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The origin and geological significance of the Dewulu pluton in West
Qinling: Evidence from petrogeochemistry

FENG Xiao-ming, LI Zhu-cang and QI Jian-hong
(The Third Institute of Geology and Minerals Exploration, Gansu Provincial Bureau of Geology and Mineral Exploration and

Development, Lanzhou 730000, China)

Abstract: The Dewulu pluton is located between Xiahe-Hezuo fault and Lishishan-Weidangshan fault. The hose
rock is predominantly composed of granodiorite with subordinate quartz diorite and quartz monzodiorite, and con-
tains a large number of microgranular mafic enclaves (MMEs). Some Cu-Au deposits occur within the pluton and
have been studied by many researchers; nevertheless, there are few researches on the pluton. LA-ICP-MS zircon
U-Pb dating on the granodiorite of the Dewulu pluton yielded an age of 225.9+1.3 Ma, suggesting that the pluton
was formed in the early period of late Triassic, and might have been related to the continental collision between the
Yangtze and North China plates. Petrogeochemical studies show that host rocks are characterized by high K,0 and
low Y and MgO, while the MMEs by low K,O and high Y and MgO. Both host rocks and MMEs have similar fea-
tures in trace element spider diagram and REE distribution pattern and obvious linear relationship on Al,0,/MgO —

Si0,/MgO diagram. These phenomena indicate that material exchange took place in these rocks, and quartz diorite,
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quartz monzodiorite and granodiorite were generated by the mixing of mafic and felsic magmas resulting from the

strong crust-mantle interaction occurring in the extensional environment after the collision of the Yangtze and North

China plates. MMEs may be the remnant of the parental mafic magma, and their geochemical characteristics show

that they might have been derived from the mantle which was enriched in Au, Cu and other ore-forming elements.

The Cu and Au enriched fluid was produced during the evolution of the mixed magma, and precipitated in the Dew-

ulu pluton to form the hydrothermal Cu-Au deposits.
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Fig. 1

Regional tectonic map (a) and geological map (b) of the Hezuo-Xiahe area in West Qinling (after Li Kangning, 2017)
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1—CQuaternary; 2—Neogene ; 3—Cretaceous; 4—Triassic; 5S—Upper Triassic Huari Formation; 6—Permian; 7—granite; 8—West Qinling;

9—fracture; 10—name and age of rock body
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Fig. 2 Geological map of the Dewulu pluton
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1—Neogene Gansu Group; 2—Upper Triassic Huari Formation; 3—

Lower Triassic Maomao Formation ; 4—granodiorite ; 5—quartz diorite ;

6—quartz monzodiorite; 7—intrusive boundary; 8—unconformable

boundary; 9—pulsating intrusion boundary; 10—fault; 11-——large-

sized Cu-Au deposit; 12—medium-sized Au deposit/Au ore spot;

13—Cu ore spot; 14—isotope age and test method; 15——sampling site
and its serial number
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Fig. 5 Diagrams of LA-ICP-MS zircon U-Pb concordia age (a) and weighted average age (b) for the Dewulu pluton
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MMEs i Y &840, A 17.07x107° ~26. 20x10°°
MZITTR Cr Ni =, aF 5 a0 Cr Ni &
2418, 20107 ~129. 28x107° 5. 10x107° ~
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R2 EREEFTETE(vy/ %) METEMHELTE(w,/10°) SITER

Table 2 Analytical results of major elements (w,/ %) , trace elements and REE (w,/107°) for the Dewulu pluton

