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the demise of the New Tethys Ocean to the collision between India and Eurasia. The volcanic
rocks and the contemporaneous acidic intrusive rocks of the Dianzhong Formation of the Linzizong
group are typical paleocene magmatic assemblages of the eastern Gangdise belt, which is an im-
portant indictor to the geodynamic background of the Gangdisebelt. Previus researchers have
done much work on the volcanic rocks of the Dianzhong Formation of the Linzizong group. but
few on the contemporaneous intrusions. There are still disputes on its genesis and evolution.
This paper studied the Paleocene Hangmuduo granite in Riduo area of eastern Gangdise belt with
the bulk-rock geochemistry, zircon U — Pb geochronology, and Lu — Hf isotope in order to shed
light on this issue. The results showed that the zircon U — Pb ages of the three granites samples
are (62.640.6) Ma, (64.9%0.7) Ma and (62.2240.7) Ma respectively, in accordance with
the ages of the Dianzhong Formation of the Linzizong group. Geochemically, the rocks show the
characteristics of high Si0, (72.23% —76.02%), ALO, (12.73%—14.72%) and K,O (2.19%
—4.84%); low MgO (0.01% —0.52%) and TiO, (0.12% —0.24%); high differentiation (DI
86.35% — 95.02%) and pera luminous (A/CNKI1.01 —1.26), belonging to S-type granites.
However, the zircon Lu — Hf isotope results show that the eHf (#) value is mainly between —
10. 64 and 10. 79, and the two-stage model age (tpy;) is between 443 and 1810 Ma. It suggests
that the source of the Hangmuduo granitic pluton is mainly the partial melting of the juvenile
crust and has the characteristics of I-typegranite. the identification of trace elements of Hang-
muduo granite shows the enrichment of LILE (Rb, K, Th and U) and the depletion of HFSE
(Nb, Ta, P and Ti), with the light rare earth-enriched rare earth distribution model petrological-
ly and geochemically, which is in consistent with clastic sedimentsin Riduo basin from late Juras-
sic to late Cretaceous. Combined with the previous research in Gangdese belt, it is held that the
Hangmuduo granite had been derived from the partial melting of clastic sediments under the co-
collision from the rapid weathering of the Yeba volcanic arc in Riduo basin, which has similar li-
thological and geochemical characteristics to juvenile crust. Meanwhile, a small amount of ancient
crystallization basement mingled and formed S-type granite with the arc magmatic characteristics
through crystallization differentiation.

Keywords: Hangmuduo granite; Zircon U - Pb chronology; Lu - Hf isotopic composition; Juven-

