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Abstract: This paper is the result of geological survey engineering.

[Objective] Jiaodong area is the largest gold ore concentration area in China and the most important copper—molybdenum
polymetallic ore deposit area in Shandong Province. Strengthening the study of petrography, petrogeochemistry and chronology of
Mesozoic granites is conducive to further promoting the prospecting of gold and polymetallic deposits in this area. [Methods] Taking
the medium—fine grained monzogranite and granite porphyry as the main research object, this study primarily carried onlaser
ablation inductively coupled plasma mass spectrometry (LA—ICP—MS) U—Pb chronology on the zircon, whole—rock geochemistry,
whole—rock Sr—Nd—Pb and zircon Hf isotopic study, aiming to confirm the timing and discuss the petrogenesis and tectonic settings
of the Sanheshan pluton in Southwest Jiaodong. [Results] The results of LA-ICP—MS zircon U—Pb show that the medium—fine
grained monzogranite was formed in (115.42 £ 0.27) Ma and the granite porphyry was formed in (115.214+0.25) Ma, both of which
are belonging to the Late Early Cretaceous of Mesozoic. Geocahemical research shows that the medium—fine grained monzogranite
and granite porphyry are both belong to themetaluminous high—K calc—alkaline series I-type granites; LREE are more obvious than
HREE,with weak Ce negative anomaly and obvious Eu moderate negative anomaly; trace elements enriched in Rb, K, Zr and Hf,
depleted in Sr, Ba, Nb, P and Ti. The whole rock Sr—Nd—Pb and zircon Hf isotope analysis results show that the Sanheshan pluton
was originated from the remelting lower crust, and was contaminated by mantle materials. [Conclusions] The Sanheshanpluton was
formed in the continental extension background caused by the subduction of the Pacific plate relative to the Eurasian plate in the

Early Cretaceous, which was the product of crust—mantle interaction during the lithospheric thinning in eastern China.

Key words: geochemistry; geochronology; Sr—Nd—Pb—Hf isotope; geological survey engineering; Jiaodong; Shandong Province
Highlights: (1) The intrusive timing of Sanheshanpluton is determined; (2) It fills the vacancy of Mesozoic granites in the southwest
of Jiaodong; (3) It provides new evidence and ideal research object for regional tectonic magmatic activity in Late Early Cretaceous.
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Fig.1 Schematic tectonic map of Jiaodong (a) and distribution map of gold-polymetallic deposits (b) (modified from Ding
Zhengjiang et al., 2013; Yang Liqiang et al., 2014)
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Fig.2 Geological map and field photos of Sanheshanpluton (modified from Shandong Provincial No.4 Institute of Geological and
Mineral Survey,19929)
a—Sketch geological map of Sanheshan; b—Lithology interspersed relation; c—Ore veins interspersed relation; d—Civilian mines; e-Field outcrops of
monzogranite; f-Field outcrop of granite porphyry; 1-Quaternary; 2—Yetou Formation of Jingshan Group; 3—Douya Formation of Jingshan Group;
4-Medium—fine grained monzogranite; 5—Granite porphyry; 6—Skarn; 7-Fluorite—barite veins; 8—Quartz—molybdenite vein; 9-Geological boundary;
10-Measured/presumed fault; 11-Sampling location; 12—Molybdenite points; 13—Gold sites; 14-Silver ore points; 15-Lead ore points
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Fig.3 Field and micrograph of Sanheshan pluton
a—Medium—fine grained monzogranite and its internal dark inclusion; b—Granite porphyry; c—Granitic texture; d—Porphyric texture; Q—Quartz;
Kfs—Potash feldspar; Bi-Biotite; PI-Plagioclase; Hb—Hornblende
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0.64%, E. A %A% 19 Mg*( 28.61~33.62) . P,0, Fll
TiO, 7 & 8K, 43 51k 0.08%~0.12% Fil 0.31%~
0.42%. o {H N 2.63~2.99, AR i/ 3.16~3.42, 1E
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F1 =ZHLEFEETE (%) FIHERTE (107°) WKER
Table 1 Major (%) and trace elements (10~°) data of Sanheshan pluton

