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BARTH'S METHOD 

T. F. W. BARTH made the suggestion that 
the compositions of coexisting plagioclase and 
alkali feldspar could be used as a geothermo. 
meter (BARTH, 1951, 1956, 1962 and 19(8). 
The method has been criticized by several 
authors (e.g. ORVILW, 1962; PnYIXSKII, 19(8) 
on the grounds t.hat the original calibration is 
crude, as BARTH himself has said, and that the 
rather meagre evidence from experiments is 
not conl'istent with the thermometer. 

Barth suggested that the ratio of the mole 
fraction of the albite molecule in-potassium 
feldspar to the mole fraction of the albite mo. 
fecule in coexisting plagioclase should be a 
constant for a gi\'en temperature and pres~ure. 

n Let X~b be the mole fraction of albite in 
alkali feldspar. 

Let xr~ be the llloif. fra!'! ion of albite lU 
plagioclm,p. 

Then, according fo Barth, 

Kf 

1" XAh 
'-Bn·.T.) = -1'-, 

XAb 

Therefon· In 1\ 1\ == 

• nl'l'l'iv,·,1 1),· .... mb,·r :!H. 1~li!i; pn~d\t,·d by 
OTlIO:-I II. LEOS \HlJ()~. 

•• Yisilinv; Prnf(·:-:sol' hi tlH' /n,·,Jitut/) tit.' (~~"o­
(' iCllf io'>:;J Cnil'f'rsid"dt' ff,J(I~(l1 tlo 1:(0 -;!c JaHf:"ro. Hio 
de J~ln(';ro·, (;~JJ~ ~ 

, .... here .1G is the Gibbs free energy change 011 

the passage of one mole of albite from plagio. 
clase to alkali feldspar. Thus a plot of In EB 
versus ]/ToC should he a straight line of 

(.1G) 
slope -R' 

Using "alues of E from rocks 'whose tem· 
perature of formation could be estimated, 
Barth derh'ed an equation for the line: 

,. 1400 
In hB = - ~ + 0.8 

As KER~ AXD WI';ISBHOD (1967) point out this 
suggpsts by analogy "'ith the relation 

In KB 
(.1H) (.18) ---+--
RT R 

that. (.1JI) IS roughly + 2800 cal / mole anci 
(.18) is roughly ]. () calt/mole. 

BAHTU'S 19.) I calibraf ion graph,s fppro­
duced in I·igul't· 1, with the data a",sl'mbl!'d 
by PI"'I XSKIf (Hlfi8), which is not eonsisten t 
with t.lll' tlwrmonwt('1'. This data is tli!' \'('slilt 
of pxpl'rinH'nfs on charg!,s of known ('omposi­
tion held at known tpmp!'rallll:('S and pn's,;lIrp,;. 
1'11£' ('ompo~itions of Ihp r('sulting fd'!,;pars 
\\'Pl't' IlwH nH'lIs11rl'd. 

A HEnSEl) E(KIUIIHlDI CO:,\STA:\T· 

B.\llTlI',., ('quilihriull1 "OIl"t:trlL t/t'J!t'nd" till 

tlw :\'~:·mrnpti()11 that fh!' dll'lIli(':I1 pot"nli:1! 
(Jl) of 1I1hik lI\lIst Ill' thl' ."!lIllt' ill thl' t WI) 1',)1'­

xis! ing fddspn r ph:I.'!';;. 
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1000 600 400 200 100 

T °C 
"Fig. 1 - Plot of Kb against Toe 01\ a log scale, after BIl' th, 
(1951), The line repre~ents Barth's therm.ometcr. 0 - from 
Piwinskii (19GS), j. - from STEPIIL (1962), • - from Yoor.n ET 

AT" (I!M7). . 

Kf n 
Thus }LAb + RT In a . .\b = Jl~b + RT In a~£ 
where a~£ means the activity of albite in 
.alkali felcbpar. The activity of albite in eithf'r 
phase·-i~ related to the ni.ole fraction by the 
relation.'>: 

KI Kf I PI PI 
aAh XAh X 1'1 ane aAh = XAb X 1'2 

, 

where "11 and "I~ are acti"ity coefficients. 
. Barth assumed that both feldspar series were 

perfect solutions, so that 1'1 = 'Y~ = 1. 

