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A Study on Microstructures and Chemistry of Anorthoclase
Using Electron Microscopy
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ABSTRACT : Microstructures and chemistry of anorthoclase, a high-temperature phase of aikali
feldspars, were studied using EPMA and TEM. BSE images of anorthoclase displayed mixtures of
Na-rich areas and K-rich areas forming lamella of various sizes. EPMA analysis indicated that the
Na-rich area is composed of Ab: 81%, Or: 3% and An: 11% in average, while the K-rich area is
composed of Ab: 45%, Or: 44% and An: 11% in average. TEM analysis revealed albite with Albite
twins in the Na-rich area, contrasting to mixtures of albite with fine Albite twins and orthoclase
without twins, forming regular lamella of about 100 nm sizes, in the K-rich area. The [001] electron

* WA A2} yblee@kbsi.re.kr

— 233 —



oG -

A& -l

A

kv

E R EE

it

diffraction pattern of the K-rich area also indicated coexistence of the two phases. While streaking
parallel to the (010)* direction appeared only in albite due to the twin structure, streaking parallel to
the (100)* direction appeared both in albite and orthoclase, probably due to strain on the interface as
well as order-disorder phenomena of Al and Si. It is suggested that the reverse orientation of albite
and orthoclase is caused by pole switching to reduce strain on their interfaces. Based on these
observations and analyses, the mineral studied is identified as lower-temperature cryptoperthite rather
than high-temperature anorthoclase, which has a midium degree of Al-Si ordering and 400 ~600C
of estimated temperatures for the microstructure formation.

Key words : anorthoclase, lamella, Albite twin, Al-Si order-disorder, strain
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dZe] FHL Al Siof uf E-v]H) S(order-
disorder) z}olo] W} FFRZAOoZ AL ANor-
dered phase)¥} 112 “H(disordered phase)oZ =
A FEE3=1), anorthoclase ((Na, K)AISi;Og)=
123 dulo]E(high albite)?} & Fx 9] Hluj
Q BeE e e Aoz LA g £
anorthoclase™ A§A 2ol w2 o] 2 &¢
(exsolution) #47} #AE FEHn|AHoz A
317] og AT E AT RuEdt
(Smith and Brown, 1988; Parsons, 1994; Deer et
al., 2001).

dze] Ao fiste] dPE B dFolM =
AA(intergrowth)& o]F & #AA= HAAHRE
M7IEPMAYE o] &3 7 A9 S8dES &4
3t WHo g 3 F i (Martin, 1974; Smith,
1974). 12y}, AR} beame o]-&5te] 3}EHEA
& o= AA beamo| NG Fol2e AF
felshel St olleh Ak A7]9) beami
H Ae dgo] EAREIE A 2o
EPMA £49] A#4E 3HFel A& H
A7 Ao
AgA 2B gM4e 7z dTe F2
XRDE ©]-&3}o] ordering®] =9} JE W3}
me Axdse Mg gelsht o) F3E
o] £l thRibbe, 1983). 2#]\}, & A2l anor-
thoclaser= FE Ao 2 e HZ7]|9 A 712
% 9lom olo] ma Zzte] wkol Uehie
strain 4}+38}, ordering A% 1|31 3t Eo] t}
£ g V) wWFel A3 72 AFE fsiAMe
XRD A8 A mAFE 2 35t gigk &
FHAAHZ(TEM)S] HBAF7E BFHoE 8
F "HokXu et al., 2000; Kim and Lee, 2003).

Mreg £ 2 o

o AFdAMe FAle wAFz g Mk
ol 93¢ ¥U3to 2 anorthoclased]| ™3+ EPMA
243 TEM 828 Fao] nd72e) shab
ol et} A7t EPMA 24 3hs ¢

A9 FPY T ALt wAFe YA
£ §3393 TEM AASEEFA Qe
"4E XRD ARE AR  Hy-7E ER

< rlo M Az e

¥ o]Z EPMA 2oz oo Ante} vlmsldr).

7YY

Anorthoclase A5+ d]= Ward Aol A ujf 3}
= ZFA E(Larvik, Norway)E A3t} BSE
image® AHFJAE lstdA EPMA #4&
stHo EPMA £4o] & A9 tfste] TEM
AZL AHS ion millingdle] A28 oHKim
and Lee, 2003).

