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ABSTRACT

Banded augen-gneisses are closely associated with 

bands of quartz-dioritic gneiss in the Molino Basin area of 

the Santa Catalina Mountains. Field evidence suggests that 

these rocks are gradational in texture and mineralogical 

composition. Optical and chemical evidence strengthens this ' 

theory and indicates that the gneisses had a common sedimentary 

origin and underwent equal degrees of metamorphism.

\ The writer believes that the different gneisses 

resulted from the segregation of minerals from a single source 

material with the end products being almost pure biotite bands 

and granitic gneiss.



1.1 Problem

A prominent geological feature in the Mo lino Basin area of the 

Santa Catalina Mountains, Arizona, is a dark gray, gneissose rock with the 

mineralogical compoaiton of a quartz-diorite. Cloasly associated with this 

rock are banded augen-gneisses and granitic gneisses which make up a large 

portion of these mountains. Field work has indicated that dark bands within 

the banded augen-gneiss are at least in part gradational with the quartz- 

dicritic gneiss. This study was conducted to determine the origin of these 

two rbck types.

1.2 Location

Molino Basin is located in the southern, portion of the Santa . 

Catalina Mountains, Pima County, Arizona. It is twenty miles from the 

Intersection of North Campbell Avenue and Speedway Boulevard in Tucson, 

Arizona. The basin is bounded on three sides by the highway from Tucson 

to Mb. Lemmon in the Santa Catalina Mountains and is readily accessible by 

automobile. - 3h addition to the Mb. Lemmon highway, several small dirt 

roads cross the area. All parts of the area studied lie within a half mile 

of one of these roads.

1.3 Methods of Study

Preliminary mapping of the Molino Basin area was done on a photo

graphic enlargement of the Bellota Ranch, Arizona quadrangle map at a scale 

of one inch to 800 feet. This study revealed the gradational nature of the

1
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contacts between the banded augen-gneiss and the quartz-dlcritic gneiss* 

Additional mapping was dm*, using an aerial photograph at a scale of one 

inch to 400 feet to allow a greater detail of field relationships• Parti

cular attention was paid to structural features within the area*

The greater portion of this study entailed detailed optical and 

chemical work upon selected minerals from dark bands within the banded 

augen-gneiss and from the quartz-dioritic gneiss. Trace element analyses 

using the emission spectograph were made of biotite separated from both 

rocks. The beta refractive index of each of these biotite samples was also 

measured as a means of roughly determining their chemical compositions*

The beta refractive index of plagioelase grains from the same samples was 

also determined. Knowing the compositions of these minerals, it was hoped 

that the origin of the rooks could be determined*

1.4 Previous Work

Only preliminary structural and petrographic work (DuBois, 1959) 
had been done in the Moline Basin area prior to this study* However, 

extensive geological work has been done throughout other portions of the 

Santa Catalina Mountains. This geological work is well summarized in the 

Southern Arizona Guidebook H  of the Arizona Geological Society*

1*5 Acknowledgments

The writer greatly appreciates the assistance and suggestions of 

Dr. W. C. Lacy who directed this study* Dr* E. B. Mayo and Dr. R. L. DuBois 

also offered many helpful suggestions and their aid was of great value*
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2.1 Regional Setting
Molino Basin is a roughly rectangular basin lying at an elevation 

of approximately 4400 feet. The basin is elongated in & northeastwardly 

direction parallel to ridges which lie to the southeast and rise 400 to 

700 feet above the rolling floor of the basin. To the west, a prominent 

,ridge trends almost east-west and reaches an elevation of 5000 feet near 

the boundary of the basin. The northern boundary of the basin is formed 

by high ridges which reach a maximum elevation of about 6090 feet.

The basin is drained through Molino Canyon which lies immediately 

to the east at the base of the high northeast trending ridge. In addition, 

two intermittent streams flow southeastward!/ through the basin, entering 

Molino Canyon to the east.

2.2 General Geology

The Santa Catalina Mountains lie in Pima and Pinal Counties, 

Arizona, just north of Tucson. To the north the mountains are separated 

from the Precambriam Oracle granite by the Mogul fault, while on he west 

they are bounded by the north-south trending Pirate fault.

The core of the mountains consists of a gneissic complex of both 

igneous and sedimentary origin. A northeast trending lineation is promin

ent throughout this core. Sedimentary and meta-sedimentary rocks crop out 

to the east, north, and west of the gneissic complex. These rocks range 

in age from PreCambrian Pinal schist to Quarternary alluvium. In numerous

5



Figure 2.1

Topography in Holino Baain, Santa Catalina Mountains, Arizona. 
Looking north across the basin.

Figure 2.2

Molino Basin, Arizona. Picture was taken looking north. The 
road at the base of the cliffs forms the northern boundary of the area 
mapped.
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places within the mountains the gneisses or sediments are intruded by granite# 

quartz-diorite# latite# quarts latite, and diabase., • .. "-v.: ■
The Molino Basin area is in the southern portion of the Santa Cata- 

linas and lies within the gneissie complex. Several writers# including 

Dubois (1959b) have recognized several separate periods of metamorphism 
within the rocks of the complex. .....  • «

y
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3.0 Petrography and Petrology

Four major rock types crop out in the Molino Basin area. These 

are qusrtz-dioritic gneiss, banded augen-gneiss, granitic gneiss, and 

pegmatite. Since these rocks interfinger to a great extent, no petro

graphic map was prepared. Detailed descriptions of these rock types 

follow.

3.1 Quartz-dioritic gneiss

The quartz-dicritic gneiss is a dark gray phaneritic rock with a 

very prominent gneissose structure. There is a pronounced alignment of 

the biotite with lesser alignment of plagioclase. Abundant porphyroblasts 

of plagioclase give the rock a somewhat mottled appearance. Plagioclase, 

biotite, quartz, and epidote are visible with a hand lens.

The quartz-dioritic gneiss appears to grade into the dark bands 

of the banded augen-gneiss. In this gradation the biotite content generally 

decreases while the quartz and orthoclase contents increase. The gradation 

also involves the increase in size and abundance of porphyroblasts. Folia

tion within the banded augen-gneiss is usually stronger than in the quartz- 

dioritic gneiss and the latter gneiss is usually more massive.

9
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Figure 3el

Cross-section #1 at contact of quartz-dioritic gneiss and 
pegmatite. Located in the west wall of the readout just south of 
the Molino Basin picnic area sign. Note the light gray bands which 
are transitional between gneiss and pegmatite. Samples from this 
location were analyzed for trace element and alkali contentso

Figure 3.2

Complex association of the quartz-dioritic gneiss and pegmatites 
in the east wall of Molino Canyon. Such complex relationships are 
common throughout the area.



