore pods also contain the most calcite cement. The cement usually

extends beyond the ore boundary for one or two feet (.3 to .6 m) and
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ore blankets are more friable than the smaller pods, but much better

indurated ihan the average barven sandstone.

Uranium mineralization is always present in a sandstone host,
regardless of grain size of the sandstone. Ore occurs in the sandstone
matrix of clay gall conglomerates, but the ore is strictly confined to
the sand matrix and only on one occasion has the ore penetrated the clay.
Only one clay gall isolated in sandstone contained very minor uranium
mineralization.

Miscellaneous Features

Ore Rolls - The term roll, synonymous with ore roll, is applied to
any curving surface which cuts across the bedding of the host rocks
(Squyres, 1970). Crescent-shaped ore pods, similar to the overall geom-—
etry of the classical Wyoming-type roll, occur in the Johnny M Mine,
but on a very much smaller scale. These rolls are very rare and may be
as much as 12 feet (4 m) long and 4 feet (1.3 m) high (Fig. 37). This
roll has a distinct head with two tails extending outward, which are
usually interpreted to point in the direction from which the ore fluids
came. The roll was elongated nearly parallel to the trend of the central
ore body. The convex side (front) of the roll has a sharp contact with
barren, bleached sandstone, whereas the concave side (back) of the
roll has a more diffuse contact and is feathery. The ore is evenly dis-—
tributed throughout the roll. The tails tend to feather out into the
host sands. Sandstone immediately adjacent to the ore roll is bleached
tan-gray, whereas sandstone further out around the roll is gray-green,
suggesting that the bleaching effect is probably associated with the

formation of the ore roll.




Fig. 37 - Ore roll; the trend is to the southeast

Fig
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. 38 - Ore pod resembling an ore roll but the
head and tails are not well-developed
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well-developed intc a crescent—-shape. One of these features is shown in

ore with & non—ore center. The

Fig. 38. Shown 1s an

head and tails are not distinctly developed. The convex side of the pod

a sharp oo

This pod is unifermiy enriched in uranium except for

are more diffuse.

the clay gall and calcified sphere of sandstone. The pod is highly

¢

calcified and thervefore, well indurated. The sandstone becomes more
friable gradually outward, along with a gradual decrease in percent of
U.0,.
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Directional Features - While most ore pods are situated in a sand-

stone host with no apparent connection to any specilfic feature, an
occasional ore pod is intimately associated with fossil trees. The
ore is formed as a halo around the tree, with a distinctive tailing
effect pointing in the presumed paleocurrent directon. There is much

' gside of the tree than on the current side. The

more ore on the "lee
fossilized log itself is not necessarily mineralized, but a thin crust
around the log usually contains some mineralization. This tailing
effect is an uncommon feature, but where present, the trend of the
tail is subparallel o the overall trend of the ore body.

Iron Bands = Accompanying nearly every well-defined, uniform ore
pod is a red band, apparently oxidized irom pigment in the sandstone.
This band is usually present along all or most of the periphery of the
pod (Figs. 34a,b,c,d), and if not, it is commonly restricted to the
"front" and/or bottom of the pod. This red band, which is usually con-

tinuvous, never actually comes in contact with the ore, as there is

always a thin (1/2", 1.3 cm) space between the red band and the ore.




A ik b s i ek o s

The LoLad Lron coiiuesa. o Codwihinoiioo s Lidophore D Ll Lile BOZG

iron content of the ore and surrounding sediments.

Conoe Tod - On oonly oone ocoeasion has the authov seen a

feature that is described below and shown in Fig. 39. This is a spherical
pod of high-grade ore, completely enveloping an extremely well-cemented
(by calcite) sphere of low-grade ore. The lithology of the host sand-
stone, medium-grained arkosic sand, 1s the same across the whole sphere.
The whole pod is well-cemented, but the center is more indurated than

the richer ore. The calcite cement is pervasive throughout the whole
area, making the corresponding red band above the sphere well indurated
also. The ore is 4.0% U308’ and the central part is 0.27%, by nc means
barren, but considerably less than the surrounding ore. The contact
between the high- and low-grade ore 1s almost knife-edge sharp.

The author found this feature intriguing. It could be a cross sec-—
tion through an ore roll, perpendicular to the trend and oblique to the
trend of the roll which would vield the typical crescent—shape. Un-
fortunately, no side view was available. This feature could also be
representative of a tube-like [low of ore fluids, with the ore forming
peripherally to the center. The center was probably the fastest stream

of fluids, with the ove "growing" outward.

Poison Canyon Ore

Form
Poison Canyon ore is different than Westwater Canyon ore in that
it is more massive and very rarely occurs as the small individual pods

so common in the Westwater Canyon. The individual ore pods are much




Concentric ore pod; the light colored
center is low-grade ore whereas the
black outer shell is high-grade ore;
note the red band above the ore pod;
looking west




more extensive, continuous, Chicsol duu Bl el 2 b Polson
Canyon. Ore pods are commonly 50 feet (15 m) long, 25 feet (8 m) wide,
and up to 6 feet (2 wm) thick, although the average ore pod is thinner,

The length-to-width ratlo ranges from 3:1 to 10:1. It is not unusual

for an ore pod oir lens to extend the entire thickness of the Polson

n

Canvon sandstonc, about L7 Teec {4 o). being sanduiched between the
MRY Shale and the Brushy Basin. The best way to describe the ore form
is sheet— or manto—-like (Figs. 40a and 40b). The trend of the sheets of
ore are parallel to the overall trend of theore body.

Where the ore does not occur as one thick mass across the entire
thickness, it is usually a thin layer (2 feet, .6 m) at the base of the
Poison Canyon, overlying the "K' Shale. Also, ore can be found anywhere
in the sandstone horizon, in the middle with barren sand on either side,
and also in the top part directly below the Brushy Basin. When the ore
ig near the "K' Shale, it is never in direct contact with it - there is
a calcite cemented zone up to 4 inches (10 cm) thick that separates ore
and shale.

Besides the basic shapes and forms expressed by the Poison Canyon
ore, there are other differences in comparison to the Westwater Canyon
ore. Poison Canyon ore is distinctly lower in U308 content. Grades of
14 are common; grades of 27 or more are very rare. The overall grade
of the Poison Canyon ore is lower than the grade of the Westwater
Canyon ore, but since the Poison Canyon ore is extensive, the lower
grade is of little concern.

Caleite cement is pervasive throughout the Poison Canyon, but the

ore is not quite as well-indurated as Westwater Canyon ore. Locally,



Fig. 40a

~ Typical Poiscn Canyon ore

-~ Poison Canyon ore; the thin gray band
under the hammer is molybdenum-bearing




the ore is quite nard, bui overall, the cre is move Iriable than the
Westwater Canvon ore.

The most obvious difference between ore bodies in the Poison Canyon
and the Westwarer Canyon is the significant lack of organic detritus

s, and trash piiles 1n the Poison Canyon sands. There

have been only two or three pieces of carbonized debris found in the

o]

Poison Canvon sandstone.

Miscellaneous Features

Features such as ore rolls and directional indicators do not occur
in the Poison Canyon. The iron bands common around the ore pods in the
Westwater ore are rare and poorly developed in the Poison Canyon ore.

Mineralized Clay Galls - There exist a few clay galls that are

impregnated with uranium mineralization. Usually this only occcurs in

clay galls that are isclated in massive pods of ore.

Relation to Stratigraphy, Sedimentary Features

and Structure

Ore bodies in the Johnny M Mine are not subject to any definite
stratigraphic control, except that the overall orientation of the ore
bodies and the orientation of most of the ore pods iz consistent with
the orientation of fluvial sedimentary features. While no one major
stream channel has or can be accurately mapped, the sandstone near and
in the ore bodies tends to be more prominently cross-bedded, coarser-
grained, contains more fogsil detritus, and in general exhibits more
channel associated characteristics than the sandstones at a greater
distance from ore. It is thus inferred that the ore-bearing horizons

occur in at least part of a complex fluvial system.
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Sinece there is a relationship between the locacion of ore and

inlerred that ore dies out at the boundary of

channels, it is

a channel system. The presence of a channel does not necessarily sig-

nify that ore sxists, but by the same token, ore does not tend to occur
in commercial quantitites outside the channel systems.

