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for all Diamond Joe Samples........................  32

12. Plot of unit cell parameter fa versus MgO
for all Diamond Joe samples........................  33

13. Plot of unit cell parameter fa versus FeO
for all Diamond Joe samples........................  34

v



vi

LIST OF ILLUSTRATIONS— Continued

Figure Page

14. Plot of unit cell parameter b versus MnO
for all Diamond Joe samples........................  35

15. Plot of unit cell parameter b versus Ti02
for all Diamond Joe samples................  36

16. Plot of unit cell parameter a versus distance 
of each sample location from the center of the
potassic zone......................................... 37

17. Plot of unit cell parameter b versus distance of
each sample location from the center of the
potassic zone................................... 38

18. Plot of unit cell parameter G versus distance of
each sample location from the center of the
potassic z o n e ................................... 39

B-l. Preparation techniques for x-ray spindles ............ 63

C-l. Computer graph generated from published information
on muscovite 2M^ standard......................  65

C-2. Data files used to create computer graphs in
Figure C - l ....................................... 66

C-3. Listing of the computer program P L O T ................. 68

C-4. Subroutine ADOPTS ...................................  69



LIST OF TABLES

Table Page

1. X-ray d reflections of 1H and IMd
muscovite from 8° to 35.0* 2- t h e t a ..........  12

2. X-ray d reflections from 8* to 35.1* for
2M and 3T muscovite polytypes................  13

3. Unit cell parameters for muscovite-sericite
of North Silver B e l l ........................  16

4. Unit cell parameters for muscovite-sericite
of the Diamond Joe Stock....................  22

5. Microprobe analysis for muscovite-sericite
of the Diamond Joe Stock......................  24

6. Unit cell parameters for muscovite-sericite
adjacent to 5 millimeter veins at Butte, Montana,
and North Silver Bell, Arizona ................  41

7. Unit cell parameters for muscovite on a regional
s c a l e ......................................... 44

vii



ABSTRACT

This study examines the distribution of polytypes and the 

variation of unit cell parameters for minerals of the muscovite- 

sericite-hydromica family from alteration assemblages in two hydro- 

thermal systems located in Arizona, the North Silver Bell porphyry 

copper system and the hydrothermally altered Diamond Joe Stock. Results 

of this study show that measurements of muscovite unit cell parameters 

made from a variety of alteration assemblages do not show the variation 

in unit cell dimensions predicted from compositional information, and 

that white micas are therefore not useful as exploration, geochemical, 

or zoning guides insofar as atomic structures as measured by x-ray 

diffraction methods is concerned. The discussion section of this thesis 

proposes a solution to the problem of disparity between reports of 

compositional variations produced by electron microprobe analyses and 

the lack of variation in unit cell dimensions produced by x-ray 

diffraction techniques.
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INTRODUCTION

The symmetry and order of alteration mineral assemblages 

associated with porphyry copper-molybdenum occurrences has received a 

great deal of attention in the past two decades. The conceptual models 

generated from understanding the physical and chemical requirements for 

specific mineral associations have provided useful tools in the search 

for similar systems. Each assemblage offers many clues to the overall 

chemical gains and losses of the system. As analytical techniques 

progress to permit the study of smaller volumes of material, knowledge 

of the behavior of individual components of the assemblage is refined 

and understanding of the complex paths of chemical change within the 

alteration system is expanded.

In this study, the muscovite-sericite-hydromica family was 

chosen for x-ray diffraction analysis because of its relatively 

widespread occurrence in porphyry mineral deposits. It occurs with K- 

feldspar and blotite in potassic alteration assemblages, with quartz and 

pyrite in the phyllic zone, and in minor to moderate amounts in the 

argillic and propylitic zones. In addition to potential compositional 

variations generated by ion exchange capabilities within its component 

layers, the muscovite structure can also be modified by various stacking 

arrangements of repeat units called polymorphism, or polytypism.
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2
Previous Work

Research on the structure of the micas has been going on for 

more than a half century. Linus Pauling (1930), using primitive x-ray 

techniques, was among the first to formulate a structure for talc, 

pyrophyllite, the micas, and the brittle micas. The structure of a mica 

polymorph was first established by Jackson and West (1930, 1933) for a 

2-layer monoclinic muscovite. Hendricks and Jefferson (1939) 

demonstrated the existence of other polymorphs and determined their 

structures. They showed that all the polymorphs were based on the same 

sub-cell. Yoder and Eugster (1955) synthesized three muscovite

polytypes and observed that the transformation of IMd— 1M— 2M was a 

function of increasing temperature. Smith and Yoder (1956) worked out 

the structure of the six simplest mica polymorphs and derived a scheme 

for their identification by x-ray powder and single-crystal methods.

In the 1960's, research on the structure of layered silicates 

had become more refined and that knowledge was applied to alteration 

assemblages. Radoslovich and Norrish (1962) proposed that b-axis 

measurement variations were determined by properties of the octahedral 

layer and by the size and valence of the interlayer cation. Burnham 

(1962) indicated that in samples from Santa Rita New Mexico, IMd or 1M 

polytypes of muscovite were present in nearly 90 percent of those 

samples that also contained both montmorillonite and kaolinite. On the 

other hand, the 2Mj poly type occurred in more than 95 percent of the 

muscovite-bearing samples that contained no clay minerals. Experimental 

work by Velde (1965) showed that 2Mj was the only stable polymorph of
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ideal muscovite, and that IMd and 1M muscovite were metastable. Page 

and Wenk (1979) used transmission electron microscopy to photograph the 

transformation that occurs when plagioclase is altered to 2M^ 
sericite. Their study showed that muscovite occurs commonly as a 10 

angstrom or 1M polytype in the argillic zone of a sulfide vein halo, and 

as 20 angstrom or 2M polytype in the sericitic selvage near the sulfide 

vein.

As analytical techniques improved and the use of tools such as 

the electron microprobe gained popularity, the compositional ranges of 

the K-micas were found to be wider than was suspected. Meyer and Hemley 

(1968) depicted mineral assemblages using ACF-AKF diagrams and showed 

that individual components such as sericite showed slight variation in 

composition as that component was plotted in differing mineral 

assemblages. Guilbert and Schafer (1979) surveyed samples of fine

grained sericite-type minerals in portions of alteration halos of 

several North and South American porphyry copper deposits using the 

electron microprobe. They demonstrated that sericite grains displayed 

departures from the muscovite stoichiometry of purely dioctahedral mica 

and that the amount of departure depended upon the sample's position 

within the hydrothermal system. Those sericite grains which were both 

peripheral and shallow in the system showed higher concentrations of 

magnesium and iron in the octahedral layer. Those in the deep central 

portions of each hydrothermal system showed higher concentrations of 

aluminum in the octahedral layer.

The ideas and research of the individuals cited above have
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contributed a broad base of information thereby providing a starting 

point for this study.

Purpose of Study

The study described in the following pages was designed to 

expand upon and complement the work of previous and current 

investigators. The summary of sericite analyses brought forth by Hemley 

and Meyer (1968) and the microprobe work done by Guilbert and Shafer 

(1979) strongly suggest that the hydrolytic alteration product sericite 

may have variations in composition that can be systematically related to 

its position within a porphyry copper system. The purpose of this study 

was to examine the muscovite-sericite-hydromica family of minerals using 

x-ray diffraction techniques to determine if there were detectable 

patterns of change in unit cell parameters or in polytypism within a 

porphyry system, with thoughts of demonstrating zonal or directional 

consistency. Data is provided comparing the relationships between 

calculated unit cell dimensions and microprobe-generated compositional 

information. Data is also provided comparing the relationships between 

unit cell dimensions and sample position within a porphyry copper

system.

