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A CHILLE BLASI-, C ARLA BLASI DE POC-

ROLE AND CONVENIENCE OF LA'ITICE ELEMENTS 
FOR DERIVING Si, Al DISTRIBUTION IN ALKALI FELDSPAR 

Rlo\SSUNTO. - Vengono valutate le possibilità di stima dclla distribuzione (Si, Al) tra le 
posizioni o:nuo-tetraedriche dci feldspati alcalini mediante elementi teticolari tenendo COnto che 
t,O + t.m + I.j) + t.m = 1 e I,(J = 1,111 = t •. Risultano possibili due tipi di procedimento che 
mediante diagrammi di appropriati elementi reticolati conducono rispettivamente a una stima 
diretta o indiretta di t,O e t,m, quest'ultima attraverso la determinazione di t,O + I"" e 
l,O - 1,111. Tra i procedimenti del primo tipo, si possono considerare i diagr1lmmi T,(Oll ] /T,( tTO] 
e Tr[OTl]/Tr(llO] per determinare rispett ivamente l,O e 1,111, e inoltre i diagrammi T,[IT01/t,O 
e T,[IlO)/I,m proposti da KROLL (1973) e ora rivisti per la scelta dci termini estremi di riferi. 
mento. Per quanto teoricamente corretti, nella pratica questi procedimenti non appaiono conve
nienti poic~, tra vari svantaggi, in essi sussiste ambiguid. tra sostiruzione (K, Na) e distribu· 
zione (Si, AI). Nel metodo proposto da KJtOLL (1973), inoltre, per un dato valore di T,[ITO] o 
T,[llO] e per una data composizione, sussiste anche indeterminazione neUa valutazione d i 
l,Q o Nn tra differenti cammini di ordinameruo. Per quantO riguarda i metodi del secondo tipo, 
tra i vari diagrammi esaminati per stimare l,O + l,m in pratica appaiono convenienti soltanto i 
grafici b/c (STEWAIlT e RIBBE, 1969) e b·/c" (SMiTH, 1%8). Pcr la stima di l,O-l,m si hanno 
maggiori alternative. Il diagramma {Tr[011 ]_Tr[OTI ]}f{Tr[ 11O] _Tr[ITO]}, rigorosamente 
dipendente da 1,0 - t,m, appare conveniente. Il diagramma cosa/cosy (BUSI, 1978) può anche 
C$sete usato a questo scopo, e a causa dei valori che a e y assumono nei fddspati alcalini, C$SO 
può essere sostituito dal diagramma più semplio: a/r, le cui implicazioni sono simili a quelle 
de! diagramma a*/r", proposto da SMlTII (1968) e da STEwAn e RIlIlIE (1969). Questi quattro 
melodi forniscono valori di l,O-l,m praticamente coincidenti tra loro, e molto prossimi a quelli 
ottenibili dalle distanze <T- O> per i fddspati alcalini tridini di cui sono state risolte 
le strutture. 

ABSTRACT. - Tbc possibilities of estimating Si, Al distribution among the T-si te in alkali 
fcldspar by using lattice elements and taking into acrount that l,O + t,m + I,(J + It!1I = 1 and 
I.J) = 10m = t. are here evaluated. Two kinds of procedure foundcd on plolS of appropriate 
lat tice elements are found to be possible, and enable t,Q and t,m to be estimated direcdy or 
indire<:t1y, the latter by determining l ,O + l,m .nd l,O-l,m. Among the procedures of the fint 
kind, there are tbe plols of T, [OIl] vs. Tr[ITO] and Tr(OTI] vs. Tr[IlO] for deriving t,Q and 
l.m, respeçtivdy. There are also the plots of T,[IlO] vs. l,O and T,[IlO] vs. 1,111 pro~d by 
KAOLL (1973) and no\l,' revised for the referencc values of the elltremc end·members of alkali 
fe1dspars. Although theoretically oorrect, in practice these procedures do not appear oonvenient 
because, .mong various disarlvantages, mey involve ambiguity between the K, Na substirulion 
and the Si,AI distribution. In addition, in the method proposed by KROLL (1973) for a given 
value of T,(ITO] or Tr[1I0] and for a given romposit ion, thcre is also an indeterminacy in 
the C$timate of t,O or l,m among different paths of ordering. For procedurcs of the second 
type, among the different diagrams investigat~ for estimating l,Q + t,m, only the plots of b 
vs. C (STEWART and RIBBE, 1969) or b* vs. c· (SMtTII, 1968), in practice appear IO be conveniem. 

