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Abstract  The major rock-forming minerals are same in both barren and mineralized alkaline granites at the Baerzhe deposit, mainly
composed of microcline, quartz, riebeckite and albite. However, their relative contents and grain sizes are obviously different, as well
as the compositions of fluid inclusions and the crystal habits of zircon also show significant differences in these two types of granites.
The data on petrology, petrochemistry and element geochemistry suggest that the mineralized alkaline granite is not formed by means of
the silicification and albitization of barren alkaline granite. The data also confirmed that these two types of granites are products of
crystallization from a same magmatic system at different positions belonging different evolutional stages. And the characteristics on
petrology, inclusions and geochemistry show that the highly evolved A-type granitic melt has stepped into magmatic-hydrothemal
transition stage. The extraordinary enrichment and mineralization of rare and rare earth elements are closely related to the highly
evolved A-type granite in the Baerzhe deposit.

Key words Baerzhe; Rare and rare earth elements; Barren and mineralized ( Baerzhe) alkaline granites; Magmatic-hydrothemal
transition stage; Mineralization
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and inclusions of the barren and mineralized alkaline granites

Photomicrographs showing the petrological features

in the Baerzhe deposit

a-Barren alkaline granites; b-Barren alkaline granites; c-Mineralized
alkaline granites; d-Mineralized alkaline granites; e-Melt inclusion in
barren granite; f-NaCl-bearing fluid inclusion in barren granite; g-
Crystal-rich fluid inclusion in mineralized granite; h-NaCl-hearing
fluid inclusion in mineralized granite; i-Fluid inclusion in quanz in

mineralized granite
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HRRB WK E, VLB EERE S0, BN
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Table 1 The major and trace elements contents of the Baerzhe alkaline granites

T MR E TUMBERE
BW2 B2-8 B3-1 B1-12 B1-3B - B2-50 B2-6 B1-10 B2-13 B1-9A B2-10 B2-5B
Si0, 71.85 71.31 70.42 64.82 69.35 69.19 70.80 73.60 72.00 75.33 72.80 74.50
TiO, 0.17 0.25 0.24 0.48 0.22 0.22 0.18 0.17 0.70 0.22 0.28 0.13
Al, 04 13.62 13.33 15.16 16.27 13.45 13.83 9.86 9.75 10.48 10.55 10.07 10.31
Fe, 0, 2.41 3.17 2.68 4.60 4.39 4.92 8.33 7.05 6.26 4.50 6.27 5.11
MnO 0.05 0.06 0.04 0.09 0.07 0.09 0.11 0.10 0.15 0.07 0.11 0.07
MgO 0.28 0.12 0.35 0.70 0.21 0.20 0.02 0.02 0.07 0.03 0.14 0.04
Ca0 0.83 0.53 0.73 1.67 0.12 2.88 0.07 0.06 0.23 0.10 0.13 0.14
Na, 0 6.30 5.58 5.13 4.28 5.62 2.97 5.28 4.40 3.73 4.74 3.77 4.64
K;0 372 4.85 4.63 6.14 5.59 4.82 4.74 4.32 5.25 3.81 5.60 4.25
P, 04 0.01 0.01 0.03 0.07 0.02 0.04 0.03 0.0t 0.15 0.0t 0.05 0.01
Bk B 0.70 0.74 0.55 0.83 0.74 0.78 0.53 0.49 0.91 0.59 0.72 0.75
Total 99.95 99.95 99.96 99.94 99.79 99.94 99.96 9.97 99.92 99.95 99.94 99.94
(Na+K)/Al 1.20 1.22 1.00 0.93 1.27 0.8 1.57 1.36 1.24 1.27 1.34 1.33
Sc 8.83 6.61 9.29 12.2 7.39 14.6 4.19 4.29 9.44 5.41 7.36 2.96
Ti 899 1334 1265 2482 1165 1129 655 850 3406 1133 1480 854
\ 13.8 11.8 23.6 33.9 16.3 13.1 7.38 9.51 10.1 7.54 16.1 16.6
Cr 12.6 9.15 16.5 31.9 8.83 19.1 18.9 19.3 10.1 12.2 12.1 10.9
Mn 325 340 230 686 493 710 491 729 1075 468 8509 767
Co 0.86 0.87 2.10 4.09 1.44 1.68 0.63 1.08 0.52 0.39 1.30 0.42
Ni 6.77 4.20 5.88 8.87 5.08 6.42 8.25 8.26 4.54 3.65 4.16 3.58
Cu 9.64 10.2 46.3 17.3 8.61 25.3 8.24 14.1 10.0 8.86 19.3 8.44
Zn 202 173 35.1 57.4 311 37.9 292 501 915 606 497 1004
Ga 17.1 26.4 19.9 24.5 2.7 17.5 35.2 36.9 62.5 46.8 57.8 46.0
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BW2 B2-8 B3-1 B1-12 B1-3B B2-50 B2-6 B1-10 B2-13 B1-9A B2-10 B2-5B
Ge 2.33 2.34 1.88 1.88 2.46 2.98 3.49 3.88 7.06 3.91 6.68 6.66
Rb 1545 272 151 212 527 144 368 953 1366 882 811 1206
Sr 120 36.9 144 260 5.39 158 2.11 3.4 22.23 4.89 18.5 6.68
Y 197 165 22.2 27.7 19.4 29.4 72.5 114 1239 508 562 219
Zr 219 676 220 254 460 341 1405 1942 19917 7477 6557 1072
Nb 27.6 72.5 10.3 26.2 61.6 11.6 86.2 114 2249 506 299 374
Ba 311 157 5719 1830 81.9 1619 5.83 4.6 42.6 17.6 43.8 17.3
La 33.7 50.3 33.3 37.4 57.9 35.9 33.3 78.3 1923 336 1730 1107
Ce 104 141 73.0 76.5 111 73.3 89.8 197 5082 873 375 2303
Pr 15.8 20.6 8.56 9.72 12.9 9.08 12.0 29.2 645 109 424 291
Nd 62.9 94.2 31.4 37.3 39.2 33.6 49.1 108.3 2205 419 1218 957
Sm 19.1 26.2 5.82 7.59 5.45 6.33 11.7 26.9 401 107 240 176
Eu 0.52 0.41 0.54 1.53 0.08 0.93 0.09 0.22 3.00 0.85 1.78 1.14
Gd 20.4 26.9 4.84 6.80 3.96 5.74 11.9 23.9 334 99.8 194 128
Tb 4.38 4.50 0.74 1.07 0.59 0.99 2.19 4.11 50.7 16.1 28.3 14.3
Dy 27.1 25.3 4.19 6.00 3.52 5.61 14.6 23.7 287 92.6 135 61.4
Ho 5.49 4.80 0.82 1.13 0.76 1.09 3.30 4.68 55.4 18.2 23.5 9.39
Er 14.9 11.7 2.39 2.92 2.39 3.02 10.1 12.3 164 49.6 54.6 19.7
Tm 1.97 1.46 0.37 0.44 0.42 0.44 1.56 1.76 27.7 7.53 6.47 2.14
Yb 11.4 8.12 2.49 2.7 3.39 2.97 10.6 11.6 188 46.9 36.7 12.2
Lu 1.62 1.18 0.39 0.43 0.66 0.47 1.68 1.85 25.6 6.66 5.01 1.69
Hf 6.93 20.2 6.70 6. 82 18.7 8.52 35.8 56.5 . 49 195 160 30.9
Ta .71 5.62 0.85 1.89 6.28 0.84 6.37 9.05 137 37.3 22.1 26.4
Pb 8.21 14.5 23.2 19.3 32.8 15.9 10.4 45.6 979 501 39.1 299
Th 3.88 6.25 14.4 15.6 12.5 10.5 19.1 22.3 861 107 37.8 397
U 1.38 5.34 3.97 3.67 4.68 3.16 11.3 17.7 208 53.7 39.6 16.1
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Fig.2 Hark diagram for the Baerzhe alkaline granites

