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ABSTRACT : Measurements of the lattice parameters of albite and oligoclase from electron diffrac-
tion patterns with the Au internal standard resulted in errors of less than 1%. An electron diffraction
map for natural oligoclase samples was constructed and 11 stations of zone-axes diffraction patterns
were obtained. This process is indispensible for reliable TEM studies of triclinic feldspars. Utilizing
the {001} cleavage plane of feldspar and the double-tilting TEM holder the following information is
obtainable: Si-Al ordering and chemistry of alkali feldspars could be estimated from the a * - v* plot,
where v* is measured from the [001] orientation, while @ * is measured from the [100] orientation.
Si-Al ordering of Na-rich plagioclase could be estimated from V' in [001] patterns. Structure and
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chemistry of Na-poor plagioclase could be estimated from existence of e-reflections, their intensity

variations as well as their positional changes.

Key words : electron diffraction pattern, double-tilting TEM holder, {001} cleavage plane, structure/

chemistry of feldspar
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Fig. 1. Typical Au/C-coated, Formvar-supported holely Cu-grid (a) and three principle zone-axis
diffraction patterns in natural Amelia albite samples: (b) [001], (¢) [010], (d) [100]. Note ring patterns
of Au used as an internal standard.
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Table 1. Reciprocal(*) and direct lattice parameters of albite

diffraction patterns.

AEF - o9V W - BT

and oligoclase determined from their electron

Parameter Natural albite Annealed Natural oligoclase Annealed olizoclase
(Amelia) albite (Bancroft) &
d(100)/a(A) 7.292(14)/8.159 7.316(07)/8.166 7.294(07)/8.167 7.358(21)/8.223
d10)/b(A) | 12.700(09)/12.739 12.823(15)/12.853 12.803(18)/12.835 12.8555(21)/12.880
d(001)/c(A) 6.387(11)/7.159 6.346(15)/7.096 6.362(18)/7.139 6.343(23)/7.099
e/a(. . ) 86.48/94.39 86.08/93.43 86.11/93.94 86.46/93.08
8766 . ) 63.48/116.64 63.62/116.32 63.29/116.72 63.48/116.47
v ') 90.90/87.23 88.09/90.19 89.18/88.96 88.24/90.20
V(A 663.01 666.09 666.72 671.77
a = 8.1385(12) A a = 8.1555(14) A a = 8.1544(15) A a = 8.1719(17) A
b= 12.7882Q0)A | b = 12.8687Q20)A | b = 12.8334(23)A b = 12.8795(22) A
¢ = 7.1588(09) A ¢ = 7.1095(12) A ¢ = 7.1274(12) A ¢ =7.1121(13) A
XRD data | @ = 94.246(15)° @ = 94.462(18)° @ = 93.820(18)° @ = 93.339(18)°
B = 116.585(12)° B = 116.414(14)° B = 116.420(13)° B = 116.306(17)°
v = 87.694(13)° y = 90.223(16)° v = 89.180(18)° v = 90.186(18)°
V = 664.44(12)A° | V = 666.64(14)A° | ¥ = 666.39(15)A° V = 669.54(16)A°

* Standard deviations in parentheses refer to the last decimal place.
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B AA45E At 34 ode 2.

a* = 1/d(100), b* = 1/d(010), ¢* = 1/d(001)
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cos’v* + 2cos a *cosf*cosv*)"”?

a = b*c*sina*/V*; b = a*c*sinf*/V*;

c = a*b*siny*/V*

cos @ = (cosf*cosv* - cos a*)/sinf*sinv*
cosB = (cos @ *cosv* - cosf*)/sina* sinv*
cosV = (cos @ *cosf* - cosv*)/sina” sinf*
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Fig. 2. [100]-zone-axis stereo projection of natural oligoclase samples. 9 ‘roads’ whose widths (d-spacings)

are larger than 4 A and 11 ‘stations’ located at the intersections are designated.
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Fig. 3. Schematic electron diffraction patterns of natural oligoclase samples corresponding major ‘stations’

displayed in Fig. 2.
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Fig. 4. Real electron diffraction patterns obtained from natural oligoclase samples.
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versus v* in alkali feldspars using XRD data (LM: Low Microcline,

MF: Monoclinic Feldspar, HA: High Albite, LA: Low Albite). (After Smith and Brown,

1988)

o A FFst 2ol 1y Folot

M

el 7x/3het 24

It

of

10
i

alo

=
[L

A9 TEM d7dAe 53] (020) =25

gel ABe AATIE Fgie] Wl §E3h
dusie (020) 22 whebsbd [102], [201],
[100] 2 [001] AHSe W 4 ed o Y

B}k HAAFHAE oM e ofdst 22 A4
o 7z % 3% AN Fe LY JEE
2E F U7 HEolth
(1) [102] W&k & Si-Al orderingol] = -$-21
g v gel ZAR (020)9) (-201)

— 184 —

Apojzte ST 5 ATk

() [201] 22 W %‘%}ﬂ FHAN M-
cation B7ell w9 WA o7 ghol 2
AR (02009} (-20-4) Atol e £AE &
31ck.