Source Areas for the Samples

Appendix A contains detailed descriptions of sample locations 

and alteration environments for all of the samples analyzed in this 

study. The two major source areas for the samples x-rayed in this study 

were North Silver Bell and the Diamond Joe Stock. North Silver Bell is
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located 72 kilometers northwest of Tucson in Pima County, Arizona, and 

the Diamond Joe Stock is located along the eastern margin of the 

Hualapai Mountains, 20 kilometers northwest of Wikieup in Mohave County, 

Arizona. North Silver Bell has long been recognized as a northwesterly 

extension of the Silver Bell porphyry copper system. This area provided 

surface-exposed outcrops of potassic alteration yielding laterally to 

phyllic and then propylitic alteration assemblages (Piekenbrock, 

1982). Samples taken from this area consisted of fine-grained minerals 

identified in the field as sericlte and coarser grained specimens of 

muscovite. The Diamond Joe Stock is a calc-alkaline stock approximately 

8 kilometers in diameter. It consists of an inner core of very coarse 

quartz monzonite porphyry surrounded outwardly by porphyritlc quartz 

monzonite and granodiorite. Host rocks of the stock are weakly 

fractured Precambrian granitic gneisses. Alteration within the stock 

can be categorized into potassic, phyllic, argilllc, and propylitic 

assemblages, but is generally much less extensive than that encountered 

in significantly mineralized porphyry systems. The primary reasons that 

this stock was chosen were because of the abundance of coarsely 

crystalline muscovite grains throughout the above alteration mineral 

assemblages and because they had been analyzed for composition with an 

electron microprobe (Gerla, 1981 pers. comm., 1983 in prep.).

In addition to examining the above-mentioned porphyry systems, 

this study explored potential muscovite cell parameter changes on the 

smaller scale of vein halos and on the much larger scale of regional 

differences. The vein profile study consisted of examining material
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extracted from the alteration halo perpendicular to a sulfide vein in a 

sample from the 2660 bench of the Oxide Pit at the Silver Bell Mine, and 

material extracted from Butte sample 10831-1671, a sample examined using 

transmission electron microscopy by Page and Wenk (1979). Samples 

examined from porphyry copper systems separated by hundreds of 

kilometers were extracted from the phyllic and sericitic zones of Valley 

Copper, located near Ashcroft, B.C., about 370 kilometers northeast of 

Vancouver; Mineral Park, located approximately 26 kilometers north of 

Kingman, Arizona; and Morenci, located in the eastern portion of Arizona 

4 miles northwest of Clifton. For an expanded discussion of the above 

samples see Appendix A.



METHODS OF STUDY AND DATA OBTAINED

Analytical Tools

Methods using x-ray diffraction techniques in determining the 

characteristics of unit cell parameters of individual mineral species 

have had a long history of success. These methods, because of their 

proven reliability and accessibility, were chosen for use in this 

study. The x-ray machines used in this study included the following; 

1.) Siemens D500 X-ray Diffractometer 2.) Phillips Norelco X-ray 

Generator with a fine focus x-ray tube, and 3.) Phillips Norelco X-ray 

Generator with a standard focus copper target tube. Debye-Scherrer 

powder cameras were used with the Phillips Norelco X-ray Generators.

The use of the University of Arizona's DEC 10 and Cyber 175 

computers played an important role in this study. Existing software was 

modified to generate a program called PLOT for plotting graphs of 2- 

theta peak position versus intensity so that visual match-ups of sample 

and published standards could be made. A detailed explanation of the 

program PLOT can be found in Appendix C. Two other programs extensively 

used were Burnham*s X-RAY program for calculating the unit cell 

dimensions of the samples, and Cole's FIT program to test for the 

potential correlation between unit cell parameters and other variables 

of interest (see Acknowledgements section).

7
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Objectives and Techniques

The objectives of this study were to obtain x-ray diffraction 

patterns of the muscovite family of minerals from a representative cross 

section of alteration assemblages in porphyry copper-type systems. The 

diffraction patterns were to be measured, identified, assigned a 

polytype, and correctly indexed for calculating unit cell parameters. 

Initial attempts to use the Siemens D500 X-ray Diffractometer for sample 

analysis proved to be unworkable. Since the optimum "pin-prick" sample 

amounts were insufficient to produce quality patterns, the only 

alternative was to increase the sample amount. As the sample amount was 

increased, the contamination of the sample by other minerals in the 

immediate vicinity of the sample site began to appear in the x-ray 

patterns. Since many of the contaminating minerals produced peaks that 

either overlapped or emerged near critical peaks of interest in the 

target grains, it was impossible to confidently distinguish between the 

peaks of the different species. The method finally used for the survey 

was the Debye-Scherrer powder camera method. By using sample 

preparation techniques described in Appendix B, the amount of sample 

required for analysis was reduced to a few milligrams and in many cases 

a few constituent flakes of sericite were used to obtain the best 
patterns.

Prior to commencing work with the Department of Geosciences' 

five Debye-Scherrer cameras, it was discovered that four of the five had 

mechanical problems ranging from broken lead glass beam stoppers to bent 

collimators. All four had to be sent to Massachusetts for complete
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overhaul. Cameras number two, number four, JWA, and Gandolfl were used 

In this study, and they were in prime alignment and excellent 

instrumental condition. Standardization in this study was maintained by 

methods listed below. X-ray film was purchased from the same company 

and was consistently of the same type, grade, and thickness for all 

photos. Shrinkage factor was consistent and negligible and was 

eliminated from the calculations. Since four different powder cameras 

were used, a calibration procedure was initiated to preclude recording 

variations in peak positions due strictly to the change in cameras. 

Silicon Powder Standard Reference Material 640 from the National Bureau 

of Standards was photographed several times in the four cameras and the 

films were measured a minimum of four times each. The resulting 

calculated aos were then averaged together for a reference ao dimension 

and individual cameras were assigned a camera factor. The camera factor 

was a multiplying factor which adjusted the four individual cameras to 

produce the same ao for the silicon powder. The camera factors were as 

follows;

JWA » 1.00054

Gandolfl - 0.99985

Camera 4 * 0.99979

Camera 2 - 0.99982

The camera factors were used to derive corrected 2-theta values. 

Corrected values at 50 degrees 2-theta differed by 0.03° 2-theta between 

camera 4 and camera JWA. Since the amount of sample was very small and 

that small amount was cemented to a 0.25 millimeter-thick glass spindle,
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distortion of the x-ray peaks due to sample absorption was not 

detectable.

X-ray diffraction patterns produced by each sample were measured 

using a Hilger and Watts Evaluation Device for Film Patterns with a 0.05 

millimeter graduated vernier. After several hours of practice, 
repeatable interpolations of plus or minus 0.01 millimeters were 

achieved. The 2-theta measurements derived from the above procedures 

were run on the author's X-ray PLOT Program (see Appendix C) in order to 

compare the sample peak positions against peak positions of standards 

published in the Joint Committee on Powder Diffraction Standards (JCPDS) 

card catalogue. When the sample patterns matched a published standard, 

each corresponding peak was labeled with the appropriate Miller indices 

(hkl). When the identification of a sample was complete, the 

information obtained consisted of the mineral name, polytype, peak 

position in 2-theta, and the Miller indices of that peak. This 

information was then used in Burnham's X-RAY program to derive the unit 

cell parameters of the mineral in the sample.

Results of Analyses

The major goals in the x-ray analyses of the samples were to 

identify the polytype of the muscovite family member present and 

determine cell dimensions for each sample. The methods used to derive 

these goals were outlined earlier and are explained in detail in the 

appendices of this thesis. The findings on polytypism will be discussed 

first, followed by the results of the cell dimension study.
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Polytype

Although many mica polytypes have been determined (Radoslovlch 

and Norrlsh, 1962; Ross and others, 1966), only IMd, 1M, 2M^, ZM^, and 

3T muscovite polytyes have thus far been identified using the powder 

camera method. The other polytypes have been identified using single 

crystal x-ray studies. With the exception of IMd, information on d

reflection positions and intensities for the above mentioned polytypes 

was available in the JCPDS card catalogue. Intensity information was 

not available for the 1 Md polytype. The x-ray d reflections from 8° to 

35.2° 2-theta for muscovite polytypes 1M and IMd are given in table 1, 

and for polytypes 2M and 3T in Table 2, in the pages that follow..

A review of the diffractograms and derivative data generated by 

this study reveal that the characteristic muscovite polytype in all of 

the samples was 2M^. The determination of polytype was made by

comparing d reflection 2-theta peak positions of the samples against 

each of the published polytype peak positions. The number of d 

reflection peak positions which matched to within plus or minus 0 .2° 2- 

theta ranged from 12 to 20 peaks for each sample.

