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Apatite fission track evidence for the Cenozoic uplift of the Liiliang Mountains
and a discussion on the uplift mechanism
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Abstract: From part of huge sedimentary basin in Mesozoic to the present NS—treading gigantic mountains composed of geological
bodies of various geological ages, there exists the product of uplift of Liiliang Mountains of different stages. Detailed field

investigation and thermal chronologic study were carried out at the mutation positions of geomorphology and strata in north, middle
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and south sections of the mountains. The relationship of “age—depth” in apatite fission track and different erosion thicknesses in
different parts of the mountains suggests that isostatic uplift was not responsible for the uplift of the Liiliang Mountains. EW—
trending uneven erosion controlled by the thrust fault and distribution of annealing zone witnessed the fact that bilateral thrusts of
NS—treading fault constituted the main uplift mechanism. According to the apatite fission track age from different parts of the
Liiliang Mountains, the uplift can be subdivided into five stages, i.e., (58+3) Ma, (40£3) Ma, (30£3) Ma, (23+£3) Ma and (10+3) Ma.
The initial uplift originated from (58+3) Ma, then Ningwu fault began to form and resulted in the differential uplift pattern in the
castern part of North Liiliang Mountains. The differential erosion between Jinxi fault—fold belt and Liiliang Mountains block formed
in different stages, the north was formed not later than (30+3) Ma, the middle was formed at (23+3) Ma, and the south was

strengthened at (104+3) Ma.
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Table 1 Fission track age of apatite from the Liiliang Mountains
y ) - - - - » Central Pooled
Fledhs '/mjll :é gﬁ’ & i(‘l(?\l'sjm ) i (‘1((1)\1}(;111 ) . d(‘l(ON'; ) }/(2;0 ) ggfa age/Ma L/um (N) A4 AEHS Ma &Ik
(1c) lo)
201INWOL 1519 ) 28 1.064(446)  13.538(5676)  16.484(9117) 234 2322 232 128:19(104)  23=2
201INW02 1551 ) 28 1.292(468)  13.141(4760)  16.128(9117) 0.9  20+2  28+2  12.8+1.8(102) 25.9=3.5  56.749.3
2008NW5 1566 ] 28 2956(771)  9.889(2579)  9.180(5688) 0 53:4 5344 13.0:23(99)  40.8-3.5 69.4
201INW03 1590 ) 28 0.902(315)  8.117(2835)  15.7729117) 13 3043 3142 12.8422(101)  27.3=43  57.848.2
201INWO4 1594 T 28 0.896(381)  8.936(3801)  15416(9117) 0.0 3143 2742 124+1.9(104) 20436 40.6+7.9 ;
2008NW1 1570 T 25 2362(586)  9.407(2334)  10.343(5688) 1.5 5244 50=4  12.5524(103) 402=48  60.2+538 ;
28
201INWO5 1572 P 30 0.933(440)  14.04(6619)  15594(9117) 369 1841 1841 129£1.9(101)  18=3 P
2008NW4 1570 P 21 1.590(476)  7.590(2272)  9.097(5688) 5.9 3843 3743 13.3£18(107)  38=3 n
i
201INWO7 1566 P 27 137(385)  14.069(3954)  16.128(9117) 144 282 2842 13.02.1(100)  28=2
201INWO0§ 943 P 28 0.879(271)  7.975(2460)  16.484(9117) 683 3243 3243 123+2.0(62) 323
201INW09 1160 P 28 1.815(918)  13.967(7064)  16.839(9117) 0.0 4013 3912 12.712.1(107)  31.6.26  45.8143 1t
201INWIT 874 P 28 2015(1026)  10422(5306)  17.177(9117) 0.0 61+5 5844 11.6=2.1(101)  28+4.8  57.5+4.1 B
201INW12 967 P 28 2.484(948)  12.049(4598)  17.557(9117) 0.0 656 Gd=d  115:23(113) 34.8=49  65.4%6.1 7
2011NW13 1038 T 26 1.089(397)  7.445(4082)  17.907(9117) 1.7 48:4  46x3  122421(106) 43336 678+ #h
201INW14 1029 ] 30 1.787(361) 11.98(2420)  18262(9117) 55 4944 48+4  123+1.7(103)  49-4
201INW16 902 P 27 1368(947)  21.633(14971)  18.618(9117) 0.0 212 211 13.8+L7(102) 20843 31343
201INW17 1188 P 30 0.881(436)  13.962(6913)  1844(9117) 00  20&2  21x2  [39+£1.8(103) 20552 28943 H
201INW18 787 P 30 0.997(518)  17.66(9178)  18.173(9117) 0.0  17+2 1851 123+2.2(108)  10.3=25 2453435 49137 B
201INW19 791 P 30 1.668(529)  21.367(6778)  17.995(9117) 47 2442 2542 13.7+1.8(103) 21443 24743 [
2008LX2 925 P 28 2361(453)  11.789(2262)  10.675(5688) 669 4243 4243 12.042.5(102) 423 LiE
2008LX1 1268 C 2 1.643(560)  5.719(1949)  9.595(5688) 1.3 524 3d4x4  121=28(118) 41.9=54  64.2+69
201INW21 1935 Pt 26 2.002(804)  11.622(4668)  17.373(9117) 7.9  53=4  53=3  12.7£2.0(101)  53=3
201INW22 1837 Pt 26 2.602(1211)  11.172(5200)  16.839(9117)  © 67+6 6944 122£1.9(104)  34.5+4 76.9
2008FS1 1789 Pt 28 3.503(1821)  10.906(5670)  9.263(5688) 64 583 5843 12.3:2.2(101)  58=3 P&
201INW23 1726 Pt 28 2911(1234)  12.326(5226)  16.484(9117) 0 69+5 68:4  12.3:2.0(106)  51.6=6.5 82 i
201INW24 1636 Pt 29 0533(155)  13.028(3792)  16.128(9117) O 152 12£1 () 11.6=23 21743 567493
2008FS3 1544 Pt 25 1.726(520)  7.292(2197)  10.390(5688) 749 4343 4353 125825(114)  43=3
201INW26 927 P 30 334(723)  22.896(4956)  15.7729117) 0 4154 4153 13.4£1.9(76)  34.4=48 601463 |15
201INW27 856 T 30 3.18(443)  21.789(3035)  15.416(9117) 0 37014 4013 13.012.085) 25934  49.5143 ER:E
2011NW28 1544 P 29 0.667(469)  12.642(8883)  154169117)  © 15+1 14+ 13.5+42.0(54) 11523 20.5+52
2008LF1 1244 P 20 4.613(965)  18.873(3948)  9.512(5688) 0 4944 4543 13.1224(101)  40.8=27 704
P B
201INW29 1175 P 30 0.81(437)  14.752(7954)  15.683(9117) O 152 1561 13.5£1.5(96) 103 2443.8
2008LF2 1080 C 28 1.567(498)  12.162(3865)  10.426(5688)  80.9 262 2682 13.2+2.8(109)  26=2

