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Geological characteristics of double metallogenic belts in Paleoproterozoic
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Abstract

The Liaoji belt is the most representative Paleoproterozoic orogenic/active belt in North China, which not on-
ly accepted a huge amount of Paleoproterozoic sedimentary material deposition and magmatic emplacement but
also underwent a very complex tectonic evolution and multi-period magmatic-metamorphic events. The forma-

tion and tectonic evolution period of the Liaoji belt was also an important metallogenic period characterized by
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multiple minerals, large scale and layered or stratabound forms in this area, such as magnesite, talc, boron, lead-
zinc, cobalt, gold and uranium polymetallic deposits with significant economic value. The Liaoji belt is composed
of Liaohe, Ji’ an, Laoling groups and magmatic rock in different stages. The rock mass in this belt is compose of
two sets of metamorphic rocks: one consists of metamorphic clastic-carbonate assemblages characterized by rela-
tively low metamorphic facies, which exists in the North Liaohe and Laoling groups. The other is composed of
metamorphic volcano-sedimentary rocks and Liaoji granite characterized by relatively high metamorphic facies,
which exists in the South Liaohe and Ji’ an groups, and it was formed under the arc magmatic tectonic environ-
ment in a subduction system far from the continental margin. In addition, magnesite, talc, copper-cobalt and ura-
nium deposits are distributed in the metallogenic belt related to the passive continental margin; on the contrary,
the boron, lead, zinc and gold deposits were formed in an arc environment of the active continental margin. These
deposits are all of large to superlarge scale, such as Haicheng magnesite deposit, Houxianyu boron deposit,
Wengquangou boron deposit, Fanjiapuzi talc deposit, Dahenglu copper-cobalt deposit and Maoling gold deposit.
Among them, the Haicheng magnesite deposit is the largest deposit with the reserves of 884 million tons, and the
Wengquangou boron deposit is a superlarge deposit with the reserves of B,O, as high as 21.85 million tons,
accounting for 28.60 % of total reserves in China. The Liaoji active belt in Paleoproterozoic was developed on the
cratonic basement in Archean, and experienced the evolutionary phases of limited extension-rift, magma emplace-
ment, volcanic sediment, collision, metamorphism, uplift-detachment and extinction in 2.2~1.8 Ga. The evolution
of mineralization, tectonism and magmatism of Liaoji active belt is composed of four stages: (1) 2.2~2.0 Ga mag-
matism and mineralization stage, @ 2.0~1.9 Ga sedimentation and mineralization stage, @) ~1.9 Ga large-scale
modification-deformation and mineralization stage (collisional orogeny stage), and 4 1.89~1.82 Ga post-colli-
sion magmatism stage. In conclusion, the formation and evolution of the Liaoji active belt experienced the crustal
evolution and mineralization processes from active continental margin to passive continental margin, in which the
mineralizations were controlled by different tectonic environments. In addition, the mineralization was character-
istics by complexity, diversity and multistage, due to the fact that this area experienced the superposition of Meso-
zoic tectonic magmatic mineralization. Double metallogenic belts controlling mineralization in the same area is
rarely seen both in China and abroad. Therefore, this area is very favorable for the large-scale mineralization of
many kinds of mineral resources and prospecting.
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Fig. 1 Geological sketch map of Paleoproterozoic Liao-Ji-Chao active belt

1—Archaean block; 2—Liao-Ji-Chao active belt; 3—Liaoji granite; 4—Fault; 5—Ductile shear zone; 6—National boundaries
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Fig.2 Geological map of Liaodong area (after Li et al., 2015)
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Fig. 3 Sketch map showing distribution of main deposits in Paleoproterozoic active belt of Liaoji area
(modified after Chen et al., 1994)

1—Archean block; 2—Paleoproterozoic passive continental margin metallogenic belt; 3—Paleoproterozoic active continental margin arc magmatic

metallogenic belt; 4—Tectonic zone boundary (deep fault zone); 5—Shear fracture; 6—Tensional fault; 7—National boundaries; 8—Gold deposit;

