MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Masters Theses Student Theses and Dissertations
1958

Paragenesis of the minerals in the Einstein vein Madison County,
Missouri

Robert P. Stevens

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses

b Part of the Geology Commons
Department:

Recommended Citation

Stevens, Robert P, "Paragenesis of the minerals in the Einstein vein Madison County, Missouri" (1958).
Masters Theses. 2551.

https://scholarsmine.mst.edu/masters_theses/2551

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/masters_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/masters_theses?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F2551&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/156?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F2551&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/masters_theses/2551?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F2551&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

PARAGENESIS OF THE MINERALS IN THE EINSTEIN VEIN

MADISON COUNTY, MISSOURI

BY

ROBERT P, STEVENS

THESIS
‘submitted to the faculty of the
SCHOOL OF MINES AND METALLURGY
OF THE UNIVERSITY OF MISSOURI
in partial fulfillment of the work required for the
Degree of
MASTER OF SCIENCE, GEOLOGY MAJOR

Rolla, Missouri

Approved by @’(R%M

Professor of Geology




CONTENTS

List of I1lustrations s eeeeeeececococnes
List of Plates ..vcaceceococscsoncocses
List of TableS e neeceecccesoascscaoccosasns
Introduction .cc.sassccasssrsssasessess
Selection of the Problem .........

Acknowledgements ....ceeeccsoces

Location and Mine Development.,..

GeneralGeologY @e o e 000000000 ereen0c00e0e e

Previous Work

Mineralograth © © © 0 0 2 0 c e e 00O 0° 0" 0 00000000 0C00Ce CON

® 9 e 00000000 00080

® @ e e 0 0@ 00 00060 00 0

® ® o0 ° 000009 0o

8 ® ® 8 000 9 000 0@ 00 0GP eEOND e e

Silvermine Granite with Xenolith, Einstein
Mine Dump (EMt—l) ® @ ®# 20 0 ° 9 " 8 e 0O e 90 " 000

Greisen Adjacent to Quartz Vein, Einstein
Mine Dump (EMt"Z) ® © © 0 0 ®» 9 ® @0 00 0 G ° 0 s 008

Greisen in Hanging Wall, Gabriel Adit (GAt-1) ..

Vein Quartz and Greisen, Einstein Mine (EMt-3)

Vein Quartz, Einstein Mine (EMt-4)e.0o..

Vein Quartz, Einstein Mine (EMt-5).....

Vein Quartz, Einstein Mine (EMt-6).....

Ore, Gabriel Adit (GAP-1) cceececcencose

Ore, Gabriel Adit (GAP‘Z) @ o0 ce 0 e 000000

Ore, Einstein Mine (EMp-1) .eceeeccenocosssn

© e e o0

iii

iv

iv

15

15

17

19

21

24

26

28

30

31

32



CONTENTS (Continued)

Ore, Einstein Mine (EMpP-2).ceccecaceccsccsssscs
Ore, Einstein Mine (EMpP-3).ee.ceccooccocassnne

Ore, Einstein Mine (EMpP-4).cceecececececcnconn

® e ® ¢ 00

® e 00 o0

Ore, Einstein Mine (EMp-5, same material as EMt-6), .

Ore, Einstein Mine (EMp-6)......

Ore, Einstein Mine (EMp-7)......

© 0@ 0000 000090 00

OCre, Einstein Mine (EMp-8)......

Ore, Einstein Mine (EMp-9).ce.n.

® e e 00000609 00¢9°s

Precision Unit Cell (ap) Determination of the Isometric
Sulphides in the Einstein Vein.....c0.0ceeeneoe

Selection of Material for Analysis ....cco0ceaesoce
Sample Preparation © @ 2000000000000 s0000D00 00800
Apparatus and Method « csssssssonsansnssecsssmss

Conclusions Drawn from Unit Cell Dimensions ...

Paragenesis .casssssssasnnsnasssns

° ® e ® 0000 00000 000

Bibliograth....o.-.oon-o-.oocooo.-t.o.-.otoooooovo

e 00 o0

® 0o o o @ 0

33

34

36

37

39

40

41

51

51

52

53

56

67

ii



10.

11.

12,

13.