HAGIR AP AFZRKINKS BRI LHREREIREN
s QWX-2 QWX-3 QWX-4 QWX-5 QWX-6 QWX-7 QWX-1 QWX-8 QWX-9
Si0, 63.16 64. 60 65. 15 65.96 65.31 65. 68 58. 60 56.28 58.18
TiO, 0.61 0.57 0.52 0. 50 0.62 0.56 0.74 0.59 0.73
Al, 04 14. 48 14.72 14.23 14.51 16.76 16. 48 14. 86 15. 64 17.13
Fe, 0, 0.55 0.56 0.63 0.59 0.07 0.16 0.44 4.92 4.32
FeO 4.55 4.39 3.89 3.87 3.18 2.98 6.29 2.06 2.26
MnO 0.08 0.08 0.08 0.07 0.05 0.05 0.11 0.15 0.10
MgO 3.81 3.54 3.30 3.24 1.75 1.68 5.31 6.61 4.94
Ca0 4.32 4.25 3.96 3.99 4.01 3.59 5.94 6.76 3.67
Na,0 2.84 3.24 2.88 3.25 2.84 2.93 1.80 6.78 2.90
K,0 3.86 2.69 3.86 2.78 3.73 3.65 2.98 1.69 1. 65
P,0; 0.14 0.12 0.12 0.10 0.14 0.13 0.15 0.12 0.18
H,0" 0.54 0. 46 0.32 0.12 0.96 1. 04 1.20 0.22 0.34
H,0~ 0.43 0.24 0.31 0.27 0.14 0.12 0.62 0.30 0.53
Total 99.37 99. 47 99.24 99.25 99. 56 99. 05 99. 04 102,12 96.93
FeO" 5.04 4.89 4.46 4.40 3.24 3.12 6. 69 6.49 6.15
A/NKC 0.91 1.02 0.92 1.02 1.10 1.12 0.98 0.74 1.48
o 2.23 1.63 2.05 1.58 1.93 1.91 1.46 5.40 1.36
Ba 493 474 437 454 608 608 326 143 350
Rb 126. 40 136. 70 141. 00 141.00 157.00 171.00 73.50 127.00 63.70
Sr 300 291 269 262 477 466 325 342 395
Y 15.89 16. 68 16. 84 15. 86 8.30 7. 40 17.07 26.20 19.01
Nb 10.25 10. 46 9.94 9.95 9. 40 9.50 9.35 7.80 8.38
Th 15. 84 16. 57 19.77 18. 68 18.90 15.70 9.89 6.77 9.30
Ni 37.37 35.47 32.06 31.39 5.10 5.80 49.82 69. 10 76.30
Cr 129.28 123. 42 105. 21 108. 54 18.20 22.82 198. 20 378.02 170. 01
Hf 6.10 6. 50 6.00 6. 00 7.30 6.70 5.10 3.85 5.38
Ta 1.20 1.10 1.40 1.10 1.20 1.10 0.70 0.77 0. 68
Co 15.31 14. 68 13.39 12. 81 11.81 10.6.03 22.63 25.02 17.01
Zr 161. 69 167.78 163. 69 158. 86 189. 01 159. 02 170.25 133.01 197.03
Cs 12.01 13.19 13.51 15.56 13.51 15.12 11. 64 17.82 10. 01
La 32.32 33.33 37.89 33.28 35.10 28.20 29.25 25.41 27.61
Ce 62.71 64.90 72.15 63.93 75.50 50. 50 57.55 59.72 54.63
Pr 7.52 7.86 8.43 7.52 7.43 5.77 7.08 7.53 6.27
Nd 27.38 28.57 30. 07 26.93 28. 60 20. 50 26.98 29.90 25.20
Sm 5.10 5.41 5.50 4.96 5.04 3.82 5.22 5.81 4.87
Eu 0. 89 0.88 0.88 0.84 1.30 1.15 1. 04 0. 85 1.17
Gd 4.28 4.28 4.58 4.12 4.02 3.17 4.30 5.16 4.22
Th 0.62 0. 68 0. 66 0. 60 0.45 0.38 0. 65 0.81 0. 60
Dy 3.20 3.34 3.31 3.15 1.82 1.68 3.49 4.67 3.31
Ho 0.59 0.61 0.62 0.59 0.33 0.26 0. 64 0.90 0. 64
Er 1.71 1.75 1.73 1.65 0.84 0.72 1.78 2.57 1.90
Tm 0.26 0.27 0.27 0.26 0.11 0.10 0.27 0.37 0.26
Yb 1.57 1.71 1.68 1. 66 0.77 0.59 1.70 2.65 1.79
Lu 0.24 0.26 0.26 0.25 0.11 0.08 0.27 0.37 0.26
LREE 135.92 140. 95 154.92 137. 46 152.97 109. 94 127. 12 129. 19 119.71
HREE 28.36 29.58 29.95 28. 14 16.75 14.38 30. 17 17.50 12.98
SREE 164.28 170. 53 184. 87 165. 60 169. 72 124.32 157.29 146. 69 132. 69
LREE/HREE 4.79 4.77 5.17 4.88 9.13 7.65 4.21 7.38 9.22
3Eu 0.57 0. 54 0.52 0.55 0.86 0.98 0.65 0.47 0.77
(La/Yb) 13.88 13. 14 15.21 13.52 30.73 32.22 11. 60 6.46 10. 40
(La/Sm) 3.99 3.88 4.33 4.22 4.38 4. 64 3.52 2.75 3.56
Nb/Ta 8. 54 9.5l 7.10 9.05 7.83 8. 64 13.36 10.13 12.32
Zr/Nb 15.77 16.04 16.47 15.97 20. 11 16.74 18.21 17.05 23.51
Ti0,/Al,0, 0. 04 0.04 0. 04 0.03 0. 04 0.03 0.05 0.04 0.04