e ONFRS ORISR ; ps i pd HEESH IR F K R NBRHES R A T BRI MERI AR A & S AR AR s Ns Ni TN 43514
ips . pi .pd X B AGFRIERCH o POA) N GEHHI ; Central age A {EAEHN , Pooled Age Ny-& IFA4FIY , N Azt P #8300 1 BE A A2 25 4

http://geochina.cgs.gov.cn H1E LT, 2015, 42(4)



966 el [

b Ji 20154F

Bl ) 7E (58+3)Ma, (40£3)Ma., (30+3)Ma, (23+3)
Ma F1(10+3)Ma TL~IEE(E X ] (] 4—a) ; (3) FR4F
1% (ZH0/NT 65 Ma) 550 i S R 0 A S AR DG 1 | 1S
N TEER B BRI AR A TERE T (BT 4-b)  (4) 3
AR AR AR iy ELAT BH SR 1 2 R) 25 Sk, R Bk
BT,
X TR DX IR %o B AR 24— R T 7, S48 4R
TR AF Y 5 B T AR A TEAR OG-, 5 I AR FR T
FRHBJZ 2 B (i B 2RI 3 ) | 2 R U T ik — 285 |
HI ok “ AR AR I AT I 5 1 2 B AR . S5
AR POC) A i R AN FAE I A 30 b
JEEE2LP(x) > 5 B IR i, HAF I BT DT 17 b
JEE L5 P(X) < 5 RANEFIRE i, HAR 240 53 W 1
eI DT G TE 2 S rp U BTaes SR i D ES 3
TR H S, ZEEFIHP(YY) >5 K P() <5
ZAE i sk YRR R LS TR AR AR R AT Ry B
D7 PR BRI E B
E L b BT T (& 2 o AB T, K15)9
AN i I i P AR AR I A i £ v o3 A 7E (58+3)
Ma., (40+3)Ma F1(23+3 )Ma = ME(H X ], (7 TR
#2011 NWO05, 2008 NW4, 2011 NWO07 F1 T5i & 1)
2011 NWO1 Bl P(x)>5, id % T 8 — 3 F s xp H

2000

1750

1500

1250

1000

750

500

8 16 24 32 40 48 56 64
£E#/Ma

AR S AFER ] I E LA i & 5 o 34
(2011 NW02.2011 NWO03,2008 NW1) # % 4E i 41
3T R (58+3) Ma AF i 06, 1 5% T M oe 7 A i 2218
BETH I FERY ;2011 NWO4FE il S I 1 388 8 v TG AT
1% 5 P(x’)>5 (2008 NW4) K P(x)) <5 ¥ i (2008
NW5.2008 NW 1) Z 4§42 i 70 — B P 1 (40+3)
Ma 805, H G =35 W ARERA i e & L4 TS
ENFAF O AR e s T PG TS
I H A2 1 (23+3) Ma P38 1858 2
o TR B/ MERR 4 Ry (2343 ) Ma, {UFE P(x)>
5(2011 NWO1) } P(x®) <5 FE & (2011 NWO02,2011
NWO04)

ZAPRRHITCHEAE . YRS R L AR
AR (AR 5 AR R AL 53, [R)) AN “AF 1%
5 Z R AR HUAE X P LG AE LIS i,
AR, WK T st B G AR SR L
ilo WrRhG s e AR Nz — IR AE S
Z AR X ], B T S AR AR AT I 1Y)
23 (AR AL AT FH I 2405 3 5 BRAR RS . 28075 (58+3)Ma
HIREFHIS , BRI T (40+3) Ma [ 4530 04 T 4%
b T2 1 B0 7 Tl AR A T T 18I 4 R I [
([#15) : B 2008 NWAFES P(x') > 5,10 5% T B —H4

