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THE NIICROCLINE-ORTHOCLASE TRANSFORI{ATION IN
THE CONTACT AUREOLE OF THE

ELDORA STOCK, COLORADO1

Tuouas L. Wnrcnr, U. S. Geologi,col Swrvey,
H awaiian V olcano Obserz,alory, H awaii.

Ansrnacr
Feldspars from pegmatites in Precambrian gneiss within 2770 feet of a Tertiary quartz

monzonite stock near Eldora, Colorado, were transformed from maximum microcline to
orthoclase by contact metamorphism. In the range 277o to 1130 feet a monoclinic and a
triclinic potassic phase coexist in perthitic intergrowth with albite of low-intermediate
structural state. At greater distances perthites consisting of maximum microcline and low
albite were unaffected, and at shorter distances the samples are composed of orthoclase and
intermediate alb i te.

Data of this study combined with the 'ork of Steiger and Hart place the upper stability
limit of maximum microcline on the binary or-Ab solvus at 375'+ 50'C. A first-order trans-
formation is suggested by the absence of microcline of intermediate obliquity but a higher
order transformation occurring over a small range of temperature is also possible.

INrnoouctroN

Hart (1964) and Steiger and Hart (1967) have descrjbed the transfor-
mation of microcline to orthoclase within the aureole of contact meta-
morphism surrounding the Eldora stock (Colorado). Hart kindly sup-
plied the author with specimens from the Eldora traverse (Hart, 1964,
Steiger and Hart, 1967 Fig. 2). This paper supplements the work of
Steiger and Hart by providing detailed chemical, optical, and X-ray data
pertinent to the miciocline-orthoclase transformation in this one tra-
verse. Previous speculation on the nature of the orthoclase-microcljne
transformation has been based chiefly on irreversible heating experi-
ments (Goldsmith and Laves, 1954; Tomisaka, 1962). This paper de-
scribes the microcline-orthoclase transformation as it occurs in nature
where geologic time may have favored a closer approach to equilibrium
than is possible from experiments in the laboratory.

The properties of the feldspars in the Eldora traverse are plotted
against distance from the contact of the Eldora stock in Figure 1 and are
described in the sections following. Briefly, the transformation of micro-
cline to orthoclase takes place over a distance of at least 1700 feet as fol-
lows (the specimens are numbered accordinq to their distance in feet
from the contact):

SH 22500 is a maximum microcline microperthite, representative of
feldspar unaffected by contact metamorphism.

SH 2770, SH 2000, and SH 1130 are microperthites that contain both

I Publication authorized by the Director, U. S. Geological Survey.
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118 THOMAS L. WRIGHT

DISTANCE FROM INTRUSIVE CONTACT (FEET)

Frc. 1. Properties of perthites plotted as a function of distance from the intrusive con-

tact.
Top f,gure:27. Solid squares show average and range measured on the potassic host.

Open circles are the same for the sodic phase.

M idd.le f.gure: Linear cell dimensions of the potassic phase. Solid circles for orthoclase,

open circles for microcline. Shaded circles represent average o for coexisting microcline and

orthoclase. Lines labeled 'orthoclase' and 'maximum microcline' are drawn for a composi-

tion of Orso in standard series obtained by alkali exchange (Orville, 1964;Wight,l9&a).

Lower figure: Chemical composition. Solid squares indicate bulk composition obtained

from analysis. Open circles indicate composition of the potassic phase estimated from 20

(201).

microcline of high obliquity and orthoclase; the percentage of orthoclase

increases toward the contact.
SH 1070, SH 248, SH 85, SH 20, and SH 2 are orthoclase microper-

thites.

DBtBnlrrN,ltrvE n{ETrroDS

Uniform sieved samples in the size range (-)100 to (f)200 mesh were

separated in heavy liquids and in the magnetic separator to remove

quartz, plagioclase, and any ferromagnesian inclusions. After separation,

most of the samples still contained quartz; a weak qvartz peak at 26.6" 20

showed on the X-ray diffraction patterns of these samples, but the small

amount of quartz did not interfere with either optical or X-ray measure-

ments.
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MICROCLINE-ORTHOCLASE TRANSFORMATION 119

An optical grain mount, ground to thin-section thickness, was made
for each sample. Another split of the sample was used for single crystal
and X-ray diffraction work. The remainder of each sample was submitted
for chemical analysis.