(3) [100] FFANE o*2t %S A 23
3 4 9)e W ool 7+ AR AR

’“(e—plagloclase)ﬂ]/ﬂ Ueh}=  ereflection
o EAl FF %2 W E AH pET F
91k,

A v e A7 34T

Ho X =
g ded o] g2 Si-Al orderingol & 4
23] W78 M-cation®] #7o= Bl
4 wgsd



AAYAERS o468 B4 72

X

o gk 1

M
Y

§ {( Ju—
9121

T ! B
Anorthite

90.8 [

High
90.4 [ Albite A

90.0 -

89.6 |
89.6 I ]
88.8 | i
88.4 | |
2
& |
209
88.0 - /Q; |
i i//l.o Low Albite -
87.6 1 ! | 1 | ] | | | ]
Ab 20 40 60 80 An
mol % An

Fig. 6. The direct lattice angle v (in degrees) as a function of mole%
An for plagioclases of various structural states. (After Kroll, 1983)

B2 B TEM AGelA {001} HA®e] U} ANY Ao 2 5L BL XRD
T owdd AN B2 54 g (001yAy Aol s} Si-Al ordering JEj <} etz
Aol gk BEQL [102] BFY ARSAE [T 4 A= o7y ploto] wiEEH 317
& g53he o] &olaith o A% ¥4 HWEol, [001] WFY AAIHE=FAN HH

- [=]
AL ABAAY(a=£60°, p=+30)F ol&3W AT F AT v' g [100] FF) WA
(102104 [001] B2 A FAAL + 9 EFAA A 2AY 5 Y= o” @S 2L
o), A%ol WaANE 201l [100] W37 o WA= A FH9 HA JGoA SiAl
Az AAAE = Ut ordering AE] 2 38tz A L &4 d=2F 5

— 185 —



002 012 022 ¢ *
* f L4 L f L]
€ [~ )
¢(b .
C b C ° C N
€ €
£ f
b* d a
P-anorthite T-anorthite Huttenlocher e-plag(An,,)
001 021
& a
€ € €
e e e
20
a
Albite Peristerite e-plag(An,,) Bgggild(Ang,)

Fig. 7. Schematic drawing representing typical [100] diffraction patterns for various compositions of

plagioclase. Note the shape,
(After Smith, 1974)

°”jr(Flg 5 #x). 1311/} 0}7"77}1] 734
ol A7 E o] &3 o*-v* ploto] AL
i Als® Aol g7 “H"i“’ﬂ o] WhHe ARA
2 NS FHe7] dsiMe S8 A=
&g A BHoh AA AL A a7
AR Agee F dgEed dutelEY
ofmrho| B9l AAFS9 Ao|rt Gty AA
o atujolE 9}l 7 (orthoclase)] Folo] Hl
& 7] W Fo AAFAEYL o] &l =
2 LS dSs17 g4 4o @A Na-
richdt APZA o] Qo= XRD <o 25
Si-Al ordering ZJH]E &8 & ST y-ploto)
vt o] 7] Wi 49 AT 459
0¥ ol Fxe &§o] 7hsstrkFig. 63x).
[001] AAB A=A AH FAHT F e v
Z% Si-Al ordering e ol W 7a}7] WjEo A
AR AF7F o] FAAH "go] Jpsaitta
£} Na-poordt Aol Z9ee 9o W

g Hgals) ol $ul o3l [100] Wik A

intensity and positional changes of e-reflections with compositions.

