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Termination of the 2 feldspar + liquid curve in the systemAb-Or-An-HrO at
low HrO contents
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Arsrru,cr
Analysis of the termination topology of the plagioclase * alkali feldspar + liquid (PAL)
curve in the system Ab-Or-An(HrO) was conductedusing thermodynamic solution models for ternary feldspar melt and solid solutions for a low activity of HrO and a pressure
of 2 kbar. Under these conditions the PAL curve terminates within the ternary system
and doesnot lie within a thermal valley near its termination. Rather, the adjacentliquidus
surfacesshow a peritecticJike topology with the lowest temperatureslying on the AbOr(HrO) sideline. The calculated PAL curve has an almost constant slope to its termination; this is in disagreementwith the geometric conclusion of Henderson (1984). Using
Henderson'sgeometric method supplementedby an analytical approach, we show that no
sharp decreasein An is required as the termination is approached.
Behavior of bulk compositions closeto and on the line that connectsthe consolutepoint
of the solvus (K) with the melt composition at the termination (C) of the PAL curve has
beeninvestigatedcomputationally. Bulk compositions slightly displacedfrom the K-C line
will undergo complete resorption of one of the feldspars before the solidus is reached.
However, compositions on the K-C line will show coprecipitation of two feldsparsduring
equilibrium crystallization with the subtraction of a crystalline component from each of
the solids, a pro@ss that we term "partial resorption." Partial resorption removes the
mass-balancerequirement that the PAL boundary must curye away from K.

INrnoouctroN

compositions must lie for complete or incomplete reThe system Ab-Or-An(HrO) (i.e., the feldspar system) sorption of one of the two feldspars to take place. The
(Fig. l) representsa model system from which insights termination of the PAL curve and its topologic relation
can be obtained into the crystallization paths of feldspars to the consolutepoint on the solvus section was not conin more complex multicomponent systems.Phase rela- sidered in great detail by Nekvasil (1990). However, the
tions in this systemare difficult to determine experimen- topology of this region has been the object of intense
tally becauseof slt'ggishreaction kinetics betweenplagro- geometric analysisby Stewart and Roseboom (1962) and
claseand melt (Johannes,1979).However, the data at 5 Henderson (1984) and figures prominently in the evalukbar of Yoder et al. (1957) in this system saturatedwith
ation of fractional crystallization paths conductedby AbH,O as well as the data of Tutrle and Bowen (1958) in bort (1978).
the systemAb-Or-Qz-HrO indicate the presenceof a two
Stewart and Roseboom (1962) consideredthe possible
feldspar + L (PAL) curve in the An-poor region of the terminations of the PAL curve depending upon the relsystem. The common use of the term "cotectic" for this ative positions of the consolute point, the termination of
curve is misleading because,as recognized by Tuttle and the PAL curve, and the nature of the three-phase trianBowen (1958), crystallization along the curve may be ei- gles.Henderson (1984) applied an unpublished graphical
ther even or odd. Ricci (1966) termed the former eutec- construction developed by J. W. Greig to evaluate the
geometry of the region close to the termination using hyticJike or coprecipitational and the latter peritecticJike
pothetical three-phasetriangles and a hypothetical conor resorptional. Therefore, in this article this curve will
be referred to as the PAL curve (plagioclase, alkali feld- solute point. He concluded that geometry required that
spar, and liquid).
the PAL curve be the tangent to the line K-C at the terRecentwork by Nekvasil ( I 990) usesa thermodynamic mination; therefore, the PAL curve must turn sharply to
approach to supplement the sparse experimental data in lower An contents near the termination. This article evalthe feldspar systemand to evaluatethe effectsofpressure uates the topology in this region through calculation of
and activity of HrO (a*) on the relative position of the the phaseequilibria using thermodynamic mixing models
PAL curve and the corresponding section of the ternary for ternary feldspar solid solutions (Lindsley and Nekfeldspar solvus. The calculatedphaserelations were used vasil, 1989) and feldspathic melts (Burnham and Nekto determine the compositional regions in which bulk vasil, 1986; Nekvasil, 1988a). This approach comple0003-004x/90/09
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Fig. 1. Calculatedliquidussurfaceofthe An-poorregionof
the systemAb-Or-An(-H,O)(Nekvasiland Burnham,1987)for
P^ro: 5 kbar,indicatingthe thermalvalleyin which the PAL
curvelies.Calculated
temperatures
arein "C. For conditionsof
for its
high HrO contentsthe PAL curveis even(eutectic-like)
entirelength.

