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New record of Paleoproterozoic tectonic activity in eastern
Jiao-Liao-Ji Orogenic Belt. implications from metamorphic
gabbro-carbonatite complex in Daxing iron mining area, Jilin Province

ZANG Xingyun'?, LU Peng', WANG Jusheng'”>, LI Bin'*, YAN Dong'?, SUN Weiguo',
LI Aopeng', WANG Yongsheng'? *

1. Geological Survey Institute of Jilin Province, Changchun 130102, China;
2. Northeast Geological Science & Technology Innovation Center, China Geological Survey, Shenyang 110034, China

Abstract; In order to constrain the tectonic evolution of the eastern part of the Jiao—Liao-Ji Orogenic Belt,
the authors carried out a study on the petrogenesis and diagenetic tectonic background of the metamorphic gabbro-
carbonatite complex in the Daxing iron mining area by using petrology, petrochemistry, petrogeochemistry and
zircon U-Pb dating. The results show that the metamorphic gabbro-carbonatite complex in the Daxing iron mining
area has the rock types of meta-gabbro, carbonatite and magnet ore body, and the mata-gabbro is the main rock
type. Petrochemical study of the meta-gabbro showed that the w (SiO,) is from 44.23% to 48.80% , w (Na,0)
is from 0. 94% 10 2.86% , w (K,0) is from 0. 51% to 1.90% , w (TiO,) is from 0.42% t00.93% , w (CaO)
is from 8. 73% to 14. 78% , and the Na,0/K,O ratio ranges from 1. 12 to 2. 27, MgO/ (FeO + MgO) ratio ranges
from 0. 54 10 0. 60, (Mg’* +Ni**) / (Fe’* +Fe’* +Mn’") ratio ranges from 1. 44 t0 2. 02, Mg/ (Mg +Fe’")
ratio ranges from 0. 60 to 0. 68, and the differentiation index (DI) ranges from 11.76 to 31.79. The meta-gabbro
rocks are basic-ultrabasic magma which is rich in iron and sodium, poor in potassium and titanium, and weak in
differentiation. Geochemical studies show that the rocks are rich in large ion lithophile elements such as Rb, Ba
[w (Rb) (4.80x107°-74.82x107°), w (Ba) (83.09x107°—-430.10 x107°) ], and relatively rich in high field
strength elements such as Hf, Th, Ta [w (Hf) (1.41 x107° =6.20 x10™°), w (Th) (0.51 x107°-28.91 x107°),
w (Ta) (0.47x107°-9.91 x10™°)], and I REE = (29.56 x10° —812.59 x10°) ; while, Nb is obviously
depleted [ w (Nb) (2.94 x10°° -36.01 x10°°) ]. The (Na,O + K,0) /TiO, ratio is 0. 10 =5.54, Zr/Y
ratio is 1. 93 = 5. 67, La/Nb ratio is 0. 54 —1. 73, La/Ta ratio is 5. 53 —11. 13, Nb/U ratio is 1. 51 —14. 23. The
geochemical characteristics are similar to continental tholeiitic basalts, and having the properties of intra-plate alka-
line basalts. The carbonatite and meta-gabbro are interbedded. The average CaO/ (CaO + MgO + Fe,0; + FeO +
MnO) ratio is 0.98, mean w (MgO) is 0.62, and mean w (FeO +Fe,O, + MnO) is 0.41. It is calcareous
metamagnesic carbonatite which obviously rich in Sr [w (Sr) (1727 x107° =1794 x107°)]. The complex mag-
ma may come from the partial melting of the asthenosphere enriched mantle, formed in the tectonic background of
the stretching of the deep fault zone in the continental plate, and assimilated and mixed with crustal materials in a
certain extent during the ascent. Most of the meta-gabbro zircons have the core-rim structure, the color of the core

is mostly black. It is difficult to observe its internal structure, a few of the core can be seen wide oscillating bands.
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The Th/U ratio is 0. 23 —4. 19, which shows the characteristics of basic magmatic zircon. The weighted average
age of *Pb/*®Pb of the core is (2 098 +11) Ma (MSWD =1.2, n =18), which represents the condensation
crystallization age of the gabbro. The color at the rims of the zircons is relatively light and uniform, without zona-
tion, and the Th/U ratio is 0. 03-3. 22, indicating metamorphic origin. The weighted average age of **’Ph/**Pb of
the rims is (1 892 +23) Ma (MSWD =2.2, n =14), which represents the metamorphic age of gabbro. Combined
with regional geological data, it is considered that the eastern part of the Jiao—Liao -Ji Orogenic Belt was in a exten-
sional tectonic environment in the Middle Paleoproterozoic, the formation of metamorphic gabbro-carbonatite com-

plex in the Daxing iron mining area may be related to the extension during the tectonic evolution of the Songjiang-

Chongshan fault zone.