* Isti tuto di Mineralogia, Petrografia e Geochimica, Università degli Studi, Via Botticelli 23, 
20133 Milano, Italia. 
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For cstimating "O - hm there are more possibilities. There i5 tnc plot of {Tr[OIl)-Tr[OIl]} 
vs. {T,[ 110] - T,[ ilO] l , whkh i5 rigorously dependcnt 00 ltO - t ,m. The plol nf cosa vs. cosy 
(BUSI, 1978) can also be used and, becausc of the values nf a and y in alkali feldspar, can be 
repbced by the simpler piO{ of a vs. y, thc latter yiclding similar implicalions IO tne pIol of 
a* vs. y* proposed by SMITH (1968) ancl STEWART and RIBBE (1969). These fouI procedures 
give values of t,O - l,m thal practica!ly coincide with each other, and are very near lO (hose 
obtainable from the <T· O> distances for thc triclinic alkali feldspars whose structure has 
been detcrminOO. 

Introduction 

In the crysla! lattice of alkali feldspar it is possible to identify lattice elemcnts 
whose changes are inRuenced by thc Al contcnts of the T-sitcs according to thc 
following relationships: 

kl + k2t10, k3 + k~tlm, k:; + k6(t10 + tlm), k7 + kS(tlO-tlm), 
wherc k. are numerical coeilicients, hO and tlm indicate thc Al contents of thc 
1'10 :md Tlm sites, when adopting KROLL'S (1973) notation, which uses for this 
purpose the code of lhe appropriate T-sile in the lower case. From appropriate 
combinations of lattice e1ements dependent on the AI contents of T-sitcs according 
to lhe aforcmentioned expressions, furt hcr parameters whose changes are stilliincarly 
dependent on the AI comcms of 1'1-sites can be dcrived. 

Taking imo account lhat in alkali feldspar 110 + tlm + t.JJ +t2m = 1 and 
h,(J = t~m = 12, an appropriate uti lization of lauice e1ements may allow an 
estimate of the Si, AI distribution among thc T -sites lO be made which, theoretically, 
can be obtained in two different ways_ Thc Iì. rst lcads 10 a dircct me:1sure of 110 and 
t lm, whi le the second lcads to their indirect measurc, obtaincd fro m the dctermination 
of 110 + t lm and t IO-tlm. 

Since, in practice, tne [Wo differem procedures did not tum out to be equivalem, 
this paper will discuss the role and convenicnce of lattice dements involved in the 
dctermination of the T-sile occupaneies in alkali feldspar. 

Alkali feldspar cnd-members 

When inspecting ordering by l::tttice elcments in a given alkali feldspar, 
knowledge of the T-site occupancies and of the unit-eell parameters for thc reference 
end-membcrs is required. These end-members identify standard (K, Na)-series and 
allow the [Wo extreme ordcring paths, knowll as one-step and ideaI twO-step, 
to be delì.ned. 

T he reference end-members for which tlO = tlm = t<J) = 12m = 015 define 



11.01..1:' ANO CONVENIENCE 01' LATT ICE ELEMENTS FOR DERIVING ETC. 499 

the topochemically monoc1inic series, high sanidine-high albite, HS-HA for short, 
\vhose members havc actual monoclinic sy mmetry for 0.4 ~ Noc ~ l, and actual 
tric1inic symmetry for O ~ Noc ~ 0.4. 

The end-members for which /10 = l and t1m = ti) = t2m = O deflne the topo
chemically triclinic scries, low micrucline-Iow albite, ùM-LA for short, whose 
members have actual triclinic symmetry. 

The one-stcp trend corresponds lO the path leading from the HS-HA tncl
members to the LM-LA encl-members. The ideai two-step trencl corresponds to the 
path which leacls from HS-HA to LM-LA passing through end-members for which 
the T-site occupancy i5 expressed by hO = tlm = 0.5 and t~,() = t2m = O. This Si, 
A! distribution is propcr to the topochemically monoclinic theoretical series called by 
S~IlTH (1974) theorctica! !ow sanidine - Na-exehanged theoretical low sanidine, 
LS - Na-exch. LS for short n. The members of this series should have aetual mono
clinie symmetry for 0.4 ~ No. ~ l and actual tridinic symmet ry for O ~ NOr ~ 0.4, 
on the analogy of tbe members of corresponding eompositien in the series with 
complete Si, AI disorder. 

T he existence ef a natura! K-fe!dspar with a Si, AI distribution equal to that 
assumed for LS is comroversia!; however, a large number of K-fe!dspars approximate 
to this ideai mode! . PRIN"CE, DoNNA'" and MARTI N (1973), from a refinemem of tbc 
neutron scatlering faeters, oblained 0.50 Al in 1'1 and 0.0 Al in T 2 fo r the H imalaya 
orlhoclase. S~lITH (1974) reported that this specimen was not the same as theoretical 
low sanidine, and that it was a domain-lwinned microcline. Furthermore, STEWART 
and WRIGHT (1974) suggest arguments for the existence of monoclinic K-fe!dspars 
more highly ordered than the Himalaya specimen. 

