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Geochemistry, zircon U-Pb dating and Pb-Sr-Nd isotopic composition of the
gneissic biotite granodiorite in Mainling County, Tibet
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Abstract: The Himalayan orogenic belt, caused by the subduction and collision between Indian plate and
Eurasian plate, is the youngest and largest currently active orogenic belt in the world. The LA-ICP-MS U-Pb
zircon age of 515.5+2.3 Ma from the gneissic biotite granodiorite that intruded into the Namche Barwa com-
plex in eastern syntaxis of the Himalayan orogenic belt provides a geological record of Pan-African tectonic-mag-
matic event in this area. The SiO, content is 66.47% ~72.42% , the average of the A/CNK indexes is 1.03
(0.98~1.03), and all samples fall into the peraluminous region in the A/NK-A/CNK index diagram. The

Rittmann index ¢ is between 1.53 and 3.08, belonging to the calc-alkaline series. Most of the samples fall into
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a high-K calc-alkaline series area in the SiO, — K,O diagram. The values of TiO,, MgO, FeO'!, MnO and K,O
show a good linear relationship with SiO, content in the Harker diagrams. The chondrite-nomalized REE pat-
terns indicate that the samples are enriched in LREE, (La/Yb)y values are 19.1~63.8, with slightly negative
Eu anomalies (SEu=0.62~0.79). Trace elements show the depletion of Ba, Nb, Ta, Sr and Z as well as the
relative enrichment of Rb, Th and U. The negative e Nd(¢) values( —8.67 ~ — 10.57) and Nd model ages
(tpm=1.84~3.42) of the gneissic biotite granodiorite of Tanya Township indicate that this rock had an old
upper crust material source. Combined with the initial ¥ Sr/%0Sr ratio features, the authors hold that the source
rock of the gneissic biotite granodiorite of Tanya Township was granitic magma that partially melted in a high
temperature environment. From the tectonic environment discrimination diagrams, it is inferred that metalumi-
nous-weakly peraluminous gneissic biotite granodiorite of Tanya Township was formed in the post-collisional
stage characterized by the conversion from a compressional environment to an extensional. Combined with the
isotope age 513 Ma, the authors consider that the Pan-African collisional orogenic movement in the eastern Hi-
malayan syntaxis ended and started the post-collisional tectonic evolution in Early Cambrian period.

Key words: Pan-African movement; gneissic biotite granodiorite; LA-ICP-MS zircon U-Pb isotope age; Eastern

Himalayan syntaxis
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Fig. 1 Geological sketch map of south Tanya Township in Mainling Countys Tibet(modified after Chengdu Institute
of Geology and Mineral Resourcess 20039)
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Q—FA%E; B2 PAKA: Amp—RAINA
Q—quartz: Bi—biotite; Pl—plagioclase: Amp—amphibole

3 AR LA-ICP-MS % 40 U-Pb £k

3.1 X#

WAFAE G (NJ-10°% H PR AR E PHIR 2 22 IR A
FRRIRAE R N, s R AL BR g N: 29°26'14.27, E:
94°41°1.6",H: 3150 m, FEfb EHE KL 10 kgo W&
AR A 20~30 B, HE % 720 18 51531491 000
KA. TERH S Pk BB w3, TRIE.
T B EREIES A 2 120 FLAE A E X %

3.2 MiRAE

Yo o0 1 I 0 o R T RORE B, 4T BB AR
B OB EE ok, AR R AT B A 0] % B U AR
FARR K 6 CL) BB 5 & LA-ICP-MS &5 ATdIX U-
Pb [FI7 2% 40 el € o

B BB R ECCL) BUETE FE A6 K27 KT 30
YEREEARRETM. KHEE Gatan A FEF"
1) B4R 7 A 1A (B 5 Mono CL3 + Y REAT 85 A 4
5K AL AR BT . LA-ICP-MS 245 A1 7 X U-Pb
RS I 5 TE PG A6 K 2 KT 30y ) 27 B 51 A S = )
Agilent7500 & ICP-MS £ [E Lambda Physik A A

