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Restoration of the ore-bearing metamorphic rocks and its formation
environment in the Dahongshan iron-copper deposit, Yunnan Province
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Abstract: The Dahongshan iron-copper deposit is hosted in metavolcanic to metasedimentary rocks of the Paleoprot-
erozoic Dahongshan Group. Up to now, the genesis and tectonic environment of these ore-bearing rocks have been
still controversial, which seriously restricts the understanding of the metallogenic mechanism and process. In order
to identify the original rock types and diagenetic tectonic environment of these host rocks, the authors systematically
studied major, trace and rare earth element compositions of main ore-bearing metamorphic rock series, including

the meta-sodic volcanic rocks, mica schists and marbles, as well as the gabbro-diabase rocks. According to the results

KRB 2020 -10-26; ¥ZHHE: 2021 -01 - 28; 4wig: JHIOE

EETA: EXKARBIARERIITH (41762008, 42072094 ) 5 E K & S0 LTI H (2017YFC0602500) 5 2 FI44 I FH LRI 5T 140 150
H (2018FB080)

EERIAT: MM (1994 - ), &, WEAFS A SBINFER . BoeRi (1980 — ), B, #HdR, EENFHT IRV MBS TAE, E-mail:
13888600582@ 163.com,



430 A OA U W ¥ ARk

540 %

obtained, the ore-bearing rocks are characterized by poor K, Ti and rich Na, the meta sodic volcanic rocks are rel-
atively depleted in Ba, Sr and Ti, weakly depleted in Zr, Hf and Nb, and are enriched in Th, Nd, Sm and La;
their total content of rare earth elements are generally low, with LREEs relative enrichment( LREE/HREE =1.84 ~
9.43), significant Eu positive anomalies( 8Eu=0.91 ~3.59, mean=1.62), and no obvious Ce anomalies. These
characteristics are similar to those of rocks from jet deposition or high temperature submarine volcanism in the mod-
ern mid-ocean ridge or intracontinental rift. According to the comprehensive study, the protolith of mica schist may
have been a calcareous mudstone, while the protoliths of meta-sodic lavas and meta-sodic tuffs are volcanic rocks
which erupted in the bathyal environment, with high Na content. Meta-sodic volcanic rocks and gabbro-diabase
rocks show similar anorogenic features to the magmatic rocks in the same period of Kangdian area, indicating that
they are all products of magmatic activities in the same continental rift environment which may represent the Colum-
bia supercontinent cracking process on the western margin of Yangtze block. The continental breakup generated
some channels for the migration of mantle-derived magma, and provided a good material basis for the formation of
the iron copper polymetallic metallogenic belt in Kangdian area.

Key words: ore-bearing rock series; trace elements; tectonic setting; Dahongshan iron-copper deposit; Yunnan
Province
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Fig. 5 Harker diagrams for the ore-bearing rocks in the Dahongshan iron-copper deposit
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ore-bearing rocks
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Primitive-mantle-normalized multi-element patterns for ore-bearing rocks of the Dahongshan iron-copper deposit

(normalization values after Sun and McDonough, 1989)
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540 %

0.93~0.94) , A FRAE & 0 Z B0 HH B A 1) Eu 1E 575
FRAFE (8Eu=1.00~2.21, F-YJ{H 1.45) , K {Lid f2
A ARG LT R R A T MR, A FE S AR T
Ce 5 (8Ce =0.89~1.12,F-HE 0.99) .

FE T8 R = B (Pt dm®) I =B A A X REE
7 83.70x107° ~ 250.59x 10°°, ‘F-HI{E 154.46x10°°,
LREE/HREE {6} 5.16~9.70, (La/Yb) (i} 9.78 ~
16.01, 5 & 5% 5 1 oo Z AR, JUHE & 07 FF 5
4450-6 i U R E %, (La/Sm)  1H A 3.20 ~

9.86,(Gd/Lu) \ fHH 1.19~2.04, BN H— & BB He
FICE S (E 8d) . Eu 5 B ALK (8Eu = 0.68
~1.89,F 34 1.28) , LI & Ce 5+ (8Ce =0.73 ~
0.94,F-34{H 0.84) ,