Individual ore pods can occur either 1) suspended within thick
sandstone beds separated from adjacent sedimentary surfaces by a few
feet of barren sandstone, 2) resting on the upper surface of a claystone
bed, 3) intermixed with a claystone cobble conglomerate, or 4) localized

%;; ) ' on a laterally persistent scour surface. Thin layers of ore which occur
in thieck sandstone beds are more apt to be associated with erosional
surfaces and thin claystone zones.

Although ore locally does conform to bedding or to an erosional

surface (Fig. 41), ore pods consistently transect all types of sedi-
':i_ mentary structures, including lithologic changes, cross-bedding, and
scour surfaces, as shown in Fig. 42. The ore boundary that transects

b ‘ :Y,i ,‘":' - - o ‘ N
;sedimentary features is usually sharp and ‘there is no change in.grade..

i
\
l

‘6r:morphology of the

fchange from a coarse-grained sandstone‘to awfineﬁgraiqestandatoﬁe

£hé ‘suthor has observed nd small—scale“sedlmentary”feature that“exértswm

o Pl f |\‘ L}Iﬁ i ot
any significant control on the emplacement of ore{ ealith [” vt
Clictig

sties than the sands tones at a otves
- Claystone zones commnnly 5eparaLe ore pods that are stalkéd “ftfiler-
[ A
Sl calorred that the ore-bea 1 .
aring horis 3
flngerlng of ore pods occurs where ore is at different levels in ¢T6B&
[N
o ool flavial svscom. .
proximity to one another, so the ore 1is conflned to one specific layer
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Fig. 41 -~ Pencil points to ore that is confined
to scour surface: note how the ore
bifurates when the two scours meet

fine sand

coarse sand

fine sand

Fig. 42 - Ore transecting different sandstone
lithologies; the white material is
kaolinite
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of ore pods is randomly distributed

in the bed. Ovel

throughout the ore body, indicating the lack of specific beds or sedi-

mentary features controlling the ore emplacement.

appear to have some influence on the

Thero

location of ore pods. Persistent clayvstone zones usually exist as a

Lp basal barrier to blanket ore. Tracing this claystone zone may lead to
more ore. Trash piles are commonly in close proximity to major ore pods,
the ore pods lying in a presumed down current directon. These trash
piles are assumed by the author to be the major source of the humate
material associated with the uranium ore.

Ore bodies that cccur in the Poison Canyon sandstone are under much
greater stratigraphic control. The Poison Canyon sandstone, which has
an average thickness of 10 feet (3.3 m) in the mine workings, is con-—
sistently bounded by two impermeable shale layers, the "K' Shale below
and the shales in the Brushy Basin above. Any ore present exists between
these two shale layers. The majority of the ore occurs in the basal part
of the horizon. There appears to be a correlation between ore occurrence
and a persistent coarse-grained sandstone bed within the Poison Canyon.
The ore is not strictly confined to this one particular extensive bed,
but the ore appears to be preferentially situated in or very close to
this bed.

The relation between ore and faulting is very straight foward,;
faults cut and displace ore, with no apparent ore movement along the

fault plane (Fig. 43). The extensive faulting does affect mine planning

as the fault zones are avoided due to their weakness. Faulting consis-

tently displaces Poison Canyon ore down to the east, and this also

affects the mining.
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Fig. 43 - Fault cutting off Poiscn Canyon ore;
displacement isolo feet (3.3 m);
fault trends N5S'E

Fig. 44 - Molybdenum-bearing material impreg-
nating certain bedding planes
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Assoctated Jordisite

Squyrcs (1970) steies that a black amorphous substance identified

as jordisite (MUSZ) exists in close asscciation with primary ore bodies

3

the Grants Region. Squyres implies that jordisite is quite abundant

(=8
-
S

in the Ambrosia Lake District, but the author did not encounter a sig-
nificant amount of jordisite in the Johnny M Mine.
However, where jordisite occurs in the mine, it is much more abun-

dant in associazion with Poison Canyon ore than with Westwater Canyon

ore. The jordisite in the Westwater Canyon occurs in a feathery pattern,

selectively impregnating certain laminae of the bedded sandstone adja-
cent to an ove pod (Tig. 44). The jordisite "feathers' extend outward
peripherally from the ore pod but are never in direct contact with the
ore; there being an inch (2.5 cm) or so of barren sandstone between

the ore and jordisite.

Jordisite associated with the Poison Canyon ore is much more massive

and extensive (Fig. 45). Instead of feathery masses, the jordisite
occurs as layers, commonly 6 inches (15 cm) thick, and rarely over a
foot (30 em) thick. Again there is a narrow band of barren sandstone
separating ore and jordisite.

The jordisite, which commonly exhibits a brownish-gray color, has
a molybdenum content that ranges from .03% to .08%, and the U308 con-
tent can be as high as .06%.

Overall, jordisite is locally abundant within certain ore pods,

but it is volumetrically unimportant in the mine workings.



Fig. 45 - Molybdenum-bearing material (gray)
adjincent to Poison Canyon ore
{(black)



ratocy ol the Ore Deposilts

Organic Substances

The organic material that is so closely connected with the uranium

ore besrs a o resambiance Lo tar or an
1

stance. After studies on this material were conducted (Granger and
others, 1961, Moench and Schlee, 1967), it was concluded that the
organic substance originated as humates, rather than as some form of
hydrocarbon. As defined by Vine and others (1958), humates are salts

cf humic acids and humic acids have been defined as brown or vellow
organic matter extracted from decaying plant material by alkaline solu-
tions.

The term humate is now widely applied to the solid residues of
water-soluble humic substances, regardless of its present state or
mechanism of precipitation. Squyres (1970) goes through a detailed
summary of the means by which the humates have been identified, sc the
reader is referred to that paper. The author agrees with Squyres that
the organic substance which is intimately associated with the uranium
ore deposits in the Grants Region are humates or were derived from
humic substances.

Uranium Minerals

Granger (1963) and Squyres (1970) applied the name coffinite to
the uranium mineral that is being mined in the Grants Region. This
author does mot believe that the uranium should be called coffinite,
because the uranium probably does not occur as a mineral. There is a
good possibility that the uranium exists as part of an uraniferous
organic complex (Motica, J. E., pers. comm., Aug. 23, 1978). Theories

about uranium formation do not require that the uranium occur as a



mineral, in fact, it would provably be easler to explain LI the uranium
did not occur as a mineral. The author has talked with R. Della Vale
(University of New Mexico, pers. comm., July 15, 1978) whose work
substantiates the author's view that the uranium occurs as part of

an organic complex and not as a mineral. Uranium probably exists as

the mineral coffinite to a minor degree in the uranium ore, which

would yield the reported X-ray pattern of coffinite. More conclusive
work and open-minded thinking is needed before anything definite should
be said about the form of uranium in the ore deposits.

Uranium also occurs as the oxide material zippeite (ZUOB.SO3.5H20)
(Granger, 1963), in the form of bright yellow aggregates of minute radi-
ating needles (Fig. 46). Zippeite is not abundant, but where it occurs
it is a thin, earthy-looking, fragile coating or crust on exposed sand-
stones. Tt is evident that this mineral was formed after mining was
initiated, since it is only found on exposed surfaces in older workings.

Vanadium Minerals

No vanadium minerals have been observed in the Johnny M Mine, even
though there is abundant vanadium present (see chemical analysis,
Appendix B). Vanadium occurs as either a part of the organic complex,

a submicrocrystalline form of the mineral montroseite <V203'H20)
(Granger, 1963), or possibly as submicrocrystalline carnotite
(K. (U0

(vo .BHZO).

2)2' 4)2

The ratio of uranium to vanadium ranges from 1:2 in low—grade ore

to 12:1 in high-grade ore. Vanadium is also present in small amounts

(0.02%) in samples virtually void of uranium.
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Jordisite, amorphous MoS,, has already been described in this paper

to gome ove pods. Granger (1963) states that

as cccurying adia

jordisite cannot be positively identified because it is fine-grained or

amorphous ., 1 ult te separate, and produces no diagnostic X-ray
patier.