9—Boron deposit; 10—Lead-zinc deposit; 11—Magnesite and talc deposits; 12—Copper-bearing pyrite deposit
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Fig. 4 Regional geological sketch map of the Haicheng-Dashiqiao talc-magnesite ore belt (after Zhu et al., 1988)

1—Quaternary; 2—Gaixian Formation mica schist and phyllite; 3—Dolomite marble in the third section of Dashiqiao Formation (ore-bearing beds);

4—Banded dolomite marble intercalated with garnet and silica dolomite schist in the second section of Dashiqiao Formation; 5—Dark gray phyllite,

banded marble with metamorphic tuff in the first section of Dashiqiao Formation; 6—Langzishan Formation granulite, dolomite monzonitic gneiss,
quartz diorite schist; 7—Magnesite orebody (part of magnesite); 8—Talc orebody; 9—Granite (Yanshanian); 10—Granite (Proterozoic);

11—Intermediate and basic dikes; 12—Intrusive geological boundary
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Fig. 6 Distribution of boron deposits in eastern Liaoning and southern Jilin (after Feng et al., 1998)

1—City and county residence; 2—Superlarge (Wengquangou etc.); 3—Large (Houxianyu etc.); 4—Medium (Zhuanmiao etc.); 5—Small;

6—Mineralization spot; 7—Archean Craton; 8—Liaoji Paleoproterozoic active zone
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Fig. 7 Geological sketch map of the Houxianyu boron deposit, Dashiqiao, Yingkou, Liaoning Province (after Zhang et al., 1984)

1—Quaternary; 2—Liaoji granite; 3—Biotite granulite; 4—Altered marble; 5S—Boron orebody; 6—Tourmaline granulite with biotite granulite;

7—Tourmaline pegmatite; 8—Diorite; 9—Lamprophyre; 10—Diorite porphyry; 11—Fault
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Fig. 9 Distribution of main Paleoproterozoic lead-zinc deposits in eastern Liaoning Province (modified after Zhang et al., 1988)
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Formation of the South Liaohe Group (undivided); 4—Second layer of the third member of Dashiqiao Formation and Gaojiayu Formation
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LA I RS TE AR (PR 55, 2018) o 1075 {6 X
R 0T A F R AL v A 4 A I TR B st
FRAKEAHE , 7T RESE R A AR 7=, ikl 5
AT 241 A ) s 422 A — B, AR X e
) BT A1 b J5T RN b BR AL 2 R AE , 28 3 I BT K

T B Rl A 2 B I SR 1 BB [N, 2 IS AT
LT FEL IR A 5 SR 2 R 2 TR T 2 57 22
WA KA KOTURR S B AL 35 48 54 A o 2 A AL
0l o B T R AL RE LRI 2 LA R DR AR e Ll
R B IIEAE KA B FRER A 4L 5 il A &
Y PN e RSN R 1A IR AN 7k S i =
TAF R BRI IR . WIS R I, Bk R TR AR
TR, 22 I KL -DURUE A iR B i, 728 -
XTI B A A T O A A BN D)
Hb,BVERDT RS /NI L S A T AL ELIE R
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R R S i 7 N s N P UR CIF s =P 34
R A B KL -0 8 -k R AR A 4 & b, A
MUK R A IR U, B0 S A R A SRR
A BT IRE ) TS R TS0 LE, 2
AR 7= T i RS A = B AR 1 (IR BB PR R AL 1Y
KRBT o 7 IRIE 5 ks <A A O, Bifi e S
A8 BB AR TR R | 2R R e A E AL, OB
B [ BRASE A IR B4, AR IR 2 /Y 23 a) 4y
A AL .

(2) 2.0~1.90 Ga YTRWE BT B B

AU VAT o R 0 32 T A TR - R R
AU, A AR SM RS R RS TR
A R A2, G RE AR i L EIR T 1
2 VHURIGA BRI KA s B, iz 0
A E B T R A EE B AR IR BT
FUE b B AR 2 00 B A 08 R R AR AR 1Y S S
A1 27Pb/2%°Pb i AR 1 4 2.027 Ga(JR ¥ 1L ZH ) (Luo
et al.,2004) .2.032 Ga (6L AT 1% BLRUA 2 AR K
A4 ) (Luo et al.,2008) .2.012 Ga( KA #Hi4H ) (Luo et
al.,2008)F11.981 Ga( g B4 (# R 4%,2013; Liet al.,
2015; 24445 ,2015) o Z5E L WFFIURVA I TRRAE ]
AT RS i -SSR (29 1.9 Ga) , i —
AR IL TR R TURR FR 4 2.0~1.9 Ga.

