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Abstract: The Linglong and Jiaojia goldfields are the two most famous goldfields in the Northwest Jiaodong with voluminous
publication focused on gold mineralization. Whereas it is still a barren land as far to pay attention to the post-mineralization ex-
humation. Utilizing the latest low-temperature thermochronological technique, this work carries out a tentative research on the
exhumation degree in the two goldfields. The results show that the zircon (U-Th)/He ages in Linglong goldfield vary predomi-

nantly between 80 and 100 Ma, while they are of significant concentration between 90 and 105 Ma in Jiaojia goldfield. These
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ages yielded in this work are different from those of the previous obtained by other methods, they are not the geochronological

ages in respond to magmatic-hydrothermal mineralization events, instead they must have recorded the thermochronological ages

of the post-mineralization exhumation of the granitoid rocks. Based on the constrain of the zircon (U-Th)/He ages. it can be

concluded that the degree of exhumation in this area is roughly in agreement with that from the statistics of the global orogenic

gold deposits, about 60 m/Ma. The amount of post-mineralization exhumation in the Linglong goldfield is overall ca. 600 —

900 m more than that in the Jiaojia goldfield, so the prospecting potential at deep part is larger in the Jiaojia goldfield than that

in the Linglong goldfield.
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Fig.1 Location (a) and geological sketch (b) of Linglong goldfield
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Fig.2 Geological sketch of Jiaojia goldfield
i PhAE 1L A (2008) 18 G

W% TIT Gy it 5 1) NE, B NW £ il £
H RPN f — /N U s A S P PR Bl A B
oK R < A A ) 5 L

2 AR S o A

2.1 HRREAHEFHE

AR TAELER I MERS HAEE T —4T K
BhALAE R 0 oE i 42 2 B 0 T HRUORE B AL 4 5 ZK14
(B DL 1500 m 47, H L FRET 4 (4%
A 0 5 R SRR L TR K 208 400 mL e, ZK14-
2. ZK14-4 PR RE S AL T Sk 7 T b L ZK14-
6 B AL T Sk T TR B, ZK14-8 B L T
SHEW RN T A& ERT HBFEE LA 5 ZK4 (K
2), LI 1000 m 47, H B W RE T 4 fFFE
it F S ) BR K24 200 m, BIEA AR A 3408 48 R I
AR RIS AL b IN K A o, ZK4-5 BE S B EA
FIERW ST £ R R i — 2L 1L W7 2 .
Shy 3 G BT S AR Y R T RE R 4R 2 B
T BE B BE BT i A A OF B A 20 20 mL A 3

HE— 20 IR T HURE B L AR B L SR A 23 [H] 43 A FRE
A AR R AT DL AR RS SR AR I AR B
BE il TR T A6 b S5 48 O B S8 B, A 0 ) 1l A7 R
Wk A AN SR BN T b B W T ) R 2 B AT 3 I
Al UL (ZK14-2, ZK4-3) » UL/ 5 2% 8 A A6 FkG £
b M3 AR A A G 0 Tz KB A B B
b R MR R AR R E R R L AR
YRR S AR s J A 1 A8 D R AR I AR A 55
2.2 Wk Ar

B BT Ay TR AR AT 6 A AR B DX I b 5 9 A F
FEIT 5 1 SR B — RGBSR AT B )5 1Y
A0 AR A RTERCH BT dE— 20 Pk, b BE ER
AR B AEFT Y S U/Th 78 s
FERXT ZHe AW B ) HBEA LT AN
F 60 pm (5 A UKL Oz BE /NS ZHe 4R F, &
1E S8 K s Farley, 2000). ZHe 5 4E 78 3 K ] I R
JE K2 John de Laeter Centre(JDLC) Ik i AR 2%
SR SRR M G AR IR . 5 e U H B R Pk
HH I B A R AR S AT R A R AR R
HF M AR & B9 F, % 1E (Farley et al.,1996). %%
Jei A1 U 4% 4 U M A BB (Sailor’s Creek Zir-
con) 43 Jl A 4 J@ P8 A WO L ik 7E
1064 nm Nd-YAG #OG &% & #8854 5 <, Hh
WU He, #8467 36 i B 2 (26° He A50CF B 57D DU
i He it 2 L 85 A He M 532 22 <<1%. 4%
IR B BB A CEL A FE S R AR ) SO 25 B
A3 A Parrish i, 15 84N R ITA 350 L. ¥ 4
HF 1 25 pL ¥ 15 pg/mL §9*° U-*"Th & & i B
F 8 1k B R A — > Parr =R (AT 9 > Par-
rish ) . AR HF Parrish N Z5 JE S 67, 75 5 0] 5 R
ZWIMAL10 mLAIGIR JE ) HF A1 420 pL AR B 1Y
HNO,. B4 5 K2 MR E 240 CH MR 40 h. RIF %
HZEZE (45 h) oW Parrish i 7E B #obir R IR
ZER 2 d XN U N BB 2 A AL W AR SR TUTE. Dy sk
HUTTEER IS A UL Th BT H 75 20K U3 19 6 28
PRI A 10 Parrish NI 350 pL () HCL 2K 5
¢ Parrish A 53 —A> Parr @2 HEA 9mL 1Y
HCL, 3E S E S I ZE 200 CHE 24 h.¥4 Parrish
MBI ER S — K5 2 mL /) Teflon i N,
ZER 50 ul, N A 300 pL B4k, F] A Agilent
7500CS ICPMS J i {3 2 % W i UL Th & & 8
& b, JDLC 5086 % ZHe & F 1R 25 <<6%0. 8K T ff 5
TEART) ZHe MR 7T 2% Evans et al.(2005).



