Fed W1y # AT Y 2 & = Vol. 6, No. 1
19874E2 ACTA PETROLOGICA ET MINERALOGICA Feb. 1987

FEFEBHERZTRED
FRELERNERRERNERER

Bx®k  BRZ

(RWHFERE, R

ERE, BMER, Ef ZRE REGFLS HER SEERS
# = FERINREABFERZRSPEMCrxiy109 MERBLZRIHZET, I
BE®, HETCoxE /MR, WERT DM TR HMELR BRELRHT ACHE

¥,
CoxE AR LAALOs, AIVERITTI, Mg' % h41E, 17 “BEA" &, ALO;, Na,O,

Al, AV NI BREMR, REERUFEEAHE, MERA. KEFQTGIERER L. BAR
FBEMCoxE R Wt AN R, EEEE AR Wo ke ALOR K, EILXFs, ALOARE; T

FAL K Eof Ry ALOsH 45,
HXRCoxBE RMREER, EFORAL: (HEHCHEFEXRERE LB 4 Rmr

#, TARZMBRREOTHE R R, (2) &K BE & Cox & REER 1021—1209°C, EhHA 1.4—
3,2GPa, FFLA,Cpx E M5 RIEEEH48-—104Km, (3) REESHERZR B PF KRR

WS, PARMZRERSAE, mAEEZXRERD.

MERBEZRERANNHMAEZRED, FRARERAEESR, £ERF, AR
MEAEMETE . BRI FEZREREFEQECE TALHRR, fixFEAMNERE &
BB, Ak, EEEFETREBMER (Cpx) EREFTTHE,

- F B &

1. FREHiE

E&Cpx A @EBERIE, —K/H1—3cm, kFiK15cmLL E, EXREPERE/H
F1%, BEHAPER CoxFRERELE, HARK MBHREPESZERELZTEBHPT
, HEMERELTED, ERNEREER—BRAEREMR, RMTHROHE >R 5T
S RBFEE,

Ed& CoxZh2R A, ARTSREE, HERE O, RB—miEesE, SIRUERES. 4
FERAKRE, EE5RAEFEERRZLE: KAZARELME, BLAERS,

ERZEHAER, BRAFENL, FRAKBRARME, BXEBHRKE—REAR,

BERAEEEH3.20—3.47 (184, T AHRBE—LE, BRA{110}RAME, Ry
B —, MHIRERFREREMREIEA Ng=1.705—1.720, Nm=1.686—1.704,
Np=1.682—1.696, Ng—Np=0.023—0.024(284). (+)2V=42"—56"Q27 ), EREIE



%13 dEABFERZRAT AMEAERNERFERRBEREE 57

mCpxfy et L2,

B s SR GEHCoxE RELEEHRBLEARRO . BRE K, Ng=1.708, Nm=1.690,
Np=1.684, CANg=42°, (+)2V=52°, % B} 3.471, a0=9.250 1, bo=8.8524, Co=
5.040 5 K¢, Ng=1.706, Nm=1.692, Np=1.682, CANg=43°, + 2V)=50°, &
BE43.265, 20=9.260%, bo=8.8743, co=5.046 8, X F/H, BEaH,Fa £, LHE,
Jeph ks TRGEE, HkA. RRSEHK,

E&mEETRAEln “RED7, EHAFEARDEEER. B . kK LUBR4d
BR. “REH” $0.2—2mm, AFlksmm, ETRAXAWNE: ABHN LR, JLPAE EH,
SEFELER—FERCpx, KKBEEE S, EXESLESER—F. & “RE3B” 25,
AHRRAHImmEHREASKERIIT, KHELUFEE &—%, i ENE6 N5%E
HPRERE B, RE5HAKEFRR&H.

2, e

BERERKBECoxE RIEEH AR, /T ECpxa A E Ghig 584 P EGRES
®) . KE (ZRERSSMA) =M. ARENED Coxy Pt FEMERET R, fEHiE
AN REREHFERZREFERCPxM 109 ML ER Y (BEUANERGEEITR
BRI ER) gt iR, BELRSERAI=A R Cpxfy s *ttber 4, E
#a CpxAg LA T HF1E:

(1) &wE. gAY REESFALOEEN4—12% Q09NEER) , RS &N 8—
9% L (A1), BRE®EMCPxFALO: H2.5—8.5% 193N KES), B/INF7.5%;
FEHH3.5—9.5% (554%), Z/hT8.0%; KEHHK0.5—8.0% (964, Z/AF7.0%, #

