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(modified after reference [2])
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Fig.2 Simplified geological map of the Ningwu Basin (modified after reference [11])
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Fig.3 Features of the age samples from the gabbro—diorite porphyry in the Meishan ore district
a—Altered gabbro—diorite porphyry: b—Fresh gabbro—diorite porphyry: PI—Plagioclase: Cpx— Clinopyroxene
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Fig. 4 Cathodoluminescence (CL) images of zircon from the grbbro—diorite porphyry in the Meishan ore district
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Table 1 Zircon LA—ICP—MS U—Pb dating data of the gabbro diorite porphyrite from the Meishan ore district
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BT TR R M e FIE A R, R IR
F1Qiu et al. “HBHARIA N+ v hriE (19 Tt ooy
FRBHIE I 8 LSRRI R 28 o b R B KA
b AR LR H 4 I3RS 2947~2903 Ma 5 247
AAEWSF 3.3 Ga TR B 5 AR , HEAE Tk
FEAER TR T . W/INBH S5 = et X
=0 AR TE A DR A &2 B 3319~
3508 Ma i JE & A1 Je AR X Aa Al B s 4, 0K
TP A I — AR A E S

K AT A T AR AR R AR AT A X T I
i Hb L B KL AR I S 3 R v AR R AR AR
Tl REA AR, PR AE R Tl 42
AR T UKt (3232 Ma) A 3 U K i AR
— i IE T A(2403~2601 Ma) i 4547, W 758
Hb DX AT BEAEAERT R AT AR T HSE 3L . A3 m 42460
FET IEA AL R A IR AR TR R T 3 AR i
(1787~1984 Ma) ¥ iy & 45 A1 , 2240 A6 2 7 1L
KINK B A &I T 1AL A (1885+14) Ma ()
B EIE T T I A T REAEAE e AR 3
T o [ DR UBESS 7 AT 118 B DX B L 0 A5
BERH A A 25 il 28 A A A 19 K- Ar 3% T8 A i
1771 Ma, FFAHED IR AR AN Jm Bl T AR
GEA AL B B A (MS—13-27 #5417,
Pb/"Pb 4 % 1903 Ma Fll 1898 Ma), 2& # ik N 1ET
FEFEMAFAE N T AR BRI, 1T REJE T

U T S Y TETE P 2 (W TT BEE , S5 35 %)
AR (BB 2T 1400 Ma 45 47 {# FH *"Pb/**Pb FL{H Sk AE
F RIS AT . AU IRAS 5 it 4
A1, 0143 h 3 B —F 2 i 1 (MS—13-27-4 . MS
—=13-27-17)Th/U FLAE 43 51 0.25.0.36, 7k 25 14 B
i, R U G R S A RRAE , H 2 Pb/ P AR i
4391 1903 Ma 1 1898 Ma, #f—HFEH] T T 6 4%
AT BEAFEAE o O o AR B B R A A R
FAOEMTTREME . 28 P 1S A (MS—13-6-8) 1)
29ph/ 28U AE S 4 (1163+9) Ma, Th/U L1l K 0.74, 1%
R E T CERE AR . TR
PERITH R UHZ A A K AT P [A A RERAE , 05 HEW
X R B R — =S RNBAREZZ THAET
TR EIRBAR R, BEBER R R AR T
1.0~1.4 Ga™ , A SCIRAF I rh oo i AU A AR 1% 5 LA
A5 5 DR VTG RN B AR 4 2 DX b AR AR AR 5 5 25 Nd

[F] {37 2 1500 Ma PRIAFIE0 8 45 % F iR A e
A EA—RICEER . DL ERIR RS A7 A, ED
WE TR R IR A EAE Rt A4S i AT —
G A ORE A5 3 1Y RUZ S5 F 7 (T AL T ) B WL
SN T IT I AN L Z b R [RDE R K L Sr—
Nd [ ZEFHE G 6 1, A0 Tt R vz 2 e 4
TR, b N AT FER D BB A B R B, /LA
R Rz Tl S S A TR Y

o5 =R 2 Wik A (MS—13-6-9 . MS—13—-6-15)1
26phASU AE IR 43 1] K (292+6) Ma Fi1(296+7) Ma, H
Th/U HCAE S350 8 0.55.0.51, B L8 R & L il REAL
FEEK DT R AR I T & S B A U
JEHRA I A TERE B Y LA A 2 e T AR
A BT BB K A 2 1 K L e o R
PN HR S KOG Sh A BN . BRI 2
AT R WAART A RS, RSt
EIRAE AR T TR B I 5 2
— LT
42 HERRAR

