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Abstract::Since the Cenozoic, a large amount of high-potassium calc-alkaline volcanic rocks (basaltic trachyandesite and

trachyandesite) have developed in the Tengchong area, but the specific formation process remains unclear. Based on petrographic
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analysis, this paper conducts whole-rock major element and mineral major and trace element analyses of these volcanic rocks, and
discusses their formation and evolution process in combination with the published data. The rocks commonly exhibit porphyritic
textures, with phenocrysts predominantly consisting of olivine, pyroxene, and plagioclase, and the development of glomerocrysts.
Clinopyroxene phenocrysts commonly show normal zoning, reverse zoning, and oscillatory zoning, with oscillatory zoning
indicating multi-stage mafic magma replenishment and possible local contamination during magma evolution. Whole-rock major
element analysis reveals that these rocks belong to the high-potassium calc-alkaline rock series. Clinopyroxene, orthopyroxene, and
plagioclase phenocrysts and glomerocrysts show similar REE and trace element distribution patterns, with clinopyroxene being the
most enriched in trace elements, followed by plagioclase, and orthopyroxene showing the lowest concentrations. The geochemical
characteristics of olivine phenocrysts suggest that the magma source region may have originated from partial melting of peridotite,
while the trace element compositions of the whole rocks and clinopyroxene phenocrysts record geochemical signatures characteristic
of an arc-related tectonic setting. The mineral equilibrium temperature-pressure calculations reveal the existence of two intermediate
to felsic magma reservoirs beneath the study area: a shallow dacitic magma reservoir (depth 8.3 ~ 13.6 km) and a deep andesitic
magma reservoir (depth 18.4 ~ 30.2 km). The studied samples are derived from the deeper reservoir. Their formation involves mafic
magma recharge, triggering mixing between crystal mush and melt; when newly generated melts become dominant within the
reservoir, eruption is triggered, carrying semi-consolidated magmatic clots to the surface and forming the typical (glomerocrystic)
textures.
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Fig.1 Distribution and sampling sites of four Cenozoic volcanic rock periods in Tengchong
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Table 1 Division of volcanic eruption periods in the Tengchong area
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Fig.3 Microscopic characteristics of Cenozoic volcanic rocks in Tengchong area
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Fig.7 Chondrite-normalized rare earth element diagrams (a) and primitive mantle-normalized trace element spider diagram (b)

for the clinopyroxene phenocrysts
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Fig.9 Chondrite-normalized rare earth element diagrams and primitive mantle-normalized trace element spider diagram for the
feldspar phenocrysts
BRI A B AR 46 18 45 51 B Sun and McDonough, 1989

AHARIM TR (ZREE) {u[A 3.87 ~28.49 ppm, “FHIEN 11.05 ppm, BEAH - I0R 5 BEIK.
LREE/HREE AT 16.14 ~ 77.24 2 [W], KEFEMTIuE (LREE) BEFEE, HM1TItE (HREE) #
B (9. FE, SHKAERHEAE Eu EFE (SBu= 594 ~40.17), XEZEFH Bu fERHS A H
Mol R A R, FERASRIRETERSEE. EE2a (LGP XML, KAt iig =
i (60.09 ppm A1 95.03 ppm). fHEIGREMEHIEER N E SR, KA EA Ba. La. Srv Eu FIERE &
Rb. Ce. Pb. Zr. Sm (M. SRS, FHCA MR Lo ER BB bRk AL 5 0 7o 2 SR AG i g ik
MEEIE N —Sumas, Atk a (LGP Hin Lo R SME R & AR (9.