ile crust; Riduo area
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Fig. 1 (a)Tectonic position and (b) geological map of Riduo area, Eastern Gangdise Belt
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Tab.1 Major element (%) and trace element (10™°) compositions of volcanic rocks of the Hangmuduo granite in Riduo area
FE SRS D0027/1 D4042/2 D4096/1 D4195/5 D0938/1 D2861/4 D0019/2 D6322/1
SiO, 72.23 75.68 75.00 75.93 73.83 74.93 76.02 75.41
TiO, 0. 24 0. 16 0.21 0.23 0.17 0.12 0. 14 0.15
Al Oy 14.72 13.93 13.97 13.59 13.08 13. 38 13. 95 12.73
Fe, Oy 0.78 1.03 0.57 0. 84 0.47 0. 68 0.71 0.91
FeO 1. 65 0.68 1.22 1.17 1. 64 1. 25 0.97 0.53
MnO 0.09 0.05 0.08 0.07 0. 10 0.05 0.07 0.08
MgO 0.52 0.22 0. 46 0. 47 0. 20 0. 10 0.03 0.01
CaO 0. 70 1. 09 1.61 1. 16 1. 37 0. 94 0.61 0. 34
Na; O 4. 64 3.47 3. 49 3. 82 3. 84 3.75 3. 69 3.41
K,0O 3. 96 3.23 3. 00 2.19 4. 08 4. 11 3. 89 4. 84
P,0s 0.07 0.03 0. 05 0.07 0.03 0.03 0.02 0.02
LOI 0. 80 1.01 0.79 0.74 1. 14 0. 69 0.40 1. 03
s 100. 02 100. 01 100. 02 100. 02 100. 03 100. 02 100. 03 100. 01
TFe, Oy 2.61 1.79 1.93 2.14 2.29 2.07 1.79 1. 50
K,0/Na,O 0. 85 0.93 0. 86 0.57 1. 06 1. 10 1. 05 1. 42
Mg*# 31.71 22.27 35.71 33. 86 16. 91 10. 12 3.76 1.53
AR 3.52 2.61 2.43 2.38 3.43 3.43 3. 17 4.42
ALK 8. 60 6. 70 6. 49 6.01 7.92 7.86 7.58 8. 25
A/CNK 1.12 1. 25 1.17 1. 26 1. 01 1. 09 1.22 1. 11
FL 92. 47 86.01 80. 12 83. 82 85. 25 89. 32 92.55 96. 04
MF 82. 35 88. 63 79.59 81. 05 91. 33 95.08 98. 25 99. 31
DI 90. 19 89.01 86. 35 87. 45 90. 18 91. 30 92.02 95.02
c 2.53 1.37 1. 32 1.1 2.03 1.93 1. 74 2.09
t7 (C°C)H 759 738 732 775 728 690 732 745
Sr 145 141 152 322 130 86. 2 51.0 51.2
Zr 110 71.0 70. 6 110 81. 8 43.9 67.0 86.7
Ba 471 453 464 593 339 310 319 210
Rb 154 146 144 123 158 164 188 239
Th 12.7 14. 4 11.4 8.03 17.8 15.8 17.2 21.2
U 1. 67 4. 89 1. 66 2.18 3. 39 2.78 2.92 3.52
Nb 12. 6 11.7 8. 19 9.07 17. 8 11. 6 14.0 12. 8
Hf 4. 45 3. 37 1.76 1.12 1.59 1. 67 1. 80 3. 30
Ta 1.02 0.63 0. 80 0.62 1.75 0.98 1. 39 0.78
La 26.1 24. 8 20. 4 20. 6 31. 4 19. 4 34.4 35.4
Ce 49. 8 46. 5 41.4 37.3 56. 3 36. 3 65.2 72.5
Pr 5.33 4. 94 4.61 4. 14 6.08 4.62 7.28 8. 30
Nd 17.0 17. 1 16. 3 13. 4 20.1 14. 5 24.3 29.8
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Sm 3. 50 2.74 3. 40 2.41 4. 04 3.11 4. 77 6. 09
Eu 0. 88 0.75 0.73 0.74 0. 87 0. 84 0.73 0. 60
Gd 3. 46 2.75 3.39 2. 38 4.08 3.01 4. 46 5.41
Th 0. 50 0. 38 0. 50 0. 35 0. 66 0.47 0. 69 0.91
Dy 2. 84 1. 89 2.81 1.84 3. 44 2. 67 3.72 5.21
Ho 0.62 0.42 0. 65 0. 40 0. 80 0.63 0. 88 1. 25
Er 1.71 1.19 1.91 1.09 2.17 1.70 2. 45 3.42
Tm 0. 30 0. 20 0. 33 0.18 0. 37 0. 30 0.42 0.61
Yb 1.92 1. 36 2.03 1.28 2. 86 2.13 2.92 4.08
Lu 0.31 0.22 0.32 0.23 0. 36 0. 34 0.50 0. 65
Y 18.9 12.6 20. 1 12. 4 26. 2 18.3 27.7 36. 8
SREE 114. 27 105. 24 98. 78 86. 34 133.53 90. 02 152.72 174. 23
LREE 102. 61 96. 83 86. 84 78.59 118. 79 78.77 136. 68 152. 69
HREE 11. 66 8. 41 11. 94 7.75 14. 74 11. 25 16. 04 21. 54
LREE/HREE 8. 80 11.51 7.27 10. 14 8. 06 7.00 8.52 7.09
Lax/Yby 9.75 13.08 7.21 11.54 7.88 6.53 8. 45 6. 22
Lax/Smy 1.81 5. 84 3.87 5.52 5.02 1.03 1. 66 3.75
Gdn/Yby 1. 49 1.67 1.38 1.54 1.18 1.17 1. 26 1. 10
5Eu 0.76 0.83 0.65 0.93 0.65 0.83 0.48 0.31
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the Hangmuduo granite in Riduo area
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Fig. 4 (a)Chondrite normalized REE-patterns diagram and (b)primitive mantle normalized

spider diagram of the Hangmuduo granite in Riduo area
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Fig. 5 CL images and analyzing locations of zircons from the Hangmuduo granite in Riduo area
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Fig. 6 Zircon concordia diagram and **° Pb/*** U age weighted average value diagram

from the Hangmuduo granite in Riduo area
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(OB K 2. 37~5. 05, B BeME AR IS (2omo) M 811~
982 Ma,

