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Abstract

The Xiarihamu super large nickel deposit is located in the island arc zone in the middle part of the western
segment of the East Kunlun orogenic belt. The No. [l intrusion is mainly composed of gabbro and pyroxenite
with mineralization such as limonite, pyrrhotite, pentlandite and chalcopyrite. Major element values of Xiari-
hamu No. [ intrusion show sub-alkalic series and are characterized by low SiO, content (48.12% —50.18% )
and low TiO; content (0.47% ~0.73% ), but high MgO content (13.15% ~19.59% ). The m/f ratios of the
rocks range from 3.14 to 3.88, falling into the range of ferrous-ultramafic rocks. LREE-rich trace elements pat-
terns are enriched in LILE and relatively depleted in HFSE (Nb, Ta, Ti). Zircon SHRIMP U-Pb dating of
gabbro yielded (424.1+4.6) Ma, suggesting it formed in Silurian. In this paper, the geological characteristics
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between Xiarihamu No. [ and No. Il intrusions were compared, which shows the same comagmatic evolution

for No. I and No. Il intrusions. Combined with regional tectonic evolution and structural setting of No. [ in-

trusion, the authors conclude that No. [ intrusion was formed in an island arc setting.

Key words: geochemistry, tectonics setting, SHRIMPU-Pb age, mafic-ultramafic intrusion, Xiarihamu

Cu-Ni deposit, East Kunlun Mountains
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Fig. 1

Sketch geotectonic map (a) and geological map (b) of the Xiarihamu No. Il nickel deposit

(modified after Zhang et al.,2017; Li et al.» 2012)

1—Quaternary alluvium; 2—Baishahe Formation of Palacoproterozoic]inshuikou Groups 3—Ultramafic rocks; 4—Mafic rocks; 5—Early

Permian diorite; 6—Late Triassic granite; 7—Fault
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Fig. 2 Microphotographs of rocks from No. [l intrusion in the Xiarihama ore district

a. Pyroxene wrapped in plagioclase in gabbro; b. Amphibolization of pyroxene; c. Saussuritization of plagioclase

Cpx—Clinopyroxenes Pl—Plagioclase; Bt—DBiotite; Act—Actinolite; Tr—Tremolite
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Table 1 Major element data for Xiarihamu No. [ intrusion

) w(B)/ %
FES - l\/[gt m/f
SiO, TiO, ALO;  TFe,O;  MnO MgO CaO Na,O K,O P,Os  BEE R
2-1 48.12 0.64 10.48 10.45 0.16 18.34 5.87 1.11 0.09 0.07 5.14  100.47 0.78 3.42
2-2 49.21 0.47 8.26 9.84 0.14 19.59 4.99 5.10 0.48 0.04 2.45 100.57 0.80 3.88
2-3 50.18 0.58 10.72 9.06 0.14 16.73 6.56 1.40 0.39 0.08 2.40 98.24 0.79 3.60
2-4 49.96 0.54 13.64 7.20 0.12 13.15 8.83 2.00 0.31 0.05 2.54 98.34 0.78 3.55
2-5 50.13 0.73 9.93 10.78 0.13 17.30 5.63 1.47 0.56 0.07 3.52 100.25 0.76 3.14
i WERALA 1.
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Fig. 3 Si0,-Na,O+ K,0 diagram (a), SiO,-TFeO/MgO diagram (b) and AFM diagram (c) of Xiarihama No. [| intrusion

