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- : Abstract : .. : ; '
A suite of thirty muscovite samples was collected. The 

majority of these were from the Santa Catalina Mountains in 
Pima County, Arizona. The remainder were from a wide variety 
of geologic settings in which the geologic environment would 
enable one to make some reasonable estimate as to the temp
erature of formation of the muscovite.

Analytical techniques for sodium and potassium, capable 
of yielding a high degree of precision and accuracy, were 
developed and applied to the suite of samples. The analytical 
results were then compared to the phase diagram for the 
muscovite-paragohite join, and the indicated temperatures 
were considered in relation to the geologic environments.
The results were very encouraging. The highest indicated 
temperatures were at apparently intrusive contacts. Muscovites 
from gneisses indicated temperatures that were reasonable in 
light of their mineralogic settings^ They ranged from 390°C 
to 550 C. Samples from pegmatite bodies indicated temperatures 
betweeh 400°C and 520°C. These results supported the belief 
that the amount of sodium substituting for potassium in the 
muscovite structure would be a fairly vaTid geothermometer.

.This technique was also used as a tool in studying the 
metamorphic comp1 ex in the Santa Cata1ina Mouritains.
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1.1 Introduction
Geologists are fami 11ar wIth numerous methods of 

estimating the temperature of formation of minerals based on 
solid solution relations in minerals. This thesis deals with 
the subs11 tut ion of sodium for potassium in the muscovite 
structure, ' '

Yoder and Eugster (1954) studied the temperature-com- 
posit i on relationships of the muscovi te-paragon!te joi n. They 
found that the amount of sodium” increases with increasing 
temperature of formation of the muscovite. They determined 
the sodium to sodium plus potassiurn ratios at several temper
atures. These values, when expressed as mole percent, indi
cate the degree of substitution and yield a smooth curve when 
plotted against temperature (fig.TJ), These muscovite synthe
ses were carr i ed• out under a hydrostat i c pressure of 30,000 psi.

If this phase diagram Is to be applied strictly to nat
ural 1 y occurring muscovifes they must have been formed in 
the presence of paragonite under a hydrostatic pressure of 
30,000 psi. However, there are reasons to be 1ieve that the 
amount of sodium that substitutes for potassium in the mus
covite structure may be a reasonably good geofhermometer 
under a fairly wide range and composition.

Muscovite and paragonite very rarely occur together in 
nature. This is because equilibrium in the following reaction 

orthoclase -f paragonite albite -!- muscovite



r'ig. 1.1 f ase diagrar;, for the muscovite aragonite join. 
( fter Yoder and. Eugster, 1954) 
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strongly favors the right hand members. Therefore if a 1 bite 
and orthociase were associated with the muscovite there 
should have been sufficient availability of sodium and po
tassium, This assumption is supported by the temperatures 
indicated by the sodi urn-potass i urn rat ios of muscovites that 
were not associated with paragon!te. Yoder and Eugster (1954) 
analyzed several natural muscovites and determined tempera
tures of formation which seemed reasonable in light of the 
geologic settings from which the samples came. Only one of 
these samples was associated with paragon! te. Gf'ootemaat and 
Holland (Eugster, 1955) used this diagram to determine the 
temperature of formation of muscovite-albite assemblages of 
different zones of the Peerless pegmatite (Black Hill, South 
Dakota). Host of the rocks that the author studied contained 
both a 1 bi tie and^b^ ned no vis i b 1 e al-
bite, but still the temperature from the sodiurn-potassiurn 
ratibs did not appear unreasonable.

The position of the muscovite-paragonite solvus will 
probably not be affected greatly by changes in total or par
tial water pressure. This is because no vapor phase is in
volved and the densities of muscovite and paragon!te are 
essentially the same.

albite + muscovite orthoclase -f paragonite 
vi V2 V3 V4

- (V j+V2)j = AV ̂  0 
The position at which the solvus is truncated is .

pressure dependent, however, because a vapor phase is



involved. The pressure dependency of the upper stability 
limit of muscovite is indicated in figure 1.2. It is possi
ble that a muscovite formed under conditions of relatively 
high temperature and,low pressure might have been within 
the field of H + F G + vapor.

