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Abstract: Archean supracrustal rocks in western Shandong include two stages of supracrustal rocks during the
Early Neoarchean and the Late Neoarchean. Early supracrustal rocks are mainly composed of metamorphic
basalt-Komatiite, whereas late supracrustal rocks are mainly composed of metamorphic volcanic rocks-clastic
sedimentary rocks and BIF (Banded Iron Formations). The Hanwang iron deposit is located in the northwest of
western Shandong. There are a large quantities of meta-basalt-Komatiite in the iron ore area. It is believed that the
BIF was formed during the Early Neoarchean, but a recent study suggests that the BIF in western Shandong area

was formed during the Late Neoarchean. In this study, the zircon SHRIMP U-Pb dating of the biotite granulite
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interbedded with BIF and the gneissic granodiorite intruded in the Hanwang iron ore area was carried out, and the
ages were (2529+7) Ma and (2534+11) Ma, respectively. The TREE, (La/Yb)n, and Eu/Eu” of biotite granulite

and gneissic granodiorite are 76x10°, 19.8, and 0.84

and 82.7x10°%, 17.3, and 1.14, respectively. The eurvalues

and single-stage Hf isotopic model ages of their magmatic zircons are 5.5-9.46 Ga and 2.5-2.6 Ga, and 6.3—

9.4 Ga and 2.48-2.60 Ga, respectively. This study supports the recognition that BIF in western Shandong was

formed during the Late Neoarchean. The formation of supracrustal rocks, metamorphic deformation, and

granodiorite intrusion occurred in a very short-time range. The study also shows that the protolith of the biotite

granulite is dacitic volcanic rock, which was likely to be formed by the strong crystallization differentiation of the

newborn basaltic magma. The granodiorite was formed by the partial melting of the newborn basaltic rock, and

the continental crust material was added during the formation process.

Key words: BIF; Hanwang iron deposit; western Shandong; Archean; zircon SHRIMP U-Pb dating
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Fig. 3 Field photographs of Archean rocks in the Hanwang iron deposit, western Shandong
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a—biotite leptinite (meta-dacite, S1332); b—gneissic granodiorite (S1333). Mineral symbols: Bt-biotite; Pl-plagioclase;
Mic—microcline; Qtz—quartz; Hb—hornblende.
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Fig. 4 Photomicrographs showing petrographic features of Archean rocks in the Hanwang iron deposit, western Shandong
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Fig. 5 Cathodoluminescence (CL) images of zircons from Archean rocks in the Hanwang iron deposit, western Shandong

x1 BASHESKY XXEHEAEAHEEA SHRIMP U-Pb i % #E
Table 1 SHRIMP U-Pb data of zircons from Archean rocks in the Hanwang iron deposit, western Shandong
R Nig
B e I LE VR OV
R 1%
B AARRLE (S1332)

