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Zircon U-Pb dating and geochemical characteristics of Cenozoic ultrabasic-
basic dyke swarms in northwestern Tibetan Plateau

CHAO Wen-di and LI Xiao-jun
( Northwest Geological Exploration Institute of China Metallurgical Geology Bureau, Xi’an 710119, China)

Abstract: Cenozoic ultrabasic-basic dyke swarms were newly discovered in northern Mitizi area in northwest Tibet-
an Plateau. The dyke swarms intruded into the Changchengian Sailajiazitage Group. The nearly E-W-trending dyke
swarms are located on the northern margin of Kogan Fault. The rocks are mainly composed of spessartite and ker-
santite, which have features of ALy, and CAL,, respectively, as shown by geochemical analyses. The LA-ICP-MS
zircon U-Pb age of spessartite yielded an age of 38.24 £0.54 Ma, suggesting that these dyke swarms were formed
in Paleogene. The dyke swarms have low REE (64.28 x 10 ° ~253.41 x10™°) , and the anomalies of Eu (8Eu =
1.04 ~1.21) and Ce (3Ce =0.99 ~1.03) are not obvious. REE distribution patterns are of the right-oblique type
(LREE/HREE =4.15 ~6.45) . All samples are characterized by the relative enrichment of LILE and depletion of
HFSE. The dyke swarms are products of low degree partial melting of lithospheric mantle. The magmatic activity
lasted for a short time and the dyke swarms had quick cooling rate after intruding into the surrounding rocks. The
tectonic setting of the dyke swarms was strike-slip fault, and the magmatism occurred along the large scale strike-
slip faults.

Key words: ultrabasic-basic dyke swarms; LA-ICP-MS zircon U-Pb dating; geochemistry; northwestern Tibetan

ks BHA: 2019 -05-15; #EZ HHEA: 2019 -11-05; 4w3E: AHpN
E&WE: P E K5 £ )5 %8 5 H ( DD20160003)
TEZ TN SRCl1991 = O, B, TR, A D sk i 7 25 R 7= d S A A OC TAE, E-mail: chaowendi@ qq. com.



2 VR

D

%39 %

g
S
Gt

Plateau; northern Mitizi

Fund support: Project of China Geological Survey( DD20160003)

0 e J PG b G B REVE ) b 5K % R N ) 2R
ARy, AR i — 5 A o 3 L ) S AR X 2 —
(Y P, 2002), [ 58w LORE 52 T %5 54 1 B
J, R 3t 2%, DA ek T AR 9 T v iR R ATy
e R SR AL B B S X (Pan et al. , 19965
T KESE, 1996, Zhang et al. , 2007; 2= 7% 4k %,
2008; KA, 2012) . 1Rl A A A B 1 46 4 3 )5
FBET, B s Ay Re, et &k & — R A0
B KA RGO T RS KLEW
X, K@ NE FZ g, BE e, 2
F T EAT PR R T Mo X S5 b CRT B 45, 2006, 2008) 5 K
e B e, EUB BUREAE, 2 R T RE VY BL
LTI SR 7KV 7K BT A1 27 30y R0 3 5 25 i fif
fil\ 7 %%, 2006; Zhang et al., 2008; T it e 2%,
2011) 0 v dR AR A BRI B« BRET 7 A T 17,
A DX 3 ) 3 A TR S, 7 T R K B ) ) 2
WA A ELEMER- (SEE S, 20110 HAX i
DX LT AE AR AR N Rk AR R I e
BT T RO VER BT U, AR B E0 s B
SR AARE 2 B AT O R T R P RN R 1 2R
oo AHOCIK SR A IS I A el U B T I e R
RS A J A A o AN SO KT s R VG k2
KA R I 2 4 A AR S PE—JE 1k 5 ik, 2R i
DB AR AR A AN P R P A R 5, 3B A7
TR HEVE—FE k5 A G DX J0RA) 38 1 5% R 0 A 4 20
P GBI O - B S AR AR . AR SCR IR A
BRI )R B K EAT T B A U-Pb AR
R 3R AV 22 F 5T, 3 1 R0 I Bl BRI L 1) R A de
B AU e e S A 1 R AT P b Sl AR AR
A T 3 A T R B AT PR T A

