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Abstract: Rare metal pegmatites in the Chinese Altay have shown characteristics of multi-period, multi-

type and mainly formed in the late Paleozoic to early Mesozoic. A world-class large—superlarge scale
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rare metal pegmatite metallogenic belt represented by the Keketuohai rare metal No. 3 pegmatite is the
most prominent feature of Altay orogeny, with a peak forming age in the Triassic (250-202 Ma). There
are only a few Mesozoic rare metal pegmatites related to synchronous high fractionated granitic melts
(such as Askaerte Be-Nb-Mo pegmatite). The Keketuohai rare metal No. 3 pegmatite has nearly the
same zircon U-Pb ages (220-211 Ma) as the Ala'er granites, but they are not related in genesis because
of the distance between them excessing 10 km and the different ¢,(t) values. The Mesozoic pegmatites
are widely distributed but the synchronous granites are relatively less. Most rare metal pegmatites dis-
play temporal decoupling(large gap of forming age) and different sources (g,(t), Nb/Ta, Zr/Hf, and K/
RD ratios) with their surrounding granites, indicating that pegmatites in the Chinese Altay were not de-
rived from differentiated granitic melts. A reasonable genetic model for the Mesozoic Altay rare metal

pegmatite is that they were generated by lower degree (<10%) dehydration partial melting of a mixed

%61 4

juvenile with metapelite source, i. e. , anatectic pegmatite—the Altay-type rare metal pegmatite.
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Fig. 1 Distribution of Altay Mesozoic pegmatites and granites(modified after Zhang et al™)
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Table 1 Isotopic ages of Altay rare metal pegmatites
ke ME W) I /Ma Ttk SCHR
22049; 198+7; 213+6 SHRIMP U-Pb [7]
% 211.9+4£3.2; 212.0+4. 1; 212.0+1.8; 214.9+2.1 LAICPMS U-Pb [10]
RILIERGERES s HEFHE™ 208. 8+2. 4 Re—Os 452 (8]
218.0+2.0 (9]
HerH kA LAICPMS U-Pb
205. 6+2. 6 [30]
AT Li-Be-Nb-Ta el 212.2+1.7
T Be-Nb-Ta vl 244, 3+1. 1 [22]
D15k Be (e 240. 5+1. 4 LAICPMS U-Pb
# 1k Be ival 248.242.2 [23]
Bl I £ Be-Nb-Ta A 246. 8+1. 2 [22]




4 iR e (HAARRARRD . (FR9E30) %6l &

ey
lilEa T4 AE %/ Ma Jrik ik
228.7+7. 1 [25]
MR 218. 6+1.3 Re-Os Z& M4k [32]
BT 7 /R %F Be-Nb-Mo 214.9+1.2 [33]
218.243.9 [32]
el LAICPMS U-Pb
220. 6=1. 6 [25]
198. 542. 5
[22]
/N HTRE Be e 190. 6%1. 2 LAICPMS U-Pb
195.9+2. 4 [23]
FEMR R (6051117) iy 180. 7+0. 5 LAICPMS U-Pb [22]
B 151.0+1. 8, 157.2+0.5 LAICPMS U-Pb  [18-19]
LR BRI Li-Be-Nb-Ta
ek 160. 1£1. 1 LAICPMS U-Pb [21]
216. 0+2. 6
223.7+1. 8 [24]
oval LAICPMS U-Pb
FELL 221+£15
224. 6+2. 3 [34]
ek 224.342.9 LAICPMS U-Pb [35]
194, 3+1. 6 [23]
\ 192.0£2.3 [34]
/K Be-Nb-Ta el LAICPMS U-Pb
191. 8+1. 4 [23]
188.3+1.7 [17]
HEE /K Be-Nb-Ta iy 206. 8+1. 6, 207.2+1.6 LAICPMS U-Pb  [17,22]
215. 6+0. 9
Fi}HFE Be v 201. 0+1. 3 LAICPMS U-Pb  [34,36]
191. 642. 0
200. 2+1. 9
) 197.3+1. 3
i 45 1) Be e LAICPMS U-Pb (4]
194, 241. 8
192.941. 5
R[4 1 Be el 185. 04£2. 7 LAICPMS U-Pb [19]
191. 642. 0
el LAICPMS U-Pb [24]
REZ L 192. 6+2. 3
HepH R 198. 3+2. 0 LAICPMS U-Pb [37]
196. 1£1. 0 [22]
AR I Be-Nb-Ta el LAICPMS U-Pb
192. 042. 3 [34]