S1332-1.1  0.12 104 29 029 45 0.1813 0.69 12.46 3.7 0.498 3.6 0982 2607 77 2665 11 2
S1332-2.1  0.06 317 160 0.52 129 0.1663 0.42 1083 1.2 04723 1.2 0942 2494 24 2521 7 1
S1332-3.1  0.09 209 66 033 68 0.1670 0.59 8.74 3.6 0.380 3.6 0987 2075 64 2527 10 18
S1332-4.1  0.09 157 41 027 59 0.1623 0.89 9.68 1.6 04325 13 0.824 2317 25 2479 15 7
S1332-5.1 0.04 146 54 038 59 0.1655 0.66 10.75 2.6 0.471 2.5 0966 2488 51 2513 11 1
S1332-6.1  0.07 361 109 0.31 96 0.1576 0.60 670 1.3 03084 12 0.88 1733 18 2429 10 29
S1332-7.1  0.02 324 118 0.38 135 0.1674 041 11.14 22 0.482 2.1 0982 2538 45 2532 7 0
S1332-8.1 0.51 182 79 045 78 0.1679 0.68 11.54 14 04985 13 0.883 2607 27 2537 11 -3
S$1332-9.1  0.10 390 221 058 92 0.1630 0.74 6.15 14 02736 12 0848 1559 16 2488 12 37
S1332-10.1 0 363 113 032 93 0.1614 048 6.60 13 02966 12 0925 1675 17 2470 8 32
S1332-11.1  0.18 208 78 039 76 0.1668 0.66 9.79 1.4 04254 12 0878 2285 23 2526 11 10
S1332-12.1 0.08 253 85 034 97 0.1659 0.49 10.18 1.3 04453 1.2 0925 2374 24 2516 8 6
S1332-13.1 0.18 282 110 0.41 116 0.1676 0.48 11.09 13 04799 12 0927 2527 25 2534 8 0
S1332-14.1 0.26 99 93 097 41 0.1661 0.82 11.15 1.6 04871 14 0.856 2558 29 2518 14 -2
S1332-15.1 0.05 334 150 046 124 0.1649 042 981 1.2 04316 1.2 0940 2313 23 2506 7 8
S1332-16.1 095 254 118 048 89 0.1648 085 9.19 1.5 04043 1.3 0.833 2189 24 2506 14 13
S1332-17.1 0.08 337 115 035 111 0.1661 048 876 13 03827 12 0925 2089 21 2518 8 17
S1332-17.2  0.04 371 139 039 123 0.1658 0.50 886 1.3 03876 1.2 0920 2111 21 2516 8 16
S1332-18.1 0.06 189 43 024 79 0.1680 0.55 11.22 1.4 04844 12 0913 2546 26 2538 9 0
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S1333-1.1  0.09 327 165 052 140 0.1934 039 1327 13 04977 12 0949 2604 26 2771 7 6
S1333-2.1  0.12 564 56 0.10 209 0.1664 035 989 1.4 04312 13 0966 2311 25 2522 6 8
S1333-3.1  0.03 280 100 037 105 0.1666 0.49 1007 1.3 04387 12 0928 2345 24 2523 8 7
S1333-4.1 027 212 91 044 89 0.1663 058 11.09 13 04835 12 0901 2543 25 2521 10 -1
S1333-5.1 222 642 548 0.88 160 0.1642 120 644 1.7 02844 12 0704 1613 17 2499 20 35
S1333-6.1  0.19 579 347 0.62 196 0.1672 0.40 9.07 12 03936 1.1 0943 2140 21 2530 7 15
S1333-7.1 040 218 85 040 76 0.1627 0.65 9.00 14 04012 12 0881 2175 22 2484 11 12
S1333-8.1 0.10 210 81 040 88 0.1690 051 1135 13 04868 12 0921 2557 26 2548 9 0
S1333-9.1 1.02 717 469 0.68 169 0.1534 0.63 573 13 02709 1.1 0871 1545 15 2385 11 35
S1333-10.1 039 620 50 0.08 149 0.1473 054 567 13 02788 1.1 0903 1585 16 2315 9 32
S1333-12.1 041 245 63 027 81 0.1644 085 863 15 0388 12 0826 2080 22 2501 14 17
S1333-13.1 0.18 441 169 040 169 0.1648 040 10.11 15 04450 1.5 0964 2373 29 2505 7 5
S1333-14.1 0.64 339 160 049 118 0.1621 120 897 1.7 04014 12 0708 2175 22 2477 20 12
S1333-15.1 021 119 50 043 48 0.1668 0.75 1079 1.5 04689 1.3 0870 2479 27 2526 13 2
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a—biotite leptinite (S1332); b—gneissic granodiorite (S1333). Red ellipses represent magmatic zircon data participating in the calculation.
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Fig. 6 Concordia diagrams showing SHRIMP U-Pb zircon analyses of Archean rocks from the Hanwang iron deposit,
western Shandong
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Table 2 Hafnium isotopic data for zircons of Archean rocks from the Hanwang iron deposit, western Shandong