Open square show barren alkaline granite; solid square for mineralized alkaline granite; open sphere show mineralized alkaline granite ( data

from Wang et al. , 1997)
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Open square show barren alkaline granites;solid square for mineralized alkaline granites
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(Ga/Al) x10* vs K,0/MgO B b & 1M S 9 B4
MR (E3), 7E0Eu vs 5Ce M I, B HLBRPEIE X & 6Ce B9
2465 6Eu LB B A MK, THIE D LML X 2 6Ce BE
SEu KT/ 6a), —HERIAM AR M WA, &
Si0, vs 6Eu EMR LB L SR LMt K A LRI R
AZELARIE (B 6b) , 7ER LMHE/E R A S La/Sm HLEE L
EERK, HS La FBEATHBAXNE(E 6c); £3ET
LR TE B 5 B AR La/Sm E AR B AL, BT
5 la ABELABHEKE(E6C),

X RAHE BRI ENHRERYER, BR
B SET MR AN R B AREE RS RN,
ENZERBHEENEBERR CANMRER, 5k
BHEHMESHEETABHEER SN L R(REES,
2007) , XA REZR L RAHBHBEEXRE, IRER
RERF—AREZARWLEBIBELE RO 54
HiEg- @ M S 7E Si0, 3 & \Na, 0 + K,0/Ca0 FeO*/
MgO 1 K,0/Mg0 IR SWER XX —R, Kt
TERT IR BTRN KEFT LI REE RS R R/
BRERMBEENGEL. EESRIRERANME, S EH
BEE K/Rb B BRME, ZHEE/RET K, TILBEERS
# K/Rb B BE FIER LML R & (E 7b) , AT Lt
ERENRUEBERABR TG LOBEERE. SiH
REITEAARENEE BHHEESRIR WL AR
f Rb/Sr WAk, TEE/RERAR LI KPEY LM
EHAESEHBR T UBHERE (K1), S0, ]
B H0, Rb/Sr (HZE MK (B Tc), AT LB R EH
Rb/Sr B B K FAED (eptERLiK A (B 7c) , X BT 1L
BHERANS R RUBEABR TEFLRELNE.
EERERPERNTHBEGWRERERD R RABRE
MEEMBRUESH, HEE K S RIEANIME, Eu i 5H#7
BERHEMYEK, BRET R ARIEERSE En 05 5B
BB KT LMELR A (F 6a.b) , Wi BT LMt
ERANT R RUBERTIETHBELERS.