1) ComPex102 ArF #E73 F B0 A CTAED i ArF, 9
£ 193 nm) YA K MicrolLas A 7 B Geolas200M Y%~
RERBNL EHEAT . WOLHRIE B4R 30um, WO R
TR FE R 20 ~40 pm. SEH F K H He AF 0 R 14
SRS H 32 E B 2 b v AR 58 Bt 6 ) N T
E LR Eh B bR 4 2 25 W) it NIST SRM610 HE4T
XA B AL, AT 7 O B R R, B R AR —
Ao — R BRI T 2, B SRR 45 D RFIRE
e FANMARAE— IR TEFTIES A FE M 15~20 4
RATJE &0 2 Yk NIST SRM610. %5 f 4F % % H Ax
S A 91500 1E A4 4 B br#EY 5T, L R & B X H
NIST SRM610 1E 4R, BT SIO, TR A I &
EREE, PSRN AR RIE RO R EAE S5
M I 2 oh DL R o B i 2 R, 0 F K 2 BT %
B BT B AR AR UEAR 220 5% ~15% » 4R o0 BT
SO IR B P8 Ak PR 7 vk 2 DL A 9% SCHK (Gao Shan er
al.» 2002; IR, 2003). K H Glitter (verd. 0,
Macquarie University )27 % 85 A [ R4z 25 EL(E T
FEEIAT U, IH4% P8 Andersen Tom B A (An-
dersens 20020, H LAMICPMS Common Lead Cor-
rection(ver3. 15) AT T Wil &7 K 1F, SR v & A



822 B A 0 W

2L Ju e
o

¥k 314

FERH Tsoplot(ver3. 058 A Ludwig: 2003 ).
3.3 SEAYHE

FHRZ F FRIRTE SN KA PRGN A Rk
- J0 (A W HDIR EORDIR, B TR 38 e (S 23 Pt
B8 T WA I HLBR I ), Kide 2 4E 80 pm X 120

100 #m

pm ~ 180 pm X 260 pm, ZEE AR K. HAHMHA
W R ACCCLY B E 3 Frr, 240K B % 2% 0
K9 (1.4.5.8+10-11+14.17-24.25.28-31 M 55
Th/U HAE—MTE 0.06~1.60 Z M (K 1), ZHK
F0.21,FMER 0.31, AR B ARE.

3 ARRIRFE R IR A (NJ-DE A CL B

Fig. 3 CL images of zircon from gneissic granodiorite

FHE 2 7 RIRAE 5 N 5 B8 A 4358 A0 1E
Ja» U-Pb Mk 4s 7| T3 1, 854 A 20l 53k 32
Ao 21 S pin] B il F KR ZE S EUEAE K E,
A2 5IHE19.32 Sl 557153 471 Ma+496 Ma
RIS B, 0] BRARR I AR AR RS s R A I (L
~18:20.22~31 5, —3L 29 M SOF — N EFIX,
206ph/2B8U R AF R/ T 510~ 525 Ma Z 8], 7 U-
Pb A0 & FaciE A o An (B 4, IR RS R 513.7

+2.8 Ma(MSWD = 0. 12), 2 Pb/>8 U AL F ¥4
4 515.5+2.3 Ma(MSWD = 0.38), i fl 41 1
DAL 359 0008 70 12 22 Y0 B N R AR — B, X 280 A5 B
TRV ) BE A H R R Al 4 A, Th/U I E 2 8k +
0.21, % BIX L s 4 N ok [F B 2R 46 i e . BRI
206ph/ 2380 INBCE RS 515.5+2.3 Ma K K
IRAE B N 125 2R A D) U T A 8%



823

*Acdgne X VTS 0+ 9y < 12T 0+ Ao < TPT 0 = W Ad " AT BLR T L) G S WSPPY B WWEE S O 6 5 B I o6 o (Y L Y P B B RSy B 2 3 1 ] 9d 1) SINDI VIO # ok