KP4 Y REE 4 39.37x107° ~265.42x 107, °F
IME 122.12x107°, LREE/HREE {f Jy 3.63 ~ 13.04,
(La/Yb) (fH43.21~18.72, (La/Sm) (i }2.01 ~
5.51,(Gd/Lu) 1H N 1.27 ~ 1.74, B7s i —E 5%
Fir 1 IC R (K 8e) (Eult LES i 8 — IF S

100
Fa —a—340Y-2 ——280-5 —4—320-5 —a—3405-2 | 000 b —o— 560Y-1 —=— 640K-2 —A— 640K-3
A (R =, 1995,
AR5, 2015)
_ 100 |
oy s
Zio} =l
og E\:
o = i
¥ = 10
A ST AR TR K
1 n L n n L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Ce Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
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c d  —%—4450-4 —m—4450-6 —@— 4450-1 —e—4450-5
100 £
s
R0 Z
< E-MORB >
og Oz
£ £ 10F
—o—280-4 —a—320-6 —e— 320-8
ISR Eey ——320-9 —%—3405-5 —m—3405-6 aRER
1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Ce Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1000 1000
e —&—320-4 —8—4450-7 —8—4450-2 f —m— 640K-1 —e—640Y-1
100 | 100 £
o
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o2 o2
e 10 | # 10
KIHH IR IR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Bl 8 KRBT A A2 L IuR A B (AL EYE Sun and McDonough, 1989)
Fig. 8 Chondrite-normalized REE patterns of ore-bearing rocks of Dahongshan Group (normalization values after Sun and

McDonough, 1989)
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(8Eu=0.81~1.42, ¥ 1.16) , T i Ce F% (3Ce
=0.83~1.02,F¥{H 0.91) ,

YER T 58 5 AR ) = 5 T2 — B (Pt dm’)
DS A B i 640K-1 39 7 JikCHR A0 AS B IR 114 22 2k
W R BB S b, 5N S0RE T 640Y -
1 FFAEE — 2 2251, P 100 R B et AR (b A
K, PIERIH L ICE B ( X REE) 435128 605.35%
107°F126.17x10™°, LREE/HREE {fi} 29.22 F11.34,
(La/Yb) 2 81.83 1 1.22, (La/Sm) {8 H5.94F01 1.
22,(Gd/Lu) y HH 6.23 F1 1.38, &8 HE S s
B S 1 A BEMBURHRD LREE X & 2 RRAE , 1A &5
B JC A S A SRR e R (& 8F) . AT
A5 Eu 51534 (8Eu=0.79) , 5 # W EA Eu IFE%H
(3Eu=1.50) , —~FH#BICHH ik Ce H (8Ce =0.91~0.
94 F-1(H 0.92) .

5 it

51 EERESWIRESH

R AR B U rp i 98 s At gk A PR ) 5 40
R EBMRED) T 8k R AR TN A AR AR 9
YEF (F35295, 1989, Phratf4s, 1991; Greentree and
Li, 2008; BkJC/E%5 | 2008, 2017; #4105, 2014; J5
Y, 2014; ZFESE, 2018) o ARWTFELE G BF A1
WA AEEGSEMIER T IHE S E S
AH2EFIHBIR Ak 22 ARAE | 22 28 T A S5 2R

KREEWMBEEHT HRZ D, s AR ZEZR A

1000

[ a

(/375N

(La/Yb)y

w(E REE)/10°*

w(Zr)/w(TiO,)

