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Geochemical characteristics of lamprophyre and its geological
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Abstract: The lamprophyre vein from Baoshan minning area, southern Hunan Province, is a new discovery, the rock
sample has typical lamprophyric texture, the phenocryst minerals are pyroxene, feldspar, biotite and quartz. The contents
of SiO, range from 50.23% to 51.29%, the values of Na,O+ K,O range from 4.65% to 5.63%, the values of K,O/ Na,O
range from 1.89 to 7.77. According to figure of TAS and SiO,—Nb/Y, the samples belong to calc-alkaline lamprophyres
of alkaline series. Distribution pattern for transitional-metal elements shows enrichment in Ti, Mn and Zn, obvious
depletion in Cr, Co and Ni. The characteristics of trace elements show that strong enrichment in Th and LREE, relative
depletion in K, Sr, Ba. The zircons collected from lamprophyre are magmatic zircons due to oscillatory zones, U-Pb
dating results display the crystal average age of measured zircons is (156+2) Ma, the lamprophyre is derived from
metasomatic enrichment lithospheric mantle. The discovery of lamprophyre from Baoshan suggests the trace of
Yanhsanian deep basic magma activity, corresponding to regional intra-plate extensional tectonic background in
Yanshanian stage.
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Table 1 Major element analyses of the Baoshan lamprophyre

FHRILR FEAh 142 FRAL 143 FEM16-2b FRAN16-3 FRAN 14-1 FRAh 162 FEAL 164
w(Si0,)/% 50.33 51.23 50.42 50.72 51.29 35.27 50.44
w(Ti0,)/% 1.13 1.10 1.23 1.23 1.16 1.16 1.17
w(A1,03)/% 14.96 14.65 16.20 15.91 15.25 14.34 15.61
w(Fe,03)/% 3.01 2.94 3.44 2.81 3.30 9.24 2.84
w(FeO)/% 4.40 4.35 4.20 3.97 4.15 0.32 4.00
w(MnO)/% 0.17 0.17 0.15 0.22 0.17 0.64 0.21
w(MgO)/% 4.97 5.07 4.38 4.46 4.51 0.32 4.03
w(Ca0)/% 8.40 8.92 5.96 6.44 7.15 18.65 6.84
w(Na,0)/% 1.83 1.95 1.05 0.53 0.89 0.06 0.63
wK,0)/% 3.76 3.68 4.07 4.12 3.77 0.12 4.13
w(P,05)/% 0.52 0.51 0.58 0.58 0.50 0.55 0.51
w(CO)/% 3.13 2.58 4.05 4.05 3.45 14.32 4.54
W(H0")/% 3.13 2.56 3.96 4.73 4.16 491 4.54
BERE/% 5.80 4.66 7.91 8.39 7.23 19.14 9.47
/% 99.74 99.71 99.69 99.77 99.75 99.90 99.49
w(Na,O+K,0)/% 5.59 5.63 5.12 4.65 4.66 0.18 4.76
K,0/Na,O 2.05 1.89 3.88 7.77 4.24 2.00 6.56
43 3.68 3.45 2.95 2.31 2.23 —0.01 2.48
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Fig. 2 Diagram of w(Na,0+K,0)—w(SiO,) (a) ['! and Diagram of Nb/Y—w(Si0,)®: UML—Ultra-mafic lamprophyre; LL—
Lamproite; AL—Alkaline lamprophyre; CAL—Calc-alkaline lamprophyre
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Table 2 Trace elements analyses of Baoshan lamprophyre
JUFE FEA 629-14-2 BN 629-14-3  FEAL 16-2b BN 16-5  FEAL 629-14-1 FEAN 162 B 163 ks

