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Crystal Chemistry of Anorthite Megacrysts in Volcanic Rocks from Hakone Volcano, Japan

MATSUI Tomoaki

Abstract

Anorthite megacrysts from Tonosawa, Hakone WVolcano, Japan, were studied by electron probe
microanalyzer, X-ray powder diffractometry, X-ray single-crystal analysis, infrared spectrometry, and
inductively coupled plasma analysis. The pyroxene-andesite lava series contain anorthite megacrysts with the
composition AbsAngsOty (Ab: albite; An: anorthite; Ot: other minor end-members). Ideal anorthite is
CaAlSi,0g; however, the present colourless and yellow anorthite megacrysts can also host minor amounts of
Mn, Zn, and |(CHa)n-. Yellow anorthite is a new variant for feldspar groups. Moreover, the crystal structure
establishes excess Si and Al cations as [1Si4Og and AlA13SiOs endmembers, respectively.

Chromium-fused salites (clinopyroxenes) rich in ALOs are observed as inclusions tens of micrometers in
size encompassed by yellow anorthite megacrysts. This additional solubility of Al,O3 points to crystallization
of the present clinopyroxene under high-pressure conditions. The natural formation and observation of the
present anorthites clarifies that metallogenesis related to hydrocarbons maybe contributed to the far-reaching
effects of the mixing of basaltic magma with seawater and slab sediments on the crystallization of these

megacrysts from the melt under high-pressure conditions.
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1. [FLHIC
A7 VA NI, ZORAE LY SR CTAER I N0, HERMT 0T TIIs b G Hm G
fEL TR, 2O « EFHIEEMEICEH &40 T X 72, Murakami et al. (1991), Arakawa et al.
(1992), Nishida et al. (1992)i2 L ¥ , (FEFERICET 5 )\ LB K N =FEEEDIKEABEAOKEIZEET
HWFFEARE SHL, T O E GBS HERATHRL Clid THEZRE RO Z L MRS,
IREAE, EAHEOFEALRINTE L, Ab (NaAlSi;Os)i0An (CaAlSixOs)o 2> 5 Anjgo DEIFE % 5D
LEEETH D, ZOEME. AARTINER - FHRES. FALHATER, tikE. TESIEIC
DNTTCEET DAY, RN IIEHBNIIER M CTH 5 (Ishikawa, 1951), FEHIN\LE, ZEEBOME
DITREKESR (A h—y) BERESNTEY, fFEXE, KA (LELER) (Fig D25 bIFE
FROFERMBEH S 5D Z &3 L7z (Kimata et al., 1995),
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b AR RSN, EEEMS S LTET
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&S THEET Do WIRICHA L7calbHT, #52R REEPPtRR O & | FJIHLRZK A ESRRT O R
THERT D ENTED, LHIZ, PR WEEOBEE TH LN, MAERITATEND, BAE
il E B2 < DB

FARK IS ZPPEIK A BRI, AASIE SN iMoot 2 —EOKE A EAERD—>
R, LIS 2 DFEITA b LT (B, 1936), AHUIROIKE A EM 2 ST LIEE
FEIUAC & B AL DBERIALE T 2 K ILE & B 2 B, FRA AR T 25 A0H Tl s i
LAY T 5, ZauE, N LEER OGFEREBEKEABERPS B AT 5 KIS O Tk
b, LKRAECTORENDENT 5 Z L ITEET 5,

3. ERAE

P OFEIE, FI R FHIERE RIS E ST 72 BB LR o0 80 ) X R [ 74 &
(RU-200, RU-300)% HVNCTIToiL72, XBRHRE SR EHT 7 — 2 TR R F ot o # —IZiRE ST
V7= Enraf Nonius £-8L0> 4 fil Bk 5 B 8 X ARETEE (CAD4SDP)Z (M L. #9 0.1 mm?® O HfE i %
FVNT 20°< 2 0 < 30° TO 25 EDEIFTHEABIH S 4172, ZAvE BT H/N RiE TR EBERE L
Tz XBEIREHTELE (RU-200)Z6H LT, IKEAOREREZ T 5 DICKER 21°< 20 < 33°
(CuK o) DFFHZJE LTI — % 21572, MESRME, B, 74 v — IEEE, EiRo
JIEC, Cr,V,40kV,140 mA (RAD-C A7 A), Cu,Ni,40kV, 100 mA (RU-200) TH 5,