0.001 el N |

AR EE K A BB s H s A RIS A R
LR BRI 1 (18] 4g) o 1E (al+fm) —(c+alk)
= Si i (B 6a) 1, =B A% s 2 & AR BT
B X, R B LA ] RE DI A e o 72 A o
VIS B BT B S 1) 78 T R B AR 3 R BR A R Ay
JEUERHIE , INAE AR SC G454 (18] 4b 4d) ERA AR
FiE A RRIRARE A5, W D TR AR B I RRIE . 7R
6a H1 AR B TR o 2 R B T A L X, 2
Hef mVE A B TBVE T L, S0 kLl B, SR AR
BT A A R KL BVAE S BEA R T RS2 2]
T IEPR AR IR SE 0 (RIS 55, 1998) , 78
B IRBE IR T K e SRR g ks
3T AR BT S AV B O AR X, 25 A W 5
ORBE IR B AR 87 HVRRAE PR 32 208 i T
URHE AR RS , HAL 2= 2 BT BB 32 3 1 IS TUARAE
PRS2 i T 26 Bt 722 B U AR A
KEFEATTE (LILE) F{K% 5% T % (LFSE )
2 A E b B S i R, s 3 R 0T R
(HFSE) \H#i + 0% (HREE) DL Kad P IC % (Cr,
Ni V) SFE AR B A P s TG sh 45> A5y kAT
% , AR A% 28 0 2R A G Uit Xof 7 e W 5 R )
JE A A PR SR T A R 4T (Pearce, 19755 Wood et
al., 1979; Polat et al., 2002; Polat and Hofmann,
2003) o A EAFERARE R L S KB AL R
R EE L R EE AR SRR IR T Sy BRLRLA 4
JEREE RAZ B K LA RAEATH H, 7E(La/Yb) | —
S REEEIf# (&l 9a) 1, KRELILIHLIX =B 7 R R

10

b & K4
* KL A IR

EREVENZTE (K&, 2011)

© BT RS KL CRIF IR A, 1998)

0.1 F

MR E Xl

0.01 0.1 1 10
w(Nb)w(Y)

B o ReIMBEED A F La/Yb - X REE Ef#t (a) 5 Zr/TiO, — Nb/Y it (b) (4 Winchester and Floyd, 1977)
Fig. 9 Diagrams of La/Yb —Y> REE(a) and Zr/TiO, — Nb/Y (b) for the ore-bearing rocks in Dahongshan Group
(after Winchester and Floyd, 1977)
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s

R AR R R AR R T e S X 7 R A
AR ROME 23 e P R AL T 2 i DX L 2 ]
FE AT Rl P75 XA R B2 T AR S e T S
JRCUE 3 L 5 A2 B e MR K B T A T
BRI oA B e, 5 T i R
B JALE R AE SR, A [R] T BEL 20 A B BLRLA PR &
AR KIS, TE Zr/TiO, — Nb/Y Elfi# ( Winchester
and Floyd, 1976) 1, 28 BuE:VE A4 (FA TN ) BB 07
T 2 DX A2 B L 7 A B
PEL B NG E 2B DX (& 9b) 5 F el IR
AR 5L AT B R o3, B R T A R XK
EZ I X, B2 R XA DR A
P AT A K B R T R D A —
IVENE L X

AL REL 72 B RE P e AR o35 7 i e H
AR BB 80— 2 YRR A, BLRLETR
FAR B A SR LU A R A O T TR
PEESHE R (AEH, 2011) , & VIR R8T R AR
Jo L ) B R Bt & A AR AE

Fi 2 R Bl O 3R Hh T AR E A Bk Al 2 P T A

FRFE R VEM, 40, Y/Ho Zt/Hf Nb/Ta {H7E [F]—
P iR & AR , e U FH T 9 U5 7R 25 ( Bau,
1991) , H 24 & A BOR T 8 A AR B, ) 25 &
— B 53 5, 1 A E (B A A K A8 Ak 3 T ( Yaxley
and Green,1998; HEEZE, 2000; FFASE, 2020) , K
CLINE XM M S 78 B BT IR RS 0 T 0
[ Y/Ho {5 (25.37 ~ 28.17 ,20.45 ~ 28.02 1 22.56 ~
27.94) Zr/Hf {f(36.67~43.78 37.50 ~43.40 F139.50
~45.15) F Nb/Ta {8 ( 12.82 ~19.60 ,14.90 ~ 18.50 FI
17.56 ~36.25 ) i Fil KEAH R, 2R A7 =35 v g 2 A 4
SARRL AR SR VR, RAR X T MO SR A 1Y Y/ Ho
S BRI BROBL MR A7 28 (Bau, 1991) , A8 A I
+ Nb/Ta {HBHMER RELR RIS G R IR 5 78 AL T
K, TR 5 5 A & InVE A G, T FER e 1k
I UL & B AN S5 1 AR A T AR £k
A AIER T 3X—