VAR, B ARG T 75 UMK N A ek
AR U-Pb e R8I (R 2). T Ie PR BM LS
NN N N TR = NN N T E =S Z NN S B 1T E =47 NN
I LA AR A LU A A BUA 7 LA-ICP-MS #5471 U
—Pb 4 #4324 (130.2+2.0) Ma. (130.7+1.8) Ma,
(131.1+1.5) Ma. (131.1+3.1) Ma. (130.0+1.4) Ma.
(131.1+1.9) Ma F1(129.2+1.7) MaP*, & £ F- 2575k
1532 A M LR BT BE A i A8 WA N By 5 LA-
ICP—MS %5 £7 U=Pb 4E 45 43 511 41 (123+1) Ma . (127+
3) Ma, R BB B bR 20 N B3 LA-1CP—
MS #4547 U=Pb 4E#A M (125+2) Ma; BEE 22150 72 1]
LA™ 1 K N K By %5 LA—ICP—MS %5 £7 U-Pb 4E (i}
K (131.7+0.7) Ma; Hou et al. ™75 17 111 2 < A By
A A ) LA—ICP—MS £5 47 U—Pb 4E % 4 (130.8+
0.9) Ma; FKFMHEEEIL H U115 7 15 N By 5 LA—
ICP-MS %5 41 U-Pb 4F- % 47 (127.6+4.4) Maj; 2 1] 742
SRR A LR U K S TN K A LA-ICP
—MS 541 U—Pb 4E 1% J9(128.2+1.0) Ma; 25 A1 %2
FIH SHRIMP 45 47 U—Pb 32 045 55 1112657 8 121 55 4l
AR N K B A A AE % 4 (130.0+1.0) Ma, £5 A
T IE 7 T R AR MR I By AR i A D
TE 130 Ma /2 £, AR IR A5 138~141 Ma (#4515 K
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Table 2 Chronological data of main intrusions, volcanic rocks and mineralization in the Ningwu Basin

TR 3 % Hb A i i AE U Ma Z 33
Je Al e il s T B 5 47 SHRIMP 13144 SCHR[18]
Jo Al AL Sy I 22l T IE T B B5 47 LA-ICP-MS 134.8+1.3 SCHR[28]
K4l el = T B 5 47 SHRIMP 12743 SCHR[18]
K AU T 22 s [l Jig 5 47 SHRIMP 130.3£0.9 CHiR22]
K E L Sy I 22l g T IE T B #5 47 LA-ICP-MS 132.2+1.6 SCHR28]
Iy 1 AR 22 Wil Ml 5 77 SHRIMP 128.2+1.3. 128.5+1.8 SCHiR22]
Dyl 2L Ay DR AT 22 1 TR B B A LA-ICP-MS 129.5+0.8 SCHR28]
D G 1 2R R i ARl #5 77 LA-ICP-MS 130.6+1.1 SCHR21]
T A 1l 2L 7 A T TR B B A LA-ICP-MS 126.6+1.1 SCHR28]
K K il B0 LA-ICP-MS 128.2+1.0 SCHR22]
A N B Pl 5 77 SHRIMP 130.0+1.0 SCHR32]
A I I [1] 11 #5 47 LA-ICP-MS 131.74£0.7 SCHR29]
A I I [1] 11 #5 47 LA-ICP-MS 12341; 127+3 SCHR27]
AT N I [1] 11 #5 47 LA-ICP-MS 127.6+4.4 SCHR[34]
OB INK [1] 11 #5 47 LA-ICP-MS 130.242.0 SCHiR[24]
OB WK [1] 11 #5 47 LA-ICP-MS 1308+0.9 SCHR33]
OB WK P A B A LA-ICP-MS 130.7+1.8 SCHR[24]
D WK #H LG B B0 LA-ICP-MS 131.1%1.5 SCHR[24]
OB 3 Zl #5 77 LA-ICP-MS 131.1£+3.1 SCHR[24]
T N K B Al B0 LA-ICP-MS 12542 SCHR27]
OB WK 34 Sk B0 LA-ICP-MS 130.0+1.4 SCHR[24]
OB WK FlE 1 #5 77 LA-ICP-MS 131.1+1.9 SCHR[24]
O TN K & B 1l B 41 LA-ICP-MS 129.24+1.7 SCHiR[24]
A7 Al ga YA AT S5 I 2% 126~129 SCHR19]
& B Bt A OATPAr BEL S 2k 126.7+0.17, 127.21+1.63 SCHR[17]
& B FZ R IR YA-PArFEL SR I 2 134.9+1.1. 133+2 SCHiR23]
& B AR R CAAr L SN 132.9+ 1.1, 133.9+2.4 SCHiR23]
G B (GENRIMZN A Ar 7 I 2 128414 3CiR23]
G bt [GERRTMZN AN BE ., L) 2 1293+ 1.1, 127.5+1.7 SCHR[36]
W Mg 1l e AN BE ., L) 2 122940.6. 122.6+0.16 SCHR[16]
& Wi A e A OAPAr B S 4k 124.89£0.30. 124.90£0.29 SCHR[16]
G bt [GERRTMZN AN BE ., L) 2 1293+ 1.1, 127.5+1.7 SCHR[36]
&b =EE N OAPAr R, S g 130.7+1,1. 126.7+9.4 SCHR36]
G bt AL R OATPATBE L L) 2k 129.140.9. 129.6+1.6 SCHR[36]
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DN 3 T B AT B 8 DAL B8

