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Geochronology, Geochemistry of Dagenbieli Neoproterozoic Granites

in the Yili Block, and Its Geological Implications
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Abstract: Geochemical studies indicate that the Dagenbieli granitic intrusion in the northern mar-
gin of the Yili Block is a high calc-alkaline and weak peraluminous granite with high content of
Si0, (76.22%-76.86%), ALK (7.07 —7.93) and low content of CaO(0.95%-1.21%) and MgO

(0.10% - 0. 20%). This intrusion has moderate REE concentrations and strong negative Eu
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anomalies(JQEu=0. 06 — 0. 19). They are enriched in Rb, Th, Sm, Ga, Nb and depleted in Ba,
Ti, Sr. Characterized by average zircon saturation temperature of 759 “C, consolidation index of
1.07 - 2. 14, differentiation index of 89. 98 — 92. 11, the Dagenbieli intrusion is the highly frac-
tionated S-type granites. U —Pb zircon analysis suggests that the intrusions were formed at 942. 5
+2.6 Ma. The Nb/Ta ratios were close to ratios of the upper crust, Mg# value is 4. 52 - 7. 33,
and the eHf (t) values of zircon range from —O0. 41 to +4. 34, which indicates that the source
rocks were ancient crustal materials with new crustal materials addition. The zircon of intrusion
have two-stage Hf model ages of 1. 41 —1. 66 Ga, which means that the Yili Block may be under-
lain by Middle Proterozoic(>>1.7 Ga) crystalline basement. Combined with Neoproterozoic mag-
matic events in the Tianshan and Tarim area, we suggest that the formation of the Dagenbieli in-
trusion relate to the Rodinia. This study provides further and important geochemical and age data
to support the presence of Precambrian basement in Western Tianshan area and records on the
convergence of Rodinia supercontinent.

Keywords: Neoproterozoic granites; zircon LA —ICP - MS U - Pb age and Hf isotope; geochemis-

try; western Tianshan; Yili Block
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Fig. 1 (a)Simplified geological map of Chinese Western Tianshan showing the distribution of intrusions and the tec-
tonic division(Modified after Xu et al 2013) ; (b) Simplified geological map of the Dagenbieli intrusion(Modified after

Wang Hongliang et al, 2008)
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Tab. 1 Major(%). REE(10™°*) and trace(10~°) element compositions of Dagenbieli granitic intrusions

Fedhs  11DGO1 -1h 11DGO1-2h 11DGO1-3h 11DGO1 -4h

FE g5 11DGO1 - 1h 11DGO1 -2h 11DGO1 -3h 11DGO1 —4h

SiO; 76. 86 76.22 76.57 76.79
TiO, 0. 06 0.08 0.16 0.16
Al Oy 12. 38 12.62 11.99 11. 97
Fe; O 0.03 0.27 0.21 0.18
FeO 0. 96 1.10 1.57 1.53
MnO 0.03 0.03 0.03 0.03
MgO 0.15 0.10 0. 20 0.19
CaO 1.17 0.95 0.98 1.21
Na; O 2.82 3.04 2. 46 2.58
K;0O 4. 84 4. 85 4. 89 4. 61
P, 05 0.03 0.03 0. 05 0. 05
LOI 0.58 0.70 0. 87 0.67

Total 99. 90 99. 99 99. 98 99. 97

Yb 9. 04 5.03 4.70 4. 66

Lu 1.37 0.79 0.72 0.75

Y 97. 60 57. 60 48. 40 48. 60

REE 85. 04 66.57 252. 06 244. 21
LRE/HRE 0. 43 0. 69 3.91 3.83
La/Sm 0. 80 0.98 4. 68 4. 88
SEu 0. 06 0.08 0.19 0.17
(La/Ybyn 0. 34 0.67 6.91 6.73
(Gd/Yb)N 0.77 0.92 1.42 1.45
Cu 3.18 2.83 0.29 0.56

Pb 60. 60 45. 50 40. 40 39.70

Zn 22.40 21.00 40. 20 41. 30

Cr 1.28 1.23 1.32 1. 98
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gx1
s 11DG01—1h 11DGO1—2h 11DG01—3h 11DG01—4h [T 11DG01—1h 11DGO01—2h 11DG01—3h 11DG01—4h
ALK 7.66 7.89 7.35 7.19 Co 0. 88 0. 84 1. 28 1.52
K/Na 1.72 1. 60 1.99 1.79 Li 8.09 6. 81 50. 20 50. 10
A/NK 1.25 1.23 1. 28 1.29 Rb 326. 00 281. 00 276. 00 285. 00
A/CNK 1.03 1. 05 1. 08 1. 05 Cs 4. 56 2. 69 8.15 8. 27
Mg # 7.29 4.52 7.33 7.07 Mo 0.24 0. 44 0.13 0. 14
SI 1.70 1.07 2.14 2.09 Sr 17.00 22.10 33.10 34.10
DI 91.58 92.11 90. 65 89. 98 Ba 13. 40 23.70 168. 00 171. 00
La 4. 62 5. 00 48. 20 46. 50 \Y% 3. 69 2.51 5.41 7.09
Ce 13. 40 13. 80 103. 00 100. 00 Sc 2.28 2.25 3.01 3.22
Pr 2.18 2.21 12.10 11. 90 Nb 24.50 21.00 12.70 12. 60
Nd 10. 80 10. 50 46. 20 44. 50 Ta 1. 86 1. 61 0.90 0. 89
Sm 5. 74 5.11 10. 30 9.53 Zr 68. 40 53. 40 162. 00 184. 00
Eu 0. 14 0.14 0.59 0.51 Hf 4.70 2.49 5.07 5. 86
Gd 8.67 5.76 8. 26 8.35 Ga 19. 70 20. 30 18. 50 18. 80
Tb 1.75 1.13 1. 39 1. 35 U 8. 11 6. 26 4.59 5.02
Dy 13. 80 8.59 8.92 8.57 Th 40. 80 39. 90 39. 60 39. 80
Ho 3.17 1.91 1.75 1. 80 Th/U 5.03 6. 37 8.63 7.93
Er 8.92 5.77 5.16 5.07 Nb/Ta 13.17 13. 04 14.11 14.16
Tm 1. 44 0.83 0.77 0.72 10000Ga/ Al 3.01 3. 04 2.91 2.97
Ni 1. 30 1. 45 1. 20 0. 80
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AL 7 W B0 R RE B8R I FRUASURL B A HE AT 1 HE O
PO s A N B A A B8R ARG T B O LR
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B4 Lo — HE [A47 2 M5

