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Abstract: The Devonian Kalamaili Formation is widely exposed in the northeastern margin of Junggar basin, while its deposi-
tional age and tectonic setting are still in debate. In this study, an integrated analysis of petrology., geochemistry and isotope
chronology for the Kalamaili Formation was carried out. The results show that the Kalamaili Formation, characterized by turbi-
dite features, was mainly deposited in the slope and semi-deep ocean. Geochemically, the Kalamaili Formation sandstone is
characterized by high SiO,, low Al, O;/SiO, and high K, O/Na, O. The REE distributing patterns show rightward incline and
weaker negative Eu anomaly (SLREE/SHREE=4.81—8.03, 0Eu=0.59—0.80). Tectonic-setting discrimination diagrams of
the Kalamaili Formation sandstone indicate a passive-margin tectonic setting. The detrital zircon age spectrum of the Kalamaili

Formation sandstone was composed of two age groups, including 393—524 Ma and 823 —3 077 Ma, which correspond to the
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Early Paleozoic orogenic belt and Precambrian crystalline basement of Junggar basin, respectively. It is concluded that the Kal-

amaili Formation was deposited in a passive-margin of the northeastern Junggar block during the Early-Middle Devonian. Since

the Middle Devonian, the Paleozoic Kalamaili Ocean subducted northward continuously, and then formed the Yemaquan island

arc and related forearc sedimentary system, and finally the Kalamaili Ocean closed prior to the Early Carboniferous.

Key words: northeastern margin of Junggar basin; Kalamaili Formation; detrital zircon; passive continental margin; geochemistry.
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Fig.1 Geological map of the northeastern margin of Junggar basin
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Fig.2 Geological profile and sampling locations in the upper section of the Kalamaili Formation
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Fig.3 Photos of rock assemblage and samples under microscope in the upper section of the Kalamaili Formation
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Table 1 Contents of major elements (%) and REE, trace elements (107°) of the sandstone samples from the Kalamaili Formation

