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INTRODUCTION

General Statement

A newly discovered deposit of beryl occurs in a series of 

pegmatite veins in a granitic complex on the eastern slopes of the 

Baboquivari Mountains, Pima County, Arizona. A study was made 

of this deposit to determine the extent, origin, and economic poten

tial of the beryl and associated minerals.

The basement rock in this area is a granite porphyry and 

displays three pronounced and significant structural trends, each of 

apparently different age. Oldest of the structural manifestations is 

a northeasterly trend, exhibited by some aplitic dike emplacements 

and several northeasterly trending fault structures of undetermined 

age. Next in age, and economically most significant, are the 

easterly trending pegmatite veins. Most numerous, and latest, are 

the basic dikes which traverse the area under consideration in a 

northwesterly direction.
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Method of Investigation

This study was undertaken and pursued by the method of 

mapping on an aerial photograph overlay all significant structural 

and petrographic data on a scale of one inch equals three hundred 

and thirty feet, .

In addition to the field mapping, hand specimens were 

collected and studied in the laboratory for rock type identification 

and mineral composition. Also, when deemed advisable and when 

possible, thin rock sections were made and studied in order to 

attempt to interpret the petrogenetic history of the beryl and the 

history of the region.

An attempt was made to ascertain the age of the granite 

porphyry basement and its associated dikes and veins. The absence 

of concrete evidence makes it impossible to ascribe the age of the 

granite porphyry and the pegmatite veins closer than pre-Cretaceous. 

Even this dating is of a tenuous nature, being based on fragments 

of the porphyry in a pebble conglomerate whose exact location is 

in doubt,
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Location

The area under consideration is located in Secs. 20, 21, 

28, and 29, T. 18 S., R. 8 E ., Gila and Salt River Base Line 

and Meridian. It is on the eastern slope of the Baboquivari Moun

tains, Pima County, Arizona about fifty miles southwest of the city 

of Tucson, and lies in a basin formed by Contreras Canyon. The 

general locality is shown on plate 2.
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Topography

The Baboquivari Mountains as a geographic unit have a 

nearly due north-south trend and range from a point north of the 

international border at Sasabe to a deep pass six or seven miles 

north of the area under consideration. This pass, San Juan Pass, 

separates the Baboquivari Mountains from the Quinlan and Coyote 

Mountains which extend northward to the Tucson-Ajo highway.

The eastern face of the Baboquivari Mountains is quite 

steep and is dissected by numerous eastward trending canyons, 

most of which are quite deep and all have a steep gradient. These 

canyons are controlled possibly by joint or fault structures, since 

structural trends paralleling this direction are observed in Contreras 

Canyon.

Contreras Canyon, and its associated basin, is one of these 

eastward trending deep canyons. It heads beneath a ridge which con

stitutes the top of the main mountain mass at an elevation of fifty- 

five hundred feet and drops rapidly in a northeasterly direction for 

a lateral distance of one and one-half miles at which point it enters 

the basin here discussed which is at an elevation of thirty-five 

hundred feet, This steep gradient is undoubtedly responsible for 

the coarse alluvium present on the floor of the basin.
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The floor of the basin is dissected by numerous east trend

ing gullies, all cutting through the old alluvium and incised into 

the granitic bedrock. It is in these washes and their bedrock channels 

where the best exposures of the relationships of rock types are to

be found.



PETROLOGY

The basement complex of the Contreras Canyon basin 

deposit is a granitic rock assemblage classed as granite porphyry, 

Intruded into the basement complex and occurring in limited 

quantity, are the aplite, pegmatite veins, and the basic dikes.

Granite Porphyry

Although this rock type occurs extensively in Contreras 

Canyon, no fresh unaltered samples could be collected for thin 

section study. Only in those areas which have been affected by 

shearing stresses of varying degrees of intensity does this rock 

outcrop in a state which will allow sections to be made. Other 

outcrop areas which have been essentially unaffected by shearing 

are confined to the narrow strips along the water channels and 

these exposures are in all cases of deeply weathered material. 

Prospect pits and exploratory trenches dug in these areas to a 

depth of ten to twelve feet have encountered only badly weathered 

rock. Samples from these holes at a depth of ten feet can be 

crumbled in the hand and drilling below this depth for another



three feet has disclosed this condition to prevail to this depth. 

Some studies were made of the individual grains of crushed mate

ria l in order to attempt to correlate this rock with the sections 

of the sheared granite porphyry.

The granite porphyry is the dominant rock type in the 

basin. Except for local segregations of aplite, veins of pegmatite 

and the basic dikes, the porphyry occupies the bulk of the area 

shown in plate 1. It is thought that the granite porphyry consti

tutes the underlying rock type beneath the alluvium in the central 

and eastern portions of the area. That it is the oldest rock type 

present is evidenced by its relations with the other rocks. All 

the other rock types occur within the granite porphyry as dikes, 

sills, or veins.