A Si, Al distribution equal to that assumed {or Na-exch. LS has never been 
found in Na-fcldspars. However, the Na-exehanged products of some K-fcldspars, 
e.g. Na-exch. Speneer U and Na-exch. Speneer B obtai ned by WR IGHT and STE.WART 
(1968), have unit-cell parameters that approximate to this ideaI. 

For a full deseription of ali observed types of Si, AI distribution, in addition 
to the end-members HS, LM, LA, and H A, it is convenient to involve LS and 
Na..exch. LS, irrespcctive of their actual occurrence. For HS, LM, LA, and HA, 
the unit-cell parameters proposcd by S~lInl (1974) or by STE.WART and WRIGHT (1974) 
ean be used, while for LS and Na-exeh. LS, 011 the basis of available structural 
data, it appears justified to assume: bIS = hM, Cu; = CUI, au = 90", YL5 = 90", 
bNa...,~.b . U; = bLA, CN • ...",Cb.LS = n..-\, aNa.ucb.1.S = a~IA, YNa.uclI.lS = YH.-\. As regards celi 
edge a, its change with ordering is trivial but does exist; fo r the sake of simplieity, 
in linc with S~HTIi (l974), it was assumed that aLS = aHS ::md aN.·e~.b.1.S = aH.-\. Any 
assu mption for p is disregarded, since th is angle is not required in the analysis 
[hat follows. 

(') For me potassic end-member, MEG.-\W (1974) suggcslS arguments for retention af the 
ferm «ideai orthodase ... 
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For this purpose, lWO rewmgular plots can be used, ane of which is constructed 
with twa lattice elements dcpendcnt 011 110, :md the alher with twa lattice demcnts 
dependent on t1m . 

Si nce the Al contenlS encQunlered along the lattice translations Tr[ 110] and 
Tr[lTO] are Alrr[ l HI) = 2-2/1m and A Irrt1T01 = 2-lt 10 (KROLL, 1973), and thc 
AI contcms along Tr[ OIl] anJ Tr[ 011] are AlrrrOl l ] = 2-/10 and Aln1.oTI] = 
= 2-tlm (BLASI, 1978), thc plots of 'l'r[OlI] vs. Tr[tTO] and Tr[OTt] vs. 

Tr[IlO] are indicated for dcriving- 110 and t lm , respective\y. 

Tr[1, 01 (Xl Trll101 (Xl 
HS 15 . 614 15 .614 HS 

15 .6 es 15.561 , S. 561 15 .9 
eH 15.844 15 . 257 es " 1rl1'101 HA 15 . 209 15.274 1r [1101 

li, 
Na-exch. 1s,ns 15 . 200 li, es 

" 15 .431 H .875 

15.4 0.25 15.7 

0 . 50 

HA 
HS 0 . 00 

,,O 
eH es 

15.2 "o IS.5 

0.25 " LOO 

TrlOll] (~) Tr10l1] (~) 

15.0 HS 14.875 14.875 15.3 

" 14.842 14.842 
eH 14.770 14.913 
HA 14 . 319 15.083 HA 

Na-exch. 
14 . 264 15 . 031 

" " " 14.181 15.109 

14 .& 15 . 1 
14. 2 14. 4 14.6 14.8 14.9 15 . 1 

Tr lOlll ,i, Tr1Ol1] ,i, 

Fig. 1. - Plots of Tr(Oll] '·s. T,,[IIO] and Tr{OIl] vs. Tr[llOl For ca1cubting Ihe relevanl lauice 
transl3 tions, U:Ie was madc of Ihe unil·cdl parameler. proposed by Smilh (1974) for high S3nidine (HS), 
low microcline (LM), low albite (LA), ano high albite ( HA), and on the basis of these, me lattice 
constantl; for theoretiul 10w S3nidine (LS) anò N:Hxchanged thc:oretical low S3nidine (Na·exçb. LS) 
wl:re dcri"cd, as eJ(plained in tbc (ext. 

Fig. l shows these two plOlS cOllStructed with the val ues of the lattice translations 
along [110], [ITO], [Oll ]. and [OTl] , obtained for tbe end-members involved by 
using tbe following relationships: 1'1'[110] == V(a2+b2 +2abcosy), Tr[ITO] = 
= V(fil + b2 -2abcosy), Tr[0111 = V(b 2 + él- + 2bccosa), and Tr[OTl] = 
= V(b2 + él--2bccosa ). Use was made of the unit-cell parameters proposed by 
SMITH (1974) for HS, LM, LA, and HA, and, on the basis of thesc, tbe lattice 
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Fig. 2. - Plots or T,[ ITO] vs. t,O and T,[1l0] vs. t,m by Kroll (1973) reviscd for ehoic.: of the 
rdcunc.: v~lues lor the cxtrcme eod:members of albli fcld,pars. The values f()J thc involXed lattice 
trall, b,ion, are \hc ,ame as ,hosc givcn in Fig. 1. Maximum and minimum ordering wa. a.sumed for 
thc memben in the low ~nd high temperature (K, Na)-scries ploued al intcrval, of 0.2 No •. Tne 
re·refincmenl$ II Wri.l!hl and 51ewart (1968) on \he dala of [)onllay ami OOllnay (1952) wcre ustd . 

constants for LS and Na-exchLS were dcrivcd in thc way indicated in thc previous 
scction. 

