455 3 b = W 3 Vol. 45, No.3
2022 4£7 JOURNAL OF SEISMOLOGICAL RESEARCH Jul., 2022

SN LI . 2022, 3z FHBURHEE 2 00t 5 AR 40 4 0BT i B 1L B BAy 15 5t S8 [ ) ] MU WFSY 45 (3) 1468 — 478, doi ;

10.20015/j. enki. ISSN1000 - 0666. 2022. 0047.

Cai X C,Tang H T.2022. Precise extraction of quantitative parameters of the geological structure in Pishan County, Xinjiang using ob-

lique photogrammetry[ J]. Journal of Seismological Research,45(3) :468 —478 ,doi;10.20015/j. cnki. ISSN1000 - 0666. 2022. 0047.

ZRBREEZNERARGHRIFFERLE
WRHIEEESH

EANR, BaE

(1. TR AR SIRERNL 20, W RS M 450002 2. FEMGER RS Wbt BEPE PE 710054)

WE. NFTHRMEINE . SR RENFEARFHL, JEXtHm A 1L E B 20. 08 km® AFST X HEAT T (25 5
R B R AE S AL FE, FRELT 3.39 cm 43 HE% DOM, DSM ¥, 9 em M BER M =4 STaepind | DL
FEk RIS DSM AITAEEHE ;. R, KRR 152 M HLERGHE ST DOM . DSM 0 58 il T RGBT, H S I
IRZE LT om, SEAIRZES. 3 em; B, B RIRE PR T @R, XS X N W R BEIREAT T A
i, RITWZBER M EEMBE, F, , 0 (3.71£0.62) m, F, ;& (3.54+0.04) m, F,_,° b (6.06 +
0.22) m, F, 4 (7.43+0.56) m., F,_ 4 (5.52+0.18) m, F,_, 24 (13.05+0.33) m, @i {BFAHERIE

ARG T (LA 5 T B RME L) BT R 1 LA SO B BAR R | AR RERL A UE S R 1 = e S, i
ST TR E IR BE e PO RS, /R T IR HORAE I Bl A3 B 5 ELA T 9 R 5%
KEBIR . WUAHHEIEL; S IR RETE; ERS

fESES. Pe42.22 XHERFRIRAD . A
doi:10.20015/j. enki. ISSN1000 — 0666. 2022. 0047

0 55

TEH ST A 38 5T T AR, RS2 0 iE s
T, T B R WO i M AR 0 SR, )2
BESCHERE ff . U6 T 300 T A8 | O B R K R
EfEE, M8, 878 Hb 548 15 32 sl B0 AN
BRI (KBRS, 2004; LA 2018),
FEH TR A e S B AR, R L Ak
ALz A R 5 45 5% 1) GPSRTK Z5:4% &3 Il & T BX
K EE B SZ BT 5 48 1 R e iR 25, i Bk
TR AN BRI 2 S de . AR 2855 AR
w2, HAE— S S 2 AR 5 — A5
M5E Rk, AR RCRAR, RO TR, Kl
Rl 1S3 ) 3 DX Sl 2 A B R T o R AR

« IgFE BHA. 2021 - 06 -28.
E&WB.: EXHRBFELTE (52008228) ¥ .

XEHS: 1000 - 0666(2022)03 —0468 - 11

F R (DEM) 5 B IES 24 (DOM)
REGSTE 20 2 10 M 30 R, H 8 RN 1 A 3 i
SRR IS H A A e ) T B, R, AR
WORYE L i K 2 DEM, € 180 4 i i 534 32t B 5%
GURE N —EEZTAENA ., AL BOE 5
i (LiDAR) HAME I P ESRBORH L, &
5 I b 550 B Hl F2 AL 1 — b iy T R AT A i Tk Ty
%, PLE LiDAR AR T R RCR HaR 4R Y TR,
ITEH R A 5 7 ] B A A B A R
AIRPLEL LIDAR DL Z 0 1m0 55 (9 5 il A 2%
IR AR B, AR b A ARl A 7 E R ] T
ZEORMHET SR (X%, 2013; Cunningham
et al, 2006; Zielke et al, 2010; Oskin et al, 2012;
Chen et al, 2014; Ren et al, 2016)

UTAER, BURHSE 52 10 B A Ry — SR 55 10 22 43

F—1EHEE—N. ZUNE (1980 - ), PRI, FEMFWE, LR TRESHFAMITE T . E - mail; 749138912@ qq. com.
SBIEERI . JHLE (1980 - ), W TR, EEMNFNL . IFEFE TEET/E. E - mail; 649585393@ qq. com.