Figure 3.2
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Microscopic Description

titiasal ■ ; Percentage

Quartz 15-23
Plagioclase (AbyAno) 54-64
Biotite 16-19
Epidote
Qrthoelase. Tr.
Chlorite Tr.
Caleite Tr.
Zircon Tr.
Sphene Tr. ,
Opaques Tr.
Kaolin , . .. Tr.
Sericite Tr.
Allanite Tr.

Microscopic examination of the quartz-dloritic gneiss reveals a 

mosaic texture with quartz usually showing sutured contacts. All minerals 

with the exception of epidote and allanite are enhedral in farm. The 

epidote and very minor allanite range from euhedral to subhedral in fora. 

Abundant evidence of cataelastic action is furnished by the alignment of 

biotite, shearing of plagioclase porphyroblasts and undulatory extinction 

in quartz. Euhedral crystals of epidote have formed from both plagioclase 

and biotite. In the plagioclase, epidote usually occurs as small crystals 

oriented along twin planes, cleavages, and small fractures. Rarely a former 

euhedral shape for the plagioclase is suggested by the orientation of 

epidote crystals around the perimeter of what may be an earlier euhedral 

plagioclase crystal. Epidote also occurs intimately associated with 

biotite.

Plagioclase grains are commonly altered somewhat to clay minerals 

and sericite. Small amounts of erthoclase occur as overgrowths upon the 

plagioclase.
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Zireon and aphene are very rare in the quartz-diorltic gneiss.

When present, they are subhedral in form. ....

Calcite is present in small quantities as oriented inclusions In 

plagioclase and in interstices between grains. Chlorite occurs as an 

alteration product of biotite.

Determinations of the calcium oxide and magnesium oxide contents 

of the quarts-dioritic gneiss were made by B. D. T. A. m e t h o d s T h e  

sodium oxide and potassium oxide contents were determined with the flame 

photometer. The following results were obtained from two samples:

' ; Sample ' • : ' • ' " - - - ' ' Percentage ' ' 1' ' ' ' " ^ '

' . GaO ' ' MgO ' . Na20 KgO '

V M.15 ■ 3.93 3.90 - '3.73 :‘x ::':2.96 '
M-16 5.32 3.78 . 3.78 2.69

With the exception of the calcium mcide content the values for the 

two samples agree closely. Sample M-16 was taken at the caataot with one 
of the pegmatites while M-15 was taken sixteen inches away from the same 

pegmatite. " "■ ' ' ' - ' ' ' ' ' ‘ -  ' ' '

Comparison of the above values with analyses and averages of 

Johannsen (1939) and Daly (1933) (See Table IV) reveals several anomalies. 

First, the potassium oxide exceeds both the average and the range of 

Johannsen1s analyses of fiitieteenvquartz-diorites. It also exceeds the 

average of Daly’s analyses of fifty-five quartz-diorites• No range was 

given for the analyses of Daly. The magnesium oxide content faille within

—  -- — — —  -- --—  . . . - ■ ■ - ■ < -  ̂ -
1. Bfchylenediaminetetraacetic acid (Welcher, 1958) •
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the range given by Johannsen, d-though it exceeds the average of both 

Daly and Johannsen* These high values for the potassium and magnesium 

oxides may be accounted for by the unusually high biotite content of the 

gneiss. Although the ferrous iron content was not determined, the high 

percentage of iron rich biotite would indicate that the ferrous iron cone-. 

tent exceeds the averages of Johannsen and Daly and probably even exceeds 

th. range given b, Johannsen. . . . . .. ..

, The petrographic evidence for the origin of the quartz-diorltie 

gneississomewhat contradictory. The aiheralegical composition is 

unquestionably that of a quarts-diorite. The high anorthite content e£ . 

the plagioel&se alee suggests an igneous origin far the gneiss* Another 

poeslble evidence for an,igneous origin is the former euhedral shape of 

plagioclase suggested by the orientation of opidote inclusions* This 

last evidence, however, could be interpreted in several ways. It is possi

ble that this texture could result from the polymetamorphism which is 

known to have taken place in the Santa Catalinas * .r i

The gradations between the quartz-diqritie gneiss and the melano- 

eratic bands, the anhedralisa of zircon and sphene and the anomalously 

high potassium and ferrous iron contents leads the writer to believe that . 

the quartz-dioritic gneiss was not originally intruded as a cgiarts-diorite* 

Further evidence leading to the same conclusions is presented in later 

parts of this thesis*. .. . ; : . .

3*2 Banded Augen-gneiss

The bended augen-gneiss is the most diverse rock type in the 

Molino Basin area* Both leucocratic and melanocratie bands are common

and individual bands may very greatly over the area. The leueocratie
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bands tend to grade locally Into a slightly gnelsaose granitic rook or peg

matite while, as mentioned above, the melanocratlc bands appear to be grada

tional with the quartz-dloritic gneiss. This great diversity within a 

single rock type causes great difficulty in petrographic work.

The leucocratic bands occasionally widen aid fora irregular shaped 

granitic bodies« The best example of this is exposed in the west face of 

the roadcut 650 feet south of the Molino Basin sign. At this location the 

granitic body is lens-shaped and is enclosed by the banded augen-gneiss. 

Foliation within the body usually parallels the foliation in the adjacent 

augen-gneiss aid relicts of biotite rich zones in the augen-gneiss extend 

into the granitic body. This field evidence indicates that the granitic 

body formed by replacement of some of the more basic banded augen-gneiss. 
Much contortion of the foliation in the augen-gneiss suggests that the 
replacement took place while the rock was in at least a semi-plastic state.

Examples of metamorphic segregation are conaton in the banded 

augen-gneiss. A particularly good example of this occurs near the northern 

boundary of the basin. Here a crumpled biotite schist has developed by 

segregation. The schist is overlain by a very granitic phase of the 

leucocratic bands and by small amounts of the melanocratlc bands. Separat

ing the schist from the augen-gneiss is a three inch thick band of quartz. 

Crumpling within the schist is closely followed by occasional small veinlets 

of quartz and feldspar. The biotite may represent the residiuum after the 

more mobile quartz and feldspar have moved out. Deformation continuing 

after this segregation is suggested by the intense crumpling of the biotite. 

