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Mineral chemistry of biotite and chlorite in western part of Fucheng granite,
southern Jiangxi Province: Implications for uranium mineralization
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(State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering, Nanjing University,
Nanjing 210023, Jiangsu, China)

Abstract

The Fucheng granite is located to the east of Huichang basin, southern Jiangxi Province. There are several
uranium deposits in the western part of the Fucheng granite which is in contact with shoshonite series volcanic
rocks, with the Caotaobei uranium deposit being one of them. Chloritization of biotite in the granite is very com-

mon in the western Fucheng granite. Based on electron microprobe analysis data and theoretic calculation results
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of biotites and chlorites from the western part of the Fucheng granite, the authors studied the mineral chemistry
of biotites and chlorites so as to discuss the relationship between chloritization of biotites and uranium mineraliza-
tion. The results show that most of the biotites belong to siderophyllite. The oxygen fugacity (lg( fO,)) of
magma of the Fucheng granite is estimated to be relatively low ( —15.0 ~ —14.3), which means that the mag-
ma was relatively strongly reduced. Its source rock was strongly reduced, which was beneficial to preliminary
enrichment of uranium. The F content in biotite is 1.41% ~ 2.01% , showing that granitic magma was rich in
F. As U are easy to form complex with F in magma, and this is probably one of the reasons that the Fucheng
granite is rich in uranium. Chlorite was mainly derived from biotite by alteration, so it exhibits the shape of bi-
otite. Chemical analysis of chlorite shows that the biotite mostly belongs to chamosite and prochlorite, both of
which are rich in Fe element, and were mainly formed in a reductive environment. The formation temperatures
of chlorite are between 246 ~ 307°C (with an average of 276°C ). The U values of the samples from the upper
reddish alteration zone vary from 3.5X 10 ° t0 9.4 X 10~ ®(with an average of 6.6 X 10 %) , significantly lower
than U values of the samples from the lower greenish alteration zone (7.7*10 ¢~ 23.1x10°°, 13.9x10 ¢
on average) . The Th values of the samples from the reddish alteration and the greenish alteration zone are basi-
cally similar, with the average value being 35.7 X 10 % and 36.5 X% 109, respectively. The large-volume green-
ish alteration of the granite at the early stage mainly promoted the U activation, and at the late stage, the upper
part of the greenish alteration zone underwent hematitization during which U was leached out by oxidized fluids
and mineralization when such U-rich fluids came across strongly reduced environment. Because the redox charac-
teristics of Th are totally different from those of U, it is held that Th was not involved in this ore-forming pro-
cess.
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1
Table 1 Electron microprobe analyses and characteristic parameters of biotites from the west of Fucheng granite
ZKA2-15 ZKA2-22 ZKA2-25 ZKA2-37 7ZKA2-39 ZKA2-41 ZKA2-42
n=1 n=4 n=3 n=1 n=2 n=3 n=>5
w B %
SiO, 38.77 34.43 31.12 31.83 38.98 32.35 34.06
TiO, 0.73 2.64 0.23 1.36 0.55 3.38 3.50
AlLOs 26.26 19.72 25.20 21.48 25.46 17.53 17.01
FeO” 21.81 23.94 31.31 24.98 17.57 26.71 25.85
MnO 0.23 0.42 0.54 0.35 0.21 0.36 0.39
MgO 2.42 3.40 3.03 4.69 3.40 4.24 4.32
CaO 0.05 0.06 0.05 0.14 0.08 0.05 0.05
Na,O 0.04 0.20 0.08 0.08 0.09 0.22 0.30
K,O 4.98 10.43 3.02 4.09 5.82 10.15 9.59
F - 1.67 - - - 1.68 1.71
Cl 0.01 0.04 - 0.02 0.03 0.08 0.07
Fe,O; cal 2.63 2.80 2.75 2.69 2.12 2.98 2.98
FeO cal 19.45 21.42 28.84 22.55 15.66 24.03 23.17
H,O cal 4.12 2.57 3.85 3.69 4.04 2.45 2.48
99.69 99.80 98.71 92.97 96.44 99.50 99.63
22
Sitt 5.64 5.47 4.82 5.16 5.76 5.28 5.48
Al 2.36 2.53 3.18 2.84 2.24 2.72 2.52
Al 2.13 1.17 1.44 1.27 2.21 0.65 0.71
Titt 0.08 0.32 0.03 0.17 0.06 0.42 0.42
Felt 0.29 0.34 0.32 0.33 0.24 0.37 0.36
Fe?* 2.36 2.85 3.80 3.06 1.97 3.28 3.12
Mn?' 0.03 0.06 0.07 0.05 0.03 0.05 0.05
Mgl‘ 0.52 0.81 0.71 1.13 0.76 1.03 1.04
Ca®* 0.01 0.01 0.01 0.02 0.02 0.01 0.01
Na* 0.01 0.06 0.02 0.02 0.03 0.07 0.10
K* 0.92 2.12 0.59 0.85 1.10 2.11 1.97
CF - 0.42 - - - 0.43 0.44
C 0 0.01 - 0 0.00 0.01 0.01
C OH 2 1.36 2.00 2 2.00 1.33 1.33
Fe'  Fe?' + Mg 0.82 0.78 0.84 0.73 0.72 0.76 0.75
Mg Fe' + Mg 0.18 0.22 0.16 0.27 0.28 0.24 0.25
Mg Mg+Fe*' +Fe" + Mn 0.16 0.20 0.15 0.25 0.26 0.22 0.23
AN+ Fe*t +Ti 2.5 1.82 1.79 1.76 2.51 1.43 1.49
Fe?t + Mn 239 2.91 3.87 3.11 2.00 3.33 3.18
F FM 0.9 0.88 0.91 0.84 0.84 0.86 0.86
n n F FM= Fe,03+FeO  FeyO;+FeO+ MgO “ —” cal
“ FeO™” “ FeO™” Fe;O3 cal  FeO cal
Si-Fe Wones et al. 1965 Lalonde Bernard P 1993 Abdel-
Deer 1962 3b Rahman 1994 Finch et al. 1995 2010
2011 2014
Al 3.12 ~ 4.73
Abdel-Rahman 1994
4 FeO * —A1203-Mgo
4
4.1 S
2013 A

