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1 NERAZXRE GHEPRANCERS*

Table 1 Compositions of glassess in xenoliths of Hannouba basalt

% o W REFZEMRSEORE | GEEEEsdngm | ONARGHTNEES
Garnet in garnet pyroxe-
Oxides Glass in spinel lherzolite Glass in garnet pyroxeonolite nolite

SiO, 41.21 40.186 41.09
AlLC; 22.87 22.69 22.62
FeyOs 1.58 0.97 0.22
EcO 8.12 12.93 9.43
MgO 22.41 16.51 20.72
CaO 2.17 5.18 3.92
Na,O 0.70 0.30 -—
K0 0.38 .06 e
TiO, 0.13 0.09 0.15
MrO 0,21 0.34 0.37
Cr,0, 0.68 0.00 0.12
NiO — 6.13 0.06
P05 —_— 0.04 0.05
Li;O - <0.001 <0.001
V05 — 0.004 0,005
Bk lost 0.002 1.16 1.23

= 101.46 101.20 100.48

¢ RAXERFW MRS, HRERKOTEIAX, BFEBRFEET T EREE. BHE, REEXHMF (B
HIN2, OMK OS5 R 3MEED o

it it

BatERiAh, HEhEROTEEELRBEANBMNER, MASAIRBER
ARIEVRTEEMES, RERMZXREFHMRBLEPHERTLEAENAR AL EzZLHR
B 2A R, UPERURBELEHAELYE, KB Yoderfh B, B HRETRH AR
RBEABAMYE. FHikREDavisfiSchairer (1965) “’#£40 x 10°kPa | B A -BE G -
BERARZEHEE (ED, BRAAPEEBEHORES R 2R % DicEnFoPyq (&
B%), XEREGLFAEINHHERRAET,. RAAZBEMRENAREEAShERE 748
REL 2B RBAEHELERY, REBOBEBEAPAFEREA, BEHNYEERDT
fEHBLAE. Bk, ZRLEFHABERELSERBRAMNL.

EUZHEZTUEHELRAABRMRIRAEROULE (A, 1975), HEITHREE E R
H, XEFE MEFREEXRADRARESEE. BREAKRKILCERBEEHHEETTL
KRB DHEAHRMAZE LM E, ANEFTHEOERPMREIE M & A5 %, H#E30x
10°kPaf40 x 10°kPa T B BB A-BREMA RIKMEMEL RIS (Yoder, 1976, E8—10) “aLIE
H: EOMAKSIBAERAEEAT NS, BREREINRBERATMEs (H2), Hos
BOHARSEIFERALSR, THIZERAHTI0M40x 10°kPafE h P BEA-BEBE B &
ByEAE, ATHIARRELDTAESHER, WRABEERETBHRSR.

~AHma(Ta~TE)/R+Ta+Tr
€

X4 =
~AHup(Ts-Tg)/R+Tp+ Tx (1)
l—xA-—
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Table 2 X—ray powder diﬂ{'action data for glasses in xenolithe of the basalt
RERZIERAR AiBAREARER MHELR (HEER)
A i BB LA RERA*** A (Ap)**
Orthopyroxene
Glass in spinel Glass in garnet (MgA1;0,)Spincl Plagioclase
Iherzolite pyroxenolite (Bramzits)

o 0000w Ut PO gz | 17te [T ki | nee [FOS) k| /he A7
35 4.689 36 | 4.699 | 111 | 35 | 4.66 022 17 | 4.691
33 4.568 33 | 4.571 020 30 | 4.43
44 4,036 44 | 4,041 , 211 30 | .02 | 202 58 | 4,041
15 4.121
32 3.903 33 | 3.914 112 13 | s.018
37 3.764 37 | s.772 130 30 | 3.780
39 3,624 39 | 3.620 130 38 | 3.622
30 3.506 31 | 3.520 114 15 | 3.462
35 3.365 35 | 3.370 114 31 | 3.363
36 3.306 38 | 3.314 121 50- | 3.314
40 3.255 41 | 3.261 220 64 | 3.261