F£5  SHS-HI SHS-H2 SHS-H3 SHS-H4 SHS-H5 SHS-H6 (257 SHS-H1 SHS-H2 SHS-H3 SHS-H4 SHS-H5 SHS-H6
ik Ak KB A RS HIE Ak KR A TR BEE
AlLO, 13.61 13.90 14.01 13.91 14.40 14.50 Cd 0.15 1.50 0.22 0.11 0.13 0.11
Si0O, 72.50 72.13 71.39 71.34 69.95 70.94 In 0.01 0.02 0.02 0.01 0.01 0.01
CaO 1.17 1.05 1.30 1.40 1.46 1.45 Sb 0.16 0.86 0.44 0.22 0.23 0.18
K,O 4.80 5.12 5.09 4.72 5.15 5.09 Cs 0.96 0.88 1.27 1.27 1.21 1.41
Fe,0," 2.15 2.30 2.46 2.57 2.50 2.50 Ba 479.20 63543 71147 65229 960.24  853.53
FeO* 1.13 1.17 1.26 1.36 1.28 1.30 Ta 3.35 2.47 2.85 2.07 2.15 2.24
MgO 0.43 0.46 0.49 0.60 0.64 0.58 w 3.89 3.41 2.92 0.76 1.74 0.72
MnO 0.05 0.06 0.06 0.06 0.05 0.06 Re 0.02 0.02 0.02 0.02 0.02 0.01
Na,O 4.01 4.09 4.12 4.07 4.12 4.17 Tl 0.59 0.63 0.72 0.60 0.63 0.64
P,O; 0.08 0.09 0.10 0.12 0.12 0.12 Pb 17.19 18.23 20.02 17.67 18.54 19.80
TiO, 0.31 0.36 0.39 0.42 0.40 0.41 Bi 0.17 0.13 2.69 0.05 0.02 0.02
LOI 0.99 0.71 0.72 0.69 0.79 0.61 Th 18.10 15.34 15.77 17.15 14.74 16.45
Total ~ 100.10 100.27  100.13  99.91 99.58 100.41 U 3.90 3.03 3.43 7.03 3.88 4.59
DI 89.85 90.58 89.48 88 87.56 88.6 Hf 4.83 5.02 6.14 5.20 4.85 4.62
SI 3.83 3.89 4.09 5.10 5.24 4.77 La 41.76 42.73 54.53 51.60 50.03 46.71
A/NK 1.15 1.13 1.14 1.18 1.17 1.17 Ce 80.86 81.09 99.04 89.69 86.72 83.07
A/CNK  0.98 0.98 0.96 0.97 0.96 0.97 Pr 7.89 7.83 9.64 8.17 8.32 7.67
AR 3.37 3.42 3.33 3.27 3.16 3.19 Nd 30.04 29.37 36.60 30.28 30.18 28.76
o 2.63 291 2.99 2.73 3.19 3.07 Sm 5.28 4.68 5.96 4.64 4.68 4.52
Mg* 28.41 28.45 28.31 31.63 33.62 31.46 Eu 0.69 0.75 0.83 0.79 0.88 0.81
Li 10.91 7.90 10.87 15.89 16.53 15.96 Gd 4.63 441 5.29 4.35 4.21 4.07
Be 5.98 4.86 5.85 4.62 4.50 4.63 Tb 0.72 0.59 0.80 0.57 0.57 0.58
Sc 2.29 2.39 3.42 2.68 2.88 2.59 Dy 3.96 3.09 4.06 2.87 3.02 2.96
Ti 2223.66 2637.78 3036.49 3174.67 3064.32 3122.98 Ho 0.67 0.52 0.73 0.48 0.50 0.49
v 12.34 12.27 14.87 19.51 19.22 19.42 Er 2.23 1.67 2.39 1.60 1.64 1.63
Cr 9.44 10.69 3.15 14.88 7.56 14.15 Tm 0.41 0.30 0.41 0.28 0.29 0.29
Mn 349.94  409.02 461.86 42579 469.52 419.42 Yb 2.63 2.10 2.64 1.97 2.06 2.02
Co 2.04 3.20 4.81 5.30 4.47 434 Lu 0.39 0.31 0.40 0.29 0.29 0.29
Ni 1.37 27.64 80.79 39.74 21.85 2243 >REE 182.16  179.44 22332 197.58 193.39  183.87
Cu 8.86 31.81 15.33 10.52 10.65 16.48 LREE 166.52  166.45 206.60 185.17 180.81 171.54
Zn 36.18  286.83  37.00 42.62 36.40 38.14 HREE 15.64 12.99 16.72 12.41 12.58 12.33
Ga 18.50 17.74 19.92 18.64 18.57 19.46 L/H 10.65 12.81 12.36 14.92 14.37 13.91
As 1.36 2.68 2.03 1.77 1.65 1.60 oEu 0.42 0.50 0.44 0.53 0.59 0.57
Rb 184.80 173.34  193.80 180.07 187.87  194.07 oCe 1.00 0.99 0.96 0.95 0.93 0.96
Sr 152.11  149.54 176.50  243.13  276.10 275.48 || (La/Sm),  4.98 5.74 5.76 7.00 6.72 6.50
Y 21.85 16.42 23.75 15.49 15.86 16.05 (La/Yb)y  10.71 13.72 13.93 17.66 16.37 15.59
Zr 195.03 22533 276.03 21021 19488 187.26 || (Sm/Nd)y  0.54 0.49 0.50 0.47 0.48 0.48
Nb 2791 27.23 32.75 24.73 24.62 25.10 (Gd/Yb)y 1.42 1.69 1.62 1.78 1.65 1.63
Mo 1.87 13.57 14.46 9.00 8.67 5.96 7/°C 796 808 823 799 790 787

