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RERERIES .95, RERTESARERZRE. AXBNET, iRd
HFHEZREEATONEBREEEEBRSEOT MEAFMARMAE, EiHEE
RERBRNR R X ZREREKE: — BERE%, Xkgatk, LRERTE
BEENE.2EERSR, REEBIE | T ¥E A T EMRE, R THIIER
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— . BAEHEA S AL RE

AR KSR S Ak B e YA, R R A (4 2/3) . mkER
(4 15~25%) BHERE(H 5~15%)FREA(K2%)RNGHEE (S5%). BEFNE =
NAFHTE R, HNALTZEE L& LRI ARG H LR RE B SR IE
B EMABE L TIHIEARERPIE, BESH,. RETYEENELEREEDN
HEEEEE, # J. C. C. Mercier ZWEHAIRE . BHME B EARERT T RN
. BEEIR, SRERFRRER, 20 MR AZEMBELSAERY S REE
KEhFI R R R EADREGE 1), MgO, Cr0, KK, HELEMIELRLNTE
—ErE, BAE-AESENE T, REHTRE-HIARNRSEA ZEFEEIR
AZELERSEEENIEN, BUAREREBNORAZAEZERRAIEE, RIMEEEM
B REREST, ERERMNERBR, SERBR, MEAERNTIRER 5 E N,
MgO & ERLEREFEN, ALO,, CaO, NaO F1 TiO, HAS MBI D, HIAYEER %
L RE (G5 1, 20 MRER): ALO, = 16.5 — 0.347MgO, r = —0.92; CaO = 14.9—
0.313Mg0O, r=-—0.84; Na,0=2.03—0.0431Mg0O, r=—0.75; Ti0,=0.483—0.0089MgO,
r= —0.58, ¥ 100 Mg/(Mg+Fe** +Fe**) = 90.0, o = 1.0, Ca:Mg:(Fe** + Fe¥t) =
2.9:87.4:9.7, o 4 BIE 1.4, 2.0 £1 0.9, FE{LBU/N (B 1)o HILEBARX LSRR TR
BERRSLRREN EWB AR, AEA EMESEaREERD TN, & 1FFI=
AR B, REERE, ES5ARRSEAMEHBIEEL, Mgo B, CaO,
FeO* #1 Na,0. K, 0, HO* W&EE;F Y EEXBRINHARZN G A

EALREANIETYREREER, LT OFERE, SREMAR (R 2), L
SARA R E L ARG LR BT R B EANARFERE T LI
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(Table 2. The compositions of the lherzolite etc. inclusions in alkali basalts in
Southeastern Coastal, Proyvinces of China)

WEFES (S) 1| 2 | 3| a 5 6 | 7 8 9 |10 | n 2
HS (Sn) L3S | Bl | M2 | Bo | LY S IS| Bty | BH25 | B 19| B 23817 w24
sio, 49.95 |47.64 [45.16 [47.36 | 46.14 [47.76 [46.20 | 46.84 [42.32 |40.32 [49.32 | 41.64
TiO, 0.71 | 0.51 [ 0.17 | 0.48 | 0.25|0.46 | 1.14 | 0.21 | 0.74 | 0.83 [ 1.18 | 1.59
ALO, 9.56 [11.61 [15.18 [11.75 | 13.11 [11.06 {10.59 | 15.30 |14.99 |16.52 [18.68 | 14.28
cr.0, 0.15 | 0.100] 0.244] 0.128] 0.172{ G.216} 0.00 | 9.120 0.013
Fe,0, 1.66 | 2.38 | 2.63 | 4.03 | 3.66 | 3.13 | 4.74 | 2.21|5.48 | 5.46 | 3.59 | 4.08
FeO 5.34 | 4.16 | 4.69 | 3.57 | 3.83 | 3.70 [ 4.16 | 4.49 | 5.62 | 3.86 | 5.71| 5.49
MnO 0.15 | 0.17 | 0.24 | 0.21| 0.15 | 6.16 [ 0.20 | 0.13 [ 0.16 | 0.14 [ 0.16 | 0.09
NiO 0.088 0.076| 0.088| 0.08| 0.067| 0.028] 0.074| 0.019} 0.055| 0.013] 0.03t
MgO 22.16 {18.51 [20.01 (15.80 | 19.19 [19.34 [14.70 | 16.99 12.25 |15.39 | 7.15 | 16.49
a0 8.65 [12.21 | 8.83 [11.33 | 11.61 {11.70 [15.74 | 12.00 [14.69 |13.50 | §.35 | 11.43
Na,0 0.98 | 0.76 { 0.51 | 0.66 | 0.61 |0.64|0.89| 093 [0.48]0.72]2.72| 2.00
K,O 0.03 | 0.01 | 0.01 | 0.01 | 0.01|0.000.00| 0.00|0.04|0.03}0.30] L1
P,0, 0.02 | 0.03 { 0.07 [ 0.05 | 0.12|0.12}0.11| 0.07 | 0.04 | 0.06 | 0.35 | 0.01
co, 0.120.12 | 0.09 [ 0.12]0.14]0.09| 0.12|0.16 { 0.19 | 0.05 | 0.16
H.0+ 0.340.70 | 1.22 [ 0.95 | 1.24 | 0.76 | 1.38 | 0.0 | 2.12 | 2.40 | 1.89 | 1.28
Bz 99.70 199.00 [99.16 [99.54 [100.30 [99.25 {99.97 (100.28 [99.09 [99.45 [99.51 | 99.69
Ca 19.6 | 28.5 [ 20.9 | 26.3 | 26.7 | 26.8 | 36.8 | 29.5 | 36.5 | 32.3 | 33.1 | 28.1
%{Mg 69.7 | 60.1|66.0 | 60.7 | 60.6 | 61.6 | 47.8| 58.1 | 42.6 | 51.3 | 39.3 | 56.3
Fe + Fe** [ 10.7 | 11.4 | 13.1 | 13.0 | 12.7 | 11.6 | 15.4 | 12.4 | 20.6 | 16.4 | 27.6 | 15.6
IFOS’;‘%F/“Qf,;" 86.7 | 84.0 | 83.5 | 82.3 | 82.6 | 84.1|75.7 | 82.4 | 67.4|75.8 | 56.8| 78.3
6*
sp B 1 4 11 1 8 22 &
% gt 16 | 29 | 20 | 28
= am 2| 4| 2 23 =100
L opx 9 | 10 | 16 | 10 | 1 7 19
B cpx 65 | 53 { 59 | 58 | 63 | 95 | 92 | 64 | 69 | 12
Mp) | ol s | 3| 3 15
pl 7 63