411 30 | 3.198 | 204 100 | 3.196

100 3.170% | 100 | 8.178* 420 90 | 3.170 | o004 9z | 3.182

221 90 | 3.159 | 220 48 | 3.125
34 3.027 34 | 3.039 . 132 23 | 3.042
56 2,940 55 | 2.947 321 60. | 2.950 | 042 33 | 2.952
024 21 | 2.936
85 2.871 85 | 2.877| 220 40 |2.858 | 610 70 | 2.881
48 2.825 48 | 2.830 511 50 | 2.832| 132 26 | 2.830
35 2.776
40 2.704 41 | 2.713 421 50 | 2.710
30 2,651 33 | 2.654 134 17 | 2.655
50 2.530 47 | 2.540 131 60 | .2.540 | 242 21 | 2.52¢
50 2.500 54 | 2.504 202 100 | 2.501 | 242 37 | 2.508
50 2.470 50 | 2.471 521 430 30 | 2.481
75 2.443 74 | 2.447 | 311 100 | 2.437
35 2.390 34 | 2.396 '302 30 | 2.389
30 2.355 31 | 2.361 331 20 | 2.362
32 2.253* 32 | 2.250% 402 121 30 | 2.259
022 720 30 | 2.238

L]

SE4ks ** JCPDSRfs *** MR BFEHBITERMTIR. BB R, ZEHHH.
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REAZHEEYE | BEAERE BBV GEEIFEED)
R R LT R BEEY S R e FEH AN
Orthopyroxene
Glass in spinel Glass in garnet (MgA1,Oy)Spinel Plagioclase
lherzolite Pyroxcnoliie (Bronzitc)
7T e I8 7P S IRVVR I/ ot Y VY (R V/ O R I V2 7/ S
40 2.116 40 2.118 502 630 60 2.116 2;2 19 2.143
39 2.093 39 24097 322 531 50 2.099 | 152 14 2.096
35 2.057 35 2,061 721 512 50 2.060
45 2.025 43 2.028 400 65 2.020
35 1.983 35 1.987 241 440 40 1.982
40 1.956 39 1.961 631 50 1.957
15 1.925 15 1.928 341 612 10 1.927 ;24 11 1.932
32 1.881 32 1.890 821 30 1.890 | 224 9 1.880
34 1.837 34 1.840 702 30 1.837 400 18 1.838
15 1.800 622 830 30 1.800 | 116 10 1.798
32 1.784 32 1.788 640 1010 30 1.787
15 1.768 541 30 1.773 508 25 1.769
10 1.754
32 1.730 32 1.735 921 250 30 1.735
30 1.698 32 1.701 831 40 1.700
32 1.674 31 1.682 042 812 30 1.682
30 1.654 33 1.656 422 10 1.650 212 20 1.654
351 023 50 1.616
30 1.610* 33 1.612*
123 50 1.609
40 1.586 41 1.589 931 840 30 1.589
30 1.559 32 1.562 511 45 1.555
650 551 30 1.527
40 1.519 41 1.521 1200 841 % 1520
603
40 1.485 41 1.488 1121 1031 80 1.486
35 1.470 36 1.474 060 642 60 1,472
20 1.454 20 1.452 !
45 l 1.432 45 1.435 400 55 1.4289

E A R E B LR R R 8 EAEIST.
Rfti®, NhT.fTs SRR AMBERRENTHHER. ATEETEHSIIAEZHIZ %,
ZEEZSIMTE. R. Boyd® AEREIE (83 AH BB, BTFHEMNAH.MERAR 7 2
M, FFCABAT A TR

(%),

) = AV .. (1— AaT)

2)
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Table 3 Data for calculations of thermodynamics

AT
Mineral

BHA

Forsterite

Diopside

BEEa

Pyrope

AH°m(KJ/mol)*

122.59

77.4

134.7

AV (cm?®/mol)*

0.01

0.046

0.051

10 X 10°%kPa

1 950™*

1 570%*

900**’!

20 x 105k Pa
T°m(C)

1 990**

1 630%*

1 300%**

30 x 105kPa

2 040%*

1 710%*

1 540%**

40 x 10%kPa

2 075%%

1 790%*

1 790%**

*  H.S. Yoder, 1976(2%83, 86, 88THc":
** W, S, Broecker, 1971(310.1)16
*¥€ A E, Ringwood, 1975 (E4—3iEERIT,

oo EARRIR AR Rk BB 2 22 Aq /D (107D, RILABIEART, BofEwE:

AH,=

AP AH AR R, AV h&EY
REERE B EREL, HEARHEM
BEFITE 3 &, ARBDEXRZRA
zEYEAEFEBEE, HEERY
ATE1ME25, AE2HEFH,
40 x 10°kPa FHERMANKIEE 5 %
IS EY AR ELEFs T 30 x 10°kPa i} A
PR THRARNIRZE, XEBEEZRAET
30x 10°kPa AHTAMARE T o
fRlARE (R&A+EE s W B A
U3 1 AR R AL DA B B B BE A — B
a5l R; B, BEAHRAEERANE
FERREF LS EREYABMBRAL;
TR A W RIS, DAREA
S5l s—S i E EEE T AR
LARATIBAAWIRZE, HERELR
AH.5IAH, HEEHIARALR
RpytbBEWUEN, I HBAR,%
AV JEmIR. REmik, RHxXEEEL
LR — L B R B EER, B
R I Bo A2 B R Il T A
WA mERED RN, BEEA
Y REERE/D, XE5ERERAER
ETREMKETARENELE—
Wy, Bbs FIHIZE R T A AT

