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Fig. 1 Sketch geological map of Harlick region in the Eastern Tianshan Mountains(a) (modified from Yao Yu et al. , 2020&)

and geotectonic sketch of the Eastern Tianshan Mountains(b) (modified from Zhang Liangchen et al. , 1985&)
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Fig. 2 Geological map of Yaleman area in the Eastern Tianshan Mountains

P 3 AR R LI 480 8 M DX YR 4470 Sk I S 2 S )

Fig. 3 Measured section of the Lower Devonian Tousuquan Formation in Yaleman area, Eastern Tianshan Mountains
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Table 1 Volcanic eruption rhythm of the Tousuquan Formation in Yalman area, Eastern Tianshan Mountains
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Fig. 4 Field and microscopic characteristic photos of the volcanic rocks from the Lower Devonian Tousuquan Formation in Yalman

area, Eastern Tianshan Mountains: (a) field characteristics of the trachyandensite; (b) field characteristics of rhyolite; (c¢)

microscopic features of trachyandensite; (d) microscopic features of rhyolite
PL—RHAT ; KI—HH AT 5 Qe— 1 38

Pl—plagioclase ; Ki—potassium feldspar; Qz—quartz
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Fig. 5 The zircons CL images and ages of the Lower Devonian Tousuquan Formation rhyolites in

Yaleman area, Eastern Tianshan Mountains

YR A TR
3.2 SthAZE

RUGERE S AR ERE s Rt ER
o e R Kt + IR 40T BB R A TRk B R XL
WA R RS S U R A = ek, T
FORH X PO (XREF) 588, 70 B A X 1 22
INT 5%, T ER, W oo E 4 R A
Thermofisher X Series Il ! ICP-MS & 5€ 1%, 73 #7 AH
MRZE/INT 5%,

BEAT 0 BEAE T A6 AE DX I b R R A o S 50 Y
J, FERCH B T Pkt O 4| 0 A0 2 A R 4 B 1
A1, AR IR IR, s A AT B o), R 1T
R 3 BRI B & OEER B (CL) . B A
U-Pb A& I3 T A Hh ] 4 9% 50 ™ 4 1 5 9% U
P 45 5255 % 2K Finnigan Neptune % LA-MC-
ICP-M K52 Bt & ) Newwave UP213 #4063 &
G, WOGR T AR BE E AR R 25 pm, A5
FA10 Hz, RER B E LN 2.5 /em”  {UEFEA S HL
KRR AT 2% 5] 42452007,

4 FERH

4.1 A U-Pb &£

TAUHFER (PMI6TW ) &5 1 558/, 22 5 kR
AR B SE AR, KN 50~80 wm, KTEH 1 1~1
D2 RGN L H (B S5) T WL T A3 4544
ARSI E 20 Wik A 20 4k, Hop A sl 18 A4
(BB 11 F 16 5 ), HARMAEHE L2 2, il &5

11 Pb i34, 14. 56x107° ~45.32x10°°, U JFi 4%
H181.5x107° ~495.5x10°°, Th Jii & 4> %% 80. 73 x
107°~463.2x10°°, Th/U AR 0. 44~0.93>0. 3, 5%
PR ARG ATRE . TE8S A U-Ph AR 1418 &
WR (B 6a) , M A A oA, 4 7% 76 18 Rt 2k BT
i, 2 Ph/ U IO 4F 4 406+3. 0 Ma (MSWD
=0.35) (Kl 6) AR TISUH 4 A,
4.2 FERTE

SLIR IR A I e A e i ER Al 2E R 25 SR

0.071F MBCE B4 E =406+3 Ma
MSWD =0.35,n=18

0.069r

0.067f

e
=
=3
o)

n (ZO(pr) /”(ZESU)

0.063f

0.061f

370/
0.059 /

0.40 0.44 0.48 0.52 0.56 0.60 0.64
n(Z(J7Pb) / n(Z}SU)

6 ZR R LI ) 5 3 X T YR 4 5 Sk SR I BUE B
LA-ICP-MS U-Pb 4FHe18 Fl [& BAAT- 4 4F I
Fig. 6 The LA-ICP-MS U-Pb concordance diagram and

weighed age of the zircons from Lower Devonian Tousuquan
Formation rhyolites in Yaleman area, Eastern Tianshan

