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PEGMATITIC ROCKS OF THE CATALINA-

R I N C O N MOUNTAINS AR I Z OS A

INTRODUCTION

The rocks composing the Rincon, Tanque Verde,

and southern Catalina Mountains are a series of meta-

morphosed sediments mainly representing shales and arkoses

with a little limestone, and a few igneous sills. This

series from lithologie character and structural relations

may be of Cretaceous age, but is also similar to the Pinal

schist lithologically except for the presence of lime-

stone. If the rocks are altered Pinal schists, then the

structure of the range is unusual.

The type of alteration is injection metamorphism

related to a series of intrus i ve s varying from grandi o ri te

to alkaline granite. The alteration is of two types, one

characterized by addition of soda with development of

oligoclase- biotite- quartz injection rocks and the second

by formation of a large amount of sill -like pegmatites,

high in potash, soda, and silica. The process of formation

of the pegmatites is dominantly by replacement in rigid
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rocks and by displacement in fissile rocks. Displacement

was accomplished by compaction of the schist and migration

of salit minerals in solution. The solutions are believed

to have been highly permeative and not true magmas, and

hence the deformation around pegmatite in fissile rocks

is attributed to the force of crystallization of growing

minerals.

Calculated chemical analyses reveal an addition

of silica and potash during formation of replacement pegma-

tite with strong leaching of calcium, magnesium, iron, and

excess alumina. Rocks not altered to pegmatite are abnor-

mally high in soda.

LITEñA2.'R L'

Little on the area has been published. Blake'

1
Blake, Wm. P. Geological Sketch of the Region of Tucson,
Arizona; in the Botanical Features of North American
Deserts by D. T. I acDougal: Carnegie Institution, pp.45-
49 1909.

from a brief reconnaissance described the area as consist-

ing of a large central mass of Pre- Cambrian gneiss and

schist with a nucleus of Oracle granite extending north-

wards past Oracle. Paleozoic rocks occur mainly on the
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northeast side of the Catalina Mountains and are intruded

and metamorphosed by diorite, which also cuts the Oracle

granite.

C. F. Tolman made a study for the U. S. Geological

Survey, the results of which have not been published except

for a brief summary by Ran s ome,1 who says: "The central

Ransome F. L. U. S. G. S. Prof. Pa er 98k p. 144-145.

feature of the range, as worked out by Mr. Tolman, is a

great post -Carboniferous intrusive mass of siliceous musco-

vite granite modified to a gneissic rock near its margins,

surrounded by a zone of intense contact metamorphism in

which rocks of widely different kinds have been conspicuously

affected. The oldest rock cut by this granite is a coarse,

porphyritic, biotite granite which, apparently as a result

of the later granitic intrusion, grades into augen gneiss,

and locally this rock in turn has been transformed into a

thinly fissile schist." Ransome describes the Apache series,

summarizes the Paleozoic limestone formations,and notes a

series of red shales and impure limestones with a thick basal

conglomerate, unconformably resting on the Paleozoic s.

Tolman tentatively correlated these rocks with the Manzano

group.

Bryan 2 describes the bolson deposits as an older

2
Kirk Bryan. U. S. G. S. B. 730-B . 29 1923.
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tilted alluvium upon which rests a younger alluvium..

Darton 1 has summarized previous work in the

1
Darton, N. H. , Resume of Arizona Geology, Univ. of Ariz.,
Bull. 119, Geological Series 3, pp. 2 ?9 -284, 1925.

Tucson area and includes some personal observations mainly

made near Shaw's ranch.

W. M. Davis2 has discussed physiographic evidences

2
Davis, W. M., The Santa Catalina Mountains, Arizona,
Am. J1. Sc., Vol. XXII, Series 5, pp. 289-316, 1931.

of late uplift of mountainous areas and warping of inter-

montane valleys in the Tucson region.

ACKNO MEDGIVENTS

The writer is indebted to Mr. B. N. Moore of the

U. S. Geological Survey, who is working on the Tucson

Quadrangle, and to the members of the Department of Geology

at the University of Arizona for assi stance, particularly

Professor B. S. Butler, who suggested the problem, and

Professors A. A. Stoyanow, R. A. Wilson, and R. J. Leonard,

and also Mr. J. B. Tenney of the Arizona Bureau of Mines.
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Through the courtesy of the U. S. Geological

Survey, C. F. Tolman's unpUblished manuscript, describing

the Tucson Quadrangle, has been available for study.

METHODS 011 WORK

FIELD WORK

Field work was begun in March, 1931, and week-

end trips were made to the more accessible parts of the

area from. then until March, 1932. No work was done dur-

ing the summer of 1931.

The state geologic map of the area was used to

show the distribution of rocks and is reproduced with some

modifi,cation in Plate 3.

LABORATORY WORK

Laboratory study was largely of petrographical

nature. Thin sections of rocks were studied and selected

specimens were analyzed microscopically to determine the

proportions of minerals. Rocks of fine and coarse grain

could not be analyzed in this manner. Coarse rocks were

broken, sized, and sampled and the samples separated by the

use of heavy liquids into three fractions, each composed
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mainly of one of the important minerals: orthoclase,

plagioclase, and quartz. The fractions were checked by

examination with the binocular microscope and by determin-

ation of refractive indices. From the proportions of

minerals, determined either by analysis of thin sections

with a grating eye-piece, or by gravity separation of

crushed samples, the chemical composition was calculated.

Calculation involved changing of volume composition to

weight composition, and correction for solid solution. The

common amount of solid solution, for the component minerals,

as given by Dana's analyses was assumed. Errors may arise

from several factors. Thin sections may not truly represent

a rock especially if it is coarse grained, and all mineral

grains cannot be determined except by inspection. Gravity

analyses are limited in accuracy by the cleanness of separa-

tion of the component minerals; and lack of exact knowledge

of solid solution prevents calculation of chemical com-

position from being entirely dependable. However, it is

believed that the general tendencies shown by these analyses

can be relied upon.

REGIONAL GEOLOGY

GENERAL STATEMENT

The exposed rocks of southern Arizona range in

age from Pre-Cambrian to Recent, and consist of the follow-

ing groups: The Pre -Cambrian Pinal schist of sedimentary

origin, with intrusive granite; the Pre -Middle Cambrian



Apache series consisting mainly of quartzite with diabase

sills; Paleozoic sediments, largely limestone, ranging from

middle Cambrian to Permian; Cretaceous elastics of great

thickness; post-Cretaceous igneous intrusions; Tertiary

flows; and. Tertiary to Recent bolson deposits.

The original relations of these rocks have been

changed by folding, thrusting, and normal faulting. Con-

tact metamorphism is widespread in rocks of pre-Tertiary

age.

DESCRIPTION OF FORMATIONS

Pinal Schist '

Ransame
1 has described the Pinal schist of the

Ransome, F. L., Geology and ore deposits of the Bisbee
quadrangle. U. S. G. S. P.P. 21, pp. 24-27, 1904.

The Copper deposits of Ray and Miami,
Ariz. U.S.G.S. P.P. 115 ...35-37 1919.

Bisbee and Miami areas, as a series of regionally meta-

morphosed arkoses and shales with some amphibolitic beds

representing igneous rocks. These beds are usually folded

steeply and are intruded by granitic rocks, which bodies

are surrounded by aureoles of contact metamorphosed schist.

The Pinal schist occurs in Picacho de la Calera Hills, in
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Canada del Oro, and south of Twin Hills. Outcrops of known

Pre -Apache rocks in the Tucson region are predominantly

granite.

Apache group

The Pinal schist and Oracle granite are uncon-

formably overlain by the Apache sediments. The formations

from the base upward are: Scanlon conglomerate, Pioneer

shale, Barnes conglomerate, Dripping Spring quartzite,

Mescal limestone, and the Troy quartzite. The Troy quartz-

ite is of Middle1 Cambrian age but no fossils have been found.

1
A. A. Sto)anow. -personal communication.

in the lower formations. Darton 2 found a definite break

2

N. H. Darton. Resume of Arizona Geology, pp. 32 -34. 1925.

between the Mescal limestone and the Troy quartzite. Though

essentially conformable, the Troy quartzite overlaps the

lower members of the Apache group to the east in the Mescal

Mountains and finally rests directly on Pre -Cambrian granite.

The Pre -Troy members of the Apache group are intruded by

thick sills of diabase. Locally a vesicular basalt flow

lies on the Mescal limestone.

South of Tucson the Apache group is missing. The

basal formation is the Bolsa quartzite which has a thin



conglomerate at the base.

Paleozoic rocks

Above the Troy and the Bolsa quartzites there are

Middle1 Cambrian shales and over these the Upper Cambrian

1
Stoyanow, A. A., personal communication.

Abrigo formation of cherty limestone or sandstone.

Following the Cambrian formations is the Devonian

Martin limestone which is conformable in dip with the Cambrian

although the break represents Ordovician and Silurian time.

The Martin limestone is overlain by the massive Escabrosa

limestone of Mississippian age and this in turn by the

thinner bedded Naco limestone of Pennsylvanian age.