648 HERBLY:  http://www.earth-science.net %41 4
+177.23m __ZK14 ZK4
———== [F-o:0:56-5
. . N 4+ + 4+ +
" * " + 4+ 4+
~~~~~ + + 4+ +
4+ 4+ + + 4+ 4+
4+ 4+ 4+
-+ - ¥
7ZK14-2 -+
90.6+5.8 Ma AR
A - A - K
-141.23m | ¥ *aA* ZK42
+ 4 # 102.2+7.8 Ma ¥
+ 4+ 4+ A
+ ++ + + + + ot
W+ + + + 4 +
. w ZK4-3
LLE*LLL“\':L&* 99.1+5.2Ma
T W W A I
+ 4+ + + + + o+
L, e ot
79.3+3.6 M Lot
O O S S
m + L+
49130m |+ +A4 ZK4-4
. . . 96.3+4.4 Ma
4+ + 4+ L +AJ- +
+ o+ # + L+
P S - L.t -
Y N +_+ PN *
4+ 4 4
=  + A - SEAN
A - A 7ZK4-5
A+ -+ 1 72.6+4.2 Ma
A toAL L A L+
k3 + 3
+ & -943.35m LI :1002.84m
A N
W - ZK44-6a
% 85.2+3.8 Ma o
i Si——— e
no A e
o~ _ | maAhA
1l N
ALEE IR oL
-932.79m guzm:
J- N
zemm;
.
a + A+
92.7+4.4 Ma
-1323.82m . = [ ZKaS | e g
B AT | ma s m Rk [— A o] maea e [ RO, 58 P
FLIR: 154838 m |+ A|kHEE <+ o FAEE A | FZHBLIT R

3 B (Z0) FE 5K 4D &0 TG FLEURE 67 B BE 5l 25 A0 22 SR AE RN 45 1 1Y ZH e INASF- 34 4F 0%
Fig.3 Sampling. petrology and the weighted average ages of ZHe for the Linglong (left) and Jiaojia (right) goldfields

3 Mg R

ZHe MR 5 R AT £ 1.2 W 4 14+ 5
rhORESD ZK14-2 PR T 2 sk 47, ZHe RIS (F, K
EAEWSY, R IRD 4351k 83.447.6 Ma(4=20) 1 99.9+
8.8 Ma, A - 4E il R 90.6 5.8 Ma; ZK14-4
KT 3 Wi A, ZHe 4E W 73 34 76.7 £5.2 Ma,
89.8+7.6 Ma Fll 75.9 6.2 Ma, ¥ & ¥ ¥ 4E {4 Ky
79.343.6 Ma; ZK14-6 ik T 3 A~ 4% A1, 4F i 50 %)
g 88.06.4 Ma,83.346.2 Ma 1 84.14+7.2 Ma, 1
AR 85.243.8 Ma; ZK14-8 MR T 3 444
A AER B 93.747.0 Ma, 95.1 8.6 Ma Al
90.5+7.2 Ma, N H P B 4ER N 92.7+4.4 Ma iR

B 4 PERE S T ZK4-2 IR T 2 AN UKL, 4E 18 43
A 102.3£10.2 Ma 1 102.24+12 Ma, fLEFE 54
102.247.8 Ma; ZK4-3 MK T 3 4~ FOkL, 4 % 5 5
4 112.0£10.4 Ma,109.949.6 Ma H185.447.6 Ma,
TR 7 99.145.2 Ma; ZK4-4 MK T 3 4
WORL AR WS 23 4 93.3 7.8 Ma, 95.0 4 7.0 Ma Al
101.0£8.0 Ma, A & F ¥ 4E %y 96.3 £+ 4.4 Ma;
ZK4-5 MR T 2 A BORE, 4RI 43 3 2 78.4 6.8 Ma
F169.2£5.2 Ma, AL E AW 72.6 £4.2 Ma. i
AT UL WA BT AN [RLRE 2 4 A ORL ZHe AF 3%
AETE — FE WY A2 A0 ] [6) — 46 A [) JB0RE 2 6] ZHe
WA — 2L BB 20 182 ARV BN AT A
( Farley,2000 ; Reinerset al.,2004 ; Boyceet al .,



%4 IMEILSE R VLR I ER ST M85 41 (U-Th) /He 5314 K H X il a5 30 28 12 5 n9 38 7= 649
x1 RBMERYTHEREHEA(U-Th)/He MiXE R