1.2 GhFERN/IREHREEEFREETERY H BN T BTIR 28 A7 4 A e 1 AR 2 20 LT AR 0%

20 140 80—90 410K, Ar-Ar K Rb-Sra5T2E (BT, #1), Flan, nIATHEdE 3 5406 & A kg 1
IFERN HER dh A 3R AS T — 2ok P 4R 8, A V- VIS M7 85 40 U-Pb 4E 8y (198.5+4.2) ~
BT FERG A 4 8 - A A1 S 3RS ArAC AR R (186.5+2.0) Ma ™™ ; Sl % FRir Lif fit A 45 4
(154.1£0. 1) Ma ™', W[ A[$GifE 3 SHE i alk 182~  U-Pb 4E # (157.2+0.5) Ma '™ | (151.1£1.8)
169 Ma 2 % Bhfy | FRAHERHT U-Pb AR 3RTT  Ma '™ AR5 U-Pb 4F # (160. 1£1. 1) Ma '/,



B BAPRAE, A5 BB R AR L b A AU e B A <R R VR 3
100 ¢ A A AL 10 2 A s B R 5 A R (T AR 110
o — km’) #: A U-Pb 4F & y (203.1+2.1) Ma Fi
: L e s (202.32.2) Ma ™, S/NAbRT= s 7T T
700 T Jre omisy IR Z AR L 2 B KA B
ool - 222.6~219.2 Ma ', WA, FEARK IR K EELL

S wf | BIBE AR (233.242.2) Ma, LB ZHE = K

LN ] FEPG 5 212 Ma, BERAERG 5 (237. 0+4.7) Ma, 3
: i SBEE Mol A %

s — bR e = (230~202 Ma), E%
of — HAORBAER (H) s -RKRERE . —atkiE
of _— KA. At ERASFER . BMLR G, Ak

o

B2 FRZEE LAl e SR S A AR B B
(B sk s 1 15k

Fig. 2 Isotopic age histogram of Altay pegmatites and

S @l s o o S
BB GBLFT BT BT

granites (modified after Zhang et al™)

B J# /K Be—Nb—Ta Fl1 BT $i7 # Be £ & 5 0 PR B0 45
143530 194. 3 Ma ' Fl1 185 Ma ' Pl FE Be £
Fh A B G U-Pb4E #4192 1201 Ma 5 mfAf
FOI AL /R R (605 111) 575 7 Be-Nb-Ta
W R E5 47 U-Pb 4E 115 180. 7 Ma 25 [ Jal 45 Wl 44
i Be B 55 A1 U-Pb 4F % 192~200 Ma; /N g HikF
Li-Be-Nb-Ta #" JK &5 /1 U-Pb 4F#% >4 (190. 6£1. 2)
Ma 2%

AR RE A A R AR /N -rh A
Be+LitNb-Ta # IR FIEEE AN, I Wn RS
o VEH, BIEInAe i =& ™ L, el a]
FEE 35k . RE% . FHFFESEARATIR, 1)
LR R — 45 ) e A T Ry LR B R 3
BRAE R ORI E TR E 28 AR XA b A A
T, HAEZER ST
1.3 =ZBL. KFPLUENEEFT—EMIER

By R 2% 3 1L o AR ARAE A B R R, TR
A2y 2,50 km?*, 295 & XL 40%. 4%,
FARORLES A7 U-Pb AR5 I 5 A TN 1 BT JR 28 3 Ll vh
AR =S ks (£2), W] Al FEIEEAR
kTR =SB AR (FREK) ARka.
TR A, WA 1300 km®, 5 AAER N
219~210 Ma ™2 s Bl 28 T AR AL 2 7 B v pl 4
R HORLRL 2 B AR A e 2R B ROR 8 5
wiR (LS4 km?) #5 A 4FE Y (222.3+1.8) Ma,
T v AR T B AR A iR (Tl Y 32 km?) g5 A AR iR
(217.942.3) Ma'"™; HBEKAK A ERAARKS

R MY 1 600 km?®, 24 (5 Bl SR 284K K1 45 BT
TR 6%,

20 22 80—90 4F AR A&, Ar-Ar K Rb-Sr 45 fif
RN FE AR X AR 1<) 55 3R A T — 2o iR B 20 4R
[ € | I B Nt T B N A & Bag S R IS
ABEIR ALK A R MBI YA & E ALk A,
HEE 44 A = B A R K A B AL 0. 3 km?,
H Rb-Sr & B £k 4F % R (176.1+12.9) Ma Fl
(181.949.2) Ma ™ LR P HIE AL R A
B, B s AR ek A . HE AT U,
Th £ 8 /= 1 15 BB B AR sl AE UL P AS[R] R
FEEK, ML HERAEES . Ar-Ar AT B R
TARE 0 W AR AR = B 20 e e
XF R A6 5 A T R A B 4 U-Ph ARSI R T2
AARE, B, /s 2 PR S8 KA A
BARGURL BE AR N (203+3) Ma, 12 0k ES A7
AT 5 ANEURLAE IS} 196~158 Ma (F-14 181. 6 Ma)
5 RN SR 52 Be, WIREIE R A
Rb-Sr4F % 181~176 Ma—5, BI#hZ 710 — =1
TR BB A REUR B A U-Ph AR IR A (1512)
Ma'"', M= BRI ALK A (268.3+1.9)
Ma 7, 2021 4FR 7 44 X Sl st o 180 A oo co A, il
PR ARG A0 BB s v Ry — A B R A B A
AEW 195 Ma (1:25 THIK) (F£2),