Cretaceous rocks

The Paleozoic rocks are overlain unconformably by

a great series of Mesozoic conglomerates, arkoses, an shales

with a few limestone beds. The unconformity is an angular

one, and in places the Mesozoic formations lie on the Pre -

Cambrian as at Bisbee. The few fossiliferous beds of this

Series indicate a Cretaceous age.
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Post -Cretaceous rocks

Unconformably on the Cretaceous and all older

formations are local Cenozoic lavas and valley fill deposits.

PERIODS OF DEFORMATION

There were evidently two main periods of deforma-

tion. One is represented by the Paleozoic -Cretaceous un-

conformity and the other by the Post -Cretaceous folding and

faulting. Some structural adjustment took place during the

deposition of Tertiary detritus in intermontane valleys, in-

dicated by the unconformities to be seen in these deposits

as noted by Bryan near Sabino Canyon, and by physiographic

evidence as pointed out by Davis.

IGNEOUS INTRUSION

Igneous intrusion of post- Cretaceous time is

represented in the Dragoon, Santa Rita, and Sierrita Mountains

and in other areas. Metamorphism of the Cretaceous rocks in

the Santa Rita and Sierrita Mountains has apparently re-

sulted from intrusions. Metamorphism of the Paleozoics

in many localities is related to post -Paleozoic intrusions

of igneous rock but it is not always possible to determine

the relation of the intrusives to the Cretaceous.
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RELATIONS OF THE METAMORPHIC ROCKS

GENERAL STATEMENT

There are two general types of altered sediments

in the Catalina -Rincon Mountains, the Pinal schist of limited

distribution and the widespread outcrops of sediments which

have undergone the type of alteration known as "injection-

metamorphism." The latter rocks have been assigned to the

Pre -Cambrian but relations to be discussed suggest the possi-

bility of Cretaceous age.

PINAL SCHIST

In Canada del Oro, schists and schistose grits

are unconformably overlain by the Apache group. Near the

intrusive Oracle granite the schists are more highly meta-

morphosed than at a distance from the contact where the

arkoses and red shales are little altered.

Near Twin Hills, about 14 miles east of Tucson, a

series of schists, phyllites, and schistose grits are in-

truded by granite. Only a small section of these rocks is

exposed but they closely resemble part of the Pinal schist

section of Canada del Oro and are therefore correlated with

that series.
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INJECTION T:E TAMOR PH I C S

Distribution and structure

Catalina Mountains

On the Arizona state geologic map, the injection

metamorphics are grouped as a unit. While subdivision may

be possible, the grouping seems to be justified. The north-

ern boundary of the injection complex is shown extending in

an E. S. E. direction along a chain of basins, which roughly

parallels the southwesterly facing margin of the Catalina

Mountains and is apparently developed along the strike of

weaker schi sts which dip steeply to the north. North of the

mapped contact the dip flattens and the rocks appear to pass

conformably beneath a great thickness of gneiss, which differs

from the injection rocks below it in being more homogeneous)

in containing mainly muscovite mica instead of biotite, and

in containing much less pegmatite. Tlii s gneiss has been

interpreted by Tolman as a laccolithic mass of sheared

granite. At the western end of the exposures in Romero

Canyon, granites of normal texture are intrusive in the

homogeneous gneiss. The contact is in places complex, aplitic

re fts
granite grading into showing of aligned biotite

and than into gneiss. It seems possible that the homogeneous

gneiss may be a phase of the injection complex in which the

host rocks have been more strongly re- worked. The composition

of the two is similar except for the mica. Thin sections,
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however, show cataclastic structures which suggest sheared

granite.

The series of injection metamorphics below the

homogeneous gneiss make up the southwestern third of the

Catalina Mountains and extend southeastward forming the

Tanque Verde and Rincon Mountains. The structure of the

southwestern Catalina Mountains is that of an asymmetrical

anticline whose axis strikes W. N. W. Toward the south-

western margin of the range the injection rocks dip under

the bolson deposits at angles of 20 to 25 degrees. Along

the chain of basins previously mentioned, the injection

me tamorphic s are dipping northerly at angles approaching

the vertical. The dips flatten rapidly to the north as the

series passes under the conformable homogeneous gneiss.

The anticline is cut off on the northwest by a great fault

striking at an angle of about 70° with the anticlinal axis.

This fault which has been recognized by Davis has a breccia

1
Davis, W. M., op. cit. , pp. 284-290.

zone several hundred feet wide near the mouth of Romero

Canyon. Subsidiary faults dip westerly toward the valley

at an angle of 60 to 65 degrees which suggests that the

fault is normal. The anticline shows occasional transection

of structure along its south flank as illustrated by Davis2

2
Davis W. VI o cit. 290.
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who interpreted the transection as due to a normal fault,

but the writer believes it nay be due to a thrust fault.

Outcrops of overthrust blocks occur near Agua Caliente creek

but have not been seen to the west where they may be covered

by the bolson deposits.

Tanque Verde- R inc on Mountains

The broad pass between the Catalina Mountains and

the Tanque Verde Mountains is occupied mainly by the injection

metamorphics which rise from the pass to the anticlinal Tanque

Verde Mountains and after a slight depression again rise to

form the anticlinal RinconMountains.

In general the slopes of the mountains are dip -

slopes but some transection occurs, which may be partly due

to normal and thrust faulting or erosion. The injection

rocks are quite massive and hence do not erode as a series

of alternately hard and soft beds, but more like a homo-

geneous rock, as granite. Toward the crests of the ranges

the erosional forms are very like those of granite. Al-

though not studied in detail, the rocks are rather homo-

geneous granite -gneisses that appear to be the result of

extreme injection metamorphism.

The margin of the injection complex coincides

roughly, with the foothills of the ranges. From Agua

Caliente Hill south, there are numerous outcrops of Pre-
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Cambrian granite and Paleozoic limestones. Near Twin Hills

is an outcrop of Pre -Cambrian granite and schist. Wherever

the relations are clear, the Paleozoic sedimentary rocks

or the Pre -Cambrian granite and schists are thrust upon the

injection complex. When Pre -Cambrian granite or schist over-

rides the injection complex there are occasional lenses of

Paleozoic sediments that appear to have been dragged along

the thrust plane.

The thrust planes are warped and hence the direction

of overthrusting is difficult to determine, but it is believed

that the overthrusts came from the southwest which apparently

was the direction of thrust throughout the region.

Lithologie relations

Character of the injection complex

The injection complex, as stated previously, is

dominantly pelitic in character. Near the Rincon Forest

Ranger station the series of metamorphic s are least altered,

and here the pegmatitic alteration dies out rather gradually

coincident with reduction of coarseness of the gneisses.

The least altered beds consist of quartzitelargillaceous

schist, two horizons of limestone: and silt -like masses of

greenstone which seem to represent an altered mi ca-

lamprophyre. The limestones are partly marbleized and

partly silicified.
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Seven miles northwest of Mescal, Arizona, at the

southern end of the Rincon Mountains, hardened argillaceous

beds and a few thin schistose limestones are interbedded

with coarse feldspathic gneisses. The gneisses seem to

grade into a finer grained arkosic rock. It is difficult

to determine whether the arkosic beds are a result of alter-

ation aocompanied by production of feldspar, or whether they

represent feldspathic sediments which have recrystallized.

Possible age and correlation

of the injection complex

There are three known groups of dominantly clastic

rocks in southeastern Arizona: the Pinal schist, the Apache

group plus the lo Baer formations of the Cambrian, and the

post -Paleozoic sediments which are at least partly of Cre-

taceous age.

Final schist. The Pinal schist, according to

Ransorme, represents a series of arkoses, shales, and sand-

stones, with rhyolitic greenstones, which apparently in some

areas have been metamorphosed as a result of igneous intrusions.

Apache group. The Apache group plus the clastic

Cambrian sediments consists dominantly of quartzite with some

shale or silt and a little limestone. Great sills of diabase

occur below the Troy quartzite, the lowest formation which
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has yielded fossils. The Apache group is widely distributed

from the Catalina Mountains north but is absent in the

Tucson, Little Dragoon, Whetstone, and Santa Rita Mountains.

Quartzite and diabase occur near Shaw's Ranch in a badly

faulted block and may represent the Apache group. Since the

Troy quartzite overlaps lower formations of the group the

absence of the Apache series south of the Tucson region might

be explained by overlap of the Troy in that direction making

the Bol sa quartzite its equivalent .1

1
Darton, N. H., op. cit .p. 36-37.

C,retneeöus. The post -Paleozoic rocks have not

been described in detail. Schrader describes a thick series

of conglomerates, arkoses, and shales in the Santa Rita

Mountains. In the Tucson Mountains there is a great thick-

ness of similar rocks and in the Whetstone range there is

an enormous thickness of Cretaceous2 exposed. Northeast of

2
Lausen, Carl, Leonard, R. J., and Wilson, R. A., personal
communication.

the Catalinas near Redington there are about two thousand

feet of reddish sediments exposed in Box Canyon. The rocks

are mainly reddish shales and sandstone and lie unconf ormably

on the Paleozoic limestones. There is a thick limestone

conglomerate exposed at the base of the section. Tolman
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tentatively correlated these rocks with the Manzano group

of New Mexico but there seems to be no good reason for

separating them from the similar series which overlies the

Paleozoic rocks in the Whetstone or Santa Rita Mountains,

which have been determined as Cretaceous. Cretaceous rocks

also occur in the southern Mescal Mountains. The Cretaceous

contains some beds of limestone.