4.1 HRERRK

M HZ X 1577 X 38 T o A & 2, it
VAN NI VAIUE T )= S e = s W Il P =X N
2 A M 15 07725 R (72, 2~66. 8 Ma, Ji ik
25,2019 H  7E H 22 Ml X I AT — 717 12 5 A bk oy
s P g LA (57, 4 1.4 Ma, Bt 4. 2019) 4 i
N WA 2 55 R A2 B 78 i P i 2
Jei R e

AR ARAF I H 2 4 XK 2580 3 4 K I8 K
FORESL GBS A Ph/P0 U AR 0 AT ¥ E 43 5 K
(62.6+0.6) Ma,(64.940.7) Ma f1(62.2+0.7)
Ma, [ARF. EWEYE5 (2019) 76 H £ H X 3515 46 B
B U-Pb 4RI R (62.7 £ 0.5) Ma, 5 4 %l 48
BER 3, AN ARTFIREBRIO R A A TR T R
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4 R T AR S AT A S T 4 kLA TR T
69~60 Ma(F# [E Fi 45,2005 ; 555 2 45 ,2005,2009 ; 2%
B 4£,2018; Huang, et al. ,2015;F% D1 D14%E,2016),

BRI T AR 22 5 A8 s AR R oy i L oy 5 pR
SEREHL AL Ol s R R A A R, R R T
B 2 BRIV K il il 428 5 300 I B 7 S AR 2 30 3 A o )
B RE R IV K it f 48 4o 90 1 75 55 R I TR sh )
4.2 FABBESERX

o B8 A A A A D 2 TRl 0T B B b e
25 J 0 0 R S IR RS G4 o B b e R I R i e
PReg iy o N Us R 3G R 51 R i o s w25 R
(Shinjo R, et al. ,2000) ., f£ & F2Kth— & A4E
A ST I R A, MLTLS Al A R H i R
AR R S 2R R, — Bl FERIC R
MR R85 NIE A S Alal T BUAE b . WF9E X AE i

10°

ETE (K, O+ Na,0)/(CaO - Zr+Nb+Ce+ Y) 53
7 R 2 AL S (B Ta) s R 28R 4 A TS,
M BIAE R & X . 78 TiO, - Zr 5 9 5 il A 28 2 H)
B CE 7h) w, Fir A R A S BUAE A X
CIPW Ar 59 v B A7 #E i X B T R B2 7 B
FRYKRT 1IN, BZHHES(CR R 5
TUWE A s B CE 2d). Fl H Watson, et al.
(2005) 4 i 1 425 4 A0 1 Rl B2 353 24 X 74 B
AR E B AR AR EE y 690~775 °C L, Xk 737
TR S BAE KA B 7 2R B (764 °C)H
(Chappell B W, 1999, 8] B /NF A BIZE g 75 14
AR (833 °C) (Whalen, et al. , 1987; 3k il 4%,
2007) Fit T B AE bd 2 (49 F- 327 )l e diR JBE (=900 °C) (5K
JHEAF,2007) o P, b3k 5 0 a B IR 2 Y ] i SR
MESEIGFR R Z ik S AU 7 o

E(a) 0.6 F (b)
Q10° E A
S 0.4 S
o f S
20 3 g
o F L S MATER A
< ok Iy A
—10E A 02} a I
B A4 A By
C A A A
E ORI S MAERE
1 1 L1l 1 Ll 1 1 L1l 00 1 1 1 1 1 1 1 1 1 1
10' 10° 10° 10* 0 40 80 120 160 200
Zr+Nb+Ce+Y(10°) Zr(10°)
7 (a)BE MR ALK LS EHE K,0+Na,0/Ca0 - Zr+Nb~+Ce+Y EffF0 (b) TiO, — Zr E
Fig. 7 (a)K,O+Na,O/CaO - Zr+Nb+Ce+Y and (b)TiO, - Zr diagram of the Hangmuduo granite in Riduo area