Bifr U — Pb 4F % 3 i 15 %548 0 F Glitter
(verd. O) F Jp tE A7 158 1A B, 5 S JHL 0 47 35 3 4%
FOAE . TR o3 B A0 BB 28 B U7 22 WL Ballard ]
R et al. ,2001; 32 PEAREE, 2003, JIF A A 5345k A7
Pb/** U 4 &, 4 8% 1+ 55 % 18 Sk T Tsoplot
(ver3. )58 8. FAAEAE SR Z BN 1o, HANAL
SF-IME R 95 00 B AR BE (R 2).,
2.3 A Lu- Hf @i

B TR X Lu — HE [R5 22 3 240 00 4 3t 72 S
42 0 Yuan et al. ,2004, A" Lu/" Lu=

0.026 55 F1'"™ Yb/'"™ Yb=0.588 6 (Lizuka et al. ,
2006 ) 3477 )k 5% 5 19 F 90 B 16 157007 B
{97 L/ FLE LR ™ HE/ H (i, K3 e 7155
KA Lu FEASE BN 1.865X10 '1a 1(Scher-
er et al., 2001), BR k7 1 4 8L 4 19" HE/'" Hf =
0.282 772, Lu/'"" Hf =0. 033 2 (Blichert-Toft et
al. . 1997); =5 4t 3 % B 470 HI/'" HI = 0. 283
250, Lu/Y" 7THf{ = 0. 038 4 (Griffin et al. . 2002),
H T2 E W Soa v £ 8N U A, L 40
JoT R Bl 4 56 1) Lu/HECfm = — 0. 725 Vervoort et
al. +1996) 2k — P Bt AR (3R 3D,

3 SpiLh
3.1 EAMBKKFEE

SA B R (SIO, =76.22% ~76. 86 %) ik
(AL O, =11.97% ~12. 62 %) [ b BR 1k 2% FRAE
TiO, &M 0. 06% ~0.16 %, K, O, Na, O & & 47 7
H 4. 61% ~4.89% F1 2.46% ~ 3.04%, ALK =
7.07~7.93,K,0/Na, O i} 1. 60~1. 99, FeO %
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R 0.96% ~ 1.57%, CaO & 4 H 0.95% ~
1.21%.MgO 3} 0.10% ~0. 20% , 5§ i Z& (AR) Ky
2.22~2.62;:4E TAS EIff A it sl 2200 v 7EAE
FILE N 8 22) 578 K, O = Si0, & fif oA 5 s 75 1
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8480 A/CNK iy 1. 03~1. 08 LA _F FR1iE 158 B 35 A2 51
B R Sy 55 0o R T R B B R SN AR
AW L R E PSS, N 66.57 X 10 ° ~
252.06 X 10 ° AR 4 s 1 e 4 it £k (1] 3a) WK A b
Sr NP4, — 4 WoR A E B+ ((LREE/

HREE)\ = 3.83~3.913, (La/Yb) ff Jy 6.73 ~
6. 91, AT AL "4 A 5 O3 — AL RE Sh R AR o R
SR, HR IR O 2 U R AE L B AR g
#1, ((LREE/HREE)y = 0. 43 ~0.697, (La/Yb)y
fE°H 0. 34~0. 67,

FiA AR S R B SR ZL Eu i 5% (SEu=
0. 06~0. 19) (& 3a), 7F J5 If b b5 o Ak 1) 1o it o
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Fig. 2 (a)Diagrams of SiO,- K, O+ Na; O(After middlemost ,1994) ; (b)SiO,- K, O (After
Peccerillo and Taylor,1976)
500F 1000
a0 100 2 100]
4 4z F
=X =X L
I w 10L
~ 10 ~
mg og 3
= £
1F
oSb— v v [0 DO 1 O T T T TN B B A I < B B A MO
La Pr Eu Tb Ho Tm Lu Rb Th NbLa SrNd Zr EuGdDy Er Lu
Ce Nd Sm Gd Dy Er Yb Ba K Ta Ce P Hf SmTi Tb Y Yb
B3 (a)iZiRBIEBEM REE KM RAMRAURSEXM (D) RETEEHBIEBIRELS
AL [ ( K AL B A A0 T 38 3 08 4R 4L & #E Sun et al. ,1989)
Fig. 3 (a) Chondrite-normalized REE diagram and (b) primitive mantle-normalized trace
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Fig 4. CL images of zircons fromDagenbieli intrusion
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Fig. 6 Zircon Hf isotopic data of Dagenbieli intrusion
B3R  CBEPE L T KO 1 A T AR 5 (R AR JC 55
4 THE 2007,

4.1 HAREXBESH

FI I e 5 B A Bl 23 3607 58 O MISA
B B R D o DX 3 1 T RO T M e
KD LS B (PR 8 B s R T M B G i ok
WO LA K aim 1 R BT (AR 3 3 LS 5K 2R 85D A

F LA 2RAE B A 1T LI A R AR A Y
JEH I G ad v B 23 S A B AE B s LA 4 21 R
2 oy #R IR TR IE 45 48 5 2 B T DA 1 4
bR AT RE 2 M E IR ME L I ZE B 5 o T R
AL 2255 Z F0 7 ik k47 #) %€ (Chappell et al,1992;
RABICEE,2007)
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Fig. 7

TFeO/MgO/Ca0O ~ Zr+Nb+Ce+ Y, (K;O+Na,0)/CaO - Zr+Nb-+Ce+Y and 10000 X Ga/Al/CaO - Zr

+Nb+Ce+Y classification diagram(A,B after Whalen et al. . 1987;C after Eby,1990)



