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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Laiwu Sanchahe iron—gold deposit is the first skarn type iron— gold deposit (without copper) discovered in western
Shandong. Previous research on the Sanchahe deposit is weak. The purpose of this paper is to discuss the age of ore—forming pluton,
magma sources, petrogenesis and tectonic setting. [Methods] We carried out LA—ICP—MS zircon U—Pb dating, major and trace
elements analysis.[Results] Zircon U—Pb age of pyroxene diorite is (138.4 + 1.2) Ma in the Early Cretaceous. Pyroxene diorite is
calc—alkalic (Rittmann index o = 2.20—2.54) and characterized by high Mg’ and high contents of Na,O, Sc, Cr, Co and Ni, which
demonstrates that it has geochemical affinity with mantle—derived magma. It is enriched in LREE and depleted in HREE, with no
obvious Eu anomaly, and shows enrichment in Cs, Ba, Sr and depletition in high field strength elements (Nb, Ta, Zr), indicating
involvement of some crustal materials. [Conclusions] Geochemical features of pyroxene diorite combined with geochronological
data imply that it may be generated by partial melting of the enriched lithospheric mantle which had been metasomatized by the
ancient crust materials of the North China Craton, and formed in the strong extensional tectonic background of lithospheric thinning,

which may be caused by the retreat of the subducting Paleo—Pacific plate.

Key words: iron— gold deposit; skarn type; petrogenesis; U— Pb dating; geochemistry; mineral exploration engineering; Laiwu;
Shandong Province

Highlights: (1) It is reported for the first time that the age of Sanchahe pyroxene diorite is (138.441.2) Ma. (2) pyroxene diorite
may be generated by partial melting of enriched lithospheric mantle, which had been metasomatized by the ancient crust materials
of the North China Craton.
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Fig.2 Geological sketch of Sanchahe mining area

1—Quaternary; 2—Cretaceous; 3— Jurassic; 4—Permian; 5—Carboniferous; 6—Ordovician; 7—Cambrian; 8—Neoarchean granite; 9—Monzogranite of
Tietonggou unit; 10— Quartz diorite porphyrite of Tonghanzhuang unit; 11— Hornblende diorite porphyrite of Jinjiagiao unit; 12— Finegrained
pyroxene diorite of Xidu unit; 13—Medium grained pyroxene diorite of Dongmingsheng unit; 14— Medium grained hornblendite of Fenghuangyu
unit; 15—Olivine norite gabbro of Yaoshan unit; 16—Hornblende norite gabbro of Chayeshan unit; 17—Geological boundary; 18—Fault; 19— Attitude

of strata; 20— Orebody range; 21—Sampling location

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1898 i 5] s T 2022 4F
90° ZK505 7K503 ZK501  7K502  ZKS04  zgs506
o S SEE L
)
0 m| 0 m
0 50m
L ]
—200 m —200 m

[€]3 =251 X 5 e 24 i Jo ) o 141
1—58 IR 2— KA  3— WA NI 5 4— Bk 0T 1A S— 8 18 6— Bl fLA B 2 AL 5
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Fig.5 Cathodoluminescence images of zircons of the Sanchahe pyroxene diorite
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Table 2 Chemical compositions of major elements, trace elements and REE elements of the Sanchahe pyroxene diorite