Because of differences in its reaction to stress the biotite was crumpled 

while in the augen-gneiss foliation was developed or accentuated.
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As mentioned above, the banded augen-gneiss varies greatly from 

place to place. In general, the melanocratic bands contain abundant visible 

biotite and hematite, which give it the dark color, and feldspar and quartz# 

Augen of feldspar range in size up to two inches in diameter. Often this 

feldspar is colored slightly pink by included hematite. The rock commonly 

shows strong foliation and it fractures readily along these planes.

Samples have been collected from the field that are transitional 

from the melanocratic bands into the quartz-dioritic gneiss. As this 

transition into quartz-dioritic gneiss occurs, the hematite content decreases 

markedly as the biotite content increases. Augen becomes smaller and 

scarcer as the rock approaches the quartz-dioritic gneiss in composition.

The foliation also becomes less obvious during the gradation from melano- 

cratic band to quartz-dioritic gneiss.

The leuoocratic bands are higher in quartz and feldspar content 

and much lower in biotite and hematite than the associated melanocratic 

bands. Muscovite is also visible megascopically in these bands. Grain 

size and texture vary greatly in the leuoocratic bands, from pegmatitic 

to granitic or aplitic. The foliation is not so pronounced as in the 

darker bands.

Microscopic Description

As previously mentioned, the great diversity of the banded augen- 

gneiss seriously hinders petrographic work. Typical samples were selected 

for Rosiwal analysis with the following results:
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Mslanocratlo Banda 

Mineral

Quarts
, Qrthoclase

Plagioclaae (AbyAno)
Blotlte
Muscovite
Hematite .
Opaques

; - : Kaolin : ;.Xf r! I
Apatite 
Chlorite I 
Serial te

Leucocratle Banda 

Quarts
Plagioclase (Albite 
Biotite 
Muscovite 
Orthoolase .
Allanite
Chlorite . :
Apatite
Kaolin
Serial te

': Percentage
(Rosival Analysis)

44
" 39 - --- ‘

3
13
Tr.

■ - ’ Tr. s
Tr.

; . ... . . .  . , T r  • " r

Tr.
5 '  ̂ ; Tr.

Tr.

31
66
1.3
Tr.
Tr.
Tr.
Tr*
Tr.
Tr.
Tr.

In the leucocratle and melanocratic bands, the ortiieelase content 

is extremely variable. The sample above contains only a trace of ortho- 

clase while other samples contain up to 39 percent orthoolase and 

correspondingly less plagioclase. As the orthoolase content increases, 

the quartz content also usually rises.

In both the leucocratle and melanocratic bands, almost all minerals 

are anhedral. Only allanite and apatite are sometimes subhedral to 

euhedral. A mosaic texture usually prevails with quartz showing sutured 

contacts.
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2h one of the thin sections of the leucocratic bands, albite 

appears to have grown around quartz grains. A rough alignment of these 

quartz grains suggests they represent the original bedding planes within 

the rock. Orthoclase commonly occurs as overgrowths on the albite in the 

light colored bands. : : -1'■ ■ - - :

Biotite is well aligned in most of the gneiss. The biotite is often 

seen altering to hematite, chlorite, or muscovite. In the more basic bands, 

the change is usually to hematite while in the acidic bands the change is 

more often to muscovite.

3*3 Granitic Gneiss

The regional contact between augen-gneiss and granitic-gneiss 

strikes roughly east-wefet across the northern boundary of Molino Basin.

This contact is gradational and dark bends are commonly present in the 

granitic gneiss along the Mt. Lemmon highway. Some of these bands are :

almost identical to the quartz-dioritic gneiss when examined megascopically. 

No thin sections were made of these bands. Foliation and lineation are 

slightly less well developed than in the augen and quartz-dioritib gneisses.

When examined megascopically, quartz, orthoelase> plagioclase, 

biotite, muscovite, and garnet are visible in the ’ granitic-gneiss• Since 

almost all this gneiss lies outside the Molino Basin area, no additional i 

work was done on this rock type. • . v: * :
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3.4 Pegmatites

Pegmatites are very abundant in the Moline Basin area, especially 

in the quartz -dioritic gneiss where they are strikingly displayed. Two 

different forms have been observed in the field. The first, and by far the 

most important, is a granitic pegmatite containing quartz, orthoclase, plagio- 

clase, muscovite, biotite, garnet, and rare tourmaline. Very minor amounts 

of pyrite and chalcopyrlte have been seen in several exposures. The second 

is quartz rich, generally with a core of quarts and a border zone of coarse 

feldspar.

3.4.1.

This first type of pegmatite may be either zoned or homogeneous vd. th 

the homogeneous type being more abundant. In either ease, however, the 

pegmatite is usually parallel to the foliation in the quartz-dloritic gneiss. 

Cross-cutting pegmatites are usually smaller and appear ptygmatic. Where the 

pegmatite itself parallels foliation, the muscovite and biotite within the 

pegmatite lie parallel to the foliation. In those cases where the pegmatite 

truncates the foliation at some slight angles, faint "fingers* of the gneiss 

often project into the pegmatite. The biotite in these fingers commonly 

feathers out into the more acidic material. (See figure 3.3.)

Contacts between this first type of pegmatite and the quartz-dioritic 
gneiss range from sharp to gradational. Almost all stages of the gradation 

from quartz-dioritic gneiss to pegmatite may be observed in the field, often 

in one outcrop. In this gradation, the biotite content decreases while 

plagioclase and orthoclase contents increase. Garnet and muscovite appear 

as new minerals. In the gradation, the actual contacts between the various



Figure 3.3

Feathering out of the quartz-dioritic gneiss into pegmatite 
suggesting a replacement origin for the pegmatite.

Figure 3«4

Three intersecting pegmatites in the wall of the road cut 
south of the Molino Basin picnic area sign. These pegmatites show 
gradations from gneiss into zoned pegmatite.



Figure 3.3 

Figure 3, 4 



■22

stages are remarkably planar̂  and are .usually, parallel to t W  foliation. - ; 

This phenomenon suggests to the writer that the replacement process is closely 

tied in with the presence of shear planes parallel to foliation. These 

planes may have served as conduits for the replacing material,or;as sites for 

reerystallization in a segregation process. , -- j.n.-h ulv- '.-r.iv, .