Unit Cell Dimensions

General guidelines for unit cell dimensions of muscovite in 

angstroms are as follows; 

a = 5.2 to 5.3

b = 9.0 for muscovite and most lithium-bearing micas, 9.2 to 9.3 for 

Fe- and Mg- bearing micas, 

c =» approximately 10.0 or a multiple of 10.0 ,
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Table 1. X-ray d reflections of 1M and IMd muscovite from 8° to 35.0° 
2-theta. CuKa radiation, X - 1.5418. Information compiled 
from Yoder and Eugster (1955).

IMd

dA 2-theta Int hkl dA 2-theta hkl

10.08 8.77 100 001 10.08 8.77 001

5.04 17.60 37 .002 5.04 17.60 002

4.49 19.77 90 020 4.49 19.77 020

4.35 20.42 27 111

4.11 21.62 16 021

3.66 24.32 60 112

3.36 26.53 100 003 3.36 26.53 003
022 022

3.07 29.09 50 112

2.68 33.32 16 023

2.58 34.74 50 130 2.58 34.74 130

2.56 34.98 90 131
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Table 2. X-ray d reflections from 8° to 35.1° for 2M and 3T muscovite 
polytypes. CuKot radia-tion, X - 1.5418. Information compiled 
from Yoder and Eugster (1955).

2M 3T

dA 2-theta Int hkl dA 2-theta Int hkl

10.01 8.83 100 002 9.97 8.87 100 003

5.02 17.67 55 004 4.99 17.77 53 006

4.48 19.82 55 110 4.49 19.77 19 100

4.46 19.91 65 111 4.46 19.91 19 101

4.39 20.23 14 021 3.87 22.96 10 104

4.29 20.66 21 111 3.33 26.76 100 009

4.11 21.62 14 022 3.11 28.70 10 107

3.97 22.38 12 112 2.88 31.01 16 108

3.90 22.87 37 115 2.59 34.65 15 111

3.74 23.82 32 023 2.564 34.99 27 112

3.50 25.45 44 115

3.35 26.60 100 006
024

3.21 27.81 47 114

2.99 29.79 47 025
2.87 31.15 35 115

2.80 31.93 22 115 '

34.65 50 13T2.56
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Beta Angle = 95° to 100° (Deer, Howie, and Zussman 1966, Carroll

1979). The methods used in this study to determine unit cell dimensions 

were capable of detecting changes in hundreths of Angstroms. As an 
example, the error range for 17 different cell dimension measurements

made for samples taken from Diamond Joe are listed below.

Angstroms Range of Error

a m S.xxxxx +/- 0.00356 to 0.01627 (x * some real number)

b = 9.xxxxx +/- 0.00349 to 0.01624

c = 20.xxxxx +/- 0.01156 to 0.06606

The a and b cell dimensions are the most critical for determining the 

change in size of the octahedral layer due to cation substitution. 

These two dimensions were also the ones with the smallest error range 

when the peak positions were run on the x-ray computer program.

One of the major problems encountered in this study was 

concerned with indexing d reflection peaks when two or more minerals 

were present in the sample. Quartz accompanied muscovite in most of the 

samples but the quartz peaks were easily recognized and removed from the 

final analysis. However, other minerals such as kaolinite, plagioclase, 

and orthoclase have numerous d refection peaks which occur near critical 

muscovite peaks and made mixtures of the two impossible to index 

accurately. For example, muscovite 2M} has 12 critical peaks between 

19° and 36° 2-theta. In that same 2-theta range, kaolinite has 14, 

plagioclase has 17, and orthoclase has 11 peaks. In addition to the
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confusion Introduced by the proximity of so many peaks, there were 

indications In many samples that the presence of kaolinite caused 

suppression of many of the muscovite peaks in the 19° to 30° 2-theta 

range. Samples with any of the above mixtures were eliminated from the 

survey of cell dimensions to avoid the probable mislabelling of peaks.

Results from North Silver Bell

Twenty one samples were taken at North Silver Bell as described 

in Appendix A. After several attempts to obtain useable x-rays, the 

following samples were eliminated from the unit cell dimension survey 

for the reasons listed;

NSB-81-5,6, and 7 

NSB-81-12

NSB-81-16 

NSB-81-17 and 18

No muscovite peaks could be detected. 

Kaolinite peaks obscured the muscovite 

peaks.

No muscovite peaks could be detected. 

Kaolinite peaks obsured the muscovite 

peaks.

Table 3 contains the unit cell dimensions calculated for muscovite- 

sericite in the North Silver Bell survey. Figures 1, 2, and 3 compare 

calculated parameters a, b, and e, respectively, against the distance of 

the collecting site from the assigned central point of the potassic 

zone. The data is curve-fitted and below each graph are listed the



Parameters in

Table 3. Unit cell parameters for muscovite-sericite of North Silver Bell.

Sample •

Angstroms Degrees Approximate distance in meters 
from the center of the potassic 
zonea b c Beta

NSB-81-1 5.20489 9.00927 20.09981 95.63164 0

Error .01226 .01218 .03267 .19611

NSB-81-2 5.19853 9.01606 20.02104 95.92358 100

Error .00901 .01336 .02804 .19882

NSB-81-3 5.22839 9.00452 20.06695 94.81710 100

Error .01577 .01669 .05283 .41348

NSB-81-4 5.20886 9.00690 20.01590 95.77842 250

Error .00806 .01230 .04232 .19030

NSB-81-8 5.20183 9.00001 20.01356 95.79578 300

Error .00949 .01438 .05816 .22137

NSB-81-9 5.20014 8.99825 20.06269 95.71118 400

Error .00637 .00912 .02429 .14783

NSB-81-20 5.22978 9.04012 19.90296 95.16568 400

Error .01755 .01766 .09284 .32623



Parameters in 
Angstroms________________

Sample a b o

Table 3 continued. Unit cell parameters

NSB-81-10 5.21126

Error .01069

NSB-81-11 5.22114

Error .01049

NSB-81-21 5.21252

Error .00557

NSB-81-19 5.20539

Error .01100

NSB-81-13 5.20737

Error .00575

NSB-81-14 5.19583

Error .00777

8.98782 19.93669

.01582 .03984

9.01434 20.05897

.01032 .02886

9.02091 20.06458

.00807 .02290

9.01418 20.16484

.01090 .04496

9.01641 20.05075

.00556 .01447

8.99641 20.03270

.01116 .03484

Degrees
Beta

95.66120

.23125

95.67952

.16616

95.89343

.12750

95.78833

.17968

95.64553

.12863

95.90009

.18875

for muscovite sericite of North Silver Bell

Approximate distance in meters 
from the center of the potassic 
zone
550

500

500

600

700

800
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Curve-Fit Equation Y * A+BX
A - 5.212699 
B « -0.764489-05

Correlation Coefficient * 0.312500E-01

Figure 1. Plot of unit cell parameter a for all North Silver Bell 
samples versus distance of each sample location from the center of the 
potassic zone. Figures 1 through 18 were generated with Cole's FIT 
program as referenced in the acknowledgements section of this study.
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Curve-Fit Equation Y = A+BX
A « 9.01017 
B - -0.160319E-05

Correlation Coefficient - 0.181818E-01

Figure 2. Plot of unit cell parameter b for all North Silver Bell 
samples versus distance of each sample location from the center of the 
potassic zone.
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DISTANCE IN METERS

Curve-Fit Equation Y « A+BX
A = 20.0352 
B « 0.569612E-05

Correlation Coefficient * 0.378788E-02

Figure 3. Plot of unit cell parameter c for all North Silver Bell 
samples versus distance of each sample location from the center of the 
potassic zone.
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equation for the curve, the value of the constants for the equation, and 

the correlation coefficient for the curve used. A correlation 

coefficient of less than approximately 0.5 would indicate a very poor 

fit of the data to the curve. Since the correlation coefficient for 

each of the graphs is less than 0 .1, there is virtually no recognizable 

correlation between these unit cell parameters and lateral distance 

across the alteration halo. Plots of Beta angle versus sample distance 

from the central point and plots of each unit cell parameter versus the 

other unit cell parameters a versus 6 , a versus c, b versus c, et cetera 

also resulted in correlation coefficients of less than 0 .1.

