X L&z 44

BEAR BT KEE RHE =
wiRE TR FT E




HRMFRSESRE PEBLE AN\ EEHRE AR
- PEBEHERREE - s R M R % BT F 99F0001 §

x 1 2 M &

SRAE BEE KRE BHH
aRt YME ¥ F

e & o4 A2

2000




BEEMRE (C1IP) MR

RilEshE / BRAEFE. —Ibat: MR,
12000.7
ISBN 7-5028-1735-2

I.x. .. I.X... I @ysE-EmshigE-R-K
i IV.P548. 45

th E R B BECIPEERZ T (2000) 533845

R L& B
WK EE KEE REE
BT TER & T &

RILRE .3
FERA Bk PEMESE
*

e F ¢ M i HIRRA
ERRKY B 0 2
LB ERT EpR
LEHEBFERELE

*
787X1092 1/16 26,125 E%K 93ET 669 T F
20004E7 AB—I 2000 4 7 A 5 — R EDRY
ER¥  001—600
ISBN 7 - 5028 - 1735 -2/P - 1036

(2233) EHr :50. 00 7T




Ttk

]

EHRORLULARBER Y THERG, RETEHEAWFEBEET /R BEX, HXBFERH
H ERERAE S RIS ME, 2K 4 2500km, FE A 250~ 350km, 2 WM E FTEH .
MEE KNERUARZ — . PERMWRIUBETH2ERR /o WHBEE/RBBEXPE,
SER T HEE R A8 BRI R &b 2 (8], AR U BE {83 1700km, SR ILEKER 2/3 L £, Kil
I #E EBAR, FENMKSHEE, LB REE YN 4000m, 35 £ ILHETEH K 5000m
PAE, B FE R R MR 18 B 18 7435 3m, 0557 TR TR R AT R EF A, £
BERMRLUUHFEAROKEE - REASA R EEWEENBEEE ARN RN, &
ZHEIINREMBRKE  GMEMARHEARE HBREHRELPZ—,

fE@ KA I B o, B S AR BT, XIUBEE 2 BRI AR i — &3 E kW
ROW. 20T ZYCGRIN TS, B EH #7283 M2 & 4 7E (3800~ 4000) J7 4E B EN B
SRR B KRRl S B SR EWEES) . A ENERBRI LG EL 50mm LA T 5 5]
jtfﬁﬂf,%“lﬁ]ﬁiﬁz*ﬁﬂﬁ 1000 £ 7> B A K 111 #1 X (Minster and Jordan, 1978), 7€ E[1 B 4% b )
JCHESF X — Al WM E K MER T, KX b5 8 2 3 TR E 458, hlH— %
SREURTH BB T — SRR K E B AR B AR L3, B 58 FR R B 00 R [ A
te, BB/ ML AR EE RS B ERNBFEEEYERDE, T ERA
XF T REYIIEE, B ES AR BRIFER , AR E A E B A TR EBRER
RIM Y, RAELREEN, RIKE Hdbi” 28R R 28, LT R T3
M BREUTG B MCRBE RIS (ATT 146 ) (BT0) (47T 765 4E) (P AED)
(72 7C 1823 4 ) FI(UKIA BB Y (AT 1861 ) S EAH R AN T AW WL T3, FTL
UL, MAT R R LK R — N S WS IS, |

AP FELRBHT LK, WA R UERFIRE 2 RIE RO ZE, AT
BFEEHRILEEPBEN HUBEHRET TR 25,8, A. BASEY k(189 —
1909) REFL (1929~ 1930) M B E (1943) 54 A B BHOR S BT 7 X 1L R F 1M R T /4
AR ZE SRR B ENTHINTS ;40 FER VT, B A FTER R FIY R R 2 2 5 12 K1l
XEYRAT . 37 R ERSLIE , R K LU A T 203 W B A i 3 SR DR TR T . T
A A A FZHBERITI S0 RN HTF K I, 2B 7EF L L R H 1
20 i XS R BARGHAT A A SHEZREF R, T EREDE S TR R X . 2m
MK TRERAN LR, SRS UER T NANEN. X —KE, B8 1:20 7 X5
TEAHGE IR, 70 RO R a2 N B B PR RIS 1, 04 Ib 3R (X B2 6, 3B B R [ 4 X
ST FICETER 5 G KR ) (1:200 J7) A84% T 1981 0 1985 4F H iR ; A 36 7 LU 1l g 4k #g
RHE AR BEHE SRV ST R R S A S S RSt s &
277 EHIB T TARE AN AR R R B Bt AR T KLl , FF R 2 F 1 (b ERH2 B B 5T
BT 1964 2RI, 1975, 1985; T B R B 7= )%, 1978; & % 3, 1981 ; FF4E 1L, 1081, MEH,
1981 LA 5, 1981 TR ZMK, 1981; XM, 1982; R4 3045, 1982 ;3K B BT IR 7% 5T, 1985 13