The granite porphyry is a reddish granular rock having 

large phenocrysts of orthoclase feldspar randomly distributed 

throughout. Measurement of the orientation of these phenocrysts 

in many areas where exposed does not disclose any significant 

lineation. Numerous dark colored inclusions or segregations of 

fine-grained biotite with feldspar and some occasional epidote are 

to be found in most exposures (pi. 7). These have a lineation 

parallel to the pegmatite veins, or east-west.
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The granite porphyry is composed of crystals of orthoclase, 

plagioclase, quartz, biotite, magnetite, zircon, sphene, and apatite. 

The minerals are listed in the approximate order of abundance. Most 

of the feldspar shows cloudy alteration and the biotite is bleached to 

a depth of at least ten feet.

In the aforementioned areas which display shearing action 

parallel to the strike of the pegmatite veins, the granite porphyry 

assumes a slightly darker coloration, and the conspicuous phenocrysts 

are masked. It is thought that the phenocrysts have been subject to 

deformation and recrystallization. This metamorphism, cataclastic 

in nature, may have caused a migration and reconstitution of the 

potassium and sodium in these phenocrysts. The minerals responsible 

for the darker coloration are thought to be biotite and magnetite.

Aplite

Aplite is present as local segregations, dikes, and sill-like 

bodies. The segregations are distributed randomly throughout the 

entire area of granite porphyry exposures, showing no apparent 

pattern nor alignment. Generally it appears as clots within the 

granite porphyry which have a diameter of several feet and occa

sionally small patches of graphic granite are found at the edges of 

these clots. Several crystals of a mineral tentatively identified as
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euxenite have been found in the aplite but they occur very sporadically 

and are not economically important.

As dikes, the aplite follows generally a north to north-east 

trend. Those outcrops which were exposed and observed appear to 

strike about northeast and have a vertical dip. One notable exception 

to this is a rather large outcrop east of the windmill in the center 

of plate 1, which has a northwesterly elongation. A large, es

sentially barren, quartz vein is associated with this aplitic mass 

and powellite has been found as an associated mineral.

Immediately west and south of the westernmost stock tank 

(pi. 1) and at approximately one hundred feet higher elevation, aplite 

occurs in what appears to be a sill-like body, tabular and flat lying, 

and dipping at a low angle to the southwest, Although good exposures 

are not to be found, the relationship between the porphyry and the 

aplite appears to be intrusive. The aplite appears to have a thick

ness of something over two hundred feet and grades into a syenitic 

rock type which apparently extends to the top of the western ridges. 

This gradation is accomplished by a coarsening of texture and the 

addition of mafic minerals. Although this relation was not studied 

in detail, numerous pegmatitic segregations and some areas of 

graphic intergrowths were observed. No beryl has been found above
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the granite porphyry-aplite contact. The syenite may be a coarse

grained phase of the aplite or it may represent a metamorphosed 

igneous rock or an altered sediment. No data is available at this 

time.

The aplite is a fine-grained, holocrystalline, xenomorphic- 

granular igneous rock composed of albite, oligoclase, microcline, 

quartz, orthoclase, and perthite. Field exposures of this rock 

type are generally bolder than the enclosing porphyry due to its 

superior resistance to weathering. It is  typically a fine-grained, 

compact pink to white rock, carrying no visible mafic minerals at 

any point where exposed.

'Where exposed, aplite is everywhere cut by later pegmatite 

veins and the basic dikes.

Pegmatite Veins

Simple pegmatite veins are abundant throughout the area 

under consideration. The veins are composed chiefly of quartz 

and orthoclase with the accessory minerals beryl, fluorite, several 

bismuth minerals, magnetite, hematite, specularite, muscovite, 

biotite, powellite, and scheelite. . Of these minerals only the beryl 

and bismuth minerals are economically important.
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These pegmatite veins have an unusually consistent strike 

direction, nearly due east-west, and dip to the south at angles vary

ing from ten degrees to vertical, the average being near forty. Ex

posures are limited due to the extensive soil cover. Total strike 

length has not been determined on but a few of these veins although 

some alignment discovered when mapping may indicate that some 

of the veins are quite long. Those which have actually been exposed

for the full strike length have averaged near one hundred feet. These
\

veins pinch at the ends and disappear, their strike direction being 

marked in the host rock only as a crack.

Within the body of the veins, quartz and orthoclase con

stitute the bulk of the substance. Beryl occurrence will be described 

in more detail later, but for the present, the beryl occurs both on 

the walls of the veins, as seams within the veins, as discrete crystals 

both within the quartz and within the feldspar.

The pegmatite veins vary in thickness from a fraction of 

an inch to several feet. The smallest veins, or veinlets (pi. 8), 

are actually local increases in feldspar content along parallel joint 

fractures which appear as light bands traversing the enclosing 

granite porphyry. Occasionally some bismuth occurs and beryl 

has been found in these as blue plates, usually confined to one 

side of the veinlet. All gradations in size from these small seams
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to the largest pegmatites can be seen. As the vein becomes larger, 

the quartz content increases until, in the largest pegmatites, the 

quartz is the predominant mineral, with feldspar secondary in im

portance. hi these large veins, the quartz is massive, cloudy, 

white, of the variety commonly termed ’’bull quartz. ” Within the 

more normal sized pegmatites, the quartz is clearer and darker, 

having a semi-transparent appearance.