For a direct mcasure of tlO and l,nI in alkali feldspar, K ROl L (1973) also proposed 
two plots in which he had calibrated Tr [tTO] vs. tlO and Tr[ llO] vs. l ,m, 
respcctively. In addition, he annou nced the extension of this method to ternary 
feldspars and plagioclascs (cf. B "MBAUF..R, K ROl.l, N,l.GER and PENTINGHWS, 1974; 
KROLI., 1976). 

In accordance with SM1TH (1974), thc originai plots proposed by KaQI.L (1973) 
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for alkali fcIdspars have bccn revised in Fig. 2 for choiee of the end-membcrs by 
using thc same valucs nf Tr[llO] and Tr[lTO] as thase involved in Fig. L 

Thc plots in Figs. l and 2, for correct utilization, must be contoured for 
composition. 

Contoffring for composition 
Two different sets af isop!eths musI be reconstruCled for the two cxtreme trends 

af ordering in both diagrams in Figs. l and 2. 
Considering fi rst thc contouring for thc alle-slep trend, (K, Na)-series with 

maximum and minimum ordering are necessary, possibly together with (K, Na)-series 
with known intermediatc ordering in the ane-slep trend. 

On thc basis af the non-panial (K, Na)-scries al thc moment available, along 
the joins LM-LA and H S-H A, linear contouring fo r composition appears 
unsatisfactory, while non-linear contouring is made difficult becausc oi thc discrepan
cies betwccn thc valucs of the lattice translations in the members af equal composition 
and structural state, and becausc of thc present impossibility of giving them a 
proper weight. There remains tne possibility af reducing the val ucs of the lattice 
translations for the members of the available (K, Na)-series to the same scale as 
the values of tne lattice translations for the relcvam extreme end-members, and 
of then drawing the isopleths far the poims corresponding to the mean values of 
thc appropriate lattice translations for the members of equal composition and 
structural state. However, in thesc circumstances in the members of the sanidine-high 
albite series there was the drawback that for composition 0.4 ~ No, ~ l , although 
y = 90°, Tr[ 1I0] is significamly different from Tr [110]. 

Far the sa kc of illustration, the valucs of Tr[ IlO] and T r[ ITO] far the non
partial (K, Na)-scries :lt present available have been plotted in Fig. 2 al intervals 
of 0.2 No" assumi ng maximum and minimum ordering far the low and high 
temperature serics, respectively. Thcse valucs have becn calculated by using the lattice 
constants derived from thc regressioo cquations recalculatcd by L UTH (1974) for 
thc different series. 

As regards contouriog for thc ideai two-step trend, in additioo to (K, Na)-serics 
with maximum aod minimum ordering, (K, Na)-series with l1 = 0.5 and l 2 = O 
are neccssary, possibly together \Vith (K, Na)-serics with known intermcdiate ordering 
in the ideaI two-step trend. In addition 1.0 the aforementioned (K, Na)-series with 
ao assumed maximum :l.Od mini mu m ordering, al present only the ioo-cxchanged 
PS()..56F series (WRICHT and S TEWART, 1968) is available, for which however the 
start ing material is an orthoclase with optics and lattice conslants indistinguishable 
from thase of Spencer C. 

From thc foregoi ng, a comouring for composition or, as ao alternative, an 
extrapolation of the unit-eell parameters along an expected ion-cxchange path to 
thc pure end-member, with thc data so fa r available, does not appear completely 

rdiable. 



ROLI.. AND CONVI..NIENCI.. OF LA'ITICF. ELEMENTS FOR DERIVING ETC. 503 

EBlimale or tlO+t1m and t10-tln. 

For this purpose, two rectangular plolS can be used, which are constructed with 
a pair of lattice elements or of appropriate combinations of them, dependent on 
IlO + 11m and IIO - tlm, respectively. 

In arder to obtain values of tlO + t1m, use ean be made of tne plot of b vs. c, 

which yidds the structural indicator .1(bc) (Sn:.WART and RISSE, 1969; STEWART and 
WRIGHT, 1974; STEWART, 1975). Far the same purpose, aecording to S~{ITH (1968; 
1974), in ali circumstances in which it may be useful, the plot of b- vs. et' can be 
uscd, and this gives the structural indicator .1(b"'ct'). 

