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Zhang HH, Yuan Y S, Li Z W, Xie C F, Zhang Q D, Chen G R, Wu L, Zhu LD, PanJ T, Li S Z, Hu G Y, Zhang L Y. The
discovery of the Early Cretaceous olive basaltic porphyrite in the Wumengshan area on the western margin of the Yangtze
block and its implications for the intracontinental response to the continental margin collision orogenic event. Geological
Bulletin of China, 2025, 44(2/3): 477492

Abstract: [Objective] The absence of Yanshanian magmatic activities in the western margin of the Yangtze block has led to a lack of
precise time records of tectonic movements during this period. In this study, Early Cretaceous basic intrusive rocks were discovered for
the first time in the Wumengshan area of northeastern Yunnan. This discovery is of great significance for exploring the Yanshanian
tectonic activities in the western margin of the Yangtze block. [Methods] This paper conducts research on the newly discovered
intrusive rocks through detailed field geological observations, microscopic identification, zircon U-Pb dating, and petrogeochemical
methods, and explores their genesis and geological significance. [Results] The lithology of the Early Cretaceous basic intrusive rocks is
olivine basaltic porphyrite, which has a porphyritic texture and amygdaloidal structure. The phenocrysts are mainly plagioclase and
olivine. The U-Pb concordia age of 31 zircon measurement points is 134.0 + 0.4 Ma, indicating that the formation age is the early stage
of the Early Cretaceous. Petrogeochemical characteristics show that these rocks are rich in alkalis, high in Ti and Al, and low in SiO,.
They have a relatively high total rare earth content, depleted heavy rare earths, and obvious fractionation between light and heavy rare
earths elements. These characteristics are highly similar to those of the Permian Emeishan basalts in the study area, suggesting that they
are the same origin. They may be the metasomatized and enriched mantle at the tail of the Emeishan mantle plume formed in the
Permian. Under the long—range extrusion effect of the subduction—collision in the Bangonghu—Nujiang suture zone, partial melting of
the asthenosphere occurred. During the ascending and emplacement process, they underwent mild contamination with the crust,
forming basic—ultrabasic intrusive rocks. [Conclusions] The Early Cretaceous olivine basaltic porphyrite indicates that the
continental—margin collision orogeny between the Tethys tectonic domain and the western margin of the Yangtze Block has a
significant long—range effect. Its discovery has extended the research on Yanshanian magmatic activities in western Yunnan to the
Wumengshan area east of the Xiaojiang Fault Zone, filling the gap in the study of Yanshanian magmatic activities around the Sichuan
Basin. The formation of olivine basaltic porphyrite also indicates that the large—scale intra—continental compressional orogeny in the
western margin of the Yangtze Plate reached its peak. 134 Ma is the time record when the temperature and pressure of the
intra—continental orogeny in the western margin of the Yangtze block reached their peak.

Key words: basic intrusive rock; collision orogeny; western margin of the Yangtze; Yanshan epoch; Emeishan mantle plume
Highlights: The Yanshan-period basic intrusive rocks were discovered for the first time in the Wumeng Mountain area, and they are

derived from the Emeishan mantle plume.
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Fig. 1 Tectonic outline (a) and simplified geological map (b) of the research area

RIS, BB LUK A o N | A Sk
i, R 28T, BIFE XA T LR K a4 vy

T RO X By B Tk R RT S T
A7l T B = AR R AR E 12 A Tk
JE L B A — B WA 2 a5t L A R () vk
(E 1-b), AR L, 582 4 m, [n] |
PR TURSE 1L LR — B, M2 6 m, iz L F L
JEEMALAR, i r AR, WA 50°~65°, 1AL AR
HE B AU AR 1) B IR L, LD R Y foR 2 O AR S
g, OB shmb AN M 70k 2 i, BIOHE 2 By A o2
B T AR W b, {H ] RS2 52 3 04 TRy 2R 55 i)
HIR BB o IZ AL PE 2 70 m Abidn] WL —
JRIRZ) 69 m ., S JE L2 o [ 3 [R]85 55 AR i AR
RSB A2 2 A TR A I X oA TR D4
o RO X R B A R, IR, BE
ARGEH, A ARG 3, BRI A AL TR, BRE A R
KA, &8N 10%~15%, K/NA 1x2 mm~3x8 mm,
FL, KADIR, RS20 3%, K/ 0.5%1 mm~
1x2 mm, FER G AR K7 i, FE TR R
FTo B RS s RH A B AL el A
ATRIUREL, BT A ik AR S e A, f B A 2R
FAINE, A S LR 5%, FEJ5TH RHS AR £

WA RN, S DR ] B 254, RHCA 2 H TR AR,
AT UL R XU, B EE /N T 0.3 mm, K434 0.05
mm A7, FiE 2 20%, BN IRINAR 2R, L sE sk
P WEkn™ | BRERER S5 (7T BE R s ™ 4 S B
SRR AR =) (B 2) o A R iR A b s
5, AT AR RO X R By AR A AR LA Dk
FRELA R F . [FIRE, N T B bS5 45 5% R v %

WR, 5 HF5E XS 10 % 2 A H G Vv 5,
2m%)$5£ﬁﬁ&2% ip=l AR K E AL U
A1 BT BRRER T ST Y .