HBRIL2EBF I Bor , B/REH L 5IED WAL 5 A 2 R
—ARERRERAN BB EELNTY, T MR A
BB BT LR/ R A, Audetat % (2003) F1
Bakker % (2006) 5 B/, RIAL A RMREEB TERN
S EN, X NBBERE R L S X A
75 [ S AR IE SR GE T BB AR IR

52 BREGXIRARLITEOEANH
EFE R FIES R, ERERAR LI K
ERERFL A WERFARENHR. BELERKNH
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BAFE PR RERBAER LR O E R A 24
XERERNR - RE. FRAMRFL RS RE RS
B I - P 3 B B 19 5 #2445 & ( Bakker and Elburg,
2006) . ZEE/RET N (T LML RAE) o6 E R
AEEA,FERTREAT HRER, BAT LWL
BB ER-PHNBE X,

WEEEXH L W HBR#TT T HHF (Masuda et ol.
1987; Kawabe et al. , Hidaka et al. , 1992; Irber, 1992; 1999;
Zhao et al. , 1992 ; Akagi et al. 1993; McLennan, 1994 ;Bau,
1996; Takahashi et al. , 2002; Zhao et al. , 2002; Liu and
Zhang, 2005) , ERFERRBRES K MIEAFIBBERE
k% F.H,0 # Cl S X5, AR &K + BT EE
R EEBRNUOTE/BEMEIER 28 M AR L UH4
R; (Zhao et al. ,1992) , Bau (1996) NN A& H L W44H
BUNMREH DR Y/ Ho Z/Hi RN A A W H, B B R %
RUMEER D EXKGHL,; Iber(1999) A R 8 L WHH
BUMHERAERERERCEHEATRUKRERE
(aqueous-like fluid system) , B gtHs + M K4 00 40 20 20 7
ERRATEMELER AR RBEABENE. BREY
MR A AR L TR R A B 6 M BG4 BN
(E—SmBiRE,1997) , HUATLBEERERBEK R
BRERNS (EERK) A,

BRETHMELRE A" Opxir F 10. 40%0 ~
14. 58%0( 5 .15 %,2003) , BERFERLE R ROR LR
SMB{E (1.0%0 ~1.5%0) , Jahn et al. (2001) AL 0] BE
HWALBE R/ WA RN A X, X Wik B B /R st £ R
BT UBHEERENRRERNBESERS. ¥
LR AP ERBEAKEBRERRE I RAE X,
2B ZRIERNTY,

Audetat and Pettke (2003 ) F| A fE Rt f i (A AR 5 £ H
FRTHF LR EERNE K- AR B#1T T HRAR
ite MAIABFR BN, BA TR 7R WAL H K (AR -
BB B P98 BB B R, 3 B R otk f o
MORRAEREERBEERBEN IR, ZHAHRT
AR ERY ERPELH — 5B TR H A Ri# R
HAARNMIAER MAELAXRLTARRERE
RBEALER S, X AEER T FEIE A A R E EHH AR
—TRTBFERAZRMNETEFEE, Tl BE#E~RTHA T
REREERAKERTBEE LZRT WL £EK
TP KEBE-AAAEERT RGNS HER LRRLT Y
(434 %, 2008) , X—BRFES R B /REMELK RS
KEUBER- AR ERBRERAR LT RELAR R
ERMH I YN EEEE,

SR ERETVABERLITRNEEFARNR
K/ BRRBLETY) , TiRMIEL KBS K BRLN =Y, %
HUERRERRUDIGHERTETERINBRER B
ARLAREE A ERANERPREES,
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6 5

(DERZ SR ERBBTRBRLFRERR, B
RET ST MR AR A RERTARXR RS
BUBREL ™Y HENRUBENBRTEE.

() BHEEMRAUFERER R, BREERUBER L
TRT RMERH AR ERE DR KA LR
ERR™Y, MR EX-RALENBRE RN E X ERIE
RESGHY KR ER LT ROER TR ESWEER RS
e AT Elave s 2oL P

K ERERIBTRBEERRERYCEZNOM
B, EZARRESTR AL B BB S ERERT M
WL R E—EHRRA AEEFRR B HK
B AZUEREAERE TRIFHOESSER, Elt—
FHELHBT
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