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A, J5 ] TR A Sy A 3 i AT A AR T R AR ) B
% 5 77 1% (Dahlstrom, 1969) . #4 & - i 1 8 i
Xof L2 A R 3 ¢ B D s AT S R O R T B AN [
U 36 32 2l ) b 2 7 AR T A R A ) T Y
3 S D R s — PR R A R B A A RIS TE 9
(i) T8 AR 8RR RS AR P4 ) 1 0K 52 5 AR W) i oK
G Ty b 7 5 T A R T SR AR R L T AE DGR
W M i A AT 5 1 A ) T A R — > TR
(Wilkerson et al. , 1991; BEE 4%, 2010),

A% 255 11 Y- A 79 T R 2 07 T 300 e 2 R
W J2 7 DX T AN 3 T OE T R R R X
AT AR T8 1 S5 A 3 0 BT O B L A
AR JE D ICT T A b JBT R 3 T 4 ], A )R
BEXTE T W 2R B R DR AT P T b B 3 B A 1
M # (I n. Yakubchuk, 2008), 2P E, 3T H#
Yokl & PR B B0 KR Dy s E o, FEES
BRORUBE | - T8 A4 3 Y- A5 [0) A ) B, 95 B 5 00 ofr
A A G I Y- A T R A E T R AR X
AT DASE 2ok VT ) BT AL -y b S L A
P TET 8 S A 40 A 5 A R PR DR A Y
A s o Ao [ 5 45 . 1995)

2 i 2 R

2.1 EAXER
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topographic relief ( Davis et al., 2012; Zhang
Huiping et al. , 2017; Cao Kai et al. , 2019; Hilley
et al. , 2019; Simoes et al. , 2021); X & — A
AR 3 M o S R AU R A 36 0 B (/) T R Y
TR 7 o A 3 SR 2 AN AT Y TR S I 22 TE
FISL 1A 385 b 50 B4 BT J2 R AL Il I A P R AR
M FEAE L AL 5 3 0 10 78 1 R 3 25 1) 4 3k 5 K
AR ) 33 M AR A TE 3k 2 (Simoes et al. » 2021)

1% G2 1 F 3 b 350 23 A 7 % 3 S 3 i B 3
Hi AR B A L ST L ol A T K R AR TR B A O i 1 )
T ok 90 B A 4 3 1 S5 A RS T AL R ARl
HER R R BT i S s iz sh s,
R R e N EE .

) 3 e 22 ok A T R A R AR T A T T B O ML
H¥ w E KA tectonic relief ( Ufimtsev, 2006,

2007; Szymanowski et al., 2019) i structural
relief (Rowland et al. , 2007; Davis et al. , 2012;
Eichelberger et al. , 2017; Zhang Huiping et al. ,
2017 Wi Fh , — & W] LAIA A s structural relief J& H F
8 Al Wy 2 AR T 51 1 & R Z 25 (Rowland et
al. » 2007) . {HJE, FT N8 BEA 2 M A 3 v A A A
2 E X, Ufimtsev (2006) % tectonic
reliel B3 “Hh) 3 M 347 5 I 5 He 1t L P R AR
& B 2% (Ufimtsev, 2006, 2007), Pk & € %
OIDZEH T & m 2 WP E . X B JRATR
PR 3 v 22 7R O 22 X 4 A 3 e R R 3
22 W E SCInR

E X — ¥4 3 5 2 (tectonic elevation) J2& M J5T 45,
JIT AL 3 TV S I 1) A S8R B 3 T e AR (O 3RO
MR R R . B — DA R (E . e (E T LA
3k — AN RE AN AR Y ORI PA i JF AR N GE
. GG — 3R GEEIRN 0 m) A4 & & FE bR 1T

E X 3 5 2= (tectonic relief) 2 W b i
FLZ[E] R R AR 2 22 . A 3 e 25— AR Y HE
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T HRE (B a8 I 2 5

AR TR A IR ) T g 22 S S T AT BN
222 590 Z A o B0 — A~ ey 3 4 3 1 g A T 3
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Hp1 = Hp2=Hp3=0; p, <p, <p,

Hui = (hyp,thy pythy p)/ps Hao = (hy pythy psthyp)/p; Has

TRa1-81 = Hat; TRa282 = Haz; TRaz-3 = Has
Hai < Har < Hasz; TRar-81 < TRaz-82 < TRazB3

