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Uranium Ore in the Mariano Lake-
Lake Valley Cores and the Genesis of
Coffinite in the Grants Uranium Region,

New Mexico

By Paula L. Hansley

Abstract

Petrographic and geochemical research on uranium-
bearing sandstones in the Upper jurassic Morrison Formation
in the Grants uranium region, northwestern New Mexico, in-
dicate that compactional fluids, which migrated from fine-
grained fluvial and lacustrine units into adjacent sandstone in-
tervals during early diagenesis, were instrumental in primary
ore formation. These pore fluids carried uranium and other
elements derived from the alteration of abundant volcanic
material in the Brushy Basin Member of the Morrison Forma-
tion. Where these fluids reacted with concentrations of organic
matter in sandstones of the Westwater Canyon Member,
uranium was adsorbed, reduced, and concentrated into
primary ore deposits.

Primary (carbonaceous) ore has undergone a significant
amount of diagenesis due to the bacterial and thermal matura-
tion of amorphous organic matter. Progressive diagenesis
decreased the organic carbon:uranium ratio in primary ore,
transforming it to various mixtures of microbotryoidal ore and
coffinite. Coffinite formed where silica activity was high due
to dissolution of aluminosilicate minerals by organic-acid-
bearing solutions. Organic acids were responsible for a wide
variety of water-rock reactions, which were catalyzed by a
warm (at least 100°C) deep-basin fluid that migrated updip
through permeable ore-bearing sandstones in the mid-Tertiary.
Regularly interstratified illite-smectite, chlorite, adularia, quartz,
and ankerite precipitated at this time. From the late Tertiary
to the present(?) time, downdip migration of meteoric waters
from outcrops along the southern margin of the San Juan basin
caused widespread oxidation of organic matter and redistribu-
tion of uranium into orebodies along a regional oxidation-
reduction front.

Recognition that diagenesis can transform organic-rich ore
into organic-poor ore and that organic acids may facilitate Jow-
temperature formation of coffinite has important implications
for interpreting the genesis of sediment-hosted ore deposits.
Many organic-poor uranium deposits in the Westwater Canyon
Member of the Morrison Formation in the Grants uranium
region and in the Salt Wash Member of the Morrison Forma-
tion on the northern part of the Colorado Plateau may have
formerly been organic-rich (primary) ore.

INTRODUCTION

In the Grants uranium region of the southern San
Juan basin, the Upper Jurassic Morrison Formation con-
tains some of the World’s largest known sedimentary

uranium deposits (fig. 1). Despite intense interest in this
region during the uranium boom of the 1950s and again
during a flurry of mining activity in the 1970s, the genesis
of these deposits is still not clearly understood. Two
genetic types of uranium ore traditionally are recognized
in the Grants uranium region: primary (pre-fault) and
secondary (post-fault or redistributed) ore (Granger and
others, 1961). Primary ore occurs as a matrix that is com-
monly a 1:1 mixture of carbonaceous material and
uranium in bulk samples (Leventhal, 1980). Most
uranium is present as cryptocrystalline coffinite, although
some may reside in uranium-organic complexes. Uranium
was probably derived from the hydrolysis of abundant
volcanic glass during early diagenesis (Waters and
Granger, 1953). Blanket-like bodies of primary ore as
much as 1000 m long and 5 m thick are suspended in
sandstone units without apparent relation to tectonic
structures. Many orebodies are oriented with long axes
parallel to current directions in fluvial channels. Kirk and
Condon (1986) noted that ore tends to occur in thickened
sandstone intervals that are related to syndepositional
growth faults.

Radiometric age determinations (U/Pb) indicate
that primary ore was deposited in Late Jurassic to Early
Cretaceous time (Ludwig and others, 1984). This time
span leaves room for debate as to the nature of ore-
forming processes, particularly the origin of the epigenetic
noncellular organic material (amorphous organic
material) that served as a concentrating agent for
uranium. Most agree that the organic material was
epigenetic, although some models promote an extrinsic
origin, and others an intrinsic origin (Granger, 1968).

