
A STIIDY OF TITE ?OTASSTUM FET,DS?ARS

TN SOPIE ÏGNEOUS AND METAI/IORPHIC ROCKS

FROM THE MOAK-THOI\ÍIPSON MA3 AREA, iqANITOBA

Submitted to

I,he Faculty of Grad.uate Studics and. Research

University of Manitoba

.A Thesis

fn Partial FulfilLncnt

thc Requiremcnts for the Degree

Mastcr of Science

0F Flli'qj"il"i-ftÐÂ

of

by

lowclI Thonas Trembath

T96T



CIIAPTER

acKTdol{lEDGElrEi{TSe o o o o o ô o ô. o o o o o o c ô ô o o o o o o

ABSTRACT.c.o oc.o o. o oo. o o. o o o o oo o o o o. o e o o o c

II{TRODUCIïON. ó c oo c oo oo 6 o o ó o o e o oo o É ¿ é o

NATIIRE 0F THE PRESEI{T STIIDY..3..Ò..i.."o6oooe ô..

Objcct of the Study¡iooo.ô.rcoo. êc.ôooo¡o¡oi

Dcscription of Rock Typcs. o o.. o ê. o o. o â o o....

Experi.nental Techniques.. "..:. " o o o.. o ô o. o...

EXPÐRTMÐNTAI RESUITS OF lHE PRESENT STÏIDÏO O O ' ' '

Relation of Obliquities to Na:K Ratios in

the K Fc1d.sparS. r.. I r.. o o. c e o. o o c o o. o c......

Relation of Ob].iqulties to Na:K Ratios in

the RockSo n o.. o..... r.. ' o... o o c o. o. o o. o

INÎÐRPRETATION 0F RESUI.,ÎS.. o o.e o. o... o. o. c o o ô o.

A Proposcd Orthoclase-low Albite Phase

Diagran. ô . . . . . . o . . . o . o c . . . . o . o . e ê . o c . . .

A Proposed. Mj-crocline Scrics-low Albite

?hase Diagfamo... e . o... â. o.. o o... o. o ¡.... o. o

lhe Effect of High Pressure on the Proposcd.

l4icrocline Series-Trov¡ Albitc Phase Diagram..

REIATTON OF OBIIQUTTY TO ARE¿.I, DISTRIBUTTON

AND RoCI{ TYPE.o.oc..co...o..ô oo..ô

AP?Ei,$Dri(.....óoooo coooc cooooooôo

REFERENCES.. O O " O

I
IÏ

ÎABIE OF CONTENTS

IIT

PAGE

i
ii
I
5

e)

5

I
9

9

10

2L

2L

2B

,6

40

47

5t



îABIE

]- Chenical Compositions and Obliquities of

Microclines.... e ' o o c " o o c ' o o " " ' o ' n

lrlkali Contents of Rocks and ObliquitÍes of

Correspond.ing K Feldspars..e oôã.côo- ooc¡.

Reciprocal Ccll Dj-rnensions of Synthetic

High-lamperaturc Alka1i Feldspars....o o.. o c o co

Obliquities of K Feldspars Froa the

I{oak-Thompson I'{ap Area.... o.c Þ... ô ô à.cc. o o' 'o '

2

IIST 0F lirBT,ES

1

4

FIGURE

1 Plot of Obliquity versus Mole f' Xll,SirOU to

Total Alkali Feldspar in the K Feldspar

SpecimenS.o.o o...0 o'eôco..oôoo'

Plot of Obliquity versus I'[oIe % XltSirO, to

Total Alkali Feld.spar in the Rock Speci'mens ' ' o

Plot of the Ratio Na Feld'sparsK Fe1d-spar

vefSUS ObliqUity.... o o..... '' o ' " ' o ' ' o ' ' Þ o'' o c '

Proposed Orthoclase-trow Albite Phase Diagra'n' '

Proposed- i"îicroeline Series-low A'Ibitc Phase

Diagra.m.ooo.ccoo.

Proposecl l'licrocline Scries-low Älbite Phase

Diagralr at Vcry High llater Prcssuresn " " " ' o ' '

IIST OF TII,USTRATIONS

2

?.A,GE

11

4

tr

14

6

20

45

t5

L6

20

26

5t

37



t
ACIü'| OIüIED GEIiEI$Î S

The writer is particularly i-nd-ebted. to Dr. R. B. Ferguson,

Professor of Mineralogy at the University of $tanitoba' for

su.ggestion of this research ilroject and. for j-nvaluable help ín

the preparation of the thesis;

Thanks are due to J¿ M. Patterson, a fell-ow graduate

stud.ent, for his interest and- helpful d.iscussion; Specimens,

thin sections and- irotes being used in the preparation of the

Manitoba Departnent of Mines and Natural Resources report on the

I4oak-lhoa.pson area (J. 1.,1. Pat'cerson, to be published) Ì¡ere made

available to the writer with the perinj-ssion of J. F. Davies,

Chief Geologist, Manitoba Departnent of l{ines and- Natural

Resources "

Ð. Brown, l,ianitoba Departuent of }llnes analyst,

assistecl'. r,¡ith the flame photometer analysis of lB nicrocl-ines.

Expenses of the investigation were partiall}' defrayed

by a National Research Cor¡ncil research grant to R" 3. Ferguson

and a studen'cship to the t¡riter.



aa
ABSTRACT

Sodir.m and potassiu¡r contents of 35 igneous and

metamorphic rock specimens from the Moak-Thonpson area I'\iere

d.eternined by flaile photometer. Potassii:m feld.spars were

separated from the rocks and obliquities (tr:-ctiniclties) of

the minerals estimated fro¡r X-ra¡i powcler photographs i For a

number of specimens an j-ncrease in obliquity may be correlated

vritlr an increase in the ratio I{ felclspar;total alkali fe}dspar

r,¡ith a monocljnic Ii feldsirar occurring in a rock r¡rith r¡, 27

mole /" t< telaspar of the total- alkali feldrspar and. a maxiraum

microcline in a rock with ,.¿ 67 nole lb K feLdspar of the totaL

alkali fel-dspar. ft is suggested- that there is a microcfine

seri-es e:rtend.ing over the compositlon range 'u' 2t - 67 moLe y'"

Ii feld.spar of the alkali feldspar cli-agra"n, and a phase dj-agram

is proposed.

.4. modification of the phase diagranr for very hig'h water

pressu-res is proposed to account for the occÌrrrence of microcli-nes

r¡ith a given obliquity in igneous rocks of differing al-lcatj-

conpositions, An orthoclase-Iow albite phase diagran is proposed.

to account for the orthoclase-cryptoperthite series.

Sodiir¡r and potassit¡l contents and obliquities of 37

microclines were determined but no siinple relationship I'ias

found. between ¡rjneral- conposition and obliqu-ity"

The study suggests a possible way of distinguishi:ng

betúeen lgneous and meta¡lorphic rocks '



l-

CTTAPTER ]

INTRODUCTIOi{

tr'eld.spars are the most abundant minerals in the earthts

crust and thus are of particular inportance to petrologists.

i[embers of the feldspar group are closely related- i-:r forn and

physical properties" laboratory studies have indicated. that at

hÍgh temperatures there is complete sol-id solution between K

feld.spar and Na felclspar and. between Na feldspar and. Ca feldspar

and. only limited solid solution between K feldspar and Ca

feldspar. Thus the corunon roclc forming feld-spars are divided.

into two serles, the plagioclase series (lta-Ca) and the al-lcali

series (t'fa-K), the latter series being the one considered in

this thesis.

In natr.¡ral feldspars pol¡rnorphism and limited, solubility
of the low-temperature forms compllcate the picture. K feldspar

occurs i-n several polymorphic forms. Sanldine is a monoclinic

high-te;rperature pol¡rmorph corrnonly f orrnd. in volcanic rocks.

0rthoclase, a second ¡ionoclinic variety, is found. in J-gneous

and. metamorphic rocks as well as in pegmatj-tes. I'[icrocline,

a triclinic pol¡rmorph is unusua.l in that the reciprocal l-attice

angles c¿+î and. Y,)t may ï'ange in value fro¡r 9Oo for a uonoclinic

member to or}ozSt amd. gZoZOr respectively. I'[icrocline is a

cornmon K fel.dspar in igneous a:rc1 metainorphic rocks and- pegmatites"

Adularia is the name given a morphologically nonoclinic form

witir a distinctive crystal habit that is conuronly found 1n low-

temneratr.rre veins.