Molybdenum also occurs as the oxide mineral ilsemannite (MOBOB-HHZO)
(Granger, 1963), as a thin, blue coating compesed of fibrous, needle-
like, radiating crystals (Fig. 47). This mineral yielded the highest
amount of molvbdenum of any sample analyzed, 0.7%, and contained 0.25%

vanadium, 0.27 copper, and had no detectable U_.0 Ilsemannite is more

378°

abundant in Poison Canvon ore, but is rare in the mine.

Selenium Minerals

Native selenium occurs as minute acicular crystals up to a few
millimeters long, perched as tufts on sand grains. It occurs in various
parts of the mine but is rare. The most common occurrence is in close
proximity to c¢re pods. Chemical analyses indicate that selenium not
only occurs as crystals, but is also incorporated in the humate material.
Selenium is not present in barren sandstone, but can be as rich as 1.0%
in high-grade ore. There is a direct relationship between the amount of
uranium present and the abundance of selenium.

Arsenic Minerals

The distribution of arsenic in and around ore is similar to that of
selenium, and the abundance of the two elements is also similar, though
arsenic is less apt to ocecur in concentrations over 0.07%. No specific

arsenic minerals have been identified in the Johnny M Mine.
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Fig. 47 - Pencil points to ilsemannite



Copper Minciais

No copper minerals have been identified in the mine, but copper
does exigt in the ore bodies, with a slight tendency to increase in the

ore pods themselves. Within the limits of the ore bodies the concentra-

clones of ooppey can bo as as 200 ppm, with the average about
100 ppm. There appears to be a depletion of copper laterally away from
the ore bodies (outside the channel), with concentrations falling as
low as 1 ppm.
Pyrite
Pyrite is pervasive throughout the entire mine, but is not very
abundant. It occurs either disseminated in the sandstone or clustered
on clay galls. The pvrite usually occurs as a thin, dusty film on sand-
stone grains, with crystals being less than .2mm wide. The pyrite
crystals on the clay galls are also fine-grained, but larger grains
do occur. Cubes are the most abundant form. Pyrite also occurs along
the edges of claystone beds and in fractures and joints within the beds.
Pyrite is much more abundant in the Poison Canyon sandstone than
it 1s in the Westwater Canyon sandstone. It is more abundant near ore,
and somewhat concentrated in ore pods as compared with adjacent barren
sandstone. The pyrite grains coat the ore without being coated or
stained by the humate material. Thin films of pyrite can be found along

the sides of open fractures in carbonized wood, either near or away

from ore.

Ore Controls

Sedimentary
The idea of ore controls has always been an intriguing one since

understanding of the ore control processes allows for more successful
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v the Ambrosia Lake District. Following are

sedimentary ore conlrols

my Anterpretailons oo urlv controls as interpreted from features present

in the Johnny M Mine.

Or oo oo sooto he one major sedimentary ore control is the pre-
sence of a weli-developed, quartz-rich, arkosic, fluviatile sandstone.
This type of sandstone is the main host for ore in the Grants Region,
therefore one must encounter this horizon before ore can be found. Within
this sandstone there are a number of smaller scale features which may

be important to the depositional control of the ore: diastems, bedding
planes, grain size and sorting, calcite cement, and humate material.

The author concludes that diastems, bedding planes, grain size,
sorting, and calcite cement do not play any significant role in ore
control processes. Humate material is the one feature that exerts con—
siderable control over the ore emplacement.

This humate matter is present in every sandstone uranium mine in
the Grants Region (Granger, 1968). Granger (1968) also states that
all this humate marerial has been mineralized to some extent with uraniuvm,
and conversely, no uranium of undisputedly primary origin has been found
away from humate matter.

All this is certainly true in the Johnny M Mine. All the ore that
has been or is being mined is intimately associated with black to dark
brown humate material in the sandstones; no ore has been found in sand-
stone devoid of this humate matter. Tt is common to find patches of

black material that locks like ore and actually consists of very low-

grade mineralization.
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strongly suggests that the humate matter is the most important centrol In

the deposition of the vranium ore.

as an ore control (Clark and Havenstrite,

f1 vhe Loioave 5o ihers are ne structural festures that appear

to control the ore. The faulting encountered in the mine offsets ore bodies
as much as it offsets stratigraphic units. Where the ore abuts a fault
plane there iz such minute amounts of ore contained within the fault

nplane that virtually no movement of ore after faulting has occurred.
Consequently, there is no "stack' ore present in the Johnny M Mine.

Joints and fractures also cross—cubt the ore in the same manner as do

the faults.



Creedt itV
SYNTHESIS of the ORE
The preceding sectlons of this study are mostly descriptive, but
che following sociions vepresent an attempit to reconstruct the formation
of the ore bodies, and the conditions under which they formed. This part
ig highly interpretive, although the author relies on existing literature
and personal observatioun.

AGE of the ORE

By uging several paramaters it is possible to bracket the age of
the formation of the uranium ore deposits.

Structural Bvidence - Faulting in the southern San Juan Basin has been

related to the structural deformation associated with the Zuni Uplift.
This tectonic episode is speculated to have taken place in Laramide time
(Late Cretaceous - Barly Tertiary) (Kelley, 1963). Since the ore bodies
in the Grants Region are displaced by some of these faults, which radiate
northward from the Zuni Mountains, it can be deduced that the uranium ore
deposits were formed before the faulting occurred, and thus a minimum

age of pre-Laramide is thereby indicated for the ore bodies.

Stratigraphic Evidence - Collapse structures present in the Ambrosia

Lake District have been studied by Granger, Santos and others (1961)
and they concluded that the ore, which is localized around the cylin-
drical features, is probably pre-Laramide, the inferred age of the
collapse structures.

The Dakota Formation and approximately the upper 30 feet (10 m)
of the Morrison Formation are not displaced by the collapse structures
in the Cliffside Mine (Clark and Havenstrite, 1963), although beds a

few tens of feet lower show full displacements. The collapse structures



and the assoclaled vre aust therefore have been formed during the depo-
sitiom of the Morvison Formation.

A pre-Dakcta established for the uranium ore in the Paguate

Sandstone (Nash and Kerr, 1966). They described

Mine in

g o= sne at the top of the Jackpile sandstone

&
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that is truncated by a pre-Dakota erosion surface. These geologic rela-

rions are clear enough to establish a definite pre-Dakota age for the
ore.

) . 2 2
Radicactive Dating - In 1963, Miller and Kulp, using U 35: Pb 07 ratios,

calculated ages near 210 m.y. for the uranium deposits in Triassic
rocks on the Colorado Plateau, and about 110 m.y. for deposits in the
Morrison Formation. They concluded that the ore deposits formed soon
after depesition of their host rocks.

Granger (1963) estimated an age of about 100 m.y. for the uranium
deposits in the Ambrosia Lake District, but noted that this is probably
a minimum age.

Della Vale (pers. comm., 1978) has been doing a geochemical study
of several ore bodies in the Grants Region. His preliminary age determin-
ations indicate that the ore deposits become successively younger going
up the section in the Morrison Formation. The ages obtained range from
155 m.y. to 140 m.y., and suggest that the ore formed during or imme-
diately after deposition of the host sands.

Summary - The previous discussion proves that the ore deposits studied
formed before deposition of the Dakota Sandstone. Also, mest evidence

strongly indicates that the ore deposits formed sometime between depo-
sition of the host sands and deposition of the uppermost Morrison Form—

ation.
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Source oi the Ore

Urante Reeion has been known to be one of the richest

Pver since

has been much speculation on the

uranium regions fo the
origin of the uraniun and associated ore elements. The major hypotheses
concerning Jhhe sonecs oF the ove in sandstone-type uranium deposgits
are: 1) ascending uraniferous hydrothermal soclutions, 2) leaching of
granitic rocks which are assumed to be the source of the sediments, 3)
leaching of the host sediments by groundwater, 4) leaching of volcanic
ash deposited synchronously with the host sediments, 5) leaching of

the bentonitic shales (Brushy Basin) stratigraphically above the host
sediments by groundwater.

Hydrothermal Source

The hydrothermal (specifically telethermal) hypothesis is based on
the premise thav thz metals were initially derived from a deep~seated
magmatic source and were carvied laterally by groundwater to favorable
depositional sites. The major objection to this idea is the lack of
source rocks of sufficient age and the lack of feeder zones for the
hydrothermal solutions. Squyres (1970) concisely lists several other
objections to this hypothesis. The author believes that a hydrothermal
source for the ore elements is unfounded.