2 FEaRREE KT ik

AR TAETHM LR AP RET | A
U—Pb [FI7 2 AERE S S 11 5 A A HreEdh, B
i R AR AT REE R . KRS A

B4 U—Pb JUAERE 5L (4 43358 . HIHE . BAMR &0
(CL) HEAH KA U—Pb AFEFEL T AR SR A

RN F 58 B, 85 A1 U—Pb 58 4F-fff FH OG0 ol - L JER
BB RS L% 2 1) Resolution SE %! 193
nm FOE R P G R EESMEOE R h R 48 (Applied
Spectra, J&E) #ATMK . FiE AR H Agilent
7900 AU HLJEHE A5 45 B ARSI (Agilent, ), TF



5 44 % 55 2~3 1

TRHEST: 1 b HR 0 25 5 552 1L b DXL 1 S OS2y 1 B 481

K2 Mo 2By E A B R AE S B T

Fig. 2 Field outcrop characteristics and micrographs of the olivine basaltic porphyrite
a— M Z I A R B b— R X RIS A TIRJE 1L 2 R A — B L EYCE oM Z I FhrA R d— i X B a5
TR ARG s e 2 iy 55 IR (IEAC IR ) s 1—8E K 7 2— KA 3— X il 4— K A R 2 i kb s s— 2 i kil
s 6— RIS EN S T Z RIS 82 O—TAT AL A AL 10—RABMALE 11— Pomn—F DAL P, e — Ik JE IL X R
B K poPu—f [ BT X B Py ypBu— S LAIBENESE A ; OI—Mif1; PL—RH A

ANYEIE 500 Thompson et al.(2018), Wiy 4 %
FH 5 AN Ok v x4 A4 340 ok DR A 0 ok (0 ke
WEEZY 0.3 um), LA ZBRAE M 3R 18 AT RE TS5 9%, 73R
BEEAE 30 um ., R 5 Hz, BERE % 2 J/em?® 1)
WOCKRAME R HrRe i . Bl bR Tolite F2)7, 45
A 91500 VE MM IEARFE, GI-1 4 R Wi bRt 45

10~12 MEESLEAHT 2 4 91500 A3k R 14> GI-1 41
FE, 5 R 20 s AR AS ), 35~40 s (19455 X (8]
PEATEE AL B, 4248 450 FEEA TR E 43¢ IE. Paton
etal. (2010), LA NIST 610 fE R 4R, 91Zr 7R Wb
TR MEITE S &, ARLE SR E
91500(1061.5£3.2 Ma, 16) . GJ-1 (60446 Ma, 16) 4



482 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

WA AR AN S T Bl S HEEAE— 3 Plesovice ARFEAE
SRR FORE S AT 25 R 337.541.5 Ma(n=11, lo),
X R B AR HERF A M 337.13+0.37 Ma(16)(Slama et
al., 2008), TEAH & U Fl N SHEFEE 3. FEm Y [H]
17 2 U Mot 2 TR A ICP-MS DATACAL
PR A PRAR Y, bR S AR R U, X AR E N
T 1 Ga IR R Po/” U (H 1 1 o BOG I A AE R4 (B AN
BRZEME, KT 1 Ga R Pb/*Pb {EA 1 6 K XN
BIAE IS (IR 22, 5547 U—Pb AE I INBCERI(E R
B KA U-Pb R 922K H Tsoplotd. 15 58 Ak
(Ludwig , 2003),

L1 R A R RN A 2 4 o BT 24 e v [ 5 )
)R R G IR A PO TSt = e . oy
DRI, T SCAE MR ML PR A R R R R AR
/NT 10 mm B R, SR TG TR FELTR S A 100 H L
TrEA B, S5 RS Hri, AE
1 F IR X PO (XRF) 434, B - S fil
HICE RSB TR E S (ICP-AES) M HL R
RS B TR RIS (ICP-MS) 43 M, 20 Hr i F S H:
R L Ramsey et al. (1995),

3 ohrEER

3.1 $A U-Pb Fip

AT A G (& 3—a) AT LB Y, S A7 S
FE—K AR, AR R, R LB, # ARk
20~150 pm, P 20~70 um, KFEH 2 = 1~6 : 1, £549%%
2L, K22 T UL O A0 B A1 4R v AR IR, SR
TH T, Th/U {H¥KTF 0.3(0.30~1.50), BA A3 e
BOHFAE (JRSVHERZRE1TE, 2007),

AL T 34 M, R ILE 1, BR Rl
FE/NTF 90% 11 3 LS 40, B LA-ICP-MS
B U-Pb A Hr 45 R B oR, 31 0T s Bras 1
BA A FAER (18] 3-b, o), IEHIAERE N 134.0+
0.4 Ma, *"°Pb/>**U 4E & INACF-YEH 134.0+0.8 Ma,
J& TR, QRN X B A T AT
32 FETLEHE

L O 2 R B e AR R R A Ao, A
AR R EK, B (N 5.23%, CO, KIS iR
i, YIE N 4.68%, B C.LP.W ARifed ¥it44 ] 45 H:
TSN 7.19%~14.38%, ¥IME K 10.75%, 254k
R, RFWIRIX I S8R E A (1.32%, —
B ORI BENE LRI} A S AT X R T 11072 1% [ Y ) st

