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Abstract: The Qilian Orogenic Belt (QLOB), located on the northern margin of the Tethyan tectonic domain, suffered from the
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development and evolution of the Early Paleozoic Proto— Tethyan Ocean (i.c., the North Qilian Ocean, NQO), and was the key
orogenic belt for the uplift and expansion of the Tibetan Plateau on its northeastern margin. Based on regional geological survey and
structure geological mapping and combined with previous geophysical data and newly completed super—broadband magnetotelluric
(MT) sounding, this paper expounds the characteristics of the fault system in Northwest China and the QLOB. Through super—
broadband MT data acquisition, processing, and inversion, and structural interpretation of shallow, medium and deep electrical
structures along the MT profile across the QLOB, the distribution of Mesozoic and Cenozoic basins related to the fault system, and
the deep crustal structure underneath the QLOB are analyzed. The deep electrical structure of the QLOB reveals a fossil bi—
directional subduction of the NQO plate in the Proto— Tethyan tectonic domain. According to deep electrical structure, the original
width of the subducted North Qilian Ocean plate was over 600 km. The southward subducted NQO plate probably reached the north
margin of the Qaidam Block (the present Qaidam Basin) in the south, with a gentle subduction angle underneath the Central and
South Qilian Block. Then, the melting— broken plate (or slab) might have migrated downward to the depth. In the north, the
subducted NQO plate probably reached the southern margin of the Yin’ e Basin of the present position, with a steep subduction
angle. The dumpling melting—broken NQO plate was separated from the crustal retention plate in the north, through the northward
extrusion of the upper mantle. The authors hold that the folding deformation of the subducted ocean plate was probably caused by
the compressional tectonics in the Mesozoic and the Cenozoic, especially during the Late Cimmerian orogeny of Early Cretaceous
and the India—Asian continental collision in Neogene. The shallow part of the electrical structure proves that the Yumushan thrust—
nappe structure was developed northward to the North Qilian Fault, with the Yumushan as a klippe in the north. The concealed Early
Cretaceous basin underneath the klippe should be a good area for oil and gas prospecting. According to the normal faulting
developed in the Early Cretaceous, the authors constrain the main stage thrusting of the North Qilian Fault in the Early Cretaceous,
which might provide the evidence for the uplift and expansion of the northern margin of the Tibetan Plateau in the Early Cretaceous.
Based on combined data from previous researches and this study, the authors put forward a conceptual tectonic evolution model for

the Qilian Orogenic Belt.
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large-scale faults, as well as the locations of Fig. 2 and Fig.3
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Fig.4 Sketch maps showing the relationships between the geophysical field anomalies and the fault system in the Qilian Mountain
and surrounding areas
a—Residual gravity anomaly (after Feng Zhihan et al., 2018) and its relationship with fault system; b—First vertical derivative anomaly of the
aeromagnetic AT field polarization (after Xiong Shengqing et al., 2015) and its relationship with fault system; ALB—Alxa Block;
NQLOB—North Qilian Orogenic Belt; CQLB— Central Qilian Block; SQLOB—South Qilian Orogenic Belt; QDB—Qaidam Block;
DHB-Dunhuang Block
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Fig.5 Comparison of static migration and static correction of magnetotelluric sounding profile (QLAL—2017MT)
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Fig.6 Structural geological explanation of magnetotelluric sounding profile (QLAL—2017MT)
a—Inversion profile of shallow layers using conjugate gradient method; b—Structural interpretation of inversion profile of shallow layers; c—Inversion

profile of middle to deep layers using conjugate gradient method; d—Tectonic interpretation of inversion profile of middle to deep layers. Fault

names: NQDF—North Qaidam Fault; NZF— North Zongwulong Shan Fault; NTJF—North Tianjun Fault; SCQLF—South Central Qilian Fault;
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fiE 4B BT 56 M R (R R L BRSSO 44 18 37 1Y)
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HER & B e BHL LIS AR , 40381 T WA L 3
W2 o A O b & B A T 24 R A R R i — 4
YRR 5 , 2 I it 5 3 A s LT BT b e 1 )
PEZ T . TEEARAT A b g 22T 24 (SYEF ) 4, Hi
HH S0 30T ST SRS PRI T | S WZ T 2 HLA 5
FUGE W ASTERRAE . SYEF UM A4 40 b e i) 1 L
HABARGE LR MRS )2 & T 4FIE
5.5 F—RZEBEEMFFHE