AR-SiO, Ff# [ 7% AiE X (& 4d) . A A8
SEAERL(DI) Jy 87.56~90.58, FHAAR X A i 4570 S 1
K. HamEESTHEE(SD R 3.77~5.03, KBt
IR R o
6.1.2 # £ T F&

= A Am AR R R A X AR, YREE N
179.44x107°~223.32x10°%, -1 193.29x10°°, #H X
& % LREE, 7 #i HREE; LREE 5 166.45x10°~
206.60x10°°, F 14 179.52x10°, HREE & 12.33x
10°~15.64x10°, F ¥ 13.78x10°, LREE/HREE
N 10.65~14.92, (La/Yb), fH 24 10.71~17.66, “F- ¥

14.66, (La/Sm)=4.98~7.00, *F-3J4 6.12, 58 + 4
SEEGIRE, (Gb/Yb)=1.42~1.78, F-21 7 1.63, Hki +
A3 SRR RS, TEERRE B A AR EAL RS 0T R/ FoA
KK 5a) i, £ 0 il B 3 i 4R A — 3, By fy
iR}, 6Ce 2R BN I S5 1Y 5 [ (4 T 0.93~1.00,
V14 0.97), 6Eu s AR R H (AT 0.42~0.59,
144 0.51)
6.13 MELE

FE R 0 R A6 M b A v Ak ik 1 [ (1] 5b),
P A i S R A8 R — B R 0 3R bR A R
ek R ] i 2 2 R — B0 A BE T RRAE, R B BE %
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Kl 4 =4 IERTER S TAS K (a) (& Wilson, 1989) . A/CNK—A/NK [Elf# (b) (## Maniar and Piccoli, 1989) . Si0,~K,0 &
fi#ft (c) (4% Le Maitre, 1989; Rickwood, 1989) & AR-SiO, EIfi#(d) (#& Wright, 1969)

Fig.4 Granite TAS diagram of Sanheshanpluton (a) (after Wilson, 1989), A/CNK—A/NK diagram (b) (after Maniar and Piccoli,
1989), Si0,—K,0 diagram (c) (after Le Maitre, 1989; Rickwood, 1989) and AR—Si0, diagram (d) (after Wright,1969)
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(BRUELLELHE: a i Boynton, 1984; b #& Sun and Mcdonough, 1989)
Fig.5 Chondrite—normalized REE patterns and primitive mantle—normalized trace element spider diagrams
(normalization data: a after Boynton, 1984; b after Sun and McDonough, 1989)
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TCEANHE MR, A A s LR L9
B, Rb, K. Pb, Nd. Zr il Hf JC K & 18 ¥ o,
FICAWIR R, K EATCE Sr. Ba Flm
JGE Nb., P, Ti MiXt 5, LN
6.2 &7 Sr—Nd-Pb E{iI &

