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Fig.1 Geological map of the Ningwu ore concentration area, showing the distribution of ore resources(after Reference [9])
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Fig2 Geological map of the Washan iron deposit(after Reference [9])
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Fig.3 Intrusive rocks in the Washan mine
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Fig.4 Petrographic microphotographs of gabbro—diorite porphyry and granodiorite porphyry in the Washan iron deposit

K IO b 55 25 1 B i (LA-ICP—-MS) J7 i, fif
HALZE N Thermo Element 11 %5 &5 F i A%, #4061
A SN New Wave UP-213, SCHG R He 1E 3
P B RS BB K 213 nm KRB 40 pom Bk
AR 10 Hz BEHE 0.176 m] % & 23~25 J/cm?, M1
AR SRR RO R TS 1 ROREE 15 5,84
JE AT RE S SRR MR AR 45 5, 45 1k R DhUS gk 2k
15 s WHVEIFRE R GE , H Ao BT ] 75 s 45 5
+ BT i A S O ¥ VR (Ar) 15.55 L/min; 5
B HE (Ar)0.67 L/min; #HE (He)0.58 L/
min; FES R 0.819 L/min, S350 & 4 45 0 &
1205 W, s AR AR B NIST—-610,
42 MiXER

P T B A 2 45 4 o 1A B B IR
Dy IR O BRI A RS R s A A X R T
EadR R OER HEAONKS AR SRR
w1 010x10°, R e E P CEY S RE)Y N
761 x10 °, Th N 237 X10 °,U A 320 x10 *,Hf N
9 574x107°, F o0 3 BORL R A A5 HE AL 2 A 28 5K (1A
HRIABER TR T, ER TR EE, HAR

FUMIIE Ce % (8 Ce F¥H 21.3) FIft Eu 7%
(8 BEu F¥0 0.34) HRE , 465 IN K BEA G + 8
AR 709x10°, it w Z i CEFH &Y N
1 286x107% Th A 202x107°,U & 185%10°°,Hf N
8 959x 10, Fi 1 7T 28 BRORL B A7 A o Ak 43 A AL = (]
5), RMANBEM TR T, BLEEER IR,
BAMBREUNIE Ce %9 (6 Ce TN 48) It Eu 7
(0 EuT¥Ih0.48),

5 WieHEhe

51 BABER

A (ZeSi0y) /& A oA T i R, H
oA A K 1A A TE BT X R Ak B 45 B
BTz F R R ARAR 2R A A s B Ak
WF5E . Belousova et al 7838 i K & () S8 BF 5% 2 HY
B R AR o0 3R S IR A S R A B A
TR, M RMA SR R R B A T
i BOCER R BA T o B A 1R LR R TS
TAR A T — AR N 50x 1070, ZEBR R 31 2 AN BT 7
1R 600x107° ] 700x 107, ZEFEM A T ATIE 2 000X



