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Abstract: This paper is the result of geological survey engineering.

[Objective] In order to discuss the relationship between the vertical tectonic uplift and the lateral tectonic
expansion happened in Meso-Cenozoic in the Longmenshan thrust belt, this paper carries out low-temperature
thermal chronology testing and analysis. [Methods] Through the determination and analysis of apatite and zircon
fission track age, the characteristics of tectonic evolution are studied. [Results] The study shows that the lengths of
apatite fission tracks are within the range of 11.4+2.6~12.2+2.2um, which can effectively reflect the local tectonic
uplift history; the results of thermal history simulation show that the apatite samples have experienced three
critical stages, including the rapid tectonic uplift, the stable tectonic stage and the rapid tectonic uplift. Besides, the
uplifting events happened in the northern area were earlier than those in the southern area. The cooling rate of each
rock sample is within the range of 1.211~6.053°C/Myr. The tectonic uplift rate gradually increases from southeast
to northwest, and the time of uplifting gradually becomes late in the same direction. [Conclusions] The tectonic

deformation of Longmenshan thrust belt has had the characteristics of piggyback propagation from northwest to
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southeast since Meso—Cenozoic (150Ma), and it has showed these characteristics again from late Cretaceous to
Eocene (70~50Ma), even Oligocene (about 20Ma). The central and western regions of the Longmenshan thrust
belt are characterized by multi-stage tectonic uplift and superposition.

Key words: tectonic uplift; tectonic extension; fission track; thermochronology; Meso—Cenozoic; geological
survey engineering; Longmenshan

Highlights: Through the determination and analysis of apatite and zircon fission track age, we discuss the
characteristics of vertical uplift and lateral expansion of Longmenshan thrust belt, and establish the tectonic
deformation sequence, which indicates that the vertical tectonic uplift of the orogenic belt is closely related to the
lateral tectonic expansion.
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Table 1 Sample locations, lithology and stratum of rock samples
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Table 2 Results of apatite fission track
pJ(10%cm?)  pl(10%cm?)  pd(10°%cm?)  P(Y)  RMESEEY O AER EieE RIKE

RS BUREO T g (Ni) (Nd) %  IMa(lo) /Ma(Ho)  /10° Jum(N)
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Table 3 Results of zircon fission track
em’)  pil(10%cm’)  pdl(107em?)  P(¢)  HMEAEEYMa  MBAERYMa AR
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) (Ni) (Nd) 1% (tlo) (tlo) /10
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Table 4 Decomposed results of fission track age

FEdh s RS BHER I IEERMa (T 5 Eei)D IR Ma (I &5 EL D
B46 KA 6.143.7 (3.743.6%) 63.744.6 (96.343.6%)
724 KA 40.144.7 (68+15%) 78.447.1 (32H5%)
726 KA 28.243 (65+12%) 72465 (35+12%)
Bl [ava 131+0 (384+20%) 172412 (62420%)
B2 [ava 108.846.6 (36+12%) 166.448.5 (64+12%)
B38 B 109.149.6 (30+14%) 166+10 (70+14%)
zZ7 [ava 20.642.3 (75422%) 156420 (25422%)
5 5 AL
5.1 B4

AU LR Hefty (RRA 1.5.6) X FTIX 5 ANMBEACAFE AT 7 3 aBH (8 2),
B FE TR R E AR S, b R EERESRARARRTKE . B AR w5
& CFE H R ZAR RN RS Dpar {8 LA S B I A 5 A R i AR s A R S5 /N8 (R K
TRERAIR KRS CRSCIUA 120~150°C) fE R FIRA R FM4 (HAW%E, 2009), b
A EE RN 30°C/km, HLRIESE 20°C, B KAEALIESF Laslett et al. (1987) #5578, Al A%
F Monte Carlo %, #1468 7K 5 AR R0 K A 16.3pum, BEANFE SRR T SEH LB %L 10000
W KL 2 J5 A 55 T AR A 422K () GOF A&:56: (Ketcham, 2005), XA B/ ME#S KT 5%,
RIS BN $E52, NEER IS KT 50%, YONREESE B i & (Ketcham, 2005; ik
FEui%s, 2009; MAERZEEE, 2019; FKAAAS, 2019).