Keywords: meta-gabbro; carbonatite; Paleoproterozoic; Daxing iron mining area; Jiao-Liao-Ji Orogenic

Belt; Jilin Province

0 5

i3 — % 3 L e b b b — 1 FE A
PR . LT HMRBIIEEROT, AR R, b
EBI N IR — M Hot, M E B b oT i AR
BOORE) . MITARE (IL7) ., £RE (&
M), ABRFTRR B R A N A - R S A s LT R
BHICH A FUARE (RAR) . LT #E (8
T BIWERE G, BB AL R A -G
AINER

FUR, X i LA A B AP AR RN, 18
A ORBE, M KRR 25T 5 A
At R QKPR M 3 T A IR 4
Bl AR T 5 D3 LA 7 T B B U A
R R TN 5 72E 3.0 RS

Il 2 T E M AL AR i . AR TR AR
RS, BT 2MERMAE a0, H
o, DUARHK AR N AR T B0 e e B
AEEHAL, FEFRIT R MRS R T A B
S, HARSE RS SRR A A R R R E R
TR BT AR, SO RESRAE = A R A B g
WX AR R B A e T
THRAZY R Bt BN Gt
ILWARER A R, (HAE S R B AN R
DURH IR, PR T X2 X s A 1 AR

EHTE WS B R ) AR R R R A AR
AR, EPRHAAYE . #EA U-Pb [F) (i Z AR A A
HERIE2EAFRHE, A HA 2R | AR . TR X1
S50 B BT B, R 3 — 5 1 1L b B A 1
AL T SR TR R B B A

il

1 Xigih Rt

JE 3T —5 B L R AT AR IS, e AR
MHEBK s B KR s e, HAb g s 2—in
P TR T T 5 7 5 X PSSy 0T 4R G i
JUZR WS SR YT T SR, TR — i T T R
I ph 3T 2R P 1) R TR AL P 1], SRR AT —
LEWTAED (8 1a) o 7EK L% R B 35 X AR
WL, PUA Sk LR — A I S Al — e R
HOCHITE RIS HBRBERITAA) . s Of
TR B R A AL SR, K
RS IR 4 (e Btk K S, Kk
M, BB MR E) RA (B 1), #
VL E 2 LG ) T S L AR LA AT AR AR B K
FUH A A B s A AR A4 2, R At
ZiAER (K1),

TN A TR HHEBER VA4, HIFZ
BEREA /N TS, —FHIIEZ 10 km (& 1b)

® Fokhk, Wiz, BEE, % HEREEALZ
RABEZSX KRB R R Ry K& HMmRE ik
WERE, 2022.

@ FREFE, Sk, Bk, . EH Ak LE
12 2007 RS R A R . KA SR EE T
LKA, 1974,

® LT, matk, NTE, F HFHRWIIHhX -5
TR RAER G, K& HWE T ™ R 4 R
VA AT, 1983.

@ FEx, XIS, FEAE, F OHFHREAEIE
1 2577 Xl b o R A e 4. KA o bRAs b O A
2007.



4 it A L i http: /sjdz jlu edu. cn 44 #%

128° 15 128° 30
T I

Ec

42°
30

127° 3¢ 1282 30
1N \,’ iR 2

mﬁmu /=
_-—-7' KN 7
- {:h}ua’rﬁ, /@*

ol

{

il J

0 20 km
| I—

128° 15
u 550 £ B B I
surapns [l 7 nanemes
DAL R i A s e
[Pde] s & 0 7 3 (] w91

B oo e L

e ez EHE

| EIIRAT —KAEME

Bl oo [~ +] mnks

B o mmien (2] o aean u

6 R TR G B B S

128° 16"

a JE3CHR [17] B3G b HSCROBMUG o #3k [13] B,

B1 R—I—HELUHEFRBEERREE (a), KALZXKEBEXFRMBXBMRE (b) MAXMGKT XtREE (c)
Fig. 1 Tectonic framework of eastern Jiao-Liao-Ji Orogenic Belt (a), regional geological map of eastern margin of

Changbaishan basalt covered area (b) and simplified geological map of Daxing iron mining area (c)

O Fokhk, Bz, BEE, & HMERKALZTRAE X KRBT miREERE. KE: SRS R
BE, 2022.



B s, AF BRI I AR U AU IR S Ok A AR ROSERE 5

) e RPN A N B T, A s 41 268
WMCAMFE A PR (HEER) MERE . 4k
KRR KA G -G A R ) ARRCE . DU RRIR S MG R (12) .
HRR AT, WIRRAZERITEHT (K Le), 4

8_0.5mm

vo KA ke BRFRCE: Lm. BT Chl G Me REEKT; Pre #EA; Hb. MINA; PL RHKRA; Ser HETE; Zo BT Cal Jifipfi; Phl &=
B Qe A%,

a. BRIRETH B BAPRASHER S b, BRIRE DK URA RN, A BB L . Gleafbins (U ), BRIRE K SRS Al 5
R (REIL) 5 o B0 F, FRASHYE EZ; d PRZEER AN ERERSH, MAaZelEmna, fRACHaBME, BFa
b, EAABARINE; e BRIRE, B (RATE) KDIRZH, SHRENETHETY,; { BRIRILE, RREmZH, &0aA5E,

2 RMRHEREEEREE

Fig.2 Main rock types in Daxing iron mining area



6 B oM R

http: //sjdz. jlu. edu. cn

FA4 5

WOk (RERR) MERE: BIANTT R NEK
NG, RACA IR EBA A RA, Hrifm e Ra
(KEl2a, b), BRMERKEH (B 2d), #kamaKss
¥, ORRIRFRRAS S Es R, AU RROIRIE . Bk
J£0.5~2.5 mm, FEFYEISAMANA (65% ~
70%) . A (10% ~15%) . #EKA (3% ~
5% ), HMw Y (A%, Wy, &9 a. TR
A5, LN 5% ~10% . fINAFRIEEA SR A
b, RS, B W K Z AT U8 B A kAR S
B, JREARREA (B 2d); RHKAOH B
b, #a A E, HEA I ARERANE (K
2d) , AR LA R R AU . SRR R R R
B >10%, GanEH R (Big) MRKE
(Elle),