Conclusion

Lithologic ally, the injection complex is least

like the Apache group which is dominantly quartzitic. It

resembles the Final schist and the Cretaceous rocks equally

well as far as has been determined, except for the presence

of limestone beds. The described Final schist contains no

limestone but these rocks have not been studied in detail

over a wide area and hence limestone may exist. There seems

to be no reason why the Pinal schist should not contain

limestone.

Structural relations

Locally exposures in the foothill belt of the

mountainous areas are suggestive as to the age of the in-

jection metaraorphics.

Twin Hills

The relations at Twin Hills are shown in Figure 1,
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Plate 1. The schist on the west is very like a part of

the series overlain by the Apache group in Canada del

Oro. It has been thrust over the injection metamorphics

and apparently a mass of Paleozoic ( ?) limestone and shale

has been dragged along the break. The limestone and shale

section resembles parts of the Pennsylvanian Naco lime-

stone but no fossils were found even in the least meta-

morphosed exposures.

Rincon Forest Ranger station

A half mile northeast of the Rincon Ranger sta-

tion the injection metamorphics are overthrust by Pre -

Cambrian granite. Small blocks of basal Paleozoic rocks,

some fossiliferous, have apparently been dragged along

the thrust plane. The relations are shown in Figure 2,

Plate 1. Proceeding toward the mountains one passes

from rocks scarcely affected by the pegmatitic alteration

to rocks strongly affected. The competence of the series

apparently increases as the pegmatitic beds become more

abundant as shown by dying out of the minor faulting.

Shaw's Ranch

At Shaw's ranch a large block of Paleozoic lime-

stone is thrust on the gneisses. North of the ranch the

block is eroded through at several points exposing a series

of indurated rocks of conglomeratic nature. Zany boulders
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are angular. East of the hill in which the Colossal cave

is located, the Pennsylvanian limestone of the overthrust

block lies on steeply dipping black limestones and shales.

A normal fault limits the exposure and prevents determination

of the relations of this group to the injection rocks.

These rocks have been mapped as Cambrian limestone but are

wholly unlike the known Cambrian section and are unfossilifer-

ous. They resemble a part of the Cretaceous of the Whetstone

region.

Near Mescal

Northwest of Mescal station on the Southern Pacific

R. R., a block of Paleozoic limestones is thrust upon the

injection complex. The relations are shown in Figure 3,

Plate 1, and a possible interpretation in Figure 3a. About

one half mile south of the outcrop of the thrust a dry

creek has cut through the post-thrusting alluvium and

has exposed a small outcrop of schistose sediments near

the crest of an anticline developed in the alluvium. Fur-

ther south the Paleozoic thrust block is again e )posed .

The southernmost Paleozoic rocks are separated from the

northernmost Cretaceous by a quarter of a mile of low

land covered by gravel and sand. The Cretaceous is

folded and greatly indurated.

The habit of the injection metamorphism is to

die out toward the margins of the mountainous areas

coincident with an increase in folding. This fact suggests
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that the gneiss and schist of the Rincon Mountains passes

under the overthrust Paleozoic limestone block which appears

to be completely eroded through in places. The metamor-

phics reappear where the Paleozoic limestone has been eroded

through near the crest of the anticline in the alluvium.

Since the alluvium is later than the thrusting, warping of

the alluvium upwards would also warp the thrust plane up-

wards. The metamorphism in this exposure is distinctly less

than that in the mountains. From this point southwards

the metamorphiss again pass under twisted Paleozoics and

do not reappear unless the greatly hardened Cretaceous beds

are their equivalent. The ma8king by the older and younger

alluvial deposits prevents certain determination of the

relations.

Discussion

From the relations in these four localities ore

notes that Pre- Cambrian rocks are thrust on the injection

complex with dragging in of Paleozoic limestone, or in

some places the Paleozoic limestones themselves appear to

constitute the main overriding block as at Shaw's ranch.

At numerous other points around the southern, and westerly

facing margins of the metamorphic complex, outcrops of

Paleozoic sediments or Pre -Cambrian granite are thrust on

the injection rocks. If one assumes a Pre -Cambrian age for

the injection complex then some of the thrusts are of

younger rock on older, or if Pre -Cambrian is thrust on
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Pre -Cambrian (i.e. Pre -Cambrian granite or schist on

Pre -Cambrian schist which has suffered injection meta-

morphism) then we find Paleozoic rocks dragged along the

thrust. The normal relation of thrust faults is older rocks

overriding younger. In the Santa Rita Mountains near Rose-

mont, Thomas 1 found steeply dipping Paleozoic sediments

1
Thomas, Walter. Thesis in library at University of
Arizona. Cross- sections.

thrust upon the folded Cretaceous. In the Empire Mountains,

Schrader2 and Hill found Paleozoic limestone overriding the

2
Schrader, F. C. and Hill, e. M. Mineral Resources of the
Santa Rita and Patagonia Mountains, U.S.G.S. B. 582,
Plate III, Section A -B.

Cretaceous. Similar thrusts are known in the Tucson region

but none of these have been described. The thrusts are

apparently of great displacement and appear to have resulted

from pressure from the southwest since the -Mend of struc-

ture in the region is northwest parallel to the margin of

the Colorado Plateau.

At Bisbee, J. B. Tenney has observed some thrust -

of younger rocks upon older for short distances, but these

after passing the crest of the anticline show older rocks

lying upon younger. If the thrusts of the Catalina and Rincon

Mountains are mainly of Pre- Cambrian schist or granite upon

Pre -Cambrian injection metamorphics how could Paleozoic
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sediments be dragged along the thrust plane? It is remark-

able that normal thrust relations have not been observed.

Miscellaneous relations

Relation to Apache group and Bolsa quartzite

The writer has never seen the Apache group or the

basal Paleozoic sediments lying by normal sedimentary con-

tact on the injection complex. On the northeast side of the

Catalinas there are gneisses and schi sts of distinctive

character apparently overlain by the metamorphosed Apache

group but these rocks have not been affected by pegmatitic

alteration and appear to be real Pinal schist.

o

Absence of equivalent "Cretaceous

Another feature difficult to explain is the lack

of outcrops of the post-Paleozoic sedimentary rocks which

are of great thickness near Tucson and in the Santa Rita

and Whetstone Mountains. Moreover these rocks extend as

far north as the Mescal Mountains aná hence surround the

area studied. It seems questionable that a series of rocks

could be so hidden by structure or so completely eroded that

no exposures occur in the Rincon; Tanque Verde`, or southern

Catalina Mountains, an area of four or five hundred square

miles. The only acceptable explanations of the absence of



24

recognizable Cretaceous are that the rocks mere never de-

posited in the area occupied by the mountainous tract, or

that the injection complex is the equivalent of these sedi-

ments,

Comparison of the injection complex

and the Pinal schist

The Pinal schist usually shows steep dips and ab-

rupt transection of the beds by the pre- Apache erosion sur-

face. The injection complex on the whole shows low dips

and as previously mentioned has not been seen to be over-

lain by the Apache group with a normal sedimentary contact.

Post -Cretaceous metamorphism

Metamorphic rocks, probably of Cretaceous age,

are present in the Sierrita Mountains and are known to be

present in the Santa Rita Mountains. In the latter range

a series of Cretaceous elastics, which have yielded fossils,

are locally metamorphosed to schi sts .l This area is approxi -

1
Field trip April 19, 1931 - With B. S. Butler and
Eldred Wilson.

mately six miles west of Greaterville.



25

Summary

It is obvious that definite dating or correlation

of the injection complex is not possible at present, but

it seems that the possibility of an age other than Pre-

Cambrian is worthy of recognition. The writer believes

the choice lies between the Pinal schist and the Cretaceous.

The Cretaceous is favored by lithology, especially the

presence of limestone, by structural relations, and by the

absence of any equivalent in the greater part of the

Catalina -Rincon Mountains.
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INJECTION l, TA1/1OR PHI SM

INTRODUCTION

The injection metamorphism has resulted in two

general types of product:

1. A series of injection gneisses.

2. A large amount of coarse -grained rock of

pegmatitic aspect.

The gneisses are generally composed of oligoclase,

biotite , and quartz, while the pegmatitic rocks are composed

mainly of albite, orthoclase, and quartz.

The habit of the injection alteration is sill -

like. Types of injection gneiss, and pegmatitic bodies are

developed mainly parallel to the original bedding or schis-

tosity of the host.