PEBOK AR EL B BRI 78 2 76 5 TR MU ER AL 2451 . #5 U-Pb JE4F 2 Pb-Sr-Nd [RI7 38 41 A

o

o

L 9%y  19°10T LLG €91 PI9T vl 6 LSy L 961 1T 708 Se IvS 0000 67200 TT100°C 00800 OLIG'O O0EPO'06 9T100°C €850°0 TETINLO
L €IS 9¢7I8L 62°0 19T #69T 9LL 6 691 L €IS o1 0cc 6C €8¢ v000°0 SE0°0 TT00'C 67800 09I0°C 06990 #I0G'0 98500 TE-T-INLO
L TIS  O9L°TI0T 8I'0  S91 9I61 T6€ 6 PEY L T1S o1 0cc 1 9 70000 LT TT00'0 ST8'C OLIO'G 06990 STI00°0 68500 0ET-INLO
L IS 6E°00T LE'Q  8ST ¥89T €66 8 79r 1 (45 6 PIS 8¢ 9¢¢ 0000 TEB'0 TTI00°0 LTZB'C OCI00C 00990 €100°0 6.LS0°0 62 T-INLO
9 IS LETIBT 6E'0 TSI SH9T 987 6 187 9 (459 6 61S LT 0SS +v000°0 T#0'0 TT00'0 LTZB'G OCI00C 0990 €100°0 S8SG0 8T T-INLO
L YIS €83'86 850 95 £9¢ 9 6 9 L vIS 48 80¢ 47 78y  S000°0 8700 TIGD'G 67800 00200 06V9°C LI0B'0 89500 LTTINLO
9 OIS 6S°00T GI'0 8ST 0LET €SE€ 8 9%t 9 OIS 6 €IS ST 76 v000°0 8CB0 TTI00'6 ¥I8'C OFVIOG 0.L59°C CTI0B'0 8LS00 9T T-INLO
9 TIS 657601 LE'QO OZC tCET 198 8 o7 9 118 8 VIS €C L3S vO00°0 T€0°0 TT00'0 P80 0CI0'0 0890 CTI0B0 6L80°0 STTINLO
9 OIS 96°I6T 220 9Ll 86T & 6 14 9 OIS 6 0cs 9C €96 S000°0 TP0'0 TI00'0 €780 0SI0°0 0690 €£I10606°0 68500 YT T-INLO
L IS 9S7I6T 910 OEl L96T LOE 6 631 L IS 6 0cs LT €66 S000°0 S¥B'0 TT00'6 LTB'0 OCI0°0C 0890 €£I100°0 98500 €T T-INLO
9 €Is I8°66 €0 08T S96T 69 8 16v 9 €IS 6 Is 9C 9¢ 7000°0 9¥B0 TI00'0 67800 OPIOG 0990 TI0'G ¥LSOO TTTINLO
9 Wy 69°SBL SP'0 PPl L8ST 60L 8 891 9 67 8 0cc €C w9  +000°0 vEd’'0 01006 ¥6L0°0 OFVIOG 08990 CI0B0 TI90°0 T2 T-INLO
9 LIS €66 €20 10C T08C 99 8 SLy 9 LTS 8 (45 1Z w6y 70000 8€dB0 TI0B'0 S€80°C OGEI0°C 09590 TI100°G 0.LS0°0 0T T-INLO
9 Ity 12001 09T T 09ST I0LY 9 [4is 9 ILy 8 oy 9C 03y €000°0 90000 01006 LS00 OEI0°0 0TS0 TIOO'G L9SGO 61 T-INLO
9 91¢ 906 610 IZI €91 TIE 8 767 9 91¢ 8 05 14 0Sr 70000 L¥0'0 TI00'G €€80°C Q€100 0TWr9'0 TI100°0C 6SS0°0 ST-T-INLO
9 91¢ SP'8 CC0 62T LVST 9SS 8 SLy 9 91¢ 8 80¢ 1 ILy $000°0 8€0'0 TT00C €¢€80°0 0CI00 0690 01000 S950°0 LTT-INLO
9 SIS €066 V0 6VC 0LT €9 8 g 9 SIS L OIS 0C L8y 70000 L¥B'0 TI00'C TER'G OCI00 0¢S990 01000 69500 9T-T-INLO