'S
M .
L g
. ®
e ¢ ‘.$ ca,
-2
L J * &
*
* ®
*d o
* e
o ®
(b
15 25 35 45 55 65
ERE/Ma

K4 BRI ) SRR IBAF IS S A1 () SAFIE - e C & I8 (b)
a— I AR E BV FRIBARIS s b— D4 P()>5 K P(x) < 5 Z AR5 TT
Fig. 4 The frequency of fission track age (a) and fission track age versus attitude (b)
(all the data are plotted in (a), and older components of the decomposition are excluded in (b))

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(4)



H 424 4 R RGBT AR AR UE 8 B FE R AL AT 967
P
., e §%$
A
......... Vi
"?* .......... /
""""" o /
: &

o VJW

= /
||| Il o

I || I A
/\\\\\\\\\\\//(?) ....... 7/(?) \\ ..... = /
' 01'1NW05 2011NW04 | |2008NW5| |
W ! 0|406| . BiEwE e
2008NW 2011NWO03] 2011NW02
3 B sals6
NaNmauxn | | e B REHEROIER
(15 ) B AN ) B R A = &
Fig.5 Uplift model of Ningwu profile at 40 Ma and 23 Ma
FiF, AR JGRHE, 1) E(R)2008 NWI(P() < I [E] (40£3) Ma — 2, HiCHE WS 75 584815 71

SRR R AL D R T BRE T84
B JCH I 265 AR AR T i e LA 24 56
43R K AR BR  {H 2 /D SE 3] 2008 NWS
FRAEIZL . AT 8 Z A9 (2011 NWO4)FF i FLAR
Z WA B (B8R B T iz R e . Bk
J& , TR RGBT T (23+3)Ma i 3, (H R HE
M 91 AT RS JE DLEOAS A A% SR, UK 3 2 R
LB )2 1) /N R R 8 )2 R AR L, 2011
NWO1 12011 NWO2 e 25 53 51 A H 58 4R Ky
o3 43 3R s Br e (1 S) o 2011Nwo7&2011
NWO5 SR BA B YT L (P() > 5) , {H&
ﬁﬂ&ﬁ@%tmmﬁﬁﬁﬁlﬁxﬁmoM%
HI =5 BT RE R 03 Rl LA S HE o B4 3tb 2 = 4R 52
FRFEIRT, (40-£3) Ma J2: 12 [X F5c 2 A 46 THp ol dh

JC B VE R U Be sy (&1 1, AB i 1H P9 6 4>
FERARAT O BT A ARAR Y, B (30+3) Ma JE A BH i
WEAE AR AN, A BB N i i B P() <
5FESR (2011 NWO09.2011 NW11.2011 NWI12) it &
J B4 S 0 5 SR HR P(x)>5 B (2011 NWO08) —
B, “FAEEOE T (3143) Ma X IR IE FHS HI 31
I+ HBIRR T H AT e A0 58 4 B4R o LR IR ok
W o BEAh, HTE L ERE AR AL (2011 NW13) 4R 5%
Uit ok (43.3£3.6)Ma, 5 H 22 I LB AR FR AR G T

.8 K A=A FE BB (3043 ) Ma TR (R Z i

B P PUBERE AT 6 MR L AR 12 Y
I EEE (5 SR EdE, N R L s A gE 4y
AT TE (23+3)Ma, H ¥4 F &1 B (& 2 7 CD #
I ) 5 3 R BE 2008 LX1 £ 5 (P(xY) <5) & 2008
LX2 #4 (P(x) < 5) ZAERumoc L Rld 5% 1 (40+3)
Ma AT, —FH AR I AR 5 12 i TEAH 5
KZ, G e B AT i T AR FR R K
B . B 6 MR A T M AR A
LA, SERfeAs 8 AT AR ARAR S, A B Db o S
P(X) > 5 J P(x’) < SHE i Z AR5 oe ™ B R TP
ARSI (R, WA TBEAE AR08 — 7 R . LA
K (2008FS3) P(x*)>5 i 2 /D 7E 42 Ma BLA LK
115 2R PR B W A AR G LA R
P(Y) <5 B & (2011 NW24, 2011 NW23, 2011
NW22) Z W0 Jry S ARG 20 I 38, 1T HLAF 8 4 it i 43
Y3/ IMEIE (1043 ) Ma., (2343 )Ma 1E 2 H AP 5)
Z VR HNF ] 5 THER A 28 Iy $AAE 3 DX i s T L
GETH A . T BRI A AR R AR B e D HLAR
L R W N NS iy =

R B BARUORTT 6 T A AR AR AR 0, 42
Hr o3 A AE (23+3) Ma Fi1 (10+3) Ma J54~ [X Ji] - Ho e
(10+3) Ma & P(x) <5 ¥ i (2011 NW28. 2011

http://geochina.cgs.gov.cn H1E LT, 2015, 42(4)



968 el [

b J 20154F

NW29) 53 i i AFE 5800 , M HR & i oA it
2008 LF2(P(x")>5 FE i AF IS 7E 1R 25 Y Bl Y — 30 (23+
3)Ma, 4 A — e 5% (AT E #8227 (10£3)Ma
FOETHE, 3RS FEE SR T (23+3)Ma [T+
o Ak, A R (40£3) Ma R . (H
1R, AT E W P(Y) > 5 KX P(y) <
S 2 AR R OGS AR IS S A 2 B A A
FRFKR