Xof = A A A i A ks K A B A (SHSS-
H1. SHS-H2) 4 i< B A5 (SHS-H4, SHS-H5) L1t
4 {ERE S AT T Sr—Nd—Pb [R1457 2 MK 20 Br, 5256
SR TR 2 MR 3. AR R, A IA R
T RAE B AL B BEA 1) Sr—Nd-Pb [F] 4 2 FF1E
LLB AR, o T AR A K A REPE; St Nd % &
A3 5 K 156.4x107°~338.2x10°, 27.47x10 °~31.15x%
10°% *Rb/*Sr, ¥'Sr/*Sr H {H 4 H A 1.34~3.09,
0.712558~0.714895; "'Sm/"Nd. "*Nd/'"*Nd H {8 5>
M 0.95839~0.114550, 0.511770~0.511877; & f1
o Pb [Flf F A BN B —, B & U A P
ZOSPb/204Pb‘ 207Pb/204Pb %ﬂ 206Pb/204Pb ,{E é:}. %IJ ﬂ‘j
39.8582~39.9679.  15.4656~15.4709 Fl  17.3563~
17.4478., FIHh b — K AL (115.42 Ma) Fl4E
B B (115.21 Ma) B9 IACE- 3 45 55 AR I S OE St
Nd [Al 5 ZA R, 1558 I, 5 L, WU E 5 5 A
0.70984~0.71084, 0.511698~0.511800, X 1/ i £4(7)
{ N—15.45~—13.46; W1 4H (C"Pb/”*Pb),. (*“’Pb/***Pb),
FI (*Pb/2Pb), 43 Bl N 37.5196~37.6835. 15.4491~
15.4572 F1 17.0150~17.1799; Nd 75 45 H & — [ BeAss
RAER Ty, N 2005~2167 Ma.

6.3 $£H U-Pb £ =

WAk K AE A (SHS-HIL) 5 4E i B A
(SHS-H4) H 85 43 FRAF 380 — B, 22 K3 S5 iRtk |
SRR, DB AR, B —BR 100~150 pm, /B
BUBURLA Al AT 3k 200 pm, KTEHER 12 1~2 1 1, 4%
A SRR, AR IE W . NI &k (CL) Bl&
B, OB RNEG BN (K 6), BARHK
EEABRRAE . 45 UL Th& &5 58 174.13x
10°~1294.89x10°, 138.16x10°~847.75x10°°, Th/U
FEAE A 0.42~0.94, V-3 0.67, BH i K F728 4% 41 1)
Th/U fH (< 0.1), 115 5 &5 A 1) Th/U B (5=
TCIRFIFERAK &, 2004 ), 2 BH BTl 45 41 Sy LR (1 25 2%
R A

SHS-HI1 #£ & 1) 20 A~ &5 192Pb/ >80 4 8% 4
114.4~116.9 Ma, H: i A ¥ {H A (115.42+0.27)
Ma(MSWD=0.18) ; SHS-H4 ¥ /il B 23 /> 15 )
200pp/238U AE M K 113.3~117.3 Ma, JINALF- 218 K
(115.21£0.25)Ma(MSWD=0.25) (% 4) ,
6.4 $5A Lu-Hf A=

AT 032 5 8 Lo/ TTHE FEE A T 0.000482~
0.001942, /NT 0.002, & W5 A 725 KT 2 )5 18
) 38 A0 AR v B AR R TR R HE R,
AT AR S A7 7 Lw/ THE FAE R R AT S G A%
PRIF B CRARITAE, 2007; 75 LRI, 2007; 9042 KL,
2009) o 3 Ak, B A WK LAY £ e TH A T —0.98~
—0.94, B g /NFRREE I 72 (—0.34) Ak 57 i Hh 5

®2 ZHELEGPARN_KEREMERDE LS Sr-Nd AR HER

Table 2 Sr—Nd isotope date of whole rock of medium-fine grained monzogranite and granite porphyry in Sanheshan pluton

FER Rb St g ssq, s7q.86
g #=E YMa 10 RbA°Sr ¥St*°Sr 20

Sm Nd
/10°¢

WSm/Nd "Nd/Nd 20 Iy(t) Lyl ew®) Tpp/Ma

SHS-H1 4 115.42 167.0 156.4  3.09
p -

SHS-H2 k-4 115.42 168.8 170.9 2.86
A

SHS-H4 1£id 115.21 1522 2954  1.49

SHS-H5 gpi= 11521 156.2 3382 1.34

0.714895 0.000004 5.21 27.47 0.114550

0.714753 0.000004 5.04 29.86 0.102043

0.713277 0.000004 4.94 31.15 0.095839
0.712558 0.000005 4.90 30.49 0.097061

0.511863 0.000009 0.70984 0.511777 —13.91 2041

0.511877 0.000009 0.71008 0.511800 —13.46 2005

0.511770 0.000009 0.71084 0.511698 —15.45 2167
0.511793 0.000009 0.71037 0.511720 —15.02 2132