Host of the samples studied indicated a temperature of, , , ■ „ , ;■ : . ", V r- . . - ,

formation of less than 55 0 °C, These could not have formed
in the field #4- F 4- C + vapor unless they were formed under
a hydrostatic pressure equivalent to less than a kilometer 
of overburden. One set of samples did indicate temperatures 
sufficiently high that even at a depth of several kilometers 
they might have formed in the M -r F -I- C + vapor field. The 
samples wdre from a cpntact metamorphic zone (RD-14-59$
CH-17- 60a and CH-18s,60; see page 16) . The sodium-potassium 
ratios decreased with increasing distance from the contact. 
Therefore, it can be concluded that even these muscovites 
must have.been formed below the truncation of the muscovite- 
paragoni te solvus.



2,1 Analytical Techniques
Unless otherwise stated all potassiuin and sodium 

analyses referred to in this paper were done on a Perkin- 
Elmer Model 146 flame photometer.

The simplest approach to flame photometry is to intro
duce the sample into the flame, measure the amount of light 
emitted by the desired element and relate the photometer 
reading to the concent rat i oh, This relationship can be 
determined by ca1ibrating the photometer with standards of 
known concentration. This "direct intensity" method assumes 
that the atomizer delivery is constant, the portion of the 
sample atomized remains the same, and the flame characteristics 
do not vary. Some variations do Occur, however, and the 
assumptions cannot be strictly valid, A more serious Objec
tion to the method results from the pre$ence of salts, acids, 
or even organic materials in the sample. These interfering 
materials will tend to change the intensity of Tight emitted 
by the desired element compared to the same concentration in 
a standard that does not contain the interfering materials.
The effect is usually to decrease or Increase the expected 
reading, and allowance must be made for these interference 
effects. An obvious solution to the problem is to prepare 
standard solutions with the same amount of interfering acid 
or salt in proportions similar to that in the substance to 
be analyzed. This method will, of course, not compensate for 

■ " ' ' ■ 5 ■



variations in flame intensity. And for solutions where the 
interfering matefiais are completely unknown the analyst is 
at a loss concerning how to prepare suitable standards.

In the "internal standardn method used here, equal a- 
mounts of lithium are added to both sample and Standards.
The result is not a measure of the direct intensity of the 
element of interest, but of the ratio of intensities of the 
element to the 1ithiUm» This method has the advantage of 
reducing errors introduced by the presence of foreign acids 
and salts, by organic compounds, and by gas and air pressure 
fluctuations. This.advantage results from the fact that such 
interference conditions affect both lithium and the element 
of interest in the same manner. Consequently, the ratios of 
intensities remain constant.

The method of sample preparation used in this work is 
as follows: A 200 mg, sample is weighed out into a 25 ml.
platinum cfucibTet Fifteen ml, of hydrofluoric acid and - 
5 ml.perchloric or sulfuric acid is then added. The crucibl 
is placed on a hot plate and kept at a temperature of about 
75°C. Heating is continued for about 24 hours, until only 
a smal1 amount Of mush, cpns i st i ng of salts and acid, remai ns 
This is taken up in hot disti1 led water and transferred to a 
200 ml. volumetrtC flask. The inside of the crucible and the 
1 id are also carefully washed into the volumetric flask. 
Thirty-two ml. of 5000 ppm solution' of lithium chloride is 
added and then distilled water is added to bring the solution
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up to exactly 200 nil;, of volume._ This 200 ml. of solution
now has a lithium concentration of 800 ppm. If the original
sample was a muscovite the resulting solution wil1 contain
between 30 and 70 ppm potassium ions and between 0 and 10 ppm
sodium ions.