14,

15,

LIST OF ILLUSTRATICNS

Chalcopyrite rimmed by galena cc.cecesesasescnssscocosces
Wolframite lath traversed by a fracture cccccceecececes
Pyrite invading wolframite lath ecececceccoccacosonsnce
Galena and sphalerite veinlets cutting pyrite cccaceasoosce
Chalcopyrite inclusions in sphalerite ceececoccesscconcsca

Arsenopyrite veined by chalcopyrite and invaded .....0.
by Sphalerite © 9 60606086000 906068 0¢600¢0000ca800°0606e@e00GB6ESs® S

Wolframite lath with quartz-healed fractures im-
bedded in quartzZ cececececocccconccococsscnscescncas

Arsenopyrite embaying wolframite cvcecoecoooeescocsccess
Arsenopyrite veined by galena and sphalerite ....a.0.0.
Daphnitic chlorite rosettes replacing topaz .eecececceas

Fluorite attacking pYI‘ite.............-...............

Sericitized plagioclase (albite-oligoclase) attacked
by epidote, magnetite, and chlorite cceececeecanas

Cagsiterite in qUATLE scscisasrassasaspusnsssssnnnss

Brazilian twin lamellae and undulatory extinction
inveinqua'rtz © ® © ¢ @ 0 6 O 00 O e 0O O 0P OO0 OO S e e e 0O O e P e 000
Outline of feldspar lath completely altered to seri-
cite, kaolinite, and quartz ..ecccscccencecancacecas

iii

43

43

44

44

45

45

46

46

47

47

48

48

49

49

50



iv

LIST OF PLATES

Plate
I Index Map of Einstein Mine Area escceoceccesecocccccecoss 4
II Location Map of Einstein-New Discovery Mines ,..... (in pocket)
LIST OF TABLES
Table
I Paragenetic Sequence of Minerals (After Singewald
andMiltOn)................0........‘............... 12
1I Effects of Sample Annealing on X-Ray Diffraction
PowderPhOtogra’PhS00..0'.........'..............I.. 54
III Comparison of Unit Cell Dimension Values of Ein-
stein Sphalerite, Galena, and Pyrite with
Reportedvalues ® e e O 0 ® 0 & 0 ¢ 0 O 0 0 ® ® 00 © 0 e 2 0 &0 ° O 0 0 @ 0 & &0 e o0 55
III-A Data Used for Calculation of Unit Cell (Ay) Dimensions..... 55a
v Paragenesis at the Einstein Mine (Stevens) .eescoeceococsss 57
\% Interplanar Spacings for Green Mineral from Ein-

stein Mine, Sericite from Longfellow Mine,
California, and Serpentine from Montville,

NewJersey-n...ona--o'..c.ool....'u'.oo'o.o.uooooo.t 65



INTRODUCTION

Selection of the Problem

The mineralogical problem of determining the paragenetic se-
quence of minerals in the Einstein vein, Madison County, Missouri, was
suggested by Dr, O, R, Grawe, who previously had supervised a thesis

by Joel Pomerene 1

dealing with the geology of the area. Although consid-
erable attention has been given to the mineralization along the vein, a
specific study of the paragenetic relations has not been made. Paragen-
esis has, however, been discussed by others in papers dealing with the
geology of the area. Such a study is extremely important in the estab-

lishment of a hypothesis of origin, and hence, an essential aid in the

search for other deposits of this type.

Acknowledgements
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O. R, Grawe, of the Missouri School of Mines, for his guidance, coordi-
nation, and general supervision of this work,

Mr. T. Ejima, Research Fellow, Department of Metallurgy,
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several minerals.,

1 Pomerene, J. B., '""Geology of the Einstein-Apex Tungsten Mine Area',
Unpub, Master's Thesis, U, of Mo. Sch. of Mines & Met,, 1947,
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Thanks are also due Dr. P, D, Proctor, Chairman of the Geology
Department, and R, Chico, Graduate Assistant, for their assistance in the

preparation of the mine location and workings map.

Location and Mine Development

The Silvermine District is on the east flank of the St. Francois
Mountains, Sec. 12, T. 33 N., R, 5 E,, Madison County, Missouri,
approximately nine miles west of Fredericktown. The area may be
reached by paved all-weather roads, Missouri Highway No. 70 and County
Road D, (Plate 1).

