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Tectonothermal Evolution of Fangshan Pluton: Constraints from (U-Th)/He Ages
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Abstract: The Fangshan pluton is located on the northern margin of the North China craton, and its uplift-exhumation and tec-
tonothermal evolution in Mesozoic and Cenozoic can provide evidence for tectonic evolution of the North China craton. The tec-
tonothermal history of the Fangshan pluton is reconstructed by the zircon fission track, apatite (U-Th)/He and zircon (U-
Th)/He structural thermochronology based on the high-, middle- and low-temperature geochronological data in this paper. Ac-
cording to the relationship between the temperature difference (AT) and the cooling age difference (Az) of different minerals.,
in this paper it calculates the cooling rate at different stages of thermal history and analyzes the characteristics of the cooling
rate changes and the characteristics of uplift process of the Fangshan pluton based on previous research results. The results re-
veal four phases of tectonothermal history of the Fangshan pluton: (1) the crystallization and consolidation stage of emplaced
magma during 130.0—123.5 Ma at the average cooling rate of 88.46 °C/Ma; (2) the first slow cooling stage of the Fangshan
pluton during 123.5—56.0 Ma at the average cooling rate of 0.74 “C /Ma and the average uplift rate of 29.6 m/Ma; (3) the fast

cooling stage of the Fangshan pluton during 56 —35 Ma at the average cooling rate of 6.90 ‘C /Ma and the average uplift rate of
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276.0 m/Ma; (4)the second slow cooling stage of the Fangshan pluton since 35 Ma at the average cooling rate of 1.0 °C /Ma and
the average uplift rate of 40.0 m/Ma. The tectonic activity tends to be stable. The possible dynamic causes of thermal history of
the Fangshan pluton were analyzed considering regional tectonic dynamics. The differential uplift-cooling may be associated with
the subduction of the eastern Pacific plate of the North China craton, the intracontinental subduction orogeny on both sides of
the south and the north, India-Eurasia collision in the southwestern China and the tectonic uplift of the Qinghai-Tibet plateau.
The formation and the fast cooling stage of the Fangshan pluton respectively correspond to two important uplift erosion proces-
ses in the North China craton.

Key words: Fangshan pluton; tectonothermal evolution; (U-Th)/He; zircon fission track; North China craton; petroleum ge-

ology; tectonics.
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Fig.1 Geological characteristics of Fangshan area
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Table 1 Measured fission track age of zircon of the Fangshan

pluton
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Table 2 Measured (U-Th)/He ages of apatite of the Fangshan pluton
RS Th/U & (u) u1o—%) F, AE 1% (Ma) +16(Ma) eU(10 %) 'He(nmol/g) A2 (pm)
FS01-1 2.5 13.1 7.9 0.8 30.6 1.9 12.6 0.5 50.9
FS-01-2 4.6 7.2 8.7 0.8 35.6 2.2 18.1 0.4 39.0
FS-01-3 4.2 21.1 5.5 0.8 34.4 2.1 11.0 0.8 56.8
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Table 3 Measured (U-Th)/He ages of zircon of the Fangshan pluton

FefS  Th/U ik (pe) Uo—) F, A (Ma) £8% (Ma) eU(1076) "He(nmol/g) B4R (um)
ZFS01-1  0.40 3.1 211.3 0.70 55.3 4.40 232.2 50.2 41.3
zFS-01-2 0.70 2.9 123.2 0.70 60.6 4.80 141.8 33.2 40.4
zFS-01-3 0.70 7.1 61.7 0.80 54.0 4.30 71.2 16.4 55.6
ZFS-02-1  0.87 4.32 94.1 0.74 64.2 5.13 113.0 29.3 16.22
ZFS-02-2  0.67 6.53 56.3 0.78 73.7 5.90 65.1 20.2 53.15
2FS02-3  0.78 6.00 94.7 0.76 73.1 5.85 111.7 33.9 50.09
zFS-02-4 0.79 8.47 79.3 0.79 69.4 5.55 93.7 28.0 57.89
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Table 4 Thermochronological analysis of the Fangshan pluton

