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Wang W, Li Y, Fan JH, Ma S and Jia D. 2024. Trace element geochemistry of the magnetite from the iron-rich
supracrustal rocks of the Liaohe Group: Constraints on the genesis of Paleoproterozoic iron ores, a case study from the
Zhoujia area. Acta Petrologica Sinica, 40(10) ;: 3103 —3113, doi: 10. 18654/1000-0569,/2024. 10. 09

Abstract Iron ore is a kind of indispensable mineral resources for industrial development, and most iron ores occurred within the
Precambrian Banded Iron Formation ( BIF). The Paleoproterozoic was an important period for the formation of Superior type BIFs,
however, this type BlFs are rare in the North China Craton. There are iron-rich supracrustal sequences with economically valuable
massive and layered iron ores developed in the 2.2 ~2. 1Ga Liaohe Group, which is extending along the Jiao-Liao-Ji belt. Studies on
the genesis of the magnetite from the Liache iron-rich supracrustal sequences will provide new clues for the prospecting of Proterozoic
iron deposits in the North China Craton. In this paper, studies on petrography and trace element geochemistry of the magnetite from the
massive and layered iron ores, the infected and vein mineralized fine-grained gneiss and the weakly mineralized magnetite fine-grained
gneiss exposed in the Zhoujia area were carried out to reveal their genesis, from which three types of magnetite are recognized in the
regional supracrustal sequences. The first type magnetite came from the massive iron ore and infected mineralized fine-grained gneiss,
which exhibited relatively higher Mg and Mn and lower Ti, V and Co contents. The second type magnetite is derived from the layered
iron ore and weakly mineralized magnetite fine-grained gneiss. Contrast to the first type, they show lower Mg and Mn and higher Ti, V
and Co contents. The third type magnetite is only from the vein mineralized fine-grained gneiss with Cr-Ni-V-Ti-Mn systematics
unrelated to the other magnetite types. The similarities of trace element contents and their varying trends indicated that the formation of
massive and layered iron ore is attributed to the continuous growth and enrichment of the magnetite from the infected mineralized and
magnetite fine-grained gneiss, respectively. On the Cr-Ni, Ti-Ni/Cr and V-Ti diagrams, most of the studied magnetites are
characterized by hydrothermal fluid originated geochemical affinities. Negative correlations between Ti and Ni of the magnetites from the
weakly mineralized fine-grained gneiss suggested that they should be under gone a cooling process during their growth. Our study
revealed that the magnetite from the Liaohe supracrustal sequences showed great difference from those of the Hamersley BIFs in
composition, although the later were also subjected to metamorphic-hydrothermal processes. It can be inferred that the magnetite of the
Liaohe iron-rich sequences should be generated from different temperature, oxygen fugacity and protolith from those of the
Paleoproterozoic Superior type BIF.

Key words Magnetite ; Geochemistry; Paleoproterozoic; BIF; Liaohe Group
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Fig. 1 The sketch maps of the Jiao-Liao-Ji belt and neighboring terrains in the eastern North China Craton (a-b, modified after Liu
et al. , 2015) and sketch map of the Zhoujia area (c)
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Fig. 2 Photographs of the outcrops and collected samples of the iron-rich supracrustal rocks from the Liaohe Group

(a)the lenticular ore body with ~ Im width; (b) massive ore; ( ¢)layered ore; (d)infected mineralized fine-grained gneiss; (e) vein mineralized fine-

grained gneiss; (f) weakly mineralized fine-grained gneiss
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Fig. 3 Microphotographs of the iron-rich supracrustal rocks from the Liaohe Group

(al)altered K-feldspar between the subhedral magnetite and pyrite of the massive ore; (a2 )the magnetite laminas of the layered ore filling with fine-

grained quartz and K-feldspar; (b) epidote surrounding the irregular-shape aggregation of magnetite and pyrite in the infected mineralized fine-grained

gneiss ; (¢)a mount of tourmaline in the vein mineralized fine-grained gneiss; (d) magnetite and pyrite uniformly distributed in the matrix consisting of

quartz and K-feldspar in the weakly mineralized fine-grained gneiss
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Fig. 4 Element box diagrams of the iron-rich supracrustal rocks from the Liaohe Group

AP T A BRI Z HIT A S5 A RFAE

3 MWKTT ik

M AR @ YE A R PR T IR A R T R 4
B AITR , S0 41 HL A B R o ik (9 T 2R3 43 ot
REmlT TR, SR B R AR X &R YA AR
At I RE R TERE TS AT AT e RV N AN R & A KRl
Wk Si TG LLAR  REER N H WL Y Fe ST R KA RFI LR
1) Cr Mn V. Ti e R SR BYRD AR FGE
BRASRLE T B S Y R B A A 4 K 2O & Fe 1)
SR aI