The pegmatite veins do not outcrop conspicuously except 

in the instance of the larger quartz-rich variety. The more normal 

sized pegmatites, those averaging about a foot in width, appear to 

weather at approximately the same rate as the surrounding granite 

porphyry. This is probably due to the abundance of feldspar in these 

veins which allows the mass to be eroded more rapidly than if it 

were all quartz. Most of the fragments of the pegmatite veins found 

loose upon the surface and in the stream channels are composed 

chiefly of quartz with some feldspar and beryl. These fragments 

show little alteration and suggest rapid erosion with little weather

ing action. Except on the steep barren slopes, generally devoid of 

alluvium and having only a little soil, the pegmatites do not provide 

a conspicuous outcrop.
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In addition to the previously mentioned veins, there are 

present veins which differ somewhat both in attitude and composition. 

These have a more northwesterly strike and a very flat southerly 

dip and contain considerable biotite in large books and plates. This 

biotite is at times shredded and much contorted showing intense 

deformation along the plane of the vein. In these veins, considerable 

bismuth has been found and they are especially rich in beryl content. 

It is of interest to note also in this connection, that these veins have 

a longer strike length than the more usual veins and that within these 

veins the beryl at times occurs in large cloudy crystals completely 

enclosed within feldspar masses, which themselves are completely 

surrounded by biotite in very fine grains. These veins cross some 

of the more usual east-west trending veins and show fault relations 

with them.

The relations of the pegmatites with the enclosing host rock 

indicate them to be joint fracture fillings and, except for ra re  

instances, very little reaction can be seen between the veins and 

the granite porphyry. Solutions responsible for the pegmatite 

veins have not replaced the enclosing rock but have been emplaced 

along definite walls. Occasionally where some shearing is evident, 

there has been some reaction, but this is thought to be a stress 

metamorphism later than the introduction of the veins themselves.
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No composite pegmatites conforming to the classic types 

found elsewhere have been observed in this deposit. The relations 

between the quartz, orthoclase, beryl, and other minerals is gen

erally simple, and shows none of the relations described for the 

pegmatites of Pala, California or the “White Picacho area, Arizona.

No clevelandite nor albite has been detected, nor have any lithium 

minerals been observed. Spectrographic analysis of numerous 

samples from this area have not revealed any trace of those elements 

generally found in complex pegmatites.

The dearth of mica, both muscovite and biotite, along with 

the complete absence of tourmaline makes these veins rather unique 

in the pegmatite classification, Biotite occurs only as previously 

mentioned and muscovite is present as fine sericitic grains along 

the contacts in areas of shearing and as hydro-mica where due to 

the alteration of beryl. The hydro-mica occurs as pseudomorphs 

after beryl and as minute flakes within the feldspar masses and 

is thought to represent here the alteration of small crystals of 

beryl by late pneumatolytic action either prior to or during the 

emplacement of the bismuth minerals. : - : .
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No lithium or boron minerals have been detected nor have 

any beryllium minerals other than beryl been identified. It is 

possible that others may exist but none could be found in the numerous 

examinations of grain fragments made.

In the area southeast of the westernmost stock tank where 

numerous fault structures intersect is a small bedrock exposure of 

the granite porphyry and its associated pegmatite veins. This area, 

several acres in extent, shows considerable alteration of the granite, 

developing much kaolin and bleaching the biotite. The pegmatite 

veins occurring in and crossing this area appear to be unaffected by 

the alteration. The significance of the development of the kaolin 

and its dating are in doubt. If the alteration were due to hydro- 

thermal action, no minerals other than the kaolin indicative of 

this action are present. Should the kaolin be indicative of weather

ing, its localization might be ascribed to the faults in the area, but 

in this case, the pegmatite veins are not affected to any extent.

Beryl occurs in approximately the same proportions within this 

area as it does in sections remote from here which show no 

similar alteration. Had the alteration preceded the emplacement 

of the pegmatite veins, some degree of difference in contact with 

the enclosing wall rocks should be evident. This, however, is not

the case.
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Minerals of pegmatite veins.—Quartz is the most abundant 

mineral in the larger veins but is subordinate in the smaller veins.

It occurs as anhedral crystalline masses, ranging in color from the 

massive "bull quartz" to the semi-translucent dark variety common 

in pegmatites of other localities. Occasionally the quartz occurs 

as euhedral crystals in "vugs" or miarolitic cavities within the 

veins but these are ra re  and are generally very tiny. In the most 

massive veins, those having a width of several feet, the quartz 

invariably occurs as translucent white masses, sometimes showing 

a small quantity of feldspar along one wall but usually containing 

very little else but the quartz. Where present in areas containing 

beryl, the quartz seems to be of two ages. The major portion of 

the quartz is apparently earlier than the beryl but some later shear

ing action has allowed the migration or introduction of quartz along 

with beryl in fracture zones. This later quartz is generally darker 

and more clear.