st =y ﬁzm 176 177 176 177 176 177 EHf EHf Ipm1 tpm2

FEf S A Ma Yb/''Hf VLu/'"Hf VSHf/'Hf 20 o 0 26 0 200 B 26 fuum

S1332-1-1 BEARAE 2665 0.004 601  0.000 099 0.281261 0.000013 —53.4 625 045 2715 34 2747 56 -1.00

S1332-2-1 BEARA 2529 0.021 575 0.000 593 0.281385 0.000 012 —49.0 6.68 0.43 2582 33 2614 53 -0.98

S1332-3-1 BEARA 2529 0.064926 0.001576 0.281511 0.000 012 —44.6 9.46 0.44 2475 35 2443 55 —0.95

S1332-4-1 BEARA 2529 0.056871 0.001569 0.281500 0.000015 —45.0 9.11 0.54 2488 42 2465 67 -0.95

S1332-5-1 RB=ARA 2529 0.064555  0.001562 0.281463 0.000 014 —46.3 7.78 0.51 2540 40 2547 63 -0.95

S1332-6-1 B=ARIA 2529 0.060923  0.001509 0.281496 0.000 012 —45.1 9.06 0.43 2490 34 2468 53 -0.95

S1332-7-1  BZEAFRIE 2529 0.044507 0.001 007 0.281441 0.000013 —47.1 7.96 047 2533 36 2535 58 —0.97

S1332-8-1 BZEAFRAE 2529 0.063002 0.001572 0.281490 0.000 014 -453 875 0.52 2502 40 2487 63 —0.95

S1332-11-1 BRAKZA 2529 0.045189  0.000 970 0.281 437 0.000 013 —47.2 7.87 0.45 2537 35 2541 55 —0.97

S1332-12-1 BAAKA 2529 0.042248 0.001 021 0.281 421 0.000 012 -47.8 7.22 042 2562 33 2581 52 —-0.97

S1332-13-1 BAAKA 2529 0.050384  0.001 039 0.281432 0.000 011 -47.4 7.57 0.39 2548 30 2560 48 -0.97

S1332-14-1 BAAKA 2529 0.055482  0.001 240 0.281437 0.000 013 -47.2 7.41 0.47 2555 36 2570 58 —-0.96

S1332-15-1 B=AKIA 2529 0.056785 0.001 334 0.281 444 0.000 013 —47.0 7.49 0.46 2552 36 2565 56 —0.96

S1332-16-1 B=AKIA 2529 0.049438  0.001 276 0.281496 0.000 015 —45.1 9.44 0.55 2476 43 2445 68 —0.96

S1332-17-1 RB=ASKIA 2529 0.036 744 0.000 833 0.281 422 0.000 011 —47.7 7.59 0.41 2547 31 2558 50 —0.97

S1333-17-2 B4k 2529 0.033807 0.000 797 0.281 380 0.000 012 —49.2 6.14 0.42 2603 32 2647 52 —0.98

S1332-18-1 BAAKA 2529 0.012910 0.000335 0.281339 0.000 015 —50.7 5.50 0.55 2626 41 2687 67 -0.99
FRRRTE 5

S1333-1-1 e 2771 0.042490 0.001 075 0.281272 0.000 013 —53.0 7.26 0.46 2768 36 2767 57 -0.97
FIFOIRTE b

S1333-2-1 e 2534 0.052109 0.001 183 0.281405 0.000 012 -48.3 6.51 0.44 2594 34 2629 55 -0.96
FRRRAE 5

S1333-14-1 e 2534 0.050723 0.001 150 0.281398 0.000012 -48.6 6.31 0.42 2601 33 2641 52 -0.97
F IR TE b

S1333-3-1 e 2534 0.031079 0.000795 0.281412 0.000 014 —48.1 7.40 0.51 2559 39 2574 62 -0.98
F IR TE b

S1333-4-1 N 2534 0.031236 0.000801 0.281417 0.000014 —47.9 7.56 0.51 2553 39 2564 62 -0.98
FRRRAE 5

S1333-6-1 e 2534 0.050678 0.001 264 0.281 414 0.000 014 —48.0 6.68 0.51 2587 39 2618 62 -0.96
F IR TE B

S1333-7-1 i 2534 0.054988 0.001 411 0.281496 0.000014 -45.1 935 0.50 2484 39 2454 61 -0.96
FRRRAE 5

S1333-8-1 e 2534 0.048769 0.001 178 0.281 406 0.000 014 —48.3 6.55 0.50 2592 39 2626 62 -0.96
F IR TE b

S1333-12-1 e 2534 0.052691 0.001495 0.281485 0.000016 —45.5 878 0.55 2506 43 2489 68 —0.95
FRRRAE 5

S1333-13-1 e 2534 0.057007 0.001 766 0.281 434 0.000 018 —47.3 6.52 0.65 2594 51 2628 80 -0.95
F IR TE B

S1333-15-1 e 2534 0.034195 0.001 000 0.281 443 0.000 014 -47.0 8.16 0.49 2530 38 2527 60 -0.97
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Fig. 7 Zircon &u«(f) versus formation age diagram of

Archean rocks from the Hanwang iron deposit,
western Shandong
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Table 3 Major (%) and trace elements (10~°) compositions of Archean rocks in the Hanwang iron deposit, western Shandong
i HAO 2R 25 3% Si0, TiO, ALO; Fe,0; FeO MnO MgO CaO Na,0 K,0 P,0s H,O
S1332 AR 1531%52’;2515 66.18 0.43 1491 1.03 296 008 195 394 426 185 0.14 0.86
S1333  FIRIRAE R IN KA E1315852853571 65.52 041 1468 0.69 3.47 0.10 195 334 340 450 0.13 0.78
Feihs HA B ZH CO, LOL Total Cr Ni S¢ Rb Ba Sr Nb Ta Hf
S1332 AR 1531%52’,352515 0.17 045 9921 65  23.1 781 71.8 514 321 3.55 025 295
S1333  FIRRAIRAE R IN KA E1315852853571 043 0.69 100.09 687 229 683 180 1312 265 334 024 3.17
K5 HABK GG Zr Y Th §] La Ce Pr- Nd Sm Eu Gd Tb
S1332 LA 1531%52’,352515 123 704 506 332 159 327 373 15 265 086 236 03
S1333  FIRRAIRAE R IN KA E1315852853571 127 734 508 278 168 35 3.96 165 2.84 128 2.75 0.34
FEih = HABK 22 Dy Ho  Er Tm Yb Lu TREE (La/Yb)x Eu/Eu® Ba/Ba’
S1332 BB AR 1531%52352515 122 02 0.68 007 0.53 008 763 19.8 1.04 0.84
S1333  FRRIRAE B IN K2 g1315852853571 142 026 077 008 0.64 0.09 82.7 17.3 1.40 1.14
1 000 1000
a S1333  —@—S1332 b S1333 —=&—S1332
100
:g 100 | e @ /\-—vﬁ
B - 10
E \h\;\\ % L AN
| R S WO
Fll A\ » = K\K,Ayﬂ
w 0.1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu St K RbBa ThNb Ce P Zr Sm Ti Y Yb Sc Cr
E8 eNsHgl XRAGTEEAKNBAREXLFE LI TR SHEZE@MKXFPEZREFELHETE