., The zonal pegmatites are slightly more.complex^ texturally than the;- 

homogeneous. In these pegmatites the border is commonly coarsegrained.while 

the core is much finer. In a typical zoned pegmatite the coarse grained: • c  

border consists of quartz, feldspar,. and small; amounts of muscovite, biotite, 

and garnet, The small,garnet crystals lie roughly,parallel to the walls,of 

the pegmatite. The coze consists of fine grained quartz, feldspar, and 

abundant muscovite. Figure 3.3 shows three pegmatites which exhibit very

different texture and composition.
v .

Pegmatite number one has sharp contacts with the gneiss and inter-
. . , v. ■ : ■ ■■■■'• ;... •• * '  - v - • :1 c " /  f  :■ t  >.: ;v: h

sects the foliation in the gneiss at a small angle. It is very similar to

the gneiss in appearance with the exception of containing much more plaglo
de se. Pegmatite number two is zoned and'is almost parallel to the foliation. 

Small fingers of gneiss protrude into the pegmatite and in one place extend

completely across it. This pegmatite developed somewhat later than did

number one as is evidenced by the nature of the intersections^ PegmatiteC-

number three is also later than number one and contains larger crystals theni

either of theother two pegmatites. It also intersects the foliatibn at a 
slight angle. .h-. t c‘.v: c.v.;--. '

. The increasing amounts cf feldspar, the protrusion of gneiss1 fingers

into the pegmatite, and the continuance of gneissic structures through the 

pegmatite strongly suggest that replacement processes were of major importance
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In the formation of this type of pegmatite. The writer feels that pegmatite 

number one is the,incipient stage in the.development of both zoned and homo

geneous pegmatites.

One pegmatite was observed that slightly disturbs the suggested 

theory of a replacement origin. In this case, a two inch wide pegmatite 

dike changes into an aplitic phase at the same time increasing in width to 

four inches. The dike continues in its N 85° E strike for about eight feet 

before pinching out. This change from pegmatite to aplite is difficult to

reconcile with a replacement origin. The only explanation that the writer
• • • < ' ■ ' .. • . 1 ;. ’. ' . • • ’ * " • ■ ■ ■■ - • • • . .

is willing to offer is that this pegmatite may indeed be magmatic and the

textural change was caused by a loss of volatiles.

The second type of pegmatite is represented by only one example. r 

This pegmatite is exposed in the west wall of the road cut 210 feet south

of the Molino Basin sign. • It parallels the foliation within the quartz- 

dioritic gneiss and appears to have been formed or intruded along a shear 

plane parallel to the foliation. In composition, this pegmatite differs 

from the other pegmatites in having an almost pure quartz core and borders 

consisting of large feldspar crystals. The quartz core is pink in color 

due to included hematite and contains small amounts of feldspar. . The most 

striking feature of this pegmatite1 is the fine grained borders of quart z- 

dicritic gneiss that closely resemble chill zones developed in an igneous, 

rock. The origin of this type of pegmatite is extremely doubtful.
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Since the pegmatite follows a shear plane in the gneiss, the fine 

grained borders may represent a recrystallized mylonitized zone which served 

at a later time as a site of pegmatite formation.

3*5. Optical and Chemical Studies of Biotite : . -

Biotite is;known to vary greatly in chemical composition dependent 

upon the rock in which it formed (Heinrich, 1946). Biotite from highly sili

cic rocks such as granite and pegmatite is higher in iron content than is 

biotite from basic rocks while the magnesium content varies inversely with 

the iron. , . ;■ : ,

. Since the refractive indices are dependent upon chemical composition, 

it was decided to determine the beta refractive index of biotite from both 

the banded augai-gneiss and the quartz-dioritic gneiss. Sixteen samples of the 

two gneisses were collected and biotite separated from each. These samples 

showed all gradations from the banded augen-gneiss to the more massive quartz- 

dioritic gneiss. One sample of the Leatherwood quartz-diorite was also 

collected and biotite separated from it.

The beta refractive index was determined for each of the biotite sam

ples using liquid immersion methods accurate to plus or minus 0.002. (See 

Table I.) Biotite samples from the melanocratic bands of the banded augen- 

gneiss averaged 1.628 with a standard deviation of 0.0067. Samples from the 

quartz-dioritic .gneiss averaged.1.627 with a standard deviation of 0.0047.

The beta refractive index of biotite.varies from 1.574-1.638 (Rodgers 

and Kerr, 1942). The very close agreement in indices of the sixteen samples 

appears unusual when this wide range for biotite is considered. The data 

strongly suggests similar composition for the biotite from both gneisses.
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The similar chemical compositions suggested by the refractive 

indices is hard to reconcile with different origins for the two:gneisses; 

Biotite formad in the metamorphisa of a sediment would not be likely to 

have the same cimposition as biotite formed by the metamorphisa of a quarts- 

diorite, Itwould seem much more probable that the gneisses resulted from 

metamorphism of one original source material, * : '

l One sample of biotite from the quartz-bearing gneiss and erne from

the Leatherwood quarts-diorite (Cretaceous ?) were analyzed for MgO and CaO 

content. The Leatherwood quarts-diorite is known to be of igneous origin 

and intrudes rocks of varied age in the Mt. Lemmon-area of the Santa Catalinas. 

Analyses of the two biotite samples are given:below. ' ; •1 . , :

CaO % 0

Leatherwood q u a rtz-diorite 6,97$
Moline Basin quarts-diorite ■ : .. 2.3156 :> 4*3756

The above analyses of biotite from the quarts-dioritic gneiss indi

cate an MgO content not in accord with that from quartz-diorlte as indicated 

by Heinrich (1946)• The data plotted by Heinrich would indicate a much more 

acidic source for the biotite, somewhere in the granite-pegmatite range*

3.6 Optical Studies of Plagiocl&se ; :1 ' v, • i

Plagioclase crystals were also separated from the same seventeen 

samples used in the biotite studies. The beta refractive index of each of 

these grains was determined by the use of immersion liquids accurate to plus 

or minus 0.002, The results of this study are shown in Table II.
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Plagioel&se from the quartz-diorite gneiss had an average beta 

index of 1.547 with a standard deviation of 0.002. This corresponds'to a 

composition of Aby Anj (calcic oligoclase)• Samples from'the dark bands-in 

the banded augen-gneiss averaged 1.545 with a standard deviation of 0.003*

The.two averages lie Within both the experimental error and the standard 

deviation. Accordingly, it may be assumed that the plagioclase from the 

quartz-dioritic gneiss and the dark bands ere identical in composition.

