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Abstract: The tectonic uplift of the northern foothill of the Qinling Mountains is of great significance for
understanding its geological and ecological evolution. With the advancement of geological exploration techniques
and the deepening of regional geological studies, more details of the tectonic uplift processes of the northern
foothill of the Qinling Mountains have been gradually revealed. According to published low-temperature
thermochronological data, at least three major cooling and exhumation episodes are revealed since the Late
Cretaceous: a slow cooling during the Late Cretaceous (95-75 Ma), with a cooling rate of 2.8 °C/Ma and a
exhumation rate of 0.12 km/Ma, a rapid cooling during the Eocene-Oligocene (47-27 Ma), with a cooling rate of
6.1 °C/Ma and a exhumation rate of 0.24 km/Ma, and a continuing slow cooling since the Late Miocene(10 Ma),
with a cooling rate of 2.1 °C/Ma and an exhumation rate of only 0.08 km/Ma, with the cooling and exhumation
migrating towards the northeast.This migration trend is closely related to the tectonic expansion of the northeast
margin of the Tibetan Plateau at about 10-8 Ma. Meanwhile, the adjacent Weihe Basin has been undergoing rapid
sedimentation and subsidence since the Late Miocene (7.3 Ma), forming a distinctive tectonic response to the
uplift of the northern foothill of the Qinling Mountains, which further confirms the linkage and synergistic
evolution of the regional tectonic activities in the context of the northeastern margin of the Qinghai-Tibetan
Plateau. These results indicate that the tectonic uplift of the northern foothill of the Qinling Mountains and the
sedimentary evolution of the neighboring Weihe Basin since the Cenozoic era have been influenced by the

northeastern expansion of the Qinghai-Tibetan Plateau. These results not only provide key thermochronological



constraints for the study of regional tectonic dynamics, but also provide a basis for further discussion of the
geological evolution of the northern Qinling Mountains and its tectonic relationship with other regions.
Key words: northern foothill of the Qinling Mountains; exhumation; tectonic uplift; low-temperature
thermochronology
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Figl Summary of tectonic uplift periods in the northern foothill of the Qinling Mountains and surrounding areas
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JIFMREE (20050 XK E LSRR 14 DB RS B AT BE R A RARRIE b . #51
BEAUL G I I s ), R ik | e B R ke, 20 T EBCR E i G T (B 4a) -
(1)100-80 Ma, FIFEHF LN 0.12 km/Ma, ZitRFEEELN 2.4 km, FH B 852 B0 3 ]
Eitk LIS SRR Bk AR TAE RSN (T35S, 2005) + @K ET 4 40 Ma, R
HRZH 0.08 km/Ma, RIFEEFELIN 1.6 km,  FL IR 55 2452 BN FE - RICIAR Bl ik 376 7 35k o
MI9RBh (XIEERESE, 20105 Liuetal, 2013; S/MESE, 2018)

B (2018) 5T Ketcham et al. (1999) B @R KA, AREHI 78 X BRI
AR 2 M R, R RS VHE 242 1) X et 5 510 9 S Bl SR TR 2% A, ] AFTSolve
B AT L S, A5 IR AC I X P RS- AR AL G BRI IX - 7K A 3 X - AL R 2R - S
TADD WIFEFEATI S (B 4b) o 45-32 Ma 25, HALRERAIEASERERETNL,



F R LY MRS o A T I AR R AL IR AR X, BLR AL TA6Hr I~
BUIX, BRI NZEH . 45 Ma, SX P DXGE 2 S8 SR Z A RETHE 30 5 26 1 P Y
m, RERTIEIE.

A (20200 X BPEE ML — & RIETFRE T RGMBBILEH T, SRR A
WA FRETTE 49-41 Ma. 456 XIMIEIEE T S NTERW, RIGE LAESHHHT 2
WOBT 0 5] 52 3 & D RIS B I SR LR, S BUX SR e R B k. MRS R BN, B
BHME X TE 49-41 Ma JAIRIFFAG 28 ) W S (AR T R, X — R B BR AR R U4 det L Ly T A AR
IR AL T BB R TR

Emedl (20210 FEJLZRIE TG ARG T = A0 A B a3 AT B KA R AR AR
(U-Th)/He F1% 47 (U-Th)/He Wi, 45 R AR50t pIpRIE & 20 ok 2 -5 5 22 4 (160-110
Ma) , XIEEEPERETF, AHERAN 1.4°C/Ma, BEJEEANKIZEA NN E, X—
o 30 10 BT ¥4 0 U1 DR T S i HRR iy % M RTE ZR U8 1Ly (¥ 78 i 7 [ A s 20 Ma- 24, [X
SRR AR B ZURBSR BETE, X [7A EI R A 3.0°C/Ma, MR B R R TR A K

