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STRUCTURAL VARIATIONS IN ANCRTHITES
V. F. Muller - Department of Materials SC1cnce and Englneerlng
H, R. Wenk - Departﬂrnt of Geology and Geophysics '

G. Thomaq - Department of Materials Science and Hnblneerlng
Unlvclswtv of Cdllfornla, Berkeley, Callfornla ok720

‘ABSTRACT
Verlatlens of structule and optical PrOWEIthb.ln anorthites
(An 93 977) of different orlgln are ana]yze’ wlbb the petrogruphlc
mlcroscope U-stage methods, X—ray 51vgle crystal analjS]S and hlgh |
_voltage electrOn microscopy. No significant variation has been feund
in the o;ienéation of the indicatrii and of the latiicc'eenstants.
But c—type zeflectlons (h + k even, Qodd) are strpné and eharp in
anor+h1uea from slodly cooled r0eks and diffu se.in anorthites of.
idenlicel ¢hemical composition from quenched vdlcenie.rocks. Large
type c-uéntiphase domains (SOOO~lOOOOK) are fdﬁnd ln the slowly ccoled l
rocks, c dom ns in volcanic rocks are small (lOOK) or could not bé :
imaged; “The presence of only b;domains in lunar besalt 14310 indicatee
quenchingeOf‘this rock. Large c¢c-domains in the Apello 15 genesis rock
(15hl5,eLelly et al. 1972) indicate slov cooling similar to terresirial
metamorphic rocks;
INTRODUCTTON
of ell felidspars ca]c1c plag*oc]ase has been least.stud d and many
of lts structurel propertles are still uncleer; Emith and Ribbe (1969)
_ glve a summary of the pLeseﬂt knouledre on uhe olﬂrlocla e otructuves
and for all details we‘refer to that paper; ln pure anorthite the
. ‘Al—Si disiriﬁ&tion in the tetfahedrel freﬁework le eauentl 11y ordered

(Kempster et al. 1962, Megav et al. 1962) in agreement with the
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aluminﬁméévoidance principlé (Lééwénstein, 1954). This order persists
up to'high temperatures'(LaVés and qudsmith, 1955). ,The.grderiﬁg of
Al;Si é;usés a doublinévof the c—éxis which isié¥présséd in thé appear-
ence of additional reflections in the diffraction pattern.

Théfé_are foﬁr EIASéé; of réfleétions (Fig;'é)
Typé—é.; réfleétidns (hA+ k évén; 1 evéﬁ) aré dﬁe to thé basic feldspar
structﬁré. Théy.afe present in anorghite and becomé increasingly
diffuse with higher Al-content and disappear é}opnd An T0%. Bytcwnites
show oniy'thésé a~- and é; refléctions. The corresponding structure is

named body--centered-anorthite.

Type-c - reflections (h + k even, % 0dd) and d - reflections (h + k odd,

B

£ even) occur in anorthite only. They are sharp in slowly cocoled

crystalé with An 95% (primitive anorthite) and diffuse with streaking

P AN

in queﬁéhéd and Na-rich anorthite (traﬁéiéiénal‘aﬁorthite). Upon
heatiné the ¢ - refléctions of primitive anorthite'bécome more diffuse
and disappeér Eelow 3SO°CL Thesé changes occﬁr immediateJy and are
revérsiblé (Brown et al. 1963; Bruno and Gazzéhi'1967, Foit and Peacof

1967, Laves, Czank and Schulz 1969). Therefore they are interpreted

as caused by a displacive phase change and not a diffusive transformation

(Lavés and Goldsmith 1961; Mégaw 1962); The structure determination
of priﬁitive anorthité (Kempstér ét al; 1962) in fact suggests that
théré'are two statistically overlappinévCa—positions‘or that there

is strong aniéotroPié tﬁérmél viEration of the-Ca—atom in‘ thé tetra-
hedral fremework which produces the primitive ¢'s 1R wnit cell.