:Since the plagioclase composition in the presence of excess calcium 

is extremely sensitive to metamorphic conditions, the similarity of composi

tions is very useful in determining metamorphic conditions existing in the 

Molino Basin area. An excess in calcium is clearly indicated by the presence 

of both epidote and minor calcite. With this excess of calcium, oligoclase 

would be stable to the middle mesozone where aridesine would begin to f ora.

The composition of Aby An^ is the dividing point between oligoclase and 

andesine, indicating that mid-mesozonal conditions were the maximum prevail

ing in the area*

The uniformity of the plagioclase compositions also indicates that 

mid-mesozonal conditions prevailed throughout the Molino Basin area.

No plagioclase was separated from the light colored (leucocratic 

bands) or pegmatite. Optical studies in thin sections, however, indicate 

that albite is the most abundant plagioclase in these rocks. No calcite, 

epidote, or other anorthite-substitute minerals were observed in these 

acidic rocks, indidating that the necessary calcium was not present to form 

the oligoclase stable under the mesozonal metamorphic conditions*

The difference in anorthite content of plagioclase between leucocratic

and melanocratie bands suggests that calcium was not mobile over any great 
distance.
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The one plagioclase sample from the Leatherwood quartz-diorite had

a beta refractive Index of 1.545# indicating a composition of calcie oligo-
. - ' ; c . i t - .

class. This composition is in accord with the composition of the plagioclase

from the quartz-dioritic gneiss and melanocratic bands in Molino Basin*
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4»1 Trace Element Studies of Biotite ,

After field and petrographic work Indicated that the banded augen- 

gnelss was gradational in composition with the quarts-dlorltic gneiss, it 

was decided to analyse biotite samples from both rocks for their trace 

element content. This study was based on the fact that there is much ionic 

substitution in biotite. In addition to the substitution of for Fe*"̂  

and Fe**3 for Al^, numerous other elements are diadoehic in biotite. If 

the dark bands from the augen-gneiss and the quartz-dioritic gneiss had a 

common origin it would seem likely that they would contain the same trace 

elements in the biotite.

Sixteen representative samples of the two rocks were selected, 

crushed and sieved to -24 +42 mesh. This fraction was passed several times 

through a Franz Iso-Dynamic Separator. The more magnetic portion, consisting

of biotite, magnetite, epidote, and other impurities was ground in an agate
• ’• ' , ■ * ‘ * .

mortar and again passed through the separator. This second magnetic portion 

was washed, dried, and passed through the separator for a third time. The 

resulting fraction consisted almost entirely of biotite with minor amounts 

of epidote and magnetite which were removed by hand picking under a binocular 

microscope.

The separated biotite was ground in an agate mortar and carefully 

mixed in equal proportions with powdered graphite. Possible sampling errors 

were reduced as far as possible by measuring the biotite and graphite volu

me trically using a small planchette. The samples were then arced in the .

26 < '■ ■ ■ ■ ■;
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emission speolograph for thirty seconds at six amperes and thirty seconds at 

twelve amperes. The relative proportions of trace elements were determined 

by the use of a densitometer. A standard sample (altered biotite) was 

treated in the same manner as the other samples and was arced with each 

series of biotites. The results of this work are shown in Table HI*

Before attempting to interpret this data, the differences between 

the values of the,repeated standard should be noted. The values for copper 

are particularly variable (12, 6, 0). These discrepancies may be accounted 

for by inaccuracies inherent within the emission spectrograph and by errors 

in reading the densitometer. Due to these discrepancies, the significance 

of this data is questionable.

It is interesting to note that Cr3* appears in only one sample (H-2)j 

taken from a biotite lens near the northern boundary of the basin. The lens 

apparently resulted from the metamorphic segregation of biotite from the 

associated augen-gneiss. No explanation ean be given for the presence'of 

Cr^+ in this sample since no ore mineralization was noted in the immediate 

area. .

Another interesting feature of this data is the great differences in 

the copper values for the various samples. Malachite, asurite, and chryso- 

eolla were noted in many of the fractures within the area as late mineralization. 

The copper values obtained probably result from supergem processes and not 

from primary copper*

4*2 Chemical Cross-sections

Six cross-sections of the quartz-dioritic gneiss-pegmatite contacts 

were sampled and analyzed to determine if chemical migration had taken place
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daring the formation of the pegmatite, In the first two of these cross- 

sections, samples were taken of both pegmatite and quartz-diorltic gneiss 

at the contact* Additional samples were taken in both rocks at some distance 

from the contact. Since the migration was felt to be most important in the 

quartz-dioritic gneiss, only this rock was sampled in the other four cross- 

sections* Sampling procedures were otherwise the same in these latter 

cross-eections*

Total rock samples from the six cross-sections were crushed and 

analyzed by various techniques. All six sections were run on the emission 

spectrograph while for sections #1 and #2, sodium and potassium were deter

mined with the flame photometer end CaO and MgO by TEDTA methods* Results of 

these determinations are shown in figures 4.1 to 4.6.

Results from the emission spectrograph determinations were incon

clusive. In three of the sections analyzed, the potassium content of the 

quartz-dioritic gneiss increased as the contact was approached, while in 

three sections it decreased. For magnesium (two lines read), the content 

increased on five lines, decreased on four lines, and remained the same on 

three lines. The manganese content decreased in four sections, increased 

in one, and remained the same in one* Titanium (two lines read in five 

sections) increased on six lines, decreased on three and remained the same 

on one. The copper content increased in three of the sections and decreased 

in three. Lead (determined in two sections) increased in one section and 

decreased in one section*

The above data are very erratic, two lines for the same element in 

the same sample often giving different values* Several sources of error



Emission Spectrograph Cross-Sections of Contacts

Rock samples from six cross-sections of con

tacts between quartz-dioritic gneiss and pegmatite 

were analyzed with the emission spectrograph. Values 

obtained in these analyses represent relative quanti

ties of the individual elements as determined by the 

photo densitometer. The following graphs show these 

values plotted against distance from the contact. 

Because of matrix effects, it is impossible to com

pere one element with another, the graphs show only 

increases or decreases in the individual elements.

i
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may be suggested for these results# (Me possible source of error In in the 

sampling. Only a small portion of the ground sample iiust represent a rock 

sample of at least twenty-five cubic Inches. When such a small fraction of 

the original sample is actually analyzed the possibility of error increases 

greatly. Another, even greater source of error may lie in the emission 

spectrograph itself. Densitometer readings on standard samples run at a 

later date varied by greater amounts than the differences recorded in figures

4.1 to 4.6. Copper, for example, gave values of 12, 6, and 0 on three

repetitions of the standard sample. Magnesium values varied from 48 to 42.
' ■"

These differences are greeter than many of the differences plotted on the 

graphs. Consequently, the data have no apparent significance.