A% 18 LUy B JRI G R L P 2 4 2 A K L
PEZ R R B EA — B a2, AT R s
Iy R AERER, R IS ERZ R —
T40 km, FZEXTN 5T ; B ERARBE)ZE , R E —
FEAE 20~70 km, IGBH 2 W&k 2 Ai | Rl & & e BEL 1
P 6 H e s R R ES S B2 — TR AR
50~120 km, /55 BH )2 Wr 2L 23 A5, Jmi B & B AR PH 5,
I =2 Sy L ) B s TR AIRBE)Z , —EAE 120
km LIRAE R 222 HE S 3m PE i s e

SR A b ELAG B R ) b i BELZ LB R
F o FAARIE IS 1L b ST R R B R, AR
T AR 1 LA 5 T P R AR A A Y L s
JELRE /IS R BESRRAIG, - B AT 1 b R AR Y R
B 7 3 s b (AR 220 ) 1) b b e SR B R, —
FIARAL , LB R A b b R AR S e T A
Feuae eI AR Ak 5 SRR | R AR T FIER 4 2 1 1) 1 b
FEIEEE R CEFHR S, ARt

AT Hb7E B AL AE 15~40 km, Hir 48
IR MR )N b e IR R fe i, HAT 18 k224 5 it
JERE B A K, 75 40 km 7547 , TS8R AL SR 2Lt
A R, R ARE R — R BRI T
5T o RS T S 2 T Y JER A Y R R AY R M
FEBWIAR W, K E A T M7 F MOHO (B8 ) 1 4}
Yo WIPEERAEE (L2 TR T ot SRR BN
— S PSRRI A PR 2 HLBH A A 5~100 Q-m,
JELRE AR o AL AT 3 i e A T e SR B — AR
20~30 km.,

TR 2 S B TR T, A8 1 L Y 5
T AL AR A A, HEIRAE 42~80 km, ELAT PR AR AR 45
fE o FELE IR A B i b 25 LA 3 1 115 — ik JBg
T T R AR ALK, A3 R SR T AR R AR
T3 L — A M BN BT RS B b 2 T,
A3 BIIE 1A 0834 [X. s MOHO T S iR AL 7T BE 4 T-F

ARIERE LA Z T, KAk 80 km PIYR
6 W it

6.1 REPEMEMHIMIEIERENX

AN ELA 1 22 45 R b R R IR T (s | AR 3
T LT B SR GRS L S5 M S AR R AEE B Y
B AR IR RG] 432 (R B S, 1995 8124 i HE
=, 1995; 177 45, 2005 ; 5 HE S, 20085 B8 B R4
2010; Xiao et al., 2011, 2012, 2013, 2015, 2016) , H
Hh, B R 4 W 24T SR — A T 2 A H B R B
5 A R A Y AR AR (R ) S AR
H T S I BE S i X5 B AR A U 5 AU AR i 2 [
FETE“ B " K 1k, o T M5 1) U AR E T I I
P T A 1] T A e A R s A 3%
SERAIRT I 4, B AR S B SR, e T
TSR A AE AR B S # 1X, T M 5T — - b TS A4 11
BHLSE 5 AN R R Al 4 e 1 35 Shy B 468 1 v BEL 5
W, M ST — 1 i TR R A AR S N Lk
FEAR Z U AR T 7 1 b e 22 v r R A0 R
(1) b b D B S8 Ry 3, R & B AR S X
b K B ARBE SR 1] e A A 2 A R A
(Xiao etal., 2011, 2012, 2013, 2015, 2016)