s 7ZK803 ZK0004 ZK0005 s ZK803 ZK0004 ZK0005
SiO; 58.73 55.41 55.32 Mo 1.20 3.19 2.59
TiO, 0.70 0.71 0.71 cd 0.22 0.03 0.03
ALO; 14.60 1531 15.14 Sn 1.62 3.07 2.99
Fe,0s 6.97 8.75 8.90 Sb 0.57 0.33 0.35
MnO 0.12 0.12 0.12 Cs 3.59 2.02 1.94
MgO 5.89 6.47 6.80 Ba 842.00 816.00 802.00
Ca0 5.92 6.70 6.64 La 23.00 20.60 21.20
Na,0 3.52 3.40 3.43 Ce 46.20 35.80 37.60
K.O 2.36 222 2.07 Pr 5.54 5.44 5.57
P.0; 0.21 0.27 0.27 Nd 21.80 22.90 23.80
SN 0.86 0.93 1.20 Sm 434 4.49 4.66
Total 99.88 100.28 100.59 Eu 1.20 1.33 1.35
K,O+Na,0O 5.88 5.62 5.50 Gd 3.99 3.59 3.72
A/CNK 0.76 0.75 0.75 Tb 0.53 0.58 0.61
Mg’ 62.83 59.66 60.45 Dy 2.73 3.11 3.11
Na,0/K:0 1.49 1.53 1.66 Ho 0.52 0.57 0.57
o 2.20 2.54 2.46 Er 1.43 1.64 1.61
Li 23.80 31.40 28.70 Tm 0.21 0.21 0.21
P 963.00 1170.00 1157.00 Yb 1.31 1.35 1.34
Sc 18.60 24.50 23.90 Lu 0.20 0.21 0.20
Ti 3940.00 4286.00 4227.00 Hf 3.36 2.30 2.28
\% 148.00 164.00 161.00 Ta 0.40 0.36 0.31
Cr 334.00 289.00 289.00 Pb 16.40 12.99 12.59
Mn 792.00 911.00 908.00 Th 6.26 2.80 2.90
Co 24.20 27.70 27.50 U 1.81 0.89 0.89
Ni 104.00 97.60 93.40 S LREE 102.08 90.53 94.14
Cu 20.50 7.75 11.54 > HREE 25.73 27.52 25.79
Zn 78.10 27.10 29.10 > REE 127.81 118.05 119.93
Ga 20.50 15.60 16.30 Rb/Sr 0.10 0.05 0.04
Ge 1.60 0.99 0.89 Ba/Rb 12.38 21.14 21.91
Rb 68.00 38.60 36.60 Zr/Hf 38.39 77.83 87.28
Sr 668.00 853.00 844.00 La/Sm 5.30 4.59 455
Y 14.80 14.50 14.40 Nb/Ta 16.72 14.64 15.03
Zr 129.00 179.00 199.00 (La/Yb)y 11.84 10.29 10.67
Nb 6.72 527 4.66 oEu 0.88 0.98 0.96

2015; #7345, 2018), 542k v dir i 74 Bl Dok 7
T e A 5 B ST o0 B B [RDAH ), 1z R et e
P A R e R A T B e
52 AR ERMEREEAKE

ST = A DN R AR 1 2 R I 2
B AT, 2R T A R R A S L R
] V) A ) b R A 25 R AR T A AR = 28 A

N A A R DX T Fn s A R S % =
A TN A B T B (Mg0=5.89%~6.80% ) il
155 1 Mg (59.66~62.83) L)} & 1 (Na,0=3.40%~
3.52%) ARHE , 25 G A% S Y Cr . Se .Co Ni & i, 36
Bl e AT 2 A Howg pd U X PE 5T (Rapp and Watson,
1995) ., MAk, #E 5 B Ba/Rb {4 12.38~21.91 4%k
TR A Hub {5 (11.00) (McDonough and Sun, 1995) ;
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(a,JEEEHE Cox et al., 1979;b, JiE[E i Rickwood, 1989 ; £k 1A HEHE Yang et al., 2005)
Fig.7 TAS (a) and K,O—SiO, (b) diagram of the Sanchahe pyroxene diorite
(a, after Cox et al., 1979; b, after Rickwood, 1989; Tietonggou data after Yang et al., 2005)

Nb/Ta {H A 14.64~16.72, $2 i T- i I 44 2K 19 Nb/Ta
{H(17.50) , 17 B & /5 T 52 7 2% A Nb/Ta {E (11.00)
(Green, 1995) ; Zr/Hf {H & 38.39~87.28 B i i1 F K
fili H1 72 {EL (11.00) , 17 #2305 T B 4 M2 11 (36.27) (X1
AITAE,2016) o BLAR , B VA AR vh A7 3 5 1A
A AR IE B T 5 R Xy b b8 (Xu et al.,
2003; EAHISE, 2004 47 7K ,2007) o 25 1,2
BRIV A N A SRR X Sy - e
FxEAMBEANKAEEEREFFEATLR