5.2 LR

MRS RN 3 B, Givh 1 5 ANFE b I K A0 24 A2 105K FE IR 26 ) AR REAE , T DA
A B VAR SR R, 3 BRI b B B P, S B A A i 8 D R R — I A3 P i
T, OFEMIEAER R ER B, BT CLE] 3 A BT AR H IR 5 ot A it St A B FHRRAIE

LEOFERAEVT R X NI E A (B 1), PG, 525 I E A [X i [ T i L
AACFF R 7 AR AR o
5.2.1 JL 5 Fe At i R FHRRAE

PERUEE TR, 01X 5 AMFESRISE T T it PR B T AL R i RO
FHI? = AN B, 0T 58— AR g B T R T AT s A b K B2 £E SR E 149~137Ma
KA BERWEETI B, HZEE M 148°CHEEE 103°C, e HIE A AE Rk 3 1
3.750°C/Myr; LT H R 7 M B33 FEATE 150~77Ma KA BAERE T, AEERN
1.068°C/Myr; 45 B46 Hfih7E 148~103Ma KAEPUHEFEF:, A EIEA A 1.400°C/Myr, AT
B F A Z1 A Z2 BESL 2> BIFE 149~100Ma A 100~46Ma kK4 T W EMHETATE, HAMEE
531 1.878°C/IMyr H1 1.426°C/Myr. Jit LA H At [ 7 22 3L AG)G& o3 T (1% 235 BRI ] 328 i A e
I HAHER IR HTR N, B i B2 £ 5 A 2.923°C/Myr 284 Z2 KE ) 1.370°C/Myr(£ 5).

of 58 ZANMJOE R E BT BN S, [FIRE B2 RE S & AR B TE] A4 F (B 43Ma), 4T
AN 1.279°CIMyr, AT VG R 75 10 IR 25 5 R 1o 2 B [ s Ak B SR I AR X A i, G
B33 y 5Ma, B46 &y 20Ma, Z1 4 36Ma (% 5).

5.2.2 7R 5LV M) i R FHRRAE

T Z1 AR Z2 AP R S, HILERLR S e L Wy A 2k 2 KA
FHAZ BT LAIZ P A o P A sS40 2 SR v DAAE — s FE b S et e 1T Ly o 5 2 7 7 (0 4 1
W T2 SEARAE . A T M 21 BE 523 HI7E 100Ma F1 36Ma & = />3 [ ¥4 3¢5 35 B B R i 3
R AT IR0 Z2 B S AN BT 4 BN 46Ma il TMa, A ST A TE I i) i e it
(B B R R, SR AL X Be b s i A Y, R EERZ tH (150Ma) DASR, 7T
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Fig. 3 Thermal history simulation diagram of samples in the study area
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6.1 AFIJTEIRA B4 AN FR J Hox L
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Table 5 Parameters for calculating the sample cooling rate by thermal history simulation
S BRI AHBEY(Ma-Ma)  RBEXIE/(C~C) A HIESRI(C/Myr)

' 149~137 148~103 3.750
B2 I 137~43 103~75 0.298
1 43~0 75~20 1279
' 150~77 150~72 1.068
B33 n 775 72~55 0.236
1 5-0 55~20 7.000
| 148-103 148-85 1400
B46 n 103~20 85~52 0.398
1l 20~0 52~20 1.600
[ 149~100 150-58 L8678
z1 n 100~36 58~45 0.203
1l 36~0 45~0 1.250
[ 100~46 149-72 1426
72 n 46~7 72~48 0,615

11 7~0 48~20 4.000




BB s —3f PR, BRI B A (BB KA ) AR 00 3 A Ui P AN AR AR i AR % 2
() ZEAB AT V0, AR SO Bt A RS R 08 AT ¥ A 260 B, K4 A X (Wagner and Van
den Haute, 1992; Zeitleretal., 1982):