2012 4F

Ju$

i

1878

¥6'0  TLT 08666 0OTLOL 0991  00°LEL6 0T'19 0s€0E  9TveE 06091 Ivee 8606 L seTT 060 6EY TLe 910 €9°C1 €00 S-ESSM
880 CLT 009991 0€9LE 0OCEsT  9ICIL8  06¥O0L  00CCS 1165 OI'SLT STLS 00SSL 9L 11  08Sse 981  vS'L €6'S £€9°0 e €6'1 7-ESSM
L90 96’1 01's86  0€9¥l 00871  ¥6'SST8 oL'eL  08'1SE  T9LE 060LI TYEeE  L¥S8 €9 ol'el  L60  €5°¢ €60'l €ro 8¥°¢l €vo €-ESSM
860 ILT 00F¥€6l 0S68€ 0S¥ET  €89I¥6  OL'ITL  OP¥C9  OI'lL  06'1€E€  6SIL 01'00C 86SI 0SLY 6€T  0S6 68'% 0€'0 €6'8C 670 T-ESSM
90’1 I€€ 0071C€C  06'FCS  098I€  9TEOP6  000SI  OTILL LI'O6 OI'¥eyr CTO¥6  08°LST 90'1T 0vT9 00¢ SITI 6L9 8L°0 L9V oI'¢ [-€SSM
€L0  S91  098L9 0€I91 087TCT 10°1986 1S09  06'LLT 9SLT 09FIL  9S1T  S8VS oy  6Icl 990  $€T Il ¥1'0 L191 0€0  0T-T6SM
10l TCTT 0gleS  09'LPT 06T  61°LITOL  LL'S9  OF¥P8T  €89T 0€t0l  LIBI  60°¢h 0T'¢ 068 190  ¥8'1 L6l 9¢€'0 YL'€T PPl 61-T6SM
180 CL1T 0I'SLY 0C€Ivl  09%6l  8TOLSOl  LL9S  08€9T S€9C 08CIL LvIC €V ¥S o'y  8¥Cl $60 SS¥ eVl vEE I8¢y Tyl 8I-T6SM
160 61T 00€LS OFELl  0966C 10°S€66 0999 0L88C 199C o0O¢10l I€Ll  OS'1¥ 96'C WL 990 S8l €L'E LLO (487 61’ LI-T6SM
0g'l  ¥E&e  0T806 0916y  OI'l6S  9I'8LIOL  T8S8 0806 6£LE 09'1S1  €T8T  9STL €S5S €e9l  LST] 18°¢ ¥6'€ 850 09°Ce 8€'0  9I-T6SM
060 90T OTIIL 01I'69CT 09Cee  SO€l66 YLYL  00°LTE  8F0E OLTTI  €€TT  T9TS 90t tvO0TI 980  9¢T 8¢'1 SsLo 9¢'1T ce0  SI-TeSM
€90 S91  0LL68  0€£80T 0¥ 1ST 1T%996 LTLL  068SE  L¥SE Overl 0T8T  vl'EL ¢S S¥Ll 8I'l 8S¢E e8'l [4N0] w691 900  tvI-T6SM
6L0 TLT 0979L  OI'l¥T  0S80E  ¥9°9¢66 8CT8L 068YE 10€E  0EvEl  LTYT  S809 SSv 6Cel 901 66T o'l 800 y181 600  €1-T6SM
160 S6'1 0STyS  008S1  OI8YC  €TLYOOL €86S 0£T9C 9¥vT  8¥96  VILL  9L6E w'T €rg  vso vyl L90 00 8¥°91 000  CTI-T6SM
¥LO  ¥OT  OL'SO8  00°€€C  0090€ 166001  608L  06LFPE 8SEE 069¢l €l'ST  €1'S9 I€s  6€81 00T €00l 0€Ly I¥ClL 09CCl 9908  11-T6SM
880 S6'1  09C°0S 0€€0T 0geee [L°6€T6 9C09 ov'erc 8¥TT  SE€88 LTSI Se9¢ &'e 989 TS0 ST 0L0 600 L9l ST0  0I-T6SM
690 8L1 09SL6  08ThE 08TCIY  TO'THO6 8¥'L6  OTLIY SE€ov  0€P9l  060€  vEI8 €9°¢  LlI'6l 081  to¥ YS'L 8S'1 ceee 969 6-C6SM
001 TET OFSl6e  0S08E 08ELy  SP'LO6T6 0I's6 08¢0y 988€ OV8SI 898C  8TIL 00 9¢¢cl 9Tl ele SL1 110 T y1'0 8-T6SM
8L0 961  0€LSL  0SLLT 06L0E  90'1TV6 89vL 066l 8ElE 068CL SOVT  LO'I9 vy 10vl 680 98T €Ce 120 clel 88°0 L-T6SM
660 65T 0LTO8  08¢€6T 0998¢ 199616 €9'¢8  0TLSE  8Ive 088l  PLYC  SO'19 8I'y  veTl L80 0£T wl oro 16°€C 8T0 9-T6SM
88°0 8CTT 06S08 00 1IC 086vc  S1'0C06 LL6L  Ol'6ge  €LTE  0F9El  SLVYT  09'€9 vy S9vlL SOl IL'T 6¥'C €0 olee YTl S-T6SM
80 €L'1 099%F OLILL 0I'I9C  SE€0816 ILcs 0oLTee  LI'IT  9Lv8 €SSl T86E LT 0s8 690 SOT €0T o €56l 90 7-C6SM
IL0  ¥81  OTLLL 0TOST 06¥9¢  0£0868 9908 0S'8€E 8E€TCE Ol'lEl  10VT  9L'6S 8I't €0¢l  ¥60  €€7T STl 800 LY'L1 800 €-T6SM
¢¢0 €51 0088l 00191  0F9IT  L6'0SL8 PP's6  01'S9r  €T'IS  Ol'l¥T  100S  06°LEl  9F01  L9'SE T8I 6C6  LO6I Sl'y 906y  SLSI T-T6SM
90 TSl 0099  ovTTl  0T9SI T LE06 99Cs  Oov'Ivc 8IST 0£801 vEIT  909¢ Iy Irel €90  0ove ¥0'1 00 16°¢l 10°0 1-26SM
BL aN A YL n JH n N wr e OH £a qL PO g ws PN 1d 20 el