ASBIFGE 24 H A A0 MT Hh—% 2 S 38 ) T
N AR LLHE B SR 20 A P S R B — A
JEF B A4 A, BRI T2 & T 5T ORI Mg AR R
() 2 (HCL) , H A BH A /0N s 7E AL AR 1% 36 L
2 T ~30 lm Y 55 Jey 5 b X %) fL B R /N T
10 Q-mo X — & 52 HA R 109 % 2253 A F ]
S (T o1 Y I oy e RN O | 1
T F B — A AR A B TR A (K
6¢) o TE AR B —AU AR % 1 LU —] 7Y S JER 3
P M X AICBH = 52 0 AR R de vk, vl ik b
L O I N e B = B [ N A5 =R =l w1
(R HELRZE T IS , 7 P 4 26 38 L3 19 2% 55 R ) il
Z N~80 km VAL & AE BT B , T Ak S 10) e 7E 5835 A Hh
Pedb 2k 2 E NI ] 150 km DLZRAEAf . AE3T
POE R AT T O, IR & 52 B AE~80 km IR AL &
AW I ) R SR AT A ) A, R AT A 150
km DLV, SHPETE 20~40 Q- m, 32308 T84 5 KBl X
[ R e

A 3% 38 LY B R 2 5% ORI L b g 2 )2
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DAL A7 7E 22 A [ A 005 o AR 4l 54 s R AE
AR 2= BT, S R AR I3 e ™ )
B FENA AT E A B nT s N 5
HLBH B8N . (HJE:, SR 0 & R ML B iR K
T FEES A A oe N 852 BT B ; T8 6 il 22
AL & X A 5 R IR (R DI, T R S
Hu5E N SR R R S A O, R B IR B
X5 AR LA R A 22 KM IR S B
HRS 32 iy B () S-S FATAE R 68.3 mW/m?, i JE UL
Fa 35 DX 60 mW/m? , FAI0E LA K S13 43-4 il 1) JRy 3 A
EAEBOR I, TR/ AlOR i BE DX N AR Y
SR — 7 1 PRI 5 38 A 2 i 1) 1% R A A 1
(GRS ,2012) 0 A BITER I, AR 1 1L
(T 7 i B AT Ik B B ) 550 °C, AT REE & AR
STHE R (R AE, 19985 IR BRI ,2000) . — A
by, b M ) i 2 T BRI A A R R AR K
ARG IR

PARIEIE Z T 50~150 km Ab B KA A1 e b
e ELA T Y L 2 %(0.02 ~ 0.2 S/m; Naif, 2018) . 5
M B AR T, T M E R A 2 R A e
(DMM)7E 100~300 km FRAL A HL T34 1077 S/m
(Katsura et al., 2017) . R KIES A B1Y &K
8 v R g R PR S T A 3 A R vl 5 35K DG A
B R Bl 2 J5 , KA A0 P 1 ik 4y (e SR TR 2%
FO AT T K FBERAE T, i S R0 A T
B Xuetal.(2016)AA, T PG L P HERE /K1 L
F14) S A1 A M P A 000 R T A7 A By A AR Ak
LN o Yin et al. (2017) fEGN TR A& 1L
iff (Trans—North China Orogen, fiij #X TNCO) ) MT
B4 G LI P K E B 2R 10~100 Q - m AH X 5 510
pepal i bl L3 S A A S NS E 2 R i N R
B AT MT I RAS S (1) 4032 18 1LY 52 9 AN L i 5 5
JZ(HCL) , 5 KA A B s i e S R0 2, nl g
SR A B 4%

Sedb G —A % i 1A — B B YT iz
7 A b I RE & 2 (HCL) | BR 1% X 3
3 A7 0 25 25 7K 22 A0, T BE SR Ry AR AL A
T AEARE PR R BR AT G S e (5] 6d) 5 IR BH 5 52
FE Je 30 T LA S A 36 e O 2 3 3 ) b 1 g VR 2
ol WUl T AR R R AT B . [H]
BF, AR AU B s I 2 T AR