KT T I =G DB RR, fe i aE
AT T IE H BEIR IR L1 BT e T L AURR L4
LML EE A7 SHRIMP AF44 73 514 (131+4) Ma (127«
3) Ma; 5 AT 4245 00 2 il JBR FELA T LU 2L IR 1 22
LA A B A7 SHRIMP 4F-#%°47(130.3+£0.9) Ma, 4 LUl
A 1L B AT 2 10 2H R 2 5 B B A SHRIMP AF 1% 4331
J9(128.2+1.3) Ma . (128.5+1.8) Ma; &5 kK 52 R 48
25 th 7 IE T g B 4 K LG A 1 LA-ICP-MS £ 47
U—Pb 4R #4390 - B F 1L 2H(134.8+1.3) Ma ., K E 1
2H(132.2+1.6) Ma I 111 4(129.5+0.8) Ma FIQR AR 111
ZH(126.6+1.1) Ma; [EJIRAEG B GRAR 117 K  F R
I A BRI 1L 2 S 0 A T T AR R 2 R K
71 1) LA-ICP—-MS £ f U—Pb 4 #% 2 (130.6+1.1)
Ma. ZHCFH IR T IR K =526 Shi Rk
135~127 Ma, $F4% 8~10 Ma( & 2) "33 (H i 45
— B2 YIRS AR AR Y B
] PN (249 130 Ma) PRt s & I8 B iy 022, — 26 1 Ji
FAERWY, T IE AV AS LU ] 4 s e RSk T 4%
e BF ], I B E AR Z A2 B I, iEd an T

(1) Y-8 2 T ] F s o 0] 1T V2 5 P 58 1900 m
Phb BN 11 5 A8 A B 5, DA 22 YR A S R AN 3
G TR RAEANE SR DIRAERP A
BAHEEWMB A, I DR 109 1
AL W e (] N R EUE IR Z ARG,
R TR R, e U By TR

(2) gl 2Z Al A A A Tl B, K LU o] 5 4
LI [m] ey it 22 36 20 22 B A7 A W Sl PR OB ) BB, S0
AGAHDTRR, A0 B R e A Je s K A
BER MR o AL DS PR i 1 40 B3R A N 22
A s & BUAT R I KN K B2 ek
FAARD 242 3 R A D B A 1 [T 5 A i o 2 IR A
WA IS TA] (R AT, (A5 (A RNk A ) R 1 3R

(3) TLI348 DX A 5 AR L i X g 1L 4 2k L
AEHREA XA Z R T —8 Kk lm &
(] B 1 P B WA AR TR S R ——= A1l dl,
WETIRUA RTEGH N A0 Az, 5 R e £
LB LK L AR G4, = G I e =R
Wb DA . Wb Tle s, Je Bt K D A B
DUBEI A, Rl 2 A5 I L DR s R Ay iR e R
W2, %A R REE R 144 mo X UiEH 2