Thes(' rdations do ,,0~ il1l(C into account 
the fn,ct that other phtlSPS, liquids, solids, 01' 

vapours may he pr('sent, which also may 
contuin some of the clements contained in 
feldspars. 

Let lIB imagine the protei'S of crvi'htlE­
z:ttion of h\'o fdd":lHlI"S from a melt. }::tf'h of 
the feld"par phas£'s is r(,~ld in~ eon! illllOW<ly 
with the mdt. So tiIP following two J"('acf ions 
c:an be writtNl: 

NI'lVlioll 1, 

I\:.\ISi/>s, + Xam ..--' Xa.\ISil)~. 

Till!:' Kl = [AIl"!J [1\",] \\,1)(,1'('. [ 
. [KfKf] [:\'a,,,J 

+ K II , 

stands 

Reaction 2, 

CaAI~SU)s> + Xam + Sim ........... 

.,-->0 XuAISi:Pss + Cam + AIm 

[AhPIJ [CamJ [AI,,,J 
[AnPIJ eXam] LSimT 

,vhere sand m stand for solid and melt. 

HoweYCr both reactions are ta.king placl' Silllll!. 

tnneously. 

Thl'refore, 1\:3 = 

X 
[AnP1

] [Nail,] [SimJ 

[Ab!'l] [Ca.mJ [AIm] 

Re-anunging terms, 

K ot.e that the first ratio on tl~e right hand side 
of the equation represents Barth's equilibrium 
constant KB , if 1'1 = 1'2 = 1.' Thus thr 
relative amounts of K, Ca, Si, and AI in thr 
melt "ill influence K3 at uny part.ieular tC~l­
perature ad prcssure. 

, 
I 
t 
i 

I 
PREDICTIONS FROM THE EQUILmRIU;\I 

CONSTANT I 
At the pres en t time there is no datn . 

ecnc~rning the actidty coefficients of the I 
Yal'iOllS c!ementR in the melt, or in the solid I 
phas('s, so w(' must uufortunately mak ~ the 
same aBsumption us Bart.h did tha t the aci,i,'-
. t ff' . f l.y co£' tel('nt.s are all dose to one. 'Vith 
this assumption, and abo ignoring; the small 
amounts of pO/:l.',sillrn fPl<lspar in plagio('lnse, 
and :lIlOrt.hit(~ ill alkali fddspar, it. is jlos,.:ihlr r 

to make: SOl111' qualitati\'p (':,Iimatps of thl' I 
<'fred. of olh(,1' (:(!rnpOlll'llts. This ('an hl~ dOll!' " 
by ("ollsidf'l"ation of tIl!' rat.io,.: [K,,,]/[C:tIlJ 
and [Si",Jl[:\I",]. t 

('onsit/pr a mixttlrP of fl'ldsp:l1's of bulk I 
(;ompn"itioT\ as ,.:hOWll by till' dot in Figllr(' 2. 
A s('l or tii,-lill<'s arp dra\\'n throll~h thi,.; [Joinr: 
]~arth1s (·qllilihrintn {'on:-;tant and t.hrt iHf(ln~d 
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Fil. 2 - Plot of Anorthite-Albite-Potassium Feldspar showing 
hypothetical tie-lines. - Bulk composition of the feldspars. 

8. b. 0, d, and e are tie-lines shown in TABLE 1. 

temperature are given for each tie-line in 
TABLE J. This demonstrates the wide range 
of compositions that could be produced from 
this bulk composition under metamorphic 
and igneous conditions. To illustrate the 
effect of a change in the [SimJ/[Alm] ratio 
let us now add 8i02 to the original bulk com­
position of Figure 2, and investigate the 

TABLE I 

Tie-line Kn ToC 

a 0.08 900 
b 0.51 080 
c 0.35 500 
d 0.2:3 350 
c 0.11 <200 

nmount of rotation of the til?-linc eatlspd by 
:such an nddit iOIl. Fsing tie-line h, \\'hi('h has 
40 mole {lpr cpnt nlhit!' in the alkali feldspar, 
~nd ul'sllmillg tht' llldt is \'('ry dose to tlw 
bUlk ('ompositioll in compo,.:itillll, it is tlll,lt 
possibll' to ('n.iI'lllatl' 1\;1, whil'h is fOlllHI to 
11lwe the \'allle .'). (j;). :\ ()w let \1S add silil'n 

~o that Ill(' !·:tf io of [~i".][.\l",] i,.: IIO\\' .j;~ 
lIlst(!ad of :~, This Ill:!k(,s thp htllk (,llIllpositiol\ 
that of XOl'KOLllS' (I!l;)I) !\\'('rag(' nlk:tli 
.granite. If T is IH,ld col\stant tlll'n K:I do!'s 
1101. ehnnp;f', so it is !lOW po!'.sihle to cal('lIl:dt' 

the compositioll,) of the feld"'par.'.:, again making 
the assumption that the melt lies close to 
the bulk composition in composition. The 
calculated values of the various parameters 
are shown in T,\.BLE II. 