Two sodiun fel-dspar polymorphs have been observed 
2

in natural specimens. iligh-temperature alblte is for:nd in
volcanics and high-temperature veins. low-temperature al-bite

ís the eonmon Na feldspar in igneous and. netamorphic rocks and.

pegmatites 
"

At 1ow tenperatures sol-id. solutions jnternrediate

between the potassiìm and sod.ir¡n end. members exsolve j-nto an

intergrowth of potassir.un- and. sodium-rich sol-id. sol-utiorrs¡

These intergrowths are termed. perthites if the lí-rich solid
solution predonlnates or anti-perthites if the Na-rich solid
solution pred omi-nates 

"

Barth (L934) suggestecl that the potassiun feldspar

polynorphs d.iff er by the d.egree of ord er or d isord.er of the Si

ancl A1 atoms, with low-tennperature forms showing a high degree

of orderlng (Al concentrated in one siie) and high-temperature

forms showlng a lesser clegree of ordering,

Goldsmith and. laves (tgl+A) d.emonstrated t]nat a maximum

microcline heated at high temperatures rrnd.ergoes a jlrogressive

change in la'ctice geometry from a maxj-mr.m ¡rlcrocline through

intermed.íate values of obJ.iquityx to a monoclinic fel-dspar.

theSr interpretecl this as reflecting a change in the degree of

Al--Si ordering with maxi:.,t¡m microcline belng fully ord.ered. and

monocl-inic sanidine being disordered. They concluded. that

trObllquity¡r is
icityrr because

See Append.ix l-.

useci here in place of

the writer regards it

the more common rrtriclin-

as the more precise term.
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obliquity is a function of temperature i^rith maximum microcline

the low-tenperature form, intermed.iate microcline the intermecliate-

temperatr¡re form and monocl-inj-c saniclj-ne the high-temperature

form¡ They suggested that |tcoünon orthoclaserr consists of

triclinic units twinned on a sub-X-ray scale to simulate mono-

clinic synraet?y, and thus they do no'o regard it as a true polyrnorph;

Gold.snith and laves (f954b) also showed that microcline

hea'ced. wrd.er water pressu:re rüas changed to sanicline wlth no

evid.ence of a progressive change in lattice geonnetry. They

interpreted this as t'a hyd.rothermal synthesis of sanidj-ne, the

microcline actin6 as sou.rce material'r.

fn recent years a number of d-etai.leC. structure analyses

have been completecl confirming the iC-ea that the fel-dspar

polynorphs cliffer by tlte degree of Al--Si ord.erl-ng. In the Na

feld.spars, Ferguson et al- (fgla) found ttrat in high albite the

AI-Si atoms are disordered- and in low albite nost but not al-l of

the A1 is concentrated. in one site" In the K feldspars, Cole

et aI (L949) found that monoclinic sanid.ine is completely C.is-

ordered; Jones and Taylor (fg6f) found that monocli-nie orthoclase

is partially ordered; and- Bailey and Taylor (tgSZ) found an

intermecliate microcline ('criclinic) to be partially ord.erecl in

a complex nay. It 1s probable that naximu¡r microcl-ine is more

highly ordered than the intermed.iate ¡nicroch-ne (Goldsnith and

laves , L954).

Althougtr the structural eviclence confirms the id.ea that

the feldspar polymorphs are related" bJr clifferences in degrees

of oz'derlng, Ferguson et al (rglg) and Ferguson (rgeO), as a
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resul-t of structural- work, clisagree with Gol-dsnitlt and Ïraves

(fg¡+¡) tirat the }ow-temperature form of an al-kali feJ-dspar is
the one most highly ord ered with respect to Al-Si. P..ather they

suggest that the allcali feldspars behave as ionic cojr-Ìpound.s with
the low-tenperature forms having, in general, the Al-si, distrib-
ution that leads to the most satisfactory charge balance" rn
none of the allcali felcì.si:ars is this di-stribution 1ikely a fuJ.ly

orclered one" By i'reans of tÌr-e ionic theory, the authors are able

to offer explanations for the partieular (not fuJ_J.y ordered.)

Al--Si distributions observed- i-n low albj-te, intermediate

microcl-ine and- orthoclase " Details of their theory are given j-n

Ferguson et al- (fg¡A) and in Ferguson (f9eO¡.

MacKenzie (1954) suggested. that the range of lattice
parameters in the microcline series was due to the Na feldspar

in solid solution in the K feldspar" DifficuJ.ty is eneountered

in testing this theory because ehemical- methods are unabl-e to
differentiate between Na feld.spar in sol-id. solution and. Na

feldspar exsolved as perthitic intergror,¡th.

Ferguson et a]- (fg¡A) suggested. that sod.ium is essential_

to the crystallization of mirocline, and that microcline forms

as the result of exsol-u-i;ion of an al-kali feldspar that contai-ned
&
Appreciable sodium at higher temperatuses. The I{ feldspar itself
is the result of a more or less complete exsol-ution process e and

thus it may not contain as much Na at low tempera'ruffes as it d.id

before exsoJ-i-t'cion. The most highly triel-inic potassirrm fel-dspar

t+oul-d be maxirnum microcline with 'r:he sane Ä}-Si d.istribution as

low albite, corresponding to a potassiu¡r feldspar crystallizing
from a high sorl j-um melt .
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CTIA.PTER Ï]
NATURE OF TT{E PRESEI{T STTIDY

OBJECT OF THE STIJTY

The ai-m of this stud-y was to exp.inine, for a series of

rocks from one area, tlre possible relation o-f the obllquities
(tttriclinicitiest¡) of the Ii fetd.spars to:

i) the Na ancl K content of the potassium feld.spars o

if) the NarK ratios in the respectíve rocks, and

iii) areal d.istribution and rock type.

DESCRIPTTOÌI OF ROCZi TYPES

A suite of granitic rocks from the l4oak-Thompson map

area of Northern Manitoba was readily available for such a stucly

as a feJ-low gradu-ate student, J. l'ï. Patterson, was studying the

geology of the area for the Manitoba Goverrulent as rvell- as for

his own d.octoral thesis. DetaiJ.ecl rock d.escriirtions ancl a

geological nap are to be publisireC. in a Manitoba Deparbnent of

l'[ines and Natural Resources' Report on the I'ioak-Thoapson area

by J. M. Patterson.

The specinrens stud.ied have been clividecl into five groups

according to roek type by the l,[anitoba ]{ines Branch.

Red Grani-te

fn outcrop -bhis unit is massive to slightly foliated,
nedium to coarse grained,, ancl locally norrhyritlc. Typical

specimens are eomposed- of red perthiiic microcl-ine (5O%), sodi-c

plagiocluu" Mzo_zj (20;1,) , quartz (25/"), and biotite (57;). The

plagi-oclase is gemmsnly .""i-ìitcized-. t'iinor a¡rounts of muscovite,

apatite, zircon and iron oxid-es are present in soite rocks "
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Grey Gran_o3åorite

This rock 1s massive to fol1atecl. The average speci-rcen

contaihs plagiocl-ase ßOfà), qr.rartz (25f") ¡ potassium feldspar

(Vi:', or less but ]ocally up to 1O1!'), and. biotite (5/"), The

relationship of this rrnit to the granite gnel,ss and red- grani-te

is not knovm¿

Granitç-Gireiss

In general this is a r'¡ell foliated. to moderately well

banded grey, white or pink rock. It is intrud.ed by the red.

granite. I,ta.ny of the contacts with adjacent seclimentary gnei-ss

and granl'oic rocks are gradational. Jn Soirre areas a mixture Of

granj-te gneiss, sedimentary gneiss and. granitiøed gneiss are

inclucled- in this unit¡ Basic inclusions and basi-c bands are

COüüOII ¿

This rrnit includ.es a t'ride range of comlrositions. The

iaajor minerals are pl-agioclase MZO-25 (+O-AOb), potassium

fel-clspar (O-4O/,), quartz (Zf-+Olà), and. biotite (0-10ø). Plagio-

clase is coi,rmonly highly 
"u":-Ti$ized 

j-n the speclinens with a

hig"h alkali content, or altered to epid.ote in the more basic

rocks. Apatite, ztteon, sphene and. iron Oxides are ssmino1r

accessories.

SS d in egt ?ty__Qgç_i r_8.

This unit is characterized by fine persistent banding.

ocally broad. band-s (or sills) of amphibolite and,f or pegmati-tes

accentuate this fine banding.

The important minerals in these rocks are plagioclase

Qo-6o/,), qu-artz (zO-+o/"), and. l¡iotite (o-tSfa) with potassii.m
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feld.spar local.ly malii-ng vp 5O/" of the rock. Garnet and. a^r.rphibole

are important in some zones. Chief accessories are apatite,

ziycon, i-ron oxid.e and slrhene " Pyroxene, silli¡rani-te, cord.i-erite,

staurotite and Ì<yanite are f oi;nC- in many of the rocks. PJ.agio-

clase is cornmonly 
"eril'tË1 

zeð, inthe roclcs high in allcal-i or

altered. to epidote in the inore basic rocks, and either of these

conC.i'cions made it lmpossible to obtain reliable compositions

of the original plagioclase by the usual optical raethods.