Orthoclase is the only feldspar identified in the pegmatite 

veins. If present, albite would exist only in minute quantity. The 

orthoclase occurs as subhedral to euhedral crystals within the quartz 

portions of the veins, usually along the walls. These crystals range 

in size from less than a millimeter to thirty millimeters in largest

dimension.
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In certain of the pegmatite veins, the orthoclase consti

tutes the major portion of the mass and occurs in both euhedral 

and subhedral masses of large size. The color of these masses 

differs slightly from the feldspar in the quartz-rich portions of the 

veins, being on the unweathered surfaces slightly more white. Feld

spar in the quartz-rich areas has a definite flesh color. These 

larger massive feldspar portions are important in the relations with 

the beryl for here the beryl occurs as the largest crystals, although 

they are somewhat cloudy. Several instances within these large 

feldspar masses, beryl has been found in bent crystals. The 

significance of the bending is not known.

Beryl occurs in nearly all the pegmatite veins located upon 

the map. It probably does occur in all of them but incomplete ex

posures due to the alluvium have made it impossible to definitely 

state that it is ubiquitous in the pegmatites.

. The beryl occurs as euhedral crystals, generally robin-egg 

blue in color, ranging in size from a small fraction of a millimeter 

in diameter to those having diameters of twenty millimeters. The 

most common size is near three millimeters. Beryl invariably 

occurs as elongated hexagonal prism s, showing little deformation 

or distortion. The smaller crystals are usually clear and constitute
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the gem mineral aquamarine but are of insufficient size to be of 

value for cutting. The larger crystals are cloudy to translucent 

although they retain the brilliant color of the smaller ones. The 

length of the crystals varies according to the diameter but is 

generally some forty times the diameter.

- Felted masses of beryl occur in the more quartz-rich 

portions of the veins but occasionally within the feldspar masses 

also. The felted beryl is composed of exceedingly small crystals, 

all euhedral, within a matrix of quartz and appearing to the unaided 

eye as massive blue beryl. Microscopic examination, however, 

discloses that the crystals are discrete and euhedral. These masses 

occur chiefly along the walls of the pegmatite veins but also occur 

as thin to thick bands lying wholly within the central portion of 

the pegmatite. Thin section study of these felted masses discloses 

them to be formed along minor fractures which parallel the strike 

of the veins. Some movement has occurred along these fractures 

as can be seen by the crushing and recrystallization of the quartz. 

Although some broken crystals of beryl are present, by far the 

most of the beryl is unbroken within this fracture zone. This 

has been taken to indicate the formation of at least some of the 

beryl later than the fracturing.
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Although the beryl occurs chiefly with a distinctive robin- 

egg blue coloration, several crystals which are colorless have been 

found and in one locality brown, water-clear crystals occur. These 

variations in color are not at all common however;

Several chemical analyses of the beryl from this deposit 

have been made and the BeO content is consistently near fourteen 

percent. Some flotation tests have been made by the U. S. Bureau 

of Mines at Rapid City, South Dakota.

No other beryllium minerals have been identified from 

this area.

Magnetite occurs in isolated patches within the pegmatites 

and usually occurs accompanying various bismuth minerals. Oc

casionally hematite and limonite ps endomorphs after pyrite are 

found but these are not common.

Bismuth minerals present and identified in this deposit 

include bismuthinite, bismutite, and native bismuth. A spectro- 

graphic analysis of a green bismuth mineral showed the presence 

of some molydbenum which may or may not have been an essential 

constituent. No further work was done on this mineral but it may 

have been koechlinite (B^Og. M0O3). The bismuth minerals con

stitute only a small part of the total mass of the pegmatites.



20

Fluorite occurs as irregular crystalline masses randomly 

distributed throughout the entire area in the pegmatites. In nearly 

all instances it is colorless to brown with only one location, having 

a purple color. The fluorite occurs entirely surrounded by, and 

included in both quartz and feldspar, and is usually at some small 

distance from the beryl occurrences.

Muscovite occurs only as small thin plates scattered along 

the walls of the pegmatite veins and occasionally along fractures 

within the body of the pegmatite. It constitutes a very minor 

portion of the mineral content of the pegmatite and at no place 

does it occur in euhedral booklets.

A mineral tentatively identified as a form of muscovite, 

but having a green coloration, has been found throughout the area 

and is thought to represent the alteration, by late solutional 

activity, of the beryl. This mineral has the optic characteristics 

and physical character of hydro-mica and is thought to be in this 

general category. Chemical analysis and spectrographic analysis 

do not show any BeO content but this mineral has been found 

pseudomorphous after beryl and in some instances, unaltered 

beryl has been identified within the mass. The specific reaction 

represented by this occurrence is not fully understood but it is
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thought that the beryl has been altered and the BeO has migrated 

to another as yet unidentified locality.

