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Petrogenesis of the phonolite in the Tuoyun Mesozoic-Cenozoic volcanic basin,
Southwestern Tianshan Mountains
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Abstract: Phonolite represents the final evolution product of the sodic alkaline magma in the continental volcanic
province, and revealing its genetic mechanism is of great significance for understanding the magmatic evolution
process of the continental volcanic province. A systematic mineralogical, petrological and geochemical study of the
phonolite exposed in the Tuoyun Mesozoic-Cenozoic volcanic basin in the Southwestern Tianshan Mountains, China,
has been carried out to reveal the magma series and magmatic evolution process of Tuoyun volcanic rocks. Tuoyun
phonolite is characterized by the presence of alkali feldspar, clinopyroxene, fayalite and amphibole phenocrysts,
and nepheline can be seen in the groundmass. In terms of geochemical composition, Tuoyun phonolite is character-

ized by high Na,0 (7.9% ~8.6%) and K,0 (5.2% ~6.3%). The total rare earth element ranges from 408x10™° to

470x10°°, and the chondrite-normalized REE patterns have obvious Eu anomaly. In the primitive mantle-normalized
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trace element spider diagram, the samples show negative anomalies of Ba, Sr, P, Ti and positive anomalies of Nb,

Ta, Zr and Hf. The depleted Nd isotopic composition shows that phonolite is genetically related to the associated

basanite. Based on the MELTS thermodynamic simulation, the phonolite could be produced by the basanite through

fractional crystallization of alkali feldspar(36%), clinopyroxene (21%), spinel (10%), fayalite (6% ) and amphi-

bole (5%). Further EC-AFC modeling exhibits that the phonolites has suffered crust contamination to some degrees

(10%) during the evolution. The study shows that the Tuoyun volcanic rocks belong to the peralkaline series of

basanite-phonotephrite-phonolite, and the phonolite represents the final evolution product of the peralkaline rock

series in Tuoyun volcanic basin.

Keywords: Southwestern Tianshan; Tuoyun basin; phonolite; fayalite; magma evolution; AFC process
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Fig. 1

The location (a, modified from Baidu map and satellite map) , geological map (b, Ji Jianqing et al. , 2006)

and the geological map showing the distribution of the volcanic rocks (¢) of Tuoyun basin
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Fig. 2 Field photos and photomicrographs of the phonolite in the Tuoyun Meso-Cenozoic volcanic basin
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a—phonolite is occurring as dome in the field; b—phonolite is black in hand specimen, and exhibits porphyritic texture; c—photomicrograph of alkali

feldspar under plane-polarized light; d—photomicrograph of fayalite under plane-polarized light; e—BSE image of the amphibole; f—mineral assem-