Optic angles were measured directly on the universal stage by the
orthoscopic (extinction) method using a sodium light source. X-ray dif-
fraction patterns were run from 57o to 20" 20 at !" /rnin. using annealed
Ca.F2 (a:5.4622 at 25'C) as an internal standard. The position of peaks
belonging to the potassic phase was measured as near the top of the peak
as practicable; each final observed 2d was the average of three traverses
run from higher to lower values of 20. Unit-cell parameters were refined
on 13 to 18 powder diffraction lines using the fixed index routine of the
computer program developed by Evans, Appleman, and Handwerker
(1963). Crystal fragments were also studied by the oscil lation method of
Smith and Nlackenzie (1955).

Bur,r CnBursrny

Partial chemical analyses of the feldspars studied are given in Table L.
Silica and alumina were analyzed directly, and have also been calculated
from the values of KrO, NarO, and CaO assuming stoichiometric com-
positions for the feldspar components. In all cases the a"na"lyzed values
exceed the calculated ones. Argil laceous alteration and possible minor
components (e.g., celsian) account for the excess alumina. Quartz im-
purity accounts for the excess silica.

Bulk Or contents of the orthoclase perthites average about 6/6 Or
higher than those of the perthites that contain microcline. Apparqptly
this is not true for all traverses away from the Eldora stock (see discus-
sion in Steiger and Hart, 1967). In any case chemical equilibrium away
from mineral grain boundaries was not attained with increasing tem-
perature as the bulk compositions of the feldspar samples do not vary
in a regular manner with distance from the contact. This is also true for
plagioclase. The composition of the plagioclase was determined from the
a refractive index to be Anza+z in samples collected at2feet,85 feet, 1070
feet, and 2770 feet.

Oprrc,cr, Dera

Axial angle measurements for both the sodic and potassic phases of the
perthites are summarized in Table 2. The microcline-orthoclase transition
is marked by an abrupt decrease in axial angle of the potassic host (see
Fig. 1. and Table 2). In specimen 1130, a small amount of relic twinned
microcline is present in addition to clear orthoclase. Curiouslv. SH 2000
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MICROCLINE-ORTHOCLASE TRANSFORMATION I2I

a\d 2770 resemble SH 22500 in having only multiply-twinned felspar
with a large axial angle even though X-ray studies (see next two sections)
show conclusively that these specimens contain both a monoclinic and a
triclinic potassium-rich phase. This optical anomaly (which explains why
the transition appears sharp in the field-see I{art, 1964) is important in
elucidating the crvstallographic changes accompanying the orthoclase-
microcline transition and wil l be discussed later.

Although axial angles were measured with difficulty on the sodic
exsolution blebs they are of importance in interpreting the behavior of
perthites during both the heating and cooling cycles of the metamor-

Terr.e 2. Oprrcar, Dare

21211 (K-phase) 27x (Na phase)

Specimen
No. No of

Determi-
nations

Aver-

S H 2
SH 20
SH 85
SH 248
sH 1070
sH 1130

sH 1130
sH 2000
sH 2770
sH 22500

48'-63'
49"-63"
5 1 "-63'
50'-59'
50"-60'
52"-65'

69'-80'
75'-84'
70"-85'
75'-85'

5 3 . 4 '
5 7 . 0 "
5 7 . 9 '
5 3  1 "
5 5  . 4 "
5 8 . 2 "

7  4 . 5 "
80'
7 7 . 5 "

66'-88'
7 7  5 "
7 5 " , 7 8 '
69"-79"

7 5 ' 8 2  5 '
87"  90 '
93'-104'
105"

30
30
22
20
30

8
7
8
3

Clear orthoclasef patchy albite
Clear orthoclasefpatchy albite
Clear orthoclase *p?-tchy albite
Clear orthoclzse*patchy albite
Cler orthoclase*patchy albite
Clear orthoclase (patchy and lamellar

albrte)
Relic grid-twinned microcline
Grid-twinned K-phase, Ianellar albite
Grid-twinned K-phase, Ianellar albite
Grid-twinned K-phase, lamellar albite

(measurements made on a single
large crystal cut approximately
normal to a).

phism. Albite coexisting with appreciable microcline (SH 22500,5II2770,
SH 2000) is characterized by 2V:90" measured about X and thus is
close to a low structural state. Albite coexisting with orthoclase is char-
acteized by considerably lower values of 2V in the range 70-80'. An
intermediate structural state is indicated for these albites by reference
to the curves of J. R. Smith (1958).