CNK 1.1 ACNK=1.11 ~ 1.34 S
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2

Table 2 Electron microprobe analyses and characteristic parameters of chlorites from the west of Fucheng granite

ZKA2-10  ZKA2-15 ZKA2-25 ZKA2-31 ZKA2-34 ZKA2-22 7ZKA2-35 ZKA2-37 ZKA2-39 ZKA2-41 ZKA2-42

n=>5 n=>5 n=2 n=2 n=>5 n=3 n=>35 n=4 n=>35 n=4 n=2
SiO, 22.70 22.91 23.70 21.68 22.23 22.88 22.27 22.57 22.46 22.60 21.75
TiO, 0.02 0.08 0.06 0.12 0.08 0.08 0.09 0.10 0.13 0.06 0.08
ALO; 20.44 21.58 20.87 22.74 20.37 21.17 20.70 19.93 20.80 21.48 19.55
FeO” 37.09 37.68 38.41 39.86 37.99 39.08 37.42 38.09 37.34 37.05 37.65
MnO 0.82 0.76 1.00 1.18 0.58 0.64 0.65 0.67 0.55 0.30 0.46
MgO 5.61 3.99 2.81 2.34 5.24 3.58 5.32 5.16 4.99 5.43 5.51
CaO 0.04 0.02 0.04 0.01 0.01 0.01 0.04 - 0.02 0.08 -
Na,O 0.06 0.04 0.13 0.03 0.02 0.06 0.08 0.07 0.05 0.07 0.04
K,O 0.04 0.06 0.13 0.08 0.06 0.07 0.08 0.14 0.14 0.15 0.18
F _ _ _ _ _ _ _ _ _ _ _
Cl - - 0.02 0.01 - 0.01 0.01 0.01 0.01 - 0.01
86.82 87.12 87.17 88.05 86.58 87.58 86.66 86.74 86.49 87.22 85.23
28
Si 5.20 5.23 5.41 4.97 5.14 5.24 5.12 5.20 5.18 5.13 5.11
AN 2.80 2.77 2.59 3.04 2.86 2.76 2.88 2.81 2.82 2.87 2.90
AN 2.74 3.05 3.07 3.14 2.71 2.97 2.76 2.64 2.84 2.90 2.56
Al 5.54 5.83 5.66 6.17 5.57 5.73 5.63 5.44 5.66 5.77 5.45
Ti 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.02
Fel* 0.05 0.15 0.24 0.11 0.01 0.11 0.02 0.07 0.05 0.05 0.00
Fe?t 7.13 7.04 7.10 7.58 7.40 7:37 7.25 7.39 7.17 7.03 7.55
Fe 7.17 7.19 7.34 7.69 7.42 7.48 7.27 7.46 7.22 7.07 7.55
Mn 0.16 0.15 0.20 0.23 0.12 0:13 0.13 0.13 0.11 0.06 0.09
Mg .91 1.36 0.96 0.80 1.80 1.22 1.83 1.77 1.71 1.83 1.93
Ca 0.01 0.00 0.01 0.00 0.00 0.00 0.01 - 0.01 0.02 -
Na 0.05 0.03 0.12 0.03 0.02 0.05 0.07 0.06 0.04 0.06 0.04
K 0.02 0.04 0.08 0.05 0.03 0.04 0.05 0.08 0.08 0.09 0.10
F _ _ _ _ _ _ _ _ _ _ _
Cl - - 0.02 0.01 - 0.01 0.01 0.01 0.01 - 0.01
Fe Fe+tMg 0.79 0.84 0.89 0.91 0.80 0.86 0.80 0.81 0.81 0.80 0.80
Mg Mg+Fe 0.21 0.16 0.12 0.10 0.20 0.14 0.20 0.19 0.19 0.21 0.20