The Einstein Mine is the most extensively developed mine in the
District. The property was first entered as mineral land in 1855. By
1879, the workings consisted of an adit (River Tunnel) and an inclined
shaft from which three levels connected by winzes were developed. The
lower levels were reported by Tolman? to be 75 and 150 feet from the
collar of the shaft and to be 246 and 80 feet long, respectively. A map
in the files of the Missouri Geological Survey based on information
furnished by George C'Brien shows a third level at a distance of 275 feet
from the collar of the incline. A masonry dam and a mill were construc -
ted in 1879 to provide water and power for a mill in which argentiferous
galena was recovered., Operations ceased a few years later after produc-

ing 50 tons of lead and 3, 000 ounces of silver.

2 Tolman, Carl, '""The Geology of the Silver Mine Area', Mo. Bureau of
Geol. and Mines, 57th Bien. Rept., Append. I, 1933, p. 34.




According to Tolman3, in 1916 the Madison Mining Corporation
of New York began mining for tungsten. A mill was built to concentrate
the ore. Kleven tons of tungsten ore were produced during a single month
in 1917. Operations ceased with the end of World War I, A small amount
of tungsten was produced about 1927 by the Ozark Tungsten Company. The
Minerals Yearbook? lists the production of small tonnages of tungsten
during 1937, 1938,and 1941, In 19475, the Apex Mine was reopened by
the And-Mor Mining Company and about 19556 a new incline was sunk on
the Einstein vein about 100 feet west of the New ‘Discovery Incline,

At present the mines are not in operation. The lower levels of
the Einstein Mine are inaccessible. The main level may be entered at
considerable risk. Meager timbering is generally in fair condition, but
some caving has occurred, The River Tunnel is connected with the Wood-
chute Adit by the Mittendorf Raise and the Woodchute is connected with
the New Discovery workings, and the most recent incline by other raises.
The Mittendorf Raise connecting the main level with the surface is in-

accessible at present,

The Grigsby, or Preacher, Adit to the north and uphill from the

3 Ibid. p. 34.

* U. S. Bureau of Mines, Minerals Yearbook for years 1929-43 inclusive,

5 Fomerene, Op. cit., p, 33,

6 Grawe, C. R,, Personal Communication.
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Einstein main level, is not connected to the main level, The drift is
approximately 50 feet long.,

The Gabriel Adit, located 1/8 mile to the north of the Einstein
workings, is approximately 100 feet long and connected to the surface by
the Gabriel Shaft,

As a result of a brief reconnaissance of the mine workings, it is
believed that the risk involved in entering the mine would far outweigh the

value of any geologic information procured.

General Geology

The rocks exposed in the area are principally Pre-Cambrian
rhyolite and rhyolite porphyry flows, a granite pluton, diabase dikes,
and quartz veins., These are overlain by remnants of Upper Cambrian
Lamotte sandstone, conglomerate, and arkose, and by small patches of
Tertiary Lafayette gravel. Tarr' described the relationships of the
igneous rocks to one another pointing out that the granite is intrusive into
the rhyolites. The diabase dikes cut both the granite and rhyolites, and
are in turn cut by the quartz veins. The Lamotte formation is exposed in
a ravine 1/3 mile east of the Einstein Mine. It unconformably overlies

the Pre-Cambrian igneous rocks, Younger Paleozoic and Mesozoic sedi-

7 Tarr, W, A., "Intrusive Relationship of the Granite to the Rhyolite
(Porphyry) of Southeastern Missouri', G, S. A, Bull,, vol. 43, 1932,
pPp. 965-992.
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ments are not present in the area, but Haye58 mentions the occurrence of
uncemented Lafayette gravels on several ridges, These are generally
thought to be of Tertiary age and consist of quartzite and chert.