The appearance of the exsolution is different for the orthoclase per-
thites and microcline perthites. Exsolution in perthite specimens con-
taining microcline is of the lamellar or 'string' variety. With few excep-
tions the albite in the orthoclase perthites takes the form of patchy, com-
monly indistinct, blebs.r

1 For a similar contrast see Wright, 1964b, Figs. 7 (patch perthite) and 2 (lamellar
perthite).
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MICROCLINE-ORTHOCLASE TRANSFORMATION 123

X-nay Pownen DrlrnecrroN Dera

unit-cell parameters of the potassic phases of the perthites are listed
in Table 3 and are plotted in Figure 1. These were obtained on the u. s.
Geological Survey computer facility using a program developed by
Evans, Appleman, and Handwerker (1963). Original indexing was per-
formed by the computerl the fi.nal dimensions were calcurated on a fixed-
index option using as input observed 20,s and associated hhl,,s.

Specimens 2,20,85, 248, l07O have similar dimensions which all con-
form to orthoclase (rather than sanidine) as defined by the cell param-
eters of an isostructural series produced by base-exchange of a feldspar
nearly identical to Spencer C (Spencer, 1937, Wright, 1964a). The cell
dimensions of sH 22500 are those of maximum microcline as defined by
the cell parameters of a series isostructural with maximum microcline
(Orville, 1964, and written communication).

The cell parameters for SH 1130, SH 2000, and SH 27j0 could not
be refined in the usual way because of overlap of most of the peaks for
the two potassic phases. Instead c, b, and a have been estimated by
measuring (204), (060), and 120t), respectively, and by referring to plots
of a as 20 (201), b vs 20 (060), and c as 20 1204), constructed from the
computer output for a variety of base exchanged and natural feldspars.
The (204) peaks for the coexisting orthoclase and microcline were re-
solved at a goniometer setting of t/rrrin. and a chart speed giving |o
20/in. The (060) peaks were not well resolved but D of the lesser phase
may b9 estimated from a break in slope and broadening of the peak.
reat (Zot) nearly coincides for the two phases, so o is an average and the
two compositions cannot differ by more than 10/6 Or and are probably
within 5/6 Or of each other. The nature of the change in the X-ray dif-
fraction patterns from SH 22500 to SH 1070 is shown in Figure 2.
SH 22500 and SH 1070 were mixed to give approximately a l:1 ratio
of microcline to orthoclase and portions of the resulting pattern are also
shown for comparison. rt is evident from Figure 2 that the ratio of ortho-
clase to microcline increases toward the intrusive contact and that (204)
and (060) are resolved into two peaks for mixtures containing appreciable
amounts of both phases.

The percentage of orthoclase in the specimens shown in Figure 2 may
be estimated from the X-ray patterns of artif icial mixtures of orthoclase
and maximum microcline prepared by Steiger and Hart (1967, Fig. 3)
as fo l lows:  5} I2770 (=57d;  SH 2000 (20+rold;  SH 1130 (70+r\yd.
The microcline of SH 2770 is nearly identical, dimensionally, to that of
sH 22500. orthoclase is not detected on the powder-diffraction pattern
of this sample, but is shown on oscillation photographs (see following



sH ro70

sH il30

sH 22500
+ sH to70

(o60)

41" 42
20 (CuK*)

sH 2oool

sH 2770

I

sH 22500

Frc. 2. Selected X-ray diffraction peaks of the potassic phases. The change from max-

imum microcline to orthoclase takes place from277O to 1130 feet without intervention of

intermediate polymorphs. The pattern labeled SH 22500+SH 1070 is an artificial mixture

run for comparison.
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section). The microcline of sH 2000 and sH 1130 is apparently of slightly
gher histructural state (close to orthoclase) indicated by a small shift in
b, c, and the 131-131 separations. The orthoclase of SH 2000 and 1130
are identical and slightly displaced toward maximum microcline (higher
c, lower D), compared to the orthoclases in the interior of the aureole. Dis-
tortion, defined by low b and c relative to o (Wright,1964a), is minimal.

