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Abstract: The Gejiu alkaline complex is composed of alkaline feldspar syenite in border facies and nepheline sye-
nite in central facies. The whole-rock geochemical analysis shows that the alkaline complex has the characteristics
of high alkalinity, rich potassium, rich iron, low magnesium, and highly differentiated alkaline-peralkaline rocks,
with the late stage more enriched in alkali metal elements. LREE/HREE =20 ~59, (La/Sm), =8 ~50, and
(Sm/Yb)y=1.2~5.0. It is rich in light rare earth elements. The fractionation degree of the light rare earth ele-
ments is higher than that of the heavier rare earth elements. It has Eu negative anomaly. The Gejiu alkaline com-
plex is depleted in such elements as Ti, Nb, P, K, and Sr, and rich in such elements as Zr, Hf, Th, La, Ce,
Nd, U and Rb. All these characteristics indicate that the magma source is related to mantle derived materials.

Alkali syenite and nepheline syenite have similar characteristics of trace elements and rare earth elements, and have
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the characteristics of homologous magmatic differentiation and evolution. The ratios of Rb/Sr, Nb/Ta, and Zr/Hf
are all higher than or close to the corresponding values of the original mantle. CIPW standard mineral calculations
show that perilla pyroxene, cone pyroxene, and olivine appear in the alkali syenite in marginal facies. Olivine
appears in the nepheline syenite in central facies. Combined with the characteristics of the ratios of (Th/Nb) and
Nb/La and the research results of previous Sr-Nd isotope, it is considered that the magma of Gejiu alkaline complex
was derived from partial melting of enriched mantle subjected to metasomatism and limited crustal contamination,
which was formed in the extensional environment of the post-collision. In the late period of alkaline magama evolu-
tion, alkali was richer, and the higher degree of crystallization differentiation constituted an important factor for the
abnormal enrichment of REE, Nb, Ga and Zr.

Key words: alkaline complex; element geochemistry; mantle magma; REE; supernormal enrichment; Gejiu in
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Fig. 1
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Map showing the geotectonic location (a, modified after Chen Chao et al. , 2016) and sketch geological map

(b, modified after Cheng Yanbo et al. , 2008; Huang Wenlong et al. , 2016) of the Gejiu, Yunnan Province
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Fig. 2 Field petrological characteristics (a, ¢) and micro-lithologic characteristics (b, d) of Gejiu alkaline complex
a— WM IERCA FARA R T b—BR P IE R A IEAE B F B A IERCA TR d—f A IER A IESS R BMUIR A
Agt—FE M ; Di—BHEA; Am—AINA; Afs—IRPER A Ab—#1K A ; Or—IEK A ; Ne—E A

a—field photo of alkaline syenite; b—photomicrograph of alkaline syenite ( crossed nicols) ; c—field photo of nepheline syenite;

d—microphotograph of nepheline syenite ( crossed nicols) ; Agt—aegirine-augite; Di—diopside; Am—amphibole; Afs—alkali feldspar;

Ab—albite; Or—orthoclase; Ne—nepheline

@ TR A AT AR M BTRT AT, 1997, =R AN HT A 2 0 KA R BT RS (AR BTRL) . 1~189.
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Table 1 CIPW standard minerals of the Gejiu alkaline complex
HYE e A EKA EA ELi ¥ Z[ES B
K IER A 0.88 7.62 34.23 47.24 0.88 0 0.99 0.83
EAHIERKSA 0 1.87 8.21 47.72 26.53 3.46 0.54 4.01
LI TER A MR HERE A AR 3R A fizal
B IE KA 0.80 0.98 0.85 0 0.91 3.41 0.31 0.09
EAERKS 0 2.45 0.12 3.84 0.49 1.91 0.07 0. 44

THIMEAT X SE B G RWIE A  RE i  vh
AT ST AR ELRCA b e SR S i Y
R

2 RS TT 1%

MR RAZEES S EHN s adkE
LR KAL TR AR T A R 10 H IR 9 AL
(K 1b) BT e (8] 2a 2¢) , L9 (2. 3),
Hop KIS R EAERARESR 7 18 Am ik iER
HIE EALERKAERES L, EECR Mtoo
F R T R AR R A U R A A 7 IR B
R e, ERTCER TR F BB A S B T
R T (A5 B TR & 5654 1ICAP7000) |, 3

hoSi0, R H sh W R BE R ik (B R
AUW120D) ,FeO R HB R A EIE(HEE) , 7
MRS FER T 3%, & A1 FF S R e F IS S 0F s ==
200 H,FRECO0. 1 g B & I 208 | SR | i e 45
HATRFE, SRE BV RE A B TR A SR T
TR ST e E T RN, oo E Al
T R B R RS R (SRR TR T R
PE300X) , 2045 FE AL T 5% ; 40 B i S W e ) T
I EGIFEE 25 200 B, FRECO. 1 g B, R SR il
MR WIS AR , 76 H B & 55 B TR i A |
M5E, MR % RIS B st i, tAh, X
HR G T AT A IE B 2 A Y = BT 3K
ST R IR S A SR (4 R A b T )
R M RS, 1997® #SCESE | 2016, 2018)

