13 Vol. 13 No. 3

3
2007 9 JOURNAL OF GEOMECHANICS Sp. 2007

: 10066616 (2007) 03-0193-19

1 2 3 2 2
) ’ ’ )
3 3 2 2 2

(1. Depatment of Earth and Shace Stiences, Universty of Cdifornia, Los Angdes, Cdifornia 900951567, USA ;

2. , 736202; 3. , 100081)
> 16km 170km < 4km 50km
(65 50.5Ma) , (23.3va)
(65 50.5Ma) (35.5
23.3Ma) , >48 %,
<1%, ) :
: TE121.171 DA
0
[1]
[2 5] 6] 17 , 6
[8 10] '
6 , CDM-7 CDM-160
: 2007-08-27
(1212010633601)
(1959) , Email :

yin @ess uda edu



194

CDM-200 CDM-246 (CDM-330 CDM-392 (

8
[11]
(65 50.5Ma) , (50.5 35.5Ma;
43Ma) ) -
(23.3 15.9Ma) , (15.9 5.3Ma) ,
2.6Ma) , (2.6 0.01Ma) ,
- 42.8 40.5Ma 2.8Ma (2l ,
- (65 50.5Ma) :
50. 5Ma ., 35.5 23.3Ma
1
1.1 CDM-7 ( )
( ). 48km (1)
0 1)
; 2)
/ ( 2a)
1.2 CDM-160
1 (
)y 173km,
(D
- 173km (
( ), >16km (  2c)
, ( 20

(35.5 23.3Ma) ,

(0. 01Ma

(5.3

)

65



195

5 M DR AT O R R T AR L T T - A M
CEIEME A ALY RS AT IR RN A0S TR AT SHE AL AR AT R HON R T B ) 42N

SAUI] ITWSIIS JIaSURI XIS Jo suotjeao] pue uiseg —:ﬁm:_do Ui Jo dew &.v”uv—z _ﬂ.:ﬂ.-.j,uo —w_r_

GUDRENBEFIGHEFHYHHEYTF 15

B0 4T 06
| I

i [E] i [ReY] ﬁ_‘&mﬁ
say [T] B [N]
¥x8 X wr [N

wew-y (3] wuey [0]

= e

T6E-WAD Ly
J
i

0£5-INAD N T :
COSFTINGY T A
# =
. - T
{ ol TR N
¢ 00Z-WaD R >

¥ -, N

WA N ERWREMY 7 ERREN

AT L, BMBILY 27 mRERIUE =

http: //mwww.cnki.net

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

2



- Selbikbdh
Sl = B s NNE

© 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net

www.cnki.net



197

2
Fg 2 Badanced geo-<ections and redored sections o transect ssigric lines

@ @© (@ (@ 0 ® CDM-7  CDMF160 CDMF200 CDM-246  CDM-330  CDM-392

(o) I ) B () I () I () I ()]} CDM-7 CDMF160 CDM-200 CDM-246
CDM-330 CDM-392 T Q ©Sr . SY- ;
XY- ; SG ; XGs ; XGe , XG ; Lu

, F ; preMz
( 29); 2.5km ,
( 20 , ,
( ) ( 20)

© 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net

www.cnki.net



198 2007
( )
’ (
; 20) ,
, 12km  28km
[13]
) - )
[14]
1.3 CDM-200
CDM-160 40km, ; ,
( 2e
) : : 202km, (
1)
CDM-160 , CDM-200
(12km) , ,
( 2e)
CDM-200 ( ) 7km CDM-160
, 4.5km CDM-200 , :
, CDM-160 ,
, ( 2e)
; , ( 2e) CDM-160
( ) , 24
26km CDM-160 ,
, ( ; 2e)
(
) , ( ) ,
1.4 CDM-246
CDM-200 , ,
( 29 ) ,



3 : 199

, 190km, (1
O:)M-ZOO y ]
, <2km ( 29g) ,
[15] [16]
CDM-160 CDM-200 , , 10km,
CDM-200 12km , CDM-160 ( > 16km)
< 2km, 10km
, CDM-160 CDM-200 ( 29
, ( )
1 (
) 1 ’ (
) 1
26km ,
CDM-246 ( )
1.5 CDM-330
CDM-246 , ( 2i
) : : 167km (1) ,
( <5km) , ( 2)
, 24km ( )
1.6 CDM-392
CDM-330 , , 130km (1)