100 1

b
= 2
I =
o2 N s
£ 1 #

| —%— =ZIHEANKE
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1

La Ce Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

(LILE) fil 42 i + o0 % (LREE) , 7 i /5 58 o0 &
(HFSE) FIH##% + 0% (HREE) , A & s s +F
i ( X REE=118.09~127.81) , EL&E & A %7 i) Rb/Sr
{1.(0.04~0.1) FIEAR A Sm/N (0.2) 11 , 72 W3 A 3 I
X e b B A e Y B 2 5 A BRI
R B AR R AR B W 4G VSt S {H (0.70672~
0.70715 ) FIAHXF #AR 1) ena(£)(H (Yang et al.,2005) ,
WRINZICE KA WY NS5, [FIEHERR T 5
IR PR F s Rl SO e g i 22 X, Rk e

1000

(b)
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— BRI
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Cs RbBa Th U Nb Ta La Ce Sr Nd Zr Hf SmEu Gd Tb Dy Y Er Yb Lu

P18 = F AT A1 DR s 1 T 2R BORE B A7 B A IC 73 P& () PRl Bt T8 28 M o AR 194 51 (b)
(aJiEE ¥ Boynton, 1984 ;b JiK El#& Sun and McDonough, 1989 ; 24 1454454k Yang et al., 2005)
Fig.8 Chondrite normalized rare earth element pattern diagram (a) and primitive mantle normalized spider diagram (b) of the
Sanchahe pyroxene diorite
(a after Boynton,1984; b after Sun and McDonough, 1989; Tietonggou data after Yang et al., 2005 )

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1904 i 5|

b J 2022 4

HIY R 5 2% B AR AR AR 46 ¥ Se/* S B AN AH
Xt 85 = 11 exa(f){B (Defant and Drummond, 1990) ., [A]
I, R A N AR 42T 1555~1987 Ma, H.
FETED 5 BB O ARAR I AV BLR B (K
85,2007 ) , 3K SEREAE I 75 78 B b R IR B Akt
A ST A
53 MiEE S

=0T A A A B T R R
(138.4+1.2) Ma, X 5 44b g 3 US> 70 (1) -
WA ARG S — 2 BR T TR A AR BB R
5o EPTHL X R RO BT R R KL R
AN B ) S I S FE AR o b il AR R 32 B
FEIN R R S ) KA 4 A (U SC R 46, 2004b) , 3
HIEA DR TR A& 5, X 5 T E Rz
AT AR RS Frak A UTAR A A BUAE B A
B 5 1) T 8GR TR A X 7 ( A 55 L 1995 ; Wang
et al., 2005; Wu et al., 2007; Wang et al., 2015; &%
MREE, 20205 4515, 2021) , [A] A 5 AL se Fsi AR &8
A R e S R (AR ) & (VF SC R A5, 20044 20
BAE,2020) 0 Zf L, 356 = A HEA N A TE T
HE A T 2R L A A iR Bk v ) i
FR3E TS 5, T — B A 2 vy AP Al e [ BRI
DR B R ) IR oy B 38 (XB 4246, 2006 5 B[], 2020),
AT REA AT AR AR v 5 48005 R e el R A 3 258

6 4% i

(1) 336 = 2 I HEAT TN 2 5 AR AR AT B i) kg
FHE (138.4+1.2)Ma, 5E VU 12 0 N B
ARAAER AR —F, BR A0 IRIE LT [ FS i T
FRIE ]

(2) 336 = F A IN KA BA & Mg (E &
Na, & R LU R M KE T AR, 7 EM
+ICRFE R R L, 45 A 2R 18 AR Sr—Nd
)5 ZEARAE , B 7 B AT TR VR T 8 4 A T Mg 174358
AyHE Rl Rl 2 SRR X A2 ) T b TP S 5
Y i

(3)336 = Z AT N I8 B Ak o fii
IR A I P i o (R s T e, T
T By A1 2 vl AT A e 1) R A i 48 1)
PR B, AT RE Ry AT A R b i R R g e
P AT

B o B R (X)) 2 H R R X
HEFRYT FHELMEIG AT N T E L
MEAA R B B AF &K F 2T T
Ho s F AT XEHNERRE LA RS AR ERL
AT EEER B —FFEREORH,
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