55339

SNEAE Iz SRR D B AR 240 B JBOHT 58E R 1 L b SR 5 7 e 24 469

SRR R A DA 2 8 I R BT B AR
ZEEESS, A LS E EHE AL, AEAS[H
BEAET, J&. 25, A7 4 A4 J5 ) SR AR Hb Wy Ml i SO 385
B, &0, ZMERIS LR RE, KA
— 0 HL S I IS AR TP IR S 55 R (R AR ) AR X o7
HEE (507, 20145 Bea L, kiR, 2019;
SRARRNAE, 2003), i =4EE A, IARAEA ER
JEE M B AR bR v AR A — A S AR A | B AR A
(DSM) . IEH%E (DOM), 5HL#E LiDAR HiAR
FAFL, 7E 5 2 % 5 7 T % RE % 3k 3 7] 2 5] K F
R DU B A I R K BT, A
RAERE, HEA &0 AR B, =45
BRI B, AR AEAE AR 25 b X, i
UM RENS R UHLAR LIDAR £, 3RS B
H TR ) B I TR

H 2008 LI, BrEmEz 1B S LARIX & A 2 ik
SRR, W T E R ARG TR R, X
KB ZRRBGERWZ, SR G s s,
ATz X R 2B 5 R AL, IR
M X AR MR AR A ) S A SR e AL R
BoZ A, (5B Ay = 2 S SR A R
DSM, DUHsia B AT, R Ll B 7 g < X b 5 s
R, AT T MRS SRS AR, MR BRI T
B RWZBER M T EALEAE, AT TR
S B AR TE AL 3 S AR A 5 R A R T S

(@ pp’

40 mm
45° | g

N il PP J&

1 (R s I 4 S

TR e 25 Bt D 2 SR FH 1) o2 30 O AL 4 2 %
PR, WA MM S ARSCEE B, SRR A
N HIR 00 W B AL 1) > 158 . AN R AT 3 JE S
W ERASE A 7y 55t AR B R I 2 ) R 2R 5 A AR K
i, ML, mURL. SR, AW, LS A7
PEATEOE R4, WE la iR, RENFEIE K
s B, i, M ESE, FnESE,
POS B4 % S8, AR B 3 65— 2 i il
FRESEAT RS (AT AR IUR b ) i SCHAE )
WS IR AR 5 &5, & Bh i/ — 5k
Bl BRI 22, S E N AR =M, ke
T SO S AR, JE T SE R AR S UL S
SRR A, H SR A B S B sl
— A FLLE, S TR T SR 2 R AR o Y
ALEEME TR AR ALAL B AT bR S AR, T AH
BUBRE A2 D HE 5 A8 s 28 5 4 2 R A s 2R 1 3 72
CREFE WS, R e LN S
.S KSR, A ST HAEPLA
DG3Pro, DAHIE AL EES 0 F), HARPLA
JER AR AR Z KA 1b B, F) T H A 240
AT T SR A S AR B R AT W AR AR OE R

2L ik

O)=—— — T

A 7005007
. 770077

B1 MAHEYNERE (a) SANEEYRELER (b)

Fig. 1

2 MRS X 1 B

B LB R AR DA T S b LR 4 4 VO g 5
R P AL BE . VYR G AT, o e X RR
ZRH, WRENIMNEZHRE, R H

Principle of oblique photogrammetry (a) and residual of camera calibration (b)