4 e

41 BRLEREFAVHERTT

25 ST 22 S 3l 25 S ) o s e 22 S
T, ZE AR . b =& R SRR R
RUSRIR Z2 iU AR A i i) — B Y A LA S IR
B4 B 321 P — = AR RO FR 0 7 IR 25 57 B Ry 2
SERV =, SR R e T 22 ST AR . AR
IR U 1) DX Jl 22 S P e L 5 v BTG IE AR DG OGN
AR BEUESE B R A AR B T A R A X
S (El 4-a),

B B B BRI (R R T 32 ) ik i
R AR R B AR ZE B U S TR R
TRIZ A, DAY 34 1 J2 SR B Ak A, g — & i
PIIF-2  pd JR B 25 /03K 5000 m (ot A 5 K Ak B
JEFE A o T R A )3 P AR A BT )
Rb AR AR —rh A RO S AR RN [ R
FESRRE, e KR R BE /N T 2200 m (AR A S Bty
AEGLEEE ), H B B R m SN TR . A R
HLT AT D R 1 A AR 74 i) SR SOk 11X 3 2 S 341
Tt e Hoas A R AL R . He— Ry M e Y 5 T B
% T 2 R X T VPR A0 A i o )l T 1 28 i FE
F LM PUBEREA 7 i ) R Sl R A I AE XA
Bl = Rt =R T, 60 ol R e /N T R (1 6-a) 6
HZNB RIS 82 S OH R nh 28640 T |
N IONS B ST T B A e /-2 o (O 1 o | O 34
RSB RRAEANFREE AR (E 6-b) . &
(4 22 00 FE T 5 R W R At — 0 3 B T Y 2 fik
A 5T S LA I i BT M 2 AR AR A - R
BT LR A I 04 3 2= A A L )2 R B
AR R AR, LR A AR 8] A 2 6] b AN 3% 4
([l 6—b) ; Tiii b 5 5 i A HE T+ A 422 il S 22 Ay il
559 )2 % 8 UZ Y YT, B AN A )2 7 IR AE X AR

T, B M AMEER R KA AL R T . iE AR
Ko, B BRI 5 A LA [R] A8 1 B o0 349 DA 3t I 25 (4
FE B AW T TR S S IR ) B, RS, W
JZ N B AT LAY [ )2 ) S b2 13 BE ST
AR A AR A B R T 2 RRIE . PRI, B3
o BRI SRR E LS. BRILHB AR -
PR T B VG AR E T | b B rh BB AE R e ) T
JRAG AR AW AN A Ay — TR B (M2 )
KRG — A EEUESE T 31X — o5, (HX A HERR
TR Chn v AR AR M ) 322 X0 T A e Y A A o
TR EEARPERE T

FEAR VG [ s R 22 S 3k ) B AR R R (BT 6
b), BRI A (BRI 2R R h 5z
P& T Wi 2[R 20 AR Dy ) ROy it o, AE G
TACE PGB 5, B Wk b B (Hh R AT FE s R A
TRISAR A ) 0 30 T R B WD A0 A v, 3K 2 PR T B
R BT 9 1) P00 o gt K 3 R T A I IR B FR B
B K2 A AR 1] 4 i Sl st o s 5 R A S 22 A
KIS W 2 XA B T AR AR BARAR 2 1) 3
Fio BAREA B A REE R B o A i B 45
ANB B, (E SR AN [ B B S AR A2 3700 119318 DX (] 2 i el
T G 2] R[] B BT 2405 3l RE R i 21 A3 Rl
YEH R o s J0 B R 8B 77 Iy 24 ) 2R 398 e
(40+3)Ma &5 T 77 2 [ BF 2 A% J5 , BS 1 53 32 B
S 5 SR vh (2343 )Ma 29 7E T AR KA i as
(i) 22 AR ARFAIE 5 Jb B VE &8 25 A W T (30+3) Ma [ [1]
VU Pk T LA B P B (6B .

BRI B EE NS E N SR,
T EL VG 41 1) B PO e iy 32 28 i gR v AR R (H N B
Tt R AR A, K2 S adl P B R . (B
B VB AT W S M REAE S R T T AR 43, HOR
RS A P 0 b J 2 2 15 R i L A M SR
BRSSP DR 2L 7 A 50 oK b 3 25 T 2 DR 24
il LA R T B2 5 B B B R L LAIE B
(23+3)Ma T 3245 T Wi 2406 30, (HR B IS
FRFESL P(X)>5, T E AR RE 5 43 it (10+£3)Ma 1Y
AR U TR A W24 2]
42 BRLFFEREHATE

Mo A AR e IR 2 b 1) — 3 4 3 B4
[EIAEIEE TS N R A o T e 72 97 N
[F] 1 O T 28 30 o o 2 T 25 5 I TSR 1 £ S G

http://geochina.cgs.gov.cn H1E LT, 2015, 42(4)



a2 4

BT B BRI A AR T R AR ARSI s S LR THL AR PR 969

o RUBARBTTY R HAR R R T A AR o] LA W
S| A AR A A0 F R R A AT AR AR, A (58+3)
Ma. (40+3)Ma. (30+3)Ma. (23+3)Ma Fl (10+3)Ma
HABEL

FR AL P BHR R T (58+3)Ma I FHE S,
HZNAERIAFRS Tyt 410y 30 £ v
ANEERE HEETHHLH] , (E I AR 40 A L AP 4R
FRIR Z T HRAE M FE AT T BT, Tl A5 2 b I iRy
TR, BRI RRET N R DX a1 i