— 7 _




%, 1985, 1986; FEF BT RAFEPII AT, 1986; R KT, 1986; HEMMEEE,1988; FF
4 1989; 3 JE AT E#E, 1990, 2 1, 1990, Ha Tk R4S, 1990; fr{= & F{H1E, 1993 ; & #
PR, 1993; FHI%, 1994 B E % ,1994; P EBERFBEHE T AL S ,1994),

EBEHEE, KEBZEHTIRES M HFEE, 1989 FH R X ILLATHBE =
48— UM L TS RUITBYAT TARAT AOBFST , Xl Ly 25 A LUy 300 B 20 e ) i 1y %
FHWACTE BT VI RVE T BT, 5 s B SR T 5 AR IS R, , XoF 2 R T T sh s 4 o 4y
ERHIE SR T W1 B4 (R 2 RS, 1990) , 3 ] LA B34S K FE sh i 3 58 — IO AT 1
HBIT. R, B BRI IE , AT R ILX —BURABAETE 318 008 sh A3 4 0F 2 E A
B IERE XX — KR FUH R IE ShHr P B R A HLRIKIRYERR

] AP ERRE b E SIS R R H 2 R 2 E A RENT KX, B
RO M FERRAER A RI WA HME K2 T E RPN UEANERBERY, K
AEZRNFEFETFENFER, KT EIE RGN SHE Z5, SiEhE
M ERE R T ORISR B R SRR A B, R A A B, BT LA R
SRR ARG SRRt X, B3 LA 5 M A TRARAT A 48 77 2 Fsh 11 2% it
BEHEEARRMN, EiTE20 ¢$,ﬁ@%‘fﬁ?fﬁﬂ@#%ﬁ%jﬁzﬁqﬂﬁk%m%mg&ﬁ
HEX B UIHEH b, T KN EME R S KB E L R — ERE A
HHIMEABFGT . RIWE—D T BB AR AR ERE S E X, BRI RX P e
.

20 42 80 4FAX, TETH R b — LETE ShBY M3 AR SE R 45 T — e KM, 40 1980 4F /R
MFE BTSN (EL Asnam)7.2 SR, 1983 4F 2 HA B (Colinga)6. 3 SR , 1085 4F £ H
LFE L1 (Kettleman Hill)6.1 & #7& , 1987 4 2 E M FF 3 8, (Whittier Narrows)6.0 R Hh B N
1988 SR IR W 5% 2 W.( Armenian)6.9 B, £ 7 MIBFST 4, X Lo B 25 2 55 JF 4y 15
RZENELERRR G HARLKIE SR B H S, R aL N e SR Hb 5Z (Folding -
Earthquake)”(Stein and Yeats, 1989), B AT W, , (L A Bl 3 3R 3% FE 4% (X 6075 0 H t 4 J
DL HBY N F B R RITEAT, LR OB AT R RO ESRITEER, X H
EITR X5 M X R BRIP4GB B IR 3 M E+ A EE W E
WE X KMEE X,