Th—Tholeiitic series; CA—Calc-alkaline series; UMC—Mafic-ultramafic cumulate
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Table 2 Trace element data for Xiarihamu No. I intrusion w B 10~¢
2-1 2-2 2-3 2-4 2-5 2-1 2-2 2-3 2-4 2-5
Sc 24.5 27.93 31.94 33.7 33.35 La 7.35 4.67 8.33 6.56 8.88
Cr 2375.16  2654.81 2110.5 1308. 1 2237.06 Ce 17.91 10.93 19.02 14.94 21.43
Co 58.92 71.33 61.57 47.1 91.43 Pr 2.41 1.45 2.46 2 2.88
Ni 1852.04 934.94 929.53 452.36 1792.96 Nd 9.99 6.14 10.14 8.55 12.01
Cu 183.3 159.47 119.6 78.76 142.62 Sm 2.46 1.62 2.37 2.24 2.98
Zn 133.71 107.89 103.91 81.85 146.76 Eu 0.69 0.56 0.81 0.85 0.93
Ga 13.04 10.87 12.57 14.05 13.13 Gd 2.77 1.98 2.73 2.68 3.45
Rb 16.08 63.44 62.18 48.71 70.7 Thb 0.5 0.37 0.48 0.49 0.61
Sr 60.05 116.48 210.28 289.44 143.73 Dy 2.81 2.26 2.72 2.84 3.48
Y 14.02 11.76 13.5 14.47 17.36 Ho 0.63 0.51 0.6 0.63 0.77
Zr 58.38 36.61 47.7 51.83 69.12 Er 1.72 1.43 1.6 1.72 2.1
Nb 3.01 1.57 2.79 1.51 2.05 Tm 0.26 0.22 0.25 0.25 0.32
Cs 1.6 14.76 7.05 3.22 4.37 Yhb 1.62 1.43 1.55 1.59 1.83
Ba 46.43 74.35 106.83 113.3 118.43 Lu 0.26 0.23 0.25 0.25 0.32
Hf 1.59 1.07 1.27 1.42 1.94 > REE 51.39 33.8 53.29 45.59 61.97
Ta 0.2 0.4 0.17 0.12 0.17 oEu 0.27 0.31 0.32 0.34 0.29
Pb 3.02 4.71 6.84 6.42 10.28 La Sm y 1.93 1.87 2.27 1.89 1.93
Th 2.12 1.7 1.71 2.04 2.49 La Yb y 3.26 2.34 3.86 2.95 3.48
U 0.77 0.9 0.86 0.46 0.59 Gd Yb y 1.41 1.15 1.46 1.39 1.56

1
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Fig.5 CL images of zircons from gabbro in Xiarihamu No. I intrusion

* 3 EHMAKI SEKRIEKE SHRIMP $4 U-Pb 4R
Table 3 SHIRMP Zircons U-Pb isotope dating results of gabbro in Xiarihamu No. I intrusion

w(B)/107° w(PPh* )/
{W‘ﬂ 232Th/238U 207Pbx' /206Pb x 207Pb * /235U 206Pbx‘ /238U 206Pb/238U/Ma
*®Ph, U Th 107°
XIA2-1 0.00 492 457 0.96 28.6 0.056(1.6) 0.519(2.6) 0.068(2.0) 421.5£8.3
XIA2-2 0.04 1050 1245 1.22 62.1 0.055(1.4) 0.523(2.4) 0.069(2.0) 428.9£8.3
XIA2-3 0.29 985 1115 1.17 57.5 0.054(1.6) 0.504(2.5) 0.068(2.0) 422.7£8.2
XIA2-4 0.24 1325 1908 1.49 79.9 0.055(1.3) 0.534(2.4) 0.070(2.0) 436.2£8.4
XIA2-5 0.21 548 558 1.05 32.2 0.053 (2.0) 0.500(2.8) 0.068(2.0) 426.0£8.3
XIA2-6 0.00 298 191 0.66 17.5 0.056(2.5) 0.527(3.2) 0.068(2. 1) 426.2+8.5
XIA2-7 0.00 739 838 1.17 43.4 0.055(1.5) 0.516(2.5) 0.068(2.0) 425.7+8.3
XIA2-8 0.00 1117 1489 1.38 66.0 0.056(1.2) 0.532(2.4) 0.069(2.0) 428.8£8.3
XIA2-9 0.12 208 139 0.69 12.1 0.052 (3.9 0.490(4.5) 0.068(2.1) 423.2£8.7
XIA2-10  0.03 435 220 0.52 25.2 0.058(1.7) 0.534(2.7) 0.067(2.0) 420.5+8.3
XIA2-11  0.02 338 190 0.58 19.3 0.055(3.5) 0.500(4.0) 0.066(2.1) 414.4£8.3
XIA2-12  0.14 607 661 1.13 36.1 0.055(2.2) 0.523(3.0) 0.069(2.0) 431.3£8.5
XIA2-13  0.02 349 149 0.44 19.6 0.056(2.3) 0.502(3. 1 0.065(2.1) 408.6£8.2

T WIEA 16, Pb, A1 Ph™ 73 AR W AT RBUR BX 8 508 Pb HMPh KIE; #55 WECTAUR R 2%
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Fig. 6 Zircon U-Pb concordia diagram and weighted average age diagram for gabbro in Xiarihamu No. [| intrusion