SR A S (RIS, 2022b; FIE)), P85 A AT
B LB A TERATE G R b AT REIR A T 2 i IR
o 11 FFESL R, SiO, Bl 44.12%~48.58%, ¥I{H
K 46.59%, B KT 45%, /NFHFSEIX B RIBERE SR By 2
(49.02%), HHEMEAH; K,0+Na,O F N
2.60%~3.16%, YI(E K 2.82%, /N THF5T X ()43 B
BRI (4.00%); TiO, [ R 3.63%~3.99%, ¥I{H
9 3.78%, KT 2.5%, Ti/Y {l-H 606.9~726.1, Bt K
639.6, KT 500, B§/INF B 5% X (1) R BE MG 2% 3y
(623.3), HmEk XA HKa R (Xiao et al.,
2003); ALO, R 11.81%~13.81%, FH{H
12.82%, T K, B/INTIF9E X S a0l REBEE 4 5y
7 (13.63%); #HE Z By A 1) MgO<8%, AT LA
F TAS BEIf#, % 11 SFESSEFT 8L, TAS Bl f#
(&l 4—a) IR, AR IS T Irvine 43 12 HIE
B A7 X (Irvine et al., 1971), X5 5 A2 W%
FLI 2 1 R A B it T G 3 A B ORHE A &5
fm ) AEAT, T 2R By o R B R R A

i SEARVE T M R SO S . ek
A Nb/ Y—Zr/(TiO,x 10%) #5471 51 K i (K] 4-b)
I, MO BRI A S TR AR R X, Ry
RIZ AR,
33 WHIAHETERFIE

11 ANEESS B F2 0 Tl AR 1 oC R /A4 151

T2, WNE2TLEM, HMHE TR LEK S,
H 244.6x107°~273.0x10°°, “F-¥{E Hy 255.5%10°°, S5HF
FEX B RIS By T (248.4x107°) o 7EMG 1
TCR IR AR AEAL o A B (] 5—a) |, 2 HE
i 0 L AR A — B, o R R 1 — B,
H 5058 X B 20 R B S B  A + C SR E 5
AL T A R i o3 A B 2 522 1) A B, JE 17 Eu 5
#, SEu {E°H 0.94~1.04, BI{EHN 0.99, 5 REEELEEy
R (0.96); 34 10 (LREE) & %, LREE
218.64x107°~244.82x107°, ¥J{H A 228.07x10°°, 54}
BEMELEEY 357 (221.55%10°%); T +I0% (HREE)
T, HREE 4 25.19%x10 °~28.42x10°°, ¥{li H
27.44x10°°, SRIBEMELR AR (26.84x107°); 45
T e E MY 5, LREE/HREE {55 7.91~8.71,
¥k 8.31, (La/Yb) fH N 10.80~13.05, ¥ K
11.83, HREE #iX} T LREE #JZ 5. HMEIITLER
JE 4 A v Lk 09 P (8] 5—b) T LA H, BEOHE 20t
PyrAa a4 U, HY, Zr, La, U 5 i5aoc K, il EHK



5 44 % 55 2~3 1

TRHEST: 1 b HR 0 25 5 552 1L b DXL 1 S OS2y 1 B 483

135.8+2.7 Ma 135.4+2.2 Ma
132.4+3.0 Ma

138.1+3.6 Ma

132.7£2.2 Ma

@ WD 75 & £D 85 G

134.4+1.9 Ma 134.5+2.5 Mal31.6+2.5 Ma

135.8+3.0 Ma 131.2+2.0 Ma

134.5+2 Ma

& D@ ) o= © @@

131.4+2.2 Ma

135.1£2.2 Ma  13442.1 Ma 1382424 Ma 132.1+1.8 Ma

——

132.1+2.8 Ma

134.6+2.4 Ma

@

135+2.8 Ma 133.6+3.3 Ma  134.3£2.1 Ma

D (* my OF c» ©

100 — 1375525 Ma 130.8423Ma 1343128 Ma 1332422 Ma 134742 6 M 135.1225Ma  136.52.0 Ma
141
0023 | ° c
139
1
0.022 | 37
P S 135
Z 7 2
£ 0021 ,/‘ =
131
0.020 |
e s 129
1%@_& N 1340204 Ma 200pb/B8Y AR WA DY 134.0+0.8 Ma
0ol MSWD70.53,.ETE$7'~J.O.92 n=31, MSWD0.69. B %% 0.89

0.10 0.12 0.14 0.16 0.18 0.20
207Pb/235U

K3 R 2R B A I & O6(CL) (a) Ko 47 U-Pb 4E8% (b, ¢)
Fig. 3 Zircon CL images (a) and zircon U-Pb age diagrams (b, c) of the olivine basaltic porphyrite

AIRERI TR R . KETRAILR K, St P 5
WL, K 95 I BUR F IR X 6k = 5 =B AN A
P (5 4 S R T I Xk A R A Bk A R A 5
St oA TSR UL KA TR AT S T . JCie 2
TR M LR, B AL L R s S
BRI E A HR A R AR I