Yu et al. (2022) WY& ZW L kR AL PEILECRE T 14 MERKAFER, TR K
F(U-Thy/He E4E, HAFEMRTEEN 63.8+1.2 ~ 14.4+0.4 Ma, HRJ5FIH QTQt ALAUF {117 #4
AL SR, H A5 RRIE AT T 4h T — MRIEA A, RFR L4 0.3 km/Ma.

Wang e al. (2022) XFHe L A2 5 1L A6 B8 R EAT B 2K A (U-Th)/He €4, JFEH
HeFTy B EAT 88 0 SO il . L s (B8] 4d) 2R T R AR — AR %
Y, I RS AR, 2909 65-45 Ma, HEETHEREZIN 2.4 km. {£ HS20-04 ¥ _LH)
TEHUL R A ZE ST TV Z R R . 24 pg LL AT S (] 4e) R TR ARMEAT
POV ENFAE, ZNS20-03 FEMAEMET T (£ 50-45Ma, FIFRHELA 0.48 km/Ma) K
AT PRIEVS AN, e =AML R T W R PRI A A AL, ZNS20-06 FE L TE 20-10 Ma
RATHH, RFERFLN 0.16 km/Mao LG HILRILR LR LBHLILE, FPFRIE A
HAEAR LKA =AM RIEA R TR B, BIRE (St S A AR 1

TR (2025) XFREHLORERE R RE TR T RAMREARLAT, MIhEzR TizX
30 W 1 S AR P vA B0 R R 0 B A T IE B S RS A7 (U-Thy/He 58 4R 0T, W03 DY
ANFFAEMT R A BT B (8] 4e) = BB B (94-57 Ma) RIUAPLHERH (A H AL
5.58°C/Ma) ; 55 B Bt (57-40 Ma) ¥ NZE18 ¥ 10 (R 214 1.18°C/Ma) 5 55 =Bt (40-30
Ma) FRRHBUINEAH GAHIEEL) 4.5°C/Ma) 5 FHTIE (30 Ma-%E4) RHEEAH)

FAIE (A HEIERZ) 0.167°C/Ma)



1L 52 PURE FA THI 5 R SAORE it 8] BE 7 i 3t N 3 AT PEE DX 8] 1 10 SR 2 )4 A4
U, 2 S R A R %A HV RS (R B o ZR IR b X LR VA EV AR RS TR 2 () A - R
R, RIGZREL AFT F#EHEN 10-79 Ma (B Sa) , RINHE [ EEES- I EAH ¢
B, BURRM AFT 4F68 (HB4)<30 Ma) JBRmsr AR AR IR BT, T e 5L o b g
GRIMIETEENA R ZRIRTVEBL AFT (B 5b) 5 AHe ([ 5¢) fERETEHE 73 8: 40-95 Ma Al
18-62 Ma, #SEBLIEARAGEER -, FRIEEEEON, RUZ IR T 2 v 2%
PRI W R ARERIS A A G- T PR v A DL KB AR AR DUOR I 8 J . 855
DX I3 5, R0 UG BRI R B T 7 1) SR B LE ANV R 1) AR LSBT R B 3, XA TR
PHARTTRe R e E AR AL B 10-8 Ma LIk ARILJ7 e R ik

G LA, HAGRAERAFR R R 2 ARG IS, X%k
RUIRWACREZ N T KR ME 6 TR, b i34t X i 20 A 8] (174 40 73 5211
RIVHM BRI FRAL . BRI -IR IR 20N R B 550 DX I F i R AR TR R it 1 ok
LY, Rt Dy H s R 3 3% 3 R I 8] P 51 R i BE AR AR SR 3t 1 3 SR AR, S Rk T /R F S5 4 i
BIHHIRE SRR

4 g
4.1 EBAHIM R KA BT R4S (T

ZIRALTE R AR AL, AR I TR B by, ¥ HRE TSR T R R, i
B A AHEES TR GREFSMERAE, 1995) , BRILEERZE LY, HERFER
EAC RS ARG AT &, MR A R MR AL E R .