533

I A AL s L AR B BB T RAE R

AR 1) BT B A AL R S FL A E (76, 2200 ~
76. 86 %) VETHK (7. 07 % ~ 7. 93%) Ay b 3K 14 % R A
HABER 10 000Ga/Al {H (2. 91~3.04) , I B & T
1R S FUAE B A i SE Y 3ok 2.1 f2.28), H
BT A BB A 10" Ga/ Al {5 F FR K 2. 6(Whalen
et al. ,1987), & & Rb.Th.Sm.Ga &t &, AL O, .
CaO.MgO.Ba . Ti.Sr &&=k . Fu B2 AL, BA
KA A BIAE R 0 HLER A 2 R AR . AT AR R
Eor R LS B AW SR S A B R
FABLE Hb 3K Ak 2% %7 4F (King et al. , 1997), #{kh
Rb/Sr {8 (8. 34~19. 18) & ,Sr.Ba Eu,P. Ti &t £ A
A T BRI, B 2535 80 1. 07~2. 14, 4r R 4841
h 89, 98~92. 11, ik L RRAE S HU R B 3K 4y SRR BE 3
o FEA Ce Nb Zr Y 55 U R i i L Al
A FUFE 5 A A BRI AR fE F 145, 8 X107 © ~345. 2
X107, /NF A BIAE B E R BRAE 350 X 10°°
(Whalen et al. , 1987), JREETELL 10°Ga/Al Jy X %l
SR i b R 28008 A A BIAE R DX (B
7E(K, O+ Na, 0)/CaO - Zr+ Nb+ Ce+ Y, TFeO/
MgO - Zr+Nb+Ce+Y.10'Ga/Al - Zr+Nb+Ce+Y
Pl ik (I 7D v S 7S Bt A 5 A 03 S A 1 2 Y0 LY o
SIS A AR ] A RUAE B A TR T e TR A PR R
(King et al. ,1997,2001),

B L IR BE (Watson et al, 1983) 31245 5 i
AN IE R ) LA ARTE BUIR BE 43 i) Ry 723°C L 706°C
799°C \808°C , 1Ky 759°C AR T ML A A HI4E B A
0 4 A7 AR IR EE Gl R T 800°C, King et al.
1997) . TMAEAE i %A 3£ 002 H K & 8) i+ i 42
PR S R R A A SR s R
KPS 7R T A AR B R o AR K R R
I TR I B AR B R T o e T B S B AE
R AR ARG E. w8 E KL Ca,Na, O/
K,O<C1,SiO, & & i B $ 7% , Fe, O, /FeO<0. 4, A
Wl Eu 50 SE AL RRIE . 5 S BUAE i 5 24
TEAIY & s ACNK fHY R T 1, CIPW SR ) 1155
SRR BRI E S . &R 0.4500~0.98%,
55 S RUTE B A SR 40 BT W 4 F B > 1 0 PR AE
(Chappell et al. ,2001) #HIT . HAEH AL Fe b Pb %
EREARE R /> EPE (King et al. , 1997) ., [6] B
DX s b IR e ) B 300 Bl R A A A R 4
G 3 Hra A BA ST IR E AL RRAE L A B AR I B
B N TR e 5 S BB .

Nb/Ta
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Fig. 8 Discrimanation diagram of granite by major

elements( after Sylvester,1989 )
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20
- S A
2, X '7) N CHUR
w // A’
Y /@s
S AN
Ve A4</
s A
-10 /({Q\)o
as b7
220 . . . . X
0 500 1000 1500 2000 2500 3000
% (Ma)
B 10 ZRINEBLRERER e (1) -FEIREH

Fig. 10  Plot of ey (¢) versus U - Pb ages for

Dagenbieli intrusion



106 ook M R

NORTHWESTERN GEOLOGY

2015 4

4.2 BARBFERYFE

AN TR B i 0 R AE AR [0 90 vp (9 43 e R 822 5
BR . DI, AT DAGE 3 A 58 5 A A - e i e R
FRAE AR 1T HR DX Bl sk BR W) IR TR S5 B S e 12
WEFE Y A, 40 W7 2 A 350 o0 0 9 = k.
IR Eu.Sr 7ERHS A b iy 43 i & e i s T
s 9. UL, A6 BTG A T i Eu il Sr 32252 5%
B AR T R A iR R A B B 5 Eu, St 5
U A IR Bk B A R & B AR A1 (Xiong et
al. ,2005) . [AlB B T A ¥ 3R Z1Us % HREE. fj
INA 5 E 4 MREE., R LY A4 18 7 4 o B2 5k
AR R B0 HREE B30 50 5 5 24 M N A N
FEER B AT A R R B HREE [ A8 %7 480 Gk
E4E,2006;Moyen et al. ,2009), 2EH Mo 00RE 5
HA®ER Y(48.40 X 10 °~97.60 X 10" °) fl Yb
(4.66 X 107 % ~9.04 X 10" ) & LA B K43 F
HREE JEZA . (Gd/Yb)y=0.77~1. 45, F B IF X 5%
AR EE N AN IF AR A5 iR R X
FEXT AL s FE 13/ o AR LA AR Nb Ta & &
AR 126X 10 ©~24.5X 10 °F1 0. 89X 10 ° ~
1.86X10 °,Nb/Ta {i} 13.04~14.16, 5 | Hh 7%
SEH A g A (Nb: 12 X 107 °, Ta: 0.9 X 10 °,
Nb/Ta:13. 3,Rudnick et al. ,2003) , {& F J§ 4 Hb i
M) Nb/Ta {f 17.4(Sun et al,1989), ¥ Nb/Ta -
Nb F i (B 9) v, B 5 s 3 60 T b 76 ~F 349 {8 B
I SRR T IR AL E A B RRAE . A Th/U
{HATF 5.16~8. 63, 5 T H1 7 FH1{H 2. 8(Taylor et
al. » 1985), 1M Th @& A JCE , 76 4 K Ak o 72
e PR e . LI pE R AR Mg™ BE A AL
T2 0 A Bl R R T b 5T 08 R A M e ) i =
5 o il RR R A0l . M5 A 6 AR B A A
Mg® IR (<Z40) . T Mg™ >40 {5 41 A 7] BE 5 i
) 5T 1 A & (Rapp et al., 1995), # 5 1Y
Mg® hy 4. 52~7. 33, F-¥{H K 6. 55, 487K & HIE
AR RS S e W A %, IF R &2 B b g ) T i
AN

M HI R A7 2 MR 25 3ok E L Ty 11 45
BOP . B4PEAN e (OENRAM—0.12~
—0.58), FRUIH Ak A Tl & 58 /93 70 46 il
T TR ens (O BARAY IE A (0. 31~4.34),
AR FEAR /N IX PP 0 P RD AT RE  —FP 48 8 T
8 IR A DR L TR A IR B R BUR R 5 3K s o —Fh

