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Table 1 Chemical compositions of clinopyroxene in phlogopite amphibole pyroxenite xenoliths

3 1 14 42 Bk Si0,  Ti0; ALO; Cr,03 FeO MnO MgO NiO Ca0 NaO K,O0 G

* 52,40 1.32 2.55 0.00 7.01 0.00 13.98 0.00 23.41 0.60 0.00 101.27

e |* 5141 151 456 0.00 8.320.28 11.41 0.19 21.70 1.24 0.00 100.62

ke * 53,92 0.89 3.68 0.78 4.42 0.16 15.00 0.17 20.76 0.98 0.05 100.81

* 51,10 1.46 5.16 0.04 5.38 0.04 13.77 0.22 20.41 1.15 0.00 98.73

*51.06 1.70 3.50 0.13 5.79 0.13 15.08 0.00 21.43 0.88 0.00 99.70

- .| 5455 0.41 1.37 0.03 4.07 0.11 16.30 0.00 23.10 0.68 0.00 100.62
G AT TN

* 51,31 1.08 3.68 0.02 6.02 0.00 15.51 0.00 20.05 1.32 0.00 98.99

*51.97 1.46 3.33 0.00 6.41 0.03 14.40 0.06 22.97 0.77 0.00 101.59

*52.61 1.11 2,10 0.11 5.51 0.17 15.40 0.02 22.44 0.51 0.00 99.98
51.55 1.23 2.64 0.11 5.29 0.08 15.12 0.06 22.38 0.87 0.00 99.33

EnbHEA S

¥ 51.95 0.96 1.92 0.89 3.72 0.09 16.36 0.15 23.05 0.47 0.00 99.56
52.63 0.97 2.12 0.8] 3.41 0.06 16.40 0.00 23.14 0.40 0.02 99.96
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Table 2 Chemical compositions of amphibole in phlogopite- amphibole pyroxonite xenoliths

3l 15 1 4 B Si0;  Ti0 ALO; Cr03 FeO MnO _ MgO NiO  CaO NaO K,O it
o 40.37 3.12 11.39 0.10 13.66 0.15 12.74 0.00 10.54 3.12 1.56 96.75
- 39.39  3.20 12.04 0.00 13.32 0.16 13.80 0.00 12.91 2.12 1.50 98.44
41.83 3.37 12.77 0.00 9.46 0.11 14.32 0.68 10.88 2.92 1.72 98.06
41.80 3.45 12.17 0.02 10.50 0.14 13.76 0.00 10.99 2.67 1.66 97.16
41.79 3.57 12.99 0.02 11.92 0.18 11.91 0.08 10.67 2.15 1.55 96.83
Wi | 42.46 3.57 1275 0.00 10.97 0.00 12.66 0.11 10.87 2.43 1.75 97.57
41.19 3.44 14.27 0.18 9.87 0.15 15.06 0.00 10.09 2.33 1.36 97.94
42.59 3.16 12.62 0.32 12.27 0.00 11.78 0.05 10.83 2.32 1.51 97.45
41.76 3.74 12.89 0.03 10.47 0.18 13.57 0.09 10.53 3.03 1.72 98.01
42,92 3.02 11.02 0.02 10.29 0.15 14.77 0.00 11.57 3.50 1.24 98.50
- 41.64 4.06 12.87 0.02 815 0.01 14.70 0.05 11.03 3.19 1.65 98.40
";f;_,‘l_f‘,," 39.46  3.77 12.57 0.00 12.54 0.12 12.29 0.07 11.23 3.20 1.75 97.00
“ 42.56 3.42 12.20 0.09 8.66 0.04 15.31 0.06 10.08 2.77 1.48 96.67
44.72 1.85 10.33  0.24 6.95 0.11 17.80 0.00 11.24 3.51 0.96 97.71
Sz | 41,64 3.87 11.58  0.01  9.84 (.14 14.20 0.00 10.95 2.61 1.72  96.56
WOTiMAE A 40.18  3.14 15.21  0.06 12.04 0.19 12.94 0.00 10.78 2.28 1.29 98.16
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Table 2 Chemical compositions of phlogopite in phlogopite amphibole pyroxenite xenoliths

§ili 15 14 44 7 Si0;  TiO; ALO3 CryO3 FeO MnO  MgO NiO Ca0 NaO K,O0  fudi
38.43 3.43 16.02 0.00 13.31 0.10 16.86 0.12 0.08 0.23 8.27 96.84
37.97 4.36 15.49 0.08 11.43 0.11 18.81 0.12 0.05 0.57 8.43 97.42
42,13 2.25 14.15 0.00 9.77 0.10 22.41 0.15 0.12 0.84 4.97 96.89
SrMEAMME | 40.20 3.46 14.73  0.10 10.11 0.12 18.87 0.00 0.10 0.52 8.50 96.70
39.15 4.40 15.70 0.10 9.27 0.12 19.85 0.02 0.04 0.62 7.62 97.30
36.17 4.45 15.84 0.02 11.02 0.11 18.92 0.13 0.00 0.46 10.19 97.38
Ny (Ve 39.66 4.70 14.15 0.25 9.88 0.06 17.56 0.00 0.05 0.64 38.24 95.18
40.25 3.25 14.45 0.09 9.09 0.04 19.85 0.11 0.00 0.41 8.99 096.53