A"
| 0.3}
40+
% - O 2
% .
m?ﬂ-
0. 1r A
T ¥ —— |
4 6 8 16 12 / , .
A1203(%) 0.1 0.2 0.3 A
M 1 CpxEHHALOK B 2 CoxMAIlV-AIVEZE
Fig. 1. Al;O; histogram of Cpx megacrysts Fig. 2.:A]“—Al” correlogram of Cpx
(HERE, 109MES) AckiF®, ALLLTF, K& HCpx; A—CZ[H],
R3EE R, ZRAE@EF Cpx; CHELL
L, ##EEBCpx,

Warrean(,;1, EEFECpxy; I,
HEHCpx; B—BZ[d], {KEHH Cpx,
m, aﬁﬂcpx

0 TIAWE, 1985 HITRE—FEREBBZRNEFBERENELEEROT DERERKE. EH¥Y
WEW M. BT,



58 " 8 B ¥ R & %ot

E & 1 ALO: £ 5 T3 B MCpx, B di Cpox AL(O=6) 1 # , BIHRAIY 5%, B LLE S (7 B 7
B ZREPAREMCpxEy AV'HIRE (B 2)., Bk, BERCpx#E Ry khEES — 245
mEE. AP,

(2) Ti,Mg'th%E B RCpxhTi(O=6)r T8 EH S5IKEMCpx 2 b, fit F o EHE
B2ZM, Eib b EMECPxEEE Na (E 3), B ACpxh Mg’ (Mg'=100Mg/ (Mg + Fe) R #14t
FrEMSREMCpx2RA (B 4), Fit, BEMARCpxTERsy LS —1%4F & Ti, Mg'd&,
BEHREERFMZNMTEIN QRAFTE) —HrHS5EEH P EHCPxRE &Cpx2 i,

&)

<

. 1F ] -
1 Svmea \
X X ") Mo __.__--'j%
L n
60 80 , oo
Mg
Bl 3 CpxflyNa-Ti-AlVEZE B 4 CpxfyTiO-~Mg % ZAE
Fig. 3 Na-Al"Y-Tj correlogram of Cpx Fig. 4 TiO,~Mg’ corrologram of Cpx
Warren3, T, BE{HCpxy 11, thEH#Cpxs B, I§ Wass(® . A, FEECpx; B, WEEKRE&Cpx; O,
FEFECpx, pEARERES%Crx C, {REMCrx,
I, REERCrx I, REEACpx

KERBFERZ RS FERCpxpisr BBEE L, HLASE BA 5L R, 4
MAEER. KEER. MEEA, ARIKAS, 6:B"IFH, ZEFEHX Cpx E &Y R
PRBGEM, EMAEES: 4 (B, |, #. %) KEWolALOs fdb (g, &, DK
BIESXEALOs ik (F. L. &F. B) XFEniALOH %,

£ 1 FEBRRERCe=R ‘KL HFHES
Tab. 1 Average composition of Cpx megacrysts and

“reaction rims” from different regions

ﬁﬁ%? Si0, | TiO, |Al,O;s | Cr 05 [ ZFeO[MnO | MgO | Ca0 | Nu,0 [K,0| AIVT | Al'Y [Wo | FS | En | Mg’

b Finknd

£ W 48,42} 1.21 ) 8.00 § 0.07 | 8.34 [0.30 | 13.43( 16.54) 1.56 J0.12) 0.18 | 0.19 |38.9/16.1|43.9] 73.67| 47
# it 49.12| 1.06 | 8.76 | 0.04 | 8.97 |0.13 | 14.07| 15.69) 2.00 |0.10] 0.19 | 0.20 |37.2{17.3|45.4]) 70.3 | 44

* 4 48.87) 1.29 | 8.35 ) 0.15 | 8.16 |0.14 | 14.87] 16,35/ 1.53 |0.11) 0.20 | 0.17 |37.7(15.2|47.8| 76.0 | 13

“RRIA" | 44.40] 4,05 | 5.66 | 0.02 {12.81 [0.16 | 13.40| 18.21] 0.39 {0.07} 0.02 | 0.23 {39.0{21.2[39.8} 64,3 | 5




13 HEGSHERZ R AP AR EE RO EHTERRERG S 59

B 5 BERCpxiyWo-Eu-FskZAE 6 B iCpxfySi0.~ALO: R A E
Fig. 5. Wo-En-Fs correlogram of Cpx Fig. 6. SiO,~Al,0; correlogram of Cpx megac-
megacryst ryst
B, D10 fd5 WREKEES XSS, £ Bk, A, B, CKl1,2,3FAM@S5
LABEEL, AEAREEA, ETAW
EFEAATHEBER

Ay FERBEABE (1 5FNER E A
B: FRXBEREE (2 5 FHEE K A
C: RARBEABE (35 FHEAKRED .