P SRR TE (MBSE IR 2 70 km) B9 AU X
(Negredo et al, 2007; Tseng et al, 2009) ., iZHiIX
HEHR (K 2), Wi S R A £ %
EWIR S AL, anvh B Ll AT Rl VS RO KT
2l o e,

VIR LAl BT 240 T3 BLR 24 576 R 1Y



470 R

W 5 45 %

WX, BT, BRI B R
A () B M SR A T R AL R LA A e A — i d
At B 1 Ry SSE, LA A AR LK (4 i A2 TP
PIAR £ (AR, Ers, 2006; KH%,
2010; Qu et al, 2005) ; 3R LAZAR (0 I 35k — Al
WAL - R4 R R EW ), 2 EE 0 e A B
FEAER I RO B R A, B T AR 2
B, B R B RS F R AT AT, TR
b 2 U 2 B A g S BE S J5T 100 ~ 300 m FY B

74°E 75° 76° 77° 78°

A (WEHAEAE, 2007) 3 3 EW SE [0 A9 BEPY A
Wi A 4K 249 700 km, J& T BT /R 4 I 24 A fif A
4r ( Tapponnier, Molnar, 1977; Peltzer et al,
1989 AIFZAFE, 2006), J&— 4 KA A fig il
TR R AR Y ) B O W LR A e S i
2, K25 510 km, SEM S45°F, %M 2418 K]
[y S ke 365 15 3 R v A o T s P L i Y o
7, AE AR A OK 2K 1w dE #8373 300 km
( Hamburger et al, 1992)

79° 80° 81° 82°

@ suxn  moww
Y R O 40<M<50
e HiF O 5.0<M<60 @]
~ EMEE O m>s0 8
(]) 16|0 km [©]

T T T 40°N

B R

39°

38°

37°

35°

B2 KA RRLG Ao

Fig.2  Aerial survey area and geological structures

3 Bk S G

3.1 HEFRE

I DX A7 T K 1 B PSR A 1 24 15 km A,
TR 20. 08 km? o A YA R FH 7S T 32 6 A AL
M600Pro (&l 3a), #&BEL AL AHIL DG3Pro (&
3b), IEHEEE kM 28 mm, &l 8k A5
40 mm, 45°M5fFf (K 1), NHHRHTN 2 45 B
i, ZIAMLEC A 3 & GPS @ik, I X
TR, W TAE R BoR & 4 3 A X 4
R5rh 4 X (K 3d), HABMAS X P A &

By, HZREE S X U 55 2 A w4
M, BARTANLECA 225 GPS 26 E, NEKE4
P& LA 15 BE (] POS HHE, (H H U A %t 2 a) fi7
B, ORI R R R S AR bR, AT RS A b
A VAR S, PR XF S A, L, 43¢
W X A% 152 DU R A H & (Kl 4a, R H
CGCS2000 AL bm &, w5y 304, R+ 4%
78°), MAEIFESEIZ) 200 m, BRI SR 2
53 GPSRTK #4752, HOF TGRS + (8 +1 x
10°xD) mm, HEME + (15 +1 x107° x
D) mm, &GS B T RAMIX, A R
TRTEKE S m R ERARIE



%3 SRS - iz AR DU i AR 40 B SR 58 B 111 B TR 3 471
FIERI w7 BE | WSS AR, 5 B, PSRRI S TERE GPU BRIk S 4R (10 &
TR AE R VE R ERE B, O TRR AR S 3R WAL, TRARCEMEREL R 1), SRS

WaE, FERT B B i B L, SIS Y HT ContextCapture , Smart3D . Pix4Dmapper 55514
240 m, MU EHELE 80% , SHFIMHEBE 5%, AR AIVH, BEEH 18 h, HZARMT 9 em =45
SPHEEN 3 em, BIRSMNGEGE RS R 16 44K, SR SR 3.39 em DOM 5 DSM A5 HA7 25 [A] M B AL A