FW D BFE AT TR, BUER T o F —ICRE STV AARE RO JTXA-8621 &
=7 <A a7 T4 — (EPMA) ZfEH L, EMESHT, EE&21T -7, IEEE
MgER, T r—7% @@KWXWVL%JAJMMKHLEﬁAﬁ)2MNL%%AIMm(uL
EBSH) Thbd, AR OMETHE Mg, Mn, Cu, Zn 72 &) HHTiciE, B U < Sl ko
VA —|TERIE S AU TV Jarrel-Ash #HOFFERE G 77 A~ H EoHrEE AL LT,

PRI 3 ST IE, #8E% KBr=~X L MEIZ L » T, SRR FHIEREI 2RISR E ST
A S BUERTHEL O FRINIR ST SO EERT 260-30 21 L CTotir L7,

4. ERBEHEHR

B2 PGEA L LA DR EAERICIE, L HAD 2504 A4 7R3V (Fig 2). AR TIEHE
BB TREAFICRRCEAL TVD LR D, WTILHER 1~2em B2 THERH L T 5,
PSR ORA ITRRBK AT, TRLSOBEE LT 4 mm GiE DK E SOEEE A2 H LD,
A EROREEIIIKE T, [F U< B & UTE@EA D BHLo23, ZHUTRTE L D o0/h a0,
Fig. 3al2® B K B E M E A BT 5 &\ Fig 3b (IR T L 2 RfiFiEEZ LD 2
EMRDDo T2, (010), (001), (110), (110), (021), (021), 201)A3FE1E L= HTEAEIL T, FrHZ(010)728 & < J
%LTD%(@miA%%ﬁT%%éJO;@ﬁ%?éﬂ\ék B L CilEdERG s & LTl &
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cantahball
Fig. 2. (a) Colourless and (b) yellow anorthite megacrysts from Tonosawa in Hakone Volcano.

Minimum scale is one millimeter.

(201)~

Fig.3. (a) An euhedral crystal and (b) the habit of yellow anorthite megacryst.

Minimum scale is one millimeter.

5. {RACIEMBEERE
TRCBMEREIC L0 | ZIGEIRRAEM %
WA CBIET DL, RARAEO~EHE LD
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(Ishikawa, 19513 A.H4L5, AU\ LEE
MO =FRBERCIKEABESRIC S EBIC RS
NOMETH D, BHEEITR IRV,
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N5, anorthite megacryst with polars crossed.
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6. BEiESRUHX X REHFDT

S ORIEIE, HARER K O R XBREFTE CITV, ICDD O7 7 A v Dary B a—2—RE%E
HAWIBERICR Y | IREA LRESNT, TOKFERIE. 4 EB) XHEMEREITEEL L
T, b7z 25 EOEHTHRT — Z IZHEDW T/ N ZFRIEIZ L > TRIES 4L (Table 1), FtRAIL
PEIKEAIT, EAESGHEAERBIZE A LR UK FERZ R L, 1ERRE STV TIKEADE
ALEZ LU (Wainwright and Starkey, 1971) ,

Table 1. Cell dimensions of natural anorthite megacrysts

Colourless An Yellow An Red An Red An
Tonosawa" Tonosawa Miyakejima?® Hachijojima®
a(A) 8.179(2) 8.179(1) 8.179(1) 8.179(3)
b (A) 12.877(2) 12.881(2) 12.885(1) 12.876(5)
c(A) 14.177(4) 14.180(2) 14.177(1) 14.176(4)
a(®) 93.17(1) 93.18(1) 93.21(1) 93.20(2)
£ 115.90(1) 115.91(1) 115.89(1) 115.88(2)
7 (°) 91.22(1) 91.24(1) 91.19(1) 91.19(2)
V(A% 1339.4(5) 1339.9(2) 1340.3(1) 1339.4(8)

1) Kimata ef al. (1995), 2) Murakami et al. (1992), 3) Nishida et al. (1992).