,,~------ L O 

o .• 

MF {<lOl l (l ) ·0.0 

0 . 2 111 10 (X, • 0.0 

0.0 

LM {1I011 (l ) · ' 0 . 143 

11110 ( ~ ) • 0 . 587 

HA {1I011 (X) · ' 0 . 765 

11110 (X) . ' 0 . 065 

LA {1I011 (l ) · ' 0 . 928 

11110 (X, • 0 . 556 HA 
0. 0 

- 1.0 -0 .8 -0.6 -O . ~ 

t.011.Tr(Ql ll · Tr( Olll (X, 

" O., 

.. 
0 . 4 ;:; ,-

" ';' 
8 
o 

" 0.2 '; 

" :;; 

__ -----;;;1°. 0 

" 
-0 . 2 0.0 

Fig. 3. - Plot or {Tr[OII]-Tr[OTl ]} "s. {1'r[ 1l 0]-Tr[ITO]}. or ~O ll "5. ~1l0 , for Sborl. Tbc 
valu~s for Ille rdevanl 1atl;C~ translalions M~ givcn in Fig. 1. As cxplained in tbc tex!, tlle v.alues 
of ~Oll and ~IlO are gi"cn only for the cnd·mcmbcrs MF (monoclinic fddspars), LM, LA, and HA. 

Theoretically, there are other possibilities for deriving tlO + tlm, which in 
praetice do not appear convenient. In faet, the diagrams inspected with lattice de
menu, or appropriate combinations of them, dcpendent on 110 + flm, show geo
metrica! shapes that do not permit dear enough contouring far deriving the sum 
of the A! contents of the T IO and Ton sites. 

Scrutiny of the possibilities for deriving hO-t1m offers more numerous alter
nati ves. The plot of {Tr[OI1 ] - Tr(On J} vs. {Tr[ 110] - Tr[ 110] }, or .1011 vs . 
..1110 for shoft, is rigorously dependent on tIO-tlm. In faet, the Al contents 
inAuencing the two parameters .1011 and .:.1110 involved in this diagram are equal 
to - (tIO-tlm) and 2 (tIO - tlm), respectively. Fig. 3 shows the diagram of 
.1011 vs . .1110, which has a geometrica! shape suitable far good linear eontouring 
far tIO-tlm. 
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T "lILE. l 
Valu(!f 01 t iO- t1m Jerivd Irom lattice elements for selected triclinic alkali Ie/dspars 

"10-° 1," from t he plot l or 

6011 eos", <> (li -

''''''Pi e v. . V3 . vs . "O . 

6110 (t) COBY Y . ' 

K-feldspu' (Stevart and Wright, 1974) 
St ..... sre 3b 0 . 185 0 . 185 0 . 185 0.185 
Spo!noer H 0 . 224 0 .224 0 . 224 0 . 224 
Ste_rt 4b 0 . 282 0 .282 0 . 262 0 . 261 
Spcnoer S 0.269 0 .290 0 . 269 0 .269 
1'23 .4 0 . 296 0 . 296 0 . 298 0 . 291 

Fox E 0 . 363 0 . )84 0 . 383 0 . 383 
Wright 211 0 . 589 0 . 589 0 . 588 0 . 588 
SH-C 0 . 7~1 0 .741 0 .141 0 .141 
\/hite l 0 . 195 0 .796 0 .796 0 .795 

!'63-1-Mi 0 · 910 0 .911 0.911 0 .910 
T1l6 0 . 91 4 0 .915 0 .915 0 .914 
wc 4-15 0 . 940 0 .941 0 . 9bl 0 .940 ,.,.."" 0 . 952 0 . 953 0 · 953 0 .952 
Blue Mtn 1.003 1.004 1.004 1. 003 

(t) ~01l~(0111-T»(01l1 ; 6110>01'r(UO)-TrnlOl . 
(t) nHigllly metast .. bl .. " speoi,..,n . 

t
l

O-t
1
", ( r om th" ploto of 

6011 eo'''' , 
" s"",ple "O . "O. "' . . .. 

lilla (t) oooy • .' 
synthetio albi t ... (Y.utin , 1970) 

"77 O . 15~ 0 . 154 O. lSk 0 . 153 
1216 (tj 0 .182 0 .182 0 . 182 O.ISO 
1219 (t, O.19k O . 19~ 0 .19. 0.193 
m 0.»6 0 .206 0 .»6 O.20~ 

330 0 .310 0 .309 0 . 309 0 . 308 

'" O . ~25 0 .423 0 •• 23 0 . 423 
1310 0. 492 0 . 491 0 . • 91 0 .491 

"" 0 . 539 0 . 538 0 . 538 0 . 538 
m 0 .551 0 . 551 0. 551 0 . 557 
",,, 0 . 642 O . 6~1 0 .641 0 . 6.2 ,'l' 0.160 0 .759 0 ·759 0.760 

'" 0 . 792 0 .191 0 .791 0 . 792 ", 0.890 0 . 889 0 .889 0.891 ,'" 0 .917 0 . 916 0 .916 0.918 

Taking into account that the AI content influencing cosy is equal lO tlO-l1m, 

and that influencing cosa is given by a complicated function closely approximate 
to - (tIO-tlm)3j4, the plot of cosa vs. cosy can be used far estimating hO-hm 
(BUSI, 1978). Because of the values of a and y in alkali feldspars, this plot can be 
replaced by thc simpler diagram of a vs. y. The use of the latter is equivalent to 
the use of the plot of a· vs. y., which yields the structural indicator A(a·y·) 
(SMITH, 1968, 1974; SnwART and RIBHE., 1969; Sn.WART and WRJGHT, 1974; RIBBE, 
1975 b; SnwART, 1975). 