Table 1 The results of zircon (U-Th)/He dating for the Linglong and Jiaojia goldfields
# B EAEGm) U0~  Th(10%) Th/U  He(mL/min) K& IEAF I 26 F. RIEFE#HMa) 20
7ZK14-2 900 220 0.24 28.30 61.45 5.0  0.74 83.4 7.6
Kigg 1908 1290 323 0.25 27.40 70.67 5.4 0.71 99.9 8.8
RT3 —— —— —— —— 65.70 3.8 —— 90.6 5.8
ZK14-4 219 103 0.47 8.73 60.24 4.0 0.79 76.7 5.2
ZK14-4  —511.8 995 322 0.32 27.20 66.62 5.0 0.74 89.8 7.6
ZK14-4 182 49 0.27 2.86 54.30 3.8 0.72 75.9 6.2
&S| - —— - —— 59.45 2.4 —— 79.3 3.6
B H  ZK14-6 340 153 0.45 7.53 63.85 4.0 0.73 88.0 6.4
ZK14-6  —966.8 421 119 0.28 6.60 59.12 3.8 0.71 83.3 6.2
ZK14-6 619 135 0.22 11.70 60.80 4.6 0.72 84.1 7.2
AL - - —— - - 61.22 2.4 —— 85.2 3.8
ZK14-8 550 145 0.26 21.40 73.38 5.6 0.78 93.7 7.0
ZK14-8 —1369.8 704 169 0.24 29.80 74.91 6.8 0.79 95.1 8.6
ZK14-8 593 140 0.24 22.40 71.64 5.6 0.79 90.5 7.2
T - —— —— —— 73.13 3.4 —— 92.7 4.4
ZK4-2 ) 1062 241 0.23 10.60 70.28 6.4  0.69 102.3 10.2
Kiz O s 245 0.23 6.71 64.93 4.0 0.64 102.2 12.0
AT —— —— —— —— 66.44 34 —— 102.2 7.8
ZK4-3 1292 130 0.10 54.90 84.65 7.2 0.76 112.0 10.4
ZK4-3  —505.8 541 93.3 0.17 16.40 80.83 6.2 0.74 109.9 9.6
ZK4-3 831 109 0.13 11.70 59.34 4.8 0.69 85.4 7.6
BERYH AL - - —— - —— 67.21 3.8 —— 99.1 5.2
ZK4-4 1085 134 0.12 27.00 69.33 5.2 0.74 93.3 7.8
ZK4-4  —790.8 932 172 0.18 9.05 62.38 4.0 0.66 95.0 7.0
ZK4-4 444 86 0.19 6.14 67.01 4.6 0.66 101.0 8.0
DES S| - —— —— —— 64.36 3.0 —— 96.3 4.4
ZK4-5 2225 177 0.08 23.40 51.94 4.0 0.66 78.4 6.8
Kkis 0708 365 110 0.30 6.80 51.65 3.4 0.75 69.2 5.2
T T —— —— —— —— 51.77 2.6 —— 72.6 4.2
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T4 A (U-Th) /He [Al 7 2 5 PR B2 AH X AL AR 45
G 5% B Z2 T b T R 200 52 ) G R — SRR A Lk
AR A A8 38 52 Bl 39 AR 45 DRI, AR SCAR 7 1Y
ZHe 9503 T WA Hb o A FH 75 22 BB AS AT A A
AR ARAFIY ZHe 475 B 0 LG 35 B RN 26 R UG A6 5 5
A AE I (85 /1 SHRIMP, 160 ~ 153 Ma Hl 130 +
3 Ma; 1 & % %5 ,1997; Wang et al.,1998) /)N, 3 [t
ARIX G0 R F W (Bt Ar-Ar,120+£2 Ma; Li
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SR AR YRR A b AR b, BORE o B B 4R ks
L E2RE BB KA 20 m DL B BRI HERR T ZHe

AP 32 K A=AV 52 e 1Y) 7T BB K 1 52 Bl X B A R
JKA (U-Th) /He 4 5% M £ 8% [ & 1UE 52 (Stockli