Granitic Leach

Granitic rocks are known to be relatively rich in uranium. Turekian
and Wedepohl (1961) determined that the average uranium content of
granite is 3 ppm, whereas Senftle and Keevil (1947) found an average
value of 4 ppm. Granites containing several tens of ppm occur (McKelvey
and others, 1955; Masursky, 1962). A study on cores and samples of the

Granite Mountains in Wyoming was made by Stuckless and others (1977).



The Graniie viowiio.nis Gre Loowil Lo have unusually high concentrations

of urapium (9.8 pow). Rosholl and oth (1969) calculated, by ratios
of radiogenic l=ad ughter products to percentage of uranium in this

sranite. that it is 80% deficient in uranium, and there 1s an average
L] b >

- enough to supply 1000 cimes the uranium

reserves plus production in Wyoming. Stuckless and others (1977) menticn

that the percentage of uranium in a granite will increase with increasing
silica ard aikali content. It can probably be safely assumed that given

a large enough cranitic mass, enough uranium exists to account for all
the uranium feound in the Grants Region.

The presence of adequate amounts of uranium in a granite dees not
necessarily qualify it as a potential source rock. It is also necessary
that the uranium be available for leaching at some time during the
history of the parent rock. Stuckless and others (1977) propose several
ways in which uranium loss may occur in a granite.

1. Loss due to granulite facies metamorphism which
drives out connate waters.

2. Loss due to weathering, but they deem this process
unlikely because of the depths to which uranium
loss was observed.
3. Loss to dilantancy (Goldich and Mudrey, 1972), in
which uplift releases overburden pressure and water
is given off, taking uranium with it.
4. Loss at grain to grain boundaries.
Actually, the first three processes are mechanisms for loss of uranium
at grain te grain boundaries.
A major part of the uranium in granitic rocks is concentrated in
accessory minerals such as sphene and zircon. Sphene, zircon, and other

uranium-bearing minerals are highly resistant to weathering, and are

little affected by leaching. Therefore, even though they may be trans-




ported into = lavorabie sedimentary environment, these minerals resist
digsolurion and thus theiy uranium content is not readily available for

the core-tforming processes.
The remainder of the uranium occurs along grain to grain boundaries,

And in Gpierslioos, o0 s ortachoed o various gilicatres, such as mica

)
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and feldspar. These silicate minerals may yield their uranium content
during weathering, transportation, and incorporation into sedimentary
rocks, but ﬁuch of the feldspar in the Grants Region is still quite
fresh (Squvres, 1970), as well as in the sands of the Johnny M Mine.

The uranium present at grain boundaries in granitic rocks is readily
leachable. In a study of the Sierra Nevadas, Brown and others (1953)
estimated that about half of the uranium content was leachable just by
pouring water over the crushed granite. By using a more acidic leachate,
he was able to remove even greater amounts of uranium. However, most of
this easily available uranium is probably put into solution during
weathering at the outcrop, where 1t has a good chance of becoming part
of the surface run~off, and thereby becomes dispersed and diluted.

Considering that a granitic mass could viably be the source for the
uranium in sandstone-type deposits, we must now consider the processes
by which the uranium is transferred from the granitic mass to favorable
sites of deposition. The two proposed processes would fall into two
categories, syngenetic and epigenetic.

The syngenetic hypothesis basically involves the transportation of
uraniferous sediments to be deposited as a uniformly mineralized sand
and larer be reconcentrated in more favorable zones. Zitting and others
(1957) proposed that the Westwater Canyon sandstone is composed of

arkasic sands derived from an uranium~rich granite. Since the deposi-
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were not lost ro the ocean, and the uranium was maintained in the sys-
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tem. The urenium would rhen conceivably be available to be trapped by

whatever means {Zitting and his coworkers mention asphaltic deposits
under the Ambrosia Lake dome), and the ore deposits would eventually be
formed.

The possibility exists that the uranium was derived epigenetically
from the leaching of granites that are not the source rocks of the
sedimente. It 1s presumed that the sediments of the San Juan Basin
"lapped" onte an ancestral Zuni Mountalns highland somewhere south of
Gallup, N.M. (Rappaport, 1952). The central core of the present Zuni
Mountaine is Precambrian granite (Smith, 1954), and it is assumed that
the ancestral Zuni Mountains (if they ever existed) would have been
underlain by Precambrian granite also. This core might have had suffi-
cient uranium to supply and form the ore deposits in the Morrison
Formation. While no work has been published to date on the possibility
of the Zuni granite as a source rock for uranium, the study on the
GCranite Mountains of Wyoming (Stuckless and others, 1977) might be
applicable to the Zuni Mountains. Lt is possible that sometime during
the erosional history of the ancestral Zuni Mountains the uranium-rich
core was exposed, and due to weathering or the other ways outlined by
Stuckless and others (1977), a substantial amount of the uranium was
released into the groundwater system and thus became available for ore
formation.

Volcanic Ash Leach

Volecanic tuffs are known to be anomalously rich in uranium, even

richer than granites. Denson (1952) published analyses on several tuffs
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as good. LL not better than granites as a source for uranium.

White and Waring (1963) have indicated that a significant percent-

age of the rrace elements on surfaces of fresh volcanic ash can be

easily removed by leaching. Ash transported by air and deposited into

i sediments, or water-borne for a short distance without appreciable
weathering., has a good chance of yielding its readily available trace
elements dirvectly into f{luvial deposits. Scott and Barker (1962) have
shown that groundwater samples from granitic and tuffaceous terranes
show a range of uranium concentrations from less than 0.1 ppb to several
tens of ppb, and an average of about 5 ppb. These values are consider-
ably above the average for all groundwater samples. In a study of the
uranium content of groundwater in South Dakota and Wyoming, Denson

and others (1950} give 92 analyses of water samples from tuffaceous
Oligiccene and Miocene sediments exclusive of known mineralized zones,
in which the average uranium content was 35 pph. They also noted that
the samples contain greater than normal amounts of molybdenum, vanadium,
copper, selenium, and arsenic, and concluded that the uranium and other
elements were derived from the associated tuffaceous material.

The uranium present in the glassy matrix of shards and other vol-
canic detritus has a high probability of being released into the fluvial
system during the decomposition of the glass. The uranium present in
volcanic ash and tuffs appears to be more readily available than the
uranium in granitic rocks, and thus more likely to become available

in an environment conducive to the formation of uranium ore deposits.
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Assuming thal volcanlc ash can be a source of the ore elements,
processes of ore elemant rransfer from the ash or tuff to favorable
environments of deposition must be considered. Again the processes
can be separated into syngenetic and epigenetic.

The syngenetic model involves the near simultaneous deposition of
the sediments and the wvolcanic ash. The uranium and other ore elements
are derived from *he lsaching of the volcanic ash by rainfall, and are
transported by the fluvial system to favorable environments within the
associated sediments that are continuously being deposited.

The epigenetic hypothesis proposes & model in which the uranium is
derived from bentconitic mudstones in the Brushy Basin Shale Member by
the action of groundwater leaching. The groundwater is visualized as
leaching the uranium from the volcanic ash layers and transporting the
ore elements down fluid gradient to be deposited in favorable environ—
ments within the sandstone horizons below. Squyres (1970, p. 200) states
that this process took place "while Morrison sediments were still being
deposited a few hundred feet higher!

Summary and Comparison

The following

T
o

is a summary and comparison of the different hypo-
theses as to the possible source rocks and processes for uranium ore
solutions.