liquidussurfacein the systemAb-Or-AnFig.2. Calculated
GH'O)at 2 kbarand a* : 0.I in the wicinityof the termination
point (C) of the PAL curve.The curvatureof the isotherms(C)
in the alkali-feldsparfield indicatesthe absenceof a thermal
valley alongthe PAL curve and the peritectic-likenatureofthe
curve in this region.The lowesttemperaturewithin the system
is the minirnum(m) in the boundingsystemAb-Or(-H,O).

ments the geometric approach and permits quantitative
evaluation of the required geometry.

tures will vary depending upon choice of models. The
discussionbelow focuseson the calculated results based
on the melt model of Burnham and Nekvasil (1986) and
the ternary feldspar solution model of Lindsley and Nekvasil (1989).
The investigation of the geometric relations in the region of the termination of the PAL curve was conducted
for low HrO activity, as this results in the greatestseparation of the termination from the Ab-Or-(HrO) sideline
(Nekvasil, 1990). Figures 1 and 2 show the calculated
liquidus surfacein the albitic region of the ternary feldspar system at 5 kbar and HrO-saturated conditions and
at2kbar and a* : 0.1, respectively.In Figure l, the PAL
curve is even (cotecticJike) along its entire extent and
intersects the Ab-Or sideline in a eutectic. In contrast,
the PAL curve becomesodd at a specificpoint in Figure
2, and its peritectic-like characteristicsare indicated by
the configuration of the A + L isotherms that are convex
toward Or, as opposed to those in Figure I that are concave toward Or. It must be noted that the PAL curve
becomesperitectic-like at a unique point. However, this
point does not necessarilyindicate the melt composition
at which coprecipitation is replaced by resorptional behavior for equilibrium crystallization (Nekvasil, 1990).
In the peritectic region, the liquidus temperatures in the
bounding subsystemAb-Or-(H,O) are lower than those
along the PAL curve, and melts leaving this curve are not
constrainedto follow a thermal valley to the An-free sideline. For higher HrO contents,the transition between the
topology for a eutectic (thermal valley) and the topology
for a peritectic ofthe Af + L surfacelies at increasingly
higher Ab contents.Becauseofthe peritectic topology in
this systemat high t€mperatures,incomplete or complete
resorption of a feldspar is expectedat some stageof the
equilibrium crystallization history for melt compositions
reaching the odd region of the PAL curve.
Figure 3a shows several calculated three-phasetriangles along the albitic portion of the PAL curve for a* :
0.1 and 2 kbar. (Additional three-phasetriangles were
also calculatedand used in construction of the geometric
elementsbut have been omitted from Fig. 3a for clarity.)
In the region near the termination of the PAL curve, very
slight changesin temperature and hence liquid compo-

THn .c.N-pooR REGToNoF THE TERNARy
FELDSPARSYSTEM
Phaserelations in the region around the termination of
the PAL curve were calculated using the revised quasicrystalline model of Burnham and Nekvasil (1986) for
the thermodynamic properties of the melt in the system
Ab-Or-An-HrO and the ternary feldspar model of Lindsley and Nekvasil (1989). Detailed comparisons of calculated phase equilibria against available experimental
data have beendiscussedin Nekvasil and Burnham (1987)
and Nekvasil (1988a, 1988b).The phaseequilibria calculationswereconductedas describedin Nekvasil (1988a)
with a few modifications. At the given pressureand activity of HrO, a searchroutine was used in order to determine the composition of melt and the temperature at
which a three-phaseassemblagewas stable. Becauseof
the extraordinary sensitivity of the crystalline phasecompositions to the melt composition in the region near the
PAL termination, together with the relative insensitivity
of the slope of the solvus tie lines to temperature, calculations of the melt-feldspar equilibrium were used only
to deducethe activities of the crystalline componentsand
the equilibrium temperature. The compositions of the
feldsparswere then obtained by matching the crystalline
component activities to the sixth decimal place using the
activity matching routine for solvus tie lines applied by
Nekvasil and Burnham (1987).
The generaltopology ofthe albitic region ofthe ternary
feldspar system and the crystallization trends are relatively insensitive to the solid and melt models used in
the calculations,although the exact positions and equilibration temperatures of the PAL curve and the solvus
section are sensitive to the solid-solution model chosen.
This was demonstratedby using the melt model of Burnham and Nekvasil (1986), an ideal melt model, and the
solid-solution models for ternary feldspar of Nekvasil and
Burnham (1987), Fuhrman and Lindsley (1988), and
Lindsley and Nekvasil (1989). Thus, we believe the general topologic relations presentedhere to be correct, although phase compositions and equilibrium tempera-
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Fig. 3. Detailed geometry of plagioclase(P), alkali feldspar
(A), and melt (L) compositions (in molo/o)in the vicinity of the
termination (C) of the PAL curve. K is the consolute point on
the polythermal solvus section(curve P,-K-A,) correspondingto
the temperatures along the PAL curve. The curves TSC (which
representsthe compositions ofthe total solids), P + L, and A +
L (which are the compositions of plagioclaseplus liquid and
alkali feldspar plus liquid, respectively)reflect variations in the
phasesduring equilibrium crystallization along the PAL boundary. Arrows indicate the direction of decreasingtemperature.(a)
Relations calculatedfor 2 kbar and a*:0.1, as outlined in the

