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Fig. 1 Topography and drainage pattern in the Sanjiangyuan area



1340 i B 2E 734

— ARSI . B —H A 22 BRI — BRI . FT DA — NIRRT AR
ZWidar (F12) . Horp EA—H OB 24 A 2% Bh7 i) — T 44 e W 24 06 56 DU 20 LUK A i 2
FEER, KB —ZRZARHE (K2), 02010 48 ER &4 7.1 JotZE™, ER—IH
AW R R R H A, ArudbaIme 3. xR, £/, BHEZ M, 2K4500 km, fE
VOIS XK T2, AR AR LAZEAT 2200 H b o 4 S5 /K b A 4, 38R b
PO AT, W LA R 3, iR 70°~85°, JES 5 EIE IR S B f H A
JIE A =2 2Z (B A HE s, Jf AR, HAR— BTG shWr e al . ik &
B SRS T 9 R o)) B VA O, ) 1A SIOY e LI sh e 1k 1R R SRyt
i FR A BN R ERT A DU S W R it b RS Al LUk
FOFR G s, HASSRETE s A R A2 E T TR s iy, B IR IA N I%
b DXAEWT 2 WAL = A= BRI, AEPI AR IBTZ S AT i B,

SO BT H A —EM WA AL e, A LUER M ER 3, B
WAHFLPVER]; EWERREETEW . LS | SRS R B HORGH .

34°N

33°N

T W BRI T P S S 15 M iR R T R S 1
K2 VT DS Sl 2 A R A A

Fig. 2 Tectonic map of the Sanjiangyuan area and the distribution of earthquakes (The fault data are derived from the
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Structure of China activities”™, and the seismic data from China Seismic Information.)

3 BTk SRR IR

R T ERVTIEIE XK A8 Ja 0 A R i S5 B ha i PR & S R SOz X K R AL, X%
H1 X 1Y DEM S R 5 R 364 T 74007, F£RH ArcGIS 10.2 Al Matlab 2015 $EHC T Al A4
I, RIS
3.1 EERiIE

IR E R 5% A9 & ASTER GDEM (30 m F190 m433E%) , 30 m 4M3E% 1 DEM
TR T X2 i XA 3 RS fR: B A AR ) S TR0 ATT, 90 m4r B A DEM 2 %2
T TecDEM JAIAS 72 J3 029 6] 3t 2K R AT 2547700 o P42 0 sl 1) DEM 78 55 I IX 1 AR
4165500 km?, | TecDEM [ sh4 B AT A ek, A mNRBEI P4 . B8 %L
FAS T HIE



74 T A YL D R Bk A% R T AL S AR R 3 S A OC R 1341

3.2 MRSHITEIRE. Fik
3.2.1 HWE W (slope) JE—ISEAR MG FEbR, HE mAliid 1 Hb 3 500 P T (14 i
RVREE, BT b F ) B R A AR ) K . MR RE S AR R S I . bR K
BB AR, XSO 1 B R . T ArcGIS 10.2 25 [B)43HT 3 B2 434 F 3
AR TS X IR, DEM 43388k 30 m,
3.22 BRE HIPERMKZRE —EuBENERKEERES /NGB EZ BN, Gl
() 2 0 SRR N B AR AR AE . RN, — B AR
R=H_-H, (1)
Kb RFERHICERRE; Howo How 7805253750 P B K R AR LR/ D = R (B,
FH ArcGIS 10.2 Y25 (A1t g 2 et TR, RA & 11 (330 mx330 m) 4iit
IR SR E AR/ N R R, FEEE IS SRR A S (1) T HIERRE
3.2.3 FAIRBEIEIE R (k) (RS IGShomA ML IX , T4 A A i s i m - RUR &
T[T AR R T R AT SRR BN Y, YA AT A s A B
FE G ZR 3 SRl BRI T I BE S R /K AR A 55 T pR B R P,
S=kA"’ (2)
Ao RO E N M 8% (concavity index) ; ZE k, ¥ E A
BEUNFEEL (steepness index) . | DEM T[T 37 B RN K A, B B 48078 DU 44 &
b, BERTHIBRAGE SEAL TR SRR R, RGeS R BEEE B R, RS
ARAF AR AR e 2 1 48 SO BE P R
A S 1 TecDEM il 2% DEM %4, 2 A sh #2007 78 253y, Ff-38 i TecDEM H1
Stream Profiles "' f% Concavity & Steepness Index ZJRE T T il iE 3% FE ALK AR, #52
FEROEL I I, SR A AR AT I Y B R 0
3.2.4 FATRRBEISEN(SL) TR AYBERESS B (SL) AT USR] I (3 AR, A
SR 0 M B SRR AR S . HackPE LT “HEREFER" IS
SL=k=L,(AH,/AL) (3)
Aorbe SLRNR BB FEFE R ; HEWER; LR, E— KGR, S8
P Y R B AR Sk BT 14548 BOR B T o SR i BEIR R R An A8 Ak, 2 s 1 A8
s E W 3l , L nT DL SR Bl 2 B R . BB . AR SR A TecDEM (1) Hank
Gradent Index ZRE A sh#-EL 242 T BL Y SLAE
3.2.5 WIBERRS (HI) HEERRS (HI) REis M A28 & B R, #{iiR
TR 45 5 o FE T B TR o A sk AR LU (B B RR M R AR I A 2 B R R, Fh
DU S