0.9 3 500
: v ke b ¢
/ 400
£ 0.7 | 2 L
% > v 3001 v
3 /v/%ﬂ/ A A
S L
05 1t 200
100 v
0.3 L L 1 0 L L 0 ] I ]
0.65 0.70 0.75 0.80 0.85 0.6 07 0.8 0.9 0.1 02 03 04 0.5
Mg# Mg" SEu
7 II
Fig. 7 Discriminant diagram of fractional crystallization of Xiarihamu No. [[ intrusion
1 Campbell et al. 1993 Baker 1997 Madonald et
2014 al. 2001 La Yb-Ce Yb
2015 8a
I Ce Pb-Th Zr Nb Ce-Nb U
8c d
La Sm Lassiter et al.
CaO ALO; Sc Y Mg* 1997 5 La Sm 1.87~2.27
Spith et al. 2001 CaO ALO; Sc Y
Mg* 7a b Mg® Mg® =0.76~0.80
oEu
Sr Tc 1 I

Stanley et al. 1989

Ce Pb Th Yb Nb Yb La I
Yb



2017

1192
0 0.05 : v 020
ol \g S
0.04 |- Yy v \ 4 v
5\3 6 vvv E 0.03 |- go.ls— v
a3 4L v v v
oL 0.02 |-
0 R 20 00 i ; : L 5' L : vy p
Ce/Yb Ce/Pb Nb/U
8 Il
Fig. 8 Plots of selected trace elements for checking contamination of Xiarihamu No. [| intrusion
6.2
1 Sr-Nd
EMII 2015
Nb Ta Ti
Grauch 1989
Banauwos et al. 1972 Th Yb-La Ba
Tian et al. 2011 Sajona et al. 2000 9d I Sr Nd
I Nb Ta 2015 1 Il
2
Nb Ta 6.3
Stolz et al. " 1996
509 ~
522Ma Yang et al. 1996 2002
Th Yb 1.10~1.36 2010
Nb Yb-Th Yb 9a - -
MORB-OIB 515~ 427Ma 2010
Ba Th Th Nb Ba La Th 2002
Yb Nb Zr Th Zr — - -
Th Nb 1992
Ba Th 9b Nb Zr- 2003 2008 2007
Th Zr 9c 1997
Woodhead 2011
et al. 2001 2008 2002
1
2015 I
I 1 Pan et al. 1996
Mg® I Mg® 0.80~ 2007 2007 2007
0.86 m f 1 m f  3.88~6.30 2010 2010



36 5 I} 1193

10 100 |
F i «
- oF 12 V ok
CE wy e
E 60 F v
o N = F \4
p E b
ol I v
E-MORB 40 F
01F E
r 20 F v LR
P F e
a E b
0.01 H 0 E 1 1 il
0.1 1 10 100 0.01 0.1 1 10 100
Nb/Yb Th/Nb
0.20 = U
2 " . F
| ’\% N : it
9 Q, R I - PM i
015} < ~ & r 2 2
B =
) N
N 3 2T v
=2 010 = 01 E £
z 010 3 = PM
| ”“‘4\ ;—5‘ A
; r
0.05 | L Nee
v m I s A U
| d
0 i 1 i L 1 001 L L L PR 1 L L n PSR
001 002 003 004 005 006 007 008 0.1 1 10
Thize Th/Yb
9 1l Th Nb-Ba Th a Th Zr-Nb Zr b Nb Yb-Th Yb ¢ Th Yb-La Ba d

Fig. 9 Th Nb-Ba Tha ThZr-NbZr b Nb Yb-Th Yb ¢ and Th Yb-La Ba d diagrams of Xiarihamu

No. Il intrusion

4
U-Pb 400~423 Ma 2 I SHRIMP
I U-Pb 424.1+4.6 Ma
Nb Ta Ti —
I 424 .1
+ 4.6 Ma I 1
I 3 11
367.0+2.0 Ma
423.0£4.95 Ma 1 LREE LILE
439.1+£3.0 Ma — HFSE Nb Ta Ti
4 1 I
2014
1
7 Il



1194 2017
FengJ Y PeiXZ YuSL DingSP LiRB SunY Zhang YF Li
7 C Chen Y X Zhang X F and Chen G C. 2010. The discovery
References of the mafic-ultramafic mélange in Kekesha area of Dulan County

Ao C. 2014. Study on geological characteristics and genesis of Xiari-

hamu Nickel deposit Qinghai Province Master  degree

theses D . Supervisor Sun F Y. Changchun Jilin University.
1-73 in Chinese with English abstract .