Cr(OC/Myr): (Tm_Tsurf)/tm

A T RO R AR 250°C, B KA RRRIEE RS 120°C, Ty
R 20°C, tn NEE A B B A SRR TR

IS KA SRR A S — B IR R T A FIRE R A AR S (R 6), WLk
TRV HIH 2 5 T AR ISRk AS 074 F A LA — B, Lol B2 # 572 23 2208 1.538°C/Myr,
T3 e A SR AR AL 7 VSRS FE R AT 0.298~3.750°C/Myr 2 1], B33 FEd [FIFE—3%, T B46
FE A HEZE (1.667°C/Myr) Fi KT # BT EEIAF R EHE (0.398~1.600°C/Myr), X+
FLEDUNZFE S AR AT LA R NSRS, anSRE S LG 96.343.6% 1432 H (63.7Ma),
¥ HE Y 1.570°C/Myr, A T SR IR A X 8], BAR Z1 AT Z2 FF il v AR
HIPRFR TSR 25 RS 22 57, (R AT DAL, fER VO 2 N, NZe 5 i e R e AL h
HIEFA IS UL, I8 I B B T v S SRR AR AR S — 3 PR EE VA T U R v K R
FEARLRFF— 3

X 6 BEBKARTRAFER—HERETERARMSNEEZSHIHERE

Table 6 Parameters for calculating the sample cooling rate by apatite fission track age closure temperature

B ik ZEIMyr] A HIB B (Ma~Ma) A HIEZEI('C/Myr)
B2 65 65~0 1.538
B28 45 45~0 2.222
B33 69 69~0 1.449
B38 18 18~0 5.556
B46 60 60~0 1.667
z1 53 53~0 1.887
z2 18 18~0 5.556
z5 16 16~0 6.250
724 50 50~0 2.000
726 41 41~0 2.439

W BERAGRKIRE R 120°C, B4 MR 20°C.

ZJ5 PRI I EE 23 BT [R)— AN B A 74 IR R A v RN A 15— B, SR
A BRARAR I Al — S AR T 157 75 W AN AR B8 (AT i A SR AR ARl £ 08 1R A A ok
THELA A AR Mol BT A O E T A R A R (AR B28. B38 A1l
Z7), SRR T Fm. WHE 6 5K T, WTLULIL  BIRABIRE G I A R L 4G
KRB RrEdh B2 A1 Z1, (HRHEREG PRI 2 R AUE AR DU th i AR
e — 2 IR EE T IR I Al R/, A SUE SO B AR AR T4 e — 3 PR IR T 1280
{EL 1) 30% A E, el B38 Al Z2. S M sk Bt ELEE R, ASSCUA R MR ST A RS 4L,
BB A A RIS AR R EAN R TR (I 4D, [ At e Bl H AR it DXPE G O 25 tHE DA e f R 30
NMIIERBETE, TR PR % 2 HT7E 32 R BRG] o

HT T DA, S I A A R 2R A A 0 £ U T AL DA PO ¥4 00T 5 B e I AT ) e ol E AN
(3t 5 7 S B (R R B TR AL, A RFAIE 5 Wi A A SR A AR T A e — 3t P IRLRE D 92 T 3R A5 1
AR AR —F, (HRJAH RAEA R s A F ARG F A, M08 AR ARl e
— 3 PR E T3 92 T A RAR IV A R Dy IR PR TV IR .
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Table 7 Parameters for calculating the sample cooling rate by zircon fission track age closure temperature

B R4 ZE A Myr B HIB B (Ma~Ma) A HITEZEI(CTIMyr)
B1 154 154~0 1.494
B2 142 142~0 1.620
B34 190 190~0 1.211
B36 131 131~0 1.756
B37 102 102~0 2.255
B38 145 145~0 1.586
z1 142 142~0 1.620
z2 141 141~0 1.631
z5 76 76~0 3.026
z7 38 38~0 6.053
716 99 99~0 2.323
723 146 146~0 1575
724 170 170~0 1.353
726 180 180~0 1.278

