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IDENTIFICATION

Deposits of this type consist of disseminations and veins
of uraninite/pitchblende in volcanic rocks that are com-
monly felsic and subalkaline to peralkaline felsic in
composition, but some potassic alkaline mafic to inter-
mediate rocks also host uranium occurrences. The vol-
canic rocks are formed mainly in late- or postorogenic
settings and continental extensional tectonic environ-
ments. They occur in all voleanic lithofacies, from proxi-
mal to distal in setting, including volcaniclastic
sediments. Molybdenum, flourine, thorium, rare-earth
elements, and lead-zinc, are commonly enriched in the
deposits and may be of economic importance.

The best examples in Canada are the trachyte-hosted
Rexspar deposit in British Columbia and the rhyolite-
hosted Michelin deposit in Labrador (Fig. 12-1). The
important foreign examples include the ignimbrite-hosted
Sierra Pena Blanca deposits in Mexico, rhyolite-hosted
Pleutajokk deposit in Sweden, Anderson deposit in moat
sediments in southwestern United States, and deposits
in a collapsed caldera complex in the Streltsov region in
eastern Russia.

Felsic volcano-plutonic complexes also host genetically
related, uraniferous polymetallic deposits characterized by
abundant iron oxides that form the matrix of breccias,
e.g. the giant Olympic Dam deposit in South Australia and
the Sue-Dianne deposit in the Northwest Territories. These
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are treated separately under the Kiruna/Olympic Dam-
type deposits (see Type 22), which include deposits that
contain little or no uranium.

IMPORTANCE

In Canada, mineable deposits of the volcanic-associated
type account for less than 1% of the uranium resources in
the ‘reasonably assured’ category. At present in the western
world, they probably account for less than 5% of the
‘reasonably assured’ resources. However, in the Russian
Republic and China they represent a significant proportion
of the uranium resources.

No uranium has yet been produced from the Canadian
deposits of this type, unless the U-Ag-Cu-Co-Ni veins
(described as “Arsenide vein uranium-silver”, subtype 14.2)
of mined out deposits in the Great Bear Lake area in
Northwest Territories are included. These veins are hosted
by volcanic and volcaniclastic rocks, but are much younger
(isotopic ages of 1870-1840 Ma for the host rocks versus
1775-1500 Ma for the veins), and hence apparently have no
direct genetic relation to those discussed here.

SIZE AND GRADE OF DEPOSIT

The Michelin deposit in Labrador contains about 7000 t U
at an average grade of 0.1% U. Several smaller deposits
oceur in this volcanic district, and together they contain an
additional uranium resource of comparable magnitude.
The Rexspar deposit in British Columbia contains about
700 t at an average grade of 0.077% U.

Foreign deposits commonly range between 500 and
10 000 t of contained uranium in ores grading from 0.04 to
4% U (Cox and Singer, 1986, p. 162-164). The Anderson
deposit in U.S.A. contains 20 000 t. A cluster of deposits in
the Streltsov district in the Russian Republic contains as
much as 100 000 t of uranium.
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GEOLOGICAL FEATURES
Geological setting

The deposits are associated with felsic volcanic complexes
that developed in late- and postorogenic settings and
extensional tectonic environments. Their local settings are
varied: calderas, lava and ash flow fields, taphrogenic volcanic-
sedimentary basins, domes, and breccias (including diatremes).

The deposits in Labrador and Sweden are hosted by
areally extensive sequences of flows, tuffs, and volcani-
clastic sediments that developed during the late- and post-
tectonic stages of the Makkovikian-Svecofennian orogeny
1900-1700 Ma (Gandhi, 1978, 1986; Lindroos and Smellie,
1979; Gustafsson, 1981; Halenius et al., 1986; Schéarer
et al., 1988). A number of uranium occurrences are also
found in felsic volcanic rocks of the Great Bear magmatic
zone, which was developed on the west side of the Wopmay
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Figure 12-1. Volcanic-associated uranium deposits and main occurrences/districts in Canada.