@O WpE L (95 Ma-75 Ma)

ARCHRCRl F8 1 5 2 SRR, ZRUG AL REAL T o B TR IAEE, M52 05 51 A A BV
PR, TF RIS A R CE RS, 2017) A EITER Y] 2.8°C/Ma, FFEH %L 0.12 km/Ma.
RIGAL R IESRTH IR A HBT B, 5 X EIEIE s B, R BBERRHE
@ HFHE-ETE I (47 Ma-27 Ma)

SR AR SR IR B 2, RIS LR W S M R . RIS W R E RiEH BE, T
BAGTE, BRI, LBKEE TR RS, 20100, A PREE T SV A R
FhP. AETEEL) 6.1°C/Ma, RIFTEHEFL 0.24 km/Ma. 3 KA R RIS RAEE S

T AR 4R 383X — VA A DI v B



® Wt (10 Ma)

e T TSR A I I . A HIER YY) 2.1°C/Ma, HFEHF L) 0.083 km/Ma. 3275 5
JF R U T AR AN, ZRUG JL R S SR AU IS BT R S R L, (R R T, KEE
AR TE) P9 AERERR TH B IRIR IR B, S AR EAR RV IEIZ I B oA 2 Sk %
U RT3 e JA 550 7B D P A A 8 () 17 7 #2368 , - G Tt T 250 T e HI BT
B JEA RTINS S MR R RS, 2018) , ZMpHgiit, RZEIGUANSEE], Sikoe K
PRI EN S =) 2R3

ZRIQALRELERE A LA = A AR AR R PO S 2, DARLaRIWTEe ., BT . 10 e
Fa) 3 2 3 BT A SR AR N AR T A B B, 3 BRI A 3 2 1) R S e T 5 e o X A
H RIS, MG AR B BN S0, TR RIS MR 1 2 TS 3 CH 3R 2018),
M ARE B AR, AEI R LRSS I, SRR R T AR A RS BLRER .
HAEARUS, BRI R B, RIGALRE A 2ME I — R i g 3l g, W8k
B REGEER, BIAEAREA A, S BEA A PO RIE LKA S AT, SRS, A
RRNTOAST I, A8 B R A 2 L
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Fig. 4 Inverse simulation of the thermal history of the Qinling region
PR L (a) 575 BAKSE (2005) , (b) $EMMESE (2018) , (c¢) (d) 4 Wangetal. (2022) , (e) ¥ /if2%% (2025) ;
PAZ $5 B A7 B4AR A2 7 84338 K [X 6] 60-120°C, % Fitzgerald et al. (1995) ; PRZ $81§ 4 1 (U-Th)/He &4 B [X ] 40-80°C,
%% Farley (2000)



(a) AFT

4000 —

3500

3000

R’=0.4456  n=59
2500

2000 —

HEHE (m)

1500 —

1000

500 —

Ff (Ma)
(b) AFT

4000 — °
o 3 o

3500 —

3000 —

2500

R’=0.0242  n=100
2000

R (m)

1500 —

1000

500 —

0 | | | |
0 20 40 60 80 100

(c) AHe
4000 —
3500 —
3000 —
2500 — R’=0.5489  n=53

2000 —

¥R (m)

1500 —

1000

500 —

0 1 | | | |
0 20 40 60 80 100

Fiy (Ma)
Bl 5 R i XA 24 B AR B A 0 - M A I
Figure. 5 Age-altitude scatter plot of low-temperature thermochronological data
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4.2 B A B TTURR N R K SE AL B S A9 RE T

B Z RS (LA AN — N AR BT 7T, I Rhe< 1 R A AR N FRATTFE A 1L A i) i e
WRHBE T H A (Liu, 1998; X ZEFIEEAERT, 2004; VE 2%, 2005; T ikzE4E, 2009) .

(Wang et al., 1987; Liu, 1998; X4 ZEFIEEFRERT, 2004; JBAE =%, 2005; Sun et al., 2005;
Wang etal., 2012; Mercier etal., 2013; T 585, 2015; Wangetal., 2016) .