H[: (hmcan - hmin)/(hmax - hmcan) (4)
AP HOATSETERUT 5 A PRI SRR AP IIEL s o ) P 23500 DA LS PAY 5 R B

MERER KA . 5 Davis HUIBAZ G ARXT N, HIEH KN b R 4210 e b3 % B Y
TR HI < 0.15, MA—SRMLRIMMIE, SRR MEL, AT 24 A
0.15 <HI < 0.45, HM—RBRILEMSIE, RN ZMFEL R, T,
HI > 045, HA—SFEMZERINY, RN HFRARGRM, MWiEiEsmmEl, i1
ARIEY

7K 3CHH i TecDEM H Hypsometric Integral DI HE #L 11 H 2 $2 50 T 196 A~k 19 HI(E
T A0 5 (1) Strahler 4 4.



1342 i B 2E 734
4 R

4.1 W SREFAE

4.1.1 JHE  FEI AR SR T
R, @k EZilE, INhH S,
15°, 25°, 35°, 45°4r i RE (AR BLmE
Y X A3 AR AL . RS DX 3 S
TE0°~75° 2 ] 5 W] LY FAUHE 20T I
Uie DX a3 P-4, 3R v Y i Bl R
TXCIRER, MBS EZ R | Sl 0 25km R
m— T MR P Es . B o 96°E 97°E
B L A I e e R - - :
2% (K 3a). P ala My e K]
REJE T 9% M XA o 06 o FL S TR B, 2
M 22 2R M —7 46 i ek . 2 300e i
WL M L A I e b R A 2%
A RE -5 12 DXL A s TR AR 56 .
4.12 BIRE ZH XG0 A 11 H
Mg, HEleZe gy T A, ARdtihX g
R E e L, B —H A&
W das | 12 O — T A R 2y o Biog =
gl (K 3b), REBHXEF  95F 96°E 9T°E

95°E 96°E 97°E

34°N

33°N

34°N

YIm BETE 4600 m A Ay, 5 BLF kb A I3 YT DX BE MR JBE 1) 73 Ard

cl:# ?E ; 1117 38 R ya] E{m“ Hh, ﬁ/; E{JI'Z f’g —‘l%‘ rii‘-i‘ Fig. 3 Distribution of slope and relief in the Sanjiangyuan area
IR, AT R /N T 4300 m, TR T 5000 m, SRRz X 4 LLAHTE] A3 Y
HOAURRAIE o

4.2 MERESIEE

4.2.1 SARBEURISEL U B BEIFR A S I X R IE (B 4a) , BTIE R4 (Erh
SO D8R BRI A BE O 2 5, (BT 82~146 Z [1) 5 THTe K] 7Y g ) 523
(TP LL @GR X0 AT Y BEIS BE R, R ZH/INT 80, THEZR VL b i Al i) ]
TRBEISTEECREAR, ZHUINT 36, 51000 . R TL LI XA SO B BEIS R B, =
P AV met YR i A B U 2 DT 200, T b 3R 241 /1N St R BE IR B2 /N T 80 VT It BE I B2 45 4k
AES DR E A YRR A A W B R R (K 4a).

4.2.2 ARIRBEIERR WX SLISAREE A ZZ AR, RARST/NT 300, SLIH SHZEHE
PER S B BT AR R OCFR (1814b) o 30 KT K i B Ui 1 5] 4b rh i Sk T8 K 3R &
A= R B Qi e A 1 P —J U AR () e SLAH S 85w, KT 300, 38 KT A< 19 Be SL s T AiE
55 ICH DAY R B R TR A OG5 TS0 3R B AR IR T VG 1) AR L AR 32
55 BYHSOMBETHE R TR PE— AU AR 1) A YTt S ey (1 2R WX SE3n B 414 1
. ATRER S W 28 A A

4.2.3 FESREMS  F HIES A NE 4 iR, g i HHEH KT 0.15, BLHTX
Hi DX A T AR R4 AE ], RWNZH DKM B IS SiE R, R (B0 T LR .
I RAA] PR B 43T HIE R T 0.45, Ab TAAE A s A B 2405 74 e 00 B S 10
I HIE 9 0.15~0.45 Z 8], AL FHAF LS



73 T A YL D R Bk A% R T AL S AR R 3 S A OC R 1343

5 e

5.1 BIARKRATEHAESHIIENE R

R T 7K 28 K SR TR [ i
x5k, BIABIIERM . Aok
R AR A, S RICAT
RS FdiEs KR ARk R 2
IR B IGE R, MRS RREDS 7 M » .
THER ., SRR AT LR e ¥ OB T SN -
B AR R KRS BR, PO SNeye o