As mentioned above, samples from cross-sections #1 and #2 were 

analyzed for sodium and potassium using a flame photometer and section #2 

for MgO and CaO by EDTA methods. Results of these analyses are shown in 

figures 4.7 to 4*8«

In both cross-sections, the potassium content of the quartz-dioritie 

gneiss decreased as the contact with the pegmatite was approached. The 

sodium content showed a slight increase in the same distaadea. In cross- 

section #2, where CaO and MgO were determined, the CaO content increased 

toward the. contact while MgO decreased•

These changes are best explained by the decrease in the percentage 

of biotite in the quartz-dioritic gneiss near the contact, with an increase 

in the plagioclese content. Since biotite from the quartz-dioritlc gneiss 

of Mol in o Basin contains 2.31# CaO, a marked increase in the plagioclese con

tent must have taken place in the quartz-dioritie gneiss near the contact

during the formation of the pegmatites. This theory is substantiated by 
field evidence e



Chemical Cross-Section of Contacts

Rock samples were taken on either side of 

contacts, between quartz-dioritic gneiss and pegma

tite. These samples were analyzed for sodium and 

potassium with the flame photometer and for CaO 

and MgO with EDTA methods. The results are plotted 

as percentage versus distance from the contact*
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5.0 Structure

The most obvious structural features of the Molino Basin area are • 

the well defined foliation and lineation. The foliation strikes N 45° W 

to east-west and dips gently northward while the lineation strikes N 45° 1 

with a gentle plunge to the northeast. The foliation within the gneiss 

shows many small folds which resemble wrinkles on the major northwest 

trending structure. A large northeast trending anticline lies on the 

eastern margin of the area. The gneisses are strongly jointed and in sev

eral places are cut by faults.

5.1 Foliation

Foliation is well developed in the rocks of the Molino Basin area. 

It follows a regional strike of approximately N 45° W with dips of ten 

degrees to forty degrees to the northeast. Minor folds within the area may 

cause local deviations in the strike towards the east. Foliation within 

different closely associated rock types is usually conformable.

In several places within the Molino Basin area, the foliation is 

overturned (see figure 5.2), intersecting:,the foliation immediately above 

at various acute angles ♦ This phenomena is very similar to drag along a 

fault and was probably caused by gliding of the gneiss toward the north 

while still in a relatively plastic state. The foliation in the lower 

levels of the east face of Molino Canyon shows steepening to the north, 

also suggesting a northward gliding.

40



Figure 5«1

Overturning of the foliation in the quartz-dioritic gneiss. 
This suggests that the upper light colored rock has moved to the 
right (north).

Figure 5.2

Intensely mylonitized zone in the melanocratic bands of the 
banded augen-gneiss. Mylonitic zones are common throughout the area



Figure 5.1 

Figure 5.2 
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5.2 Lineation

The most prominent structural feature of the Molino Basin area is 

the veil defined lineation. Within the quarta-diorltic gneiss and the banded 

augen-gneiss, the lineation is largely expressed by the alignment of biotite 

grains. Porphyroblasts of plagioclase may also be elongated parallel to the 

biotite* In the pegmatites and granitic gneiss the lineation results from 

the alignment of muscovite and orthoclase grains.

Although the strike of the foliation may vary greatly, lineation 

remains relatively constant. Throughout the area studied, the lineation 

ranged from N 40° X to N 60® E, with a plunge ranging from U degrees to 

26 degrees to the northeast. Following Billings terminology, this should ' 

be considered waN lineation since it is almost perpendicular to the strike 

of the foliation. nb11 lineation occurs on the northeast trending anticline 

on the eastern boundary of the area mapped. On this anticline the lineation 

plunges to the northeast on the northeastern end and to the southwest on 

the southwestern end.

5*3 Jointing

Jointing is generally well developed in the rocks of the Molino Basin 

area. It is particularly well developed in the rocks exposed in the road- 

cuts along the Mt. Lemmon highway, where the joints exhibit steep to vertical 

dips. A rose diagram, figure 5.3, was constructed, showing the strike of 

joints within the Molino Basin area and their relationship to other struc

tural features of the area. This diagram reveals two very prominent sets of 

joints; one striking,N 70-80° E and the second N 30-50° W. Minor joint 

peaks occur at N 40® E and N 70® W. Dips of , the N 30r50® W striking joint
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Faults -----
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Foliation (Generalized)

Figure 5*3 Rose Diagram of Structural Features 
of the Molino Basin Area.
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set are steep, varying from 85° HE to 70° SW. Dips of the N 30-50° E 

striking joint set are also steep, ranging from 45° SB to 75° NW.

The joints are usually the site for deposition of late hydrothermal 

minerals. Hematite is common as thin red films along the joint surfaces.

The most striking mineralization is the layers of zeolites which often ' 

coat the hematite. Both henlandite and stilbite are present as radiating 

crystal clusters. Botryoidal goethite is also occasionally present along 

the joints. Secondary copper minerals are widespread in the joints within 

the area. Chrysocolla, azurite, and malachite have all been noted in the 

joints. :

In addition to the steeply dipping joints mentioned above, the 

rocks of Mo lino Basin show much evidence of shearing parallel to foliation. 

This shearing is intense enough in places to fora mylonitic zones up to 

two feet thick. These shear zones appear to be a controlling factor in 

pegmatite formation as evidenced by most of the pegmatites following the 

shears closely. The shears are also the site of late copper mineralization. 

No copper sulphides have been seen along the shear breaks, but secondary 

copper minerals are common.

5.4 Faults
Aerial photographs of Molino Basin reveal an almost north-south 

linear feature crossing the western portion of the area. On the ground, 

this feature is expressed as washes or depressions up to fifteen feet.wide. 

Small saddles are formed at intersections with ridges. Near the southern 

margin of the area mapped, dark bands within the banded augen-gneiss appear 

not to carry across this line. Outcrops within the area of this feature 
are sparse but it seems probable that this feature is a large fault zone.
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Its outcrop pattern as seen in the photographs suggest a dip of approximately 

45° to the west.

Several othet faults are visible within the area. The most promin

ent of these is located 195 feet north of the Molino Basin picnic area sign 

in the west wall of the roadcut. This fault strikes N 55° E, dips 54° NW, 

and is marked by twelve to fourteen inches of red fault gouge. The strike 

of this fault suggests that it may be the controlling factor in the swing . 

of the trend of Molino Canyon from north-south to northeast-southwest.