Standards are then made to cover these concentration 
ranges. Standards containing 0, 15, 30, 45, 60, and .70 ppm 
potassium are made using chemically pure KgCr^O-. Sodiurri 
standards containing 0, 2.5, 5.0, 7.5, and 10 ppm ahe made up 
using NagCgO^. Each standard also contains enough lithium 
chloride to make it 800 ppm with respect to lithium.

In the actual analysis of the sample the first step is 
to determine which two standards the unknown falls between.
As an examples, let us assume that the unknown has a potassium 
concentration that lies between that of the 30 ppm standard 
and the 45 ppm standard. The procedure then would be to run 
the 30 ppm standard -- unknown 45 ppm standard sequence from 
five to ten times. The parts per million of the unknown may 
be calculated for each sequence and these values may be 
averaged to give the concentration of the unknown.

Some workerss, when running alkali analysis on silicate 
materials, prefer to precipitate the nonalkalis before 
introducing the sample into the flame photometer. This is to 
remove possible interfering ions. The disadvantages of this 
technique are possible coprecipitation of the alkalis and 
possible contamination through the reagents. Therefore, it



seemed advantageous to by-pass this possible procedure„ if 
it could be done without introducing any appreciable error.

In the procedure used here possible interferences are 
el iminated by (1) working wi th relatively dilute solutions,
(2) keeping the flame temperature low enough so as not to 
excite many of the rionalkali ions, (3) use of the internal 
standard. To test the validity of this technique, checks 
havd been made by adding an excess of possible interfering 
ions and also by precipitating the nonalkalis. These checks 
demonstrated that the above out 1ined procedure was intre
ducing no appreciable error. Furthermore, its simplicity 
saves time and el bates steps where errors might be 
introduced.

Two Specific problems gave the author a considerable 
amount of trouble and had to be solved before much faith could 
be placed in the analytical results.

Distilled water of consistent high purity is necessary 
for ahalysis of these smalr amounts of sodium. Such water 
could not be practically obtained for the work. The problem 
was solved, however, by filling a large tank with poorer 
quality distilled water of which the sodium content had 
carefully been determined. This water was then used in pre
paring all of the sodium unknown and standards, thereby sub
tracting an equivalent blank from each of them.

The second problem Was much harder to come to solve.
It arose from the fact that when running replicate analyses 
of a single sample one of the potassium analyses would
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frequently be relatively low. The work of Winchester (1959) 
has indicated that this might be due to the loss of potas
sium during the acid digestion of the sample.

Two processes seemed to be the possible causes of the 
phenomenon. One was simple physical splattering during the 
digestion. The other process, which Winchester suggested,• 
was that Of the potassium ions being carried off by vola
tilizing fluorine-silica compounds.

To check the importance of the latter process the author 
attempted to measure the potassium content of the fumes being 
given off by the digesting silicates. The fumes were ex
hausted through a polyethylene funnel and tubing into a 
disti1 led water trap. Several micas and feldspars were then 
digested and the water through which the fumes had passed 
was analyzed for potassium. In some cases potassium was 
actually detected in the water trap. The amounts of potassium 
caught in the water trap were far too small to cause any real 
error in the analyses; however, there is no reason to assume 
that all of the potassium that may have escaped from the di
gesting sample was caught in the water trap.

At this point it seemed apparent that simply putting a 
lid on the potassium crucible might not be enough to insure 
T00% retention of the potassium ions during acid digestion.
It was decided to try placing the sample-containing crucible 
inside of another larger crucible. The logic behind this was 
that the lid of the outer crucible wi11 be cooled by radiation



and might act as a cool surface on which potassium bearing 
fumes could condense, if this were the mode of potassium 
transfer* If, on the other hand, the potassium were escap
ing by some sort of splattering, then two lids would be better 
than one. This technique proved to be very satisfactory and 
no evidence was found for potassium escape from the double 
crucible. Equally satisfactory results were obtained by 
carrying out the digestions at lower, temperatures<; However, 

.this has the disadvantage of greatly prolonging the process,
in order to increase conf1dence In the' results duplicate 

portions of every sample were weighed out and analyzed sepa
rately, If both the sodium ahd potassium results of the two 
duplicates did not agree very closely a third portion was 
analyzed, % '. ::' /. " V •:r .