EPMA F A& Camecarld] SX-513 AEo9|
FAE o ZEAER7I(WDS)E ARgetdth 2
4o 202 T E4silen F FAAL
o] EAAZIe] 802E WA $EE 3T Fo-
cused beam(beam size = 0.8 ym)-S A&54 0 H
20 kV, 10 nAg] ZANA EA3 9T

TEM £-A1.8. Carl Zeiss(3 A LEO)ALY] <A
oyt B3 A2 0] Z(EF-TEM)Sl EM 9120mega
o} HBo B3 UAEAHEZII(EDS)E ©]
&3t 120 kVellA Sttt dyA o3d
AR AL FEHA AEAANE A3}
o] F3 580 mme} 1440 mme] FHvl g} ool A
ARG Az E =G o] 83 AlSie] wlE A
HE mo}alr] 98] Lee and Kim (1999)o] X311
d 3Es A= € PHS o] &3t

— 234 —



AN v A& o4 Anorthoclases] vA7-= 3 38 A+

e
1
Y
H

EPMA =AM

BSE imagex #AstT FES HE dAUE
o osjA Izt @R ARE wAT 2R &
Ag 38 222G A7k W et o
T o]£3F anorthoclase= BSE image 3ol A]
Na-rich Z]|9(o}F& )7} Kerich A H(¥H2 A)
o] ThFdt A7)9) lamellaZ A8t EA) 5
Aol #FHAKFig. ).

EAE FEAA 1 ym o) A7E 7HAE
Zyzto] lamellao)] ]| EPMA E24& AASHA
o). 1 A% Navich A9 BF Ab: 80%, Or:
3%, An: 12%9] gte 2 yehgon Kerich X9
2 BT Ab: 45%, Or: 44%, An: 11%¢] FO.Z
Uelstth(Table 1). Na-rich A9 4 g
lamella®] =719} x| TAIGo] viwd dA
3 24 k& 1l whdd] Kerich 2| 99f 24 gk
& ¥F927} Na-rich A2 &4 ghol] vt
=A vesth

i

Fig. 1. An EPMA-BSE image showing intergrowth
microstructures in anorthoclase studied. The Na-rich
area shows dark contrast, while the K-rich area
shows light contrast.

Table 1. EPMA data and structural formula for anorthoclase studied

Na-rich area Avg,
SiO, 65.63 66.01 66.63 65.52 65.46 67.02 66.68 66.14(0.64)
TiO; 0.12 0.06 0.08 0.05 0.11 0.05 0.05 0.07(0.03)
AlLO; 21.63 21.48 21.13 21.37 21.43 21.46 21.16 21.38(0.18)
Fe;05 0.13 0.14 0.66 0.04 0.17 0.18 0.18 0.22(0.20)
MgO 0.00 0.00 0.13 0.00 0.00 0.01 0.00 0.02(0.05)
CaO 2.78 2.50 232 2.45 2.50 2.37 232 2.46(0.16)
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0(0.00)
Na,O 945 9.48 8.19 10.02 10.14 9.57 9.39 9.46(0.63)
K,O 0.96 0.41 0.44 0.37 0.40 0.40 0.77 0.54(0.23)
Total 100.70 100.07 99.58 99.83 100.22 101.06 100.55 100.28(0.51)
Si 2.88 2.90 2.92 2.89 2.88 2.91 2.91 2.90(0.02)
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00(0.00)
Al 1.12 1.11 1.09 1.11 1.11 1.10 1.09 1.10(0.01)
Fe 0.00 0.01 0.02 0.00 0.01 0.01 0.01 0.01(0.01)
Mg 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00(0.00)
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0(0.00)
Sum 4.00 4.01 4.05 4.00 4.00 4.02 4.01 4.01(0.02)
Ca 0.13 0.12 0.11 0.12 0.12 0.11 0.11 0.12(0.01)
Na 0.80 0.81 0.70 0.86 0.86 0.81 0.80 0.80(0.05)
K 0.05 0.02 0.03 0.02 0.02 0.02 0.04 0.03(0.01)
Sum 0.99 0.95 0.83 0.99 1.01 0.94 0.95 0.94(0.06)
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Table 1. (Continued.)
K-rich area Avg.

