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Abstract: The Shuikoujing alkaline complex, the largest basic-ultrabasic complex exposed in the
southern Panxi Rift. Previous studies suggest that the complex is closely related to the Late
Permian Emeishan Large Igneous Province (ELIP) magmatic activity, but precise
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geochronological constraints have been lacking, which has hindered the understanding of the
genesis, evolution, and tectono-dynamic background of the alkaline complex in the southern
Panxi rift. In this study, based on detailed petrographic and geochemical investigations, using LA-
(MC)-ICP-MS analytical techniques to conduct U-Pb dating, trace element composition, and Sr
isotopic analysis on apatite from various lithologies. These analyses aim to explore the genesis,
evolution, and the associated tectono-dynamic background of the complex. The results show that
the U-Pb ages of apatite from the gabbro and pyroxene diorite are 263+11 Ma and 262.8+6.4 Ma,
The in situ Sr isotope composition of apatite is uniform (0.7041~0.7045) and exhibits typical
mantle-derived characteristics. Suggesting that the formation of the primary magma is closely
related to the activity of the ELIP, originating from low-degree partial melting of the lithospheric
mantle in an intraplate extensional setting, and subsequently underwent rapid magmatic
differentiation and evolution. Additionally, these alkaline complexes in the southern Panxi Rift are
inferred to be products of the initial magmatic evolution of the ELIP.
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Fig. 1 Simplified geological map of the Panxi rift and Emeishan flood basalts
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Fig. 2 Simplified geological map of the Shuikoujing complex
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Fig. 3 Photographs of hand specimen and field of pyroxenite (a), gabbro (b), ijolite (c),

diorite (d), and nepheline syenite veins (e) from the Shuikoujing complex
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Fig. 5 Cathodoluminescence images of apatite from the Shuikoujing gabbro (a) and diorite(b).
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diorite (b), within the Shuikoujing complex.
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Fig. 7 Chondrite-normalized rare earth element (REE) distribution patterns of apatite from

gabbro (a), apatite from pyroxene diorite (b).
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Fig . 8 Geochemical classification diagram of the Panxi rift
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Fig . 9 Harker diagrams of Shuikoujing alkaline rocks

KHEEFHIX A A CaO. TFerO3 Ml MgO E 757108 18.34%. 11.26%. 15.93%; #EK
# CaO. TFeyO3 fl MgO F &3 HIN 12.48%. 12.35%. 7.06%; thEkEE#E % CaO. TFe 05 All
MgO F & HIN 16.04% 17.22% 9.72%; 5afZ4ii5 % CaO. TFe,03 fl MgO & 737N
7.36%- 8.02%- 2.28%; FEA11EK % CaO. TFerO3 fl MgO &N 2.81%. 2.22%- 0.65%:;
INKH CaO. TFe03 Al MgO & & 43 AN 4.08%- 3.40%. 0.68%. Mifiz. KA. eheke
WS SRS . A IE KA MINKE I MK IRCh 73.7. 53.2. 52.8. 36.0, 32.5. 27.1,
T RS B rh 5 3G T ARG RS K I R, 456 Si0-NaO &A% w4,
B A IR AT, K O 5 5 2R e 2 T 2 U R PR R, Histbid R 4 i
o3 A 325 (B 8b).

FEMETTRAN b, A BKE. REEMES . REWES . Ba EKEMNKS



] ZREE 4374 33.3x10°6, 56.5%10%. 46.9x10°, 89.5x10°. 40.9x10°, 73.1x10°. LREE/HREE
FLAE 4> AN 3.44. 3.1, 3.92. 4.97. 559, 6.12. HHILAT W, XNKEAF LS EHAH,
X E R TR B B EAAEARREER M, HhfEa EKENNKE 5 IR
i, TEERRIBA RS LRC U b, XA A 1 BB U R & £ I 4 UL
SRR (B 9a), HARMMIE Eu J%, SEu 0%y 1.29. 1.15. 1.26. 1.22. 1.38. 1.21,
RIPEAREKA ML R 25 (Yangetal., 2022) .