Types of injection gneiss are more constant in

character horizontally than are the pegmatites, but vertical-

ly, variation of character of the injection gneiss does take

place, seemingly due to the original character of the rock

and the severity of alteration. On the whole , types of in-

jection gneiss are more extensive, and show less variation in

size of individual units than the pegmatite bodies, which

vary from single crystals, bands, or lentils to great sill -

like masses a hundred feet thick.
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Rarely, pegmatitic alteration has made out

laterally from fractures cutting the injection gneiss

which suggests a sligh tly later age for this type of meta-

morphism. Horizontally, replacement pegmatites pass from

pegmatite into some type of injection gneiss within a short

distance. Injection gneiss, away from the margin of the

pegmatite body, does not necessarily differ from gneiss

stratigraphically above or below the pegmatite, which again

suggests that the pegmatitec alteration took place after

the development of the injection gneiss. The two types of

alteration are, however, believed to be a result of one

general process and to have occurred at essentially the

same time because of chemical relationship,, and the field

relations to the Romero Canyon intrusives.

The character of the host rock, before injection

metamorphism, is difficult to determine, since the exposures

are limited by late bolson deposits before the alteration

dies out. However, the suggestion is found in some localities

that the seduments were but slightly if at all metamorphosed

before the injection process took place. It is certain that

development of schistosity by production of aligned biotite

plates preceded the growth of the oligoclase feldspar of the

gneisses but there seems to be no good reason for assigning

the development of biotite to an earlier distinct period

of metamorphism. It is, therefore, not known whether the

host rock was or was not schistose before the injection

process. If the host rock is correlated with the Pinal
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schist, it need not have been schistose since the Pinal in

Canada del Oro is in places practically unme tamorpho sed .

OLIGOCLASE ALTERATION

Since this part of the metamorphism has only been

studied incidentally with the pegmatite, the division into

types of product can only be tentative. The division used

is based on that of Read lfor Sheets 108 and 109 in Scotland.

1
Read, H. H., Geology of Central Sutherland. Memoir
Geological Survey of Scotland. Sheets 108 -109,
pp. 112 -146. 1931.

TYPES OF PRODUCT

Aluminous types

As previously stated, the injection gneisses and

the schist base of the injection gneisses, are predominantly

.pelitic in character. On the basis of alumina content, a

subdivision into highly and moderately aluminous types may be

possible but data is insufficient to attempt it here. Sub-

divisions are made on the basis of macroscopic structure.

The types are, in general, given according to increasing

severity of alteration.



29

Non- augened type

A non -augened type from near the Rincon Forest

Ranger station consists of plates of white mica, very small

grains of feldspar, and occasional grains of detrital quartz

set in a fine, dark, argillaceous groundmass. It is a phyllite

which has been but slightly affected by the injection alteration.

Specimen 12 from near Montrose Canyon is a fine

grained rock composed of biotitic layers separated by granu-

lar aggregates of glassy- looking minerals occasionally ex-

hibiting cleavage faces. In thin section the specimen is

seen to be composed of layers of aligned brown biotite separat-

ed by somewhat thicker layers made up of sodic andesine and

subordinate quartz. The plagioclase crystals are crowded

with prisms of moderate birefringence, high relief, and

negative elongation. These properties suggest andalusite

but the grain size is too small for accurate determination.

Specimen 46 illustrates another non -augened type

which apparently represents a partly altered phyllite.

Macroscopically the dark gray rock retains its sedimentary

appearance and only mica and small feldspar grains can be

recognized. On cleavage plates biotite and larger muscovite

scales can be seen. In slice it is seen to be a crystalline

rock composed of rather indefinitely crystallized biotite,

occasional muscovite, plates, plagioclase, quartz, iron ore

and rare grains of apatite. Layers rich in biotite and iron

ore contain some interstitial oligoclase, quartz, and. apatite,
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and these dark layers alternate with light layers composed

of quartz, quartz and feldspar, or quartz, feldspar, and

muscovite.

The feldspar mainly forms clear, limpid or slightly

dusty grains which are rarely twinned. The indices of re-

fraction and general appearance are similar to quartz.

The biotite is difficult to resolve into individual

foils except near layers of quartz where the laths are larger

and more definitely crystalline.

A further stage of alteration of pelitic schist is

represented by specimen 5. This is a dark well crystallized

type which occurs abundantly as stratigraphic units but also

is abundant as the base of augened or streaked gneisses.

Specimen 5 is dark with speckled areas due to the development

of small feldspar crystals. Biotite plates may be seen on

surfaces parallel to the rock cleavage.

In thin section the mineral composition is that

characteristic of the pelitic i tamorphics, namely quartz,

oligoclase, biotite, and accessory orthoclase and magnetite.

The oligoclase grains represent an early stage of development

of the augens of the porphyroblastic type to be described

later. The feldspar and quartz, in varying proportions, are

present in rather indefinite layers in which light -colored

constituents predominate, contrasting with the hands in which

dark biotite and magnetite predominates. Muscovite and

biotite are both commonly enclosed in plagioclase but muscovite

is a product of replacement along cleavages or fractures while
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biotite is merely mechanically enclosed without any orientation

in regard to cleavage. Muscovite is present in small amounts.

Orthoclase is unimportant but does occur associated

with quartz or as small irregular to elongated grains replac-

ing the plagioclase crystals at the margins or along cleavages.

Much variation from these non -augened types occurs.

From the base typified by specimen. 5 the porphyroblastic type

may develop by increase in size of some of the oligoclase

feldspars, or the streaked types may develop by emphasis of

the light bands or lentils. The controlling factor in pro-

duction of streaked types is the suppression of biotite in

alternating hyers or in lenticular areas.

Porphyroblastic types

Specimen 65 shows macroscopically, sub -oval to

sub -angular crystals of feldspar averaging three mm. in

diameter, set rather unevenly between dark layers high in

biotite. This arrangement does not greatly accentuate the

directional structure of the rock which has a moderately

foliated appearance due to the alignment of biotite, the

presence of quartz in lenticular aggregates, and a tendency

for the feldspars to be elongated parallel to the biotite

layers.

Specimen 43a is very similar to #65 except that

the feldspars are larger, averaging about five mm. in

diameter, and as a consequence the rock is somewhat lighter
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colored than specimen 65. In thin section the specimens are

seen to be composed of porphyroblastic eyes of oligoclase

set between layers of brown and green biotite and uristráined

colorless quartz. The quartz layers are elongated lentils

composed of intimately sutured grains characteristic of all

the injection gneisses. Each grain of quartz has its maxi-

mum dimensions roughly parallel to the foliation of the rock.

Dusty trains occur in quartz grains and may extend from one

grain to another without interruption. This seems to be a

late development. Lentils of quartz often show small grains

of orthoclase or plagioclase, and likewise layers of biotite

usually contain interstitial magnetite, quartz, plagioclase,

and orthoclase.

On approaching an oligoclase eye, the layers of

biotite and quartz either end abruptly against the feldspar

or partially or wholly pass around the eye. In the latter

case the thickness of the quartz layers decreases greatly,

sometimes allowing the thinned alternating layers of biotite

to be united. Some polygonal areas formed by distention

of the foliation around a feldspar eye are occupied by

material rich in quartz or biotite. Layers of biotite may

pass into a single feldspar, or the feldspar may contain

biotite plates of random orientation not continuous with

layers outside,

Quartz layers may cut and replace the feldspars

and in some cases have filled cracks in the feldspar Which

apparently were developed by deformation. Deformation may
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have. caused the breaking down of feldspars around the

margins into a fine aggregate but cataclastic structure is

on the whole but slightly developed.

Myrme Cite, an intergrowth of quartz and plagioclase

which has been thought to result from replacement of ortho-

clase by plagioclase with freeing of silica, occurs but not

abundantly; and rarely quartz replaces orthoclase in semi -

graphic structure.

The mode of specimen 43a was determined as: oligo-

clase (Áb85 An15) 40%, orthoclase 2 %, quartz 47 %, biotite 6%,

and small amounts of magnetite, sericite, and andalusite ( ?) .

Much variation in the absolute and relative sizes

of the oligoclase eyes occurs. Specimen 18 shows plagioclase

crystals of a wide variety of sizes. Some extend across a

number of biotite and quartz layers and disrupt them so

strongly that the foliation is nearly destroyed.

The larger plagioclases are apt to be more sodic

in composition than the smaller ones. If degree of altera-

tion is measurable by the absolute size of the plagioclase

eyes then it is also measurable by the increase in soda

content of the plagioclase.

Along very local zones parallel to the foliation,

porphyroblastic gneisses may show cataclastic structures.

The eyes of pltgjoclase are strongly broken and disoriented

with rounding of the edges by production of ground up

feldspar. The more highly crushed zones, usually only a

few inches wide, are higher in quartz and orthoclase and
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lower in plagioclase and biotite than the uncrushed rock.

This suggests deformation before the pegmatitic phase of

alteration was completed which is probably to be correlated

with the thrust faulting in the region. Some small thrusts

within the complex seem to be later than the pegmatitic

alteration.

Streaked type

Macroscopically these rocks exhibit thin layers

rich in biotite alternating with feldspathic lentils or lay-

ers. The lentils may be very extmded as layers, or some

of them may be shortened and thickened into false glomero-

porphyritic masses. These rocks are the most beautiful of

the various types and where polished in creek beds exhibit

striking patterns.