Baker ] A. 1997. Petrogenesis of Quaternary intraplate volcanism

Sana’ a Yemen Implications for plume-lithosphere interaction and
polybaric melt hybridization J . Journal of Petrology 38 10
1359-1390.

Black LP Kamo SL Allen CM  Aleinikoff ] N Davis D W Korsch
R J and Foudoulis C. 2003. TEMORA 1 A new zircon standard
for Phanerozoic U-Pb geochronology ] . Chemical Geology 200

12 155-170.

Campbell I H and Griffiths R W. 1993. The evolution of the mantle’ s
chemical structure ] . Lithos 30 3  389-399.

Chen NS He L Wang G C Zhang K X and Sun M. 2002. The pre-
cise restriction of the Paleozoic metamorphic peak and the thrust
structure deformation in the Eastern Kunlun orogenic belt ] .

Chinese Science Bulletin 47 8
Claesson V'S Vetrin T and Bayanova HD. 2000. U-Pb zircon ages from

628-631

in Chinese .

a Devonian carbonate dyke Kola peninsula Russia A record of
geological evolution from the Archean to the Paleozoic J . Lithos
511 95-108.

Compston W Williams I S and Meyer C. 1984. U-Pb geochronology of
zircons from lunar breccia 73217 using a sensitive high mass-resolu-
tion ion microprobe J . Journal of Geophysical Research 89 B
525-534.

DePaolo D J. 1981. Trace element and isotopic effects of combined wall-
rock assimilation and fractional crystallization J . Earth and

189-202.

DuW Ling]J]L ZhouW WangZX XiaZD XiaMZ FanY Zand

Planetary Science Letters 53 2

Jiang C Y. 2014. Geological characteristics and genesis of Xiari-
hamu nickel deposit in East Kunlun ] . Mineral Deposits 33 4
713-726 in Chinese with English abstract .

Du W. 2015. Study on the mafic-ultramafic rocks of Xiarihamu Nicke |
Mining area in East Kunlun master degree theses D . Supervi-

sor Jiang C Y. Xi' an Chang’ an University. 1-105 in Chinese
with English abstract .

Fan LK Cai YP Liang HC and Li HL. 2009. Characters and evolu-
tion of the geodynamics in the eastern Kunlun J . Geological

Survey and Research 33 3  181-186 in Chinese with English

abstract .

ICP-MS zircon U-Pb age ] .

East Kunlun region and its LA

Geology in China 37 1 28-38 in Chinese with English
abstract .

Grauch R 1. 1989. Rare earth elements in metamorphic rocks Geology

Reviews in

and mineralogy of the rare earth elements ] .

Mineralogy 21 8  147-168.

Halama R Marks M Briigmann G Siebel W Wenzel T and Markl G.
2004. Crustal contamination of mafic magmas Evidence from a

petrological geochemical and Sr-Nd-Os-O isotopic study of the Pro-

terozoic Isortoq dike swarm South Greenland ] . Lithos 74
3 199-232.

Ireland T R and Gibson C M. 1998. SHRIMP monazite and zircon
geochronology of high-grade ‘metamorphism in New Zealand ] .
Journal of Metamorphic Geology 16 149-167.

Jiang CF  Yang J S and Feng B G. 1992. Opening-closing structure of
the Kunlun Mountains M . Beijing Geological Publishing House.
154-168 “in Chinese .

Jiang CY Ling ] L. ZhouW DuW WangZX FanYZ Song Y F
and Song Z B. 2015. Petrogenesis of the Xiarihamu Ni-bearing
layered mafic-ultramafic intrusion East Kunlun Implication for its
extensional island arc environment ] . Acta Petrologica Sinica 31

4 1117-1136 in Chinese with English abstract .
Lassiter J C and Depaolo D J. 1997. Plume lithosphere interaction in the
Chemical and

generation of continental and oceanic flood basalts

isotopic constraints M . Washington American Geophysical
Union. 335-355.

LiRS JiWHand Yang Y C. 2008. Kunlun Mountains and its adja-
cent area geology M . Beijing Geological Publishing House. 15-
309 in Chinese .

LiRS JiWH ZhaoZM ChenS] Meng Y YuP Sand Pan X P.
2007. Progress in the study of the early Paleozoic Kunlun orogenic
belt ] .Geological Bulletin of China 26 4  373-382 in Chinese
with English abstract .

LiS] SnFY Gao YW Zhao] W Li LS and Yang Q A. 2012.
The theoretical guidance and the practice of small intrusions form-
ing large deposits—The enlightenment and significance for

searching breakthrough of Cu-Ni sulfide deposit in Xiarithamu East

Kunlun Qinghai J . Northwestern Geology 45 4  185-191 in
Chinese with English abstract .