4R 7 ¥ AE I (Ma) SR EE O B K R
#1 U-Pb 130.741.4 750~900 BR B AR (2005)
184 U-Pb 129.5+2.0 600~700 Wu et al.(2014)
MINA Ar-Ar 132.840.1 500~600 FMFE 4 (2007) 3Sun er al . (2010)
R4 Ke-Ar ﬁ?gf;ff;{f 400~550 RS 45 (2003) 5 S 2 (2006) ; Sun et al.(2010)
Wik A1 U-Pb 135.0410.0 450~550 Wu et al.(2014)
B A FE Ar-Ar 132.740.1 300~400 F G4 (2006) 5Sun er al.(2010)
B A Kr-Ar 2§2f;if;{f 260~350 MG AF (2003) 5 F T % (2006) 3 Sun et al.(2010)
WK A1 A AR 45.242.2 65~120 TG U 45 (2003)
8 1 2475 42 30 123.544.8 200~300 AR B2 (2003)
Wi K 4 (U-Th) /He 34.442.1 40~75 -
i A0 R AR 110.5+10.3 210~240 —
#541 (U-Th) /He 55.3+4.4 130~210 —
I (5] (Ma)
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
0 I I I I I I I I I I I I I | —
T T O E (R B B )4@?'1’|
00— —I— =4 —+ —F —I— =1 — + — + —|— = A~ —8&KHE - —1— —
I |Tﬂ£%mgupmm
200 — A F— T _4?_ = 1= 4
I I I | B | |
| I(umme | |

600

700

800

i il il Kliis Sl nlll el Bty
| I

— k== —l= 4 = == == ]
[

S R N U Y N IR
|
|

900

B 2 Brilis g e T-0 ik

Fig.2 Thermochronological T-z curve of the Fangshan pluton
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Fig.3 Apatite and zircon (U-Th)/He modeling thermal paths of the Fangshan pluton

L EE A He A FH I J2 Rerners A5 A1 AR LA [E] A
FE S TETE B0S PR HHR TE E A B KA #5410 He 3843
1 53 IX P9 3 B4 A5 0L A0 B A T BE A AR i A 3 2
JE AT T 0 S 806 W5 K A0 He 4R8BS A1 He 4F
I BUR AR U B i Th 8954 % Sm 93 & 78
BT TR o, R FH S R 20 3 30 1 X g — AN i B AL
BEHLT 3 000 F% i BE 5 A2, HLrp S o 1) 1R B B AR AR
FAZFE L B B K 1 (U-Th)/He, # f1
(U-Th) /He 5 $4 #4 58 % 42 (18 3) A H1: #£ 110 ~
56 Ma, b7 AR R 230 “CRE 2 200 °C, 1 SR I 32
28 0.56 °C/Ma, J5 1L A& K OF ¥ B TE R N
22.4 m/Ma; TE 56~35 Ma, J57 111 75 (R BE B 200 “C B¢
£ 55 °C, FHREIRHE RN 6.90 °C/Ma, V3R Tt
N 276.0 m/Ma; 35 Ma ZJ5 . By LA R ZA2 R 1 B
Z MR TR IR R 2 1.0 °C/Ma, B T %
4 40.0 m/Ma, bi 11 Hb X ¥4 15 84 T80

4 e

4.1 HERBUHE

PARHE i A5 (1986) Il FH Bl K A1 RS A1 5448 45 38 4F
U R PR BER T B 1L AR 4 B g s R AR
T 28 3k R A7 4 A S AR A 5 I L SR IR 4 AR AR
6 F PR BE SR 180 °C 5 S B 45 (2003) | I #5 JK A1
TR A7 S 725 420 08 AT W R 2 DA L B R 35 T L S AR Y
PR G S A7 2 3 A B L AR R LS R
3 AN B E AL B B P S b A [ 4
F P S OR T 200K B 0 4R THA HURN T 48 Lok
PR THE H. 0] 2010 WE T AT Y 5 A
U-Pb. B =# Kr-Ar i N A Kr-Ar B K A 2784
A A S AR B AR A ) X B L R A B
DA K P A 1 20 S AR 1 3 6 7 ) A R 114 AT I
HESL T s LA AR AR DA B Ll AR B A R TR



1978 HERBLY:  http://www.earth-science.net

A3 %

AR B 4 AN B B i v F 0 AR L L e A
P S 1 N U S R 1 7 ST RO AN &
T — T T 20 0K G218 3 TH BRI 3 42 L Sk R X e
F6THA EN AR F 87 2 AR DOk 1 B T ) 87 S A 5 —
LA /0 RS A A0 R A A AR 2 Bl L O FL S o AR
Fa 3 3B JCIR B H R AT A7 AR 4 W B 2807 F AN AE
210~240 C.