BEd5 “Rpab” sy EENER.EBEZ 52, “RML"HE HCpx#Si0,, ALOs,
Cr,0;, Na,0, K,0, Al'', En, Mg', fii & TiO,, LFeO, CaO, Al'Y, Wo, Fs, L\ {21
EHHLNAH, NEfH-— A7 SiO, 46.89—43.67% , AlLO; 10.38—5.05% ,Na,O
1.56—0.31%, CaO 17.49—18.61%;AI(0O=6) 0.46—0.23,A1V'(0=6)0.20—0, "JLAFH
H, ALOs, Na,O, AIRAIMBABAMR, XM T EHEK, CpoxHh¥R/RE T (Ca—Tsch)
EEE (JO oFHEL. ZAERTEABRNBEXZEMOIIRE “RE5E” HCpx50&
WA, BERD. KIWLBEBARERE, AW, & ‘KD BE& LAIRLEH, it
B tahh. B, &R, ERE—BRBREE, MEERMEH,

N A7 I = I <

Mg LR E RCpxIFfE, 454 EHNIME SIUHA4EBHEGE, R RERE BaT.

1. ERXER

ERCpxfIRIFEAERERNDUA, LERBRENHERAL, EHFALE RERE
X, HEbHLE.

(1) ERSZXRARGRHCoxH Y RTEE 5, MiShiBakhCpxrE (B7),
HApfEthO5: EMZKRT 1om, BadhE, HEAF., HEA R, DEEER EL, &
Fs, HCr,O:% /M F0.5%; mHbidahCpxZ/hFemm, REELE, BEHF. HEHL,
LAEBERER, BEWo, HCrO0:% K TF0.5%. B aEPEHMH: MmibiSCpx)8 i EH,

(2) E&PFTFREHSIOABINZREEK S, PEFAZRETERLE, %5
RERBREARA. BKA. KB SE Stk A, XNE, &, 8. HFHEHS WE &F Al

O R, 1979, KUWHEHTDRE. HASHE, H4H,



60 H AT P

(0=6) EFEXREH ALOs (%) XAHEY (B 8) kF, WERMFFZRAKEER

ZIRIBA “Mm&%” %%,

En 10 20 30 40 50 60 70 80 90 Fs

B 7 CpxfyWo-En-FsXZ&H

Figo 7.

I, EE*HCPX—RE%IQM‘CM ¥ & I

thEEARCpx—@ R 4=k ™ B: {KEFECPx—18
ek, M. E&RCpx

Wo-En-Fs correlogram of Cpx

1.0f

FT A

2 || e
0 ‘ﬂ{ W

.f\\\\\

0.011_n—l Lol [ B | 1 PUNER TUUE DEE PE 1 3

La Ce Pr NdAPmSmEuGa Th Dy HoEr TmYb Lu

W9 CpxEd/FEHEART-PT &M/

REEZBC 7 $A9 LR

Fig. 9. REE distribution coefficient of
Cpx megacryst/host rock compared with
crystal/melt at different T-P
BREREE: 16E&SCrx/FEATEE R
%, ZERE1021°—1265C, FEH0.1MPa—2GPa
KRR ET, RECox/ B A BE SR LR,

#FEH AlOs

11 1 1 1 1
0.34 0.38 0.42 0.46

B A
B 8 EfCrx5%EaRIRAE

Fig. 8. Correlogram of Cpx megacrysts and

host basalts

(3) EMCpx57% F & W REE GH
GEU TE/BaRizE 5AR & B, E
SRR M M4 B AR 1L (B 9) L5
RRE RN, ZRE R4 R &K HCpx,
EN R R &k,

BERAATE, HEAESEAIZR
RS &Y, IR RN S
fho FHEINAZE CpxE &R Ba&, LA
B BALEHIRELEIRE.

