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The relationship between the NS-trending grabens and the ultrapetassic
volcanic rocks in Lhasa block, Qinghai-Tibetan Plateau
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Abstract: Cenozoic ultrapotassic volcanic rocks which are widely distributed in Lhasa block of southern Qinghai-
Tibetan Plateau were mainly erupted between 25 Ma and 10 Ma. These ultrapotassic volcanic rocks have typical
lamproite characteristics such as high SiO,, MgO, K;0 and TiO,, low AL Os and Na,O, and high K,0/Na,O
ratios. Their high abundances of incompatible trace elements like large ion lithophile elements (LILE) and light
rare earth elements (LREE) also reach the extreme levels typical of lamproites. The lamproites show high radio-
genic Sr/®Sr and low unradiogenic *Nd/"Nd, low 2°Pb/?™Pb, and elevated radiogenic %7 Pb/?*Pb and
208ph,/204 Pl ratios. Geochemical and Sr-Nd-Pb isotopic characteristics of these ultrapotassic volcanic rocks in
Lhasa block suggest that they were probably derived from a phlogopite-bearing enriched mantle source related
closely to metasomatism during earlier subduction events. The ultrapotassic rocks in southern Tibet may imply
the uplift and extension of Tibetan plateau after the collision of Indian plate and Eurasian plate. Meanwhile, there
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are a number of N-S grabens (rifts) mostly formed in 23~8 Ma in Lhasa block, which might have cut the lower
crust or lithosphere into the depth, suggesting the extension of southern Tibet in Miocene. Furthermore, these
ultrapotassic volcanic rocks are coincident with N-S grabens (rifts) in space and time. In addition, the tectonic
activities in western Lhasa block (such as Karakorum fault) in 17 Ma and in eastern Lhasa block (such as Jiali
fault and Red River-Ailao Mountain fault zone) in 23~17 Ma imply that at about 20 £ 3 Ma the tectonic stress
field in southern and southern-eastern parts of Qinghai-Tibetan Plateau underwent a considerable change from
the NS-trending compression to the EW-trending extension. Combined with contemporary adakitic rocks along
the Yarlung Zangbo suture, the authors hold that the northward subducted Indian lithospheric mantle might
have experienced break-off beneath the Lhasa block along the Yarlung Zangbo suture in early Miocene, which
caused the upward and lateral migration of the asthenosphere material under the Indian lithospheric mantle along
the slab window. The upward and lateral migration of the asthenosphere material led to the rapid uplift of south-
ern Qinghai-Tibetan Plateau as well as the eastward movement of the thickened crust, which further resulted in
the EW-trending extensional deformation (23~ 8 Ma) of the widely distributed N-S grabens (rifts) and the
eruption of the ultrapotassic magma(25~10 Ma).

Key words: Cenozoic; ultrapotassic volcanic rocks; NS-trending graben; Lhasa block; Qinghai-Tibetan Plateau
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Fig. 1 Simplified map showing the distribution of Cenozoic potassic, ultrapotassic volcanic rocks and NS-trending
grabens (rifts) in Lhasa block
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etal. (1999), Williams ez al. (2001), Ma et al. (2002), Zhou
(2002), Zhou et al. (2004), Liao et al. (2002), Spicer et al.
(2003), Ding et al. (2003, 2006), Nomade et al. (2004), Hou et
al. (2004), Chen et al. (2006); Zhao et al. (2006, 2008, 2009),
Sun et al. (2007, 2008)

5 PrBEssREEL i i A R A
KR

R B nARZ R B A H B, A
AR B A HE A% BRI R, #
7PLBE B K B A1 2 S5 BRI VR
LELL R ED BRI E T TLEE A [0 L A IF o LA
BT ATRE (B &S, 2003,20065 T K%, 2006),
mH e FE IR, MU RERE R

Rt AW EE, B S5E B ER R EN— R R
A%, Hilk, B3 EEERTER ST
AHEBHFENHR, MUEB TEHEEAR
FRRERES MRS R, T EBA B THEEE
XEGEPREN—RIVHE RPBARREESF
A4 W Y

RLEERIEREZ 4 A0 (B Y 1) M A O R K B
MEZ T E BREAEREAFERE S
B2 R REE R, 3T 8 IR T R R
FE 45 & (Molnar & Tapponnier, 1978), &L #
TEABEHBREZERERERANER
(Houseman et al., 1981; England & Houseman,
1988; Blisniuk e al., 2001), JH7EJE# MR
LA R A SE AR E A BB ENRE,
S BB A B v D T B T 2 ik B B o o L R T R
T2 R o 2RI BEER— N F BRI
(Chung et al., 1998; Miller et al., 1999; Williams
et al., 2001, 2004; TH%, 2006), RiALEE
AR X B AR TG 1 i PR AR TR R N L AR B o
85 16 6 K HAR AR ph BB SR s BB, R R B 52
37 4 5 (McCaffrey and Nabelek, 1998) .2 &
BHEC-ERERBATNB(Amoi & al.,
1989) B & 58 2R Y X K AR A DX I P I 7 R
7% % (Yin and Harrison, 2000), 1 5 & J& # k& 7
HBAE—E MR,

R gE R R b R AU 5 LR
Foa el R, 58 A B g8 A —< MM
Ktk AR AE DB P R AR TR A
Uy & g MR A AR A R A, B X e
AR & 108 K%K R (Turner e al .,
1996; THK%, 2006) , I Hix 288 8 Ji K LA B8 %
E R 18~13 Ma(H 10), X 5H gk 85
et E I R R EH BHBEE XA,

