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Abstract: The Tugurige gold deposit is located in the western part of the Xing’an-Mongolia Orogenic Belt
(XMOB). This paper describes the geochronologic and petrological-geochemical data of the intrusive rocks in the
Tugurige gold deposit. The LA-ICP-MS U-Pb dating of zircons from syenogranite, granite, hornblendite and diorite
in the Tugurige gold deposit yielded weighted mean **Ph/**U ages of 264. 5+1.4 Ma, 278.7+1.0 Ma, 280. 6+
1.3 Ma and 288. 0+2. 6 Ma respectively. The results show that the ages of gold mineralization (268 ~259 Ma) and
syenogranite (276~265 Ma) are the same within error. Geological and geochronological evidence indicates that the
syenogranite and gold mineralization have very close genetic relationships. The intrusive rocks in the Tugurige

gold deposit are bimodal intrusive rocks, and belong to the high K calc-alkaline series. They are characterized by
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enrichment of large ion lithophile (Rb, Pb, K, Sr) and light rare earth elements (LREE) and depletion of high

field strength elements (Nb, Ta, P, Ti). The intrusive rocks in the Tugurige gold deposit have some geochemical

characteristics of the intrusive rocks in the subduction zone. This indicates that the source of these intrusive rocks

was probably altered or affected by subduction events, but can not constrain their geological background. Combined

with geological data available, the authors hold that the intrusions and gold mineralization in the Tugurige area were

related to post-collisional extension of the Central Asian Orogenic Belt (CAOB).
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Simplified regional geological map around the Tugurige gold deposit (after Xiao et al. , 2009; Ding et al. , 2016a)
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Fig. 3 Hand specimen photographs and photomicrographs of the intrusive rocks from the Tugurige gold deposit
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a,b,c—porphyritic granite; d,e,f—granite; g, h, i—horblendite; j,k,l—altered diorite; Bt—Dbiotite; Hb—hornblende ; Qiz—quartz;

Pl—plagioclase ; Kfs—K-feldspar
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Fig. 4 Cathodoluminescence( CL)images and dating spots of zircons from the intrusive rocks in the Tugurige gold deposit
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Table 2 Major elements (w,/ %) and trace elements (w,/10™°) data of the intrusive rocks from the Tugurige gold deposit