A A AR SR FE I PE Chronus Camp
Research #VAEAR 27 52 06 25 5% A i80E 21 oh i & FE &
e R G AL (LA-ICP-MS) 5 A R, % B iR
KR BE A 210 ~ 240 “C. 8§ JK 41 (U-Th) /He. & f1
(U-Th) /He 4% AT D48 7 55 B A v £k g s T
AR SCH) B K 47 (U-Th)/He., £ 41 (U-Th)/He
AR L 256 B A R A T TN R 4 R T B Ll AR
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55 °C L BRI R 28 6.90 °C/Ma, F ¥y B Tt i
- 276.0 m/Ma; (4)35.0 Ma Z J5 . 57 L ‘A K 2218
RHH BRI YR B K2R 1.0 °C/Ma,
B FH 3% 4 40.0 m/Ma, Jis L1 b XRS5 84 AR
42 MEMRBFELHHNZERE

B LA AR T R AT L e R R e 1 L ik sS4k
22 1K) 3 AH A, Ml TR 3 5 2% DX B 3 Bl ) 2
BB R WL, B Ll A R v OB A AR DR AN AN 52 3] 4R
b T 738 2 8 TV A B o R B A AR A [ AR
2% 5] 7 A 7 A0 By A ORF o 1L R R GV R S D —
IV A it ol 455 7 9 1 D o P 5 S R A 3 B R AR
FRE I, 282 D3 1 A [) i) 30 AN ) 7 ) L A [ 2 o ) &R
Ze ) 15 A (BR RIS ,2012).

A AR LK AL T P 8 A2 R L A A kA
R O . R A ARy AT A AR A DL
ST — SRR U 19 PG 5 BUR AL S hE Bl ) A AR

KA R, iR AR NS [ 046 305 5%
R 5 R CE W R B op AE OC R EW [
(NWW-SEE[T]) #z A2 T8 5 il Jg G 45, 2010) . 7
SRS I EN NSRS R S R N NS
TEAR B LA R % ) NW W] 4 #f (Northrup
et al., 1995; Ren et al., 2002; Wang and Zhou,
2009) , WS J7 [n] B 542 1 v s © JF 4 1] 30 ARF i 305 9
(Wang and Zhou,2009; 8 HF5,2010; 1 & 24,
2010) . A b w8 % s Ak T 9T BB 2K 1 55 He B TR
A B X B i BF R N 737 PR BT By RE R ik
PSRN SR e e el C RN G NN N L B S
e, Aot s hr a8 AE L R (~ 125 Ma) 35 B % 58 1%
Wi ag L 2 KSR e NW ] b BE B K LA
A AR kN 55 B — ST U R el O o il 8 o AR R
VYE ) (Northrup et al.,1995;Ren et al.,2002; Wang
and Zhou, 2009 ; ¥ 5 £ %, 2010; FFE 3%, 20100,
HE b v P 2R K A T AR R R 1 i R AL R
R LUK P BEE T FE AR e NW ] 4ff o 25 Ay 3 R
AR BE it e ) J6 2R IR w4 T 75 96 e B A P T
(Northrup et al.,1995;Ren et al.,2002; Wang and
Zhou,2009; ¥ F K45, 20105 VK F 4, 2010) , 4L
GETAGE RGOS EE AN - U € i BB
B o i AR AL v b 2R B v 3 20 W I BT T 40 1)
%) ) 38 2 8 R s 2 (R I 45, 2012) , AR b S 738 2R 5%
i DX AL 38 35 2 4 T o7 22 i T A b A T AR b s
38 R R A v DX A A S R B A PR
FEFEAT o3 AT, 22 E AT A B T A TR L R EOR
9 — e R LG R R — R i R E
R HA AT R 06 R A B R R S5 1 I ( Qi et al. s
2014,2015;Li et al.,2017) , 4578 T AJbFEhial [
A AR LI 5 1 1 VR I i IS e 0.