Results from the Diamond Joe Stock Survey

z Table 4 contains the unit cell dimensions calculated for 

muscovite-sericite in the Diamond Joe Stock. Table 5 contains the 

muscovite microprobe analyses done by Gerla (Ph D dissertation, 1983, in 

prep.) for these same samples. The plots of AI2O3 , Si0 2» MgO, FeO, MnO, 

and T102 versus the a parameters of the samples listed in Table 4 are 

shown in Figures 4 through 9. The plots of those same variables versus 

the b parameters of the samples listed in Table 4 are shown in Figures 

10 through 15. Figures 16, 17, and 18 show the plots of the a, b, and 0 

parameters versus distance from the central point of the stock. In all 

of the above plots the correlation coefficient is less than 0.2 , showing 

that there is no observable systematic correlation between the 

composition of the muscovite and the size of each calculated cell 

parameter, or between the size of each calculated cell parameter and 
lateral position within the stock.



Parameters in

Table 4. Unit cell parameters for muscovlte-serlclte of the Diamond Joe Stock.

Sample
Angstroms
a b c

Degrees
Beta

Approximate distance in meters 
from the assigned central point.

900B 5.22076 9.03682 20.08436 95.77444 500

Error .00999 .01015 .02727 .18072

900C 5.21067 9.03329 20.12282 95.81401 500
Error .00835 .01232 .05564 .19936

900D 5.20701 9.03429 20.01108 95.71334 500

Error .00818 .01232 .02521 .19216

900H 5.21229 9.03997 20.05352 95.68595 500

Error .00392 .00597 .01156 .09109

272A 5.20302 9.05188 20.03621 95.63710 1200

Error .01225 .00782 .02105 .12885

LEV 5.18762 9.02007 20.03128 95.61560 2500

Error .01418 .00895 .02495 .14325

294A 5.20899 9.03009 20.03603 95.78119 2500

Error .00491 .00774 .01863 .11454



Parameters In

Table 4 continued. Unit cell parameters for muscovlte-serlclte of the Diamond Joe Stock.

Sample
Angstroms
a b c

Degrees
Beta

Approximate distance In meters 
from the assigned central point

314A 5.23763 9.03949 20.05901 95.89614 3000

Error .00550 .00349 .00863 .05800

309A 5.21313 9.05381 20.03143 96.00647 3500

Error .00883 .01256 .02623 .19256

282A 5.22884 9.05203 20.05814 95.71201 3500

Error .00982 .00973 .02695 .15521

800E 5.22073 9.04237 20.08121 95.62139 3500

Error .01039 .01048 .02890 .17548

335B 5.20730 9.02249 20.04654 95.96761 3500

Error .01322 .01575 .06606 .25424

900F 5.21573 9.03276 19.92833 95.47483 4000

Error .01627 .01403 .06645 .24009



Table 5. Microprobe analysis for muscovite-sericite of the Diamond Joe Stock. (Gerla, 1983 in prep.) 

Number of Weight Percent Composition
Sample Averaged Analyses NagO KgO AI2O3 SiOg MgO FeO MnO Ti02 Percent Total

900B 5 .37 10.37 31.24 47.53 .98 4.60 .07 .32 95.88

900C 1 .50 10.62 30.50 47.57 2.02 4.77 .05 .48 97.49

900D 4 .60 10.33 30.42 46.92 1.76 4.80 .11 .60 95.94

900H , 5 .43 10.17 30.39 47.36 1.70 4.34 .10 .55 95.54

272A 3 .51 10.30 31.33 47.50 1.82 4.82 .11 .57 97.49

LEV 3 .32 10.77 29.48 47.83 1.37 4.62 .16 CMin 95.32

294A 3 .19 10.18 32.54 49.30 2.04 2.18 .21 .39 94.47

314A 5 .37 10.50 29.90 48.39 1.93 4.10 .10 .57 96.44

309A 5 .25 10.18 29.81 47.39 2.15 4.52 .06 .62 95.48

282A 2 .42 10.48 30.05 48.15 2.30 4.64 .08 .53 97.18

800E 3 .04 10.00 29.38 50.54 2.12 3.28 O OO .11 96.15

335B 4 .20 10.65 32.27 48.82 2.23 1.51 .09 mCM 96.46

900F 3 .27 10.49 29.21 47.72 2.38 4.75 .09 .65 96.32

N34N
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A PARAMETER IN ANGSTROMS

Curve-Fit Equation Y = A+BX
A - 116.518 
B - -16.4991

Correlation Coefficient « 0.360065E-01

Figure 4. Plot of unit cell parameter a versus A^Og for all Diamond
Joe samples.
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A PARAMETER IN ANGSTROMS

Curve-Fit Equation Y ■ A+BX
A « 116.518 
B - -16.4991

Correlation Coefficient * 0.360065E-01

Figure 4. Plot of unit cell parameter a versus A^Og for all Diamond
Joe samples.
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Figure 5. Plot of unit cell parameter a versus SIO? for all Diamond Joe
samples.
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A PARAMETER IN ANGSTROMS

Curve-Fit Equation Y = A+BX
A = -42.4964 
B - 8.51733

Correlation Coefficient * 0.707249E-01

Figure 6. Plot of unit cell parameter a versus MgO for all Diamond Joe
samples.
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A PARAMETER IN ANGSTROMS

Curve-Fit Equation Y - A+BX
A = -11.7041 
B - 3.02600

Correlation Coefficient - 0.117397E-02

Figure 7. Plot of unit cell parameter a versus FeO for all Diamond Joe
samples.



WE
IG
HT

29

I I I I i I ! I
5.20 5.21 5.22 5.23 5.24 5.25 5.26
A PARAMETER IN ANGSTROMS

Curve-Fit Equation Y = A+BX
A -7.95388 
B - -1.50634

Correlation Coefficient - 0.185694

Figure 8. Plot of unit cell parameter a versus MnO for all Diamond Joe
samples.
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A PARAMETER IN ANGSTROMS

Curve-Fit Equation Y = A+BX
A - 5.39697 
B - -.944324

Correlation Coefficient - 0.513847E-02

Figure 9. Plot of unit cell parameter a versus TiO^ for all Diamond Joe
samples.
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B PARAMETER IN ANGSTROMS

Curve-Fit Equation Y ■ A+BX
A - 238.686 
B - -23.0357

Correlation Coefficient - 0.547810E-01

Figure 10. Plot of unit cell parameter b versus A^Og for all Diamond 
Joe samples.
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B PARAMETER IN ANGSTROMS

Curve-Fit Equation Y = A+BX
A - 155.237 
B - -11.8571

Correlation Coefficient * 0.169712E-01

Figure 11. Plot of unit cell parameter b versus SiOg for all Diamond
Joe samples.
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Figure 12. Plot of unit cell parameter b versus MgO for all
Diamond Joe samples.
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B PARAMETER IN ANGSTROMS

Curve-Fit Equation Y - A+BX
A = -376.067 
B - 42.0625

Correlation Coefficient * 0.176859

Figure 13. Plot of unit cell parameter b versus FeO for all Diamond Joe
samples.
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9.03 9.04 9.05
B PARAMETER IN ANGSTROMS

Curve-Fit Equation Y - A+BX
A - 15.2954 
B « -1.68129

Correlation Coefficient - .180510

Figure 14. Plot of unit cell parameter b versus MnO for all Diamond Joe
samples.
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9.04
B PARAMETER IN ANGSTROMS

Curve-Fit Equation Y = A+BX
A « -35.8273 
B - 4.01674

Correlation Coefficient « 0.724836E-01

Figure 15. Plot of unit cell parameter b versus TiO? for all Diamond
Joe samples. z
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DISTANCE IN METERS

Curve-Fit Equation Y - A+BX
A - 5.20971 
B - 0.185916E-05

Correlation Coefficient • 0.45607E-01

Figure 16. Plot of unit cell parameter a versus distance of each sample
location from the center of the potassic zone in the Diamond Joe Stock.
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DISTANCE IN METERS

Curve-Fit Equation Y * A+BX
A - 9.03558 
B - 0.103128E-05

Correlation Coefficient - 0.344828E-01

Figure 17. Plot of unit cell parameter b versus distance of each sample
location from the center of the potassic zone in the Diamond Joe Stock.
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20.10

20.00

DISTANCE IN METERS

Curve-Fit Equation Y - A+BX
A - 20.0357 
B - 0.464552E-05

Correlation Coefficient * 0.110435E-01

Figure 18. Plot of unit cell parameter c versus distance of each sample
location from the center of the potassic zone in the Diamond Joe Stock.
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Results from Vein Alteration Halos and from other Porphyry Systems.