4 3 i
41 FBEREWK

— BN BB S AR 5 R e R
R R I, D e SR A 5 R 2 K )
W5 73 T RER B SRR, 7R L T s A i R, IR
TR A S AR S I B B B M | A

NN T A (AT S T Wi ik =y A )17
YR AR AR RS, 2004), BTN HIZEH T /03
5 i 1 MEOAYGE 25 1 85 1) D 2B S R W bR R : Green et all,
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H2H 12%; Tatsumi et al. (1983) A J5AE A3 1Y
TFeO/MgO {E/INT 1; Frey et al. (1978) AN E A A3
H NI AR T 290%10°, Mgl 68~75 Zfa], A
YR Mgl 60~75, TEeO/MgO/N T 1, Ni 7
KT 290x10°° VE Ry o3 HEL R 5 AR A SR bR
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LRIt R Z R E LA-ICP-MS $#A U-Th-Pb S#HTER
Table1 LA-ICP-MS zircon U-Th—Pb data for the olivine basaltic porphyrite in Wumengshan area

JUE R0

Rz 3R LU Seint 22

i/ Ma

W

\

*

Pb

232Th 238U

232Th/

ZBRU

207Pb/206Pb

2O7Pb/235U 206Pb/238U

208Pb/232Th

2O7Pb/206Pb

2O7Pb/235U

206Pb/238U

ZORPb/ZSZTh

L

lo HWHE 16 WH 16 HHE

lo

A

lo

A

lo

A

lo

A

lo

il
BE%

O 0 N A N A W N =

—_
(=}

11

6.7
3.8
55
5.4
52
7.1
5.1
8.0
4.2
5.7
35
4.6
3.0
7.8
52
4.8
7.7
6.8
59
4.9
6.4
4.8
6.3
6.8
4.7
43
4.2
6.4
4.8
43
9.5
6.7
3.8
55

163.2 294.5
62.9 160.4
108.2 228.7
111.4 227.2
86.0 224.2
103.3 302.4
924 2115
151.0 329.7
77.6 191.8
383.0 254.8
58.1 151.4
82.0 189.9
39.0 129.5
147.4 331.3
95.5 215.1
68.1 217.3
135.7 322.9
120.9 297.9
89.4 243.6
72.6 206.7
94.1 277.8
67.0 201.5
129.0 275.1
106.7 271.0
69.3 191.2
78.6 191.7
60.5 188.7
104.2 269.2
69.4 203.8
60.2 181.4
208.5 375.8
115.8 292.0
123.2 204.8
853 219.1

0.55
0.39
047
0.49
0.38
0.34
0.44
0.46
0.40
1.50
0.38
0.43
0.30
0.44
0.44
0.31
0.42
041
0.37
0.35
0.34
0.33
047
0.39
0.36
0.41
032
0.39
034
0.33
0.55
0.40
0.60
0.39

0.0488
0.0505
0.0489
0.0513
0.0501
0.0489
0.0515
0.0465
0.0456
0.0514
0.0495
0.0501
0.0455
0.0506
0.0502
0.0524
0.0475
0.0451
0.0496
0.0477
0.0470
0.0461
0.0487
0.0484
0.0529
0.0482
0.0527
0.0466
0.0475
0.0470

0.0047 0.1400 0.0130 0.0208 0.0005 0.0064
0.0043 0.1510 0.0130 0.0213 0.0004 0.0070
0.0039 0.1450 0.0120 0.0212 0.0003 0.0065
0.0040 0.1440 0.0110 0.0206 0.0004 0.0062
0.0041 0.1450 0.0120 0.0212 0.0004 0.0066
0.0033 0.1423 0.0099 0.0210 0.0003 0.0070
0.0036 0.1540 0.0110 0.0217 0.0004 0.0075
0.0031 0.1339 0.0090 0.0207 0.0003 0.0063
0.0039 0.1380 0.0120 0.0217 0.0004 0.0065
0.0028 0.1506 0.0086 0.0211 0.0003 0.0036
0.0046 0.1430 0.0130 0.0211 0.0004 0.0067
0.0041 0.1430 0.0120 0.0206 0.0004 0.0066
0.0046 0.1340 0.0130 0.0213 0.0005 0.0068
0.0031 0.1455 0.0093 0.0205 0.0003 0.0064
0.0039 0.1460 0.0110 0.0211 0.0004 0.0064
0.0060 0.1490 0.0170 0.0207 0.0004 0.0073
0.0032 0.1368 0.0095 0.0209 0.0003 0.0066
0.0029 0.1304 0.0088 0.0208 0.0003 0.0065
0.0044 0.1420 0.0120 0.0212 0.0005 0.0064
0.0036 0.1351 0.0100 0.0208 0.0004 0.0063
0.0032 0.1363 0.0096 0.0211 0.0003 0.0068
0.0039 0.1340 0.0110 0.0212 0.0004 0.0071
0.0046 0.1380 0.0120 0.0209 0.0005 0.0066
0.0032 0.1420 0.0098 0.0211 0.0003 0.0067
0.0046 0.1580 0.0140 0.0216 0.0004 0.0074
0.0038 0.1370 0.0110 0.0205 0.0004 0.0064
0.0055 0.1500 0.0150 0.0211 0.0004 0.0069
0.0035 0.1344 0.0100 0.0209 0.0004 0.0065
0.0038 0.1370 0.0110 0.0211 0.0004 0.0063
0.0045 0.1360 0.0130 0.0212 0.0004 0.0064

0.0005
0.0006
0.0005
0.0004
0.0005
0.0005
0.0005
0.0004
0.0005
0.0003
0.0006
0.0005
0.0008
0.0004
0.0005
0.0009
0.0004
0.0004
0.0006
0.0005
0.0005
0.0006
0.0006
0.0004
0.0006
0.0005
0.0007
0.0005
0.0006
0.0006