In general, precision of nearly one percent was rela
tively easy to obtain for the potassium analyses. The accu
racy of the potassium analyses is probably of the order of 
plus or mlnus three percent. Table I is an Interlaboratory 
comparison of potassium analyses* Table 18 shows the results 
of is oven ana 1 yses of Baker Anal yzed Reagent potass Sum d i - 
ehromate. These were carried through a 11 of the procedures 
that the muscovites were. However, it may be significant that 
the potassium dichromate is not a silicate.

Table 111 indicates the degree of precision and accuracy 
obtained in the sodium analyses.
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Table 1„ inter laboratory Checks on Potassium Analyses

Sample No. Nature of 
.Sample this

laboratory
K%

Comparison 
... methods

Laboratory 
and method* 

(see footnotes)

BMD-18 (A) biotite 6.48 6.47 . 16,46
6.44

BHD-16 (H) muscovite 8.35 8.39 1

BS-T10A-58 'biotite ' 5.73 5.77 2
5.78

BS-111A-58 biotite- 6.21
6.24

6,56 2

6,19
N,B,S. 89 lead- 6.91 6.97 3

barium 6,94
glass 6.93

M. 1oT, standard 7^38 7.60** 4
biotite 7.38

7.42
*t, gravimetric technique (S„ Kallman9 Ind„ and Eng. 

Ghem. s, v .  18, p 9 678$ 1^46), ,
20 gravimetric \SVS0 Goldich)»
3. gravimetric (National Bureau of Standards).
4* Average of ten‘different determinations from seven 

laboratories by gravimetric, flame photometric 
(with and without lithium standard), isotope 
dilution and neutron activation, ,

** 0,12 average deviation
% average deviation between this laboratory and
comparison is 1.5%.
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Table 1 I„ Chemical Potassium Analyses (carried through all 
, .. the steps, for a mineral K analysis). Baker

analytical reagent potassium dichromate (KnCroO.y) 
containing 26,58% potassium.

• Run Number * K in %
V , * ;■ . . . , ,1;V 26,80

: '■ : 2 26,35 ; 1

, : : :3 - : 25,35
26,58

.  ̂; 5 26,34

. ' - V  \ 27,61

• 7 26.58
Average of 
all values 26.52 t 0,43 a.d.

Table 11 I. Checks on the Sodium Analyses

Sample No. Nature of 
Sample

Na%
this

laboratory

Na%
Comparison

Reference

N.B.S. #89 Lead-
barium
glass

4,22
4,21
.4.26

4.23 National Bureau 
, of Standards

N.B.S. #1A Argi11a- 
ceous 
Timestone

3 1
.29 ■ y  ■; " ■

Granitevilie  granite 2.81 2.85 . II ' . -



3»1 Results
.The potass Turn and sodium analyses of the muscovites 

which were studied are shown in table IV, The temperatures 
reported for each sample are computed from the average of 
the two values shown on the table. Weight per cent sodium 
and potassium was converted to mole per cent, A calculation 
was made to determine the mole per cent of sodium. This 
sodium concentration Was then applied to the phase diagram 
of the muscovite paragonite join as determined by Yoder and 
Eugster, (fig, 1,1), :

Rubidium and cesium^ which may substitute for potassium, 
and theoretically should be considered as part of the total 
alkalies, have been Neglected, Rubidium normally is present 
in muscovites in the order of 0 ,1% by weight, and cesiurn is 
normally at least in order of magnitude less than this. Con
sidering their relatively large atomic weights, it is apparent 
that neglecting them wi IT introduce a very smal1 error into 
the total content of alkalies.

