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Abstract; In Devonian period, North Qilian mountains were subjected to subduction collision orogeny and the whole
ancient Qilian mountain was uplifted. As a result, thick clastic sediments came into being at the northern foot of the
orogenic belt and in the intermountain basin. With dew point clastic rock from Laojun formation of Devonian period
in North Qilian mountains as the object of study, this paper explored its provenance characteristics and basin types
by analyzing the detrital composition and geochemical characteristics of clastic rock. The study shows that with
4.2%-27. 8% quartz content, 4.9%-36.2% feldspar content and 44. 3%-90. 3% lithic content, the main type of
sandstone in the western section of North Qilian is lithic sandstone and the main lithic is the basic-acid volcanic deb-
ris, indicating that the clastic rock from the western section has the characteristics of island arc volcanic rocks.
However, with 6. 58%-76.12% quartz content, 5.32%-24.12% feldspar content and 16. 23 %-75. 45% lithic con-

tent, the lithic from the lithic sandstone in the east of North Qilian are sedimentary lithic, volcanic detritus and met-
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amorphic lithic, indicating that the complex source rock of the eastern section conforms to the nature of collision o-
rogenic belt. The geochemical analyses of the clastic rocks of the Laojunshan formation show that Al,O;/SiO,,
K,0/Al; O;, K,O/Na,O, LREE/HREE and Eu/Eu” are 0. 115 2-0. 243, 0. 072 5-0. 229 4, 0.179-1.810 5, 2.33-
4.92 and 0. 46-0. 82 respectively and all the geochemical parameters are distributed widely. The analyses of the dis-
criminatory plots of provenance indicates that the provenance of the western section comes from island arc while the
eastern section comes from orogenic belt. According to the clastic rock material composition and geochemical charac-
teristics, the basin type of Laojunshan formation basin in the western section of North Qilian orogenic belt is the
fore-arc basin related to the subduction arc while the eastern section is the foreland basin related to the collision o-
rogeny.

Key words: North Qilian mountains; Laojunshan formation; detrital composition; geochemistry; source analysis; ba-
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Fig. 1 The structural sketch of the study area
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Fig. 2 Characteristics of the conglomerate in the east and west of North Qilian
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Fig. 3 Tectonic setting discriminating diagram for sandstone of North Qilian orogenic belt in early-middle Devonian
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Tab.1 Main elements chemical analyses of sandstone of North Qilian orogenic belt in early-middle Devonian

i R WWP-B1 WWP-B31 HYP-B2 HYP-B5 HYP-B6 HYP-BS YEP-B1 YEP-B3 YEP-B5
Si0. /% 74.01 66.07 54.41 60.78 62.89 59.18 65. 82 83.78 65.53
Al O3/ % 11. 96 8.61 13.22 13.31 13.71 12. 44 9.59 9.65 11.14
CaO/ % 2.56 7.84 6.95 3.38 2.10 5.98 7.67 0.21 8.15
TFe, 03/ % 1.52 3.73 5.66 6.09 5.83 6.37 2.70 0. 86 2.09
K.0/% 1. 30 1.72 0.98 2.05 2.57 1.71 2.20 0.70 1. 86
MgO/ % 0.22 1. 20 6.09 4.29 4.11 3.66 1.08 0.08 0. 27
MnO/ % 0.05 0.06 0.17 0.19 0.17 0.16 0. 04 0.01 0.11
Na, O/ % 3.46 .95 3.75 3.14 2.81 2.64 0. 64 3.91 1. 46
P,Os/% 0.03 0.15 0.11 0.15 0.16 0.15 0.15 0.01 0.02
TiO:/ % 0.31 0.55 0.61 0. 66 0.67 0.71 0.56 0. 10 0.23
LOI/ % 3.70 8.12 7.13 5.34 4.37 6. 40 8.68 0.83 8.29
K,0/Al, Oy 0. 10 0.19 0.07 0.15 0.18 0.13 0.22 0.07 0.16
K;0/Na, O 0. 37 1.81 0. 26 0.65 0.91 0. 64 3.43 0.17 1.27
Si0; /Al O 6.18 7.67 4.11 4.56 4.58 4.75 6. 86 8.68 5. 88
Al, O3 /Si0O; 0.16 0.13 0. 24 0.21 0.21 0.21 0.14 0.11 0.17
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Tab.2 Trace elements and REE analysis of the North Qilian orogenic belt in the early-middle Devonian ng/g