ET EAMAES, EFERMERNTHENEE T, R178 1989 EFHET X RILFERY
EXATE S RS KB R X% R E4TIFFT, 1991 4E, ERMER N\ E S HER 2R
FH R, X~ BN ES AT, A4S %5 85-02-1—3, RO TS
KBNR LU RTHE R R W%B~%Ml‘ﬂﬁﬁ&%?ﬁ@ﬁyiﬁ,@%dt%mm%%%%*ﬁﬁb :
B FEg X 1L LR EES R 8 PR BEHE SNBSS X 1& R E
Wi M F—EERSEAF—E L & —R R TR 8 B4 T 5 FIE NG
A B b B A KU H I E K, 20 TR TAEE AR A, 3R 1178 8T 18 T4 (0 SRl
L,R%$§ﬁ§%¢ﬁjtﬂimmﬁﬁmimW%Buiéﬁﬁﬂﬁz,%qfﬁuﬁ%ﬁ,iﬁﬂxﬁzmﬁ\
E‘-ﬁr‘?ﬂﬁ%ﬁﬁgz%amﬁa@%ﬁ/\m%,%ﬁi%xik%W%ﬁﬁEﬂ?ﬁﬁJWﬁﬁﬁ%E%zm
Wo b, RATIRS A0 1L 1Ly BT Y 23 B 5 7 24 LA -1 B s 2 b P 22 HE 75 B 5 M 39 — oL s
ERFH P RERBERTT 1:5 AEIHEHREE  E RUB S TE S W RN I B R Ay
FAHE MER R EHEEOH, R eSS S fE JUTEAEE B MR L



HERTE &M MEENH RN S HENERRR, HREXLEINEF N E
R R H A X AT AR IR P — — TP, LIRSS T AU DRI T I iR
HHE.

FECCHAN], FATHE 1991~ 1993 £ 6] 5 R E R4 B L # Gk RS MiT B R 22 % B.

C. A4r§E/R(B. C. Burchfiel)F1 P. E/RH(P. Molnar) # B ER L KL L AT X IR T 1E 5
i T E SRR . SEEER LB TH T RERB AR (LFAIR 1:5 1), XL
ZEIE R A rh E A L SR 2 21U Total Station) ## 7  He 61 R b T 7
A1 i B (Molnar et al., 1994;Brown et al.,1998), SI(E6T, B E B 2 BR 4 BB 55 i
T. P. XFH(T. P. Avouac) 5 G X R T T FE M ER ST X — H X Xt
LRT X W 2 FTE SR T35 (Avouac et al., 1993); o E#h K 220 Ff Ry EE SR
L1 {0 BT iy 225 b B A S AR TE RO AL P B T B 38 (A %6,1994) ;M. B, X &t &4
HATE BT T BFS B2 TAE(Allen et al., 1990) ;40 , BRATLE 1991 4E BTG 3L MK S
EIESRTRBIST (1994 ~1998 F 20 TR B L LM IFM PR MR RE % (1992) X £ X
i H Sk st R R AR ZU A 9% A X 2K 1L 3 X 003 S i R A7 i IR BE R R B ST T
E. . : ‘
FRATAN 1989 £ FF 4 9 5 1Ly o X B FE U5 S s BP9 04, DB 6 48, F 1994 4E 52 5 T B4
125 J7 16 Bl Fia s b BOE B A 2 Fh il B B AR 8 i, T8 | 1995 #1 1996 5 XF BFHMRAT 1 25 T 5 81
HAT T REMHE— 00T, HBRATR T AR EE, RBRMEE RS F L EES LR
ﬁ]ﬂﬂ&*ﬂxﬁééﬂ%?ﬁiﬁmiﬁ,ﬁ*‘ii?%%?ﬁ%ggﬂéi{ﬁ*%ﬁﬁM%mE"J;“?Wﬁﬂﬁﬁ
LAE, FIat Rk T o5 A Fn R Bt AT B 108 LR, R TS — 2= st K 1 B X 3t o SR 1
MRS G T S E IS BIh , H R X P XTI R L LR & B2 A & S
FHIXEE SIS B E I R R B v S TR B4, FRd JETET
MR W RIS S E R LA EFE S R LA 1 L B IR A a8 B L B
1 WA T AL JE AL A 3h B 28 30T T e,

SR AL SR X —BF 3T TARER B LK ER R R R BT M 8 B /R HiA K i
R, B RBRANEER B G EE, A S R RN B TN ARG R8s His
L EHE VLB RE TFHRE KET( LU EAGAEREBRMATII) 2 KB
B RS R AR R I R(U L ARNTBRE/R S ERMER%, S
AREEVREMAREBER DEE LR RGE BRERSYES LHHEEEK,
BHEIGRFE=AAFER HEMBRLER, BFRK2EREE, .

