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Fig. 1 Geotectonic location map(a) ( modified after Zhao Xinfu et al. ,2010) and simplified geological map(b) of

Dongchuan area of Yunnan Province®
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Fig. 2 Field and microscopic characteristics of the Xiaoyixi diabase in Dongchuan area of Yunnan Province
(a) BPHMRFIE; (b) MEEEA TR (o) MESCEEE FRHMIE (BAROL) 5 (d) MERE BT T RE (E3SIROG)

(a) Field characteristics; (b) diabase outcrop; (¢) microscopic characteristics of diabase (=) ; (d) microscopic characteristics of gabbro ( +)
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Table 1 Whole-rock major( %) and trace( x10°) element analyses of rhyolitic tuff from the Xiaoyixi basic intrusives

in Dongchuan area of Yunnan Province

D2110 | D2110 | D2110 | D2110 | D2110 | D2110 || . D2110 | D2110 | D2110 | D2110 | D2110 | D2110
Fe i S -3-1 -3-2 -3-3 -3-4 -3-5 -3-6 HasS -3-1 -3-2 -3-3 -3-4 -3-5 -3-6
A | HBRE | FRE | IR | IR | R | ESE || AT | R | BRE | RS | BRE | R | e
Si0, 49.47 | 49.23 | 47.49 | 48.63 | 49.48 | 49.30 Hf 13.7 13.3 12.6 13.2 15.3 15.5
TiO, 2.68 2.75 2.04 2.32 2.95 2.95 Ta 2.74 2.81 2.75 2.81 2.12 2.11
Al, 04 19.49 | 18.79 | 19.01 | 19.25 | 19.70 | 20.17 Pb 5.64 4.97 5.87 5.76 6.62 5.28
Fe, 05 2.64 2.88 2. 66 2.77 2.45 2.26 La 52.8 45.0 49.7 41.0 48.1 45.3
FeO 13.04 | 13.83 | 14.42 | 13.55 | 13.29 | 13.20 Ce 115.0 96.0 93.1 100.6 | 102.6 | 110.5
MnO 1.07 1.08 1.10 1.12 1.06 1.03 Pr 15.3 12.6 13.3 13.5 14.6 16.6
MgO 6.08 5.98 7.77 7. 44 5.33 5.11 Nd 71.2 57.5 67.5 68.3 69.1 66. 6
Ca0 2.16 2.19 2.26 2.28 2.28 2.25 Sm 16. 4 13.2 15.6 16. 4 14. 4 15.9
Na, O 0.13 0.15 0.09 0.26 0.13 0.11 Eu 3.74 3.06 3.96 3.03 3.03 3.28
K,0 2.95 2.83 2.92 2.10 3.04 3.28 Gd 13.8 12.1 11.77 12. 4 12.6 13.1
P,04 0.29 0.28 0.25 0.30 0.29 0.33 Th 2.44 2.30 2.45 2.31 1.86 2.07
ek 1.09 1.62 1.03 1.65 0.97 1.02 Dy 13.7 13.9 12.3 13.6 13.5 12.9
B 101.0 | 101.1 100.9 99.5 98.9 100.9 Ho 2.44 2.50 2.48 2.36 2.09 2.40
Na, 0+K,0| 3.08 2.97 3.01 2.30 3.11 3.39 Er 6.52 6.95 6. 04 5.97 6.36 6.30
Mg" 46 44 49 50 42 41 Tm 0.87 0.93 0.79 0.63 0.67 0.71
Zr 463 442 406 411 498 401 Yb 4.85 5.07 5.08 4.82 4.24 4.03
Th 3.11 3.87 3.13 3.98 3.49 3.89 Lu 0. 66 0.72 0.52 0.63 0.58 0.71
Sc 45.9 48.2 41.6 43.0 39.2 42.7 Y 44.9 44.4 37.2 40.2 45.2 42.6
Sr 312 279 309 312 329.3 | 333.8 SREE 364.3 | 316.3 | 321.9 | 325.7 | 338.9 | 342.8
Rb 23.0 24.2 25.9 26.0 30.6 22.3 3Ce 274.1 | 227.4 | 243.2 | 242.9 | 251.8 | 258.1
Nb 57.3 59.0 59.9 58.7 52.6 52.5 SCe/3Y 3.04 2.56 3.09 2.93 2.89 3.05
Cr 179 180 190 178 188 197 La/Sm 3.22 3.42 3.18 2.50 3.33 2.86
Ba 219 231 236 258 237 218
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Fig. 3 Nb/Yb Th/Yb diagram (a) (after Middlemost et al. , 1994) , TAS classification diagram (b) (after Rickwood, 1989) ,