TABLE' II 

." 

Parameter* No added Si02 
Nockold's 

Av. Granite 

[AbKC] 40 30 
[KfKC] 60 64 
[AbP1] 78 81 
[AnP1] 22 19 

[Siwl/[A1wl 3 4.3 
[KIIlJ/[CumJ 9 9 

Ka 5.05 5.05 
KB 0.51 0.44 
TOCBarth 680 600 

* It is assumed that all activity coefficients have 
the value of 1. 

It can be 6een that an increase in the 

[Siro J / [AlmJ ratio causes a rotation of the 
tie-line, so that, the plagioclase becomes more 
sodic and the alkali feldspar more pot.assic. 
These two tie-lines illustrate the difference 
betweeii/ syenitic rocks and granitic rocks . 
ICB for the two tic-lines and the temperntures 
read from Barth's graph are nlso shown in 
TABLE II. These indicate a temperature diffe­
rence of SO°C bet ",epn the t\\"o samples, whcr!'as 
one of the conditions of the ('alculation was 
t!tat, T remained constant., so that 1\:;, woulll 
remain constant. This chn.ng(' of o1'it'ntn.tioll 
of the tie-Jin(' is shown in Figure:t Such 
el1:mges in ti('-lill(, oripntation han be ('11 

flhown to exist, by Runr.\:\ '\:\1) ~r.\(,KI·::\"Zn: 

(Ifill!), Figl\l"(, (i), ill a comp:lI'i::'Oll of the ('()('xi;;t­

in~ fl'ldspars ill t t"achytes and rhyolites. 

En'll within the feltbp:ll' ('olllpo:,it ion 

t1'i:tl:~Il' tht' [Silll~J.\IIIlJ ratio ch:lllg('s (Figme 
.J). I1tlls for a )1;1\"('1l tellll)('r:ttun' awl !In\-;­

S1tH' till' tip-lill!'s will not h:l\'p tit!' oril'nf:ttion 
j H1'<iidn\ from Ibrth',.; Ptjllililll'illl11 (")I\"t:lnt. 
III nddilinll tIll' 1\", (':l", 1':ltiu i-; :d"o rh:1l\g-

I
', • 11 • r",I.r .. ", 
v~ II. Ie !'anlf' f('n~p liS trw L:--l,,,J'L,H,,,J 
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Fig. 3 - Plot of Anorthite-Albite-PotMsium Feldspar showing 
the rotation of the tie-Iino caused by adding silica to the bulk 
composition shown in Figure 2. Or - Granitic Tie ... Line. 

Sy - Syenitic Tie-Line 

ratio (Figure 4), and by more than an order 
of magnitude in the geologically interesting 
region. Thus the richer in anorthite the 
bulk composition, the richer the potassium 
feldspar and the poorei:t.he plagioclase will 
be in albite, in comparison with ~arth's 
pairs ofJeldt;par for a given _t~mperatllre., 

An 

Ab 

Fig. 4 - Plct of Anorthite-Alhite-Potassium Feldspar show in!: 
line!! of "1"",1 (Si,nl.'[,~lml (/[oriZlJlltal). and equal (K .. I-[Caml 
(Radiating ['om tlw albite corner), Abo plotted i. the projected 
tra~o of the two-(pldspar 51H{at~e with the quartz-CdJflpar B'llbct) 

in the system Ab-An-.\(-Q. at 1 kilob: .. water vapour pre."'''" 
(JII). (rolll J,''''B ""0 R',\fll.ro" (1913\1). 