AH,+ (P—1D AV (3)

WA

Fosterite

1290°
) ! 10 X 10%kPa
BER. 16907 1470° 12707 880° 020
Diopsid ‘ TR
g Pyrope

1 10—40x 10°kPa T A-EEA- BB AZ T

ook mAHE

Fig. 1 Ternary system phase diagram of forsterite~diop

side-pyrope at 10—40 X 10°kPa

40 x 10°kPafy =R ILLELR T 30 X 105k Pa 1y BIEA —EEMAKLELR

GHRER) HLRERBIE™) s HKFAHT FELER (@EER); A

MBAAFIRAHEEAERNREATERME hHEEE D Witk

(Three euteclic lines at the pressure of 40 X 10°kPa and one eute-

clic line of diopside-pyrope at 30 X 105kPa represent experimeantal

results (thick solid line){4); the other lines represent the resulrs

calculateds the circles of A and B show the projection of the

glass proposition in garnet pyroxenolite and spinel lherzolite
respectively)
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2000

1800k

1600F

1400F

1200

1000}

800 e " ; .
0 0.2 0.4 0.6 0.8 1.0

- BEE RV % T

Diopside Pyrope

B 2 10—40x 10°kPa T EEA- BB AT RHE
Fig. 2 Binary system phase diagram of diopside—
pyrope at 10—40 X 10°kPa

4R 230 X 105kPa 140 X 10°%kPa FRYSLR A5 R GEXR@),
3rh 30 x 10°kPa EE R AKMARUARES LB N AERE
& T AR ERs MEELNNNRAE BRALARERNE K,
H BRI R 2R AR R PR E B 3 AL MY
(Thick solid lines represent the experimental results at 30 X
105kPa and 40 x 10°%kPa (according to rcferencet#); fine solid
lines represent the liquid phase lines calculuted; the dash lines
connect the invariant points, with the segment of experimental
invariant point towards the lower pressure extrapolated)

AR - B A IR R AR, T 2 0
CaOL B AEER, W ALOs £2HIFA B
HIBA. BTRAT WILFE B i,
BEREMAHEAT & LEAREEN, Hik
XA SRR E A, HEEREYTHE
IfnE 2 A, KRR TERDTE Pk
BERMA BB EFE D4 5124 1 500CH 13 X
10°kPa; A AEA A F B REA1570CH
23 x 10°kPa (F4),

FI FMercier & i+ # 8 0E A Hh RR BE - Fe
HHCHE TR A AR ELRRAREAR
kA o B RE T o B 5 VE R AT BRR EE R
FE O, 8k 5 BB B & LR (R ),
GREARBA RS EMARAER S
R IE B e TR BRI O E . 5
Sb, AREARKERIER SR A R RO R R

3Mg;.sCac.5A1,5150, ;/=—=MgAL,O, +
2Mg,Si;0;, + CaAl,Si,04

ARA—4LHA + I FEA + fHA
V/mol;113.29 39.72 62.80 100.73
BT, RS R (OV=226.58)
b BB FE i Sk B (SV =266.05) /h 13
% (ERE/REBMAAREIESYS| HihER
R FH, Hik, Aok 2 K
HBEEE R, R E AE R A R R SR
FEEAEHARESIREDBERG. AF
MmRESEE, —EEMARE AR
RE R 2 A AN EERER

(4)

MRS IRE B, BREERILRFOMRE, B3 i/ & AR AT DUER Bk L7
R MR, A REA RSB R A, S5, RN X R A MBI X K

Ho&h RSk

kB (GreenflRingwood, 1967, BE4-2) ",

Jr A RALE 10—25 x 10°KPa iy F: B

EENAB TGN, B CAE S BR A 3R - BB B 7E RS T 10 x 10°KPa By IR ) P ELIF

£ 4 RELASBENENERAEGENEEITREER

Table 4 Temperature and pressure calculated for spinel lherzolite and garnet pyroxenolite