L PIS  8L°C0T OI'0 #S 89IT 611 O 867 L YIS 6 815 LZ €S S000°0 6700 TI00'C 0€80'C OSI0G 0S990 €100°0C 1800 ST-T-INLO
9 SIS 66 0 el BITT vir 8 187 9 SIS 8 T1S (&4 06 70000 T¥0'0 TTI00'G TERB'G OGEI00 01vS9'0 TT100°G 0LS00 PI-T-INLO
9 8IS L9 OI°0 Ovl ST 65T O 00¢ 9 8IS 8 T0S C Sy S000°0 0SB0 TI00'G LESG'G OCI00 0890 01000 €£SS0°0 E€T-T-INLO
9 IS 6E°00T 90 LL 608 PLE 8 oy 9 (45 8 YIS £€C 6IS 70000 9€B'0 TTI00C L78B'GC OEI0°0 0890 TT00°G LLSOO CIT-INLO
9 91¢ 98 w0 LIT TZCl 9IS L €81 9 91¢ vA 90¢ 0C 09 P000°0 C¥B0 TT00'C +ESB'C OCI0C 0LVO'GC 0T100°C CT9%0°0 TT-T-INLO
9 91¢ 9C'8 L£'0  8El 6971 IvS L 14 9 91¢ L, L0S ol Or 0000 €¥00 TT00C €€80°0 OTI00C 0890 60000 £95°0 OT-T-INLO
L €6 06°L6 LE'QG S8T O8LT 959 8 S8 L €6 8 (45 €C POr 70000 €¥0°0 TT006 +v¥80°0 OGEI0°0 09590 TI100°G €950 60-T-INLO
9 91¢ €066 80 T LT S6I 8 851 9 91¢ L T1S 61 63y 70000 6CB0 TT00'C €€80°C OCI00 0SS9°C 0T100°C 69500 80-T-INLO
9 YIS PP'8 €10 LI T€8T 6¢€C 8 See 9 VIS L 90¢ 61 8Fr 70000 89700 TT00'C 0€8B'C OCI00C 09%9°C O0T100°C P9S0°0 LOT-INLO
9 615 L9 LTG0 69C TBE WS 8 106 9 61S L wn0e 8T vy 7000°0 TSC0°0 TT00'G 8€80°C OTI0'G 06890 6000°C £SS0°0 90-T-INLO
9 0cc 83°L6  09°0 LZI 9LCT €9L L £6v 9 0cc L, 60S 8T SSy 0000 L¥Y0'0 TT00C T#80°C OTIO'G 00S9°C 60000 T950°0 SO-T-INLO
9 8IS 6v'L6  6L°0 I¥C SOLT SIS L 961 9 8IS L S6S LT vrr - #000°0 8¥0°0 TT00'C 9€80°C OTI00C O+¥9°0 80000 8SS00 0 T-INLO
9 s €696 TC0 65C v8LT SI9 L YIS 9 s L 906 LT 9¢r  7000°0 8S0B'0 TT00G €¥80°C OTI0'0C O0LF¥9'C 80000 95500 €0-T-INLO
9 84S PL'L6 91°0 8CC TEST Wr 8 s 9 84S L OIS 8T 8cr 0000 T9W'6 TT00°C 6¥80°C OTI0C 0TS990 606000 95500 T0T-INLO
9 8IS €€°9% 900 60C 9T vl 8 106 9 8IS 9 00S LT 9l 70060 TS0'C TT00'G LESG'G OOCI0'0C 0LE9°0C 80000 TSSG0 T0-T-INLO
L = = A Ad N YL T YlggrMAdsre ©T Nege/Idoge €T Nege/Idime T Yo/ 9T Ulege/Idee 9T Nege/Ado 9T Neg/Idiz 9T Ydone/Idiw £
N/ A 001/ N/ E R E T B HE T S

x9[dwiod eaTeq YoUreN OJul PIPILIIUL JBY) ILIoIpouR.IS 3)NoIq JIssIdud Jo sasAeue ordojost qJ-0 uodnz SIN-dDI-VT T 298
E G HET) [ -0 G 8 SW-dIVI(TINDEN M B ZEVNW HHEU DMEVE T2