(40+3)Ma MR IR AR IS E B 22 Lk o B
L & JCBRER T B RUE B LS B R
i 22 5 30 o = 2 s T U o T S ) AR
Wih, EARACBL PR Ko Be R O B S )
FEABLAY 5 3 1R K DX, HR U R SR/R 220749 2R3
WK HL | R R U R B S A B A R R
SE L A TH T 2 M I 1 2 S TR HE T & 3R 1L
(403 ) Ma 4 E1 251 Ayt o e 244 FH T i S7. 8
% X PR TS

AN TR AR i J2 e 58 4 L LR P 27 I TR AR A AR
2EAERFR ISR /R 23 AR AT (30£3)Ma L A= i SU4R
Th# b g 4, L 25 m 2% KOl SRR, B
G AL Bepa R U] i A AR 0 (3043 )Ma LK E
AR 1) P S8 3 AR X ), B o SRR TS = R,
A T ) P AR T A 2 (L PR
TE ) FH 4237 22 Sl 7= . JLBEAR T Ak

Az WIAF 0 5%, (G R O H &
(40+3)Ma) B G T2 FE R AHE T H 2 Ju R A TR . K
SEEAR B4 1) PG IR i S T e e i ) A AR 8N P R
S (3043 ) Ma DX SR (4 31 R

SRR 5 AR A (23+3) Ma T i s
Fe i, HAEdE o (R ERERA 3 A, S B R L
TR, DN RY], 78 B A WA B2
TZIN R 22 SR 0 R AL BRI T R 24 4
Wi | 48 50 A R K DX ] e B R 2 I A
R JCHT B UG S22 R Bl B R
A AR/ INT R

DX s ol B 38 2 o T X i B JEE R, SR A
DA T R L T ) b o R iR 4 AN [ ) B
(40+3)Ma. (30+3)Ma. (23+3)Ma F1(10+3)Ma) ,{H
v AN 2 DIOKE S Dl B o R B A B B R
MELLZ RS B B 22 S R0y =1, 5 8 32
A 45 A SRR 2 7 T 23 Ma kAR H Rl B
FhE 7P ] AR e D i B
PR, R AR pamia T s R . B
SEOE I XS 1 A TN B VYRRl | B A
Je 5 R W AR ) — 3y g S AR R A (R4S 1 2
FE, BRI BRI ) P 398 R PE R A TR B
IR 22 B s i =46 T O SO R Dl B R ) PR B
WU D R ) 30 1 SRR (] 6—b) o 5 A W 24 78 L s ]
BN Z I 2 I B AR A% 0 A 0 W (B AR g 2

—_—————
- ~o

L2

K6 AR THHILH AL i IO Sz iR KX R oA
a— i Fe KRR T b— IR nh R T
Fig.6 Structural setting and distribution of anneal zones of different uplift mechanisms
a—Uplift resulting from isostasy ; b—Uplift resulting from thrust

http://geochina.cgs.gov.cn H1EHLET, 2015, 42(4)



970 el [

b J 20154F

R SR T X — IS, [ B TR T Y R
(BT A B DX 3k 22 S5 3 o B sF ]

RS8R Z2 B VR B R A, A0 oK b 7E
(23+3)Ma th & A faFHF 4 K36 T S B R
FR) S TR 23 17 K Z8 0 ity X1 B g X B 1 4 T
FF, BRI EAE LS a] R b BR Bl 2
B R A T R AR Y (H R — 7R B I A A
T REAE ARV BT , PRI, 120 2 SR 4R T 30 s ok 5
ANBRF S T AR, R REEA T Y DX e
R J 2Ry RO 5RO IR TR B, B3R
IR Z W AR AR SR R TR AW
405 S B A8 2 8] ) ) e R B 5 AR T R JR Z2 1
o b 124 1) PR S o P AR N

(10+3)Ma J& X kI e/ MEBAE IS  AUAE T (/e
Benl L EARAUH 4 800 E YO0 RIS RIAR i
T AR A, R DR AN 1) R AR SR R
fn AR CRFAE 19 25 8] A8 A0 RRAE 2 B2 3 14 Ry 7 2
WNTE, BT R M, B A W i) P 3 o B 3210
B AR P A 2 T W s R K 1T B 243 sl st ]
SIIHTERA 2 AER YRR S HIESE T B2 3l X
W AT R NS ). SRR, 2808 TR
W S 305 Sl I I T B AR 0 5 T s I
Mg R 2, FER R IZ W) 8 v] R 5 s SR
WIS A,

5 45 &

(1) AR R LB T e B i o L ] S 2
ZESeE . R R bR L R B LSk R R A AR -
N2 N I S S B Y 2 iR T N R
T PUHERE A AT 77 i R S Sl B A
AEAREERT ST AR OB AR ARBE T i R0 i O (58+3)
Ma, (40+3)Ma, (30+3)Ma, (23+3)Ma FI(10+3)Ma
TABrBL

(2) BB ILAN [R] R A7 ZARAR AT Iy AN A M 52
PR AR — TR L, s T HAR B BRI
T TR, DR NI A SRR TR
B, ERELLPY | rf AR 22 SR P A A2 (] 5 1)
Wi, BIIRGE rfuR B R DR E A2 ST 32
AL, XA RS U EIEE A S