SiOz 63.79 61.58 63.42 63.49 63.34 63.48 64.07 63.31(0.81)
TiO, 0.08 0.06 0.04 0.06 0.11 0.07 0.06 0.07(0.02)
AlL,Os 20.94 19.58 20.76 20.83 20.85 20.52 21.16 20.66(0.52)
Fe;O5 0.14 1.64 0.14 0.14 0.09 0.21 0.14 0.36(0.57)
MgO 0.00 0.29 0.02 0.00 0.00 0.00 0.00 0.045(0.11)
Ca0 2.42 1.79 2.30 2.46 2.31 1.87 2.44 2.23(0.28)
MnO 0.02 0.05 0.00 0.00 0.07 0.00 0.00 0.02(0.03)
Na,O 5.98 2.55 5.46 5.11 5.18 426 7.12 5.09(1.43)
K,O 6.22 11.18 7.02 7.77 7.63 8.69 4.65 7.59(2.04)
Total 99.58 98.73 99.15 99.85 99.57 99.09 99.64 99.37(0.39)
Si 2.88 2.87 2.88 2.88 2.88 2.90 2.88 2.88(0.01)
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00(0.00)
Al 1.11 1.08 1.11 1.11 1.12 1.10 1.12 1.11(0.02)
Fe 0.01 0.06 0.01 0.01 0.00 0.01 0.01 0.01(0.01)
Mg 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00(0.01)
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00(0.00)
Sum 4.00 4.03 4.00 4.00 4.00 4.01 4.00 4.01(0.01)
Ca 0.12 0.09 0.11 0.12 0.11 0.09 0.12 0.1(0.01)
Na 0.52 0.23 0.48 0.45 0.46 0.38 0.62 0.45(0.12)
K 0.36 0.66 0.41 0.45 0.44 0.51 0.27 0.44(0.12)
Sum 1.00 0.98 1.00 1.02 1.01 0.98 1.00 1.00(0.01)
TEM &4 9] [001] WA A TS dulo]E ¢} orthoclase

Lamellaz} 3AF F&d i3 TEM & 4
% Na-rich A9 ¢ 1 ym FE9 F7]|E 7}A
o dulo]lE HAHo] I Igd dd AL B
o} dupo]E 4ge) 2 oF 140 nm FxolH
g FdsA VERT o] vt K-rich A
Ao oAl HAIZE dufolE o] wadk A d
I Aol gle AYo] & 100 nm A= F7]9
T #<Q] lamella FEj & o] F M2 Ao 35
o] #A=UTHFig. 2). EDS £4 A3} dujo]E
Ago] Wgd AGL Aoz r £43 du}
o|Eo|n dulolE Hgo| HEdtA| e AH
orthoclase A& o2 vehdth mA A west
dulolE #AHL 15~20 nm FE] & 7pA=
tl, dutolE AAo] YEhe 2479 lamella2)
A7} 42 A Ex vty AXe 4
go] th

AXEEcge] A& 49 1 ym A2 JF
& Na-rich 2|93} Kerich 2| 9& 747}9] wgko]
oF 59T BAA &l =YW Kerich A9

9] F o] FEFES Holed Gute]E 9} ortho-
clasex= b* WHako] M2 vkl 2 Ueldo] EAF
o]thFig. 3). ©] A (010)* W}Fo 2 Ju}
o|E 3™ A vto] streakingS 7} ol €l (100)*
Wiko 2= Jduto|E 337 orthoclase 3|43
o] E5 streakingS 7}A]+=H| orthoclase 347
ANA oS FR3HA e

Na-rich 2| 49| duto]Ed] thdt [001] HA}3]
Az BAdAE (010)HH (100)H Alo]9]
ZHT*e 89.4°2, (110)3 2 (110)Hxe] e
747} 59.6°9F 119.0°2 ZAH ) 33, K-rich
A9 9] [001] AAZHEY B e Pulo|E
o] (010)HZ} (100)H Afolo] ZHT™)2 89.3°%F,
(110)H 2 (11087} 22 27} 60.1°9F 119.5°
2 2351} oo H]3) orthoclaseo] (010)H %
(100)8 Alo]9] ZH(I*)& 90.7°%, (110)8 2
(110)B 9] 7+ 47 59.4°¢) 121.5°2 S
THTable 2).
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Fig. 2. Low (a) medium (b) and high (c) mag-
nification images show intergrowth microstructures
and albite twinning. Na: Na-rich area, K: K-rich
area, Ab: Albite, Or: Orthoclase.
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Fig. 3. The [001] electron diffraction pattern of albite and orthoclase
from the K-rich area. Note the directions of b* in albite and orthoclase

are opposite each other.

