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A NOTE ON THE PROBABILITY OF ASSIMILATION OF ROCKS 

INTRUDED BY THE CENTRAL ARIZONA DIABASE 

By 

John W. Anthony 

Department of Geology, University of Arizona 

Speculation as to the reasons for locally mis sing volumes of Precambrian 
rocks in the. stratigraphic section occupied by the extensive Arizona diabase 
can benefit from some fundamental concepts clearly set forth by N. L. Bowen 
(1929 ) in his discussion of the reaction principle. Arguments have been pre
sented for and against large scale assimilation by the diabase of two wide
spread units, the Tro y quartzite and the Mescal limestone. C e rtainly pro
tagonists of large -s cale assimilation would find in this process a satisfactory 
explanation to a perplexing fact, viz ., the absence of volumes of Precambrian 
to C ambrian rocks whose normal stratigraphic position is now occupied by the 
intruded diabase. 

James Sell in the pre ceding paper has presented arguments against the 
concept of wholesale assimilation of Troy quartzite through comparison of 
chemical analyses of rocks on either side of contacts between diabase and the 
Troy formation. It is the purpose of this note to point out some pertinent 
general conside rations which also a r gue against large scale assimilation by 
such a magma intruding rocks of the kind under consideration. 

In developing this concept, reference will be made to the phase equilibrium 
diagram of a simple, well known binary silicate system in which complete solid 
solution occurs--the system NaAISi30S-CaA12Si20S' (N. L. Bowen, Am. Jour. 
S ci., 4th Series, Vol. 40, 1915). The complexities of a magma of the kind from 
which the diabase crystallized obviously must have been considerably g reater. 
The fundamenta l principles elucidated by Bowen should nevertheless apply . 
T he principles reviewed here are taken from Bowen (192 S). 

Referring to the diagram (Fig . 1), let us assume a liquid of composition 
"X" (Ab50An50 ) of such temperature (1450 0 C) as to be just on the liquidus, i . e., 
just satu rated and having no superheat. This liquid is in equilibrium with 
c alcic crystals of composition Ab20An ° (point Y on diag ram). With decreas-
ing temperature the plag ioclase cry sta~s being precipitated, in order to stay 
in equilibrium with the liquid, will react wit h the liquid by ionic diffusion and 
change composition along the solidus, becoming progressi ve l y more sodic un-
til the final composition of the solid phase is that of the initial bulk composition. 
The composition of the liquid must change accordingl y, and does this b y moving 
along the liquidus from p oint X toward poi nt Z , which rep res e nt s the c ompositi on 
of the last drop of liquid in the system. 

The only effect produced by the addition to the system of crystals o f the 
same composition Ab20AnSO as those in equilibrium with the originally assumed 
liquid would be to achieve the completely solid state at a somewhat higher tem
perature. That is, the added crystals would react with the liquid in exactly the 
same manner as the crystals initially precipitated from the liquid. 

If, howe v er, we wer e to add to a melt of the composition assumed, plag
iocl<ise crystals of composition more calcic than those with which the melt at 
1450 0 C. is in equilibri~m , say. AblOAn90' (C, Fig. 1) whi~h a r e at the same 
tempe r ature as the liqUld . the s y stem WIll be ,n d,seqUlhbnum. The hqUld 
c annot melt the cr y stals bec a u s e their meltinl! 2Qint is hig her than the tempe r a
ture of the liquid . A rea ction will take place . however, between the initial 
liquid of composition Ab~oAn50 ' . a nd forei g n cr y stals .of c.omposition AblOAn oO 
in an attempt to ree stabhsh eqUlhbnum . If the reactlon IS assumed to be 
adiab atic , there will be a temperature rise as crystals pre ci pate . liberating 
their latent heat of crystalli z ati on. These crystals . which a re in equilibrium 
with the liquid. will become p rog ressi v el y more calci c as their comp o sition mon,s 
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toward the new bulk composition (about Ab17AnS3' or AblAns.' point D, Fig. 1). 
The composition of the liquid will change sympathetically ana move up the 
liquidus until equilibrium is established. The reaction is exothermic. The 
composition of the introduced crystals will be changed by reaction with the 
liquid to become more sodic. 

If the reaction prog resses isothermally, equilibrium will be attained only 
when the introduced crystals hav e reacted with the liquid until they are in equil
ibrium with it. The compositions of crystals and liquid in equilibrium with the 
new bulk composition are shown at about E and F, Fig. 1, when crystallization 
is completed. Equilibrium will theoretically be attained at a temperature some
what above point E. 

Assume that we add to a melt of composition Ab33An67 (AblAn2l, crystals of 
composition Ab67An33 (Ab2Anl) at a temperature sufficiently low so that the 
latter are solid. 

Again, the sy stem is out of e quilibrium and the composition of the liquid 
must change to be in equilibrium with crystals at a new bulk composition. The 
composition of the introduced crystals is now toward the low melting point end 
of the albite-anorthite series so that the more calcic liquid has the capacity to 
melt them. The t emperature of the melt will be lowered by this action, neces 
sitating the crystallization of plagioclase. Latent heat of crystallization is 
thus made available to heat up the "fo reign" feldspar crystals to their melting 
point and to melt them. The amount of heat given off on crystallization is very 
large compared to the specific heats of silicates , so that relatively small 
amounts of crystals need be formed to supply the heat necessary to warm up 
the foreign crystals. The quantity of heat necessary to melt the introduced 
crystals will require that an amount of plagioclase be precipitated that is 
approximately equal to the amount melted, because latent heats of fusion and 
crystallization of the two silicates are approximately equal. This process 
would bring about the rapid crystallization of plagioclase of composition more 
calcic than the foreign crystals; the system would rapidly run out of energy, 
and the reaction is endothermic. Naturally the composition of the crystals 
forming is affected by the progressive change in composition of the liquid as 
foreign crystals are melted. 