TR EEAE I T G TR R AR R
QRS N S =X N VAR R N (LN E A TN 1 . %7
Bl —AfF, WARZ 70 km?, P T SHNR (LR
). AR AERE . BERBESBIEK
wiKs . DatERERAHR ., LB DK
1 B4 B0k B 0 U-Pb 4F %y (198.3+3.8)
Ma (F2).

B 7 2 3 LA e 08 1 1 3 e b DR 2 5 B
41 U-Pb4ES A (181. 9+0. 7) Ma, XAhafA7EX N



6 il RS (ARREND (Fh3E30) %614
R2 ORI T AR A AR IR
Table 2 Isotopic ages of Altay Mesozoic granites
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AR RKAE A A K AL b A gl ik (i FL
1300 km?), £ A4 232~210 Ma 7 ¥ &
5 A AR AT, PRI = S Bk A &R E
B BTHLIR A B B A G 1 77
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Fig. 3 Temporal and spatial relashionship of Altay Mesozoic pegmatites and granites

R, ()33 4.2 ~4.9 " FI1.25~2.39 "
1~4 20 (F4), FRBHIRIER AIRIK L =55
wIKEX B2, X5 =5 ki
()= =2.27~3. 12 —F " BRI/RAE 5 75 T T
F 0T 5 AE bR A B DX T S N I A
K, JB TR R FTRE ALK A (barren granite)
filtm, Zo/HEFINb/Ta LeAE R CFRIE 508 33. 3
fr16.2) . #Wifi &) &AL (Li. Be. Nb, Ta F
YIr 9 40,7, 4.1, 17.9F1 1.2 mg/kg) FAK

L1 K/Rb LU F (181~246), ANE&EMMA 48
b A 0 T o BRI ER T, BRI AE K
Hi A AR SRR BT (599.99%) g
TE LR ARG 35 AR Ak, X SEREIE AR R B
MTTC R ER 2 = H T SCHE A G S B hir R
TE R B4 b A KP4 1 15 AR AARE ), 5
Broe A [m B AR i s 2 Wl o &, i, il
B2 IRRIDT . PR UK AT 4 R R 2 A i R, SR
PRI TE K,
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Table 3 Zircon U-Pb isotopic ages for host plutons of Altay rare metal pegmatites
fhha ViAska 4EIY/Ma ik
BAN KNS 405.4+1. 4 [49]
ViAsEa 409+7, 39942 [37]
L L N ¥ Ak 408. 9+1. 1
Al AT L JE B .
BB HINK A 398. 6+1.3 30]
30
TatERA 395.5+1. 3
AR A 388. 4+1. 4
VIAE ke 397.342. 4
" [34]
Vi Asikar 399. 7+2.9
W e 7 3k AR A 400. 942. 1 (24]
24
T ratERA 403. 342. 3
AR A 407.942. 3 [50]
MR E R A 247.542.2
231.442. 0
— T [25,32]
B[ 7 R Motk AR A 219.242.9
222. 6+4. 6
G e i P 216.7+2. 8 [39]
ety A= 445, 6+5.9
RN e [17]
B 455.6+5. 4
AL N 405. 643. 9
Y QSR TE T o [19]
HR AR A 5 TN A 53146. 3
L R AT Ho B A 449+4. 2 [19]
PSR 3 T atER A 502+6. 3
N Bt bR s 2564 [51]
KR s
L S YA ) 270. 4+1.9 [45]
BATK AN A 268.3£1.9 [45]
K b RKIER A 15142 -
MR A 280+6