2 NEWMEREFEETESE wy/ %
Table 2 The major elements content of the the Gejiu alkaline complex
Ak KIGHEAIERS Ho @A ERS Ha WK IER A
kS GJo1 GJo2 GJo3 GJo4 GJos GJo6 GJo7 GJos GJ09
Si0, 52.58 53.91 54.79 56.01 52.49 52.20 55.96 54.13 58. 84
TiO, 0.24 0.15 0.25 0.12 0.37 0.22 0.37 0.18 0.43
Al, 04 20. 65 20. 96 20.09 21.48 19. 60 21.12 19.33 20. 19 17.90
Fe, 04 3.86 2.41 3.69 2.02 3.42 3.62 3.50 2.94 1.96
FeO 1.88 1.37 1.81 1.57 1.48 1.28 1.48 1.16 4.47
MnO 0.13 0.13 0.22 0.13 0.14 0.14 0.17 0.11 0.12
MgO 0.19 0.11 0.23 0.08 0.24 0.16 0.30 0.11 0.61
Ca0 2.67 2.04 0. 87 1.48 3.31 1.91 2.83 2.64 1.83
K,0 8.59 6.96 6. 80 6.63 7.88 7.82 7.82 11.10 8.37
Na, O 7.84 8. 65 8.04 9.03 8. 12 8.90 6.77 4.29 3.95
P,05 0.03 0.01 0.02 0.01 0.05 0.01 0. 06 0.03 0.12
LOI 1.23 1.97 3.51 1.34 1.96 2.10 1.74 3.06 0.84
H,0* - - - - - - - - -
S 99. 89 98. 67 100. 32 99.90 99. 06 99.48 101.03 99. 94 99. 44
o 27.00 20. 45 17.28 18.26 24.58 27.79 15.91 19. 62 9.40
AR 5.10 5.22 5.85 5.29 5.63 6. 30 4.14 5.14 2.34
DI 81.45 87.45 88.90 89.78 78. 65 82.58 85.87 86. 90 83.33
SI 0.85 0.56 1.12 0.41 1. 14 0.74 1.51 0.56 3.12
FL 86. 02 88. 44 94. 46 91.37 82.86 89.75 83.75 85.36 87.07
MF 96. 80 97.17 95.99 97.82 95.33 96. 84 94.32 97.39 91. 61
A/NK 0.93 0.96 0.98 0.98 0.90 0.91 0.99 1.06 1.15
A/CNK 0.76 0.82 0.91 0.87 0.70 0.80 0.78 0. 85 0.95

VE: R AR, A/CNK =AL O,/ ( CaO+Na,04K,0) ; A/NK =AL 0,/ ( Na,0+K,0) ; o= ( Na,0+K,0)2/(Si0, —43) ; AR=[ AL, 0;+CaO+
(Na,0+K,0) ]/[ Al,0;+Ca0 —(Na, 0+K,0) ] ; DI=Qz+Or+Ab+Ne+Lc+Kp; SI=100 MgO/ ( MgO+FeO+Fe,0;+Na,0+K,0) ; FL=100( Na,0+
K,0)/(Na,0+K,0+Ca0) ; MF=100( FeO+Fe, 05 )/ ( MgO+FeO+Fe,0;) .