Table 2. Interplanar angles measured from the [001] electron diffraction patterns of anorthoclase with
reference data (Kroll, 1971). (LA: Low Albite,; HA: High Albite; LM: Low Microcline; MF: Monoclinic

Feldspar)
Interplanar LA HA LM MF Albite Albite Orthoclase
Angle (Ref)) (Ref)) (Ref) (Ref)) (Na-rich area) (K-rich area) (K-rich area)
<°1?yy9)°°> 9046 8796 9235 9 89.4 893 90.7
010N (110) 60.65 58.85 60.94 59.31 59.6 60.1 59.4
(010) A (110) 120.10 118.06 122.52 120.69 119.0 119.5 121.5

Hfo]E9} orthoclase®] Ztzbe]l Hit A4S WA 2 e 47 YaAlAE Bt AAZH B4 vy

g3 7 os F A AWM Arle o] Alzs oo} ok

straing 23k coherent solvus line(Sipling and
Yund, 1976)8 o]&dfof 7] w&o] A TEM =24
EPMA & O92 A&E 4 gtk TEME o]
$% 3540) oigke)] B SE glov J3
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Fig. 4. Plot of time (x-axis) versus change of X-ray count (y-axis) utilizing focused beam of 20 nA

current (a) and 10 nA current (b).

o] Fejo} WAL wetA FEo|Y 7R
o 44 e£Ey WA £x9 2Ho] sbsan
(Brown and Willaime, 1974; Willaime et al.,
1976; Brown and Parsons, 1984). TEM imageo]
Al #FE lamellad] e me} Ate] AME-H
FE-& Brown} Parsons (1984)c]] <jste] Ae]g
2L & (Fig. 6)9 H£3}H K-rich 2| Hoj|x dujo]
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o] Z JehgA] e 3 Aol Aoy
oFzre] FH Hoz Wdg HE vFo] Ho}
stage 69| A} 5E] stage 8 Abo]] AJEjo) TS
o} 2 9t} Fig. 6014 AABE &5 82 B

™ K-rich X9-& 400C~600TC 2] oA A
AEAY 58 4

(001} WA SAHE 2} A9 WA v*
#(Table 2) Fig. 75} o] XRD A}Fo] 283}
S tH(Stewart and Wright, 1974; Kroll and Ribbe,
1987). a*3t& &84 i G AL
ASHE A7) Wiol AF o) EAHC] AVE F
A9 EAE anorthoclases oF £7F Ax 9] Al-Si
9w g2 B nATE 2 Fig. 5HH
Fig. 79| A5 S Fd=) & o £48 352 ¢
Ze AMe 1.8 2]l anorthoclase}r] Hthe
Bt} A& A2l cryptoperthited] 3)%3tcty wat

2 2
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Fig. 5. Comparison of the strain-free solvus (upper curve) and the
coherent solvus (lower curve) for the sanidine-high albite series. Albite
from the Na-rich area is ploted on strain-free solvus. (After Ribbe,

1983).
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tweed 727} #EE 7HsAdo] EtHKim and
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(Aizu, 1970; Wadhawan, 1982; Salje, 1990). o1&
7R oleldt Zerad el BAJ ol pole swithcing®]
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A7t BAHes YA Ho| gledl, A
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Fig. 6. Stages in the development braid microperthites on cooling from liquidus temperature. The anorthoclase
studied is applicable to the stage 6~stage 8. (After Brown and Parsons, 1984).
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Fig. 7. Plot of &* versus v* using XRD data (LM: Low Microcline, MF:
Monoclinic Feldspar, HA: High Albite, LA: Low Albite). (After Smith and

Brown, 1988).
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