w(Sc)/10° 26.20 24.30 26.10 27.00 16.72 26.90 20.99 16.00
w(V)/10°° 179.00 171.00 194.00 191.00 185.80 182.80 173.70 165.00
w(Cr)/10° 55.60 52.30 59.30 52.60 58.45 44.33 55.42 360.00
w(Co)/10°° 22.10 21.50 18.80 19.30 20.32 25.75 20.81 37.00
w(Ni)/10° 12.20 12.10 11.50 9.62 19.15 12.49 11.79 200.00
w(Cu)/10°° 21.60 18.90 23.40 19.10 22.27 20.13 20.98 50.00
w(Zn)/10°¢ 164.00 146.00 204.00 140.00 189.60 1012.70 22145 120.00
w(Rb)/10°° 190.00 194.00 197.00 256.00 236.39 7.08 202.60 193.00
w(Ba)/10°¢ 930.00 921.00 959.00 934.00 893.70 18.10 960.60 1800.00
w(Th)/10°¢ 18.50 16.40 19.00 17.60 17.86 16.85 16.73 26.00
w(U)/10°° 5.61 5.23 5.93 5.45 5.62 10.76 5.96 6.00
w(Ta)/10°° 3.98 3.25 3.51 3.42 3.02 2.99 2.77 19.00
w(Nb)/10°¢ 44.60 39.20 44.80 43.70 41.67 48.78 50.24 1.30
w(Sr)/10° 454.00 561.00 306.00 275.00 307.00 46.80 225.00 950.00
w(Zr)/10°° 180.00 170.00 207.00 202.00 193.40 187.20 186.30 300.00
w(Hf)/10° 4.90 4.49 5.41 5.23 5.00 4.60 4.50 11.00

(1) #% ROCK(1990)3%;
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Table 3 REE analyses of Baoshan lamprophyre
JLE FE45 629-14-2  F¥45 629-14-3 ¥ 16-2b F5 16-5 5 14-1 5 16-2 ¥ 16-3
w(La)/10° 77.90 72.60 77.10 76.80 73.27 74.28 70.39
w(Ce)/107° 145.00 137.00 141.00 143.00 139.30 125.80 125.60
w(Pr)/10°° 15.80 15.00 14.90 15.40 15.50 14.24 14.50
w(Nd)/10™ 56.40 53.00 51.80 54.50 54.37 50.67 52.32
w(Sm)/10°° 9.69 9.13 8.47 9.10 8.76 8.44 8.39
w(Eu)/107 2.44 2.37 2.04 222 2.29 2.20 2.04
w(Gd)/107 7.74 7.26 6.48 7.40 6.95 6.60 6.40
w(Tb)/107 1.11 1.07 0.96 1.07 1.03 1.05 0.96
w(Dy)/10° 5.15 4.88 4.34 4.96 4.85 5.23 4.56
w(Ho)/10™° 0.99 0.92 0.81 0.95 0.91 0.97 0.81
w(Er)/107° 2.82 2.69 2.39 2.82 2.27 2.83 2.29
w(Tm)/10°° 0.44 0.43 0.37 0.45 0.31 0.46 0.35
w(Yb)/107 2.75 2.53 2.31 2.70 2.24 2.83 2.25
w(Lu)/107 0.34 0.33 0.30 0.35 0.33 0.41 0.33
w(Y)/10°° 26.50 25.00 21.90 25.80 24.70 25.81 22.23
YREE/10°° 328.57 309.21 313.26 321.72 312.37 296.00 291.19
LREE/10°° 307.23 289.10 295.31 301.02 293.49 275.62 273.24
HREE/10 ® 21.34 20.11 17.95 20.70 18.89 20.37 17.95
LREE/HREE 14.40 14.38 16.45 14.54 15.54 13.53 15.22
(La/Yb)y 20.32 20.58 23.94 20.40 23.43 18.83 22.45
SEu 0.83 0.86 0.81 0.80 0.87 0.87 0.82
8Ce 0.96 0.96 0.96 0.96 0.96 0.89 0.91
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Fig. 4 Chondrie-normalized REE distribution patterns (a) and primitive mantle-nomalized trace element patterns (b) of Baoshan

