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Abstract Western Shandong is one of the typical areas in the North China Craton where granite-greenstone belts were well
developed. Supracrustal rocks in western Shandong include the Taishan Group (including the Yanlingguan, Shancaoyu and Liuhang
formations) , Jining Group and Mengjiatun Formation. The Taishan Group and Jining Group were once considered as being formed
during the Early Neoarchean and Late Paleoproterozoic, respectively. Based on field observation and SHRIMP U-Pb zircon dating, we
redefine the times of deposition of supracrustal rocks in western Shandong: 1) Supracrustal rocks deposited during the Early
Neoarchean (2.75 ~2.70Ga), including the Yanlingguan Formation and most of the lower part of the Liuhang Formation and the
Mengjiatun Formation; 2) supracrustal rocks deposited during the Late Neoarchean (2.55 ~2.525Ga), including the Shancaoyu
Formation, the Jining Group, and the upper part and some of the lower part of the Liuhang Formation. They are different in rock
association, metamorphism and deformation, with the banded iron formation belonging to the Late Neoarchean supracrustal rock.
Western Shandong is the only terrane in the North China Craton where both early and late Neoarchean supracrustal rocks have been
identified.
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Also shown are sample locations in this study
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Geological map of western Shandong, eastern North China Craton (after Cao, 1996; Wan et al. , 2010)
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Fig.2 Geological map of the Yanglingguang-Liuhang area,

western Shandong

Also shown are sample locations in this study
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Field photographs of metamorphic rocks of the
Yanglingguan Formation of the Taishan Group in the
Yanglingguan area, western Shandong

(a)-massive amphibolite, the protolith is considered to be basaltic
lava; (b)-metamorphized and deformed basalt pillow; ( c)-felsic
veins in meta-basalt pillow; (d)-amygdaloidal structures occurring
along the margin of meta-basalt pillow; (e)-banded amphibolite, the
protolith is considered to be mafic tuff; ( f)-fine-grained biotite
hornblende gneiss (S0701) interbeded with amphibolite
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Fig. 4  Field photographs of metamorphic rocks of the
Yanglingguan Formation of the Taishan Group in western
Shandong

(a)-deformed amygdaloidal bodies in amphibolite, Yanglingguan;
(b ) -spinifix structure of komatiite, Sujiagou; ( c¢)-quartz diorite
intruding the meta-ultrabasic rock of the Yanglingguan Formation of
the Taishan Group, Tianjingyu; (d)-strongly deformed felsic veins
in the Yanglingguan Formation near the boundary with the Shancaoyu

Formation, Yanglingguan
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Fig. 5  Field photographs of metamorphic rocks of the
Shancaoyu Formation of the Taishan Group in western
Shandong

( a )-fine-grained biotite gneiss, showing inclined bedding,
Qixingtai; (b )-metasedimentary rock showing bedding with fine-
grained sandstone interlayered with politic siltstone, Shancaoyu
Formation in Qixingtai; ( ¢)-metasedimentary rock showing bedding
(80737 ), Shancaoyu Formation in Qixingtai; ( d)-fine-grained
biotite gneiss showing graded bedding ( TS09105) in Shancaoyu
Formation north of Liuhang; ( e)-fine-grained tourmaline-bearing
biotite gneiss showing bedding ( S0708) in Shancaoyu Formation east
of Zhaozhuang; ( f)-pebble-bearing fine-grained biotite gneiss of
Shancaoyu Formation, occurring ~ 15m away from boundary with
lower part of Liuhang Formation, Xinanyu; ( g)-mylonitized fine-
grained, garnet-bearing biotite gneiss ( S0703 ), Shancaoyu
Formation near boundary between Shancaoyu and Yanlingguan
Formations, south of Yanlingguan; (h)-BIF intruded by 2.5Ga

granite, Hanwang iron deposit area

Ko LRAMXFEIAHIIT AL N a R A0
SRR A

(a) -BEREHC AN 5 (b) AL FRBCR L A5 (o) R LR A A
B2 (6] R S AN A S5 FE U 5 (d) AR AR BAIR L A 5 () -
ARTBAE BOHOIR 2 A, — LE T TAT b © JC R 2 75 78 BB AR
Fets (0) 72 Bk 2 a8 2 18] A3 AR T

Fig. 6 Field photographs of supracrustal rocks in the lower
part of the Liuhang Formation of the Taishan Group in the
Qixingtai area, western Shandong

(a)-massive amphibolite; (b)-meta-basalt pillows; (c¢)-quartz and
calcite cement between meta basalt pillows; (d)-deformed meta-
basalt pillows; (e)-strongly deformed meta-basalt pillows, the pillow
structures cannot be clearly identified in some surfaces; (f) -strongly

deformed belt between meta-basalt pillows
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Fig.7 Rocks showing strong defomation near the boundary
between the Shancaoyu Formation and upper part of the