WD RIS & ¥ SR N

T8 e R G G 2 v ki L 1 g G i (22
TR, 20005 5KAEFREE, 2005 ) | il W E RTRR 3R
S oy 368 35 11 45 4 A (AR 28 5%, 19995 A 6 H 4%,
2005) , DX e J G s %, JUIL LB AR AR KIS B
F R RRACT R AR, 2012), B T 32 S vy e ) B
W RO A R AT PR 2R Bk 2 i 0 2 BV e
VG BL T4 53 A1 1 BT K Ll

ARSI S 1) 68 55 M — S5 2 Ok T 75 7K s i
G KL Al , 7 3R RN T M X 5 7 s A3 L3, #
AT B BLOR MR B Y R 2k Ak v L v T T N C
1), AR 4] b I 2 AL B 0 o AT i 7 2 ) 4
T FOR i R DY B 3 1Ly ()2 R 2 COREE R 55
2013), B4R L 7Y ) JI0E Fé A, £ T 5 v o b 44 Ik
Mo @R 125 J7 Db SR 2 1A, B ar e KK
JEILR I 7 A - JE R K 1a), 43 BT
BT G 01 5 2R 7 Ay RS = PUAR K FIME A o 2 Bk T
EHTIE R 29 3 000 m, th 3 BE Y, U1E] 50 21, &
2K

AR PR ik 32 2 5 OPR P TR Al g
LN 22 A AR D, [ 8 N &0 s AR
TUOr A AR o A DK R AR BT ARV 1) R A, —
fe AR EE D) 2 3 0 BRI, PR R KA ) AL 1 R I
WIS A H e K e A o] ak oK AR A > 2
ERPERFAE B R C I 220, 30232 ke B R 1 KU b
o, BN AR B R B, A
Jok AR B B AN — 5 $ 96 TR 20 AOK, A ETEAS
21 mCE2b),

R R 2 K4 i S B0 PR, R R it
(RHE B &5 Ao, 5 2 b IR o R 4 . B B
1% ~15% , K350 0 N A sl B bk Horp A
ISR Ry = R NCISUREBIE 5| 2 NI W I N B 5
fiF B, Ri4% 0.8 ~2. 4 mm, R FL5m I A1 4 A2k 75
ATk AR BT HA R0 S S AT A BT A 3 00 A TR A
EEHEMEARCE 2¢); B BB 2 e, i)
JtRs BEAR S Ak, B2 R 2 Be i, — AR 3G
M 3555 A AT SR BRI KA 4, K
A] DB, B TR B S AR BE A, Hik B
VI B TR B A AR, T AN AR R A
REBARTR G A R0 00E A1 W59 BR kA M. B
A AR, SRR b O R AR IR AR . B G A
DA AT 320 35 1 A DA 0 R B O A TR IR B = B T
A4t /N FrofR, 2 B = BERTRe Ok A TN A 2 2 4
TE R VR AR AR B W) 2R 715 A 008 A 30 AT B & R
R KOS AR AT R 2 T — o R B AR
AR o ph 1 R — R A S I v R BRE K 0 A
WA B BB, HEE R an ) F 2 o0 p A
T AR AT, v] DA% RO AR P 153 e 44 8 A

it
=N



#1 SESCHAE: TR 5 P AL Gl A AU I R RS R A7 U-Ph 4R AR S U ERAb 22 R AIE 3

a N I E—HURBES, [ —knl L wiiiEety, UL —IEli el
W 0 5 km S AR o L R EREER: 1TL,—W R

s ) AR IV— L R o A A b A A e
""""""""""""" P f e, VIRt JE S Rt i . VI B

\ G- dEHE R VIS L e
IX— PRI T R A= L S I

e

y Fig,g of m

1 KRBT B [a, JEBRTEAE M T AT 22006 ) 9, rb [ 76 4 U3 i R 76 A6 He Bl 25 B € 20190 @ TR 755

i i G B R L Te R 2 B (b, 46 AR SR A4, 2008)
Fig. 1 Sketch geological map of Mitizi(a, aficr Shaanxi Institute of Geological Survey, 2006® and Northwest Geological Exploration