In the vein alteration survey of Butte sample 10831-1671 (see 

appendix A for description) the following samples were eliminated for 

the reasons listed;

Butte 5 Kaolinite peaks obscured the muscovite peaks. 
Butte 6 through 10 No muscovite peaks detected.

Table 6 lists the results of the unit cell dimension survey of Butte 

sample 10831-1671 and Silver Bell sample FDA. Given an average error of 

plus or minus 0.01 angstroms, the a and Z> parameters remain constant 

within the sericitized envelopes of the 5 millimeter veins.

The analyses of samples thus far have been presented on the 

scale of centimeters into the sericitized margins of 5-millimeter-wide 

sulfide veins and on the scale of hundreds of meters in the examination 

of individual stocks. In an effort to examine regional changes, samples 

from porphyry systems hundreds of kilometers apart were also analyzed. 

Samples targeted for examination were chosen from the University of 

Arizona's collection of ore deposit samples from around the world. They 

consisted of samples from areas of the deposits that have been 

documented as phyllic zones or described as sericitized alteration. 

This portion of the survey had very limited success for a number of 

reasons. Nearly all of the samples which were considered to be 

pervasively sericitized were found to consist of two or more layered 

silicates, combinations involving sericite, kaolinite, montmorillonite, 

and occasionally pyrophyllite. Attempts to separate fine-grained 

layered silicates through heavy liquid or gravity settling methods were 

not successful. Attempts to supplement the University's collection by



Table 6. Unit cell parameters for muscovite-sericite adjacent to 5 millimeter veins at 
Butte, Montana, and North Silver Bell, Arizona.

Butte Montana

Parameters in
Angstroms

Sample

Butte 1 

Error 

Butte 2 

Error 

Butte 3 

Error 

Butte 4 

Error

5.19316

.01421

5.21049

.01331

5.19988

.01306

5.21323

.00803

9.01740

.01055

9.01240

.01955

9.01995

.01352

9.01814

.00793

_c______

20.08655

.02894

20.07034

.05426

20.10906

.03835

20.10862

.02228

Degrees 
Beta____

95.95888

.16264

95.85133

.29979

95.89884

.20919

95.50266
.12767

Distance in centimeters 
from the center of the 
vein

vein edge

0.5

2.0

3.0



Table 6 continued. Unit cell parameters for muscovlte-aerlclte adjacent to 5 milli
meter veins at Butte, Montana, and North Silver Bell, Arizona.

North Silver Bell

Parameters in Distance in centimeters

Sample
Angstroms Degrees from the center of the 

veina b c Beta
FD41A 5.21570 9.01314 20.07276 95.57965 0.2

Error .00484 .00623 .02439 .10193

FDA 2 A 5.20217 9.00129 20.11160 95.70698 0.2

Error .00521 .00752 .03245 .12228

FD41B 5.20326 9.00205 20.07892 95.45624 1.5

Error .00817 .01272 .02528 .19852

FD42B 5.20255 ' 9.00122 20.02699 95.83077 2.5

Error .01137 .01612 .06972 .24644

FD41C 5.19723 9.02204 20.06414 95.58152 3.0

Error .01473 .00830 .03789 .13726

FD42C 5.20314 9.02152 20.06847 95.76925 3.0

Error .00793 .00797 .02189 .13263
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traveling to the deposits (South America or Montana) were considered to 

be far beyond the scope of this survey.

Table 7 contains a listing of typical unit cell parameters for samples 

from Valley Copper, Mineral Park, and Morenci. The above parameters 

show little difference from the parameters measured at North Silver Bell 

and Diamond Joe.

Summary of Results

The analyses of this study revealed that for all samples in 

which muscovite peaks could be identified, the muscovite polytype was 

2Mj. The results of the unit cell parameter survey are summarized 

below.

Muscovite unit cell parameters for North Silver Bell

Parameter range of dimension average

a 5.19583-5.22839 5.20969

b 8.98782-9.04012 9.00969

c 19.90296-20.16484 20.03780

Beta 94.81710-95.92358 95.64550

Figures 1, 2, and 3 show that there is no apparent correlation between 

change in the unit cell parameter and lateral position in the alteration 

halo as measured as distance from a central point.
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Table 7. Unit cell parameters for muscovite-sericite on a regional 
scale.

Sample
Angstroms

Valley Copper 
Parameters in

Degrees
a b e Beta

118-33c 5.20844 9.01511 20.10251 95.85280
Error .00881 .00890 .02430 .14166

118-37e 5.19372 9.02686 20.09610 95.66015
Error .00767 .00745 .03167 .12266

Mineral Park
MPIVn 5.18126 9.00108 20.15196 95.61932

Error .01001 .00638 .01765 .10686

Morenci

213M 5.19400 9.02768 20.11883 95.65910
Error .00720 .00714 .01996 .12518

M0P4500 5.20256 9.00764 20.02769 95.82436
Error .00876 .01238 .02725 .19209

213M4500 5.21143 9.01881 20.06903 95.69832
Error .00980 .00979 .02692 .16323
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Muscovite unit cell parameters for t:he Diamond Joe Stock.

Parameter range of dimension average

a 5.18762-5.23763 5.21336 •

b 9.02007-9.05381 9.03764

a 19.92833-20.08436 20.04461
Beta 95.47483-96.00647 95.74616

Figures 4 through 18 show that there is no apparent correlation between
change in unit cell parameter and change in composition, or change in

unit cell parameter and position in the stock.

Samples taken from the vein selvages at Butte and Silver Bell

yield the dimensions below.

Butte Sample 10831-1671

Parameter range of dimension average
a 5.19316-5.21232 5.20396

b 9.01240-9.01995 9.01697

a 20.07034-20.10906 20.09364

Beta 95.50766-95.95888 95.80293
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Silver Bell FD4

Parameter range of dimension average
a 5.19723-5.21570 5.20401
b 9.00122-9.02204 9.01039

c 20.02699-20.11160 20.07048
Beta 95.45624-95.83077 95.65407

Once again, there is no correlation between unit cell parameter and

position within the vein selvage.

The unit cell dimensions for Valley Copper, Mineral Park, and

Morenci show parameter measurements similar tc) all of the samples shown

above.

Parameter range of dimension average
a 5.18126-5.21143 5.19857
b 9.00108-9.02768 9.01620
c 20.02769-20.15196 20.09436
Beta 95.61932-95.85280 95.71901



DISCUSSION

The survey of muscovite polytype and unit cell dimensions 

undertaken in this study has revealed that there is a strong consistency 

of polytype and unit cell size for muscovite even in different 

alteration mineral assemblages. Muscovite 2Mj polytype was identified 

in every sample for which unit cell parameters could be obtained. The 

averaged unit cell dimensions in angstroms for all of the samples are 

listed below.

Parameter Average Lowest Highest 

a - 5.20592 5.18126 5.23763 

b = 9.01817 8.98782 9.05381 
c « 20.06818 19.90296 20.16484

The range of variation in the a and b parameter for all samples combined 

was approximately 0.06 angstroms. This consistency of unit cell size 

appears to be at odds with microprobe data mentioned in the Previous 

Work section of this thesis in conjunction with Hemley and Meyer (1968) 

and Guilbert and Schafer (1979). Microprobe data indicating 

distinctively different compositions for muscovite or sericlte should 

imply variation in the parameters of the unit cell. In order to 

reconcile these differences it will be necessary to examine the scale at 

which measurements were made and also look at data gathered from far 
more sensitive instruments.