Deposits: 1 —Michelin, Labrador; 2- Rexspar, British Columbia; 3 —Eldorado, Great Bear Lake area, Northwest
Territories (U-Ag-Cu-Co-Ni-As-bearing veins hosted by volcanic rocks but genetically unrelated to them).
Occurrences/districts: 4 — Mount Pleasant, New Brunswick (Curtis, 1981); 5 — Lower Dubawnt Group
volcanic rocks, Baker Lake area, Northwest Territories (Curtis, 1981; Miller and LeCheminant, 1985;
LeCheminant et al., 1987); 6 — UGI-DV, Devries Lake, Northwest Territories (Gandhi and Prasad, 1993);
7 — Nokluit, Yukon Territory (Bell, 1985); 8 — Marron volcanic rocks, British Columbia (Bell, 1985).
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orogen 30 to 60 million years after the peak of the orogeny
about 1900 Ma (Hoffman, 1980; Hildebrand et al., 1987).
Most of these are vein-type and much younger than the host
rocks, but a few at DeVries Lake are of disseminated type
such as the Michelin deposit, and are approximately of the
same age as the host rocks (Miller, 1982; Gandhi and
Prasad, 1993). Another Canadian uranium district, about
1840 Ma in age, is the intracratonic extensional Baker Lake
basin in Northwest Territories which contains an areally
extensive and voluminous assemblage of subaerial potassic
to ultrapotassic trachyandesite and trachyte flows, related
bostonite and other intrusions, continental clastic sediments,
and a 1760 Ma, high silica, fluorinerich, rhyolite-granite
assemblage (Miller, 1980; Miller and LeCheminant, 1985;
Miller et al., 1986; LeCheminant et al., 1987). Syngenetic
U-Th mineralization occurs in bostonite dykes, which

represent a highly fractionated phase of alkalic potassic
magma, and epigenetic uranium and uranium-polymetallic
(Cu+Pb+ZntAutAg+SetMo) occurrences are associated
with the mafic to intermediate volcanic rocks. Anomalous
radioactivity is also noted in a high silica, topaz-bearing
rhyolite.

The Rexspar deposit occurs in an areally restricted
voleanic centre in Paleozoic rocks of the Canadian Cordillera
(Preto, 1978; Morton et al., 1978). This deposit and those
in the Labrador district have been affected by postminer-
alization deformation that has imparted schistosity to their
host sequences. A collapsed caldera of Jurassic age, developed
at the margin of a Paleozoic granitic dome, hosts deposits in the
Streltsov district, eastern Russia (Ruzicka, 1992). Another
Paleozoic uranium district is in northern Italy, where the Permo-
Carboniferous Collio basin or half-graben, has abundant
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Figure 12-2. Diagram of felsic volcanic-associated uranium deposits in relation to magmatic source, mixing
of magmatic fluids and meteoric waters, and temperature of mineralizing solutions.
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felsic volcanic rocks which host stratabound and fracture-
controlled polymetallic uranium deposits (Cadel, 1986;
Cadel et al., 1987; Fuchs, 1989). In southeast China,
numerous epigenetic uranium occurrences are hosted by
rhyolites and granites that were formed at late stages of
subduction of the Pacific plate under mainland China
during Jurassic-early Cretaceous time (Xu, 1990). The
uranium mineralization is believed to have occurred during
the extensional tectonic stage that followed the end of
subduction, and the mineralizing solutions may have been
derived from deep crustal anatexis (Chen and Fang, 1985;
Yao et al., 1989).

The Anderson deposit in organic-rich tuffaceous shales,
and other felsic volcanic-associated deposits in the south-
western U.S.A. (e.g., those in the McDermitt caldera), and
the ignimbrite-hosted Pena Blanca deposits in Mexico, are
in the extensional Basin and Range Province-Rio Grande
Rift Zone of Tertiary age (Sherborne et al., 1979; Rytuba
and Glazman, 1979; Cardenas-Flores, 1985; Dayvault
et al., 1985; Goodell, 1985; Wenrich, 1985). Quaternary
volcaniclastic rocks and vitric tuffs of the potassic volcanic
Roman Province, controlled by a graben structure, contain
exhalative-supergene concentrations of uranium, thorium,
and iron (Locardi and Mittemperger, 1971).