S WCW-1h  WCW-2h  WCW-3h  WCW-4h  WCW-5h  WCW-6h  WCW-7Th ~ WCW-8h  WCW-9h

Si0; 63.75 67.50 77.53 74.06 79.41 72.78 65.19 69.68 74.24
Al; O3 12.55 11.52 9.99 12.60 9.66 12.54 15.24 16.01 11.21
Fe, O3 3.40 3.30 1.90 0.80 0.97 0.67 0.73 0.68 2.17
FeO 2.99 2.49 1.42 1.52 1.33 3.33 1.86 1.44 1.94
CaO 7.21 3.00 1.14 1.30 1.01 0.91 3.84 1.15 2.10
MgO 3.38 1.73 0.93 0.86 0.80 1.38 0.69 0.49 1.66
K20 1.87 1.56 1.54 2.36 1.54 0.63 0.17 0.10 1.23
Naz O 2.30 2.24 2.89 3.46 2.77 5.06 7.82 8.55 2.50
TiO, 0.67 0.65 0.38 0.45 0.45 0.50 0.41 0.40 0.44
P, 05 0.11 0.10 0.14 0.22 0.15 0.08 0.21 0.09 0.08
MnO 0.54 0.32 0.08 0.05 0.05 0.11 0.21 0.07 0.11
LOI 1.09 5.58 2.08 2.35 1.89 2.03 3.63 1.34 2.34
Total 99.86 99.99 100.02 100.03 100.03 100.02 100.00 100.00 100.02
La 17.7 19.8 20.0 30.8 20.0 30.9 22.7 17.0 20.1
Ce 39.8 43.5 42.9 71.9 45.3 60.5 43.5 42.2 41.9
Pr 4.75 5.45 5.44 9.56 5.74 7.15 6.81 5.81 5.07
Nd 18.5 21.6 21.7 39.7 23.3 28.0 29.7 24.6 20.5
Sm 4.36 5.03 4.25 7.69 4.46 5.37 6.70 5.71 4.18
Eu 1.11 0.95 0.95 1.64 0.93 1.27 1.39 1.16 1.03
Gd 4.38 4.66 3.73 6.66 3.77 4.23 5.75 4.77 3.50
Tb 0.76 0.78 0.67 1.14 0.66 0.76 1.00 0.86 0.61
Dy 4.51 4.46 4.18 6.91 4.25 4.38 6.07 5.24 3.41
Ho 0.86 0.88 0.88 1.44 0.90 0.89 1.29 1.07 0.70
Er 2.31 2.46 2.40 3.99 2.44 2.47 3.59 2.95 1.95
Tm 0.34 0.38 0.38 0.60 0.37 0.41 0.57 0.48 0.28
Yb 2.28 2.51 2.51 3.66 2.42 2.98 4.10 3.40 2.05
Lu 0.33 0.37 0.38 0.53 0.34 0.47 0.65 0.54 0.30
SREE 101.99 112.83 110.37 186.22 114.88 149.78 133.82 115.79 105.58
LREE 86.22 96.33 95.24 161.29 99.73 133.19 110.80 96.48 92.78
HREE 15.77 16.50 15.13 24.93 15.15 16.59 23.02 19.31 12.80
LREE/HREE 5.47 5.84 6.30 6.47 6.58 8.03 4.81 5.00 7.25
OEu 0.77 0.59 0.71 0.68 0.68 0.79 0.67 0.66 0.80
0Ce 0.99 1.01 0.99 1.02 1.02 0.96 0.85 1.04 0.99
(La/Yb)n 5.57 5.66 5.72 6.04 5.93 7.44 3.97 3.60 7.03
Li 48.90 37.20 10.90 10.80 7.05 26.20 12.50 10.70 22.60
Sc 5.960 3.700 1.210 1.120 0.990 0.570 0.140 0.086 1.300
Cr 72.8 63.4 43.7 11.6 11.8 20.6 7.6 11.9 12.6
Co 12.30 14.30 8.18 3.88 5.61 6.28 8.47 10.20 6.77
Ni 26.30 30.50 7.46 3.43 5.04 8.28 7.64 8.03 6.97
Rb 67.50 57.40 36.00 49.40 35.10 10.60 13.27 5.39 32.60
Sr 183 130 320 234 204 203 230 256 355
Y 23.8 23.0 22.4 38.6 25.0 22.3 38.2 24.9 19.1
Nb 9.00 9.77 4.19 4.89 3.58 7.48 12.50 11.30 3.84
Cs 3.960 3.700 1.210 1.120 0.990 0.570 0.140 0.186 1.300
Ba 250.0 256.0 369.0 386.0 304.0 238.0 102.0 86.5 492.0
Ta 0.67 0.72 0.26 0.24 0.18 0.37 0.50 0.40 0.22
Pb 10.10 10.30 13.70 7.84 7.40 7.93 10.50 10.40 10.80
\Y% 108.0 103.0 48.4 46.4 41.6 61.1 35.9 32.3 45.7
Zr 187.0 199.0 88.8 92.6 76.7 137.0 230.0 232.0 91.4
Hf 5.33 5.63 2.34 2.30 2.00 3.60 6.09 5.90 2.33
U 2.06 2.22 1.05 1.15 1.08 1.13 2.26 2.36 0.84
Th 2.26 8.63 2.82 2.10 1.88 5.04 9.23 7.83 2.59

Ga 16.7 15.8 12.3 13.4 11.4 15.5 10.8 10.2 11.7
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Fig.5 Chondrite-normalized REE patterns (a) and upper crust-normalized trace element patterns (b) of the sandstones from

the Kalamaili Formation
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Fig.7 Concordia U-Pb diagram (a) and age frequency diagram (b) of detrital zircons from the Kalamaili Formation
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Fig.9 Tectonic evolution model for the northeastern margin of Junggar basin in the Late Paleozoic

(ZEWHSE, 2007; TR2F L5, 2014).
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J&F oo R A 2 RS A AR IR R TR R A
WIS 2 728 Ma F1 3 077 Ma. Hi A TE 1E W /R 7 H A [7]
AN 3 AN R 8 i L X R T B A AR AR K R R

FERADAFWAT B2 W5 (2007) 7 R &£ B4 |
WA AR A R B 23 kil & e A ol AR 19 R, Ky
4 kD), XS EE A B A A 3 073 Ma fili B
R ARARKINEE S . &R — FAESED
PRI GBS LT H B G RD A h AR A AT TR R
SRAEHY AT 43R 3 022~2 102 Ma.,1 747~1 202 Ma,
861~709 Ma Fll 677 ~544 Ma % 5 P AE IS 2H CR 4k
M4, 2015). DL A B 2 B o I OR 4 M v A AR
DURR 2 T HARAT T REAEAE Th K 4R 3 Ga RISk
T i B VB J 2 b, e S T BR A R RRAE B
feon H 5 [ g€ i 20 45 5 SRR A OC (IR 2 A,
2014) . ZEA LA B gERE, AT L HE DB ofi W8S R 4 Hb A7 AE HiP
FE 140 il 78 3.