0.0494 0.0026 0.1469 0.0082 0.0214 0.0003 0.0068 0.0004

0.0574

0.006 0.1680 0.0170 0.0212 0.0006 0.0212

0.0006

0.0582 0.0044 0.1650 0.0130 0.0205 0.0004 0.0205 0.0004

0.0593

0.0084 0.1720 0.0140 0.0211 0.0004 0.0078

0.0006

60.0
120.0
40.0
120.0
80.0
60.0
150.0
0.0
90.0
230.0
50.0
100.0
100.0
150.0
80.0
140.0
20.0
50.0
90.0
0.0
10.0
60.0
60.0
50.0
140.0
20.0
100.0
20.0
0.0
30.0
140.0
330.0
380.0
390.0

190.0
160.0
150.0
150.0
150.0
130.0
140.0
130.0
150.0
120.0
170.0
160.0
180.0
120.0
150.0
210.0
130.0
120.0
170.0
140.0
130.0
150.0
170.0
130.0
170.0
140.0
190.0
140.0
150.0
180.0
110.0
210.0
160.0
170.0

132.0
141.0
135.5
136.4
137.0
133.7
144.1
126.5
130.0
143.6
134.0
135.0
126.0
136.8
136.8
139.0
128.9
123.5
135.0
128.3
128.6
127.5
132.0
133.5
146.0
128.7
139.0
126.6
129.1
130.0
138.3
156.2
154.3
159.5

11.0
11.0
10.0
10.0
11.0
8.8
9.5
8.0
11.0
8.0
12.0
11.0
12.0
8.2
10.0
15.0
8.5
7.8
11.0
9.2
8.5
10.0
12.0
8.6
12.0
9.5
13.0
9.2
9.8
12.0
7.2
14.9
11.2
123

132.4
135.8
135.4
131.4
135.1
134.0
138.2
132.1
138.1
134.4
1345
131.6
1358
131.2
134.6
132.1
133.1
132.4
135.2
132.7
1345
135.0
133.6
1343
137.5
130.8
1343
133.2
1347
135.1
136.5
135.4
130.9
134.7

3.0
2.7
2.2
2.2
2.2
2.1
2.4
1.8
2.6
1.9
2.5
2.5
3.0
2.0
24
2.8
1.9
1.9
3.0
2.2
2.0
2.8
33
2.1
2.5
23
2.8
22
2.6
2.5
2.0
35
23
2.5

129.7
141.4
130.1
124.3
132.2
140.4
150.2
126.2
131.4
72.6

135.0
133.6
137.0
129.0
129.6
148.0
132.9
130.4
128.0
127.6
136.5
142.0
134.0
1343
148.0
128.9
138.0
130.5
126.0
129.0
136.7
160.2
120.9
158.3

10.0
11.0
9.3
8.5
11.0
10.0
9.4
7.5
11.0
5.8
12.0
11.0
15.0
8.9
9.3
17.0
8.4
8.8
12.0
11.0
10.0
13.0
13.0
8.4
13.0
10.0
15.0
9.7
11.0
12.0
7.7
15.3
10.2
12.1

100
96
100
96
99
100

SIS M S AR S A B D, 2 A
T E AL I PR R o U, R AR X
KEYA AR CBARRAAIK, MHR—FREA I

1 Pb™ g 4Pbs i ANEH A AR N I HIE=100*(1-abs( (**Pb/***U) age—(*"Pb/**U ) age) )/( ((**Pb/***U) age+(*"Pb/* U )age)/2) ) )

42 HgEX

L RO X R By s R TR LR
mYRICE, SR X SRS H—, B

Y5 OIB(H B Z R ) L s ER AL 22 PR i, 17w
HYRT & e DRbh e R4 Z4AES OIB YR IX
K, (AR IE HE 5 OIB 75 Zr/Nb., Ba/Th Z5 AN HIZ

JUER W B AF7E 35 28 5, MM X By A AN A AT

FEHES EM 1A OIB S inAHML(F 3), B H AT
AEETE T EM 11-OIB #U & 45 e
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Table 2 Analysis results and related parameters of major, rare earth and trace elements of samples for
the olivine basaltic porphyrite in Wumengshan area

