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Abstract; Divide is a dynamic feature of a landscape that routinely migrates, either through progressive or discrete
river capture, in some cases even leading to the complete reorganization of river networks. Most of the existing
geomorphological or drainage evolution studies focus on the single river capture, and few report on the overall
movement and the geomorphologic adjustment of divide. Recently, it was proposed in a digital study of fluvial
geomorphology that the chi (X) value difference on both sides of the drainage divide could be used to explain the
large-scale river capture and demonstrate the reorganization of drainage when describing the dynamic migration
process of divide. In this paper, the chi (X) values were calculated using the 12.5 m DEM data. The chi (X)
values were higher in the east and lower in the west, indicating an eastward migration. The lithological erosion
resistance is the main factor controlling the eastward migration of the divides in Zhuozishan under the condition that
there are no obvious differences in the tectonic uplift and precipitation conditions on the east and west sides. When
the Cambrian and Ordovician limestones with stronger erosion resistance lie in the west wing of the Zhuozishan
anticline, the other weak sedimentary clastic rocks located in its lower part, the river in the west wing would be
through the core of the anticline, laterally capturing the rivers on the east of the anticline.

Key words: river capture; divide migration; Ordos; Zhuozishan
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Fig. 1 Tectonic position of the study area. (a) Location of the study area, which is in the northwestern margin of the Ordos Block.

(b) Micro map showing the position of the study area and the Tibet Plateau Block
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Fig. 2 Maps showing the geology and intensity of erosion resistance in the Zhuozishan area. (a) Geological map of the Zhuozishan
area ( Distribution of lithology and faults were modified from the 1:200, 000 geological map of Xinzhao, 1981). (b) Intensity of

erosion resistance in the Zhuozishan area (L, is the lithological erosion resistance index)
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Fig. 3 Linear relationship between the channel height and chi (X) value (modified after Whipple et al. , 2017)

Willett et al. (2014) 2 FIHT KIS TN chi MBI RBE W 22 35 F0F, MR /K R M3 &AL
X)) EHEREMARDKEWSIESTBLRE, Y & 2 ( Perron and Royden, 2013; Willett et al.



298 WR /155 http: //journal. geomech. ac. cn 2021

2014; Yang et al. , 2015; Vacherat et al. , 2017) ,
453 K U TR AN Y 4 3 4R T R U SR PR K fF
TEUI W 22 i), Zp oKW P K 220 chi (X) fH 2
Ao FAEIMEARES, KW 2 chi (X) {EE/NY
— ) chi (X) EHERE—MEH (K 4a), R
X (7) AT S, YR ERF R AR, EIFW
8 U B T R 2 AR N B, AR chi (X) BB K
BB Y U e T AR 2 AH LD, AT chi (X))
EI/N (K 4b), fRZ 2K MR chi (X)
EZESW/DN, KRB THERE (K 4c, 4d),

oo N y ~)\ ~_ = -~ N .
< 77 | < Y e
3 _> BB ) .

SKIEER §XZ§ A3k R x
° M, BERS .
= R TE AR W 22 2]
a
= FRIKTTR
¥/m
d NKIETH —
4
BB /m

B4 g3y ik S 0 & 3 X # chi
(X) EHE T (4 Willett et al. , 2014 &)

Fig. 4  Drainage basins and river profiles in equilibrium and
disequilibrium. The parameter X provides a prediction of the
steady-state elevation for a given point on a channel. The basin
on the right ( aggressor) has lower steady-state elevation at
channel heads and therefore drives the drainage divide toward the

basin on the left (victim). (modified after Willett et al. , 2014)

2.2 REFUKEHEXFIHE chi (x) EItE
MARFILTREENKRY HEE TR
T A4) 1 2 14 B 1 K R, LR P RN A T g R A
FEZES, WZTE R0 E A K R8BSR
Y1, JFEFEC B T M & R R B
TSI A L T A% 2w Y S PO RS A8 Y R L P
NS T3, PG 3 A 1) T O ST R g b
B, —FPOR R T IwT, i RN
— AR A AR, kR, B
BRI K T AL, 60 o A 95 FE A T
FHZARIF M P (18] 5a) . s T I AL
] /) 2 43 K e AN 7 22, Bl v 3 2 2ok A 0 O FE T
SrCT rEAC T B, gy K Ie b Br, MU AE RS 4 K 18