H1 T 15 i 2 MRk Ak 4 R AIE 32 2 e VR X 4 5
G T R DX 40 I 2 K 5 K A s T S A R R
BRI E R TR RE A EER LR L2
S i (McLennan and Taylor, 1991). £ B4
WA BAEBE R w (Si0,) (63.75% ~ 79.41%,F
PIE R 71.57%) vw (Ca0) (0.91% ~3.84 % , FH{H
5 1.81% G kES WCW-1h K 7.21 %40 cw (TiO,)
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(0.38%~0.67% ,F-I{H K 0.48 76) ¥ EAK, 593
KGR S R AE (7 SIO, L i CaO ., Na, O, TiO,)
—E (ER B, 2017).w (Ti,0) —w (Fe, O, +
MgO) 4 1 355 20 531 & i (1] 8a) Fl K, O/Na, O —w
(Si0,) Fl g (B 8b) b7 . <7 22 A0 wb 2 & R Bk
Bl K i 371 25 4 1 I 35 AT

AR ICER MR K F R A JCE . I REELY .
Th.Ta Sc.Zr, HE Ti %5, #BR Ak 2 P o — i e g fa
E S22 OB RS 1R A 52 me 8 /0, T R DU
S W DX XA, 0 5T 20 AR A R S R DR XA i R
A ARG B BRI . R 7 22 B b A A o
RO R B AEER TR La/Y WIE N 0.59~
1.39,F-HI{E K 0.87;Sc/Cr FE 40.01~0.10, 4 {H
4 0.56.La— Th—Sc i (& 8¢) W /r . Fr A i 7%
T Bl KBt 120 2% RN 8h ki 340 2 TR A DX i — 26
FH Th—Sc—Zr/10 Bl (Bl 8d) 4341, 45 R Wom )
I8 Ok A vl sl KRRl 2.

LA L TR 2% A A AT X L Y e PR
T 2 e Hop RS B R DA R R TR
AR AR IT T (R AE, 2009) 5 v I 7t T 4R
T I & A= A e K T R R IR K L SR A K
HOArA A A G R B ms T Axsil
Rk AT 2 R B P A NS TR LA
Z b Z M B R B LI AR AT DL R B
FE VA A KRl T 1 L bS] 0 AR B K SRR XU
T2 4 Hb DXL SRR A AR D AR A B AR R
JB 5 AR 43 5 349424 Ma Fil 3554 Ma, ft 3
FLUTRRETR S B et L (P R 45, 2018).3X
B A R AR N R R B 1Ly i 2 T o 1k
FE B TOAR 2 e 7 L JE BT Rl 2, BR e 1 R L
T A A B R AE A e R 22 i (81 9) R L
L S AVE R O = I /G RULR R/ 1 I SE iV - R
J& 5 )8 TR IS R oy 2 b B AR R TR, LR X 32
AL T 1 VB R 42 b — .

(D RHr2E BLATE BT R — 2 BRI DU R 5T
Hph BUA SRR 8D A AR b SIO, & 55, AL O,/SiO, F
{E % . K, O/Na, O FeAH &5 . REE Jit 43 1 £k & 1k 2 80
#i 1. SLREE/SHREE = 4. 81 ~ 8.03, 8Eu = 0.59 ~
0.80, Eu HA 55 01 54 , 32 s o0 R A 0 3 B 48 7w
R 2 AP A W IR X HLAG B B0 K i 2 A

(WA J8 LA-ICP-MS £ 44 U-Pb 4F %  2

LB AT N 2 W, 2R 393~524 Ma,
U 823~3 077 Ma, W] K i 22 5L 20 9y 5 X b ot
PRI 32 R Bty A AR ORD mir FE R 40 L 4 ) By T ofE
W) 7R 7 b JR) 2 Bt AR AR 3 LU R I € R 20 45 A
JiE T FE B 20 A 0 15 L U0 T M ES R 4 M T AR A AT
REAETE P R AC 3 Ga LSk iy 2 Bl e

) RPLEZBRHA MmN BT WE, b B RAFRE
JB % A7 FE T AF % 393 Ma 24 o) LT AR (9 R FR
T Bt A R BT 393 Ma 2 & Hrik . K
A2 ALY BT Sl R — rpo e A L DO T o e R b
PR AL Gl sh b & — M. b U 2t 07 b, P22 By
A ARPE 2 RR 2 1) AU AR o 3 U8, T G T B D AR oI
HIRRTUURUA R e & A F R etk Z A,
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