The four procedures mentioned far deriving IIO-tlm have been compared by 
using most of the triclinic K-feldspars q uoted by SnWART and WRIGHT (1974), many 
of the albitcs symhesized by MARTIN (1970), and ali thc triclinic alkali feldspars 
whose structures have so far been published along with the latt ice constants. Since 
more than a few perccnt of componems in solid solution other than Or and Ab 
cause essentially identica I changes in celi dimensions as does Si, AI disorder in 
pure a! kali feldspar end-member (SM1TH, 1974; $nwART and WRIGHT, 1974), the 
anonhoclase used far structure analysis by DE PIERI and Q OARENI (1973) will not 
be considercd here. 

The values of t,O-tlm have been obtained by the calculation procedure devised 
by BLASI (1977). The unit-cell parameters proposed by SM 1TH (1974) for H S, LM, 
LA, and H A have been used. Incidentally, in the plot oE AOll vs. AllO, the lattice 
elements far LS and Na~xch .LS are not necessary, because .dllOt.s = AIll>Hs, 
A110NH~~b. l.S = .d110Ii.o\, .d011 LS = .dOillis, and because between .dOll NH~~b.LS and 
AOll liA there exisls only a trivial difIerence of 0.002 A. 

Table l shows that for the K -feldspars quoted by Sn:WART and WRIGHT (1974), 
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T ABLE 2 

Values 01 tlO- /lm derived from lattice elements and from <T- O> distances 
for triclinie alka1i feldspars used Ifj slmettlre determinations 

r ere r e nc e 

!tro"" a od Bailel' 
(196~) 
Fi.u.el' ""d B&ilel' 
(196~) 

B&ilel' (1969) 

Ribbf: ""d Gi bbs 
(1975 ) 
Fer tuson et al. 
(1958) ; Ribbe et 
al . (1969) 
1o/ai nvri ! ht. a nd 
-Starkel' ( 1968) (" 
Wai nvr i gh t ""d 
Sto.rk !<)' (unpubli
shedl (I) 
Fe rguson et 0.1. 
( 1958); Ribbe et 
al . (1)169) 
P>-e ... itt. et al . 
(1976) 

'0. 

'o. 
'0. 

Wri lht. ""d Stevart 
(1968) 
' o. 

lo ..... icrnelioe 
(Pellotsalo) 
lo ..... ic r od i ne 
(P<lnti akal ~ ) 
iot . ,.;crnelioe 
(Speocer u) 
int . micrnelioe 
( K- 235) 
l o" Llbi t e 
(H&IIOn .. ) 

l o ... albite 
(Ti buron ) 
h' !Il albi te 
(heate<! Tiburoo!.J 

high o.1b i te 
(hea te<! ""'eli .. ) 

big" albite 
( oynth . ) Ta240C 
'o. 
'0. 
do . T-6OO°c .,. 
do . Ta1500C 
'o. 
do . Ta9500C 

'0. 
cio . TalQ900C 

'o. 
do . T-ll05°C 
Na-exch . K-rel.<lsp. 
(Speneer U) 
Na - e xcb . K-felds p. 
(Spencer Bl 

.1.011 C08~ 

v~ . va . 
.1.110 (t) C08y 

0 .917 

0 . 955 

0 ·373 

0 . 171 

1 .013 

0 .979 

0 .957 

0 . 3710 

0 . 170 

1.012 

, o' 
o • • ... 

" 
0 .979 0 . 978 

0 .957 0 . 956 

0.374 0.373 

0 . 170 0 . 169 

1.012 1.016 

0.983 0 . 983 0 . 983 0 .985 

0 .061 0 . 061 0 .061 0 .058 

-0.009 -0 .009 -0 .009 -0. 009 

0 .005 0 .005 0 .005 0.002 

0 .023 0 .024 0 .024 0 . 023 

0 . 0210 0 .024 0 .024 0 .026 

0 .028 0 .028 0 .028 0.030 

0 .023 0 . 0210 0 .024 0 .026 

0. 008 0 .008 0 .008 0 .008 

0.003 0 .003 0 .003 0 .003 

0 .297 0 . 297 0 . 295 

0 . 031 0 .030 0 .030 0 .030 

(ti àOll~Tr{Oll l-Tr t oill ; àllO~TrtllO l -Trtl.iOI. 