T RAGHE ) JZ RARBE ISR vh Al i W 2444 18, AIK
BEL K A 1) g A v 28] T ) 408 328 5 1L 5 LU AR =2
T R AR TR 25 DX, T AE M B AR A A i
G BRI BB ] b R s TR FRAE , X — A R
T A 3% 3 LT T B A g S TR AR S DA G
FEICAR 7 (FLRR R e ) A R i 638 AL A o i)
KPEM A LAELA A5 77 3 P 0 1180 AR 41 25 s P % W
Z4(SYEF ) R At 5Bt Mt 82 , e X #ey 1A
FEAFAE TR B B TR b ity KA A, d8 s Tl A=
ARACAR I AR R 71 RS A6 AN 5 TR e 8 LA A
2, DK B AR 09 vy 2 s Ly A L AR TR s )
WrEg bt . P AR LR BT A 1 S R
X — ] g b A XL Rl A e 1 R A, R AR T
JEE (W5 4 05 AR T A8 1l ) ma AR A {80 1 T O
Ao Bt JUARE B AR b A, R A ey
(RT3l HH B T ki 4 A2, DA S5 3 1) 5 9K
BT . TR WK T A SR AR R
BB I M e o B 5 0 & T RS 114 305 i
FEAHER , T8 AR 4 Ll A6k AR A L1300 g 28 f 6
el (E6d) o

HY 5y A AR A0S 2 3 AR 194 31 9T TR 1Y)
A 3 Ll A, FLRg AR 5o B4 1 S8 TR R A b
S, G0 S 00) Sk 0 2 b R R %, DA A1 7 L R
GRT AL IR IR A AU AR E PR H AR A, A0 dE
W B AR s B AR R AV T AR B AR R, L B
B BE T 1K~600 km; Q1 5L AU HY R M R A e SR TR 2%
BTk AR PR B AE F A T A A A L
~600 km, 15 BH Ji A B 3 0 AR 342 3V 1) 58 BE 328 7E ~600
kmz I,

FERL RIS I A PR T 38, B AR 5 BH R
PR — B )R IEAR EE i RS, i RE LA B
EOMRRTHIR L Y = U AP ek 1 SR N WA =Y R [
AR AL B AT ) R4 T XA 0 e R
SRR 5 1T e K ECE MOHO T R EE H Bl
T ICREY AL, 43 E1 T 1] AU AR i ) S R4
e AR R o 78 5 T T 0 114 S Tk K M B 5 R 08 34
LLVHP AR, [RVRE A7 AE iy 2 1 g ) o L 3R A i
BRAY , AR SR AR M e 5 pg 408 1 1 1L 4 fjh X U
B A AR X, (H Mg b 0 A RS /N, ] RE S 14
b DX WA R i — S A KBS 5 RIT TR 55
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Fig.7 Tectonic evolution of the Qilian Orogenic Belt since Neo—Proterozoic
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6.2 MEEHEMEEN

W T & 7Rl AR R R I R E
DK AR 3 3 A , 2 7 e S AR b & e T S 4
JRIDCHR AT o ZRAFI R AR 14 3 1L 7T B
Z1 T LLT 2B Benyib g i (7)) .

(D) JEABZE PP 5K 5 9 3 Kl i 2 19 2 i
(1000~520 Ma) : 7£ & Ji ot i AR % i Jé W
(Rodinia ) #8 K Bili ) 2467 (~1.5 Ga; Wang et al., 2016)
ZJa  ARE LML IX 28 Ty T oot AR oh R
i il 42 5 2R A S0t i (M 2 2% 55, 20095 EARIT A%,
2016;Wu et al., 2016, 2017; Zuza et al., 2017) . #iJC
ALK FEREE JEARE 5K B T SRR
— S 3% b e 5 BT S b He 2 ) 4 SRR R DT, L
% B sh KRRt % . BB 22, AR iE 5 h
A 35— VY 1 RN 5 55 R M B ] BB ELAG AH ] 174 1
STLEFTE AW 5 21 8 45, (Song et al., 2013) , J&
TR — S KRBl R s B, SR AR M B 5 AR i 1
W Z AR BT P e db i o BT b ) ity
S R R T I DR T 2 (] 70 5, B R
SRR A AL, SO YN R I+ o