The pl'ojedion of the intersection of the 
two fPld:sp:n slIrfaec with the qU:ll'tz-fp]d:ifJ:Lr 
lmrta"e ill the syst('Dl X~iAISi;lO"KAISi:l)b­
-Ca.\I~.Si}),-SiO! at one kilob:tr watr'r va-

"--,"D Ih~llW'OX, lOGO). Xotieo that foJ' mlltlt 
of its length it. is nearly parallel to tho lin{.~ 

of equal [K"J/[ Cam], and not YeJ'y diycrgpllt 
from the lines of equal [Sim ]/[ AIm]. Hence ill 
granites whose crystallization is being eon. 
trolled by these equilibria Barth's equilibrillfll 
constant is a reasonable approxima.tion. Thi:; 
also applies to a series of syenites crystalliz­
ing within the feldspar system. The com. 
parison between the two series is not good, 
however; in .fact in both series only relative 
tempei'atures can be estimated using Barth',; 
constant. 

Accurate temperatmes must await cali­
bration from the results of experimental 
petrology. A carefully designed set of experi­
ments should enahle the activity coefficient::: 
to be evaluated, and also if sufficient precision 
can be achieved, such experiments might. 
indicate what species are present in the mel t. 
The present equilibrium constant is based on 
the simplest possible species. The presence 
of sodium and potassium ions in the melt is 
probably a reasonable guess, but the silicon 
and aluminium is probably present in a poly­
merized form with oxygen (e.g. LACY, 19(0). 

A further complication lies in the assump­
tion made in the previous discussion that the 
small amounts of potassium feldspar in pla­
gioclase, and anorthite in alkali feldspar can 
be ignored. This is probably a safe assumption 
in the light of the present rather crude data, 
but if these small amounts can be measured 
more accurately, for example with the electron 
microprobe, then thpre is the possibility of 
three separate thermometers to lise with the 
feldspars. 

CONCLUSlONS 

1. Barth's equilibrillln const.ant has becn 
revised to takf~ into aCCOllnt. other eompOUl'lltii, 

giving the following exp!'('ssion: 

! 
t 
t 

t 
I 
I 
I 
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" \'ariations in tho ratios [Simlf[Alml and 
-I" ",U [CnruJ cause rotations in the two-feld­
ii:H tip-lines. 

:J For rock series having similar ratios 
';,-(, 2) Barth's equilibrium constant should 

j1rt"llirt relative temperatures reasona bly, but 
:'l ealeulation has shown that. comparison 
!1(.fween a granite and a syenite with identical 
bulk feldspar composition yields relative tem­
pernt.llres which may be in elTor by 80°C. 

·1. Accurate calibration of the thermometer 
nlu::t await the evaluation of suitable exper­
imrnts conducted under carefully controlled 
conditions, making possible the evaluation of 
the activity coefficients and possibly giving 
some indication of the nature of the species 
present in the melt. 
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SUMMARY 

A revised equilibrium constant for coexisting 
feldspars is suggested: 

K _ { [AhKfl [AnP1j } { [KI lSi) } 
(P.TJ - [AbPI] [KfKI] solid X [Cal [All inelt. 

It is shown that differences in the [Sil/[Al] ratio 
and the [1(I/[CI\) ratio in the melt cause rotation Of the 
tie-lines joining coexisting feldspars. While relative 
temperatures can be estimatcd in rock series with 
similar ratios, the comparison between syenitie and 
granitic rock" is not accurately measured. Accurate 
temJl('raturcs Illllst await the ('valuation of c()lllp()~i­
lions and Il('tivitv coefficients of the various phas('s 
from rareflllly' eO;1 t ro\1('d eXpprillH'1l tc:. 

a • 

RES(J.\(O 

o ulitor red,·fill\, 1\ constante de I'qnilibrio pam (IS 

feld"patos co('xistt'lIt,·,;· nllll\/\ fll.,lin J>!lra: 

1.-- . { 1..\\;"1] !A,,!'!] ) . ,( !K] [C;il l 
-'(1',11 ~ 1:\1>1"111\(''') J,(.I'''o X 1 tc"l t:\11 Jf""", 

:\Iostm qlle as lillhas qlle ullcm o~ fekbpato;o; coexis­

tentes sofrem rota~iio com !l. varia<;ii.o da ruziio [Si]/[Al] 

e [K]/[Ca] no magma. El1quanto temperuturas reJa­

tivas podem ser estimadas !l. partir de series de rochas 

com razoes scmelhantes, a cornparac;iio da tempcra­

tura de rochus graniticas e sienlticas so pode ser medida 

quando determinarrnos, experimel1 talmente, a com. 

posiC;iio e os coeficientes de atividade nus varias fases. 
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