o TABEARAE i AR A HERA fINAH
" TG-4 TGY-15 TGY-12 TGY-3 TGY-18 TGY-5 TG14-9 TGY-07 TGY-1 TG-17 TG-18  TG14-30
Si0, 69. 21 70. 16 67.38 45.21 49.2 42.04 51.96 65. 05 38.06 42.48 42.23 41.31
TiO, 0.29 0.30 0.35 1.27 1.18 1.47 1.4 0.26 2.62 2.04 2.12 2.26
AL 0,4 15.51 15.58 16. 34 17.25 15.94 17.95 14.38 18.22 12.78 13.04 13.74 12.63
Fe, 0, 0.45 0.36 0.56 10. 83 1.32 2.74 3.32 0.44 8.06 4.94 3.91 4.24
FeO 1. 80 1.35 2.24 1.75 6.83 9.62 6.26 1.49 11.25 10.27 9.95 8.04
MnO 0. 06 0.03 0. 06 0.20 0.12 0.17 0.15 0.04 0.16 0.17 0.18 0.14
MgO 1.20 0. 86 1.31 6.68 6.46 7.15 7.08 1.04 11. 60 11.13 11.74 13.40
CaO 2.01 2.27 2.25 9.98 4.98 11. 64 7.73 2.94 9.87 10. 17 10. 4 11.03
Na, O 4.98 4.61 4.79 2.83 3.74 1.96 2.56 5.68 1.91 2.14 2.08 2.08
K,O 3.50 3.49 3.60 1.27 3.23 0.98 1.54 3.16 0.90 1.05 1.03 1.05
P,04 0.06 0.08 0.07 0.36 0.30 0.299 0.35 0.07 0.03 0.06 0. 06 0.02
LOI 0.71 0.74 0.79 2.16 5.86 2.88 2.95 1.43 1. 46 1.35 1.42 3.63
o 2.74 2.42 2.89 7.61 7.84 1.87 3.54
A/NK 1.29 1.37 1.39 2.86 1.65 4.19 2.44 1.43 3.11 2.79 3.03 2.77
A/CNK 0.99 1. 00 1.03 0.71 0.85 0.70 0.72 1.00 0.58 0.56 0.59 0.51
Rb 128.00  118.00  149.00 32.40 155.00 19. 60 45.10 87.90 14.70 16. 50 16. 00 8.63
Ba 650.00  634.00  902.00 346.00 629.00 305.00 800.00 902.00 253.00 273.00 315.00 345.00
Th 3.92 10. 40 5.26 0.96 6.33 0.84 9.56 4.76 0.50 1.24 0.77 0.92
) 3.23 4.77 2.77 0.322 1.86 0.304 1.393 2.48 0.214 0.673 0. 368 0.358
Nb 3.78 5.34 4.37 2.05 7.31 3.19 10. 89 2.80 0.88 0.43 0.71 4.78
Ta 0.29 0. 46 0.29 0.11 0.53 0.20 1.23 0.23 0.07 0.03 0.09 0. 64
Pb 39.10 41.80 38.80 7.83 36. 50 7. 66 16. 46 34.50 3.75 5.09 4.32 3.89
Sr 577.00 525.00 629.00 916.00 440.00 849.00 747.00 709.00 590.00  366.00 37.00 489. 00
Zr 90. 40 102.00  108.00 19.70 76. 40 36. 50 207. 00 73.10 44.30 49. 60 48.90 68.70
Hf 2.74 3.56 3.36 0.91 2.44 1.54 7.35 2.13 1.99 2.19 2.04 2.73
La 12.20 26. 30 13.00 15. 80 23.90 13.70 29.10 12. 60 7.36 10. 60 9.81 7.55
Ce 21.10 45.20 22.50 32.70 48. 60 33.00 65.25 20.90 22.60 28.90 27.50 23. 64
Pr 2.22 4.717 2.37 4.37 6.24 4.86 8.70 2.27 3.89 4.68 4.63 4.45
Nd 8.27 17.70 8.63 21.40 26. 80 24. 60 36.90 8.53 21.50 24.80 24.80 23.33
Sm 1.33 2.76 1.42 4.68 5.08 5.88 7.89 1.42 6.22 6.34 6.63 6.69
Eu 0.31 0.68 0.45 1.75 1.20 1.82 2.20 0.63 1.89 1.79 2.07 1.96
Gd 1.02 2.09 1.12 3.80 4.15 4.89 6.41 1.06 5.29 5.18 5.44 4.72
Th 0.13 0.28 0.14 0. 66 0.71 0.87 1.14 0.14 1.06 0.97 1.01 1.00
Dy 0.51 1.14 0.58 3.45 3.57 4.71 6.54 0.63 5.64 5.29 5.67 5.82
Ho 0.09 0.20 0.10 0.67 0. 64 0.89 1.30 0.11 1.05 0.96 1.06 1.12
Er 0.29 0.59 0.33 1.91 1.88 2.58 3.29 0.32 2.94 2.59 2.92 2.67
Tm 0.04 0.08 0. 05 0.27 0.30 0.37 0.56 0. 05 0.425 0.39 0.41 0.46
Yb 0.26 0.53 0.31 1.60 1.79 2.05 3.16 0.27 2.31 2.16 2.38 2.47
Lu 0.04 0.07 0.05 0.23 0.25 0.28 0.51 0.04 0.30 0.30 0.31 0.39
Y 2.61 5.90 3.33 18.00 19. 10 22.60 33.40 3.29 25.90 26. 50 27.70 27.38
SREE 47.80 102. 40 51.05 93.29 125.10  100.50  173.10  48.96 82.46 94.92 94.63 86. 29
LREE 45.43 97.41 48.37 80.70 111. 80 83.86 150.20  46.35 63.46 77.11 75.44 67. 64
HREE 2.37 4.97 2.68 12.59 13.29 16. 64 22.92 2.612 19 17. 81 19.19 18. 66
L/H 19.16 19. 59 18.07 6.41 8.42 5.04 6.55 17.75 3.34 4.33 3.93 3.63
(La’Yb) y 33.40 35.53 29.98 7.08 9.58 4.79 6.61 33.23 2.29 3.52 2.96 2.19
S8Eu 0.78 0.83 1.06 1.23 0.77 1.00 0.92 1.51 0.98 0.93 1.02 1.01
8Ce 0.92 0.92 0.92 0.95 0.95 0.99 0.99 0.89 1.03 1.00 0.99 0.98
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PIBEARAE 541 7510 Si0, &5 &K 67. 38% ~70. 16% ,K,0
HEN 3.49% ~ 3. 60%, Na,0 & & 4 4. 61% ~
4.98% ,FERERIE (B 6) 75 A3 KA FIHE K 7=
FI38 FLAL, ALO, &R 15. 51% ~ 16. 34%,K,0/
Na,0 9 0.70~0.76,A/CNK {4 0.99~1.03,A/NK
B4 1.29~1.38, AP 24540 o 7 2.42~2.89, /R
FEEHENE s 7E A/NK — A/CNK & iR ([ 7a) b V% 1EHE
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Fig. 6 (Na,0+K,0)—Si0, diagram of intrusive rocks from

