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Geochemical characteristics and genesis of lamprophyres in
Yuantuan gold ore district, Shandong Province, China
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Abstract: To investigate the genesis and forming environment of lamprophyres in Yuantuan gold ore district, the
petrogeochemical study was carried out. The results show that the mass fraction of SiO, changes from 49.29% to 52.71%,
the ratio of K,O to Na,O changes from 1.17 to 2.91, belonging to kalium calc-alkaline series. The distribution of REE of
samples is right deviation, with slightly negative Eu anomalies. The lamprophyres are characterized by enrichment in
transitional elements, such as Ti, Mn, Cu, Zn and depletion in Cr and Ni. Combined with the age of the lamprophyres by
K-Ar dating method (102.29-119.34 Ma), it is concluded that the lamprophyres of Yuantuan gold ore district originate
from enriched mantle, closely associate with the fluid from early subduction of Sulu Ocean and melting of the Pacific
Ocean Crust, and Mesozoic tectonic transition in North China craton and lithospheric thinning events, and it is part of
large-scale Mesozoic magma activity of Jiaodong.
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Fig. 1 Geological sketch map of Yuantuan gold deposit: 1—
Proterozoic Linglong granite; 2—Quaternary; 3—Lamprophyre
dyke; 4—Orthophyre dyke; 5—Diorite porphyries dyke; 6—
Gold deposit; 7—Fault belt; 8—Town
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Table 1 Major element components for lamporphyres

PR

w/%

Si0O, TiO, ALO; Fe,04 FeO MnO  MgO CaO Na,O K,0 P,05 CO, H,O
J1-1 49.29 0.93 13.34 3.04 4.55 0.13 7.86 8.41 1.89 2.48 0.45 3.71 341
D35 55.80 0.69 13.18 2.08 3.32 0.10 5.20 7.09 2.59 3.03 0.36 4.49 1.61
Y23-3  51.79 1.06 15.03 2.61 4.23 0.11 4.84 6.81 2.60 4.54 0.81 2.47 2.14
Y23-5 52.12 0.96 14.38 2.60 4.32 0.11 5.33 6.70 2.55 3.72 0.73 3.15 2.74
J7-1 50.85 0.77 10.77 2.82 5.12 0.12 8.74 9.84 1.55 4.51 0.80 1.58 1.95
J25-3 5271 0.73 12.19 2.57 5.07 0.13 6.97 6.93 1.83 4.47 0.75 2.35 2.35

3T AL B B A

F 2 EPCAMLIUR S B IMSH
Table 2 REE contents and norms of lamprophyres

FEih = J1-1 D35 Y23-3 Y33-3 Y23-5 J7-1 J25-3
= RGBS HWEREA JEPES JEPE JEPES  BRHMEBEE NaEE
w(La)/107 70.04 75.25 88.12 83.66 92.54 52.18 69.77
w(Ce)/107° 127.60 125.50 181.10 147.60 172.00 95.90 131.50
w(Pr)/107 13.47 14.59 20.65 18.72 19.13 12.45 14.73
w(Nd)/107° 47.41 49.57 72.78 67.12 67.17 47.45 54.04
w(Sm)/10°° 8.98 7.80 13.78 11.05 12.85 9.26 11.86
w(Eu)/107° 1.85 1.93 3.12 2.87 2.92 2.02 251
w(Gd)/107° 5.76 7.19 8.62 9.28 8.03 7.85 7.55
w(Tb)/107° 0.90 0.84 1.25 1.10 1.19 1.10 1.21
w(Dy)/107 436 3.39 5.30 4.08 5.17 428 5.34
w(Ho)/107 0.90 0.77 0.96 0.84 0.96 0.89 0.96
w(Er)/107 221 1.81 2.18 1.85 221 1.81 2.12
w(Tm)/107° 0.39 0.32 0.35 0.28 0.36 0.29 0.34
w(Yb)/107° 1.94 1.98 1.61 1.53 1.79 1.55 1.67
w(Lu)/107 0.39 0.32 0.31 0.25 0.35 0.24 0.33
YREE/10°° 286.20 291.26 400.13 350.23 386.67 23727 303.93
LREE/10°° 269.35 274.64 379.55 331.02 366.61 219.26 284.41
HREE/10°° 16.85 16.62 20.58 19.21 20.06 18.01 19.52
LREE/HREE 15.99 16.52 18.44 17.23 18.28 12.17 14.57
5(Eu) 0.79 0.79 0.88 0.87 0.88 0.72 0.81
5(Ce) 1.00 0.91 1.02 0.90 0.98 0.91 0.99
(La/Yb)y 2434 25.62 36.90 36.86 34.85 22.70 28.17