TG RIAE B A~ A R GE 35 28 (1] G R 4%
I, 165 0 2K 0 = R 4y B 25 b B A Al e
fidE — AL R A N L AME Rl IR A0
B e 2 AR AME bl SR AR A R TR
S A (AR X BT 5 R R A6 I - o
Be-Nb-Mo " JK) . £ 5 JTi A 3 5 A 25 B O R
HEAT T MBS BT B, B A K AR 10
kmx10 kmx10 km, & 800 °C, Fl & 43 K
500 1300 °C., HEITHFLR, THid A 50 A
BEHER A RREERIEL, BIfASS S5 RE
Mo, PE B, (HAS A SRR
AL 10 km, HAEAEORR R/ NAR, TMLCT %

i dl e 8w oA T AR AT 6 s A B A B D ol
(9 10 km ~PEARE LA 7, BTRL R A OB
R Al ] B0 35 i i e KA 25 (A BE S 24 15 km,
AT B EMEVE L, A SRyl Al 46T 3 S kS
BATRE IR AE el B PR R o
2.3 HATRGREMASEERNEETIEX
FIRTER /R 28 K B . RA L GER) AL b e -1
At U R 28 G A B4 S A0 L BT S8 i 2 A Dy i
B, i FAE B A 4 IE B Be-Nb-Mo IR, J&:
] TR BRI AE B e T R (18] 3¢) o TRA —
BRE AR SRHRY S km®, SRASRAE S A
AR AR R A BT SR, A R
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Table 4 Hf isotopic compositions of Altay rare metal pegmatites and host granites
flidhd 4R /Ma "SHE/ HE gt T,,/Ma SCHik
L4 KLP-1 238+3.2 0.282 673~0.282 688  +1.73~+2.26  1122~1 155
17 KLP-2 233 0.282 66~0.282 694  +1.16~+2.35  1112~1 188
I KLP-3 188 0.282 656~0.282 680  +0.03~+0.88  1171~1225
TR Vi KLP-5 219 0.282 672~0.282 693  +0.21~+0.46  1122~1169  [17]
VI KLP-6 211 0.282 664~0.282 690  +0.92~+1.82 1 133~1190
FRRR B b 446~509 0.282301~0.282 617  -5.85~+3.67  1191~1875
L YA b 456~514 0.282 19~0. 282 626 -9.83~+4.13  1170~2078
lilEa 151.0£1. 8 0.282 696~0.282 716  +0. 62~+1.30 739~767
wHbpELly AR KRR 449. 0+4. 2 0.2822541~0.282 693 +1.35~+6. 07 834~1 017 20/
Lk 157.2.40. 5 +0.02~+0.62 1 106~1267
TR T RKAER A 430. 6+2. 0 +8. 6~+14.9 546~992 18]
BRI 228~211 0.282 627~0.282708  —0.51~+2.50  1090~1276
FEARTF RS 212~192 0.282 66~ 0. 282 74 +0. 4~+3.3 1028~1 208
BT AHFF 15 215~192 0.282 63~ 0. 282 83 -0. 6~+6. 3 833~1276 24340
[y AP B Y | e By i i bar 401~403 0.282 81~ 0. 282 96 +9. 9~+15.2 423~760
Al ARV 35 AR A 206~220 0.282 676~0.282 706  +1.26~+2.39  1103~1159  [10]
ViARE 218~219 +1~+4 1007~1196  [52]
[TETN
TRUERE 210~216 0. 282 529~0. 282 784 ~4.2~+4.9 940~1520  [11]
BT R R 216~247 0.282 624~0.282 648  —0.45~+0.38  1231~1280
BT -R RR = B R I 219~222 0.282 643~0.282 696  —0.05~+1.99  1130~1298 52
B A K AE R A 268.3+1.9 0. 282 447~0. 282 763 -6.1~+5.3 1 714~2 439
RIEHLIAE R 27045195 0. 282 446~0. 282 770 ~7.0~+5.6 1 579~2 498 4]
268.3+1.9
0. 282 691~0. 282 896 +0. 5~+8. 8 740~1 170
BRI RAEK 150 [11]
0. 282 899~0. 282 922 +4. 5~+6.3 510~670
W Bk TR AER A 203 0. 282 712~0. 282 889 +2.1~+8.2 720~1110  [11]

TSN, & N0 WA A —5, W 1L
W 5 A R B AR R
(247.542.2) Ma, H=BKAER A (231.442.0)
~(216. 7+2. 8) Ma; ffi fb & 85 A1 AR 0% (220. 6+1. 6)
~(218.2+3.9) Ma, #5415 Re-Os 1% 20 4% % Ky
(218.6x1.3) Ma, (214.9+1.2) Ma Al (228. 7+
7.1) Ma. A5 5 f b HE R A7 2 20 B A
L AR S 6, (1)=-0.72~1.33; #"
=B RK ARG 5 -0.36~1.99; 257 IR A
HoN—-0. 45~0. 38

BEAN, oAl AR PG AL AR R B (L FR 60
Sl FEHREE) Li-Be-Nb-Ta &, HAhfA
B A (180.7+0.5) Ma ™, TKH" —~HEE
<7+ Rb-Sr (B4 N8 S5 i 26 ) AE I8 o 17301