Si Si+ Al 0.49 0.47 0.49 0.45 0.48 0.48 0.48 0.49 0.48 0.47 0.49
A + Fe 9.91 10.25 10.41 10.83 10.13 10.44 10.03 10.06 10.05 9.97 10.05
A AFM 0.38 0.41 0.41 0.43 0.38 0.40 0.38 0.37 0.39 0.39 0.37
Na+K+Ca 0.09 0.07 0.20 0.07 0.05 0.09 0.12 0.14 0.13 0.16 0.14
dopy 0.1 nm  14.11 14.11 14.12 14.09 14.10 14.10 14.10 14.06 14.08 14.08 14.05
t C 273 271 261 292 280 273 279 276 275 276 283
n n A AFM=Al Al+Fet+Mg *“ -~
w ALO; 20.5%  20.84%
1 2 D Al @ MgO
w F 1.41% ~ 2.01% w MgO
3.76% 4.76%
@ S0, Mg ®
w S0y 33.64% w FeO! 37.8%
22.54% Si 25.8% Fe

@ ALO; Fe
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Fig. 8 Micrographs of hematite

(A) & (B), Plainlight; (C), Crossed nicols: (a)~(bh) & (c), Internal reflection color
Hem—Hematite; Pl—Plagioclase: Qz—Quartz

*3 EWEAHARATEHEEE Th.USE 25 W “UfL” AR
Table 3 Th and U content of the whole rock in western A CuE” s R A
Fucheng pluton " | A
o P w(B)/10~° i A
ﬁuu%‘ ’ffﬁ}zﬁgi Th U
ZKA2-3 38.59 6.2 o 15F A A,
ZKA2-7 32.64 3.51 = A A
ZKA2-10 36.77 5.64 2 10 NN A
ZKA2-11 REAR A5 35.77 4.79 N - A
ZKA2-15 36.27 9.17 -
ZKA2-16 34.36 7.45 Sr .
ZKA2-25 35.78 9.41 "
ZKA2-22 38.64 13.49 0 A T R R
ZKA2-31 30.62 21.53 10 20 3&(“)/1 O_f 0 0 60
ZKA2-35 43.06 9.71
ZKA2-38 46.43 23.11 9 EWCEMVERIAR A Th-U & & Efig
ZEA229 4.4 5.2l Fig. 9 Diagram of whole rock Th-U content of western
ZKA2-42 59.47 13.02 Fucheng pluton
ZKB2-15 28.25 13.92
ZKB2-17 “opa AR 33.04 19.26
ZKB2-19 35.86 10.07 Hp, L A SRR T R B AT YA A o A T 2 A . B
ggi 3%2 ﬁi IS, T R h il ' SRR s AN o A8 A B )
JKE2.24 24.23 77 g FE A L Bl 23 9 3 IRAT TR KA R
ZKB2-26 31.73 12.03 BB, R, B AR RS R A A BN sk
pe e o B S 1 R X 2 />, [T S8 25 BT
ZKB2-29 34.08 10.06

fRrE S IR R th M e R T I B R R . W



35 1 165

w U 13.9 %
100 w F 1.69%
-15.0 ~ —14.3 5
2 w U 17.6 X
1076 2013 1
13 ” w U
13.9x10°° U
“ ” w U 6.6x10°°
1 S
13 ” 3 ” lg fOz —
-15.0~-14.3
F
2
2011
246~ 307C 275.9C
3 “ ”
“ ” w U 3.51X10 %~ 9.41 %
10°° 6.60 %10 ° “ ”
7.70 X 10 ¢~ 23.11 x 10°° 13.93 %
10—6 1 ”
U U
3 “ ” 3 ” 270
Th w Th 35.7
X107% 36.5x10°°
Th Th