text. Some of the three-phasetriangles used in the calculation of
the TSC, P + L, and A + L curveshave beenomitted for clarity.
Note that the calculated PAL curve shows little curvature. The
insantaneous solid compositions (ISC), as defined in the text,
are tr, , through L,, ,. Calculatedtemperatures('C): Z, : 1076.77;
T,: 1074.97;T, : 1074.12;Tg : 1073.24;T'o: 1072.8;7,,
: 1072.54; T,z : 1072.45. (b) Relations deduced, mainly on
geometric grounds, by Henderson (1984). Compositions are
schematic only. Note the inferred strong curvature of the PAL
boundary away from K near its termination C.

sition result in marked changesin the compositions of
coexisting feldspars. The feldspar vertices of the threephase triangles converge toward the consolute point K
(An,rrAbrorOr' o), becoming increasingly naffow until
they reach the limit described by the K-C line (Henderson, 1984; Nekvasil, 1990).For conditions of equilibrium crvstallization. melts can reach the termination C

(Anr rrAbrr.o.Orrrrr) and feldsparsthe consolute point K
only if the bulk composition lies on the tie line K-C. Bulk
compositions outside of the solvus section,yet within the
envelope described by the three-phasetriangles on the
plagioclaseside of the K-C line, must undergo complete
resorption of alkali feldspar during equilibrium crystallization before the solidus is reached:those on the alkali
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feldspar side will undergo complete resorption of plagioclase.The variation of phaseproportions during crystallization is critically dependent upon the geometry of the
three-phasetriangles, which in turn are dependent upon
the relative configuration ofthe solvus section in the region of K and the PAL curve near C.
Gnovrnrnrc

coNSTRAINTS oN THE

TERMINATION

TOPOLOGY

Using an unpublished geometric method developedby
Greig, Henderson (1984) investigated the geometric relations of the solvus section and the PAL curve near C.
He concluded that the PAL curve must move sharply to
lower An compositions as C is approached(Fig. 3b). Such
a geometry departs significantly from the calculated geometry shown in Figure 3a. In order to understand the
differences between the calculated diagrams and those
constructed from geometrical considerations, we apply
the method used by Henderson (1984) but use our calculated (rather than Henderson's estimated) three-phase
triangles and a chosenbulk composition I along the K-C
line.
Following the method of Henderson (1984), we can
project lines from eachvertex ofthe three-phasetriangles
in Figure 3a through bulk composition I to obtain the
proportions of the other two phases.For example, a line
from liquid I through I intersectsthe plagioclase-alkalifeldspar side ofthe three-phasetriangle I at the ratio of
the two feldspars. Likewise, a line from the plagioclase
vertex through I intersectsthe liquid-alkali-feldspar side
at the ratio of those two phases.However, as Henderson
pointed out, the geometric construction becomesincreasingly difficult as the triangles become narrower (i.e., as
the two feldspar compositions approach K). For this reason, we have determined the intersections analytically
rather than graphically. Using the calculated compositions ofthe phasesfor each three-phasetriangle and bulk
composition (I), we solved for the intersection of two
lines: the line from a vertex through I and the opposite
side of the triangle. For a given bulk composition, those
intersections for a successionof triangles define three
curves: the total solid composition (TSC), the alkali feldspar + liquid (A + L), and plagioclase + liquid (P + L)
curves (Fig. 3a) for equilibrium crystallization. As P and
A convergetoward K and L approachesC, the P * L and
the A + L curves each approach a limit. This limit is
not the composition I becausethe ratio KI to IC indicates
the proportions ofa single feldspar (the sum ofthe proportions of A and P). Furthermore, this limit is the same
for each of the curves only if the sameamounts of A and
P were crystallizing per unit changeof the melt along the
PAL curve. For any composition I along the K-C line,
more A than P crystallizes per unit change of the melt
composition near the termination, and the A + L and P
* L curves do not converge.
Basedon his graphicalconstructions,Henderson(1984)
adduced two lines ofevidence to support his conclusion
that the PAL curve, near its termination, must move tan-