The compositions of the potassic phases, with the exception of SH 1070
and SH 2, fall close together in the range Ores_er. SH 1070 and SH 2
have compositions of oras. These specimens also have the most potassic
bulk compositions and microscopic exsorution is much less visible in these
perthites than in the other specimens. There is no apparent correlation
between average 2v and or content of the potassi. phase as was found
for microperthites from the Tatoosh pluton (Wrighl, Ig64b).

Oscrr,rerro\T Pnorocn,q,pns By rrrE Mernoo or
Surrn lNo l,{acroNzrp

The a* and 7* for the twinned triclinic phases of the perthites were
determined by the method of Smith and l,rackenzie (toss); the data
are given in Table 4 and plotted in Figure 3. portions of b-oscillation

lines along which spots related by albite twinning should l ie. Thb diago-
nality is low in the microcline of specimen SH 22500 and SH 1130 and
reaches a maximum in sH 2000. The possible significance of this variation
will be discussed below.

photographs from comparison of the i665) peak (see Smith and Mac-
kenzie, 1955 and Fig.  ).

sH 22500 is a microcline microperthite in which spots for both albite-
twinned phases are sharp and intense. The c* and 7* for the sodic phase
are similar to those of low albite and those for the potassic phase to
Inaximum microcline. sH 2000 and 1130 show groups of three spots for
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T.ter,r 4. SrNcr-e Cnvsrar, Darn

K-phase Na-phase
Specimen

No.
TwinType a' Diagonalityr Twin Type

SH 2a

SH 2b

SH 20

SH 2Ob

SH 85

SH 85a

SH 248

sH 1070c

SH 1O7OD

sH 1130

sH 2000

SH 2OOOB

SH zOOOC

SII 2770

sH 2770b

SH 2770c

sH 22500

SH 22500a

900

900
90010'

90c

90"
9ff12',

900

90"
90009'

Albite

Albite

Albite

Albite

Albite

90"

900

90c

900

90"

Monoclinic and triclinic phase-triclinic
phase not measurable (see text)

Albite Twin-type super'
structure

Albite

Albite

Albite

Albite (relic super-
structure?)

Do.

Albite

Albite (very weak sDots
relic superstructure?)

Do.

Albite

Albite

Albite

AIbite

Albite

AIbite

Albite

Albite

Albite

90'

900

90"

90'

90'
I

90"

90"

90"

40+ 30/

50+ 30'

1901 30'

1801 30'
100

86'27',

86030'

86028',

86c10'

86c r7'

86"2'',

86'07',

86032/

86023',

86"23',

86022'

86"2r',

86024',

86035/

86"29',

E6c20'

86'31'

86"26',

89"44',

90010'

89'45',

88053'

89014 '

8905.s',

88047'

89'40',

89'54',

890.55',

90"06'

90016'

90'10'

90005'

900071

89059',

90025'

90"19',

90'

900

900

90'

900
9to23 '

900
91024'.

900
91'00'

90'

900
90'54',

Do.

Do.

Albite

Albite 90018'

91030'

91030/

1 1 0

100

90+ 30'

r The angle between the line connectrng two spots related by albite twinning and the closest row line

Spots relakJ by perfect albite twinning should lie on the row line with a diagonality:0o'
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90c

&,

88c 92"

Frc. 3. Plot of the reciprocal lattice angles a* and 7x for perthites from the Eldora con-
tact aureole measured by the oscillation method of smith and Mackenzie (1955). solid
circles represent albites that coexist with orthoclase. Connected shaded circles repre-
sent albite and microcline that coexist with orthoclase. Connected open circles represent
coexisting microcline and albite. The solid squares are data from Mackenzie and Smith
(1955) used as reference points.