the Tugurige gold deposit (after Middlemost, 1994)
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TR A AL 7E K, 0 — Si0, Bl (& 7b) 5 A
PRESIRIE XS, N A A 1Y Si0, 7 5N 38. 06% ~
42.48% ,K,0 &4 0.90% ~ 1.05% ,Na,0 &N
1.91% ~ 2. 14% , A1,O, &8N 12. 63% ~ 13. 74%,
K,0/Na,0 4 0.47~0.51, MAENKAHTFEDT
SEFLR AR, TR S AR R,
RIBEIR AL K 45 B REE S 47. 80x 107 ~
102.40% 10°°, LREE/HREE = 18. 07 ~ 19. 59, ( La/
Yb)=29.98~35.53,8Eu=0. 78~ 1. 06,8Ce =0. 92,
Eu 8- % ,Ce 85T HF% LK A1 REE S
7 48.96x10°° LREE/HREE A 17.75,(La/Yb) y M
33.23,8Eu 7 1.51,8Ce 4 0. 89,Eu IE57 %, Ce 55—
CSEH . AIINAD AR REE BB h 82, 46x 10°° ~
94.92x10° ,LREE/HREE=3.34~4.33, (La/Yh) y =
2.19~3.52,8Eu=0.93~1.02,8Ce=0.98~1. 03, Eu
§5-TCRH ,Ce 39 T0RF . MARNKA R REE B
$193.29%10°° ~173. 1x10°°, LREE/HREE = 5. 04 ~
8.42,(La/Yb)=4.79~9.58 8Eu=0.92~1.23,8Ce
=0.95~0.99,Eu - TC 57, Ce 55 TLHH .
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diagrams for the intrusive rocks from the Tugurige gold deposit
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Fig. 8 Chondrite-normalized rare earth element patterns (a, normalized values after Pearce et al. , 1984) and primitive

mantle-normalized trace element spider diagram (b, normalized values after Sun and McDonough, 1989) of the intrusive

rocks from the Tugurige gold deposit
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5.1 BAEHAAHIE

TG14-38 IBER AL (< 25 A 5 B 85 A U-Pb 4FAR
R AR A S AR 264.5£1.4 Ma, 85 A
MIEAS B & 6 B i F B R AT 5 4 R % Th/U
{EH(3>0.3) %S0 Th U & Z M HA 1 R4
IEHERR (R D), RPENE AR,
PIHZE AR AR T A IR R AL AE Y ( U 5,
2019; Fk#E%, 2019; FE RS, 2020) , [FH, £
SN A A Rk AR R A B A 485 AR ISt T LA

RECANTH AT/, BT LLE T H AR 48 R P B
BEARAE B0 A O BUCA AR 264. 5+1. 4 Ma, 485 7 1)
WCAAEIRS R 278, 7+1. 0 Ma, £ N A7 2 B LA AR 16 N
280.6+1. 3 Ma, 178 [N A 1 B 4R I O 288. 0+
2.6 Ma, ¥ T &4, ASCHAFHABEIRAE 54
AIAFE IS 51T A RIS A 4E % (275. 8+ 1.5 Ma, Ding et
al. , 2016a; T ik, 2016) A —E M ER, W HES
AN ABEARAE 5 5 135 Sl s ) B4 33 B 2 011 3)
AYARF A