RPN
o bp 40.54 1.95 15.63 0.00 7.91 0.04 20.83 0.17 0.00 0.30 9.06 96.43
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Table 4 Whole rock chemical compositions of phlogopite amphibole pyroxenite xenoliths

i k48 | Si0a Ti02 ALO; Fe;05 FeO MnO MgO CaO NaO K,0 H,0° H,0" Py0s €O,

B
i

i IN 40.02 3.12 10.35 3.48 6.14 0.18 13.10 13.85 1.85 1.29 1.69 0.02 0.20 4.60 99.84
WS IN S 135.10 4.67 10.06 4.17 7.09 0.19 9.10 17.00 1.41 1.04 1.32 0.15 4.00 4.38 99.70
ﬁ'z;ffjl)\l?f’l‘-ﬁr. 38.13 0.67 12.74 4.30 6.21 0.22 13.70 13.30 1.73 1.05 1.07 0.01 0.25 6.09 99.47
FEAT AN 141,22 3.11 10.61 3.13 6.64 0.19 13.00 13.10 1.87 1.27 1.44 0.01 0.12 4.13 99.84
N [41.71 3.33 8.75 4.56 7.24 0.21 10.20 16.00 2.08 0.91 1.17 0.07 0.18 3.09 99.50
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Table 5 REE and trace elements of phlogopite amphibole pyroxenite xenoliths( 10~ ©)

fili 1B A 0 L.a Ca Nd Sm Eu Th Yb l.u Rb Ba Th
ik 16.8 37.5 23.2 6.1 1.95 0.837 0.788 0.0889 27 298  0.577
Wik fMINE  36.6 79.9 43.0 10.3 3.13 1.33 1.01 0.103 20.1 1680 1.82
SRMINFEAY 49.7 82,5 28.4 4.74 1.32 0.616 0.874 0.0941 25.5 2.300 2.43
MAfMAE 16,3 38.2 51.4  5.58 1.85 0.807 1.40 0.168 22.5 796 0.442
A S 146 33.5  19.5  5.16  1.96  0.844 1.58 0.195 14.2 734 0.198
fili 5 Wiz Cir Ta Nb* Sr Zr Hf Y * Se V# Se Vi
ik 0. 349 13.20 388 134 3.89 12.41 33.9 2857 214 1210
RN 0.354 7.80 459 112 5.61 16.66 30.4 338.3 121 105
G fNEEA S 0.787 10.30 425 69 0.721 3.86 26.4 124.6 195 193
WA 0.813 2 20 13.20 388 75.8 3.64 12.03 34.4 307.4 226 955
A4S 0.351  1.79 28.40 434  89.6  5.92 11.53 40.7 329.5 86.7 232

X PEHAETHr: 23 b0 Mo SIS BRI 5B, ok .
Jee sl AR b FIETE AT 0 TR BE R REV R S BTEEAL, BUEH

=W
e BRTe i = ]
—_— 00 oo




o5 3 30

TR SR S 2 i DR A S 2Rl B3 AR A 199

ER/REBRE

- ARE

5 ez MINEAG R REE 2R
LB A1 b v IC 25 14
( FRUEALAEL A Boynton, 1984)
Fig. 5 Distribution patterns of
chondrite-normalized REE
of phlogopite-amphibole

pyroxenite xenoliths

e fAINE
s MKANE

o E=MNEREA
o ANMEREA

500
o« BKMNE
c EZANMASE
o MNERE
o MAMRA
100}
50}
10t
5.0
1.0 N 1 1 1 1 1 1 1 3 N i . N N .
La Ca Nd Sm Eu Tb Yb Lu
5001
100}

50

A/ FiEhg

10

5.0

1.0

o ML ANE

Rb Ba Th Ta K La Ce St Nd P SmEu HI Ti Tb Y Yb
K6 <z DAV A 4l B A i oG 38 D s 3t e s A A TC 70 <
(bR UEALAEHE Wood and Sun, 1982)