Age of host rocks and mineralization

For this type of uranium deposits in general, the host rocks
range in age from early Proterozoic to Cenozoic. No
Archean examples have been documented to date.

The mineralization may be synvolcanic in the case of
magmatic-hydrothermal deposits in volcanic vents and
proximal exhalative settings, or it may be epigenetic result-
ing from the action of circulating heated meteoric waters,
and/or by groundwaters during weathering processes. The
epigenetic mineralization ranges in age from close to that
of the host rocks to significantly younger. It may occur
anywhere in the volcanic region, but appears to be more
important in the distal facies.

Most of the deposits in the Labrador uranium district
have yielded isotopic ages in the range 1800-1750 Ma, and
their felsic volcanic host rocks, which dominate the bimodal
upper part of the Aillik Group, are between 1860 and
1805 Ma (Gandhi, 1978, 1986; Schirer et al.,, 1988). In
Sweden, the Pleutajokk and other deposits in its vicinity,
and their host rocks are essentially coeval with those in
Labrador (Gustafsson, 1981; Hélenius et al., 1986). They
arein an early Proterozoic terrane which was conterminous
with Greenland and Labrador prior to the birth of Atlantic
Ocean (Gower et al., 1990, Gower, 1992; Gandhi and Bell,
1993). Some younger occurrences are also found in this
terrane, a notable one being the Duobblon deposit in about
1725 Ma ignimbrite in northern Sweden (Lindroos and
Smellie, 1979). Fracture-controlled occurrences in the
Baker Lake basin have yielded discordant pitchblende ages
between 1800 and 1700 Ma (Miller and LeCheminant,
1985). The Rexspar deposit is Paleozoic, and no younger
than Permian (Morton et al., 1978; Bell, 1985). Most of the
other foreign examples are Phanerozoic, as mentioned
above.
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Associated structure

Block faulting, breccia development, weak to moderately
intensive folding and shearing related to volcanic activity,
and late tectonic structural adjustments are common prior
to, during, and after mineralization. No major orogenic
deformation, however, occurred immediately before or after
the mineralization.

Relation of ore to host rocks

Ore zones are stratabound away from the volcanic vent, as
in the case of the Michelin and Rexspar deposits, as well as
the foreign deposits in lava and ash flow fields mentioned
above. In proximal deposits, ore zones are primarily discor-
dant veins, although breccia fillings and disseminations
also occur.

The Michelin deposit is hosted by rhyolitic, nonwelded
ash-flow and air-fall crystal tuffs, which are about 250 m
thick, have a strike length of more than 4 km, and dip 55°
to the south-southeast. The host rocks are part of the much
thicker and extensive, rhyolite-dominated, upper Aillik
Group, deposited about 1860 Ma and deformed during the
Makkovikian ‘orogeny’ about 1800 Ma (Gandhi, 1978, 1986;
Bailey, 1979; Scharer et al., 1988). They are layered, and
the layering is defined by abrupt textural changes across
strike from coarse feldspar-porphyritic to subporphyritic
(with relatively smaller and less abundant phenocrysts) to
nonporphyritic rhyolites. The mineralized zones are as
much as a few metres thick and several hundred metres
long, and are concordant with the layering in the host
sequence. Four main mineralized zones and a few subsidi-
ary zones occur in, but are not restricted to, coarse feldspar
porphyritic units within the 40 m thick lower part of the
host crystal tuffs, and within a strike length of 1 km. The
host rocks are variably foliated and sheared, and the
mineralization predates at least the final stages of defor-
mation. A number of other smaller occurrences similar to
the Michelin deposit occur in the Aillik Group (Gandhi,
1978, 1986).

The Rexspar mineralized zones occur in metamor-
phosed potassium-rich, feldspar-porphyritic trachyte and
tuff units, whose stratigraphic tops are not known with
certainty, although they are most likely overturned (Bell,
1985). The three main mineralized zones are widely sepa-
rated, and occur in pyritic, tuffaceous, argillaceous lenses
containing pyroclastic fragments. Mid-Mesozoic deforma-
tion has rendered the host rocks schistose. The mineralized
zones are as much as 20 m thick and 200 m long, and dip
less than 30°.