In Molino Canyon, about 100 feet south of where the stream crosses 

the Mfc. Lemmon highway, there is a three foot wide zone ef intense altera

tion of the augen-gneiss.' This zone strikes N 65° E and dips 85° SB to 

vertical and may be traced along strike to its intersection with the dirt 

picnic road.
In several places in the walls of the roadeuts small normal faults 

dipping to the north were noted. These faults usually cut ptygmatic pegma

tite structures, offsetting them to the north; in a few cases, the pegmatites 

followed the faults. This evidence suggests that faulting slightly proceeded 

pegmatite formation and continued throughout and after the formation of the 

pegmatites 0 ' 1 :•

5*5 Folding

, Although there ere many small folds in -he area, only two large folds

have been mapped. The first of these is the northwest to east-west striking 

fold revealed inthe quartz-dioritic gneiss and the associated banded augen- 

gneiss. Approximately at right angles to this fold is a large doubly
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plunging anticline lying on tie east boundary of the area, .Lineation on this 

anticline roughly parallels the axis of the fold and may be considered Bb11 

lineation,

5.6 Structure Summary

A satisfactory interpretation of the origin of the structural fea

tures of Molino Basin is difficult because of the complexity and variety of 

rock type. No mapping unit is consistent enough to be used as a marker 

horizon. Another complicating factor is Hie repeated periods of orogeny and 

metamorphism.

In general, however, foliation within the area strikes northwest to 

east-west with slight dips to the northeast, Lineation is roughly perpendi

cular to the foliation and it plunges to the northeast at angles of up to 

twenty-six degrees. Four faults of considerable size, were observed in the 

area. One, a thrust fault, strikes northwestwardly and dips dbeeply to. the .... 

northeast, while the others, on which the movement could not be determined,: 

strike northeastwardly with two dipping to the northwest and one.to the 

southwest. Very small normal faults were seen within the roadeuts. cutting 

the ptygmatic pegmatites. Some of these pegmatites follow the faults and 

are therefore slightly younger. The maximum number of joints occur in four 

directions: N 70® W, N 30-50° W, N 40° E, and N 80° E. These data are 

summarized on the rose diagram (see figure 5.3).

Die first event in the structural history of this area was the devel

opment of lineation, foliation, and shear planes parallel to the foliation.

This was probaHy caused by compression from the northeast or southwest as 

evidenced by the orientation of these features. At some later time, pegmatites



were formed along the shear planes* These shear, planes probably_served as 

localizers for the process. While pegmatite formation was going on, the. 

gneiss apparently began to rise as a somewhat plastic mass with the upper 

portions moving off to the north. This movement is suggested by overturning 

of the foliation and the steepening of the dip to the north with depth. 

Somewhat later, but still during the process of pegmatite formation, small 

normal faults were developed in the gneiss * This period of faulting evidently 

persisted after pegmatite formation ceased since pegmatites both follow and 

are cut by the faults.

All of the larger faults appear to be post-pegmatite in age. The 

northwest striking thrust fault indicates a compression from the northeast 

or southwest. Although movement on the other faults could not be determined, 

it is possible"'that they originally developed as tension fractures parallel 

to compressions, with later strike slip movement.

Joints present in the rocks of Holino Basin appear to be later than 

the other structural features. The predominant orientations of these joints 

are shown in figure 5.3. Since the orientation of structural features is 

often controlled by the original fabric, the writer believes that the joints 

at N 35-50°. W and N 40° E are related to the foliation and lineation. The 

planes of foliation with their numerous shears should be zones of weakness 

within the gneiss and it is very likely that joints would develop parallel 

to them. The lineation would probably form a lesser zone of the weakness 

in the rock with joints parallel to it. The joint sets at N 70° V and 

N 80° E do not appear to be related to the foliation or lineation but, 

considered as a pair, they possibly suggest an almost east-west compression.

48
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All the joints in Molino Basin were examined carefully to determine if any 

age differences were present. Unfortunately, joints of each of the maxima 

are coated by the same hydrothermal minerals. Whether all four peaks 

represent one period of stress or instead result from two or more periods 

could not be determined.



6.0 Conclusions
The constancy of the chemical composition of the plagioclase from 

the quartz-dioritic gneiss end the melanoeratic bands of the eugen-gneiss 

strongly suggests that metamorphic conditions were uniform throughout the 

Molino Basin area. Both rocks contain minerals such as epidote and caleite 

which would furnish the additional calcium needed for the more calcic 

plagioclase which is stable under higher temperatures. Since these minerals 

are. present throughout the area, the temperature must not have anywhere 

exceeded a point (mid-mesozone) where the calcic ollgoclase is stable.

Optical studies of the plagioclase from the Leatherwood quartz- 

diorite indicate that it is identical in composition with the plagioclase 

from the Molino Basin quartsniioritic gneiss. Although the plagioclase 

compositions agree, the compositions of the biotite from the two rocks 

differ-in CaO content by 0.73% and in 1%0 content by 2.60%. These analyses 

indicate to the writer that the biotite composition does hot follow meta

morphic conditions as closely as does the plagioclase composition, but 

reflects the original conposition of the rock. If this theory is indeed cor

rect, then the apparent similar compositions of the biotite from the two 

gneisses of Molino Basin would indicate that the source rooks were identical. 

Although this theory is admittedly based on several suppositions, it appears 

more plausible than the alternative solution of having the similar composi

tions produced by a widespread iron metasomatism.
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The high iron content of the biotite from, the quartz-dioritic gneiss 

also offers an indication as to the origin of the rock. Such a content 

would be anomalous" in a quartz-diofite (Heinrich, 1946), since it indicates 

a more acidic source. Although this evidence does not definitely indicate 

a sedimentary origin for the gneiss, it does suggest that the biotite 

probably did not form in a quartz-diorite.

The anhedral form of zircon and sphene suggests that the quartz- 

dicritic gneiss was not originally igneous. Both minerals usually preserve 

their euhedral shape even through intensive metamorphism and in no case was 

an euhedral form"observed in either the quart z-dioritic gneiss or the melano- 

cratic bands. Although both minerals are rare, it is difficult to imagine 

that an orignial euhedral form would be completely destroyed. It appears 

more likely that the source rock was sedimentary and that the zircon and 

sphene were originally anhedral or subhedral in form.