, 3 4km ( 2Kk) ,



200 2007
2 1 (
2Kk) ,
( 100 ms
, r 5 ( 2k
3) 1 1
21km ,
( 2k
2
2.1 CDM-7 ( )
2a) ,
- (35.5 23.3Ma)
2.2 CDM-160
( 20 65 50.5Ma
( 29,
35.5Ma
2.3 CDM-200
( 29,
1 )
, (65 50.5Ma)
)
, < 1km
, ( 43va)
, ( 43 35.5Ma) ,
( 2e), 43 35.5Ma)
CDM-160 , CDM-200

(35.5 23.3Ma)



3 : 201

( 2
, ( 2e
1)
, 2e 1 ) )
2e 2 , (35.5 23.3Ma) ,
, , (35.5 23.3Ma)
, 35. 5Ma
CDM-200 ,
2.4 CDM-246
, ( 29
( 29 , ,
(65 50.5Ma) , CDM-160
(35.5 23.3) ,
35.5Ma, CDM-160
( )
2.5 CDM-330
( 2),
( ) .
(23.3 15.9Ma) (23.3Ma)
, CDM-160 CDM-246 (65

50.5Ma) , , 23. 3Ma
2.6 CDM-392

CDM-392 ( 2k ,



202 2007
(35.5 23.3Ma) ,
, (23.3 15.9Ma)
, (15.9 5.3Via) (5.3 2.6Ma)
(15.9 2.6Ma)
, , 2. 6Ma ,
( )
), ( )
7 ( ) 1
, , 5 : 1)
- (65 35.5Ma) , 0 2) - (35.5
23.3Mia) , (23.3 15.9Ma) , ,
- 4) (15.9 2.6Ma) , ; 5)
(2. 6Ma ),
3
CDM-7 > 25km,
>30 % CDM-7
CDM-7 >48 % , (35. 5Ma)
, 4.3x10 * st
CDM-160 84km ( 2d) ,
32.7% (65 50.5Ma) , 1.6 2.05

6 -1

x10 " s



203

CDM-200

41km

CDM-330
23. 3Ma
CDM-392
CDM-160
2. 6Ma ,

4

m-7

CDM-160

( 2)
CDM-200

CDM-246

CDM-330

( 2)

CDM-392

5.1

[17 18]

[19 27]

(

(

CDM-330

x)
35. 5Ma

17. 7%

68km,

2.25%x10° s

CDM-246

(

25.2%

1

2h)

65 50.5Ma ,

0.87 1.1x10°s*

2)

20)

1km

20km,
1.46x10 ° st
17km,

10. 7%

11.6 %

. 1.41x10°st

( 2a)

4km

( 2,

2km

29) ,



204 2007

, 40 50km ,
[7]
(65 50.5Ma) , (
. 35.5Ma) , 2l ,
[13] [1]
[1,2,7] , ,
65 50.5Ma , :
35.5Ma
[28]
[29]
[30]
[31]
5.2
CDM-160 , ( 3
: - (65
50. 5Ma) ,
(50.5 35.5Ma) , , :
(35. 5Ma) ,
[32,3,3] 1
5.3
35 %, 11 %, <1% ( ) ( 4A)
140km , , :
140km (  4B) , 470knd™! |

330km



205

[3.6]

5.4

L EAELAE (65Ma)

2.t — RUdiTiE (65-50.5 Ma)

3, thify@r i ( 50.5-35.5Mn)
4 BE T — Eaitt ( 35.5-2.6 Ma) X
pre-Mz
5. M (2.6-0Ma)
/,- pre-Mz
3 CDM-160
Fg 3 Redoration of baanced cross sction COM-160 showing 5 dage evol ution
1, (65Ma) ; 2, - (65 50.5Ma) ; 3, (50.5
35.5Ma) ; 4, (35.5 2.6Ma) ; 5, (2.6 0Ma) 2
) , >12°
> 170km ,
<300km ( 40
) (65 50.5Ma)
) 45 55km
[19]
> 32km (> 32km) ( 45km
> 48 % 5A)
: (<1%) :
, 2 1)
5A) ; 2) ( 5B); 3



206 2007

Bl A AT A
ST R 0 (O L

A

95°E,

1 A0 (80 km
ettt

[T

S AT L U AR
WS fry e e A R M b i o

AR ELA L g s
I (AR A R L

c

4
Fg 4 Summary o timing and shortening grain across the Qaidam basn
and recondruction of the outhern Qaidam margn

(A ; (B) (e
( 5C) , [35]
( 5D)
. . ( 6A) :
. : ( 6B) .
, 50Ma

2% © 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



i

(A) LHasedisd (369)