ysodap uoar ueysepy 3y} ur L1kydaod djraorpoueasd pue Lilydiod 9)L10Ip—01qQqeES JO BIEP JUIWI[I BRI} UOIIIZ | dqeL
G-0D) ¥ 20l SIN—dOI-VT EULER D SN M Nk UM B T 2



1879

4
53

B

i

ZA

B4 7 70 S A Ll R R

£ N

8€°0 97’0 8€°0 €50 19°0 6r'0 970 50 870 S0 §50 90 SS0 €0 8¥0 IS0 IS0 0 1£0 $€0 0

§sT 9T 7T TL LT 91e 98y TS 65€ ST Tep re €T 6vl  ger TEL 01T 06§ 81 €11 \,_,ﬁww
6Ly 9LES  ®EOF 989y 8LOL  SLES  S6bh 000S  8SEF vy 6O08p VLSS 1T09  I'86  6SES  8'C8F 96Ty 8C0S  §68€  pege 0 0d
YOLI00  9ECHD0  ELZLEO  BIER0  968E00  OZBIOD  ISG0D  9I6000  STIOND  PIESSL  BSOIO0  9I96I0  PBTION  BOEED0  ISYIO0  [bSROO 06100 ZISON0  G9TGHO  See00 v Pq
CT6SM 61N SITESM  LITOSM OITESM SITESM  PITESM SITESM TITESM [1T6SM OITESM GTOSM 8T6SM LTESM 9T6SM STESM  PTOSM STSM TTESM ITESM G

K1fydaod d)rio1pourid woay sUodNZ Jo (A]) 3D Pue ([1) 3D JO SONEI pue SHUIIIJI0D uonnIed g dqe],
BN W BE WL (ADD k(DD B3 MEY ¢ ¥