2, BEEMH

B d Cpx BER A THEENZ R & XK
Ry, BeURhEBEAFRELS
b, R E N HME 2L R — A8 A LR R
X5 TrEME %, ZRAHRT RiE Thom-
pson® 3t & £5 Cpx fY 8 IR & FE S 0 B4l sk

HFE JAR R P(0.1GPa)=—7.5383+83.1692 x Al,r=0.95; T(t°C)=1056.8986+
902.7978 x Al, r=0.92, &, Al(O=6)5Cpx% @ity P, T AHIEH, & H Tkt
ZRE. EEZ0 thE#EThompsons R IW1ET B EIHH BX: P(0.1GPa= —6.6360+
81.3899 x Al,r=0.9548;T (t°C) =1057.0318+902.0416 x Al, r=0.9194, A"¥EFH, W4
FENAAL, HXFEZEMHL, LHRBAISEHMMEXEELD, EH5ERECPpx B4 P AURA
ERFEKX, 210, & (E10), TakEZXRERERCpxE @ mEENT

»  HifE, 1982, WRELXURZREESAENT WERAT. WRERX.
O BEW. U, 1986, MEAREFERZREMRESMELDF MU ENERRERELFEEN, &,



13l FEFEHERZRET LAEAE R ERSERRER L 61

(1) E RCpx%s AR E£41021°—1209C,
EH#H1.4—3.2GPa, Bk, HERMEER BN
48—104km, MERERBHFERME B EEE D
35—41km 4, Adb Sk IR A 50—100 o
kmUOHiE, MERHSEREERASLTFRE B2 29
W, B/NEBERBBZA, BHERERZT.

(2) #EKENE LK (1.4—3.1GPa), {H
SEHEHNE /M (2.0GPa); K E H R L hE
(2.0—3.2GPa), HEHEH H Kk (2.4GPa); R
XN (2.0—2.6GPa), BFEHEHFE (2.3
GPa), 5L FHENEM, BB h, X4
A, SN EE-L >R ILALOEHEH 16
IR hE—, WE5EEERERI R m b R/iE L.
. EEBEERKEALNA, ESREER/M 19 . '
B B R A EEZ LA R, R 1000 1100 1200 1300
BE/N, HERBREHE—, RREER, r/C

(3) “RFd” HHREES/NTER. B R P——
M, BE. KBWERSE “RAB” FFHFMES  Pig. 10 T-P correlogram of Cpx me-

oo
-9
T

Wa, EasEaitkh2.4—3.1GPa, i “RED” ¥ gacrysts
B4 0.7—2.0GPa, HE & EHE S FHbi8, mm Cpx ¥ A, 1;?%& 2743k, 3’
“RBEH” WM EHARE AR R. B coBBR. 1EHE WD, 2,44
s R e, X LT #17—66km, A TER T “RBib”. K RIS 3. RAE (KD

Mt —2UESL T “RE#B” AE & _EFAMEER =,

EHRME Coxpigiy xR, CHRELRHIEE. i Green E912%% ik ZREE
1200°—1300C fz1.0—2.0GPa F LK, RS WA TEER, P ALO, X8—10%,
N inThompson® 3 SiO, A FIfy Z RS 1E 1175—1475C 1 0.8—4.5GPa T, %48
HEFECpxhALOAH4.3—18.1%, ERBEEATEEEERTEBERS—E . BF
EZYY%E §Cpx7E H E T AZE 1150 CH R I, FR BB HCoxA h S A L LM RS
Cpx, X—A3%k%, LEE& “RKEL” HHCpx WBUAKR “REH” hyHaAAIELL, Ein
Kushirold ft Thompson® 834 i B (), ZREREEL A, CoxBRE X, & BTL
AlV'ECa-Tsch#f ACpx, HEiELGMERERE. AlV'E; MKESSMH, pPlEREKX, 8
5 FULAAIVRESI, #Apl, &EKELRZHERERER. AlVE,

3. MEKE

HERBHERZRATHORIEERSE, HAHEHEREAE X, RINHEKERRN
=8,

Ve & 38 3 B A< i3 A= R 2 i 8 hCpx E A9 TiO,, MnO, Na,O #jukE (E11), Hs4y
RIEE LATIO,. Na,OF mMnOfAHFHE, HEREHHFEZREHMUFWPAR, XAHE
MBS EZREMLTFWPA, WPT, OFB ; VAB K, FHELH, KE KMEZREY



62 HE AV # ¥ & % Fok

ARNERE, DRAREZRENE, MIHRABEXRE, EREEE—% BT
GLIMFY KRB S, FUAREBHZRE, ARKLRZRE RS R B
{E, i HLABIHE 2 A % o

11  CpxfyTiO;~MnO-1Na, O] %
Fig. 11, TiO,~Mn0O-Na,0O diagram of Cpx
WPA, RARBEZEE, WPT, AR ZRE, OF8, KERBRZRE, VAB KLAHNW ZRE All: Ff
EREEE
C (HMEHMHE), REERCpxiEANTEHRH

2 & X R

(1] Binns, R. A., et al., 1970. High pressure megacrystals in alkaline lavas froin northeastern New South
Wales. Am. J. Sdi., 269, 132-168.

