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Table 1 Typical examples and types for gallium-rich deposits

k5 T 80% 24, JE A2, At B L
it L 10007, 4K AR L R, E245
FAEAEM . KPR . AU SN, SR
TR, EEAMEEE. PE. MEL. B
L et B ANSE, WSEE = JN(Tri State)W PR I
VPP b (Upper Mississippi)f B,  H7 Y )1 ELES M X
HYRER TR .

HEERE IR E, ERL1977t, FERIGEE 21337t
M ARTE NS RS SRR BT ) R
AVERREG L P RN 5048 T R .

BRI T A28a A, Ry R T
T 4E, PMRCEERE R, RIS ER, R E s
PRRES IR -TURR T IR . PR IR i s
RUR RFIA SR R (). TER RS T s
e E I AR, R A B S 6B B T
AR SR R TP Zn. Sn. Cu. Fe. SbE&TE
IS T2EAR BT, TEH S 2025, ST R b 1)
INEED BRI 22 SR, A4 T BRIk
VRS AR A IO R AR, Hoisr ik, M

WA A T WU T
- FTEELEEMNAINGa, E5V Y TEE i[5 {6 (Arkansaa) M4 -8 PR T PEES = :
FREATIR S L BRSO LB R

JfE-iE ‘ )

, . Wt B YR KBTS, 76 e, e " -
B B AR A AL LA T B B 5 9 R B B W
WHELIRGY s FUCTREES R . HERGEED b . BILGEETR, B

K ERRET AT LTI, ZUMI(Red Dog)BYEFT I R
EERETR RN SR o LA KA S o

UL N ~ FEAEATIM . EEER A,
WA ARG RN i e wm
FVGVY LA A T4 JEItEPb. Zn. Cu. Ag. L e ey

v NG PR R R, B TR R e

T T o R A

e e VT PRI L BRI 0 255 s i
e T T

wtefm kR VIR Rt gib W

R R R o

o Wbk EE AT NG Fe> WA

L GEERVK EEARTINEN Fe> WA

T

WA ﬁﬁ§%§§Wﬁ S R KA SR TR AR

3689



M % h & 2020118 $£65% £33

IS SR ION VR, IR AT RANR, FE A
A T SR B BT PR e T B R e R A B
IR BYERD RUAEE BT IR . AP AR B IR A3 2R
B, FA5 AR R T

1.1 e R R

R REWE R EEMARIE, BEE KA
50~250 pg/g, HARGERI T R3~16657. Hgiit, FKIE
FER LA AT AR o 3=, HEFRAIR 2, 20 - Al
A, AR — KR E R R s R
BEREE] T Tolkd iz, Wi B REPREA R A &
R, TEAMEEINTE . BN S, AR A
IER & 5 50~250 pg/g, ST EEN—KEEER A,
LUK B A RS k- . TSN AR T R
Ni—fER122~127 pgle, SHAERN—ELEH LN
E, MEHA . BT K A AT

FTE LT P RBORIE, AEscas AR
BB R R TN G B AR aERR B S A R
F T RBRIRER AL, S22 MR, RERPIA R EE
o [ RRRIRER 2. XN A SR AR L AR
Bk A SRR A AL AR PR ER A e . fEsE
iR Eh A, Hieronymusﬁ’?)\[lﬂﬁ\ﬂﬂ%ﬂ‘iggﬁﬁaEP
R, T A e R AR 2T b A B v B 7 A8 Sy v 04 £
Ga'5Al—RHE A SIE A ik, oA =K A,
Bt WAL FR A HERS, BRAOPE LT th =i Al =K
WA RRRIERER, KALE®R T GafAl—& Ll Ga
(OH);FIAIOH)JERAFAE, HpHN3~7H}, Ga(OH);kt
AlOH), By fit, 1ear Ak firh, BRrEAFirh =K
B RIS A KRR, BRI, GaflAlR 2 T
FRE KA Y, TR R XL SE R
BUBUERL, T S 2 pbkig, S ¥ Gass
M NER, BET RS, RT-aTh, Xalhe
JEB TR 0 R MERAEAE IR R P
JE P,

1.2 GVEE TR B R

BYRR R TP ROT AT BOERET . ARk AR
SR YE B BART AR, MINE R is, R R
B RTINS R PRI
K2k, IR BRI E AR, SR
PR IR S BARME. R ER RO RERT IR 22 o PUK TR Y K&
DURRBCE R IR, [LWLE . Bk IR, 0 &

3690

30~60 pg/g, INEET FE KT 100 png/g. X0 PR—it
HA B WREE, ORI HA AR R PR B
SRR, BARNBHA REPE, (AR B Rt R — AR
PRI TUET R RIGFE L0 IR R, BRIEH R
W IR ) B SRR AP S R i I 2. MVTHUA R
W IR PRI S AR AR, W BB R 4R X )
EARTIR, INEED PRI & AR b T4.8~358 pg/g, F
187 pg/g.

13 BERIPRA R R

BErP R B B — BN 10~30 pg/g, A G HHigaE AL
HRAE 4 PN 552 vy RS SR P R R S IR 30~70 ng/g
(EHE T 730 pgle), R ITAFHT A BRI R R
WA WA — KA SR Y. ST
A 2900 pg/g, —7KERA R o AR [a] A b L &R
GERL ) S 2 AL TS AR T A = K ARG B RV TR 1
PR B AP TA RS, FEJe e R B A R A R A
W2 SR K BER MR . 76 3B /378 R FE 45 v
B (A N S8y KT LB ), BRI 2R A A R K R
A

ZE LrR, AR A E B IR b S
SERFIEISE, S — e T e LR 0, 48
AT —KE A, BYERT b R A T INEE
Wk, PR R T KA R KA. W
I, FOHER N E A B0 L w4
JE .