B (Hp2)

(Hz3)

e

Low density body
i

Medium density body

High density body
PSP, <P;

= (hythyths) py/p,

TR R AR R e 2R T B A R
Fig. 1 Diagram of tectonic elevation and tectonic relief
B1.B2.B3 B8 A R R — i S m . AR 3G S B2 40 300 Hist s He  Hs - X LR 0GR 0 m) s A1LA2 A3 B8 it N R — i 4w 72 A
R Ha vHae vHag o MR SR Z B350 3 DB BB AN o120z 0 - B 25 1 228 BERLIE M 8w 2Tt A, LA
AN R o1 o vps BT by vho Vi AER.BL 5 ALB2 5 A2.B3 5 A3 ZMAA K AR KM o W7 T-HHE ., TRaw

TRazm2 - TRas 53 43508 Al 5 BL.A2 5 B2, A3 5 B3 2 [A] 1 #4) 1 /5 22

Bl, B2 and B3 are set at the same altitude on the surface (0 m), with tectonic reliefs of Hpy,» Hpz, and Hp;, respectively. Al, A2 and A3

are set at the same altitude underground, with tectonic reliefs of Hai» Hazs and Has s respectively. It is divided into three density layers

between the surface and underground, with their densities of p1+ pz+ and ps » respectively. Tectonic relief functions with density correction are

given. Represented by the heights A1, &y, and h; of different density bodies (p1 s+ p2+ and p3) . there are different crustal structures between

Bl and Al, B2 and A2, and B3 and A3; p. is average density of the Crust. TRa1p1» TRasp2» and TRasp3 are tectonic reliefs between Al and

Bl, A2 and B2, A3 and B3, respectively
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Ufimtsev i 52 5 B % b 8o g il 1 J@ 0 /R B B hr
HE K JH 2 b X K 1@ 8 22 B (Ufimtsev, 2006), &
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o WIS . MR A Bk e LA CRUSTL. 0
THA I 2 3R 5T T %5 By 2830 kg/m’ , T 23K
FEH V-2 % B 2860 kg/m’, 2 BR KRG 5E (5 R
FhiZe) 2 Bl 2790 kg/m® (Tenzer et al. , 2015),
TE 530 R Bl s DX ) A8 3 e 26 i DXl ] 0 ) B AT
PUFS R i M58 7 % B oo = 2790 kg/m’ BUWF5Y X
1 DXl 58 F- 249 5% B L AR — 2 REOREAL,
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B[] BRSO & BRI 4 328 vy 22 0 — > HL A I (R 5 X
ML . AN R T b R 0 A WA AR R
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elevation) J2& b 5T i 75 3 5 [y 52 i) 35 (o) 1A R0 JE
(A H) IR GE — 32 G R 0 m) 1 44 18 = 72
(0 m) JZ% il H e R (03O M AUERRR .
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AT W R R AR AR A R EE 5 ) AR AR g s
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T ¥ 2 O T 3R 5 0 o e R e D 1 3 AR 5 R T R el O
o B b 3R Y A T A O AR

— P ke UL, B TR AR Ak, AR ST A R 4R R A
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HBIEFE 2 B, R [R] 28 20 1 A8 JE 5 At BTE AN
IFi) F 8 3 R0 P 3 A R 3, B LA S TR) A A TR R B2 Fh
Uk, BT LA 8 I % O 1 5 A8 T8 A I A o v
il 4, Sibson (1977) 4 Hi W J2= i XUz A6 2 K 1B J2 12
JELIR 5% 43 oAy b M SR o S SRR AR . e
P (0~10/15 km) E# 0~4 km, J¥ K7 J2 e F1 4
AW 2 ek, N 4~10/15 km JE S iE 2 5
FBTZ 0k . M E(10/15 km DLF) B 0 BE
W A S BEM A . Mattauer (1980) AR 3 & A7 1 48
TEHLH B e R4y = AR RO )2
YR O~ T8T LA 1D Ay e AR T AL S TR s e 1 7 5 X
@ TR R R (0~3.5 km) 25 125 HLH L T2 AR
RNk S E Ve S 2950 I K& T B
@ FH#EZK (3. 5~11 km) 4> B, F B, | B
(3. 5~10 km) Jy Hs i HL A o 2 B A 55 J5E 48 45, 48 4%
A I v T B B AT R D L R B (>10 km) Ol
T SIHLT T8 BT B0 R R R A AL B