®3 ZALEFPEN _KEREMERBEEE Pb BUEITER

Table 3 Pbisotope date of whole rock of medium-fine grained monzogranite and granite porphyry in Sanheshan pluton

X Ll

Z;f oM P ST /llé,ﬁ o cueppiotpl, 25 WPbAUPL 20 MPbAPb 20 (“PHPb), (VPbAPb), ("PbPb),
EERE]

SHS-HI th#fiki —K 11542 16.9 5.16 21.4 17.4478 0.0003 15.4702 0.0003 37.9679 0.0007 17.1799 154572  37.6805
SHS-H2  fgss 11542 354 141 459 17.3563 0.0003 154656 0.0003 37.8582 0.0008 17.0150 154491  37.5775
SHS-H4 pppu, 11521 319 727 264 174101 00003 154709 0.0003 37.9594 0.0007 17.1041 154561 37.519
SHs-H5 EMPHTT 11501 287 8.71 408 173811 0.0003 154656 0.0002 37.9395 0.0006 17.1440 154541  37.6835
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coeoYIdDTec e P
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(TR i
001861~ i
I 0.0186(- 11
2 L
4.0.0182F
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= i &
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Ko =aulrathhank — KBRS (a, ) FIERBES (b, O)E5ATFHICEDEIEERFIES A1 U-Pb 4Fi A
(VP8 Ryt 1 U—Pb Mt B, ZLREO A A1 Lu—Hf W07 )
Fig.6 Cathodoluminescence images and zircon U—Pb age concordance diagram of medium-fine grained monzogranite and granite
porphyry in Sanheshan pluton

(The yellow circle represents the measurement location of zircon U—Pb, the red circle represents the measurement location of zircon Lu—Hf)

(—0.72) (Vervoort et al., 1996; Amelin et al., 2000),
Tl B B AT B B s B LR DX ) o DA 75 5 b i
B[] SR X ) o A b e ) P YA A7 BR AR

AR AR B R i A B CHETHE A
ST 0.282124~0.282419, F-14 4 0.282221; ()
B }-20.39~-9.95, F-H1°h-16.97; 5 i e — BBt

REAERS Ty, H 1807~2466 Ma, V-1 2250 Ma.
16 5 BE = FE 5B A 0 TSHETHE HE AR fk T
0.282135~0.282323, “F ¥ 2 0.282219; &,(0) {H N
—20.10~—13.42, -3 Jy—17.12; = 41 H b8 — B Bt
MER AR T, N 2028~2447 Ma, F-3 Jy 2260 Ma
(#%5),
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Table 5 Zircon Lu—Hf isotope date of medium—fine grained monzogranite and granite porphyry in Sanheshan pluton