2 BAI TR EE PRI B B AR IE

HEEM TR & B 1.5 ng/g, IRMEI ST ™, — %L
DR T HAOTE A R Y. &80 IR0
O3 RIS BT R (A S mT JChAS R, b I
WHA S NS 2 R ) R B R S B IR,
DRIE Tk B8 2Bk A YRR IR AN B R R = . &
BR ORI 10 A LI 8600 t, FEAMEE . £
MY, HorhEE A GER 38701, (HaBkE RN
45%, HUCRHE L Aeskma1%". EEEET IR FE
S AGAEB BRI, PN PE N AT BaAm o, DA A AR 45
BER RO T TRES TR EEAENS S A/, 765
YRR R AR TR A, R W SRR IR B A
TEARMPGAFNE, LARAFAERE R 3 (F22).

Hh R A TR, B R MR S 5 PR Y
+rREED. BEE R ESHET HKA 21,



EEEE

%2 HREEEETRMGRAEFR"

Table 2 Distribution and resources of major germanium-rich deposits in the world
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Figure 1 Distribution of major germanium and cadmium deposits in China. I: The West Kunlun-Altun metallogenic belt; II: Sanjiang Tethys
metallogenic belt; Ill: Low temperature metallogenic domain in Sichuan, Yunnan and Guizhou; IV: Nanling metallogenic belt; V: Qinling-Dabie
metallogenic belt; VI: The Greater Hinggan Mountains metallogenic belt. Name of deposits: 1, Jinding, Yunnan; 2, Dulong, Yunnan; 3, Dachang,
Guangxi; 4, Huize, Yunnan; 5, Zhugongtang, Guizhou; 6, Fankou, Guangdong; 7, Poshan, Henan; 8, Huoshaoyun, Xinjiang; 9, Baiyinnuoer, Inner
Mongolia; 10, Vistock, Inner Mongolia; 11, Beirendaba, Inner Mongolia; 12, Xitieshan, Gansu; 13, Tianbaoshan, Sichuan; 14, Wusihe, Sichuan; 15,
Xiacun, Sichuan; 16, Huangshaping, Hunan; 17, Guojiagou, Gansu; 18, Yimin Coal Mine; 19, Wulantuga coal mine; 20, Lincang
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Figure 2 Occurrence of germanium in fly ash (a), (b) and Sphalerite from the Arre Pb-Zn deposit in Western Europe (c), (d). (a) Ge-As-Sb oxides
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Figure 3 Distribution of thallium-rich deposits in the world compiled with Refs. [39—42]
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Dispersed metals are global strategic resources for the development of advanced technologies and future energy. In recent
years, due to their limited resources, uneven geographical distribution, and high supply risk, dispersed metals are critical
resources that most industrial countries compete for. The signatures of dispersed metals are of “dispersed”, “companion”,
and “fine”, suggesting that these metals are difficult to form independent deposits. Thus, deposits enriched in dispersed
metals were formed with special geological processes. In comparison with other metals (e.g., Zn and Cu), studies on the
mineralization of dispersed metals are limited, restricting theoretical understanding and breakthroughs in prospecting of
these metals. Based on the global reserves and geographical distribution of dispersed metals, we systematically
summarized the distribution, major deposit type, occurrence, predominant enrichment process, geological, and
geochemical signatures of gallium (Ga), germanium (Ge), thallium (T1), and cadmium (Cd) in China to investigate the
distribution characteristics and forming conditions of these elements, and to promote their prediction accuracy and
evaluation level. Studies have shown that Ga is widely distributed in all kinds of rocks and has reached to industrial grade in
some ore deposits. According to mineralization, Ga-rich deposits in the world can be roughly divided into weathered-
sedimentary, hydrothermal, pegmatitic, and magmatic deposits. The Ga-rich deposits of industrial significance in China
mainly include three types: Bauxite-associated, lead-zinc-associated, and coal-associated Ga deposits. In China, Ge
deposits can be divided into “coal-type” Ge deposits (e.g., the Lincang and the Wulantuga Ge deposits) and “lead-zinc-
type” Ge deposits (mainly located at the Yunnan-Sichuan-Guizhou region). China is rich in Tl resources, i.c.,
approximately 9000 t, mainly distributed in Yunnan, Guizhou, Anhui, Guangdong, Hubei, Guangxi, and Liaoning
provinces. Owing to the relatively sparse research on Tl mineralization, there is no recognized classification of Tl deposit
types at present. According to the differences in element combination, occurrence state, and metallogenic conditions, two
types of deposits with industrial significance are roughly divided, namely low-temperature hydrothermal and massive
sulfide TI deposits. The global distribution of Cd resources is highly consistent with that of zinc resources, which are
dominantly distributed in Australia, China, Peru, Mexico, and the United States. In terms of tectonic background, Cd
resources in China are mainly distributed in lead-zinc metallogenic belts, such as the three rivers Tethys metallogenic belt,
the low-temperature metallogenic zone at Sichuan-Yunnan-Guizhou tringle area, the Nanling metallogenic belt, and the
greater Khingan metallogenic belt. In this review, the following prospects should be strengthened in future: (1) Typical
dispersed metal deposits and clarification of the major resource types with industrial significance; (2) the occurrence of
dispersed metals in minerals by high-precision and high-spatial-resolution microanalysis techniques; (3) the mechanism of
super-normal enrichment of dispersed metals; and (4) new types of dispersed metal deposits. This review will be helpful to
better understand the reserves of dispersed metals in China and will enhance the support capabilities of strategic resources.

dispersed metals, ore types, mineralization, super-enrichment
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