RERTHERBLL HEAEAE

p =N Sample

Spinel lherzolite Garnet pyroxcnolite

FHRREAFE,C Temperature 1 267.3 1 357.6

FEEFI(105kPa)  Pressurc 20.71 33.5

BB ER
1 500°C,13 x 10°kPa 1 570C ,23 X 10°kPa
Melted condition of glasses
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BT, FBUMARTRER EF& Mt bR 5 & AL AR

LGN, BEMPHREA, MAFEARNMRAMAESEELE LT R R, MR
BTIRZRAGEERoREEBPHELEY, ETREFXAZRERBETEH HEE. &
BHEBNEERMA-FMHEA-MRAREEGETHREIOR, FLLEA B4R R X T
HWiLHEeLR, Al, HBMSA-UBTEERABNEELER (RELA) f i xR
HERELEHHAE (Ringwood,1967, E4-2)7, DARBEFRIAR RER B FHALOER K
F20%, ALUNAIRBA—ELRERFHERME (10X 10°KPagktT), Bty Rt BMRATRE
REBEENTRERAEMAFBERNREET. BETTLUAH, £10—25x 10°KPa(R A
BEX™) EHEEN, EREMFEATSNRFEMFEAMSKAE N, WHiXEHARE R
AR SRREZRARBEE, FABEREXR
AEASARARMBUNRLITERS B (A
3) WA WX HEX R, BRIZRGRERK
AhRAamabmo®, BRTEHESNHLT
ERIOMMBLICERTRILPEAT EH 4%
wi, FARANESHRMTERE EZ R &
Hpthistk. B4, WRAZXREFEERE W
ALOs, MIRFRER D RIE AR LR W, W)
ERBEZBET 10 x 10°KPa & FHMfH T Y T
LA Ay B A R LaCe Nd SmEu TbDy Er YbLu

AR BRI HO R R IR IR v B 3 AMAMARZRANH RS TR
?E%‘m’%&ﬁé@éﬁﬁ?ﬁ%]‘ﬁﬁﬁ:ﬁ%ﬁﬁﬁf‘i, Fig 3. REE patterr:)sa::ltgarnet and typical
3R P R AR TE ¥ IR BB BEHE ST, 100km (2530 GRAHEEEE C. PridefIG. K. Muccke(93; 27 #
10°KPa) HETH B BEMH1200C, Y HE B 243| B Claude—Jean AllégreAIGil Michard(1} (The
FEHBKELS x 105K Paif, HRZS fn A 1 4 data of garnet is quoted from C. Pride and G. K. Mu-

ecke(1; the data of basalts are quoted from Claude

#1500C (B, BZ—NMEREEHREL, E —Jean Allégre and Gil Michardi
IHBEREREEREMN, HILGERTRERES
i Z2ARNRE, BEEARSD TAGERRKRENZELE, NMEHRBRERENEER
oy, MEEMUBEHBESHAWMAHY . FRNHEMESREARNAGRE TS F AN YR
FEHAET B Z A% (BR-6),

24 S iR B T R R D B R B S R o e, AREAEA AP ARA R EEE
@l MERGAZERME PN SSURE Y S BELL R R B A R k. &Y 2RI REMR
Bk RNTFw:

BT R alE
Alkali —basalt /Garnet

—

<

O
Y

_
=]
T

\
KL RE

Oceanic tholeiite

B /FREBE
abundance /chondrite

AMgSiO; + MgAl;OT=—"Mg,SiO, + MgsAl1,Si50;2 (5)
#EER REA WMEA ¥tk
mMgSiOs + MgAL,SiO<—"Mg;A1,Si;01, + (m — 2) MgSiO; (6)
BHETER o373 EA
mCaMgSi,0; * CaAl,SiO; + 2MgSiOs=—=CaMg;A1,SisO;, + mCaMgSi,Os 7)
SHEER HER Yk BEA

T B fy BB AR P K R O M SR e v AR R i A ok, TG R R B RE B AR SR T K. MW
HERETRT WBRRERE, MR TERERER, WALDESTBMBERAHEM, HF—
HESEARBTEEN L, REEVERABIARENBRTPHRBEEHRT AR FERER
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IR D), XBFRERLQESA B EEMR- SN EERE.