FEWE 10a o, KELINAT X AR 85 K e K
SRt SR R A A o R i U B AR o R
A, Ze/ Y (BB e H AR S S i E R a
(7 ) SRR v (B IR, 1987), REAHACA

O3 A RRER I, B BB X BOR TR SR AR AL B W) AT BEOR VR T 2 N IR X & AR B BT e K
100 5 —————rrr
a O KL R R b
WL L RN TR I
AR RF KL 10,
* KL PR A NG
10 FeN
s
s gO.S _' 0.03}\
g S
g =
S 1o =) I,
% S
0.1F
0.05 |
1
1 L L L MR i | PR P B 1 il
10 100 1000 0.01 0.05 0.1 0.5 1 2
w(Z)/10°° w(Ta)/w(Hf)

B 10 Zr/Y —Zr (a) F1 Th/Hf — Ta/HE (b) a3 e 3 5] [&] f
Fig. 10 Tectonic discrimination diagrams of Zr/Y —Zr (a) and Th/Hf — Ta/Hf (b)
WPB—R N XA ; MORB—VFETE XA ; IAB—R KA T —RIEHEAZ N-MORB X ; T, —RAESIMZLRA X T,—FE S0

LA X R BRIR AR L R X, M—REERN S 0% A X &% E-MORB  T-MORB [X ; VI— KRR P ; VI, —Ffi 9 2445 R iR 248 hr
PELIRA DK VL, — Rl R T X iU X KGR KAl (SR R4 ) Kala X VI —RERIRE (B8R4 ) Lilaar; V —ui vk
ZTRAKX
WPB—intraplate basalts; MORB—mid-ocean ridge basalts; IAB—island arc basalts; [ —plate divergent edge N-MORB zone; Il —plate conver-
gence margin; Il ,—ocean island arc basalts region; Il ,—arc basalts area of land source island and arc basalts area of land source volcano; Il—outer

ocean islands, seamounts basalts region and E-MORB, T-MORB region; VI—continental intraplate ; VI, —interland rift and continental rift porphy-

ry basalts region; VI,—basic basalts region of continental rift; VI;—continental tensional (or initial rift) basalts zone; V—mantle thermal pillar

basalts region
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Nb/La {E} 0.26 ~0.28 , 5 WA UTARAS 5 i AL 1) 2= £
R AR B, S bk 7 m e 2 7= (E
de) W BAR T AEHHEG (Nb/La=2.11~4.81,
&5, 2016) , AT BEAZ 2 T R I DT A TR e o I Tk
AR REm , MERMESR A BR B FE 5 3405-5 5
340-3 ) Nb/La {H 0 K T J5 45 Hod€ {8 (Nb/La=1,
Weaver, 1991) , HAYEEAN Y Nb/La (343530 T IR 4R
e (E , 7E 15 10b H B AT R MR NS
Z i X M E-MORB . T-MORB 35 [ 4 , & B H:A] g
FERE T E E IS IR X T RS A B
DA AR | S ECH Nb/La (EAR B T IR (E, 2
TR 4 Nb/La {5 0.95~3.95, 250K T 1, B~
HATRBZ DT T 5 B AR E e I

SRR 5 | 78 R U R R R R W 2 R
41 Ba Sr Ti, BT 401 Zr Hf Nb, W 545 5
1 PR AT BEAEAE BB R G SRR 1 43 B 4 AR
FH 3 Se 7 0T BB S5 KA 40 B 45 dn sl i AR VR AT G,
Ba 55 Al g 5 RS AT 73 B 45 A A OC OB ZE4L
45 2005; TKESE, 2007; JHEE 20205 1T304
%, 2020) ,Nb 7 # UL A 3K HAT M7 e VR A R AiF o
W A7 B ST 75 e (R SCIEAE, 2020) o &8 A8 4 5T
g & 4R LREE , B i 1Y Eu IE 7% (SEu
=0. 91~3.59, #{H N 1.62) , SECH P& Bl 24
A SR AT T R M I TR g VR TG K L A

a Ti/100 b

FEAEAHAL ( Graf, 1977 ; Michard and Albarede, 1986;
Klinkhammer et al., 1994; Craddock et al., 2010; i
WIWESE 2017; MOGRAE, 2020) . Eu B H AT RER
A 2 o R IS AR T K el AE VR B 45 5 ( Bau and
Dulski, 1995; Alexander et al., 2008)
52 MEMIEIRE