Ma ', B A S5 AR R T REA G, R H Iy
Be-Nb-Ta 1F it 75 #5 41 U-Pb 4E &4 4y 272~231 Ma,
WA A 2= BEAE B 5 248 Ma 22 2 W 3 JE i st (]
FHIE .
2.4 MRFELFHEEEFRAENER

Zih FIRA S A 5 AR R A I O R ST i AR
FURSAT RO R EE R AE , AR X Hi AT 4 Jd A d o ]
REVR T 2l 7. (0 A Al i A 3K, T BVRR Ry Bl R 2R A
IR AR, D WA B 35 kA . Sl
KA Li-Be-Ta-Nb-Cs W JK , £ it %5 45 44 43 17 5¢
MO ey R AR R e, BT M =
(220~211 Ma) *7, Sy R R A ALK S (4
400 Ma) fAfEfERT2E 0 ° @ RELE: HK
A Li-Be-Nb-Ta #"JK, #" X EA# KA Li il W%
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J1, WA =& (228~211 Ma), SEH R
AL (29400 Ma) 778 1 35 ) 25022203020
@ BRI A . Ry Li-Be-Nb-Ta B B, 1%
RN B AR 2 (160~151 Ma) ™ 220 5t g
1650 A M B (449 Ma) BS54 300 Ma; @ ]
WrR/REEAL . S KA Be-Nb-Mo B K, a5
16 54 a5 [ RS 3 22 (219 Ma ™ 5) 231~229
Ma ™), JEALRA-hiE s RS,

3 HRRZE R AEAUE A A BT
FHOC Y SBR[ ]t

By 7R 2 v A AR A 4 S A b 5 AR e B
25 KRR IIRGE T IR S B e AL B4~
BCE B RGN, NZHRGEATINTA XA
G B AR A S L T R R DG SR A )
ST IS TR R AR A ST B A B R
3.1 MRFBELGEHHENHEES

B 7R 28 T AR AW A 4 s A i o 5 R AR i) A
) BsF ] B84 0 O ZR R, W KA [ A A &R
5 it 7 o R L2 A A R ZE s il 2 (W) AR A
FE BN A ] o A S M ER Ak SRR S A
iR N P N VA P e s AR e
SR DG AR 10 5 FE DR BB R AEAE 7 A7 O 3K 26 ] 5 1y
R I R 2R AT A7
311 AT A - RE-F AT AW
R A Y R 2 L seia il (24
3.5~5.0 km), {HA% §f 840 A0 X A 44 38 3 ) 2
b Fe M4k 5 o R AR A A RURH DG AE 1 A
TR DX B 53 B ) AR A ) AR

BT 7% 2 5 it 2 DX ALk 9 2 34 380 — o] i ¢ — 35 Tl
ks IR, KZ400 km, 5560 km, & /5%
LT M VR TR ER AN W] 4 0 N Y A
JEREMAR L, D R B 1 b g 4 R AR Ak Y
R RWE ., % EE )RR ALV - AR I A, A
WESEBIE AMmILY S TR, M. dbihse
JEREASAL R, B (46 km) JLJE (48 km), JEAK
TR ZEE WA, B REEA—, BERR. 12
Yoy Mo MR BTG IR . SRR R AR T B L e R Ik Y
KB, FIREE A XA I 38 05 2y ) IR B IR 3
TR %) Hb 7 B R T A A T,
B ER 2= E A E 4E Be, Li. Ta. Nb, W, Sn,
Pb. Zn. Cu., Au. Ag%s, nJEERM/RIE RIFGA
S B A S TR AR AL T A R S A e
3.1.2 FARMEBHNF AL EGRET T ST

IR A & B )22 S (@ k) — B AF
EARRIAR, G KRihg = San > o
Filigk ol e W& B KB 2 ' RnIG A A e
G, Hoh S sh R g s AR AR B A . B AT,
A X BB R K A OGS o R B 0 Mo IR A
PREE AR R . HUBRALEIF SRR 1 > o
HN R B AR IR A T2 800~460 Ma =2 i) 3 Hirb 4y
A7 H B IR 28 B AR A VR UG T g 4 ST R P A SRR
ARSI Bl g 858~545 Ma, L) 567~536 Ma i, i
J& % B - RLIE R T S A BT T RE D
540~460 Ma i =, R ki BB it - e 4
et T AR AR B A T oT T A A A AR R
1804~886 Ma, g, (t) = -15.03~1.19, J"0=
10. 87%0~14. 78%o0 **' o Wy ELIAIFE Hh iy oo vty AR AR
&S AT 7 ELBIAR /N