RER  IX SRR O R A R AR s AR
FRITAEA TR LA-ICP-MS S8 1%, BE4H 1) 25 S 00 53 Bt i
FE WL Zong et al. (2017). GeolasPro i Jt 3 it & %t th
COMPexPro 102 ArF 193nm #E43T- 65 A MicroLas Y24 &
B, ICP-MS T2y Agilent 7900, 36 3t 3o 72 v SR
AN B A HMER LR REGUE, —FH et A ICP
ZHTE A T AR A BOLRIh R G R B A 55 T
$EH (Hu et al. , 2015) o AU HT A9 CHBERIR R 5351
32um il SHz, SG™Y)18cE TC R & AL P R F SO ARHEY)
it BHVO-2G, BCR-2G #1 BIR-1G #17 £ M1 J6 N #5 4% IE
(Liu et al. , 2008) . 4/~ BF 0] 53-8 53 B B8 AL 46 K29 20 ~
30s 25 F{5 5 R 50s #E 5L 5 5o X 2T A0 19 s 2 b 3 ()
FEXTRR RIS MR 5 R B R U A A IE DL ST &
S R g 1CPMSDataCal 52 5 ( Liu et al. , 2008) ,
FrNAR R AR B A TR R TC R R L E R
#x1,

4 BEEY ROTRAR

JE MR e A P RE R Mg Mn [ Ti V Co i Cr
SEAAE N W (R 1), Zm et b F vh ) o B Y
Bt ST AR T ER B oA 0 R R A A R AP Sk B R
Tah=2(E4),

F—KRPORG A (21703-1) AR Ge R 4 48 K
(21202-6) HFEYRERRT . EATLAMIRTE =AY Mg (14 x 107 ~
93 x10 ) Fl Mn (115 x 107% ~250 x 10 ™®) 4 & J 4, H
Ti |V 1 Co & MR, 439 FEE 4T 20 x 10 7° ~60 x
107°25x107° ~50 x 10 °Ff10.2x107° ~3.0x107°, {Fi§
WRE A ARRLA TP R Y AL B i 78 A R R T oAt s s
A(47 x107° ~1919 x107°) , HURH™ A P REZKE™ Cr JTE
FRAUN 1.1 x107° ~10.6 x 10 °° ] @K TR YR b A8
B (24 x107° ~97 x 10°°) FHAl & s . XTHORE A
=R KR AT R S5 BT R X SRR
R IR I O B AL 5T R Rt 20,

5 TRk B IR A (21202-2 ) Fss B A gk s
R (21702-5) ,'BEAT TR Mg Mn [ Ti |V Co TG & Ak
SRR AR . Mg 1 Min 55 A O AT, 32 B4R
FF1x107°~7 x10F140 x 107™° ~ 120 x 10 °, Jfij Ti,V
I Co 7 8 AR X8, 43 9 9 46 x 107° ~ 439 x 10 7° 86 x
107°~257 x107°J20.8 x107° ~ 117 x10~°, Efi1n9 Al & &
AR BB/ HAS HOR S 7 32630, 22800 90 x 10 7° ~ 200 x
10 Z i), JZ2RE A P RES I Cr 5 518 Ykt A b
FRT, LA RS PGS Cr RS (92 x107° ~
156 x107%) .

5 =R A BICIR B b AR B2 (21202-3) = i,



EHF ARG RRTE RBRT BE AT IRA & A RES R 8 ) 29— A8 FHIE A ) 3109

EATHY MgV & B4 T 1 R Z 8], 4051k 9 x 107°
~68 x 10 OF1 51 x 10°° ~ 147 x 10 °, X Le@ieka o Ti F1
Co W& RIS , (A BA =280 80 h me Ry A1(33
x107° ~ 129 x 107°) Fl & &5 A Mn (176 x 107° ~ 433 x
107°) .Cr(48 x107° ~577 x10 %) &,

WA, = h S HEHEST T 0.1% ~0.2% , H.
WA W B EER BRIVIRE A R B Ni & BRI
HAEFIMO X107 ~29 x 107°) , Hofth & k0 P RERRH™ 11Y
Ni & BP0 HAR R Ak, 434 F 8 x 107° ~ 200 x
102 ]