47
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As mentioned in Appendix A of this study, Page and Wenk (1979) 

analyzed Butte sample 10831-1671 using transmission electron microscopy 

(TEM) in order to examine the intricacies of the mineral transformation 

of plagioclase altering to 2M^ sericite. They were able to produce 

photographs demonstrating that the breakdown and replacement of 

plagioclase by smectite occurred with the plagioclase (001) cleavage 

direction statistically matching the (001) planes in the

phyllosilicate. In samples closer to the vein it could be seen that 

smectite did not coarsen but was replaced by 10-angstrom sericite and a 

7-angstrom kaolinite. The two new phases occurred as coherent

intergrowths extending over several microns perpendicular to c*. These 

two phases were present in the same manner throughout the argillic 

zone. Even though most of the mica at that point was of the 10 angstrom 
polytype, there were a few crystals with no interlayers which displayed 

good 20-angstrom diffraction spots. Page and Wenk also found that as 

the vein was approached, the sericite and kaolinite interlayering 

continued until the edge of the outer sericite zone. At that point, 

smectite and kaolinite disappeared and 14-angstrom chlorite and 20- 

angstrom mica were present. The chlorite and the mica phases were 

occasionally interlayered with narrow intervals of a 10-angstrom mica 

phase present in a 14-angstrom host. Closer to the vein the crystal 

size of the sericite increased.

The information above provides some insight into the kind of 

detail that is "averaged together” when analyses are made on a larger
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scale. Page and Wenk were working at a scale where Image resolution was 

less than three angstroms. The widely-used electron microprobe Is the 

primary tool used to determine mineral composition- on a microscopic 

scale. When the electron microprobe is used to analyze muscovite or 

other fine-grained layered silicates, it is common practice to defocus 

the beam slightly so as not to volatilize the lighter elements like 

sodium or potassium, thus reducing the chance of changing the 

composition of the mineral as it is being examined. A slightly 

defocused electron beam would have a diameter of 20 microns and would 

extend into the sample 1.5 microns laterally and vertically. The volume 

being analyzed therefore would have a diameter of 23 microns and a depth 

of 1.5 microns, or in dimensions relatable to cell parameters, a 

diameter of 230,000 angstroms and a depth of 15,000 angstroms. From the 

evidence Page and Wenk have produced, it is unlikely that a layered 

silicate of an alteration assemblage within a porphyry system would have 

the purity of 1500 layers of a single mineral. It is even more unlikely 

that those 1500 layers would remain free from interlayering laterally in 

the microprobe's 230,000 angstrom-wide beam. There is a strong 

probability that many electron microprobe analyses contain element 

counts for volumes of material which include interlayers of differing 

composition. This fact would lead to the belief that "visually pure" or 

even "petrographically pure" grains of a particular mineral may well 

have compositional variations.

The average volume of each sample x-rayed in this study was on
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the order of one cubic millimeter. The unit cell dimensions calculated 

from this volume represent millions of angstroms of material. If the 

interlayers are sporadic and represent only a small percentage of the 

material, then they will not generate enough d reflections to be 

detected. If the volume of the interlayer material is large enough to 

generate d reflections then the minerals present will appear as separate 

sets of reflections, but it would be impossible to tell if they were 

interlayered or merely mechanically mixed together. One explanation for 

the disparity between the microprobe results and the x-ray results 

therefore lies in the fact that the microprobe beam may be analyzing a 

volume of material which incorporates interlayers of material differing 

from the host mineral and therefore "averaging" the two minerals 

together, whereas x-ray analyses are producing d reflection peaks that 

are "averaged" over millions of angstroms for one specific mineral. The 

x-ray unit cell dimensions would therefore appear to be more constant 

than would be forecast from compositional variations derived from 

microprobe analyses.

The question regarding consistency of polytype still remains. 

As stated earlier in this discussion section. Page and Wenk found 10- 

angstrom mica and kaolinite intergrowths throughout the argillic 

sections of their sample. Why does not the 1M polytype show up on the 

x-ray patterns? I posed this question to Robert Page and he suggested 

(Page, pers. com. 1982) that even though the 10-angstrom polytype may 

be abundant, he believed that the presence of a great volume of
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microcrystals of the 20-angstrom variety with no interlayers would 

overshadow (hkO) reflections from the 10-angstrom type. The results of 

this study also show that kaolinite produced reflection's that suppress 

the intensity of muscovite peaks and in most cases prevent the correct 

indexing of the muscovite peaks. In the powder camera method, if the 

sample contains both the 1M and the 2M polytype of muscovite with 2M 

dominant, the only disriminating peaks that belong to 1M muscovite are 

the (112) and the (112) reflections. If kaolinite were present, then 

kaolinite (002) and (Il2) reflections may overlap the only two 

diagnostic peaks which would identify the 1M polytype of muscovite. 

Only one peak of 3T muscovite could be distinguished in a mixture of 2M 

and 3T poly types, and that is the (107) refection which has very low 

intensity rated conventionally as ten on a scale of one to one 

hundred. These observations point out that the presence of polytypes 

other than 2M types would be very difficult to detect in a mixture in 

which the 2M polytype dominates. It was hoped that the x-ray 

diffraction method would yield specific polytypes for specific locations 

within the system. However, it appears that even if the dramatic 

variations in physical and chemical conditions that occurred spatially 

and temporally within the porphyry copper systems examined generated a 

variety of muscovite polytypes, the dimensions in which one particular 

polytype dominates exclusively appears to be on the level of only tens 

or hundreds of angstroms. At dimensions larger than hundreds of 

angstroms, x-ray d reflections are produced by the dominant polytype
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population and the stable 2Mj population, and the d reflections produced 

by the population of 2M^ polytypes suffer less interference and 

therefore mask all but a few of the peaks from other muscovite 

polytypes, if indeed they exist.

The major thrust of this study indicates that the composition of 

sericite or muscovite may not vary as much as previously thought. The 

heterogeneity that exists below the analytical limits of the electron 

microprobe may be contributing to a myth that homogeneous 

phyllosilicates vary rather drastically in composition. Cations of iron 

and magnesium have been assigned to the octahedral layers of muscovite 

when muscovite grains were analyzed with the microprobe. If 

interlayering of chlorite were the rule for that particular grain, then 

the source of the iron and magnesium may be due to layers of chlorite. 

In a similar manner, aluminum contents of muscovite may vary with fine 

interlayers of kaolinite. The confidence with which these cation 

assignments are made cannot be stronger than the durability of the 

weakest link— knowledge of the mineral purity within the range of the 
microprobe beam.



APPENDIX A

Samples

SAMPLE DESCRIPTION

taken from the North Silver Bell area are labeled NSB-

81-X and constitute a survey of muscovite-sericite unit cell parameters 

and polytype across potassic, phyllic, and propylitic alteration 

assemblages. NSB-81-1 was taken from an area of a Laramide quartz 

monzonite stock which was distinctly potassically altered. This sample 

can be considered to be centrally located in a symmetrical alteration 

pattern in which the western half is not expressed at the surface. NSB- 

81-1 will be referred to hereafter as the central point.

Sample Sample Distance from the Central Point and Rock 
Description.

NSB-81-2 100 meters east. Taken from sericitized dacite 
porphyry.

NSB-81-3 100 meters east-northeast. Taken from sericitized 
veinlet in dacite porphyry.

NSB-81-4 250 meters east-northeast. Taken from sericitized 
dacite porphyry.

NSB-81-5, 6, 7 300 meters east-northeast. Taken from an adit which 
showed sericitized dacite porphyry and quartz-molyb
denite veinlets.

NSB-81-20 400 meters east-northeast. Taken from a quartz- 
sericite veinlet in sericitized dacite porphyry.
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Sample Sample Distance from the Central Point and Rock 
Description.

NSB-81-21 500 meters east-northeast. Taken from a quartz- 
sericite veinlet in a stockwork dacite porphyry.

NSB-81-19 600 meters east-northeast. Taken from an area of 
diminishing phyllic alteration in dacite 
porphyry. Strong faults and joints evident.

NSB-81-18 700 meters east-northeast. Slightly serlcitized 
dacite porphyry.

NSB-81-17 800 meters east-northeast. Quartz monzonite dike in 
dacite porphyry.