FERGiS TMa YO/ Hf 20 LwHT | 20 HOTHE | 20 em(©0) el  TogMa TpMa  fom
SHS-H1-002 115.5 0.034365 0.000136 0.001259 0.000005 0.282244 0.000016 —18.67 —16.25 1431 2204 -0.96
SHS-H1-004 116.4 0.040687 0.000423 0.001395 0.000013  0.282230 0.000014 -—19.17 -16.72 1456 2235 -0.96
SHS-H1-005 115.3 0.035505 0.000181 0.001268 0.000007 0.282195 0.000015 —20.40 -17.95 1500 2313 -0.96
SHS-H1-006 114.7 0.055793 0.000178 0.001942 0.000014 0.282288 0.000017 -17.12 -14.74 1395 2109 -0.94
SHS-H1-009 116.3  0.034779  0.000340 0.001231 0.000007 0.282220 0.000014 -19.53 -17.08 1464 2257 -0.96
SHS-H1-011 115.7 0.041548 0.001231 0.001526  0.000035 0.282209 0.000014 -19.93 -17.52 1492 2284 -0.95
SHS-H1-013 115.4 0.043584 0.000611 0.001507 0.000017 0.282239 0.000016 —18.84 —16.43 1448 2216 -0.95
SHS-H1-014 114.8 0.042933 0.000181 0.001555 0.000004 0.282223 0.000018 -19.42 -17.01 1473 2253 -0.95
SHS-H1-016 114.4 0.048977 0.001296 0.001710 0.000035 0.282156 0.000021 —21.78 —19.42 1574 2403 -0.95
SHS-H1-017 115.3 0.035244 0.000354 0.001233 0.000017 0.282241 0.000016 —18.77 -16.32 1434 2210 -0.96
SHS-H1-018 1144 0.053518 0.001327 0.001771  0.000035 0.282183 0.000019 —20.81 -—18.43 1537 2341 -0.95
SHS-H1-019 115.3  0.035349 0.000213 0.001262 0.000008 0.282268 0.000015 —17.82 —15.40 1398 2151 -0.96
SHS-H1-020 115.3 0.051387 0.000848 0.001737 0.000025 0.282208 0.000014 -19.94 -17.56 1501 2286 -0.95
SHS-H1-024 115.4 0.023987 0.000194 0.000814 0.000007 0.282252 0.000016 —18.41 —15.93 1404 2185 —0.98
SHS-H1-025 114.8 0.032159 0.000260 0.001121 0.000016 0.282159 0.000018 —21.66 —19.23 1544 2392 -0.97
SHS-H1-026 1154 0.048079 0.000216 0.001565 0.000011 0.282422 0.000019 -12.36 -9.95 1190 1807 -0.95
SHS-H1-027 115.2  0.048379  0.000880 0.001646 0.000028 0.282127 0.000018 —22.80 —20.39 1612 2466 -0.95
SHS-H1-028 116.9 0.038652 0.000438 0.001333  0.000015 0.282171 0.000016 —21.25 -18.80 1537 2366 —0.96
SHS-H1-029 116.2 0.048147 0.001031 0.001636 0.000036 0.282198 0.000016 —20.31 -17.90 1512 2309 -0.95
SHS-H1-030 1159 0.036768 0.000498 0.001304 0.000015 0.282243 0.000014 -18.72 -16.27 1435 2207 -0.96
SHS-H4-001 117.3  0.056976  0.001736 0.001836  0.000057 0.282135 0.000018 —22.51 -20.10 1608 2447 -0.94
SHS-H4-002 114.3  0.034185 0.000795 0.001206  0.000020 0.282180 0.000013 —20.94 -—18.54 1519 2347 -0.96
SHS-H4-004 116.9 0.036438 0.000215 0.001309 0.000007 0.282242 0.000023 -—18.75 -16.29 1437 2209 —0.96
SHS-H4-006 113.3  0.035037 0.000510 0.001240 0.000021 0.282261 0.000015 -18.07 -15.69 1407 2168 -0.96
SHS-H4-007 1152 0.057145 0.001128 0.001917 0.000035 0.282225 0.000015 -19.35 -16.96 1484 2249 -0.94
SHS-H4-008 115.6 0.036822  0.000405 0.001276  0.000013  0.282240 0.000014 -—18.82 —16.39 1438 2214 -0.96
SHS-H4-010 114.7 0.029173  0.000118 0.001025 0.000005 0.282227 0.000016 —19.28 —16.83 1447 2243 -0.97
SHS-H4-011 115.1  0.039391 0.000574 0.001368 0.000010 0.282199 0.000017 —-20.26 —17.85 1499 2305 -0.96
SHS-H4-012 1143  0.038626  0.000294 0.001350 0.000015 0.282247 0.000015 -—18.57 -16.17 1431 2199 -0.96
SHS-H4-013 115.6 0.037094 0.000262 0.001278  0.000007 0.282163 0.000015 -21.55 -19.11 1546 2385 -0.96
SHS-H4-015 115.1  0.040294  0.000423 0.001421 0.000020 0.282200 0.000015 -20.24 -17.81 1500 2304 -0.96
SHS-H4-016 115 0.046511  0.000306 0.001610 0.000006 0.282194 0.000017 —20.45 —18.06 1516 2318 -0.95
SHS-H4-017 116.2  0.040350 0.000583 0.001369 0.000014 0.282184 0.000018 —20.79 -—18.36 1520 2338 -0.96
SHS-H4-018 115.4 0.037646  0.000760 0.001252  0.000021 0.282323  0.000014 —15.87 -—13.42 1320 2028 -0.96
SHS-H4-020 114.5 0.030983  0.000654 0.001083  0.000025 0.282260 0.000015 -—18.11 -—15.67 1402 2168 -0.97
SHS-H4-021 115.5 0.028978  0.000462  0.000996 0.000014 0.282208 0.000016 —19.95 -17.49 1472 2284 -0.97
SHS-H4-022 1152  0.042578 0.000377 0.001447 0.000013 0.282173 0.000015 -21.17 -18.77 1538 2362 -0.96
SHS-H4-023 115.3  0.022154  0.000350 0.000765 0.000013  0.282259 0.000014 -—18.14 -15.69 1392 2169 —0.98
SHS-H4-024 114 0.035765 0.000751 0.001215 0.000020 0.282183 0.000016 —20.85 -—18.44 1516 2342 -0.96
SHS-H4-025 115.7 0.035741 0.000105 0.001236  0.000004 0.282283  0.000015 -17.29 -14.83 1376 2117 -0.96