The principles developed by Bowen with respect to this simple system are 
general and may be extended to more complex, multicomponent systems. 
Further, theoretical considerations born out by field observations, many ex 
amples of which are in the literature, corroborate them. As a consequence, 
we may generalize and make the following statements with respect to the kinds 
of reactions ex pected when a magma intrudes country rock, and note some 
effects one might expect to observe at and near the contacts between the t wo . 

1. If a magma were to invade a rock which has a more mafic(basic) bulk 
composition than itself, the reaction between the two would be exothermic. 
One might expect to observe profound effects of corrosion at the margins of the 
invaded rock together with signs of reduction or breaking up of the rock as if 
some constituents had reacted with the melt and been eaten away. Re versed 
zoning of silicates would be expected if reactions were not complete. If 
assimilation of the wall rock by the magma were extensive, and diffusion and 
convectio n wi thin the magma limited, one might expect that there would be 
rather g radual graduations between the "uncontaminated" rock crystallized 
from the magma and the unaffected invaded rock. The extent to which the 
magma could react with the wall rock would depend, in large part, on the 
degree of facility with which it could become insinuated into the wall rock. 
Thus, th e degree of fracturing of the wall rock "M)uld be an important factor 
dictating the extent of dig estion. 

Recall that in the simple situation discussed we assumed no superheat, i. e., 
the initial liquid was just saturated with respect to the phase with which it was 
in equilibrium and, in the case of adding more calcic crystal s to the melt, the 
introduced crystal s had been pre-heated to the temperature of the liquid. Add
itional heat would be required of a magma, of course, to warm up the invaded 
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rocks, so that the natural situation would impose more energy requirements 
on the magma than were demanded of the liquid dis cussed here. 

2. 1£ the rock were invaded b y a mag ma whose bulk composition was more 
mafic than itself, the reaction would be endothermic. Melting of constituents 
of the country rock would ensue. The process would tend to run down rapidly 
and there would be few marg inal effects. Indications of melting and chill 
zones might be present. Chill zones are commonly observed at the selvages 
of mafic dike-s which have been injected into rocks of less mafic composition 
than themselves. The powerful corrosive effects which often mark the in
trusion of a basaltic rock by a granitic magma are not typical of the re versed 
situation. These sometimes profQund reactions are not due to melting but 
rather to reactions in the solid state between minerals in the more mafic in
vaded rock which are hig her in the approp riate reaction series than similar 
crystals with which the magma liquid is presumably in equilibrium. 

The composition of a diabasic magma approximates that of a basalt (Daly , 
1933 ). The bulk composition of such a magma, relati ve to a rock as siliceous 
as the Troy quartzite, is decidedly mafic. The s y stem would be in an extreme 
state of dis-equilibrium. We would expect, then, in accord with the foregoing, 
that reactions during the intrusion of the magma into such a highly siliceous 
rock would be endothermic in nature. Some melting would be expected, but 
reactions would not be of such a kind as to digest and disintegrate the quart
zite. Precipitation of crystals from the magma would be hastened as their 
latent heat of crystallization was supplied to the magma to supply energy to 
melt the quartzite in order to bring it into equilibrium with the invading magma. 
Chill zones of finer crystalline textures would be expected at and near the con
tacts. Barth (1952) observes that most diabases exhibit chilled borders and 
that "usually no assimilation of the country rock has taken place ." 

At first thought one might consider that the Mescal limestone would be 
ultramafic with respect to a diabasic magma, and this would be true if the 
limestone had been previously subjected to intense metamorphism so that a 
lime and/ or magnesian metamorphic mineral as semblage such as olivine, 
p yroxenes, spinel, and wollastonite had formed. One would expect under these 
circumstances to observe at the contacts evidences of exothermic reaction-
signs of digestion, perhaps re ve rsed zoning, etc. 

Limestone, howe ve r, contains carbonate radi cal; thus a large quantity of 
heat is required of the mag ma to driv e off C02, so that the initial reaction up
on intrusion would be endothermic and "self-damping." 1£ the carbon dioxide 
evolved during any dissociation of the limestone, in excess of the amount 
soluble in the magma, could not find egress from the system, the pressure 
build-up would also oppose dis sociation of the carbonate rock. One would not 
expect, 1h61., important reactions between a diabasic magma and a limestone. 
Surface effects would be present, together with a limited amount of melting. 

Because the heat -necessary to perpetuate the mag ma's attack on the lime
stone in the face of the ensuing endothermic reactions is supplied by latent 
heat of crystallization of the normally crystallizing minerals of the diabasic 
magma, and as the volume of the diabase may be locally restricted in its sill
like environment, this reaction should not be expected to prog ress to any 
appreciable extent. 

1£ extensiv e assimilation of limestone had taken place, the residual liquid 
de veloping while the normal crystallization sequence progressed should con
tain excessive carbon dioxide as the residual magma became progressively
enriched in ca rbon d i oxide. Indications of this, either in the presence of 
abundant calcite or carbonate-bearing minerals such as s capolite, should be 
obser v ed in or closely associated with the diabase or from the appearance of 
carbonate -bearing rocks formed from late stage differentiated magma. These 
have not been reported (E . D. Wilson, personal communication). Calcite 
seams intimately associated with asbestos deposits related to the diabase are 
common, but are regarded as being hydrothermal in origin. 
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To summarize, consideration of some basic petrologic principles sugg ests 

that, owing to the relati ve compositions of the rocks and magma invol ved, one 
should not expect extensive assimilation of sedimentary units such as the Troy 
quartzite and Mes cal limestone by the magma which formed the C entral Ariz 
ona diabase. 
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