the potassic phase (Fig. 4). The middle spot belongs to orthoclase and the
two on either side belong to albite-twinned microcline. The 7* of SH 1130
is close to that of sH 22500 and the diagonality is the least of any of the
specimens. sH 2000 has the highest diagonality and a 7* lower than that
for maximum microcline (even after correcting for diagonality) in agree-
ment with the smaller 131-131 spacing, larger D, and smaller c estimated
from powder data. sH 2770 is anomalous. Three separate crystals were
photographed and each show three spots for (665) (Fig. 4). One of the
two belonging to microcline is quite intense whereas the companion spot
is barely visible and asymmetrically between the two is a weak spot cor-
responding to orthoclase. rn addition the microcline and albite are mis-

9 l c89c gO"

Y'
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Prc 4 Portions of b oscillation photographs of perthites from the Eldora contact

aureole (sH) and from the Tatoosh pluton (TP). The photos were taken following the

method of Smith and Mackenzie (195.5) and interpretations are made r'vith reference to

Mackenzie and Smith (1955). The top photo shor-s the areas covered in the insets. The

first five insets sholr, the 665 reflections In the Eldora samples the configuration ranges

from albite twinned maximum microcline (SH 22500 A) to orthoclase coexisting witb minor

amount of albite-twinnecl maximum microcline (sH 1130) Specimens sH 1070, 248,85,20,

and 2 all show a single spot {or 665 indicative of a monoclinic potassic phase The 665

reflections are also shown for trvo perthites from the Tatoosh pluton (Wright, 1964b). The

potassic phase in TP 5 is dominantly monoclinic , in TP 211is dominantly triclinic, buL in

both there is a complete gradation of obliquity in contra st to the Eldora samples

The last four insets show the nature of the sodic phase. SH 22500 A has sharp spots for a
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oriented with respect to one another. Thus, unlike the usual case in
perthites, none of the D* axes coincide. The diagonality of sH 2770 is
approximately that of SH 22500; a* and 7* of the microcrine could not

contrasts with the Eldora specimens in which a monoclinic and triclinic
phase coexist with no intermediate phase.

to orthoclase over the interval 2770 to 1100 feet. Slight variations in the
cell dimensions of microcline and of orthoclase in the zone of transition
can be attributed to distortion or to lack of resolution of the optical and
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X-ray methods used. Potassium feldspars of structural state distinctly

intermediate to maximum microcline and orthoclase are not found in the

Eldora traverse.

EVTINNCN FOR HOMOGENIZATION OF THE ONTTTOCT-,ISB PNNTTTTTES

The patchy character of the exsolution and the presence of albite of

intermediate structural state in the patches commonly showing an albite-

twin type superstructure are interpreted as evidence favoring exsolution

proa'.ri.a by cooling of a homogeneous or nearly homogeneous feldspar.

The patchl- texture contrasts with the lamellar perthite characteristic of

the microclines, and is quite similar to the exsolution texture produced

values of strain per unit volume. It is thus reasonable to suppose that

the formation of a superstructure is an intermediate step in the formation

of a twinned crystal."
The intermediate structural state exhibited by perthit ic albites of the

Tatoosh pluton have been ascribed to metastable growth during the

early stages of exsolution (Wright, 1964b) and this interpretation is

favored here also. It is, however, possible that structural state of the

albite phase was changed during contact heating. Mackenzie (1957) and

McConneII and \,fcKie (1960) have shown that intermediate albites are

stable at least down to 400oC which is within the range of contact tem-

ated with respect to the evidence for and against homogenization.

TEITPT,NNTURE OI' THE NITCNOCT,TNN,-ONTTTOCTASE TRANSFORMATION

Gradients of maximum temperature of contact metamorphism along

the Eldora traverse were derived by Hart (1964, p. 508FF) and Steiger

and Hart (1967, Fig. 12; see their discussion in the section entitled Heat
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fozir). Assuming model A, corresponding to an infinite dike,l approximate
temperatures are as fo l lows:  2 feet  (500"C);  1070 feet  (440'C);2770feet
(350'C). Thus on the assumptions of Hart the transformation took place
over a temperature range of 100oC, and 350" is a maximum temperature
for stable existence of a maximum microcline having a composition of
approximately Ore5.