Zv/Hf 26.51 25.81 27.28 26. 48 25.89 23.73 33.38 34.55 36. 62
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Fig. 7 The REE distribution patterns (a) and trace elements spider diagram (b) for the Dewulu pluton (primitive mantle
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37.37 x107°; MMEs 19 Cr A1 Ni & &/4354 170. 01x
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A6 Rb Th U Ml 1702, 5 Ba K Nb_ Sr,
P ALY, CBHE Zr Hf 58 A Se.Y MRS,
4.4 Sr-Nd EfUZEDER

R N TIPSR N I = i VAR T
0.709 008, ' Nd/'"*Nd = 0. 512 037; £ i N &K
AYSr/*Sr=0. 711 758,'"*Nd/"*Nd = 0. 511 932 (£

R3 ELEABRNE

3), BEATHYS/*Sr>0. 708, " Nd/*Nd <0. 512 6,
IR R X AT RE AT #h 7 h E  (H A s 4 B A
A0 N S TG B IN KA 1S eNd () {8 73 51 8
—-11.71 -12.57,¥/NT 0, &S (¢) {H 53 5 5 63.99 |
103. 02, B KT 0, W/ Hopl P 5 6 B0 & a5 B Hh
FEHYER I RAT OC (BT TSR, 2013)

25 Sr-Nd FEfIEA M

Table 3 Sr-Nd isotopic compositions of the granitoids in the Dewulu pluton

S Rb St 8TR}/86s, 87, /86, 20 (Yst/%sr); esr(1)

Sm  Nd "¥7gm/'Nd SNd/“Nd

20 ("BNd/MNd); eNd(1)  typy/Ga

TW-1 120.40 309.00 1.145 0.709 008 0.000 013 1.1450  63.99 5.40 26.38 0.107  0.512037 0.000 007 0.512036 -11.71  1.59
TW-2 142.30 279.00 1.184 0.711758 0.000 009 1.1840  103.02 5.60 32.07 0.122  0.511932 0.000007 0.511992 -12.57 1.92
T BRORIBUA Y —E (CHUR) fEATYRb/%0Sr = 0.084 7,%Sr/%Sr = 0.704 5;'Sm/'**Nd = 0. 196 7,'Nd/"™Nd = 0.512 63854, =1.42x10"""a™" ( Steiger

and Jaer, 1977) ; Ag, = 6.54x10™"'a™(Lugmair and Marti, 1978) . Is,.("*Nd/"™Nd) ; il eNd (1) 7E 1=132 Ma FHH; FHEARCAERS (1) TRH B Bt 4E

1 (topy) THA AR Jahn 55(1999) .
5 e

5.1 EEREEEKE

SR & A KER MMEs, 3@ #1500,
FE L MMEs B ] G Bl R AT < BB o SR AR 25 i
OB B [ I A A s A6 P e A b T A rp ety
AR A2 7 45 T N BIE B  A r A BE Ak T
& ( Lowell and Young, 1999), 7 & & 254K v i1y
MMEs Flay 3270 S AR R oo R B M 1T
REMEITCR I B, R IX L MMEs A J2 o i
Wy ) 5 ) s [T S 9 Y) FI 235

PTG E AR Y MMEs £18 UL A TR R 5]
T AR MG R AN BRIk 55, A 18 B2 R
U T BREE AR AR X — =5 55 A - Ul B fe ) 1 i
SR B BE VA 2K T A 30 A e R PR AE B 2
FHRIER, HILER , MMEs J&H TR S RIEAR
P IR Z n wdiy oz & AR o3 2408 ey, JCan i
Tk IR BiR 5 7E — B i B &2 — A OB S
FRIEICS T MMEs #3382 ” i i 4y SRR A (B3 £ ik
4% 2019)

MMEs HH S RHC AT A S A 2D Tl A iy
SERRE L I s AREE R W S A TR S5 I €6 8™ )
Lo LB A 25 Y IR BRI AG 1 , BHE A R AR
HABMAN A KM 1E , MMEs H Al WA B AR
BERAT ABRTEHARY W) 2 6], B 588 . TEA A b
FEH, BT WL B A IR B A A B S AR IR
43 DX 52 W WAL T ) AR A, 5 5 R R AN P 1l