L% 43 650 7K, POS %l 43 650 4%, Pk %L dE b
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Tab. 2 Accuracy check of the mean-square error of the plane and the elevation of ground control points (unit; m)

sz LA SEARARGR SEIERR BORHLARRR  BORZRARRR  BORERE  JUARAREZE RARMEZRE mRREZE
GO0l 41 ##%%0.964 5##+x0.251 15+1.785 41 ##%%0.989 5 #x#x%x%x0.257 15 *1.839 0. 025 0. 006 0. 054
G002 41 ##%%9.697 5##+%0.326 15%3.520 41 #%%%9.706 5=*x=xxx0.311 15 *3.486 0. 009 -0.015 -0.034
G003 41 ##xxx7 879 5##%+8.359 15+2.268 4l ###%7 890 5*xxxx8 380 15*2.334 0.011 0. 021 0. 066
G004 4] k%6, 188 5#%%%9.140 15 %0.181 41 ##%%6.161 5#x#x%%9 158 15 *0. 140 -0.027 0.018 -0.041
G005 41 ##%%3.061 5#%+%4.860 15*8.718 41 ##%%3.087 5x#xxx4 889 15 *8.741 0. 026 0. 029 0. 023
G006 41 ##%%0.326 5#%%%3.731 15+8.988 41 ##%%0.318 5#x#x%%3.705 15*9.052 —-0.008 -0.026 0. 064
G007 41 ##xx%3. 119 S5##++5980 15%0.507 41 ###%3.124 5*xx%%5.999 15 *0.545 0. 005 0.019 0. 038
G008 41 ###%%8 688 S##x+1.082 15%0.064 41 #8706 51103 15=*0.119 0.018 0. 021 0.055
G009 41 s #%8 897 5 #7021 15%5.868 41 #%%%8 919 S5S#x%%x7.047 15%5.906 0. 022 0. 026 0. 038
GO10 41 =5 318 S5##++6.257 15%5.025 41 ###%5297 5#xxx%x6.269 15 *5.050 -0.021 0.012 0. 025
GO11 41 #3541 5#%+%3.380 15%6.217 41 #%%%3.525 5#x#x%%3.393 15*6.184 -0.016 0. 004 -0.033
G012 41 ##%%3.964 5#%+%8.165 15+8.277 41 #%%%3.972 5#x#x%%8 156 15 *8.240 0. 008 —-0.009 -0.037
G069 41 x#xxx4. 514 S##%x8.787 15%7.510 41 ###%4.503 5*xxxx8 807 15*7.479 -0.011 0. 020 -0.031
GO70 41 ##%%%6.956 S5##x+5101 15%3.444 4] ###%6.946 5*xxxx5 127 15 *3.488 -0.010 0. 026 0. 044
GO71 41 %% 1.327 S##%%9.052 15%4.809 41 ###%1.334 5*xx%%x9.068 15 *4.737 0. 007 0.016 -0.072
G150 41 ##%%9. 513 5#%%%2. 154 15 %3.599 41 ##%%9.543 5sxx2 148 15 *3.651 0. 030 —-0. 006 0. 052
G151 41 #7278 5#%%%1.553 15 %0.649 41 #%%%7.291 5#sxx]1.567 15 *0.585 0.013 0.014 -0. 064
G152 41 ##%%9.505 5#%%%3.317 15%6.874 41 #%%%9.486 5 %3345 15%6.929 -0.019 0. 028 0. 055

4 MBS E RSB RI

ARSCHFFE I X 3 3R 58 AR i, ORI B o
TR AR AT MR, N
AR R I 4 B2 FL DSM A8 80P AT R AR, X
THUSLH 5 0 S 3 2 S RO 4 BUR — Fh gL

AR R TFB
4.1 HIR¥LGERF

WE 6a frzn, b RS SE — 450 R A
REAS 1 28 1) 0l M2 350, 0 X9 ) 53 A1 3 — R 5
BEIX AR , 3k $EBE SR AAAE T8 A [a] b 3 e |
ML 6b T B St iy 7 AR | [RIAETT LA R
JZBER S, B, B = 4 SRR
X AR DX PG A0 ) o b 500 T8 AT T 00D R, R
TEYEZERER,