K/Rb i 7T LA 2k 75 5 o 5 38 A R AR A IR
HHEG K/Rb=148~214 CE XA K 185) , 5 Hi 78 4+
A H I E (150 ~350) (Taylor, et al. , 1985) #H T ;
Rb/Sr=0. 38~4. 66 CF-¥J{H A 1.86) i K T & &
T b oHeng U X 5 A R A (0.027); Nd/Th =
0.92~1.67 (E¥ {4 K 1.31), Nb/Ta = 10. 07 ~
18. 57 CEH{E R 13. 04) , &R BH B AR F 18 Wi A4 A L fil
(Nd/Th>15,Nb/Ta=a22) (Bea, et al. ,2001),
5525 4 A A AH K (Nd/Tha 3, Nb/Ta=12)
(Bea, et al. ,2001); ¥ &t La/Ta=18~45(EH{H
K 29) s R 2 BURE SR IR T A 1B b g B2 HOR

ey gk La/Ta fH T BRAE (25) &, R S KX 3Z
F| T 28 (Lassiter, et al. ,2013) 858 4= 72 ¥ i
AR G s BE A Mg™ =2~36 CEI{E R 19) . 53k I
T H 72 EB 43 4 il A A — B0 (<C40) (Atherton, et
al. . 1993) R UIH A SR DN KL e ¥y o £ . i
KREZFRI XA S H Z e e A o g oo R
IR AL 22 R AR — B (K] 4a Bl 4b) L 4878 H 2 4 H i
J& AT RE AR 2 5 AL i A .

TEAE R #H A/MF — C/MF [ figt (1] 8a) v, 2%
FE il P AR BT 2R 00 S BB A3 S @il IX . 7E Rb/Sr — Rb/
Ba [&lfi (18] 8b) v, ZHUME i S TE S0 R LR A X,
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AL 54 % CaO/Na, O B 0] LUAR &f 19 46 7% 2 3K
P X B3 s B RHS A B R L A Ui BT A o 0 il
A BR BT AE 5 5 CaO/Na, O fH— it /N T 0.3, &
RHCAT LR LR B A Rl A B 2 55 A B A
CaO/Na, O {H— &K TF 0. 3(Skjerlieset al. ,1992),
AR Z K CaO/Na, O {H Ry 0. 1~0. 46, e B T

8

(a)

fil

AR 2% WD A 2 M

ok A A

A2 i e
>

1 1
0.0 02 0.4 0.6 0.8 1.0 1.2 1.4
C/MF

HIRR X Wb 5 U8 U I R 5 ROE B
£ La/Sm — La & (B 9) . o AT 2 54 R
AR RO RL O PF B R A TR BE Y 3 46
e BRILE PLUTi AR 5 5. Eu 20570 . R UA
WAL WS R 201 T WK AT VBRERET L RH A1 19 73
Ea e .

10°E (b)
10'E JRTY
£ N %,@%"3
< B B
e 100 | A
O =3
= E

10"’=
E I A
L Zals
10'2 L1l L1l [ RN
10" 10" 10' 10°
Rb/Sr

TSR

8 (a)BSMEMAEEMR A/MF-C/MF Ef#F1 (b) Rb/Ba— Rb/Sr Elf#

Fig. 8
10.0
A
A
7.5
L A A A
&
/9 A\
g ® -
fm 5.0F I3 4
2
2.5
0
0 13 24 36 48 60
La(10)

9 HEZMRMAZEM La/Sm - La EfF
Fig. 9 La/Sm - La diagram of the Hangmuduo

granite in Riduo area

YR 25 R 85 7 en (o) 28 108 PR 8%
KoK —10. 64~10. 79, W7 25 3K AE 3 Ak 2o A% b A 3
(1) 35 TC AL 70 A (CRAR TS, 2007) fH BA EAB B A
Y i HE A A R RHAE Cee (0 >0), HART 75

(a) A/MF - C/MF and (b) Rb/Ba - Rb/Sr diagram of the Hangmuduo granite in Riduo area