rare earth distribution curve pattern diagram (c), and trace element ratio spider web diagram (d) of the Xiaoyixi basic rock mass

in Dongchuan area of Yunnan Province (c, d after Sun and McDonough, 1989)
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Table 3 REE and Trace element analysis values of zircons from diabase of Xiaoyixi rock mass in Dongchuan area of Yunnan Province
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3.5.7.20 5 W 252" Ph/2Ph AF % 4300 R 1162
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i —3J1 2548, T B 0 R 2 A N A AR LA o
SRR A, HiAy 20 FUEE A AR IR B R S o 4R
(& de) B A H Th/U HEEK(0.4~1.2) (E
Sa) , HAT RN AR AT S B A SR A
A F on BB BA BRERC S E (] 5b) B, 20
AN A5 2 Ph/ 2 U . 793 ~ 803 Ma M4 A1 #is + G
BB I Ry A, R A T R R
i%j’j‘ R, EA MR Ce IESH% ,Eu T % i

SRR, H 20 AN AL Y N S e s
EyulﬁlW(Nbs&xlo ) (3 3), HAT MRS IR g,
AT 4 TE 43455 2 RF A (Hoskin and Schaltegger,
2003) , 20 ISR T 88— B Ph/ U 45

WA IECFE-41E Fy 800. 4+7. 0 Ma( MSWD = 0. 0085, n
=20) , VLIRS ST BT A8 T dr A o AR
T T/NUTERE AR AR,

4 NEEATCPH/* P AR A (1162Ma, 1433Ma
2309Ma 2358 Ma) FT7EES A dh K% I ¥k 37 P05 45
FRTE , R, B B A% —h a5, B S B
K T4 25 AR 800. 4 Ma, 1R85 A4 1 Hs T T &
BRAL B ARERC 4 T (F Sb) 5 H A WS
B 2251, Ce 1E 5% AN B B, R B 4 4R 85 A 1k
Uk AL ATRHIE
4.2 Lu—Hf E{&E4HE

AU FEEENER AEREE /N DL VG S A v 2
A (D2110-3-5) #E47 Lu—Hf [R5 ZWF5E, E 485 A
U-Pb I 4F () B ik B, 6E AR & 384T T 85 A R A
Lu—Hf [F 25007, ARILSE K 10 A1) Lu—
Hf [5)47 Z M (32 4) , MK FE S 19 n (7°Yb)/
n("HE) 5 Bl 0.025405 ~ 0.081169, - 4 K
0. 0492658 ;n (" Lu)/ n(""HF) JLHE N 0. 000687 ~
0.002141,F % %3 0.0012819, n (" Hf) /n( " HF)
T 0.282103 ~ 0. 282378, -3 K7 0. 2822564 ,
FEih &y, () (EIEE -4, 92~2.92(7 D ri i 3 4
WIE YA N -1.24) (K 6) ,—Br Bt HE (A i
Tom M 1253~1605 Ma, FHI{EN 1414 Ma, BEH /)
DAVS AR B IE T ool A 3 5 P g, 5 10
AIREA DA TR A, SR 545 TR HPE e 2%
~0. 8Ga MR A H VIR X B —Z ( Amelin et al. |
1999; FEFIFRSE 2006 ; AR I ,2007)
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Fig. 4 CL diagram (a) and zircon U-Pb age concordia diagram (b, c¢) of diabase from Xiaoyixi basic intrusives

in Dongchuan area of Yunnan Province
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Fig. 5 Diagrams of U—Th (a) and chondrite normalized rare earth element patterns for the zircons (b) (chondrite

data from Sun and McDonough,1989) of diabase from Xiaoyixi intrusives
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Fig. 6 Hf isotope :(Ma) and &,,(t) diagram of diabase from