The Silvermine mineralization consists of quartz veins, varying
from a fraction of an inch to two feet in width, intruded into a pinkish
gray, medium-grained granite, and of quartz stringers intruded into rhyo-
lite porphyry near the granite-rhyolite contact. A study of the joint
pattern by Tolrnan9 and by Pomerenel0 reveals three prominent joint
trends in the granite. The nearly vertical N 25° E and N 65° E joints
are paralleled by the diabase dikes, while the mineralized quartz veins
occur as fillings of an east-west set of joints which dip 30-50° to the south.
The emplacement.of the veins was accompanied by greisenization of the
granite wall rock, This introduced considerable topaz and greatly altered
the feldspars. The extent of greisenization is directly proportional to the
width of the vein at any particular point, and to the amount of brecciation
and invasion of the wall rock by vein material. Greisenization is more
extensive in the hanging walls of the veins than in the foot walls,

Faulting appears to have occurred during the emplacement and

8 Hayes, W, C., Jr., "Geology of the Ozark-Martin Mine Area, Madi-
son County, Missouri', Unpub. Master's Thesis, U, of Mo. Sch. of
Mines & Met., 1947.

9

Tolman, Op. cit.

loPomerene, Op. cit.




subsequent to the emplacement of the Einstein vein, Pomerenell men-
tions the existence of a thrust fault on the basis of slickensides exposed
at the Einstein Mine and the Gabriel Adit 1200 feet to the north., This
would mean that the vein as exposed at the Gabriel Adit is the down-thrown
extension of the Einstein vein., He also cites the existence of a northeast
trending shear zone:
"It is believed that the Apex vein and the Einstein

vein represent one vein that has been offset about 1050 feet

by a fault. It is possible that the prospect pits which are

arranged along a northeast striking line have been worked

on portions of the vein offset in step fault pattern by the

shear zone."

Grawe]‘2 believes that faulting accompanied the emplacement of
the Einstein vein as evidenced by the presence of slickensides in the plane
of the vein, This might further be substantiated by the occurrence of

large, offset, quartz crystals at the New Discovery Mine which is on the

Einstein vein, 850 feet west of the Einstein Mine portal.

Previous Work

The earliest reference to the mineralization at "Silver Mines"

13

is that of Haworth who noted the occurrence of topaz associated with

11 1piq,

12 Grawe, O, R,, Personal Communication.
ke Haworth, Erasmus, "A Contribution to the Archean Geology of
Missouri', The American Geologist, vol, 1, no. 5, May, 1888, pp.
294-295,




the wall rock of the quartz vein, and attributed the formation of topaz to
fumerolic activity. Haworth briefly compared the mineralization at
""Silver Mines' to the tin mines of Cornwall, England and Zinnwald,
Saxony, but he was unaware of the presence of cassiterite at "'Silver
Mines'. Haworth described the vein at the ""Apex shaft' as filled with
quartz, argentiferous galena, fluorite, lepidolite, wolframite, and prob-
ably cther minerals. The wall rock is stated to consist of quartz im-
bedded in a fine-grained mixture of mica scales with traces of iron
oxide, leucoxene and zircon, with topaz and fluorite distributed in vary-
ing proportions throughout the fine-grained mass,

Buehler14 noted the close association of pyrite, zinnwaldite,

and huebnerite, and gave the results of a chemical analysis of huebner -

ite as:
Tungstic acid 76.50 %
Oxide of manganese 18.33
Oxide of iron 5,12
99.95 %

He described the heubnerite as ranging in size from that of a
pinhead to massive bunches weighing 100 pounds, distributed at intervals
in the quartz vein and cccurring as solid lenses 3 to 15 inches thick
associated with a heavy clay gouge. Argentiferous galena and sphalerite

also were reported as present in the vein and the number of ounces of

14 Buehler, H. A., Mo. Bureau of Geol. and Mines, Bien. Rept. of the
State Geologist to the 50th General Assembly, 1919, pp. 97-98.




silver per ton was reported as equal to the percentage of lead prior to
concentration.

The occurrence of crystals as well as masses of quartz is des-
cribed by Tarrl® . Huebnerite was described as occurring in large
bladed masses associated with fluorite., Golden brown zinnwaldite
rosettes occurring in bands a centimeter or more in width and 10 to 20
centimeters in length also were reported. Galena, pyrite, sphalerite,
chalcopyrite, zinnwaldite, serpentine, and arsenopyrite were reported
occurring in the vein and sericite in the wall rock. Tarr mentioned that
topaz, tungstite, and stolzite had been reported to be present. Small
quartz veins in the surrounding granite and rhyolite were noted to contain
specularite, epidote, quartz, and garnet.