Af 1§wér andrthité p;ntéﬁt brdef/disordér of Si/Al causés distortions

of the lattice and small amounts of disorder may-be importaht in the

f--\
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nﬁcléétioﬁ qf primitivé'anorthité_&oﬁains (Smith and Ribbe 1069). The
Si;cgntent'(aﬁd nat the Ca-content as has been suggeStéd by Lally et al.
1972) appééré #o have thé'most'iﬁp;rﬂaﬁt inflﬁencé3éﬁ the struétﬁré ig;
sodium béériﬁg anorthite. _Thé pﬁrpose gf this stﬁdy‘was to inveétigaté_
_ structural varistions in anbrthiteé of aifferentvéfiéin: Crystal§ of
similar chémical'composition and‘a different thérmal history aré bhar~
actérizédvb&-théir 6ptical;propértiés; théir crys§a1 structure and their
.micfosﬁruégqfe; ‘Since'thé pioneériné work of McConngli and Fleét (1963);
'Nissén and Béllmann (1966), Ribbé (l962):-é1éctron microscopy has.bécoﬁé
a very powefful tool in thé'study of feldspars. We.abplied this'métgod

to anorthites (with the special aim to make transmission electron micros-

cdpy more'popular in mineralogy and petrology). The present contrivution -

- is only concerned with nétﬁr;ifc;yéﬁéi;. In a séééﬁd stége we will try
to réproduéé thé ébsérved structures in the laﬁorétofypv |
| | PETROGRAPH | |
Thé on}& thing which the foﬁr spéciméns chosén for this énalysisv
havé in Cbmmén is that théy all contain piagiéclééé with an anorfhite

~content ranging between 93 and 97%. Locations, textures, origin,

:age and minefalogical coﬁposition are about as different as can be (Fig. 2).

Thé first Spéciméﬁ coming from thé Fra Méuré'éféa on the mooh
(Apollo ih; spécimen 14310) is an ilmenite béaring"énorthite rich
ortho;cliﬁopyroiéne basalt ofisubophité téxturev(Fig; 2a, pf; Wénk
et al. 1972). |

Another voiéanic rock is an aﬂorthite;pigéCnité' tuff, very rich

in euhedral anorthite crystals and two glass phases from Miyake Island,

&
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Tokyo Bay, Honfhu Japdn (Fig. 2b 16(07 cf. Leiséﬁ i93h, Kozu l9lh);
- 302. 1sba eucrlte mcteorlte from Serra' Mégg; Byésil (U}bfich;
]971) Theiﬁineralo;iéal composition is‘éranﬁlar énorthité and

plgeonlte with myzmekltlc exsalﬁtioﬁs éf au?ité (Fié: 2c)>

Sc1 59 1s a mctamorphlc éalc51llcate rock of mlbcene ége from
. Schlesone (Bezvell Alps, M. Italy, ef. Wenk 1970). The sllghtly
.foliated spec1men con51qt1ng of dlops1de, hornblende, anorthlte, calcite,
..Sphene and.Qr¢ bearlng shows typlcal annealzng t;xﬁures (Fig. 24) and is
one 6f tﬁé:slowly coolea aﬁphibolite faziés rocks of the lepontine
~ zone (E chk ]06?) : . : : s
The ;ptjcal propert 'tles of plagloclaso“ espéciallyvthe orientation

and_shape-qf the indlcatrlx in thejtrlcllnlc crystai, vary greatly

with the chemical composition and ﬁhermal historyu'rEUIer I angles
S S . . ¢ . .
are used to describe the orientation of the indicatrix. For sodium

rich plagioclase data points of these angles fall on two distinctly
différéntﬂéﬁfves for volcanié and plutonic plagidélase (Burri,vParker,
Wénk;_1968). These curves Join at An 90% and from there on to pure ‘
aﬁorthité é proad Eand of»irreéularly scattefingjpoints charactérize

. thé orientation (Fig. 1); The band for ¥ and ¢ is about 18 degrges
widé which is well Ecyond statistical scattérAdue to errors in the
measﬁréméﬁté: Eﬁlér I.anglés for'thé four specimgns studies in thi;
papér aré'listed in Table 1. Théré is no significant différénce
ﬁétwéeﬁ thé.two qﬁenched voléaﬁic anorthités and_thélslowly cooled
météoritié and métaﬁdrphié cfygtéls. Thﬁs thé oriéntation of thé indi-