(3) ZULAEIAT-WE 25 18] A2 A0 5 2L R AR P BIE
FERW, BRI R FRAL 2= A iD 5% T (40+3)Ma,

(30+3)Ma. (23+3)Ma A1 (10+3 ) Ma P 2% 55 B T3]
Pl Horb, BRI BARTS 7 iR AHE i
55 B DRI 2 S ) ol 32 EE B T (4043 ) Ma; B P B
R AR TR R ) A FL 5 B BRI R Y B
25 R A AR JL BB F (30+3)Ma, B 3
TR (2343 )Ma, FBET (10£3) Ma 15 2 iE— 2 o
FFIE R ok (A b 34 2

. ¥R xR EREFTHEER T £4
BB EN, £ & EH

£ % 3Lk (References ) :

(1] XU e, BXZ0A%, HE/NEE, 2. SR 20 307 4 3 b — i i A I s A
PR R HLRGHE (67) W R[], HUBT#AR, 2006, 80(5): 617-638.
Liu Chiyang, Zhao Hongge, Gui Xiaojun, et al. Space— time
coordinate of the evolution and reformation and mineralization
response in Ordos basin[J]. Acta Geologica Sinica, 2006, 80(5):
617—638(in Chinese with English abstract).

[2] B0, X, e, 5. B Bl X rp—Rr AR A QR T A P
P[], HUBIETE, 2009, 55(5): 663—672.
Zhao Junfeng, Liu Chiyang, Wang Xiaomei, et al. Uplifting and
evolution characteristics in the Liiliang Mountain and its adjacent
area during the Meso—Cenozoic[J]. Geology Review, 2009, 55(5):
663—672(in Chinese with English abstract).

B1 FHE, &R, ok, & MLHTERAF B8 RS B 2Lk
FHI). HIFERL, 2009, 29(04): 582—586.
Li Jianxing, Yue Leping, Xu Yong, et al. Uplift of Liiliang

mountains and evolution of Huanghe River Evidence from

gravel beds in piedmont[J]. Scientia Geographica Sinica, 2009, 29
(04): 582—586(in Chinese with English abstract).

[4] 5KHT. SRR Z BT HAGE FIBIRM]. P44 PRV AR HA R
#t, 1989: 1-394.
Zhang Kang. Ordos Fault— Block Structure and its Resource[M].
Xi' an: Shaanxi Science and Technology Publishing House. 1989:
1-394(in Chinese).

[5] H TS, AL B 41 W R A i R S AR [0]. A1l 5 R
HiJTE, 1996, 17(1): 77-80.
Bai Yubao, Sun Dongsheng. Structural feature and evolution of Li
Shi fractural zone[J], Oil and Gas Geology, 1996, 17(1): 77—80(in
Chinese with English abstract).

[6] X T 3ze, X . Al i 58 DUBL A Y 1 v Al K il U
FE[M]. PY%: PYALIR AL, 1990: 1-189.
Zhao Zhongyuan, Liu Chiyang. The Formation and Evolution of
the Dedimentary Basins and Their Hydrocarbon Occurrence in the
North China Carton[M]. Xi'an: Northwest University Press, 1990:
1-189(in Chinese).

(7] £ 55, kD, ERB, % SMRZMEHARG T —Hi A
TR E JAR 3 N 3 4 Fr (7], M ST 4, 2010, 29(8): 1168—

http://geochina.cgs.gov.cn H1E LT, 2015, 42(4)



a2 5 4 At BAE B BRI A AR T RS AR R A B LR AL AR ) 971
1176. [16] Guo Z, LuJ, Zhang Z. Cenozoic exhumation and thrusting in the

Wang Xiyong, Zhang Qinglong, Wang Liangshu, et al. Structural
features and tectonic stress fields of the Mesozoic and Cenozoic in
the eastern margin of the Ordos basin, China[J]. Geological
Bulletin of China, 2010, 29(008): 1168— 1176(in Chinese with
English abstract).

BEE, SRR, WAL SR 2 0 4 AR S Sl i s i =
KSR 3 L[T]. HBST2F Az, 2007, 81(4): 466—474.

Liao Changzheng, Zhang Yueqiao, Wen Changshun. Structural

[8

=

styles of the eastern boundary zone of the Ordos Basin and its
regional tectonic significance[J]. Acta Geologica Sinica, 2007, 81
(4): 466—474(in Chinese with English abstract).

[9] SRITAT, BB, itikh, 45, SR 22 i 4 ] 00 e A 1 1 £ S
KIS )48 5[] R HLT 4z, 2006, 12(3): 285-297.
Zhang Yueqiao, Liao Changzheng, Shi Wei, et al. Neotectonic
evolution of the peripheral zones of the Ordos Basin and
geodynamic setting[J]. Geological Journal of China Universities,
2006, 12(3): 285-297(in Chinese with English abstract).

[10] Donelick R A, O Sullivan P B, Ketcham R A. Apatite Fission—
Track Analysis[J]. Reviews in Mineralogy and Geochemistry,
2005, 58(1): 49-94.

[11] BRAEAR, e, ARk, 45 106 W A AR TR 7 (M B A

FUEREBHIFET]. HERY A4, 2008, 51(2): 384-392.
Qing Jianchun, Ji Jianging, Wang Jinze, et al. Apatite fission
track study of Cenozoic uplifting and exhumation of Wautai
Mountain, China[J]. Chinese Journal of Geophysics, 2008, 51
(2): 384—392(in Chinese with English abstract).