KAWL I AR 2] T A M 0 A8 5y 215
B K 2 4 58 38 5 A B Kohlstedt et al.
1995), WiJ2 4% (fault core) A8 #5 X (J& 2 22 i
Ifii s Bos et al. , 2002) , 45 1 T W2 & B TR B 1
S v e R - R TE . R R b R 1y
T J2 A% b J5 R A 5 A AL I 2 0 S I S R L
A1 Pl 55404 BB SE R AR A TP b e T2 T 4% 1 A
Wk OB BL28 = B8 f 8k + 4 e B A 1 3%
P X — ROV AL A B B R R 80T 2 W2
JE i (Holdsworth, 2004),

AN TR P 14 2 A AT R B AN [ B 0 M A TR
BE R B A RIS AL TR FE 29y 15 kms Bk
FA W R AL TR EE 290k 30 km i A
IR e AL R B 4 40 km (Rutter et al. ,
1992), f bt 3R AE T AR 4 AR O 5 A 1 B0 M AR OB
FRAE Sk 0 B 2 A7 LT B Bof ) o o R Y iR AR . X
IR AR T A A s & .

4 38 22 ORI 8 AR T 43 IR R i T, DL SAS
) J2 KRR BE b A1 78 TE RR AR 19 3 (R 46— R 5]
AT T o AT LA 2He K B0 5 A ) 26 0 4 s A5 TE
BB AR B, A5 T 25 A0 B AS [ O B Y TS DA 45
FER B 8 s T w22 1 4007

4.2 WEEHIEPHESENHEK

TE W2 TR 8 824 P 3 i i R Ak A ] — e A
A AR TR BEBCOR AR s AR TR
IR AE) 3 1 2 55 RT3 A ) T ERELRE X . 9, BRER R
22 W 4 b o3 A R A AR 2R AR T R4 & Ui
ARG HARAREIRAAG S A& ILRAZEE
DR AL) 3 5 22 T B0 255 1 4 3 3 35 R AIE (Zhang
Jin et al. , 2014; Shi Wei et al. , 2020). FEPHIL
Mo D)2 R R A T R At A R I S
G 1) 28 2Z 0] R 3t o 22 5 0 B S5 T Al P9 A A [
FRUTRML JZ 5 BE . 75 780 e It Jb % 0 Bl JR 6 1l 2R
B dy 7 b A ACRL TG SR A% 5 I8 2 1 e b e A A
YE R (2 220~187 Ma #1100 Ma) , ¥ 5% W7 2 36 A
O nl R B L R S R 2 2 R T AR = )
M B KM S 22 (Chen Xuanhua et al. , 2003) .,

SU 1) P BRI DS i Wil o [ R =i - ]
WiZ2 TS B ZEBA MG, FEY
W7 2 TR A FAZ 8 A7 ] 135 1 3 2B T R L ) e 2
0T O A LU e T A T T A R B A
SR ABRN = S R 3 B R (A R R DO AR a2
A DA SE 1 AB S 0 e TR 9 B SR B A A
FETEAE BCR M AL 3 5 22 (B G 55, 1999; PR &
S, 2019a) o G0, 75T s IR e T e 3 e
EH AT EA 1. 8~2. 4 km By LS & 22, HORE 4
A REJE BT W R 1 2 R o i (29 28~20 Ma) 1y
W fr BT A 3 B op (Cao Kai et al. , 2019),

A 5T B2 0 A 3 R 22 00 DT Rk AL DN
JZ P B AR 3 o R AT LA 4 i 2200 . AN, ok
RUERMIZEM R TSR, TR R R BE ol
T S22 VN A s 2 . ) BT 2R < R 2R T O
Fh PR B A0 B T L AT AT RE S S8 b G R g B K 4
o TR 78 T3 A0 Y T R D R b AR TTER (Yin An
et al. , 2007), Horpr, Bif /R 4 Wy 24 A REEE 2] 1 & 0L
Sy IR 2 VR (B & 2% 55, 2006) . B0 B ©
ZLGE A A A . PTREFEBE T 00 3tb R 49 AH X R
Th 5 2505 5 DR RE s RS B A Y AT IR R R
(825, 20060, Hf [ 2R 980 B R A9 R ) Wy 28 H
7e e E T A P BE 46 T2 3l . W] RE S 3 BUR BI-I58
R e e 22 B R s 7 B A 1 S T R AR iR
M EE R R WHE%E. 2006),