gentially away from K. One of his arguments-that the
A + L and P + L curves must convergeupon C (Henderson, 1984; his Fig. 36c, p. 75)-has been withdrawn
as erroneous(Henderson,written communication, 1989).
His second argument is based on mass balance; if Ab,
An, and Or components are being added to each of the
two precipitating feldsparsfrom the melt as the two coprecipitating feldsparsapproach K (and thus each other)
the liquid path (i.e., the PAL curve) must move away
from K. We show below, however, that in the region near
the termination, precipitation of two feldsparsdoes not
necessarilyimply that all three components being subtracted from the liquid are added to both ofthe feldspars.
V.q.RrA,rroNs rN TNSTANTANEoUSTRANSFER
COMPOSITIONS

Bulk compositionson the K-C line
That the calculatedPAL boundary does not curve still
seems to defr petrologic intuition: if the feldspars are
changing composition by addition of material from the
melt, must not the liquid move away from K (Henderson,
1984)?The answer to this question lies in the evaluation
of the instantaneoustransfer compositions, which are the
composition of the material being subtracted from the
liquid (I of Henderson), that of the material added to
plagioclase(r), and that of the material added to alkali
feldspar (a) at any instant. The instantaneousmelt transfer composition, tr (equivalent to the instantaneoussolid
composition, ISC), is given by the intersection of the tangent to the curve describing the variation in bulk compositions of the solid (TSC of Fig. 3a) and the back tangent to the liquid curve at any instant. The intersections
ofthe tangentsto the TSC and the back tangentsto the
liquid curves can be obtained geometrically.However we
have obtained them analytically by approximating the
tangents using the line segment between two adjacent
three-phasetriangles. The intersections of the tangents
approximated in this manner (e.g., using the line segments betweentriangles I and 2) yield \,, through tr,, r,
shown in Figure 3a. These transfer compositions would
be required to approach the K-C line if the melt were to
move abruptly toward the Ab-Or sideline as suggestedby
Henderson(1984).
Inasmuch as the position of the instantaneousliquid
transfer composition is dependentupon the transfer compositions ofthe solids, the reason for the location ofthe
values of X as shown can perhaps be best illustrated by
analyzing the positions of the instantaneousplagioclase
(z') and alkali feldspar (a) transfer compositions. As indicated by Henderson (1984), z is given by the intersection of the tangentto the plagioclasecomposition and the
tangent to the A * L curve at any three-phasetriangle.
Similarly, a is given by the intersection of the tangent to
the alkali-feldspar composition and the tangent to the P
* L curve at any three-phasetriangle. Theseintersections
are exceedinglydifficult to obtain geometrically,however,
becauseof the very acute nature of the three-phasetri-
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angles,the curvatur€s ofthe A + L and P + L curves,
and the near parallelism of some of the tangentsnear the
termination. Therefore, they were obtained analytically
in this study. Figure 4 indicates the position of severalrr,
a, and tr valuesusing the approximation describedabove.
The instantaneousalkali-feldspar transfer compositions
(a) are positive with respectto all three components(with
the exceptionofa,,r), and, becausethey lie in the prograde direction from A, they indicate that alkali feldspar
is being precipitated. Likewise, the zr compositions show
that plagioclaseis also being precipitated. However, the
material added to plagioclase (zr) is negative in An content (i.e., it lies at negative An values). This means that
An component is being removed from P even as Ab and
Or components are being added.
The intersection of the line a-zr with the tangent to the
TSC also gives tr without use of the L curve; the locus of
\ points obtained in this manner is coincident with those
obtained from the liquid. It is the negativeAn content of
r that exertsa major influence on the position of the ISC
(\) and indicatesthat the melt will not simply move away
from the solid composition as the consolute point is approached.
The portions of the total mass of the system that are
present in each phase during equilibrium crystallization
were calculated to investigate further the crystallization
behavior of compositions in which crystallization of plagioclaseoccurs through the addition of Ab and Or components and the subtraction of An component. The calculated three-phasetriangles were used to compute the