IIMTHAL: PR ORI A PR TR A e ST ST BT ICP-MS 73 B4

T3 ERMAHECRSE

Table 3 Trace element contents of lamporphyres

e w10~
Cu Pb Mn Cr Ni Mo Sn \ Ag Ti Zn Co B Ba As Bi

JI-1 341 772 1006 316.0 1450 0.87 2.0 163.0 0.180 2813.12 136 40.0 4.0 1276 048 0.08
Y23-3 222 186 701 1402 60.8 0.65 1.1 948 0.094 240124 8 200 35 1158 045 0.11
Y23-5 23.1 141 702 2123 1013 096 1.9 1505 0.075 344541 79 272 37 1184 029 0.08

J7-1 7.7 234 826 479.6 177.0 1.81 23 217.0 0.115 3213.08 92 397 3.8 828 028 0.11
J25-3  38.0 48.1 1035 3709 197.1 1.09 23 151.8 0223 269934 136 343 3.6 1173 051 0.13

IIMTHAL: PR ORI A PR TR A e ST ST BT ICP-MS 73BT 4
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Fig.3 Chondrite-normalized REE patterns for lamprophyres
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Fig. 4 Spidergram of transitional elements for lamprophyre in

the Yuantuan area (primitive mantle values from Ref. [13])

R4 R XIEPES K-Ar I 45 R
Table 4 K-Ar ages of lamprophyres in Yuantuan area

e K/ gy OAr 4/ OAry/  AERY
Fay 0 -9 1. -1 -9 1. —1y 40
% (10 "mol'g ") (10 'mol'g ) ™Ary Ma
PR AR 117.00+
i 1.88 56.112 03941 0.9154 234
. +
=HE 353 105.358 0.65782 09048 1024'0398
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(102.29~119.34 Ma), 5 A< Hh X Hif AN HEBE A kA i it
FE4E F((89.30+1.77)~(169.5+3.7) Ma)FHIT L, 5 W Wy
BIZR DN ML T, RS 2 B I — 343

NS o =Y ol S B o O e i Rt
AR DX r e H PR L SIS B S B I — 343, 1R
B 7 M ER AL 22 R HE K R T YR X A YT R SR
g, WoR 5 A E SR HE R AR SR v F A D
/%[1, 5, 14]o

IR AR B IX R 38 @ AR FUSCR o, X Y A
A BT 2 1 (135~95 Ma), & 4R g >k
YIRS B R R i T CE PN - v A = I s s =il | S R 1o
(95~65 Ma)!> 101, J i i X K2 B AERS A (117.00+
2.34)~(104.38+2.0) Ma, ‘B R BEA 2 X N & 42 g
SRR ) - R A TR &R T AR ACE SR B I —



684 A G EE R

2012 4E3 H

oy, AbTAH R T AR .