B BRALK: WFES I-2EE, 2ES-GRASES, 6-REATES, T-2MERE, 8 M-REFEMER
E10- AN A EMERE(RREER) I-ERE, 2-ANE R BHEFHAR . *QHkE LY 6%, KHRKIE
HILINR & MR RIS 7.

1 websterite, 2,3,4,5
clinopyroxenite, 10

6%, S

BIFHRBREEH. BAS BRENANAESGEROLERS (R DEAR, £TEL
M BA Ca:Mg:(Fe*t + Feit) HhEAS L A(E 1); 100Mg/(Mg +Fe** +Fel+)=67.4~
86.7, Cr0, < 0.24% , NiO = 0.01~0.09% , @ &ERTRE A IEMME HHEM E, W
ALO,, CaO # Na,O UH:E. Hit, BI1a el X R A S R E R k. A& iR —%

garnet websterite, 6

spinel websterite, 7
gabbro, 12
Total, Mp—

clinopyroxenite, 8,9
hornblendite. *Contains Fe-Ti oxides
Modal mineral propotions,

spinel

hornblende clinopyroxenite, 11

Sequence pumber, Sn

Sample number, X
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S ‘ :
Ag) ° \/ \/ V S— \V4

Fe?+ + Fe3+ 50
B1 REAHEEBE EEHRENEAESEGKLE Ca-Mg-(Fet + FOH)ER(E
M2 BERE, 1 E4-REATERRE, -y RERIRER, 2-RBE
REEM3- BRI R, - HUR M 5- Al A EBINEE ; - 25 7-H40ER

B -RE; o-ANAE)

Fig. 1 Ca-Mg-(Fe®t + Fe*+)diagram for whole rocks in therzolite and pyroxenite inclu-
sions in Southeastern Coastal Provinces of China (From Table 1 and 2. 1

lar spinel Iherzolite, 2 porphyroclastic spinel lherzolite, 3
iherzolite, 4

Mg

protogranu-

granuloblastic  spinel

tabular spinel lherzolite, 5

garnet lherzolite, 6
hornblendite)

websterite, 7
clinopyroxenite, 8

gabbro, 9

R 1 S 1Y)

AR HHE S RS BB, Ha A AR, B ETIRA B E T 14 M
A8 ADRGHER 18 NERAERA . 13 NREARN 4 NAMA,#T TR THRHMES
o &R TS EREDWT,ZE EB-3 i THRH S LT, HEKEERTIR
Ao

L 8B ETESRENEEERAD. F-HE, -6, MEEIEIR
REE L, MEFL 6, FEEMMEEREL G (NZR L), XEBURBEREALRT
Ho MMARSIEE, REATHEHBAETD 12 MIBATEY Fo =896, 0 =13, %
AHEE Fo=87.1~91.7; AMA_EER BSR4 PSP Fo=190.4, ¢ = 04,48
{LTEE Fo = 90.1~90.9; REZWRBAE AP ARKS bES—F. Hit.HliA
S R EEHTREAS