variation in phase proportions during equilibrium crystallization along the PAL curve for the bulk composition
I (Abs3,rAn,, ooOrrrrr) (Fig. 5a) that lies on the calculated
K-C line. Equilibrium crystallization of this bulk composition shows coprecipitational behavior for both feldspars (Fig. 5a), that is, neither feldspar undergoescomplete or incomplete resorption before the solidus is
reached.The fraction ofthe system that consistsofeach
component in each phase can be readily computed for
one mole of material by multiplying the phase proportions (e.g., X") by the composition of each phase (e.g.,
X!). The differencebetweenany two points is a measure
of the amount of eachcomponent being addedto the bulk
plagioclase,or alkali feldspar, or subtractedfrom the liquid. Such computations for the well-known plagioclase
melting interval show that although the mole fraction of
An in plagioclasedecreaseswith decreasingtemperature,
the total mass of An in bulk plagioclaseincreases.The
negative r values in Figure 4 indicate a different behavior. Whereas the proportions of plagioclase and alkali
feldspar increase throughout the crystallization interval
considered,the total amount of An component in plagroclasedecreasesover the entire interval, as shown by the
An curve in Figure 5b. (Figure 5 is based on the mole
percent of the system. Similar behavior is shown if the
compositions and proportions are expressedin weight
percent: for a given total mass of the system, the total
number of grams of An in plagioclasedecreasesover this
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Phase relations as in Figure 3a, showing the locus of
Fig.4.
)r points (ISC) as well as the positions ofzr (ITC for plagioclase)
and a (ITC for alkali feldspar) for the three-phase triangles P' rL, r-A, r, Pr.5-Llo j-Aro 5, and P,, r-Lr, r-Arr r. Compositions lying
outside of the figure are a-,r(Ab6166An.onurOroror),a-r6r(Ab6s5and a, r , (Abo r,rAllo ,ruAn, ,o,Or, ,nr),z,, , (Abo oorAn-o rrrOt,
"rr),
Or-o oru).

interval. This is in sharp contrast to the binary plagroclasesystemin which the mole fraction, but not the mass,
of An in plagioclasedecreasesby dilution during crystallization. An in the ternary plagioclasehere is being removed, not simply diluted.) The Or component in alkali
feldspar (Fig. 5c) showsa similar behavior, but only close
to the termination, while the melt composition is varying
smoothly (Fig. 5d). The phenomenon of decreasingAn
or Or during precipitation of a feldspar (and hence, a
negative value of any one component in r or d) we term
"partial resorption." Partial resorption is a result of more
rapid decreasein the An content of plagioclase or Or
content of alkali feldspar than increasein amount of the
phaseprecipitating. This occurs only in the region ofthe
solvus characteized by major changesin the plagioclase
and alkali-feldspar compositions (i.e., around the nose of
the solvus). Partial resorption removes the mass-balance
requirement that the PAL boundary near C must curve
away from K. This is becausethe total mass of feldspar
can changecomposition both by addition of material and
by subtraction of a component. Thus, the PAL curve of
Figure 3a does not violate mass-balanceconstraints.
Bulk compositionsoff of the K-C line
Compositions lying near the K-C line, but to the plagioclase side of it, will undergo complete resorption of
alkali feldspar before the liquid can reach C during equilibrium crystallization(Henderson,I 984; Nekvasil, I 990).
Figures 6a-6d show the variation in phase proportions
as well as the massesof each component in the feldspars
for the bulk composition AbrrrrAn,rooOrrrur,which lies
close to I, but on the P + L side ofthe last three-phase
triangle in Figure 3a. During equilibrium crystallization,
the amount of plagioclaseincreasesthroughout the crystallization interval, slowly at first and then more rapidly
as alkali feldspar is being resorbed (Fig. 6b). However,
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Fig. 5. Calculated phase proportions and variations in composition during equilibrium crystallization along the PAL curve
(increasing Ab content of the liquid) for bulk composition I
(Ab5rr3Anr3,ooorrrrr),
which lies on the K-C line (Fig. 3a). (a)
Variations ofphase proportions. The numbers shown refer to the
corresponding three-phasetriangles in Figure 3a. The proportions
of both plagioclase and alkali feldspar increase throughout the
crystallization interval. (b) Variations of component abundance
in plagioclase (expressedas mol% of the total system). A decrease
corresponds to a decreasein the total mass of a component in