B F 204 L kAL G P (KK L (3767 m) S ALMITE 200 (£ 400 m) 2[RI AL T &
BRI, MR T MBI S (HR, 2018) o X —HE A ISR, I Lk
(1) 1 TH- 55 98I0 PO AR A RSB R AT 10, O L =3 4 52 BIZR 04 AL 2 T 2 1 42 1) G2 0, 19935
JBVEZSE, 2005; Yu et al., 2022) o FiAAR, RIGHIXKGZEE) o0 iEER, oHRRIGIL
Gy, HORZLINE S ATSE I A LB RREE TR, TR T RIS 6000-7000 KPR,
TR A L . X R 2RI B i T ZR 04 e AL A [ PR SRR
ZR U4 L 25 T AN (L AE Z2 0 b T )3 1 T ORI A P e 3 2 DG BB AR Y, e it X 1
PR FRKIIRNT . XZRAE (19600 XHE FHL A ZREATRT 7T, R BT T 2 4 Fe
X WE 3 DB AE PR UL AL, B — B P AR AT L (R B3, 1978) o Hh
JRGEEHE R, ZRUHE KB A AR R ARG 15 2) 3 BT AT T 208 LBk ) i ST kAT, SR
AMERBERTE OBIERSE, 2005) o J5—JH, (ARG @I — MR &R . J5
X LA LEZ JIRETH RIS, FE R0 TS S AR AR 2 R, W 7E b R 0 TR S vl
DUF SRAHEM IR X LA PR IE TG 3 (URAR I SE, 2023) o #HAERRLR, JEHbH X AR S 18—
WBET . AT, 2450 Ma 20T, BEAES)FEELED THEIMX AR %, R
JEGARXS . HAE KL 45-32 Ma 2 bR, {HIEREER ALK 7B BTN, thrvh
I PROH R TS BRI, &0, (EE L B AR e N DOl BT 1522 (& 6)
X — BTSRRI B, 15 T 0] 2 R e I e B (R e 1) 45 )R KA 32 (IS, 2018)
T TG T A%, H % 10 Ma DISRINE 1 %74 (Liv et al., 2013; Yuetal., 2013) .
[ LS AR, T T (1 T G 222 [ o P o o 2 R S S0 K s 3, AR LR ste ik
IH R FEE RSt PG PETRES, XA SR A E 1.2 Ma DR B AR PR TR 2 (7] 47
TEERHEARE KR (P ERBERERL, 2004; (ESAIZE, 2015) o JEACREERE R AR
TR S W G A DU - MG A, TOIR R TERT [ 4ERE AT I 1 — 50k, B AE 2310
A ERBUHIBE R, BRI BN B ARE (B 6 o IR AR SR

1



MR, BhTRUE ] 3 B PRI LG I AT, I B A IR R R AEZ) 25

Ma I 2330 (Liuetal., 2013; Hebereretal., 2014) .

4.3 WELIE

Kt 70 P 2 THT P KB A M s R e A A R Lot , B2 I B IR . L2
DURRZ 5 A L 7 53¢ L e 6 2 1F) A B, P A SR Ah, Rt RAR EL RS, AL
AR AR ] B LRSS, MR A N R S P R I R IR A LR U IESE,
2005; EEAE, 2009) o

RGN IR T =2 LA 73R NG LR, S aE a1 A Z08 b [X 1) K a4
i GRERAE, 2001; ZBEJG4E, 2005; s2@ies%, 2023b; HIHEZEAE, 2024) o MRAEATA
WHA TR (CEARMEI A, 1990; MEEZM TR, 1996; #HENISE, 2001; FIIALE,
20015 SRS, 2003; XIPERMEERERT, 20045 XIEHESE, 2010; Liuetal., 2013; Heberer
et al., 2014; FKEMHRIG R, 2019; E=MSF, 2022) , HEETHEFA 5 A=A
O ettt AbZRis LA A0 T IR HI ISR B, MIEH R F8URTE, B
WS FF . @EEHHLOR (B 72) , MIERSTHA N EIRES, JLEWR R AT
Be, FAATE, RIGTFAREET R LA RIS LKA 8 TE A 32 Y AT B o - 25 7Y
g (E7 o Hb, wep AR #LE LS SRR & S kiE s SRR T R I8 1 bk
Wit L85, HA IR BUE I BE T LA ZRITRIB K S AW M 1 R AR IR AR
BRI SR — X 1A RIS AR GREHSE, 2001) o RISILRELE
W B - B2 T oS T RIER . AN RO, 2 E SRk L s B 1 iR g
oM, ZRUSALREE R AEPURBETE (UIEEMESE, 20105 Shen et al., 20200 ; A RHEH, %X
S NAH X AR I BT R B2 B
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RIRTEF KR ELRE T Rk, FEENA R 11K T8 2 AN S 40 km R
W il 3300 m IEKE 28, G Rl AR 2 HEEA IR (M 5%, 2018) o ZI&. L
W SEL R ] G ZE BT L TR AR T AL I R b R L I A R MR B DR R, R IR AE
BRI RTEAS LRI . 78 57-40 Ma, KAL) 3 N PUEA ZIBY B, HEH
£ 40-33 Ma, KA WAEULRAERBET, SIEZHZA7E 40 Ma JE R HREITRE 1 7)
SR (RS, 2018) o E[EEARHRLL WO AR B e 5 507 i e S B T AR il A 1, IX By
Wi RIS X A R i BT AL o £ 40 Ma, VAT b R SRS sk e Pk A K% ) Ly 3t B g B Tt
T e 5 T R R PS8 R0