T 2R fis A% 114 2 32 Mok b A A 0 0L %5 K I T A
9 N = VRt A< 0 T R AR S R o S
MRS (B 5b), mvE3E e Wo4 Jilk 53t
FAEE 22K I8 B EOT Ui J8, W04 Fy i) 8 I Sk A
WARE A, IS T A A, 7Y IR
TR ) T R SR T B AT SR AR T RE Ty, AF
TEZEF AR FE A A

TR RO b A A 5 R A [ A i
Z IR Al REAFTE A A L8 AF I G &, ORI 5 1
X 12,5 m 1) DEM £l it 5ok R 89 chi (X) i
KM FE 1% X I o K e i e, B8, m/n ™
4 0.45 (Perron and Royden, 2013; Willett et al. ,
2014; Yang et al. , 2015; Vacherat et al. , 2017),
A, BN 0.3 km®, BIT R 4b Y fe /N K T R
0.3 km®, it 7% 79 Bk Ui 4 EL A A ) o R K 1T
VEM 1300 m S5 2 o R e, ARAE A (7) W)
R HIZXEK R/ chi (X) {E,

ZERLRWY, 4 K W A [ U S8R Y chi (X))
EF7EN B 2SS (K 5), O T IAEmA b,
FRAREIK R chi (X) {EU 8 R T 1R 8
KF, KRR A K R AR BB K R =l
RAFRES A, K T RAREITE;, TR
FRAIPY I B K &R chi (X) HZERAUE, HAR
TP A X chi (X) {EA 2R, RUAH R
ERAIPUE K REF X RAUR, KB E,
QHEFINFEH TR AREN chi (X) EHH B KT
W, RUIVEIE YK R R MR RE S HaR, K
BARIFLTH . dgal W, 35 R A Y 3R Y 4R h
FZFRET AR, /K m AREITE,

3 Wik

LA 43 7K 1 B E PR T RE 2 BN 2 R 1Y
Wel, G0N XFBR 09 44 3 BE A ((Goren et al., 2014;
Willett et al. , 2014; Forte et al. , 2015; Whipple et
al. , 2017) ., FBKEM 25 (Willett, 1999; Bonnet,
2009; Goren et al. , 2014; Forte et al. , 2015; Forte
and Whipple, 2018) . A ARE (Goren et al. , 2014;
Forte and Whipple, 2018) Iz il 5 v 11 1 A8 fL 45
Hop, M6 T2 Y AR A R, W
Al eS| & LR ¥ B ( Willett, 1999; Korup et al. |
2007; Agliardi et al. , 2013; Liu et al. , 2015),
— A T NIRK RIS R, A BUE



52 PREFY | A5 MRIR 2T DU AL G 5T 1L DX O 28 2 0 4 K U4 RS 5 299
106°S5'0°E 107°00°E_ 107°50°E L7
16
g £15
= B
& 13
L
202 4 6
BEES/m
16
L5
£
o B B 1.4
z o HiKkH &
s o TR 13
g BB I
& B 0 1 2 3 4
e RF R B FEES/m

39°30'0"N

a— LTl chi (X) (EZEWIAM 3 b—W04 55 EO1 {7 I 28 25 (9 Ji R 455 25 R0 14 2% ] 0 A9 A 700 1T 5 o— AU BE R b 17 23 /K e 1) AR ST 88 f S AR BT (KR

B} Google Earth 5214 &)

B5 £Fchi (X) E2HFE52KEEHT @

Fig. 5 Maps showing the distribution feature of the chi (X) value and divide migration in the Zhuozishan area. (a) Chi (X) value in

the Zhuozishan area. (b) River captures evidenced by the elbows of capture and the river profile of W04, EOI in the Zhuozishan area.