Scheelite and powellite have been identified in these 

pegmatite veins but constitute only a minor occurrence. The 

scheelite occurs as rather large euhedral grains while the powel

lite is usually as earthy masses and coatings.

Basic Dikes

Numerous basic dikes occur throughout the entire area. 

These are conspicuous both in their outcrop pattern and their 

abundance. They range in composition from basalt to andesite 

porphyry. As shown on plate 1, their most abundant strike 

direction is northwest although many of the larger dikes have 

an east and northeast strike direction. Dips are generally high 

angle to vertical.

The more basaltic cikes have inconspicuous outcrops,

showing only in the exposed stream channels or as low areas
6

where they cross ridges. The width of these dikes, as with 

most of the basic dikes, ranges from a fraction of a foot to 

more than forty feet, with the average being near four feet.

Only in isolated instances has there been any megascopic 

reaction or alteration between the basic dike material and the
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enclosing host rock. These reactions are indicated by a bleaching 

of the basic material, a coarsening of the texture of the basic dike 

locally, and the introduction of some feldspathic crystals in the 

border zone. The areas of reaction are ra re  and do not occur at 

all points along any given dike, but are only isolated instances 

and are quite restricted. The more common relationship between 

the basic dike material and the enclosing host rock is the complete 

absence of any indication of reaction. It would appear that these 

dikes were emplaced relatively cool and essentially dry.

Those dikes which have a composition more andesitic 

occasionally have a bold outcrop pattern and are quite evident on 

aerial photographs. These seem to have resisted weathering action 

slightly better than the more basic dikes and even the enclosing 

granite porphyry.

The major significance of these dikes is the persistent 

structural trend and the length of the strike of these dikes. No 

correlation between the composition of the dikes and the strike 

direction or geographic locality can be made. No association 

between the basic dikes and the occurrence of the beryl in the 

pegmatites is evident, and field evidence shows the basic dikes 

to be the youngest rock type in the area.
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Of particular interest is the occurrence of these basic dikes 

as Mswarms" as shown somewhat idealized in the southwestern section 

which is topographically high. Here the basic dikes are present in 

large numbers, locally constituting more than ninety percent of the 

rock. The dikes themselves are not of great size generally but 

their great number and close spacing have all but obliterated the 

enclosing granite porphyry. Even in the affected area the granite 

porphyry is essentially unaltered at the contacts with the basic 

material even when it consists of only a thin septum between two 

closely spaced dikes.

This lack of reaction between the two rock types in an area 

so flooded with the basic material is taken as an indication of the 

lack of heat and fluid constituents, although certainly the basic 

material was mobile. No attempt has been made to determine the 

temperature of the basic dikes at the time of emplacement but it 

must have been low.

Field relations indicate the basic dikes were emplaced at 

essentially the same time geologically. Where exposures were 

available, the basaltic dikes have both cut and been cut by the 

andesitic dikes giving no overall time relations for any compositional

variation,
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Conglomerate

Fragments of a rock classified in the field as pebble con

glomerate have been found rather extensively in certain areas of 

Contreras Canyon basin. It is a red to buff color and consists of 

well rounded pebbles of andesite porphyry and dacite porphyry, and 

a few fragments, more angular, of granite porphyry (pi. 10). These 

pebbles are cemented in a reddish matrix of tuffaceous material and 

the whole has been, silicified. Fragments of this conglomerate are 

found on the tops of the low ridges separating the small washes in 

the basin and range in size from mere pebbles to large masses five 

feet in diameter. The source of these fragments is not known and 

has not been found within the confines of the map area.

Found also in the same areas as the conglomerate are 

fragments of a schistose, finer grained and lighter colored, vol

canic breccia (pi. 10). These occur in slightly less abundance than 

the pebble conglomerate and their origin is likewise unknown.
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Alluvium

The most recent formation in this area is the alluvium which 

occurs throughout the basin. As indicated on the map of the area,

(pi. 1), the alluvium extends nearly to the central portion, thinning 

from east to west. The alluvium is generally buff to reddish in 

color, darker colors being due to clay. It is characterized by 

coarse fragments and the lack of sorting or appreciable layering. 

Where present on low ridges within the basin, many subangular 

fragments are exposed at the surface, lying loose. These have 

been left as the smaller and lighter fragments were washed away.

The alluvium consists of subangular fragments of all rock 

types within the area under consideration. In addition, many frag

ments of a coarse conglomerate having a pink to red tuffaceous 

cementing matrix have been found. Occasionally, some of these 

conglomerate fragments display a well developed schistosity. The 

exact origin of these fragments is unknown but they undoubtedly 

come from the upper slopes to the west of the area. The re 

lationships of the conglomerate with the granite porphyry and the 

aplite are unknown. The composition of the alluvium is generally 

coarse, there being particles of all sizes but the larger fragments 

predominating. Little sorting is evident where stream channels
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have cut through the old alluvium. The steep gradient of the basin 

is now probably as it was in the past and is responsible for the high 

velocity of the drainage of the upper slopes to the west. This would 

account for the lack of sorting and the accumulation and the distribu

tion of the large fragments.