An independent approach to the temperature of transformation de-
pends on the evidence for homogenization of the orthoclase micro-
perthites during contact heating. Figure 5 illustrates this derivation. The
solvus drawn is that of Orville (1963) determined for synthetic feldspars.
Each orthoclase sample is plotted at its bulk composition (Table 1). If
SH 1070 is assumed to have been barely homogenized then it must have
been raised to a temperature of 495'C. The temperatures reached by the
other feldspars are derived using their distance from the contact and the
heating model A of Steiger and Hart. Thus the maximum temperature of
metamorphism is near 560"C (SH 2) and the temperature at which maxi-
mum microcline of composition OrsE, becomes unstable is 405'C.
(sH 2770).

Resolution of the discrepancy of 50oC between the two temperature
estimates for the upper stability of maximum microcline depend on how
closely the solvus for synthetic Or-Ab feldspars applies to natural An-
bearing orthoclases and on the evidence for homogenization. Steiger and
Hart (1967) have not found optical evidence favoring homogenization in
the other traverses and for the Eldora traverse cite examples of rubidium
and argon retention as arguments against alkali diffusion leading to
homogenization. On the other hand Steiger and Hart, in deriving models
of temperature gradients which obtained during contact metamorphism,
assume an ambient surface temperature of 35oC. If the regional geo-
thermal gradient were higher near the Eldora pluton in Laramide time,
perhaps a general increase caused by the movement of magma to higher
Ievels in the crust prior to intrusion, then the temperatures derived by
Steiger and Hart would be raised. The many assumptions which go into
deriving the temperature of metamorphism lead only to an approximate
temperature for the upper limit of stability of maximum microcline
(Orgs)  of  375'+50'C.

NarunB ol rrrE Mrcnocrrxr-OnrnocresE TRANST,oRMATToN

The data of the preceding sections show that, in the Eldora traverse,
microcline of high obliquity was converted directly to orthoclase. Potassic

\ IJ.art (1964, p. 510) states a preference for model C. This model however yields a
maximum temperature of 260'C at 2800 feet which seems unreasonable for the formation of
orthoclase.
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Frc. 5. Derivation of the temperature of the microcline-orthoclase transformation, and

suggested phase relations of the transformation The high albite-high sanidine solvus is
from Orville (1963). The approximate position of the maximum microcline-low albite solvus
is also from Orville (written communication). Numbers of plotted points correspond to
Eldora (SH) specimen numbers discussed in the text. Specimens 2,20,85,248, and 1070
are plotted at their respective bulk compositions according to the relative temperatures
determined from model C (Hart, 1964, Fig. 5) assuming specimen 1070 was barely homo-
genized. The temperature of specimen 2770 is just above the inferred upper stability limit
of maximum microcline more sodic than Orgr. In this diagram a first-order transformation
on the solvus is connected to a first-order transformation on the sideline. Other possibilities

are discussed in the text.

feldspars of intermediate structural state, if they were ever present, have
not been preserved. It is possible to interpret this as evidence favoring a
first-order transformation on the potassium-rich side of the alkali feldspar
solvus. Figure 5 has been drawn to show this relation using the approxi-
mate compositions and the temperature range observed for the micro-
cline-orthoclase transformation in the Eldora traverse. It is meant only
as a model, however; it is not possible to construct a quantitative phase
diagram from the data in this paper because the transformation may not
have proceeded entirely at equilibrium. The diagram shown in Figure 5 is
similar to that postulated by Wones and Appleman (1963, Fig. 1-B) on
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the basis of their determination of a reversible first-order transformation
of Fe-microcline to Fe-sanidine. For microcline with a composition of
Orgo-ss the transformation would take piace over a range of temperatures
with microcline decreasing in amount at higher temperatures unti l only
orthoclase is present at a temperature above that of the transition loop.
The orthoclase ultimately produced would be of the same bulk composi
tion as the starting microcline unless re-solution of albite in the potassic
phase was occurring during the transformation. Re-solution of albite, in
addition to changing the composition of the orthoclase would also tend
to lessen the temperature interval over which the transformation took
place. That is, if the bulk composition of the starting microcline was to
the left of the base of thb transition loop (i.e., more sodic than Ore6 as
drawn) then the transformation would take place at constant tempera-
ture.

