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Table 1 Main carbonatite related REE deposits in China

23 )R, LR AR IR A L7 PR A R X,
9 2 L R STl o 5 O TR BRI ™ M R EL
TR A BTSRRI 25
fi LA, R A& A S O i, fud
HoCH AR = SR L L (= SR k-2 -
i E A7 IR) P AR Z e - A 0 (A B A
TR B - R) PR L RS- T
T Bl L A N L = PR B AR A1 B
TR B LA AR R R (&),

L1 APPSR 1

A R AR T ) R A, KA B AL TR
Jbsefrim A", Rz ek - R
KES. HESER £ KRR 2920 km, 77k B4k
ARV R AT TR, FTRRRT A2 X
FEMTA, ZIFEWIINEER FEER, 795k H —
FINEEW I HES 0/ M IR R, T3 AMERT X ARFRIE &
ARSI RO 11E <8 1) I 3 S TN E S A A A
F. R IR EY G E1500 Mt, FHIE
35%. Fi 84k I57.4 Mt, X EI6%. R4 )m2.2

W IRAFR IR PRI BB (Ma) FEAFE B AR TR R
2 2 TR R iy ~1400 #EAU-Pb FanZ A"
FELR ST TR A T Picly il 25.7~26.9 ARSI Th-Pb YangZ: A\
KR TR 7 pN) ~13 SRS Th-Pb Yang% AP
=25 diveag g / /
Kk ive=gil] KA ~28 FAKET T Th-Pb YangZ: A\
we o emim o mws  Emnn e
il R i 121.2~123.8 FBREHH Th-Pb YangZs AP
Al B2 iy 129.3+4.5 TF K #Rb-Sr ZhangZE N[
J\BELL B R 5 25 JNEY 122.9+0.7; 11848 mgﬁé@%ﬁfgm Tjﬁﬁﬁ\zim;
i 1 R KA 196.3~211.1 SRR Th-Pb YangZs AP
ek R KILR-k 5 LR 208.9+4.6; 213.6+4.0 = F Th-Pb SongZF N[
K g TR T KAV IR 206.5+3.8 ST Th-Pb ZhangZ A"
N BTR 0 H 420.747.3 SFUREHTTh-Pb ZhangZs A
AR TR R A 4418422 HE41Th-Pb Xuzg A
HF A e Bk 802 WA Sm-Nd AT AR
B RIS TR AT INE 266+5.3 %43 Th-Pb SongZ AU

a) /"R TCEE; b) U RMUBERRFIR UL SR, SEH T A A 5t I

3795



A% h & 20205118 $£65% £33

70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E
U T 1 I I | \ \
BT
TE/RIEH IB/R% j
40°N N
S —~ 40°N
A AU,
R
CCco ofg)|] NCC Sn e
B ) e’ .
30°N V7 SN 2 L
" e gt =y
Bz T—aXE —~ 30°N
AHO %@?‘%ﬂ; ~—AYE
Vi SGO ZRRRIID \’;
i 8 ~ BRE
EF}\ Ba&7 5
?;?EF\%MS
20°N ~ 23 ‘
o BEELHE LYK ‘;g’:é%ﬂ 20N
5
N E l | ‘
90°E 100°E 110°E 120°E

B 1 TR TR A ARG R O ZS 1) 040 B B K HOAR R 37 B IR XieE A UB o, IR AR A R L 1. NCC, 4L sehind; T™,
EH AR, CAO, s I, SGO, MAE-H A 1A, CCO, i, YC, T 7ifnl; CC, FEE by, AHO, /R VLI S hfe s 1+

Figure 1 The distribution of main carbonatite related REE deposits in China and their tectonic setting. Modified from Xie et al.lL; deposit information

is in Table 1. NCC, North China Craton; TM, Tarim Block; CAO, Central Asia

Orogeny; SGO, Songpan-Ganzi Orogeny; CCO, Central China Orogeny;

YC, Yangtze Craton; CC, Cathaysia Craton; AHO, Alpine-Himalaya Orogeny
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Rare earth elements deposits in China: Spatio-temporal
distribution and ore-forming processes
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China dominates the world REE (rare earth elements) resources, 98% of which are from carbonatite-related REE deposits.
Extensive studies of this type of REE deposits are available, but it is still poorly understood how carbonatite magmas were
generated and how REEs were transported and precipitated in such magmas. On the basis of previous studies, this paper
synthesizes the spatio-temporal distribution of this type of REEs deposits in China and their major features, including
characteristics of ore-forming fluids, and discusses existing genetic models regarding the origin of causative magma, and
mechanics of REE enrichment, transportation and precipitation. In China, carbonatite-related REE deposits occur in the
craton margin environments with four major REE metallogenic belts: the Mesoproterozoic Bayan Obo-Langshan belt (e.g.,
the Bayan Obo deposit), the early Mesozoic eastern Qinling-Dabie belt (e.g., the Miaoya deposit), the late Mesozoic Zibo-
Laiwu-Weishan belt (e.g., the Chishan deposit), and the Cenozoic Mianning-Dechang belt (e.g., the Maoniuping deposit).
In these belts, REE-hosting carbonatites were emplaced in continental rift zones or along large-scale strike-slip faults at the
Precambrian craton margins. The causative magmas were originated from partial melting of enriched lithospheric mantle
sources, which may have undergone metasomatism by subducted slab-related fluids/melts, and may have also
asthenospheric material involvement. These magmas may have formed through melt immiscibility and fractional
crystallization from primary carbonated silicate melt. The melt immiscibility may include unmixing between alkaline
silicate and carbonate melts, or multi-phase melt immiscibility of carbonate melt, mafic or ultramafic melt,
phosphomagnesite melt, and alkaline silicate melt. The immiscibility and/or crystal fractionation of mafic mineral can
lead to the formation of carbonate melts rich in REEs. The newly discovered lithofacies zonation at Bayan Obo, with a
biotitite outer zone, implies a magmatic evolution of a silica-rich parent magma. The low REE concentrations and LREE/
HREE ratios of biotitite indicate possible LREE enrichment in the evolved carbonatite magma by biotite fractional
crystallization. The crystallization of carbonate minerals during the upwelling and emplacement of carbonatite magmas,
may further enrich late-stage carbonatite melts and carbonatite fluids in LREE. This process can better explain the REE
mineralization dominantly in the late-stage of carbonatite magmatism or post-magmatic fluid stage. The melt, melt-fluid
and fluid inclusion results for Bayan Obo, Maoniuping and Chishan indicate SO427 and CO,-rich carbonatite fluids. The
microthermometry and SEM/EDS results for primary melt-fluid inclusions hosted in fluorite from Maoniuping indicate
that carbonatite fluids were extremely rich in SO427, and underwent an unmixing process between sulfate melt and aqueous
fluid. Both inclusion and experimental results indicate that the sulfate has a very high solubility in SiO,-bearing aqueous
fluids, inconsistent with the SiO,-free system. The geochemical thermodynamic results also confirm the SO427 -dominated
agent for REE transportation. The unmixing process between sulfate melts and aqueous fluids would lead to extensive
decrease of SO427 in the fluid, and bulk REE precipitation. The rapid evolution of carbonatite fluids prevents long distance
migration of carbonatite fluids, resulting in all REE mineralization within, or proximal to the carbonatite bodies. The strong
mineralization would occur in the central zone or the shallow level and then would become weaker outwards and
downwards of carbonatite bodies.

critical mineral resource, REE deposits, carbonatite, spatio-temporal distribution, ore-forming process
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