16

Ross and Henderson presented optical data and a partial chem-

ical analysis of topaz from the Einstein Mine, They stated: '

"The minerals that have been reported from the
vein itself are quartz, fluorite, argentiferous galena,
pyrite, sphalerite, huebnerite, and scheelite, the latter
intimately intergrown with huebnerite. The wall rock on
either side of the vein has been profoundly altered and
the minerals topaz, quartz, fluorite, argentiferous
galena, pyrite, sphalerite, huebnerite, and scheelite
have developed through the replacement of granite.

15 Tarr, W. A., "The Minerals of Madison County, Missouri', Amer.
Mineralogist, vol. 6, no. 1, Jan. 1921, pp. 7-10

16

Ross, C. S., and Henderson, E. P,, "Topaz and Associated Miner -
als from the Einstein Silver Mine, Madison County, Missouri',
Amer, Mineralogist, vol, 10, no. 12, Dec. 1925, pp. 441-443,
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"The feldspar in the granite of the wall rock has

been completely replaced by muscovite and quartz partly

replaced so that isolated island-like areas are all that

remain of large quartz crystals. The fluorite (variety

chlorophane) is colorless to blue, and on heating glows

with a green color that soon changes to purple.,'

Perhaps the most comprehensive study to date of the minerali-
zation at the Einstein Mine itself is the paper of Singewald and Milton17
in which the greisenization of the wall rock is described., Sericite mica
is stated to be later than the topaz which was derived from the quartz of
the granite country rock. The '"oily mottled-green appearange' of some
of the greisen was noted by these writers. They suggested that the
material is an alteration of the topaz rock to a soft material consisting
of very fine scaly mica similar to sericite. The mineral was determined

to be the damourite variety of muscovite. OUptical properties and a

partial analysis of Silver Mine mica (zinnwaldite) was given.

Zinnwaldite Silver Mine Mica

Fe 6.59% 6.91%
Li 1,99% 0.58%
2V «350 [ 300 £ 10°
N_, 1.57 £ 1,57 £

The marked deficiency in lithium suggested that the mica is not a mem-
ber of the lepidolite system, but tends toward a lithian phlogophite.

Singewald and Milton propose that some of the damourite may have been

derived from the alteration of zinnwaldite.

17 Singewald, J. T., Jr.,, and Milton, C., '""Greisen and Associated
Mineralization at Silver Mine, Missouri', Econ. Geol. vol. XXIV,
no. 6, Sept. 1929, pp. 569-591.
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Zoned cassiterite was stated to occur in the greisen associated
with fluorite and along topaz-zinnwaldite boundaries.
A description of the mode of occurrence of the sulphide minerals
was given:
"The sulphide ores consist of sphalerite, galena,
pyrite, arsenopyrite, and chalcopyrite in a gangue of
quartz and fluorite and a little sericitic mica. Wolframite
also occurs in this ore. Included in the vein material is
a great deal of topaz rock., - Much of the ore consists of
shattered topaz rock penetrated by stringers and veinlets
which have not only filled the fractures in the topaz rock
but also replaced it along their walls."
A table showing the paragenetic sequence of minerals in the
Silver Mine area accompanies the paper. The sequence according to

Singewald and Milton 18

is given in Table I and will serve for compari-
son with the sequence as determined by the present writer.

The mineral succession as determined by Tolman!? does not
essentially differ from that of Singewald and Milton. According to
Tolman, considerable overlap and, in some cases, simultaneous deposi-
tion is shown by the mineralization. Chlorite (thuringite) is added to the
sequence along with an unidentified phosphate, which precedes fluorite,

and another unidentified mineral which encloses fluorite and is earlier

than the associated mica.

18 1pid, p. 591

19 Tolman, Op. cit.
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TABLE SHOWING PARAGENETIC SEQUENCE OF MINERALS

(After Singewald and Milton, Econ. Geol., vol. 24,

Quartz

Topaz
Sericite
Arsenopyrite
Pyrite
Cassiterite
Zinnwaldite
Fluorite
Wolframite
Scheelite (Stolzite
Sphalerite
Chalcopyrite
Galena
Damourite
Stolzite
Ferritungstite
Geothite

Limonite

?)