In representing the basin area on the map (pi. 1), it was 

thought advisable not to attempt to illustrate the narrow bedrock 

exposures along the stream channels. In most instances the banks 

of these dry washes are nearly vertical and the only exposure of 

bedrock relationships is along the bottom of the channel. Con

sequently, none of the narrow exposures were shown.

In connection with the above discussion, it should be men

tioned that the entire basin area delineated as alluvium on the map 

is apparently underlain by granite porphyry and its associated dike 

and vein materials. Where basic dikes have been shown cross

cutting the area, in most instances these actually could be traced 

through the thin cover of the alluvium.

The thickness of the alluvium is not great in the bulk of 

the area. It varies from a cover of only a few inches to a maximum 

of about five feet. The underlying granite porphyry surface is com

paratively even with a slope toward the east which is approximately
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the same as the surface of the alluvium. Were this not a restricted 

basin, this might be termed a pediment.

The major significance of the alluvium is mostly economic 

in that it conceals much of the area in which the pegmatite veins 

occur. It should be mentioned however, that the channels through 

the alluvium and incised into the bedrock indicate the area has 

either undergone a change in gradient or has been subjected to 

overgrazing as is common in many other areas of the Southwest.

It is thought that the lack of vegetation cover is a main cause of 

the deep channeling.
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STRUCTURE

Three major structural trends are demonstrated in Contreras 

Canyon basin. Oldest is the northeasterly trend. Next and most 

important economically, is the east-west trend. Latest and most 

vividly demonstrated is the northwesterly trend.

Northeast Structure

The oldest structure, and that having the poorest representa

tion, in the area of the structural trends is the northeast alignment. 

Fault structures and emplacement of the aplite dikes demonstrate 

this. Faults shown in the western and central portion of plate 1 

are thought to be of this age although some later displacement may 

have occurred. Actual offset along these faults is impossible to 

determine inasmuch as the entire structure is  within crystalline 

rocks where exposed.

The aplite dikes are generally small and show no later 

displacement after formation. These are not numerous and out

crop mostly in wash channels.
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East-West Structure

Most obvious of the indications of the east-west structure 

is the consistent strike of the pegmatite veins. Minor variations 

may be found but the most general strike direction is N85W. Dips 

are to the south and are widely variable, the average being about 

forty degrees.

Pegmatite veins occur from the area of the base of the 

aplite sill through the entire basin. Associated with this strike 

direction of the pegmatites are numerous fractures which are not 

mineralized or show only slight alteration. These fractures strike

parallel with the pegmatites.
. . • ‘ '

In all exposures observed, pegmatites cut the earlier em

placed aplite.

Northwest Structure

The most striking feature of the basin area is the abundance 

and consistent strike direction of the basic dikes. While some 

variation may be found (pi. 1) in the strike of these dikes, the 

preponderance of dikes with a northwesterly trend is significant.

Although considerable variation is found in composition 

of these dikes, no correlation can be found between composition 

and time of emplacement other than that the basic dikes are later
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than the aplite dikes and the pegmatites. Basalt porphyry dikes 

have been found to both cut and be cut by the andesite porphyry 

dikes and geographic position appears not to have any relation

ship.

Of considerable interest is the relatively large size of the 

basic dikes. Several of them are more than forty feet in width 

and their strike length is at times of the magnitude of several 

thousand feet. As mentioned, little or no reaction can be seen 

with the enclosing granite porphyry.

Other Structure

Briefly mentioned elsewhere but thought to be significant 

in the beryl occurrence is the warped pegmatite vein near the center , 

of plate 1 which has a varied strike direction and very shallow dip. 

This vein, where first discovered, strikes slightly north of east and 

has a definite swing to the southeast. As shown, it cross-cuts many 

of the pegmatite veins of regular east-west strike. This vein con

tains the bulk of the coarse-grained biotite found associated with the 

pegmatites and shows evidence of considerable movement along the 

strike. Plate 6 shows the outcrop of this pegmatite. Large beryl 

crystals are found in feldspar clots which occur in a very fine-grained 

biotite portion of this pegmatite vein. It is thought that some of the



beryl in the adjacent pegmatites may have migrated into this shear 

zone and recrystallized in this biotite-rich zone. No proof for this 

premise can be found although this large pegmatite is later than 

the more regular east-west veins.
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Contact of the granite porphyry with the original overlying 

rock at time of emplacement is no longer present for observation.

It must be assumed that a considerable thickness of some rock 

cover was present because of the relatively coarse texture of the 

granite porphyry. However, only the aplite sill is in contact with 

the granite porphyry now and this contact has been described as 

intrusive and later than the porphyry. Although the pebble conglomer 

ate has not been observed in place, it is probably present on the 

ridges to the west. The schistose volcanic breccia may lie between 

the granite and the conglomerate but this can only be an assumption. 