EHRZERE, BT RFERGRE, REBRE AR, i 1998 FRTHRIMBEHLSESS
R L YR Bl #EMES R 598003, A H48 LU 5T kit W, B L R E BN RO B R
FREEES YR, RO IZE BB A [E # E JR 3t A0 B WIS FeRBEBY, WA MM
5 AT LA R AT, A B O RTS8 T iR wa, A, AR T4 B
FWESEFSHEMERT BIA KRR SRR, AR ] 1:20 PINES: 8 N
] & GER AT A BT TR SRR S R R,




Active Tectonics of the Chinese Tianshan Mountain

Abstract

As the most active intracontinental mountain belt in the world, the Tianshan Mountain (lite-
rally “Heavenly Mountains” in Chinese) in northwestern China provides an outstanding natural
laboratory of studying and understanding intracontinental deformation, a frontier field in today’s
earth sciences. Lying north of the Tarim basin and Pamir, the Tianshan forms part of a region of
post — collisional intracontinental deformation within the India — Eurasia convergent system. The
Tianshan extends eastward from southeastern Uzbekistan more than 2000 km to western Mongo-
lia. Maximum elevations in the Tianshan exceed 7000 m and attest to substantial crustal thicken-
ing. The earthquake history during the past two centuries, including 5 earthquakes assigned mag-
nitudes as large as 8, demonstrates rapid rates of deformation. Fault plane solutions of earth-
quakes show that reverse faulting is the principal model of deformation within the upper and mid-
dle crust, as is observed in other active intracontinental mountain belts. At the same time, fold
and reverse fault belts within sedimentary rocks mark the northern and southern edges of the
mountain belt. The Tianshan is therefore serving as a prototype for intracontinental deformation
in other part of the world. |

The Tianshan Mountain consists of metamorphic, igneous, and sedimentary rocks from Pro-
torozoic to Cenozoic era. These rocks have been intensively folded and faulted to form a very com-
plicated structure pattern suggesting multiple phases of orogeny during geological evolution. The
closing of oceanic regions within the Tianshan was in late Carboniferous — early Permian time.
The collisional phase of orogeny was probably finished in late Permian, and the Tianshan region
started to uplift into mountains. Tectonics during the entire Mesozoic time was relatively week
with respect to Paleozoic time. Mesozoic terrigenous sedimentation deposits along both sides of the
Tianshan. The uplifting of modern Tianshan Mountain was probably started since 20 to 24 Ma
ago. The significant acceleration of deformation in Chinese Tianshan occurred after 2 Ma. The
ragged landscape and active geological structures are products of this latest tectonic deformation in
the eastern Chinese Tianshan. The eastern part of Chinese Tianshan is bounded, in a regional
scale, by the Zhungaer basin in the north and the Tarim basin in the south. Foreland basins are
present along both northern and southern edges of the Tianshan Mountain. We have conducted
five — year studies of late Cenozoic deformation along eastern patt of the Tianshan with an empha-
sizing on the reverse fault and fold zones in the Wulumugi and Tulufan foreland basins. The stud-
ies include 1:30,000 scale geological mapping of fold and reverse fault zones, detailed geomor-




phology of rivers and alluvial fans, structural pattern of the range — front fold and reverse zone,
paleoseismology along major reverse faults, and earthquake potential of the eastern Tianshan re-

gion.
The Wulumugqi foreland basin

There are four rows of reverse fault and fold zones in the Wulumugi foreland basin. From
Tianshan toward Zhungaer basin northward they are the Qigu, the Huoerguosi — Manasi — Tugu-
lu, and the Dushanzi — Hala — ande reverse fault and fold zones. In addition, the Xihu uplift and
the Hutubi anticline are growing into the latest row of reverse fault and fold zone. The Qigu re-
verse fault and fold zone consists of many folds and faults.. The youngest stratum involved in the
zone is the Xiyu conglomerate of lower Pleistocene. All of the anticlines are asymmetric with steep
northern limbs and gentle southern limbs. Reverse faults had developed along the cores or the
northern limbs of anticlines approximately parallel to the overall orientation of the Qigu zone.
Most of the fault planes dip southward with a few to the north. Geological mapping indicates that
t\he Qigu zone is no longer active at present. The southern marginal fault separating the Tianshan
Mountain from the Zhungaer basin has been tectonically inactive since 30,000 years.