tlG-tl'" rrom the 
<1'- 0> di.t"""es 

SlBith ' . Ribbf: ' s 
..ethod , met hod , 
19710 197510 

0 . 954 0 .977 

0 , 911 0 .938 

0 . 378 0 . 396 

0 , 164 0 . 162 

1.023 l.olI6 

0 .986 >.008 

0 .078 0 . 077 

0 .0 31 0 . 031 

0 .039 0 .038 

0 .047 0 . 0~6 

0 .039 0 .038 

0 .047 0.046 

0 .016 0 .015 

0 . 016 0 .015 

0 .016 0 .015 

( ti Lll.ttiee const ant 9 !"rom W&invr;ght &Dd Star~tl' (unpublishtd.) , 'I.uot ed. i n Smith (1974). 
(I) <1'-0> <1i 6t.ances &Dd latt ice con.t &Dts 'I.uote d io Smith (1974) . 

and' the albites of MARTI N (1970), the values of ILO - tLm obtained with tbe foue 
above procedures praccically coincide. For the alkali feldspars used in structure deter
miriations, Tablé 2 enables the sam'e lO be said and further shows tbat the values 
of ilO - t1m obtained by lISing lattice elemenu are very close to tbose calculated 
with the <T-O> distances according [Q the mcthods propose<.! by SMITH (1974) 
and by RIBBE (1975.30) e). 

(2) , Far ;he $Pcnccr U s~imen, STEWAl'J" (191-') ca!cuIatoo L1(a*y* ) = OJ5by using the 
approxiltLate formulae of Luth quotro in 'the former's paper and basoo on the lattice oonstants 
proposoo ~y $TE'i'VAI\T ' and WRlGHT (1974 ) for HS, LM~ LA, and HA. With the same unit-cell 
parameters used by Sn.wAlT (1975) t~ rigorous method proposed by BUSI (1977) 8ives an 
actuaI valwc 01 L1(a"Y" ) 20 O.H9, whlch is dOsa- 10 thlt obtainable from the < T·O> .distances. 

, 
.' . , .... 

' .... - .. 
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TABLE 3 

Extreme vailles oJ 110 antl tl111 derived Irom the plots oJ Tr[IIO) VS. ilO 

finti T,[llO] IIS. tlm for se/ec/ed triclinic alkali Ie/dspar • 

.""'ple 

K-fdd.$pars 
St",.. .... t lb 
Spencer H 
Stewart 4b 
Spencer I: 
1'23. 4 

(Stew .... t ...,<1. 'o'rigllt , 19111) (t) 
O . ~92.O . 602 0 . 258*0. 419 
O . 53~.O . 635 O . 251'O.~17 
0 . 538+0. 638 0 .22000.357 
0 . 563'0 .658 0 .228'0. 371 
0 . 51810. 669 0. 229<0. 373 

Fox E 0 . 63710. 115 0 . 205'0 . 334 
\/right 2li O. 75010. 80b 0 .135'0.219 
SH-C O.85ltO .883 0 .069+0. 145 
1o/hite l 0 .89110. 919 0 . 07710 .125 

P63-1-Mi 0 . 975<0.980 0 . 045+0. 012 
1'116 0 .96400. 912 0 . 03610. 058 
1o/C b-15 0 . 985'0 . 988 0.03210 .051 
MP-3Mi 0 . 985<0. 988 0 . 023'0 . 037 
Blue Mtn 1.025>1 .020 0 .01110. 018 

C,C";-c,C.,C,C.-.-oC,C"Ci-oC,,,:-:uC,C=CCi,,:-C'o-r_l.O. 
('; "Highly metastable" s~~i~n . 

..... pIe 

aynthetic &.lbiteo (Martin , 1970) 
1217 0 . 312<0 . 486 0 . 215+0 .323 
1216 (') O . 445'O.5~6 0 . 236+0. 355 
1219 (') O. b36.o . sJ8 0 .22400. 336 
393 0 . 421'0 . 531 0 . 212 ' 0 .318 
330 0.489'0 . 582 0 .17710 .265 
,~ 0 . 56810 .616 0.111'0. 216 
1310 0 . 620'0 .689 0 .127<0. 191 

'" 0 . 63710. 703 0 .105'0. 151 
,9< 0 . 61510. 130 0 . 11510. 112 

"" 0 . 1b4'0. 191 0 . 09l}'0 . lh'l ". 0 . 821t0 .85O 0 . 062'0 .093 
." 0 . 836'0. 866 0 . 047'0.011 ", 0 . 925<0. 938 0 . 03210 .041 
'83 0 . 93810. 909 0 . 021t0 .032 

Discu8sion ant! conclusions 

The plots of 1'r[011] VS. Tr[110] and 1',[011] VS . Tr[110] (Fig. 1) involve 
an ambiguity betwttn K, Na substitution and Si, AI distribution, which could be 
removed by performing a contouring fo r composition. However, as previously seen, 
this does not appear easily feasible with the data availablc at the momento 

In addition to this difficulty, the shape of the diagrams does not allow a 
significant enough distinction to be made between the two extreme trends of ordering 
and, furthermore, changes in Tr[OU] and Tr[011) with fIO and tlm respectively 
are very slight for a given composition. 