2. MNEE P-lRL, ETRE, REATEBMET, 4 ATUKE A FEY
En =90.5, o = 1.6; AMAEMEET=DBAEREY En =910, 0 =05, =
BB EBUKEAT ALO, B SHEN2E ALO, WEFEEMR: ALOy, = 145+
1.29A1:0555, r = 0.78 (11 IMHEGD) BOREEE A REAERA ALO;, W FHEE 2.52%,
AR ETHEEWE BDHUAELG R AL0M.68%. KL, “HEMME THUKEREE
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BRUKEER, ALO, & BEIZHYIN IR, FHEERREEY Ik
b, WUKELS Mg/Fe LLEMRSTIREFHMM AR Mg/Fe, 13 BB AR Fo/Fa T
BKEAR En/Fs £ Kp = 0.89, ¥MASROEDTUELS —BFIES RS
EgtE0 . En=289.1; FEXFIETHE Cr.0:=0.02, EEFERTHHEHN Cr,0;= 0.11~
0.65,

3. BRUER FEEMME 20k, BERT RSN GRmUAE A 2ZE,
BEE . RBEATHEMMEE R ZANEMEASWRE.EMNRERBEELG, ¥ CaiMg:
(Fe + Mn) = 45.4:49.5:5.1, o 4 Bl & 1.4, 1.5F1 0.7; £ Cr,0, = 0.64%, o=
0.18%, AMA_EMMETEEALASREL ZEHRETOMRD, 4 MESRFEY Ca:
Mg:(Fe + Mn) = 46.6:47.9:5.5, o {H4 BI& 1.7, 2.0 §1 0.8 SE# Cr,0, = 1.02% , o=
031%, LRAWEBHMEPIeNBEAFY ALOSE %, N TEZRELEEA
AL0;3.57% (25 MRESSEED®E MEX L BE AE & AL07.05~9.60% (154 FE &R
BB 2, #AS5RENTUEAEMESE ALO, FEARIEMSR: AlLO:y: = 1.31 + 0.99
AlLOuy,, r = 0.78(14 MREGL); ALOy; = 1.64 + 1.72AL0;,0, r = 0.82 (11 RES) oI
ShBRGE MBS R ER A ALO, = 2.95%, T HEERER D, HFEHEA 5@ A
IEARRLERAED . MRERERNBRRIEL A REEL, h-Hh, XER-u, B
fBo Z/PESLEH CatMg:(Fe + Mn) = 47.6:45.6:6.8; ALO, = 6.98~9.42%, 5 R
ERtaraERPEERG. AL, CERRLTHSER—H.MHZRFAERES
R Hsh, BB FE KK Cr,0, &8 0.06~0.12% , XBIF RS R b s g8 A .
HHEREARERERIIGERGR, MEREREANSABSESSEAMEEAR
EARNEGBS%REER,

4. 9&%75 HEREAZEHREPRERNESED /., SELEREREEY
KERY, MRS ER, BHEAR, RIS BTEEWBEESPHRER, RETE
GREA, 8AMPESE Cr0, = 8.37~26.15% , ALO, = 41.36~59.78% , 100Cr/(Cr+
Al) = 8.7~29.8, 100Mg/(Mg + Fe**) = 72.9~85.8%, MgO > FeO*; 2 MRk & #4
BHEE PREA.UEREENEE, Cr,0, = 38.92~44.00% , ALO, = 25.06~31.03%,
100 Cr/(Cr + Al) = 45.7~54.1, 100 Mg/(Mg + Fe’*) = 74.5~75.1, B %R E A,
ETRRBEEEFFEERG, ALO, EBERENTAER. EEATHEN S ALO,
EIEMRK: AlLOs, = 14.98 + 8.360AL,0,z,, r=0.83(10 PFET); ALOy,=18.61 + 5.724
ALOsp;s r=0.78 (9 MEER); AlLOss, = 16.65 + 14.05 Al,Oses, r=0.94 (7 MNEESL)H
LSRN BB AP U HAREAREHE A NAERERN. BRAEaGTRL
EARGARET R, ONELGEEEA. RAMOTBERER AL, RA AR A
i, EERE EEAEARR, ATEERERESRG T OEED BOY; BERS L A%
BRBA U Cr,0, < 2.88% F1 100 Cr/(Cr+Al) < 3.0 (3 AMEER) 45, X 51
TREEZEHMMEDRER.