Remobilization of both uranium and carbon dur-
ing an Early Cretaceous erosional interval may account
for younger (Early Cretaceous) ages on primary ore and
the roll-front features of tabular (organic-rich) ore. Ox-
idation and removal of uranium from primary deposits
and the subsequent reprecipitation of reduced uranium
at an oxidation-reduction boundary or along a Laramide

. geologic structure resulted in formation of redistributed

orebodies (Granger and others, 1961). Redistribution
more than a few hundred meters was rare (Adams and
Saucier, 1981). Radiogenic ages indicate that most
redistribution occurred in the late Tertiary (Ludwig and
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Figure 1. Map of Grants uranium region, southern San juan
uranium districts and drill holes discussed in the text.

others, 1982; Ludwig and others, 1984), although some
Pleistocene ages have been reported (Rosenberg and
Hooper, 1982), and younger ages suggest that redistribu-
tion is occurring at the present time (Ludwig and others,
1982).

A unique opportunity to examine a suite of core
samples from drill holes that transected the Grants
uranium region from Mariano Lake to Lake Valley (ML-
LV) was afforded by a drilling program designed by the
U.S. Geological Survey (Kirk and others, 1986). Within
the Grants uranium region core was recovered from eight
drill holes; four contained uranium ore (defined as >1000
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basin, northwestern New Mexico showing the locations of

ppm in this study). The detrital and authigenic petrology
of ML-LV core samples has been described previously
and will not be repeated in this report (Steele, 1984;
Hansley, 1986a, 1986b, 1986¢); and Reynolds and others,
1986). The most northern samples analyzed were from
a hole (CC-12) drilled by the U.S. Department of Energy
located just north of core 8. Ore samples were also col-
lected from various mines in the Ambrosia Lake district,
the Nose Rock deposit, and numerous barren and
mineralized cores in the Grants uranium region; the
petrology of these samples was compared with that of
ore in the ML-LV cores.



The present study was part of a multidisciplinary
effort to understand the provenance, sedimentology, clay
mineralogy, geochemistry, and geophysics of uranium
ore-bearing rocks in the Morrison Formation. The ore
mineralogy was characterized using modern techniques
such as the scanning electron microscope and the elec-
tron microprobe. (The fine-grained nature of the ore and
the intimate mixture of uranium with organic material
have precluded its characterization in the past). Early
diagenetic alterations and primary uranium ore were
found to be related in part to depositional and diagenetic
alteration patterns in overlying units.

As a result of this investigation, a new ore type,
diagenetically altered (carbon-deficient) primary ore was
identified. Diagenetically altered ore formed during ther-
mal and bacterial maturation of primary ore. As the
amorphous organic matter in primary ore broke down
into organic acids and carbon dioxide, the primary ore
evolved from mixtures of organic matter and uranium
to mixtures of clay minerals and coffinite. At the same
time, a complex assemblage of authigenic minerals
precipitated. During the mid-Tertiary when the Morrison
Formation was most deeply buried, migration of warm
deep-basin fluids through ore-bearing units (Northrop
and Whitney, 1985) facilitated the alteration of primary
ore.

Diagenetically altered primary ore includes ore
previously described as primary and as redistributed.
Recognition that amorphous organic matter can be
broken down into soluble components during diagenesis

Sw
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has profound implications for the re-interpretation of
organic-poor sedimentary uranium deposits.

GEOLOGIC SETTING OF THE MORRISON
FORMATION IN THE SAN JUAN BASIN

The sedimentology and stratigraphy of the Mor-
rison Formation in the San Juan basin is summarized
below. For a complete discussion of the regional geology
and tectonics in the San Juan basin, see Hilpert (1969),
Kelley (1957), and Santos and Turner-Peterson (1986).
The ML-LYV drillholes lie on the Chaco slope, a homocline
formed during the Laramide uplift, that dips gently (<5°)
northward from the Zuni Mountains along the southern
edge of the San Juan basin. In this area, the Morrison
Formation is composed of three members, in ascending
order the Recapture, Westwater Canyon, and Brushy
Basin Members (fig. 2). The Morrison Formation was
deposited primarily by braided streams on a broad alluvial
floodplain during the Late Jurassic (Turner-Peterson,
1985, 1986), although Galloway (1980) interpreted the
depositional environment of the Westwater Canyon
Member to have been an alluvial fan complex deposited
by laterally migrating streams. Source areas for these
sediments lay to the west and southwest of the deposi-
tional basin in the vicinity of the ancient Mogollon
highlands (Cooley and Davidson, 1963) and possibly far-
ther to the west where continental-margin volcanism oc-
curred during the Late Jurassic (Silver and Williams,
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Figure 2. Generalized cross section of the Morrison Formation in the southwestern San juan basin, New Mexico.
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1981). Nearby positive areas such as the Defiance and
Zuni uplifts shed minor amounts of debris into the San
Juan basin.