blage consisting of amphibole, alkali feldspar and nepheline; Kfs—alkali feldspar; Ol—olivine; Mt—magnetite; Am—amphibole; Ne—nepheline
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Table 2 The major elements of amphibole, clinopyroxene and fayalite in the Tuoyun phonolite analyzed by EPMA
FINA R BARE A
R BR — M
HSP-23 HSP-26 HSP-26 HSP-22 HSP-22 HSP-22 HSP-20
Si0, 39.55 40.42 40. 15 Si0, 53.21 Si0, 34.09 34.54 31.1
TiO, 4.09 4.67 4.31 TiO, 0.37 TiO, 0.04 0.05 -
Al, 04 10.20 10. 10 10.52 Al,O4 0.83 Al, 04 - - 0.01
FeO 23.89 22.21 22.60 FeO 17.23 FeO 44.92 45.12 56.74
MnO 0.52 0.49 0.45 MnO 0. 88 MnO 1.13 1.34 2.2
MgO 5.53 5.99 6.32 MgO 7.61 MgO 19.57 18.59 8. 64
CaO 10.4 10. 61 10.52 CaO 17.51 CaO 0.33 0.35 0.49
K,0 1.73 1.79 1.72 Cr, 05 0.07 Cr, 05 - - -
Na, O 2.64 2.69 2.34 K,0 0.01 K,0 - 0.01 0.01
H,0" - - - Na, O 2.80 Na, O 0.02 0.05 0.02
F - - - NiO 0.04 NiO - - 0.02
Sip 6.20 6.25 6.21 Si 2.02 Si 1. 00 1.01 1.00
Aly 1.8 1.75 1.79 AY -0.02 Ti 0 0 0
Al 0.08 0.09 0.13 Total 2.00 Fe 1.10 1.11 1.52
Felt 0.05 0.13 0.15 AY 0.06 Mn 0.03 0.03 0.06
Ti. 0.48 0.54 0.5 Ti 0.01 Mg 0.86 0.81 0.41
Mg, 1.29 1.38 1.46 Fe®t 0.10 Ca 0.01 0.01 0.02
Fe? 3.08 2.74 2.77 Mg 0.43 Na 0 0 0
Mng, 0.01 0. 06 0 Fe®* 0.45 K 0 0 0
Fept 0 0 0.01 Mn 0.03 Al 0 0 0
Mny 0. 06 0 0. 06 Ca 0.71 Ni 0 0 0
Cap 1.75 1.76 1.74 Na 0.21 Fo 43.1 41.63 20.71
Nay 0.2 0.24 0.19 En 22.37 Fa 55.49 56. 67 76.29
Cay 0 0 0 Fs 29.91
Na, 0.61 0.56 0.51 Wo 37.02
Ky 0.35 0.35 0.34 Ac 10.71
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phonolite

F11.5~14.5 F8 " —ERE R ER - IT R 057,
HAWEK Eu 3%, Eu’ EHALIEE R 0. 18 ~
0. 19, 7 ik iy v s o Ak ) S it o Rk I &) I B
i A Ba Sr P\ Ti 772 % Fl Nb Ta Zr Hf IE 5%
AIHRFIE (1 7h)
4.3 Sr-Nd EfiZ

Wi A Se-Nd [ 7 & 41 i 81 F 52 4 o, Hivp
Sr-Nd [R5 4% 60 Ma i TT#0E, 434 A s, i
A (YSe/Yse), A ALY LR 0. 708 53 ~0. 712 19,
eNd () HASALTEE A 4. 34 ~4. 68, EHEM(7S/*Sr),
FZ A Nd [RI7 2 230H AR 42, 31X ] RS2
TR S AT 5 5 595 Rb/* Sr {1 (7. 284 41 ~8.299 41)
T R SR 18 ) . 5T R, Y Rb/* Sr H 4N
WL s 10, (YSe/*Sr), iSRS AT HE(Wu et
al. , 2000; Moghazi et al. , 2015) ,#U5 3¢ FEIET A
AT Nd [Alf R AR TiHE

5 Phe

BE T W52 3 WIHE 2= 736 b w25 Ry i 5 LOL {H
ARG (2. 1% ~2. 6% ) , VLA JE 91U AL I A8 X6
HERAL 2% 20 B S R 3R 55 . FE = s B T i
Nd [AIf; RA [ eNd(1)=4.34~4.68], 7w 2 iR
A HBERAL A RRAE . AR AT N B F 5T R Wi 5 ] G
HLAF 3 Fhr OB e O b f8 5316 il B 5
(Grant et al. , 2013; Laporte et al. , 2014) ; @ FH¥
WARNREAE HIE B (Kogarko, 1997; Harmer and