A B b e A B SRy B AR b5 7R TS A RIS R
M & 2 5 43 s B I A . T S AR ) B A A ) b
BR A A REAE 7 LI R 5 5 rh o A 8 U5 ) 5 1 n
N [ s 8 57 A 35 A %2 BRI €0 3 1 — b b o 0
S5 A0 S TR R E W D B o I b 0 ) T R T A i
I RN . 5 TR s A A 2 B B — i —
JC A B Be HE B AR R (oo = 1041 ~
1. 66Ga) ([ 10) , K T H: 45 S 4F %, PRI 28 2 o i 1)
TR AR LA A Y D i e 3R R — oo i A 2
FCFH A M7 T 4 1 w5 & AR IR AR B, R S
TR . (AR R, fT S R
FH 1 o0 2 W PR OR [A] A BE 4 B X, 11DGOoT -
1h.11DGO1 - 2h S #£ i LB LREE 0% =5 4 (19 47
fiE i £ R A A AT BB SR kR T X s R A AR
fE (2R %, 2003) . B B T oE— 43T

VY R 1L DX oy AR IR A R PR BOR IR A
20 L AR AR 1 R B A, L SHRIMP U - Pb
AEIA R 2 546Ma (4 K 45 ,2006) , Nd [r] fi7 2452
AR RUIARFLRFF S BEAE A 1 900~1 700Ma [ JE
IS HL A2 5% B (R AR 45 ,2000) Y 55 A B Y Sm — Nd
AR K 2 081 ~1 884Ma (R H%5.2009), 254k
5 (2009) 5t B F-h 8y 7Y B AIG H BB 5 AR R bR A 2E
T THREM 5 41 U - PhAER 45 R R H B ag i
AR (1 609 £40) Ma, A g ACER T LR 4 1 4 9%
GERAREIE . AR LA (2010) X AR R M X A A0 A
B EAT B A HE TR 2 0F 9. I 9 R 7 2 3 X
FERIL A R 2% A AE 1.2~ 1. 6Ga Iy R T il A4
JEIX,0.7~1.6Ga o ARG IR X X KT
1. 9Ga iy BT IR X . X 5% H 1A 1 AL
Hb A ) B A R HE A A 3 — B =X AR i
(1. 4~1. 7Ga) A — 1, i 7~ B AL b B HLAT TP A
W ARNT 1. 7Ga Bh e 1045 LR .
4.3 XWX FHTHR S EES S Rodinia 8 X

[P

McMenamin et al. (1990) fil Hoffman(1991) 42
o 0 A% MROBUR 1 LB Bl B L3 LA g U L B
AR e A A A b e AR 0 4 Bk ) 2 K i
TR AR — > 4 BR P 8 K fli— Rodinia # KBl Li
et al. (2008) % Rodinia i K it i 1 5 — 24 i 1 1L
BT TGP A HAE 1 100 ~900Ma
4,860 ~570Ma % 4= 244, Rodinia #8 KB 5 -
S R A A BR 0 B S SR A D sk b A AR
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2 I 4 < A7 At T AR 3 BB O oy AR AE B e B S A AR A R A ROCH M T R 107

FH 2 oo A 0] 4 R L P %) B R 5T 3 A By
B 76 TR ] 45 A A AN R RE BE A e N . BN, 2R kAR
££(1998,2005,2008,2012) 3 33 XF 47 7 He 4 8 4 -k
L B 55 AN A6 T b XOB 6 i A0 7 30 0 h 2
R ki 4 gt v e 7 5 LT AL ) 5 b A A G, IS L
R 2 4t J) 300 4t B ] 7R 4 3 LAY s I S e X
RILT B o0 i RS IR R a0 S Gl R 4R
1997 5 I 5% 4%, 1993 F I 15 4, 1999, 2000; Ge-
hrels et al. ,2003; F#4E,2006; FFEAENNEE,2006; Lu
et al, 2008 ; AL AR EE, 2007 ; Zhang et al. , 2007 ; &
INEEEE 2008 TR IR S, 20100, KLU 4% b B2 BR
oG ACAE 5 A HE R AC 3 B 4 b e 960 ~
910Ma (#8354, 2010) , 5 M5 ARl /R 1 132 8 (%
TIE ) B EF A (1 300 ~900Ma) AH 4 , A] fE J& iX —
025 ST S AE O Ll DX MR R, X 4 i B 7 BT Ty
R (1 300~900Ma) 2 B T ¥ Mg /R 1 1138 3
JG¥2 5% 4% W Rodinia i K Bl 19— 78 73 G 35
BRAF L2010 28 E R4S, 2008 s BRABTER A5, 2009 3 B ARIT
45,2009) ,800Ma £ A7 8 K il & A= 24 41 5 (i b
HELE,1998),

5% T AL B Er oo AR A K G e R A
A, B U - Pb g 45 8 R U A AR ) 516 R
HRTE AR IS R (942, 542, 6) Ma, J& 76 i 1% 57 14
FRIESN Y. XN A O LR G A
NG HE S TEI 2R w2 b W R 7E 10Ga
A A e R AR R e THERT . DL BB A
Hb AR B 78 AR B B B 2 508 B il Rodinia K
i () — B 43 o X A W5 PG K 1L X i 2E s 20 SE R Y
4 3 38 Ak D77 5 S FEAE Rodinia 8 K Bifi v ) o7 B $2 41t
THEFR.

(DLA - ICPMS #: 47 U - Pb @ 4E45 B 31535
R 51 BLAE i) 45 (R AR % R (942.5 £ 2. 6) Ma, J&
Boe AR A FE S )

(2) v A0 M BR AL 27 R AR R B SR AR 0 AR 0 o B
P BRE R A B A e S BUAE K B RRE L 2
oo A S e R T AR b ST A A RS R AR
TR AT R bR 5 3K Bl 5 28 B o S AR TR A

(3) 3K AR I BL A R R K1 Ml X T 92 AE TR Y ~
0. 9Ga 14 & PRI i ) N7, 45 45 3% BLOR ] i b B[]

AR 1 23 A R D A= K Ll R 7SR e o AR
W25 R G M Rodinia i Kl .

2 2 3w (References) :

FUEERE 2R 152 S5 - BT PE K L0 B B b IX A0 e 42 2K
W —URUF B & gk B[], 3 BTs 3F . 2015, 61 (1)
195-206.

BAI Jianke, LI Zhipei, XU Xueyi, et al. Carboniferous Vol-
canic-Sedimentary Succession and Basin Properties in 1li
Area, Western Tianshan, Xinjiang [ J ] . Geological Re-
view,2015,61(1):195-206.