Form of deposits

The stratabound disseminated-type deposits are lenticular
to tabular. Discordant veins and fracture-fillings are com-
mon in volcanic vents and proximal deposits. They also
occur in the districts that contain stratabound deposits, but
are relatively subordinate in importance; they may be
primary fracture fillings or may have resulted from
remobilization of uranium during geological events post-
dating the primary mineralization.
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Ore composition

The ores may be either compositionally simple or complex.
The Michelin deposit is of simple type, and contains only
traces of other elements. Some complex deposits with high
Th/U ratios include significant amounts of other elements,
in particular REEs, Mo, F, Pb, and Zn, as in the Rexspar
deposit. In some cases proximal vein deposits with low
Th/U ratios also contain significant amounts of Mo, F, Pb,
and Zn.

Alteration

Hematitization, carbonatization, and albitization are com-
mon. Hematitization is distinctive in the Michelin ore, but
not in the sulphide-rich ore of the Rexspar deposit. Hema-
tite occurs as very fine grains or interstitial films in the
Michelin ore, but does not represent a significant addition
ofiron to the host rock. Magnetite and ilmeno-magnetite in
the rhyolitic host rock have been hematitized to a variable
degree.

Carbonatization is reflected in widely distributed
calcite in and around ore zones as interstitial grains,
fracture-coatings, and veins. Pink calcite is typical of the
uranium deposits. Purple fluorite is a common associate of
the calcite.

Albitization of the host rock is an important feature of
many of these deposits. It is strongly developed at the
Michelin deposit, where mineralized rhyolites contain 7%
to 11% NayO and less than 0.5% KyO, in contrast to the
unmineralized rhyolites which contain 4% to 6% NayO and
5% to 7% Ks0. The strongly metasomatized rocks also
show, in addition to alkali exchange and alkali enrichment,
some desilication (White and Martin, 1980). In the Rexspar
deposit, some albite-rich rocks have been noted, but albiti-
zation is apparently not extensive.

Mineralogy

Uranium occurs mainly as pitchblende, and to a lesser
extent as coffinite in the thorium-poor occurrences, such as
the Michelin deposit and many high grade veins and dis-
seminated deposits. In the thorium-rich Rexspar deposit
and the Nokluit occurrence in Yukon Territory (Fig. 12-1),
the dominant uranium minerals are uraninite, uranoan
thorite, and uranothorite (Bell, 1985).

Associated minerals at the Michelin deposit are nearly
pure albite (99% Ab), sodic pyroxene, sodic amphibole,
zircon, sphene, calcite, and fluorite (Gandhi, 1978, 1986).
In the Rexspar deposit, a great variety of minerals are
present: pyrite, flucrophlogopite, apatite, fluorite, celestite,
galena, sphalerite, molybdenite, scheelite, siderite, calcite,
barite, quartz, albitic plagioclase, bastnaesite, and mona-
zite (Preto, 1978). Fluorite, celestite, and rare-earth ele-
ments are abundant enough to be of economic interest.

Texture

Uranium-bearing minerals are commonly finely dissemi-
nated. In the Michelin deposit, they occur as grains less
than 10 um in diameter that are interstitial to other min-
erals, as inclusions in sphene and in mafic silicate miner-
als, and as small aggregates with mafic silicate grains,

zircon, and sphene. In the Rexspar deposit, uranium-bearing
minerals are tiny, discrete grains, from less than a
micrometre to a few tens of micrometres in diameter, and
commonly occur as inclusions in fluorphlogopite.

DEFINITIVE CHARACTERISTICS

1. The host rocks are commonly felsic volcanic and associ-
ated clastic sediments of post-Archean age.

2. Thehost rocks were deposited in an extensional tectonic
environment, during late- and post-tectonic stages in
orogenic zones or in continental anorogenic settings.

3. The hosting volcanic suites are generally felsic domi-
nated or bimodal, are meta- or peraluminous, and have
a mildly to highly alkaline character.