lamprophyre
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Fig. 5 Plot of Ba/Nb vs La/Nb showing the lamprophyres
from Baoshan (After Ref. [33])
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Table 4 Zircon La-ICPMS U-Pb isotopic data and ages of Baoshan lamprophyre
pes ZHE/10° 27pb/2%Ph 206pp/28y
N Pb* Th U ThU Lk o #fMa 1o g Io
20121109L06  16.01 276 544 0.51 0.04897  0.002 29 146.3 105.96 0.02477  0.000 47
20121109L07  35.98 486 1242 0.39 0.04927  0.00173 160.8 80.04 0.02491  0.000 44
20121109L09 21.91 204 809 0.25 0.047 84  0.001 84 90.6 89.73 0.02449  0.000 44
20121109120  39.60 342 1465 0.23 0.04916  0.001 69 155.7 78.34 0.02386  0.000 41
20121109121  32.03 273 1132 0.24 0.05165 0.001 87 269.8 80.74 0.02504  0.000 44
20121109L22  39.08 341 1409 0.24 0.04966  0.001 72 179.3 78.89 0.02437  0.000 42
20121109L23  8.66 306 264 1.16 0.048 65  0.002 61 131.0 121.75 0.02325  0.000 44
20121109124  22.99 128 335 0.38 0.05094  0.003 19 238.0 138.14 0.02383  0.000 50
20121109L27  53.73 693 1905 0.36 0.050 14 0.001 69 201.6 76.38 0.02391  0.000 41
20121109129 29.10 1043 823 1.27 0.04947  0.00191 170.4 87.65 0.024 8 0.000 43
20121109L30  13.08 434 363 1.20 0.050 78  0.002 33 230.9 102.59 0.02508  0.000 46
20121109131 33.90 270 1211 0.22 0.05062  0.001 79 2234 79.82 0.02531  0.00043
P 206py,/ 238 207py,235 208py, 232
T ERMa 1o WMl 1o 4lMa 1o g o 4lMa 1o
20121109L06 1577  2.94 0.16727 0.00654 157.0 5.69 0.00839  0.000 20 168.9 4.07
20121109L07 158.6  2.75 0.16926 0.00421 158.8 3.66 0.008 57 0.000 16 172.4 3.22
20121109L09 1559  2.75 0.161 60 0.00472 152.1 4.13 0.00841  0.000 19 169.3 3.90
20121109120 152.0  2.58 0.161 79 0.00375 1523 3.28 0.00792  0.000 15 159.5 3.07
20121109L21 1595  2.74 0.17841 0.00458 166.7 3.95 0.00881  0.000 18 177.4 3.64
20121109L22 1552  2.64 0.166 94 0.00395 156.8 3.43 0.00825  0.000 16 166.0 3.23
20121109123 1482  2.79 0.156 01 0.00729 147.2 6.41 0.007 19  0.000 15 144.9 3.02
20121109L24 151.8  3.12 0.16741 0.00940 157.2 8.18 0.007 84  0.000 29 157.8 5.78
20121109L27 1523  2.56 0.16533 0.00363 1554 3.16 0.00762  0.000 13 153.5 2.64
20121109L29 1579  2.72 0.169 16 0.00483  158.7 4.20 0.00734  0.000 12 147.7 2.49
20121109L30 159.7  2.88 0.17559 0.00658 1643 5.69 0.007 81  0.000 15 157.3 2.97
20121109L31 161.1 2.72 0.176 62 0.00427 165.1 3.68 0.008 87  0.000 18 178.5 3.54
Po* MY, o MBI
14-03(Hf)  14-04(Hf) 14-06(Hf) 14-13(Hf) 14-14(Hf)  14-15(Hf)
-8.88 -8.99 -11.17 -8.80

148Ma

e
152Ma

152Ma

158Ma

160Ma

-9.34

158Ma 156Ma 160Ma 155Ma
14-16(Hf)  14-17 14-19(Hf)  14-21(Hf) 14-22 14-23(Hf)
-10.39 -7.67 -8.88