166 2016
G N. 2014. Characteristics of biotite in uranium- and non-uranium-
bearing granites from northeastern Guangxi Province China Im-
plications on uranium mineralization J . Acta Mineralogica Sinica
References 3 321-327 in Chinese with English abstract .

Abdel-Rahman A M. 1994. Nature of biotites from alkaline calc-alkaline
and peralum magmas J . Joumal of Petrology 35 525-541.
Battaglia. 1999. Appling X-ray diffraction geothermometer to chlorite

J . Clays and Clay Minerals 47 1  54-63.

Bureau of Geology and Mineral Resources of Jiangxi Province. 1989.

Geological map and survey of Jiangxi Province Huichang Section
R . 1-119 in Chinese .

Cathelineau M and Nieva D. 1985. A chlorite solid solution geother-
mometer the Los Azufres Mexico geothermal system ] . Con-
tribution to Mineralogy and Petrology 91 235-244.

Chen YW BiXW HuRZ ZhuWG XulL L and Dong S H. 2010.
The geochemical characteristics of biotites and their constraints on
uranium mineralization in Guidong pluton J . Bulletin of Mineralo-
gy Petrology and Geochemistry 29 4  355-363 in Chinese with
English abstract .

Deer W A Howie R A and Iussman J. 1962. Rock-forming minerals
Sheet silicates M . London Longman. 270p.

Ding W L. 2005. Genesis of Malinov uranium deposit in Russia  J .
World Nuclear Geoscience 22 2 82-86 in Chinese with English
abstract .

Finch A’ A Parsons I and Mingard S C. 1995. Biotites as indicators of
fluorine Fugacities in late-stage magmatic fluids The Gardar
Province of South Greenland ] . Journal of Petrology 36 6
1701-1728.

Forster M D. 1960. Interpretation of the composition of trioctahedral
micas ] . Geological Survey Professional Paper 354 11-49.
Foster M D. 1962. Iterpretation of the composition and classification for
the chlorite R . US Geology Survey Professional Paper. 414A

33.

GuDZ FanHH Lin] R HeD B and Wang F G. 2008. Study on
fluid inclusion from uranium deposits of Hecaokeng area in the south
of Jiangxi Province China J . Uranium Geology 24 3 137-142

in Chinese with English abstract .

HeJG Rong]S MaoYX LiJZ ZhuMQ WangCL Feng MY
and Rao M H. 2008. Chlorite in alteration zone of uranium deposits
No.201 No. 325 and No.706 J . World Nuclean Geoscience 25

3 125-133 in Chinese with English abstract .

HuH WangRC ChenWF DingHH LingHF Chen P R and Liu

HuZH LinJR GuwSY Pang Y Q Gao F and Rong J S. 2013.
Characteristics of chlorites from Huangnihu uranium deposit and
their implications in uranium metallogenic environment in the south-
ern part of Jiangxi Province J . World Nuclear Geoscience 30 3
135-142 in Chinese with English abstract .

Hua RM Li XF Zhang KP Ji]J F and Zhang W L. 2003. Charac-
teristics of clay minerals derived from hydrothermal alteration in Jin-
shan gold deposit Implication for the environment of water-rock in-
teraction J . Acta Mineralogica Sinica 23 1  23-30 in Chinese
with English abstract .

Inoue A. 1995. Formation of clay minerals in hydrothermal environ-
ments Viede origin and mineralogy of clays M . Berlin
Springer. 268-330.

JiangG H Hu R Z Xie G Q and Zhao J H. 2005. Compositional
characteristics and petrological significance of the biotite in the Da-
jishan granite Jiangxi Province ] . Journal of Mineralogy and

Petrology 25 5 58-61 in Chinese with English abstract .

Kanisawa S. 1977. Plutonic in relation to volcanism and metamorphism

A . Paper Presented at The CPPP Meeting C .