(2) JEAR 3 AR o O P 5 il 48 3 11 (520~407
Ma) : by A AR A% Ll b X 28 7 T SRR e (b
AR VR ) IR R BT WAk 5 PR i O i AR o
R 48 i 11 45 3 2 (Gehrels et al., 2003a, b; Xiao et
al., 2009; #4255 ,2009,2010; Song et al., 2014; 1%
HESE L POME, 2015; EARYT 45, 2016; 1 AR,
2016; Wu et al., 2016, 2017; 22 pK 45 ,2017; Li et al.,
2018) . D AR AT A s dml U AR 2 T A e ] i A 1)
JEHAT UM, ZEICAR 1% P B LT B JER R 1L
By IR BT R f 2 (JE R IL—KF 1) Rl 240
FAN, TE B M0 D0 I 8 b A 3% e R N (B DR A
2015) FlEg AR 2 5 J I CRREII; A /MESE: , 2016) .
DU, UAISIZE 2 1L 7R R b DX B8 R e AR R
FER A T HE MR PR, WA D R IR T
AEEB LR % B R4 (44055, 2015) . Sedbgfndt
A1 34 B v R 5 i (HP—UHP ) 2% J A F [ A B,
T 588 AR R 5 1) 4F 1% 4R P AE 470~460 Ma (Yang
et al.,, 2002; Song et al., 2013, 2014; Zhang et al.,
2017) o JEURFE T CIRARZE ) VA R 1a] e A ] 6 5 >
T3 1] b (R R m R e, T DL i R TR R S
SR IR, P G D RS 25 S PR b 35K ) B 5 R 2

X ALK AR AR S AR

(3) Bt P9 38 Ll OIS A R 5 5% 55 B A RV 4
(407~240 Ma) : #153% 11138 LUy AR AR E s 2 [a] 1)
ill 42 7 VR A ME AR L e 3 A b S i 14 9 B0 KBt
GHRZ o R ARE LX) 2 R B B
A1 5 U At A IS 3 L ) e R I B (A
FETEEE, 2004 ; 2= A KA, 20045 488 45, 20105 AR
Yréag,2016) . AL, ARE LSSk ELAE T IX
Sl A R A TP o 55 AT B 2 ORI 7 4
2004; FMFFIS S, 2014) , 7] BES& BRI (Gehrels
et al., 2011) Jb# Ay — 40 32 . B =& i (~276
Ma) , oy SV P 3 ) 3 35 e 25 R T 47 567 e 57k A 75
5 Bk R A C Y S PE A BS B (Zhang et al.,
2017) o AT PEE RN R T LI —b K 1L —H7 WA i
H—R = F 1A A AR AN S, 7T RE S5
e E QNI S ey o i DN RE Tt SR PR o <]
Ko Mo Bt —R =B LUk ARE L X A 7Ry
R RN 0O B AR & — S ik R — 15 %
WA I B HAA (9 A6 ( Chen et al., 2015) , KA R
C—AEAR—ABE— VG RIS M — 53 o

(4) T R B 3T 1 G PAT ity P o e 5 L 1
P15 55 1 (240~65 Ma) « 52 1 REFE TR SC I 152 M)
A% 1 1L AHF B S 23 3k R B S R A 1 AR TR
(Chen et al., 2015; Li et al., 2017) . #8343 LA P &K
KB W) =B AT 05 T BN S A s B =
o ZIEMiE =S5 5 h R, 48 s
LLUHT TS 8 AR 2 1t 45 DX A Ak i o A s R
(FEHANTE,1998; 4 Z 55, 1999; TR 4= 55, 2000
W RAREE,2000; 42155, 2001 5 85 15U 55, 2001,
2002; Chen et al., 2003; Yin et al., 2008; [ & 145,
2010),

e EZRERS 2 & H HELIE 8 (~165 Ma) 5
H ] P S B RE — S K i il 42 = 4 (~55 Ma; Yin
and Harrison, 2000 ) 2 1] , a] P4 5 JAR b 350 1l X 8 A& A=
T U R R Y R A i R 3 R, T AR
B PVRER STV OGP A (BURR 2 o Bty FL iz 5y, )
B I —JR VTR i R0 DG DA 4 ) R e R A5 /)
FLRFI, R A 1 5 R T SO 1 1T
0 B ] % L 1 S A R S s A b (- L
Hiu s R I 45, 2019) (IR A, 4R 34 1L b 2% W 24 45 44
SN By, T U A LUt wh 453 0RO A 3 (BRE
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H845,20192) o AR ILAbZx KA A Ll ROk I Z R
PRA R R A DU G, 2l S K )
A Y H 2T 5O 8 45, 20005 PR E AR A
2019a) . A WG 3k B A R AR AN
W7 [ 7% Hb (9 72 A (Chen et al., 2003 ; [ & 48 %5
2019a) , hih 1T A L3 i 7 A Tt R HG T 2
Z T R R R A 5 1 e 2] v DU 2 AL AR 1
VG 7 b S R 2T By E R . L S R
(AR 3 51 Hs , a2 51 T A A i e B A k) —
Ui AR IR R, By i Rl sl g 27 FR
M i S