HRAHER . BN E L R, B
ARG, GrkiAs R A R MR, M
BN, A TR AR MR A . B 2 K R
o, A AR AR R R AR, A R
BN (0.1 ~1.0 mm), fINAERBRGEL 5%,
BHCA IR T B2 10% , B KA. WERRR™ . 5 Rt
A IR S 2 15%

iR SEMKAETZEH (Kle), =&
Fef o R AT WA s (K 2a) . ksl (&l 2b).
g (CERE) RiRZEH (& 2e, #HHH TE
a bpA) , ORI E . 0T YRIEZ) 0.5 ~2.5 mm,
HiEA + A A YA 0%, 4nth, Mia
R S50 2 5 10%

WA SRR, AT DL SRR B2 K™
(Bl 2¢), si5donids i s R MR

BRERER A AT S 0 X N R AR
FEFCh RIS, HAWHEMRCRERESH (B
2f), RifEH 0.05 ~0.30 mm, BREKERELT YI4b,
WP EAY (<1%). TET KPS EEZ,
JREBE o, AN ESXIE EBERITAA TR
AT

3 MIKER

3.1 A U-PbEFELER

REE 1 A T8 A AR A (45
23TW-2, 128°16'02" E, 42°31'57" N), Jyrfpias
MR A

FE SR AE I A6 A8 AR B DX 358 b S5 1] A A0F 5 R

HOT TR IE 2 80 ~ 100 H, I F % BLITF 35 F
PRI ESAT 33k, FEXUH B R Pkask b JE A I 2
WU (R A RTOREAE A 3 X 2 o B4 A TR 7 XL
M E, ARG T EWI R AR AR B, FRAE
B FE o AL, X HER AT IOE R85 N5
#%, SRS HEAT RUFOCRESHOC AR B i R
I SR S AR B I 2 s S A BRI A b [ b
Bz Be s T 52 P AE 5B 1 4R EF 0 R I GATAN
/N7 Chroma BAMR & Y68k HTACHI S-3000N 94
HLBE 58 e ARE S O RGBS B IR A kAT
Wik, S IIRAOCEER IR, JysREETF R
LB LKA TR R B X, DA SRA R HE
ARG

B4 U-Pb IAEAE S AROR 2 B AR BT IR AR LT
W7 BT O B S8 = A LA-ICP-MS 737 58
o ORI F 48 O 5 B COMPEx 2% 7] 4 7 1Y
GeoLasPro%il 193nmArF 4y T OGRS, SiEOGATEL
FH 2 Agilent 7900 A ICP-MS ¥ &%, 2256 >Rk H
He 1 Sy 5% il ) o0 A 280 0o 20 B ISR T B AR N
32 pm, FEEN T Hz (1806 R BESE AT 5 2 BT
B AR T 1R [ B 4 4 91500 1 Fh
b, JCER &R R 3 I [ SR HEY) 5 R N A5 TR
RERRER W3 NIST SRM610 1 K4

M4 a8 i GLITTER4. O A1 5545 H W]
FHAEAT Ph /2°Pb 2" Pb /U **Pb /2 U Y4
(I, 95T DA ORI Andersen'™ 4 (77
6] 6 2R HAE RASTE AT BRI 58 Pb i 520, 4F %t
BB A R TOSPLOT3. 0 #1158 1. R4 5%
553 BT A0 BRI b PR 7 ¥ DL SCHR [19 =20, [A]
PR AR R R 22 9 7E 1o, #5540 U-Pb E4
HERME 1 iR,

HI B & OGRS CL (K 3) ATLLE H, kRS
RO BB ZE, DREAIEN T, JFAUER

O AR, FOKE, KB FF E Ak R
12 2005 KO A ity KA AR HUBUR) B Ll
ZEARBA, 1974

@ LT, ok, BT, & EMRRTIBX 1S
T XM AR A, KF SR HTORT 7 R B
WA, 1983.

® T, XX, EEg, & OERKERIE
1+ 2577 D0 M Jo ) A 41 . AR 3 RO MO & B,
2007.