Pvroxene Granulite or Charnoclcite

The charnoekites are wel-l- foliated. to poorly band.ed.

rocks. A uide range of compositions is incl-uded in this unit.

Plagiocl-u"u h5O_40 3O-5O/"), q:uartz (1O-SO/"), ancl potassium

feldspar usually less than 15% bú in places up to 1oy'". Coarse

perthite and. antiperthite are common. locally pyroxene

constitutes 5O/" of the rock but averages 5/"" Hypersthene is

the common pyrcxene although both hypersthene and clinopyroxene

are found. in some speclmens. Combinations of biotite, chlorite,

anrphibole, magnetite, antigorite and serpentine are pseudomorphs

after pyroxene.

In studying the natural feldspar systerl it is desirable

to consider both the allcal-i and. the plagioclase feld.spars"

Ca1cir.:m contents of the roclis should. have been d.eterminecl in

add.ition to the alkalies, but no read.y nethod. of d.eteruination

wa.s availabl-e" As optical stuclies lndicate that Ca is present

in the plagioclases, it is necessary to regard the slrstem as a.

pseudobinary join between K feldspar and- a sodic plagioclase.
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EXPERIMENTAI TECIIN]QUES

The potassium feld"spars \{ere separated. f,ronr the rocks

by standard" heawy liquíd proced.ures. Sodium ancl potassium

contents of both the potassium feld.spar and the rock speci-nens

ïÍere d.eternined with a flane photometer. 0bliquities (trictini-

cj-ties) were determined fron X-ray powder phQtographs of the

K feldspar specinens taken with LL4.53 nm cameras. The alkalí

compositions of the feldspars rlfere d-etermined with a Philips

dlffracto¡reter using the (ãOf) spacing on the powd.er patterns

(Bowen and Tuttle, 1950; OrvilJ.e, 1957). Details of experimental

techniques are given in Appendix 1.



CTTAPTER Ï]]
ÞXPERI}MT{TAI RESU],TS OF THE PRESENT STUDT

REI,ATTON OF OSIIQUTTIES IO NA:K R.A,T]OS IN THE K FEI,DSPARS

Thirty-seven K feld.spars were selected for chemical

analysis in an attenpt to establ-ish any possible relationshj-p

between al-kal-i ratio and obliquity" Powder photographs were

taken of these sanples before analysis. The strongest line of

albite (a combination of the OO2, O4O¡ 22O and 220 reflecti.ons)

was visible on nearly aì-l of the patterns indicating that these

specimens contained. appreciabl-e exsolved. albÍte. The sa^laples

l{ere selected to inctud.e the whole range of obliquities.

ïntermed.iate values (obliquity = 0.4 - 0.5) 'hiere rare. It was

difficult to obtain sarrrples with lolrr obliquities in a pure form

because such grains are highty irregular in outh-ne (best

d.escrj-beC as interstitial-), and they only make up sma1l percent-

ages of the rocks in which they oceur.

Conipositions were deterilined with a flame photometer.

As a check on the ftame photoneter d-eterminations, the potassium-

sod.j-um contents of the felclspars were estinated by ttre ZOf

nethod (Bowen and. Tuttle, 1950; Qrville, L957). For this pur-

pose the specimens ïÍere first heated at 1050oC for 140 hours.

Results of the analyses by both the flane photometer and

tfre ãOf nethod.s, and. the obliquities, are given in Table l-. For

f9 of the specinrens the K feld-spar contents determined by the

ã01 nethod are witirin 4 mole /" of the flane photometer vafues.

For ten specimens the t¡ro methods yielded results d.iffering by
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5-10 mol-e /" X tetl.spar. In general the diffraeto¡neter results

i.nd.ieate higher K feld"spar contents suggesting that these

specimens nere not corapletely honogenized by the Ìreat treatnent'

The potassium eontents in moJ-e % of the K feldsBars

(using the ftarïre photometer values) are plotted versus obliq=

uities in Fi-grrre 1. If there is a simple relationship between

obliquities and the alkali eonpositions of the K feldspars,

it is not evid.ent in this suite of :.:1nera1s. It is evid.ent

that a K feld.spar with a given obliquity :lay have a range in

conpositions; Trlhether the sodir.¡m is present in sotid solution

lvithin the potasslu¡l feldspar or as a separate phase cannot be

d-etermi-ned by chenical analysis. As noted. above the X-raY

powd.er photographs indicate that at' least part of the sodj-un

is present as a separate al-bite phase in ¡rost of the specimens.

REI/A,TION 0F OBLIQUITIES T0 ITa:K RATIOS III THf ROCKS

The obliquities of the K feldspars and the po'cassium-

sod.ium contents (determined by fl-ame photometer) of the rocks

are listed in Table 2. Sodir¡m and potassir.m have been recal-

culated" to mole Ø fel-d.spar of the total al-kali feld-spar. The

data given in Table 2 anù plotted in Figr:re 2 show that for a

large number of speciTilens there is an increase in obliquity

corresponding to an increase in the ratio K feld.spar:total

allcali feldspar of the roctri.

fn interpreting this diagranr it ¡rust be remembered

that the obliquities are measr:rable within I g.05 r:nder the most

favourabl-e cond.ition (obliquities greater than 0.4). In the



CTiEIITCAI COi-POSTTIOIi S

Specimen Rock Oblici-
Nugþer Typeà' uity

î/T-'r 'ì ã-6R
/v

rq-556-58
M-76L:58
P-164-58
P-51r-58

P-5BB-58

P-62r-58
Ã-L*5*59
I\-4-L-r9
L-6-59
a.-7-59
A-B-59
A-11-59
A-20-59
A-12-59
L-55-2-59
L-57-59
I),-65-59
a-l I Õ-6cl

'J

L-L71"59
A-276-59

1A3I-,8 I
AND OBI.,TQUITIES OF

Flame Photone'uer

GG

^^Lf\1

\T\Ì

PG

PG

PG

PG

-Í.u

^^\-r\f

^^\-1\1

\t\-:r

-K$

T?ß

Rll

RG

êÂ

GG

RG

Kt+

O r71
0. Bl
0¡96
0.79
0. 50

r0 " 70rLn nnj

o.90

ôcÃ
0. B0

uoyo

0.97
o "82
rlR7

o.72
ô 

^Ê,
fl OÁ

ôRl

U. ()O

L1.58

'1 7. Ê.A

13.57

L5 .48
l4.44
t_0"81_

LL.43
L2.93
caA

14. 11

ìtr nÁ
'r 1 zal

1A RR

L4 "O4

iT]CROCI,INES

L. I )

1tr.A

L.B'

2.r,)
L.74
2. BB

2.45
7'1 0

2.74
1.94

r. vy
1.48
L.23

Diffractometer
\¿ur aernoc/
K feld-spar

t - ;,\(mole_,Z/ _

fJ4,g

86.6

77 "5
87'0

85.3

89.0

85.7
^^J)'v

87.0
90 "7
96.5

oô7
)v. l

90 "7
BE.2

82.9

83,O

Rr) Á

87.6
7I r2
75.6
72.7

82,7

")v o J-

85 "4
86. B

11

åç Abbreviations f oi' rock types.
RG RecÌ granite
GGd. Grey granod-iorite
GG Granite gnei-ss

SG

PG

Seclimentary gnelss

$rroxene granulite
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RG - Red. granite
GGd - Grey granodiori-Le
GG Granite gnej-ss

rock types.
SG - Sedimen'tary gneiss
PG - Pyroxene granulite



AT,'iü,rr coliTEi{Ts

Chemica]-

Speci,een Rock
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case of Lowei' obliquities the values given are estj-mates of

l.1ne widths, and they r:ray be less accr.rrate although the relative
values are probably significant"

ff a nearly straight h-ne 1s d-ralrn from 22 moLe /' Il
felci.spar for a monocl-inic feldspar (obl-iquity = O) to 67 ri¡ol.e y',

K feldspax at the maxj-mu¡n microcline sid.e (obtiquity = 1) a

large number of the poin-bs fal-l- close to the line" All rocll

types (incl-ud.i1r.g sone of probable igneous origin) includ.ed i-n

this study are represented- by 'ohese points. Removed from, but

nainly below, this line there is a scattered. group of points

representing rocks of probable igneous origin. A d.iscussi.on of

possible reasons for the obliquities of this group not being

sinply related to tl:e compositions will- be given afte:.' consider-

ation of a possible alliali feldspar phase d.iagram.