- ] M . . . - . . . . . '\
catrix, which is a convenient parameter to describe sodium rich plagioclase,
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is unsuited}in the anorthite range and other paraméiers have to be

found. Such'a paramcter as has been mentioned in the introduction is

the”éi&siéis££égié;e ékprésséa iﬁ thé absencé, préséncé br diffﬁsénéss
of é_aﬂd‘é ;Iréf1éctioﬂs: .X;réy précéssion photogréphs (Fié. 2) show
for the voiééhic éample; (Fié. Qe:g) a tfansitioﬁal anorthifé pattérﬁ
with sﬁafé b and é_réfléétions which are streakiné:approiimately parallél
to b¥ in'okl photogréphs and for thé slowly co§iéd sam?les (Fié. Eg;h)
they show é‘primitivé anofthité stfuétﬁré with S£rdﬁg and Sh?fp;g -
réflectiohgjf There is a clear variation in diffuséﬁéss of.g_; refléctions
of éhémiqél]y identical anorﬁhités and comparisoﬁ bf.phe lunar 1&310
'crysfal ﬁith the anorthité in the Japanesé vo]caﬁié tuff_indicétes that
the crys£a1§pru;£uré.éf both crystals is véfy similqr. Lattice pargmeters,
taken ffom précession photographs:do not show_siénificant variatiqn
(Teble 2). . ,
TRANSMISSION ELECTRON MICROSCOPY
A Hiiécﬁi HUgSO eléctfon microscope with 650 KV acceleration

voltage wééfﬁﬁed for thé_eiectrqn microscopic studies. Thinnéd spéciméné
suitablé for electron transmiésioﬁ wére obtainéd ffém standard pétro-
‘,graphicv#hi;:séctionslby ion—bombardmen@v(Casfainé;vi955; for éxperimeﬁtal
details ééé BarBér; 1970; and Radcliffé ét‘él;, i9705. Due to thé
incféasea pénétratingvpowéf of the high voltégé-elecﬁron microscope
' ‘comparedvtO;a 100 kv electron microséopé and tojfﬁé préparation method
lgrgé areé; coﬁld bé eiamined: |

It may.ﬁé.useful to discuss briefly some basiqv?rinciplés of order-

disorder transformations, antiphase domain bounderies and transmission
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éléctron'microscopy. For deﬁails the reader is referred to reviéw

affiélésiﬁ& Ma;cinéogski~(l963j; ééhén (1970) with a aiscussion by
Warlimoﬁt”(lQYO); and to teétﬁoské oa ffaﬁsmissionléieétéon micfoscgpy. :
(Thémés 1962; Améliﬁckx; 196k ; Hirséh et 51:; 1965);. We consider

an allo&'with 56% étémé A éna'SO% étéms B cr#stalliziné in a §tructuré

in which.phé'atomic.positions aré randomly occﬁﬁied by the atoms A é%d

B, 1If tﬁé‘alloy ccols below a critical tempérﬁtﬁré, ordering of thé

atoms may'tdké placé. In the orderéd structure;‘called a suéerstrﬁcture

of thé disordered one; all atoms A have atcms B as tﬁéir closest néighbors
ahd Qice.V¢rsa. Ordered domains may nucleate énd bégin to grow at different

places within the same disordered_crystai. When these ordered domains

&
't

impinge on each other they may eiﬁher fit perfectly together forming a

single crystal or they may meet eéch other "out of phase" or "out of

step" (Fig. 4). In this case a boundary called an antiphase domain

‘boundary (APB) is produced between the domains.  The region enclosed by

an APB is called an antiphase domain. The antiphase vector p describes

the displacement of a particular atom épecies between two adjacent

domains.  Thus p is the displacement necessary to produce the two domains
from a single crystal. Depending on crystal structure there are many |

possibilitieé for such vectors. When eléctrons characterized by a
distinct'wa&elength A éncountér a'crystalliné spécimén, part of thém

will be diffracted on suitable orientéd latticé_planes undér'thé cérrés—
ponding Bragg anglés ?i.A Electron diffraction péftérns (3a-2) contaip the
primary béam'a{é diffraétéd.beamé indexed hk o, corrésponding to thé