5. G#@A EAWAZIEEME T, AEEERA-BI 6, 2 MRS S TR
A& SEMAED T 73.9~74.6% , BB AXT EEMA S FHLPIRIR, 25 0.16~0.18, &
EEBNLMEA, —RA2 1~5 22X, H19E 10 20 F, XN e a8 3E RGN
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Ko AMARBEHRNEM M. RMBDN SN ZH: EAaHAHRRTERBE. XD
YoM, LS 1600 G LR, W RS BN THANAMAN, 51 Mg — 83.6,1F Si + 22.4,
Al 4 10.8, Fe + 19.3, Ca+ 6.9, Na + 20.6 fl K + 0.6, FULREE LN R, nhE
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Fig. 2 Chondrite-normalized rare earth element patterns for basalts and maatle sources in differe-
ot degree of partial melting in Southeastern Coastal Provinces of China (The digits represent the
number in Table 3; the REE are normalized to the chondrites given by S. R. Taylor et al.F4T)
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Fig. 3 Chondrite-normalized rare carth element: patterns for lherzolite and pyroxenite inclusions
in Southeastern Coastal Provinces of China (The digits represent the number in Table 3; the REE
are normalized to the chondrites given by S. R. Taylor et al.t?)
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PETROGENETIC ASPECTS OF CR-CLINOPYROXENE-AND

AL-CLINOPYROXENE-BEARING ULTRAMAFIC INCLU-
SIONS IN BASALTIC ROCKS FROM SOUTHEASTERN
COASTAL PROVINCES OF CHINA

Zhou Xinmin and Chen Tuhua
(Department of Geology, Nanjing University)

Abstract

This paper gives some preliminary results of a comprehensive study of the textu-
res, mineral compositions, and major elements, rare earth elements, and transition ele-
ments of the ultramafic inclusions and the enclosing alkali basaltic rocks collected from
thirty-seven different localites in Southeastern Coastal provineces of China. The inclu-

sions

are separated into two categores, namely the Cr-rich clinopyroxene series and the

Al-rich clinopyroxene series.

Members of the Cr-clinopyroxene series, being spinel lherzolites and garnet lherzo-
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lites, especially the spinel lherzolites, are by far the most abundant and widespread.
the variations in chemical composition of Mg-olivine, enstatite, Cr-diopside, and spinel
or garnet are very small, and the Mg/(Mg--Fe**+Fe**) ratio in whole rocks (Fig. 1)
vary slightly. Consequently these inclusions are confirmed to be the fragments of the
upper mantle’s rocks in spinel phase and garnet phase trapped from the conduit walls,
and bear no relation to a melting residue resulting from the generation of their host
basaltic magma. This interpretation is alsc based on the following data: (1) the
abundances of trasition elements V, Co, and Ni are essentially in agreement with those
in the mantle source™; (2) the (La/Yb) CN ratios in REE (Fig. 3) are apparently
higher than that in the mantle source™; (3) the contents of Al:Os;, Na.O, and TiO, in
whole rocks decrease with increasing Mg(O, when the texture types of rocks change
systematieally from protogranular and porphyroclastic to granuloblastic and tabular
textures; (4) some lherzolites contain K-rich glasses distributed between mineral grains.
These evidences, therefore, may be taken to indicate that the lherzolite inclusions, as
the representatives of the modified upper mantle’s rocks, were melted in small degree
and reacted with the host basaltic magma after they were partially replaced by the melt
.riched in incompatibie elements derived from the more deep mantle.

The Al-rich clinopyroxene inclusions, which are garnet websterite, spinel websterite,
clinopyroxenite, spinel clinopyroxenite, hornblende clinopyroxenite, and hornblendite and
gabbro, are formed by the consolidation of magma in the deeper levels. This conclu-
sion is supported by the following facts: (1) the modal proportions of minerals and
the chemical compositions of whole rocks (Fig. 1) vary widely; (2) the abundances
of Cr.0; and NiQO are appropriate to that in host basaltic rocks; (3) the contents of
AlLO; in clinopyroxenes correspond with that of the Al-rich augite megacrysts™ crystal-
lized under the condition of high pressure; (4) the amphibole, which approaches to
the amphibole megacrysts in composition™, is rich in Ti and poor in Cr in comparison
with interstitial amphibole in the spinel ltherzolite. In contrast to ordinary igneous
cumulates, the pyroxenite inclusions have no cumulate textures; the clinopyroxenes are
not of Al-rich augite, but of Al-rich-salite; their abundances of REE exhibit characte-
ristic more or less intermediate between those of the basaltic rocks and the lherzolites,
and the patterns of the chondrite-normalized REE distributions (Fig. 3), as compared
with those of the basaltic rocks and the lherzolites are more variable. From the consi-
derations just mentioned above, the pyrexenite inclusions are not of the common igneous
cumulates, and might be formed by fractionation crystallizations of magmas that in-
jected into a number of small space in the top part of upper mantle or at the base of
lower crust.
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