824 31
0.10 2 wp %
[ S155E23 Ma wg 1076
008l Kféw[)i%}g Table 2 Major element compositions wg %  REE element
compositions and trace element compositions wy 10”¢ of
gneissic biotite granodiorite in Tanya Township
006 0.086 O7NJ-1- O7NJ-I-  O7NJ-I-  O7NJ-I-  O7NJ-1-
g o084 1 2 3 4 5
E oo £ SO, 72.42 66.47 67.56 70.58 69.75
& 20082 TiO, 0.21 0.87 0.59 0.42 0.64
2 om0  — ALO; 15.75 15.42 15.14 15.24 15.07
002 It Fey05 0.06 1.01 0.21 0.03 0.50
: 0.078f iy FeO 1.35 3.93 4.05 2.90 3.10
I 0,61 063 065 .67 060 071 073 07'5 MO 0.01 0.05 0.04 0.03 0.03
O e ey T MeO 0.48 1.73 1.28 0.94 0.97
R e—— e s CO 2.96 2.71 2.25 2.77 2.61
' ' 07pyp, /235 ' ' Na,O 3.42 3.21 3.48 4.33 3.42
KO 3.28 4.41 5.21 2.68 3.74
A N1 P,0s 1.28 4.41 5.21 2.68 3.74
K0+ NayO  6.71 7.62 8.69 7.00 7.15
Fig. 4 U-Pb concordia diagram for gneissic granodiorite 6 1.53 2.48 3.08 1.78 1.91
. . FOT MeO  2.94 2.80 3.32 3.10 3.65
in Tanya Township AI?/[gO 2.12 2.45 3.00 2.27 2.36
ACNK  1.08  1.03 0.98 1.01 1.04
La 11.34  185.40  40.96 42.51 81.57
Ce 19.97  310.40 = 78.54 76.47  149.60
4 Pr 2.37 35.63 9.57 8.97 17.63
Nd 3.98 122.00  37.54 32.68 65.85
Sm 1.96 22.39 10.06 6.07 13.95
41 Eu 0.55 2.02 0.78 1.09 1.61
: Gd 1.78 17.69 9.92 4.43 10.31
Tb 0.26 2.57 1.44 0.61 1.25
Dy 1.44 13.53 7.31 2.86 5.18
2 Ho 0.24 2.48 1.26 0.52 0.77
. 9o 0 o Er 0.63 7.13 3.20 1.47 1.95
Si0, 66.47% ~72.42% AlL,O; 15.07% T 0.08 0.4 0.37 0.18 0.21
~15.75% Na O 3.21% ~ 4.33% K,0 Yo 050 608 215 121 128
Lu 0.07 0.87 0.31 0.17 0.17
2.68% ~5.21% Fe, O3 0.03% ~ SREE 50.17  729.13  203.40  179.24  351.32
L0 MO 0.48% ~ 1L73% M0 001~ [ S0 I T ey
0.05% FeO' MgO  2.80~3.65 3.16 LREE HREE 9.03 13.22 6.84 14.66 15.65
La Yby  22.68 30.49 19.05 35.19 63.83
I M Whalen et al. 5Eu 0.88 0.30 0.24 0.62 0.39
Ba 334.50 698.70  506.40  431.70  565.70
1987 A Turner et al. 1992 Rb 55.33 24540 392.70  187.90  201.50
A CNK  0.98~1.08 1.03 A NK- Sr 498.30  153.20  98.06  229.30  94.24
Co 127.50  118.40  82.19  123.40  103.20
A CNK Y 6.73 81.88 49.08 40.82 48.40
54 B Cr 4.98 35.50 22.59 34.24 22.48
Ni 2.39 8.53 4.73 8.25 11.07
s 1.53~3.08 SO, - K,0 Nb 2.93 26.17 23.73 23.37 8.06
T 0.28 3.47 1.12 1.50 0.79
Sb Hark- Zr 104.10  17.18  177.30  4.95 187.70
. T HI 2.94 1.07 5.03 0.28 5.49
er TiO, MO FeO' MnO KO Y 6.92 68.87  33.48 1471  20.31
SiO, Na,O SiO, Cs 1.57 2.13 4.26 3.76 5.05
Th 4.84 75.03 27.14 44.28 50.31
6 U 0.58 6.54 2.91 4.69 2.87
Ph 15.53 13.42 13.86 11.50 37.48
Li 11.09 17.09 33.38 27.70 70.90
- S Be 1.33 3.93 4.24 2.87 3.83
Se 2.36 13.30 9.62 10.68 5.99
Rb Sr 0.11 1.60 4.00 0.82 2.14
4.2 Rb Ba 0.17 0.35 0.78 0.44 0.36
Nb Ta 10.41 7.54 21.24 15.58 10.21
XRF