reciprocal lattice vectors éi' Image contrast is obtained using an

A
M
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ah apértur¢_5y which a distinct_beém-can.bé sélécfed to pass-éhrqugh
to thé'finai imaéé."Thé‘ofhér'ﬁééms are withhéldi If oﬁly thé primary
béam is gliéwéd:to pass’é sé—;alléd'ﬁriéht fiéldvimaéé result;.' If a
diff;aétéa 5éém is selécféd for iﬁégé fo£métion:é aark fiéld imaéé is
obtainéd:"In dérk fiéld imégés thé parts of thé spécimeﬁ will shine ﬁp
ffom which (suffjcieht)'eléctrons have ﬁéén scétte;ed intb the corrés;
ponding Bfagg réflection. Théféforé, taking é ﬁppgrstructuré féfléctiOn
forvimagingﬁthe régions of the spécimén will appear'ﬁright which contaiﬁ
thé supérstructuré: If thé crystal contains APB'SIthéy may be résbivéd
under céftain conditions; Imaée contrast from APE'S dépénds.qn several
.parameters'the most iméortant béiﬁg thé phase chaﬁge associatéd with |
thé displaéémént across the boundéry; This phase change is given by
thé phase'éqéle d =2ngp. A.phgse jﬁmp in thé amplitudé occurs if
:a #0 mod 27, i.e. for gD non—integralg If glﬁ_ié infegral, i.e. wﬁen
P equals a lattice translation vector; o is zero (nq-céntrastj; Thus,
in generai,lsuperlattice diffraction véctors are négessary tovprovidé
contrast5  If @ = mmod 27, symmétrical fringés,bCCur aboﬁt the'cénfer
of thé fahit in dark fieid whéréas vhen o = 2 ﬁ/3“mod'2 W symmétricél
' fringe#-oéc@r in bright fiéld. However, bther‘factors affect thé fringe
Symmetry,_é.g. when the diffraction vectors diff;rufin nagnitude buf
aré parélléi across the domain wall symmetry pr&pértiés disappéaf due -
toﬂthé'"é#citation érrorﬁAé. This means that thé:direction of the p
B Véctor:is:not éasily déterminéd from fringé symmetry but reéuirés careful
tilting éipériménts in ordér to ipvéstigaté the same Boundary undér

different reflecting conditions {gj-Pi}.
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Keeping these principles in mind the anorthite specimens have

becn‘anquzéd and the following features have bCéh_obserVed:

"AASétﬂ%%éff;oﬁvtugéf Bégai£”lﬁéi0:_'A typical sélécted'areé éle¢troﬂ

: diffractigﬁ pattérn cgntaininé sharp_§¥ and_é} £éfie§tions and diffusé
refléctions is shown in Fié{ 3a:3 Véry wéak_ana'diffﬁsé g} réfléctions
were 0bsérvéd: The c- reflécfioﬁs wéré stréakgﬁ;in diréctions perpéndicular
to_éboufn(2§i) in a seléctéd aréa diffractoéram ndrmal [2ll]l This

is in agfééﬂént.with_observations by Riﬁbé and CblVille (1968);.Appléman

ét alg (1971); and Christie et al: (1971). | o

| Dark'fiéld images using b- refléctions réVéaied smoothly curved
antiphaé¢ domain bQundafies (Fig: 3e). The sizé of these domains
(SOO—lOOOK):isvdistinctly smallef.than thosevfound by Christie

et al. (;971) in lunar rock 1002§. Christie et al. (1971) proposed
ardispigcémént vector p = %{001]. So far, no contrast}ei?eriments and
calculafigng have been done to determine the acfuai displacement vector
- among the:many possibilities. |

‘Anorthite from Miyake Islands, Japan: Selected area electron diffréction

pattérn'shQQ sharp a- and b and slightly diffuéé’gf reflections; Small
domains’iﬁlthe order of 70 - 1008 could be iﬁagédfip dark field using
type Efiréfléctions (Fig. 3f). The c- domains in thé Japanese anorthité
may bé Q?déréd domains in a disqrdered m&tri#. vThé typé c- reflections
afé 1ess~ai%fusé than those of the lunar anortﬁite; So ﬁé conclﬁdévthat
the c- aoﬁainsAin the lunar anorthite were notvréédlved'bécause théy
wére_smailéf'and probably less ordered ;han ihithiévanorthite;' The
.occufrénée_of sﬁch small t&pé_g: doméiﬁs in lﬁnailrécks was réported

per A

(S
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by Applemaq et al. (1)(1) end Christic ct al. (19{1) Type b~ domains
were not observed in the anorthlte from Japan 7

'Anorthité-from the Eucrité MeteOrite Serra de Mase: Selecled area”

dlffr;ctaon patteznb show stréng a; agd b; and Jeaker c- reflectLonch
The type c; reflectlons aic soﬁﬂtlmes sllgntTy‘difquet APB's were
V1sua11zed in brlght fle]d and ddrk fleld 1muce§ using c- reflectlonu
(Fig 3g) The w1dth of mesh of the network fprmed by the APB's was
varylng from abOuL 500 to SOOOA Thé domains fféquéntly appéar

to be elongated paraliél to c* During the work ét thé ﬁicroscope an
o§c1llatlon of the domain walls;has béen obséfved on the screeﬁ.