Liuhang Formation in Qixintai
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Fig.8 Field photographys of supracrustal rocks in upper part
of the Liuhang Formation of the Taishan Group in western
Shandong

('a)-conglomerates interlayered with meta-sediments; pebbles are
mainly TTG and felsic volcanic rocks, Xinanyu; (b)-conglomerates
interlayered with meta-sediments; pebbles are mainly TTG rocks, ~1lkm
southeast of Liuhang; (c)-a pebble of felsic metavolcanic rock, ~1km
southeast of Liuhang; ( d )-felsic metavolcano-sedimentary rock
('TS09104 ) within conglomerates, Xinanyu; (e)-metasedimentary rock
showing graded bedding, ~ 1km southeast of Liuhang; (f)-fine-grained

biotite gneiss, showing strong deformation, Pancheguo
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Fig. 9 Geological map of the Mengjiatun area, western
Shandong ( after Du et al. , 2010)

Also shown are sample locations in this study
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Fig. 10  Field photographys of supractrustal rocks of the

Mengjiatun Formation in the Mengjiatun area, western
Shandong

(a) -garnet quartzite; (b)-biotite plagioclase gneiss; ( c)-gabbro cut
by felsic veins; (d)-supracrustal rocks of the Mengjiatun Formation

showing parallelization to trondhjemite due to strong deformation
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Fig. 11 Petrographical photos of felsic rocks of the Jining
Group in western Shandong

(a-c) -meta-felsic volcanic rock ( ZK02): (a)-quartz phenocryst
showing embayed and smooth boundary; (b)-euhedral plagioclase
phenocryst; (c)-plagioclase phenocryst showing smooth boundary at
terminals, occurring together with biotite phenocryst; (d )-
metasedimentary rock ( S08444 ), showing strong deformation. Q-
quartz; Pl-plagioclase; Bi-biotite; Mt-magnetite; Ser-sericite ;

Chl-chlorite
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Fig. 12 Cathodoluminescence images and concordia diagrams for SHRIMP U-Pb data of zircons from supracrustal rocks of the

Yanglingguan Formation, western Shandong

(a, b)-fine-grained biotite hornblende gneiss (S0701), Yanglingguan; (c, d)-quartz diorite (SY0311), Shihezhuang
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Shancaoyu Formation, western Shandong

Cathodoluminescence images and concordia diagrams for SHRIMP U-Pb data of zircons from supracrustal rocks of the

(a, b)-fine-grained biotite gneiss(S0737) , Qixingtai; ( ¢,d) -fine-grained garnet-bearing biotite gneiss (S0703) , south of Yanglingguan; (e, f)-fine-

grained tourmaline-bearing biotite gneiss (S0708) , east of Zhaozhuang
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Fig. 14  Cathodoluminescence images and concordia diagrams for SHRIMP U-Pb data of zircons from supracrustal rocks in lower

part of the Liuhang Formation, western Shandong

(a, b)-fine-grained biotite gneiss (S0725) , Dawangzhuang; (c, d)-fine-grained biotite hornblende gneiss (S0736) , Qixingtai
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Fig. 15 Cathodoluminescence images and concordia diagrams for SHRIMP U-Pb data of zircons from supracrustal rocks in upper

part of the Liuhang Formation, western Shandong

(a, b)-felsic metavolcano-sedimentary rock (TS09104 ) interlayered with metaconglomerate, northwest of Liuhang; (¢, d)-matrix (SY0320) of

metaconglomerate, Liuhang
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Fig. 16  Cathodoluminescence images and concordia diagrams for SHRIMP U-Pb data of zircons from supracrustal rocks of the

Mengjiatun Formation in the Mengjiatun area, western Shandong ( after Du et al. , 2003)

(a, b)-garet quartzite (M0O8) ; (¢, d)-staurolite-bearing garnet biotite gneiss (D242-2)
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Fig. 17 Cathodoluminescence images for SHRIMP U-Pb
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the Jining area, western Shandong
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Fig. 18 Concordia diagrams for SHRIMP U-Pb data of zircons from supracrustal rocks of the Jining Group in the Jining area,

western Shandong

(a) -felsic meta-volcanic rock (ZK402); (b)-metasedimentary rock (S0844-4)
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Table 1  Division of early supracrustal rocks in the western Shandong area
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G R oo B b N MR IREUA-VE T8 e, AL L RO 5 4L AT A 4
( ~1.80Ca) T (2.52~2.55Ga) BRIV AR
P NS AT, BT AR S A A L L R CP R JERRATOA R, AT R A E AT AT
( ~2.80Ga) AT (2.70 ~2.75Ga) BB 43 A A A A