The maps (figs, A.1 and A,2) show the sample locations, 
in general, it can be said that the caIculated temperatures 
from the banded gneiss were Tower than those from ths grani tic 
gneiss. However, there is a complete overlap. In every case, 
the muscovite from banded gneiss came from the light pegmatitic 
bands, Some of the museevi tes f rom the gran i t !c gneiss area 
came front pegmatite veins and some from the gneiss itself,



Table IV.
Sample hd„ Rock Type Muscovite Major Indicated

Analyses Associated . Temp*
: %K %Na Minerals*

CH-23-59 granite 7.60 
7 0 64

.76
• V,73;;: % 0, p 540 °C

CH-25-59 gr* gneiss 8; 16 
8.05

1
.69

0> p. b 495

CH-1-60 pegmatite 8.20
8.26

: .42 
,39

q» o9 p. 9 395

CH-3-60 \ gr» gneiss:; 8.50
8.52

.40

.39 qs of > > b 385

CH-4-60 granite? 8.17 
8.39 .

.59

.59
q. 0, p» 9 490

CH-5-60 gr. gneiss 8.61
8.59

q. o9 ps b 405

CH-6-60 pegmatite 8,62,
8.58 .40 q» ;?■* p* 9 400

CH-8-60 pegmatite 8.34
8,46

.49

.48 'q-. os p 425

CH-9-60 granite 8.22
8.25

.60

.63
qs Os p, b 475

CH-10-60 pegmatite

00 
GO 

4r
Vi .45
.43 q» 0 405

CH-11-60 pegmatite 8.50
8,59

.45

.42 q» os p-» b 400

CH-12-60 gr. gneiss

CO 0 
r-'.0\
0

 0
 •

coco .44
.42 qs o». p 390

CH-13-60 bd0 gneiss 8.71
8.69

.43

.40 q» Os p» 9 385

CH-14-60 pegmatite 8.03
8,17

,55
,56 q> O? p 455

CH-15-6Q bd. gneiss 7.52
7,45

.81

.80 q. os p 550



Table IV, cont,
Sample no. Rock T^pe Muscovite Major Indicated

' Analyses Associated Temp,
%K %Na Minerals* ____

CH-16-60 bd* gneisS 8,59
.■8,52

CH-17-60 schist 7,42
7,45

CH-18-60 schist 7.13
7,08

CH-20-60- C pegmatite 8,28
CH-20-60-' CR- '' '" 7.69
CH-20-60-fR ■" v v ' 8,08
CH-20-60-TC " 8,06

£>0-29-57 sediment . 8,15
8,25

PD-14-59 gneiss 6,97
7,01

PD-15-59 pegmatite 8,35
8,39

AL-12-59
-i ' , ,

bd, gneiss 8,87
8.82

EE-3-60 greisen . 8; 79 
8,80

RE-1-60 pegmatite 8,32
8,22

WC-T-60 pegmatite 8*44
8,50

PD-A-58 bd, gneiss 8.05
7.90

PDr4a-58 gr„ gneiss 8,37
8,33

* q- quartZs 0- orthoclase 
 ̂ b- biotite9 g- garnet

.44

.44
q, o s p 400

0 
0

VO 
CO q 620

.82
,83

q. sericite 570

.86 q, o 9 p, g 545

.70 515

.69 500

.7° 500

;89
.88

os clays 550

1:25
1121.

q 660

.47

.50
qs 0 , p 425

q» o 9 p 9 b 385

.35

.34
360

.70
,71

: q s o 9 p 520

,70
.62

q. o 9 .p 480

.79

.78
q, o9 p 535

,48
,51

q. .0 , p 430

- plagidclase (mainly albite),



Specific samples can be checked by referring to appendix A„ 
Several specific studies involving certain samples 

deserve individual attehfipiii
CH-5-60 is a fi ne grained muscovi te from the gnei ssic 

granite at Hitchcock Picnic Area. The sample contains both 
muscovite and biotite. OH*6f60 is a relatively coarser 
muscovite from an eighteen-inch-wide pegmatite at the same 
location. The two samples were collected just a foot apart, 
.Their potassium contents are Identicalwhile the difference 
in the sodium content is negligible^ and is probably not real, 
In other words, the composition of the muscovites in the 
gneissic granite and in the pegmatites are apparently expres
sions of the same thermal event.