50T iE R

KR AR —ER (Putirka, 2005) 5 HEWEA —IE/& (Putirka et al,, 2003) HEEIF, PLAAE
BUURMENEF RS, REBRIERREMARNTERE. 4 KpFe-Mg)™M™ = (XP5oX Y0/
XP\e0X ko) = 0.28 +0.08, BRI SIEELL T FHRE, £ T > 1050°C, Kp(An-Ab)™™M =
(XX A 101 5X a0/ X2 anX Na005X si02) = 0.27+0.11, BHEA SHARL TP HRIRZE (Putirka, 2008). 51K
APHTEAE (B 10ay b)), HRAFHRVEA—IEIR R THPATRE N 1096 ~ 1149 °C, fhiil4aifEiR% (SEE)
933 °C, J£J15 2.9~ 8.5 kbar, SEE Ay 1.7 kbar; RH&A— 4R 11 FA7IR B4 1069 ~ 1158 °C, SEE
N 23 °C, K71 3.5~ 8.4 kbar, SEE N 1.8 kbar (¥£ULF% 2). BRI TH45 R 5 Cheng et al. (2020) 2

H RS 5 2R A PR TR 2R A R FE ) & (B 1000, R B a8 2 R BE J2 IR IR AL AR AR
X2 AR —IEMIR R TR RO — S AR T 54 R

Table 2 Calculation results of temperature and pressure using clinopyroxene-liquid thermobarometers and plagioclase-liquid

thermobarometers
T REC JE 71/kbar B /km
Cpx-Liq (Putirka et al., 2003) 1096 ~ 1149 2.9~8.5 12.7~30.2
PI-Liq (Putirka, 2005) 1069 ~ 1158 35~84 14.7~29.9
os T(C)
@ 850 900 950 1050 1100 1150 1200 1250
0 T T T T T T
0.6 (c)
o]
S0 °s o 2k 984
™ o, *
e vy “r ° 7'
P L ]
0.0 L
0 7. 4 6 78 80 8 84 6 — 2245
Me* Cpx = )
®) = ® s
8 - 28.73
06+ ‘
= 10 |- — 35.00
sodrk_ A
BIARTRE  AUBRE
CpxLiq @ Cpseliq
02 2| oo W 4126
__________________________ Cpx-Opx
K= 0.2740.11 PlLin Moho 43km
0.0 L Amp-Lig
45 0 60 65 70 14 47.51




K10 ™ — S AA-F A0 B i T SEA5 R (i kIR Cheng et al., 2020)
Fig.10 Discrimination Diagram for mineral-melt equilibrium and calculation results of temperature and pressure (data source: Cheng

et al., 2020)
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BT AR R R Ty K BRI AT AL . FEART TR K ILE T, BREAT 2K
B, EEEPIERSE. KAH (E e MIRGHTE (B 1) 40, KRG R MZE RS M
JEL SRR AL R RFALE o

WARRYN, BRARKIAMS BE S Cr TRNEE, RN MZ™MK. Ti CRERAEA hRILH
B, IEWSEFIIRES, BENIKN T §EEWRTU%. BRGNS T,
Cr L EHES MBI —8, H Cr & H BRI E I (B 11h). FE, B ARG (B 1)
TR TC R B SR, Rb. Ba A Ao R (B 70), B R T HRIAME TR . SR G X ELIESR,
RULA KBNS TR 2 DR T W IR TUE KAMABUR SR G1ER . JLAh, Ti soR M RI1A 4 2%
D SN AR, BT RS AL, R S AN I R R A T IR G AR

IR P17 ) J5 PR30 5 5 2 SR A B RUBE R 5 A ) 1 3 BB A 5%« BRI AT s JSE R 3R T (50 pm)
(Kl 11le. g) R TIXLERLPWEBIMAETE. BLAL, FARHCH RIRIRGE M (B 3b), K H B R AE
2 CE D, b DUEW A SR A AR 5 AN B B R G, 33U S it e P IR AN e 3 (A8 4K
6.2 BB RAIFKIE

WEFLDH AR K L 5 i B SRR, Toieh X (SR B B A A AR G i 24
DR HOU 5% 6 0 LB RO A+ RHC A O+ A 2 TR R BRE o, LA SRR R SR B A AR R A,
FEORPREA MR A WA A . X EEREBEF P I Y S BT, R AT S, R E AT RERIE T
BRI B AR A (DR, 201D,