JI 2R i X R AT 5 47 A ) AR A B AR OK Bt AR
MG, AT TR R ] BRI K i AR i 1) i
%, Jola RARI GRS B Hedbs
P IR ORI i WO K Bl AR o, 5
X YRR AR 73 5

AT A2 L R 2 B A AL(40~28 Ma)li
B2 B R — RO K Bl Al #(70~50 Ma) %, S5
e = B thE T R B T S T R B R s ) T i
AL AT I T Bl R KRRl 2 42~10 Ma, ¥
7 U A 1 5 B AR A RS AR H IS S T RFLL 200
Ma, PRIl ASHERR I8 AR Uk AR 0Tt ) 52
Al BERESEF 4L,

AR AR 0 T R S AL A 2R i 20
B IR RIRRTHEAIESRRET™, L 4 5 R
MERIEIEPEA KRR E, 2 oAdcdb R, &
£itf SHRIMP #5417 U-Pb 4484 (155+4) Ma, ik
AR B, AU RIS RS KR E, I
5O PERRBRAR AT 25 D) 1) e R 6 R

ZE EPTIR,  nTHEI BN i ) S5 AR R SO
FEVE I R R S RN 2 5 T w0 1) Y
J8G,  FRAR X AR B BKAEAE A rh AR ORI R 3
(—3B 5, Ay AR AR I AT AN A Pl ek iX — [
W B I 2R R I BN o 52 BRI IS, R
MR IHI(160~135 Ma), XN ESERIA s ZU K48 B 5T
BRI, AR BT LRI N S e KA
R, AR A I R B e i T e
A Z ELUR AR, RS 40(130~65 Ma),
A Bl R ek S g b B S ORI A B AT
SRR EIE A I AR PO, [N e R R R K R
Wi W YR AR I V5 5y, GG AR AR TE 4R 1 7 o 2 bt R e
Wi R E, W AETES S B B R R A a1t
T AR A s e Rk, AR, R4
AR DX P AR A R I R R T AR A A 2 B i —
oy, b DRI T AR AR T A T A AT B A Pl ki
AKX,

5 Z5ig

1) K-Ar RS REN], ARUERAF ARG
3(104.38+2.09)~(117.00+2.34) Ma, A AL EH
YER 9.

2) HUERALZRFAER B, JRBEE LA BRI 5 5 2 Ay

F, SO, FEAME K, TiO, FEME, &HEERTIT
FRRBETRATCE, MNTHmEmgmcsE, Bk
KUE T w AR, 5 rh A AR A g AR A A
HHEDIER.

3) ADRARBESAE D AR B S s sl —
157 S 0 RS SR S AW AP R NIk T I e Al e b a2
K

REFERENCES

(11 " R, SR, BFEM, B B, WO, IR KRR

B IX KA I A M ER A SRR IR S U WG TS R[T]. M
%, 2006, 80(8): 1177-1188.
TAN Jun, WEI Jun-hao, YANG Chun-fu, FENG Bo, TAN
Wen-juan, GUO Da-zhao. Geochemistry and tectonic setting of
dikes in the Guocheng Area, Jiaodong peninsula[J]. Acta
Geologica Sinica, 2006, 80(8): 1177-1188.

21 g, BERE, AN HR AL AR B AR

HuBRAb 27 2 H e AE S R RHE 0], A 45 244, 2006, 22(5):
1294-1306.
LIU Chang, ZHAO Ze-hui, GUO Zhao-jie. Chronology and
geochemistry of lamprophyre dykes from Beishan area, Gansu
Province and implications for the crust-mantle interaction[J].
Acta Petrologica Sinica, 2006, 22(5): 1294-1306.

[B]1 s, MR R, ®tC IRRED X A9 ks kil
LT AR BT[], S5 A3, 2000, 16(3): 401-412.
SUN Jing-gui, HU Shou-xi, LING Hong-fei. Study on the
geochemistry and subduction-crust mantle interaction of the high
potassium-potassium dike rocks in gold deposits concentration
zone of east Shandong, China[J]. Acta Petrologica Sinica, 2000,
16(3): 401-412.