the plagioclase, regardless of whether the mole fraction of that
component or the phase proportion of plagioclase is increasing
or decreasing. The decreasein An with decreasingtemperature,
therefore, means that the An component is being removed (partially resorbed) even while the total amount of plagioclase is
increasing. (c) Variations ofcomponent abundance in alkali feldspar (expressedas molqo of the total system). Note that there is
a small amount of partial resorption of Or component near the
the PAL termination C. (d) Variations of component abundance
in liquid (expressedas molqo of the total system).

the mass of An in total plagioclaseinitially decreasesbecausethe amount of plagioclaseinitially increasesmore
slowly than the decreasein An content of the plagioclase;
thus initially plagioclaseis undergoingpartial resorption.
However, as the resorption of alkali feldspar commences
and abundant An is being releasedback into the melt,
the increasein the proportion ofplagioclase during crystallization is more rapid, and partid resorption is re-

placed by conventional precipitational behavior. During
equilibrium crystallization, the amount of alkali feldspar
first increases and then decreasesto zero, indicating first
coprecipitational behavior and then resorptional behavior (Fig. 6a). The mass of each component in the total
alkali feldspar mimics this trend by first increasing and
then decreasing(Fig. 6c). It is interesting to note that the
variation in the components in the melt phase does not
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Fig. 6. Phaseproportions and variations in component abundances during equilibrium crystallization along the PAL curve
(increasing Ab content of the liquid) of the bulk composition
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in plagioclase (expressedas mol9o of the total system). Note that
the An component undergoes partial resorption until the late
stages,when alkali feldspar begins to resorb and the proportion
of plagiooclase increasesdramatically. (c) Variations of component abundance in alkali feldspar (expressedas molryoofthe total
system). Abundances of all components increase early in the
crystallization sequence, then decreaseas alkali feldspar begins
resorbing. (d) Variations ofcomponent abundance in liquid (expressed as mol96 of the total system).

interval along the PAL boundary, no partial resorption
reflect the change from coprecipitational behavior with
plagioclase
partial resorption of An from
to complete re- behavior is manifested.
(Fig.
7a{ indicate
feldspar
6d).
Figures
ofalkali
sorption
CoNcr.usroi,,ts
the analogous case for composition Abrr'An,rOrru.rn,
From the above analysis, we have shown that there is
which lies close the K-C line but on the alkali feldspar
no requirement for the PAL curve to curve sharply to
side. Alkali feldspar increases throughout the interval,
most notably when plagioclaseis being strongly resorbed. more An-poor compositions as its termination is apAs plagioclaseis resorbed throughout the crystallization proached. Rather, the almost constant slope of the cal-
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Ftg.7 . Phaseproportions and variations in component abundances during equilibrium crystallization along the PAL curve
(increasing Ab content of the liquid) of the bulk composition
Ab5272Anr3.oOrrorr,
which lies near I but on the alkali-feldspar
side ofthe K-C line (Fig. 3a).(a) Variations ofphase proportions.
The numbers shown refer to the corresponding three-phase triangles in Figure 3a. Plagioclase abundance does not vary much
initially but drops to 0 as the liquid reachesL,, (Fig. 3a). O)
Variations ofcomponent abundancein plagioclase(expressedas

mol06 of the total system). Note that the An component is being
resorbed throughout the crystallization path along the PAL
boundary. Or increases initially, then decreasesabruptly along
with Ab and An as plagioclase is being resorbed. (c) Variations
of component abundance in alkali feldspar (expressedas mol%
of the total system).The abundancesof all componentsincrease
throughout the crystallization path along the PAL boundary sequence. (d) Variations of component abundance in liquid (expressedas molqo of the total system).