7R K

T — 3 Ll AR ety ool AU T 3 BT i %

B s, % K

“H Ty vToT B [l P * 48 SW-dDI i 006L W

IV CHRAR OB

SN LR VUGG 03451000 Blfoof T [0 XAAWOD [EIBIEC S AV B EE W A MMMl TN Y W A I S S+

0 £9 1 9T 0oL 1 6T 0£6 1 L0 90070 8¢ 98T°0 EELPLO 00 199 % £6 £00°0 9T RILO §5°0 £8 '¢el 89 €L * 6t
33 L3891 9z LER | L Lon e £€ 9000 61 660 69 95170 6 TR0 ¢ 00 #7000 Fr ECL 0 60 T6°L6 tE 8¢ * Bt
83 8L9 1 ST e8| £T 10T 8190070 0t L6T 0 9L L¥F1L70 SR CLOE 08 £00°0 90 ¥C1 70 0670 €178zl ¥ St * 0L
6T 089 1 g 65L 1 6l BER 1 08 €000 0L L6T 0 €010 £6 1S9 ¥ S8 T00°0 ELLD 910 £TILL 65 9T 133
Ly 09¢ 1 v 0£9 1 o vl 1 OF LOO0 LLELTO 1€ 8I1T°0 I LL6°E 00 9000 Ls 50170 Lo 69 €9 Y * Tt
€S or9 1 L9 0oL 1 [ 806 1 95 0100 9L 68T 0 ¥9 vLEO 80 689 ¥ €L 60070 891170 00 w6 LAY 83
9¢ £R9 1 9F L1 ¥ 198 1 8T LOOO LT 86T O 89 £0T0 Ly T v £1 50070 BEIO Lro T6 901 LE 81 0t
(23 S69 1 0t SR 1 £ 6L6 1 £L 90070 6L 00E 0 00 LLLO 09 Te0 ¢ 9% 7000 96 IT1 0 L9°0 LL"89 LE OF * 6T
4 6¥9 1 sT 0sL 1 LT 9.8 1 190070 €S 16T °0 0L 6E17°0 99 S09 ' £9 £00°0 8LYIIO wo SLOT1 66 "EC LT
It TRL 1 1T SL6 1 6l 981 T e 9000 LEBIEO 01 £F1°0 T T66 'S £ £00°0 ELO9EL 0 660 S0 811 £r L1 * 9z
e 8L9 1 43 oLl 9t 0L8 1 8L 9000 6t L6T 0 BTSLIO £6 089 ¥ ¥ F00°0 FEYILO S1°0 8599 99°6 §T
8T £9 1 81 0sL 1 Ll 806 1 9¢ S00°0 9T 98T 0 £0 00170 Wy L9 T00 0 6L 91170 96T £0 't0F SS°0E0 1 ¥T
13 §59 1 SE SPL 1 tr 958 1 LO LOD O 8L T6T O LS e6170 Ly 9LE ¥ 96 000 Ly £11°0 0ro L6 0t 6T Ll
It 659 1 ¥ 6SL 1 §T 88 1 L1 90070 6 £6T 0 LESELTD L8 SS9 ¥ Ly £00°0 IS0 SE0 Pt 66 66 vt 91
43 L9 1 sT SEL 1 9c 188 1 8T 9000 0 L6T 0 61 LETO (R 2L 9% £00°0 0T E11 0 1T0 SE 08 SL91 Sl
8T 879 1 81 9rL 1 Ll 168 1 9 S00°0 €T L8T0 LE L60 0 SLTRE Y S TO0D0 FLEILO we 00 LS9 SCLINT cl
(23 SL9 1 0f 918 1 (43 £86 1 £L 90070 SL96T 0 19 60170 Tl €867 £ ¥00°0 08 IT1 0 £8°0 LS 'S6 £0 18 I
e 159 1 [43 BFL 1 8¢ S98 1 T8 90070 €6 16270 8L LLLO TL E6S ¥ S 70070 FO 1170 (A 8t '¢8 £9°LT 90
9¢ 989 1 1w 98 1 96 686 1 LETI00 L8 86T 0 69 £TF 0 re 0 S 09 01070 €Tl o £10 StLy 0z9 * §0
(43 89 1 9 618 1 9T 6L6 1 9 9000 90 86T 0 F1CS1°0 0 100° 6L £00°0 IS IT10 ¥T'o SET8 w0 £0
e 89 1 e 6FL 1 9¢ 188 1 TL Y000 68 68T 0 LS EL1O S8 L6S Y 9% 000 FOS11°0 9170 9¢ TH 8Ll 0
133 £90 T £T L0 T IT 680 T LS LODO 1T LLED 9eTLI0 S6 EIL9 1€ £00°0 9¢€ 6T1°0 SE0 68 €8 £6 691 or
£ 080 T 33 w0 T LE 980 T ¥1.600°0 8L 080 £6992°0 01 89L79 6T S00°0 S16T1°0 ¥8°0 L176TT 8E €61 Lt
68 T 6T 80 T 6T 001 T € 8000 E16LETO w6 0TT 0 £0 06L 9 TF 1000 F10£1°0 0s°¢ £ SLT LT 96 3
v 080 T 43 Lt ¥t 8L0T 18 R00 0 ¥8 08t 0 ¥6 S¥T°0 SO9EL9 88 +00°0 s8I0 61 % SE 8LE 9T 'S85 1 £E
LE 690 T §T £80 T £ €01 T 68 LOO0 0S 8LE 0 £€ 68170 61 ¥6L 9 08 £00°0 17 010 €0 98 vL 1T°Ll 8T
e §80 T 81 ¥80 T 91 80 T 8E LODO L6 18€°0 ¥S 0F1°0 BLESL9 18 T00°0 00 6T1 0 8r 1 6 T6E £9°18¢ £C
133 680 T 61 80T L1 8L0T 9 LOD 0 TLTBED £6 S¥1°0 LTTLLY 06 TOD 0 s8I0 8871 £1°6LS £9°680 1 (44
113 960 T 61 080 T Ll 990 T 6F LOD 0 61 ¥8£°0 86 ¥¥1°0 L6 ESL™9 L8 T00°0 L9 LT1°0 ¥l £ vor £0 9LS 1T
e Lso T 61 680 T 91 wle Te L0070 £6 SLEO LLEFLO 9T €78 9 06 TOD 0 6L 1€1°0 FEl 19 0FF St T6S 0z
e Lsoc 81 §80 T 91 FlI T LT LODO 96 SLE'0 LS BELO 8BS €6L9 08 TOD 0 0T 1€1°0 FEl 6L "66E [ 3 61
g€ 6L0 T 0T 980 T L1 960 T 0S LOD0 LS 080 0T 0S1°0 LL S089 86 €000 £8 6T1°0 (A 67061 9€ "68T 81
£ 91z a3 EE0 T Le 156 1 £T 60070 6 88£ 0 9% B¥T 0 68 80F 9 LL¥00°0 L9611°0 1§°T £S°6E9 £8 €09 1 * ¥l
LE 8L0T T LT €T 9L0 T 10 8000 8¢ 08 0 §T981°0 0T TEL™9 99 £00°0 0F 8T1°0 L6°0 0066 €196 £l
43 wsoT 61 60 T L1 FEI T L0070 98 ¥LE0 L0 6¥1°0 LE 0989 96 TOD 0 0L TET 0 1670 L9 99T S8 IFT o1
LE 180 T £T 180 T 0T 180 T 98 LODO 6 08t 0 ¥ TLI0 ELEIL9 LE £E00°0 ELBTIO £5°0 £9°¥TI1 £8°59 60
43 0LO T 61 £80 T L1 S60 T 6F LOD 0 FLBLE'D 99 ¥¥1°0 91 T8L9 8 T00D 0 I8 6T1°0 90 6L 'S99 L9°LOE 80
9¢ EL0T 1T £80 T 61 160 T 69 LOD0 LEBLEO 69 651°0 S9LLL9 T1 £00°0 6F 6T1°0 18°0 86 'St 81 'S6¢ Lo
68 190 T LT 880 T 9T £ 6T 8000 S99LE0 80 0IT°0 BEQIB9 £1 ¥00°0 60 1€1°0 IL°1 ¥ T8I [AN43 0
8E LE0 T LT S60 T §T 6¥1 T £1 8000 99 1L£°0 £9 0T 0 LS 1L8°9 60 +00°0 S8 £E1°0 89T 01 '0g 9908 10
o1 .Jwa«\‘_.hoam e Jmﬁm\z&hcﬂ aj ﬁsﬂum\ﬁ,‘._hcm | ...Hnmﬂ\s_.mocﬂ 12| n mmmx_nr___.:m o1 ._..mc_.ﬁ\a_..—n:m AL n 4L .m-.#w