—-€

—

ik -
(C) FHusesidd (4%)
(E) oty L2 1 5 T M s st [ B

e

KR LS Wi st Pt

5
Fg 5 Rdationship between upper-crusa and lower-crustd deformetions across the Qaidam basn
(A) ; (B) ; (O
; (D) ; (B
, 5km, , <0.1 mm/yr
[36]
(371
( 58
( ) :

b © 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



208 2007
(A) $RFFHR > PUBLE (B) fFHEH < JUpLssR
Rk Iﬁi&l—\i& 5 R ﬁl!;m e
S kA RN ik Sk AL
ot [F.3
T
AR
(1)
I I =
_ Wi : S
J J e
/ amk @ — : )
| AR | |
—‘—-—:«\} .:,{‘ Y SR BRI S I Tacte s b
Fbh I:Me %
J i —f W
’_/ ©) ’J (3)
6
Fg 6 Posible gronth drata patterns dong the morthern plateau margin
due to lower-crugd channd flow
(A) ; (B)
1. ( )
: > 16km, <4km ,
170km 50km ,
400km 100km, ,
: (65 50.5Ma) , ;
(23.3Ma) ,
2. : >48%,
17.7%, <1% 0 8.7x10 st 1.41 %
10 ®st , ,
3- ’
: ( )
, 28km , 16km
2% © 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



209

[1]

[2]

[4]

[5]

[7]

(8l

[9]

[10]

[11]

[12]

[13]

[14]

(65 50.5Ma) ,
(35.5 23.3Ma)

, Michaed W. McRivette

Bdly AW, Cou M, Qaton R, Eugder HP, Kidndl S, Meckd LD, Ryder RT, Wats AB, Wiloon AA. Notes on
sedimentary basinsin China——Report of the American Sedimentary Basins Delegation to the People s Republic of China: U. S.
G. SOpen File Report 86 327, 1986, 108 pp.
Méivier F, Gaudemer Y, Tgpponnier P, Meyer B. Northeasward growth of the Tibet plateau deduced from baanced
recondruction of two deposdtiond areas: The Qaidam and Hexi Qorridor basns, China [J]. Tectonics, 1998, 17: 823 842.
Meyer B, Tepponnier P, Bourjot L , Metivier F, Gaudemer Y, Pdtzer G, Shunmin G, Zhita C. Crudd thickeningin Gansur
Qinghai , lithopheric mantle subduction, and oblique, drike-dip controlled gromth o the Tibet plateau [J]. Geophyscd
Journd of Internationd , 1998, 135: 1 47.
Tgpponnier P, Xu Z, Roger F, Meyer B, Arnaud N, Wittlinger G, YangJ. Oblique fepwise rise and growth of the Tibet
Rateau [J]. Sdene, 2001, 294: 1671 1677.
Sbd ER, Hilley GE, Srecker MR. Formetion of interndly drained contractiond basns by aridity-limited bedrock incison [J].
Journa of Gaophysca Research, 2003, 108, 2344, doi: 10. 1029/2002JB001883.
Yin A, Rurdhat P E, Butler R, Gwgll E, Harion TM, Foser D A, Ingersll RV, Zhang Q, Zhou X-Q, Wang X-F,
Hanon A, Raza A. Tectonic higory of the Altyn Tagh fault sysem in rorthern Tibet irferred from Ceromic sedimentetion [J].
Gologcd Sciety of America Bulletin, 2002, 114 (10) : 1257 1295,
Wang E, Xu FY, ZhouJFX, WanJ, Burcid BC. Eadward migration of the Qaidam basn and its inplications for Cenomic
evolution o the Altyn Tagh fault and asociated river sysems [J]. Goologca Sciety of America Bulletin, 2006, 118 (3/4) :
349 365.
. ) N [3]. , 2005, 11 (1) : 74
80.
[31. , 2005, 11 (2) : 110 116.
) , , , , . [3].
, 2007, 13 (2) : 172 178.
QAN2M, YagZ, ReJ, & X, Wang X, Yag T, Li W, Yuan S. Magneto-dratigraphy of Paleogene sedimentsfrom rorthern
Qeidam Basn, China: Inplicationsfor tectonic uplift and block rotation in northern Tibetan plateau [J]. Earth and Hanetary
Stience Letters, 2005, 237: 635 646.
Zoud, XuF, Wang T, Coo A, Yin C. Ceromic defornetion hidory of the Qaidam Badn, NW China: Resuts from cross
section redoration and inplications for Qinghai- Tibet Aateau tectonics [J]. Earth and FAanetary Science Letters, 2006, 243:
195 210.
Burchfid B C, Deng Q, Molnar P, Royden L H, Wang Y, Zhang P, Zhang W. Intracruga detachment within zones of
oontinental deformetion [J]. Geology, 1989, 17: 448 452.
Chen WP, Molnar P. Focd depths of intracortinental and intrgplate earthquakes and their inplications for the thermal and



210 2007

[15]
[16]
[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

mechanica properties of the lithophere [J]. Journd of Gaophysca Research, 1983, 88: 4183 4214.