Mountains
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Table 3 Analysis results of major( %) , trace and rare earth elements( x107*) of the volcanic rocks from
the Lower Devonian Tousuquan Formation in Yaleman area, Eastern Tianshan Mountains
v itk oy MBUH i ke ks &)
G PMI14YQ1|PMI4YQ2|PM16YQ1|PM16YQ2|PM16YQ3 RS PM14YQ1|PM14YQ2|PM16YQ1|[PM16YQ2|PMI16YQ3
Si0, 56. 81 59. 86 73.15 75.29 74.83 Cr 97.2 74.2 172 32.2 244
TiO, 0. 80 0.74 0.36 0.34 0.38 Ni 172 179 14.4 17.0 15.8
Al, 04 18.10 15.90 14.30 13.20 13.20 \Y 28.6 46.3 39.1 38.2 60.5
Fe,04 4.20 3.48 1.73 1.53 2.08 Se 21.1 23.1 10.5 10.7 9.80
FeO 3.24 3.71 0.65 0.70 0.74 Cs 0.63 1.58 1.50 1.54 1.40
MnO 0.18 0.19 0.02 0.02 0.02 Ga 17.8 16.8 11.6 15.0 10.7
MgO 3.31 3.71 0.32 0.32 0.16 Rb/Sr 0.06 0.17 0.26 0.57 0.21
Ca0O 5.38 5.38 1.57 0.90 1.79 Nb/Ta 21.43 20.76 18.65 20. 46 19. 42
Na, O 5.46 3.35 5.05 5.30 4.31 Zr/Hf 33.21 37.30 43.68 44.76 44. 64
K,0 0.54 2.25 1.87 1.18 1.97 La 22.8 16.8 32.6 40.4 32.6
P,05 0.14 0.12 0.05 0.05 0. 06 Ce 42.6 33.4 61.4 78.2 60.0
H,0* 1.68 1.08 0. 46 0.38 0.58 Pr 7.40 5.60 11.6 13.2 11.1
ek 2.12 1.12 0.76 0.52 0.84 Nd 20.8 16.9 32.3 34.2 32.6
pEvi| 100. 28 99. 81 99. 83 99. 34 100. 38 Sm 5.40 4.30 8.90 8.40 8.00
TFe, 04 7.80 7.60 2.45 2.30 2.90 Eu 1.30 1.20 1.70 1. 50 1.70
ALK 6.00 5. 60 6.92 6.48 6.28 Gd 5.00 4.30 8.80 7.50 8. 10
K,0/Na,0 0.10 0.67 0.37 0.22 0.46 Th 0.95 0.86 1.70 1.40 1. 60
Mg* 45.67 49.15 20. 54 21.55 9.85 Dy 5.90 5.10 10.0 9.70 9.50
A/NK 1.89 2.00 1.38 1.32 1.43 Ho 1.50 1.20 2.40 2.30 2.40
A/CNK 0.94 0.90 1.08 1. 14 1.06 Er 4.20 3.60 6.50 7.10 6.90
SI 19. 85 22.52 3.37 3.59 1.75 Tm 0.75 0. 64 1.20 1. 10 1.20
DI 56.17 56. 63 87.34 90. 42 86. 56 Yb 4.60 4.20 7.80 8.10 7.60
Rb 21.8 55.0 36.2 57.8 21.8 Lu 0.70 0.61 1.20 1.20 1.20
Ba 106 304 270 589 106 Y 38.0 33.6 66. 6 62. 1 67.7
Sr 342 332 140 101 342 > REE 124 98.7 188 214 185
Th 7.24 4.59 11.8 12.8 10.7 d3Eu 0.83 0.92 0.63 0.62 0.70
U 1.30 1.20 3.00 2.70 2.80 LREE/HREE 4.25 3.81 3.75 4.58 3.79
Ta 0.42 0.34 0.99 1.00 0.98 (La’Yb) y 4.67 3.77 3.94 4.70 4.04
Nb 9.00 7.06 18.5 20.5 19.0 (La/Sm) g 2.66 2.46 2.31 3.03 2.56
Zr 174 141 304 333 300 (Gd/Yb) 0.88 0.83 0.91 0.75 0. 86
Hf 5.24 3.78 6.96 7.44 6.72

T :Mg* =n(Mg) /[ n(Mg) +n(TFe) ] + 100,

()53 S Ak
4.3 BIIRMETRIFE

F 25 1 o0 R S A X 3K, SREE = 98. 7%
107°~124x107°, 5 = 70 2 JRL 4R BROBE B3 A A5 AL 43
AR A (B 8a) , Bon R R W& & 4, (La/
Yb)=3.77~4.67,LREE/HREE=3. 81 ~4.25; (La/
Sm)=2.46~2.66, (Gd/Yb),=0.83~0.88, %I
LREE \HREE [N B34 4 — & W FE BE 1Y 7318 . 6Fu =
0.83~0.92, HLo 55 746 5+ % . it Jo R R 4R Ho e
FrRUEACIR I (& 8b) /R K F A I6EK Rb . Th,
K AHXS B4, 3758t & P N Nb Ti B i@ 5 $1, Sr
Wi ETACE