4.2 DSM fiTAEHHE 4012
1Bl 4y HE2E DSM LAY BRASATT AL H A e 4k

PR R AR LR, s X e AR B,
SR TARSR B G 0 s BT Sl X P
M 43R DSM |, 2 EE R 5 m Y55 i 4 I My i
Bl MBI LA B, 38 4o 4 ey 42 IR RE % 17 i b 3%
S DX S ey 22 R A T2 BE S, LN DX G i b
FEIETor 2, BEREEEIMIREIR T 0° ~90° AN [ 3% B £
FBEIRE R, I 11,939 ~47. 02° 1Y 3% B 4R IR
IRHWRTHE, AR AR AR TR
4.3 HhIRAEMARIE

XFAF 5 DX b 350 0 K A A 1k, 75 A I e g BE R
DSM K FLATT A BGSR B0 s ok 58 i, il 7 F R,
DSM Al AL i B i e AR S (R defi) , o8
AT 2 R T s M TR S, S R AR AR
FRHIE B AR K Bl SRR AR, 55 1 £ i b
WA 30 DX g R T 2 1 i) Ay s I A 1% o — b B
AMER) L AT AR, B T hag @I R R
AN RE (0 M M 5 (0° ~ 4.21°), Tl fi A4 i 3B Bl
7 | e 22 5 K 1 )22 B T 3% TR o O Ay 1l Sy TR 1



474 o=

W 5 45 %

(a) WT)ZBESHI D i 2 ]

(b) =4k DEM T 1 I 2 B B AR 1]

B 6 THAHEY S AR 6 A
Fig. 6 Preliminary interpretation of geomorphic features based on 3D model of oblique photography

RS br R g, HAEFRESEAERO 5% 60 %
SR P RRAE . %) He DSM 5 H AT A Bl T
PLHIWHZ B 58 X i 32 2 1 R 1 b 00 4 i 4 7 A
H, 50T ASFEIBUZBEIR R IR 5208,

h KGR, BR T X HL o B DSM, AF
B, BB ESEE, ASCE KIS DSM 7E NNE
JrmRECT 3 MR (K 7a hEL) K5
SHOGE N7 1 38 R T, b ) T 4R kT A
IAEI (B 8), SBR T X Mg i 3% ) — S 38
W, JEAHZEME ST T 4081, FRECT H S
AR as R, R 8 AT 0L, il X %43 Tk
PWIZBER, WEMYERKWEF, 5F,, S&&
(3% FE (AR X R, HLAE F, R Bl T i TR
ZEVR AR AR IS, (R N S 2 ) 3 B
WA, HE W72 B SR PN TR R RO 2%, T2 BE
WA LR 5 Bk P U (% B 4 0, 3 o X T 5T X
JEBEYCH Y T T 4R . B TR 5 A OGS R S &5

(b) 5 m*FHL

|7 5Kk DSMALATER
Fig. 7 DSM and its derivative map of key blocks

L 1421~11.93

[ ]11.93~23.51
I 23.51~47.02
47.02~89.13

AT, FIHE PR DOM 45 H 1K 40 50 1 13
5 (K9b),
4.4 EHNBENSHBWE

o TORE R E A W R BEIR T H AL,
DSM 5% @m&iiiT T &4, K 10a Fix, Ji4S
BAEARELE S, TRET 6 ABEIREIIML, 45
WrZBEIR B AT T 5 43 A, W72 BE IR AL
TR E T R INE 10b B, 0 3% BE R #
0] — 7 B PN b TR 8 ) b 0 ) T S A8 N
TP A (E 10c P T K BBLNIUE
wn ), WAL A L. L, @ EP AR
R A] 3RAS W R BE IR W e A RS 0 b (TS A,
2013) , BT, AR F, ~ F, WiRBERTE
THEHMBE. F,, 8 (371 £0.62) m, F, ;N
(3.54+0.04) m, F,_,} (6.06+0.22) m, F,_,
g (7.43£0.56) m, F,_ K (5.52 +0.18) m,
F, .4 (13.05£0.33) m,