TABLE I

1929, p. 591)

—e

—2

1
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According to Pomerenezo, the same mineral sequence was not

followed at all places. He states:

"The mineralizing solutions which ascended along
the thrust fault zones were dominantly siliceous and high
temperature in character. These solutions altered the
granite wall rock by bringing about solution and redeposi-
tion of the quartz, sericitization of the feldspars, and
deposition of the topaz. This process probably continued
throughout the mineralizing period. At the same time
vein quartz was deposited. Some quartz deposition seems
to have continued, at least locally, during the whole time
of mineralization. However, after one phase of quartz
deposition occurred zinnwaldite was formed, and then
pyrite was deposited along with more quartz and galena
and sphalerite. This succession seems to have been followed
by the introduction of the tungsten-bearing mineral,
wolframite.

""At the Killian prospect this stage seems to have
been followed by the deposition of a small amount of
scheelite, francolite, and fluorapatite. Formation of a
yellow to green scaly mica, tentatively identified as zinn-
waldite was next followed by chalcopyrite and then fluor-
ite. Covellite and hematite seem to be encrustations and
as such would be last.

"This sequence does not seem to have been followed
at all places, because a zoned or banded specimen showing
a cross-section of the vein at the Grigsby adit shows the
following sequence from the slickensided wall toward the
center of the vein; vein quartz; quartz and wolframite;
quartz and pyrite; quartz, =zinnwaldite and fluorite;
quartz, galena, and zinnwaldite with some chalcopyrite;
and finally a zone of vein quartz and zinnwaldite. "

Francolite and fluorapatite are described by Pomerene as occur-
ring at Silver Mines., These two minerals probably represent the phos-

phatic material described by Tolman.

20 Pomerene, Op. cit., p. 31-32,
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I—Iaye521 offers the following remarks concerning the paragenetic
sequence at the Martin and Ozark Mines:

"Insofar as was determined, the mineral succession
at both mines is essentially the same. Quartz was the
earliest mineral forming the bulk of the vein material.

This was followed by topaz and sericite., The sulfides,
pyrite and arsenopyrite were next. Fluorite deposition
seemed to precede the deposition of wolframite, which
was followed by the chalcopyrite, sphalerite, and galena.
A period of quartz deposition at the end of the series is
indicated at the Ozark Mine, as it acts as a cement in the
breccia. "

Richter, Reichen, and Lemmonzz

state that the specimen con-
taining the yellowish-white micaceous aggregates described by Singewald
and Milton as ferritungstite was re-examined by Graf and shown to be

jarosite. French?3 also obtained some of this material at Silvermine

and checked Graf's report of jarosite.

21 Hayes, Op. cit., p. 45.

22 Richter, D. H,, Reichen, L. E., and Lemmon, D. M., Amer. Min-
eralogist, vol. 42, 1957, p. 85.

23 Grawe, O. R., Personal Communication.
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MINERALOGRAPHY

In order to determine the paragenetic sequence of minerals at
Silver Mine, thin sections and polished surfaces of selected specimens
were examined with the petrographic and mineralographic microscopes.
. The specimens were selected from those collected by Pomerene and
Hayes as well as from those collected by the writer. The significant

sections and polished surfaces are described.

Silvermine Granite with Xenolith, Einstein Mine (EMt-1)

Megascopic description:

The rock is a coarse-grained, pink granite which contains a fine-
grained angular gray inclusion (50 x 30 x 25 mm.). The boundary of the
inclusion and the granite is quite sharp. A higher percentage of dark min-
erals appear to be present in the inclusion than in the coarser gra;.ined
granite.

The granite contains orthoclase grains ranging in length from
0.5 mm. to 6 mm. Some of the larger grains have a subhedral to
euhedral outline, are zoned, and contain quartz in micrographic inter -
growth., The plagioclase grains up to 2 mm. long have a clouded appear-
ance. Altered hornblende laths up to 2 mm. long are distributed through-
out the rock. Numerous patches of dark green chlorite 4 to 10 mm.

across occur adjacent to the hornblende and also at the margins of
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orthoclase grains. Arhedral quartz grains up to 1 mm. across are ran-

domly distributed in the rock.