161Ma

6 B PINAOECLEBAEF 44 pm BIZREE A ZNR A, BT BT8R end )i 30 pm BFR7R U-Pb SEE 0T

o FEBCRHECT A 2Po/ U AR

SRS TR A BT SRR EE S 100 pme )

Fig. 6 CL images of zircons from Baoshan lamprophyre (Rounded circles indicate the locations of Hf and U-Pb analyses, with eyd?)

values and *Pb/**®U ages. Spot numbers are labeled on the top of zircons. The line scales are 100 pum.)
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F 5 FIERE AR HE [FA7 AL
Table 5 Zircon Hf isotopic data and ages of Baoshan lamprophyre

. . 176Hf/177Hf 176Yb/177Hf 176Lu/177Hf
FEhgn 5
Eefd 2s Eefd 2s Eefd 2s
629-14-03 0.282 427 0.000 014 0.039 681 0.000 118 0.001 300 0.000 004
629-14-04 0.282 424 0.000 013 0.046 884 0.000 151 0.001 665 0.000 004
629-14-06 0.282 361 0.000 009 0.015 109 0.000 043 0.000 549 0.000 001
629-14-13 0.282 439 0.000 010 0.033 503 0.000 047 0.001 323 0.000 002
629-14-14 0.282 428 0.000 011 0.035014 0.000 189 0.001 280 0.000 006
629-14-15 0.282 415 0.000 011 0.030 695 0.000 053 0.001 159 0.000 001
629-14-16 0.282 389 0.000 011 0.028 152 0.000 113 0.000 987 0.000 004
629-14-19 0.282 464 0.000 008 0.035 100 0.000 069 0.001 327 0.000 002
629-14-21 0.282 479 0.000 011 0.027 465 0.000 261 0.000 973 0.000 009
629-14-23 0.282 461 0.000 009 0.018 404 0.000 071 0.000 795 0.000 003
PESG S tMa en(0) frume (""*HE/THE); end) Towi/Ma TomC/Ma
629-14-03 158 -12.21 -0.96 0.282 423 ~8.89 1176 1767
629-14-04 159 -12.29 -0.95 0.282 419 ~8.99 1191 1774
629-14-06 156 -14.53 -0.98 0.282 360 -11.17 1243 1909
629-14-13 152 -11.76 -0.96 0.282 436 -8.56 1158 1743
629-14-14 160 -12.17 -0.96 0.282 424 -8.81 1173 1764
629-14-15 155 -12.62 -0.97 0.282 412 -9.34 1187 1794
629-14-16 148 -13.55 -0.97 0.282 386 -10.39 1219 1854
629-14-19 152 -10.88 -0.96 0.282 461 ~7.67 1123 1 687
629-14-21 158 -10.36 -0.97 0.282 476 —6.99 1092 1649
629-14-23 161 ~11.00 -0.98 0.282 459 ~7.55 1112 1 686
20
(a) 180, b)
0.028 SHHE
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1.0 Ga
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£ 0.024f g
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207pp,2351 t/Ma
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Fig. 7 U-Pb ages of zircons from Baoshan lamprophyre (a) and eyd#)—¢ diagram of zircon of Baoshan lamprophyre (b)
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Fig. 8 Tectonic discriminates diagrams for lamprophres from
Baoshan: (a) Zn-Y-Zr diagram from PEARCE et al®; (b)
Nb-Zr-Y diagram from MESEHEDE!

X R E RS AR 2T, RS
Bl e TR YA = S P+ e TR e
FURPEA T . W LI035 DU — B A
KMFHIE, R B P HSSIRBAER A K.
A AEBE S ) Nb/Ta 4 11.2~18.4. LU 13.86,
WA T B8 4h g 1 {8 (17.54+2.0); Zo/HE {5 N
36.73~41.40, “FIYLLAE N 38.89, Hux [ dh b (1){H
(36.27%2.0); [FIl], IXPAMEARZE KT [l e i AH AR
(11 1 33)P%, T3 B A AR5 7552 31K Lo fr 5
TR REMEAS RO B BES (1 B0 kL2
FRAE AT S R FLE X AP JIT, A DX B 2 0 5 vk 347
M 4 FTLUEH, PR EA R EM Nb, Ta 56
B Nb/La {8(0.54~0.71)o Nb. Ta 5 &ML ph
IREE R R LR R AR, X SR I TLR AN T B
B2 Fh L BB o e A A2, FLIRIX AT R 32 2140
MRS, WA T SR