MIZEFUESE , OF H R WS IRTE sk A Rt B v R 2R
Il B AR A TR AT T R R A KR A A5 R
( Baxter and Feely, 2002; Grogan and Reavy, 2002)
1E MMEs HA £IR B85 K A (B e BP 45 2013) , 3%
I HDRAE R RS N 45 B B, BERATE B MMEs
B 2 5 2 PR A B R WL 22, 45
T AR R PR Y B 4, 3 A — N IR B T
LEARAERKIBREGEN ., SRk, MMEs 37 &
FAHA B Si0, i (56. 28% ~58. 60%) , {0
HE 44 (6. 15% ~ 6. 69% ) Fl MgO (4. 94% ~
6.61%) i, R, MMEs 7] B&J& AL i IN KA 1 3Pk

MMEs F1%F 3 %5 41 #Y Nb/Ta {553 %] 4 10. 13 ~
13.36.7.10~9. 51 ,MMEs [ Nb/Ta {H L% £ % A1 1)
Nb/Ta fH &, 7F 55 A 30 F o2 (i (73 8. 3,
Rudnick and Gao, 2003) , XFEM A E A5 A KRBT T
5T, M MMEs K U8 T o, b ok, X 2625 41 /Y
Ti,0/A1,0, Fl Zr/Nb {EAH{, Si0,/MgO 5 Al,0,/
MgO Z [A] S BT i i Ze M OC R (1&] 8) , R WX S
AZI KA T WY ) 5 2g 4, Uk ] MMEs FJ GE /&
BERBUE KRR, AN A AR RKINEK
FRAE RN A AL S5 R %Y,

7E FeO" —MgO EHh (1 9) ,MMEs A1 9N A
AT AN A DL AR 5 TN A AR B AL 3 1 1
& b R T A0 (RN ) S5 Ty
A B TR & A Tt B2, X S8 T RTTE Ay
N, B AE S N K A A N KA, AR
R A R R T A B i R TR &,
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Fig. 9 Plot of FeO" versus MgO for the granodiorites, quartz
diorite, quartz monzodiorite and their enclosed magmatic mafic
enclaves (MMEs)

I — (R AR S T — S Bk BT MR B 2 o v
fkHa$(Zorpi et al. , 1989)

I —hybridization trend of the enclaves; I —tholeiitic evolutionary
trend of the more mafic (less hybridized) enclaves( after Zorpi et al. ,

1989)
MMEs {0 TEER A . I, BN ALK N
AR MMEs S22 TR A 1E R B0 i A R 4l o v
AKTE A 8=

VE Ry i B e v 2 0 2F 550, A 2 (R
HA R SR Y PIRHIE, H Se A1 Y B9 23510 466
x107°~477x10°° F1 7. 40x10°~8.30x10°°, L5 %
i 5E A B REAE (B 10), R B X SR P
Uiy 51 ) A LR AT RESR A IR YR HiAE | X 5 T

map after Defant and Drummond, 1990)

UL R DX [ 30 5 A 32 20 T H e 47 il = 4
FH—B(FR2e AT 2012)

KT MMEs #935 IX, |/ & 38 K, B2k A JE 1% i
vt P SREm A ARG, RERAARmE, N
MMEs [ e £ (i B nl LIA 3, H Nb/Ta {68
10. 13~13. 36 fIX T Hu i 1 Nb/Ta {H 17. 5+2. 0( Sun
1989) , (H &4 T F M52 (8. 5,
Rudnick and Gao, 2003) 5 Huls {2 ] . 1 & HH LA
Uity b3 A AT REK I HbE 08 R S R A KRR BN
Ho5E, BEREA N Hb7E A Al P L 2 6% 1 B | (]
TR RAL S N HSEE Al R R A K kA TR G
YEM .
5.2 ZHEREHSSERTIERXR