FERCE TO R SR AR IS bR e AR 1], RT3 AR M ) rh s A AR T, K
THAICHE (Rb. K. Ba Ml S BHZHF &S, ®imimnsE (Nby Tay Zr F1HD B
SRAEXN 740, (RS B BE A SR AW T . T P A Ti o &R WAEAR R A 4 =
BONWR, Ti JCHEAHN S TEEMEREAE . KA MERERES T, AR IEL, 78
SRS S TN R E A IEK AT, Ti S =W P G RARN &£ T
K& BREREES KR REE T, EEAEKAETEERIL, Bk LRE, FAERMES
WL, P OGRS EIRHIFE. HEW Ti A P oo R S =R RS A A K E ek
W BRERA R A 1) 43 B 45 ah A %

Mk ERE, KOEEAEAAS Ca. Na. Al Fe. Mg, 7% K. Mn. P. Ti MI4F1E,
[F) I I R B Se fEME A A IR R AR AT S ERS, BT Ca FERAF AT,
it CaO 5 Sc uHmKE, KI CaO 5 Se S EAFIRIFMIEMKKR (B 8c), £ Sc £
SR T AT, XS HT ARS8 AH AT (Zhou et al., 2022; Zhao et al., 2023).
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Fig. 10 Chondrite-normalized rare earth element distribution pattern diagram (a) and the

primitive mantle-normalized trace element spider diagram (b) of the Shuikoujing complex
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4.1 KOFREHE A

AT NI 0 2 TG R N S L iU . R R R N A R - R RN
SRR RREARON “ =hr 1k (BEFAE, 20065 BAIESE, 2012) . fldn, #EAE. A%, K
AL 2R B RV SRR AR N BT AR 260 Ma 247, S8 1L % s



R TEFEA—3 (P EF%, 2006; Zhou et al., 2005; Zhong et al., 2011; Shellnutt, 2014; Tang
et al., 2021) . ASCHERENS K K S MO TS TR & 45 5 B A T U-Pb T4,
HUERT T 5UJE LR s BRI ECON — B ERE, 73990 26311 Ma Al 262.8+6.4 Ma,
T K BRI RN A TR A ~263 Ma, S5 & REKAT—E0 St AR RIF L — 5%
BH 7 115 DX R R B 5 5 O M PR TN K 2 (R U SR PR 40 S A ) 7 4. et
AT, BEVU AT B BRI B % AR AT SR 5 B L KK B 8 R RS S AR E R AR,
1 BRI ERNE FR ST
Table. 1 Age statistics of the complex in the Panxi Rift

W R BB TR R W77 72 Fh(Ma) BRLRIE
FER
KHEE KA WK LA-ICP-MS 263+11 PN SIS
WK WA LA-ICP-MS 262.8+6.4 R R
KA #4547 LA-ICP-MS 21043 Yang et al. (2022)
B BAHEKA #: 1 SHRIMP 261.6+4.4 PRFSE (2006)
= KA #: 47 LA-ICP-MS 258.2+2.2 Zhong et al. (2011)
A #: 47 SHRIMP 26142 Shellnutt et al. (2009)
K FH A #5H LA-ICP-MS 258.842.3 Zhong et al. (2011)
KA #: 47 SHRIMP 259+3 Shellnutt et al. (2014)
BRI RS #:47 LA-ICP-MS 255.443.1 Zhong et al. (2011)
RS #: 47 LA-ICP-MS 257.9+2.4 Zhong et al. (2011)
w8 KA #: 47 SHRIMP 26343 Zhou et al. (2005)
T #:4 SIMS 258.742 Zhong et al. (2011)
KA BH SIMS 258.942.1 Zhong et al. (2011)
LRG| BN G OAr-Ar? 193.543.3  XIZL5E%% (2004)

(CHURUEE E Yangetal., 2022; P7E52%5, 2006; Zhongetal.,2011; Shellnutt et al., 2009;
She et al., 2014; XL 9%, 2004a)