Gittins, 1998 ) ; (3) B (1 B A7 N 28 X ik
ZRCE B A 2 TR EE B 45 S VE DB B ( Kas-
zuba and Wendlandt, 2000; Cousens et al. , 2003;
Legendre et al. , 2005) , 1% # 0] GEFEREE A [ R2E B
B3 52 18 Y2 4E A ( Freundt and Schmincke, 1995;
Wolff et al. , 2000; Ackerman et al. , 2015) , LKA
AR FE R ZEJE S 1.3 GPa AR 1 150 ~
1 200°C 25140, 2 b g BUORSS 5 1) AR AR 8 98 0 J
AT DA A — R G BB 5 2%, QORI 22 Ll R v o
M5 A1 A ( Laporte et al. , 2014) , SR, Mg A
Fas e s BT A LA Y Mg A RHIE (>60) , 546
SRR Mg H (<20) FFEW A, RWIFE 209
a A g s A AR B R e . BT A
IR IR~ B A S OB R e AL A
ZRAEZAS Oldoinyo Lengai K I B A -85 A - 7
—BABTRR IR A A A RS AN TR AR A A A A il
AR EZHLH] ( Kogarko, 1997; Harmer and Git-
tins, 1998) . #RT, & == W & JF A & 3 AL A 1 ik R
RS AR AL B D OB R b BEdE . 53
Hh ARG TR RN E G Lo R Bl ih 2 L e
Wi 5 AN TR I 7 A 1 e e 22 S BOR, e AT
HEI Ba Sr Eu FFIC R B 71 55 F Ta B9 IE 5+
HIFARXS B 4E HREE, 105 % BA W35 19 Ba Sr 1E
SrEF Ta A SUSRHE B Bu BFURE (8 7) R R
HAHEE R (La/Yb) {8 (34. 6 ~39. 3; Klaudius and
Keller, 2006) . MM Eu Y5 57 % & WA 3K kA ik
AT T BE A A W78 4 53 B 45 e G e e 8 s A
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Table 3 Major (w,/ %) and trace (w,/107°) element compositions of Tuoyun phonolite
FE b HSP-16 HSP-17 HSP-19 HSP-20 HSP-22 HSP-23 HSP-26 HSP-28 HSP-30
Si0, 56.9 57.6 58.0 58.7 57.5 58.3 57.4 56.9 60. 6
TiO, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Al,O4 19.8 19.5 19.1 18.9 19.3 19.0 19.4 19.5 17.8
MnO 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
MgO 0.1 0.3 0.3 0.2 0.6 0.2 0.1 0.3 0.2
Ca0 1.0 1.0 1.0 1.0 1.2 1.0 0.9 1.1 0.9
Na, O 8.2 8.4 8.4 8.3 8.5 8.5 8.6 8.4 7.9
K,0 6.2 5.8 5.6 5.6 5.6 5.5 5.9 6.3 5.2
P,04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TFeO 4.3 4.2 4.2 4.1 4.2 4.1 4.4 4.4 4.0
FeO 1.9 1.7 1.4 1.3 1.7 1.7 1.2 1.5 1.8
Lol 2.6 2.3 2.6 2.3 2.3 2.5 2.4 2.1 2.3
Total 99.4 99.4 99.5 99.4 99.5 99.4 99.4 99.3 99.2
Li 54.4 66.7 34.8 35.4 30. 1 42.4 43.5 51.6 57.9
P 154.9 164.9 153.5 161.7 147. 1 133.8 165.2 219.6 172.5
K 58 220.0 59 140.0 61 340.0 58 580.0 53 720.0 53 640.0 55 460.0 59 160. 0 55 400.0
Sc 2.0 2.0 2.1 2.1 2.0 2.0 1.8 1.9 2.0
Ti 616.6 632.0 681.2 669. 8 604. 6 612.2 670. 8 716.2 693.2
v 1.3 1.2 0.8 1.8 1.2 1.9 2.3 2.5 1.2
Cr 2.0 1.4 2.6 1.7 0.9 2.0 3.0 2.2 5.5
