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ORDER-DISORDER RELATIONSHIPS OF PLAGIOCLASE
IN A PORPHYRITIC BASALT FLOW

Jnnnv 1\{. Holnon, Department oJ Geology, The (Iniaersily
of Texas at El Paso.

ABSTRACT

The structural state of phenocryst and groundmass plagioclase from a thick prophyritic
flow of the columbia River Basalt ranges from high to intermediate disorder. Tw. groups
have been difierentiated: (1) Groundmass plagioclase in a lower structural state than
phenocrysts; the groundmass plagioclase is more calcic than An6s and of small size, (2)
Groundmass plagioclase in a higher structural state than phenocrystsl groundmass plag-
ioclase generally iess calcic than An56 and of large size. rn addition, the latter group con-
tains smaller amounts of glass than those of group one. The reversal in struciural state
relationship between the phenocryst and groundmass plagioclase of (2) is probably due to
the sluggishness of the transformation from disorder to order in plagioclase less calcic than
Anoo.

fNrnooucrtolr

The structure of volcanic plagioclases has been reported as ranging
from an intermediate disordered state to a highly disordered state
(Slemmorrs, 1962, Smith, J. R. and yoder, 1956, and Smith, J. V. and
Gay, 1958). These results are based on only a small number of samples,
however, and no detailed work has been published concerning the de-
termination of the degree of disorder of either phenocryst or groundmass
plagioclase from a single volcanic flow or the relationship of the degree of
disorder to composition and cooling history.

In this study structural state of groundmass and phenocryst plagio_
clase was determined and the relationship of the structural state to com-
position anaryzed. The plagioclase samples used for this study were from
a thick prophyritic basalt flow of the columbia River Basart, the Rock
Creek FIow, which crops out in west-central Idaho (Bond, 1963). A
complete description of the texture, mineralogy, and sample locations
were reported in an earlier paper (Hoffe r, 196T) .

In a previous study the An content of the groundmass pragiocrase was
found to vary inversely with size and directly with the amount of as-
sociated glass (Hoffer, 1966b). The rate of cooling, after extrusion, de-
termined the composition of the groundmass plagioclase.

PnocBnune

Both phenocryst and groundmass plagioclase were separated by crushing, screening,
and concentration with aFrantz rsodynamic separator (Hoffer, 1966a). The glass fusion
method. modified from Foster (1955), was employed for the determination of composition
(mole percent An content) (Hofier, 1966c). The reliability and accuracy of the modified
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glass fusion method is good. The An content of four analyzed plagioclase samples, as de-

termined by the fusion method, was within 0.6 mole percent An of that calculated from the

chemical analyses. In addition, An values of duplicate samples gave results within 0.5 mole

percent An. Therefore, the accuracy of estimating An content of a plagioclase sample with

:100) plagioclase; each equal intervai not implying equal degrees of disorder'

The structural state of the plagioclase was analyzed by the X-ray difiractometer

method. The difierence in 20 was determined for two pairs of strong peaks that are sensitive

to structural change. 20(131)-20(11l) and 20(13l)-20(220). From these measurements

the I function of smith and ciay was calculated,t:20(l3l)+20(220)-40(l3l). The 11

of associated glass and the size of the groundmass plagioclase'

RBsurrs

Structural state of the groundmass plagioclo.te. The structural state of the

groundmass plagioclase varies from high-intermediate to high (Fig. 2).

boffelations have been found to exist between the structural state and An

content of the groundmass plagioclase (see Fig' 3), proportion of as-

sociated glass (see Fig.4), and. size of the groundmass plagioclase (see

Fig. 5). In general, these correlations indicate that groundmass plagio-

clases of most disorder are those of lowest An content, associated with

only a small proportion of glass, and are of smallest size'

structural state of the phenocryst plagi.oclase. The structural state of the

phenocryst plagioclase ranges from intermediate to high' Correlations

between the structural state of the phenocryst plagioclase and glass con-

tent (r:0.28) and composition (r:0.16) are not highly signifi 'cant'
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Fro. 1. Variation of the . function with composition for the plagiocrase series (AE:high structural state, I.r.:0; ABCD:row structurar state based on-naturar specimensl