7 W B fii, HARREE, ARG ER, 2 2B KN

71 REEBRREEYX

AR A R B B (146~166 Ma, S
) BB SR UA ] (123~135 Ma, 1)) | £ 4 111 45
(110~123 Ma, 1 5Y) F1ig5 111 ] (108~118 Ma, A Bl )
4 JAFE B (R IA4E, 2021), HirP R L AL 5
5 125 4 R 2 4 TR 1 i 56 28 28 Vi 45 %2
o KRIEMFFTVORN(GE 6) £ M, M8 ILIE N & £
BRI A . AT X R v b 3 h— R PE 1
—i7, PE R AR T AE A R A IR iR IE . AR
o AR AR LU A A 5 2 22 TR G R ) B L R 22

PR R AR, EEAHBEILA AR (112~114.2
Ma) . =B 1L H K (114.2~119.6 Ma) | 7% 3k & &
(114~116 Ma) Fl 7 1 — B % 4 4 (118.1~118.8
Ma) . PG L AR A8 L A8 5 55 FUBL /DN, A iR 4
A AR R, Z 2N A B 1 (L et al,
2012), FEA LA AR(113~122 Ma) | B 15 A&
(121.3 Ma) IR FE A4 (119.9 Ma) . =& 1Ak
gl ok K AR A R AE BT A B R B
LA-ICP-MS U-Pb il ¢ ~F 4 4F #% 43 5l A
(115.42+0.27)Ma F1(115.21+0.25) Ma, A 41 Hik 1k
SERRE BN TALE A B RRAE . AR A T ok B A%
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Fo BEFBELBENERMEEHRE (LA-ICP-MS A U-Pb)
Table 6 Isotope chronology of the Weideshan granite in Jiaodong( LA-ICP—MS zircon U-Pb )
F R RS PR EE R Ma BRI
GZ JB T 1 A YA N K 1121 RS, 2013
i SSD-1/1B A K R AT A 113. 4+1.8 T
e AR VLA, 2013
GZ SR A AR Y K A 114.242.1
D04-1 ARLIEKAL A 119.6+ 1.0
=0 1 D09-1 b =/l R KA KA 111.4£22 ZEMAIREE, 2018
D11-2 FRRE R KT 115.7£ 1.7
06SDO01 3% ok B R 11443 .
% 06SD17 ALlTE Rk oL — K 11643 TROES, 2005
ZT-1-01 PESREDN FRLB R AINAE KA 115.6+1.1 HAEE, 2020
Fli— 2017N1 Eﬁ*ﬁﬁﬁalﬂ:ﬁﬁ:ﬁ% 118.10+0.66
b b 2017N2 R A% e F EBRRRAN R KA R A 118.52+0.78 ARERSE, 2021
2017N3 EBER RS AN KA KA 118.80+0.67
16SD-33 RN BEIR A INAE B IN KA 116.7+1.7 %, 2019
s WDS07/1B FER TR KA SRRk K AE R A 122+1
JD48 AW S T R ZE A BOIR AR K AE R 119+1 fER S, 2021
JD87 T ST XA A EE R K AE R A 113+1
F1E LMO06/1b S PH T 78 22 56 ok KA A 121.342.1 B, 2019
7 It g ID151 SEIN T Za Uiy g BER AR KA K A 119.9+1.3 B, 2021
—al SHS-H1 SFEET = Al AR AR 115.42+0.27 K
- SHS-H4 SR =41 TR B 115.21+0.25