475

ERSH

iz R 52 M AR 4048 HOHT 95 B2 111 B b Tk &

N

%3

=E/m =E/m =E/m
o wn o wn o wn o wn o el o wn o wn o wn o wn
wn o o ~ wn o~ wn o~ o ™~ wn o~ wn o~ (=3 ~ wn o~
o o O wn wn wn O o O wn wn wn e} o o wn wn wn
— — — — — - o — — — — — - o — — — — — - o
T T T T - T T T T ) T T T T -
w | T N n
o~ o~ o
o
=]
=
0
llllll =
|||||||||||||||||||||||||||| s =i
- _m =
R e = S
||||||||||||| K e =
< o & a m
~ ~ R & =
=4 =]
iz R B
we B
O
...... w =
................ cpfee ezl | B | K E
nfiE o i KOz
- i M \ [S)
(=S
.2
N R
........ g R =
\\\\\\ <
- Bl R Z
|||||||||||||||| - mm <
|||||||||| Sy
Sty At SR A o IR © o
— — p
& 2
[ S =
|||||||||||||||||||| -7 W= o
o
o=
=
wn mn
o o
1 1 1 1 1 1 1 o 1 1 1 1 1 1 1 o
R SRR B Sme TBWRARSRY WO
(o) / E% (o) / E% (o) / &%

B9 MAREHPHRE (a) HEFERIBEFE (b)

Fig. 9 Map of the orthophoto (a) and the terrace interpretation (b) of the study block



476 B2 == S 1 S 45 %
Fin WiEBER i h=(h+h2)/2
________ MERZE dh=|h2-h|/2
(a) T = 1 T 2 S IR B (b)W7 2 B 2 e A
1553 h=-0.0284+1552.963 1578 h=-0.016d+1577.627
_ N . —
£1548 N Pl G710 m g7 :
Y 1543 CTUONL 5=-0.046d+1551.502 fE h=-0.024d+1 574.962
1538 1568
0 70 140 210 280 0 70 140 210 280
BHES/m EHES/m
h=-0.0184+1589.117 h=-0.012d+1614.212
1588 1610 {777 Fas: (743%0.56) m
g N\ |7 Faar (6.0610.22) m g r '
#1583 L\ 1605 -
1 h=-0.032d+1585.904 & 1=-0.049d+1610.006
. < 1600 -
0 70 140 210 280 0 70 140 210 280
BHES/m EHES/m
_h=-0.011d+1623.513 hr=-0.0484+1 649.863
1622 —
T P (5.5240.18) m 1645 - T
£ L ff’ ( ) a6l N :F(ﬂ. (13.05+0.33) m
1618 B1635
i _ h=-0.037d+1622.529 ?:51630 [ h=-0.051d+1 638.226
1614 F 1625 F
0 70 140 210 280 0 70 140 210 280
BHES/m FEES/m
(c) % W2 BESK T ELAV RS B O
H10 BERRKEALESZHTTEEM
Fig. 10 Schematic diagram of determination of vertical fault of terrace
(0 2 PR B BB EUE , RS TS em 2, 52
4= BE A% 96 2 L 5T A T A0 T A A R S E
4 TSN A . . o
5 5 ZHHITE, RAEFEPIRZEN 1.7 cm, &

AR SCHRASE T R4 5 T e AR R HL T B
iz FHIC AN et fe 1L B R 20. 08 km® RIS X
PEAT T AR S DU 8 5 5006 Ah B A 4 o) S
I A s 55 A TR S 7 A AR AR, A0 AT T AR U T
B A PR 22 5w bR 22, [Faf, AT
BT HER AR RO, XA T X T2 BE IR EA T RS B
i, ELEPARM TN,