EAERERE, Yang ef al. (2022) XK OEEKEHREEATTRT U-Pb BHELRN
21043 Ma, {HAEE A2 TR A R EARFE A A ARRE, BRI A FURV S A AR RO B3
FEARKN. (ZRH) 55, 2015), WO FHBOLRVES AR A K HER. thah, BT IX AN
PEA A Rt T i — SR AR A, EREE (2004) MEEHES Ryt 9 Wiks 41 3K45 5 M3
5 R U-Pb 58 9~204 Ma, (HAE DURRE H A7 72 55 98 25 R A S A% I AR (~2000 Ma.
~680 Ma Fl1~300 Ma). F -8 e P S AN RN 2 S b ot DL &6 B B A, X S8 A AR AT BE L IR
IR VA B R S B, AN REMERAAR RGBT T A AR, XIZL 5855 (2004a) XX
AT T A Ar L R N~194 Ma, EHEBRIELIFEKHL, HRAAHENS
LR, R K-Ar R RER R 22 T 5 R E 3 sh, B bLZ R R REER R R &
TERUAR. AR TR L T 7K S B 2 o W BRI VI8 Ak g U-Pb 58 4 TAE,
FAP RS S B A IR, P 2445 R B A0 I 2 5 7R 5 k8 1L K K s B R s



BN A1 PRI R BRI T ] 52 1 AR AR AR

ARUGRAF K 35 A 5 AT i AR5 B PH 2R3 A 1) AR AR N A B A s B mlxf b Ak
(D . BEAESREATHE LK SES T OME, KREFRERHEZREKRE N
B AREE TR AE~260 Ma Zidy, oA e 5 k8 L i@ A 7E FH G 58 (Zhou er al., 2009;
Zhong et al., 2011; Shellnutt, 2014) . BABEERAEHI LI . H S KA R NS Bk
T8 HA AR BN AR N 262~258 Ma 2 [8] (Zhong et al., 2011 ; Shellnutt et al., 2009; Tang et al.,
2021), HAFEAEREWIUR A o e 2 S T AR R 8 S iR e . AL T )11 7 2 B ) 4
WEAIEKE M NS BA 5K O EF AU A A GRAE, HOE R AN 261.6+4.4 Ma,
g JE L Z A A AU IR X, #5008 L g g 2h G o6 (B R, 20060 . 4 L
BTk, IR TERR R E MRS 5 R TE T B AR B4 ~260 Ma, HIE KT 534 5k /5
L D8 AEAE FH AR DG, A 9T BTGB 1K 1135 28 AR RIS (~263 Ma) iE—3D B 7 275
P45 v BEOL R A S0 LD A TR R, AR AR RS o A B BT 0k E 1 % A I R
W, Rk, ZE7G5A RE BUR B X Seh i 2 5 AR FT B2 e AR 1L KK B A R L
(=),
4.2 AXRBENE R

A IR O T R K O e R rh % 2R A 8B Tt A R 51, B e iR 3 B
A% LREE, &, EM LAWK, SEKE T EATE IS Bu IERFRE, KPS
FIRX R TR A B4 il A2, S5 A BT HUK O F A RE T TR S %
KA BRSNS . SRS HREA EKAE A RELERE (B9 . a8 ABFFIA
W, EMB RS AL B, Mg, Co. Ni EZRZE TR A+, Ca Fl Sc 1 HAE T
AN, MgO Al CaO 5 Sc. Co. Ni LRI X 2R 8 WA S i AL FE SZ ok 4 Ak 1
(5 B4k R, IR LIRS R K FIE BRI A Sc & 8780 3 BB R A TN A 70 B 45
YER ¥ (Zhou et al., 2022; Zhao et al., 2023). 5 AH WL 7 MEA FI A TR A A7 A LB B
M 48 K DL b HEK S RO TR K o — SR AL AR B K D 4 A AR R i 7 — AN R
BL Ay Seahdh. [ S 1 R, X SERRAE 5 XS A B 2% S R (R 485 it 43 S AL R S A AR AL
(GRXIEZE, 2010) .