PAEZ TR ATV RS B oS N BT T
R 55K E S R R B, ™ AR s ot &
BORIE T BN SR S 3 (X AT, 20155 R
JFEi, 2016; BIE &, 2016; LM, 2017), i/
ZRUB B G A E A 5 0 S N L VE SR R
VOIS T i B 1L A AR IS 2345 Ma(Li et al.
2013) , BAEARH KILEAERS Sl 226£1. 1 Ma( ZFFEAE
85, 2019)  H KA AEE S 236+1. 2 Ma( XA SE
5, 2018) s RHF &0 X AL 5 N AR 228+2. 4
Ma(BE5E 5, 2016) , P4 TR 46 i< N A AR 18 R
227.2 £ 7.3 Ma(#7i# 3055, 2018) VL HUAIE K AL X
FAEIS R 21454 Ma(MiBE, 2014) , Baligi1l) B8 5 Bk 4E
B N AR ISl 238 +4 Ma (& 480245, 2005) , XU
RN A AR 24245 Ma(TRIE%E, 2014) , £
FRIARRS R 237+3. 3 Ma(falfESESE, 2020) , #fE

and McDonough,
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AR, AU AER N 225.941.3 Ma, X5
E%WPE& M5 PR 9 32 300 1 B4R (242 ~ 200 Ma)
— 30, By JE S R T (R A
2016) . PHZEIE I 114 Y S A AR A IAROE LT
Je Tl 5 e JR IR B (5K ST EF, 2008) , R S
(2014 ) X} PG ZeUi 2% AL 5 it 73 2K AV H Kb i Ak iy
WFFEINA , Hbes 36 Sl R 1 ™, b s s A ]+
AT IR, BRICAE(2012) X =&l —
B0 I R TR R 1L s R IR

PRIITHESE (2016 ) X0 7 0 5 1A Ja] FRL A LA 40
PRIEAT T B IR R AF 5, LA M R 4 4 0 Bk ™ 1)
%S =2. 2%0 ~ 4. %o, & G HH B 1Y 'S
=5.9%0~ 2. 9%o, 4 % AWK B AR 1Y 7S fﬁjj
0. 6%0~ 1. 3%o , 3 L7 [7] 457 Z B 5 B3 Ay 5k 00 s 02
(0~3%0) AEH 13T, YLWIX 3 0 PR AS 7 [F]— 44
W S MR, AR R R A AT e, 4 A
Sk 4 WA R ) I Ok BT ER S A R B
B PR IR AT BEK F IR A TRIEAT (M2 U567 /Y TR & i
U, R P 32 BRI TR S RN S B

fErh =&t 3 AR A AR B AR 1] 0 5
L (BRATSE, 2004; HOB4F, 20045 FRiiT s, 2010),
PUZRIS T RRAR HTVE 22 P K A8 0% i X 4 T iR
o Me =Bt LU VR B0 E LA Y B R 41
MR HLRF i 22 A Jb i e T (345 iy 77 39 RS | s B 38 34
m(EERSE, 2012) , Mbse B th FIRE TS, K4
TR AT Rl T B R A 2R HR s Y i b e R O 4
it 50 km (5K RS A, 2008; 24k 4 2013) . HiIR
MMEs FAIFGEHE 7~ T A i U5 S A, I Db ig:
HAE T Ca B Au 50 G (K IESE, 2009; £
BAEESE, 2019)  7EAIK B AL B IR B E % Cu
FAu Y H K . TEARBRATEI, &0 ORI 1S

R R R R 1 2B R 3, TR L M e R 4
bT\%Jrﬁ%ibrffiﬁﬁéﬁ@ﬁ%ﬁ@ﬁ@{wﬂm%ﬁﬂf o

25 LTk BTSSR . MMEs J A AREAR
SERF T AUA A L ER L 2R BRI 5T, R W) 5 2R T
Bl SR M 7S B HE ml R A G, HLAT Huis ) o 1)
25 1 Cu Au S IC R 0T BER VR T Hug

(1) fEEEA RN INK A A LA-ICP-MS &
ARSI HAZ ARl 225.9 +1.3 Ma, BT
BN o 1, Jm T 7 2 e e = S A i - A G B

¥ & 5 40
a7/

(2) PELE AP T Fe a3 5 0 I T
RAVEM, b a9y 38 A5 RE BT IR/ T Hise

R AL T MMEs S 2% WP BT 52 A B A of £
B Ao P B e A ] R R D e i, O 1 B
A JE BRSO ) o 5, 5 8 T AR RI ARG AR B
Vit ol 458 /5 e 8 BRI 2K A ) i 2 5C — AR EL A
K,

(3) fE=F4, T 5 R AU AR RS 3 1 R
fE LAY, 58 JRE B R, S IR S B M e Ak T
JETH SIPAR S, M 5% S M) s, T e i R U
IRIR SE TG I M R AR BOR A (Y Cu, Au 25
S ICER TP AU 5 4 S AT R e AR e
LG A I R G 26 Jm 0 A, X —IARX E
TG PR B A TAF B S A48 R L
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