R it R 2 A R L I B AR R I i 2%
H A R KB435 o 78 KA AR e ] KBl A B4 o
U S (1B O o N B2 AR e N QS ¢
JE AR TR Bl i 25 (45 53 R Bk A R DA Kt 3 5
o BUAE KRG A0 30, A s 2 R BT (R AR oy I
B, TRk S X P G2 590 (continental margin
island arcs) . N, AR 2% 5 9K 3 B4 A E
KFHEPEIL G, WA TR . HA-FRESD
IR bR, IR A N R R A A
RS FRUTRUA R R, HEme 8 85 4 s H Bos &
BONFIKES A, BRREE, RWLUEE RS
SR MU FE . AL, ARRE KA A HE R R
LA M e PR AE e b se ok, SR IR 28 3
Ll B AR QAL T B Bl 2 sl Bl K, s T
oy A AR )y S YT v — 15 A= s LA AR b 5
Yotk G 2 5K . ol A ARG TR L RS
W HRRE . REAT R R AL | A AR 2 R 2T 1L B A )
R H CIA{E (50~70), (Fe,0,"+MgO) . TiO,
L& ALO,/SIO,  K,0/Na,0 . AL,O,/(CaO+Na,0)
i, La. Ce & M Th/Sc. La/Sc {H¥) Bl HE1t
HiJZ B DURA EAIE T R R 5 90 5% 7

M SCAEAE YRR BT R 28 ARy A AR T I
YRR vp 388 A T8 B0 LB A= M se 9 5ok 210 H AR
RUAION, PR R AR e o, R ID R
LI RLE N, 5 R TS R AR R
KRl S 248 ok, IR IS b DXOB B A K
WSROI kb . B TS — S 2 1 ) ot
MR AR R R AR, 4K WA E R
Rt 2 5 bl
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R bR g i Ll AR U L DU
FE A A B a AT R A e i, AR X A AR
PASkZ P T i sl . Bl 280 i k2 8 IR
iy AR AR e P, PP AR AR Al P

db 5L
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3.1.3 PARMEBDAFAGAMETE XT
rFTE 3 LA A B 2 B OIG ISF BR — SO A 3 R 4L
Aot 7 R A E R A s T A R
e /g B LRER MUY %
NGNS

Bl /R 2% 3 1L HF 1Y = B 20 46 B9 RIS A e BR
230~202 Ma, 155 38 [E 7R &6 1Y BI S0z 3l i R )
Go BZis sl 1. el 3 BERSE /N B
AE—E. §305E 7, N AERT R,
V38 1L A2 2] ) LA s el i 2 1) 2 T e S )
B, AR R i 3 — R 9 i B ) G RS I DE I
PR KB 2, HEHF FR 0 g 38 0o 38 BLOK sa 7 3
b B K1 K AL XK, N =& 4R, R
TR AL RES P SR I T8 1 | iy N e S
P30T R W A T 3 il 2 22 (8] B Bl Y SR Y A i 3R
B BV, BIR AR = S 0 A L E R RO RRE
PR A 1 25 1 SR X Tl il A A R S5 1 740 o

ERZ 22, 2k =K OF K. ke
Wre sty -SRE R ) PR K. S5k
T AN AN TA],  BAT R 2R 1 A e A AR
e 11132 2l 19 g sl AN & JE8 IO 5 R4 A i B v o
AR T8 U 7 S RRR BV R Rl R o R (B R A
NU) EYIMK . RAETHRP AR “Hilizg)”
X — LB A R s X R L B A X R T ek 2 B
FHGE ", AP S S AR AL Y S Sl ]
R A G S HAR D W B o RSORE ™ IAK,
Kby F AR X e 1L B A s AT B 24 T,
JE B AR AR AR 22 AR SR AE K 1L B 4B IX ) LA
RIS B T A A R ™ BT R
ZR 18 A it Ly H e 2 3T — BT JR 28 — 7 T A kg E T B
FEJEMAT (46~48 km) T fg 5 A R A G,

B W2 U IR, PR ZE I = S 20 AR K
25 5 VAR R I % b A A DG A R B IR
T B 0 B BRI AR — 350, 0% b e A i b 0 5 B B
B =4 s T AR AE S WA K, el 3 2% i X B 57
- S5#A S EA LN H BN A 2XIE
A5 KA T Bl 1 Ab 2 s A BRSO, Mg A
Ak g A e ok KA &Jm. HIPE ™k
N, BRI =B B A AR T A