ABD : theoretical low structural state, r.r. : 100) (modified from smith and Gay, ross;

Relati'onships oJ the structuror state of phenocryst and. ground.mass pragio-
clase' The groundmass and phenocryst pragioclase can be subdivided into
two groups on the basis of structural state. The first group includes those
samples in which the groundmass pragiocrase has a lower structural
state (further deviation from the disordered state) than the correspond-
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Fro. 2. Relationship of ttre structural state of the phenocryst and groundmass plagio'

clase with composition (groundmass plagioclase (A) of lower structural state than en-

closed phenocrysts (A); groundmass plagioclase (O) of higher structural state than en-

closed phenocrysts (O);@orQ-phenocryst-groundmass plagioclase difier by three or less

units of I.I.). Limits of measurement t3 I.I. units.

td
ID

. o
Y ( ,

u 1
r : a

F a t
Q O

{ r
a o
E 2
f t
F o( , c
d a
F l !
e r o - l o

A1{  CO l lTE l lT

Frc. 3. Variation of structural state of groundmass plagioclase samples with the An

content of the groundmass plagioclase, Rock Creek Flow (y:equation of the line and r

:correlation coefficient).
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Frc. 4. variation of the structural state of the groundmass plagioclase samples with per
cent glass, Rock creek Flow (':gqu6tion of the line and r:correlation coefficient).

phenocryst plagioclases. The plagioclase phenocrysts of group 1 are in
a higher structural state (average r.r. varue of +i) tlrunihe plagioclase
phenocrysts of group 2 (average I.I. value of f 15) (see Fig. 2j.

fNrnnpnBr,trloN oF RBsulrs
The variations of structural state of both the groundmass and pheno-

cryst plagioclase can be explained on the basis of the rate of cooling. as
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Frc. 5. Variation of structural state of the groundmass plagioclase samples with size

(width:smallest dimension) of the groundmass plagioclase (]:equation of the iine and

r : correlation coefficient).

the initial magma cooled at depth, plagioclase phenocrysts, primarily in

the high structural state of maximum disorder, crystallized. In areas of

rapid cooling the highly disordered initial structural state was preserved

in the plagioclase phenocrysts. Under conditions of slow cooling the

structure of the plagioclase phenocrysts became more ordered.

The rate of cooling for each sample can be estimated in terms of the

size and composition of the groundmass plagioclase and the amount of

associated glass (Hoffer, 1966b). For samples crystallizing under condi-

tions of slow cooling, the plagioclase phenocrysts have been found to be

in a lower structural state than the plagioclase phenocrysts enclosed in

rocks that crystallized more rapidly. Therefore, the samples that indi-

cate a slow rate of cooling and final crystallization at a lower temperature

are those in which the plagioclase phenocrysts possess a more ordered

state than plagioclase phenocrysts in samples that experienced rapid

cooling. The reason for this is that the interval between initial and final

crystallization was longer in these samples than in samples with more

calcic groundmass plagioclase. For this reason the plagioclase pheno-

crysts from a rock containing large groundmass plagioclase crystals of Iow

An content and small amounts of associated glass have a lower structural

state than plagioclase phenocrysts from a glassy fine-grained rock in

which the groundmass plagioclase is of higher An content.