Microscopic description:

A microscopic examination reveals that the significant differ-
ences between the granite and the fine-grained inclusion are the varia-
tions in grain size and smaller variation in Na-plagioclase and horn-
blende content. The grain size and visual estimate of the mineralogic

composition of the granite and of the inclusion are given below:

Granite Inclusion

Grain size:

Maximum 8.0 mm, 1.5 mm.

Minimum 0.2-0.3 mm. 0.1 mm.

Average 1.5 mm. 0.75 mm.,
Mineral Composition:

Orthoclase 55-60 % ) 45-50 %

Na-plagioclase 10 % 15-20 %

Quartz 20-25 % 15-20 %

Hornblende 5-10% 10-15 %

Accessories:

Magnetite, epidote, chlorite, biotite, apatite.

The large euhedral grains in the granite are altered, zoned
plagioclase. Poikilitic and micrographic intergrowths of quartz in
orthoclase are common, Slight sericitization of orthoclase is apparent.
The smaller, euhedral plagioclase laths up to 3 mm. long have been
intensely sericitized and kaolinized. Extinction angle measurements in

the zone perpendicular to 010 indicate that the plagioclase is albite-

oligoclase both in the granite and in the inclusion.
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Subhedral laths of altered hornblende are widely distributed
throughout the section. From the measurement of optic angle and ZAc,
the hornblende was shown to fall into the '""common hornblende'" group of
Winche112'4. The hornblende is almost always associated with chlorite
(thuringite and negative penninite), irregular epidote masses 0.1-0.2
mm, across and subhedral to euhedral magnetite. Most of the magnetite
grains are embedded in the hornblende. Some of the chlorite is an
alteration product of hornblende., Epidote invades and surrounds magne-
tite and is, in turn, invaded by chlorite. The epidote is probably the
result of the alteration of hornblende by hydrothermal solutions. A cer-
tain amount of albite appears to have been introduced into the rock. This
material embays and probably replaces the albite-oligoclase laths and
the micrographic quartz-orthoclase intergrowths, and also fills the inter-

stices between these grains,

Greisen Adjacent to Quartz Vein, Einstein Mine Dump (EMt-2)

Megascopic description:

This is a dark greenish-gray rock containing visible quartz and
purple fluorite. This probably is the material which some geologists
have called serpentine. It looks very much like serpentine, especially

on a sawed surface where it has a mottle gray-green appearance. The

24 Winchell, A. N, and Winchell, H., Elements of Optical Mineralogy,
Part II, p. 431.
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green mineral is clearly visible on the fractured surface of the rock and
exhibits a scaly structure when picked with a needle. Dull reddish
patches of hematite further mottle the rock and are probably the result

of the oxidation of pyrite.

Microscopic description:

Microscopically, the rock consists of anhedral quartz, up to
2.5 mm, across, and subhedral to euhedral topaz grains, up to 0.4 mm.
across, which are surrounded and invaded by fine -grained sericite.
Topaz is the principal constituent of the greisen and is distributed
thr oughout the rock as angular, rectangular grains 0.3 mm. long and
prismatic crystals up to 0.4 mm. long which show basal cleavage. Seri-
cite invades topaz particularly along the cleavage planes.

Quartz occurs both as large grains up to 2.5 mm. across in the
greisen and in association with pyrite and sphalerite in veinlets which
traverse the greisen, Most of the grains are strained as evidenced by
undulatory extinction and by their slightly biaxial character.

Pyrite up to 1 mm. across occurs in association with sphalerite
0.5 mm. across and fluorite up to 0.3 mm. across in small veinlets in
the rock and as smaller disseminated grains in the greisen. S5Small in-
clusions of topaz and quartz occur in pyrite. Pyrite invades sericite,
and is, in turn, replaced by thin limonite veins which are probably the
result of weathering of the pyrite along fractures. Fluorite appears to

replace pyrite.
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Brownish Spyhalerite grains up to 0,5 mm. acrcss occur in small
veinlets with chlorite and fluorite., The sphalerite invades chlorite along
its cleavage plans and also replaces and surrounds fluorite.