#%4 2.52 £0. 01Ga, L¥ T A4 (2010a) R A5 14 e JoT 48 o K
LA RE A (S0844-2) 25 32 4 4 AE % (2. 56 + 0. 02Ga) K i 7
L RN T A B S BT, BT A B N T
AR ARBEIT, HASE AAA R A a8 2B B T U
EHE L (S0844-4) 5 EARAF (2010a) ZRAF Y SSAURE: il (S0844-
1) EAREE RIS, W FERAEAE ~2. TGa Fl ~2. 6Ga B 541,
(RIS, R AU R P IR X A T A8k, &
PO D R A I AE TR i ~ 2. 7Ga il ~ 2. 6Ga S5 A 4
B BAREAT ST T AR MO RIE R R BT N T
TH BB IR B EEYIR X,

HRHE BT BRI FT , & P4 M X e 2A Z 08 AR v] =2 7 Rl 4
Wmr(FERD,

(BRI (2.70 ~2.75Ga) £ A Fo WM
A AT AT B (R 4G -£ 2 A - R X )
TARATE) MEREEA, N EE5HF By, gk
AR TTG e Fa A YIHl, FZmAHMINA AR
SR AR BRI R RRKEA
A AT B 5 0 BT OBV R AIE I SR mT BE L
HESH DA RN T A4 T B s — 2k

(2) B R (2. 525 ~2.56Ga) st i R, AIE L
FRAEA M TAE LB (R uiE-E R A- K T X 7
FUHTEB) M TER . BIE=AEWEHA S, EEH
BRASRE R BIF KT LA AR AT R
FRZ R ILBEUR -5 T8 R o JRET T A HE VT RE L L B A AU
B AR B — 2,

P, B PG b XA TR B R AR R I R 0 R e R 4
S5 R A R0 e A AL e A A 3 A X R AR
A6 TR H e X R R K B, e ER M B 4 A L, TR
AR R A R R T REAN B AT KRR R
R T LR ) fh 6 FR R R A A, AR B
FE BRI 7 A R B AR BT R A LA, B = A
KA INA RIS B S 2. T F R — 20 P A AR AR 2
5, LA S 05 1 DR R T M R e A R A A6 s
51 i

(AT A RS P IX, JF 2% 1L A #F A4 BIF k48 R
TR R IRTE A R, mifEp A R R R A
FRPREM ., BT AR BIF JE TR A AR, A 2y
JEH AR, G SRR BIF 32 B B T A i Ao s 30 1
N3 IWRIRE AN A4 1 B, 5 BIF B RA A
DIBRASRCAE N, WAEERE s RS AR HE

ARG, AN AR, 722 s LR 05 B8 Bty
W o, e SRS R, BAREF KA AR T, LR
JC A7 R M A /D, (ELE A AT S 55 2 ) A 3 B R
Tr T a S BIF LA 0025 A B0 45 I Rk 5T 2k 50 A 3 1)
W THEE BHE = TBOE WA R (R ) 8RS A7
B ST R L - SO R S AR SR e AR B, AR S5
JEUa SR BUA & L T8 B AR R0 8 o ik B A
PRIENE S R BE I o 5 LRI A AT o 20 b B b,
JEE DU BE B A R o

TS XoF T3 R A ) A v 4 3 ) T PR —
BHAATER U, FEAPDI A B IS HAE F e+ 4
o B, Vet b AL BOR A AU 2 poE
I-T B -BP s AR Z AR F N ENTE T B IR,
SRR Tl A 1) ELAAR I ()38 A7 AE i ( Zhao et al. , 2002,
2005 ; Kroner et al. , 1998, 2005, 2006; Wilde et al. , 2005
Li et al. , 2002) s {HA0A7 — 2L A A 0y 37 Rt AR 1 5t 2
AR 0 HEAE F A5G (Zhao et al., 1999a, b, 2001;
Yang et al. , 2008) ,

XTGP D, FRATTEE A ) T N AL 32 B
1) AR LA o 25 2 ) LA A 3 i P LR X AR
PE52) AR AU, I AUR 28 (2. 525 ~ 2. 56Ga) f A A1 L
AR e (2. 48 ~2. 525Ga) {4 A1 8 52 BESR Y R B2 JE 5 3)
ANIRVZE R 55 R R Nb-Ta T4, R T SR A 3 A0
AFAE 34) R AAEHIFN AR RERBUR I, 4= ACA T iUR
B AR T2 o 2, S Rl A 1 AR 7 b £ (3 6 S )
it A RTRE, LIRS A AT 4 b By BIF JE 8T i 3 F
B BB, MH T AR BIF 2N T RHE IG5 25 e B .

6 &5k

(1) B VU AE B - i A A 7 Rt A7 S R G 300 A [ i
REEFEE &, B A A A 2 U I 25 07 T A7 A5 W] i
D8

(2) BIF JE RS AR B Rt AU 9, o A e A I
L AR L S e 2RI AT S 2 B BERL RBE T i
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