Woh, —BLMMRRT 2P, ZXET LM
WE R A M OM O g e A IR IR RRRR, SR
Jr iR ST AL, TR T % X BT B S SRR 1Y
FW A R, PEAA R K KA A RN
(251.2+0.3) Ma, HERFARXEE =S4 04X
FORAR A . AR T DA R R Y B S - 1L s
Bl AT R XS N A il P S X A B B ) b B A
ARICNH, T8 ERKRIXES 3R, b
S 3 1T A i 2 DRIV s R AV ] AR A7 AE 22 57, B
IRZETE A &4 R (29250 Ma) Hbse kg 2R E 3t
ARGER . AR ARG AT R, SR
5 Z0 M 5 e 3 AR K 5 B S TR A TR B b5 A7 B ek
, BT RMBERIES, KRN S NTE R
P TR AE, AP AEREE & EA RS,
R R A 4 a6 A T AR T R A 1
wn, = 2o s A AR B SR R B R 78 b A
A, RE A A N S T B R 2R R
H, DAL R AR A
3.2 FRFELHREIRBEFRAAEEE LT
BT 1% 2 1 1Ly T Ak iy O 3 1L R K 2 B
B AU A TR A 4 Bk A T B R A A v 1L
T2 R 0 S Y A i A v AR A AR R B T
530 75 km’, Mo 22 i KBl A KOk A B A o
3 AR R EEFER T R E W
Ly 7 s
RGeS e . S5 M . S . BR
[CIf 25 PR A R sk A2t 5 2 R, Bl/R %
Hh7E B R - BE AR T M . I ST XA i A 2R
EmFl, RAS . KIWAKRE, kL
3.2.1 MARRBLFEFN SHM A TE
PAT “BTIRZE AL A 2R L R R R
H (1986—1990) Hr, FATE kI 1% X ALK
FHY N NAEE R, &, (OEIT T 0 SAKIE(E,
T 7R A6 B IR T b e 4 B I ) AR R ) AR R b 5T
T W BT R 22 48 B o 2830 43 R BT JR 283 th &R 4 4
A - M . EIERE R A Y, REET
18 A R L EERRAE o ] R b BT R b
IGCP420 11 H W A= 4 KB 2E . ZR—rh 7 X Ay
WEHE” (1997—2001) Ry RKEFdERY, IR
T P AR IS AE 400 Ma 2247 FUAE B3 A o5 4 M3
DL 2 NAE RAE B N A S 3, A il o B 2
ECEP 7 B 2] P A RN S B R 51, Kk Sr-Nd [R] 7
BT 6, (O BE — BRI X R AR AE R A
HAEENFEM R R, st AR R A A



514

BAPRAE, A5 BB R AR L b A AU e B A <R R VR 13

B W FEA R AR, SRR R T8 A Hh 5T A
W SE Y AR G E R, IR AR AR R
B: [60, 79, 84—87JO

BT /R 28 XA X A . DURUA B R bR v 4 ik
ok B A IR R R B A A S RN HE R A 2R D E
78 HE~420 Ma il &, (O A IEA 1, HE L
UBHIEAE . XM, ~420 Ma B A EESE A
LW R ACH AW IR A, 25 LR A 4 g
fil Ry L F2 A Wy 5, AT RIS S SR VR A IR o K
SR EH IR A S A, SRR A A
B8l L7 7E~420 Ma 858 ZU ek s

B JR 28 AL 10 7 Nd A7 R R ', BfJR 28
HERHRAR R Y e, (O EEAR, Nd R R BRI
T M 1.0~1.3 Ga, WE/RFFTEN BHGE. 6, (OH
Habm g e, SRR RER, BoRk7
AR, A AR U AT 2R 2 1 1T R B KO 1 A A
W, WA RAERMBEEIRENSE . LK
B HE R R AR RIS SR 7 PR R
TR B 2 LA R SRR X B, e R X A
ESL A

Sengdr &5 7 SN H I 3 1113 AT BEIT 50% AR
BHbAE . ARG AR A N, HE R 24 r it
58, VEF KB W48 A R v 1A% A BT R 28 3
L5 Hh 5T TE 420~380 Ma & A TP Az, ST
K H>60%, 35 FNTZ X HIFE 90%., 3 Fipi s A=
SEARI SRR, A SRR 5 & LR I 90% 11 6T
A b TE B PR I ATE 20~40 Ma P 5E R

BT 7R 28 1 L A7 R A U B OR 5 R A B A HEL O
45 B[Rl 2 48 AE 300 Ma Jij 5 i35 AN [a] 7,
WEE R 5T A A 4K & AR 7 300 Ma Z i, 300 Ma 2
Ji B2 0 5 RS K Ty b 3 () A7 28 2 A AH — B
330 BEEAE 2 1 Y VB K M IX 7 300 Ma Fif DAL 89 )
WA Sk 5 5 A8 A G KB 7 . TG ER RN )6 3R
A EA, X TIX 300 Ma 2 )5 B A AR IX &
HRT 50% [ J i ARy ™ 3 e 4 5 1k
Sy il 72 9 ST MIL ) %) 8 7% A B e B 2R 2845 i e TR
DR BT AR AR