6 it

1) FUEREE FEN W A A . KAz
B, WRUET WIS 95, b Si0, il FAE BT, Atk
S B AR (o) N 2.23~3.68, 454 Si0,—
Nb/Y [Efi#. TAS EfEFT Si0,—(Na,O+K,0) Kl figt, w]
IR AR SR B8 T 0 2 50 T P SR 87

2) ARRJEGEEM T iR A AR E, T A
S AR AR T AR R R E . AR
TRk, DUE R EIA R IC#E Nby Ta 54
ATi A4, LK Th s &M Ce 555 BN FHE,
HA B olashgtt 2 ula o 52 e, e mehiig
PRI AT IR AL 2 s JEBE 2 AT BEA ' 7 REE Rl
My oC F RT s AR A AR 1) 4R MU 35 20475 ke
I AiEay 4

3) JEBEA BRI R o A KA A, I U-Pb
WEMEERE (156 12) Ma, 5547 DX AE i BEG 1 FE B 4%
i, HF [N AR R R ene(DHAH—6.99~11.17, Bifi
A REA A H BT R v il R () el e A i B A
JEDE T SEBR B W R/ T 156 Ma.

4) JELBE 7 (0 RE) 3 A B Al 1 il S T B RN
ISR AL Bl e FR A o R S AT R IS e &
WA TR I, R LS B )i
DXy 52 SIS i 5 e ) TS AR I ' B b o AT (1)
T FS 2 A1 1T i A A L SR RIS Je 1 X 37 552
IR KWL T ] o



2680

A G E R

201349 H

&

Bugt: RO TARIF RN AR Ex ) B — S AT
B TARNP. LA RS R RS K. TR

TAFY X FS5 0, 450X 1F8) /KT KE
HFERE S LT ORI B AR

BH

THEGH, BRTR/RARBGZTFEL, &

—FHE T RN E!

REFERENCES

(1]

[10]

ROCK N M S. The nature and origin of lamprophyres: An
overview[J]. Geol Soc London Spec Pub, 1987, 30: 191-226.
ROCK N M S. Lamprophyres[M]. U K Blackie, Glascow, 1991:
285.

R, 7, RSB A RIE U7 JEM A T]. R
AR, 1991, 1008 T1): 55-62.

LU Feng-xiang, SHU Xiao-xin, ZHAO Chong-he. A suggestion
on classification of lamprophyres[J]. Geological Science and
Technology Information, 1991, 10(supp): 55—62.

ZHRAE, FAUHER. B 5G9 b 8 S BE VR D).
HUF RV, 1995, 41(3): 252-260.

LI Xian-hua, SUN Shen-su. Lamprophyre and gold
mineralization-an assessment of observations and theories[J].
Geological Review, 1995, 41(3): 252-260.

ROCK N M S, GROVES D 1. Do lamprophyres carry gold as
well as diamond[J]. Nature, 1988, 332: 253-255.

ROCK N M S. Can lamprophyres resolve the genetic
controversy over mesothermal gold deposits[J]. Geology, 1988,
16: 538-541.

TG, BB, 55 UK, BRI KRR RS 5 TR
RAER[I]. H SR, 1992(2): 15-18.

JI Hai-zhang, ZHAO Yi-ying, LU Bing-chen. On the relation of
lamprophyre to gold ore in the Jiaodong area[J]. Geology and
Prospecting, 1992(2): 15—18.

TR, RN, ERE. =R R XAEBES K
T SR RVII]. AR S5 A, 1996, 5(1):
22-27.