THRE(2006) B FFRALEEH IR AR ZEM
(U s B B Bl R 2 SR A S, Ik 6 0 T 3
AR R R Y BE o] RERE Bk A A Bl i
933 HBL(2003) A A TERIBE MR MM E RP RE
BHE-RAMEN EF TS, TH Chen #l Kao
(1996) Z il XA A Pl bd 576 35 B B R A D
BTEMARTRT HBE XK. GEHMBXBAHRE
KRB EZFNAXEHEXTHEEZ KRBT T
M T e

B i — SR RN, & DhLR SRR A A 15
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~14 Ma PARTERAB T B ATH B B (Carmala et al. ,
2000; Widdowson et al., 2003), S hi MR B &
A RAGR , PLEEH BRI E7E 35 Ma BR 26 Ma LA
Fisk S BUE B B FE — 3 (Rowley and Courie, 2006),
B i ZE 0 2 T 8h 2 RUhI B R AT BEEL 2 81K T B Al
WEE. EHTHZ(2006)IA N7 E & B2 8
(KF 23 Ma), F#H R A R ED B AR B S LR AR
BREERROEFET , IRENSEERETHE
BARERETHBIER. BRERERBTAE
RARZ X RFHEE T, B7E Thakkhola Hi
g2 PO FEHAMXMBRE BN, ENE
AEEMBEEARZAGCERB T —ENRE
(Garzione et al . , 2000) . [FI8F$7 g2 st b 7 350 g il B2,
CWEFHEESTF 17 Ma(Lee et al., 2003), KB
MR BN BT 23~21 Ma NZCHese 28 hA ek i
A BB B AL R A2 LT A 7E 20~ 17 Ma A
By 5% % M4 i 89 41 (Leloup ez al., 1993),3 84
E20£3Ma ELAERERWOHEN hHHEETE
KEEe , B R 3t w67 B R 16 1 1 R BT & AR BB
BEARSCIA A AT REZE S A0 AL (AR ph RO ED BE A A
i WS TE R B R R B E - RSB S
HBHE R A TR, 1T S A B Y Bl AR
B b R B TG 51 32 hE B R R R F T+ LA
BomB e MR B, 2 S PR R E R
P i R ASTE (23 ~8 Ma) FARST A 3K I8 & (25
~10 Ma), EpdbitE R —HAREHIARE
ShE®, F U FEEFE R OTREF RS K
WIS S5 A R L (ZE AR, 2005) , [R16T R
RIS 2P AR AR vl BB IR B T R R AT T 2
RIAEITE R AL & A TT 4% A4 LA S RO B 3 i
5 0T BE S R 7 B R B R0 30 2 (Zhang et
al., 2004; BAHEE, 2009; HWRE, 2009),

6 MHEITE

FEENE- R KRR M B R Z MR Z )G,
BERERKRAETHUEMPAEAMBELH R
(Coleman and Hodges, 1995; Blisniuk et al., 2001;
Hou ez al., 2004), ZEXFHEHERT, FIRB A
BRI R T 4 %38 B L 4 (B A ) (Coleman
and Hodges, 1995; Blisniuk et al. ,2001; Williams e

al., 2001), 7] B ¥ 3 3 26 i b o) b 2 A R 22 4
A 25~10 Ma BBH R B0 5 ERIERIB 5 A
3153 (Coulon et al., 1986; Turner et al., 1993;
Miller et al., 1999; Williams et al. , 2001; Ding ez
al., 2003; Chung et al., 2003, 2005; Hou et al.,
2004; THREE, 2006) o X P Z [ ZET R ] s ]
FRERERATRE S B R M AR A X
HOER Y FBT 55 2% T B KRG AR SR E 200 vh B BE
NI TL 2% A BHE (Zhao et al ., 2001; Tilmann
etal., 2003) , ZEEVE KR RFREEIL B T B T
BT HE R RTINS R R A AR 7 R AR
% MMAERERB=E TIFEmEitnE, HR
DX R4 2 AR AU () 5 7 43 A 23 R R REHR
AEVBHASHE, 48R T 18~10 Ma IGHENE-
MERAILESHAHHRIE 1 500 km HBIXFTH
BE, EERHBEPFHED LR EER
BT BB ZEEN - S A L A L R AR W, 5
EPERR THKAEYREIRAR EAERES
NIRRT & A B AR 3 A 2 Ak (Peter et
al., 2002), HEEH N E L LW AR RERSBH
BEsh S HLE FR T AN IR, XA 7E 4K B A4 RS R A W
I ER LA K B s ST R T = A D S B R 1R
P SRR s e R it R A K S R T 3, T
BEESER EaANE R E(RE). KA
Wb TR B AR B A g L AR (R )
M YD B R B BT RE B A5 4 B b8 B T S B8, A
R AEWEMEAERE SR ERNERNE S S
TR BKCR B E IR IR X BT R, T R BT5E
XEHAREN ALK (BHRAERTRERXR |
b RASLERAR), BMEEREESH
(LM ERANES ) LA R R T A

7 458

(1) ek BH AR THEERAR, &
MARERTSHRHMERARANE S & 8K
HEHBRKX,

(2) Pt BB H K LA FIRg L i 4 (R )
FEZ ) E AT R 39 ) B RORR S, B )
FEAE R BE 5 e th B S 6 AR e ) B BE 5 R 2t 08
R WA e LTI T | A AR P e A R A K
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