R THL R A, TBUE 2 BB W 1 S

SREE=185x10"~214x107°, Ffi + 702 BRobr B £1 b
HEAL oA AL X B 52 A 0L, SR G i A i 2
(F 8a), W /RBH + W 5 4, (La/Yb), =3.94~
4.70, LREE/HREE = 3.75 ~4.58; (La/Sm) y = 2. 31 ~
3.03,(Gd/Yb),=0.75~0.91, fi 7R LREE HREE N
TR — i AR5, SEu=0. 62~0. 70, ELix55
TR TR TR R LG HE bR ik ) & (1 8b) 7
A Rb Th K FHXTE 4, P Nb Ta Ti B4 751,
B AR Z i sCa R S 7,

5 Wig

5.1 BRI
TSk IR SR Al 2 AR RS BT A PR T —



LERE !

FRMEIEAE AR R LA & —aff R P50 Sk A R ALK 5 BRI 22 RRAE | U-Ph AR S i 5 169

Na:0+K:0(%)
T~

(o)}

35 39 43 47 51 55 59 63 67 71 75
Si0x(%)

(b) WMEUH biikre ]
6 Ll rhyolite trachyandensite
513 %4 R,2020
@ From Ma Quanliang,2020 &
51
PN 4 [
é
Q
3T
2t
75 _
1t i ==
(] AR (B BE) R 51
0 O
40 45 50 55 70 75

60
Si02(%)

PR 7 AR R LI 8 2 b X R U8 445 3k 5 SR AL KL TAS 32 g (a) (IRIEIHE Le Maitre, 1989) K,0—Si0,
R (b) (S2464E Peccerillo and Taylor, 1976 ; R ZE3E Middlemost, 1985)
Fig. 7 TAS classification diagram (a) (Base map data from Le Maitre,1989) ;K,0—SiO, diagram (b) (Solid line from Peccerillo

and Taylor, 1976; dotted line from Middlemost, 1985) of the volcanic rocks from the Lower Devonian Tousuquan Formation

rhyolites in Yaleman area, Eastern Tianshan Mountains
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Fig. 8 Chondrite-normalized REE pattern (a) and primitive mantle-normalized trace element spider diagram of the volcanic rocks
from the Lower Devonian Tousuquan Formation in Yaleman area, Eastern Tianshan Mountains(the data of chondrite and primitive

mantle from Sun and McDonough, 1989)
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Lower Devonian Tousuquan Formation in Yaleman area,
Eastern Tianshan Mountains ( after Rittmann, 1973)
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Geological, geochemical characteristics, U-Pb ages of the volcanic rocks
from Lower Devonian Tousuquan Formation in Yaleman area,
Eastern Tianshan Mountains, and their tectonic significance

ZHANG Yaguang, XING Weiwei, MA Mengling, LI Qiang, YA Yu, LI Zeyang, XIA Xiang, GUO Shien
Hebei Institute of Regional Geological Survey, Langfang, Hebei, 065000

Abstract: A set of intermediate and acid volcanic lava, volcanic tuff and volcanic breccia are developed in
Yaleman Tousuquan Formation in the Eastern Tianshan Mountains. The magma evolved from neutral to acidic from
early to late, and developed explosive facies, effusive facies and subvolcanic facies, characterized seven eruption
thythmic cycles. According to LA-ICP-MS zircon U-Pb isotopic dating, the rhyolite age of the Tousuquan Formation
is 406. 0+3.0 Ma (MSWD=0.35), and the age is early Devonian. Rock geochemistry shows that the volcanic
rocks of Tousuquan formation have the characteristics of medium aluminum (13.2% ~ 18. 10% ) , rich in sodium
and poor in potassium (K,0/Na,0=0.10~0.67), belonging to the high differentiation, low- to medium-K calc-
alkaline series; The total amount of rare earth elements is relatively high ( X REE=98.7x107°~214%x107°),
LREE is enriched, HREE is depleted (LREE/HREE=3.75~4.58), Eu shows weak negative anomalies (S8Eu=
0.62~0.92), large ion lithophile elements Rb, K, Ba are significantly enriched, and high field strength elements
Nb, Ta and Ti are depleted. These geochemical characteristics exhibit signatures of mantle-derived remelted
volcanic rocks that assimilated crustal materials during magma ascent, and indicate a continental margin arc
tectonic setting related to subduction.
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