Fo, IKEADZIEZHIET D701 Ca lZE ATERHE A OREEIRIEREX] (Scheidegger, 1973)%
e, X R E (RU-200) 24 H L CHIE S =& R (112), (202), (132), (220), (132)
DE—7 OAiEZERY . TRHEHVTB (=203012-206m). ' (520 a32)+2 0 020)- 4 0 132)D
OORTZ/EK L (Table 2), B/ T D7 Z 727 vy kLiz (Fig. 5)., ZORIZED &, BEZIRFER
FBAZ, BAEMSbEAEMBIZE A LR UE T, KIS EFERO TR (1) DR mEE 2 7o 0]
REMEDSRIE S D,

Table 2. Relationships between B and I" function for anorthite megacrysts

Colourless An Yellow An Red An Red An
Tonosawa Tonosawa Miyakejima Hachijoujima
B 0.705 0.71 0.72 0.72
r 1.51 1.505 1.48 1.505

B= 29(]12) = 29(202), = 29(132) + 29(22(}) = 49(132) (Scheidegger, 1973)
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Fig. 5. A plot of B (20(112) - 20302)) and T" (20(132) + 20(220) - 40(132)) for calcic plagioclases.
The feldspars have been grouped into 4 groups on the basis of their origin, with the
following symbols: O  (hypabyssal, plutonic, pegmatitic, metamorphic,
charnockitic, and those from large basic igneous complexes); @ (volcanic); A
(volcanic ash layers); A (synthetic); and [] (anorthite: CL (colourless An
megacryst from Tonosawa), Y (yellow An megacryst from Tonosawa), H (red An
megacryst from Hachijojima), M (red An megacryst from Miyakejima)). All data on
volcanic ash layers and anorthite, was taken from Smith and Gay (1957). Diagonal
lines represent regression lines through the various groups of data. Vertical and
horizontal lines drawn through symbols for volcanic ash plagioclases represent plus
and minus two Standard deviations on the means of B and I, respectively.
Horizontal lines connecting two symbols represent those samples for which more
than one I' value was given by Smith and Gay (1957). Numbers above symbols
denote wt percent An /(An+Ab). (modified after Scheidegger, 1973)

7. EESH

(1) EPMA 234

IREAEROILFMBIT EPMA (B 7 0—7 «~A 707+ 74 %—) ZHANTEEGITEE
BT OM T 2 15t Uiz, PR OFE R EEAEA ) B 13, Si, Al, Ca, Na, Fe O TR S 4,
HEEMND B, Si, Al Ca, Na, Fe 233> & 0 LHIE STz, EEOHTOR FIE Table 3 _EEBIZRT,
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MBS S, FEAERUMERTHD Z 035, RIT, ZNHOHHTEA I L T, HE 81
ZXET DA A O¥E | Sik Al DSIEEIZE U< 7225 XD ISR /g9 % & . Table 3 Rl
DE D72 %, An, Ab AT OWTIT T L A LR U T £ DU ED SRRy TR STV %,
ZOZEiE, NEBROEEEROKEGEROMAIC KL TWD, £2, BOAEMILSIICE
Fr, HEEMIXALZEA T, Fe DUEAMIIAD Z L HLFHETH D,

Table 3. Representative microprobe analyses of anorthite megacrysts from basaltic rocks

Colourless An Yellow An Red An Red An
Tonosawa Tonosawa Miyakejima”  Hachijoujima®
Si0, 44.83 44.43 4447 44.04
ALO; 35.30 35.43 35.08 3523
FeO* 0.41 0.35 0.39 0.43
MgO - - 0.07 0.10
CaO 19.24 19.35 19.28 19.12
Na,O 0.41 0.44 0.44 0.40
Total (wt.%) 100.19 100.00 99.73 99.32
Cations per 8 oxygens
obs. calc.” obs. cale.” obs. cale.” obs. cale.”
Si 2.067 2.068 2.054 2.057 2.062 2.064 2.051 2.050
Al 1918 1.919 1.930 1.930 1918 1.916 1.934 1.934
Fe 0.016 0.016 0.013 0.013 0.015 0.015 0.017 0.017
Mg - - - - 0.005 0.005 0.007 0.007
Ca 0.951 0.951 0.958 0.958 0.958 0.958 0.964 0.964
Na 0.037 0.037 0.040 0.040 0.040 0.040 0.036 0.036
Total 4989 4.991 4.995 4.998 4998 4.998 4.999 5.000
Designation by feldspar end-members
CaAl;Si,0g 93.8 94.5 93.8 93.0
NaAlSi;Og 3.7 4.0 4.0 3.6
CaFeSi;04 1.3 1.3 1.5 1.7
CaMgSi;04 - - 0.5 0.7
FeAl,Si,04 0.3 - - -
OSi05 0.9 0.2 0.2 -
AlALSiOg - - - 1.0
Total (mol%) 100.0 100.0 100.0 100.0

* Total 1ons as FeO.