Lalonde Bernard P. 1993. Com position and color of biotite from

granites two useful properties in characterization of plutonic suites

from the Hepburn internal zone of Wopmay Orogen Northwest

Territories J . Canadian Mineralogist 31 1 203-217.

LIHL BiIXW HuRZ Peng] T Shuang Y LiZL LiX M and
Yuan S D. 2007a. Mineral chemistry of biotite in the Qitianling
granite associated with the Furong tin deposit Tracing tin

mineralization signatures J . Acta Petrologica Sinica 23 10
2605-2614 in Chinese with English abstract .

LIHL BIXW TuGC HuRZ Peng]J T and Wu K X. 2007b.
Mineral chemistry of biotite from Yanbei pluton Implication for Sn-
metallogeny J . Journal of Mineralogy and Petrology 27 3 49-
54 in Chinese with English abstract .

Lin W W and Peng L J. 1994. The estimation of Fe** and Fe** con-
tents in amphibole and biotite from EMPA data J . Journal of
Changchun University of Earth Sciences 24 2 155-162 in Chi-
nese with English abstract .

Ling HF. 2011. Origin of hydrothermal Fluids of granite- type uranium

deposits Constraints from redox conditions J . Geological Review

2 193-206 in Chinese with English abstract .



35 1

167

LiuB MaCQ LiuY Y and Xiong F H. 2010. Mineral chemistry of
biotites from the Tongshankou Cu-Mo deposit Implications for pet-
rogenesis and mineralization ] . Acta Petrologica et Mineralogica
29 2 151-165 in Chinese with English abstract .

Liu Y J and Cao L M. 1987. An introduction to element geochemistry

M . Beijing Geological Publishing House. 124-128 in Chinese .

Luo J D. 1983. The main fracture in south Jiangxi and its relationship

with strong earthquakes ] . South China Journal of Seismoligy 3
2 48-54 in Chinese .

LiZ C Duan G Z and Dong G H. 2003. Mineral chemistry of biotite
from granites associated with different mineralization in three stages
of yanshanina period in the southern-middle parts of the Da Hinggan
Ling Mountains and its petrogenetic and metallogenic significance

J . Acta Mineralogica Sinica 23 2  177-184 in Chinese with
English abstract .

Marignac C and Cuney M. 1999. Ore deposits of the French Massfic

Central Insight into the metallogensis of the Variscan collision belt
J . Mineralium Deposita 34 472-504.

Mei Y W. 1997. A study on the nappe sliding nappe structural system
in southern Jiangxi ] . Jiangxi Geology 11 3 51-59 in Chi-
nese with English abstract .

Nieto F. 1997. Chemical composition of metapelitic chlorites X-ray
diffraction and optical property approach ] . Europe Journal of
Mineral 9 829-841.

Peiffert C  Nguyen-trung C and Cuney M. 1996. 3 ' 4 Uranium in

granitic magmas Part 2. Experimental determination of uranium

solubility and fluid-melt partition coefficients in the uranium oxide-

haplogranite-H,O-NaX X =Cl F system at 770C 2kbar ] .

Geochimica et Cosmochimica Acta 609 © 1515-1529.

Rausell-Colom ] A Wiewiora A and Matesanz E. 1991. Relation be-
tween composition and d001 for chlorite J . American Mineralo-
gist 76 1373-1379.

Ren H T. 2013. Geochronology geochemistry and petrogenesis of the
Fucheng granite from Huichang country Jiangxi Province disserta-
tion for master degree D . Supervisor Ling H F and Wu J Q.
Nanjing Nanjing University. 1-75 in Chinese with English ab-
stract .

RenHT WuJQ YeXF Ling HF and Chen P R. 2013. Zircon U-
Pb age and geochemical characteristics of peraluminous fine-grained
granite in western part of the Fucheng Pluton Jiangxi Province J .
Geological Journal of China Universities 19 2 327-345 in Chi-

nese with English abstract .

ShuLS Zhou XM Deng P Yu X Q Wang B and Zu F P. 2004.

Geological features and tectonic evolution of Meso-Cenozoic basins in

southeastern China J . Geological Bulletin of China 23 9-10
876-884 in Chinese with English abstract .

Wang W P Tang ] X and Yong L J. 2012. Mineral chemical
characteristics of biotites from Hornfels in the Jiama Gyama poly-
metallic copper deposit of Tibet and their geological significance ] .
Acta Geoscientica Sinica 33 4  444-458 in Chinese with English
abstract .