(¢) Stereo map of the eastward migration of the main divide in the north of the Zhuozishan area ( The basemap is a Google Earth image)

TUE T 48k 43 7K 08 23 X6 4 3t B T 9 AS X6 B 1 A
Hima % ( Goren et al. , 2014; Willett et al. , 2014;
Whipple et al. , 2017) , il W40 46 77 1658 E 19 7 T
Lk e 19 43 K 0, BB W Y e R
FAFARTE o3 7K W f 1] 46 TH 3 & 1 — DU % 3l LA
KBRS, AR — B By oK 0 A 3 46 T
By 7K 38 23 3 1] 3 1 ik iy s BB B A
A B (Goren et al., 2014; Whipple et al.
2017) o ST AL KBERAL T8 T 2 0
W i e, AR R OK R D B K R ECAT LA
Jde s (B 51 A T L X3 A AR R T
R E A BE ST P IF A IESE 48 s = 7 1 gy oK g
PR (e 22 S e T LR (XE ML SRR, 2014,
wfaJE, 2015 R AR L AF, 2018; FEE, 2019),
H 57 10 AR VG P 7K FR B A2 ol s ofe R Ay BT
BT 5T rp ) DL 3 2 8% X A T B R T g
378 5 0 3 KU 3T RS 1 52
3.1 EHERNEFLUSKIRTEBHZIE

MR T IX A B E (8] 2a) FHiZ X —

B AEACH 2 M R B A, MR B AR U AR AR
A, AHE T AR VS 2 1 20 AT AR X FR, T
v R m AR R E R A (e) MBEMBL (0) K
AR EE MG &L (P), &L (T),
w2 () MBE¥a (K) @, msEF el
TR0 AL BRI 3 A oKl B (Ar) WARA RS
R RRA . FMIRG B A, KBS 138
F& (B 2a), Campforts et al. (2020) F & —
FheE & T a4 (Aalto et al. , 2006) F1HE k%
HHR ARG R ARG TR E A
AT HIPR Tl SR EE

2
Ly =L (10)

L, +L,
3 (AR
L= L (11)
7()(51%)
A (10) Ly o v AP R Dl s B 4R AL
LAAA WA, HEE1~6; A (11) P L,



300 WR /155 http: //journal. geomech. ac. cn

2021

R FEF b R A S 1 TG B 49 TR e dE AL, A FE R
REHEMA, L, W18 6 Z a4k, B 0H)E
BB /N s L, 2 3 25 1 8 B 9 G o 40 ] 42 ol
o8, L2 (WfEkis) )12 (ks AT

MEEPUR MR BEIR L L, (R 1, KB 2b), &S
B ST T AR T 3R T AR R R ROR
KAWL R 2R F AR A —HER L
DURRRE T 5y 20 PR B P AR Tl s B2, DA O 7 38 3]

UGS

Yy) ZIal Ak, R i) s A U AR T B R Y TS R AR R DD RE g, da il
wid A (10), (11) HWERARE T ILmX KR RKIER,

k1 EEMEMEESER

Tabel 1  Classification of the erosion resistance values of different rocks based on the lithological strength

RS A PR B A2 HbJZ AR EMKCE Ly L, Ly
Q, LU SN AN 28 7 s . e o 4 WU Y BRSNS i 6.0 12 171
Q; WAL R D R 2 MBI Y HUR LTS i 6.0 11 1.62
Q, gt LR 50 R | R FEGEVURY HIMR T ISR T 6.0 11 1.62
N R A RBR A W BWTLBLAE  HWEAR 3 58 10 1.50