HUANG Zhi-long, ZHU Cheng-ming, WANG Liang-kui.
Chemical composition of lamprophyres and its relation of it to
mineralization in the Laowangzhai gold deposit, Yunnan[J].
Geological Exploration for Non-ferrous Metals, 1996, 5(1):
22-27.

RHEH, KRR BBEE 5SSV Y XRENDL 7 S
J5, 1996, 10(6): 368—376.

ZHU Gui-tian, ZHU Shi-rong. Discussion on lamprophyres and
their relations mineralization of gold deposits[J]. Mineral

Resources and Geology, 1996, 10(6): 368—-376.
FE Rk, Sk, W BT L X SRR RS AR A R

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Pt i S[I]. ST R G2, 2000, 28(2): 51-55.

WU Liang-shi, HU Xiong-wei. Xikuangshan mica-plagioclase
lamprophyre and its granite inclusions, Hunan province[J].
Geology-geochemistry, 2000, 28(2): 51-55.

TS, S, WIS, BORK. WIR T LB R
P ERAG R AELT]. A0 244, 2001, 17(4): 29-36.

XIE Gui-qing, PENG Jian-tang, HU Rui-zhong, JIA Da-cheng.
Geochemical characteristics of lamprophyres in the Xikuangshan
antimony ore deposits, Hunan province[J]. Acta Petrologica
Sinica, 2001, 17(4): 29-36.

BORIK, WIEGE, /5 2%, BPEETT. WIARICRER IS o AR B
HUERALSFHEAE)]. A 2441k, 2002, 18(4): 459-467.

JIA Da-cheng, HU Rui-zhong, LU Yan, XIE Gui-qing.
Petrological and geochemical characteristics of sodium-rich
lamprophyres from Jiaoxiling in northeast Hunan province[J].
Acta Petrologica Sinica, 2002, 18(4): 459—467.

R, £ . WA T R A SR 1B R L)
[ + %95 31, 2007, 4(4): 15-19.

TENG Zhi-you, HUAN Hua. A new discovery of minette rock in
Maoliao, Ningyuan county, Hunan[J]. Land and Resource Herald,
2007, 4(4): 15-19.

MRERNS, T, T m, R, R0F, SR, Wik T
SV SEERBUE A A HERALZRRAELT]. BHE M 53R,
2009, 30(3): 180—187.

LIN Wei-peng, QIU Zhi-li, LI Zi-yun, CHEN Bing-hui, LI
Liu-fen, GONG Sheng-wei. Lithogeochemical characteristics of
No.5 pipe-like lamprophyre in Ningxiang, Hunan province[J].
Resources Survey Environment, 2009, 30(3): 180—187.

AR, WEE, W B WA R AN A BN A A
A U-P S SR NERD]. PERY: D 4, 2001, 31(9):
745-751.

WANG Yue-jun, FAN Wei-ming, GUO Feng. Zircon U-Pb ages
of the Mesozoic Era granodiorltes and its genesis indicators in
Southeast Hunan Province[J]. Science in China D, 2001, 31(9):
745-751.

R, AR, MRERE. WTHE AR REE. Pb-S [z 3
BRAG2E [ BEERDT Rb-Sr R E (D] BT, 2006, 80(7):
1045-1054.

YAO Jun-ming, HUA Ren-min, LIN Jin-fu. REE, Pb-S isotope
geochemistry and Rb-Sr isochron age of pyrites in the Baoshan
deposit, South Hunan Province, China[J]. Acta Geologica Sinica,
2006, 80(7): 1045—1054.

RJede, hEkek, MEZE, e, B, o, Wi
L A8 I K BT R S B (R A 2 MR A R s A
SHRIMP E4E[J]. BARHET, 2005, 19(2): 198-204.

WU Guang-ying, MA Tie-qiu, BAI Dao-yuan, LI Jin-dong, CHE
Qin-jian, WANG Xian-hui.

Petrological and geochemical



%23 %5 9

}L ﬁéy %.