** Calculated on the basis of end-member.

*** Excess silica component; [] stands for a defect at M site.
1) Murakami ef al. (1992), 2) Nishida et al. (1992).
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F 7o, FIRCEBMEE FICl W TBIE SIVERIBIE Ot A% EPMA (2 X0 EMEGHT & & &hT
EAT o TR Table 4 O K 9 72l HHLTZ, ZOEAEMIT Al LTED Cr 2 & T ARG (Cpx).
TR —FHAThHD, ZOIEZA DR D53 % & (Cebria, 1990), F = /L~ —7 ¥kl
57 (CaALSIOg) % [EIRT 5 Cpx Th D Z E¥bhoT-, T & FEEZ: CPX 13\ LR ER O EAE
BICEHENL A ErOuUFY., HHWE, —/ BIREOBEEMESICEM & LT EREND, 2
DZ L, ZTOuA STz Cpx BEESE T CTIKEA LV bEISH M LI-Z & 2RT,

Table 4. Compositions of inclusions in anorthite megacrysts and pyroxenes in groundmass

(1) @) G)

Si0, 49.19 50.34 50.03
TiO, 0.42 0.30 0.54
ALO, 4.33 4.58 4.86
Fe,03 - - 2.15
Cr,0; 0.13 0.21 0.18
FeO 7.00 6.17 4.10
MnO 0.23 0.10 0.08
NiO - 0.07 -

MgO 14.91 15.33 15.57
CaO 21.78 22.23 21.63
Na,O 0.25 0.15 0.35
K,0 - - 0.02
Total (wt%) 98.24 99.48 99.51

End-member indication of clinopyroxenes

NaFeSi,04* 1.82 1.07 2.62
CaTiAl,Og 1.18 0.83 1.49
CaFeAlSiOg* 10.07 6.86 3.82
CaAl,Si0; 3.34 5.70 7.08
CaSiO; 36.40 37.26 36.18
MgSiO; 41.61 42.26 42.42
FeSiO; 5.58 6.02 6.39
Total (mol%) 100.00 100.00 100.00

* Fe?t

(1) Clinopyroxene in yellow anorthite megacryst from Tonosawa.

(2) Clinopyroxene in red anorthite megacryst from Hachijoujima (Kimata, et al.,1993).
(3) Clinopyroxene megacryst from Ichinomegata (Aoki,1990).
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(2) ICP ##7

ICP GRERSG@EN T 7 A< HNoirEE) #HOWTREAESE DT 5 L. EPMA 5547 C
LB ClE 72> 7- Mg, Mn, Ti 220 &5 Z E R 70D . DI Zn DHEEZ H > TR S
7oo BRI Zn IIREAERIEDN Y TERL ZORBICOIEFIIEEND Z RPN E o7z,
BERHIE, A T 1000 ppm B1H 0.13%0 ZnO 25 7= (Table 5), Lovh s AKEAE

AR END Y —FHEAIX, EPMA OEMESHTTIE Zn 25 A TWRNT EAVRENTZ, 16> T,

Mn X Zn DR EA ORGSR 2 S5 & LTz b, 2SR T — 2 I 5 2 ENEZ D
b, TOHROEFMIIC LY | JKEATIEM D 19.6%% Mn 2350E L CHET 2 2 & A5
TEHJIZRER] &7 (Matsui and Kimata, 1997),

Table 5. Representative inductively coupled plasma analyses of bulk volcanic rocks and

anorthite megacrysts

Host rock Megacryst

Colourless An  Yellow An Colourless An  Yellow An Red An

Tonosawa  Tonosawa Tonosawa  Tonosawa Hachijoujima
MgO (wt.%) 4.83 4.79 0.13 0.57 0.39
MnO 0.16 0.15 0.01 0.01 0.01
TiO, 0.68 0.65 - 0.03 0.04
Zn0O 0.03 0.04 0.02 0.04 0.05