PRAEF IR EZ , F0BT 55, % . SEB A b e py 2% B b B0 oo 4% it
Bon i ARIE K G 4 A1 SHRIMP U-Pb 42 [J]. 3t 5758
% ,2006,25(11) :1311-1314.

CHEN Nengsong, LI Xiaoyan, WANG Xinyu, et al. Zircon
SHRIMP U-Pb age of Neoproterozoic metagranite in the
North Kunlun unit on the southern margin of the Qaid-
am block in China[J]. Geological Bulletin of China,
2006,25(11):1311-1314.

BRBTER , £ 25 Ph bR A, 45 . R 1L PR GR SRORITRL R SH0K R0 AE
JrRR A SHRIMP 5 1 48 4% 2 FRAE B 3 oo (LT b
BRF2:.2009,38(5) :424-431.

CHEN Xinyue, WANG Yuejun, SUN Linhua, et al. Zircon
SHRIMP U-Pb dating of the granitic gneisses from
Bingdaban and Laerdundaban (Tianshan Orogen) and
their geological significances[ J]. Geochimica, 2009, 38
(5) :424-431.

MR SIS BB R SR DR, 5 . VE R I R B AR KRR A Y
B U-Pb 4F 88 K Hoit i LT, B3 4, 1999, 44
(21).2328-2332.

CHEN Yibing, HU Aiqin, ZHANG Guoxin, et al. Zircon U-
Pb age of granitic gneiss on Duku highway in western
Tianshan of China and its geological implications[J].
Chinese Sci Bull,1999,44(21) .2328-2332.

FRLERE ARG IR AE LS RT]. MR
il .2009,28(12) :1804-1816.

GAO Jun, QIAN Qing. LONG Lingli, et al .
orogen icprocess of Western Tianshan,China[J] . Geo-
logical Bulletin of China,2009,28( 12) .1 804-1816.

R A B R AN AR L S . BTSRRI EE 6 5. BraRdL
TATIE R RIMI. dbat: HBT & At 1993:1-171.

GAO Zhenjia,CHEN Jinlian, LU Songnian, et al. Precambri-

Accretionary

an Geology No. 6: The Precambrian Geology in Northern
Xinjiang [ M ] . Beijing: Geological Publishing House,
1993.1-171.



108 ook M R

NORTHWESTERN GEOLOGY

2015 4

AR E R RABERLE R AR A8 A U-Pb
FE AR A R 2 AR B R b A 3 R SCLT L i et
Ji,2004,22(1) :4-15.

HAN Baofu, HE Guoqi, WU Tairan,et al. Zircon U-Pb dat-
ing and geochemical features of Early Paleozoic granites
from Tianshan. Xinjiang: Implications for tectonic evo-
lution[ J]. Xinjiang Geology,2004,22( 1) :4-11.

A5 E P N i G L A T B U b R R B R
HIML JEat: Bhaf i RAL . 1997.36-62.

HU Aiqin, WANG Zhonggang, TU Guangchi. Geological E-
volution and Diagenic and Metallogenetic Regularity in
Northern Xinjiang [ M ]. Beijing: Science Press, 1997
36-62.

B8 BF o R R B L A L R Ll L R I I ARt e 1
A Nd WAL R AL P ER 2D 3, 1999,29
(3):104-112.

HU Aiqin, ZHANG Guoxin, ZHANG Qianfeng, et al. Con-
straints on the age of basement and crustal growth in
Tianshan Orogen by Nd isotopic conposition [ ] ]. Sci
China(D) :1999,29(3) :104-112.

BATE ST AN TR R, A . BT AR B st IO T g g s
Sm-N d 4654 S I 26 58 4R T o s LT e
4K ,2004,20(3) :457-462.

HU Aiqin, HAO Jie, ZHANG Guoxin, et al. Whole-rock and
minerals Sm-Nd isochron age of early Neoproterozoic
ophiolites and its geological significance in the eastern
Kunlun area, Xinjiang,China[J ]. Acta Petrologica Sini-
ca,2004,20(3) :457-462.

B E, T MM, T E L S . Kl 0. 9Ga B ot i AR TE b A
SHRIMP %% f1 U-Pb 45 #% Je Hooh it & SCL D HhBRFL A=
2010,39(3) :197-212.

HU Aiqin, WEI Gangjian, JIANG Boming, et al. Formation
of the 0.9 Ga Neoproterozoic granitoids in the Tianshan
Orogen, NW China: Constraints from the SHRIMP zir-
con age determination and its tectonic significance[]].
Geochimica,2010:39(3):197-212.

W AL LT ZF R E . P ERHAE &AM,
JEnT: Bheg Ak, 1980 1-124.

HUANG Jiging.REN Jishun, JIANG Chunfa.et al. Geotec-
tonic Evolution of China[ M]. Beijing: Science Press,
1980, 1-124.

PR i AW S L Rl RO AR AR AE L 3 58 2 R
5 ALY ] 5 E 4, 2006, 25(8) :895-915.

LI Jinyi, WANG Kezhuo, LI Yaping,et al. Geomorphological
features.crustal composition and geological evolution of
the Tianshan Mountains[ J]. Geological bulletin of Chi-
na,2006,25(8):895-915.

AR L Mg R Y AE B A A R 2 T A
LT M Bk AL 2% 3 i . 2003,18(3) :392-397.

LI Wuxian,LI Xianhua. Rock types and tectonic significance
of the Granitoids rocks within ophiolites[ J]. Advance in
Earth Sciences,2003,18(3) :392-397.

ZERRAE . AR T U LG B Ml AR A A R b R Ak A 2
(1. ek Fi24dR, 1998,41 G Ti)) . 184-194.

LI Xianhua. The Jinning Orogeny in southeast China; Geo-
chronological and Geochemical constraints[ J]. Chinese
Journal of Geophysics,1998,41:184-194.

AR AR TN A . B A HE R R AR LAM-
MC-ICPMS i i 72 (1. M Bk fk 2. 2003, 32(1):
86-90.

LI Xianhua, LIANG Xirong, WEI Gangjiang,et al. Precise a-
nalysis of zircon Hf isotopes by LAM-MC-ICPMS[ ] ].
Geochimica,2003,32(1) :86-90.

AR AR B T2, X 5 . T PRI 2 oo AR =k
W B HE R 622 A Fe/Mn Bl 29 (], Bl 58 4
2005,50(19) :369-374.