In thin section the dark layers are seen to be

composed of green or brown biotite, small eyes of oligoclase,

and interstitial magnetite, quartz, and feldspar. The green

biotite is apparently an alteration of brown biotite and

occasionally passes into green isotropic chlorite. The dark

bands are essentially of the same composition as the fcunda-

tion of most injection rocks as typified by specimen 5

described previously. The light colored bands are composed

of the same minerals but the biotite and magnetite are

greatly suppressed while quartz and feldspar have increased

in amount. Some light bands could be derived from the base

by removal of biotite and magnetite but others are apparently

due to considerable introduction of material, particularly
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Siliceous tykes

auartzitic rocks. Siliceous rocks are rather

unimportant in the complex. About six miles north of

Colossal Cave, a small outcrop of white quartzite occurs.

It dips with the underlying rocks but may be vein quartz

which it resembles.

Other fine grained quartzites or arkosic quartzites

occur near the Rincon Ranger station and east of Twin Hills

but are only hardened by the alteration. Arkosic rocks

7 miles northwest of Mescal seem to grade into coarse grain-

ed gneisses composed of albiclase, orthoclase, muscovite,

and biotite but single beds cannot be traced far enough to

correlate the arkose and gneiss definitely.

Quartz -biotite schists. Quartz -biotite schists

occur in thin beds. When strongly affected by the in-

jection metamorphism these assume a glassy appearance or

are recrystallized along the schistosity resulting in lay-

ers of quartz up to several inches wide.

The original schist is simple in composition. A

few spaced laths of aligned biotite tend to occur in layers

separated by indefinite layers of nearly pure quartz. The

quartz grains are generally elongated parallel to the aligned

biotite. Dusty trains occur in quartz and extend usually

at right angles to the schistosity. Some pass uninterrupted
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from one grain to another. A little feldspar and magnetite

occurs.

Miscellaneous types

Granite gneisses and intrusives

In the high central areas of the mountains there

are granite gneisses which appear to represent an extreme

phase of the injection process. The writer has not reached

these areas but from erosion forms and character of stream

boulders the rocks appear to be similar to the aplitic in-

jection gneisses developed in Romero Canyon. The rocks are

quite homogeneous and consist of material of aplitic com-

position with streaks of aligned biotite. In thin section

the light minerals are seen to be quartz, albite, and ortho-

clase with occasional bands containing much quartz or some

oriented biotite. Garnet is quite commonly developed. It

varies from yellow to red in color. Bands of garnet rock

of reddish color are seen. These are apt to show folding

similar to the contorted folding of aplitic or pegmatitic

bands in injection gneisses.

The aplitic granite-gneiss Of Romero Canyon is

closely related to the intrusion of a medium grained bi6tite

granite composed of quartz, albitic plagioclase, and ortho-

clase. This granite is the end-member of a series of in-

trusions. The most basic member is composed of zoned
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plagioclase (andesine to oligoclase) , biotite, sonne green

hornblende, orthoclase, quartz, magnetite and sphene. The

rock is related to the granodiorites.

Homogeneous gneiss

The homogeneous gneiss exposed north of the in-

jection metamorphics in the Catalina Mountains, is a light

colored rock showing a few eyes of feldspar set between

discontinuous layers composed of quartz, muscovite, or . fine -

grained feldspathic material. In slice specimen 33 shows

oligoclase eyes, fine feldspar, quartz, muscovite, and a

little biotite. The oligoclase eyes are few in number and

show marked crushing effects. The crushing of feldspar

has resulted in tails and lentils of fine particles. Ortho-

clase is present as small shapeless unstrained grains and

appears to be a result of replacement. Orthoclase re-

places the large plagioclase eyes along cleavages. ;?uartz

is present as lentils of sutured grains and is usually un-

strained. Myrmekite may be well developed. The specimens

are too fine grained to permit a satisfactory determination

of the mode. Mineralogically, however, it is richer in

muscovite and poorer in biotite than the pelitic injection

gneisses and appears to be somewhat richer in orthoclase

also.

Igneous tykes

Hornblende- feldspar schist

In widely separated localities, there are small
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exposures of hornblende schist.

Specimen 3 was collected from a sill approximately

five feet thick on the north side of Montrose Canyon. It

is composed of common hornblende and labradorite in approxi-

mately equal proportions with accessory magnetite and apatite.

The specimen is slightly schistose and is cut and replaced

by pegmatitic veins.

Specimen 78 was collected in the Rincon foothills

about seven miles northwest of Mescal station. It likewise

consists of common hornblende and zoned labradorite in nearly

equal proportions with important accessory magnetite. The

specimen shows little schistosity.

These hornblendic rocks have the composition of

diabase and are probably of igneous origin.

Greenstone

Near the Rincon Ranger station there are sills of

greenstone of more acid character. In thin slice they show

small laths of plagioclase, probably oligoclase, chlorite,

biotite, a little orthoclase, and abundant iron ore. Alter-

ed patches seem to have the octagonal shape of pyroxene.

The texture is trachytic and one slice shows a single fresh

phenocryst of plagioclase approximately Ab80 An20. The

lath shaped plagioclase is too altered for satisfactory de-

termination but appears to be basic oligoclase. The chlorite

is seen to be at least partially, an alteration product of
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biotite. Some biotite remains. Iron ore occurs abundantly

as small grains scattered throughout the section. Ortho-

clase is present as rare laths and irregular grains. The

rock may be an altered mica- lamprophyre.

DEVELOPMENT OF MINERAIS IN PELITIC GNEISSES

Biotite is apparently the earliest mineral formed

in abundance. It is probably a type high in iron since

considerable iron has been rejected as magnetite. Plagio-

clase may have developed at the same time as biotite but

continued to do so after the biotite laths reached their

growth for single eyes mechanically include biotite. Small

eYes of plagioclase are usually near andesine in composition

but larger grains are more sodic. This suggests a con-

tinual addition of soda resulting in alteration of basic

oligoclase toward albite, the amount of Cat) available re-

maining nearly constant. Orthoclase replaces plagioclase

and appears to be essentially a late mineral. Muscovite

and sericite likewise replace plagioclase.uartz is ob-

viously the latest mineral to crystallize. It has replaced

the feldspars and, when crushing has occurred, has crystallized

along cracks in the feldspar eyes.
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CHEMICAL CHANGES DURING DEVELOPiVfl NT

OF INJECTION MISSES

Or final nature of rocks

The original rock was sedimentary, with normal

sedimentary habit. Where last metamorphosed they appear

to be mainly shalt' with some arkose and minor amounts of

sandstone and limestone.

Comparison of a typical analysis - specimen 75a -

with shales 1 shows that the main difference is in soda

1
Clarke, F. W. Data of Geochemistry, 5th Ed., U. S. G. S.,
B. 770 . 552.

75a A D II IV

Si02 56.6 60.2 55.0 59.54 59.25

A1203 22.3 16.5 21.0 19.55 18.48

Fe oxides 5.7 6.9 6.5 6.84 8.02

Ca0 3.6 1.4 1.6 1.85 2.51

MgO 3.8 2.3 2.3 2.73 2.30

Na20 5.5 1.0 .8 1.88 3.78

1(20 2.5 3.6 3.2 3.68 3.64

Other Not.det. 8.6 10.1

100.0 100.5 100.5
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75a - Model analysis of typical pelitic schist.
A - Composite of 51 Paleozoic shales. H.1. Stokes.
D - Middle Cambrian shale - Coosa valley, Alabama,

analysis by H. N. Stokes.
II - Pelitic schist outside complex and
IV - Pelitic schist within injection complex.

H. H. Read. op. cit. p. 148.

content. High soda content is characteristic of pelitic

injection rocks and is indicated mineralogically by the

large amount of oligoclase. All gradations between a

schist with small amounts of oligoclase, to gneisses with

high percentages, are found indicating a difference in the

amount of soda added. The potash content seems to be a

little lower than that of shales but it is unsafe to assume

that potash has been leached because of the limitations of

the method of analysis. However, very near replacement

pegmatite it is hard to escape the conclusion that "potash

has been leached. This fact is due to the instability of

biotite during pegmatitic alteration and the tendency for

orthoclase to occur in large crystals. The amount of lime

present seems a little high for shales but many analyses

of shales run as high or higher, and again the method of

analysis may be at fault.

Nature of solutions

From these changes the solutions need only to have

carried soda and some silica. Some analyses seem to indicate
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an addition of silica but this is not certain in all cases

for the rocks may originally have been siliceous shales.

Read found enrichment in soda and probably lime

in the injection complexes of Sutherland.

PEGîiA.TITIC ALTERATION

SUl'LIMRY

Widespread rocks related to the quartz -feldspar

pegmatites occur as bodies varying from single feldspar

crystals to large sill -like masses of quartz and feldspar.