AP 10 HRa] L, K 2T AR 8 J5 1 i 35
FEA T RN LR A (WPB) KB, D EEA
MORB {18 ¥E K M et B AR P T RPN IS |
L% ® o X &% E-MORB , T-MORB 3 [l 4, 722 Ji7 i
PEARE T B0 TGN R LA KN, Bk
BoRPIEKIREE, FEE 11, 8 5 R AL P A
LU RLRL AN 2T PR 5 0 28 Jo L 25 % HemT I
G V- I I DX AR I LA R AR N R A X
P PRI X AR K L S 4 B A B, A TS
B 22 A AR B 22 A XN, TR TR A S
YL BE 2 8 90 Bl 0 2T 1L DX AR B9 5 2 2 ol
FEXHE Al P 2 R, S A M R X, AR
JREHE A A R AR N X A X, 5 43 B AT E-MORB
MREAE , oA A MR AL 2A AR AR AR LT DX AR 12 ]
AHAY LTS (A SE, 2013) o 25 Bl 0L, B TR,
B e R S AR R L 32 R K A
LA REIE 26 B LR B T B 1L Ak 4 1 185
AR [ — KA IR A G sh =)

& Ko F AT L
* ORI RA TS (B A05F, 2014; 154 5, 2015
B PR T L R, 2011)

O JRHEIIHTRAS K L1 CRIFIREE, 1998)

B 11

Fig. 11

a: A—E5HME LR A ; B—MORB B IR 5 X aE A i X s C—R B XA D—MRN KR by AT IRBI e X

CAB—#5H0 1 Z i A ; N-MORB— 5 it I ha L ik ; E-MORB— & £ M v ol ik ; WPAB—HMR N B il s WPT—H N hr BE X i
c: AT+A2—MR B LA A2+C—RNPIBE L7 ; B—E-MORB; D—N-MORB; C+D—k LR8I 2 a2

a; A—calc-alkaline basalt; B—mid-ocean ridge basalts, island arc porphyry basalts and calc-alkaline basalts; C— island-arc tholeiite ; D—in-

RET L RA ™ PRAA 3 P 85 40 531 €

Tectonic environment discrimination diagram of the Dahongshan iron-copper deposit

traplate basalts; b: [AT—island-arc tholeiite; CAB—island-arc calc-alkaline basalts; N—MORB-normal mid-ocean ridge basalts; E—MORB-en-

riched mid-ocean ridge basalts; WPAB—uwithin-plate basalts; WPT—within plate tholeiite basalts; ¢;Al+A2—plate alkaline basalts; A2+C—intra-