(1) BT HRY T EZMBL . SRTM
5 ASTERd % DEM (90 m/30 m 23 ¥ %) ¥ F
BERL BB NS 76 25 I A0 A T 38 00 458 K Hb i A4
S 1) Ko b SRR 0, T 1 N 40 AN M TR 4 RS A i
PR T S A i S BUE S HUE B, AR SOl
TN RHE R, R8T 9 em =4 5 FLA
B 3.39 cm DOM ., DSM %5 H. A =5 [a] #i 21 Ak R

PRI 22 R 5.3 em, %K BE 58 4 2 K H B R
I PEDHRS JBE A 2E oK

(2) BT DSM ik T m LK S5 ER, &
B o e AR B, XA 9T X W7 2 BEIRSE L T
TSR R, SR T F, ~ F, W72 REIR A 2 B0
0N (3.71 £0.62) . (3.54 +0.04) . (6.06 =
0.22). (7.43+0.56) . (5.52+0.18) . (13.05 +
0.33) m, BN TEGFAGRI  MRRCR, LA
By =4 50 SRR e S ] I S R i A
UEEE | AR TR S5 N 51 Tk B IR 1 M T LUAT B A
. IR AR SN, S BTR OC TR AL
TIRA ST EAR SRR,

(3) MHeu, RTK, BEMZ . HlE Li-
DAR S50 & T B &, RS ARG 2 & 2
— PR =4 EOW MR B R IRAOCR L R



%53 NS

MRS 5200 5 AR A0 12 RTS8 B2 111 3 A s 1 2 4L 477

EERET ., R E S, BT ARSI T —
EY I 2 B R T B, AE M TS Sh AN i E B AR AE P
LA Ra i R A&,

a%iﬁh

SEH EeME S RRICMA, 5 L 2018, A ICAMLAR LIt AR SRR Bh
#@ﬁiﬁ?ﬁﬁxﬁt[ ]. HEHL T ,40(6) 1276 — 1293.

AL, BRArF5, FHE . 2004, 6 B i g PSS S R[], g
FiZ%,11(4) ;383 —392.

BRI 5RIGA L 2019, PABESAHE B ARARSA = 4E AL ], 30
AT, (4) 1129 - 131.

AP SRRABR /T, 45 . 2006, BT /K 4 187 24 2 76 B - 5 VG C I 4
ARG5S 0 2 K e b AR R AEBIF SR [ T ). SR DU 4L 5T, 26 (2) 1228
-235.

AR, EILH . 2002, PRI ST 1], B
J%,20(S1) :19 -25.

XU, BV Bk 4 . 2013, HLERBOETR SRR R R T A 1
AR ARSS A [ ], BRAE R 58 (1) 141 - 45.

WER M, 25, Van der Woerd J, %5 . 2007. 74 B¢ L Fi oh 415 I 37
AR AR RRAEL 1] . HbBGE 26 (10) 11368 - 1379.

W55 . 2014, FETHAHEAR M S 4Ed B AT D], % R
BHE R

AT A AR 2013, A0 L i D A 55 O 22 3 2l R
50 v R b R SR b BT

SKE AR, TERIAR, 45 . 2010, 5574 RIHY I 74 B LU of T G i
GER AR TR [ T] . B A AT, 31(6) 1567 - 571.

SRAL , S K1 . 2003, BT R =g mE PR LR
BRI ¥R [T]. B2 2 4 (fF BB 2 hR) , 28 (3) : 265
-271.

H&MWED]. b

Chen T,Zhang P Z,Liu J, et al. 2014. Quantitative study of tectonic geo-
morphology along Haiyuan Fault based on airborne LiDAR[ J]. Chi-
nese Science Bulletin,59(20) :2396 —2409.

Cunningham D, Grebby S,Tansey K, et al. 2006. Application of airborne
LiDAR to mapping seismogenic faults in forested mountainous ter-
rain, southeastern Alps,Slovenia[ J]. Geophysical Research Letters,
33(20) :1.20308.

Hamburger M W, Sarewitz D R, Pavlis T L, et al. 1992. Structural seismic
evidence for intracontinental subduction in the peter the First
Range, Central Asia[ J]. Geological Society of America Bulletin, 104
(4):397 -408.