W S DRSS IR A AR E R T X

2681

[19]

[20]

[21]

[24]

[25]

characteristics of granodioritic cryptoexplosion breccia and
zircon SHRIMP dating in the Baoshan area, Hunan province[J].
Geoscience, 2005, 19(2): 198-204.

HIgk, SN, EICR, W, R, L 2
S JEWPR IR BT (f) U-Pb H Re-Os [l 7 3% ERFFELT]. &
1241, 2006, 22(10): 2483-2492.

LU Yuan-fa, MA Li-yan, QU Wen-jun, MEI Yu-ping, CHEN
Xging. U-Pb and Re-Os isotope geochronology of Baoshan
Acta

Cu-Mo polymetallic ore deposit in Hunan province[J].

Petrologica Sinica, 2006, 22(10): 2483-2492.

SRRE, AL, BAR, £ o, 2R, R sLfE
B KB 18 A R . 8540 U-Pb 4RAQ2E R HE [FI A7 2%
HA]. P EAALE¥R, 2012, 22(3): 611-621.

QUAN Tie-jun, KONG Hua, FEI Li-dong, WANG Gao, LI Huan,

WU Cheng-ming. Petrogenesis of the granodiorites in Baoshan

deposit: Constraints from petrochemistry, Zircon U-Pb

Chronology and Hf Isotope[J]. Transactions of Nonferrous
Metals Society of China, 2012, 22(3): 611-621.

My, BRgea. 1R S L TR AR 2 B R R AR
S e, o S, 1998, 12(2): 96-100.
YANG Guo-gao, CHEN Zhen-qiang. Alteration of wall rocks

Baoshan

field[7].

and the mineralization zoning features in

copper-molybdenum-lead-zinc-silver ~mineralization
Mineral Resources and Geology, 1998, 12(2): 96—100.
KW, skEME, g5, § P, B4 SHRIMP A 5h L6
B AFERSIE XA ORISR I]. HRIe R, 2002, S(HETI):
26-30.

SONG Biao, ZHANG Yu-hai, Wan Yu-sheng, JIAN Ping. Mount
making and procedure of the SHTIMP dating[J]. Geological
Review, 2002, 5(S1): 26-30.

ANDERSEN T. Correction of common lead in U-Pb analyses

that do not report ***Pb[J]. Chem Geol, 2002, 192: 59-791.

YUANHL, GAO S,LIU XM, LIHM, GUNTHER D, WUF Y.

Accurate U-Pb age and trace element determinations of zirconby

laser ablation-Inductively Coupled Plasma-Mass Spectrometry[J].

Geostands Newsletter, 2004, 28: 353—-370.

MdbHE, SAETC, BN, RO dERUE S I BEAE b
U-Pb 4B HE [Af7 38 M L B [T 4424k, 2003,
21(6): 1633—1644.

YANG Jin-hui, WU Fu-yuan, LIU Xiao-ming, XIE Lie-wen.
Zircon U-Pb ages and Hf isotopes and their geological
significance of the Miyun rapakivi granites from Beijing,
China[J]. Acta Petrologica Sinica, 2005, 21(6): 1633—1644.
LIUY S, GAO S,HU Z C, GAO C G, ZONG K Q, WANG D B.
Continental and oceanic crust recycling-induced melt-peridotite
interactions in the Trans-North China Orogen: U-Pb dating, Hf

isotopes and trace elements in zircons of mantle xenoliths[J].

[26]

[27]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Journal of Petrology, 2010, 51(1/2): 537-571.

LUDWIG K R. User’s manual for Isoplot 3.0: A

geochronological toolkit for Microsoft Excel[M]. Berkeley
Geochronology Center. Special Publication, 2003: 1-71.

B . GeoKit: M VBA MR ER 27 T B A AL ]
HLER{E2E, 2004, 33(5): 459-464.

LU Yuan-fa. A geochemical toolkit for Microsoft Excel[J].
Geochemical, 2004, 33(5): 459-464.

WINCHESTER J A, FLOYD P A. Geochemical discrimination
of different magma series and their differentiation products using
immobile elements[J]. Chemical Geology, 1977, 20(supp):
325-343.