Xiaoyixi intrusives in Dongchuan area of Yunnan Province

HoBERfb 2238 —2 (Li ZhengXiang and Zhong Shijie,
2009; TKHH A, 2009 ; XIRFSCAE, 2009 ; FRAEZEAE,
2014 ; X EHE5F,2015) , 7F Ti—Zr Kl (&l 7a) , FE
b AT TE AN L R X, 7E Cr—Y EIf# (B 7b)
FESRER 375 AN X i X, Y98 7R /N DA P 5 A
T 1T A Je A4 38 5 5%, 7E Th/Hf—Ta/Hf &l fif h
(Bl 7e) Al KA i ATE B —i 1L XA,
I TE A B N R M X R A S X, 7E TFeO/
MgO—TiO, Fffr (& 7d)  FES T8 ARTER 2R
X AT RE A HE S S Al ) A8 R
HA K,

1E Nb/Yb—Th/Yb Elfifr (Kl 7e) Bl B4
R Z U HME [ 50 73 A T B (OIB) Ji il , /b it 34
G il RS AL 2R T 10 B AR TR R R T e
e R Ze A HE JTER, HhoT IR 3L S 580 Zr A1 HE
TCER N, (AR Ze A1 HE TR L B
SR (B 3d) AR & A8 R 7S IR I TR e
FERAR, e ML s BR R (AR o R R A
H H T ER R A AT R A SR 1Y AL UE (9K
FHEEEE 2000 ; XIBH SC45 2009 ; A %5, 2023) , 7E ML
R X H H ] La/Sm FEAT Th/Yb HE R %8 514 #8 F
AAEAE  7E(La/Sm) «—(Th/Yb) &I (18 76) i
IR A RESR IO T 95 AT Hube £ 48 T B A X
(>80 km) , K5 /R T /NDAVE 75 1R E 2RI T T Hus £y
BT MO 5 19 38 4 0 i, 5 R B 1 SREE
(316.25~342. 84 pg/g) Bh—3, A A Bl R R AR

AR, S Y s R g BEL L TR0 TR A Jmy R A R
TN e DI, 40 M R R B AR, DT 3L
Sy B SREE M B, /NDATE SR i T A
BRE Zr 275 (401X 107° ~ 498 x107°) (bR ifE(H .
220x107°) (BRIRELEE 2009, TE4H,2023) , 48/ T <
5% W I B RL T 5 454 Lu—Hf [ & Nb/Yb—
Th/Yb Vi S 320 Ta T 58 G AR/ INDA G 44
P8 DOk A ool A B s 4 B A O A <
5% HARRRBEFR oI5 i, J5 309 T BEAT /D e YR A B TR
Ao EH I B r bl R 58 DY 1 e 2 () A pg A2t &
AT B NSRRI RTE IR R AR Z R
ESAIUEN QRS X S al e PN TR B = NGV
() M B 5 13, T B T /N DA A R AR e ) S
RAERRE T mR L e (K 08) .
5.2 5 Rodinia BHRAFEREXR

Y FRERPEN S 5 T 2Bk Rodinia #8 KR4
T AR Il 2 L A R o (2R AR 4F 2001,
2008 ; A4 4, 2004 5 B4 XU 45, 2006 ; W 152 45,
2009 ;3 JEiA % 2009; F A B 2012; B AT 4,
2016; K8 2F 1A, 2017 5 X ZEF-45 2020a ; 4% B W45
2022; EFFHEAE,2023) , Fioc i (U E—A G 3h
X} Rodinia K Fifi i Pk &2 o &2 X 2L, 1 4% 7 bk
PP A g s B E PRI R AE AN &,
SR A AR DR |, FR RN TE 2 e T P b X R
PR WL, R X BT oo T AR AR A R E A