M Si0,  ALO, CaO MgO Fe,0, FeO TiO, P,0s Na,O K,0  MnO Co, Feki  TFe,0,
P24-1QY 44.82 13.81 9.04 5.07 431 9.03 399 042 2.02 0.83 0.22 5.51 6.23 14.35
P24-5YQ 48.02 13.44 8.47 485 275 9091 384 039 1.92 1.18 0.20 4.09 4.77 13.77
P24-6YQ 47.23 13.75 9.01 491 3.08 945 3.84 044 2.03 1.13 0.20 4.24 4.70 13.60
P24-7YQ 47.87 12.65 8.31 6.16 521 8.63 3.81 0.29 1.96 0.80 0.21 3.61 3.88 14.82
P24-8YQ 48.38 13.27 7.80 590 5.14 873 3.79 029 1.81 0.81 0.20 3.13 3.66 14.86
P24-9YQ 48.58 13.02 8.76 6.19 589 785 377 029 1.81 0.93 0.21 4.25 2.51 14.63
P24-10YQ 48.13 12.52 8.89 580 4.60 854 375 0.29 1.91 0.89 0.20 4.16 432 14.11
P24-11YQ 46.50 12.41 9.34 6.09 526 8.05 3.63 0.30 1.89 0.89 0.19 4.51 5.28 14.22
P24-20YQ 44.24 12.23 8.87 551 5.88 8.89 3.70  0.27 1.43 1.37 0.09 6.23 7.34 15.78
P24-21YQ 44.60 11.81 8.70 5,66 538 937 3.63 0.26 1.32 1.51 0.09 6.03 7.59 15.81
P24-22YQ 44.12 12.10 8.95 574 5.80 9.02 3.77  0.28 1.45 1.15 0.10 5.72 7.29 15.84
Ffg'S Na,0+4K,0 Mg’ TFeO/MgO Ir  La Ce Pr Nd Sm Eu Gd Tb Dy Ho
P24-1QY 2.85 50.06 4.81 0.89 463 999 139  59.1 11.4 3.51 10.2 1.49 7.84 1.34
P24-5YQ 3.11 46.59 5.12 1.32 455 956 12.5 52.5 10.1 3.23 9.49 1.31 6.81 1.16
P24-6YQ 3.16 48.10 491 083 456 979 132 564 10.5 341 9.76 1.37 7.31 1.3
P24-7YQ 2.76 55.97 3.97 079 45 94.4 134 574 11.8 35 10.2 1.51 7.86 1.36
P24-8YQ 2.62 54.64 4.17 1.27 426 92 13 56 11.6 3.44 9.91 1.47 7.65 1.33
P24-9YQ 2.74 58.41 3.78 039 45 95.7 133 56.7 11.6 3.39 9.96 1.48 7.7 1.35
P24-10YQ 2.80 54.75 4.07 0.71 47.8 989 13.7 585 11.9 3.42 10.1 1.48 7.72 1.35
P24-11YQ 2.78 57.41 3.81 099 514 104 142 598 12 3.42 10.3 1.5 7.73 1.35
P24-20YQ 2.81 52.52 4.65 1.33 46.6 94.8 134 569 11.6 3.64 9.8 1.44 7.54 1.32
P24-21YQ 2.83 51.85 4.64 021 451 927 13.1 55.9 11.4 3.46 9.61 1.42 7.39 1.28
P24-22YQ 2.60 53.14 4.51 0.05 474 96.2 13.6 582 11.7 3.62 9.89 1.48 7.63 1.33
FEdhgiS Er Tm Yb Lu Y IREE LREE HREE LREE/HREE Sm/Nd (La/Yb)y (Tb/Yb), (La/Sm)y §Eu
P24-1QY 3.54 0.47 2.82 044 355 26225 234.11 28.14 8.32 0.19 11.78 2.35 2.62 1.00
P24-5YQ 3.16 0.43 2.5 033 31.7 244.62 21943 25.19 8.71 0.19 13.05 2.10 291 1.01
P24-6YQ 3.44 0.46 2.74 037 32.7 25376 227.01 26.75 8.49 0.19 11.94 2.49 2.80 1.03
P24-7YQ 3.67 0.48 2.92 042 369 25392 22550 28.42 7.93 0.21 11.05 2.50 2.46 0.98
P24-8YQ 3.54 0.48 2.83 041 359 24626 218.64 27.62 7.92 0.21 10.80 2.29 2.37 0.98
P24-9YQ 3.58 0.48 2.9 041 36.1 253.55 225.69 27.86 8.10 0.20 11.13 2.38 2.50 0.96
P24-10YQ 3.59 0.49 2.9 041 363 26226 23422 28.04 8.35 0.20 11.82 2.39 2.59 0.95
P24-11YQ 3.59 0.48 2.88 042 37 273.07 244.82 2825 8.67 0.20 12.80 2.35 2.77 0.94
P24-20YQ 3.52 0.47 2.84 042 36.6 25429 22694 2735 8.30 0.20 11.77 2.32 2.59 1.04
P24-21YQ 3.39 0.45 2.71 0.4 351 24831 221.66 26.65 8.32 0.20 11.94 2.27 2.55 1.01
P24-22YQ 3.56 0.48 2.83 042 37 25834 230.72 27.62 8.35 0.20 12.01 2.48 2.62 1.03
iREETR 3Ce Ni Co Cu Pb W As Se Cr v Ga In Rb Cs
P24-1QY 0.97 49.6 48.6 226 103 1.83 0.72  0.28 79.4 487 28.5 0.1 233 1.17
P24-5YQ 0.98 44.7 46.8 217 105 243 0.83 0.32 73.8 447 25.6 0.09 31.7 0.85
P24-6YQ 0.98 47.9 48.3 217  8.65 432 0.73 0.3 75.9 450 26.5 0.1 24.1 0.9
P24-7YQ 0.94 473 48.1 220 10.7 158 098  0.29 78.6 463 28.1 0.097 20.5 1.2
P24-8YQ 0.96 493 75.6 226 114 417 0.68 0.28 77.6 455 28.5 0.099 20.1 1.23
P24-9YQ 0.96 47.4 47.8 219 107 21.1 0.83 0.29 73.4 448 28.1 0.1 23.5 1.64
P24-10YQ 0.95 47.8 454 231 129 4.04 0.51 0.28 76 445 28.3 0.099 222 1.02
P24-11YQ 0.94 45.8 46.4 211 11.1  3.56 0.77  0.28 73.5 452 29 0.1 25.2 1.1
P24-20YQ 0.93 454 43.8 198 9.82  0.61 034 027 76 463 26.8 0.096 44.1 1.54
P24-21YQ 0.94 44.1 44.6 195 9.86 0.61 034  0.26 74.4 445 27.2 0.1 42.8 1.6
P24-22YQ 0.93 46.4 45.6 204 792 053 034 027 76.6 472 27.7 0.11 35.1 1.64
FE g Th Hf Zr Nb Ta U Li B St cd Ge Sn F Ba
P24-1QY 5.75 10.9 327 344 271 129 205 4.04 592 0.062 1.37 2.64 892 255
P24-5YQ 4.81 9.26 317 323 248 1.16 18 4.68 561 0.06 1.47 2.98 792 358
P24-6YQ 5.29 9.75 317 33 268 1.27 17.6 443 573 0.05 1.38 2.52 944 324
P24-7YQ 5.64 9.37 332 346 2.61 1.33 19.8 7.15 567 0.062 1.46 2.88 789 327
P24-8YQ 5.77 9.51 342 348 2.68 1.33 19.2 9.27 544 0.055 1.5 34 783 342
P24-9YQ 5.98 9.47 333 338 26 1.46 19.6 12.5 553 0.06 1.48 2.62 737 423
P24-10YQ 5.39 9.29 330 33.7 258 129 173 735 562 0.058 1.41 2.86 823 322
P24-11YQ 5.34 9.06 319 335 251 1.27 21.6  6.88 568 0.059 1.46 3.24 671 324
P24-20YQ 5.54 9 320 36 248 1.28 27.8 5.41 583 0.07 1.02 3.15 560 350
P24-21YQ 5.53 9.19 307 334 253 1.3 279 513 580 0.063 0.98 3.19 511 386
P24-22YQ 5.34 9.23 315 341 249  1.26 283 485 618 0.061 1.09 2.7 529 306