1. Hydrothermal

2. Granite leach
a. Syngenetic
1. concentration of uranium after deposition
as disseminated mineralization throughout
the host rock from which it is also derived

;

b, Epigenetic

1. groundwater leaching of uranium rich granites
and subsequent transportation into environ-
ments favorable for deposition
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1. near simultaneous deposition and concentra-
tion of uranium derived from air—-fall tuffs

ATENEE A
roundwater leaching of the bentonitic mud-

g
stones in the Brushy Basin shale

The Do Taroma invpaite befove, i not regarded as
viable for a source of the ore elements in the Morrison Formation.
The granite leach theories are viable but the major stumbling

block is the source of the elements associated with the uranium: copper,

vanadium, molvybdenum, arsenic, and selenium. Due to the close associ-
ation of these elements to uranium, the proposed source of the uranium
is also presumably the source for these other elements. This is where
a granite leach hypothesis starts to fall short. While vanadium,
molybdenum, and copper can be accounted for by leaching of a granite,
selenium and possibly arseniec are present in insufficient amounts in
a2 granite. It ig hard to imagine how a granite with a selenium content
of 0.05 ppm could be a significant source of that element in adjacent
sediments. Arsenic is rarely present above 2.0 ppm in granites, thus
the large amounts of arsenic present in the uranium deposits (up to
700 ppm) cannot be easily accounted for but may be possible.
Pisregarding the deficiencies of selenium and arsenic in a granite,
let us now take a look at the processes involved for the ore formation.
The syngenetic theory is viable except for the critical point as to why
the uranium ions and detritus destined to become host rocks for the
ore are not separated during transportation. If the uranium is easily
leachable from the grain to grain boundaries, then with the onset of
weathering, the uranium would be dispersed and diluted in the fluvial

system. Still, much of the uranium would eventually reach favorable
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needed for the core deposzits could conceivably be collected.
The cnigenci e widely applicable, but 1t calls for the

availability of a granitic mass after the sediments have already been

but since

n the postulated Zuni Mountains,

CrOded $tudies can be conducted. Also, the
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dispersion and dilution problems faced in the syngenetic theory is just
as prominent here.

The wvoicanic leach thecry is more reasonable than the granite leach
theory. The problem of accessory ore elements, especially arsenic and
selenium, does not exist with a volcanic ash source. Vanadium, molybdenum,
and copper are just as abundant in ash as they are in granites, but
arsenic and selenium are much more abundant in volcanic ash. The vol-
canic material contains about 5 times as much arsenic as the average
granite, and selenium can be as much as 200 times more concentrated in
ashes than in average granites although arsenic and selenium have high
concentrations in alkaline granites.

The syngenetic theory appears to have the best possibilities as to
Once the air-fall tuff

being the ultimate source of the ore elements.

has been deposited over a
stripped by rainfall. The

ation was probably moist,

wide area, the surficial elements are quickly
climate during deposition of the Morrison Form—

as evidenced by the abundance of trees,

dinosaur bones, and plant fragments. Once the elements are in solution
in the surface runoff, they are brought to fluvial systems where they
can be concentrated into ore deposits. There is going to be dispersion
and dilution, but since the average volcanic ash is up to six times as

rich in uranium as the average granite, this loss is not significantly

prohibitive.



The epigencioc wnevsy is plausible but the avchor feels that it has

some drawbacks. Althougnh the © Dasin shale is bentonite-rich

the author wonders how

(presumably bed

ore elements are poing to be leached from a consolidated shale and then

» Basin is an cremely tight

Eranspo:
green shale, with & permeability that is and probably was very low.

The author is relucrant to accept that uraniferous solutionms are going
to percolate thru the Brushy Basin {in places over 100 feet (33 m)
thick) and deposi: the ore elements in favorable sandstone horizons
below. Another drawback is the fact that the Brushy Basin is still
anomalously high in uranium and rather uniformly at that (Smith, C. T.,
pers. comm., 1978). If this was the source for the uranium it might be
expected that the Brushy Basin would be depleted in uranium or at
least not uniformly anomalously high. Also, since the ash is easily

leachable, one might assume that while the Brushy Basin was accumulat-

ing, much of the ore elements would be washed into the surface runoff

and thus not be available for later leaching.

Conclusions
Based on the following arguments, the author belleves that a vol-

canic ash is a more plausible source for uranium and other ore elements
than a granitic rock.

1. Granitic rocks are a possible source for most of the
ore elements associated with uranium, but are probably
not an adequate source for selenium and arsenic, where-
as volcanic ash is probably an adequate source for all
elements.

2. Uranium in granite occurs either in accessory minerals
(sphene and zircon) and silicates (micas) and thus
unavailable For ore formation, or present along grain

ro prain boundaries and likely to be released during



wencnering at the cuterop and thus dispersed and

diluted in the surface rvunoff. Uranium in velcanic
iikely to be released in an environment

i Lo ore depositilon.

3. Groundwater data tend to confirm that uranium can be
derived from volcanic detritus more readily than from

volcanic ash as the source of the

ore elements, the author strongly prefers the syngenetic model for the
following reasons:

1. By having the uraniferous air-fall tuffs being
deposited at or near the same time as the host
sands, Che uranium is immediately put into a sys-
tem with favorable environments for ore formation
wirthout long transportation required.

2. Leaching uranium from a bentonitic mudstone (Brushy
Basin shale) that is 100 feet (33 m) thick and has
a very low permeability, and then having the ground-
water transport this ore material to favorable sand-
stone horizons below is a process that the author
finds hard to accept.

3. If the Brushy Basin shale is actually the source for
all the uranium in the Grants Region, then how can
it be explained that the Brushy Basin is uniformly
anomalously high in uranium.

4, During deposition of the Brushy Basin, it is likely
that, due to rainfall, a substantial amount of the
uranium would be lost to surface runoff, and thus
would not be available later on.

In summary, the author contends that the most plausible source of

i
i

1
i

the uranium and associated ore elements in the sandstone-type uranium

deposits in the Grants Region is volcanic ash, and the ore elements
were released to the host sediments contemporaneously with deposition

of the latter.

§§B§E§§v9£“£hgmﬁumate Material

Through chemical and infrared analyses (Granger and others, 1961;

Moench and Schlee, 1967), the carbonaceocus matter that is intimately
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dumates are best described as mixtures of organie compounds with
variable atomic structures and compositions that are leached from de-
caying vegetation by alkaline solutions (Motica, J. E., pers. comm.,
July 19, 1978). Humate materials are widely distributed in nature, and
arise from the chemical and biological degradation of plant material
(Camble and Schintzer, 1973). Christman and Minear (1971) have stated
that organic materials appear to be present to some extent in most
natural waters and in some cases are sufficiently concentrated to make
the water yellow or brown in color. Christman and Ghassemi (1966) and
Sarkanen (1963) have suggested that these organic materials are dis-
solved from living woody tissues, decaying wood, soil organic matter,
or a combination of these. Stumm and Morgan (1970) have indicated that
the range of concentrations of organic materials in surface waters is
0.1 to 10 mg/liter. Very extensive humate deposits in northwest Florida
are derived from the leaching of surface vegetation and are probably
accumulating at the present time in many localities (Swanson and

Palacas, 1965). The practical importance of organic matter in surface

waters is also indicated by the publication of a colorimetric me thod

of analysis for what are described as "tannin, lignin, tannin-like,
lignin-like compounds, or hydroxylated aromatic compounds (Taras and

others, 1971).




Source

Granger (1968) ouvtliined three proposed sources for the humate

matteyr:

i. The "Dakota source hypothesis' - an extrinsic epi-
i -2 from decaving vegetation that con-
. lower

rhonacecus beds in the

T Morrison Forme

N A sands tone.
ation wag divectly overlain by a boggy vegetated
terrain prior to final reworking and deposition

of the Dakota Sandstone, and humic derivatives
from the decaying vegetation were carried down-
ward and laterally into sandstones of the West-
water Canvon and transported to regions where they
were precipltated.

g

"syngenetic source hypothesis' - an extrinsic
penecontemporaneous source from decaying vegetation
along the streams that deposited the Westwater
Canyon sediments. Humic material derived from de-
caying vegetation along the stream courses idissolved
in the stream waters and underflow waters, but were
precipitated along an interface between underflow
and more stagnant ground waters.

3. The "interval source hypothesis" - an intrinsic
diagenetic scurce from decaying vegetation that
was deposited (syngenetically) with the Westwater
Canyon sediments. The dissolved humic materials
then precipitated wherever they came in contact
with precipitating agents.

While Granger supports the "Dakota source hypothesis", the author
sees the humate matter present in the ore bodies as originating from
the leaching of vegetal matter (trees, grasses) existing along the
stream courses and incorporated within the sediments, rather than by
introduction from an external scurce. Therefore, the author supports
a combination of the "syngenetic source" and the "internal source"
hypotheses.