oW/ HHE T : o 0L/ B

vase Supunur uoal urxe( ur oaqqes-epu Jo s)msax Junep qd-N SIN-dDI-V'T UdaZ | dqe],
HHWL ad-N 5 SW-dOT-VT 2 H HETh X BERY 1%



8 it A L i http: /sjdz jlu edu. cn

FA4 5

usnsva ARy C13£20M G (1 989496) Ma

@ (1 881+36) Ma f ] (1979226 Ma ~g G0 (1 865£38) Ma
[I 951£37) Ma {1 851£26) Ma (1 882+25) Ma
[2 076+23) Ma

2084£16) Msn
(2 0?8:[?}1\«’1;1

f% (2 100+29) Ma
Eq}wmswnm !

’(1 870£36) Ma ® (2 186£19) Ma
(1908217 Ma S22l (1 876+27) Ma

(1 B58£19) Ma (2 086237) Ma
6 (2 015%25) Ma

B3 KMy Xehrar

NP (2095£17) Ma
0 (2091£19) Ma
G, (1856243 Ma (2 114£16) Ma
Q - (2096+17) Ma

__;-if&' (1 930£29) Ma

(1891£17) Ma
WY (1 983£32) Ma

(2134£17) Ma
o5 (2 081£20) Ma
)

(2 066 17) Ma
(2 122416) Ma

=4 (2 1032£23) Ma N, (1 908+92) Ma

9 (626+£723) Ma 't188|+451M4 (1724152}34:1

! @ (208921) Ma
it

(2 007£27) Ma 1060 pm

R ERES CL B

Fig. 3 CL images of zircons of meta-gabbro in Daxing iron mining area

WIS, PR /N, RifRTE 50 ~ 150 wm Z i,
Kokl (2:1) ~ (4:1), BREMEEA A
&L mA, HEA R 2R 0, MELOREEN

a5y, BT ARG I, SRS
Kml B A R Wﬁh%é#MH&&ﬁ
Yy, JCWHE, AR RN B A Y

%mMJ@WBMETBAi%ﬁﬁE(%
1; E3), it 40 AR, L0004 25 R R
13 2 MR X [A]

91 AR X 19 M (K1l 4
8.9, 10, 13, 14, 18, 19, 20, 21, 22, 23,
28, 33, 34, 37, 40 &) AN, 14 500 S AE IR AL
5> Ph/*" Pb AR IS E I S ARAS, 7T AR T
SN B A BB, 3 A A R AR AN 1T 3
PR R EARRRE XK () 0. KR
18 A~ A5 3% 4577 Pb/*™ Pb i KL S ¥ AE I
(2098 +11) Ma (MSWD =1.2, n=18), 344
TEEFILIE (Bl 4a, ) HIEI3 AT, W DA
OB EER T A7 hFE, Th/U H{E 0.23 ~
4.19, FBE 144 (K1), SOHZAIR SR SR
A GRARIR R e T AR R K e
@%ﬁ@%