The Huoerguosi — Manasi — Tugulu reverse fault and fold zone extends in east — west direc-
tion more than 130 km in length, and composed of the Huoerguosi, Manasi, and Tugulu anti-
clines and their associated reverse faults. Sedimentary rocks involved in the anticlines are lower
Tertiary, Miocene, Pliocene, lower Pleistocene, and middle Pleistocene in ages. Similar to the
Qigu zone, anticlines in the Huoerguosi — Manasi — Tugulu zone also are asymmetric with steep or
overturned northern limbs and gentle southern limbs. The Huoerguosi — Manasi — Tugulu zone
was probably initiated at the end of Pliocene or the beginning of early Pleistocene, as demonstrat-
ed by a slight unconformity between Pliocene and early Pleistocene sedimentary rocks. Since a
clear angular unconformity exists between lower and middle Pleistocene, major phase of deforma-
tion along this zone must occur during this time interval . Many southward dipping reverse faults
have developed along the cores or northern limbs of the anticlines in the zone with dip angles of
40" ~50°. Reverse faults are associated with each anticline. Some of them displace the core of an-
ticline such as the case of Tugulu, and others develop along the northern limbs of the anticline.
The steep to overturned northern limbs and south — dipping reverse faults attest to northward con-
vergence of the Huoerguosi — Manasi — Tugulu reverse fault and fold zone.

The Dushanzi — Hala ~ ande reverse fault and fold zone is about 80 km in length. It consists
of the Dushanzi, Hala —ande, and Anjihai anticlines and their associated reverse faults. The core
of Dushanzi is composed of early Miocene and Pliocene sedimentary rocks, and the limbs are lower
Pleistocene conglomerates. In Anjihai and Hala — ande anticlines, the earliest rocks exposed in the
core are Pliocene yellowish sandstone and conglomerate. Reverse faults mostly crop out along the
northern limbs of the anticlines. In general, southern limbs of the anticlines are gentler dipping
than the northern limbs. There is no overturned northern limb. The convergence in this zone is
also toward the north, but the intensity of deformation is much less than the reverse fault and fold



zones in the south. Fault scarps presented along this reverse fault and fold zone indicate modern

tectonic activity.
The Tulufan foreland basin

The Tulufan foreland basin is located along the southern edge of modern Tianshan Mountain.
The foreland basin is probably formed since Cenozoic time as the tectonic activity migrates from
south of the Juluotage highland to the range — front of Bogeda Mountain, the modern body of the
Tianshan east of Wulumugi. The Tulufan basin is filled with Mesozoic to Cenozoic terrestrial sedi-
ments. The absence of angular unconformity from Cretaceous to lower Pleistocene suggests that
there is no significant deformation taken place during this time span in the Tulufan foreland basin
although increase of depositing rate in Miocene is viewed as onset of deformation and crustal short-
ening in responding to Indian — Eurasian collision. The youngest sediments involved in folding in
Tulufan basin is lower Pleistocene Xiyu conglomerate that suggests significant deformation oc-
curred after early Pleistocene time.

Structures controlling formation of the Tulufan basin are the Bogeda range — front fault and
the central — basin structural zone. The Bogeda range — front fault zone consists of a series of
north— dipping reverse faults with relatively high angles from 500 to 700 forming a southward
converging zone. As tectonic activity migrated from the Bogeda range — front fault 1o the central
- basin structural zone during Quaternary, normal faults developed along the range front that cut
preexistifig reverse fault.

The central ~ basin structural zone consists of three anticlines and associated reverse faults.
From west to east they are the Yanshan, the Kendeke, and the Fire Mountain anticline. Orienta-
tion of the central — basin structural zone is parallel to the main trend of the Tianshan Mountains.
The oldest rocks cropped out in the core of these anticlines are Cretaceous sandstone and mud-
stone. Tertiary red beds and lower Pleistocene Xiyu conglomerate form northern limbs of these
anticlines. The southern limbs are usually absence because of fault displacement in most places of
these anticlines. Where the southern limbs are present, they either overturned to the north or
they steeply dip to the south or vertical. Reverse faults are present on southern side of the central
~ basin structural zone because they usually destroy the southern limbs of those anticlines. The
geometric pattern and sense of reverse faulting in the Tulufan basin suggest southward conver-

gence.