MBS A ROAR S B AAES (B1, 2, UIABETHFERE & REESA8M
BAEAAS, BTRELRIBE S EWRSHT Y (BFEREER , BE M aR by
SHEEENRE, Z5EMXTREZRAROBRERSL 8. ATKRARB MR
Temik, ERHATEHB A PRBARE (13x10°KPa) HELAR AERA S B A% @23
x10°KPa) @& (RD., BRAEXPBAMHSOANEREMENAR, WH & 5RMBT ¥ 4R
%, MEMRLKGET, BEHRETRRTHMYSRE DRGSR (E8E, M08
Ao BN TEET HBELL R R EEMN TR, KRRRERDARRTE b MEBE, w6
BANEEREIBRORASERARRTARAE S HLERS . XBREMMEE LHRE -7
BT, EAMRRESE (2n<20 x 10°KPa) RRgti KRR RER, WE DRBEBELIR Gn
>30 x 10°KPa) WIA[{FH & BARRAREZRERK. PEBHNRTRES —Z WRRIEHE,
BB BE D5 8RR Ve i B T i B H o

=] 11

HNENZREBREPERBAOMREATUEHATILASER:

. WENZRASE PR, 2B AR P ARA R Al g o™ 4 Bk Rl
FREABEMESTAEBAREEE, BTEE LA RPEE DT TLI0x 10°KPak # F F
Y.

2. RPEEFSGAMENBRESEBEB AN EMAYEERE, REF = BEMaEE
i3 B3R 1500 C Ry Z960kmAl, 2ME HFEFE13 x 10°KPaff M TABAE RAE: A A%
AEPHARARERTIS70CHI00kmER, 2 HFEZE 423 x 10°KPafi fA ARy,

3. MBHAERERKENTFENBGEARSABAMREE TS EDNT, BEPH
EERPmMEFERALAS, MAMEALEMEEAEPRRNEEREYT Y, FHESHE T~ ER
HZRERNELLE N,

4. PREZRERZELI0—25 % 10°KPafE HIEE N, AWMANKRSHE LY THEBEHRGEE
%ﬁ%%ﬁﬁﬁmmﬁw,m%ﬁﬁ%%ﬁET%mé&Eﬁ?mxmmm&ﬂ?k&%ﬂﬁ
WEREBREREK.
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B i B (Explainations of plate)
1: BER-EHBEA&TENERER (A6) RONIRERE (K6) FfEA-E 3 (Interstitial magnalumoxide

(gray) and microlith-glass between olivine and pyroxene (white) in spinel lherzolite xenolith), (—=)40x%

2. BEREGASESATNTA-2E (Re) IAMMERNERESR (Re), RyRgXRAmk, BRAR HE B

R K o (Microlith-glass (black) and irregular granular magnalumoxide(gray) in magnalumoxide pyroxenoliet xen-

olith, in which there are some basaltic veinlets and they are tapered off after entering glass), (~)40 %
3: BRASHWEAEAEKBEERITRETRAMMA-ET (B A) (Pyroxene possessing with banded microlith-glass (black)
in magnalumoxide olivinebearing pyroxnolite xenolith) (-)40x%

4 BREAZERBEQE&THIER, BRI -3 RETM, BEBHrNEBEEE (Plumose and fan shaped mic-
rolith-glasses (light colour part) in magnalumoxide lherzolite xenoliths black part is magnalumoxide),

(+)100x%

5. EEHIR, $BEUR, TIERFEIROTE-2EE (Myrmekitic, rhyolaxitic, plumose and fan shaped microlith-glasses),

(+)100%

6: AMEEAERNRELABEGEKNNE-FHERBRMER, ARBRABAE 1208 T A Microlith-glass in garnet
pyroxenolite still retains garnet pseudomorph (fan and radiating); garnet borders are all 120 degree),

(+) 40%

GLASS MICROLITES IN THE INCLUSIONS OF THE
HANNOUBA BASALT AND THEIR SIGNIFICANCE
Zheng Haifei and Feng Jialing

(Hebei College of Geology, Xuanhua)

Abstract

Experiments show that the inclusions in spinel lherzolites and garnet pyroxeai—
tes occurring in basanites contain glass microlites formed from partial melting. X-
ray analysis proves that the glass microlites are in fact microlite aggregates com-
posed of pyroxene, spinel and plagioclase and the result of crystallization of the
inclusions at over 10 X 10°kPa on the way of their ascent. Due to the shift of the
invariant point of the Ol-Di-Gt system to garmet caused by the pressure
release in the mantle environment, the chemical composition of the glaé.s microlites
are similar to that of garmet. At the P-T conditions that can cause melting,
garnet can melt directly, while the formation of the same melts in spinel lherzoli-
tes invokes reaction at the boundaries of minerals. The melts can evolve into tho-
leiite through crystallization differentiation. At higher pressures, the invariant point
of the system lies between clinopyroxene and garnet; thus primary alkaline basalt
magmas may form directly.
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