552 HARIRICIA 21 el (1 h2, 3.5,
6,11, 12, 15, 16, 17, 24, 25, 26, 27, 29,
30, 31, 32, 35, 36, 38, 39 /&) ik, 26, 36,
38 457Pb/™ Pb KRR B ME (£1), 5
29, 32, 39 &2 Pb/*Pb . Pb/7 U Pb/ U =
HRTAAFIBAZE IR, AT R 00 i o7 B A 3R
TR ARG A3, 3t PAT AR 3R 8 B R i s ol 0 S99 P i IR 4
(fl) RAAREZERR CGER) 51E. Hi 144
UI]IJ 1@207 Pb/206 Pb ‘207 Pb/235 U \206 Pb/238 Egﬂi‘%ﬁﬁzm

B HA 22 Rk, H2 P/ U K ia 45 1 A
PEH (1892 +£23) Ma (MSWD =2.2, n=14),
SATEEFZRTE (K 4b, d), B 1 PR, Th/
U [LfH 0.03 ~3.22, SF¥{H 0.62; 4 3 fifx,

WA LM A S5 R IR S, B AR
BRIy, P AR A NZ AR T RO s
AR AR o

L b, B A A% T Ph/2 Ph o B 34 4E 1
(2098 +11) Ma AR T HoRDE K & 1 TE B Ta] 5
BT Ph/ 2 Ph IIACEIAERS (1 892 £23) Ma
WA T ORI A AR Bt ], BTt .
3.2 FETEBME

TER XN R AR 12 R E R (3R2),
Horprpobi AR 4 1F, GRS 4 1R, BRIR
w3, BESRTA LR, CREEGICEIEN R (B
mi 23GS8 KA B 58541 U-Pb MAEFE23TW-2
[F— ) o A3 BT AR & AR RS e o
SERL, FEICER I R X - I 258 Ot kA
(PW1401/10) , AHXIBRUERZE K 2% ~5%

2 s, 8 SR A w (Si0,) 7k
44.23% ~48.80% Z[a], -3k 46.37% , ik
SR IE IS w (Na,0) 7E0.94% ~2.86%
ZME, F¥HR1.89%; w (K,0) 7 0.51% -~

1.90% i), F-+7%51.05% ; Na,0/K,0 7E 1. 12 ~
2.27 Z ], FH#k 1.89, HA E 4. IREI AL

w (TiO,) {E£0.42% ~0.93% Z[a], 35 0.68% ;
w (Ca0) 7F 8.73% ~14.78% Z [a] 254k (X v] fig
5RKAMNA = BAAX); BERILE n/f =
(Mg** +Ni**) / (Fe’* +Fe’ +Mn™") Hy1.44 ~
2.02, ME BTN -BEESET; w (MgO)
7 8.76% ~12.84% , -3k 10.90% , Mg" = Mg/



B s, e BRI A AR O AU IS T S R R A AR RO 9

0.40

0.38

2|:r.p b!!.‘-\'U

0.36

INECTF ) E=(2 098 4+ 11) Ma
-~ MSWD=1.2, n=18

0.34 1 11 1 1 1 I 1 11 1 | | I [ |

6.0 6.2 6.4 6.6 6.8 7.0 T2 74 76

2190 Ii

2170
2150 ‘

2130

ik /Ma

Hr‘

2110+ |

|
2090 |- | ‘ |
2070

2050

2030

0.33

*|:.\P b/' % u
(=}
i
=

0.27

IECEEFERS=(1 892+ 23) Ma
MSWD=2.2, n=14

0.25 1 1 1 1 1 1 1 1 ] 1
36 4,0 44 48 52 5.6

2020 Ii

1980

1940

tE#S/Ma

1900 ‘ | |

1 860

1820

a HERIERIE; b RIS o BEIMBCF AR d RIS AER A

4 KAGH RPRTEKEHET U-Pb EEER

Fig. 4 Zircon U-Pb dating diagrams of meta-gabbro in Daxing iron mining area

(Mg +Fe’™) #0.60 ~0.68, WAKT Flha K
(0.68 ~0.75), XULHIARKILE TIRIGEK, 5
TRER b b A ¢, FLEEBR B0 9 19 40 S A AN B
B2 Mg0/ (FeO + MgO) [ LA F 0.54 ~
0.60 Z[a], XTI ) MgO/ (FeO +MgO)
P (0.68 ~0.72) ZI%, VB H A 59 5
BB AT —E 22 00 eI A o S Al i
fETE e B TR e I s 4> 484 (D) v T
11.76 ~31.79, RKWIE5 55 S AE T8 . 78 TAS
P e b R AR MR AR TR AN K -
DN, HORLAS R A i v AT W K e -
wHIXEN (K 5a); w (Si0,) -AR [#EZF AR =
(ALO,; + CaO + K,0 + Na,0) / (ALO,; + CaO -
K,0-Na,0) | #[&, a2 900X (K
5b) o BMA L, Aa IR0 E gL B, IR
B BRI SRR - B AL, A AR RS