TE: Mg=(100xMg" /(Mg +Fe*); Mg>'= MgO/ 40.30; TFeO= FeO+ Fe,0,x 0.8998; TFe,0,=F¢,0,+Fe0x 1.1113; 3Ce=Cey/((Lay+Pry)/2);

SEu=Eu,/((Smy+Gdy)/2); FHICHE & AR %, WUk A o3 & i ihi 107



486 Moy 18 4R GEOLOGICAL BULLETIN OF CHINA 2025 4F

10
14t °
1o L BT
gt 7 51 L
= rvine /) 2k
\°10- i UBEF |
S = s
o st k- i T —
¥ # g o WA
Q 6t ] \%_/
< 5
z 2l
4t o 0.01} .
% WK E ZRZ WA
2_& l;(" 2. Ll
5 ferintes % R
0 - - e VL 0.001 : ‘
35 39 43 47 51 55 59 63 67 71 75 79 83 87 0.01 0.1 1 10
Si0,/% Nb7Y

K4 WX EHA TAS Eff (a) & Nb/Y—Zr/(TiO,x10%) ElfiF (b) (K a #ii Middlemost, 1994); [l b i Winchester and Floyd, 1977)
Fig. 4 TAS diagram (a) and Nb/Y—Zr/(TiO,x10*) diagram (b) for the olivine basaltic porphyrite
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element spider diagrams(b) of
the olivine basaltic porphyrite
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Table 3 Ratio of incompatible elements for the olivine basaltic porphyrite and end member component
JLH Zr/Nb La/Nb Ba/Nb Ba/Th Rb/Nb Th/Nb Th/La Ba/La
JEIE 14.8 0.94 9 77 0.91 0.117 0.125 9.6
N-MORB 330 1.07 4.3 60 0.36 0.071 0.067 4
EM I -OIB 5~13.1 0.78~1.32 9.1~234 80~204 0.69~1.41 0.094~0.130 0.089~0.147 11.2~19.1
EM I -OIB 4.4~17.8 0.79~1.19 6.4~11.3 57~105 0.58~0.87 0.105~0.168 0.108~0.183 7.3~13.5
HIMU-OIB 3.2~5 0.66~0.77 4.9~59 63~77 0.35~0.38 0.078~0.101 0.107~0.133 6.8~8.7
MK B 9.52 1.36 9.95 61.56 0.83 0.16 0.12 7.31
FIRORSREN A 10.48 1.48 12.64 71.92 1.53 0.17 0.12 8.53

T FiAHE . N-MORB, HIMU-OIB, EM [ -OIBFIEM [ -OIBICZ [l Weaver, 1991
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M+ oe R K EM TR AR F YRS R
E S E R, I LUH 8 5T g I X i 0 24
A K AR B2 (McDonough, 1990), # 1 C
R RER A LA T AR ARZE
TR, MEM TR ME AR TFahEE, U
T8 A AR TR A T R AR R TR B
£E, Mckenzie et al.(1991) ¥ (Tb/Yb) =1.8 E A A
T AN AR S A LR DO X R B A
(La/Sm)\—(Tb/Yb) FIHIE (&l 6-a) L o] F Hi, #i
LR FARE T AT ARERX ., hTosdmnE
HI5 M) La/Sm Al Sm/Yb {HAfLE/IN, X 2 4ME
Fb 5 AT A9 T U X A R R R A s R B L 7
Sm/Yb—La/Sm & (& 6-b) 1, M LBy A BT A
TR S5 AT AE H AR T RO e 2 1) SR 2
WA i 2 I, 10 A LR IXOh A AR R S (Baker
and Wyllie, 1992),