Wones D R and Eugster H P. 1965. Stability of biotite Experiment
theory and application J . American Mineralogist 50 1228-1272.

Xie X G. 1997. I b trioctahedral chlorite from the Barberton greenstone
belt Crystal structure and rock composition constraints with impli-
cations to geothermometry ] .| Contrib. Mineral Petrol. 126
275-291.

YuJ] H Wang L J] Wang X)L Qiu J S and Zhao L. 2007.
Geochemistry and- geochronology of the Fucheng Complex in the
southeastern Jiangxi Province China J . Acta Petrologica Sinica
23 6 1441-1456 in Chinese with English abstract .

Yu Q L. Zhang Z S and Chen Z L.. 2014. Characteristics and formation
conditions of uranium deposits in Taoshan ] . Uranium Geology
30 6 340-344 in Chinese with English abstract .

Zang W and Fyfe W S. 1995. Chloritization of the hydrothermally al-
tered bedrock at the Igarape Bahia gold deposite Carajas Brazil

J . Mineralium Deposita 30-38.

Zhang ] Chen W F and Chen P R. 2011. Compositional differences of
the biotites from the uranium-forming and non uranium-uorming in-
dosinian granites in south China J . Geotectonica et Metallogenia
35 2 270-277 in Chinese with English abstract .

Zhang W L. 2005. Ore-forming geological features and prospecting tar-
get types of Hecaokeng ore field in southern Jiangxi Province ] .
Contributions to Geology and Mineral Resources Research 20 3
192-194 214 in Chinese with English abstract .

Zhang W L. 2006. Petrogeochemistry and tectonic environment of Da-
fuzu rock mass in southern Jiangxi Province ] . Geotectonica et

Metallogenia 30 1 98-107 in Chinese with English abstract .

Zhang Y X. 1982. Geological characteristics and origin of Yangchuling
porphyry W-Mo-deposit ] . Geochimica 2 122-132 in Chinese
with English abstract .

Zhang ZS HuaRM JiJF Zhang Y C GuoG L and Yin Z P. 2007.
Characteristics and formation conditions of chlorite in No. 201 and
No. 361 uranium deposits ] . Acta Mineralogica Sinica 27 2
161-172 in Chinese with English abstract .

Zhang Z'S Liu S and Wu J H. 2008. Characteristic and the formation



168

2016

conditions of chlorite in Xiazhuang uranium ore-field South China

J . Geochemica et Cosmochmica Acta 72 12
Zhang Z S. 2011.

mineralization about Xiazhuang uranium deposit M .

A1092-A1092.
Magmatism and its relationship with uranium

Beijing

Atomic Energy of China Gublishing House. 1-144 in Chinese with

English abstract .

Zhao L. Z Liu C S and Sun N. 1983. The petrological characteristics of

the Taiping-Huangshan polygenetic composite batholith in southern

Anhui J . Journal of Nanjing University Natural Sciences 2
329-339 in Chinese with English abstract .
. 2010.
J .
29 4 355-363.
. 2005. ]
22 2 82-86.
. 2008.
J. 24 3 137-142.
2008. 201 325 706 ]
253 125-133.
. 2014.
J .
3 321-327.
. 2018.
]
30 3 135-142.
. 2003.
- 1. 23 1 23-30.
. 1989. 1:5
R . 1-119.
. 2005.
J. 255 58-61.
2007a.
] 23 10 2605-2614.
. 2007b.
J .
27 3 49-54.
. 1994.
Fe¥' Fe' | . 24 2 155-162.

. 2011. —
J. 2 193-206.
. 2010.
J.
29 2 151-165.
. 1987. M .
124-128.
. 1983. J.
32 48-54.
. 2003.
J.
23 2 177-184.
. 1997. ] 11
3 51-59.
. 2013.
D . . . 1-75.
. 2013.
U-Pb J.
192 327-345.
. 2004.
J. 23 9-10 876-884.
. 2012.
J. 33 4 444-458.
. 2007.
J. 23 6 1441-1456.
. 2014.
I 30 6 340-344.
. 2011.
J. 352 270-277.
. 2005.
J. 20 3 192-194 214.
. 2006.
I 30 1 98-107.
. 1982.
J. 2 122-132.
. 2007. 201 306
] 27
2 161-172.
. 2011. M .
. 1-144.
. 1983. -
] 2 329-
339.