i WWP- WWP- WWP- WWP- SHP- SHP- SHP- SHP- SHP- SHP- SHP- SHP- HYP- HYP- HYP- HYP- YEP- YEP- YEP-
Ji 5 Bl B10 B26 B31 B74 B78 B30 B85 B83 B84 B86 BY0 B2 B5 B6 B8 Bl B3 B5

La 23.90 10.60 31.80 24.60 11.50 15.70 7.91 14.20 12.80 14.90 20.50 11.90 12.90 26.20 31.20 28.00 31.30 6.47 30.80

Ce 24.00 16.90 56.20 45.90 18.90 23.20 13.70 29.40 30.70 19.60 40.50 19.20 26.00 54.20 61.00 56.80 58.70 12.70 64.90

Pr 5.28 2.46 6.62 5.59 2.61 3.56 1.92 3.05 2.69 3.36 4.02 2.66 3.21 6.20 6.99 6.50 7.15 1.49 7.33

Nd 19.50 9.23 24.10 21.30 9.70 13.00 7.08 11.50 10.10 13.00 14.70 9.67 13.10 23.50 26.30 24.40 29.20 5.15 29.40

Sm 3.96 2.00 4.84 4.48 2,16 2.75 1.47 2.49 2.11 2.73 2.97 1.91 3.22 5.69 5.57 5.38 5.62 1.05 7.22

Eu 0.69 0.41 0.94 0.8 0.40 0.53 0.30 0.49 0.42 0.54 0.60 0.40 0.8 1.06 1.12 1.08 1.14 0.15 1.32

Gd 3.13  L.71 459 4.17 1.71 2.44 1.19 2.10 1.82 2.36 2.72 1.67 3.12 5.67 5.05 4.75 5.28 0.88 8.67

Tb 0.47 0.25 0.74 0.64 0.27 0.38 0.16 0.32 0.29 0.35 0.41 0.24 0.49 0.92 0.74 0.77 0.8 0.12 1.22

Dy 3.00 1.56 4.81 3.99 1.81 2.48 0.93 1.8 1.73 1.98 2.55 1.38 3.09 570 4.58 4.83 5.53 0.71 6.47

Ho 0.60 0.32 0.98 0.8 0.37 0.49 0.18 0.41 0.35 0.38 0.51 0.27 0.62 1.15 0.90 0.99 1.11 0.13 1.16

Er 1.91 1.01 2.8 2.40 1.16 1.54 0.48 1.17 1.04 1.17 1.52 0.81 1.90 3.53 2.74 2.90 3.39 0.41 3.00

Tm 0.28 0.14 0.39 0.35 0.16 0.22 0.06 0.16 0.14 0.16 0.22 0.12 0.25 0.52 0.39 0.42 0.46 0.06 0.35

Yb 1.92 0.92 2.54 2.25 1.20 1.50 0.40 1.07 1.03 1.08 1.46 0.74 1.76 3.65 2.61 2.77 2.79 0.37 2.24

Lu 0.30 0.13 0.39 0.35 0.17 0.22 0.05 0.19 0.15 0.17 0.23 0.12 0.27 0.55 0.41 0.43 0.42 0.06 0.32

Y 18.30 9.35 27.40 22.30 9.98 14.30 5.45 11.20 9.50 13.00 14.60 7.74 18.40 33.70 26.90 26.00 36.60 3.81 44.70

B 15.70 26.30 61.80 46.30 42.10 38.70 11.10 41.60 40.90 17.10 50.60 27.30 14.90 16.30 26.10 21.50 66.50 4.25 9.44

2 REE 122.94 83.29 230.97 186.27 104.20 121,01 52,38 121.23 115.77 91.88 158.11 86.13 104.0 188.5 202.6 187.5 256.0 37.81 218.5