Near the north end of the Empire Mountains, Pima County, 
Arizona, a quartz mpnzonite has intruded Cretaceous shales 
and s i Its tones * Contact metamorph i sm has f ormed gne i ss i c- 
1 i ke rock whi ch i s r ich. i n muscovi te. Thi s grades away f rom 
the contact into very slightly metamorphosed sediments, The 
upper stability temperature of muscovite under 30,000 psi 
hydrostatic pressure is 715 C, and this will vary with pres
sure according to figure 1,2. A melt of quartz monzonite 
composition would probably have a temperature higher than 
7150C, Therefore, it seemed possible that these muscovites 
might have been formed in thti M -h F -t- C + vapor field. The 
sodium-potassium ratios, however, decreased with increasing



distance from the intrusive. This indicates that the micas 
were formed below the truncation of the muscovite-paragonite 
solvus. PD-14-59 was collected at this contact and the 
sodiurn-potassiurn ratio indicated a temperature of 660°C.
CH-17-60 was collected about forty feet away from the contact 
and indicated a temperature of 620°C. Another sample (CH-18-60), 
located another thirty feet further from the contact gave a 
temperature of 570°C.

CH-20-60 is a muscovite taken from a relatively large 
pegmatite collected near Summerhaven in the Santa Catalina 
Mountains. It was a single book measuring approximately two 
inches by two inches, by one half inch. Four sections were 
carefully cut out of the book and analyzed individually. The 
locations and results are illustrated in figure 3.1.
Figure 3.1 Single

Notice that the percentages of both sodium and potassium 
are higher in the center than near the outside of the book. 
The fact that the apparent temperature is considerably 
higher in the center may be interpreted in two ways. The 
center of the crystal may have formed earlier at a higher

TC) d.Ob/oK
.70%Na x 

V 500°C Z

1 TCR) 7.69% K 
.70% Na 

C) 8.28% K 515°C
.86% Na 

545°C
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temperature or the outer edges may have lost some sodium 
and potassium in an attempt to adjust to new temperature 
and pressure conditions during the cooling process. These 
two possibilities and their implications will be discussed 
later, , . .. . .

EE-3-60 is a muscovite from a greissen in the Sheep Rock 
Mountain area neaf Deltas Utah, The sample was contributed 
by Einar Erickson, Dr, P, E, Damon (personna1 communication) 
believes it to be pneumatol^fic on the basis of the field 
evidence. The sodium-potassiurn ratio indicated a temperature 
of 360*0, '

The Mineta Red Beds near Reding ton., Arizona, locally 
contain muscovite and orthoclase. Although the sample is 
arkosic, there seemed to be at least a possibility that the 
muscovites might be authogenic. However, sodium-potassium 
ratios indicated a temperature of formation of 550°C, This 
is on the order of the temperatures that one would expect if 
the muscovi tes were merely detrital remnants derived from 
exposures of gneiss in the Catalina and Rincon Mountains, which 
are only a few miles away,

The other results are fairly self-explanatory. They can 
be referred to in Table IV.

3.2 Discussion and Conclusions
The author feels that nearly al1 of the temperatures 

reported are reasonable for the formation of the muscovites 
under their particular geologic environments. However,



there are several reasons for believing that the temperatures 
reported are not the actual temperatures of formation of the 
minerals.

The factors of pressure and composition have already 
been discussed.