LiuDY JianP Zhang Q Zhang FQ Shi YR ShiGH Zhang L Q
and Tao H. 2003. SHRIMP dating of adakites in the Tulingkai

ophiolite Inner Mongolia Evidence for the early Paleozoic subduc-



36 5

1l 1195

tion J . Acta Petrologica Sinica 77 3 317-327 in Chinese
with English abstract .

LuZQ PeiXZ LiRB LiZC ChenGC Chen Y X Gao] M
Liu C] WeiFH Wang X L and Zhang G. 2011. Early Paleozoic
intermediate-acid magmatic activity in Bairigiete area along the
Bugingshan tectonic melange belt on the southern margin of East

Constraints ~ from  zircon  U-Pb

Kunlun dating  and

geochemistry J . Geology in China 38 5  1150-1167 in Chi-
nese with English abstract .

LiuZY Ren]J Qand Yang Y Z. 2003. Gold deposit in Qinghai M .
Beijing Geological Publishing House. 1-27 in Chinese .

LuL WuZH HuDG Barosh P ] Hao S and Zhou C J. 2010.
Zircon U-Pb age for rhyolite of the Maoniushan Formation and its
tectonic significance in the East Kunlun Mountains ] . Acta Petro-
logica Sinica 26 4 1150-1158 in Chinese with English ab-
stract .

Lu S N.2002. Precambrian geology of the northern Qinghai-Tibet plateau

M . Beijing Geological Publishing House. 1-125 in Chinese .

Ludwig K R. 1999. Using isoplot EX

toolkit for Microsoft Excel M . Berkeley Berkeley Geochronolog-

version 2 a geolocronolgical
ical Center Special Publication. 1-47.

Ludwig K R. 2001. Squid 1.02 A user manual M . Berkeley Berke-
ley Geochronological Center Special Publication. 1-219.

Madonald R Rogers N W and Fitton J G. 2001. Plume-lithosphere. in-
teractions in the generation of the basalts of the Kenya Rift = East
Africa J . Journal of Petrology 42 5  877-900.

Pan YS ZhangY Q Chen TE ZhouWM XuRH WangDA Xie
Y W and Luo H. 1996. Feature and evolution of the early Paleo-
zoic geology in Kunlun MTs ] . Science in China Series D 26

4 302-307.

Sajona F G Maury R C Pubellier M Leterrier J and Bellon H. 2000.
Magmatic source enrichment by slab-derived melts in a young post-
collision setting Central Mindanao Philippines J . Lithos 54
173-206.

Song Z B. 2014. The establishment of the third major nickel metallo-
genic stages in China ] . Mineral Deposits 33 4 885-886 in
Chinese .

Spath A Le Roex A P and Opiyo-Akech N. 2001. Plume-lithosphere
interaction and the origin of continental rift-related alkaline

Chyulu Hills southern

volcanism  The Volcanic  Province

kenya ] . Journal of Petrology 42 4  765-787.

Stanley C R and Russell J K. 1989. Petrologic hypothesis testing with
pearce element ratio diagrams Derivation of diagram axes J .
Contributions to Mineralogy and Petrology 103 1  78-89.

Stolz A ] Jochum K P Spettel B and Hofmann A W. 1996. Fluid-and

melt-related enrichment in the subarc mantle Evidenced from Nb
Ta variations in island-arc basalts J . Geology 24 7  587-590.

Tian L Castillo PR Hilton DR Hawkins ] W and Hanan B B. 2011.
Major and trace element and Sr-Nd isotope signatures of the north
Lau lavas Implications for the composition and dynamics of the
back-arc mantle J . Journal of Geophysical Research 116.

Wang G SunFY LiBL LiS] Zhao ] W Ao Z and Yang Q A. 2014.
Petrography zircon U-Pb geochronology and geochemistry of the
mafic-ultramafic intrusion in Xiarihamu Cu-Ni deposit from East
Kunlun with implications for geodynamic setting J Earth

Science Frontiers 21 6 381-401 in Chinese with English ab-
stract .

Wang G. 2014. Metallogenesis of nickel deposits in eastern Kunlun
orogenic belt Qinghai Province Doctor degree theses D .
Supervisor Sun F'Y. Changchun Jilin University. 1-200 in Chi-
nese with Englishabstract .