SppeJ, Medwveddf DA. Geometry and kinemetics o faiult-propagetionfolding [J]. Eoologee Geologicae Helvetiae, 1990, 83:
409 454.

SppeJ. Gonmetry and kinemetics of fault-bend folding [J]. American Journd of Science, 1983, 283: 684 721.

, . [M]. : ,1989. 1 T79.
RittsBD, Biffi U. Magnitude of pos-Midde Jurasic Bapjocian diglacement on the centrd Altyn Tagh fault sygem, rorthwes
China [J]. Gol. c¢. Am. Bul., 2000, 112 (1) : 61 74.

, , . [M]. : , 1996. 1 146.
bd ER. Basn andydsd the Jurasic-Lower Cretacepus uthwes Tarim bagn, NW China [J]. Gologcd Sciety o America
Bulletin, 1999, 111: 709 724.

Vincent S, Allen MB. Bwlution of the Minle and Cheoshui Badns, China: Inplications for Mesozic grike-dip badn formetion
in Centrd Ada [J]. Gologcd Sciety of America Bulletin, 1999, 111: 725 742.

Kepp PA, Yin A, Manning C, Murphy MA, Harrion TM, DingL , Deng XG, Wu CM. Blueschi g-bearing metanorphic core
oonplexes in the Qiangtang block reved deep crugd gdructure of rorthern Tibet [J]. Geology, 2000, 28: 19 22.

Kepp P, Yin A, Manning CE, Harrison TM, Taylor MH, DingL. Tectonic evolution of the early Meozic blueschi -bearing
Qangtang metamorphic belt , centr Tibet [J]. Tectonics, 2003, 22 (4) : 1043.

XiaW, ZhangN, Yuan X, FanL, ZhangB. Ceromic Qaidam basn, China: A gronger tectonic inversed, extentiond rifted
basn [J]. AAPGBuUlletin, 2001, 85 (4) : 715 736.

Chen X, YinA, Gehrds GE, Gwgll ES, Qove M, Harrioon TM, Wang X. Two phasesof Meoaic rorth- outh extenson in
the eagern Altyn Tagh range, rorthern Tibetan Faeau [J]. Tectonics, 2003, 22 (5), 1053, doi: 10. 1029/2001
TC001336.

, An Yin, Gorge E Gehrds, Eic S Gowgll, Marty Gove, T.Mark Harrion, , ,
[J]. , 2004, 10 (3): 193 212

Horton BK, Dupont-Nivet G, ZhouJ, Waanders G, Butler RF, Wang J. Meoaic- Ceroaic evolution of the Xining-Minhe
and Dangchang basns, rortheagern Tibetan Hateau: Magnetodratigrgphic and biodratigraphic resuts [J]. Journd of
Gaophysca Ressarch, 2004, 109, B04402, doi : 10. 1029/2003)B002913.

Dickinon WR, Kue MA, Hayes MJ, Janecke SJ, Lundin ER, McKittrick MA, Olivares MD. Pdeogeographic and
paeotectonic stting of Laramide sedimentary basns in the centrd Rocky Mountain regon [J]. Gelogcd Sciety of America
Bulletin, 1988, 100: 1023 1039.

Yin A, Ingerll RV. A nodd for evolution of Laramide axid basnsin the southern Rocky Mountains, USA [J]. Internationd
Gology Review, 1997, 39: 1113 1123.

Jordan TE. Thrug loads and fordand basn evolution, Cretaceous, wedern United Sates [J]. Bulletin of American Asociation
o Petroleum Geologgs, 1981, 65: 2506 2520.

DeCdles PG, Gles KA. Fordand basn sygems [J]. Basn Resarch, 1996, 8: 105 123.

Pice RA. The Qordlleran fordand thrug and fold belt in the southern Canadian Rocky Mountains. In: Thrug and Nappe
Tectonics, MP Coward, KR McQay (ed.) , Geol. Sc. Lond Secid Publication, 1981, 9: 427 448.