MR AEAR AR, e I AR AL 1) A SR QU E (B ) o WFFT R, B
e SR AR A T TR A B 3 R A T IR A WA ATy, S TE T ik 2 PO I (£ 45-20
Ma) F#i AR FIER £ &I G H (Zhao etal., 1993, 2001; Kind etal., 2002;
Wang etal., 2013; =R#, 2023) o WiRESNE S ACKE 7R, SRR W3R 0L v

s Tt (29 15Ma; Yuanetal., 2011; Luetal., 2012; Zhangetal., 2012; X4


https://www.nature.com/articles/366557a0#auth-Wenjin-Zhao-Aff1

Hi, 2023) , RE BRI T 2 10-5Ma (Taoetal., 2024) . IXEEWRE RGN 2550 A
SIS B AP R 1) ARG T g BEIE R A (Zhang etal., 2024)

i R AEL) 10-8 Ma RIEFEFHRIA R ALY R, HARRIGHIPUERET (10-5 Ma; X
#4E, 20100 . VHALRERS (295 Ma; AEMOFIEE, 2014) FOBRIEFE T LA S TE T 2 i g rhogi
G 2 R[] 71 TUT R (R PR OB (13-7.3 M) BEUIAHOG, XA RESUZ TR A I b EATZR
TR A = H RS R R EEFR N — (B, 2018) o BEHAERLOK, BT 5
AR IZRAE AR, dERIR B TR Z R RIRE T (B 8) o TR 2 KBTS AR
T MR A P A T R . R SRR RE T A (45-38 Ma) TR T A R R
Wl (RRERREE, 2006; VAAFORAE, 2024) , 10 HTH DURRRSERE T 58 M A a2 gk A 3=
VBRI T LR AR Ze 0 DO A T WA AR — 8. X — I, 75K S B T Y i K B R i
X (ZEESE, 2023a) , H_EIACPIAR R R SR /R 22 it e 205 Rk IR 5k S /7,
JA Y TR 7 L R S AU FAE ] (Yang etal., 2017) o ZR0&- K53tk 1145 7E 20-15 Ma 2 [H]
415 7 PUE T (Liuetal,, 2013; Chenetal., 2015) o 0 hidiphaficss 7 75 e e
AR AR SRR ST AR, rhoBr it POl S ) 1 8 32 2 b e R AR A6 e b v R E
9 K FTIREN ) (Taoetal., 2024) . LI H 5 Ma LISk C SOy e A —#7r, AR
T E ARG S AL T, SRGICE R T Mottt LT s, Sk
[FJRSF 5 VR V] 3 I AR e VT ST i 1 70 22 [ g M ] T TUT R P S AR s o A, 29 8 Ma i, VH
IR S 22 7 T — IRBR B N X R T A, iR AT R AT T e SR R T AT AR B
1) R AR A b L (R £ FH R 25 5, Rt UG I THIE R = A2 T R e (CE R RS, 2019) 6
RIS LUy R SR T 5 T S I R T R 1 22 57 (B Tb) 5 itk 1 2803 Ly 1 3% 7ot
TR R ORI T R o AN, TR A BN TR R T 2 R T R i TR
fifh (BRAASE, 2016) o FRUSRETIRIFE G, FHRIY S 2400 2 TR, I S 7 I3t
FRVIORAT T 35 VR DX BT R B A5 5o R, 20 b X R 45 1 e - 30 il A -9 B80T A AR
o Z S EEA R, AL FIE I RS R (BRI DL 204 AR B LD ) 224, 9 G we
. AT A
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CHb5% . Hhbe JE FE AR 5| FH 75305, 20225 BEAIMIZY (56-43 Ma; B R4 (2023) ) 3 £VPITHI%E (45-20 Ma; Zhao et al. (1993,
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