H T4 TR P54 5 Rodinia # K il 8 1L AH 52
(ARG 1 — 25 2505 Bhid s £ 2 . X 45K %5 (2019) 7F
T VLIS BE ICE T J2 3RS 815 Ma 5/ U-Pb 4F
W4 s B A5 (2013, 2015) 76 8 VT AL 2 5 A Al
IRIEL K L T RS 725 ~810 Ma 4547 U-Ph 4E#4,
N —ERER K LA BT KRG, 5
Rodinia #8 K fili 8 Ak A ¢ 5 X 45745 (2020a) 7 = R
BT ML X A PR ILAE (<A AR AR 4T 839 ~616 Ma 41 U-
Pb 4E#% , IA & Rodinia # K 78 1% 1 Rl He 76 2T
GRS 5 e A BRI R Z R AR T I A BUR
B K ALK 53715 769 Ma #5417 U-Pb 4E#% A WIE
BCFHR P R B (R AR 45, 2014) s = R 22 )11 )
IKAE K B A 3145 761. 9 Ma 4547 U-Pb 4E#% A Jy
543K Rodinia 8 A Fli 24 i B B8 B A A6 B 64T 1
WA — 2 (BPFF-45, 2002 ) 5 TEIE VLA (2011)
7)1 PG g g 1 B AR BRI A BUAE 5 5 4R 15 826 Ma 45
11 U-Pb 4E4% , A F 42 Rodinia 48 K il 241 149 724 5
PRI AH 45 (2021) 7€ 2 Fg i 1L Al 3 B A 5 TN
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Table 4 Lu—HTf isotope analysis value of diabase from Xiaoyixi rock mass in Dongchuan area of Yunnan Province

. n( O Hf) n("Lu) n( YD) 176
. AR T 2(THE) 2(THE) o1 [ﬂ( ]77Hf.) Tomi | Towa F
=2 (Ma) n(""HE) 1, | (Ma) | (Ma)
A lo WA lo ke lo
2 800.4 | 0.282145 | 0.000023 | 0.000771 | 0.000006 | 0.030469 | 0.000251 | —4.92 0.2821 1550 | 2001 | -0.98
4 800.4 | 0.282290 | 0.000024 | 0.001698 | 0.000015 | 0.065863 | 0. 000656 | —0.29 0.2823 1384 | 1712 | -0.95
6 800.4 | 0.282378 | 0.000020 | 0.001579 | 0.000030 | 0.065045 | 0.000925 | 2.92 0.2824 1253 | 1511 | -0.95
8 800.4 | 0.282345 | 0.000027 | 0.001427 | 0.000046 | 0.053008 | 0.001617 | 1.83 0.2823 1295 | 1580 | -0.96
10 800.4 | 0.282103 | 0.000021 | 0.000687 | 0.000003 | 0.025405 | 0.000144 | -6.35 0.2821 1605 | 2090 | -0.98
11 800.4 | 0.282263 | 0.000022 | 0.001095 | 0.000017 | 0.040050 | 0.000577 | —=0.92 0.2822 1399 | 1752 | -0.97
12 800.4 | 0.282178 | 0.000019 | 0.001161 | 0.000023 | 0.045174 | 0.000981 | -3.95 0.2822 1520 | 1941 | -0.97
13 800.4 | 0.282342 | 0.000020 | 0.001244 | 0.000043 | 0.047516 | 0.001660 | 1.81 0.2823 1293 | 1581 | -0.96
14 800.4 | 0.282220 | 0.000021 | 0.001016 | 0.000059 | 0.038959 | 0.002385 | —2.38 0.2822 1455 | 1843 | -0.97
15 800.4 | 0.282300 | 0.000021 | 0.002141 | 0.000044 | 0.081169 | 0.001846 | -0. 16 0.2823 1385 | 1704 | -0.94
B AT,
[n(nst)] B [,1(17"Lu) M- 1) [n(”"Hf)] _[n(l76Hf)]
n('THE) ] n('THE | € NEET Y T
() = 10000 - Les Tpp=—-Inql +
[n(ml-lf) _[n(”éLu) Mo 1) [n(mLu)] _[n(176Lu)
n(""THE) civr,0 Lo TH) CHUR n(""THE) s Ln( TH) DM
[n( 61 4)
o, n(7HI) |
Toyace = Tom= (Tpw— 1) + f]icc_ ffb 5 frwne= 176 -1
cc™ Jom n("Lu)
[n( "THE) |
n( " Lu) n( HF) (" Tu)