JAGOUTZ E, PALME H. The abundances of major, minor and
trace elements in the earth’s as derived from primitive ultramafic
nodules Proc[J]. Lunar and Planet. Geochim Cosmochim Acta,
10(supp): 2031-2050.

ROCK N M S. Lamprophyres[M]. Glasgow and London:
Blackie, 1990: 77-156.

SUN S S, McDONOUGH W F. Chemical and isotopic
systematics of oceanic basalts: Implications for mantle
composition and processes|M]. SAUNDERS A D, NORRY M J,
eds. Magmatism in the Ocean Basins. Geological Society,

London, Special Publications, 1989, 42: 313—345.

BARME. TR TR MR A 2 R B M. b st BEAE R AL,
1997: 112-169.
ZHAO Zhen-huan. The principle of trace elements

geochemistry[M]A Beijing: Science Press, 1997: 112—-164.

MR, WIS, ML, MR, Bk, W, LA
JRE AL W b AR AR B K A ﬂﬁﬂﬂ%%%ﬁ&ﬁﬁklﬁ}fﬁ[ 1
HAEER, 2005, 21(3): 947-958.

LIU Sun, HU Rui-zhong, ZHAO Jin-hong, FENG Cai-xia,
ZHONG Hong, CAO Jianjin, SHI Danni. Geochemical
characteristics and petrogenetic Investigation of the Late
Mesozoic lamprophyres of Jiaobei, Sbandong Province[J]. Acta
Petrologica Sinica, 2005, 21(3): 947-958.

ZHOU Xin-ming, LI Wu-xian. Origin of Late Mesozoic igneous
rock in Southeastern China:

Implication for lithosphere

subduction and underplating of mafic magmas[J].
Tectonophysics, 2000, 326(3/4): 269-287.

PEARCE J A, NORRY M J. Petrogenetic Implications of Ti, Zr,
Y and Nb Variations in Volcanic Rocks[J]. Contributions to
Mineralogy and Petrology, 1979, 69: 33—-47.

MESCHEDE M. A method of discriminating between different
types of mid-ocean ridge basalts and continental tholeiites with
the Nb-Zr-Y diagram[J]. Chemical Geology, 1986, 56: 207-218.
TR, EHCRL, RV 2L e AR B (KA -

Fii HIC W], mRH T 244, 1996, 2(1): 100-111.



2682

A G E R

201349 H

[38]

HUANG Zhi-long, WANG Lian-kui, ZHU Cheng-ming. A study
on rare earth elements and the genesis of lamprophyres in
Laowangzhai gold deposit area, Yunnan[J]. Geological Journal
of Universities, 1996, 2(1): 100—111.

OB WIEREA RN B D] MR PE, 1981, 27(6):
527-532.

ZHAI Chun. On the model for the origin of lamprophyres[J].
Geological Review, 1981, 27(6): 527-532.

TAYLOR S R, MCLENNAN S M. The continental crust: Its
composition and evolution[M]. Blackwell, 1985: 312.

WEAVER B L. The origin of ocean island basalt end-member

compositions: Trace element and isotope constraints[J]. Earth

[41]

[42]

Planet Sel Lett, 1991, 104(2/4): 381-397.

B, WA, kA W AL A M R 2R
FE[T]. W ERRE D #E, 1998, 28(3#T)): 7-14.

ZHAO Zhen-hua, BAO Zhi-wei, ZHANG Bo-you. Geochemical
characteristics of Mesozoic basalt series from south Hunan
province[J]. Science in China D, 1998, 28(suppl.): 7-14.
MILLER C, SEHUSTER R, KLOTZLI U, FRANK W,
PURSCHELLER F. Post-collisional potassic and ultrapotassic
magmatism in SW Tibet: Geochemical and Sr-Nd-Pb-O isotopic
constraints for mantle source characteristics and petrogenesis[J].

Journal of Petrology, 1999, 40(9): 1399—1424.

(4mig  fIF48)