(5) ER B2 — Y Al 2 e 24500 (65~0 Ma) : B A=
ARAE BB Al e 5 WP K i ilf 43 3 11 (4 T~55 Ma)
PR HBL S A IS 5T, SR AR IX & B KRR
¢4 % b (E,— Qp; Yin and Harrison, 2000; Yin et al.,
2002; BRE B4 ,2010) , FEARIE IS LA, B A ARG
I L VR R SR Z, R e e 244 (W et all,
20165 Zuza et al., 2016, 2017, 2019; Li Bing et al.,
2019; BRE LS ,2019a) , HA B IR0 5 L M 5E 45
FE)FIRF 3 FE (Wang et al., 2011; Gao et al., 2013; #X
CHEAE 20145 Ye et al., 2015, 2016; B4 = AR 45
2019a) . R L 52 A 30 nh I R AR 2 1
T (AR s PO 3, ZEA 3N R Bl 2 2 5 IS
Z )7 A ) AR T i A A sk op /A5 g
TR 2 PR3 LU AN [ FR A B A B, 4081 1 )i
AR hy B A AU AR % AR e e AL RS i 1
o HOBTHA HI T 51 (20~10 Ma) ic 5% T J6AR 1% i
LT B ) B 8 VR FH 557 8 e Jir— i FEL AR i X
i 118 3 A AR R T 5 ) 5 g S A — 2 (George et all,
2001).,

7 %

AR S 3 R e P 0 R ) T ) 4
M7 DR A FA R, 45 A DX It o A A -5 4 1
M, 028 3 At 1 5 R i AR G PR 2 e L TR
FeLE M 5T RHE , 7E T AR b, 2D
A7 T DR AR AR B DL R S5

(1) T AR i PR 1 0 % (M) ) i ) 9 =
T SRR R 4 7 1 AR S LI G L 5 AR AL
R LU % A 7 M AR L0330 e B A 3 RO 0
R S OB 2 M s o B P 1, ELA i

S AT S o AT AEATT B AR LU A A
1 1) & B A RefE R A pg F a2 2 Hopn i L
K B 88— Y K i 48 37 A A 1 5 R ) 5% s A s
I B

(2)MT # T 2 s o, Bty AR R
PEHT) ACAR I T A H A 1) i ) 6 R A o ) £k
A TRERES A RRIE . AR IE 2 T AL ARE
AR ELA ] i 7E 5858 AR—AB % b e 2 AR AR B
A5 b B R BB S A REAIE | LR i iy 25 g A 7 =2 /DT LA
IREIIA SR ARG AL B B o AEAEE Lk,
ACAR T FEAR IR ) A6 BN vp A FH = R A BE , i LA
W B8 Al A T AR . T AEAR DR Y
P 35 % A8 T AT e e AR b 351 2 1) 5 T 98 4
YEH B

(3) BRERLE AR AE B, (T by AR AL A
FEACER AT I8 R AR 1 L, LR R R
A SR AR A At 2%, Jb R0 A 00 SR ER A5 2 b 11
RSk, DVRA 7 M p 2R BT R4 Bt o 38 S IR e )
AR FEAR ISR e, T H A )RR S IR PR Y
TE L1600 km 2 |,

BT : A U5 A B S0 3 SR A T AE B 8 R R B
MK EE CEAM L A BEE S #
N FIHR FHEQ ER EHRE HAS HEE.
FHAF . THEE I . I H AHE XL
ER 2 B B3 R & B T S TE A A KR
AEERMAANEEY KN ZXFSH B, K7
W32 B 4R A A IR AL T Bl 2 R QLAL—2017MT
R mEH mHERES FRALE, E5 AL
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