2 50.2x10°°
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Fig. 5 Shand index a after Maniar and Piccoli 1989  and K,O — SiO, diagram b after Rickwood 1989
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Fig. 6 Harker diagram of gneissic granodiorite in Tanya Township
~729.1x10°° 87Sr 86Qr
7a la Yby 19.1~63.8 I, 0.7066~0.7514 07NG-1- 1 ~
Eu 0Eu=0.24—~0.88 Eu 07NG-1- 4  0.7066~0.7160
1989 I 0.719
2 7b Is, 0.702~0.707
RbBaTh U I, 2002
Rb Th Nb Ta Sr Zr 07NG-1- 5 0.7514 87 Sr
86,
S Pearce et al. 1984 eNd ¢+ = —8.81
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3 Sr Nb Pb
Table 3 Sr Nd Pb isotope data for gneissic biotite granodiorite in Tanya Township
07NG-1- 1 07NG-1- 2 07NG-1- 3 07NG-1- 4 07NG-1- 5
Sm 10 °° 1.96 22.39 10.06 6.07 13.95
Nd 10°° 8.98 122.00 37.54 32.68 65.85
87y 868y 0.71 0.75 0.80 0.73 0.80
Is 0.71 0.72 0.71 0.72 0.75
eSr ¢ 39.01 167.88 142.26 172.50 674.26
9Nd "Nd 0.51 0.51 0.51 0.51 0.51
eNd ¢ -9.50 —-8.68 -10.57 -10.03 -8.81
tpm Ga 2.26 1.84 3.42 1.96 2.12
topm Ga 1.64 1.68 1.58 1.77 1.61
Pb 10°° 15.53 13.42 13.86 11.50 37.48
Th 10°° 4.84 75.03 27.14 44.28 50.31
U 10°° 0.58 6.54 2.91 4.69 2.87
206py, 204p} 19.5638+27 21.5105+24 21.2072+22 21.4336+11 19.010 8 +29
07py, 204p 15.7927+21 15.9026+ 18 15.8318+17 15.9540+8 15.7599+23
208py, 204pp 40.7303+57 48.962 1+55 44.693 6+ 49 44.558 7+24 39.774 0+ 59
206p}, 204p}, | 19.38 19.18 20.20 19.49 18.65
207p}, 204p) 15.78 15.77 15.77 15.84 15.74
208py, 204p}, | 40.25 40.41 41.70 38.67 37.72
Sr Nb Pb £ =515 Ma
10000g7 10000k
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Fig. 7 Chondrite-normalized REE patterns a and primitive-mantle normalized spidergram b for gneissic granodiorite
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Fig. 9 Diagrams of tectonic environment a after Pearce et al.

for gneissic granodiorite in Tanya Township

1984 b after Batchelor and Bowden 1985
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