Most bodies have been developed by reworking of

the oligoclase injection gneisses. The metasomatic changes

have involved introduction of potash and silica and the

elimination of bivalent oxides. The introduction of material

has been accompanied by some change of volume in fissile

rocks but in massive or rigid rocks little or no change of

volume has occurred. Deformation accompanying pegmatites

in fissile host rocks, has resulted partly from compaction

of the host and partly by migration of quartz and feldspar

from the host rock near points of greatest stress. Localized

deformation is believed to be due to the force exerted by

growing crystals.
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GENERAL CHARACTER ANT DISTRIBUTION

Pegmatitic bodies vary in size from single crystals

of feldspar to great masses of sill -like habit. These are

widely distributed in the southern Catalina Mountains and in

the Tanque Verde - Rincon range. Because of the sill -habit,

the amount of pegmatite varies considerably at different

horizons in the injection complex. In some zones the host

rock may show little or no pegmatite, but other horizons

may consist largely of this rock.

The important minerals developed are orthoclase,

albite, and quartz but usually sporadic garnets, magnetite,

and muscovite are found. Relicts of biotite, chlorite, and

oligoclase are present in small amounts in most pegmatites.

The predominance of light -colored minerals makes the pegma-

title bodies stand out sharply from the darker gneisses and

schists.

TYPES OF PEGMATITIC BODIES

There are a number of types of pegmatitic bodies
Plate 2

illustrated in Figures 1 - 9.A Every gradation occurs be-

tween these types.

Single feldspar crystals

Figure 1 illustrates a rare type developed in a

massive gneiss one -half mile north of the mouth of Romero
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Canyon. The gneiss shows occasional idiomorphic crystals

of orthoclase which do not distend the foliation of the

gneiss. Layers of the gneiss rich in biotite may pass

through the crystal without interruption but the feldspar -

quartz layers are completely replaced.

Figure 2 represents another type of rather rare

occurrence. The important characters are the anhedral

shape of the single orthoclase crystal and the distention

of the schistosity around it. Figure 3 is a very common

type of occurrence. The orthoclase, or rarely albite, is

anhedral, and partly distends and partly cuts across the

schistosity. Occasionally, single anhedral feldspars have

thin envelopes of fine grained feldspar and quartz or may

have thread -like aggregates of these minerals extending

along the foliation of the host.

Pegmatitic bands

Development of several individual feldspars along

a single plane of foliation, with a connecting band of

fine -grained quartz and feldspar, results in the type illus-

trated by figure 4. Thin sections of the connecting bands

shows them to consist of important quartz, with varying

amounts of plagioclase and orthoclase. These bands are

altered layers of the host rock with some introduced material.

quartz occurs as elongated lentils and feldspar as fine

grained layers. These layers may be somewhat distended
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about the large orthoclase crystals but are generally

thinned and partly transected.

Pena tit is beds

Development of bands in adjacent planes of foliation

results in pegmatitic beds rhich vary from an inch to a

thickness measured in tens of feet. Figure 5 represents

pegmatitic beds in which no or very little distention of the

layers of host rock occurs. Practically, one is restricted

to beds of rather small thickness in determination of the

presence or absence of deformation of the host rock. As

might be expected, the coarseness of grain of pegmatite

beds is usually greater in the thick layers. Albite crystals

may attain a diameter of one inch and orthoclase a diameter

of 12 inches or more. Orthoclase usually occurs in crystals

averaging three to six inches in diameter: Zuartz lentils

are thicker and longer than in less altered beds. In coarse

pegmatites, orthoclase is often graphically intergrown with

quartz.

Figure 6 represents pegmatitic beds which have

slightly deformed the host rock but mainly transect the

gneissic foliation.

Lenticular beds

Lenticular masses of pegmatite occur in highly
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foliated rocks. The host rock passes around the bodies which

may show no connection with nearby occurrences. Some transec-

tion of the foliation may occur and occasional layers of the

host rock can be traced across the pegmatitic mass.

Lenticular masses are limited in thickness to a

few feet.

Biotite selvages may occur as incomplete envelopes

about some pegmatites which distend the host rock.

Pegmatite veins

Vein -like pegmatites near the intrusive granites

of Montrose and Romero canyons are quite abundant and exhibit

fairly even walls. Away from this area the veins are apt

to be irregular in width as illustrated in figure 8. In the

latter case alteration seems to have extended outward from

a narrow fracture cutting the gneiss.

Irregular bodies

Figure 9 illustrates an irregular mass of pegmatite.

Little or no deformation of the host is apparent around these

masses. It is possible that these masses belong to pegmatite

beds which are not well exposed but they seem to be as shown.
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PETROGRAPHY AND ORIGIN OF STRUCTURE

Petrography

Hand specimens of pegmatite beds are hardly re-

presentative of grain size but are typical in mineralogical

composition. Specimen 65c consists of sub -oval to sub -

angular orthoclase crystals up to two inches long set in a

finer grained foliated base. The base is divisable into

lenticular layers and polygonal areas of quartz, layers of

fine sodio plagioclase with occasional larger albite crystals,

and sporadic books of muscovite. Rather large masses of

magnetite and occasional garnets are rarely visible in the

cliff face from which the specimen was collected. Thin sec-

tions of the finer grained portion show sutured aggregates

of quartz in vein -like masses, rather large crystals of

albite, fine aggregates of oligoclase and albite, shreds of

muscovite and fine irregular grains of replacement orthoclase.

Oligoclase and albite are partly kaolinized but orthoclase

is usually clear. Myrmekite and graphic intergrowths of

orthoclase and quartz are occasionally developed. Feldspar

crystals are sometimes cracked into several pieces which ex-

tinguish at nearly the same time. The fractures are usually

filled with quartz which has attacked the feldspars.

Maximum alteration results in a rock of similar

structure and composition but the orthoclases are usually

large attaining lengths of 12 inches or more, though averag-
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ing much smaller. Large crystals frequently are partly or

wholly made up of graphic intergrowths of quartz and ortho-

clase. No microcline has been recognized. All tested samples

of the potash feldspars have one index below or equal to

1.520 and microcline twinning is absent.

Origin of structure.

The foliated structure, found in nearly all pegmatite

bodies, is due to the parallelism of the quartz lentils,

layers of fine feldspar, and maximum dimensions of large

feldspars and books of muscovite. Not only are these essen-

tially parallel to each other, but also to the foliation of

the host rock.

The foliation of the pegmatite seems to be due to

several factors:

In beds of comparatively low dip such as the gneiss

and schist exhibit, the maximum component of gravity is per-

pendicular to the foliation and the minimum component along

the foliation. In addition there is reason to think that the

host rock was practically flat lying at the time of injection

metamorphism. In either case it would be easier for crystals

or crystal aggregates to grow along the foliation of the host

than at right angles to it.

Permeability of the host was undoubtedly greater

along the foliation, for biotitic layers seem to have been

relatively impervious.

Cataclastic structure has been developed but the
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effects are small. Fracturing of feldspars with migration

of quartz are the commonest results but little grinding has

occurred.

The most important factor in the foliation of the

pegmatite ,then , is the control of developing minerals by the

foliation of the host gneiss or schist. Lenticular pegmatite

bodies show the least foliated structure.

METHODTROD OF ETLACEL ENT

Pegmatite bodies of types 1, 5, 8, and 9 are be-

lieved to have been formed by simple replacement and types

2, 3, 4, and 6 by a combination of replacement and displace-

ment. Type ? seems to be largely a result of displacement

processes.

Controlling factors

Three factors are believed to control the volume

relations of pegmatitic bodies:

1. The physical character of the host rock*

2. Building -up of competency of the host.

3. Migration of constituents under pressure of

growing crystals.
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Nature of host

Lindgren has distinguished between metasoma tic

processes occurring in rocks which can yield under pressure

and rigid rocks which cannot yield. Volume for volume re-

placement must occur when minerals develop in rigid rocks

but some change in volume may occur in soft rocks. Apply-

ing this principle to the host rocks of the pegmatites, two

extreme types of host are distinguished: the less foliated

massive gneisses and the highly foliated schists. Replace-

ment pegmatites are restricted to the massive or rigid gneiss

and displacement pegmatite bodies are best developed in

schists.

Compaction and building -up of competency

by pressure

The alteration of biotitic host rocks, during de-

velopment of large feldspars, has undoubtedly increased

their competency. An illustration is given in figure 10.

Two large feldspars have developed in a biotite schist with

production of a band of quartz and feldspar, due to the

elmination of biotite and recrystallization in a layer of

schist. As noted in the diagram this altered schist passes

above crystal I and splits around crystal II. Evidently
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the large feldspars grew at least partly after the altered

band was produced. Feldspar I found it easier to greatly

deform the schist downward than to deform the competent

altered band upward. Feldspar II . suc ceeded in partly de-

forming the split -band but its dimension perpendicular to

the schistosity is decidedly less than the dimension parallel

to the schistosity.

It is evident that feldspar I could not have in-

definitely continued growth downwards by deformation for

compression of the host would eventually have made it rigid

and further growth could only have taken place by replacement.

The limitation of thickness of lenticular pegmatites, as ob-

served in the field, may be due to building up of the com-

petency of the host rock by compaction.