LI, Xianhua, QI Changshi, LIU Ying, et al. Petrogenesis of
the Neoproterozoic bimodal volcanic rock salong the
western margin of the Yangtze block: new constraints from
Hf isotopes and Fe/Mn ratios [ J] . Chinese Sci Bull,

2005,50 ( 19):369-374.

Ry S S S W A S ST R AR s B L
SMEEC BB BN RALT]. ek,
2008,37(4) :382-398.

LI Xianhua, WANG Xuance, LI Wuxian, et al. Petrogenesis
and tectonic significance of Neoproterozoic basaltic
rocks in South China from orogenesis to intracontinental
rifting[ J ]. Geochimica,2008,37(4):382-398.

kA R L 5F . AR R R TE S Rodinia # K
Rl 2R 5 - R - WG R SR IR LT ] & s A Rtk
iR .2012,31(6) :543-559.

LI Xianhua, LI Wuxian, HE Bin,et al. Building of the South
China Block and its relevance to assembly and breakup
of Rodinia supercontinent;Observations, interpretations
and tests[ J]. Bull of Min, Petrology and Geochemistry,
2012,31(6) :543-559.

XA AR B AL A B ORI Sl Tl U T A s
Mo SR AE K b R SCLT . B 8 b R 2009, 27 (3)
201-206.

LIU Wei, XU Yongbo, HENG Xing, et al. Geotectonic fea-
tures of metamorphic complexes from the northern side
of the sayram in Xinjiang. Xinjiang Geology[ J]. 2009,
27(3):201-206.

T R s AR BT R L AR TR P R 1 R % LT (Gt XD 4B B



533

2 I 4 < A7 At T AR 3 BB O oy AR AE B e B S A AR A R A ROCH M T R 109

IR R AE B AR AR SE T ] 25 A1 % 4, 2007, 23
(4).719-732.

LONG Lingli, GAO Jun, XIONG Xianming,et al. Geochem-
istry and geochronology of granitoids in Bikai region,
southern Central-Tianshan mountains, Xinjiang[J]. Ac-
ta Petrologica Sinica,2007,23(4):719-732.

Rl A 4F. 377t I B Rodinia 88 R BEAF 00 R IRPELT ). H B
1B, 1998,44(5) :489-495.

LU Songnian. A Review of Advance in the Research on the
Neoproterozoic Rodinia Supercontinent[ J]. Geological
Review,1998,44(5) :489-495.

SN BDE L B AR A L PR R 3 Y TG BT E R 22 A
BT R B R A oE R AR S A s LT ] A
Ji,2008,22(1) :34-44.

QIN Xiaofeng, XIA Bin, LI Chunquan, et al. Geochemical
characteristics and tectonic setting of Precambrian gra-
nitic gneiss in the western segment of Altyn Tagh tec-
tonic belt[ ] ]. Geoscience,2008,22(1) :34-44.

F 18 & R DominiqueC., 5. 7+ BL L B 1 27 4 55 5 (A AR AQ
ZFHER AL 2 50 B HE R s A 3 A LT ). 5 4R
2007,23(8):1885-1900.

WANG Bo, SHU Liangshu, DOMINIQUE C, et al. Geo-
chronological and geochemical studies on the Borohoro
plutons,north of Yili, NW Tianshan and their Tectonic
implication[ J]. Acta Petrologica Sinica, 2007,23(8):
1885-1900.

LR A A LA . PR G SR TR AR R R R S
B AR B b T PR BT T LT . e A b B2 4R, 2006, 12
(1) .:74-82.

WANG Chao, LIU Liang, CHE Zicheng, et al. U-Pb Geo-
chronology and Tectonic Setting of the Granitic Gneiss
in Jianggaleisayi Eclogite Belt,the Southern Edge of Al-
tyn Tagh[J]. Geological Journal of China Universities,
2006,12(1) .74-82.

EE AR SO AT A R E R L B AT DX S5 AT K i B
BIMI dbat o R H AL L 2008.

WANG Hongliang, XU Xueyi, HE Shiping,et al . 1:100M
Geological Map of Tianshan and Adjacent Area[ M] .
Beijing : Geological Publishing House. 2008.

RATC WA ML S L 26 R A R B ST Y o T TR
[J]. HA%4R.2007,23(06) :1217-1238.

WU Fuyuan, LI Xianhua, YANG Jinhui, et al. Discussions on
the petrogenesis of granites[J]. Acta Petrologica Sini-
ca,2007,23(06):1217-1238.

FeTCR KR K 2R YK A L AU B S OG5 U-Pb
AR AR R AL LT . A A SE i, 2004, 20 (05)
1007-1024.

WU Yuanbao, ZHENG Yongfei, GONG Bing. et al. Zircon
U-Pb ages and oxygen isotope compositions of the
Luzhenguan magmatic complex in the Beihuaiyang zone
[J]. Acta Petrologica Sinica,2004,20(05) :1007-1024.

BT AL A R ARRCl P RS s
% :Rodinia j# Rl 2448 -2 i b BT 28 s LT 0. Pt
Ji:2009, 42(1):1-33.

XIA Lingi, XIA Zuchun, L1 Xiangming, et al. Mid-Neoprot-
erozo ic Rift-related Volcan ic Rocks in South China:Ge-
ological Records of Rif ting and Break-up of the Super-
con tinent Rodinia[ J]. Northwestern Geology,2009,42
(1):1-33.

SLALA A SCLBDMRT 5 R LA IR - 5 20 5 il 48 A8 14 IR
F A hERAE2E BEgE L] PE AL Hb T . 2005,38(1) 1 1-14.
XIA Zuchun, XU Xueyi, XIA Lingi, et al. Geochemistry of
the Carboniferous-Permian postcollisional granitic rocks
from Tianshan [ J]. Northwestern Geology, 2005, 38

(1) :1-14.

ImAEL /R BIRKMEY R . A A EIM].
Ho TR A AL 5 1999.

Xinjiang Bureau of Geology and Mineral Resource Explora-
tion. lithostratigraphic of Xinjiang Provience[ M]. Chi-
na University of Geosciences Publishing. 1999.

W B A E . RIL A &R-— &4 )5 i AL XK
1 Nd. Sr.Pb [\ 72 ¥ KR &[T 1. 796 5T, 2005,
38(2):1-18.