Thinly bedded sandstone and interbedded red and
green mottled mudstone units of the Recapture Member
overlie the Middle Jurassic Todilto Limestone Member
of the Wanakah Formation in the Crownpoint area. The
Recapture was deposited primarily by low-energy
meandering streams, but some Recapture units were
formed in local sahbka, playa-lake, and eolian environ-
ments (Condon and Peterson, 1986). Sandstones in the
Recapture are typically moderately to well sorted and very
fine to fine grained.

The Westwater Canyon Member consists of moder-
ately well-sorted and fine- to coarse-grained feldspathic
litharenites and lithic arkoses which were deposited
primarily by braided streams. In general, sandstone units
in the upper part contain fewer mudstone breaks and are
coarser and more massive than sandstone units in the
lower part of the member and in the Recapture.

The Brushy Basin Member is composed of an
alluvial facies nearest the basin margin, a mudflat facies
farther into the basin, and, finally, a lacustrine (playa-
lake) facies in the center of the San Juan basin (Bell,
1986). The concentric pattern formed by these facies is
characteristic of sediments deposited in a closed saline-
alkaline lake basin (Sheppard and Gude, 1968). The
alluvial facies is predominantly smectitic sandstone and
mudstone; the mudflat facies consists of smectitic mud-
stone and claystone, and the lacustrine facies is charac-
terized by smectitic claystone interbedded with discrete
tuff beds, which have been silicified and/or altered to
zeolites.

Nonmarine deposits of the Upper Cretaceous
Dakota Sandstone unconformably overlie the Brushy
Basin Member. A regional erosion surface that represents
all or part of Early Cretaceous time truncates the Brushy
Basin Member from south to north in the southwestern
part of the San Juan basin. In places, the Dakota rests
directly on intensely kaolinitized sandstones of the West-
water Canyon Member. In Late Cretaceous to early Ter-
tiary time, tectonism associated with the Laramide
orogeny tilted the Morrison Formation, exposing it in
outcrops around the periphery of the San Juan Basin.

Uranium ore in the ML-LV cores occurs only in the
Westwater Canyon Member, although it is occasionally
found in the Brushy Basin Member in other ore deposits.
Ore-bearing zones consist of thick sandstone channels in-
terbedded with thin bentonitic mudstone overbank
deposits.

On the north-central part of the Colorado Plateau,
tabular uranium deposits are found in fluvial quartzose
sandstones of the Salt Wash Member, the oldest member
of the Morrison Formation. Major uranium deposits in
the Salt Wash Member are found in the Henry basin of
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south-central Utah and the Uravan mineral belt in eastern
Utah and western Colorado (fig. 3). Primary uranium ore
in these deposits, unlike primary ore in the Westwater
Canyon Member, is not generally associated with amor-
phous organic matter.

METHODS OF SAMPLE PREPARATION

Uranium ore samples were examined from each
Westwater Canyon Member ore zone in MV-LV cores 3,
4, 7, and 7a (fig. 4). Ore samples from various mines in
the Ambrosia Lake district and more than one hundred
samples from other mineralized and barren localities in
the Grants uranium region were also analyzed. Ore from
core CC-12 was not available.