Solution transfer under pressure of gron_g crystals

Migration of constituents of the host rock has un-

doubtedly taken place in connection with the formation of

single crystals. Close examination of figures 2 and 3 show

that the deformation of the host as determined by the layers

of biotite dies out a short distance above or below the

crystals. It will be noted in the diagram that this is

accomplished by thinning of the quartz feldspar layers at

points of greatest stress allowing the biotite layers

(horizontal lines in figdre) to touch. The phenomena is

best observed in thin section. There can be little doubt
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that the pressure exerted by growing feldspars has been

transmitted through the biotite layers to those rich in

quartz and feldspar. Under this condition of stress and

in the presence of the altering solutions, the quartz and

feldspar have gone into solution while the biotitic layers

have been relatively unaffected. Constituents Which were

usable by the growing feldspars probably entered into them,

but other constituents deposited in any space available

and the remainder migrated from the locality. This process

is called "shielded replacement" in this paper.

A similar process may have taken place around

displacement pegmatite bodies of larger size, for these

often show marginal biotite selvages up to an inch thick.

It is possible that the biotite selvage represents a con-

siderable thickness of host rock from which the quartz and

feldspar has largely been removed and these constituents

incorporated in the pegmatite mass.

Discussion of method of an lacement

of types of pegmatite bodies

With these principles in mind the types of

pegmatite body may be summarized as follows:

Types 1, 5, 8, and 9 are simple volume for volume

replacements of rigid host rocks. Type 4 may be simple re-

placement or may be classed with types 2, 3, and 6 as pegmatitic

bodies developed with some change in volume in fissile host
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rocks. The change in volume is minimized by the process

of shielded replacement. Type 7 may have either of two

origins. It may represent intrusion of a pegmatite magma

or may result from localized crystallization of minerals

from thin mobile solutions in very fissile host rocks. It

does not seem consistent to assume intrusive displacement

by a magma and displacement due to force of growing crystals

in the same locality. The writer believes that the force

of growing crystals, which is of some magnitude and is al-

ways effective, is entirely adequate to explain the occurrence

of lenticular pegmatites in fissile host rocks. Such host

rocks are capable of some compaction and if the process,

shielded -replacement, is operative the amount of compaction

necessary is reduced. The growing mass of crystals cannot

exert a greater force than the crushing strength of these

minerals, and hence the limited thickness of lenticular

pegmatites may be explained by building -up of the competency

of the host, by compaction and alteration, until the en-

closing pressure on the pegmatite mass exceeds the force of

crystallization of the component minerals. Growth from

this stage can occur only by replacement.

PHYSICAL NATURE OF ALTERING SOLUTIONS

It has generally been held that normal pegmatites

were formed from partial- magmas. Schaller'-has lately

1
Schaller, W. F. Mineral Replacement in Pegmatite,
Arp. Mineralo i st Vol. 12 . 59. 1927.
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emphasized the hydrothermal nature of p egmat i tic solutions

as evidenced by widespread processes of replacement. The

pegmatites of the Catalina- Rincon ranges are somewhat un-

usual in that they show structure inherited from the host

rock. The solutions which have produced most of the bodies

must have been very thin and mobile to have penetrated the

spaces available, which suggests an essentially hydrothermal

nature. It is hard to conceive of a magma being forced into

country rock and crystallizing as isolated bodies, parti-

cularly when the latter are single crystals of orthoclase

or albite. This would require magmas of aloi tic , orthoclasic,

and quartz -orthoclase- albite composition or differentiation

from the latter type. Replacement pegmatites show addition

and sub traction of material. The constituents removed have

migrated out of the pegmatite zone. From this fact the

pegmatitec solutions are believed to be essentially similar

in character to those which cause the wall rock alteration

in connection with ore deposition. If the solutions were

magmas there should be no removal of constituents from the

zone affected. The fact that constituents were removed

suggests that the alteration took place in an open system

but a very restricted one ,for the host rocks were evidently

not readily fractured requiring the solutions to move

laterally along planes of foliation until a cross- cutting

fracture was reached which enabled them to escape to the

surface.
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MINERALOGICAL CHANGES DURING PEGMATITI C ALTERATION

All pegmatite bodies except possibly type ? are a

result of reworking of the injection gneiss and schist dur-

ing which some constituents have been added and others re-

moved with or without some change in volume.

The minerals stable under the alteration were albite,

orthoclase, quartz, muscovite, garnet, and magnetite. Any

of these constituents present in the host rock have been

partly recrystallized.

The ordinary minerals present in the host rocks

are biotite, oligoclase, quartz, and orthoclase. Magnetite

and garnet are present in srn'll amounts, the garnet being

rarest and sporadic in occurrence.

During pegmatitic alteration oligoclase is altered

to albite though relicts of oligoclase may remain. quartz

is recrystallized and segregated into larger lentils or

layers, its percentage increasing with the process. Ortho-

clase increases from small to important amounts coincident

with the removal of biotite. Orthoclase tends to segregate

into large single crystals, part of the potash being derived

from the alteration of biotite. Magnetite is recrystallized

into sporadic masses of macroscopic size. Garnet and musco-

vite are also formed in larger masses of sporadic occurrence.

As indicative of the changes occurring in replace-

ment pegmatites, the relations of specimens 65a,b,c are

given. 65a is a typical porphyroblastic gneiss consisting
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of visible eyes of oligoclase set in a dark foliated ground -

mass composed of biotite, quartz, and fine grained feldspar.

In one place the gradation from gneiss to pegmatite is

gradual. An intermediate stage is represented by 65b which

is like 65a except that biotite has been removed with the

development of muscovite and orthoclase. Quartz is re-

crystallized in slightly larger lenticular aggregates or

layers. In other places the gneiss fades rapidly into a

light colored rock of coarser grain. Biotite has been. large-

ly eliminated but muscovite was apparently not developed ex-

cept in small isolated books. Orthoclase and albite occur

as crystals up to one -half inch long. Farther within the

pegmatite body the grain size increases but locally patches

of gneiss remain which have only suffered the loss of biotite

and partial recrystallizatidn. Specimen 65c is representative

of medium -grained pegmatite. It is a foliated rock consist-

ing of large anhedral orthoclase crystals, some smaller

albite grains, and macroscopic books of mica set in layered

quartz and feldspar aggregates. Summarizing, plagioclase

becomes more sodic and decreases in amount. quartz and

orthoclase increase. Biotite is eliminated.

CHEMICAL CHANGES DURING ALTERATION TO PEGMATITE
Specirr en Is-

As representative of chemical changes the analyses

of specimens 75a, b, e, and d are given in the attached

table. The locality of these specimens is about one mile

north of the Rincon Forest Ranger station. Specimen 75a



S ec i men 75

'75a
Modal analysis

75b

Gravity
Analysis of

75c : pegmatite

Vol.

Plag. 71.3 -
Ab?0An30

Qtz. 6.9

Biot. 17.6

Or. 0.0

Fe304 1.8

Andai. 2.4

100.0

Wt. Vol.

68.2 63.0 -

Ab80An20

6.7 23.2

19.1 9.8

0.0 1.8

3.2 2.2

2.8

100.0 100.0

0.0

Wt. Vol. Wt. Wt.

60.9 4 7.4 47.0 32.0
Abg0An10 Ab90An10

22.6 43.5 43.7 40.0

10.8 0.0

1.7 8.5

4.0 .6

- 0.0

100.0 100.0

8.2 28.0

1.1 Low -
not det.

100.0 100.0

Si02 56.6

A1203 22.3

Ca0 3.6

Na20 5.5

K20 2.5

Fe oxides 5.7

3.8

Calculated chemical analysis

66.5

16.3

2.1

5.6

1.9

5.4

2.2

80.1

11.4

0.5

5.2

1.7

1.1

.011 WIN,

79.5

11.9

.3

4.1

4.2

Not deter-
mined

100.0 100.0 100.0 100.0

Composition of material added - Si02 - 92.8%
K20 - 7.24

100.0
Composition of material removed -

A1203 44.2
CaO 14.1
Na20 6.0
Fe oxides

19.6
M80 16.1

100.0
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is typical of the pelitic base of most injection gne i sses

within the complex. A few streaks of light minerals show

it to be a streaked type of injection gneiss in an early

stage of development. The location of samples 75a, b, c,
Plate a

and d are shown in figure 5gß 75b is gneiss from which

biotite has been partly eliminated. 75c represents a fur-

ther stage of alteration in which biotite is gone. The thin

section included only the finer grained portion of the peg-

matite the large orthoclase crystals being neglected. 75d

was a large sample taken across the pegmatite bed. The

analysis was made from the crushed sample by separation of

minerals with heavy liquids.

Mineralogic al ly plagioclase decreases in amount

and becomes more sodic. Biotite and andalusite ( ?) are

eliminated. ÿuartz increases greatly as does orthoclase.

Magnetite apparently decreases but its sporadic occurrence

in altered rocks prevents thin sections from being represen-

tative. Garnet is present in too small amounts to need

calculation. Coincident with the increase in amount

of quartz there is an increase in amount of Si02 from 56.6%

in the gneiss to about 80 in the pegmatite. In the gneiss

50 of the 56.6% of silica is present in silicate minerals

while in pegmatite only half the Si02 is present in silicates.