Typé p};démains were not‘obsérved

“

Anorthiféifrom-Val Séhiesone Alns Selected area electron diffraction

ﬁatterns showad strong a- reflectlons; weaﬂnr b~ and c- reflebtlons
very weak_gT reflections. All reflectloqs were sharp (Fig. 3d)
?Bfightffiéla and dark fiéld images with c- re;lectlons operatlng
revealed iarge antiphasé domains separated byjA?BFs (Figl 3h); Thé..
.aréas su}rounded by APB's as measuréd in the eléc£fon microéfaphs
had a diameter up to Sevefal.miCrons; Thé APB‘s‘havé apparéﬁtly a
_préfé:érifiél ori'enta_%cion parallel to c*. Ribbe 'ana Colville (1968)
assume an-antiphasé vector p = %[Ev; 5. cl fé; the c- domains; For
this P the phase shift o equals 7 mod 2 nl.if?’the diffracted beam

» é‘is é ¢~ reflection. Wé observed symme{rical ffihée c0ntrasf about
the Cenféf'of thé' APB-fault ih dafk fiéld: This result woﬁld bé con-
sisteﬁﬁ with %hé'césé for thé condition & =T, é.é it would be |

cons 1stent with a dlqplacement vector P = —{a + b - c] ' But as
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notéd"béf§r§ for thé b- aomains; theré aré also,Qﬁhgr pbssibiiities
whieh have to be éiaminéd by contrast experiments>§nd calcﬁlétionsl
CONCLUSIONS " “

PresenceAand size of b- and c- antiphase domaiﬁs in anorthlte.ls
a sénsifive parameter to cha?acterize calcic plagiqclase: The
variatiohé_in size aré inflﬁénééd by the Qhémicalicoﬁposition and-thé
thcrma1 5hdfm§chunica1 hjstoryf It fhé An cont§h£ is known'thén it
is possibiéfto derive.thé cooling hispogy_asvisbdéﬁgﬁstrated by the com-
parison»pé_#ﬁe four saméles. Thé sizé of the doﬁains is a function éf |
nﬁcleatioﬁuéﬁd growth rate. During quenching tﬁé domains cannqt grpq
aﬁd a pattéfﬁ of‘very fine c- doméins results which may bevpartially
disorderedg.éausing the diffuse E; reflections. ;During annealing slightly
Selow thé di$orderiﬁg temperature?the domains érdﬁ. In slowly'cooled
éqorthitéé'(An > 95%) no b- domaiﬁs wére present;' It is uncértain if
Lﬁe intéﬁ;iiy of ¢- reflections and shapé and sizg‘éf c- dorains is ogiy
‘due to tﬁé7ca—-position or if Si/Al disorder produged at véry high |
@émperaﬁureé;in the lava_has a secondary influéncé;- The S;,dohains
-_(prébably.éaﬁséd by a displacivé transformation around 300°C) may‘réflect
only thépvéfy late cooling‘history,whereas b- domaihs (an'indicgtion
for Al/éi'diéordér) form alréady at high.températures above '”800°C
théréforé.influénced during all stagés of the céoiing. Heatiné'éXpéria
ments and.ﬁicrosc0py will solve gcme of these questibnsl Sé far we can
--only emplllcally use the size of ¢- domains to obtaln 1nf01mat10n.about

the coollng hlstory Lally et al (1972) rec;ntly found large c-

domalns in an An 93 95 anorthlte from the Apollo 15 gcne51s rock (lShlS)
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1
and étt%ibuté it'tovthé hiéh Ca- ééntéﬁtl From'our.évidénce &é.con—
clﬁdé thét_thg*éenesis rock has to 58 a slowlj Qooléd réck, similar.to
térrestfial,mctamorphic récks ér ﬁéfeofités: "This ig,véry aifférent'
from mogt_other lunar rocks: éuéh és lh310—basa;f §héré the antiphgsé
donmains iﬁdicate rapidly cooling Ef a ﬁolcagié %éékt Thé'differencés».

between the two volcanic and the two plutonic specimens (missing of

-

b- domains_in the Japanese tuff compared with missing c- domains in the

lunar basalt and differences in size in meteoritic and metamorphic

'anorthiteé§zmay be partly caused by small variationé‘in‘chemical

composition.