WA es , Miba . DRI s FRUURS  ER 3 5210 1.45

K ROWH . DIRE BETBE  HER 3 42 10 1.35
J wEEOESRELR, BOTUCE SRS LR EENORI AR S [ T 3.3 10 1.27
T KEAWESEORATE, MR A O EELURIRAE S = i 2.7 10 L.21
P fa@amum s KA E mAULRAE &R o 2.5 4 0.62
C KB—BATUE | KB AR A CELRR A =y Vap 3 T 1.8 10 1.12
0 HROJEZ KA ROA TR BRITLIE MR i 1.2 4 0.50
€ W BCRBE AT RO BEULRE  ERAR E‘ 1.0 4 0.48
Pt TRLA KRS | BAGTE . AsRKERAED S RIGTIRE KIH i 1.0 6 0. 67
Ar ROERR A RS e [IRS7EN JE 0.0 2 0.29
72 Ju i UL R Ak Je AR = 0.0 2 0.29

(2016) 38 3 F0(E A 00K 1 Al
BT 22 R0 A X K BB, 15 i &/ X
F14 R85 1) YT 3 A 75 A IS Bl 20 L 2 a8 A A S 3 3k R
M, B TR SR8 Ak X 8RR M 2 59 B B

Z W, Y L)EH)E R AR )2 S R o, R
AN Gx OF RE AR, T I e O R i R
MR AR M) L ) MR T B 4R s, T 2 —
ELIIUR, R Ak, BIIKE b BXE 4T L
it B - L G 3R 1 AT O A AR AR X, R Ll
T I3 FE I8 V8 A 42 U0 31 98 2R R BB R K
o, AR TR ZR ol i KA (P P
FLA AP RO OIS | Fz KA I fkw
PR MRE I SR, T DAY YDA T 4y kg,
FRFE VA AL 1) 2 SR A% 98 R R R Yt R TR 0
FRAE, HL, BB 7R AR T8 R 6 R 16 A 4 52 ) AR 2R
e RHZE, PRI AE sk ) ot R s B
KR WA 8 o e o e 2, BAF A R
JZ L E 2R T 5 R, T 2 4k 2 g A
R, T Ao e R A ) R I PG 3 Al VAT 3 R
kB H T on KR RPN T AR I
-2 R R R TS R b, A S 4 5
A%, T O 5

Collignon et al.

S 1 M DR T 3 BE 0 45 AR A E] A A R
. i

P 3L AL BE R 4 O

Fal A ER AR,

RN A WX AR (B 6a, 6b), TR FILAR
VEPIIAL s 46 T R C B 22 5, HMMK R
(e o A S W I o = e s A Rl
RPGHMZ M R A K 22 s m . 511075 R g
HIERD (¢) MBHAL (0) KAZMRM DU
e oR (BRI R A K By ) AT A BE 0 4R 5K
BOR, MM BOK R chi (X) (E#/N, i 2&
ZFREI R, AR AE AR K IS A R AR TR, UL,
FPEPUR HhEE ) 1 22 T 0 L 4r K e ) ARG
M FREHE
3.2 EFLUKREBELLRE

IAEEA G o 3 lE R ATTR DR D ORI LN
F AR R, B o T b T 1 T ) U
MR, ol TE T B B G A B IR A T (Davis,
1899) , M Il X B A MW 7 fn B, AN 2
PO (4 907 90 L 2 A BT A S A 1 3R] 9 ST A
LT A 1) YT 38 PV A BEVRT R VAT P S 3 Ml DXV
14 Jry B4 ot 9 TRT T A PG 33 v S A TR R P i
T U0 2F 55 1 I Z R0, 5T L AR P B T g
AT R I T, PO 38 = M E — DA



% 2 PRIF, %, IR ZI PR T L U2 4 R A K S R 301
106° 55'0"E 107° 0'0"E 107° 5'0"E 106° 55'0"E 107° 0'0"E 107° 5'0"E

39°50'0"N

39°40'0"N

39°300"N

39°50'0"N

39°40'0"N

39°300"N

a— 50T LTS B U1 0O A 1 3 b R B 800 — A 1
B 6 £ F 3 X 37 1 bk 0 3k 2k A

Fig. 6 Diagrams showing the distribution of channel steepness index in the Zhuozishan area.

(a) Distribution of the channel

steepness index in the Zhuozishan area. (b) Interpolation map of the channel steepness index after normalization
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