culated PAL boundary is a more reasonablerepresentation of the geometry of the true PAL curve. However, as
the compositions of the solids changearound the nose of
the solvus, the solid composition added to either feldspar
may include a negative amount of An or Or. This partial
resorption phenomenon strongly affects the instantaneous solid composition and negatesthe requirement that
the melt move away from the feldsparcomposition as the
consolute point is approached. Compositions along the

K-C line udll not undergo complete resorption of either
phase but will show partial resorption of An in plagroclase and Or in alkali feldspar as the termination is approached. The equilibrium crystallization behavior discussedfor compositions along and to either side of the
K-C line will describe crystallization of albitic compositions as long as the termination of the PAL curve lies
within the feldspar system and has not reachedthe AbOr(-HrO) boundary. The calculatedtopology upon which

NEKVASIL AND LINDSLEY: THE SYSTEM Ab-Or-An-H,O

theseconclusionswere basedis not sensitiveto the thermodynamic models chosen.The same shapeof the PAL
curve and its relation to the solvus was reachedfor several melt and solid-solution models, indicating that this
behavior is a necessarypart of crystallization in the ternary feldspar system at high temperatures.
AcxNowr,BocMENTs
The careful reviewsof E. Roseboom,C.M.B. Henderson,and J. Longhi,
as well as lively discussionswith W. Brown and I. Parsons,contributed
geatly to this manuscript. Support for computational servicesfrom the
Department ofEarth and SpaceSciences,SUNY-Stony Brook and partial
support from NSF grant EAR-87-20185 (to D.H.L.) and NSF gant EAR8916050 (o H.N.) are gratefully acknowledged.

RnrnnnNcns crrED
Abbottt, R.N., Jr. (1978) Peritecticrelationsin the systemAn-Ab-Or-QzH,O. Canadian Mineralogist, 16, 245-256.
Burnham, C.W., and Nekvasil, H. (1986) Equilibrium propertiesof granite pegmatite magmas. American Mineralogist, 7 1, 239-263.
Fuhrman, M.L., and Lindsley, D.H. (1988) Ternary-feldspar modeling
and thermometry. American Mineralogist, 73, 20 1-215.
Henderson,C.M.B. (1984) Graphical analysisof phaseequilibria in AnAb-Or. In Progress in experimental petrology, NERC publication no.
25. seriesD. 70-78.
Johannes,W. (1979) Ternary feldspars:Kinetics and possible equilibria
at 800qC.Contributions to Mineralogy and Petrology, 68,221-230.

ro79

Lindsley, D.H., and Nekvasil, H. (1989) A ternary feldspar model for all
reasons.EOS, 70, no. 15, 506.
Nekvasil, H. (1988a) Calculation ofequilibrium crystallization paths of
compositionally simple hydrous felsic melts. American Mineralogist,
73,956-965.
(1988b) Calculated effect of anonhite component on the crystallization paths of HrO-undersaturated haplogranitic melts. American
Mineralogist, 73, 966-982.
(1990) Reaction relations in the simple granite system: Implications for trachytic and syneitic magmas. American Mineralogist, 75,
560-571.
Nekvasil, H., and Bumham, C.W. (1987)The calculatedindividual effects
ofpressure and water content on phaseequilibria in the granite system.
In Magmatic processes:Physicochemical principles. The Geochemical
Society SpecialPublication, l, 433-445.
fucci, J.E. (1966) The phase rule and heterogeneousequilibrium. Dover
Publications, Inc., New York. (Original printing, 195l)
Stewart, D.B., and Roseboom, E.H., Jr. (1962) Lower temperature terminations of the three-phase region plagioclase-alkali feldspar-liquid.
Joumal ofPetrology, 3, part 2,280-315.
Tuttle, O.F., and Bowen, N.L. (1958) Origin of granite in light of experimental studies in the system NaAlSi O'-KAlSirOE-SiOr-HrO. GSA
Memoir, 74, 153 p.
Yoder, H.S., Stewart, D.B., and Smith, J.R. (1957) Ternary feldspars.
Carnegie Institution of Washington Year Book, 55, 206-21 4.

MeNuscnryr RJcETvED
Srprrrnrsen 21, 1989
MnNuscnrp'rAccEprEDJur,v 19, 1990