WFIE R A IR 4G i B P B 4 45 TR 5 R
FIIFHE, A5 R A N AR Si0, & REAR, ALLTi Fl
K,0+Na,0 B & 81 ( E#E4E, 2016) , 3 76



552

THGRAF . NS R H AR 20K B L RA G AT U-Pb 4RI 5 MR AL 27 FFAIE 249

JE71°8 5%10° Pa B, BH A BARHE A AN AR
gE S IIIKE F1 A 3x10° Pa, MK LT BE 1 (>4. 5
x10° Pa) B, 1IN A 8 S L5645 AT (Eggleler et
al. , 1972) , T H A HLIX 0 TN A7 5 — A 2 4
(7= R A AR I 5 T A DA 2 Rl AR TR K 25 1Y)
T AT 3 AR, P I Tt T R AR e R b
HEAL IR AR I A AT (A, HoA R A RRE (2
2. E8), AINAETHMANAETEMNA, A
NAHSIO, A, AL Ti Fil K,0+Na,O & 55K
m(EHESE, 2016)  FE R IS IR E S R T,
AR HT AN BB S SRR, B H A% &7 IR Y #A TN
A1 RS TN R B T K SR A I B ) (T
420165 Ding et al. , 2016a) , I H A% X 1)
FAINA A T RE R R AR N K A 25 M B, T
LAY (B AT R IR A3 (A S5 9K ) TGk 45k (3
AR E B K R 450 ) AR 18 & N D 25 T
KT MNARMMERERTIE R S5 a, ks
FMBLBEAR AL 5 5 BT BUAF 3 AH I, A 5 5 60 TRUEE
ARAE 13 19 32035 FTERS , O HL & B AR # AR 3
WIOLE SR ITE AR LU R AR (K 8) , HAA
FRFE , AR A2 AR AE B B B 1 , 25 14048 iy
A B 5 M, L3 A7 B0 R BT i, Sk s i P b
A1 AT RE R R 2 AW AL B =4
IBEIR 7L B 45 AL I 7 1) Si0, % 520 65. 10%
~70.20% , JE TR A hAS N AR & 52 1 ikt
Ap HJRAE U T Re e A R AR N
A BHE A D 1 B SBR[ AR SC e
AT, AR DA AR DA AR & 7K v o R
FRIE LAY, Bir LA B A& 407 IR R A1 Si0, &%
R AN TELSLE A7 B S B T I, 4 A S
FERE P A 170, A Sy 03 7E 25 (8] B B AR A 4
FREFRFAE 2 W0 T8 AR AR T, 480 AR XU 4R
ANAHA, BT B B X Ah, S s =X
KA EUR A TE A 25 38 Al s i Tz,
WA VG FR VAR | Hp MR PG R0 AR 8 R A 5 A L X (1Y)
RATFEA (290 ~270 Ma) K 1Lt BA7 A0 U RR 1R
(LG H 5, 20065 X AR R AE, 2017; 5 R A,
2020) , VYRR LXK H PRI R 2 s
MRS A TN K AR <) A 4, R i
UG A A RRAE (5K R AR, 2018) , WUIER
T H N A R A P 7 i B e o b 5[] s
RAET AR T b R PRGOS IR
BEL P b T 2 R AT Y B (XB AR A, 2007,

2015; #RASE, 2014; HRVR & 5F, 20145 Xu et al.
2015) , PIrLAXSGERE Lak P sl 4= A e, Ul B
B TR A T 5

5.2 MESHTEHRNEA

Bl H S 407 IR I A 4R 08 38 AR AE R 1 4
W AT ARG H B2 Re-0s [RI A7 RAEME N 268 +
15 Ma ( Ding et al. , 2016a) , 28 7= £} Ar-Ar 480
258.9 + 1.6 Ma( T W, 2016) , #4HH" Re-Os 4Fi%
5 305. 6+4. 5 Ma(iKEESE, 2016) , A SCIRASF A LBE
AL HYAFE RS (264. 5+ 1. 4 Ma) 5 FTARAS B4
#%(275. 8+ 1. 5 Ma, Ding et al. , 2016a; J W i,
2016) LLEAHIT, AT REFE /8 ABEARTE 5 25 1435 3l B[]
4 275.8~264.5 Ma, B TEH HIE S0 IRH 14
R R = L BERAE A, IR A T B
AR AS BT A B B AE 08 B R AR R 2 KT
276 Ma, T LITT RIS I REEHE Re-0s 4F#3 (305. 6+
4.5 Ma) W] BE/NAE FRACER BT B A% £ 07 IR 1w~
B, T #ERET Re-0s FIZE = BF Ar-Ar [RI FAFRE Y
FIETREE By, PR AR SO R HAR &0 PR ) A
4 268 ~259 Ma,