C2) Bmagummpos, H. fI. » 1np., 1976. I'ny6unnpie BgAlodeHHnsa B3 KuOpamuToB, GasansToB M
KuOpIUTOMONOBHEIX HNOPOX, H3K. <Haykas, M.

(3] Aoki, K., et al., 1973. Pyroxcnes from lherzolite inclusions of Itinomegata, Japan. Lithos, 6, 41-51.

(4] Warren, R. G, 1979. Geochemistry of lithic and single-crystal inclusions in basalr and characterization
of upper mantle-lower crust in the Engle basin, Rio Grande rift, New Mexito, “Rio-Grande rift, Tectonics and
magmatism”. Am. Geophys. Un., Washington, D. C.

(5) Wass, S. Y., 1979. Multiple Origins of clinopyroxenes in alkali basaltic rocks. Lithos, 12, 115—132.

C6) Irving, A. L., et al., 1984, T'race elements abundances in incgacrysts and their host basalts; Constraints
on partition cockficients and megacryst genesis. Geochim. Cosmochim. Acta., 48, 1202-1221.

(7) RAFHR, 1982, REKEEHREZRBRELPELNANGESR. 7 HFiK, 0185,

€8] Thompson, R. N., 1974. Some high pressure pyroxencs. Miner. Mag., 39, 768-787.

(9] EiRS, 1984, «EREERX D, FEMKLE, RALER. HPdRYE, 30—55.

(103 RAE %, 1985, h BRMFLENKULSE, SHPW, H1E, B,

(11} Green, et al., 1967. The stability ficlds of aluminous pyroxenc peridotite and their relevance in upper
mantle structure. Earth Planet. sci. Lett., 3, 151-160.

€12) Green, ctal., 1970, Experimental duplication of conditions of precipitation of high pressure phenocrysts 3

juo a basaltic magia. Phys. Earth plavet. Interiors, 3, 247-254.



1 o B R A A i P SRR A B e M R AR TE BRI (E B 63

(13) ¥EIES, 1978, —HEIRHDERZE—ARFHRETHERESN. HERE, F4H,
€14) Kushiro, I., 1960. Si-Al relation in clinopyroxenes from igneous rocks. Amer. J. Sci., 258, p. 548-554,
(15) Nisbet, E. G., et al., 1977. Clinopyroxenc composition in mafic lavas from different tectonic settings.

Contri. Miner. Petro., 63, 149-160.

The Main Characteristics and Genetic Information of

Clinopyroxene Megacrysts in Cenozoic Basalt of
Eastern China

Qiu Jiaxiang Liao Qunan
(Wuhan College of Geology, Wuhan)
Key words. Clinopyroxene; megacryst; basalt; genetic information;

cenozoic; eastern China

Abstract

In this study, 109 chemical compositions of clinopyroxene (Cpx) megacrysts
were collected from Cemozoic basalts in eastern China. The main characteristics
of the occurrence, physical properties and mineralogical chemistry of the Cpx
megacrysts are studied by means of large amounts of calculations and projec-
tions. The authors present in this paper their own views on the genetic informa-
tion of Cpx megacrysts.

The compositions of megacrysts were characterized by higher contents of
Al;O; and AlY' and moderate Ti and Mg’. But in the “reaction rim” the contents
of Al,O; Na,O, Al and AlY' obviously decreased. The main species of Cpx megac-
rysts is augite, while diopside, salite and endiopside are rare. And, the composi-
tions of Cpx megacrysts are somewhat varied in different regions of China. In
southern China, the content of Wo is relatively high with lower Al,Os;; in the
north, Fs and Al,O; are higher; while in the northeast En is higher with mode-
rate ALQO,.

The opinions of the authors concerning the genetic information of Cpx me-
gacrysts are;

1. The Cpx megacrysts are the products of crystallization of the host basal-
tic magma in the upper mantle, but not xenocrystals derived from mantle disin-
tegration.

2. The crystallization temperature and pressure of Cpx megacrysts in China
are 1021-12097C and 1.4-3.2 Gpa respectively. Therefore the depths of Cpx me-
gacrysts crystallization are approximately 48-104 km. The .depth is shallower
in southern China,deeper in northeastern China and deepest in northern China.

The “reaction rim” was formed at a more shallower mantle-crust depth.
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3. The Cenozoic basalts in eastern China all occur within the continental plate,
dominated by alkalibasalts,with little tholeiite, The basalts in areas along the
southeastern coast of China are similar to oceanic floor basalt and volcanic arc

basalts,since the regions are close to the marginal sea,