4. Fluorine and molybdenum are commonly associated
with uranium.

5. Hematitization, carbonatization, and albitization of the
host rocks are associated features of the deposits.

GENETIC MODEL

Two stages are involved in the model:

a) an initial enrichment of uranium in the felsic magma
source, and

b) a later concentration of the metal at the deposit site,
during and after extrusion of the felsic magma, by
magmatic hydrothermal fluids and/or meteoric waters
circulating through the volcanic pile.

The main debate is whether or not the primary mag-
matic enrichment in uranium and associated incompatible
elements is of deep-seated mantle origin (Locardi, 1985;
Treuil, 1985) or of metamorphic and anatectic origin from
the middle or lower regions of a thick sialic crust (Chen and
Fang, 1985). Adherents to both schools of thought agree
that a dilational (viz., taphrogenic) geological regime is
important regionally in the formation of volcanogenic ura-
nium deposits, and that the volcanic rocks are enriched in
uranium substantially above normal crustal levels.

An important dilatant geological regime is that of the
rising metamorphic core complex, e.g. the Basin and Range
Province in the southwestern U.S.A. and its extension in
the Rio Grande Rift (Wenrich, 1985), and the Shuswap
terrane in British Columbia (Bell, 1985). Rise of the com-
plexes allow for a regional structural ground preparation
through progressive mylonitization, development of
detachment zones, listric faults, brittle deformation, and
brecciation. These are coupled with intrusion of deep-
seated alkali-rich melts, possibly mantle-derived, with or
without underplating and delamination as visualized by
Wyborn et al. (1987) and Wyborn (1988). The surface
expressions of the phenomenon are fault-bounded, terres-
trial clastic-volcanic basins.

A lower crustal derivation of the felsic magma is
favoured here, but it is possible that this felsic magma is
derived by remelting of previously underplated igneous
bodies in the manner visualized by Wyborn et al. (1987)
and Wyborn (1988). The silicate melts and the accompany-
ing hydrous fluids were enriched in the incompatible
elements through partial melting of the source rocks. Fur-
ther enrichment occurred through differentiation during
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crustal residence and during ascent of the magma.
Although this process is considered adequate by most work-
ers, input of additional uranium in these melts and fluids
by mixing with meteoric waters is suggested by Chen and
Fang (1985) in their “double mixing” model. This model
involves deep circulation of oxygenated uraniferous mete-
oric waters in volcanic terranes.

The concentration of uranium at the deposit site may
be brought about by magmatic hydrothermal fluids, or
oxidized meteoric waters near surface or at shallow depths,
with or without direct input of the metal from magmatic
fluids. The volcanic-associated uranium deposits vary con-
siderably in their characters, reflecting a variety of mecha-
nisms for uranium transport and deposition in the complex
volcanic-hypabyssal environment (Fig. 12-2). Some fea-
tures suggest relatively higher temperatures of deposition,
e.g. intense soda metasomatism at the Michelin deposit
(Gandhi, 1978, 1986; White and Martin, 1980); other fea-
tures, e.g., fluid inclusions and metal associations, indicate
boiling off of volatiles, as in the case of the Rexspar deposit
(Morton et al., 1978; Preto, 1978; Bell, 1985), and of the
Moonlight mine in the McDermitt caldera complex in the
southwestern U.S.A. (Rytuba and Glazman, 1979).
Posteffusive, circulating oxidized meteoric waters may, if
the voleanic heat supply persists, leach uranium from
devitrifying glass (Zielinski, 1985) and from zones miner-
alized by magmatic fluids, and deposit it at favourable sites
within the volcanic pile or in nearby sedimentary basins or
lakes where reducing conditions are encountered. White
and Martin (1980) and Gower et al. (1982) proposed such
convection cells for the deposits in Labrador, and Marten
(1977) and Evans (1980) suggested similar processes, but
with mineralizing solutions of metamorphic and meteoric
origin respectively, without input from a magmatic source,
and with deposition controlled by permeable shear zones
produced by premineralization deformation. Gandhi (1986)
has, however, emphasized features indicating predeforma-
tion mineralization, and the role of a magmatic source at
depth in generation of mineralizing solutions. In addition
to synvolcanic hydrothermal mineralization, subaerial vol-
canism may contribute uraniferous tuffaceous sediments to
the sedimentary basins in, or adjacent to, the volcanic field,
and uranium from them may be concentrated during sedi-
mentation and diagenesis. Examples of deposits formed by
surface and groundwater transport of uranium in the vol-
caniclastic sedimentary environment are several occur-
rences in the tuffaceous beds in the upper part of the Aillik
Group (Gandhi, 1978, 1986) and the Anderson deposit in
organic-rich tuffaceous shales (Sherborne et al., 1979).