Institute of China Metallurgical Geology Bureau, 2019®) and division of geological tectonic units in northwestern Tibetan Plateau
(b, after Li Rongshe et al. , 2008)
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1—CQuaternary-Neogene; 2—Carboniferous Talong Group; 3—Cambrian-Ordovician Xihexiu Group; 4—B Formation of Changchengian Sailajiazitage
Group; 5—A Formation of Changchengian Sailajiazitage Group; 6—Changchengian Pushou Group; 7—Ailiankate Group; 8— ultrabasic-basic dyke
swarms; 9—boundary fault; 10—large fault; 11—brittle shear fault; 12—syncline axis; 13—anticlinal axis; 14—sampling location of major and
trace elements; 15—sampling location of zircon U-Pb dating
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Fig.2  Field characteristics Ca, b) and microphotograph (¢, crossed nicols)of ultrabasic-basic dyke swarms in northern Mitizi
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a & b—ultrabasic-basic dyke swarms; c¢—petrographic section of ultrabasic-basic dyke swarms; Hbl—hornblende; Bt—biotite( mineral abbreviations

after Shen Qihan, 2009)
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Fig. 3 Zircon CL images of spessartite from northern Mitizi
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Fig. 4 Zircon U-Pb distribution and concordia diagram of spessartite from northern Mitizi

REBBESE-BEMEREREETRINER (wy/ %) REESY

Table 2 Major elements concentrations (w,/ % ) of samples from ultrabasic-basic dyke swarms in northern Mitizi

A= 1 2 3 4 5 6 7 -
FE5 28-YQI 25-YQ2 34-YQ1 D4236-YQl1 36-YQI 25-YQ!1 D4377-YQ1 AVG
Si0, 42.70 43.93 44.14 44.44 45.45 45.59 46.26 44.64
TiO, 4.32 2.11 1.96 2.87 2.09 2.17 2.10 2.52
AL, 04 15.67 14.60 12.93 14.86 12.39 13.42 15.50 14.20
TFe, 0, 16.98 15.41 13.33 13.65 12.52 12.80 12.41 13.87
MnO 0.16 0.19 0.19 0.17 0.21 0.21 0.15 0.18
MgO 4.85 8.16 6.79 5.02 5.76 5.34 6.07 6.00
Ca0 5.08 7.67 9.26 8.01 11.20 7.72 9.18 8.30
Na, 0 3.22 2.20 3.08 2.99 1.71 3.06 2.48 2.68
K,0 0.94 0.86 0.82 1.18 1.13 2.01 0.66 1.09
P, 05 0.80 0.35 0.13 0.38 0.24 0.39 0.21 0.36
LOI 3.88 3.90 6.33 5.86 6.86 7.61 3.40 5.41
TATAL 98. 60 99.38 98.96 99.43 99.56 100. 32 98.42 99.24
Mg* 36.36 51.44 50.47 42.39 47.93 45.49 49.46 46.22
K,0/Na, 0 0.29 0.39 0.27 0.39 0.66 0.66 0.27 0.42
K,0 + Na, 0 4.16 3.06 3.90 4.17 2.84 5.07 3.14 3.76
K/CK +Na) 0.16 0.20 0.15 0.21 0.30 0.30 0.15 0.21
K/Na 0.19 0.26 0.18 0.26 0.44 0.43 0.18 0.28
K/Al 0.07 0.06 0.07 0.09 0.10 0.16 0.05 0.08