NSB-81-16 1000 meters east. Weakly propylitized dacite 
porphyry. Sericite not evident.

The following samples were taken from Breccia Ridge, which 

strikes east-southeast from the central point. The ridge was targeted 

for sampling because of the pebble dikes and breccias which were 

considered to be upward forerunners of the quartz monzonite dikes. 

Coarse muscovite was abundant along most of the ridge.

Sample Sample Distance from the Central Point and Rock 
Description.

NSB-81-8 . 300 meters east. Coarse muscovite from breccia pipe 
of dacite porphyry.

NSB-81-9 400 meters east. Coarse muscovite from quartz
monzonite porphyry along the ridge.

NSB-81-10 450 meters east. Serlcitized fragments from the 
breccia pipe of dacite porphyry.

NSB-81-11 500 meters east-southeast. Serlcitized fragment from 
a breccia pipe.

NSB-81-12 600 meters east-southeast. Sample from country rock 
near pebble dike.
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Sample Sample Distance from the Central Point and Rock 
Description

NSB-81-13 700 meters east-southeast. Sericitized fragment 
from breccia pipe.

NSB-81-14 800 meters east. Sample taken from quartz monzonite 
dike.

Samples taken from the Diamond Joe Stock constitute a survey of 

muscovite unit cell parameters and polytypes where muscovlte-serlclte 

was a component in several different mineral assemblages. Initial 

microprobe analyses indicated variation in composition for muscovite 

samples which appeared to differ in size and texture. In the following 

description of sample location, the central point refers to the 

approximate geographical location of a point in the center of the 

"bullseye" of early potassic alteration.

Sample Approximate Distance from the Central Point and Rock 
Description.

900B 500 meters west. Laramide quartz porphyry host. 
Alteration assemblage K-feldspar, muscovite, and 
quartz.

900C 500 meters west-northwest. Laramide quartz porphyry 
host.

900D 500 meters northwest. Laramide quartz porphyry host.

900H 500 meters east. Host of Laramide quartz porphyry. 
Alteration assemblage K-feldspar and muscovite.

272A 1200 meters northwest. Laramide porphyrltic quartz 
monzonite host. Alteration assemblage of K-feldspar, 
muscovite, chlorite, and quartz.

294A 2500 meters north-northwest. Laramide porphyrltic 
quartz monzonite host.
Alteration assemblage of K-feldspar, muscovite, 
chlorite, and quartz.
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Approximate Distance from the Central Point and Rock 
Description__________________________________________

Lev

314A

282A

800E

Sample

2500 meters southwest. Laramide granodiorite host. 
Alteration assemblage of muscovite and quartz.

3000 meters east-northeast. Laramide quartz 
monzonite porphyry host. Alteration assemblage 
muscovite, chlorite, and quartz.

3500 meters northeast. Laramide granodiorite host. 
Alteration assemblage of sericite, K-feldspar, and 
quartz.

3500 meters southeast. Laramide granodiorite host. 
Alteration assemblage of sericite, K-feldspar, and 
quartz.

Sample Distance from Central Point and Rock 
Description._______________________________________

309A 3500 meters east-southeast. Laramide porphyritic
quartz monzonite host. Alteration assemblage of K- 
feldspar and muscovite.

335B 3500 meters southwest. Precambrian diabase host.
Alteration assemblage of sericite and quartz.

900F 4000 meters north-northeast. Laramide granodiorite
host. Alteration assemblage of muscovite and quartz.

Sericite Sampling Perpendicular to Mineralized Veins

Page and Wenk (1979) examined the alteration halo of a sulfide

bearing vein in the Butte, Montana, copper deposit using transmission 

electron microscopy (TEM). TEM is capable of resolution of structural 

periodicities of less than three angstroms, and they used this fine 

scale to examine the general pattern of "fresh" plagioclase altering 

through a series of intermediate phyllosillcate phases to 2M^ sericite 

in the most altered part. The sample they used in their study (Butte 

sample 10831-1671) was obtained from Robert Page. This sample was also
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utilized to examine the same profile on the larger scale of the x-ray 

powder camera for this study. In the following descriptions, the 

reference point is a point along the centerline of a 5 millimeter thick 

vein in the most altered portion of the sample.

Sample Distance from the Reference Point and Rock 
Description.

Butte 1 Edge of the vein. Alteration assemblage of the 
inner serlcite zone consisting of quartz, 
serlcite, secondary orthoclase, and biotite.

Butte 2 5 millimeters from the reference point. 
Alteration same as Butte 1.

Butte 3 2 centimeters from the reference point. 
Alteration same as Butte 1

Butte 4 3 centimeters from the reference point 
Alteration assemblage of the outer serlcite 
zone consisting of orthoclase, plagloclase, 
biotite, and serlcite.

Butte 5 4.5 centimeters from the reference point. 
Alteration assemblage of the green argillic 
zone consisting of fresh orthoclase, smec
tite, trace serlcite, and fresh biotite.

Butte 6, 7, 8 6, 7.5, and 9 centimeters respectively from the 
reference point. Alteration assemblage of the 
green argillic zone (same as Butte 5).

Butte 9,and 10 9.5 and 12.5 centimeters respectively from the 
reference point. "Fresh" Butte Quartz 
Monzonite. Plagloclase, smectite, trace 
serlcite, and fresh biotite.

The other vein profile examined in this study was from a sample 

from the 2660 bench of the Oxide Pit at Silver Bell (FD4 series). The 

host rock was alaskite, and the alteration halo consisted of K-feldspar, 

quartz, pyrite, serlcite, and albite. In the following description of 

sample location, the reference point is a point along the centerline of
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a 5 millimeter sulfide vein

Sample Distance from the Reference Point.

FD41A and FD42A 0.2 centimeters

FDA IB 1.5 centimeters

FD41C and FD42C 3.0 centimeters

FD42B 2.5 centimeters

Beyond 3 centimeters the amount of sericite was insufficient to produce 

effective x-ray patterns.

Samples examined from porphyry copper systems separated by 

hundreds of kilometers are described in detail below. Samples from 

several systems other than those listed below were x-rayed without 

success. The primary problem found in attempting to x-ray samples from 

pervasively altered zones labeled as sericitized, phyllic, or argillic 

zones was that kaolinite was present in such abundance that sericite d 

reflection peaks could not be confidently indexed.

The Valley Copper porphyry deposit is located in the Highland 

Valley area, near Ashcroft, B. C., about 370 kilometers northeast of 

Vancouver (NTS92I/6E, Latitude 50 degrees 29' N, Longitude 121 degrees 

02'W). Grains of sericite were removed from along the vein selvages of 

sample 118-37e, a drill core sample of porphyritic granodiorite from 

hole 68-12 at a depth of 663 feet below the collar. The core sample 

showed strong vein-controlled sericitic alteration. In the same 

manner, grains of sericite were removed from along the vein selvages of
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sample 118-33c, a drill core sample of porphyritic granodlorlte from 

hole 68-1, located 700 meters northeast of hole 68-12. The core sample 

depth was 920 feet below collar and showed the same strong vein 

serlcltlc alteration. Attempts to x-ray target grains outside of the 

serlcltic halo were not successful for reasons listed above.

The Mineral Park mine, also known as Ithaca Peak, is located 

approximately 26 kilometers north of Kingman, Arizona, in the Cerbat

Mountains. Sample MP1 was a small volume of sericitized biotite quartz

monzonlte porphyry removed from the bottom of the Ithaca Peak Pit at 

approximately 4215 feet elevation. MP1VN represents grains of sericlte

removed from a serlcltlc envelope along a quartz vein in sample MP1.

Attempts to x-ray the pervasive sericlte of the sample resulted in film 

strips that showed kaolinite with only a hint of sericlte.

The Morenci Pit of the Phelps Dodge Corporation is located in 

east central Arizona, 6 kilometers northwest of Clifton. 213M 4500 and 

MOP 4500 are sericlte grains removed from vein selvages in samples of 

quartz monzonlte porphyry removed from the open pit at an elevation of 

4500 feet. 213M is a volume of sericlte grains removed from the vein 

selvages of a drill core sample of quartz monzonlte from below the pit 

at elevation 4100 feet.