5 3l M & A 52 R sh ok A b W 2R AR
(faulting) W0 6 7 A 4 3 w8 22 . ) 4 76 A7 B3~ ir
TEAZF M) Lurestan- Kurdistan # [X , — 28 K195 N
W24 1 Zagros L bk (4 1 i 35 & b 35 RRAE 19 &
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Fig. 2 Microphysics of faults and tectonic elevation(modified after Holdsworth, 2004)
F 0 g 3 T AL G5 M — 9 O A 2 A S I R R R B ) 1T (3 Kohlstedt et al. o 1995) 5 220 S B 7. W7 J2 7 10 3 138 300 o o HG opr L L 55 000 L 78 W
AL AR (7 o A DR 2 AR AL 1% e 5 PR R A R AR B DT i RS R i (i Bos et al. 4 2002)

Right sideare experimentally derived strength-versus-depth profiles for intact rock (after Kohlstedt et al. , 1995) based on traditional

brittle-plastic rheology; Left side are strength profiles for a vertical fault, with a broadened mid-crustal “frictional-viscous” regime

characteristic of a weak, fluid-infiltrated and altered fault zone, and widening of the fault zone down to the depth (after Bos et al. , 2002)
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Fig. 3 Analysis of growth strata and tectonic relief on the northern margin of the Sichuan basin
(modified after Zhang Yiping et al. ,2019)
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(a)—Stratum occurrence on measured profile; (b)—structural geological cross section. The dashed lines above the surface are inferred
strata through restoration of balanced section; GS1—Indosinian growth strata; GS2— Yanshanian growth strata; TR;—tectonic relief (~5
km) between the Micangshan and Dalianghui anticlines; TR;—tectonic relief (~ 14 km) of Triassic bottom in northern margin of the
Sichuan Basin. Ki—Hanyangpu Formation of Lower Cretaceous; J; ~J;—the Jurassic from Lower to Upper; T; ~T;—the Triassic from
Lower to Upper; Py ~P;—the Permian from Lower to Middle; S; ~S;—the Silurian from Lower to Middle; O—Ordovician; € —Cambrian;
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Fig. 4 Cross section showing Early Cretaceous tectonic deformation in the Liyuanpu region, northern
Qilian mountain (modified from Chen Xuanhua et al. , 2019b; Wang et al. , 2021)
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Fig. 5 Diagram of faulting results in tectonic reliel and cooling age differences of the hanging wall and footwall
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Mineral closure temperatures are from Reiners et al. (2005, 2006), Chen Xuanhua et al. (2010) and relevant references cited. The depth is
set according to the approximate average geothermal gradient of 25 C/km. The age is for reference only. Lines a, b, ¢ and d have the
cooling rates of 0.1 C/Ma, 1 C/Ma, 10 C/Ma and 100 C/Ma, respectively. Mineral codes: Zr—zircon; Hb—hornblende; Mu—
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Abstract

Tectonic relief is a basis of detailed structural analysis and balanced cross section construction and
restoration. For a long time, there was no rigorous definition and a lack of theoretical description of
tectonic relief. To a large extent, the analysis of tectonic relief in the past was limited to topographic and
structural reliefs. Based on an understanding of concepts such as detailed structural analysis and
topographic and structural reliefs, we extend the concept of structural relief to tectonic relief. We define
the tectonic relief as the relative difference in tectonic elevation between two geological points, with the
definition of tectonic elevation as the effective depth of a geological point when the structure forms at this
point. Therefore, we express the tectonic relief as the negative value of the relative difference of tectonic
elevation between the two geological points. In this paper, we propose a new way of detailed structural
analysis, based on tectonic relief analysis, with consideration of the tectonic potential as the essence of
tectonic relief. A method is proposed for the estimation of tectonic relief, with the determination of
tectonic elevation developed for different structural and tectonic environments. The tectonic relief is
attributed to be the result of geological processes, with the temporal and spatial meaning included. The
theory of tectonic relief proposed in this paper expands the view of traditional structural geology, which

may promote the modernization of the structural geology and tectonics.
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