B IR A R 2 A A 5 i 2R 3 i A4 174 e 1L 40
PR M S B M AR A S IR — RN S, 2015) . B 1
T RS 1 S AR L v B8 P 2R DX KR A A
Ay PEL R 8 R L R B T RN B R A R S
F(Morency et al.,2002; X5 #8455, 2006 ; BENI 4,
2012) . [F1 3, ¥ V5 7 M 22 7 T B — M AR o e %
A PR R A e 0L BT (R b — Btk R T B L
A2 B P 22t AR b A IR [ 3 ) A A A
WG S s s R s T i 4 (B 2)
R B b X R R B DOk B AL Y B
PR TR A AE 123.5~56.0 Ma, 5 1 52 BH AR i
TR E I THR A T 12 L 46 7 b5 Ll 2 A B O oy A AR
At FE 47 38 AR S Ml DX A B P e A — 0 g s AR Ad
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Fig.4 Invaded depth curve of the Fangshan pluton

TG T T B B - R Y A X 92 08 4 H Ve HRES L 7R
Y B BV 2t R B D L T 22 A A
JE B3 K (Qiu et al.,2014,2015; 11 et al.,2017),
Al BE S T K OF HE A e NWW i) fF e 5 4 2 3 v b
T FF e 14 DX J0A) 3 5% sV P AT OG5 7 56 ~35 Ma, iy
Ly A 8 30 R X DR B 46 THYR A0 AR X T )
VS 4 M 10 B D) RO e e K A ) e 5 o L T
Z W B A T AR S DX T B TR L AR A 0
B A AR KT PE R NW i) 4 o £ BE 38 K L0 o
R /NI B R — S YN R BN b i 4 AR AR Y
g5 3, 5 [ I AR b v Y 2R S T I TR L P R 4
M T B U ) & s A 35 Ma LISk, AR ZZ 18 45
THE N =R v] fE 2 KPR B ) NWW . [a] ff i
5 B RE A o) U 18 ORF ek R i i R T ) s R A i

.‘/R
0
123.5Ma

15 B 1R JE (km)

B 0 3 [R) VF FH 1 &5 5 L 2% By B A b v iz 7R
b DX Eh VBT % A S M B L A 3 3 Bl T 22 05 4b
A6 b S P38 BT 22 451 ) Aok 3 A% S S R R 4
2012 Wu et al.,2014) . 5 1L 5 A B B B AR %o P ek
8T H B B 5 v S A b 7 R S R Y — e
AR | AR T — it B A BRR
e UG % S Ay BB 5 R D 55 e U 3 T () 25 3 0T T
A6 T L3 P U O R e 0
43 BUAGELRE

H H S 27 2 AT B Ll 25 0 46 42 050 8 B2 1) B
ST TR 2N, B NS 6] 2 35 AN A 4
B ANA — R AT WX ST IERE T b
LU AR 00 T 4R A TR B L N s L R B ) i R Ao
RN 8.02~12.90 km (45 1], 2014 X1 /) i 45,
2015). 1 55 Ll 25 PR #is Ak s (B 2) m] T, B 41 U-Pb,
N AR B Ar-Ar FEBRA ST 5 iR
NE R AL T il 28 BE I By B, 3878 B IR 7
Hy P v A4 A — g5k B B s IR A
~123.5 Mal® H1# 2 & A: 01 8 w0 As , B 1l ik el i
RV TV R RNV A Ve HV R AR S AR R A
A 5 L 3k 380 ROl AR A A1 R AR AR G A1 AR
22 300 1 A YRR EE AT R, s L AR 5 L B RO i
MR EE 297 250 °C L 4878 H Rt = A0 il B 250 °C
G55 MR AR RE WG R AR BEAE 9.2 km A2 47 45
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Fig.5 Sketching map of uplift process of the Fangshan pluton
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A3 %