As previously noted, all gradations exist between the quartz- 

dioritic gneiss and the melanocratic bands. Early mapping proved that it 

was impossible to delineate any boundaries for the quartz-dioritic gneiss. 

Many bands were encountered that were impossible to place clearly in one 

of the two groupso This field evidence strengthens the theory that the 

two gneisses have a common origin.

Certain petrographic evidence is present that may be interpreted 

as indicating an igneous origin for the quartz-dioritic gneiss. The presence 

or oriented epidote crystals within plagioclase is usually interpreted as 

indicating an igneous source rock. The writer believes, however, that an 

igneous origin is not necessary for the formation of this texture. This
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texture only indicates that the, excess calcium, not stable within the plagio- 

clase, has been released and has formed epldote. The only true requirement 

for this; reaction is plagioclase which was stable under earlier higher grade 

metamorphic conditions but which was too calcic to be stable under the latest 

metamorphic conditions.. It appears.likely that the Santa Catalina Mountains 

have undergone several periods of metamorphism (DuBois, 1959a) and it is 

very possible that the above mentioned texture reflects only a prior higher 

grade period of metamorphism.

The field, chemical, and petrographic evidence noted above leads the 

writer to believe that the quartz-dioritic gneiss and the melanocratic bands 

have a common origin. The anhedral nature of zircon and sphene and the high 

percentage of quartz present in some of the melanocratic bands suggests that 

this source material was sedimentary.

If we assume a common origin for the two gneisses it becomes necessary 

to explain some of the differences in mineralogical composition. The most 

striking difference is the variation in the quartz and orthoclase content 

of the gneisses. Both quartz and orthoclase are exceedingly variable within 

the gneisses.

The alkalies, sodium and potassium, and quartz commonly show evidence 

of being mobile under even mesozonal conditions of metamorphism. The writer 

believes that these mobile materials have segregated within the gneisses 

forming light and dark bands. The differences in mineral composition would 

then represent only stages in their migration. The writer suggests that 

the biotite segregations and associated granitic bands represent the end 

product of this segregation process.
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The writer would like to state at this point that the operation of 

the suggested segregation process cannot be proved. When chemical cross- 

sections were made of the quartz-dicritic gneiss, it was hoped that they 

would indicate relative movements of elements. Unfortunately, the emission 

spectograph determinations lacked the needed sensitivity and the results 
were inconclusive. • ' . , > .. : - ' -
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APPENDIX



Beta Indices of Biotite

TABLE I

Augen-gnaiss

Number Beta Index X-X (X-X)2

M-22 1.630 +0.002 0.000004
• M-70 1.635 +0.007 0.000049
M-71 1.630 +0.002 0.000004
M-72 1.630 +0.002 0.000004
M-77 1.617 -0.011 0.000121

Average 1.628 0.000182

Standard Deviation = 0.0067

Qvifirtz-dioritic Gneiss

Number Beta Index (X-X)2

M-47 1.627 0
14-50 1.633 +0.006 0.000036
M-51 1.625 -0.002 0.000004
M-57 1.625 -0.002 0.000004
M-54 1.635 +0.008 0.000064
14-74 1.623 —0 •004' 0.000016
M-75 1.623 —0 •004. 0.000016

Average 1.627

Standard Deviation =

< 0.000142

0.0047
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•TABLE II
Beta Indices of Plagioclase

Quartz-diorltlc Gneiss

Number Beta Index X-T (X-X)2

H-47 1.547 0.000 0
M-50 1.547 0.000 0 •
M-51 1.550 0.003 0.000009
M-57 1.543 0.004 0.000016
M-54 1.547 0.000 0
M-74 1.545 0.002 0.000004
M-75 1.547 0.000 0

Average 1.547 V" -£0.000029

■ - - - ", -
Standard Deviation 2 0.002

Aueen-gneiss

, ' '

Number Beta Index X-5 :> X-X)2
- i ’ '

M-22 1.545 0.000 0
M-70 1.547 0.002 0.000004
M-71 1.540 0.005 0.000025
M-72 1.547 0.002 0.000004
M-77 1.547 1 0.002 x;: 0.000004

Average 1.545 <  0.000037

Standard Deviation - 0.003
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TABLE H I
Trace Elements in Blotite

Q.uartz-dioritic Gneiss
Ga Al Mi Or Ti Cu Mg Sr

M-47 58 47 48 0 42 28 56 ' 42
M-50 61 60 49 0 44 48 .59 , 39
tt-51 64 64 49 0 45 45 ' 48 .44
M-54 45 54 48 . 0 48 24 : 15
M-57 52 64 50 ; 0 48 35 43
M-74 58 64 51 0 59 0 51 ; 39
M-75 55 60 49 ; 0 49 32 56 . ; V 38

Aucan-eneiss c . y J

M-22 66 68 50 0 46 44 54 " 38
M-70 48 56 48 0 45 34 47 24
M-71 46 53 48 0 43 28 43 18
M-72 48 56 50 0 45 0 48 7
M-77 57 62 55 0 49 0 54 . 30

Biotite Concentration • . - : ;

M-25 59 57 50 ’34 43 5 5 9 ; 8
M-76 57 64 51 0 52 25 54 ; 34

Gradation

M-24 66 67 50 0 46 34 56 : 40
14-73 54 64 51 0 49 12 47 , ■ 39

Leatherwood Quartz Diorite r,

14-61 50 53 42 0 46 15 53 30

Standard

Film 4 56 54 46 0 44 12 48
Film 5 50 58 50 0 45 6 42
Film 6 52 53 52 0 46 0 48
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TABLE IV
Chemical Compositions of Quartz-diorite

Chemical Composition Average of 19 Range Found

Si02 66.22 76.94-52.03
Ti°2 .39 1.12-00.00
AI2O3 15.66 20.57-12.60
Fe203 1.22 2.50-00.16
FeO 3.11 8.13-00.03
MnO .04 .42-00.00
MgO 2.15 8.34-00.23
CaO 4.56 8.84-00.88
Na~0 4.24 6.63-02.37
k26 1.42 2.28-00.25

Chemical Composition Average of 4

After Johannsen 

Average of 55

SiO 66.57 62.35
Ti02 .54 .67
AI2O3 14.57 16.41
Fe2°3 2.36 2.57
FeO 4.12 3.82
MhO .01 .10
MgO 1.72 2.83
CaO 3.27 . 5.95
Na^O 3.22 3.414 2.22 2.13

After Daly
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