T AP AREXEELE TS km D L
(Nickel, 1986), It LA 25X 2y 2 b 5% X % 5 458
K, BEWFR XY & 2 R BERE a3 7 S ik i 11 %
A AH LG (Th/Yb) (BB (57, 2 B SOk Y5 % B A i
LW B 5 i A L2 iR [ 5 A R B S By 2 o
K, A = R, W) S0 RIS Iy A M i
WS 2 BRI 5 B IR R A R A T8 0 s I, 3X
5RO B A MR AL R g
PE, SR E 2B S ET Y, DS KR
A2 HEMZE AR B, o T B A R E R e
Wi, B E ) LR T A B BB
43 REMLIRE

FBHAE L THE R R AT — XTI &R
G, iz s os SHAMP TR AR AER, SEEE
SRR RS, IUAN, AR LT R AR A R
JE RS2 R R IR, T g T8, FEkE
BHEEE, AR MTAE TR B AHAE TR,
X —it R, B R B RS T R 2 A K
TRYANZE S SR LG (B, 2018),

Lassiter et al. (1997) iA A3k B Mol 53¢ )
La/Ta fE{I%, &y 8~15, 1fij La/Ta {EAE# 52 KhliHbre iR YL
Je SR fin, —fBerE 25 DAL AR La/Sm {EAE b
PRI, — BN 5, iSRRG T MY,
La/Sm {EHGHEIE 5, —B7E 5 L . Weaver(1991) TA
7, R A6 Mg v La/Nb {624 0.94, 1 K Bifi #h7¢
La/Nb {HK 2.2, F3KZ HiseiR Y2 ff La/Nb {ETH .

B O X B 5 1Y La/Ta R 15.90~
20.47, #{H K 17.93; La/Sm {HN 3.67~4.50, ¥{H K
4.07; La/Nb i} 1.22~1.53, Mt} 1.36, fHdE X &t
Byt 5 b R M I 0 B A L AR Y 22
S, A2 RIFARNIR, 5H7e Y BUA L 25 R AEOK, Ul
A AR AR A A Pl 2 T — e M e ) R AR e
44 FRRIEIRE

5T IX AL T FAER VG2, 1000~800 Ma i, b
R ke QIURE SR U 9% 7 /€2 Tl A s Al (ol
MIACARE 4R, 5 2t AR, PR Py Ak T
TE BB KD MR (IR, 2012), Z97E 260 Ma
BF, S L AT 1 3 BT, T RS 25 3R 3l A
NG — BRI 540 . 1 = E 1 (29 220 Ma), BL3F
U2 18] FE AN b B 4 VT 8 A i AR B4 1 e b
WL, HL, % ARG T AHDTR, E A T Bk
R M BE . WSS, 29 180 Ma I, $v g b b %
3l (Li et al., 2016), 7€ 1 24 5 FE 5k H & AR op
Rl f5E, B B -V TG ] (Yan et al., 2016; Ma
etal., 2018), W FE T TR PGZ A FE N REEEE 1L

WF5T X AE B — Z DU 2F A N i A e B B, 4k
SLESUR T =SS ME A (Tx) . MAP G H
M 2)  PIRD GBI (J,sx) . LR Giix
T (Jys) MFEFPA (Jp), E KB L EH)Z
B Ja— N, BB AN AR I, IS 22 55 U 20 1
TR (R ZEHESE, 2024) o BIFFE DX R J] 30 A 58 L
T R B DO 1 b 2 Z ]38 R 3 oA T AN
B, R A MOk 2 BTk Ab T8 R e 1Y
DURAES, s s AR &, R4 TR S
J B i BT 365 11132 B (o RIF 5 X A RS A (14 i 24
B2, S B Lk i K — IR 18 3)), 450 T
FFEIX A BB LSRR S . X sefai DA AR —
RV )R 32, JEARBEE T WFIE X ARG 3 A% SR, FEFSE
XA 5T Mo X AT UL | S R S A EAN A
THrAELHEZ - (TEERFAE, 2004), AT DL Ik i
i LR 3 R A T IR 2 e 1 e 2 1]
HRE 2 B A IR TR B, R, 32 BE - 4%
TLPERT I Wl HE 57 07 B2 ), 55 552 1Ly b DX A b
B HOARAS, WFFE XA A P AT i A btk o S e D 284
(32 W DT 284 107 2% /N VL T 2840 A6 AR T ) 199 43 32 7 T
fbo FEUEWT R AT RE R — S/ 7S, BTG s 551k
TA A BB S, DT AR R T, i & 2RI
(1) b 1 A B2 3 22 A i AR b (=i A IS RS AR
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Fig. 6 (La/Sm),—(Tb/Yb), diagram (a) and Sm/Yb—La/Sm diagram (b) for the olivine basaltic porphyrite
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Fig. 7 Ti/100-Zr—Y %3 diagram (a) and Zr—Y/Zr diagram (b) for the plagioclase olivine basaltic porphyrite
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