8. FIMRIURA I

TRIMERO FEHEFHT K BRI AT MV OBIEN S, N\ LEHER O =ZEEERAKEAIZBNT

BALAKZE RSB & 72 (Kimata etal., 1993), ZDZ LIZHEH LT, B2IREREAERICOWVTS
WINART MVERE LT L 2 A, BERA, HARA L HIT 2800~3000 cm™ OFEE CRIERDHK
B2 RL (Fig. 6) EBDHITHRIWKFITIFE SN DWINH O — 7 LEEINT, 1E>T, B2
WPEIKRE A B b )\ LR PEIRR A B & RIRRICERHR 3 EOIRWRICEREE T CAER Sz b & b
b, FRCREAIKEAEMAORIEE L, MEAKEAERLIVKREL, LV ZLORILKENRE E
NTWDLZ ENnbrd

9. EX
FERRKINE, Fig. 1 XV, REKEAEMMAEH SN NS, ZF5, P RE, IR KA,
LR EICHDZ ENbND, ZOZED, FRAKILEER L-H W IEETIC, REKEAN
RO oNB72459, &0 FPRENSEIONIFEOI R E e o720, REIKEAITIRRTET., tb
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(AR L EAEAN RSN, DORR. ZhbDERMIT. sHEERIT ALHEAR
ICHIEFILTIREATH D LD Z ENbhoTz, FrZ, SI X Al NICEA TN D Z & DR
M7 358 Th 5, Ishikawa (1951285 &, —MANIZ, SIVKRZIE O K LA Tk, HHERNIZ Si0, 23
L TNTY DY NWEREE~ 7 IZHRT 2 LRSS & i, S BICHEAL B ARSMAl O kil

L BB Ca R ALRNICEA TS, £z, 2O L5 2 KIUE T, ~ 7~ PIC ki iimd
EED ARG, S DT, 2 TEA ZOHBKIC An B OFEOWRE R Z AT FIK T, AL RICE
T E 2 B0 AT, Z L IZ Ko TRRABEMDEIHT 5 & & 2 7, BtRALbED X5 2kl
IS5 Z L h, BZIREIREAESOMRIC b FRBROFBINEA TE 2506 LitZku,
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Fig. 6. Infrared absorption spectra (2800 — 3000 cm™) of anorthites (An): 1, colourless

An from Tonosawa; 2, yellow An from Tonosawa; 3, red An from Hachijojima.
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HEEMOEEY T D Cpx & K EI7ALFHERL D Cpx A3 HAL A AR O B AWHAN AL E T2
— 7 BIBEOBIERMEY /7 U AOHRIIFET D (Aoki, 1987)Z & HEIRE, F7-, |, #HE
DOWTNOEEND b RIAKENREBENZZ 0D, TNHOEREER LI~ T~ AT
HRED VAL TND EBEZBND, RIWKFEODVEOEGEHERNGEZ T, HAEMIZBWTT
BIAEANAR T Tho 7z EHEHTE 5, HADFIRIZ OV TIE Fed R OfE St oo P (A
AT 5 LK D L &1L (Hofmeister and Rossman, 1983), /A hUFA . 7T K74
MZERWTIE, £ 0.5 (Wt%)D FeO o iUTstac 725 Z L3 BT % (Schurmann and Hafner,
1972), BT, AL I DVUA T BT T 4 —FEOFEOLT T T KT 4 MHIZIE, FeO IZHAR L CTH)
0.4 (Wt%)DERH Fe**, Fe? Ol i THAET 2 Z &3S T 5 (Bell and Mao, 1973a,b), L L
HEAEMIZH FeO 13041 (Wit%)H 2D Z &b FBEAFRIZINC S H D & B X Hivd, Isshiki (1958)
X, ORI A B O 2 AR K A R 22 ARSI A ) DAFAEIC L D & L7z, LA L. Nishida et
al. (1992)i%, J\LEFEMRAIK EA Ef ORI 72 BREOMIR I L ARG tE — R E325 2 &
IERIL. AT Zn O ASRKREEE L TIRIHEN D LS L W5, BZIREREAESN D b flifh
IR SN TEY , BICHEAEMCBOTRE T 0.13 W%)EHShTng, EAathomint, %
< THWDHEV 100 (ppm)FEEET (Smith and Brown, 1988), fiitA&iENIC A S AlGEME S H 5, & L Zn
DERIEERGIZ AT LTH, ZHUT L - TERDDUW = Zine Silicate X RBH7- 57202 L0 b,
MO RREMED TRV, LAY, Zn SERFRSH & LTIk - & LU CHREET AU AFRIC /R 0 155 )
LNV, WEEHCBOTL, ZOREAIC Zn BEN LD, BaEROEBRE CE&EFIZH
SRiffigh & LU CoA SN, ZFORICEESICHEN S £ B 2 bV D, 6> THigh O 55 2 U,
WEEMIIEAER X RORES CAMIERZZIT S TE 5, WICEAER & BT
DAEFGEREN 2L BITH D EIE L THD, Ziud, EaorE, EHGTAE TR A
IRBZUCB W TRESICERZREO DD Z & (ICP AT TITBHE 2 2AIERED b, ). ME T
B HNEAERRIL S ICEAEBERITALICEA TS Z &, HEEMIRILKENZ B S
HZ LIl o CRFFEND, ZOMEIE. AR Ishikawa (1951)°, ABFICIZISIT D 00T HE 5