An interesting aspect of most felsic volcanic-associated
uranium deposits is that they are in distinctly bimodal or felsic
igneous suites that are late- and postorogenic and anoro-
genic, rather than in classical andesite-dominated volcanic
suites associated with continental margin orogenies.

RELATED DEPOSIT TYPES

The upper Aillik Group underlies an area more than
130 km by 40 km and hosts, in addition to a number of
volcanic-associated uranium occurrences which resemble
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the Michelin deposit, a few cogenetic molybdenite-pyrite-
fluorite occurrences. The largest molybdenite deposit in the
district is the Cape Makkovik deposit, and this contains
mainly stratabound disseminated mineralization in a
granulated and sheared zone (Gandhi, 1978, 1986). Veins
carrying these minerals, with or without pitchblende,
galena, and sphalerite, occur elsewhere in the Aillik Group
in the vicinity of granite intrusions and hence are regarded
as granite-related. The lower Aillik Group includes some
argillaceous-mafic tuffaceous beds near the base of its
rhyolite-dominated upper part, and these beds host dis-
seminated and associated vein-type uranium occurrences,
of which the best known is the Kitts deposit in pyrrhotite-
rich graphitic argillite (Gandhi, 1978, 1986).

The boundaries of the host volcanic rocks with related
plutonic suites, and with associated volcaniclastic sedi-
ments, which in some cases host uranium deposits (e.g., the
tuffaceous sediments of caldera-fill at the Anderson mine,
U.S.A), are for the most part ill-defined and arbitrary. It
is apparent, however, that the volcanic-associated uranium
deposits encompass a wide spectrum of volcano-plutonic
environments. They are most closely related to the conti-
nental sandstone-type deposits, and indeed many workers
have regarded felsic volecanic rocks as a fertile source of
uranium in the sandstone-type deposits, insofaras they are
among the most uraniferous rocks and are associated with
sandstones in many places. Among other related deposits
are precious metal-bearing veins in caldera complexes,
which contain little or no uranium. The granite-related
polymetallic deposits, particularly those carrying uranium,
appear in many cases to be deep-seated equivalents of the
felsic volcanic-associated uranium deposits, e.g., the Mount
Pleasant Bi-Mo-Sn-W deposits in New Brunswick (Curtis,
1981).

Within the felsic volcanic domain, the deposit classifica-
tion by type seems somewhat arbitrary. Thus felsic volcanic-
hosted uranium deposits have been separated from
Kiruna/Olympic Dam-type deposits, although a broader
category of deposits genetically related to felsic volcano-
plutonic complexes would include both. Furthermore, the
polymetallic veins of the Great Bear Lake area, although
they are hosted by volcanic rocks, are distinguished on
the basis of isotopic age constraints. These ages call for
a genetic model different from that for the volcanic-
associated deposits.

EXPLORATION GUIDES

Terranes of profuse post-Archean felsic volcanic rocks are
favourable for volcanic-associated uranium deposits. Of
particular interest are those that developed in continental,
extensional tectonic environments. Such felsic or bimodal
(basalt-rhyolite) suites were apparently deposited during
the interval 2000 to 1500 Ma over large parts of the
Canadian, Baltic, and Australian shields. Detailed strati-
graphic mapping of felsic volcanic sequences will be helpful
in the recognition of favourable horizons for stratabound
deposits, and of the vent facies favourable for discordant
deposits. Alkali metasomatism is a useful guide as it
extends for large areas surrounding the deposits.
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