PRI A BRE o R SR i P e 3R BB B A bR AU IE R R (B 7D, 5 AE A LG, B 0 R (La.
Ce. Pr. Nd) SEEME, MH—EHLTE (Sm~Lw) MOERE5eE 8. METRKMIE AR
TER TR, FFERRMER—IR R M TT R AT N, E— D SRR IR DR SR IR B 25 A PR (R A

FARDER AT AT D A (18 0 32 BORL IS B v P A% Tl 76 3R T 0 R B ik ) ] S22 A DA 1
fe o (B 7. [ 8 I 9O, REAVIHIK LA AT REIR B [F —HIiaA % 8 HIESE, 20000, &P T H
RHEA SR AR B VER RIS, 1999; X BAEFIBEMLEL, 20100, DUk ilE A MNEHEZ
At lg . s - RER A NESHLBES (B 40, HAERLICRMME TR/
() — B — SR T — W (B 7. G, ZRBES TR BT B R T A AL R, A SR Ak b
W] 45 P05 2R B SR Al AR B R
6.3 BRIFEX RAEIE

B 7 B s 1 7 o] A AR 7 IR XCRFAE & A 72 (Sobolev et al., 2005, 2007). A HRE A B JRIX,
B 25 T DX s o OB A 3 3 LA TR Fe/Min bE, SEEGf Niv Mn M1 Ca &8, X Bl T Ni M
AR EANZE, T Mn A Ca WAHZTHEA (Sobolev et al., 2007), st D7 A4 AR K 1l 5 PRI 0 BT i 6
ILHAK Ni/Mg. ik Ca/Fe Flfs Mn/Fe LA (] 12), M 100*Mn/Fe {£#°KF 1.4, Fe/Mn {E4 60 ~ 70,
S48l Kamchatka FTH SE I X OB AT RFAE (B 12d),  FR 75 FLE A 32 B8 1 RO S R IX
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Fig.12 100Ni/Mg vs. 100Mn/Fe diagram (a), Ni/(Mg/Fe)/1000 vs. 100Mn/Fe diagram (b), 100Ca/Fe vs. 100Mn/Fe diagram (c) and
Fe/Mn vs Fo diagram (d) (Fig (a), (b) and (c) are modified from Sobolev et al., 2007, Fig (d) is adapted from Chen et al., 2023; data
from Yu et al., 2012; Chen et al., 2023)

BEAh, DGR AEACK LA e ER L B S SRR 7o fiouR (LILEs, W Rb, U, Th, Pb) Al
MitJcE (LREEs, Wl La, Ce), THimitcs (HFSEs, @I Nb, Ta, Ti) (B 7). ETFAIA#I, L
N HRIX 52 B AL AR & SR g , 575 KE T T S A AR OG 1 AU R i34 58 (Chen et all,
2002; Zou et al., 2010, 2014; Zhou et al., 2012; Guo et al., 2015; Tian et al., 2018; Duan et al., 2019; Cheng et al.,
20200,

RNEA RS, THE T Al EMETR S8, SHWIENREEYIMEL (Leterrier et al., 1982). ¥
Al, (PUECHL AL 5 AL FrED B TiOo, SERIRAR, IHEIMME A RES S AIRIXRFE (Loucks, 1990).
ARTHERRREA DA, RS AL ES TiO, FEXKAR, LUK TiO,. MnO. Na,0O & &AM F\ F, 2870 #1 (Nisbet
and Pearce, 1977), PJFEZIENIAR XA X (B 132), PUHIKILEE R 2L T Rl iE X
s, R IR FEL AL T LIS R 2 RCA ST AL (BT 13b). IR BIRG o A A K Lea S R IR X R
50 SIEE, 5458 L ARME TR 8~ i&E S —2(Li et al., 2012; Zhang et al., 2012; Guo et al.,
2015; Cheng et al., 2020).