AR PG LN T 2SR
RIS IR, X S R A 407 IR & B 15 2451 114
Ty AR T AT R T — A H L & S
(Berger et al. , 1994 ; Goldfarb et al. , 2001; Yakub-
chuk et al., 2002; Mao et al., 2004; Abzalov,
2007) , SR T RAF PR TS, [F] R i
FEZSLES MY S, T AR R, h il
W ER RS IR, R AL E AR XA
7E I B2 5% (Kempe er al. , 2001; WEE4E, 2012;
Ding et al. , 2016b) ,{H 34 51 P4 i 1 46 <) 4 2K 1Y 2
NI Bl DA B A Bl 7 FA 9T 20 A7 7 I S 1 g TR BB R
(ZRHESE, 20105 & EBISE, 2012; Wang et al.
2014) , B 7= FUURUE i, g e & A A E
B3 3 9 77 9 ( Morelli et al., 2007; Abzalov,
2007) .

Bl H A% S0 R R 7= 1 A7 5 5 RUBRER AL B
FAEEYINZS MICR B M AEAUBER AL 5 5
SRR (] 2) o AMBEARAE I A LA AR 3% (276 ~ 265
Ma) 547 IR B LA™ 4F % (268 ~ 259 Ma) MM &, I
Gh, TR R A GREE R B B B A S0 R A )
Pb fI S TGE FEZR AT XN —BLRA S (T
K, 2016) . VARGLERAF R EE R EM %0 K
VIR 3D, o (HH~108. 8%0~~87. 4%0,8"0,, , 1A
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ok E 540 4

1. 1%0~6. 9%o , 4 7 H A WA 32 20 5 K (T A
K, 2016) . Pk, Bl HAS &0 1A 50 XY
RIBER AL B A BAA RN 2 C R, R B2
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Fig. 9 Discrimination diagrams showing the intrusive source and tectonic setting for granites (a, after Pearce et al. , 1984; Forster
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e P4 A 2 A 3 PR TR AN B 125 A0 1Y o 3K
PRIX (RS, 2015) , RV HA A9 00 w0 FH ki 7
FRAE BIUEIX, (P8 DA TR oty 1) b 3k A 2 e
fiE A B Y5 X TRl R J A e BRI v & AR A0 J il
T et A7 I oty M sk A 2 R IE IR A . A
WF5EW s, A = PR AL B A £ ZEAN i BR R AT
PIE R, B 3 0 il 43 2R 58 P i) AR 3% 38 ( Roberts
and Clemens, 1993; Liegeois et al. , 1998; Barbarin,
1999) , ifif HLy= Hh TRl 5 1 8 P18 v iy 2 Ja A it
A DA A RGN ety PR A A0 ) i T 3R sk A 2
FHAE ( Liegeois et al. , 1998; Coulon et al., 2002;
Avanzinelli et al. , 2008 ; El-Bialy, 2010)

1R B LA R AE AT LA e HL 7= S ) ) s 2R
B, WG R A H AL A TR s I R A 1t 75 5t 2 82
A4S R i 245 | O Ty D R DX Rl 9 IS i R B 0
(Hochateedter et al. , 1990; F 4455, 2000; X% 4
450 2007) . Y HAS X B9 1R A S T8 T g R
A, TR SCEA I oty (2 A B sk A R 1E BT
DI A5 v] R hilf e ) R A, 5 A bk Ak
SRR W, B H AR AR R TR AR R T B
S R 5 (B 7h) 1 HAE Na,0 — K,0 i (&
10a) & A T ABUAE A 19 X8R, 76 46 5 A A
R, — R, ¥REE 5 f (I 10b) V& A RS Ll i 4 X
I T RS X Y B R R N A R &2 B
JEAETE s 0 VRS — S S JE 0 A B K, 3k e R 4 7R 1A
i H AL IX — & 28R A A BT R BT v 68 i 1L e
(L3S0
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