The Kuche foreland basin

Although the Kuche basin is out of our study area we still conducted some researches because
it is another major foreland basin in the eastern Tianshan. Thick sequence of Cenozoic sediments
has been intensively folded and faulted. Three unconformities are found in the sequence, which
are that between lower Tertiary and Mesozoic, Pliocene and Lower Pleistocene, and middle and
lower Pleistocene rocks. Among them, the tectonic event occurred between middle and early

Pleistocene epoch is most important one that creates primary Cenozoic tectonic framework and




pattern of modern geomorphology .
There are four rows of reverse fault and fold zones in the Kuche foreland basin. The range —

front reverse fault and fold zone forms boundary structure between Tianshan Mountain and Kuche
foreland basin. Paleozoic rocks on the hanging wall thrust to the south along the zone. Folds
cored by Mesozoic rocks also developed in association with the reverse fault. The Hasangtuokai re-
verse fault and fold zone is the second row from north. Anticlines in this zone show steep to over-
turned southern limbs and gentle northern limbs. Reverse faults often offset southern limbs and
destroy them. The Qiulitage reverse fault and fold zone is the major structure in the Kuche fore-
land basin. It extends for about 250 km parallel to the Tianshan Mountain. The Qiulitage zone
consists of 14 anticlines with steep or overturned southern limbs. Geometric pattern of the anti-
clines and sense of motion on the thrust faults indicate southward convergence of the Qiulitage
zone. The Yaken anticline, a gentle uplift in modern geomorphology, is the fourth and the south-
ernmost row of reverse fault and fold in the Kuche foreland basin. Geological mapping reveals that
the strata on both limbs dip 5 to 10 and is therefore a newly growing anticline similar to the Xihu

and Hutubi uplifts in the Wulumugi foreland basin.

Timing of Cenozoic deformation in the Tianshan

[t is general agreement that the late Cenozoic rejuvenation of Tianshan Mountain in the intra-
continental setting results from collision and subsequent penetration of India into Eurasia. Both
uplifting of mountain range and subsidence of foreland basins as well as tectonic deformation are
the results of this rejuvenation. Our studies indicate that the Tianshan has subjected to two major
phases of deformation. The first phase is uplifting and erosion in the Tianshan Mountain and dep-
osition of terrestrial sediments in the foreland basins. The second phase is thrusting of the Tians-
han Mountain onto the Tarim and Zhungarer basins and associated broad folding and reverse fault-
ing in all foreland basins surround the Tianshan Mountain.

According to studies on sedimentation in eastern Tianshan, unconformity between Oligocene
deposits and underlain rocks is viewed as initiation of uplifting in the eastern Tianshan. Thickness
of Cenozoic sediments in the foreland basins show that rate of sedimentation started to increase
from Miocene time, and continue upward to reach the maximum in early Quaternary. In the
Kashi foreland basin in the Western Tianshan, marine sediment environment ended and terrestrial
deposition started in Miocene time. Thus, the first phase of major deformation in the Tianshan
may start in Miocene time, which is in a good agreement with fission track and thermachro-
nological studies. "

The second phase is probably most important Cenozoic deformation in the Tianshan when the
mountain ranges thrust both southward and northward onto the foreland basins. The foreland ba-
sins themselves are also subjected significant crustal shortening to form a serious reverse fault and
fold zones. According to stratigraphic relationships and the youngest rocks involved in this phase
of deformation, this intensive deformation occurred after formation of the lower Pleistocene Xiyu

formation and before deposition of middle Pleistocene sediments. Strong earthquakes and modern
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crustal deformation along both sides of Tianshan are continuation of this phase of deformation.

Style of late Cenozoic deformation in the Tianshan

Two kinds of deformation, thin— skinned and thick — skinned, are cbserved in the eastern
Tianshan. Thick — skinned structures are present outside foreland basins, fore example, Kuerle
area east of the Kuche foreland basin along the southern Tianshan, and the Sikeshu area west of
the Wulumugi foreland basin along the northern Tianshan. The Tianshan Mountains thrust onto
both Tarim and Zhunga — er basins along high angle reverse faults. There is no reverse fault and
fold zone developed inside basin.