(4]  XUAHEL, SERE, SR, fLIRAE, B FRIen ha

ik 50 O% BRI [J]. HLER A A — v [ B A AR
1984, 20(4): 37-45.
LIU Fu-chen, LU Zuo-xiang, FAN Yong-xiang, KONG Qing-
cun, GONG Run-tan. Study on the relationship between
intermediate-basic dykes of Linglong gold deposits and
mineralization[J]. Earth Science—Journal of China University of
Geosciences, 1984, 20(4): 37-45.

[51 X %, #miid, &L, WEE, B %, W, B
JRE A W mp AR AR YR B 1 2 A MR AL 27 R E S I R T[]
HAEER, 2005, 21(3): 947-958.
LIU Shen, HU Rui-zhong, ZHAO Jun-hong, FENG Cai-xia,
ZHONG Hong, CAO Jian-jin, SHI Dan-ni. Geochemical
characteristics and petrogenetic investigation of the Late
Mesozoic lamprophyres of Jiaobei, Shandong Province[J]. Acta
Petrologica Sinica, 2005, 21(3): 947-958.

61 X %, Wi, ERME, TR KO, mEk, ENE,



22 %53 M WRAAIG, e 1l AR M ™ DX BRE2 (10) Hh BR A, 27 R i e i o2 S 685
VLD BRI 4R DXl P ) 385 A S AT 5 3 . BREE 16(7): 797-802.

[11]

[12]

[14]

[15]

W, 2006, 16(5): 513-518.
DENG Jun, YANG Li-qiang, GE Liang-sheng, WANG Qing-fei,
ZHANG Jing, GAO Bang-fei, ZHOU Ying-hua, JIANG
Shao-qing. Study on the progress of tectonic regime in Jiaodong
Gold Ore Concentration Area, Shandong Province[J]. Progress in
Natural Science, 2006, 16(5): 513-518.

wk s, WT07, Mk, Tk B, BED. AR ARG
AT A A7 R e S AT A R < (R RS B[], A 2R
2005, 21(5): 1317-1328.

FAN Hong-rui, HU Fang-fang, YANG Jin-hui,
ZHAI Guo-ming. Fluid

SHEN Kun,

evolution and large-scale gold
metallogeny during Mesozoic tectonic transition in the eastern
Shandong Province[J]. Acta Petrologica Sinica, 2005, 21(5):
1317-1328.

WifiT %, PIRAINO F, it
T R (B R AL i PR 5%

CHEN Yan-jing,

0, R R R R
[J]. “HAa 23], 2004, 20(4): 907-922.
PIRAINO F, LAI Yong, LI Chao.
Metallogenic time and tectonic setting of the Jiaodong Gold
Province, Eastern China[J]. Acta Petrologica Sinica, 2004, 20(4):
907-922.

ROCK N M S. The nature and origin of lamprophyres: an
overview[J]. Geological Society Special Publications, 1987, 30:
191-226.

F¥RE, BRI, BRI, BROKE IR W, TERA ZEK
PG R DU I ER AL SRR IE S R RN 0], 5
4, 2010, 29(4): 355-366.

WANG Zhi-hua, GUO Xiao-dong, GE Liang-sheng, CHEN
Xiang, XU Tao, FAN Jun-jie. Geochemical characteristics and
genesis of lamprophyre in the Daping Gold Ore District, Yunnan
Province[J]. Acta Petrologica et Mineralogica, 2010, 29(4): 355—
366.

ROCK N M S, WRIGHT A E, BOWES D R. Lamprophyres[M].
New York: Van Nonstrand Reinhold, 1991: 1-285.

BOYNTON W V. Geochemistry of the rare earth elements:
meteorite studies|C]//HENDERSON P. Rare Earth Element
Geochemistry. Amsterdam: Elsevier, 1984: 63—114.

TAYLOR S R, MLENNAN S M. The continental crust: Its
composition and evolution[M]. Oxford: Blackwells Scientific
Press, 1985:1-312.

MEEN J K, EGGLER D H, AYEAR J C. Experimental evidence
for very low solubility of rare-earth elements in CO,-rich fluids

at mantle condition[J]. Nature, 1989, 340: 301-303.