890 II'T  0€7TCL 1788  096C1 06188 6TFS  060LT T6I9T 0S0TI  €8°€T 0665 ILYy  8L€l 890 L9T €8l €20 €eCl 80  0T-€SSM
0L0 181 00COTI 0OL6EL 08S9l  6L£€8LS 8008  OF'SOF L8TF 00CS6l 8L6E 0TSOl 618 109C vl 89 ¥l Ice 16°0€ 89  61-€SSM
LSO SSTT 0FE€99  0TSLL  00€IT  €7'89T6 6L'1S 0¥’ SST  I¥'ST 06601 TOIT  €L'IS 8¢ LSTIL IS0 S8 ¥6°0 SO0 €Syl 900  8l-€SSM
190  99'1  00CLOL 0€8IT 00FveET  ¥E9068 0666  0l'€TS 09'LS 08€E€LT OF8S 0TPOL LLEL ¥ELY €6T 80LL SE€SS  TSIL OISOl 9L°LE  LI-€SSM
€90 981 00¢oll ogocl  09l¢l 80°68L8 6¥'6L  09C0F L6TF  0€961  ¥SOF  OL'LOL  ¥¥8 €9t ¥l ws IS4 4%y 0gsl 600 91-€sSM
v90  LV'L  00PLIL  0SVOT  OV'SOT  6L¥896 STYL  086LE TOOY OL681 0SOF 0£80L 998  €€LT ¢S] €87 (X4 810 Sl 100 SI-€SSM
090 LLI 08126  0S0CI  06T91  ¥0'LS98 86Y9  001TE T9EE  066v1  9F0E  TI'LL ¥8'S 9L €60 S€¢€ 161 €ro (44! 8T0  ¥I-€SSM
190 11 00SO¥l  OF'ILL  OI'TLI 8v'svlo 6088 00 1Sy €887 0€6CT I8LF 069CL 6101 ¥¥IE IS w9 ol'y 60'1 €581 080  €l-€sSM
80  ¥9'l 006951  OELIT 08T6l SSovI8 L6'16 0608y 8TES 0€E€ST LLYS 0S6¥l  LETL  L6BE  6L1  ¥89 86'¢ 0€0 el 900 Tl-€sSM
60 ev'l 0serL 8L°¢8 0106 6€°1LS8 L6'1S  090ST LI'LT 0STTI  S9¥C  T8E9 wy  90¢l TLO  0s€ oSy L6°0 8€LL 9T’c  11-€sSM
80 or'l 05969  08'6El  OI'SLI €6'LLI8 yTeS  0TTST 99T  O19Il  1€TT  9L9¢ ¥y €61l LSO 6vT €'l 80°0 0S'LL ero 01-€SSM
00’1 TST 0086CI 0OTYCT 0S'L6L  L606001  T668  09'lvy €9Ly  0TIlIT CTl'ey  0TEll L8 196 €Tl 6Ly LET €ro €Tyt 110 6-€SSM
L0 881 008961 08C8C 00LIT  €TLEI8  06'Cll  00€8S  60L9 09'8l¢ 8089 0O¥881 COSL €9LY 0T 656 96'S 09°0 1981 160 8-€SSM
¢SO0 OVl 000LZI 00081 OL'€81  L99L88 €978  0TTIY ovSy 0611C €9¢y  0€8Il €6  9T6T 9I¥'l 1$°¢ 00°¢ €C0 1071 0T0 L-€SSM
¥8'0 LOT 0089CL 0TE91  OF¥91 18'¥¥16 8%'¢8  0SSTF 0S9F 0S€IT 19¢y 0S9Il 006 9I'LT 6T1 €S 0L'c 810 ccol 9¢'0 9-€SSM
eL aN A 4L n JH n qA wy 1q OH Aa qL PO ng ws PN 1d 2D e

=



1880 h =] i Jii 2012 4F
100000 0.5135
o D . )
10000 SR B Q)= MORB MORB—HHH XA OB—H& LA
0..5130 1 EM (1, [ —34iit: DMM—5 Hutigit
1000
b e L D
.:?;1 100 5 0.5125 2
‘c\§ = %
g o & 0,5120 | Bl
g E -m
i 2
£ 0.5115
0.1 o
0.5110
0.0t ® [Nt A
0.001 0.5105 [ ® LA
la C P Nd Si Et Gd Th By He B Ti ¥b L

100000

10000

1000

ik /BB

5 A AR T 431 2 (o 5 A B 18 4 Sk [24])

Fig. 5 Chondrite—normalized REE patterns of zircons (chondrite

values after Reference [21])
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Zircon trace element characteristics of intrusions in the Washan iron deposit
of Ningwu volcanic basin and their geological significance

DUAN Chao'?, LI Yan—he'!, MAO Jing—wen', HOU Ke—jun', YUAN Shun—da’

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

Abstract: The Washan iron deposit is a representative porphyrite iron deposit. There are two types of intrusions:
One is gabbro—diorite porphyrite closely related to the iron mineralization and serves as the host rocks, and the
other is granodiorite porphyry cutting across the ore body, which has been rarely studied. Detailed zircon LA—
ICP—MS trace element measurement was performed on these two intrusions. The two intrusions have similar
chondrite —normalized REE patterns of zircons and Yb, Hf and Y values, whereas zircons from the granodiorite
porphyry have higher U values and U/YDb ratios. In combination with previous studies of isotope geochemistry,
the authors infer that these intrusions have similar sources, and much crust material was involved in the formation
of granodiorite porphyry during the ascending process. Zircon Ce(IV)/Ce(Ill )ratios of the granodiorite porphyry
are concentrated in the range of 0—100, lower than the values of zircons (>300) from the granite related to the
porphyry Cu—Au mineralization; nevertheless, they have similar characteristics of d Eu (>0.4). Thus, it is not
certain whether the granodiorite porphyry had the potential to form copper and gold deposits, and hence further
researches are needed concerning the possible relationship between the granitic stocks and copper and/or gold
mineralization.

Key words:trace element of zircons; Ce(IV)/Ce(1ll) ratio; porphyry iron deposit; Washan; Ningwu
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