LU [T T L [ s e 22 Tl g ] i EL A Xk
PEAFAE , B E] A

T IEFE LA A e 0] AT fE AT 2 AR L,
L3S L T IS & 5 B AT REAN 2[RI ), 2t
1) 85 3K A 1 — W VR R AT RE 2 A AL IR . X
P 114 T 2 2% G AN A7 T T o 2 1 4 T BURN A, 3
eI LR O R A E T TR TR A
A A s B 43 AR T eI H gn T /N
H0 T I T 57 b 0 B2 T T I 1T 1, G A A
LU —5 )57 LU TSR il B, 4232 AR 5 P i 1L 2
OB, B AR — RUEL L 7 24048 1, 1A A
LA FH A4 B AL o A SR 2 e X 4% T 1] K L
R 28 A7 W B 53 6 LU J5 A R 25 28 KLU T B #E s []
AR ESHG, HA TR KA R0 6
ZA K DB R A . A RN KBS
AR R IR ZE R I 2 & B IR T FE ) 77 98
A B Hh X i sl Rl AR A o] BB T b
AL X

WIAEIEGENA , T I X ) A=K LA A
AR TR AN B I ) BB B, & FP2E L 2 W1k
(o TEIRAFEIRE o T I fa b i WO R AR L L 21 K L
AT RGEAST , AT IR AR (L 2 R B ok L LA
ICP-MS £47 U-Pb 4% 4(130.6+1.1) Ma, 5 AR
ZHIE AR AR LU 2H 1l 7 LA-MC—-ICP-MS #5471 U—
P AT (53 SCRFR) , T I A b e 1) K LU B0 0%
FE130 MaZidy o ARSCHATF IR FILHERDER N By
FREAT U-Pb 4RI 138~141 Ma, R T Iedb Bl
TG moks B ORI ORI 7
TEAEHIR) K LG B2 ] 204 T 7~10 Ma, Jf-H.
B LG ST RE L R B R
4.3 B IRAR

TETIEr B, RN s A Ar—"Ar & 4E
JE P AT R B8 Al B A PR AR IS S (124.89+
0.30) Ma, X i 1) 45 IF 2 4F 1% 24 (124.90+0.29) Ma;
Yu and Mao" "R AHEP W57 [ ck490 4 FL -5 g2k 3t
A =B A" Ar FRAE IS 4 (126.7+0.17) Ma, Xt
7 IR 25 I R AR R (127.2141.63) Ma g LhJ5 20000 75
R L o e PR A (R AR ) 1 Ar—"Ar I 2
AR TE 126~129 Ma; @A G245 th TR 1Lk e™
FE IR B AL E B A 4 s B A Ar FEAR I 43
SR (134.941.1) Ma . (132.9+1.1) Ma, X 1 4 iz 25 i
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LRAEIS 2> M (133+2) . (133.942.4) Ma, P A 5k 5%
YT w0 e o B CAr—CAr SR AR IR
(128+14) Ma; Zhou et al. "8 T P AT 1l K M
s LR IR b S G S 1 8 5 B Y Ar—"Ar FFAE
W73 54 (129.3+1.1) Ma., (130.7+1.1) Ma, (129.1+
0.9) Ma, X 17 ) 55 I 2R AE 1% 73301 R (127.5+1.7) Ma,
(126.7+9.4) Ma . (129.6+1.6) Ma, HATC KFEM S
RERRA SE AR 1) 4 = B/ B A “Ar—"Ar A0 7 52
Z MV B [RIBR 2 76 T 135~126 Ma, FuA SCHk
T B M LK N K By 5 LA-MC—ICP-MS 4% £7 U—
Pb 4 1% (138~141 Ma) BT , iX M ) —J7 T 3L A4S
SCRAFH A AR A HE AT E

57 IE A R BOAR TR LAk B = S gk
LB G b, BRI RIS R . R4
ANEERAFME L T S IR B A Ar
BEAERS M (122.620.6) Ma, BE B B A8, HATRE ,
FEAREHERf ML AR RIE BT ] . PR ARHS A
5 Ar [7) A F K R A B AR B M (225~
300 °C) ), it LLARD™ 32 B B BRI R
JE 1 640~800 C*, it fm T FIRIREE . MLl gk s
ARG NEIR T LA 2 LT A BT & B Cu—
Au-Mo B &, Helf 25 b 580 7 25 D) ) s PRIk
F,NVE TR — 25, WLk Eo KREA
Z B BB 1R S AR A B e
REN B A G B S A R B
JRAT) IR AR ZE ™ (L B BORT A BB Ab B
B (AR S REAL IR IR A 1L L = AL Bk 1k
), Mg LR IR 58K A B RIS R B
BOA O IR AR Z2 ™ A B BRI B T a4k
W HRZEHT 0, 5L 5 & B Cu—Au—Mo B IR
HEYE-mA B G, A A A e B
TSR By B Al i AR = 2 X W K I B 4 )
AR AR R B AR T A B E KT
2R K LA (R A AR ) . Fe {6l Cu-Au-Mo
WAL SRR N By A B U0 R R B A
K% LA-MC—-ICP-MS %5 f1 U-Pb 4F- % (138~141
Ma)fCR G EH - RGN T RS, LR H
HIAANERE , % BB KA “Ar—"Ar ARy 123
Ma'", FATIA A A LUk 2 4 Ja 1 Ak Ar 2 B[] 23 AR
K, AT REIAF] 15~18 Ma, — B RFE: R WU 1L 5E 8] 1)
KM 2 )5 o ESE28 4R v AR A s A o)