None of the schistose material displays any contact evidence. The 

pebble conglomerate, however, does show some fragments of granite 

porphyry entrapped within it. This would make the conglomerate 

somewhat later than the granite porphyry since the porphyry would 

have been exposed to erosion and fragmentation.

After the crystallization of the granite porphyry, stresses 

acted which resulted in the northeast fracture and fault pattern and 

the emplacement of the aplite dikes. It is assumed that at the 

same relative time the aplite sill to the west was also emplaced. 

Subsequent to the emplacement of the aplite, and probably not a
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great time interval later, the development of the east-west shears 

and fractures occurred, perhaps as a result of further cooling of 

the porphyry mass. These fractures were subjected to invasion by 

solutions which introduced pegmatitic material.

F irst alteration by the solutions appears to have been the 

feldpathization of the fracture seams and the development of feld

spar crystals along them. As these solutions continued, quartz 

was introduced and this process continued with a subsequent addition 

of beryllium to form beryl. Either the beryllium was present in 

all solutions or there was a resurgence of solutional activity since 

some beryl is found even along the most minute of the feldspar 

veinlets. ■1

■ It is thought that at some time later, and again the time 

lapse was probably not great geologically, solutions following the . 

same paths introduced the magnetite, specularite, and bismuth.

It is possible that at this time certain favorable areas were robbed 

of their beryl and this was transported to a different locality.

Later, and possibly about the close of the Cretaceous, there 

was developed the extensive northwesterly fracture system and the 

introduction of the massive basic dikes. These may have been feeder 

fissures of extrusive volcanic activity, prevalent in southern Arizona 

during this period. However, no positive connection with extrusive

material can be found.
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An interesting study might be the analysis of many of the 

basic dikes and the pebbles of the conglomerate for correlation of 

chemical composition. Perhaps the conglomerate was a result of 

flows which may be represented by the basic dikes. A study of 

the position of the conglomerate at time of formation might then 

be made because several fragments have definite water-lain 

characteristics. This might show a considerable uplift of the 

present Baboquivari Mountains in recent times.

As to the age of the granite porphyry, it is believed to be 

earlier than the conglomerate which is thought to be Cretaceous on 

the basis of lithologic similarity with dated conglomerates in the 

Santa Rita Mountains and in the Arivaca area. No other dating is 

possible than that it thus may be pre-Cretaceous.

Inasmuch as the pegmatite veins are thought to be due to 

late deuteric or pneumatolytic solutions, they are of the same age 

as the granite porphyry.
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ORIGIN OF THE BERYL

The granite porphyry is thought to be of magmatic origin 

derived from an igneous source. The aplite and the pegmatite 

represent the late development of low-melting residual fractions 

formed by the crystallization of the magma.

Turner and Verhoogen (1951) have stated that "a late 

residual liquid (pegmatite magma) should be rich in quartz and 

alkali feldspars in proportions roughly corresponding to those at 

the minimal melting point in the system orthoclase-albite-silica.

That water and other volatile compounds — phosphorus, fluorine, 

chlorine, sulfur, e tc ., and volatile compounds of these . . .  — should 

also become concentrated in the final residue of granitic magma is 

also to be expected under certain conditions."

As the separation of the albite-rich portion progressed, both 

by crystallization and by removal of the solutions to the aplite dikes 

and sill, the concentration of the quartz, orthoclase, beryl, and 

fluorite resulted. The specific mechanism by which the beryl was 

retained in the lower portion of the magma and not emplaced, at 

least in part, in the aplitic material, is not fully understood. That 

it did occur must be assumed for no beryl was found in any of the
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aplite areas. It is possible that some of the beryllium was carried 

with the aplite but only in minute quantity. However, no beryllium 

minerals could be identified and no chemical analysis of the aplite 

was made.

The aplite was emplaced along northeasterly trending fractures 

as dikes, in the large sill-like body to the west, and in one large 

northwesterly trending mass near the central portion of the mapped 

area. The dikes show some degree of replacement of the enclosing 

porphyry in the development of ragged borders, in some instances 

the formation of coarser grained feldspars which appear to bridge the 

wall between the two rock types, and a general bleaching of the en

closing rock by the addition of feldspar.

A period of time intervened between the emplacement of the 

aplite and the emplacement of the pegmatites. In all instances where 

observed, pegmatite veins cut the aplite. The later phase represented 

by the pegmatites contained no plagioclase, but was comparatively rich 

in beryllium.

Continued cooling of the upper portions of the granite porphyry 

resulted in tensional cracks, controlled in part by some stress con

ditions which caused the alignment of the pegmatite veins in an east- 

west direction. That these fractures were tensional is inferred from
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the relations with the enclosing porphyry. Only in isolated instances 

was obvious replacement of the granite porphyry noted. It is thought 

that the fluid material responsible for the pegmatite veins was under 

considerable pressure at depth and as these cracks or joints were 

developing, the pegmatite was introduced. It is not thought of as 

forceful intrusion, wedging its way into the rock and forcing the 

walls apart, but rather the permissive introduction into open spaces 

as they were formed. Some dynamic structural control may be 

inferred from the persistent strike direction of the pegmatites. Re

placement of a portion of the walls of the pegmatites cannot be elim

inated entirely, inasmuch as it is to be expected to some extent. It 

is not thought, however, that the; pegmatites were emplaced entirely 

by a replacement process.