APPENDIX B

SAMPLE PREPARATION TECHNIQUES

The excavation and manipulation of very small amounts of 

material created many frustrating problems in the initial stages of this 

study. The average sample size was one cubic millimeter of material 

which had to be excavated from the rock, crushed, and placed onto a 

spindle whose diameter rarely exceeded 0.25 millimeter. Given that the 

width of the average male thumb is 100 times the diameter of the 

spindle, the most likely outcome of manipulating the sample is total 

destruction of the spindle. The techniques illustrated below are hereby 

passed on to all who are committed to moving micro-molehills.

There are a number of ways to make spindles for holding the 

sample powder which is to be x-rayed in the Debye-Scherrer camera. They 

range from spindles made from glue to spindles made by narrowly slicing 

apart gelatin capsules. The easiest way to make spindles however is to 

make them from low-melting-temperature glass rods. Glass rods used in 

this study were approximately 5 millimeters in diameter. The rod was 

broken into sections approximately 1/2 meter long. The central portion 

of the rod was then held over the flame of a Bunsen burner and the 

central 5 or 6 centimeters of the rod was moved back and forth over the 

flame until the glass lost its rigidity.
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At the Instant the glass became soft the rod was “pulled apart", that 

is, pulled In such a manner as to stretch the rod along Its length. 

This thinning created glass threads that were subsequently broken into 

lengths approximately 5 centimeters long for use as spindles. The 

drilled-out metal shafts that hold the spindles in the Debye-Scherrer 

cameras can be filled with a firm wax and stored by pressing them into 

the base of an inverted styrofoam coffee cup (see Figure B-l). From 

this base of operations the glass spindles can be inserted into the wax 

and clipped to the desired length with a pair of fingernail clippers.

A pin-vise holding a small steel sewing needle was found to be 

the best device to remove the small target grains from the rock. All 

work with the sample was done by viewing it through a binocular 

microscope. When a target grain was selected, the pin vise was used to 

pry the grain free and manuever it to a microspatula. The grain was 

transferred with the microspatula to a small mortar and pestle and then 

crushed. A small tool which proved to be among the most valuable was a 

micro-squeegee, made by clipping a piece of rubber from an old 

windshield wiper blade and attaching it to the eraser-end of a pencil 

with a straight pin. This tool allowed me to remove the crushed powder 

from the mortar onto a glass slide and then manuever the powder to the 

edge of the slide. The slide was then placed upon a rubber stopper for 

easier access to the powder, since a slide lying flat on a counter 

requires access at an angle.

Once the powder was poised at the edge of the slide, the spindle 

was dipped into a slow drying organic glue, like Vistenex or Ambroid.
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The spindle was then rolled In the powder by rolling the metal spindle 

holder between finger and thumb. After an even layer of powder is 

coated onto the spindle, it can be replaced into the base of the 

styrofoam coffee cup and labeled to await insertion into the camera or 
for semi-permanent storage.
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Figure 6-1. (A) Glass spindle in metal spindle holder.
(B) Base of a styrofoam coffee cup in which spindles can 

be stored.
(C) Glass slide, sample powder, and best spindle position 

for applying powder to spindle.



APPENDIX C

COMPUTER SOFTWARE

The very tiring problems of attempting to match up columns of 

numbers, those numbers representing peak position and intensity of both 

the sample and the standards, generated a requirement for an easier 

visual method for comparison. A computer method for creating a graphic 

display of 2-theta position and intensity of the peaks was devised. 

Figure C-l is a copy of the computer product generated from information 

on a standard of muscovite 2M^. The product shown in Figure C-l can be 

further modified by labeling each peak with its appropriate hkl index. 

Figure C-2 is a copy of the data file required to produce Figure C-l. 

Notice that the data file is typed in free-format form and that the 

numbers are real numbers, not integers. The first number on the line is 

the 2-theta position of the peak and the second number is the intensity 

on a scale of zero to one hundred. Each data file must begin with 

zeros. The program PLOT will search for a data file called PTS.DAT so 

the target data file must be labeled accordingly.

Much of the software needed to create the computer-drawn graph 

in Figure C-l was accessible in a commercially available software 

package called "Plot-10 Advanced Graphing II". However, this package 

does not contain provisions for creating "infinitely thin" histograms 

similar to those in Figure C-l, so the commercial package had to be 

modified. Figure C-3 is a listing of the author's computer program
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tEOEES-ZDCTA
B

Figure C-l. Computer graph generated from published information on 
muscovite 2M. standard (cards 6-0263 and 6-0264 in the JCPDS card 
catalogue). Degrees-2theta versus intensity.
A. Peak positions in the range 80-36° 2-theta
B. Peak positions in the range 360-64° 2-theta.
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Data file A

0 # ; 0 *
8.89,95.
17.85,31.
19.86,21.
22.91,14.
23.85,17.
25.53.22.
26.67.23. 
26.85,100. 
27.89,28. 
29.91,34.
31.29.24. 
32.09,21. 
34.55,16. 
34.97,54.

Data file B

0. ,0.
36.00,100.
36.06.14.
37.50.10. 
37.73,27.
42.04.15. 
42.40,21. 
45.51,46.
55.27.11. 
55.85,23.
60.67.11. 
61.67,30.

Figure C-2. Data files used to create computer graphs in Figure C-l. 
Data file A corresponds to graph A and data file B corresponds to graph 
B in Figure C-l.
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called PLOT which is a series of subroutines, each of which is 

documented in the Plot-10 user's manual. Each subroutine has a 

selection of parameters that allows the user to define the type of final 

product desired. For example, with XTICS and YTICS routines, the user 

sets the values of the number of tic mark intervals on the X and Y 

axes. Without modification, the subroutines incorporated in the program 

PLOT would simply draw horizontal lines between the points listed in 

Figure C-2. Subroutine ADOPTS (Figure C-4) adds coordinate points which 

allow the program PLOT to draw lines vertically from each coordinate 

point listed in Figure C-2, creating the thin histograms for each 2- 

theta position on the graph in Figure C-l.
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DIMENSION ISTRIN(14)
COMMON/A/X,Y,XDATA,YDATA,I 
DIMENSION XDATA(300), YDATA(300)
DIMENSION X(100),Y(I00)
DATA ISTRIN/68,69,71,82,69,69,83,45,50,84, 

* 72,69,84,65/
OPEN(UNIT-20,FILE-'PTS.DAT')
1=1

1 READ(20,*,END-2) X(I),Y(I)
I -I + l
GO TO 1

2 1= 1-2
CALL ADOPTS 
CALL INITT(120)
CALL BINITT 
CALL XTICS(14)
CALL YTICS(IO)
CALL XFRM(2)
CALL YFRM(2)
CALL XMTCS(IO)
CALL YMTCS(5)
CALL XMFRMC2)
CALL YMFRM(2)
CALL CHECK(XDATA,YDATA)
CALL DS PLAY(XDATA,YDATA)
CALL M0VABS(400,30)
CALL HLABEL(14,ISTRIN)
CALL TINPUT(O)
CALL ANMODE
STOP
END

Figure C-3. Listing of the computer program PLOT. Information on the 
subroutines are available in the Plot-10 Advanced Graphing II user's 
manual.
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SUBROUTINE ADOPTS 
COMMON/A/X,Y,XDATA,YDATA,I
DIMENSION X( 100),Y(100),XDATA(300),YDATA(300) 

DO 10 J-1,I 
XDATA(3*J)=X(J+1)
XDATA((3*J)+1)-X(J+1)
XDATA((3*J)-1)«X(J+1)

10 CONTINUE
XDATA(l)-FLOAT(3*I)

DO 20 K-1,I 
YDATA(3*K)»Y(K+1)
YDATA((3*K)-l)-0 
YDATA((3*K)-2)-0 

20 CONTINUE
YDATA(l)«FLOAT(3*I)
WRITE(21,*)(XDATA(J),J-1,I)
WRITE(21,*)(YDATA(J),J-1,I)
RETURN
END

Figure C-4. Subroutine ADOPTS. This subroutine creates coordinate 
points that direct the graphing of the peak position and intensity 
information in a histogram style.
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