Williams I S and Clacsson S. 1987. Isotope evidence for the Precambrian
province and Caledonian metamorphism of high grade paragneisses
from the Seve'Nappes Scandinavian Caledonides I . Ion micro-
probe zicron U- Pb ] . Contributions to Mineralogy and Petrolo-
gy 97 205-217.

Williams 1 S. 1998. U-Th-Pb geochronology by ion microprobe A .
Applications of microanalytical techniques to understanding mineral-
izing processes C .Canada University of Alberta. 7 1-35.

Woodhead ] D Hergt ] M Davidson ] P and Eggins S M. 2001.
Hafnium isotope evidence for conservative element mobility during
subduction zone processes ] . Earth and Planetary Science Let-
ters 192 3 331-346.

Wu L R. 1963. Metallogenetic specialization of basic-ultrabasic rocks

China J . Geoscience 4 1 29-41 in Chinese with English ab-
stract .

XuZQ Qi XX YangJ] S Ji SC Li HBand Chen F Y. 2007.

Senses and timings of two kinds of shear in the Kangxiwar strike-

slip shear zone  West Kunlun and their tectonic significance J .

Geological Bulletin of China 26 10 1252-1261 in Chinese with
English abstract .

Yang ] S Robinson P T and Jiang C F. 1996. Ophiolites of the Kunlun
Mountains China and their tectonic implications ] . Tectono-
physics 258 1 215-231.

Yin H F and Zhan K X. 1997. Characteristics of the eastern Kunlun
orogenic belt ] . Earth Science-Journal of China University of
Geosciences 22 4 339-342 in Chinese with English abstract .

Yuan WM Mo X X Yu X H and Luo Z H. 2000. The Record of in-
dosinian tectonic setting from the granotoid of eastern Kunlun

Mountains J . Geological Review 46 2 203-211 in Chinese .



1196

2017

Zhang X T and Yang SD. 2007. The plate tectonic research- the specifi-
cation of 1 1 million tectonic map in Qinghai Province M . Bei-
jing Geological Publishing House. 1-178 in Chinese .

Zhang Y F Pei XZ DingSP LiRB FengJB SunY LiZC and
Chen Y X. 2010. LA-ICP-MS zircon U-Pb age of quartz diorite at
the Kekesha area of Dulan County eastern section of the East

Kunlun orogenic belt China and its significance ] . Geological

Bulletinof China 29 1  79-85 in Chinese with English ab-
stract .

Zhang Y L HuDG Shi Y R and Lu L. 2010. SHRIMP zircon U-Pb
ages and tectonic significance of Maoniushan Formation volcanic
rocks in East Kunlun orogenic belt China ] . Geological Bulletin
of China 29 11  1614-1618 in Chinese with English abstract .

Zhu Y H Zhang K X and Wang G C. 2002. Ophiolite magmatic rocks
and tectonic magmatic evolution in the Eastern Kunlun compound
orogenic belt M . Wuhan China University of Geosciences Press.
104-105 in Chinese .

BasauoslO A KpemereuxknitA A and  UlseuBM. 1972.

TeoxXrMHUECKHEK PUTCPUHIIPH POLBLIOKEMOPHHCKHXaM(PHOOIUTOB

1358-1371 in Russian .

J . Teoxumus 11

. 2014.
D . . L1-73.
. 2002.

8 628-631.

2014. J.
33 4 713-726.
. 2015. -

D . . . 1-105.

. 2009.
] 33 3 181-186.
o . 2010. -
LA-ICP-MS U-Pb I

371 28-38.

2015. -
I 31 4
. 1992. M .

1117-1136.

.154-168.
.2007.

. 2008.
.15-309.

J. 45 4

2003.

. 2003.
1-27.

. 2011.

]
Barosh P'J
U-Pb
1150-1158.
. 2002.
. 14125,
. 2014.
4 885-886.

. 2014.
. 1963.
41 2941.

J. 26 10
. 1997.
22 4 339-342.

26 4 373-382.
M .

. 2012.

185-191.

SHRIMP

77 3 317-327.
M .

U-Pb
38 5 1150-1167.
. 2010.
J. 26 4

. 2014.

21 6 381-401.
D .

. 2007.

1252-1261.

. 2000.
J. 46 2 203-211.

. 2007.

2010.
ICP-MS U-Pb J.
. 2010.
SHRIMP
11 1614-1618.

U-Pb

. 2002.

1 100
. 1-178.
] ( J
LA-
29 1 79-85.

J. 29

.104-105.