Figu.re 2 shor,¡s that in sone roclcs the obliquity of the

K f el dspar may be correlated to the total- al-kal-i composition.

In general an increase in oìcliquity may be correlated i^¡ith an

increase in potassiun content" If we consid.er a given composi-

tion, for exanple 55 ilote /" X- tetaspar, Figure 2 indicates that

the K feldspar may have an obliqu.ity equal- to or greater than

O.1 , Thus the line d.rawn nay represent the ruininu¡r obtiquity

that a K feldspar may possess if it ervstal-Ij-zes and cools to

ordinary tenperatrr.es at or near equilibrium conditions assuming

that obliqui-b}'is, in so::re wâX, deteri¡ined by the total a]kali
in the rock

This does not nean that it is inpossibl-e to have K

feld.spars that would i:tot above the }i-ne, The heating e:lperJ-ments
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of Gold.smith and laves (f95e) showed that if a specimen is

strongly heated the obliquity can be reduced.. However it shoul-d

be poin'ced" out that these heating experilients were carri-ed out

on fairly pure K feld.spars tlr.a-b have been renoved- from the

alkali feldsirar systen of which the;r are a part' rf a microcrine

1n a rock were heated after the Na feld.s;oar had. exsol-ved out

(into separate grai-ns) tfre obliqui'cy would be reduced-. The

resulting K feldspar woutd have an obliqui'uy which was not

rel-ated to the total- alkal-i content of the rocl';.

Specimen P-58S-58 (4e,7 mole % ]( feraspar) was found to

contain two li feldspar phases -- a nicrocU::.e wlth obliquity =

0.70 and. a monocl-inic phase, This is J-nterpreted. as a partial

ehange of the microcline to a monocl-inic feld-spar. Water was

probably present d.uring the transition for the origlnal pyroxene

in the roclc has been replaced b¡r a nirmber of hydrous mj-nerals.

lhe reaction 'nas probably siniJ.ar to that ca::ried out by

Gol-dsmith and. laves (rç¡+¡) i.t their hy'lrothermal-treatment

of mj-eroetine" In order to obtain obliquities íntermediate

between the original value and. the monoclinic member the K

feldspar i,¡ould have to be heated in a d-ry environnent'

Table 2 and Figure 2 al-so suggest that in alðlial-i

feldspar systems containing less than 23 moLe /" K feLd.spar the

K f eld.spar wj-ll form a microcline, 0n1y three specimens were

forrnd which contain l-ess than 27 moLe % X teldspar, a^nd. these

are all- intermed.iate microclines. This is very little evidence

to offer in support of a seconcl microcl-ine series but such a

series nay exlst.
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The data given in Table 2 and Tigure 2 àre plotted

in a different manner in Figure 3. Here the ratio
NafÊ1$?par mg19^1 is plotted against the obliquity. rhis

K-FeldsPar noLe 7o

curve is important because it indicates that the Na¡K ratio

approaches a lower l-imit for most triclinic K feldspars' This

l-j-nit correspond.s to an Na:K ratio of 'u !22. It is suggested'

that perhaps maxinua microcLine represents the limiting composi-

tlon of the triclintc ini-croclines Á It is irnf Órtunate that rocks

containing nore potassium th-an this ratio were not encourttered

in this study.
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CHAPTER ÏV

]NTERPRETATTON OT. THE RESUI,TS

A PROPOSED ORTHOCTd.SE-].,OI4I AIBITE PI]ASE DTAGRA}T

Bowen and Tuttle (fgfO) synthesized a conplete sol-id

soluiion serieS of alkali feldspars at temperâtures near the

soliclus-liquidus. Donnay and Donnay (lgZZ) worked' out cell-

dj-mensions fron diffractometer patterrrs of Bowen and Tuttlers

SJ¡nthetic specimens and forxrd a change in lattice geometry
I ... -

whi¿h could. be d.irectly related. to the chemical- composition'

Reciprocal lattice angles of representative menbers of the

series are given in Table 7, Examlnation of this high-temperature

feld.spar series reveals that the d'eviation of the angles ø*

and. Tx from g0o is a functj_on of co]tposition. compositions

with greater than ,^z 35 mol:e y'" K feldspar rrere found to be

dimensionally monoclinic a¡d the remainder tricllnic" lühether

or not these di-mensionally monoclinic eomporrnd-s are struc-

turally triclinic could- not be determined from the powder

diffracti-on data.

MacKenzj-e (1g>Z) fras shornr that the composition at

which the change from trictjnic to dimensionally monocli-nic

symmetry takes place in the synthetic high-temperature speci-mens

is d"epend.ent upon tenperatllre. If thís change i-:r symmetry were

a true phase ehange there would have to be a region j':a which

monoclj-nic and. triclinic feld.spars coufd eo-exist " As they did

not find. such a region, Donnay and Donnay (tgSZ) conelud'ed that

for all practi-cal pr-rrposes there is a eomplete series of

solid solutions at high temperatures'
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TAtsIE III
RECIIROCAI CEIT ÐIIliTl!.SIOi{S OF SruTHE,XIC ÏITGH-TEI¡IPEBATIIRE AIüi4.],I

FE],DSPARS

moLe 7à

Ab

(after Donnay and Donnay,

o"-1

9o

90

90

90

90

90

9c.00
gB.4g

87 .46
86 "49
85 "82

Or

20.97
4r.44
5r.49
6r,42
66,34
67.32
7L,24
80.94
90.52
Ab

L952, Table 5, Page L22)

Ê*o yx'o

67,92 90

64.05 90

65.95 90

65.89 90

63 "83 90

63.79 90

63 .l ø 90 .00

61,73 89,22
63.68 88.60
65 "57 88.29
63.48 87 '96
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?etrological studies had ind-icated- the presence of

a sohnrs in natWal low-temperature alkali feldspars. Bowen

and Tuttle (fg¡O) established. an exsolution curve for the syn-

thetic high-temperatr.rre alkal-i f eld.spars r but the low-

tenperature alkati feldspar exsolution curve nay¡ because of

d.ifference j¡r physical- and. chemical conditions differ consid.er-

ably from that of the synthetie feld.spars.

The low-temperature alkal-i feldspar diagra.lr is com-

plicated. by Af-Si ordering¡ l{acKenzie (L957) investigatec} the

high-albite - Iow-albite transformation by X-raying albites

synthesized. at different tenperatures, I{c0onnell- and }lcKie

(fg6O) anal-ysed MacKenzie's d.ata and conclud.ed that the Al-Si

ordering is a rate process in which ord-ering talces pl-ace over

a temperatrire range with the most rapid rate at around 6OOoC.

Although no comparabl-e work has been done on the I{ f eldspars '
structi;re d.eterminations have d emonstrated that low-temperature

K f elclspars are ord-ered to some d egree with orthoclase

possessing partia.l monoclinic ord.ering (Jones and. Taylor, 1961)

and intermediate microcline partial triclinic ord.ering (ga:-tey

and Taylor, 1955).

Thus AI-S1 ord,erlng apparen'cly takes place at some

temperature or ra¡Ige in temperatures, and. thj-s temperature

may not necessarily be the sane for all Na:I{ ratios' Also,

the extent to v,¡hich an a]lçati feldspar of a given composition

may ord.er is proþably d.epend-ent on that conposition as

Ferguson et al- (fglA) and Ferguson (fg6O) propose j¡r their

ionie picture of the altrcali feldspars. In the following
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d-iscussion j-t i,¡ill be assumed that Al-Si ord-ering takes plaee

over a range of te:nperatures near 6OOoC regardless of composj-tion.

The region of ord.ering will be represented by a horizontal

band on the p--ase diagra.n.

The existence of a low-temperature ordered. (or partially

ordered ) form impt¡-es either that the phase crystallj-zed- at a

high temperatr-lre and then cooled. slowly through the critical

temperatÌtre raflge for Al-Si ord.ering (probabl-y with water

present) or possibty that crystallization took place at à

temperature below the crltical tenperature range jn which

A1-Sí ord.ering naY take Place.

The nicroclj$e series as d.etermined, by this stud.y

correspond-s to the eomposition rarige OrU, - O"25. Tuttle (WnZ)

has proposed- aJl orthoclase cryptoperthite series over the

composi-tion rang" 0"100 - o"4o and probably to 0=20' This

proposed series is based on a fairly regular variation of 2V

witS atkali conpositlon of the mineral speci-men (not the rock

speci-neen). There is doubt in the writerts mind as to whether

Tuttlets mineral composi-tj-ons d.o, in facb, represent original

alkali compositions of the roclc because the composition of the

mi:reral- specimens in the present stud.y obviously do Ítot '

Hol¡ever, if we accept Tuttlets mineral compositions to represent

a true low-te,nlerature series then the writerts microch¡re

series from n¡ OY67 - OTZS corresponds in composition to part of

Tuttlers orthocl-ase cryptoperthite series O"1OO - 0"20' thus

one series could be interpreted as the ]ow-temperatr'lre

modification of the other with the nicrocline series probably
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the lol¡er temperature serj-es. However when the f eld.spar

structures are considered. the picture is more complicated.