PR AE (200, [ B IR A 2 A0 50 eHE () Sl fi
. 16 ene (-t BB 10a) b, 3 PFRE &L 45T 05 35
Vel 246 3B 4 7 E BRORE LA AN 7 45 e [R) 467 3 HLL
2k Z 1], 2 A0 A5 B A7 T BRORE B A Vi AL 4k R
M R BE 4 A LS . 3 PR RE A come A8 AR BT ER K
443 ~1 810 Ma, Horf 2 ANl g 1Y o 43 51
1 381 Mafil 1 810 Ma(>>1Ga) , 7E tpw: 5231 B 7 B
H (] 10b) s LAt = 550~750 Ma B SR8 £ L 14
{HAE 600~ 650 Ma, 37 K T H XF [ (19 T8 W AR 8 .
PR S DA SRR 2 38 WY 8 A o o 2B b 5 35 40 1 milE
B TR B AT Dl 2 b s ) I N (R AR T S
2007) o fHJE, — M IA S BT A= b 78 Ry X R
A1 HEB A s v I B T B AR B 2 X BT 5 T i
O R S U5 0 1) P e s (R AR 22 2 1k 2 22
Wb 5 U 02 o s Rl L S BUAE b A P )i
SR L —rh k2 I (174, 2 ~192. 7 Ma)
(HEBIWESE 2006 5 Tk 4 U045, 2006 5 [ 56 4%, 20095 20
A 2017 s BERKAE 45,2015 3 B F 45, 2015) B
ITDE Y g IR T RU LA RE VA Y- 2T E A Sl AU 42 DA s ]
HUrg G857 B B % kO g (B 2 AL 20155 FE
WEZ5E,2006 5 BEFKARZE,2015) . thpk %0 i 303 76 - 12



AW WA RN AR B H 22X 255 AR 85 U - Ph 4R Lu - HE R 2 RFE B H M B

75

20
(a) 5 U8
10}
T T L L
= HRH L
20
w
(]
@ D4042/2
e e O D4195/5
-10 F C o Bt £ DU
b 8 B
20 - - - -
0 50 100 150 200 250
U-PbZE #5(Ma)
10

Fig. 10

KRG H EIE T H 29K R BR 2 4, HE 6
P& — W T 2 o PR TR T IOk A
(8 S e B A i 5 e ARURR AR G 52 %5, 20185
WRAEL2019) o — Mk Sy B IR U5 Y B T A TE N o
A BT 04 T RS 0 AR I 8] 5 8 KA B B ] AE LA
BAHEZNFEAR FEFEHH (Hawkins JW,2003) ,
PRI 3ok 6 18 1S A DT AR B 5 L kLl BIHT A M o
ELAG R ARL Y 5 A 2 M BR Ak 2 R AR R R A H e
FIANEIEIIE R, MiARZ AEER A S H 24

10°E
E(a)
10°E Syn-COLG
C WPG
- f 4
)
Z10°E A8
) F
G
VAG
10 ORG
0 1 L 1 11 INNNT 1 I N ENET 1 Ll
0 10 10° 10° 10
Y+Nb(10°)

AET (N)

13
(b)
12 W D4042/2
[ D4195/5
O D0019/2

0
0.4

0.6 0.8

1.0

1.2
tDMZ(Ga)

(a) BZMEMA LA en ()t EIfE (REFERBEITE,2007; 1R EF,2010 220) 0 (b) tome I E T E

(a)Diagram of ey (£)— t and (b)histogram of tpy, for the Hangmuduo granite in Riduo area

W B A B EA AR ME TR 5/ Lo R
FRAECE 4) . R BT H Z 4830 N B9 o6 I il R £
HER P AL X 5 A/MF - C/MF [ f# F1 Rb/Sr -
Rb/Ba [&] fif {75 (19 W D B0 2 A /b 8 o o ot —
;.

L LTk B IO I 5 D R TR 2 A 1
FERE I H 2 8N T3z BRI IR AR 2 — I 1 2
TH B P e R A0 Bty 37 % 45 RS AR 0 I R TE L S
TYAE 5 2 ELAHEAT 7 A 5o s 3R AL 2 4R A

| ®
10° E
A]OZE
-
2 | vAG+Syn-COLG
L Aé%
105 A A
C ORG
1 1 L1 11l 1 1 L1111l 1 L1 111l

—_

10 10° 10°

Y(10°)