et al.,2000; Ehlers et al.,2001). 4~ 15 2|y ZHe
AR A TR AR W T SR R —
LW b ZK4-5 £ 8 H ZHe 4l (AUE F
BIUE N 72.6 4.2 Ma) Bl /N T [6] — A g5 L L 3
ASFE G AR IS, FTRE S W R M s 3 5 B A
(U-Th)/HelAl i £ &4 He 247 . [Fmf, A HE
[ 3% AN BE 5 AT RE AL T ZHe B9 3543 % B4 45 (Partial
Retention Zone) i & , H T' He £ R R EAF IR AL /N,
UEAh , BB ZK14-8 FE S TRE S F W T 5,
50k W W A LA Rk N B R (ZK14-2,
ZK14-4 Fl ZK14-6) 48 L, FAR B AN B 2 T, 5 AR
RAFAE WS — = B 2 A X R R AT (Ehlers, 2005 ; 4 3
45,2010) S 75 5 T Ak (4 Uy 244 38 F 807 B A R
HSREAT R Y. 5 b B3 A A R 58 BT 45 31 Y
ZHe 08 ER 5 A X )12 fETE 125 2K — PO L™
FAF AR A=A PTG, TR AR T 5 46 K
AR B T Rk AR I A SRR 5 R R OE R
A 1 ik — 25 B 5 B .
4.2 ZHe ERMAT EAAT HIEEER R
REBOMNHE LY

M b AT, A SC 3RS ZHe AR08 5 HT 3RS 1Y
Hi AR Y AN )L B AR R AR R A T I T R AR
W4 S TSR A A 22 AR I R R T A iR
(thermochronological age) . H¥EH A E AN B AEK —
FRBAE 17 2 4 s ) 58 0 b 3% 42 1l A JH (England
and Molnar,1990) , i 38 7JF # AR A 5 i B A J 3. )
SR A VR 1) b BT A R b 5 RS 34 Vi ) 3] b 3R 1Y
I AR A 2 RS WA B R A a AR
PR 1 45 28 TR 36 2R 8 A I ¥8 20 22 45 ) 1Y ) AT IR
JE 3 IF 1430 SR AR (Dodson, 1973) 4 I A ME 384
Xof 28 (] b —4> G [m] 4 L R /DS 1 A AR b B 4R 1,
TR AR I N Y B AT 8 AR N e L TR
23 AT L A P b BT A R AR 1 R/ IN KT L S #E DB
SR XoF 30 8 R B O 3k T B AR T AR 1 R R (ex-
humation, J& 8 W # 9 BT In] M 3% iz 7% 19 i 8D 52 44
132 Bl F ML 3R 42 DB & B R 19 52 i (England and
Molnar,1990). F Tkt = YTFR Hi JZ B9 i 2 , 28 & 1R X
ik — 2 X 4348 3 2 2 TN M 2 AR Tl A 4% R R L
AT A2 b T A AR ) 8 R R, L A7 1 M R
152 fo B R MR VT4 (2010) 4 2 58 T 33 — J5L 0], 3/
b Wl R A BRI AR Y 15 5 4 IXOF S R T Rk
AR b AR X B 4 0 25 () _E 5 R T ) i A



o5 4 AL R AL F B B K B I 4% 45 (U-Th) / He 4 T Fof 15 5 20 88 L 19 96 7% 651

BARFRAL W) & 4518, 41t (Ma)
AR SCHRAR I 8 A ZHe 4E K HEBR 19> 7T B o 44 o2 R

12 B 3 B R AR IR (ZK14-8 Rl ZK4-5) , HiAh 6 00k
A ZHe IR FEA FEE T R AR A 1Y B T 00l )
FURBERA A 3 AL A TR K ZHe W nooas
FEER  102.3457.8 Ma>99.14£5.2 Ma>96.3% = " | -—
44 Ma, R R RV IR (L (R A E 400 /
RSN S R e H ZHe 4R, B LR % -500 | —
A TR AR R RN LA, 90.61+5.8 Ma—>79.3+ 600 |
3.6 Ma—>85.2+3.8 Ma, (4558 B A7 i RAZ/N Y 00l .