Polished sections from all ore samples were exam-
ined in oil under direct, reflected light with a petrographic
microscope. A Cambridge 250 Mark 2 scanning electron
microscope! (SEM) with an attached energy dispersive
X-ray analyzer (EDX) was used to study textural and
paragenetic relations among ore zone phases. The EDX
system was also used for qualitative and semi-quantitative
elemental determinations. In order to study the spatial
relationships among elements and phases in ore samples,
an ARL electron microprobe was used to generate X-ray
fluorescence elemental maps. Samples were coated with
aluminum so that carbon could be detected with the
wavelength dispersive system (WDS) of the electron
microprobe. Quantitative analyses were conducted on
coffinite-bearing samples. Because of their fine-grained
nature, uranium-bearing phases in ore samples were iden-
tified by X-ray diffraction and X-ray powder camera
methods.

DESCRIPTION OF URANIUM ORE
IN THE MARIANO LAKE-LAKE VALLEY CORES

Both primary and secondary ore and a new type
of secondary ore, diagenetically altered primary ore, are
present in the Westwater Canyon Member in the ML-LV
cores. Gradations between primary and secondary ore
suggest that they are genetically related through the proc-
esses of diagenesis.

Primary Ore

In all ore zones, uranium occurs in amorphous car-
bonaceous matrix that shows no visible morphology
under the SEM. The matrix is medium-gray and has a

!Any use of trade names is for descriptive purposes only and does
not imply endorsement by the U.S. Geological Survey.



00 PLATEAU

GOLOG‘P

-\ ~URAVAN
MOABE "\ MINERAL
\ BELT
]
ESCALANTE
HENRY MCUNTAINS
MINING DISTRICT

W CORTEZ

- _ UTAH | coLorabo

ARIZONA TA NEW MEXICO

Beclabito
dome
|
|
IGALLUP GRANTS
| - URANIUM
|
|
Coy i
OR4
0 I
O pLaTEAu | BOUNDARY

Figure 3. Major areas of uranium production from the Morrison Formation on the Colorado Plateau.

Uranium Ore and Coffinite, Grants Uranium Region, New Mexico A5



Cores 1 3 4 5 6 7 7a 8 CC-12 Dakota Sandstone
17—
523N— BI'LIShy
\ Basin
E . s
T ] Member
B z
4740 ppm o
101511 -
'—
1254 <
=
2300 o«
ppm o
rl.l.
_ T . 1000 ppm z
-7 \ 3000 ppm Westwater O
,,,,, prad \ 2
262 b \ P \ Canyon _
\\ - \
\ pad \ L Member *
B813N— \\ -7 e \\ 1100 r
| ] - \ —T ppm @)
\ 1300 ppm s
666 | 9981
83T ?
2
1338
Recapture
Member
—] o — -
IV\J (HORIZONTAL DISTANCE NOT TO SCALE)
L (S|
EXPLANATION 0 METERS

—— — — Above this line Fe-Ti oxides are
strongly altered (Reynolds and others, 1986)
h Uranium ore (>1000 ppm U)

25

Figure 4. Cross section of Mariano Lake-Lake Valley cores showing locations of uranium ore zones and iron-titanium oxide

alteration zone. Datum is base of Dakota Sandstone.

low reflectivity in direct reflected light. This ore exhibits
all characteristics of primary ore (Adams and Saucier,
1981; Fishman and others, 1985; Hansley 1986a, 1986¢).
For instance, autoradiographs and fission-track maps
(fig. 5) revealed that uranium is concentrated in detrital-
grain coatings and at grain contacts and also occurs within
altered iron-titanium (Fe-Ti) oxide grains. In high-grade
deposits, ore filled primary pores (fig. 6) and corroded
detrital quartz margins causing them to fluoresce dull red
due to radiation damage (Don Marshall, Nuclide Corpo-
ration, written commun., 1978). Uranium concentrations
are highest near pyrite grains in primary ore (Hansley,
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1986a, 1986¢c; Webster, 1983). The presence of crypto-
crystalline coffinite is suggested by the close association
of uranium and silicon as seen in elemental X-ray
fluorescence maps (fig. 7) and was confirmed by weak
coffinite peaks on X-ray diffractograms. Where coffinite
does not appear on X-ray traces, crystals may be too small
to be detected. Uranium may also be present in urano-
organic complexes.

Qualitative SEM and EM energy dispersive spec-
tra showed that primary ore has a relatively high car-
bon:uranium ratio (usually >1), major but variable silicon
and minor yttrium, aluminum, titanium, iron, potassium,
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