LRE/HRE 3.00 3.17 3.22 3.23 3.11 2.90 4.35 3.8 4.26 3.09 4.00 4.15 2.33 2.46 3.49 3.24 2.71 4.92 2.52

Eu/Eu* 0.58 0.66 0.60 0.59 0.62 0.61 0.67 0.64 0.64 0.64 0.63 0.67 0.82 0.57 0.63 0.64 0.63 0.46 0.51

(Gd/Yby 1.35 1.54 1.49 1.53 1.18 1.35 2.46 1.62 1.46 1.81 1.54 1.87 1.47 1.28 1.60 1.42 1.57 1.97 3.20

(La/Yb)x 8.93 8.27 8.98 7.8 6.88 7.51 14.19 9.52 8.92 9.90 10.08 11.54 5.26 5.15 858 7.25 8.05 12.55 9.87
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Fig.4 Major elements diagram of the North Qilian orogenic belt in the

early-middle Devonian for tectonic setting discrimination
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Chondrite-nomalized REE pattern of the North Qilian orogenic belt in the lower-middle Devonian
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Paleogeographic sketch showing collision in the North

Qilian Orogenic Belt during the early-middle Devonian

T 7R T g il Il 455 A RS ) 7 ol £ T G S D Ay KT e B B A SR 4

PR AR N Ry AU A 3 3 1L e 4 40 VA A ] U R P HC A A AR TR DT 5 5 T AU AR % LD 7E e A
20 D I A 3 A L A5 AN 2 Y, DR O AR A DI 7 3t A DT AR SE SR 5 ] LU Y LT A R SR R R R/ — &
Wi A b AR L =R U AR O A0 2 T DI 7 e S TUAR A R o 000 A i ok 0 ARGt R 3t T AR 2 5 O 3

Bl A b RS L = AR P AT DR R

A LEAR b S TR TR AR TR A 3 . A AU AR vH R A & L R R B R

LR DURRRA B 90K L A R AT B e L IR 32 2ok B K Ll g AR ] T AR 2 s DX 1 o 90 2 1t DA AR A
UUBUH M IR F . TR ER BT ) v K A AR I VR R R AR DX A5 R e A U A i R A
HA LI 5 AE 7 U AR 32 AR 988 301 1 v mT 7 B e v A9 Bk A DU S R 2 T B 2 18 4 0 AN 15 DL K



B Bz Journal of Shandong University of Science and Technology
b AR £ 2 A & e B BE A R M) 2 AT 35

L 8 o 2 T 45 o J A7 R R 0 2 Ll i S AR AR 4 IR AT B IO LA R o

AR SCIE o AU AR 1 3 L AR - P4 R U A 48 R A 1L AR B4 S 2 o0 B 2 W B A R A U 2k AR D)
5 - 90 8 I T A 0 0 10 2 A ) IE AR 5 LAl P 6% D10 S8 5 IR DXl 4R 3 1 R P [ 5 1 o T EL K
JCAR I 8 2 2 L RERD & fi 55 8 BROBE B 47 AR AL 23 A i 2ok & 0 AR 3242 74 750 09 Y e 98 2 3 T L ] 4R
UL F T Ay R il £ SICA 38 8 53¢+ 2 0 014 11 ek e 9 ) T 2 ek 5 1 TR 2k 5 45 8l DR o 10 46 ) 5 AT —
B P B rp 8 G o AR P S il AR L P S0 P R Ak SR SC A IR A . X R SR XS
R 220 U8 1 = YR MR AE S T 8 0 SR A R D) 0 % i 4 O A 7 B B P b SO A [ Pl
7D A Bl fE R A T R A