H: TFe, 05 J4x%k; LOI KK ; FeO =0.8998 + TFe,0,; Mg" =100 * Mg/(Mg +Fe?* s AVG Jy F{H.
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of samples from ultrabasic-basic dyke swarms in northern Mitizi
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MEM T ICE S W, (La/Yb)  =4.37 ~8.25,°F
#16. 05, LREE % 524 51. 81 x 107° ~219. 40 x
107°,°F 44 113. 45 x 10 ™%, HREE & & 5 12. 47 x
107° ~34.01 x 10°°, ¥ 20. 78 x 10 °*. LREE/
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Table 3 Trace elements concentrations of samples from ultrabasic-basic dyke swarms in northern Mitizi
hae) 1 2 3 4 5 6 7 -
5257 28-YQ1 25-YQ2 34-YQ1 D4236-YQ1 36-YQ1 25-YQ1 D4377-YQ1 AVG
Li 69.12 40.21 42.58 50.71 49.96 53.19 26. 66 47.49
Be 1.41 0.93 4.18 1.16 1.79 1.08 0.55 1.59
Sc 23.27 12.25 33.96 11.84 29.55 22.44 16.85 21.45
v 240.79 304.34 317.55 214.91 282.95 257.94 292.63 273.02
Cr 38.38 145.31 149.91 51.62 122. 64 53.84 95.74 93.92
Co 53.03 68.12 57.18 53.85 52.75 44.71 49.18 54.12
Ni 88.10 120.20 89.12 120.32 80.55 51.75 92.75 91.83
Cu 71.06 89.03 14.52 62.45 72.80 82.09 74.94 66.70
Zn 192.85 123.83 133.29 114.69 121.24 114.21 104.73 129.26
Ga 26.27 20.50 17.76 23.64 21.10 18.09 22.42 21.40
Rb 59.19 17.09 48.76 39.06 55.63 55.81 22.43 42.57
Sr 389.99 519.83 276.69 1066. 49 412.20 306. 86 1127.43 585.64
Y 44.97 26.63 17.46 28.22 25.52 32.04 24.35 28.46
Zr 312.25 140. 57 70.91 199.13 136.37 146.05 123.97 161.32
Nb 30. 15 5.00 9.61 20.25 13.20 5.53 13.17 13.84
Mo 1.16 0.12 0.29 1.20 0.65 0.57 0.61 0.66
Cd 0.28 0.14 0.16 0.18 0.21 0.15 0.15 0.18
Cs 11.77 1.39 8.717 5.00 7.67 14.11 1.25 7.14
Ba 294.11 558.35 149.61 362.27 239.37 839.31 306.76 392.83
La 43.58 17.97 9,88 26.234 16.78 23.08 16.59 22.10
Ce 96.61 42.22 21.72 57.81 37.66 50.12 37.13 49.04
Pr 12.15 5.57 2.85 7.02 4.85 6.46 4.73 6.23
Nd 52.17 24.46 12.78 31.68 21.98 29.10 21.36 27.65
Sm 1117 5.47 3.21 6.76 5.36 6.19 4.86 6.15
Eu 3.72 2.18 1.37 2.65 1.98 2.23 1.82 2.28
Gd 11.33 5.85 3.69 7.20 6.08 6.90 5.27 6.62
Th 1.64 0.88 0.57 1.06 0.91 1.06 0.85 0.99
Dy 9.28 5.30 3.51 5.76 5.31 5.97 4.53 5.67
Ho 1.75 1.04 0.67 1.11 1.01 1.22 0.94 1.11
Er 4.85 3.14 1.91 2.85 2.74 3.55 2.62 3.09
Tm 0.64 0.41 0.26 0.40 0.36 0.46 0.31 0.41
Yb 3.95 2.37 1.62 2.33 2.30 3.00 2.11 2.53
Lu 0.57 0.39 0.24 0.35 0.34 0.47 0.28 0.38
Hf 7.58 3.46 1.91 4.88 3.51 3.77 3.24 4.05
Ta 1.75 0.28 0.51 1.15 0.78 0.29 0.74 0.79
Pb 5.39 4.33 7.81 6.76 15.91 7.48 4.25 7.42
Th 3.13 0.68 1.14 2.07 1.69 0.83 1.46 1.57
U 1.23 0.24 0.61 0.68 0.54 0.25 0.71 0.61
> REE 253.41 117.26 64.28 153.82 107. 66 139.80 103.40 134.23
LREE 219.40 97.88 51.81 132.77 88.61 117.18 86.49 113.45
HREE 34.01 19.38 12.47 21.05 19.05 22.62 16.91 20.78
LREE/HREE 6.45 5.05 4.15 6.31 4.65 5.18 5.11 5.27
d3Eu 1.00 1.17 1.21 1.16 1.06 1.04 1.10 1.10
3Ce 1.01 1.03 0.99 1.01 1.01 0.99 1.01 1.01
(La/Yb) 7.91 5.44 4.37 8.25 5.23 5.52 5.64 6.05
(La/Sm) g 2.52 2.12 1.99 2.56 2.02 2.41 2.20 2.26
(Gd/Yb) 2.37 2.04 1.88 2.55 2.19 1.90 2.07 2.14
(Eu/Sm) 0.88 1.05 1.13 1.04 0.97 0.95 0.99 1.00
(Ce/Yb) 6.79 4.95 3.72 6.88 4.55 4.64 4.89 5.20