The most obvious evidence in the Johnny M Mine in support of this

hypothesis is the close spatial relationship between fossil plant

material and the humate occurrences. This relationship is present in
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woody fragments in tiue trash piles. Squyres (1970) states that in many

feet from large

minss dn the Grants Resion ove lies only a few tens of
accumulations of carbonized wood. This observation also exists in the
Westwarer Canvon ore bodies in the Johnny M Mine. Ore can sometimes be
seen adjacent toe a log, showing clearly that the log contributed the
humate matter that trappad the uranium. The majority of the richer ore
pods are closely related to accumulations of fossil trees and plants,
with the ore occurring below and away from the organics. With the
presence of trash plles, numerous fossil trees and grasses, and other
organic detritus in the Westwater Canyon sandstones, it is very easy
to derive the necessary amount of humate material for the accumulation

of the known ore bodies.

Transport and Precipitation

Migration of humate as a colloid in an aquecus sclution has been
documented. Colloidal humic acid particles are about 0.02 microns in
diameter, small enough to be suspended in surface waters and to permit
easy passage through permeable sandstone. Humic acids, unless flocculated
to a gel, could be carried some distance in streams or in groundwater.

Precipitation of the humic acids could be the result of several
possible mechanisms. Black and Christman (1963) have wverified that the
humic matter found in water is negatively charged. As the humic acids
migrate in the surface water, accumulation of an abundance of absorbed
cations (mostly divalent, Squyres, 1970) would tend to cause floccula-
tion. Reduction of pH, as a result of oxidation of some of the organic
matter, may have had an effect on flocculation. One other possibility
is that the humic acids polymerized spontanecusly, as demonstrated by

Pommer and Breger (1960).
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Wies Hiiei- i beee sohe deounihoied in fthe laboratory, the particles
settle and combine to yorm an amber—colored gel with a high water con-

P97y The aed ie coherent, but very soft and weak. Once

tent (Sguvy
a humate ig flocculaced inte a gel, it is still capable of limited
migration due to its low viscosity. Polymerization and dehydration

would eventually render the gel immobile. Once in the solid form,

humic matter ic difficult to remobilize except in highly alkaline
solutions. Swarson and Palscas (1965) point out that total consolidation
of the humate can actually take place without the influence of heat

or radiation. The conversion of the gel to its present inscluble state
took place after the humate deposits had concentrated the uranium and

became consolidated.

Environmental Conditions

The genersl environment during the deposition of the Morrison
sediments was probably mildly alkaline, with pH values kept near 8.5
by hydrolysis reactions and carbonate equilibria. This is supported
by several lines of thought.

According to Krauskopf (1967) water cannot remain in contact with
silicate minerals for any length of time without becoming alkaline
through hydrolesis reactions such as:

0

. (OH)8 + 4kt 4 8H Si0. + 4on

R 5 - .
AKALSL.OB + HZHQO Ala81 4 4

3

(feldspar + water = clay + soluble products, including hydroxyl ion)

10

f

The formation of silicic acid (HASiOQ) would keep the pH from rising

much above 9:
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HQU 4+ 51U

Assuming that the source of the Morrison sediments is granitic, this

water and the silicates would start at weathering

en. liydrolysis of volcanie ash present

in the environment would tend to maintain an alkaline pH in the water.

Garrels and Chyvist (1965) showed by calculation and measurement
that pure water equilibrated with calcium carbonate and atmospheric
602 eaches a pil of about 8.4. The system is buffered and resists

decreases in pl chiefly by the reactions:

), +HT = cal T+ HCO,
CaCl, + 1 Ca HCO,
- +
0, + B = H,C0.
HCO, + BT = H,00,

In its course from outcrop to depositional site the surface waters and
upper zone of the groundwater would undoubtedly come in contact with
calcite, such as limestone lenses in small lake deposits. This would
contribute to maintain a pH of around 8.0.

Probably the best line of evidence for an alkaline fluvial system
in the Morrison sediments is the analogy with measured pH values of
waters in similar sediments today. Among the analyses by White and
others (1963), pil values of 7 to 9 are consistently found in ground-
waters from sandstones, arkoses, and finer-grained clastic sediments.
pH values of present-day groundwater from the Morrison Formation are

clustered around & (Garrels and others, 1959).

Ore Formation Processes

Mobilization of the Ore Elements

Volcanic ash can be easily leached of its elemental constituents.

White and Waring (1963, p. KS) write '"relatively high concentrations



of minor elements can be leached by distilled water from volcanic ash.
Much leachable materian was...comdensed on associated ash...”

White and Waring (1963) cite analyses of natural and experimental
leachates of frechly fallen ash. The ash contained tens of hundreds of
ppm of easily leached minor elements, and the experiments indicated that
the elements were largely absorbed on the surfaces of the ash particles.
While the minor elements cited were assoclated with chloride, fluoride,
and sulfate, it is very likely that uranium and the associated ore
elemente also collect on the surfaces of the ash particles (during
eruption of the ash), and are deposited with the ash. This idea fits
well with the syngenetic theory of a volcanic ash source, and with the
belief that the uranium is concentrated during the deposition of the
host sediments.

Ore Elements in Solution and Subsequent Concentration

Uranium leached from a volcanic ash and released into an aqueous
. - S . ; -+
medium would be solubilized in the hexavalent state as U02 or as
‘ . . ~4 . o
a complex, e.g. LDO?(CO3)3] (Szalay, 1964). Laboratory investigations
++ . , . .
have demonstrated that U02 and other cations of medium or high atomic
weight are strongly fixed by humic acids (Szalay and Szilagyi, 1967).
Due to the strong sorption of these cations, low concentrations of
. = . . . . .
heavy cations (e.g. UO2 ) migrating in natural waters which come into
contact with the humic acids may become concentrated by a factor of
10,000 (Szalay and Szilaygyi, 1967).
Until recently, the structure of humic acids in nature was poorly
known. Jemnings and Leventhal (1977) have experimentally determined

the structure of at least one humic acid, with a chemical formula of

,H32ON1382. They point out that there are numerous sites available

o
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tion would be a reversible cation—exchange process

) “+ .
UOO(OH) . This f1

about 10,000 as previously

with &

stated (Szalay, 1958). The resulting organic structure due to the
emplacement of the uranium ion into the structure of the humic acid
is referred to as an uranyl humate by Vine and others (1958).

This uranvyl humate could probably form in both surficial waters
and in very near surface groundwater that is in direct contact with
the stream water. Theoretically, this uranyl humate could migrate in
the fluvial system for some distance before flocculation occurs.
Flocculation (precipitation) of the uranyl humates would occur when
the alkaline solutrion was rendered more acidic and/or there was a
moderate concentration of divalent cations (e.g. UO;+) (Vine and others,
1958). The simultaneous reduction of sulphate by bacteria present in
the organic humate would reduce the pH (Trudinger, 1971):

o7 o+ 87 4+ 9 = HST + 4H.0
4 e , 2
bacteria

The combination of the reduction in pH and the abundance of cations
would ultimately cause precipitation of the humate, and once flocculated,
the humate forms a gel-like substance that eventually becomes a hard,
brittle solid.