Fig. 6 Primordial mantle normalized trace element patterns of

phlogopite- amphibole pyroxenite xenoliths



200 “ A W Y ¥ Rk & %15 4%

Tl G 2% R A Mg bR AEAGIC 23 a1 6 Ji s, el B mT e, il 55 A4 b o T R ERE L R AR
g w4, THEERZEHAMAICE, Th HE LR E AL . X R T 27
L Menzies( 1987) FTas i HUME 25 26 52 & SR AR ASACAE F S B oo it o 28U — 3%,
WK A1 DN N = A N WA 5558 & 46 Rb Ba Th K \La Ce Sr Nd P Sm Eu Ti %50 %,
O NREAT il S AR A 25 0 26 o SRR L I AC . WK M N th T3 B K A0 I &, 76 P Ab e
BARUE . T Tl AAIILE Th AbJE AR A . Menzies( 1987) MM A Ay 3 S Bk 28 A4 T 1) — F
S

B2, B BoE K L CREFIE R W, & A N A 2 55 AR L 4R Ti0, Fe05
Ca0 NayO K,0 i Loz (UM 1) MR ZEAMBICE WAFIE . A0 P K,
bl SN E LREE FIAAH 62 10 3 2k

5 B
G 7 F DN S A AR 6 1025 T 788 e 4 Mg ( = IRy W 4ils 3R A5 )

TUESV (AR SAINA s B BEKCA) g ki )2 s i B LREE &ANFZA T
FIHRFIE, RIS ZARHME H B2k . AR W I A 2 B T A 26 1) HE B I A2 D ey
iU A R A A ARAE F ) — Tl S e

AR, Hrdueb g kel T
X hy KR G843 4 -2 g SV b Sk I
W Aesm ERRA MK IERB Y . el
XA KL ZeA T o R CER, A
DA T TF 5% M — R RS 2 16 358 0 o
RN AR, S T B YR DX R AT I e |
I, AAAEAE SRR A AE D, R b b A2 AR A
H . &= MNEASHBERRRI, E2AR
X A7 AE M A2 AR ) B . & T fg
AT AC K E L Fty A AR R A F i 18

WL |

500 1 1 L
MR <8 2 A DR A 2 Al 55 A 1) 2 At 1000 2000 3000 P (MPa)
J’FEJ%M&%EE%&H_]‘ %*Tﬁfﬁﬁ ( 1) J,'%Q‘r?iﬁ']lﬁ (g| A Ringwood, 1975)
TERIONE A B ST A B K K R IR AT Fig. 7 Temperature pressure equilibrium diagram
’f_ﬁ, Eﬁﬁlﬁiﬂ'pﬁ E @Eﬁi{ﬁﬁkﬂﬁﬁ, ISJE% of lherzolite of different mantle facies

ATARIGE SR ) ] &5, AT AR AR A A KO A

AR ) SIIRAAINS . (2) BRI S ST R R Bk TR AR TR
(IS S AAASAX, (7] Ik A SRR T st b o b (19 Mg (Crr N, A48 5 A0 ANRONE A 7
D, TERCE KA R o BEAG VAR ASIBT DN, 23 7K WA 5 S0 s 46 Fe T Wik i 17038 A
FAICER, SACRELN AT 5 KA e A N o R BlE . 3 W WA S Ti
Fe Ca P 55 ICER, "EXT & AKREAT G ARG 7= AL WA AT R S50 . R =100 & 5 kIR



533 PR SR ot 2 A DRDRE A 2 20 5 AR Ik 201

ER A B KA B RS AR

AKX G MINEASHFEARE TiO, Fe 03 K FEIE ST W E Ti0, FeO FFAE, ¥4t
BF AR ] B 7 A R S AR i L U L AR B WA Fe A1 T . IR IRATIIE
SRR 7 T TS 5 SR g — RO R R B (B 7) U, B B A T b
MR 2 LA b o R 73 SE T RV IR 25, i B S X R AR AR — #Se X, IX B AR X Rl
AR P IR AR W) &, A0 v BE SRR T o $AE: B . NS AT LUE Y, & (=
3. 0GPa) , FEATTIA R 0. 19% ARG 2 AR ZE, Ui B 144 T B 2 04 50 b8 28 A48 1) By
D35 AR IS, $5 R BT 25 1 0. 1% KBNS 0 [ AH 2k, 2 WAL A4 28 ¥ 4% A Jb g A8 A A FH i 32
HE .

Y E YT SR 1994) 12 R A X 9 K L 2445 1 N &S Ph R 2 AR G % Hi Bk
ACEERIEST, UE WA DR K L % 15 48 A48 104 S (R 5 — B A i & s A g lE 0 1 284
AR AL, A R TP 5 B 2 e AR A P b i, 15 B vt el g A B S
AP KA T a3 VARG, Jd 4 2 A WA e 284 58 R ml e AR T oty AR A U Sk
DX 1) S b, DRI e (R R 5 2R ST g AR B A3 DIAH O o HB2 A BT A DUR AR X
FEAR AR I R R R, 1y L e AT AR R A TR A A A R A R R RO
FUAZAR, T R FR R R 3 R A, 110 eb e R AR — D W, D)= A T AR DX PR il o i - A
PR 1L 2k