In the regi-on of mineral- compositi-on O"5OAbDO orthoclase

cryptoperthites are exsolved. lnto two pha.ses, monoclinic ortho-

olase and triclinic lor¡ al-bite (Macl(enzie and. Srnith, L955).

Jones and. Taylor (fgef) formd. tha-b orthoclase has partial

monoclinic A]-Si ordering whereas Ferguson et a1 (fg¡A) for¡ncl

that 1ow albite has most of the Al concentrated in one triclinic

site, Thus such cryptopertirites eve conposecl of tt'¡o feldspar

phases with apparently C.iff ercnt Al-Si clistributions. A possible

explanation for the existence of such a combination j.s that the

Al-Si ordering took place after the mineral had- exsolved into

tWo phases. FigUre 4 is a diagrammatic representation of the

proposed- phase cliagran in which orthoclase a.:rd. l-ow albite are

the tlro low-tenperature end- members and. orthocl-ase low-al-bite

cryptopertirites (aird possibly orthoclase + 1or,¡ al-bite) are the

subsolvus phases. Note that in potassiu.m-rich conpositlons

ord.ering would take place before exsolution, ancj. in this region

the exsol-ved sod.iuin-rich phase woul-d have an Al-Si distribution

sinil-ar to monoclinic orthoclase. Such an albite would have

lattice parameters soärewhat similar to those of high-temperature

albite. fn this potassiirm-rich region the phase relations are

exactly 'r;l1e sa¡re as those proposed. by FergUson (fgeO) rqho

suggested tire naale t¡iraxi-mum albitet' forLhe sodir¡m phase that

would crystallize wi'ch the orthoclase . The sense in which this

phase d.iagraril differs fron that proposed by Ferguson (f900) is

in the interp#åtion of tne solrru.s and the region of Al-Si
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ord-ering; Ferguson Suggests that¡ oh the basis of crystal

chenica] considerations, the region Of Âl-Si ordering is likely

to be higher than the region of Ii-Na exsolution although he

was not, u.nd.er this assuilptione abtre to offer än expl-anatj-on

for the co-existence of structurally different orthoclase and

low albite.
This proposed. phase diagram thus impliesi some kind of

discontlnuity in the high potassiræi regionr Detailed. work by

several feldspar investigators has pointed. to the possibility

of a discontinuity at 0"60 - ?0. Spencer (lgZl) heated a

nr¡.nber of orthoclase cryptoperthites to g50o0 and. then observed

the change in speeific gravity a^rrd refractive ind.ex. Srom

these chapges Spencer conclud.ed" that a maximgm of 3O/" Na

f elclspar may be taken i.:rto the orthocl-ase lattice at 800 - B5OoC.

Thus if an al-kali feldspar contains 5O/" or l-ess sodium feldspar

all the sodiuro can be taken into the lattice. If more t'ban 3O/"

of the al-kali fetd-spar i-s sod.ium feld.spar the system unmixes

into two f elclspars.

i{ac1íenzj_e and Snith (L955) studied. a nr¡nber of

Spencerts orthoclase cr¡rptoperthites by the single-crystal- X-ray

method.. they for.md that in specliïìens with less than 60/" K

feldspar the unmixed sodir.im phase had. Iattice angles corres-

pond.ing to low-temperature albite. Speciärens more potassÍ-um-

rich than OrUOAb+AnOO have sod-ium phases d.escribed. as rrpericlÍ-ne

type Superstructurett, pericline twlnned., or an ttalbite tl'¡in

type Supergtructurerr. the d.iffereilce in the accor:rpa¡ying

sodi-um phase may also indicate a structu.ral break.
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Bowen and Tuttle (fgle) conducted a series of heating

experiments using the sa¡qe Ortho.clase Cryptoperthi'ue speci.nens

as MacKenzie and. SmÍth. Ihey found. that specÍ::rens containing

more than 60% potassium feldspar coulcÌ be homogenized and that

those with less woufd nrelt before homogeni-zationt

If exsolution is to take plaee bcfore ord.ering¡ as

this proposed. phase d.iagran requires, the exsolutlon curve (soJ.vus)

would have to be raised with respect to the region of AI-Si

ordering¡ Ad.dition of calciu-n to the system would raise the

exsolution curve because calcium has a very linited. solubility
in K feldspar. This phase diagram would. have to represent

comparatively J.ow water pressures beeause the solidus-liquidus

cltrves would like1y intersect the solvus at higter pressures

and result in the crystallization of two phases (Bowen anC'

Tuttle, 1950). Hence the orthocl-ase cryptoperthite nay repre-

sent crystallLzation in a relatively d'r;r envi-ron¡rent that has

appreciable calcirrm present.

A ?ROPOSED MICROCITT{E SERIES-IOTü AtrBTTE PHASE DI¿'GRAI.T

Study of the syntheti-c allcali feldspar solid solution

serics shor¡ed that it is possible to have a feld.spa"r series

with varlable l-attice geoiletry d.etermined by conposition. The

present study indicates that the oblÍquity (tattice georaetry)

of a group of nÍcroclines in tTre conposition range ¡.^ 0167 - OtZS

may be correl-ated. with the sod-iu,n-potassium content of the rock.

This woulcl be essentially the sodirm-potassium content of the

alkal.i feld.spar system if the fetd.spars all j-nteracted with each
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other at higher temperatures. The fact that there is a simple

correlation for nany of the speclmens between obliquity of the

microcline and the ratio K feldspar:total alhali feld.spar

suggests tinat in these rocks the felclspars d"id. in fact al-l

interact at higher temperatures. Thus i'ti seeas reasonable to

postulate a microcline series based on the comparative feldspar

composition of the rock. If the d.egree of ordering (not
to^necessaruynrull oÏdering) refl-ected ln tlte obliquity of the K

feldspar is correlated with the proportion of K feld-spar to

total al}cal-j- feld.spar it is probable that the ordering took

place before exsolution. At high tenperatulfes the alkali

feldspar systenr would be represented by a singte phase with the

l-attice geometry determined. by its cornpositj-on" Potassium-fich

compositlons r^rould. be monoclinic and. sodiu.n-rich compositions

triclinic, the transition occurring at roughly 6W" oT (Donnay

and Donnay, L952). Cooling would result 1n Al-Si ordering

with the d.egree of ord.ering d.epend.ing u.pon compositi-on"

These consid.erations are those proposed by Ferguson

(fgeO) to account for the kno'nn A1-Sí distributions in the

alkali feldspars, and it was these considerations that in fact

suggested. the present research work, namely, the comparison of

the obliquities of a group of mlcrocllnes r'¡ith the ratios IC

feld.spar:total feld"spar i¡r the qock. As FigUre 2 shows, for

irnany of the writer t s speclnens there does appear to be a

correlation between obliquity and conposltion (solid li-ne on

Figure 2 ) , but as the chained. line j:r the figure also shows,

this relaticnshipis al-most the opposite to that proposed by
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Ferguson. As Figrrres 2 and 3 in Ferguson (fg6O) show, hís

low-tenperature potassir-m phases change from orthoolase through

íntermed.iate nicrocline to rcaximum nicrocline fron the pure

potassium to the high-sodium regi-on on the phase díagram; Thus

Jrr generaf his picti.re associates j-ncreasing obJ-iquity of the

K feldspar with increasing total socliun in the rocl:" It is

this relationship which appears to be reversecl by the writerrs

find.ings anct he therefore offers a new phase dia,gram to explain

his findings.

This new diagram is shown j¡r Figure 5. The picture

proposed here is si-milar to.E'ergusonts (fg6O) in thai it assumes

the AI-S1 d,istribution in ¿r. low-temperature alkali feldspar to

be a fusction of the overall alkali composition at high

ternperatures (above the sol-rrus), but it d.iffers from Ferguoonrs

in the iraportant respect that obliquity does not, in general,

increase with original sod.ir.m content. fn faet, the obliquity

deereases from that of llaximr.l¡c microcline at o¡' 0"67 to a

monoclinic member at e.r OyZ3,

I'Telts more sodiìrn-rj-ch than 0167 exsolve j::.to a

microcfine and a sod.iu-u phase. FigUre 2 indicates that the

raicroCline series appears to approac'n a li:triting Na:K atomic

ratio of 1:2 with maximrtr microcline, and. this suggests that a

d.iscontj-nuity night occur at *r 6V" Ii feldspar. Since the most

potassic rock stud.ied eontained. q.ar 67f" K feldspar it rtras

impossible to extend the stud-y to these conpositions.