If complete chemical equilibrium was obtained at the 
time and temperature of muscovite genesiss what Will be the 
effect of slow cooling followed by millions of years of lower 
temperatures? It is possible that the muscovites do adjust, 
at least partiallys to the lower temperatures. Again, the 
best argument against this is the reasonableness of the 
temperatures obtained. The author had hoped to shed light 
on this problem by studying the large single crystal (CH-ZO-bO) 
However, the results were not conclusive. Both sodium and 
potassium were lower near the edges of the crystal than at the 
center. If the crystal did adjust to the lower temperatures 
it dfd so by extruding both sodium and potassium near its 
outer edges. Ideally there should have been an atom for atom 
exchange with its environment. In theory there are only a 
certain number of sites available in the muscovite structure 
for potassium or sodium to occupy. Figure 3.2 illustrates 
this as a line on a graph of percent sodium plotted against 
percent potassium. All of the results are plotted on this 
graph, and the various sections of CH-20-60 are specially 
marked.

CH-#“60 is a fine grained muscovite taken from the 
granite gneiss. CH-6-60 is a relatively coarse-grained sample
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taken from a pegmatite only about a foot from CH-5-60„ One , ' 
would expect adjustments due to cooling to show a greater 
effect on the finer grained mica. The reason be!ng that 
the exsolution of sodium would have to occur by solid state 
diffusion. The average distance to the edge of the crystal 
would be much less in the finer grained sample. Therefore, 
a greater amount of sodium could have escaped. HoWever, both 
the sodium and potassiurn analyses of CH-5-60 and CH-6-60 were 
essentially identical.

Another sample which is pertinent to this same discus
sion is PD-29-57<- This was the detrital muscovite from the 
Mineta formation. Through the entire process of weathering, 
erosion, and sedimentation, this muscovite appears to have 
maintained all of its original sodium and potassium values, 
and a sodiurn-potassiurn ratio that would have been entirely 
reasonable in the probable source rock.

In light of these later arguments the author feels that 
the temperature differences found in the single crystal 
(CH-20-60) are probably real and represent growth of the 
crystal during cooling. However, they may involve something 
much more complex, such as multiple metamorphic cycles.

The gneissic rocks of the Santa Catalina Mountains have 
undergone at lebsr two periods of metamorphism (Dubai5 19591. 
Peirce (1958) felt that the granite gneisses which the author 
studied were changed from a sediment to a granite during an
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Older Precambrian metamorphism. He believed that these rocks 
were remetamorphoseds and the pegmatites were formed during 
a Rost-Cretaceous orogeny. His work also indicated that the 
muscovite in the grani te gnei ss was formed previ ous to the 
last metamorphism. If this is true, which metamorphism do 
these temperatures ref1ectf A rubidium-strontiurn date run 
on RD-4a-5B gave an age of 156 ^ 90 million years.(Giletti 
and Damon, 1961). If that muscovite had been formed during
■ *,:e 1 ■ - . n  ‘ / ' " ■ , ■ ' - •an early metamofphism one would hardly expect it to retain its 
sodium-potassium ratio through a metamorphi sm severe enough 
to affect the strontium -87 to rubidium -87 ratio.

Explaining the complex, metamorphic hi story of the rocks 
of the Santa Catalina Mountains is completely beyond the 
scope of this study. The author only hopes that it may help 
to put one more piece of the puzzle into place. V/ith more 
work on the basic theory and problems this geothermometer may 
become a powerfu1 tool 1n the study of such geologic problems.



Appendix A 
Location and Description of Samples 

The samples collected from the Santa Catalina Mountains 
can-Ibe located on figures A„ 1 and A.2.

In the following descriptions the term pegmatite is used 
very loosely. These include tabular and pod-shaped bodies 
consisting primarily of quartz, orthoclase, and muscovite. 
Their smallest dimension varies from a few inches to more than 
ten feet. The tabular bodies are sometimes more or less con
tinuous for thousands of feet. Grain size varies from a half 
inch to several inches and is roUghly proportional to the 
size of the particular pegmatite body,

Muscovite Samples
CH-23-59- Fine grained granite which appears to be intrusive

-  ' ■ . ,

Into a phyllite. It was taken from a road cut on 
Mt, Lemmon Highway approximately one mile west of 
Palisades Ranger Station,

CH-25-59- Gneissic granite, containing both biotite and
muscovite, taken from a road cut on Mt, Lemmon at 
the entrance to the Catalina Trailer Park.