O ViR A LTI AR BRI, 1997, ZRANETH H = I8 A IE KA R BRI (ATBYERL . 1~189.
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Table 3 Trace and rare earth elements content of the Gejiu alkaline complex
N K F A RS HzlEAERA HzlRKERS
o ’ GJo1 GJo2 GJo3 GJo4 GJO5 GJo6 GJ07 GJos GJ09
Li 35.4 115.0 218.0 152.0 90.5 61.8 87.0 33.4 48.0
Be 9.28 11. 40 29. 80 13.20 16. 30 12.90 17.10 2.71 5.83
Nb 131.0 147.0 199.0 96.3 147.0 132.0 139.0 89.9 69. 4
Se 1.28 1. 46 1.55 1.32 1.30 1.16 1.76 1.49 2.09
Ga 29.7 33.3 49.5 36.8 30.8 35.7 32.8 22.7 22.8
Th 91.7 78.3 60. 4 68.3 125.0 71.3 110.0 91.1 77.5
Sr 647.0 38.0 76.5 10. 4 479.0 167.0 334.0 614.0 632.0
Ba 218.00 5.11 17.50 5.16 121.00 40. 00 325.00 389.00 567.00
v 24.80 4.98 10. 20 2.92 25.80 11.80 16.70 18. 40 19.30
Hf 36.60 56. 10 46.10 66.90 35.00 20.00 53.80 30.70 27.50
Rb 152 385 275 619 206 235 304 346 333
Ta 2.35 2.07 3.99 1.27 3.64 3.17 3.82 2.37 2.87
Zr 3270 4 290 2 610 4020 2 230 1410 3 870 3250 1 080
La 247.0 209.0 168.0 164.0 387.0 97.6 458.0 269.0 166.0
Ce 333 238 166 167 472 111 592 327 287
Pr 30.6 19.5 11.8 11.9 40.4 8.3 55.5 29.6 30.6
Nd 77.3 46.0 23.1 22.2 106.0 19.4 141.0 69. 4 100.0
Sm 9. 46 6. 06 2.17 2.14 13.00 2.13 17.20 7.98 14. 00
Eu 2.10 0.93 0.41 0.26 2.59 0.40 3.15 1.54 2.60
Gd 10.50 7.15 3.16 3.45 15. 80 2.96 18.90 8.95 12.30
Th 0.90 0.76 0.22 0.25 1.20 0.18 1.76 0.78 1.24
Dy 4.26 4.41 0.99 1.25 5.12 0.71 7.70 3.72 5.83
Ho 0.92 1.24 0.22 0.37 1.15 0.17 1.71 0.85 1.20
Er 3.20 4.45 0.76 1.38 3.88 0.61 5.58 2.91 3.57
Tm 0.50 0. 80 0.12 0.28 0. 60 0.09 0.90 0.49 0.50
Yb 3.51 5.61 0. 66 1.59 3.69 0.57 5.71 3.36 3.09
Lu 0.62 0.98 0.13 0.37 0.61 0.10 0.91 0.58 0.54
Y 29.30 43.50 5.85 13.20 35.20 5.32 52.00 28.18 32.20
LREE 699 519 371 368 1021 239 1267 705 600
HREE 24 25 6 9 32 5 43 22 28
SREE 724 545 378 376 1 053 244 1310 726 628
LREE/HREE 29 20 59 41 32 44 29 33 21
(La/Yb) g 50 27 183 74 75 123 58 51 39
(La/Sm) y 17 22 50 49 19 30 17 22 8
(Sm/Yb)y 3.0 1.2 3.7 1.5 3.9 4.2 3.3 2.3 5.0
(Th/Nb) 5.9 4.5 2.5 5.9 7.1 4.5 6.6 8.5 9.4
SEu 0. 64 0.43 0.48 0.29 0.55 0.49 0.53 0.60 0.61
3Ce 0.94 0.91 0.91 0.93 0.93 0.96 0.91 0.90 0.99

3 HIERLSARAIE

3.1 EFETEHIE

BAEEAR(R2) , MGHBEKIER S FRITR
HEA LU FHAE: @ Si0, &~ 58. 84%, AL,0,
FEN 17.90%, CaO F i 1. 83%, /1 5+ 8 K&

(DI=83.33), [ 4545 Bl (SI=3. 12) , K454
(FL=87.07) , BEERAEH05 (MF =91. 61) , #/R A1k
07T B Ay S EAE ], @ 46 (K0 +
Na,0) N 12.32% ,K,0/Na,0=2. 12, J& T4 jJi & &l
AT B S IER o M 9. 40, )& TS R B
REE (AR=2.34); A/NK N 1. 15, B A5 A
AFHIE, OMHEAER S FRITTRARAALUT
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Fig. 3 TAS diagram(a, after Middlemost, 1994), SiO, versus AR discrimination diagram (b, after Wright, 1969), A/NK
versus A/CNK diagram (c, after Ewart, 1982), K,O versus SiO, diagram (d, after Ewart, 1982) for the Gejiu alkaline complex
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O P A T A R T IT . 1997, ZREA AN IHT A = WA IE KA A B S (R BeR) . 1~ 189.
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