[12] X LR, SRIERR, KBTS, 45, ZRe K F LB A AR BETHE 217

A B K A7 24 A8 422 305 43 A (0], Hb BR 9 BE 24 4, 2010, 53(10):
2405-2414.
Liu Jianhui, Zhang Peizheng, Zheng Dewen et al. The Taibai
mountain Qinling, apatite fission track analysis, thermal history,
extensional exhumation and uplift[J]. Chinese Journal of
Geophysics, 2010, 53(10): 2405—2414(in Chinese with English
abstract).

[13] Seward D, Mancktelow N S. Neogene kinematics of the central
and western Alps: Evidence from fission— track dating[J].
Geology, 1994, 22(9): 803—806.

[14] Zheng D, Zhang P, Wan J, et al. Rapid exhumation at ~8 Ma on
the Liupan Shan thrust fault from apatite fission— track
thermochronology: Implications for growth of the northeastern
Tibetan Plateau margin[J]. Earth and Planetary Science Letters,
2006, 248(1): 198—-208.

[15] XURRNE, skbkme, AU, 45 B2 e AU TR B2 R E

BT[], HE (D 5H), 2010, 40(1): 50-60.
Liu Jianhui, Zhang Peizheng, Zheng Dewen et al. Pattern and
timing of Late Cenozoic rapid exhumation and uplift of the Helan
Mountain, China [J]. Science in China(Series D), 2010, 53 (03):
345-355.

northern Qilian Shan, northeastern margin of the Tibetan Plateau:
Constraints from sedimentological and apatite fission— track
data[J]. Acta Geologica Sinica, 2009, 83(3): 562—579.

[17] Cao K, Guocan W, Peter V D B, et al. Cenozoic thermo—
tectonic evolution of the northeastern Pamir revealed by zircon
and apatite fission— track thermochronology[J]. Tectonophysics,
2013(589): 17-32.

[18] =TT Wl, Hakom, sk, % 2R Wl ik e T 5 2

#a[0]. h Rk HUERREE(D ), 41(10): 1435-1443.
Yuan Wanming, Yang Zhiqiang, Zhang Zhaochong et al. The
uplifting and denudation of main Huangshan Mountains, Anhui
Province, China[J]. Science in China(Series D), 2011, 54(8):
1168—-1176.

[19] LiuJ, Zhang P, Lease R O, et al. Eocene onset and late Miocene
acceleration of Cenozoic intracontinental extension in the North
Qinling range— Weihe graben: Insights from apatite fission track
thermochronology[J]. Tectonophysics, 2013, 584(0): 281-296.

[20] B8], ot WG RS, 45, 580 I P b 4w Dt 5 BES A

T BT R ) R AR ARG 2 ZY TR, S5 23R, 2007, 23(5):
900-910.
Li Dunpeng, Zhao Yue, Hu Jianmin et al. Fission track
thermochronologic constraints on plateau surface and geomorphic
relief formation in the northwestern margin of the Tibetan
Plateau[J]. Aata Petrologica Sinica, 2007, 23(5): 900— 910(in
Chinese with English abstract).

[21] Clark M K, Farley K A, Zheng D, et al. Early Cenozoic faulting
of the northern Tibetan Plateau margin from apatite (U— Th)/He
ages[J]. Earth and Planetary Science Letters, 2010, 296(1): 78—
88.

[22] L3I, Jsebk, 2257, 4. /R4 AL BT e 26— 41l 11—

B A AR LR T AR i i 2SR IR 1], ML BT 4H, 2002,
76(2): 191-198.
Wang Yu, Wan Jinglin, Li Qi, et al. Fission—track evidence for
the Cenozoic uplift and erosion of the northern segment of the
Altyn Tagh Fault zone at the Aksay— Dangjin Pass[J]. Acta
Geologica Sinica, 2002, 76(2): 191— 198(in Chinese with
English abstract).

[23] 2=k, Wfd R, SREUER. NS JR f b JA 23t LU R AR T K
R X [7]. Mo B4R, 2010, 84(2): 171-182.

Li Wei, Hu Jianming, Qu Hongjie. Fission track analysis of

Orogen and its

Junggar  Basin geological

significance[J]. Acta Geologica Sinica, 2010, 84(2): 171-182(in

Peripheral

Chinese with English abstract).

[24] Green P F. On the thermo— tectonic evolution of Northern
England: evidence from fission track analysis[J]. Geological
Magazine, 1986, 123(05): 493-506.

[25] Gleadow A, Duddy I R, Green P F, et al. Confined fission track

lengths in apatite: a diagnostic tool for thermal history analysis[J].

http://geochina.cgs.gov.cn H1E LT, 2015, 42(4)



972 h |

b J 20154F

Contributions to Mineralogy and Petrology, 1986, 94(4): 405—
415.

[26] Hurford A J, Green P F. A users' guide to fission track dating
calibration[J]. Earth and Planetary Science Letters, 1982, 59(2):
343-354.

[27] Brandon M T, Roden— Tice M K, Garver J 1. Late Cenozoic
exhumation of the Cascadia accretionary wedge in the Olympic
Mountains, northwest Washington State[J]. Geological Society of
America Bulletin, 1998, 110(8): 985—1009.