& % 3 Bk

1 A AT M A, b 0y A AR = o e s 42
1992, 8 (2): 243 —256.

LA vy P ¢ S RS PP LT S D B A R AR,

2 SORKYT. SUHLAE SRR, R S bR BB P BE W L 8 AT MR, It MR AL, 1994,
3 B, G X SR, SRR, ARG R I 6 SOURTE X, BT ¥4, 1995, 14(2): 141 —150,

4 TR RURIIE B BB T KL A B A N A R S AR AR, AR, 1993, 9(4): 367 —
378.

5 Lioyd F E. Upper mantle metasomatism beneath a continental rift: clinopyroxenes in alkali mafic lavas and nodules from
southrwest Uganda. Miner. Mag. 1981, 44: 315 —323.

6 Lioyd F E et al. Regional K-metasomatism in the mantle beneath the west branch of the East African rift: alkali elinopyrox-
enile xenoliths in highly potassic magmas. In: Nixon P. H. (eds.) Mantle xenoliths. London: Wiley Interscience Press,
1987, 641 —659.

7 Duda A et al. Polybaric differentiation of alkali basaltic magmas: evidence from greemcore clinopyroxenes ( Eifel, FRG).
Contrib. Miner. Petrol., 92: 345 —356.

8 Barton M and Bergen M J. Green clinopyroxenes and associated phase in a potassium-rich lava from the Leucite Hills,
Wioming. Contri. Miner. Petrol. 1981, 77: 101 —104.

9 Mercier ] C. Single pyroxene geothermometry and geobarometry. Amer. Miner., 1976, 61: 603 —615.

10 BEPUE, 08, ik, o 08 A DA R R R S W AR, 1992, 12(4) @ 353 —358.

11 Menxies M A et al. M etasomatic and enrichment processes in lithospheric peridotites, an effect of asthenosphere-lithosphere

interaction. In: Menzies M A and Hawkesworth C J. (eds.), Mantle M etasomatism, London: Academic Press. 1987,
313 —361.
12 Wikinson J] F G and Le Maitre R W. Upper mantle amphiboles and micas and Ti0O,, K;0 and P,0s abundances and

~ 2 B . . B . -
100M g/ (Mg+ Fe™ ) ratios of common basalts and andesites: implication for modal mantle metasomatism and undepleted



202 EE S A 7/ S 915 4

mantle compositions. J. Petrol. 28: 37 —73.

13 Boettcher A L et al. Stable isotopic chemical and petrographic studies of high-pressure amphibole and micas: evidence for
metasomatism in the mantle source regions of alkali basalts and kimberlites. Am. J. Seci. 1980, 280A: 594 —621.

14 Watson E B. Apatite and phosphorous in mantle source region: an experimental study of apatite/ melt equilibria at pressures
to 25k bar. Earth Plan. Seci. Lett. 1980, 51: 322 —335.

15 00258 A5, o [ 4R 8 BE Al 5 R 1) 2 B e 36 R PR e ZE b R4k 2. DL v RS AR IR S5 Eh ) il SR, bt
M3 R RCA:, 1990, 45 —61.

16 Rigwood A E. Composition and petrology of the earth’ s mantle. U.S. A: McGraw-Hill Press, 1975.

Characteristics of Phlogopite- Amphibole Pyroxenite
Xenoliths from Langao County, Shanxi Province

Xu Xueyi
( China University of Geosciences, Beijing 100083)

Huang Yuehua
( Northwest University, Xian 710069)

Xia Lingi, Xia Zuchun

( Xian Institute of Geology and Mineral Resources. Chinese Academy of Geological Sciences, Xian  710054)

Key words: phlogopite-amphibole pyroxenite; metasomatized mantle xenoliths; mantle

metasomatism; mantle plume
Abstract

Phlogopite-amphibole pyroxenite xenoliths within alkaline basicultrabasic aubvolcanic
complex are composed of diopside, titanium-rich pargasite, high-titanium phlogopite, apatite
and ilmenite, exhibiting threeling, cataclastic and kink-banded textures. Compared with origi-
nal spinel lherzolite from eastern China, the xenoliths are enriched in TiO,, Fe 03, CaO,
NayO, K;0, with an apparent depletion in MgO. Chondritenormalized REE patterns and pri-
mordial mantle normalized trace elements data show that they are enriched in REE ( especially
LREE) and incompatible trace elements. Petrographic, mineralogical and chemical characteris-
tics indicate that the xenoliths are metasomatized mantle xenoliths, which represent the anoma-
lous mantle of early Palaeozoic rift in northern Daba Mountain. Mantle plume was the most
probable agent for producing the xenoliths. with the ascending of the mantle plume, major

metasomatic agents changed from melts to fluids.