Hr A (" Lu)= 1.865%107"'/ a (Schere et al. , 2001); [

n( O Hr) ) n (L)
[ 77 = 0.282772( Blichert-Toft et al. , 1997) ; [ 7
n(THO 1 ghorso n(""Hf)
[n( 76 u) ]
n( 7 Lu) n("THO 1 g ‘
177 = 0.015; fee = = 15 fs= frwmes fou =
n(THE) J g [n(m’Lu)
n("HI) CHUR

Rk S 818.3+28. 0 Ma %5 f1 U-Pb 4Fi%; 2= [H
(2020) 7E4% T Mo B P 1k Ji 11 3k 780 5 30 A TR IR 75
818+30 Ma #il 817+34 Ma f47 U-Pb 4F% , IA R &8
JUATL Rodinia #8 KBl 09 2466 1) 7= 90 5 = B Bili K b
X il BLZH BE K A 3545 81949 Ma 4547 U-Pb 4E#% 1A
R R AE A 4G B 8] ( Zhuo Jiewen et al. |
2013) . DI LAF IR Y948 75 5 Rodinia 8 KBl 24
il f

ARUAE /N VAP PR A R 3R 4E 800.4£7.0 Ma
B A LA-ICP-MS U-Pb 4F i, Hi3Kk {2 /R B W T
iR I 5, R S A A G R R e A
wra e RCEHAd sk, R R 42 3K P Rodinia 8 4%¢
DR Feli 2R fife A il 7, 2355 P 42 R T VLA (JIE S AE ~ 820

Ma) f1 9Bk A RSB R THooh Rz B Rz

n( THE) .

ml

] = 0.0384, [
DM

[n( 176Lu)
n( 177Hf)
n("Lu)

n('TH)

| temmn; |

S

] = 0. 0332,
CHUR

n( "HE) n("HE)

n(OHf)
n('TH)

] DM

= 1 ¢ IESO SRR,
[ ] CHUR

“WEITas 87 (ZEHR4E 4, 2008 ; Li Zhengxiang and
Zhong Shijie, 2009; Zhuo Jiewen et al. , 2013; Liu
Junping et al. , 2024) ,2£# %I M Rodinia 82 K[
TEZ) 820 Ma JFUGHI bA 2L A , T v L XY ¥ VT4
INDL PG BEVE A AR 4 SR ) U A 14 7 ) B 2 T R
BHMIT I, #E— LU E P RS 5T
Rodinia # 2% K 241 72 | RHEBEHNT ., 25
BRTATORE, A g Rl R A e 8 5 9 5 2 i
JE SR R I 2R R 2R fie o R AT DG ) b BT 5%, 7T &
HHAYIAH 1000 ~ 850 Ma J2 i Pl 14 5% A I 1] ; 7
820~616 Ma it K fili (1 24k R [F]
5.3 5XMME.HSKHTEERNXE