Plagioclase decreases in amount, as lime and alumina

decreases. Soda remains nearly constant until a late stage

of alteration, which is consistent with the observed alteration

of the oligoclase in gneiss to albite in pegmatite.



58

Biotite is removed in an early stage coincident

with a drop in potash content and the complete removal of

magnesia. Potash has apparently migrated a short distance

by segregation to the large orthoclase crystals.

Iron oxides apparently decrease but the analyses

are not accurate concerning such sporadic minerals.

Some lime, alumina, and iron oxides are present

in occasional garnets but the amounts are probably small.

The compositions of the material added ani sub-

tracted are given with the analyses. The percentage of

added material, which equals the. percentage of removed

material in the simple replacement pegmatites, indicates

that about one -fourth of the constituents of the gneiss

have been removed, their place being largely taken by

silica. The material removed consists largely of alumina,

magnesia, lime, and probably iron. Soda is slightly leached.

Specimen 43

The analyses of specimens 43a, b, c, and d illus-

trate the changes occurring during p egmat i ti zati on of

gneiss which had previously been strongly altered by the

oligoclasic part of the injection process. The gneiss is

composed of large porphyroblaste of sodic oligoclase, set

in a foliated base of quartz and biotite layers with some

fine grained aggregates of plagioclase and orthoclase. The

pegmatite differs from 75d in that the percentage of feldspar



Specimen 43 Fig. 9, Plate 2

Modal analysis

N 3 a 3b
Vol. Wt. Vol. Wt . Vol.

3 e-
Wt.

Qrowly
Had .

Wt.

Plag. 65 64.4
(Ab85An15

Qtz. 25

Biot. 6

Or. 4
100

56
(Ab io

25.0 33

6.8 1

3.8 10
100.0 100

SiO
2

A1203

Ca0

Na20

K20

Fe oxides

1450

55.9 40 40.3 25

(Ab90An10) (Ab90An10)

33.3 21 21.4 19

1.2 -

9.6 39 38.3 56
100.0 100 100.0 100

Calculated chemical anal sis

71.9 77.0 73.2 72.2

16.2 13.7 15,6 15.6

1.7 .6 .4 .3

6.0 6.2 5.2 4.0

1.9 2.1 5.6 7.9

.9 .2

1.4
0.0 .o
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is higher and of quartz lower. This suggests that more

alkalies were present during the alteration which held the

alumina as feldspar. Silica and alumina do not change

importantly. Ca0 and Mg0 are reduced. Iron ca.ides are

reduced but the analyses do not include magnetite and hence

the change is not dependable. Soda is reduced in the more

highly altered portions. Potash increases importantly.

The amount of material added (and subtracted)

amounted to about 6% of the volume affected. IAMB, soda,

and magnesia were the main oxides removed with small amounts

of iron oxides and alumina. The material added consisted

dominantly of potash with a little silica.

Chemical nature of the atitic solutions

From analyses 75 and 43 it is evident that very

simple solutions carrying potash and silica could effect

the actual chemical changes. Soda feldspar was stable

until a late stage in the alteration which suggests that

the solutions were nearly saturated with the albite molecule.

If the tendencies of alteration are compared with

the Bo went Reaction Series, as applied by Butler 2 to hydro-

Bowen, ?lT. L. op. cit M p. 60.

2
Butler, B. S. Influence of Replaced Rock on Replacement
Minerals Econ. Geol. Vol. VII 1., p. 4. 1932.
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thermal processes, the sequence is seen to follow the

expected course.

Olivine

Pyroxene

Amphiboles

Biotites

Chlorites

Spinels

Orthoclase

Muscovite

,u2tz

Lime plagioclase

Ca -Na plagioclase

Na -Ca plagioclase

Soda plagioclase

The gneisses composed of soda -lime feldspar, biotite, and

quartz are altered to soda plagioclase, orthoclase, quartz,

and muscovite. Biotite seems to go through an alteration

from brown to green bi o ti te, to isotropic chlorite, ana.

then more or less complete removal of the latter product.

The alteration differs from that which is supposed

to occur in a magma. For example, in a magma, a plagioclase)

1
Bo L. óp. cit. p. 186.

plus liquid produces a greater amount of more sodic plagio-

clase, but during the pegraatitic alteration a plagioclase

minus lime and alumina produces a lesser amount of plagio-

clase of more sodic composition,
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RELATION BETWEEN OLIGOCLASIC AND PEGMATITIC PHASES

OF THE It1JE C TI ON =.AM0RPHISM

It has previously been stated that the potash or

pegmatitic phase of alteration seemed to be later than the

soda alteration. It is believed, however, that the changes

are part of one general process resulting from intrusion of

granitic magmas which outcrop in the Romero Canyon area as

the granodiorite- alkaline granite- pegmatite series. The

writer knows little of the soda alteration except that the

resulting rocks are abnormally high in soda and that .

oligoclase, biotite, and quartz were the minerals stable.

If the soda and potash alteration resulted from a single

introduction of solutions it is necessary to assume that

early solutions were sodic and that the physical -chemical

conditions favored the production of soda -lime feldspar,

biotite, and quartz and did not favor the production of

potash feldspar. The potash effect, which resulted ".in the

pegmatitic rocks, was either delayed because the conditions

were not favorable for the production of orthoclase until a

late stage, or one must assume two introductions of solutions

the first being sodic and the last potassic.

Chemically the processes are related. Extreme

sodic alteration produced gneisses whose feldspar appraached

albiclase, which is also characteristic of the potash

alteration. Such gneisses are poorer in biotite than less
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altered rocks but it is not possible to determine whether

this fact is due to the severity of alteration or to the

original composition o f the rock concerned. Both types of

product show an introduction of silica though the sodio

phase was accompanied by a lesser amount of silica.

The interpretation offered is that the injection

process was divided in time into two rather distinct phases.

The first was accompanied by injection of granitic material

near the intrusive and thin permeative, sodic solutions

further away, and the second phase by introduction of dis-

tinctly potash- silica solutions which formed graphic peg -

matites near the intrusive and altered the gneissic host

to a rock of pegmatitic mineralogy further away. There can

be little doubt that the introduced material near the magma

was essentially magmatic in character, but further away,

the introduced material was not a 'magma in the true sense

but rather mobile solutions, probably rich in mineralizers,

which accomplished the changes in the host mainly by meta-

somatic alteration.

'THE INJE C TI QN P OCESS

It i s believed that the injection complex was

developed during intrusion of the granodi on te- granite

series exposed in the Romero Canyon area.

The conditions which favor development of such

rocks are believed to be intrusion at great depth, where

high temperatures and pressures prevail, under active
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deformational stress. The effect of high pressure has been

considered to be prevention of escape of the easily volatile

constituents of the magma until deformational pressures

1
Behrend und Berg. Chemische Geologie F. Enke in Stuttgart.
pp. 542 -543.

squeezes them into the cleaved and fractured host rock. High

temperature results in softening of the host rock and

acceleration of the reactions by which the minerals are formed.

In the area studied the host rocks possessed a

directional structure that was either sedimentary bedding,

or schistosity which is parallel to the bedding wherever

the relations can be determined. It has not been deter -

mined whether the schistose structure resulted from the

injection metamorphism or long preceded it.

The relation of intrusion to deformation is not

clear. If the Romero Canyon intrusives are related to the

diorite outcropping northeast of Mt. Lemmon the intrusion

was post-Paleozoic. If the host rocks are of Cretaceous

age then certainly intrusion occurred in post- Cretaceous

time. The intrusions are later than the Pre - Cambrian

Oracle granite since they cut that rock. We have already

seen that two periods of post -Paleozoic deformation have

occurred. The second period of deformation was of post -

Cretaceous age for these rocks are folded and overthrust

by other rocks in the region. It may be that intrusion of

the Romero granites and pegmatite occurred during the latter
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period of deformation which favored the production of the

injection complex. It is certain that some deformation

occurred after the pegmatitic alteration for fo ss ili ferous

limestones lie on pegmatite by thrust contact.and minor

thrusts which are later than the pe gma t i to , occur within

the complex.

Silicification of Paleozoic rocks is often seen

on a large scale and is believed to be related to the igneous

activity responsible for the injection complex. However,

the lack of recognizable Cretaceous rocks prevents absolute

dating of intrusion and metamorphism.

Fenner1 has analyzed the mechanics of injection

1
Fenner, C. N. Mode of formation of certain gneisses in.
the Highlands of New Jersey. Jr. of. Geology, Vol. 22,

. 594 -613 and 694 -703.

metamorphism and concluded that it was a quiet process dur-

ing which an advance wave of solutions, thin enough to

penetrate the available openings, initiated processes of

softening and replacement and in this way prepared the

host rock for more viscous material which continued the

softening and replacement. This conception modified by

the limits of assimilation as given by Bowen seems to be

satisfactory for the area concerned for the strike and dip,

of the host is constant even where igneous rock is dominant

showing that intrusion was Quiet, and farther from the in-

trusives the injection rocks have been largely developed by
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metas.omatic processes which, as previously concluded, was

accomplished by very thin solutions.
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