EAFE R A, KRS A WA A 2 o E AR IS, Rk
F U 2% 5 s AR 380 O R R DA S — N PRI 23 S AL R P, IX 5 T 2R 0 K
A—H) St AL RA A G (R 3) . KOEEKEAREA NK A PR ASAE Sr
A LREE LA R A5 R # - e o A 2URRAE , 5 S AR BB PE A4 R Pl 2 il 7 3R L AR AE AR A
(Hu et al., 2019; Lu et al., 2021) . WHEKE BIMEANKE, BEEBRKA St S ERFEIIK, A
(La/Sm)n B4 0T (Sm/Yb)n FEAR A EE (B 11a-b), RN B RREK A 48t fE v, w
JRATKE LREE HI St %6 H BRI MAEARX MO oA N K s, A A RIS 4
Or B A5 FEUA R M-HREE 43 Be iE N 21 7 N AR A, S5O0 B A 445 o R B 2R
(La/Sm)n FIFFREFI(Sm/Yb)n HIFRAE (RIS, 2024) . #H KL, BEKAT Sr &&= N
R SREKA B RERAR, PEBKAT SUY 5 Bu SHAAE— &2 U
(B 110, JUHRMEA N PR A TR Sr &5, BEHIES K it #Ed Sr
TR A2 RHC A 2 S 1. A, AR 2 SR s S A TR L 2 A 1 AR
A, HEEBARHESHEK SRR ARA R (B 4, BEREKEIEANKE ST R
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Fig. 11 Binary diagram and Sr isotopic composition of trace elements in apatite from the

Shuikoujing gabbro and pyroxene diorite.

K T A A R AL SRR S AR X XS i A AR B A AR AL, MR A SRS . &% Rb.
Ba. Sr & KESFoRA 0 H DLW 1 B A LR, DLAARIR Sr R RAm, &
BIEATRT YR A Rl —HBYR X (REEE, 1994; HF WSS, 1995; ®IESE, 2012) . 52 A
PRI, ISR A i AT E A S A AR A G M e ) R R e (B IR 5%, 1995; X IE
&, 20105 2012) . Nb fl Ta fENZEA U RAE S K AL R @ 8 A — 80T N, A5 %
B oy BE G SRR, 7K XA TN KA B B R 8 Nb/Ta HUE (16.1~18.7) B/~ AT fE
2R FW R IR Y. #5454 Si0, 5 Nb/La fll Ce/Pb S B R Ik % (B 12a-b),
FMY 7K VB A A A SRS R T 2 B — e R ISR G E L RN 5 42 Tl
TR KM R P IE S A EAEUE (& 10b) .

I I R A 2R A AT AN R A A OB B R S R R RUE A R A T LR SE
KA T CaO. MgO ST EMT/KOEEKSE, HRb, S, REFEATRTESNT
AKX, 8 H R 2E AR XS B, BB R T DM KIS 451K LREE & &
J Si0; B R T /K L8 RS AT 44 A4k (& 8by d), I U448 vh B 24 S 1 A S AL
S AR RETE R, XA K A P AR BR PR AR A R AR R T K 1 RS
b DX R B 2 5 R S8 N AN AN S 3R, BC FARRE A 2K ) . i id CaO-Sc Elfi# ] LA
KB, BV RIS BUK 3 RIS AT 24 AR 1 Se & R 2w T bl i oAt 24 A AR (I 8,



A BEHEDN Sc Lo B A TR (L e ALV AT A LA SO A T, TR S B A SR s B
BREAEBR VR B
4.3 K OBREBTEERIER R

BEVER N R E ST R BN B B, IR E A R s R i
FErh BA TR AR, T e AT R W 545 E (AR IE PR BT ORI (] B AR
PR, 1994) . B, WS -BRIR G T BN R AT, TIEAE R R R RS L BRI
2. ORFREGA SR IR A GRIRTERIE SRR, 1994 #% IR T, 1998) .

AT FER ], BEPURAR (a G B0 5 B LK KOs 48 KR s S AR 18] = BAT R
Ak, JF P XK RIEPE RN S SR R s SRR IR A AR ] B
AR GOREE, 2004) . BB IXARE N9 TR P G I AL 7, Moe i AREE AR
211 T RIS, AT B R AT R AN 5 A BERAE . Wiiide—
RN HEME R TR B R AT T REWE AL, K 35 R 2 8 A 7E T/ B i AR RN 2% 1] 43 AT
Je MR A 2 AL 7 T 5 28 7 R A i P 0 A B LA ek 2 o A B A e BE T B AEIX
s KPS ACA AL TR VR B B, MR B, A SR L X e R R
f£ Nb-Zr-Y B, BRMEACA R VS AR A R e ool Xl X3 (P-MORB), HEHE
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Fig. 12 SiO; -Ce/Pb discrimination diagram (a). SiO»-Nb/La discrimination diagram

(b). Th/Hf - Ta/Hf discrimination diagram (c) and 2Nb-Zr/4-Y discrimination diagram (d) of
the Shuikoujing complex
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