TP R R DR R R AR X, BT A BORER
B Ak TR 0 5t e A IO 10 5 R

] = 0. 28325 ( Griffin et al. , 2000) ;
DM
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Fig. 7 Geochemistry diagram of the Xiaoyixi intrusives in Dongchuan area of Yunnan Province: (a) Zr—Ti; (b) Y—Cr;
(¢) Ta/Hf—Th/Hf; (d) TiO,—TFeO/MgO ; (e) Nb/Yb—Th/Yb; (f) (La/Sm)—(Th/Yb)
(a) (b) (¢) i Pearce et al. , 1982;(d) (e) #i& Sun and McDonough, 1989; (f) ¥ Pearce et al. , 1973
(a) (b) (c) after Pearce et al. , 1982; (d) (e) after Sun and McDonough, 1989; (f) after Pearce et al. , 1973

AR, FHCERTE 1.7~ 1.8 Ga( RMEF5,2011;
Zhao Xinfu et al. , 2010; Lu Guimei et al. , 2019; Liu

Junping et al. , 2021,2022,2023,2024) , 3 A4 HAth
IHARCAE AR IE 2 A A7 A 2 I UCE U R % AN



1154 oo R

2025 4E

~800 Ma

TE

Pl 8 71l B P2k ~ 800 Ma HLER B J) 27 (LA P] (i 2k 445, 2008 2240
Fig. 8 Geodynamic evolution model of the western margin of the Yangtze block at 800 Ma
(modified from Li Xianhua et al. , 2008&)
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Determination of Neoproterozoic basic magmatic events in Dongchuan area,
western margin of the Yangtze block and its indication to the disintegration
of Rodinia supercontinent

WANG Tianyuan" , YAN Na” , LI Min* |, MA Chenglong”* , LU Boye" , LIU Junping ***
1) Sirategic Research Center of Oil and Gas Resources, Minisiry of Natural Resources, Beijing, 100860 ;
2) Liaohe Oilfield Company, Panjin, Liaoning, 124010,

3) School of Earth Science and Resources, China University of Geosciences, Beijing, 100083
4) Yunnan Planning and Design Institute of Land Resourees, Kunming, 650216;

5) Yunnan Institute of Geological Survey, Kunming, 650015

Objectives: There is a widespread exposure of diabase—gabbro basic intrusive rock groups in the peripheral
area of the Dongchuan copper deposit on thewestern margin of the Yangtze block. However, there is no unified
understanding of their genesis, age, and ore bearing potential.

Results: This article presents a study on the petrology, petrogeochemistry, and isotopes of diabase—gabbro
rocks in the peripheral area of the Dongchuan Copper Mine. The results obtained a zircon LA-ICP-MS U-Pb age of
800.4+7.0 Ma (MSWD=0.0085, n=20), indicating that the widely exposed basic intrusive rock group around
the Dongchuan Copper Mine was emplaced in the middle Neoproterozoic period, indicating the existence of
magmatic events in the middle Neoproterozoic period in the Dongchuan Copper Mine area. The basic intrusive rock
eroup exhibits high MgO (5. 11% ~7.77% , average 6.23% ) , high TiO,(2.04% ~2.95% , average 2. 60% ) , and
rich alkali (2.30% ~3.39%, average 2.97% ) geochemical characteristics, exhibiting slightly alkaline potassium
rich titanium basalt. The basic intrusive rock group is enriched with large ion radius elements such as K, Rb, and
Ba, while high field strength elements such as Ta, Nb, Zr, and Hf are not significantly depleted. The distribution
patterns of trace and rare earth elements are consistent with typical oceanic island basalt (OIB) and formed in an
extensional tectonic background. Zircon Lu—HTf isotopes and (La/Sm) (— (Th/Yb) | studies indicate that the
Xiaoyixi basic rock mass is a product of low degree partial melting of <5% lower mantle garnet peridotite in the
Middle Mesoproterozoic era, and there may be a small amount of crustal material mixed in later stages.

Conclusions: The formation of the Xiaoyixi basic rock mass may be related to the mantle plume activity that
caused the rupture of the Rodinia supercontinent in the middle Neoproterozoic, and is an important petrological and
magmatic record of the Nanhua rift.

Keywords: Dongchuan area; middle Neoproterozoic; zircon U-Pb age; geochemistry; Rodinia supercontinent
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