P % A = ) A R Sy gt | VT T Tl X A
T SR T EW [a] 5675 A3 NE-NNE [m] 57 {4
KB A IAZA KU E , KB T TIEH
HhAE N Y — R 80 Bl A 5 T b . R
VLT R AT H T DR e JR B 77, i 5 0K
P OIS AL A U Fe . Cu ., Au 25 2 Hibg e 2% | T,
AR H B B R~ R AL S Z )5 A )
AR | B ) e A R B 2500 245 [ (1 3 2R
LA, B, 2Py kil R KL B Fe—~Cu—Au
WAL IE 7 5 A Rl T A 4 o 1 o T 2 ol L
IR A

5zt i

RIS Z & B IRA R IN K
By il T TARRETSE B8] T LR 458

(D 5L Z &80 IRA S LK
¥y 1Y LA-MC—ICP-MS %5 1 U-Pb 4E 2 4 138~
141 Ma, G M LR 1Y T FRAF Y, BUA B 34
JE AR S X K R 3 T S AR R
R PR

(2) MR N K By 5 oty & 85 A AR R AR T
1898~1903 Ma, 1163 Ma £l 292~296 Ma, fif £t 43+ 5]
D RN AV [T A 1P N~ | o 1 4 N 2L
A R AR W 1 A AR R oT i ARSI
Arh—Foe it AR A LI 1 BUZ 547

(3) T IEAH IR K Ll —2A 5 0 3l T B L BT
U AN SRR A E] 2= /DA T 7~10 Ma.

B AXETNATHEFHER T L HEHA
EEET K ETWMBEE K 208 LHNE
B REXFE RERAR FRERAEHNAS
TR A B, B REBNKGE T P E MR F
Bo PR RF R ET G LA, — B
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LA—MC-ICP—MS U-Pb dating of zircons from gabbro—diorite porphyry
related to the Meishan polymetallic iron deposit in northern Ningwu Basin:
Constraints on the age of the magmatic—hydrothermal metallogenic system

CHE Lin—rui"?, YU Jin—jie', WANG Tie—zhu', LU Bang—cheng’, WANG Xian—wei’

(1. MLR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy
of Geological Sciences, Beijing, 100037, China;2. School of Earth Science and Resources, China University of Geoscience,
Beijing 100083, China )

Abstract: The Meishan polymetallic iron deposit is one of the representative deposits in Ningwu Basin, with its Fe—Cu—Au—Mo
mineralization related closely with the gabbro—diorite porphyry. In this paper, the authors conducted LA—MC—ICP—MS zircon U—
Pb dating of the ore—bearing gabbro—diorite porphyry and the fresh gabbro—diorite porphyry under the orebody, and obtained the U—
Pb ages of (137.8+£1.7) Ma and (141.2+1.0) Ma, respectively, suggesting that the gabbro— diorite porphyry was formed in 138~
141Ma, the accompanying Fe—Cu—Au—Mo mineralization might have taken place later, and both occurred in Early Cretaceous, con-
strained by a tectonic regime extension and lithospheric thinning environment. Depending on the chronology and geological facts ev-
idence, the authors put forward a new viewpoint that the volcanic—magmatism of Ningwu Basin began from the north and lasted for
7~10 Ma at least. The U—Pb ages of the older zircons from the gabbro—diorite porphyry range from 1903 to 1898 Ma, 1163 Ma and
296 to 292 Ma, suggesting Paleoproterozoic, Neoproterozoic and Early Permian. These data imply that the basement rocks made
some contribution to the magmatism and there existed the so—called double layer structure of the Paleoproterozoic crystalline base-
ment plus the Mesoproterozoic—Neoproterozoic fold basement in the Middle—Lower Yangtze River valley metallogenic belt (YRB).

Key words: zircon U-Pb dating; gabbro—diorite porphyry; Meishan, older zircons; northern Ningwu Basin
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