B[R —BRILARERZ 60 Ma & A= hlpAE , 1 o X AR A KNS B0 A6 T4 8 Ma, WY 5 Tl S F .
KT HME )G, FESTERE: BEEZMPRET (1992) Sl g i 5ot l” 80 “h s A
IR, SRV A G BRI T X 5258 (1994) JE T yo RAFE A B 9 /M FF1E; Wang et al.

(2007 NN bk s R Rl A, el TS B W R AR A e 12 30 5 A B 9IVRFALE R L A
Ko CRETIIHTR I, M OB A AL s B AT Bl A PR, (ELH A SRR X B S 32 T EE AR BR (Guo et al., 2015)
BRENEEERRCER (Zhou etal., 2011) AT, 46K 153 B By I LS I ERAL SRR IE .
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6.4 BRMET RS
AER, V2273 K AN R 75 00 s vp K L AT 2 B AE, #8751 1230 X 5 A A AE B 2 R LG s
HIRE N 10 ~20 km, FEFTEEAN 20 ~30 km (Xuetal., 2012), JCHEIEDLuE—Eph—D# LA L& —%
T, RO P HIBHETE A, XA Xt T i BN S AR RIALE (Yang et al., 2013; Zhang
etal, 2015). Zhao etal. (2021) #id PR L BE R AT UG IE RS ph L N RS R A=, BERR BN
FFFAE—AMARIZ) 7000 km® BT 2% A5 k2, VRE N 20 ~ 35 kmo Hu et al. (2018) X kiliX
M AT A PR R TS, AR BRI N AR —NREN 14 ~ 21 km (A K %) . Cheng et al.
(20200 XFZX K LA T P AT PR R TH S, 45 R E  XCR OT RN E Ak, LR B
4358 9 ~ 14 km F1 17 ~ 28 km.
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B 14 bkl P iR B (a) (BB RIE:  Cheng et al., 2020) F1 IR F1 A = B (b)(FE Xu et al., 2018)
Fig.14 Equilibrium temperature and pressure (a) (data source: Cheng et al., 2020) and geophysical model diagram (b) (after Xu et al.,
2018) of Tengchong volcanic rocks

M SPATEE TT EAE R AT R, FERS L X R T AEE —NRE SR, RN 1069 ~ 1158 C, K
N 4.7 ~ 8.5 kbar, XF A KAEFEIREL 18.4~302km (B 14a). BT AW A A AR AP IES, Hik
HE H At FE (A AE PT 455 Cheng et al. (20200 X HIF 58 X 52245 v R A1 DAL A 1) A DR A — o A~ it A m DA
Wi, %S AR N 893 ~ 943 C, JE /1N 1.5~ 3.2 kbar, R RifRIE S AEIERENT 8.3~ 13.6 km 2
] PRI, FRATTHENIE vk L5 B 5 AE A LRI A SR A e, X — 4510 5T s IR 2T BRI
WA R —3 (Bl 14b).

Blk, AT MM X AAERNUR A KRG RS2 FUA KA (8.3 ~ 13.6 km) FIAHII 1L
FUERAEPE (18.4~30.2km) (K 15). WFFAES IR TIREGEE, #on HoE SIGSIRME. H5eh i J
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WAEAEARFEE, B4 551 EEmTR (Cashman et al., 2017) . LEREFHHIIX, 2R 51 K& AT R (52,
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KgAK AT =R, TEBCKILE I R BER S5

g - - &

1, J
O - 1
R BN o e
83~13.6km B !,r.,].-
ik,
'

e
b
Sk G HE)

St can

Fl) A A
18.4 ~30.2 km

HE A A

15 [ i DGR AE AR K L A s SR A R

Fig.15 Diagram of Magma evolution process of Cenozoic volcanic rocks in the Tengchong area
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