Yin A, Kdty TK. Sructurd ewolution of the Lenms thrug sygem, outhern Qacier Nationd Park: Inplications for the regond
tectonic development [J]. Geologicd Society of America Bulletin, 1991, 103: 1073 1089.

Gwgll E, YinA, Harion TM, Wang X. Reoondruction o the Altyn Tagh fault based on U-Pb geochrorology : Role of back
thrugs, mantle sutures, and heterogeneous crugd srength informing the Tibetan Hateau [J]. J. Gophys. Res. , 2003, 108
(B7) , 2346, bi: 10. 1029/2002 JB002080.

Jark MK, RoydenLH. Topogrgphic coze: Building the easern margn of Tibet by lower crugd flow [J]. Gmology, 2000, 28:
703 706.

Braitenberg C, Wang Y, FangJ, Hsu HT. Satid variaions o flexure parameters over the Tibet-Quingha plateau [J]. Earth
and Ranetary Science Letters, 2003, 205: 211 224.

Jackon JA, Augrheim H, McKende D, Priedley K. Metadahility, mechanica drength, and the support of nountain belts
[J]. Geology, 2004, 32 (7) : 625 628.



3 : 211

CENOZOIC EVOL UTION AND TECTONIC RECONSTRUCTION OF
THE QAIDAM BASIN: EVIDENCE FROM SEISMIC PROFIL ES

YIN An', DANG Yurgi®, CHEN Xuan-hua’® , WANGLi-qun® , JIANG Wurming’ |
JIANG Rong-bao’ , WANG Xiao-feng’ , ZHOU Surping’ , LIU Ming-de® , MA Li-xi€’
(1. Department o Earth and Space Sdences and Institute o Geophysics and Planetary Physics ,

University d California, Los Angdes, CA 90095-1567, USA;

2. Perdeum Research Ingtitute d Qinghai Oilfidd Company , PetroChina, Dunhuang, Gansu 736202, China;
3. Irgtitute & Geomechanics, Chinese Academy o Geodlogical Sdences, Bdjing 100081, China)

Absgtract: The Qaidam bagn is the largest topogrgphic depresson insde the Tibetan plaeau.
Underganding the tectonic orign of the Qaidam basn has inportant inplications for unraveling the
formation mechaniam and growth higory of the Tibetan plateau. In this paper, the authors andyze
regona seigmic-rdlection prdfiles across the basn. The fird-order dructure of the basn is a broad
Cerozoic synclinorium, with an anplitude ranging from > 16 kmin the wes to <4 kminthe eag. The
fold axis propagated from the wesern Qaidam basn againg the Altyn Tagh fault at 65-50. 5Ma to the
eadern basn a 23. 3Ma; its haf-wavelength changesfrom 170 kmintheweg to 50 kmin the ead.
The formation of the synclinorium was induced by an older thrug sysem initiated & 65-50. 5Ma at the
rorthern margin and a younger thrug sysem initiated at 35. 5-23. 3Ma at the outhern margin.  Cenozoic
upper-cruga ghortening decreases across the bain from > 48 % in the wes to < 1% in the ead,
suggedting a progressve shift in crugd thickening mechani ans across the Qaidam basn, from dominantly
upper-cruga shortening in the west to dominantly lower-crugta shortening in the ead.

Key words: saigmic relection profile; tectonic recongruction; Cenozoic; Qaidam basn

( 254 )

change of verticd dress, (0,) of the mictleading wall with congtruction are gudied sysenticaly. The
dudy indicates that : 1) asymmetrical excavation is the key cause of partia pressure in the mid-leading
wal and the congruction of the firgd and second lining can ot ameliorate the conditions greatly ; 2)
under conditions of shallow embedment , vault digplacement increases with embedment depth and
di placement mainly happens during excavation of tunnel before lining congruction ; 3) dter excavation of
the up-bench tunnd , pulling dress concentrates around the top arch and lining should be consgtructed
promptly or beforehand ; 4) as a result of partia pressure , when plagic zones around the sde-wal and
mic-leading wall hed , which are near the nountain ridge, are better developed; and 5) when
ocondruction finished , conpresdve dreses a tunnel Sdewals disgppear and are trangerred to the
inveree arch and soond lining, making them oconcentrated by shear dress and normal dress and
inmproving the gability of the tunnel .

Key words: 3D numericd dmulation; partia pressure; vault digplacement; plagic zone; dress
ooncentration