However, consid-erable data have accu.nulated. concerni-:lg

the naturat high-tenperature alkali feldspar series and- the
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orthoclase cryptOperthite seri-es. It should. be remembered

that the chemiqal data for both these ser.ies represent grai-n

eompositions and not necessarily total roclc compositj-ons, these

mineral speci:nens occ'uT either aS homogeneous minerals or as

eryptoperthltçs so it nay be assu¡red. that these feld"spars

crystaltized as a single feldspar and. J-ater exsolved- into tr,¡o

phases o

I[acKenzie and Snit6 (lgfe) used ii-ray ancl optical

reeihod.s to stud.y natural high-tenperature allcali felds1:ars.

Their eonclusions ind"icate a cliscontinuit¡r in the high-

temperature serles at a composition of 0rUO(^O"n+An)OO. their

finci-ings are srirnmed up in the following quotation(p. 42O)z

'rt¡úith respect to the effect of heating at goooc this
series of feldspars can be C..iviclecl j:rto three groups. Specimens

wíth more than 60/" potassium feld.spar in their bulk eomposj-tion

show a slight but roeasurabl-e d.ecrease in the nean value of the

optic ang1e. Felclspars in the compositional range 0"60(AU+m)OO

(approx.) shor.¡ an increase in the nean value of the optic angle'
and. this increase reaches its naxi-:oum value in the most sod.ium-

rich specirnens. Alkali felclspars tüi-th l-ess than 4Of" potassium

feld.spar shot'¡ a very slight increase or no cha^::ge in the nean

value of the optic angle as a result of tltis heat treat¡nent.
n ft is now fairly well established that any natural

potassiqm-rich feld-spar, if heated- for a sufficiently long period

at about 1O50oC, is chapged. to the high-sa3j-dÍne form by a
d.eerease in the optic angle and- rotatlon ..,of the optic plane into
a positíon parallel to the syinmçf,¡¡¡ plane-" (Spencer , L937;

ttru Some microclines are not changed. to the high-sanid"ine form even

after heating for 6 nonths at tO5OoC ¡ut it is believed that longer
heating will effect this change (personal communications from

Dr. F. Chayes).¡t
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Tu'ctle , Lg52ò. The reduction of the op:bic angle in the potassium-
rj-ch specimens as a result of heatin5 at gOOoc is the effect
lvhlch woulcl be expected since the change is in 'ohe d.irection of
a high-sanidine, 1out the heat treatment has not been sufficient
to convert any of th.e specimens completely to the high-sanidine
form¡ o..

¡¡specimens in the conpositional range 0"60(Af+An)00 to
0rn,-,(An+An).^ (approx.) do not shol a tendency to change to the
rriål-u*ridiå: f";; as a result or heating at goooc rov 24 hours
s j-nce the mean value of the optic angle increases. Ad.O-itional
evid.ence for a d.iscontinuity in the effect of heat treat::¡en-b at
the composi-tion OrUO(al+m)no is gÍven by the resurts of
prolonged heating at 1050"C. HeatiniJ a num'lrer of specinens

at l-O5OoC for seven months showed that specinens more potassium-
rich than 0"60(¡,U+¿n)40 were changed to the high-saniciine forn
but more Sod.ium-rich specimens were not thus changed ; . . . tt

MacKenzie and Smith (Wfí) for:n¿ that sanidines nore

sod.lnm-rich than 0"60 r^Iere unmixeCi. Iiervlettrs (1959) single-

crystal X-ray stud.y of natural hig'h-temperature feld.spars

ino-icated that composi-tions iTrore potassium-rieh than 0"68 ÌÍere

unmixed. these tr^ro stuC,ies indricate that natr;ral high-temperature

nonocl-inic fel-dspars aore potassic than 0"6g may retain all the

sod,iirm in solid. solution.

Severa] r,,ioricers have for:nd evid.ence in the orthocJase

cryptoperthi-'i:e series for cl.iscontinuity near 016T. ff this

discontj-nuity i-s significant for the orthoclase cr¡rptoperthite

series, it is also possible that it is significant for the

r^rriterIs proposed. ¡ricrocline series -- Iow albite phase diagram

(pisure 5) as the orthoclase - low albite phase diagra-ni (¡'igure 4)

may be regarcled es a special case. Thus the discontinulty
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required by the writerts phase cliag:ram i-s shown in FigUre 5

as a vertical- d.ashed. J-ine at roughly Orrt.

It is proposed here that the monocl-inic or$hþlase

Structure is the stable low-ternperature ¡nodification for

compositlons more potassic than 0167. For more sod.ium-rich

colopositions the triclinic nicrocU-ne-low al-bite series will be

the stabte l-ow-temperature series in the maruter shown in Iigure 5.

The microcl-j-ne series suggested by this stud.y ranges

from a maxi-ml¡m nicrocline at -* OrU, to a monoclinie ¡cember

at vt 0r.,=. Three specimens v¡ith l-ess than 25 mole f" N tell-Spar
¿)

!Íere examined in the present stud.y ancl these contained inter-

nediate mierocl-ines. This suggests that j¡rtermed.iate microclines

may form aS a result of exsolution of conpositioirs on either

si-de of 0r^-. For this reason the crest of the so-l-vus is placed
¿)

at 0r.,* corresponding to the monoclinic potassium feld.spar. The
¿)

obliqui'bies of the I( feldspars resul-ting fron each conposition

(obliquities taken from the sol-id. line on Figure 2) are placed

at the botton of the phase d.iagram.

thus an intermedlate microcli-ne with an obliquity of

O.1O could. result from the exsolution of alkali feldspar

compositions of t¡' OrSj oT ,8î, 0"16. This suggests that a maximum

microcline coulri- result from the exsol-ution of either an alkali

feld.spar conposition of ^ 0167 or a nearly pure al-bite. A

microcline exsolving from an al-kali feld.spar with a large excess

of Na over K probably would have the sane Al-Si d.istribution as

]ow al-bite and woulC, correspond to the maximi.m microcline of

Ferguson (f960), However this proposed phase d.iagra.n differs
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from Ferguson t s in that maximum microcljne could also resul-t

from exsolution of an alkali- feldspar of composition '-r OtUr'

There uight be a ctifference between two such microcli-nes in

that the high soclium feld.spar aLnost certainly would. 'l¡e tri-

clinic before orcLering whereas the ¡oierocline exsolving fron

conposition OrU, would. almost certainly be d.imensionally

nonoch-nic before ordering. Probably detailed structure analyses

would be required to d.etermlne if the structi¡res of the two

maxinu¡lr microclj-nes and. the correspond.ing sodilrm phases hrere

id entical-.

The general relationships of the proposed phase

d"iagra,n are best iLl-ustrated by aR example. Consj-der the cooling

of a liquid. of composition 0"40. One feldspar of composition O"4O

would crystallize from the nelt. Further slohr cooling would

result in ordez.ing of the Al-Si atoms with the degree of orderi.:ag

depending upon the total alkali feldspar conposition in soüe

ma^nner. At lower tenperatìr.es the alkali feldspar would exsol-ve

into two phases - an intermed.iate microcline and. a sod.ium phase

with the sa^ne AI-S1 distributj-on in the two phases. Sinilarly

exsolution of an allcali feldspar of composition Or.t woul-d

resul-t in a maximus microcline and a sodium phase with the salì1e

Al-Si distributions.
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THE EFFECT OF HTGH PRESSÜT.E OIV THE TROPOSED I,TICROCIINE SF,RTES -
l0Ir\I AIBITE PITASE DI.A.GRAI,I

Soile interesting relationships are brought out if the

effect of pressure on the proposed- microcl-ine series - low

albi-te d.iagra"m is consid.erecl.

Sowen and- Tuttle (fgla) showed that if the water

pressure is increased sufficiently in the NaA1S1,OB - I{.A,IS15OA -
H^0 s;rsfç¡1, the solidus-tiquidus curves wil-l like]-y be lowered.

¿

to temperatures at whieh they wiJ.J. intersect the solvus.