WIXANKRa T T AO + B a0 WA s
90% , KT 50% ; W2 i, 3 MeEfw (Si0,)
WIHE1.27% ~1.54% , /NT20% , £FE IR 52
SCPHLOMEAE B R H P w (Ca0) . w (MgO) A0
w (FeO +Fe,0; + MnO) D) K i iz Z [A] /Y Jot £ 17 43
LU PR B R 5 Rl 4y 4 25 DR UBRIR A, CaO/
(Ca0 + MgO + FeO + Fe,0, + MnO) >0.8; Q% i
iR A, Ca0/ (CaO + MgO + FeO + Fe,O, + MnO)
<0.8, Hw (MgO) >w (FeO +Fe,0, + MnO); @
BRI R R 7+, CaOA CaO + MgO + FeO + Fe,0, +
MnO) <0.8, Hw (MgO) <w (FeO + Fe,0; +
MnO) ; @k BTk R %, w (Na,O + K,0) H &,
WFFE X iR 7+ Ca0/ (CaO + MgO + Fe,0, + FeO +
MnO) 35 0.79 ~3.41, ¥ % 0.98, ek TF 0.8,
Flfw (MgO)¥{E 4 0.62, w (FeO +Fe,0, + MnO)
BIE 0. 41, R85 5w B8 BTk IR &



10 it A L i http: /sjdz jlu edu. cn 544 3

R2 AAFTREREE. RENRLITRSNER

Table 2 Analysis results of major, trace and rare earth elements of rocks in Daxing iron mining area

AR A dEE RS S B £

o
Hd 23GS1 23GS2 23GS3 23GS4 23GS5 23GS6 23GS7 23GS8 23GS9 23GS10 23GS11 - 23GSI2
Si0, 47.56 44.48 45.42 44.23 1.27 1.30 1.54 46.95 48. 80 46.79 46.71 9.65
TiO, 0.55 0.42 0.93 0.52 0.02 0.02 0.02 0.83 0.70 0.79 0. 67 2.36

Al, O4 8.44 7.08 7.99 7.01 0.73 0. 66 0.74 15.55 14.32 15.90 15.72 45. 61
Fe, 05 4.90 4.95 4.56 4.79 0.04 0.20 0.15 3.11 2.20 2.83 2.63 20. 52
FeO 9.31 8. 66 10. 17 9.83 0.31 0.15 0.23 6.73 6. 05 6.38 6.38 5.89
MnO 0.25 0.29 0.26 0.26 0. 06 0.05 0. 05 0.17 0.16 0.15 0.17 2.27
MgO 12. 18 12. 84 11. 80 12. 41 0.57 0.55 0.74 8.76 9.25 9.74 10. 19 0.13
Ca0 10. 83 14.78 12.02 13.98 53.70 54.21 53.69 9.94 9. 64 8.73 10. 61 0. 08
Na, O 1.93 0.94 1.53 1.15 0.01 0.01 0.01 2.42 2.86 2.13 2.17 0.20
K,0 0.89 0.51 1. 11 0. 66 0.12 0.15 0.19 1.36 1.02 1.90 0.95 0.04
P, 0 0.52 1.41 1.30 2.01 0. 05 0.05 0. 05 0.07 0. 06 0.07 0.06 0.19
LOI 2.19 3.34 2.51 3.08 42.67 42.47 42.27 3.62 4.45 4.34 3.36 13.09
Total 99.57 99.70 99. 60 99. 93 99.57 99. 82 99. 68 99.51 99. 52 99.73 99.62 100.03
Mg# 0.61 0. 64 0. 60 0.61 0.75 0.75 0.78 0.62 0.67 0. 66 0. 68 0.01
Co 48.70 45. 64 47.96 62. 81 2.06 2.01 9.07 57.59 53.69 59. 18 67.94 68. 38
Ni 142.30  112.20 141.10 109.10 11.17 12.66 184.00 161.30 219.40 195.50 385.60 118.90
Rb 13.92 4.80 21.74 7.58 6. 04 6. 80 9.97 46. 84 39.89 74.82 33.90 12.36
Sr 121.60  178.00 115.50 153.90 1 760.00 1 727.00 1 794.00 305.90 217.50 240.60 317.50 126.00
Y 49. 65 42.23 87.76 60. 66 5.49 4.96 4.25 10. 55 9.53 7.96 9.33 13.79
Zr 213.40 157.00 169.10 158.50 7.93 8.21 9.11 57.19 49.20 45.16 45.27 29. 66
Nb 22.28 6.13 36. 01 19. 07 0.55 0.63 0.43 4.03 3.92 6. 54 2.94 2.90
Ba 148. 00 83.09 236.30 97.44 150.70 183.50 130.70 312.10 249.90 430.10 189.90 90. 65
La 228. 60 94.55 89.11  132.90 2. 66 2.77 2.14 6.10 6.79 3.54 4.95 6.16
Ce 371.80 198.50 198.60 277.70 3.92 3.87 3.30 14.20 14.42 9.35 12. 62 17.56
Pr 35.58 23.88 24.99 32.77 0.59 0. 60 0.47 1.87 1.87 1.35 1.74 2.18
Nd 114. 30 91. 60 99.90 125.80 2.56 2.52 1.95 8.49 8.04 6.26 7.91 9.15
Sm 16.71 16. 04 19. 45 22.60 0.53 0.48 0. 40 2.15 1.95 1.69 1.97 1.92
Eu 3.29 2.89 3.55 3.87 0.18 0.18 0.15 0.87 0.82 0.73 0. 80 0.58
Gd 16. 04 14.73 19.53 21.20 0.71 0.59 0. 46 2.52 2.31 1.91 2.18 2.12
Th 1.90 1.78 2.81 2.60 0.11 0.09 0.07 0.39 0.34 0.31 0.34 0.33
Dy 9.90 8.68 16. 37 13.17 0. 67 0.53 0.47 2.33 2.07 1. 81 2.11 1.92
Ho 1.92 1. 64 3.35 2.54 0.16 0.13 0.11 0.47 0.41 0.38 0.43 0.41
Er 5.56 4.54 9. 64 6. 82 0.43 0.38 0.34 1.29 1.17 1.03 1.18 1.08
Tm 0. 80 0.59 1. 41 0.92 0. 06 0. 05 0.04 0.19 0.16 0.15 0.16 0.16
Yb 5.33 3.57 9.02 5.65 0.31 0.26 0.23 1.12 1.03 0.91 1. 06 0.83
Lu 0. 85 0.58 1.37 0. 86 0. 05 0.04 0. 04 0.18 0.15 0.15 0.16 0.11
Hf 6.20 4.43 5.39 4.68 0.23 0.24 0.27 1.78 1.53 1. 46 1. 41 0.58
Ta 5.71 0. 87 9.91 3.28 0.22 0.24 0.22 0.62 0.61 0. 64 0.47 0.41
Pb 15. 14 19. 45 12. 86 14.35 2.33 2.94 2.12 12.25 3.88 5.31 5.75 5.94
Th 28.91 22.87 28.12 25.26 0.88 0. 84 0.52 0.87 0. 69 0.51 0.82 3.52
U 4.12 4.07 9.82 7.45 1. 63 3.92 0.62 0.28 0.53 0.56 0.28 0.49
Zx/Nb 9.58 25.63 4.70 8.31 14. 41 13.10 21.13 14. 18 12. 56 6.91 15. 41 10.22
La/Nb 10. 26 15.43 2.47 6.97 4.84 4.41 4.97 1.51 1.73 0. 54 1.68 2.12
Ba/Nb 6. 64 13.56 6.56 5.11 274.05 292.66 303.25 717. 41 63.78 65.78 64. 64 31.23
Ba/Th 5.12 3.63 8.40 3.86  172.17 219.47 252.90 358.82 363.07 842.84 232.27 25.75
Rb/Nb 0. 62 0.78 0. 60 0. 40 10. 99 10. 84 23.11 11. 62 10. 18 11.44 11. 54 4.26
Th/Nb 1.30 3.73 0.78 1.32 1.59 1.33 1.20 0.22 0.18 0.08 0.28 1.21
Th/La 0.13 0.24 0.32 0.19 0.33 0.30 0.24 0.14 0.10 0.14 0.17 0.57
Ba/La 0. 65 0. 88 2.65 0.73 56. 68 66. 32 60. 99 51.16 36.80  121.63 38.36 14.73
> REE 812.59  463.56 499.09 649.40 12.91 12.48 10. 18 42.15 41.54 29.56 37.62 44.50
6Eu 0.61 0. 56 0.55 0.53 0. 89 1. 06 1.05 1.14 1.17 1.23 1.18 0. 88