BRI E (b) BRRLPR A FKFEF B R A HIEYEKE Sun et al., 1989)
Fig. 8 Chondrite-normalized REE diagrams (a) and MORB-normalized trace element (b) of Archean rocks in the Hanwang
iron deposit, western Shandong (normalized values of chondrite and MORB are from Sun et al., 1989)

J 8 A AR HOERR AR . LT B, B
INKER AT K 7, B2 T NE R A T 5
FURT, WALR N A& A 2 BT, K,
PE R N BB T3 B ka2 fa o AT LA,
Yo FKICETE R . A AT e N K 512 A K
A AE— MR RIS ) YE T N (2.53 Ga Z247), 1E 28T
IR ARG 33X — 5 A s RS T R A R R
(0 G 20 ) R Ry AR 0 26 7 2 (Ll B i 441
A RSB, MEZ M1,
WO R . AN, T IXATIL 2.5 Ga B ALK A
WHEYIFIFRCE, BIF SR ZARCEBZE™H, &
BIF 198 BB A R At AR, A 2 Kt AR
R X 5 & P HAbHLIX. BIF B (2.52~2.55 Ga)
FHIR)TE At e, B AR ARG TTG 45 A (2
TN S . R WNKAMBRKAAGK A, DUTE
FR TTG)LAA [F) RIS ) A A A7 A 5 A7 A e 0
HIAY i 75 P (Bai et al., 2020; Li et al., 2022), 7E&- 74
LXK, 7R 52 - A LT3 A A R

Z BT LA SR RE R BIF J 80k 3 A A 2,
R PR X R e A B AR R AR X -

=
Ju

PEA (LIRS, 2006), fHIE, 285 R M ok 1l -
R UURUA FI BIF JE RIS R 37 A AC e 39, 220
CATH AR L RA-BEEAZ R R, M
a5 114k,

KRR IS MAFTE FHESH X 4 O H X
JiHE B0 56 2 2l 9 B 12 ol O ) B AR 36 58 2 A R
(Dong et al., 2021), P4 g A1 AL B A% A8 Joit 20 1k -
S A TR R A A BT A AR, e 4 A8 o
1A 8 AR (0475 722 JBT k) B 8 s A Sy o oKy A
W, e IR R i ko P AR B -
FEME A 5 R R A B A R R A 1 i
(5, 2012b), B TR ZUME AT, EATHEZ
7] 58 4 AT 4k o B WF 98— 25 S0 RE T R IA IR
G P b, XK o7 50 4 B R A B I AR A 22 57
TR B AR R ST F AR X -
BHO A A, B R Ry E e d A
M2 1 okl - A 8 DU RUE A BIF 4 B (O i 26 5%
2012b; Dong et al., 2021), {HFFEE, HEME
Hu X —FF, SRIERT XA AFFE AR iR A, REHAR T
R T 25040, 258 B 58 L R -l A T
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(Dong et al., 2021),

MR8 A A 4R IR, 9522 5t K1l 5 (S1332) AT
RETE LT X s KA for 5, Wi Sio it
(66.18%) 3 BB IT 9 /] B8 ) T Z i BT 2 A 3 43
Al TEJE—FMEOLT, BTFAARER 152,
PG T R R 25 E T o A8 N A (S1333) R E
+ 0 FAARSER, HEIE T PR ST LR
AT BITR IR R AL AT ene(0)- AR B |, Bkl
o FIAE i DN R B A0 B8 A0 0 A T 5 0 i
W, enr (L AEARY B HE [R]f7 245 AR 43 51 Ny
5.5~9.46 Fl 2 443~2 687 Ma, W hHERETEYI R,
W XA 1 e i R I R AN K o (A R
B T KL A B N TR R A A ok 4 A AR TE,
FHENDE BT RGPS, TE G fe bl 22 21 5y
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5 4

HRIE BIF 2R X R 1 50 A A6 B AR A
RN B 5T, B TR AR T X R AR
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