Ïlhen consid.ering metamorphic rocks, the reactions, by

d.efinition, must take place in the solid. state so there are no

conplications due to intersection of the solidus-liquid.us and.

the solvus. With igneous rocks two additional possible relation-

ships must be consid.ered. Depencling upon the nanner in which

the solidus-liquidus intersects the solvus, the freezlng point

nay exhibit either a transition point or a eutectic point. Both

of these are possible, but the eutectic relation seems much more

probable because the solidus-liquidus minimurn as determined. by

Bowen and Tuttle (fgle) is at a. coaposition near 1r.,O and the

writerts work suggests the crest of the microcline solrnrs is

At n., }T.'.ê).
In Figure 6 the solidus-liquiclus intersects the solvus

with the unel-ting point exhibiting a eutectic point. loÌü-

tenperature ord.ered (or partially ord.ered) feldspars could.

crystallize dlrectly froia the rnelt, for crystallization would be

taking place at temperatures either below or rniithin the range

of temperatures at which ordering nay take place.
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If we consj-d.er cooling a triquid of conposition A'

the first phase to appear wou1C. be a K feld.spar with conrposition

B. As the tenrperature is Iowerecl, the liquicl woUld chasge

composition toward Ct and- the potassiua feldspar phase would

change toward composition C. Presunably the .L1-Si ord'er of the

potassiun phase must change as the conpositj-on changes toward C

provid.ing cooling ís slow enough for the solid phase to react

with the liquid.. A.t temperature T, the potassit¡n phase and the

liquid interact and two solid solutj-ons would erystalli.øe

(maximu¡r microcl-ine ) . 0n Figure 6 composition C would. be maximt¡m

nicrocline artd- Ctr would. be low atbite. 3ræther cool-ing would

result in exsolution of these two phases to form a perthite and

an anti-perthite.
Figr:re 6 indicates that at the water pressure repre-

sented. by this diagram, melts with composltions within the

range C to Ct' would all finally crystallize as the sa¡oe sol-Íd'

solutions of compositions C and" Crr. lhus a whole ralLge of

compositions would result in potassir.m feldspars with the sa^ne

obliquity. If two feld-spars crystatlized. out at the Sâme tjme

then the obliquity of the resul-tant microcline would. d epend- on

the alkali conposition of the high potassiirm phase and' not upon

the total alkali feldspar composition. In Figr;re 2, it is

evid ent that Ii f eldspars wj-th a given obliquity do occur in

rocks with a ra¡,ge of alkali compositions. For exa.uple r K

feld.spars with obliquities of 0.80 occur in rocks containing

,--1 0"60 or les-q. Thus it is probabl-e that the specimens which

pl-ot below the solid- l-ine of Figure 2 represent rocks in which
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tt¡o feld.spars have crystalliøed.. In general this woul-d resuLt

in a potassirxr feldspar having a greater obliquity than it
would. have if only one feld.spar phase cr¡rsf¿11Lzed. from the

nelt.
Figure 6 also indicates that nicroclines with inter'

mediate and low obliquities cannot crystallize und.er the physical

condj-tions (water pressure) represented. by this diagram. A

series of constant pressure diagrams could. be drawn for the

proposed ¡oj-crocline series-low albite phase diagram. With

decreaslng pressure in relation to Figure 6 the composition

range C Crt within which the sa.me two solicl sol-utions crystallize

would beco¡ae smaller and the obliquity of the microcline C woul-d

d.ecrease with the shift of composition C. These consid.erations

inply that a rock with a given Na;K ratj-o would contain a

microcline of only one obliquity. However they show that several

rocks with the sane Na¡K ratio could have K feldspars with

different obliquities if the rocks had crystallized at d.ifferent

pressures. Ï'igrrre 2 indicates that for a given Na:K ratio there

is a mininum obliquity arrd this minimim oìcliquity is ì-:nterpreted

as corresponding to the water pressure at which this composition

is the point C on a phase d.iagram of the type shown in Figr;re 6.

Thus, if the writerrs lnterpretation is the correct

one e with increasi-ngly high pressrl:.es onJ-y increasingly high

obliquities could occur, IÏence, the stud.y of the mj-crocl-i.:ee

serles may make it possibte to estimate the water pressure und.er

which a given rock crystalti.,zeö.. Perhaps relationships such as

this would account for the coi:rparative rarity of microclines

with low and. intermediate obliquÍties.
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CTTAPTER V

RII¿ATION 0F OBIIQUtrTY T0 AREAI DISTRIBUIION AND ROCK TfPE

Previous chapters have shotnr that fot a large nuuber

df specimens an increase in obliquity of the K feldspar may be

correlated with a¡o increase in the ratio K feldspar¡total alkali
feldspar¿ This reJ-atlonship is shown by the specimens whieh

plot near the solid line of Figure 2. .A,n exa¡nination of thin
sections and. the fj-eld rel-atlonships ind.icate that most of the

specimens plotting near the solid. Iine belong to either the

pyroxene granulite or the sedinentary gneiss r.l¡.its. These a.re

probably metamorphj.c roeks. If the obliquity is related to

the relative alkali composition then the areal dlstrj-bution

of the obliquities should refl-ect the ratio K feldspar:total
alkati feld.spar. The analysed specimens from these rock types

\4rere too scattered. to show any pattern on a map. It would be

d.esirabfe to sample these units on a closely space g:rid system.

Field rel-ations j-nd.icate that the red granite is an

igneous rock and that the grey granodiorite and. granite gneiss

may be of igneous origin. 0bliqui'r,ies of K feldspars from

these three rock types d.o not, in general, fall near the soJ-id.

l.ine of Fi-gure 2. These are, however, restrieted to a linited
area. Thus the experimental observations appear to bear out

the field. relations in that the obliquities of the K feld.spars

from the presuned. igneous rocks have a different pattern on

Figure 2 tlnan those from the presu:led äretaroorphic rocks.

Furthermore, the interpretation of the obliquities for the

presumed igneous microclines requires the crysta1J-,ization of two
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feldspars fron a neft. This d,oes not imply that all igneous

rocks must crystallize two feldspars'

As in the case of the netamorphj-c rocks, no si-npl-e

pattern was foul'td in the areal d.istributj-on of the obliquities;

This is probably d.ue to the wid.ely spaced sampling. Pyke (1953)

determined the distribution of the K feldspar obliquities in a

closely sampled gfanod.iorj-te mass at li[oir lake, Saskatehewan.

This oval-shaped body of rock was interpreted as being igneous

on the basi-s of fiel-d. relations and thin section studies. The

obliquities, in terms of the 2ge5Ð - 2e(13]) separatior:s' for

the K feldspars lfere plotted to coincide r¡¡ith the speci-men

l-ocation within the granodiorite body and. the val-ues contoured..

obliquities of the ceritral- portion are intermed.iate values with

the obliquities gradually increasing outward to maximum

oblic¿uiti-es near the margins" $rke interpreted the pattern in

terms of an inversion from high temperatu.re monoclinic K

feld.spar to low temperature tric1inic feld.sparo However, in

view of the present study the writer su€gests that any inter-

pretation shou-l-cl involve a consideration of the Na:K ratios in

the rocks. Pykets point coi.mt analyses a¡d. his I( feldspar

obliquities conflz'm the writerts find.ings that the K feld.spars

in the igneous granitic rocks all fall within the limited. area

shown on Figure 2.

In suumary, the present I'rork suggests strongly that

the obl-iquities of the Ii feld.spars together with Na:K ratio may

be used to d.istinguish between two groups of rocks. Igneous

rocks c stalfi-zing above the solvus a¡d ma¡y metamorphic rocks
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would plot near the solid l-ine of Figure 2; Igneous rocks

crystallizi:ng at temperatures below the solvus (2 feldspar

granites) plot in the area outlined. by the sol-id lines arld.

probably would be concentrated. in the high obliquity region

of Figure 2.
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TABTE IV contrd.

OBT,IQUTTTES FOR K T'EIDS?ARS FRO}I THE ITOAI{-TÏ1OI.IfSOT\- T.IAP A3'EA

Sodit¡¡n-Pot ags ium Arialys e s
Specinen
Nuuber

L-548-59
Ã-56r-59
A-568-59

F^t\-2öL-2Y
a,-629-59
L-635-L-59
A-682-59
A-80?-59
B-16-59
B-48-1-59
B-84-3-59
B-87-]-59
B-92-2-59
B-LL3-L-59
B-121_-f-59
B-rB4-59
B-224-59
B-253-59
B-277-59
B-278-59
B-378_59

B-370-59
B-385-59
R-?Or-6qÐ /J/ t¿

B-403-r-59
9-427-59
B-448-59
B-449-59
B-459-59
B-465-59

Rock
Tv.I)esoo*æ

qê

q11

çtÊ

SE

ùki

srT

aÂ

qÊ

/a^
\.ifì.Í

^^\J\r

RG

ñ.(.r

ÞÊ

f\ 
^\r\r

-ttti
tlr!

\-Í\t

rlf:

\jr \1

rI^

SG

\T|!'

^rrt\¡\TL,I.

\f (t

t'l 1l
\f \.T

^?^

?