WPG. M NER & s VAG. KIIIRAER 4 ssyn - COLG. [RIMEE LB 4 ORG. B LR &

& 11
Fig. 11

(a) B HMIX iR £ A Rb- Y+Nb EfE#(b)Nb - Y EfF
(a) Rb-Y-+Nb and (b)Nb -Y diagram of the Hangmuduo granite in Riduo area
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4.3 HMEBERE

WA 22 55 UK 8 55 3 58 BT —3 40 A A e A ik
PR ARG, BRI bR fE AR o0 R 4B =0 2
HBEW R L EER ML, i Eu R EHE., 7ER
1 b s ek ) &1 oy AR B AR KB 12K 0 JT R (LILE)
Rb.K.Th,U % , 1%} 75 i 5 5 98 o0 % (HFSE) Nb,
Ta P Ti, 500 vl g A9 2kl 5 2% 2 1l Bk Ak 2
TEAHAL (Pearce, et al. ,1988) ., 7E I AL YN 3F 5% v,
A DA P I A SR e R A 15 4 el DA fef
I A 0GBy A K A E & (Elburg MA, et al.,
2002; Guo Z, et al. ,2005; H¥%4%,2019), [E]AT,
TE (Y +Nb)— Rb #4385 F] 51 K i A K iics 38 4
M J5i (Pearce J A, et al. ,1984) (K 11a); 7 Y - Nb
F 500 P s R A [l A — L IR i PR 5 A
¥ (Pearce ] A, et al. ,1984) (K 11b), X 5 {ij A%
T PR L % b B vy T R T U 3 R B B AR —
B (FE ST A%, 20065 54 4, 2015 28 ik g A
2019325, 2019) o W 78 37 R 4 7 v 52 78 o i
(65~60 Ma) B 1F AR b 85 5% [ filf 43 32 L1 % 40, otk
Fof BB BRI K il B 8 & 2 G 4R {HL 3 2 7 B R K il
il i 140 BT R 4 B 0T AR S8 AV A% L BRI B I
K EA G JCLIAH [R] 0 3K b2 R AE
4.4 WP HFELS

Hui el % RS S A AR a5 A
2 AFE AN TR 2B AN TR BIF 5 7 1] Xof B3 32 — BRI K i il
T BRAE 7B 1Y BR AE L 22 805 I g 32 Al 4 15 [A)
KAHAE 65~40 Ma(B5LH 24£45,2003; H X M, et al. ,
2015)  ARIRTEMAR Z SR RIF 8 A U - Pb 4F
R (62.640.6) Ma,(64.940.7) Ma FI(62. 2+
0. 7) Ma, A& gt 50 HA A & A e B
JEE R IV A it il 5 7L 400 B0 B 1% I A 2 07 3 R v 1) D
JE IR R Bty il 488 0 Y A R

BEIG RS (2006) I\ Bt A K E B A 9K
b 3R Ak 27 RRAE 2 TR o A B RE KRR R R B R Y
JEE 3 A ) I A AR AR R AR ) M A A S B il
SR L BIEE7E 70~60 Ma, B[RRI K il 0 58 o %
iK% 170 mm/a (Lee, et al. , 1994) , A EJ B —RK 7
K it B4 290 B Al 48 1) (65 Ma) B A 22 K B TE 1k
B[R] (62. 2~64.9 Ma) , fE 3 Ma = B [a] Py B[ & K B
M SR T RETE H 22 3b IXF 4 22 J2 08 1Y IR -5 SO
il A AR .

BRLIHG & 28 3 A AR 22 38 RO 1l T B B R R

il 48 30 7Y B %) I R B B0 YO el B RE — BRI K
i il 5 2oL 9 A T TR . F TR A R AR o
P FH 8 LAt b A= 04 2 AR o/ P 0 328 i e £k, 2
F T ORF vf %) 3 A 4R B 5 A AR G i S T b g R X 5]
() (B E 55,2001, 2P 9246, 2019) , DTS BAi A
Z R B 5 X R AR R R A s
— B IO 3 A RRAE

KREWRER, AR AR s R KA
FEEANL T 2 A KBl A A B 3R Al M 52 in & i) 5
75 B il Al 5 e 5 o X 3 45, 2006) . AR
IRTEMIAR ZE b R B R i = K AR A ik
—EBE L B 4 62. 2~64.9 Ma 8] Bl B - Rk I K
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Fig. 12 Paleocene tectonic-magmatic evolution pattern of the eastern Gangdise belt
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