FOUH IR R H ZHe 4RI SR LK ool o

WH/NT 10 ~15 Ma, iy I AT DL 32 3 47 F 44
AR T M R 8RR A RIS K ZHe
AR T DA BT S B T S ok R AT A L —
FIRFE 0 H 1iE 3 /> G PRAF AR 27 S % A o 48
AP — e AR PRI (1] ), HAULA AR 67 m/Ma,
KREARE TR JG 110~95 Ma I [8] Bt 14 3 58 8%
H LR 8 A (U-Th)/He # M i B (200 C;
Reiners et al.,2004) 45 & iR A6 (Hp, R
M98 35 °C/km, 5 22 B B 45,2004 HAT 28 °C/km,
Sl EVE S M, 19905100 Ma LAk My i 6 2
K2y 30 °C/km, #i LR EEH 15 °C) L Al 5100 Maf
£ (U-Th)/He 1 B B 9 LB B K208 6 km,
100 Ma LA S B T ph 3 A6 K 2924 60 m/Ma. 35 |
KA AT, AR, &8 8 % A4 Dok
(<75 Ma) , A X B AR Kb T 44 38 52 28 B B CR LA
A7 P U T S B PR R i R BR VR & AR AETE
Xu,2001;Xu er al.,2004,2009),100 Ma DL ¥ 1y FE
Fh b K HE 110~95 Ma B i) BEAR 2R A 7T BE 1
AN, JUHAETS 48 B2 . A SC ZHe 4F I8 ] 29 15
FN T )G # 2 H R W 5 Kesler and Wilkinson
(2006,2009) GE 1145 i 1Y tH FL 3 il Py 3 1 AL 4 7
H 54 55 3 R A 24 (63 m/Ma) . It . 25 N AR X
W5 SR B T R b R R B A BRGE 1Y 3 1L R 4
AV 187 300 608 S R 204 40 O o T S ol L M T RS Bl
W H ZHe 4F 83 8 B A ZH HAER T 10~15 Ma,
A H N 5 S AR G v RE LR 1 £
T 600~900 m.

AR B AR O T B2 AR SR AE A AL LD TR 4k
W5 H BET L B PG A X S T — HEIRFR R R L
TR E RSN By AR T 2000 m 47
AL B EAR R 2 000 m LR &8 L4
SRR, LR (AR P 4 7E = 1 S MR R B 22 ] 5
Jiti i) 3 000 m L. 7E 2 600 m &4 A7 4K UL 3 JE J3E i

B4 R ZK4 BF 3 ASRE S ZHe 4R i — i 7 IR A
Fig.4 Age-elevation plot of the upper three samples from
the borehole ZK4 in Jiaojia goldfield

30 A K Y 4 Ak (B 2R B 4 A 3 5 U O B
40 RYERE W G5 e L Fe S 67 [ ) B Z5E 4l T
Z/D 700 m, X ASBEAR BF 5 AR T A SR B B9 w6
HRH™ o g R B B 2 N A — B R B SR T
AT 2 ANHT T TR 82 72 B A A,

5 45

WA AR SCAFSE A B B IS A . (D IR
At b X b AR AR AR B A TR R R L A BB R
FHEXF 85 A7 (U-Th) /He [A 67 E K & 0 A K,
I AR SCAS B ZHe 8% 5 10 AAS 8] 1) A R
AR R[] s ZHe A7 2 10 S 8 J5 A8 i) 25 TR B T 21
T AR A AR IS (2) T ZHe 4RI 6 20, Al B AR X
B e R 5 R KBS AR i LR 4w TS h R
MY Ry A2 #ET 600~
900 m, FEZ B H BN H 3 2 7 A R R
w1,

H BB IE L FAAAL LR ER G
STHEREEL AT AEILRA LR PIFET
LWARFZEHRRET BERNEEELF AL RWR
I E TR R Z RN K A A B A 5
AERAEIVBWERFITARLEERABIRIFLAEZETE
ZBATT A AT AT LB RAANR A
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