0¡BI
0, 87

0, 61

0. 82

o,7 4
rì aÃ

0. 86

0. 5g

0. Bg

0. 20

0.69
0. 86

o.00

at Ql
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r^ì Áo

rloô
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T.A,BIE IV cont td.

OBI,IQUITIES FOR K FEI,DSPARS FROiq THE }[0ÁJ(-THoMPSON IVTAP AREA

Sod j-um-Potassitm AnalYs es
Specimen

Number

B_5gL-59
ts-692-59
B-7CIL-59

B-768-59
C-LO'¡-2-59
c-r1g-L-59
c-279-59
c-288-59
c-506-1-59
T/r-'l ¿-1 -59
Iri-55-59
yi-85-59

I[-I54-59
w-70-59
I¡l-L47-59
\il-287-59
lt;'-565-59

B-1gg-60
/^lj-¿u / -OU

G-5r3-60
G-611-60
DT-r90-60

M-r9B-2-60
\r-239-60
r\-27 4-60
l,[-510-60
n-550-60
P-207-1-60
P-34t-60

Rock
lTlr¡n a q lfåq
*¡Ië

\r\f

SG

SG

\rtr

Ittf

GGd

SG

SG

ùti

RG
al^

GG

\1\t

\.T\f

êê

|''\r

PG

PG

PG
ñ^-rtf

PG

PG

SG

SG

PG

PG

PG

PG

ObJ.iq-
rrì *r¡ }[inefat ROqk 

-
--g-:rL-

0 .97 r+

0.98 +ç ås

0.90 -)í +

r\ aÁ +.4

o. B0 iÉ ')ê

o. 85 -x- )ç

rì ?ô

^ 
Ã-l

o "82

o,g4
0.89
0"40
0.4.0

0. r0

^7^
0.20
0"10
0.20
0.50

0.58

ìt



POTASSTUM T'EtrDS3AR E]MRACTION

Roek sa.loples were crushed. j-n a steel nortar and. passed

through Tyler Stand.ard sereens. Graíns tha-b passed- tlrough a

100 mesh screen and, were retained- on the 200 nesh Screen were

separated into two fractions uslng heavy liquids.

The specific gravity of a broüroform-acetonc solution

Ìilas adjusted. to hold. orthoclase (SC=2.59) and microcline

perthite 1SeZ.59) chips in suspension and. to allow quartz

( SeZ.65 ) ancl cleavland-ite ( SG:2.62 ) to settl-e. As ti're specific

gravity of potassiLLm feld.spars is the lo'l.res-b of 'ohe coïnmon rock

forming mj¡reral-s, the scparation is not d"ifficult. After

centrifuging, the fractions lrere transferred' to filters and

washed. thoroughl]r witl.r acetone to renove all bronioform. The

potassirm felC.spar fraction hras reseparated tlro or more times in

an effort to obtain pure fractions.

?erthitic material r'¡itli a range in specific gravity
.Was encoqntered in a f ew of the samples. The range in specif ie

gfavity probably refl-ects a range in the amo1rnt of sod-ium

f elc).spar in Criff erent gralns.

APPEND]X 1

AISAIYTIC/r], METHODS

47

SODTUI,I AND POTASS]TJ-I'J DEÎERMIÌIAIIOT{

Roclt sairpl.es ïüere cru-Shed to pass thfough a I00 mesh

screen. K feldsoar sa:.lples 1fere those separated by hea-ly liquid-s

as d,escribed above o



. ' ,,.. , 
'll 4B

Sod.ii.m and potassiì.rm were d.etermined. using a Co}eman

Fla^ne Photoneter and a Colenân Junior Spectroþhotometer.

a.bout 0.5 gra,ms of powd.ereiL sample were weighed into a

150 nnl Teflon beaker and. l0 nl- concentrated. IIF and 5 mL con-

centrated. H^SO, ad.d.ed.. After d.igestion on a hot plate at about
¿4

t25o0 tne solution was evaporatecL to alout 7 ml-r cooleci, and

1 nl concentrated. H1,i05 actd.ed; Evaporation was continued to

strong white fi:mes, and the bealcer fi]led. rtrith water" The

solution uas filtered. arrd tra¡sferred to a 25O nL flask, and

diluted to volume. The ftaiae photometer utilized propane 8&s¡

and. oxygen at }J ]bs, /i;-2. Sa^nnples were diluted to give

gãlvanômeter d.eftections in the range 3O ' ?O on a lOO scale.

The f ollowing pfclced.ure rüas usêd, in making the d.etermínations.

NaCl and KCl standarcl solutions rÍere used. to establish workirtg

cllrves ¿

1. the instrument was adjusted- to read. roughly 0 and.

1OO for the blank and. most concentratecL solutions respectively

(tfre most conccntrated solution uscd' was 100 ppn KrO).

Z. Rough analyses of the unlmovm solutions were mad.e

to determine if dilutions were necessary.

5. A working curve ì,ùaS establ-ished with standard

solutions, checl<ing for instrunent drift with thc blank and full

scale standard after detcrnining the d.eflection for each standard

solutiono

4. The unknol4rrr sa^mpl-es were d.etermined .

5. The working curvc !¡as checkcd .

6. SamPles were red-eterrqined .

7 . Thc worki-ng curve Ìras rechecked-.



The three citrvcs l,iere

working curve¡ If al anY tinc

standard driftcd bY 0.5 scale

d.iscard.ed.. Al-1 rcad.ings vre re

scalc divisions.

X-RAY DI,ITERJ4TNAT]ON OF OBITQUTTÏES

pairs of reflections such as (r¡O) (r3O), (pr) (ü1)

and. (flf) (f]f) have the saroe spacing in monoclinic pattcrns but

are in gencral split into d.oublets in tricl-inic pattcrns.

Macl(enzie (]]g>Z) suggestcd that these pairs could bc

used to describe the tricl-inic nature of microclines. Gold'smith

and. laves (fg¡+U) used. thc d.iffcrencc in spaciirg of thc 111 and-

lT1 reflections on the powdcr patterns to estj¡rate the d-egree of

rrtricllnicity" of potassiun feld.spars. They proposed the use

of a ¿\ value as a quantitative c:cpression of the tttriclj:ricityrl

or d.eviation frore g0o of the angles clr and y*-q A mj-crocline with

the maximrm oroserved valucs (c* - gOA25', Yx = 92oZO'¡ vÍas

arbitrarily given a "triclinicitytt of unity, artd a monoclinic

fcld.spar would of course have a l¡triclinicityrr of 0. Thc angular

d.eviations fron 90o arc sma]l, and thcrcforc a linear relation was

, ),
assr.rncd bctwccn thc 'ttriclinicity" and (U(t:t) - d(t];1)"
that is /-. - k (d1UI) - d(r3r))' For a microclinc with thc

maxi-mrxn deviatlon from 9oo d(rjr) - d(rjr) = 0.08.

Thus l=k (0.08)

and k=I2.5 .

49

averaged in d.rawing uP the final

either the blank or full scale

d.ivisions the read.ings l,\lere

thus reproducible to within 0,¡5
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fhe expression for thc lftricllnicitytt nay thus bc statcd' as

A - rz.5 (dqr:l) - d(r3rl

MacKcnzic (f9OO) Lras proposcd. that the term rrtrj-clinicityrl

be replaced by rtobliquityl' because a structure may be eithcr

monoclinic or triclinic but strictly spcaÌ<ing cannot exhibit a

degrce of tricl-lnicity. 0bliquity j-s used throughout this thcsis'

x-ray photographs were taken using a powder caljlcra

of 114,53 mm d.ia¡reter ancL FeKa racì.iation, and d1L1I) and dlf3f 
)

were mcasured on thc powd cr f i]¡¡s. Qbliquities in the range

0.0 - 0.5 had to be estimatcd. fron linc widths because thc two

rcflections ovcrlap, (f¡f) and. (f3f) reflcctions arc not wcll

d.cfined in thc photographs of speclmens A-415-59, C'5O6-59,

p-5ll-5g and. thcse spccimens probably have variablc obliquitlcs.

This may bc true also for thc spccimcns with obliquitics less than

0.5, but this eould not be ascertained' from the powd'er patterll"S '

X-RAT DETERMINATION OF K FELDSPAR CONTET{T

The proportions of K feld.spar to total feldspar in thc

minerals ríerc estimated. using thc x-ray method of Bowen andluttle

(fg¡O). 2O(ZOf ¡ was neasurccl with a Philips d'iffractometer

using smcar nounts of poirrdcrcd saurplc which had' been hcated' at

105OoC for 140 hours " Ißr0, was uscd to calibratc thc

d.iffractomctcr (Orvillc , Ig57), Pcak positions werc detcrmincd'

by plotting fixcd. count timcs at intervals of 0.01o2g.
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