W ARG 250°C, AR 20°C.
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Fig. 4 Compared diagrams of principles for calculating two kinds of cooling rates
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Fig. 5 Comparison diagrams showing the cooling rates of apatite and zircon
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i EL A BT B RIS SRR R R (F 6), FTBLRHL, BERRRIN, BEYH A
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Fig. 6 Comparison diagrams showing the correlation between fission track age and altitude
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SR NTIA EN R R B AR R AR RS RS B IR AR AARRAE . DA R AR A 74
SEARALEE F, T T R R A AR DR AR T K i R AR R, RAZE T T 2100
T REM, TS ERAEHRMZE B, HiKY) 150Ma NEES AL, i
T X N R TR T HEREUTRRIA B 2t (Fp— e = S g Bl e 81D, ol i i
P TS SRR T RGN IE LRSS, H ATEORE BT It R 0 5 e ARE BN B, X PR B
TG R ITERIA AR TS, Bl R AR fa e sy e i i a] (Rl B e ke, 5
SR 3 5 BT SR A AT B KRR B () s BT 8. 76 P —M (9 S 1 (70~50Ma), BIF 7T X A FE IR
RIA G EAMIELTRHE . 8 OUHEAEttt, K4y 20Ma) Bk, WX X
RN J e AR IERFAE o 4% B 778 AL, T e 1T L b By w6 38 e X0 B AT 22 3144
IERETH B INIHRE, BRI TRy BAG R B B2 T, 74RO
X EAT B 3G K A 1 B THRFAE o X PP i 3 e 5 S A O AR AR LXK, 7ERF AL
X R0 B Y )1 2t P R B A R UIE S R AFAE (Jia et al., 20200, H&RAEY I R
IR IR 5 A SCEAT — 5 i S Atk

SEATTABTURER, ASCARER— R P A (4] 190~154Ma), I Tk o4
TR R A G T, T e T L BN T — R P (£ 180~141Ma) R AE B EE
Tt WifEEHIEL (65~45Ma) ol WAL RO AR BB IGE e, [RIRE, el Tl e B b
JEAE I 8 R i B A Rt R e A R R R, 7R RS AL ) R AR X A S B TR,
FIXNRAT 2R SR IEY & 77 N 4.
6.5 Z= S P i P 1) 2 B IR 4R
6.5.1 RZIWr R N4 ETE 3l R

Tl B R AR S KT W Ry, Z WA IS RN AT EN (PMLERSE, 2021), If
BoRE e R EAE S s BONRIZI 3 — ORXGEEE, 2018; FBAIRZE, 2022), Hahh
PR UG Tl A2 1) BB AR R 5 WO KBt 2 ) [ s b il , TR T KRB R (k6
&5, 2001, 2009; JEIMEE, 2022), FHHA TR TLvWrar s B GrilliibX)D fRiHF e 5%
5 et A A A T L s i B )1 P R 2 52 NWV-SE ] e K B il iZh
DT A AR I A B 337 SR E AR — 80 GRS, 2021). 7EED1 T H . BB M
AT, SR E T R R AN ) AR A B e, A 0T 1 R B A v B 1 B



F IR FICB X (AR E55E, 2016), 7E 7 BRI E M I 4 b X K A AR 2 04N
4.3~8.9Ma (Cook etal., 2013). AHELZ®, Jel T LB R A S X, Lo an 28 H e
FBERIERET A AR AR (XI55, 2008; VFRIESE, 2018).
6.5.2 HIL R Z B 5 M ESHR K ER

H AT IR T Tl b s o me Bt X 3R HH 8 K =8 R, 1 R AR B TR R X 38 ot v AR
seE AR ZTED, R =S4 FIXBUE KT AN, 87X SRR IR
FHIAET, HF HKIEZRMRAS, DHEBERMZEDTR, B4R ERIE, TUURI, i
Ll T b B AR AR b 2 AR X e 3, 1T+ e B U 4 e ELb 2 AR B0, AT LA I BE
B B R, H BRI /AN T A e B, UL ST 5 /K T S D 3Ry BT, Do e
H B TR R
6.5.3 ILAHILK 5K F 50 I

Jo 0Tl e R R R DG i [X A4 3 5 SR 48 5 A b R i AR E LS R AR b R AN b R
TE I KA, S i AL A B AR 1] 1 R R A R R DX I ) B F b TR R I (g B AR,
2022), XU IG5 I b A TS SR UIARDG, P Al S R AR R IR K T T SR
RS R EL, HER IR USRI E R L HRORBIRE (PMLERE, 2021,
6.5.4 IS BIRS ARG
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