As regards the diagrams of KROLL (1973), not even a contouring for composition 
would permit unequivocal determination of the AI contents. In fact, for a given . 
value of Tr[ITO] and Tr[ 110] and fo r a given composition, thcse diagrarns involve 
an indeterminacy in the estimate of Ila and 11m, due to the circumstance that the 
representative point of a given albli feldspar ean be plotted on every straight line 
included between those that ddìne the two extreme paths of ordering. 

When the above eXlreme straight lines analn the maximum distanee apart, the 
indetcrminacy reaches its highest point. Under these circumstanccs, for a pure 
potassic composltion in the diagrams of Fig. 2 (or a single value of Tr[lTO], there 
are infinite values of 110 in the 036+050 range, and for a single value of Tr[110] 
there arc infinite values of tlm in the 025+0.40 range. 

For the same albli fcldspars as in Table 1, far the purpose of illustration, 
Table 3 shows the pairs of valucs fo r tlO :lnd 11m that define thc indeterminacy 
imervals obt3ined by using the plats in Fig. 2. Pure potassic composition was assumed 
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for thc K-feldspars. This simplification involvcs an error that may be significant in 
each valuc of cach pair of hO or t lm , but is unimporwnt as rcgards thc indcter
millacy rangcs. 

The necessity of an aprioristic knowlcdgc of thc ordcring path renders this 
procedure non-autonomous. According to KROLL (1973) some indirect information 
on thc ordering path is provided by the plot of b vs. y of MiiLLER (1%9). In it, 
however, there is ambiguity between K, Na substitution and Si, AI distribution, as 
in othcr diagrams not considcrcd here, which use latlice elcments whose changes 
with ordering are expressed by relationships dependent 011 Al contents different in 
the abscissae and ordinates. 

, 
o 

LOr-----------~ 

o., 

0. 2 

t ,O-t, 'o>t2 (i deaI 
! , 

t"o-s te p trend) , , 
0 . 6 0 . 7 0 . 8 0.9 , . 0 

(o) 

o o o 
o 

! I I .r 0 _ E_ 

o " " 

LS- fI j 
N~- e xch . LS o II' ... 

~ <- 2 t2 II$- HA o o o 

0.S-t
1

0H
1
m- l .0 

0 . 25 _ t10ot1 m _ o. S 

O.S-2t
2
-- 0. 0 

(b) 
Fig. ~ . - Relation, hip. bctwecn (a) thc rcctanj!ular pIO! of (I,O+I, m ) vs. (t ,O- l,m), devised 
by Smith ( 1974) in thc form .d(h"cO) vs . .d (a"y" ), ami (b) thc U"iangubr plot of t,Q, l,m, and 
1/)+1, ,,, = 21" subscqucntl }· proposcd by Stcwart and Wright ( 1971). 

For evaluation of tlm, thc plOt Tr[IIO] vs. tlm also involve~ an indeterminacy 
In the two-step trend between thc fi rst stage and a part of the second olle. 

For ali thesc reasolls, the methods ai ming at an estimate of the Si, Al distribution 
by determi ni ng direct1y ttO and tlm do Ilot appear convenient, although thco
reticalJy correct. 

While, in thc determinative plots for t lO and tlm, onc-step alld two-step trcnds 
are distinguishable, ill the detcrminative plots for tlO + tlm alld tlO-hm this 
distinction docs not appear. It is shown only by using these two plots simultancously . 
Alternatively, it can be obtained by a rectangular plot of (tl0 + ti m) vs. (tl0-hm) 
(Fig. 4a) such as that proposcd by SM ITH (1974) for ..1 (b·~) vs . ..1 (a·y·), or by a 
triangular plot 5uch as that subsequently proposed by SnwART and WRIGHT (1974), 
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having as vertices t10, t1m, and td) + t2m = 212. Thc latter plot is reset in Fig. 4 b in 
order to show that il iocludes the diagram in Fig. 4 a. 

Referring only la the simpler rectangular plot in Fig. 4 a, il is worth to poiDt 

aut thal, above the dashed lioe, there are no structural statcs possib!e or usual in 
natural or symhetic alkali feldspars . Upon and under this straight line there is ao 
infinite number af paths along which the Si, Al distribution may occur in alkali 
feldspars. 

Thc plot in Fig. 4 a cao be constructcd with thc data cibtained by any Olle aE 
the procedures previously idemified in order to estimate 110 + Itm and IlO-t1m, 

and the results achieved are thase that most approximate la thase providcd by thc 
similar plot of (110 + t1m) vs. (tIO - t1m), obwined by the <T-O> distances 
through structure determinations. 
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