CH-1-60- Relatively coarse grained, pod-like pegmatite, it 
is located at the junction of Mt, Lemmon Highway 
and a small road approximately one mile south of 

the M©Ti>no Basin picnic area.



CH-3-60- This is a white granite from a road cut about half 
way between Windy Point and San Pedro Vista (see 
map)„ / " ;; ';\ '

CHk4-60- Eastern-most outcrop of Catalina ? granite on
Reddington Road, The sampSe was taken a few feet 
from a contact with a phylliteV 

CH-5-60- This is another weakly foliated granite containing 
both muscovite and biotite. The sample is located 
on the road into General Hitchcock Picnic Area.

CH-6-60- This is from the same location as CH-5-60. This 
sample is from an eighteen-inchrwide pegmatite. 

CH-8-60- This is from a pegmatite in granitic gneiss located 
1/2 mile west of the Ht. Lemmon Highway on the 
;Holino Basin Camp Gtodnd Road,

CH-9-6O- There are no pegmatites in the immediate vicinity,
' the muscovite is from a pink granite gneiss located 
in Molino Basin, 1/4 mile east of the Mt. Lemmon 
Highway on the picnic ground road,

CH-10-60- is a pegmatite taken along the highway just north of 
CH-8-60,

CH-11-60 is another pegmatite located in pink granite gneiss 
3/4 mile northeast of the prison camp oh a small 
dirt road.

CH-12-60 is gray gneiss collected along the Ht. Lemmon
Highway about 1/2 mile south of the point where the 
highway enters Bear Canyon.



CH-13-60 This is a light band from the so-called injection 
gneiss t^ken: along the highway 1/4 mile north of 
the mouth of Molino Canyon.

CH-14-60 is a pegmatite in .weakly banded gneiss taken from 
the cl iffs on the south side of Pima Canyon,

CH-15-60 This is a light band from banded gneiss 1/4 mile 
east of the north end of Campbell Avenue,

CH-16-60 is a light band from the banded gneiss at the crest 
of Red i ngton Pass.

PD-14-59, CH-17-602 and CH-18-60 These three samples are 
frmm a gneiss 1ocated just off the road into TM 
Ranch near the north end of the Empire Mountains,
The gneiss appears to be a contatt phenomenon 
caused by the intrusion of a quartz monzonite into 
Cretaceous shales and si 1tstones, PD-14-59 was 
collected at the contact. CH-17-60 was collected 
about forty feet away from the contact, and CH-18 60 
was another forty feet away. The outcrop is about 
1/4 mile north up an arroyo that crosses the road 
leading to TM ranch 1,4 miles from state highway 83, 

CH-20-60 is from a large pegmatite which is a prominent 
feature immediately adjacent to the Mt.Lemmon 
Highway about an eighth mile NW of Soldier Camp,

PD-29-57 Was collected near the Bar LY 'Ranch which is.located 
about five miles south 6f the Redington road. The 
sample is from the Mi neta formation.
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PD-4-5B The sample is a 1ight band in the banded gneiss

0.55 miles past the gate into Coronddo National
Forest, 100 feet beyond the gate i nto Sabi no
Canyon, '

PD-4a-58 This is from the granite gneiss collected at
. . Hitchcock Memorial on the Mt. Lemmon Highway,

PD-15-## is from a pegmatite at the intersection of Mt.
Lemmon Highway and the Oracle-Mt.Lemmon road,

WC-1-60 is a pegmati te at Bel lota Ranch on the southeast
side of the Santa Catalina Mountains.

RE-1-60 This is a sample from a pegmatite on Samaniego
Ridge, one and one half miles east of Mt. Lemmon

EE-3-60 is from gheissen zone on Sheep RockkMountain
near Dalta, Utah.



Fi&• A.l 

Sample Location 

Sc~le 1/375,000 

Contour intervel 1,000 feet 



Scele 1/62,500 

Contour interval 400 feet 
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