5 tie

BER e —28 Iz e a3 a B BUa MUTRUE
BA R A A ALY, B BRIt RAERE T, R L
CIE ARG B A 25 5 2 ) J5 30 ) B0 A XA AR
ERE AR 1 A5 1A B AL/ S T B 52 T, e B K AR R il T
¥ rd S FIULTENE T, HG5 A AR AR FAS Rl A0 258K 88 1 i 21
e 5, PRI i A KOS e, B TR AR IR i PR/
WAAER T, #E80 P ) Fe & S U MR ET Y ITHR
(Si Al Mg) , ZFlid 7% 4:J8 62 (40 Ti, V. Cr Mn . Ni Zn
85) LA Ga Sn 28 I0 3R KA 5 Ak 19 28 I [m] G IR 52 46t J
Lo XU SN AR A SRR BT AE AR 2R L08R AR
Py il BE SR B SE N R AR A D)9 G & (Nadoll et al.
2014; Chen et al. , 2015; Canil et al. , 2016; Wu et al. ,
2019) o X FEAERAIR/ ARG S5 g DI, FEAE 25t B2 0
B Bk LA i LG, AT I AT RE 2 BB AL A B
TE ), ] RS PRI T AR Sl B rhOR A I RGBT, T
PR T Bl 2Z 1 T8 B R Bk R AE A R TS 5
TR .

5.1 BHRRFTAERHK Fe KR

L X Tl R Bk T R O BRI 4L R
R A RS RS (RS ENEZS ] B R P
I JE AT o ARG AT PR, X IR A R AR ROREE) T 0 g 6
KASRLE (HbE) T RADRLE (GRKLE) AR AR (I
KL ) WX A7 A BT 5T 22 A O A A B8R A 110
AR T R IR L e 2 AN W T AN A
B P 2 L 73 T R T o A (IR BR R, 1988) o IR I 7
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B BIF——E XA, HAT W] R 22 51 ( £ KR4 2015)
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2024) . 5 BIF A A M 2578, 105 X ARl 8k
A FIRE G | Bk R Fe SR I 2R IR AT REA A0
TR IS R A DR

JEIZR 3 DX B 1) o e A R RO R AR O FTZ
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AT AT RE Y RSS2 8 W) B e ) J2 LA TTCAR W W XA e T
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AR JFEAEH (Wang et al. , 2017; Xu and Liu, 2019), X1 I
B S AL e b Bk v A 7R R R AR 2. 6 ~
2.5Ga JE U BIF 32500 &, 1K 88 A0 B9 XA 3 ol ™=y m]
PUR LR s 20 32 416 K Bk S . L AN 2.2 ~
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AR 1. 87 ~ 1. 84Ga( Liu et al. , 2019) , 0] WL iz i 1 55 7% ot
YEFIAN, DI F ik A A5 A PR A3 3l o LA B b B A
REFIESR BT, DB Kl AOR 205 Je il UK, WF e K& T Y
S R ST I T P R kR e AR BRI
St Fe JLER I W S IR0 #RAETE RO RE I o 25 i 348 AR A
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Prrb i Fe STTR RV s A E . J3—Jr i, ool
ARAR AL A FH 168 300 1) BB/ 1A 3% Sl A X Fe ST R 1 F
— R AR i R P AR T AT, H AR = WA
AT A 2R (AR 6 © AT B 3 S5 AN AR AU e 4, 1 25 i
I A Ay fie 32 B R A A T iy Tl AR DX - TR A
FHME 03 3 3032 PR/ it 135 3l 5 [ B, 0 A0 T 46 A I [ R
FORT DX AU L B0 5 e e A2 RAE 1. 84Ga i
1B AV E IR LR I TR] H A6 JC R 45 16120
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TR AT TARAS RUEE, T2 AR AR 23 A ) B B - B k™
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AT VAR B SR BT - B R A R R 2R A A X AR IR R,
JAZRBAT Bl b 2 K 22 B ™ 5 2 B BOAS [R] 4 I3t Ay 24
W/ WAIE A VIR R 5 PIRBEERA M L, & A T
S5 IRERRAT I R B e , AR D) B AR Co VAT, AR AN
WIS PR B N BRSO HE T B R EA B
fi&f% Ni/Cr LU{E(Dare et al. , 2014) o J3—J5 1, TGig Ak
AR RE AT TP T B R S O G B R B —
SERYIEAR IR (Canil et al., 2016) . fa bt REW LT
PEAPREREERAT 1) Cr-Ni-V-Ti {4 28 A1 Jhy DX 5] 25 280 0 A3k 7
TR P B AR s

7E Cr-Ni | Ti-Ni/Cr F1 V-Ti AHSCHEIEI R b, Yok 40 iy
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Fig.5 The Cr vs. Ni (a, modified after Wu et al. , 2019), Ti vs. Ni/Cr (b, modified after Dare et al. , 2014) and V vs. Ti (c,

modified after Nadoll et al. , 2014) correlation diagrams of the iron-rich supracrustal rocks from the Liaohe Group
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