The cation~exchange process established for the accumulation of
UOZ+ does not seem immediately applicable to the fixation of vanadium.
The most stable form of vanadium in natural waters is the mobile meta-
vanadate anion vo;, but anions could not be directly fixed by humic

acids, even in trace amounts (Szalay and Szilagyi, 1967). This anion

; . +4
is reduced to the quadrivalent state (VOZ) when the dilute aqueous
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Molybdenum would probably be present in the aqueous solution as

the anion Moogm, zlong with arsenic as HASO4 , and selenium as SeO4
or Seogﬁ( Squyres, 1970). Each of these elements form a stable dis-—
solved species, and is capable of migration in solution under oxidizing
conditions. S$ince there is little correlation between molybdenum and
organic carbon in the primary ore bodies, it is therefore safe to con-
clude that molybdenum was precipitated by reaction with HZS (HSﬂ in
alkaline solutions). The fact that the only important molybdenum
mineral is a sulfide (jordisite, MoSz), the peripheral relation of
jordisite to ore or to the humate matrix, and the isotopic composition
of the sulphur (Squyres, 1970) all support this view. Arsenic and
selenium have distribution patterns roughly similar to that of
molybdenum, but with a tendency to be more concentrated in the richer
uranium ore pods. Arsenic and selenium are effectively precipitated
from dilute, weakly alkaline solutions by HS_, and probably are pre-
cipitated by a process similar to the vanadium reduction outlined

above. Since selenium sulfide is unstable and decomposes to elemental

selenium, the occurrence of elemental selenium as acicular crystals

is explainable.
Calcite should continuously be precipitating in the fluvial

system, especially in the groundwater. The humate masses would be a

st ek b A R 8 e A et A i
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With Ca heiny presant in concentratlions of up to 10 m (Squyres
5P ! PP >

“pnd thae pll of tha svstem being around

8, calcite should form at least in moderate amounts:

P a—
Ca =+ 2RCO, = CaCO, + B ,0 + €O,

3

Thus calclite would be forming essentially in the same system as the
ore elements. The calcite would precipitate to some degree regardless

++ . .
s, as there are Ca ions present in natural waters.

of the ore prooe
The relationship between rich uranium ore and the abundance of calcite
cement suggests to the author that the calcite formation somehow plays
a role in the conecentration of uranium and the precipitarion of the

- ++ . .
uranyl humates. Perhaps some Ca ions are absorbed by the humic acids
and help in the flocculation process, and calcite is subsequently pre-

cipitated during or after the process.

gcenario of the QOre Formation

Following is a compilation of the various previous discussions
molded into the processes that the author envisions as resulting in
the sandstone-type uranium deposits of the Grants Uranium Region, with
special implications toO the observations made in the Johnny M Mine.

Volcanic ash brought to northwestern New Mexico by westerly wind
patterns were presumably derived from extensive volcanogenic activity
in the western United States during deposition of the Morrison Formation
(Chapin, C. E., pers. comm., July 19, 1978). This air-fall tuff would

be deposited in the region where the Morrison sediments would be accum-
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ulating. Deposition of the ash in ihe fluvial system would initiate
lemching ol ihe oo ciemeois. and subsequent release into the styeam

water and near surlface groundwater. Due to the extensive areal extent

of the air-fall tuff, surface runcff would also contain some ore

ciep dor o leaching of the ash by rainfall.

Clovicd soeuen chai won avposlting the Morrison Feormatlon
contained much vegetation. Vegetation would accumulate in local back~
water swamps. oxbow lakes, and on exposed bars. The trash piles would
most probably be formed in the backwater swamps or oxbow lakes that
still have rie-ins to the active sedimentation system. Constant decay
of the organic material would release humic acids into the fluvial
system.

The presence of clay galls can be accounted for by two processes.
One is that the galls represent rip-up material from previously deposited
mudstone layers that were eroded and then deposited by a high-velocity
current. Another explanation is that the galls represent desiccation
fragments from a once continuous mudstone layer, and their "boudinage-
type'' appearance is probably due to compaction, while still wet, by
overlying sediments.

By the processes already discussed, the uranium and ore elements
would be absorbed and reduced by the humic acids present and urani-
ferous organic complexes would form. These complexes would form in
the surface waters and easily permeate the recently deposited sands
and thus enter the near surface groundwater. The migration of these
uranyl humates would be impeded by mudstone layers which would act
as permeability barriers. Clay galls would not be expected to be

mineralized by the uranyl humates because of the lower permeability.
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complie cn el procdinitate st oor very near the surface s

om Lhe fact ihat ore bands are truncated by a later scour,

inferred
indicating the ore processcs occur essentially on the surface (Figs.

48a and 48b). Most uranyl humate complexes migrate into the ground-

water where they are ultimately flocculated. The various shapes attained
by the individual orve pods are the result of the different flow patterns
of the groundwater.

Since the uranium is envisioned as forming in the surficial waters,
the ore pods might be expected to conform very closely to the sedimentary
structures, but this is not the case in the Johnny M Mine, This is
easily explained by the migration habits of the humate complex. As the
humate complex is in the process of forming a gel it migrates in the
water and passes through the permeable sandstones. Since the sediments
are newly deposited and unconsolidated, the permeability would tend
to be uniform throughout the sediments. The migrating gel would then
pass through the sediments without regard for cross-bedding or othexr-
sedimentary structures. The humate complex would then coalesce into
the form we see today, with curving boundaries truncating sedimentary
structures.

The red iron band so typically associated with the Westwater
Canyon ore pods is probably the result of a complex interaction be-
tween the migrating, oxidized ore-bearing fluids and reduced ground-
water. The red bands would probably form sometime during the later

stages of the humate complex flocculating process.
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The ocenrceace of clay galls wioh red vores and greéeh TLmS (Fig.
Lo . B o RN DU TN S E T P =
1ia) can bo oo botied Leodne caterachion ol cha humic acid complexes

with the clay zalls themselves. The only significant difference that has

other rthan color,

is the difference in total iron. The red clays are significantly higher
in toral irvop rhen the green clays (see Appendix B). Weeks (1951), in

a study of rad aund gray (green) clays from the Morrison Formation, found
that the total iron and ferric iron content are considerably higher in
the red than in the gray (green) clay. Assuming that a clay gall was
originally homogenecusly red, it appears that the green rim is the
direct result of removal and reduction of iron from the clay gall. This
removal and reduction of iron may be attributable to humic acids present
in the groundwater (Motica, J. E., pers. comm., July, 1978). The humic
acids would remove and reduce the iron in galls it came in contact with.
The clay galls with a green core and red rim were probably completely
reduced, and at & later time were reoxidized.

Once buried under sediments, the uranium may undergo further sec-
ondary chemical changes in the course of the long geological processes
of coalification and fossilization (Szalay, 1958). Secondary enrich-
ment and mineralization may take place according to local conditions.
The host rocks themselves may undergo changes after burial. The various
color schemes present in the uranium-bearing sandstones (Fig. 22) are
probably caused by either diagenesis or later groundwater movements.

While the processes that deposited the uranium ore are the same
for the Westwater Canyon and Poison Canyon ore bodies, there may be a
slight differcnce between them. Using the following observations as

cvidearee, thore ix oo diMference:
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1. the lower grade of the Poison Canyon ore
9 the more massive occurrence of the Poison Canyon ore
: e not as well indurated by

ore

Y. onho Polson Lanyon

Westwater Canyon OT€

G Cemenc

4. the Poison Canyon sandstone 1s significantly lacking
in organic detritus such as trees, bones, and trash

meve abundant in the Poison fanyon sandstone

Lands arouna e ore pods, 80 Ccommon in the

Westwater Canvon, are rare in the Poison Canyon ore

[3 i

Putting these observations together, either:

1. the Poison Canvon ore 1s primary ore that has travelled a
great distance before being deposited. This would account
for the lack of organic detritus (humic acid source) in
the near vicinity of the ore

or

2. the Poison Canyon ore is secondary ore derived from the
remobilization of primary ore. This is not to say Sec—
ondary ore according to Squyres (1970) (primary ore that
has been redistributed by seepage along faults) but pri-
mary ore that has moved down the fluid gradient. If several
ore bodies were remobilized along the same candstone hori-
zon they might have these characteristics:

a. be redeposited as extensilve, massive sheets
bh. have a lower U O8 content, due to diffusion
¢. the cement Wouid be more dispersed and less
concentrated
These characteristics fit the Poison Canyon ore well, when
compared to the Westwater Canyon ore.

Therefore, the Poison Canyon ore in the Johnny M Mine is a secondary
ore not associated with seepage along fault planes.

In summary, the factors controlling the time and location of
concentration of uranium and other ore elements are the presence of
the necessary humic acids derived from decaying plant matter, and the
deposition of a uranium—rich air-fall tuff or ash. While humic acids
would probably be present during most of the history of the sediment
deposition, uranium and associated ore elements would be present in

the waters on an irregular basis, due to the sporadic nature of air-
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located between sznds that are ore-bearing: there was no uranium pre-

sy ioem when the barren sands were deposited. Whil

0

sent in L

given for the interval between the deposition

no absolute

formation of the ore, the author

thinks that ically rapid.
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CORNCLUSIONS

The 6@ 10y Ol fust ons of Dhois paney are as follows:

1. The uranium deposits in the Morrison Formation of the
Grants Uranium Region formed during deposition of the
host rocks.