LU SIS % s SR it e s s R pif L e P d g N
o RA, TR i RO A e FRS
L TR LA AR D A ek iR EY e, AR By
HFPER R IRER A AU 2 EATIE B TR we
W 2 0 B DTS Jm T R Bl R i i R 1 A B
Wt UL, 7E 2.0~1.9 Ga, 10 M X #4142 i 76 3
KBliih %6 28 e sh KBl 2, R P il — #2515
DEIPNGEUE FEE LN B3 27NN P I i E TN
TRk R A0 50 IR . LAZEEER i, 88 i
IR IR - A A — 2 B AT B R A M A — B B
B TR £h 5 b, 78 K 3k 60 km 14 38 ] P 4E th o T
I T LR AR 0 R 2 7K Bk S R TR - R TR A S 22
BEWUIR. BHETWIERED T -1 HEE RN
AT IR 7E 2.0~1.9 Ga B4R e b M b g 2k 9k sl oK
i 301 2% (1) Y5 W) 235 b EL A 5 B0 1) 28 T R AR R = 1Y)
BERTAL G AR IEUL DU T IR UG 22 B 0K R &
BUEAER E OUTRBRZE B0 01K . 24 1.9 Ga i ARl
T A B B, DURR R BE 0 R 48 32 2% 25 AR - A
DN A AR AR T - AR T AR FH R ek, e AT LS B 0
W IR

(3) 1.90 Ga R RIAR S 5 - 25 JE K Al 428 A FH A
B B

1.90 Ga JZ17 75 1% gl KA 1) 28 it - A8 I i 1
2 I - 00 - i R 8 0 AN A G TR PR
T YIAE B 2 RE AT/ Ar 4R % R (1896+7) Ma(Yin
et al., 1996) , 1L Tl #F BL /R I3 2H Fi 9 %5 SHRIMP 4%
J5 85 47 U-Pb 4F 1% F7 (1906+4) Ma F1(1889+62) Ma
(Liu et al.,2012) , iL 3% f£ 1= & SHRIMP 72 J5i % /1 U-
Pb 4% 4 (1914+13)Ma(Li et al.,2007) , il [ Bf 55
B4 ¥R 75 LA-ICP-MS 78 it 55 41 U-Pb 4E 8 Ky
(1889+12)Ma Fl R = 41 9% i 77 LA-ICP-MS % £1 U-
Pb 28 JRAE#S M (1884+12)Ma (i 845 ,2013) , KA HF
HHHK A IN 5 LA-ICP-MS 728 [ 5% 1 U-Pb 4E#4
(1896+22) Ma FI 75 B #5477 4 4 LA-ICP-MS 5 41
U-Pb4E#3 47 (1896+22)Ma(Meng et al.,2014) . %K
A S A — W TC A B s A A5 A, s U LI Th
FITh/U ELfEBAR CRER 73 <0. 1) IHRAFE . Lk se 4R
IR b 4 oA Oy R I - o il 4 ok A v T R DA R AR
TR R AR B AR B AR

AR -RTEAE R A T LA TR
()RR B4, 22 )07 T NS R 2 AR 2 A TN A S [R] AR
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N A A B 208 i R R B0 0 IR 5 75
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., 1.9 GafE B -BIUAE N &5 T L BEh A At
FERR A, I KA T A8 o AL TR IR A 44 2
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(4) 1.89~1.82 Gafilf & J5 75 2K/ I B Bt
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LG IRBEAE B AL BERAE b A A I AN
WA IE A B KA IR B £ A A kA . XS
45 S AE 1.89~1.82 Ga, W3R BE A (< 2 1)
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