Negredo A M, Replumaz A, Villasenor A, et al. 2007. Modeling the evolu-
tion of continental subduction processes in the Pamir — Hindu Kush
region[ J ]. Earth and Planetary Science Letters,259 (1 —2):212
-225.

Oskin M E, Arrowsmith J R, Corona A H, et al. 2012. Near - field de-
formation from the EI Mayor — Cucapah earthquake revealed by dif-
ferential LIDAR[ J]. Science,335(6069) :702 —705.

Peltzer G, Tapponnier P, Armijo R. 1989. Magnitude of late Quaternary
left — lateral displacements along the north edge of Tibet[J]. Sci-
ence,246(4935) 1285 - 1289.

QuGS,LiY G,Li Y F, et al. 2005. Segmentations of foreland belts and
their tectonic mechanism in the southwest Tarim Basin[ J]. Science
in China(Ser D) ,48(10) :1585 - 1598.

Ren Z K, Zhang Z W, Chen T, et al. 2016. Clustering of offsets on the
Haiyuan Fault and their relationship to paleoearthquakes[ J]. Geo-
logical Society of America Bulletin,128(1 -2) .3 —18.

Tapponnier P, Molnar P. 1977. Active faulting and tectonics in China[ J].
Journal of Geophysical Research,82(20) :2905 —2930.

Tseng T L,Chen W P,Nowack R L. 2009. Northward thinning of Tibetan
crust revealed by virtual seismic profiles[ J]. Geophysical Research
Letters,36(24) ;124304 doi ; 10. 1029/2009G1.040457.

Zielke O, Arrowsmith J R,Ludwig L G, et al. 2010. Slip in the 1857 and
earlier large earthquakes along the Carrizo Plain,San Andreas Fault

[J]. Science,327(5969) :1119 - 1122.



478 o= M R 45 %

Precise Extraction of Quantitative Parameters of the Geological Structure
in Pishan County, Xinjiang Using Oblique Photogrammetry

CAI Xiaochao', TANG Hongtao’

(1. Henan Vocational College of Water Conservancy and Environment, Zhengzhou 450002, Henan, China)
. The Second Monitoring and Application Center, ina Earthquake Administration, Xi'an , Shaanxi, ina
(2. The S d Monitori d Application C China Earthquake Admini. j Xi’an 710054, Sh i, China)

Abstract

In this paper, the oblique photogrammetry technology is introduced into the quantitative research of geological
active structures. Firstly, the basic principle of the data acquisition and processing of tilt photogrammetry is intro-
duced, and the data acquisition and processing of the low-altitude, tilt photogrammetry are carried out in the study
area of 20. 08 km” in Pishan County, an earthquake-prone area in Xinjiang. The 3.39 cm high-resolution data of
DOM, DSM, the 3D real scene modeling of 9 cm resolution, and DSM data such as contours, slopes are
obtained. Secondly, according to 152 surface image control points, the accuracy of DOM and DSM data is evalua-
ted, and the mean square error of the point plane is 1.7 e¢m, and the mean square error of elevation is 5.3
cm. Finally, with the help of the above-mentioned high-resolution digital model, the geomorphological interpreta-
tion of fault scarps in the study area was realized, and the vertical displacement of 7 terraces scarps was accurately
extracted: F,_, (3.71£0.62) m, F, ; (3.54 +0.04) m, F, , (6.06 +0.22) m, F, ; (7.43 +0.56)
m, F, , (5.52+0.18) m, F,_, (13.05 +£0.33) m. Through oblique photogrammetry, the 3D real model,
which is difficult to obtain by traditional aerial and satellite images, is directly obtained, and can be browsed and
measured from any angle of view. The vertical displacement of terrace with real geographic coordinates is extracted
too. The tilt photogrammetry technique has a broad application prospect in the quantitative study of geological active
structures.

Keywords: oblique photogrammetry; active structures; geomorphic interpretation; accuracy evaluation;

quantitative parameters