2. The carbonaceous matter intimately associated with the
uranium ore was originally humic material derived from
the leaching of plant material occurring in the fluvial
environment. The uraniferous humates subsequently floce-
ulated and forwed gel-like masses distributed by ground-
water inte the variocus shapes we see today in the mine
exposures.

3. In the Grants Uranium Region, the uranium and associated
ore elements were derived from volcanic ash contemp-
oraneously deposited with the sediments. The ash also
helped to maintain an alkaline pH in the water, facil-
itating the leaching and transport of humic substances.

4, Accumulation of vranium and the other ore elements took
place while the humic acids were migrating in the
aqueous solution. Uranium was removed from solution
by absorption and ultimately fixed by a cation-exchange
process and reduction on the organic matter. Vanadium
was probably reduced directly by the organic matter
and then absorbed onto the humic acids by a cation-
exchange process similar to the one used for the uranium
ions.

5. Bacterially generated H,5, which aided precipitation
of uranium and vanadium, was instrumental as an effective
precipitant of molybdenum, arsenic, and selenium,.

6. The uranium occurs chiefly in the form of an uranium-
bearing humate complex, and not as the mineral coffinite.

7. Ore formation was completed during Jurassic time. The
subsequent deep burial, coalification, and faulting of
the ore bodies were later processes unrelated to primary
ore deposition.

8. The ore bodies are localized in paleostream channel
systems, thus accounting for the linear aspect of the
ore bodies.




Jtowitdioen Lo bust sediments were
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deposited consisted of a network of aggrading braided
' Canyon sandstone) and meandering

O =SAnds b

flowing in

10. i f "5 controlling the location and time of

CUAYLE i T

cencrate the uranium and other ore elements.
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Chemical analvsis for this paper was done at New Mexico Tech via

F—rav cepnes meihods, wsing a Horeleo analyzer and a tungsten
fube. 441 Lie sompivs were ground to 200 mesh, using a small ball mill.

To attain the required fineness, the samples were ground for at least
10 minutes. The resul ting fine powder was then coned and quartered, and
approximately one gram of the sample was made into a pellet by the fol-
lowing methods:

1. The sample was pressed into a thin wafer using the
peller—-malking apparatus.

2. 13 drops of cement (0.01 gms/ml Butvar 76 in dichlo-
roethane) wus then added to the sample.

3. When the cement dried, boric acid (solid) was added
to form the backing of the pellet.

o~

The pellet was then compressed under 7 tons pressure
for 5 seconds and released. The pellet was allowed
to dry again.

5. The pellet was then compressed under 15 tons pressure
For 5 seconds and released. Again the pellet was
allowed to dry.
6. The pellet was then compressed under Z0 tons pressure
for % seconds and removed. Only the pellets that had
an absolutely smooth surface were used for analyses.
Each sample was run two times for each element to be determined.
Fach run consisted of a measurement of the characteristic radiation of
0 . .
the element, and a measurement of the background 1 on either side of
the characteristic line. Instrument counting times varied from 10
seconds to 60 seconds, depending on the concentration and sensitivity

e

of the element under investigation. The results were compared to either
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Ottawa sand. M1 ihe date sccumulated were analyzed using a data re-

culator. AllL
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analyses and programni were done by the author.
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Ul UAL ANALYSIS
W L dsivnor Lo ordey of uranium 7
Sample el Cu (ppm)  Sek Ask Moz V%
1460~ . ‘ e LA LO1E L0673 52
p 800~3 L W 0% L0506 G273 073 35
800~-2 5.76 40 77 .037 .017 .060 .68
800-3 5.71 .86 105 0.000 .022 063 A4
3002 3.70 . 74 87 A4 .017 .057 1.38
1200-1 5,40 26 95 .02 .013 .054 .34
300-2 4,97 i.00 77 1.24 .0l .053 1.22
300-3 4,10 96 220 .013 011 .052 .36
800~-3 4,05 1.19 64 .01l4 .023 .09 1.04
1400~1 3.90 1.17 95 .008 .01 .031 .32
1200-1 2.060 1.80 141 .058 .006 027 .54
800-3 2,02 1.82 141 .002 070 .08 .31
1100~1 1.82 2.70 67 .30 .007 .027 .78
800-3 0.22 5. 24 16 .012 .00 .005 .16
5 1200-1 0.04 1.9¢ 120 .009 .011 .027 .11
%é 800-3 0.01 7.3 65 .00 .00 .00 .07
L 800-2 0.00 7.0 65 .00 .00 .00 .04
'f 1400-2 0.00 6.5 55 .00 .00 .00 .05
Westwater Canyon claystones
Sample ux Tel Cu (ppm)  Sez As% MoZ vz
Red Gall 0.00 10.9 1.0 0.00 0.00 0.00 .35
led Gall 0.00 11.7 1.10 0.00 0.00 0.00 .11
Red Gall 0.00 8.6 1.0 0.00 0.00 .00 .16
Green Gall 0.10 4.1 1.0 0.06 0.002 6.0l .18
Green Gall 0.00 3.1 1.0 0.02 0.00 0.00 .14
Westwater Canyon sandstone - samples 100' (33 m) from known ore
Sample U7 Fel Cu (ppm)  SeZ As? Mo% \4
409 V.D. 0.00 1.6 0.90 0.00 0.00 0.00 .05
409 V.D. 0.00 2.1 1.00 0.00 0.00 0.00 .03



tat,
e

bbb

14001
8003

Sample

008-3
01l6-1
0l6-1
008-1
01E8-4
016-3
018-2
008-7
008-2
008-4
008-6
008-9

Sample

K Shale

K Shale

Brushy
Basin

Samples

Blue
Green

Poison Canv

an sandstones in order of uranium 7

£)

Sel

YN
L0be

04z

AsY

o
LOG2

L0035

uz rel. Cu (ppm)  Sek As%
3.8 .50 87 .005 .01
1.3 2.77 25 013 .005
1.03 4.61 135 .00 .003
L9 7 3.7 35 .00 .003
77 3.75 78 .00 .001
L 74 2.81 20 014 . 005
.68 2.08 32 .00 .00
A8 43 27 .00 .001
.33 2. 11 130 .00 .00
. 16 3.00 352 .00 .00
.05 .15 42 .00 .00
-00 1.13 53 .00 .00
Claystones bounding the Poison Canyon sandstone
uz Fek Cu_(ppm)  SeZ AsZ
0.00 3.66 1.00 0.00 0.00
0.00 3.44 1.00 0.00 0.00
0.00 3.37 1.00 0.001 0.012
0.00 3.84 1.00 0.000 0.007
Ilsemanite (Molybdenum oxide) samples
U7 Tel Cu (ppm)  Sei Asi
.005 .26 1076 .27 .016
.00 11 2114 .10 .015

Mok

L
.08

Mo%

04
013
016
.013
.01
.004
.009
.008
.00
.QC
.00
.00

0.00
0.00
0.00
0.00

A
.23
L4l
.32
.14
.15
.14
.08
.13
L1z
.21
.06

Vi
.29
.08



JENDIX C

Methodology of Thin-section Analysis

analysed during this study were prepared at New

The thin-se:
Mexico Tech. The sampies to be cut were first impregnated with epoxy
and allowed to dry for 24 hours. The epoxy acted as a binder since the
samples were friable. Twenty-seven thin-sections were made; 11 of these
were stained with zodiumeobaltnitrate in order to help the writer opti-
cally differentiate orthoclase from quartz.

The thin-sections were analysed on a Zeiss microscope supplied by
the Geoscience Department. To determine the percentage of detrital
minerals, a minimum of 650 point counts per slide were taken using an
automatic point counter. Pictures of certain textural features in
selected thin-sections were taken by the writer using an Olympus camera
and optics.

The comparison chart for sorting and sorting classes (Folk, 1968,
p. 102) was used to visually estimate the degree of sorting and Phi
Standard Deviation in the thin-sections analysed. Degree of roundness
was visually estimated using a chart for visual estimation of roundness
and sphericity (Krumbein and Sloss, 1955). The size of detrital grains

was determined by comparing the long dimension of the grain with the

known diameter of the field of view under the magnification being used.
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