The presence of submicroscopic structures in all plagioclase

&

*

crystals raises the intriguing question how these features which are

invisible in the 1light microscope are expressed in the optical
propertles, Antjphaﬂ“ domains, submlcroscoplcal tW1ns, exsolutions

are 11kely to have some imprint on the or¢entatlon of the 1nd1cat14x

and the.fact that the optical state and the structural state not always

conform (Wenk 1968 Wenk and Nord 1971) can p0351b]y be exp]alned

as an 1nfluen e of the microstructure.
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TABLE 1

Fuler T angles.rélating the'optical indicatrix and crystal coordinates.

| R o
Accuracy of Eu_le1 arn]co is 1_5 .
specimen tﬁin;laws, 2VY ® /] - ¢ Lf:“f;An .Or. . Ab
. e T T 1n d( grecs j_n mole percent .-
14310 lunar Ab,Ca,Ab-Ca 25—%-1;2"" 38 85.3, 1.7 12.94
‘plag.pyrox. Pe (rare) : - e : .
basalt Baveno right = - 25 =k 38 87.65 1.22 11.04
- 8 23 55 38 87.6, 1.38 11.0,
T 22 =55 37 . 91.0y 0.M8 6.k
78 2h -6 3 9k3y 0.39 5.2,
' ! o ,
23 -6 38 93k o5 6y
volcanic . “Ab,Ca - 204 10 3 9h.3, .06 5.1
tufi, Miyake Ab- Ca‘ _ ) ' o . v
Is. Janan o _ 2y - -9 3 f95'6h 07T h.29
o ) 16 —11%- 3 9h.5, .01 5.k
oh gl all .
200 -8 365 ) ,9h'99 09 k.9,
\ 205 -8 37 :- 93.99 .06‘ 5.9
\ ) 23 -6 35 e e
'Serra‘dc~Magé',Ab,Ca; 20 ‘ ;8%- 3'%;j  'f9h.83 .09 5}08
eucrite . Ab-Ca - ' LT
meteorite S Pe - TT 23 -6 38 953, .ok h.59

'Sci .59 diops. An,Pe, R
calc. anorth - AbiCa 17 15 -8 38 97.4 .01 2.5
hbl. fels (rare) e 9
V. Schiesone,
(Alps)

.

©  Ab. albite

: Ca C€Carlsbad
Ab-Ca  albite--CArlsbad
Pe pericline
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TABLE. 2- - Lattice Constants and Structure of Anorthites {from Precession Photographs).

specimen

14310 lunar -
0l.2ag. PYrox.
pasalt

volcanic tuff

iyaske Isl.
Japan '

Serra de Mage
tucrite

Meteorite

Sci 59 diops.
hbl. calec.
anorth.  fels.
V. Schiesone,
(Alps.)

8.17

8.19

8.18

D
-9

12.87 -

12.87

12.88

12.89°

c
2

o
. ..error is + .OlA

ka9

93.3

93.2

92.9

93:3 ™

™

116.2

115.8

116.1

~7v116.0

Y-

- in degrees, error is + 0.1°

91.0

91.2

91.h -

- transitional

structure An

~in mole percentv .

transitional 95.l4)

primitive 95.5

priﬁitive 97.l6

Or
3.4y, 0.6

.05

.25

\

h3g

2-5

i, 5)4
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FIGUKE CAPTTONS

Fig. 1. Vé;iatidn'ﬁf Eulér anvlés ¢vand Y which:éﬁ;ractérize the
orléﬁiétlon of the optlcal 1nd1catr1x in thc crystal for ca101c
anérph;tes (data are from'the llterature),a |

Fig: 2: ié§) ; (d) Pﬁotgmicfoéréphs ﬁsiné a péﬁféﬁfgphic microscopé
wifﬁ,gféssed nicbls;, N ‘ 
(c)v; (h) X-ray 81ngle 01ystal preces qloﬁ ;%thotovrauh< (Mo
radlatlon, Zr fllter) S

Fig. 3 (a)-— (a): Selected area electron dlffractoprams (a) - (;)
650 kV (d) 500 kV acceleration voltarre. | |
(e) - (h) Transmqulon electron. mlcrogzanﬁs ( j Type §,'(f) - (h)
type;gj_domains-Dark field. ﬁThe operating}diffracted bean g is
inéériéd: 650 kV acceleration voltané. L

Fig. L. Schémdt"c Iepresentatlon;of an antlpha;e démalﬁ boundavJ (APB)

in an hypothet1cal alloy with atoms A (c11c ) and B (dots)."

is;cgllea the dlsplacement vector or antlphase_vector.

A

!
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the-accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights. '
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