XU Xueyi, MA Zhong ping, XIA Zuchun,et al. Discussion of
the sources and charact eristics on Sr,Nd, Pb isotopes of
the Carboniferous to Permian postcollisional granites
from Tianshan [J] . Northwesern Geology, 2005, 38
(2) .1-18.

WS, Db, A AL A Rl v Bl AR UTE s
TIMS ¥4 1 U-Pb [Al i 3 5 4F KA A Bk Ak 22 e iR OF
5[] PEIb# R, 2006,39(1) :51-75.

XU Xueyi, MA Zhongping, XIA Zuchun, et al. TIMS U-Pb
Isotopic Dating and Geochemical Characteristics of Pale-
ozoic Granitic Rocks from the Middle-Western Section
of Tianshan[]J]. Northwestern Geology,2006,39 (1)
51-75.

g SC, Tt S E bR, 48 . P IR IR S s Xy A AR AE R
AR A O HE R AR LT &) 2
#5+2010,29(6) :691-706.

XU Xueyi, WANG Hongliang, MA Guolin, et al. Geochro-
nology and Hf isotope characteristics of the Paleozoic
granite in Nalati area, West Tianshan Mountains[J].
Acta Petrologica et Mineralogica,2010,29(6) :691-706.

WG 2% AR 25 R AR A58 BT8R R Ll g 2% K AT 3t X g



110 ook M R

NORTHWESTERN GEOLOGY

2015 4

BOERES 1 U-Pb [A] i 3 8 4 5l 2B ARV AR E 4
(1. A 24, 2011,27(1) 1 77-95.

YANG Jingsui, XU Xinagzhen, LI Tianfu,et al. U-Pb ages of
zircons from ophiolite and related rocks in the Kumishi
region at the southern margin of Middle Tianshan, Xin-
jiang : Evidence of Early Paleozoic oceanic basin[J]. Ac-
ta Geologica Sinica,2011,27(1):77-95.

T 0 L B PSR L AL SF L op [ T BT OOl AU M A E
2 i R A J2 O P BT D) Al R AR R HG R B 3 R
(1], &4 247 ,1999,15(4) :532-538.

YU Haifeng, LU Songnian, MEI Hualin, et al. Characteris-
tics of Neoproterozoic eclogite-granite zones and deep
level ductile shear zone in western China and their sig-
nificance for continental reconstruction[]J]. Acta Geo-
logica Sinica,1999,15(4) :532-538.

R VN 2 A S = i A TR TR A gz 3
RHAMFMAE AR AER LU,
2000,23(2) :98-102.

YU Haifeng, LU Songnian, XIU Qunye,et al. Assembly and
Crack Events of Neoproterozoic Continental Blocks in
Western Beishan Mountain, Gansu Province, China[ ] ].
Progress in Precambrian Research,2000,23(2):98-102.

FiFg, FAE R E L . PR I ol AR FLR R B
Mo BRRAE B AR SE [T 1. 7 38 # B, 2011, 29 (1)
20-25.

YU Haifeng, WANG Fujun. PAN Mingchen, et al. Geolog-
ical characteristics and ages assurance of the muzhaerte
group comples of palaeoproterozoic in western Tianshan
mountains[ J ]. Xinjiang Geology,2011,29(1):20-25.

UM, AT TT Ll A L AR DR A R AR 5 A
JEERER U-Pb 420 005 5 M £oC R oy s i L1]. Fl2f
iR .2003,48(14) :1511-1520.

YUAN H L.WU F Y,GAO S.,et al. Determination of U-Pb
age and rare earth element concentration of zircons from
Cenozoic intrusions in northeastern China by laser abla-
tion ICP-MS[J]. Chinese Science Bulletin, 2003, 48
(22):2411-2421.

SRAZHR, Bl RN AE T 45 . W R R AL T B 3 1 1
AL R | 8 A SHRIMP & LA-ICP-MS i 4 f 3iE 4
(1. A ERF2 (D #),2007,37 (2):145-154.

TR, I AR LA . BRI A SroYb 438 K H b B R X
[J]. HA4%H.2006,22(09) :2249-2269.

ZHANG Qi,WANG Yan. LI Chengdong. et al. Granite clas-
sification on the basis of Sr and Yb contents and its im-
plications[ J]. Acta Petrologica Sinica, 2006, 22 (09):
2249-2269.

TR MR AR AR L 5 . ISR K A R Se-Yb i 4 26

L] B %R .2010a,26(04) :0985-1015.

ZHANG Qi,JIN Weijun., LI Chengdong,et al. Revisiting the
new classification of granitic rocks based on whole-rock
Sr-Yb contents: Insex [ J ] . Acta Petrologica Sinica,
2010a,26(4):985-1015.

TR, MR FRAKR . HF . SRR A SeYb 19432
AL &A% H.2010b,26(12) :3431-3455.

ZHANG Qi,JIN Weijun, LI Chengdong, et al. On the classi-
fication of granitic rocks based on whole-rock Sr and Yb
concentrations III; Practice[ J ]. Acta Petrologica Sinica,
2010b,26( 12):3431- 3455.

TR AN EW S PR & R OR R B X T A
gUA i 1 SHRIMP U-Pb 4 J Hosth B X [T ]. A
24§ ,2010,26(02) :597-606.

ZHANG Zhicheng, GUO Zhaojie, FENG Zhishuo, et al.
SHRIMP U-Pb age of zircons from Suoerkuli rhyolite in
the Altyn Taghmountains and its geological significa-
tions[ J ] . Acta Petrologica Sinica, 2010, 26 (02):
597-606.

K BUE S LA . AR RILE TR B IR ERCIR A ROIR 8
R RRAE SRR LT, 5 40 %41 . 2005, 21(3) : 889-908.

ZHANG Zunzhong, GU Lianxing, YANG Hao, et al. Char-
acteristics and genesis of the Pingdingshan megaaugen
gneissic granite in the eastern Tianshan Mountain areas
[J]. Acta Pstrologica Sinica,2005,21(3):889-908.

SR L i RIS LRI ORI RS L 20 ok Ll T B
AR T 880 e HG i R J7 2 [T 0. b Il 3t it 2006, 33 C 3)
487 -497.

ZHU Yongfeng, ZHOU Jing, SONG Biao, et al. Age of the
“Dahalajunshan” Formation in Xinjiang and its disinte-
gration[ J]. Geology in China,2006,33( 3):487 -497.