The thin — skinned structures characterize deformation in all foreland basins. The reverse
fault and fold zones are basically fault — propagation folds. In responding to regional compression,
the Tianshan thrusts toward both sides along lower angle decollements. The decollement is usually
located several to more than ten kilometers below the surface. As the compression progresses, the
decollement propagates into foreland basin from below. It usually ramps upward to form a row of
reverse fault and fold on the surface. With continuation of deformation, the decollement propa-
gates again, and may ramp upward to form another row of reverse fault and fold. As this kind of
process goes on, several rows of reverse fault and fold may form in foreland basin. In the Wulu-
mugqi foreland basin for example, there are two decollement surfaces, and each has been associated
with two ramps and two anticlines. The lower decollement is located in Jurassic sediment rocks
about 8 to 9 km below the surface. Qigu reverse fault and fold zone developed on top of the lower
ramp. The Huoerguosi — Manasi —~ Tugulu reverse fault and fold form on top of the second anti-
cline. The upper decollement is located in low Tertiary rocks at depth about 3 to 4 km. It merges
downward into the lower decollement surface. The first ramp of upper decollement is associated
with the Huoerguosi — Manasi ~ Tugulu reverse fault and fold zone. The two decollements form a
duplex structure beneath the Huoerguosi — Manasi — Tugulu reverse fault and fold zone.. The sec-
ond ramp of the upper decollement cropped out on the surface to form the Dushanzi — Hala — ande
— Anjihai reverse fault and fold zone. The decollements may continue propagating northward.

The Xihu uplift and the Hutubi uplift may be representations of thrust ramps at depth.

Quantitative estimation of Quaternary crustal shortening

Amounts of crustal shortening across the Tianshan are an important aspect in study of kine-
matics and geodynamics. There are three methods to estimate crustal shortening: geological map-
ping and balanced cross — section restoration, deducing from late Quaternary slip rate, and calcu-
lation from theoretical models. According to our geological mapping, we have calculated crustal
shortening in the Tulufan, Wulumugi, and Kuche foreland basins by technique of balanced cross
~ section. The amounts of shortening in the three foreland basins are 10 12 km, 17 km, and 23
km respectively. Crustal shortening in the Kashi foreland basin is 23 50 km based on previous
study. These amounts represent minimum Quaternary crustal shortening across the Tianshan be-

cause deformation with the Tianshan Mountain has not accounted for. The amounts show that the



distribution of crustal shortening decreases from west to east. This pattern is in agreement with
the qualitative estimation by the thickness of Cenozoic sedimentation and results computed from
theoretical model.

There are many rivers across the reverse fault and fold zones in the foreland basins. Terraces
are developed inside these river valleys. There are usually two levels of terraces along the major
river valleys. In the minor rivers the valleys usually have one continuous terrace. Where the rivers
cross the reverse fault and fold zones, the terraces have been folded to form gentle anticlines, the
numbers of terraces has been increase, and the type of terrace has been changed from deposition to
strath. All of these reflect impacts of continued folding to formation of river terraces. By dating
the folded and faulted terraces the late Pleistocene slip rates are 4 ~11 mm/yr and 4.9 ~9 mm/ yr

for the Wulumugqi and Tulufan foreland basins respectively.

Paleoseismology and seismic hazard assessment

The eastern Tianshan Mountain is alsa an earthquake prone region. In 1906 an earthquake
with magnitude Ms=7.7 occurred along northern range — front of Tianshan in the Wulumuqi fo-
reland basin. Detailed field mapping discovers that surface ruptures associated with the earthquake
are only less than 10 km in length and coseismic displacements are less than 0.5 m. These param-
eters are not comparable with the 7.7 magnitude earthquake. Field studies also reveal an about
130 km slightly uplifted zone. This uplifted zone is probably associated with the 1906 Manasi
earthquake. The Manasi earthquake itself was a "folding earthquake” similar to the 1983 Colinga
earthquake in California, U.S.A.

To study earthquake potential in the eastern Tianshan, trenches have been dug across reverse
faults along both northern and southern sides of Tianshan. Many paleoseismic events have been
discovered from these trenches. The recurrence intervals along different reverse fault and fold
zones are different. The average recurrent interval during last 20,000 years is about 4000 years
along the Dushanzi — Hala — ande reverse fault. The elapsed time along this zone however is also
about 4000 years. Thus, this zone has large potential for future large earthquake. Average recur-
rence interval along the Huocerguosi — Manasi— Tugulu zone is measured to be 5000 6000 years,
and it therefore has less potential for future large earthquake because of the 1906 Manasi earth-
quake. In the Tulufan foreland basin, the average recurrence interval is about 3000 years. The
elapsed time since last palecearthquake is about 2500 years. Thus, there is also potential in the
Tulufan basin for future large earthquake.
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