T BT AR N GERRL A bR AEAL A, AREALES] 1 Henderson(1984) .
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Fig. 7 Chondrite-normalized REE patterns (a, chondrite-normalized values after Henderson, 1984 ) and primitive mantle-

normalized trace element diagram (b, primitive mantle-normalized values after Sun and McDonough, 1989 ) of samples from

ultrabasic-basic dyke swarms in northern Mitizi
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Rilt, 06 S R AE WT REA T A P Mg ) IR R
oORE T ORI A RORE A B 5 o S A TR AR AN
SEAGE b o e I, 7 AR (R R R TR
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TR PG AL G A AR B - RS R A7 U-Ph 4R AR S U ER Ak 22 R AIE 13

RL, TERE T RS2 AR 6 - Bk, SRR AE A
IR BN R S R L BRAR AN i ¥4 H
5.2 BEM-EMERTFHNMESS

T e IR ) S A A T B 45 ~ 44 Ma BT
(147 B3 8 I 9 A Jt A 3 1 S 3850 70 b 58 4 o P03 ), HL
ARG Lk R H AT AT E AE ZEAT ' ( Mulnar and Tap-
ponnier; 1975, Yin and Harrison, 2000, Tiwari et
al. , 2015) o BRI, s IR MU AL &0k & 1 & 288 E
AR LU 38 LA W 5 i AR e I T B TR AR A
2003, 3X 55— Mt Lty DA R 1 2R S B o 1
U BANE T HL, 2 A 37t A B AT LUK IR, 75 e
e B PG Gk R U SR ) R R A DR 2R e TR 2R 1
A EAT Je LB 30, 5 2R 05 2y 2 22 5 58 g 7 2455 5
(PSS, 2006b) . XK B, 7675 i 5 5 va b
GE A B IE S IR E AR T, R AGE WA A
B SCRE T

A VI B2, LA 08 9050 D A= 2 2 O 1 7 R o iR
PEAL G A AR K L R v B P UL T T 284 p 5 70
Ao FEVH BUIE T 2R 7 0 S i ki — & 2l K
A 2 IR T HILAE A AR Bl 1) R ALk
Wi Mattle er al. , 1996; VFi&% %, 2007; Li et
al., 2012, B RBEESE, 2017), 3L A% FE R 1E 2 B0
h b P I B U1 1 R BT, B S DR O A
ITEMREC Xu e al. , 2005; VFESESE, 2011).