7 FE L R AR AR R, SF L BT SE S R LD M XA 5 B T R
g R R G M s A LT M BT iR 3T, 2008, 54
(6):731-750.

ZUQO Guochao, ZHANG Zuoheng, WANG Zhiliang, et
al. Tectonic Division, Stratigraphical Stystem and the E-
volution of Western Tianshan Mountains, Xinjiang[ ] ].
Geological Review,2008,54(6) :731-750.

BALLARD J R,PALINn JM,WILLIAMS S,et al . Two a-
ges of porphyry intrusion resolved for the super-giant
Chuquicamata copperdeposit of northern Chile by LA-
ICP-MS and SHRIMP[]]. Geology,2001,29:383-386.

BLICHERT-TOFT ] et al. The Lu-HI isotope geochemistry
of chondrites and the evolution of the mantle-crust sys-
tem: Earth Planet[]J]. Sci. Lett. ,1997,148:243-258.

CHAPPELL BW and WHITE AJR. I- and S- type granites

in the Lachlan Fold Belt. Transactions of the Royal Soci-



533

2 I 4 < A7 At T AR 3 BB O oy AR AE B e B S A AR A R A ROCH M T R 111

ety of Ed inburgh[J]. Ea th Sci,1992,83:1-26.

GAO J,LI MS,XIAO XC,et al. Paleozoic tectonic evolution
of the Tianshan Orogen, northwestern China[ J]. Tec-
tonophysics,1998,287.213-231.

GAQO J and KLEMD R. Formation of HP-LT rocks and their
tectonic implications in the western Tianshan Orogen,
NW China: geochemical and age constraints[J]. Lithos
2003,66:1-22.

GEHRELS G E,YIN A,WANG X F. Magm at ic h ist ory
of the Northeast ern Tibet an Plat eau [J] . J Geophys
Res,2003,108(B9) :2423,doi: 101 1029/ 2002 JB0O01876.

GRIFFIN WL, PERSON NJ, BELOUSOVA E, et al. The
Hf isotope composition of cratonic mantle; LAM-MC-
ICPMS analysis of zircon megacrysts in limberlites[ ] ].
Geochim. Cosmochim. Acta,2002,64.:133-147.

HOFFMAN., P. F. . Did the breakout of Laurentia turn
Gondwanaland insideout [ J ]? Science 1991, 252,
1409-1412.

KING PL, CHAPPELL BW, ALLEN CM, et al. Are A-
type granites the high- tem perature felsic granites ? Ev-
idence from fractionated granites of the W angrah Suite
[J]. Aust]J Earth Sci, 2001,48:501- 514.

KING PL. White AJR and Chappell BW. Characterization
and orig in o faluminous A type granites of the Lachlan
Fold Belt, sou theastern Australia[ J]. J Petrol, 1997,
36:371 -391.

L1 Zhengxiang, BOGDANOVA SV,COLLINS AS,et al. A
ssembly, configuration,and breakup history of Rodinia:a
synthesis [ J]. Precambrian Res, 2008, 168 (1-2)
179-210.

LIZUKA T and HIRATA T. Improvements of precision and
accuracy in situ Hf isotope microanalysis using the laser
ablation-MC-ICPMS technique[ J]. Chen. Geol. , 2005,
220.:121-137

LU Songnian, LI Huaikun,ZHANG Chuanlin, et al. Geolog-
ical and geochronological evidence for the Precambrian
evolution of the Tarim Craton and surrounding conti-
nental fragments [J]. Precamb Res, 2008,160 (1/2) .
94-107.

Mc Menamin, M. A. S. , Mc Menamin, D. L. S. , The Emer-
gence of Animals: The Cambrian Breakthrough. p.
1990,217.

PECCERILLO A and TAYLOR SR. Geochemistry of Eo-
cene calc-alkaline volcanic rocks from the Kastamonu ar-
ea, northern Turkey[J]. Contributions to Mineralogy
and Petrology,1976,58.:68-81.

RAPP R P,WATSON E b. Dehydration melting of metaba-
salt at 8-32kbar: Implications for continental growth and
crust-mantle recycling[ J]. Journal of Petrology,1995,
36:891-931.

RUDNICK R. L. and GAO S. Composition of the continen-
tal crust. p.1-64. In The Crust (ed. R.L. Rudnick)
Vol. 3 Treatise on Geochemistry (eds. H.D. Holland
and K.K. Turekian) []] .
Oxford. 2003.

SCHERER E.MUNKER C and MEZGER K. Calibration of
the Luterium-hafniium clock[J]. 2001,293.683-687.

SUN SS and McDoungh. Chemical and isotopicsystematic of

Elsevier-Pergamon,

oceanic basalts: Implications for mantle composition and
processes. Saunders AD and Norry M J. Magmatism in
the Ocean Basins[]]. Gelo. Soc. Spec. Pub. , London,
1989.,42.313-345

VERVOORT J D and PATCHETT P J. Behavior of hafni-
um and neodymium isotopes in the crust: Consteaints
from Precambriar crustally derived granite[ J]. Geochim
Cosmochim Acta,1996,60:3717-3733.

WATSON E B, HARRISON T M. Zircon saturation revisi-
ted; Temperature and composition effects in a variety of
crustal magma types[]J]. Earth and Planetary Science
Letters,1983,64:295-304.

WHALEN ] B, CURRIE K L., CHAPPELL B W. A-type
granites: geochemical characteristics, dirimination and
petrogenesis[ ] ]. Contrib. Mineral. Petrol. , 1987,95:
407-419.

WINDLEY B F. ALLEN M B,ZHANG C, et al. Paleozoic
accretion and Cenozoic redeformation of the ChineseTien
Shan Range, central Asia [J]. Geology, 1990, 18;
128-131.

XIAO W J,ZHANG L C,QIN K Z,et al. Paleozoic accre-
tionary and collisional tectonics of the eastern Tianshan
(CHINA) : implications for the continental growth of
Central Asia[ J]. American Journal of Science, 2004,
304:370-395.

XIONG X L, ADAM J, GREEN T H. Rutile stability and
rutile/melt HFSE partitioning during partial melting of
hydrous basale; Implications for TTG genesis [ J ] .
Chemical Geology,2005,218:339-359.

XU Xueyi, WANG Hongliang, LI Ping, et al. Geochemistry
and geochronology of Paleozoic intrusions in the Nalati
(Narati) area in western Tianshan, Xinjiang, China: Im-
plications for Paleozoic tectonic evolution[ ] ]. Journal of

Asian Earth Sciences,2013,72:33-62.