(2021) X AR b X AR AL A B T, =R
LA R A LG K A

20 tH2g 80 4FARE A, I AR A 5 DU Hb B 7= )
BRI -SUBX AR T KBS LRy
TAE, AT = A 1L AR S A 24 rp 2 B K 4
T A5 B (AL R WL 2 BE 97.28 m, 3 i i
0.047%) , i FE = A LU AR 0 358 K A1 BBl 7 Wr 224 4
W R T KA 4 (1.09~2.19 git) . B (16.39%~
52.66%) 5 E . &M E&RT R B2 A1k
AR L . = A IA RS B R AR EBARFE 1L 5 ik
RALAF AR S (h A ACHELL R 115 Ma), 571k
FROERRICFRER . SN & K2 & /), 8RR
VU AR RELEAE 115~125 Ma R4 )@ . A A48
WA CTIETLAR, 2013) o — A LA RE AT R Y
WERGHLE , ANUEAN T AR P g S AE AR A )
2R B, BRI R — 20T A TAERR AL TR R
AT 0] o
7.2 ERAMEZRE

A6 B 1 R 2 B g U R IS4 e A R R
I 54k A E T SR N AR BT, K
RS HLV FHET 12 A /& ISAM 43283k . il
IR T RIGE X 7 N FE IR IR 7=, S RIAE X 7 R U
FHb ST R, M ARG AR T g, A BUAE

5IEA TR, AR TR srh s ek e
feixi (TR A, 2020) .

=& 1Ak Sio, & i 69.95%~72.50%, -3
71.38%, TN b1 75 3 3 45 Bl A AT REJE AR SiO, %
70 % AT AR R A (IRIEESE, 2008), BCHERR 9 M A
e AT RE . FR M0 FNFE 2 A/ICNK=0.97~0.99, -
B8 0.98, B HERRFURHE, B8 F R W E R0, 5
S HIFERI 7+ A/JCNK> 1.1, # WA A5 & B Ya
B2 X 5] . 7F Harker & fi# -, B SiO, & & 34
TiO,. ALO;. Fe,0,, Na,0. CaO. P,0, £k VT %
(E 7), 5 1 BIAE <A A 35—, [FIREHERR T =
LA S BIAE KA AT RE, 678 — A LA AR R
PRI J 1 A ey, A Y,

A BIAE R BA BN G AN BE A5
A R SR S A I RRIE T P
G, IF BAE s ERfb 2 o b BA s 4R Si K AT Nb,
Ta. Zr. Ga % /5 5% 70 R 4 A 1 FF1E (Whalen et
al.,1987) o Al 2% I 4 A Mo BR AL 24 1 0T 9% 4% B .
(D) =H ARy ARG, FHRA A
e, BARERMINA, AR A BITE G
RUR TR I (™ P 20 55 (2) TE b Rk 2 b2 iy
b, R 5B KB F AL E Sr. Ba Ml E 5ot
% Nb. Ta, P, Ti, /] X5 F A BAE = A5 (3) A
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Fig.7 Harker diagrams of Sanheshan pluton(Hollow is measured data, solid for collecting data; The data were collected from
Shandong Provincial No.4 Institute of Geological and Mineral Survey,19929)
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Fig.8 Genetic discrimination diagram of granite in Sanheshanpluton (basemap from Whalen et al., 1987)

=4 AR S AT ) Nb/Ta U (H 8.32~11.93, F
¥710.91, SRS T K fifi Hb 52 15 FEl A (Nb/Ta=10~14,
AR ESE, 2008), Nb/La FUAE 0.48~0.67, A TR th
Ho i (1.06) A1 H 72 (0.45) Z [A] (Jochum et al.,
1989; Green, 1995) , Zr/Hf [l 40.18~44.98, F- 1
41.89, B & T [ AR 0 K Bili 52 /9 37(Gao et al.,
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ena(O—€s,(O) B, BT A RE S 3475 6 v B R 5T fE
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St W HAEL ) % A TR XORIT 52 IR X 22 [ A 3t B TR X
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