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FHRXER (%X Geological and geochemical characteristics of REE-bearing Sin
Quyen Cu-Fe and Na Son Pb-Zn deposits, northern Vietnam
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he exploration of rare earth element (REE) resources has focused on magma-related deposits and
occurrences for a long time. It is based on the idea that REEs are transported from magma by
magmatic fluid and are enriched in the upper part or outer part of intrusive rocks. Magma-related
REE deposits are large scale and contain economic REE-bearing minerals such as fluorocarbonate
and phosphate minerals. On the other hand, metamorphism-related REE deposits and occurrences
are generally small-scale (except the Sin Quyen deposit) and contain REE-bearing minerals such as
allanite. However, in order to understand the behavior of REEs in the metamorphic environment
and to find REE resources in metamorphic terranes (look for substitutional resource for REE
despites of magma-related REE deposits), studies about REE mineralization associated with
metamorphism are necessary.  Therefore, a study of the geology and geochemistry of
allanite-bearing Sin Quyen Cu-Fe and Na Son Pb-Zn deposits in metamorphic rocks was chosen to
clarify the mobility of REEs by metamorphic fluid and to understand factors controlling the
accumulation of REEs in metamorphic environments (establish a strategy to explore REEs in

metamorphic rocks).
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The Na Son deposit is located in Vi Xuyen District, Ha Giang Province, northeastern Vietnam. The
mineralization of the Na Son deposit consists of sulfide mineralization (Pb-Zn-Ag) and subordinate
REE mineralization. The orebodies of the Na Son deposit are composed of 1.6 Mt ore including
0.16 Mt Pb, 0.05 Mt Zn and 107 t Ag. The REE and sulfide orebodies of the Na Son deposit are
hosted in magnetite-bearing biotite-chlorite schist, which was metamorphosed from middle
Paleozoic strata in Permian to Triassic Time. The biotite-chlorite schist was intruded by an early
Triassic syenite. The biotite-chlorite schist and syenite are cut by a biotite-quartz vein. The
formation of biotite-quartz veins caused alteration of the biotite-chlorite schist and formed a reddish
altered rock, which contains high concentrations of LREEs and HSFE, and grayish altered schist.
The REE mineralization of the Na Son deposit is associated with the formation of the reddish altered
rock. The data of Raman spectroscopy of fluid inclusions in the quartz of the biotite-quartz vein
and presence of fluorocarbonate minerals (bastnasite-hydroxylbastnasite and synchysite) suggest that
the ore-forming fluid contained CO, and F. Based on the oxygen isotopic ratios of biotite and
quartz in the biotite-quartz vein, the oxygen isotopic ratio of the ore-forming fluid was calculated to
be about +11 %o, which is in the range of §'°0 values of metamorphic fluid. The water-rock
interaction between REE-, CO,- and F-bearing fluids and biotite-chlorite schist was estimated to be
400°C under rock-dominant conditions. Gains and losses calculation of elements during the
alteration suggests that (1) the HREE and HFSE show no gains and losses; (2) grayish altered schist:
the LREE are extracted and Si is added; (3) reddish altered rocks: the LREE and K are added and Si
and Na are extracted.

The Sin Quyen deposit is located in Bat Xat District, Lao Cai Province, northwestern Vietnam.
The mineralization of the Sin Quyen deposit consists of sulfide-oxide mineralization (chalcopyrite,
pyrrhotite, magnetite and pyrite) and subordinate REE mineralization (allanite). The orebodies of
the Sin Quyen deposit contain 50 Mt ore at about 1 % Cu, 0.5 g/t Au and 0.86 % REE. The sulfide
and REE ores of the Sin Quyen deposit are hosted in allanite-bearing amphibolite. The
allanite-bearing amphibolites occur as lenses in biotite amphibolite. The allanite-bearing amphibolite
and biotite amphibolite are surrounded by two-mica schist that were formed in early Triassic Time.
The original rocks of the allanite-bearing amphibolite, biotite amphibolite and two-mica schist were
Precambrian sedimentary rocks and Middle Paleozoic sedimentary rocks and volcanic rocks.
These amphibolites are also cut by two granitic dykes and albite-epidote-quartz vein. However,
sulfide and REE mineralizations were not observed in either granitic dykes or albite-epidote-quartz
vein. The REE and sulfide mineralizations of the Sin Quyen deposit were not associated with the

magmatic activity forming granitic dykes but the formation of the amphibolite. The characteristics
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of major elements suggest that allanite-bearing amphibolite and biotite amphibolite are thought to be
metamorphosed from low-Ti and high-Ti basaltic rocks in northern Vietnam, respectively. The
concentrations of major elements and REEs and chondrite normalized pattern of REEs suggest that
LREEs were accumulated at low-Ti basaltic rocks during the metamorphism. Based on the oxygen
isotopic ratios of allanite-bearing amphibolite, low-Ti basaltic rocks and formation temperature of
epidote amphibolite facies metamorphic rocks, ore-bearing fluid in the Sin Quyen deposit was
estimated to be metamorphic fluid. Water-rock interaction between low-Ti basaltic rocks and
metamorphic fluid was at 500-600°C under relatively water-dominant condition.

Allanite structure is characterized by couple replacement: REE®*" + Fe?* « Ca®" + AP + Fe*".
Therefore, conditions for the presence of both ferrous and ferric are necessary for the formation of
allanite.  This accord with formation conditions of magnetite, which is present in the
magnetite-bearing biotite-chlorite schist in the Na Son deposit and the allanite-bearing amphibolite
in the Sin Quyen deposit. On the other hand, allanite is not present in pyrrhotite-pyrite-bearing
grayish altered schist in the Na Son deposit and titanite-pyrite-pyrrhotite-bearing biotite amphibolite
and ilmenite-titanite-bearing two-mica schist in the Sin Quyen deposit. These facts suggest that
necessary condition for formation of allanite is thought to be presence of magnetite-pyrite-pyrrhotite
assemblage.

Based on the studies on the Na Son and Sin Quyen deposits, it is clarified that some LREE
deposits were formed by process of metamorphism and metamorphic fluid. Accumulation
mechanism of LREE is formation of allanite under conditions controlled by
magnetite-pyrite-pyrrhotite buffer at relatively high oxygen fugacities. The biotite-chlorite schist,
biotite amphibolite and allanite-bearing amphibolite of the Na Son and Sin Quyen deposits are low-
to medium-grade metamorphic rocks that were formed by metamorphism caused by subduction of
the Indochina plate beneath the South China plate in the Permo-Triassic period. This metamorphic
event formed a wide distribution of metamorphic rocks not only in the northern but also the central
part of Vietnam. Based on the results of study on the Na Son and Sin Quyen deposits, the

metamorphic rocks are also prospectively and potentially LREE resources.
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