(La/Yb) g 30.75 18.99 7.09 16. 86 6.22 7.71 6.58 3.92 4.73 2.77 3.35 5.31

(La/Sm) y 8.83 3.81 2.96 3.80 3.23 3.74 3.48 1.83 2.24 1.35 1.62 2.07

(Gd/Yb) y 2.49 3.41 1.79 3.10 1.91 1. 89 1. 63 1.87 1. 85 1.73 1.70 2.11

T FIRTTRT IR B N % , ORI LT R T M 10 76 IS MO IR SRR L s IR TT RIS A XS RN
(PW1401/10) 5 B ITH I Ny Agilent7SO0A RURE345 8 TR B MK ] 2 2023 4F 12 H o
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Fig. 6 Chondrite normalized REE distribution patterns (a) and primitive mantle normalized trace element spider dia-
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Table 3 Comparison of ratio characteristics of incompatible elements between meta-gabbro in Daxing iron mining area and

typical environment

TTEM Zr/Nb La/Nb Ba/Nb Ba/Th Rb/Nb K/Nb Th/Nb Th/La Ba/La
il Hi 14.8 0.94 9 77 0.91 323 0.117 0.125 9.6
N-MORB 30 1.07 1.7~8.0 60 0.36 296 0. 071 0. 067 4
E-MORB 4.9-~8.5 205 ~230  0.06 ~0.08

N T 16.2 2.2 54 124 4.70 134 10. 44 0. 204 25
HIMU OIB  3.2~5.0 0.66~0.77 4.9~6.5 49~77 0.35~0.38 79~179  0.080 ~0.101 0.107 ~0.133 6.8 ~8.7
EMIOIB 4.2~11.5 0.86~1.19 11.4~17.8 103 ~154 0.88~1.17 213 ~432 0.105~0.122 0.107 ~0.128 13.2~16.9
EMIIOIB  4.5~7.3 0.97~1.09 7.3~11.0 67~84 0.59~0.85 248~378 0.111~0.157 0.122~0.163 8.3 ~11.3

0IB 5.83 0.77 0.65 0.08 0.11 9.46
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