Because of the absence of intermediate poll 'morphs produced during
contact heating it is possible to interpret all the data from the Eldora
aureole as fitting the model of a fi.rst-order transformation presented in
Figure 5. However the data do not rule out the possibil i ty oI intermediate
polymorphs existing stably within the narrow temperature range of the
transformation. As pointed out by Steiger and Hart (1967), the condi-
tions are unfavorable for forming and preserving intermediate pol-v-
morphs in their field of stability and the question of the exact thermo-
dynamic nature of the transformation must remain open.

The cr1'stallographic nature of the transformation has some puzzling
features. Evidently in the earliest stages orthoclase grew misoriented with
its 6x not coincident with the D* of twinned microcline; some orthoclase
may even have grown at the expense of onl1. one of the two orientations
of albite-twinned microcline to explain the widely differing intensities
of the microcline spots shown in Figure 4. The transformation appears to
have occurred first on a submicroscopic scale, orthoclase only becoming
visible when it exceeded microcline in abundance. This may be related to
growth of t iny domains as postulated by Laves and Goldsmith (1961,
p. 73).There is also distortion (represented by diagonality) of the micro-
cline lattice during inversion which is apparently relieved when the
orthoclase becomes visible.

Rn'r,,ttroNsurp ol rHE Pnnsemr Srunv ro ExpERTMENTAL
DBtnnlrrxerroN ol rnB N{rcnocrrrqB-Onrrrocr-esB

TnaNslonlr-q.troN

Results of the present study and that of Steiger and Hart can be
interpreted compatibly with the experimental work of Goldsmith and
Laves (1954) and Tomisa,ka (1962), on the transformation of maximum
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microcline to a monoclinic K-feldspar, if it is assumed that presence of
5-1070 NaAISLOs in solid solution lowers the stability range of maximum
microcline by more than 100oC. Figure 5 shows one way of connecting a
first-order transformation on the sideline to a first-order transformation
on the alkali feldspar solvus. A first-order transformation on the solvus
necessitates a first-order transformation on the sideline. Ilowever a high-
order transformation on the solvus could connect either to a first-order
transformation or to a high-order transformation on the sideline;for this
latter case the tie lines for differing structural states would not converge
but instead would fan out to cover a range of temperature on the side-
Iine. (See Wones and Appleman, 1963, Fig. 1;and Wright, 1964b, Figs.
8-10 and related discussion.) The data of Goldsmith and Laves (1954)
and Tomisaka (1962) favor a first-order transition on the sideline and
this is also favored by analogy with the reversible first-order transforma-
tion of Fe-microcline to Fe-sanidine determined by Wones and Appleman
(1e63).

Appr,rclrtoNS To GEoTEERMoMETRY

The microcline-orthoclase relations described in the present study are
believed to represent more closely the equilibrium transformation than
do the orthoclase-microcline relations observed in cooleil rocks. It is the
author's experience that plutonic rocks may contain any combination of
maximum microcline, orthoclase, microcline of fixed intermediate obliq-
uity, or polymorphs of variable structural state between orthoclase and
maximum microcline. The type of polymorph produced on cooling ap-
pears to be related to a number of factors other than temperature. The
most important of these are bulk composition and time that the feldspar
was held near the temperature of transformation. (See also Mackenzie,
1954.) Thus the potassium feldspar polymorphs yield relatively little
information on the temperature of formation of plutonic rocks.

The possibility still exists that the transformation of microcline to
orthoclase may be used as an isograd in regional metamorphic terrains.
If maximum microcline is already present as the only polymorph of
potassium feldspar in lower grade rocks then the presence of any potas-
sium feldspar distinct from maximum microcline should indicate a tem-
perature higher than the transformation. The absence of orthoclase is
not a criterion because of possible retrograde changes. The temperature
assigned to the isograd must take into account the sodium content of the
potassium feldspar. Figure 5 shows the danger in trying to apply the
experimental data for pure KAISLOE to the microcline-orthoclase rela-
tions in rocks where the potassium feldspar polymorphs contain signifi-
cant amounts of NaAlSiaOs in solid solution. Heier (1957), for example,
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has used the temperature of 500oC for the microcline-orthoclase transi-

tion to define the amphibolite-granulite facies boundary. In the light of

the present study if orthoclase is to be used as a facies mineral the tem-

perature of the microcline-orthoclase isograd must be closer to 400o than

to 500oC.
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