Mn 1 351.6 1338.0 1392.2 1310.6 1212.2 1303.6 1307.6 1357.8 1329.8
Co 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6
Ni 0.9 0.6 0.6 1.0 3.3 0.7 1.0 0.9 1.9
Cu 7.4 7.8 8.2 8.0 7.7 7.3 7.3 8.0 7.6
Zn 143.5 151. 1 149.5 143.2 137.2 140. 1 136.0 133.0 133.4
Ga 46. 8 47.0 49.9 47.8 45.3 44. 4 43.7 44. 1 45.0
Rb 145.5 147.3 159.0 152.9 139.5 139.6 142. 4 136.0 142.9
Sr 77.5 58.6 60.3 55.4 48.7 67.9 33.4 37.3 63.2
Y 60.5 59.8 65.8 61.0 57.7 59.2 54.2 48.4 57.9
Zr 1283.2 1277.1 1401.0 1289.3 1253.8 1229.6 1128.6 1186.2 1170.6
Nb 205.2 203.6 221.2 205.4 201.8 194.9 192.0 197.2 196. 4
Cs 4.0 4.2 4.3 4.2 3.9 4.1 3.2 3.7 4.1
Ba 15.5 19.7 19.5 19.6 17.8 16. 1 22.5 19.1 21.7
La 114.0 116.6 124.6 116.6 111.2 108. 8 107.9 107. 4 110.6
Ce 194.6 195.3 211.8 195.8 189.6 187.0 183.2 186.9 188. 1
Pr 17.4 17.5 18.6 17.8 16.9 16.9 16.6 16.7 17.0
Nd 57.0 57.2 61.6 59.3 55.5 55.5 54.6 55.2 56.2
Sm 10.0 10.0 10. 8 10.2 9.7 9.7 9.5 9.6 9.8
Eu 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Gd 9.7 9.6 10.2 9.9 9.3 9.4 9.0 8.8 9.4
Th 1.5 1.6 1.6 1.6 1.5 1.5 1.4 1.3 1.5
Dy 10.3 10. 6 11.1 10. 6 10.0 10.0 9.6 8.8 9.8
Ho 2.1 2.2 2.3 2.2 2.0 2.1 1.9 1.7 2.0
Er 6.7 6.9 7.2 6.9 6.4 6.6 6.0 5.3 6.3
Tm 1.0 1.1 1.1 1.1 1.0 1.0 0.9 0.8 1.0
Yb 6.9 7.0 7.4 7.3 6.6 6.6 5.9 5.3 6.3
Lu 1.0 1.0 1.1 1.1 1.0 1.0 0.9 0.8 0.9
Hf 25.0 25.7 26.9 25.6 24.0 24.0 22.6 23.2 23.0
Ta 11.8 12.1 12.7 12.0 11.4 11.3 10.9 10.9 11.0
Pb 20.4 20.9 21.5 20.5 19.1 19.4 18.3 16.9 18.3
Th 31.4 32.7 33.4 32.1 29.7 29.8 25.9 20.4 28.3
U 14.0 5.6 7.2 7.0 7.2 10.7 3.6 1.0 4.5
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Table 4 Sr-Nd isotopic compositions of Tuoyun phonolite
wy/107° wy/107°
B —————————— YRS YSs%0s (YSMS), ——————————— Wom/M™Nd NI/™Nd ("PNd/Nd),  eNd(1)
Rb Sr Sm Nd
HSP-17 147.3 58.6  7.284 41 0.715 88 0.709 67 10.02 33.78 0.179 27 0.512 85 0.512 78 4.34
HSP-20 152.9 55.4  7.991 93 0.715 34 0.708 53  10.24 59.26 0.104 51 0.512 84 0.512 80 4.68
HSP-22 139.5 48.7 8.299 41 0.719 26 0.712 19 9.69 55.46 0. 105 66 0.512 84 0.512 80 4.67
HSP-23 139.6 67.9 5.953 83 0.713 88 0.708 81 9.73 55.54 0.105 92 0.512 83 0.512 79 4.53
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Fig. 8 MELTS thermodynamics modeling results of the Tuoyun phonolite
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