=
<]
¢

Z}D:Vg—l‘:— °ﬂ}\1 2AH #AE F Y& ere
tione] # A7 E 2 95 Wi =
e %l?Zt”QQA 4ol 2R
g FdgEch o] WHE A9
XRD -9 4?‘511 o AR A=V}
o] JthFig. 7 FF). 1, &z AAe
$-9t AR R o} 7R AAIAE

43 e-reflection®] HAF7} %Zﬂ.ﬁ,ii
zo] gl7] o) of Wy a8 4
o =m3ly] YeliE =49 FUE
A Bt AARA A7t 7Y

it

ox it Jo to
o il obo ik

ok M O oy M o Ok o

O

o I"Zl’,
ox i Hl

o}]/q gt‘a %‘H}Olﬁ
AA5zre] A 0 AU} 0.5% o] 3}

— 186 —



AANBEY S ol &3 NI T

7, RYEE 11% ooy M 448 o
= AAAEY9 A 2 4x 5 A LA
St

2) g EH 0|2y AAFTFE o8t A
ANAEY AE A4HAL, A2 19 3
Wz Aud ABL o gad 1143 3
& AZEAEES ATt o8 g 4
APRAIQD Ao z2RE AlEA e AR
A a3 A%E 47 AsAE 2539 34
oI},

3) {001} ¥ o] & Wt Y FE &
A W) B¢ AWogw TEMO %=7A
ABAAN(@= £ 60°, f==+30°)F o]-&3}H [102]
ol [001] W&oz HA AAANZ F o,
Aol g [2010]Y [100] $RAAE
AN % Stk o] A AHS TR/ ¥
Aol B3 olye} 22 HYRE 5% &
t}:

(1) €zgl ZAe] Afeoe [001] ek

v 3, [100] WEklA o™ 3e 3
o o *-v* plot& T2 A vjA GG
Si Al ordering Ae] 2 3stFAS 4
g = Ut
Q)MwmﬁkNJJA A$-olE [001] ek
oA v* e SAHFCEHA Si-Al order-
ing AHE 45T F o
(3) Na-poordt /\}72.} A o] A$-ol= [100] Hlgk
9] AAIHE A e-reflectiond] FF,
AT W 94 W 5 A8 T
z 4 5}2—7}«] Ao S8 4 Sk

F

X2

e ob >

A A

AR A8 2 AYsied g2 © Z
gl gstae] AAF A RS Ak

w o
tlo
N
[

e Aihid. £ s Ae ol 4
19 @A £¢¢ F4 wAF wrds A
WY s gAY

PN
M
i
2
=
9
K
b

Deer, W.A., Howie, R.A., and Zussman, J. (2001)
Rock-Forming Minerals, Vol. 4A, 2nd eds., Frame-
work Silicates: Feldspars, The Geological Society,
London, 972pp.

Gard J.A. (ed.), (1971) Electron-Optical Investigation
of Clays, Mineralogical Society, 79-108pp.

Kim, Y.-J. and Lee, Y.-B. (2003) XRD and TEM
investigation of structures and phase transforma-
tions in albite, J. Mineral. Soc. Korea, 16, 91-106.

Kim, Y.-M. and Kim, Y.-J. (2003) Accurate inter-
pretation of electron diffraction data acquired by
imaging plates, Korean J. Electron Microscopy, 33,
195-204.

Kroll, H. (1983) Lattice parameters and determinative
methods for plagioclase and ternary feldspars: In
Ribbe, P.H. (ed.) Feldspar Mineralogy, Review in
Mineralogy, 2, 101-119.

Lee, Y.-B. and Kim, Y.-J. (1999) An investigation of
lattice parameter measurement of inorganic crystals
by electron diffraction patterns, Korean J. Electron
Microscopy, 29, 75-81.

Lee, Y.-B., Kim, Y.-J., Lee, S.-H., and Lee, J.-H.
(2003) A study on microstructures and chemistry
of anorthoclase using electron microscopy, J. Min-
eral. Soc. Korea, 16, 233-243.

McLaren, A.C. (1991) Transmission Electron Micros-
copy of Minerals and Rocks, Cambridge Univ.
Press, 387pp.

Ribbe, P.H. (ed.), (1983) Feldspar Mineralogy, 2nd
ed., Review in Mineralogy, 2, Mineral. Soc. Am,
362pp.

Smith, J.V. (1974) Feldspar Minerals. 1. Crystal
Structure and Physical Properties, Springer-Verlag:
Heidlberg, 627pp.

Smith, J.V. and Brown, W.L. (1988) Feldspar Minerals,
Springer-Verlag, 828pp.

Wenk, H.-R., (ed.), (1976) Electron Microscopy in
Mineralogy, Springer-Verlag, 564pp.

Williams D.B. and Carter C.B. (1996) Transmission
Electron Microscopy, Plenum, pp. 319-345.

200493 69 7Y AT, 20043 68 159 AASQ.

- 187 —