AR AR E AR RiEA . BEREY
B TR B KO 1 A LA RN L BR b S R AE
SR T HAEIE AR I ZREE Y Xiao B U RN T
HOE s LA VR L 2V AL . 2 . 205 by
Az 1 5 G A 3 L I T A O SRR o BT R 28 3 1L
Bl T A AR SO A AU RS L AR TR R
R T A RIS 2

3.2.2 BAMEWMER  FRZEEILMZ
B A AR R — I TR 3 44 A T RS R 3 -
RORCE B RE 0, R A I Ok s T I AR AR
BI55ei A BEAE A G, 5B —IRAE Rl AR
5 R B £ 0N 500~750 °C, JE /) 2~4 kbar, T
ALSIO, = AH & W R 7, 78 5 BB BE w] Gk 3] 60~
150 °C/km "**'o 78 JFi 2 i Bt A1 485 A 30 4 S~390
Ma ‘> 0 KA TR E R4S =710 °C, %
AH v R AN AR A S B A A e e — B, Rk
e AR (~390 Ma) ', IR 5 R I IR
A, X — IR R R PR B b ) B3 S A R
Hiu el S R RO P R TR, AR IR
BT 8y 2 LA 2 W i B 30 e TR AR R R R A,
WA 38 725 I 4% 2 M S J7 8 kbar, IR 960 °C., %A1
U-Pb 4 4 (271+5) Ma, KUIBT/R 28 1 L1147 FE 2%
MERAREERET Ba, X SRR
HEalfe S 24 (280~270 Ma) 5 LK M e A3
WA BEVXR P, “RIRASE” & st
AR ENSEREMN (SREGSEH)
YIRS R, E N SE i AH BAE R —
FIRIUE, die o7, SRR IR
FEEMEA, X — A R TR A AR A
Jok e A B RN AR A ) A

Ko DA Nd I S[R3z 2 AR A FRAF Y BT 7R 2
ARSI A . BPEE A DR IR T
BNb XA mEEL A K e DL SN
wh, FRE PO R 1L e A B R AR E T BT
IRFETE WA R A 4 JE A b A T = A M — &
e, T EaR T AR IR s R AR R, B
T 9 30 e TR SRR B R T s B A ST A ELAE
i ARG 2 T O s, T LA K i 1
FEEER PR, S AR AR A A SRR K
U FE I 3852 T E 2R Y L mly . i BT /R 2812
I I AT R R T SO XA I 365 1 B i TR TR 3R
AR RS It AT 1) 5 R A 1 A BE A5 R T A 4R 1)
TG A &R E .

4 B RZEHAERTA 4B RS
B A

4.1 MRFHERBEEEFRERXRA TES
5 RE RIS

4.1.1 HahES5RALR SRR AL LR

By o W BRAC AR AR 2 57 AR S A TR B R 4

B2k, 6 A KA Ay S A AR R A R AR
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AWK - (FERLAIK) 25 i e R 6 o 9 =
Hufr o A SRR A B B YIRS A
KR, AR AW 5=, 1A
S A R Do,

SR, BT R 2 v A AR R B A 4 JE A o o
i W 7 15 ] AR B 2 A A T Rk O R A
P FETE 25 I 22 BRI (3K 29200 Ma) (]
3) o WNAT AT FE R B A 4 R S A A A K
LBz R 2 A RN T B AR i e 44l (~400
Ma) =0 i A g A R = & T (<200
Ma); SufMFE . REZWAEEA RS R 225~
202 Ma, B #HFEFAEA T A 4 I8 A1 i e 75 K
BIOAERY (190~150 Ma), ‘BT TRAF MM AL R A
N 400 Ma P AE XA b, AR AT
& JE A b KBS A, (H R AR AR X A 2 A A
RN RFR, IS5 A, HEMWE,
5t 5 ] AE 1 25 BR AL 2 4 5 L B B AN T
(Hf R ZRA R A3 5 ROl it o % L 48
Bo) o EISMIA SIS, s di s R R e 4R
TERd A 1, TR S e MR AL 2 R B
ANFELE N TR LRI e i, R A
Y Jin % K Tanco i 7 . A H) I Greenbush £ i
FA L XERE S BRI A S A KA T
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AT IR AEZ S N . BE T 8 i IX
IEARIE R 6 P HbER {24y, Pl e . FTE A
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Fig.4 Zircon g,(t) vs age diagram of the Altay rare metal pegmatites (modified after references [4,17])
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Fig. 5 Petrogenesis model of the Altay Mesozoic pegmatites

(revised after reference [135])
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