)rZJ\ 3 XoOE, FREME, EIRK, 5k, @ o,
i JBAR B T I AR R I WF ST IR PE(T]. AR

'?"1&}?&, 2006, 16(7): 797-802.

YANG Li-qiang, DENG Jun, GE Liang-sheng, WANG Qing-fei,
ZHANG Jing, GAO Bang-fei, JIANG Shao-qing, XU Hao.
Reviews of the metallogenic epoch and genesis studies in the

Jiaodong gold deposits[J]. Progress in Natural Science, 2006,

[16]

[17]

(18]

[20]

Rk, DEE, IR, IR, O BRARTPAERTER
R BN R B G R B 1K H R B 7 22 A5 0], IR e
Jit, 2005, 24(4): 361-372.

LI Jun-jian, LUO Zhen-kuan, LIU Xiao-yang, XU Wei-dong,
LUO Hui. Geodynamic setting for formation of large-superlarge
gold deposits and Mesozoic granites in Jiaodong area[J]. Mineral

Deposits, 2005, 24(4): 361-372.

O, R, WO, kRS, R, B O mA
L FER IR CAr-P Ar EERMER LS IL ). A2

i, 2006, 22(4): 873-883.

GUAN Tao, HUANG Zhi-long, XU Cheng, ZHANG Zhen-liang,
YAN Zai-fei, CHEN Mi. ““Ar-*’Ar dating and geochemical
characteristics of lamprophyres in the Baimazhai Nickel Deposit,
Yunnan Province[J]. Acta Petrologica Sinica, 2006, 22(4): 873—
883.

HUE, RHEE, @0, SR, Rk, W, & &,
gk, X A AR AR i AR A 3 A T T IR S B I R
[J]. P ERE: D 4, 2003, 33(10): 913-920.

ZHAI Ming-guo, ZHU Ri-xiang, LIU Jian-ming, MENG
Qing-ren, HOU Quan-lin, HU Sheng-biao, LI Zhong, ZHANG
Hong-fu, LIU Wei. Key timeline of Mesozoic tectonic regime
transition in eastern north China[J]. Science in China: Series D,

2003, 33(10): 913-920.

LR, W, BER, OB, BUK, X WA
BB SHRIMP 4547 U-Pb SE#% K JL0] rf [ 45 50 A Bl

WEFFRAI [ 1 H1 29 [0]. BE2=IEH, 2005, 50(19): 2161-2168.
JIANG Yao-hui, JIANG Shao-yong, ZHAO Kui-dong, NI Pei,
LING Hong-fei, LIU Dun-yi. SHRIMP U-Pb zircon dating for
lamprophyre of Liaotung Peninsula and the time-restricted of the
lithosphere becoming thin in eastern north China[J]. Chinese
Science Bulletin, 2005, 50(19): 2161-2168.

D, WM. ARSI IX T8 B A a1 R M]. dbat:
1R Dl ARAL, 2002: 84-117.

LUO Zhen-kuan, MIAO Lai-cheng. Granite and gold deposits at
Zhaolai area of Jiaodong,
Metallurgical Industry Press, 2002: 84-117.

sk, RUE, TP, 208, FRE. IRRE G iZes
rh i B A A M ERAL 2% IR B R D). A AR, 2004,
20(3): 369-380.

ZHANG Hua-feng, ZHAI Ming-guo, HE Zhong-fu, PENG Peng,

eastern China[M]. Beijing:

XU Bao-liang. Petrogenesis and implications of the sodium-rich
granites from the Kunyushan complex, eastern Shangdong
Province[J]. Acta Petrologica Sinica, 2004, 20(3): 369-380.

GUO F, FAN W M, WANG Y J, ZHANG M. Origin of early
Cretaceous calc-alkaline lamprophyres from the Sulu orogen in
eastern China: Implications for enrichment processes beneath
continental collisional belt[J]. Lithos, 2004, 78(3): 291-305.

(%RiE FRITE)