5 g

X T AU AR % 2 LI RFUURR A 2 A i e L 456 0 AR 45t LU R 4
1) A6 AR % 74 38 5 2 A LR & B R D A S ik e DURR b B B K L s R AR S e K 8 £ 2ok 3kl
SIRFR = S At 15 B e e 7t U A 2 TG Rt DX Ay AR A 0 AR A 32 % SIS 3T B B o R A 3 AR ) T e
Bk B Bk LURD 5 B 32 TP 5 19 55 T8 20 5 ©OR HE LA JCIE TS o 3 TR & Fh s 8 e . el iE 2 1l
FE TR B A T 10 3 L i3 R 2l K Bl s 5 WL Ti) — e 15 A L 3 B D T Bl 4 b P 5
2) b e g G AR 3% 3 LU ) TP R A A S R D) 30 G e | e R A 2 3O AR AR 28 A 4 8 I TP L
T i 7 5 T Y PR AR K A AR L A TR e B Be L T U 7
e d ¢
[1JMZ A R A K F.AIKG ZWF N B A LA ELLFRAH L RALHILRESHERAL]] R FER,
2004,23(9-10):911-917.
DU Yuansheng,ZHU Jie, HAN Xin,et al. From the back-arc basin to foreland basin-Ordovician-Deconian sedimentary basin
and tectonic evolution in the North Qilian orogenic belt[ J]. Geological Bulletin of China,2004,23(9-10):911-917.
(2122, 30 5 2. & B G HARE L K ) &l E 0w A3 Kb & L[] # iA+ 4, 1976(1) :42-55.
WANG Quan, LIU Xueya. Paleo-oceanic crust of the Chilienshan region western China and its tectonic significance[ J]. Sci-
entia Geologica Sinica,1976(1) ;42-55.
[(3]ABEH, 2R, Afid b BT F AR @ W stk LB XA ]. kA F 3 & ,1997,12(4) :315-323,
ZUO Guochao, WU Hanquan. A bisubduction-collision orogenic model of Early-Paleozoic in the middle part of north Qilian
area[ J]. Advance in Earth Sciences,1997,12(4) :315-323.
(4140 A . P BAR £ 0 2o iy M3 0y SR R A5 2 [T ] 30 R 52 4R, 1978(2) :95-105.
WEI Chunhai. The main characteristics of geological structures in the Chilienshan region, China[J]. Acta Geologica Sinica,
1978(2) :95-105.
(5] RSk, du AR L 47 o 26 & A 69 Mk s e[ )], s sk A it & .1997,12(4) :351-365.
SONG Shuguang. Tectonic evolution of subductive complex belts in the North Qilian mountains[J]. Advance in Earth Sci-
ences,1997,12(4) :351-365.
[6]R &b,k 5, NIU Y. JbAk i L4845 % 4 & SHRIMP 5% 4 & 3t # ik & LU A 3238 4R, 2004,49(6) :592-595.
SONG Shuguang,ZHANG Li,NIU Y. Zircon SHRIMP in eclogite and the tectonic significance of the North Qilian mountain
[J]. Chinese Science Bulletin,2004,49(6) :592-595.
[7]XIAO J W,.BRIAN F.WINDLEY Y,et al. Early Paleozoic to Devonian multiple-accretionary model for the Qilianshan, NW
China[ J]. Journal of Asian Earth Science,2008,35(3-4) :323-333.
(81 # . ¥ 2 ST, 20 45 B 5. AR ol o Bl B8 0 3 B 0 R A0 R R K s A % [T, %R 38 4R, 2006,25(1/2) :83-98.
YAN Zhen, XIAO Jiaowen, LIU Chuanzhou, et al. Detrital ccomposition of the Laojunshan conglomerate in the Qilian
mountains, northwest China and tectonic settings of its source regions[ J]. Geological Bulletin of China,2006,25(1/2):83-
98.
[91A B, X F k. Atk T AR KM []]. 3 S5, 1987(1)  14-24.
ZUQO Guochao, LIU Jichen. The evolution of tectonic of early Paleozoic in North Qilian range,Chinal[ J]. Geological Science,



Iﬂﬁﬂﬁ*ﬁ 36 %35% F418 Vol.35 No. 4
%-}-@ 2016 &£ 8 A Aug. 2016

1987(1) . 14-24.

(108 A K, 2R, Arid R AR F AR AR Rk igmiR[J]. & f#5,1992,13(2):61-74.
FENG Yimin, WU Hanliang. Tectonic evolution of North Qilian mountains and its neighbourhood since Paleozoic[ ] ].
Northwest Geoscience,1992,13(2) :61-74.