34°N

RN SRR AR, T o5 T96°F 97°E
A B K7 (2R H— SRR e BEEURS AR R R

- SRCTUELE . BYUBLE R SR AR
T B MR, D), mmeaene e usens

R, M 98 9°E __ orE
Sl T AR TR, A St it S AR 4
N WX EE R T I H—R AR AR
PU—IU R i 1 K 28, Herpde
— i 2R 8] 45 22 0 56 W R AN TE PR A L
(Kl5d., 5e. [&l6f), ImipgPi—dL7Rm]
A2 BEIE R IR (1 56) . B
AR BIVAPRK FR FE A AE PR I
ZEICAL, HASIC XM R . A
JEVG— R 2R 1) AN R 58 A SR 8] Y o
JK e b 358 A A T TE S A (] 6a
B £ R S Sy mosats e
7 R — PA R R = d = Va0 A R—= 8 7S
(7). RN TR, Gak s mancoss -
R BPRI A

AT WA B UIVERT Al = A AL 4
BTUIMNR . A IEWTR . R A
FE IR o R AR X —
FEOE BT 2 A A, 55 A X
TEWTREH b7 A 30 o B2 FIRR A, 2%
BRABAEIE ) Y W 22805 6 7 A R B
RA 73 W68 e b ) R/ N ke 1
IR 228417 1 D4 1) 2R L 51K 2800 32 7 ik
55 . BYIEANZHE R, MK 2 s
AR TS A Y DN AR N TR R
BRORIIE, AT RE R e 1% X S i
EHNE 2. B 5a. Sb. ScRIE K4 GRS SR WRBUMEESEEOM
6e fi T i Tﬂ_‘:ﬁ% X i('% Hfﬁ % % T % Fig. 4 The distribution of steepness index, stream length-gradient

N y . N index and hypsometric integral index
WS AT Ak 2 T A 1 25 s o 7

Y
&

NN

° = 2Nk
95°F 96°E 97°E



1344 i B 2E 734

A A RUBTRG A, AT RE 20T AU P —Fg A< I ) 59300 300 76 5% F 46 T A Al SR i 1) & 2B AR
b, e R AL BLRUK Hs

Fi A W 32 B 7 A 1) SR B B T b P — R 25 3 ) Al ) () 2K, T a3k iy B 22
AR —R R M 5ea ) (Kl6a, 6b., 6¢. 6d), FIfFEZEIZMIX AL PE—RE 4 1)
BT . DA S FE BT AR FHE BT A& 4y (E17, K 8a). TEMERHAT
oK (XU 78 (B 8a), 44y il ii 30 m AR fRA )2 (& 8c, 8d), kT

. a. by cHEWME AL d. e KIS RMEER B8 AL P —g 4510 TE S 4 4l 5
fRRTE—Ib AR “Vv” ks,
5 62 KR IX AR BRI AR K L 516 S Z 0 A G &R

Fig. 5 Terrain characteristics of the valley and its relationship with the distribution of the active faults in Zhiduo
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Fig. 6 Terrain characteristics of the valley and its relationship with the distribution of the active faults in Yushu
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The evolution of drainage pattern and its relation to tectonic
movement in the upstream Yangtze catchment

YU Yang, WANG Xianyan, LI Yiquan, DAI Yan, LU Huayu
(School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China)

Abstract: The Tongtian section of the Yangtze River is located in the central part of the Tibetan
Plateau where the neotectonic activity is illustrated by frequent earthquakes, such as the Yushu
earthquake (Ms 7.1) on April 14, 2010. The study area is situated in the upstream parts of the
Yellow River Basin, the Yalong River and Lanchang River catchments. In this region the
tributaries have developed an inverted drainage pattern with nearly right- angle intersection.
Based on terrain and areal river system analysis, including geomorphic index calculation, this
paper discusses the evolution of the drainage pattern related to the neotectonic movements in
this area. Two groups of valleys are distinguished with NW- SE and SW- NE directions,
respectively. The NW-trending rivers are unfit channels with gentle slope and large width,
while most of the SW-trending rivers are canyons with steep slope and V-shaped transect. It
turns out that the steepness index (k) in the southeastern part of the Tongtian River is higher
than that in the Duocai-Ningqia basin, Dengailong basin, Yequ basin and the southwestern part
of the Batang basin. The stream length-gradient index (SL) is similar in the whole catchment,
but the SL values in the inverted channels and nearly right- angle intersecting channels are
abnormal. The value of the hypsometric integral (HI) is over 0.45 at both sides of the Tongtian
River, while it is 0.15-0.45 in the Duocai- Ningqia basin, Dengailong basin, Yequ basin and
Batang basin. The values and distribution of geomorphic indexes indicate that the pre-existing
SE-trending parallel-drainage pattern turned to an inverted-drainage pattern as a result of strike-
slip faulting. Dangjiang, Lixing, Longbao and the northeastern part of the Shanglaxiu regions
became pull- apart basins, while the tributaries of the Tongtian River in the northeast eroded
dramatically headward as a result of the uplift of the NE-trending thrust, and finally captured
the former SE-trending channels.

Keywords: neotectonic movement; inverted drainage pattern; river capture; strike-slip fault;
Tongtian River; Tibetan Plateau