AR S 3 P 6 H R B A R B Ll AR 47
I BE 25 G B4 M TR B A R T R R R 6 TR
JEE Ll b 3R A S5 s P R OR AR A Y, R
L T Ay B8 14 4R A R B S e T o R A A A 25 L 43 75
— WS R B X T B 1L A AT B 4R T 2 R AT A
TR, 2 FEHE N NEIRLS (Wu et al..2000; Wu
et al., 201438 0] 2014 s X /INTR 25, 2015) . R 7E 0
SEA T R A5 AR 1 AR A A 6 T B L A R AT B R T
T FRAT T — 2D R B I s R O kR A
LW ks ny 8 X 51K, FS-01 F1 FS-02 43 9407 T4+
AR 118 301 350 0 v 35, XoF Rz A T A9 42 AR AT A )
(74 HI RN 0 &8 D7 s AR SC B A X B L A R FS-01
FE & R K A7 (U-Th) /He, #5 4/7 (U-Th)/He 4F
B AE B T IR AT, B % FS-02 B 5 19 55 47 24735 2 500 4F
B AT B AL, I i A A s X R TR
1A B I E R T4 kR A AR, S H14a T
3 5 AT RE WG A AN [R]  {ELAR 48 B 1L A R ik T i
LRI CIE 2) B L R A A 4 st A T b AR A
FEARAH TR .

5 4

R N =l NN O R R A 1 S B
110.5 Ma, B JK 41 (U-Th)/He 4E# Jy 34.4 +
2.1 Ma, 847 (U-Th)/He ¥4~ 55.3 4.4 Ma. 5
IR AR T Bk 5 8% K 41 (U-Th)/He, 85 1
(U-Th)/He #ELLHA S AR L0, s 11 L IX [ AR
TR DR S A A T 48 3 B BEPE 4R THARES , 1 1 34
WAL R 4 B BE: (1)130.0~123.5 Ma 247 5 3
g5 dh — [ 45 B Bo, AR % A R R Gk
88.46 °C/Ma;(2)123.5~56.0 Ma = 1A+ XF 2% 18 ¥
HIBBE, S8 HIE R N 0.74 °C/Ma, B TF#E R N
29.6 m/Ma; (3)56.0~35.0 Ma & 1A FH X e 33 ¥4 4
BrBL, ¥ H %R 6.90 °C/Ma, BT R Ny
276.0 m/Ma; (4)35.0 Ma DL 5 UK Xt 22 18 8 41 By
Br, ¥ % H R N 1.0 °C/Ma, BT+ R R
40.0 m/Ma, ¥4 & # FF2 2 .t b 1L A 7R #4004k 58 mT
A IR A A R TR 123.5 Ma 5 [l 45 2 ] 35 5] 407
i IR IR BE R 250 C L 454 Mo R ke B L 3B L
W1 HE AR A T BE 24 99,2 ke, &5 45 X S84 1 50 Fy 2 B
Be AR A EH R — i 2 M E BT T RS W
KPR NWW i) 7 b 55 4 48 357 3 b 1) 4 0 19
DX sl 35 5 TR A T A5G, 45 75 A2 AU 5 1L 2R 8 b X
FE R S i ] — T 20 AR A T 3 T S A X

Rt s ol T 40 ISR A X 218 40 T AT BE 2 T OR P
BrPeta] NWW [ 5 v 55 B3 B2 K fili 1] b 9 48F b f
S e D B T ) 328 P A 3 5 R Ak g 2L [l R, A2 dE
T A AR B DX T 2R Al SR 4 B A 3 T Bl T
-2 5y AT 22 1Y A 6 PR T AT R S OKF VR R Bk
NW [ 41 i 0 B 3 — SIE Y A Bl A8 o il 43 7 4 B4
A5 LA R B T8 B K AH X P 4R TR 2 B S
0V S 2 b R R T SR ) — e ) L ke
TH 2R — o v 39 e B v e S A B
JEE ek 55 e WA T [ 25, 43 6 R 1 A b e e R
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