[ZHASNT, B OYAE~ 7~ DS HGEECHEREY) 2 BV SA A TZRE s CREIC 2 & DAL A X
VIS KBELTZ b D Th ol BEZX D LR Y THD, I28T5L, HEERIZH LN UDEAE
L0 HEBEBERETHECRIKRIZEA TLVEEEORN AL MO RE LIZEEZ DD, fEE
DEINETHHIZH2 00T Ca ICEDREAZETL20H 20D THAS, LD & &R
FAXTREABEROAER T B A% Fig. 7127, BZRERAIKEABEMATO Cpx 1%, \LEE
REJKEABEGETO Cpx & FERIZEIETEZ LTV A2, AFEOBERICITEMEEZ L4 e X
TFELZRW, fE- T, 20 Cpx 1R EAESICEI Y IAENDHIO E DO CRIEER 231 7= /00%
TEDNTIEZR N, Cpx (LA AAFFED & CaZnSirO BEA DAFAEDE H AL TV 523, EdaH O Cpx I3, EPMA
DEVEGHIT Zn ZHEATORNWZ LD, BEEER LT~ 7~ LT o AV b b @i L
TbnEEbins,
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Fig. 7. Genesis of yellow anorthite megacryst from Tonosawa in Hakone Volcano.

10. #&#

HNRLLRZ DAFTEDEN DAL TV SR K LS 2 PEIR R A EAICIE, AR A LRARAD 2O
DHEA TDOEFD D D, T 5 OIEFHAIT, N\ LBER N =EBEOZTNEFEFICELITEY
FARRAIC B AR OAMBANFET D, I HIZ, Ab-An RLAMZ, Si & Al IZETIEONRA S THERR
S, BRILKEPGENDZ L INOOEMICHET LM TH 5, HEAKEABEMIL, BIED
L ZABEZRIEFICERT 50T, EORAFRIL Fe ONEEKE SHICLDEEZ NS, £
7z TN OERBITFEBEENIITFERTH Y | MR ERICAREZ T EREEI NS,

LLEDZ &b AR A P COEB SR OETOMIA % — Bk S 7 & FRHS, iR

WS ZRFEIRRA B A AR LT~ 7~ I2id, AT THREM O PRI EZ RE ST TWD Lk
OO Z ENTE D,
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HiEF

A TR P AAERE RIS 2 o TR D — 2 Bk L7 b O T, AFEDZITICH T2
DAGA T EICHIFRE T SV E LER R P BB OAR —EH IR E#HOBEZ R LET, £
7o AWPgEztEd 51 TEEQR ZE 2BV £ LIZRRFAEZ O FTRAR L () (ZF<
REHINTZ LES, XBEERRETT — 2 OWE, SEMOBRER LS00, EE R OE TRy
FHZOWTIE, RPN > & — GBI R A & — i) ICRE STz
WELMBALE L7, LU TEHLER L LT £,
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