plate porphyry basalts; B—enriched type mid-ocean ridge basalts; D—normal type mid-ocean ridge basalts; C+D—volcanic arc basalts
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R R, B FRIRE SR TIFL 5iE 1A %
2.0 ~1.8 Ga fi A 3G (B2 3CEE, 19975 Sun
et al., 2008; FhEMIAE, 2009; MRS, 2011; E
TIE%E, 2013) ,JFATAES Columbia #KFEI RS 1E
L3 #2402 (Rogers and Santosh, 2002; Zhao et al.,
2002; Zhang et al., 2012; FAFE%, 2013; 1530
8, 2020) , ATAER, FE BREVE ML X ARAS TR 281 0T
AR A A U-Pb AE 0, FEEPIE 1.8 ~ 1.5
Ga I [, B A 9 A RAB LA R 1 LLRRE ( F
AAREE, 2013) 91405 FHAF (2012) B A5 2K 4 4
W XML A U-Pb 4Rk 1.88~1.56 Ga, IfIA N
HEA RGN LA W RRE ;AR = 46 (2011) BF
FEE I T TR A TR BT a4 G 0 1% i )
s PR A A R4 (2012, 2013) BF5EIA
Sy T VR A S A BEA T T o AR R I (1,72
Ga) , MR T H A R A AR ~ 1.69 Ga, J2&fif
JRFG 35 BT i A U iR W 2R A 5
AAAE (2013) 38 0 AR AR Xk oot A v ke 32
filie i 0 Se-Nd [R 2 IBIF9E , A HOE A%
T RN R 205 (2013, 2014) BF5E R, K
LB PRAS M A TR T ~ 1.7 Ga 1Y KB 24
BIREE; Zhao %5 (2011, 2017) WF5E M, & )18 X [
RAET K EFERE N ~1.74 Ga, KELINT X &0
KUPEAERE R ~ 1.7 Ga, (2 A B K A7 i
K ~1.65 Ga, I WEEER A 3K IR AE R T i & 1
IR AAANGE R LA K 5 | 1 R T AR 5 A AR A
T R INER AT R TR 1

ARSCWFFE LS o , KL AR & 8 Kl s
T T B K sk a 2 HA RN A LR
#1F1 E-MORB (45 55, , 5 DX 35k /] 9 JE M2 R 1E — 2
(FAREE, 2013) , R EATEA MUY A 1 &
B850, BOZ R A — I AR (L AUE TG sh i a5 L, X
AR T LA S0 Sh e S BRVE N 2 A7 7E, J2& Co-
lumbia 8 Kt 24 % A9 3 224K L ( Rogers and Santosh ,
2002; FlEAAMAESE, 2002; TR 5, 2012; Zhang et
al., 2012; Zhao et al., 2017) . I, BETEHLIX )92
KB 1.8 ~1.5 Ga ZEA AR (WAL S Al RE 2
Columbia il 1) 24 i 4 3 T A R V8 2% 1y i [, &
TTAT REAR A FL PH 2L JH 1 7= (3B HR S5, 1996) , if
1 S35 SR M IR R 1 A AL AL T A A T
8 V20 B 1 D) Ay R VL DX R AR 22 4 R
T RCER G T R 4 ) 4 A

6 %5ie

(1) KL IR S0 28 Fs R EA &8,
TR ARER BRS S R R B RRE, =R
F R A e BT TR A8 AN BT L Y s Sy 4
HMPEA R, F0 A RREITE T 75 5 Ba,Sr,
Ti, 5575 Zr Hf Nb, &4 Th Nd . Sm  La %5 ;28 fi K
LA AR ELAT AT B SR A LT R A AR LT R
BLAM AR, Ce 3 AU, RA K W E M Eu IER
AR S R K B B AR
R R

(2) W% % Nb/La K T b5 i (Nb/La =
1), BB B 5T K L 2 3072 o B VR Ze/ Y (B
ey HAE A % 2, R W H A W i B A AR M 1
Y/Ho Zr/Hf Nb/Ta {5510 22 53R W], AR A BT K LA
AIREZ 3 TG WIS I E RS2 i, 22 i) i 34
BEH 45 K R W, AB 8 5T kil s B AT E-MORB #lI
WPB FHIE, #E & AT AT REARIE W T 5 5 45 b A7 O¢
(OPNIEAZASTS

(3) RELIA X & T 22 BT K LA R AR AT 5
TREEMIX 1.8 ~1.5 Ga 247 AY AR L YA 3 5 %
I, R EATE R TAR IR Pk A4 3 PR35, T REAC 3R
T Columbia i K fifi it 2 A H7E 4% R B 75 2 11 1)
VL 7 e SR figp A 3 B A5 A e R 2R 1 LT s e 1
BT A XN KSR A 2 4 R T R Y
TR HE T a3 Al

st FANIAERR T REAKRLLAF LA RN
S| ARG AR A R WG A B, AL & A E R
LI E T ERAOSRE N d S, El—F &
R A
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