Following the same reasoning, the groundmass plagioclase of largest

size, Iowest An content, and associated with the least amount of glass

would be expected to have the lowest structural state. However, in the

majority of the samples containing groundmass plagioclase more sodic
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than An56, the structural state of the groundmass plagioclase is higher
than that of the enclosed phenocrysts (see Fig. 2). The explanation for
this situation may be that the transformation from complete disorder to
order (or partial order) becomes more sluggish as the An content de-
creases. Support for this hypothesis is found in the work of smith and
Gay (1958), who have suggested on the basis of experimental work that
the low natural plagioclase from An6 to An6s do not represent maximum
ordering and are actually partially disordered and preserved in a metas-
table state. As evidence of this, they cite observations of diffuse sub-
sidiary reflections from crystal X-ray photographs for plutonic plagio_
clases in the range An2s to Anar, which indicate some degree of disorder
for samples of so-called complete order. They state that the lower l imit
of the ordered plagioclase would, therefore, fall below the varues reported
for  the ordered natura l  p lagioc lase crysta ls .  This  theoret ica l  lower l imi t
is represented by a dashed line ABD of Fig. 1. Line ABD for the com-
pletelv ordered plagioclase is derived by extrapolation of l ine AB to An6.
At Ano the values from the line ACD fall within the range of experimen-
tal error of the values obtained for natural low-temperature albite. rn
addition, Smith and Gay suggest that equilibrium is not easily attainable
even under plutonic conditions so as to allow the completely ordered
structure to form. This is based on the argument that if equil ibrium were
easily attainable, the ordered structure would form even under hypabys-
sal and volcanic conditions. This is why no naturar specimens have been
found to exist in a state of complete order in the range Ane to An66.

rt is significant to note that the postulated metastable field starrs ar
An56, the region in which the groundmass plagioclase samples from the
Rock creek flow show higher structural state than the enclosed pheno-
crysts (see Fig. 2). Above Anso, the reverse is true, the plagioclase pheno_
crysts have higher structural state than the associated sroundmass
plagioclase. Therefore, it is suggested that below Anso the transformation
Irom disorder to order (or partial order) is more sluggish than above Ans6.
This would explain how a phenocryst (composition of An66 to Anze),
formed at high temperature and under conditions of slow cooling, could
reach a more ordered structural state than did the surrounding ground-
mass plagioclase crystals which formed at a lower temperature and under
conditions of slow cooling. This would also explain the fact that ground-
mass plagioclase crystals more calcic than An5s are in a lower structural
state than that of the groundmass plagioclase of composition less than
Anso.

The reversal of structural state relationship between the groundmass
and phenocryst plagioclases at approximately An5s (composition of the
groundmass plagioclase) could also be due partly to the fact that in a
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coarse-grained rock with little glass more time was available for the dis-

order-order change in the phenocryst plagioclase structure. In finer

grained and more glassy rocks the initial high-temperature state of dis-

order was preserved in the plagioclase phenocrysts, but a less, disordered

state was preserved in the groundmass plagioclase crystals.

Suiuuenv AND CoNCLUSToNS

The structural state of the phenocryst plagioclase in the Rock Creek

flow is intermediate to high, whereas that of the groundmass plagioclase

is high-intermediate to high. The structural state of the groundmass

plagioclase is related to the An content, size of the groundmass plagio-

clase crystals, and the amount of associated glass. The structural state of

the phenocryst plagioclase, however, shows no signifi-cant relationship to

the composition of the phenocrysts and the amount of associated glass.

The groundmass plagioclase can be divided into two groups. Samples

with groundmass plagioclase of group 1 generally contain large amounts

of glass, groundmass plagioclase of high An content and small size, and,

therefore, represent an environment of rapid cooling. Samples containing

groundmass plagioclase of group 2 are those that have a small amount of

associated glass and groundmass plagioclase of large size and low An con-

tent, representing conditions of slower cooling.
In general, the plagioclase phenocrysts of group 2 possess a lower

structural state than the plagioclase phenocrysts of group 1. This is as

expected, but, the structural state of the groundmass plagioclase of the

first group is lower than that of the groundmass plagioclase of the second

group. It is suggested that the transformation from disorder to order is

more sluggish for groundmass plagioclase of composition less than An66

than for groundmass plagioclase more calcic than Anse.
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