[28] Barnes J B, Ehlers T A, Mcquarrie N, et al. Eocene to recent
variations in erosion across the central Andean fold— thrust belt,
northern Bolivia: Implications for plateau evolution[J]. Earth and
Planetary Science Letters, 2006, 248(1): 118—133.

[29] Ehlers T A, Chaudhri T, Kumar S, et al. Computational Tools for
Low—  Temperature = Thermochronometer  Interpretation[J].
Reviews in Mineralogy and Geochemistry, 2005, 58(1): 589—
622.

[30] Green P F. A new look at statistics in fission— track dating[J].
Nuclear tracks, 1981, 5(1): 77—-86.

[31] Gleadow A. Fission— track dating methods: what are the real
alternatives[J]. Nuclear Tracks, 1981, 5(1): 3—14.

[32] I, R ALET T A A = R B AR [T, R R,
1994, 18(1): 24—29.

Fu Zhiyan, Yuan Xiaoqi. The tertiary of the hetao basin and its
biotas[J]. Journal of Stratigraphy, 1994, 18(1): 24—29(in Chinese
with English abstract).

[33] BRRI, T8, 1B, 45 SRR Z W b AR 458 4 LR A Vi

158 SR Tl B4 BT (0], BRI FRAE 4R, 2012, 55(11): 3731—
3741.
Chen Gang, Ding Chao, Xu Liming, et al. Analysis on the
thermal history and uplift process of Zijinshan intrusive complex
in the eastern Ordos basin[J]. Chinese Journal of Geophysics,
2012, 55(11): 3731-3741(in Chinese with English abstract).

[34] T, BRI, ZEgR1e, 45 SRR 23 s AR L viom i B4 1k sl Y
WA RULARIE T[], BUCHLBE, 2011, 25(3): 581-588.
Ding Chao, Chen Gang, Li Zhenghua et al. Apatite fission track
analysis of tectono— thermal history in the Northeast of Ordos
Basin[J]. Geoscience, 2011, 25(3): 581— 588(in Chinese with
English abstract).

[35] AT, 14 0, XN, A5 IO 7K Zott b s — HAe Al sk i SR AR il
PR[I1. Blefsmf, 2005, 50(10): 87-92.

Ren Zhanli, Xiao Hui, Liu Li, et al. Fission track evidence of
Qinshui basin structure and heating evolution[J]. Chinese Science
Bulletin, 2005, 50(10): 87—92(in Chinese).

[36] MK, KR, T8, 4. T AR A U2 5 DR AL A 5T

PURFN )], HBRRFAE R, 2013, 28(10): 11261135,
Wang Bin, Zheng Hongbo, Wang Ping et al. The Cenozoic strata
and depositional evolution of Weihe Basin: progresses and
problems[J]. Advance In Earth Sciences, 2013, 28(10): 1126—
1135(in Chinese with English abstract).

[37] AR AR Bl IR A LA AR B F T SRR 22 4 s s R s ],
HoERPFFHR, 1995, 38(3): 339—349.

Ren Zhanli. Thermal history of Ordos basin assessed by apatite
fission track analysis[J]. Chinese Journal of Geophysics, 1995, 38
(3): 339—349(in Chinese with English abstract).

[38] XINBVE, BRELAK, k2, S5, T8 — 5 SHIHER G kst L Y e ring

W], Hb2FRTZE, 2009, 16(004): 1-12.
Liu Chiyang, Zhao Hongge, Zhang Can et al. The important
turning period of evolution in the Tibet— Himalayan tectonic
domain[J]. Earth Science Frontiers, 2009, 16(004): 1— 12(in
Chinese with English abstract).

[39] BN, Eikd, HEZA, 55 SRR 2o A QAR IR
PERIGTRA RS W], TP EHLET, 2007, 34(3): 375-383.
Chen Gang, Wang Zhiwei, Bai Guojuan, et al. Meso—Cenozoic
peak—age events and their tectono— sedimentary response in the
Ordos basin[J]. Geology in China, 2007, 34(3): 375— 383(in
Chinese with English abstract).

[40] Lu Hai, Wang Erqi, Shi Xuhua, et al. Cenozoic tectonic
evolution of the Elashan range and its surroundings, northern
Tibetan Plateau as constrained by paleomagnetism and apatite
fission track analyses[J]. Tectonophysics, 2012, 580(0): 150—
161.

[41] 75, b, wDLR, 55 FRGE AR GO A UG 2 7 514
R TR E LR, 2002, 29(1): 30-36.

Cenozoic tectonic sequence and tectonic events at the eastern
margin of the Qinghai Tibet plateau[J]. Geology in China, 2002,
29(1): 30—36(in Chinese with English abstract).

[42] % 0L, XISk, B0k, 4. dPIEAGR T —Hr A AURRIG 1 Y

JE RS54k T]. th LT, 2014, 41(1): 19-38.
Ge Xiaohong, Liu Junlai, Ren Shoumai, et al. The formation
and evolution of the Mesozoic—Cenozoic continental tectonics in
eastern China[J]. Geology in China, 2014, 41(1): 19— 38(in
Chinese with English abstract)

[43] Li Jijun, Fang Xiaomin, Song Chunhui, et al. Late Miocene—
Quaternary rapid stepwise uplift of the NE Tibetan Plateau and its
effects on climatic and environmental changes[J]. Quaternary
Research, 2014, 81(3): 400—423.

http://geochina.cgs.gov.cn H1E LT, 2015, 42(4)