LSRRV T T 24 R 2 0 AT 38T AR AR K L A 2R
Bk, KL ACAGE BE P 25 Bk 1 20 A1t 5 K TR i 24
KRB, 45 KA 50 A A0 AT i) W 2 A6 O B o
ol Dhfr 28 1 Rl 43 B FEL A [k R R G B 6 3 1L f 3 7
2, DAL ) 5 RREVE R R — 30, 9 NW [a]o A <] I
AT 2 T R R IRk AL A AT T 2 AR AR
R AR B i, P AER R R A AT EN. &
JRGEAG b, IR T WA i 24 B B A7 A 1) 0 PR s
B, BAATE TR IE OB 45, 2013) o Itk mT AL,
KA BT A AR BE 1~ JE 2 ik mT B b 7= H 1
FEW R IE AR, RAGEW + SR d + 5 A Bl
DUE 7B 0] DU RS 26 Tk = HE 1R R 385 1 54 ( Luo et
al. , 2001; %'HAESE, 2006b) .

DX sl i A T R v D 1 B RS ) DX A A
B — V1 g5 W AR AL, T SR Ak R O R
LRI T2 (Rl 558, 2008) . fEMALREEh Y
B HLRAR A B A F G R b, e e T o e
MR A TR, T s b ) e] g 2 LA B
TESe NI 2 2 B e g R Ok 32 O s AR,

2018) o 73 e Jit U b 5 5 7 ey Ji B B LR AR R
(AR ELAE IR RE R, e A s 285 T it 1L e 5, g B
T TG A A R G A S DO I Y g R
AR A el T R B e e KGR W 3 Bl T RR Y
U AT i W 288 JUUSHE BB T 5 5 s IO i 79 K
e S (K AE 1 T RS2 AR T — AR B A T I A T
5 W 22 B PR L Y T R A T L AR AT AT
Wi (5E 3 7 1 4%, A e st D R g R
HRT REAFAE — %E 2200, U0 HE VY BL T AT i BT 2 E
07 W AN — Sk, §iE 0 AT, R AT

HTIE, Wl R AR R SR FF K HUAR R BE R — E )
Ji@ e » I Al HR A T e A7 ) T A0 W7 28 35 00 2 L LR
P K AT A Y 3 B e W i 1) e 3 3 b
WIS 3 At el 20 o P 4 3 A 2k T AR
(V3 0 e R o S I T AR B DA P A A R Y
S v T T 2 A S A AL, X AR T
LUAE DAy 8 2 e A TR PR AR T SR PR AR FR 9 A T
It o b 5T X 1) P48 2 R A A T ) SR T
TR EAT R BB A S S M I R A R K
AR E W e I A R DA 2 AR AR,
200100 35T, KBE T W BB 2 VR A K ) 18
Mo IE , T Wi S SL R e 3442 1 126 K (1 2341

6 e

1) T e J PG b oK 48 Ao bl BE v 1k
Jik AT ST A TN R o A 2 R, IR AL 22 4
43 ) LB SR R BRE S R A B AR B ) R
HE, o A LA S 47 U-Pb 4E 02 4 38. 24 + 0. 54
Ma, JE B AR B ARG T AL

(2) FHK Ce 5% A1 Eu S8 AW, #is -0 %
Sy EB S R A, KB 125 A1 0 % CLILED A X &
46, R 58 70 2% CHFSE) AH 7 Bt (HIg AN SR ZY . 7
I AR A P e A RS2 0 4 Rl ) 2 400, S IR B
FRELIN R, 5 WRAS AT i v K P P

(3) KFEFAL B A AR JE Ak — JE 2 kB A A
AT B AL B AT, o T A R I AR, G
A WA T T 25 T BN R R A R K 43 AT

s X AAXAZETIEPY, FEHBRTA
R EZRFAEF SRR IRIIA G TR 5 B
MR R FGKENARREG % RkETRENETS
FB LB R B BRH BN B TER AL,
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