(1113 &5 AR B R . AR E AR d ol de R AT 0P 26 538 A bk R AL 3h A [T 3 R4 4, 1994,68(1) : 1-15.
XU Zhigin, XU Huifen,ZHANG Jianxin.et al. The Zhoulangnanshan Caledonian subductive complex in the Northern Qil-
ian mountains and its dynamics[J]. Acta Geologica Sinica,1994,68(1) :1-15.

C12]sk sk #f i & AR50 5. AR i A LR I -3 A 2 M A 3h ) F [T, e A5 ,1998,33(3):290-299.
ZHANG ]Jianxin, XU Zhiqin, XU Huifen,et al. Framework of North Qilian Caledonian subduction-accretionary wedge and
its deformation dynamics[]J]. Scientia Geologica Sinica,1998,33(3):290-299.

(I3 ARYT, A ALK R 5 3. AARE L M- Ko g s A 2 [J]. ®ab RmA5,1995,16(1) :1-28.
XIA Linxi, XTIA Zhuchun,XU Xueyi. Dynamics of tectono-volcano-magmatic evolution from North Qilian mountains,China
[17.1995.,16(1) . 1-28.

(LR AT AR AR 5 5L AR F 3 A AR A By I Ao IR0UE A3k KOl AR R [T, 3k R 3R .1998,72(4) 1 301-312.
XIA Linxi, XIA Zhuchun, XU Xueyi. Early Paleozoic mid-ocean ridge-ocean island and back-arc basin volcanism in the
North Qilian mountains[ ] ]. 1998,72(4) :301-312.

L15] &R, T8, sbade 5 £ 4 R BOUARE F 247 ¥ 6 AL ] sz A3 5 3038 F 4k, 2011,33(4) : 337-348,
MAO Guangzhou, LIU Chiyang. Application of geochemistry in provenance and depositional setting analysis[ J]. Journal of
Earth Sciences and Environment,2011,33(4) :337-348.

[16 ]DICKON W R,SUCZEK C A. Plate tectonic and sandstone composition[ J]. American Association of Petroleum Geologists
Bulletin,1979,63:2164-2182.

[17]DICKON W R, HARBAUGH D W,SHALLER A H,et al. Detrital modes of upper Paleozoic sandstones derived from
Antler orogen in Nevada:Implications for nature of Antle Orogeny[]]. American Journal of Science,1983,283:481-509.

[18]BHATIA M R. Rare earth element geochemistry of Australian Paleozoic graywackes and mudrocks : Provenance and tecton-
ic control[ J]. Sedimentary Geology.1985,45(1/2).:97-113.

[19]BHATIA M R. Plate tectonics and geochemical composition of sandstones[J]. The Journal of Geology,1983,91:611-627.

[20]F B Mz A  Hirif, 5 M ERR_HEAT-TREAEE LA BN FHESRFIER LR Z L[] WA #F4£,2009,
55(3) :335-346.
HUANG Hu.DU Yuansheng, YANG Jianghai, et al. Chemical components of sandstone and its geological significance of
the Laojunshan formation, lower-middle Devonian, at Erdaogoukou section, Minle county,in North Qilian mountains[J].
Geological Review,2009.55(3) :335-346.

(21043 & 3R 45, R 46, 5. AR E -T2 A B A &% F W B 33T B ik L at £2 ey ot AR 2 [J ], & 328 42 3R, 2002,
4(4):1-8.
DU Yuansheng,ZHANG Zhe,ZHOU Daohua,et al. Silurian and Devonian palaecogeography of Northern Qilian-Hexi corri-
dor and its sedimentary response to synorngenesis of North Qilian orogenic belt[]J]. Journal of Palacogeography, 2002, 4
(4):1-8.

[22]%h B & M A ik, F. LM EZ LT AR LABA- T . PREAGCH EHFEA>E MR AL E R,
2011,30(2):28-33.
XU Yajun,DU Yuansheng, YANG Jianghai, et al. Detrital composition and provenance of sandstones from the upper Ordo-
vician to lower-middle Devonian, the eastern part of North Qilian orogenic belt[ J]. Geological Science and Technology In-

formation,2011,30(2) :28-33.
(FTHERHE . Hm )