Parallel to the pegmatite veins are numerous minor fractures 

which show a darkening along the exposed surfaces. Usually some 

evidence of shear can be seen in these cases although the results 

are not prominent. Occasionally a pegmatite vein will exhibit some 

results of shear parallel to its strike and evidence indicates this 

shearing action to be late in the formation of the vein.

Size of opening appears to be important in the development 

of these pegmatite veins and the mineral composition. Narrow 

’'bleached” zones, of a magnitude of less than one inch, are common
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in the body of the granite porphyry and consist of the development 

of orthoclase feldspar along minor cracks which parallel the larger 

pegmatite veins. All gradations in size of pegmatite body may be 

found from this ’’bleached” zone to the largest quartz-rich pegmatite. 

Size of the body apparently determines the general mineral com

position within certain limits. The smallest zones are quite rich 

in feldspar and poor in quartz, whereas the larger pegmatite veins 

contain more nearly an equal proportion between the quartz and feld

spar. The largest pegmatite veins are mostly quartz with feldspar 

as a minor constituent and occurring only along the walls.

Although the process is not fully understood, it is thought 

that the first material to crystallize from the residual solutions 

along the east-west fractures was the orthoclase feldspar. This 

assumes a lowering of the temperature and pressure of the solutions 

in the granite porphyry environment. Continued decrease in both 

temperature and pressure, coupled with the continued introduction 

of the pegmatitic material and the widening of the fracture spaces, 

could account for the change resulting in the preponderance of quartz.

It is possible that the pegmatite veins are actually zoned, 

and that the above mentioned relations are a function of the position 

of exposure. However, the limited amount of work done on these 

veins to date does not indicate this to be the case. Further
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exploratory work, trenching and shaft-sinking, in the future may 

shed some light on the true nature of these relations.

The solutions of pegmatitic material were probably quite 

aqueous and contained, in addition to the feldspar and quartz, 

beryllium and fluorine along with other unspecified elements.

That the beryllium was present in all the stages of pegmatitic 

activity is noted by the fact that all sizes of the pegmatites, 

from the smallest "bleached zone," to the largest massive quartz 

veins, contain some beryl. The specific mechanism by which 

the beryllium was carried in the pegmatite fluid and causes for 

crystallization are not known. It. appears that it crystallized 

under a wide range of chemical temperature and pressure con

ditions.

Inasmuch as the entire area which contains pegmatite veins 

is composed of granite porphyry the character of the wall rock has 

no control over localization of beryl or other minerals in the pegma

tite veins. The aplite sill-like body in the western part of the area 

contains no pegmatites but this is thought to be due to a mechanical 

or physical condition which allowed no fractures of consequence to 

develop.
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Several analyses of granite porphyry from random localities 

in the central portion of the mapped area showed, in all instances, 

beryllium present in trace amounts. It is thought that this repre

sents an incomplete separation of the BeO into the residual fraction 

from the original magma. The high beryllium content of the original 

granite porphyry magma is not explained.

It is thought that the granite porphyry is an example of 

magmatic intrusion and that the beryl-bearing pegmatite veins are 

the late fraction of the crystallization of that magma. The increase 

in water content and the concentration of the beryllium in this final 

or late phase led to the formation of solutions which, working upward 

into joint fractures, found favorable conditions and pegmatite veins 

resulted. From evidence in both the field and the laboratory, it is 

thought that beryllium was present throughout the entire time of 

pegmatitic introduction, but may have been present in only very 

small quantities at any one time. By continued migration of 

solutions upward, the beryllium may have been concentrated within 

these veins because of favorable chemical, pressure, and temperature 

conditions.

\
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Plate 3. —Aerial photograph of a portion of Contreras Canyon basin.
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Plate 4. —General view, Contreras Canyon basin, facing west.
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Plate 5. —General view of the area containing swarms of basic 
dikes toward the southeast from a point near center 
of mapped area.
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Plate 6. —Large biotite-rich pegmatite vein. Portion outlined is 
massive white quartz outcrop. Open cut on right ex
poses beryl and bismuth mineralization. Width of vein 
is about three feet, and vein dips away from observer 
at twenty degrees.
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Plate 7. —Granite porphyry showing biotite-rich segregations and 
pegmatite vein. Large orthoclase phenocrysts appear 
to right and left of hammer.
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Plate 8. —Granite porphyry showing feldspar veinlet crossing under 
handle of hammer. Numerous phenocrysts are present.





48

Plate 9. -Feldspar-rich pegmatite partially exposed by shallow 
open cut.
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Plate 10.—Conglomerate boulder with fragment of granite porphyry 
at point of pick. Rectangular block below hammer is 
schistose conglomerate fragment.
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