A clay mineral, probably resulting from the alteration of sericite,
feldspar, or topaz, is present in the greisen. The mineral occurs prin-
cipally as irregular patches, but a group of slender crystals 0.2 to 0,4
mm. long was found in association with sericite., Of particular interest,
is the occurrence of a number of oriented clay mineral crystals with
sericite in a grain of a negative, slightly biaxial, low birefringent
(.006-.008) mineral. The alignment of the crystals may be due to altera-
tion along cleavage directions in the mineral, If this is true, the grain
may be incompletely altered orthoclase (sanidine) or anorthoclase as
suggested by the low 2V and birefringence,

Caésiterite, and apatite inclusions in quartz, and red isotropic
inclusions (garnet) in quartz also were observed in the section.

No material which might be identified as serpentine was seen in

the thin section.

Greisen in Hanging Wall, Gabriel Adit (GAt-1)

Megascopic description:
This rock is medium to fine-grained, hard, smoky gray, and has
a highly siliceous appearance. Vitreous white quartz grains occur with

smoky gray grains which are probably topaz. The rock appears to be
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principally a quartz-topaz aggregate. Pyrite cubes and irregular grains
are widely distributed as veinlets and disseminations in the rock. A
small amount of hematite, probably an alteration product of pyrite,

"occurs as masses or clots in the pyrite veinlets. A leached crust of
limonite and hematite (?) boxwork, often associated with pyrite, coats
the rock in some places. Patches of a green chloritic aggregate are

rarely seen.

Microscopic description:

Under the microscope, it is seen that the rock is principally com-
posed of topaz, sericite, and quartz, up to 0.3 mm. across. Topaz
grains, 0.1 to 0.3 mm. across, and crystals up to 0.5 mm. long éhow-
ing basal cleavage and quartz inclusions are distributed abundantly in the
section., Sericite fills fractures in topaz and quartz, and also occurs in
the interstices and at the grain boundaries between these minerals. A num-
ber of highly altered grains, having a subhedral outline and having an
average diameter of 1.25 mm. occur in the section. One of these grains,
upon close examination, was seen to be composed chiefly of sericite,
quartz, and a clay mineral in grains aligned parallel to the long dimen-
sion of the relict grain. ZFine-grained sericite replaces the original
euhedral grain along its cleavage direction. Quartz appears to replace
sericite. The clay mineral is probably the result of the alteration of

sericite. A less fine-grained, colorless to greenish brown, faintly
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pleochroic, micaceous material, probably chlorite, appears to replace
the fine-grained sericite and quartz,

Small sphalerite grains occur in the section and are often associ-
ated with chlorite, Veinlets of chlorite and sphalerite occur transversing
the greisen. Sphalerite is veined by chlorite.

Pyrite is distributed throughout the section both as cubic grains
and as irregular masses associated with and corroded by purple fluorite.
Fluorite also occurs in close association with sphalerite and is embayed
by sphalerite.

A few cassiterite grains up to 0.2 mm., across and having a sub-
hedral outline, occur in the greisen. These grains are not attacked by

sericite and are abutted by sphalerite,

Vein Quartz and Greisen, Einstein Mine (EMt-3)

Mégascopic description:

This specimen-'is a portion of the Einstein vein near its contact
with the wall rock. It is composed principally of angular shaped, green-
ish gray, micaceous, greisenized masses, about 10 x 4 x 4 cm., which
are cemented by light grayish white, fractured vein quartz. The greisen
masses are composed principally of sericite mica and quartz with lesser
amounts of coarse zinnwaldite, fluorite, pyrite, and sphalerite. Pyrite,
sphalerite, galena, and chalcopyrite are present as granular aggregates

in the vein quartz.
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Sericite and quartz occur as fine-grained aggregates in the
greisen, and greenish yellow granular aggregates of sericite, 5 mm.
across, are visible in the vein quartz.

White and purple fluorite are visible in the vein quartz as fillings
in fractures and as embayments in zinnwaldite along cleavage planes.

Zinnwaldite, as brownish spherulitic aggregates up to 10 mm, in
diameter occur principally near the greisen margins,

Pyrite is present as minute grains disseminated in the greisen
and also occurs as large masses, up to 25 mm., across, in the vein
quartz.

Sphalerite is present as small brown granular clusters, up to
2 mm. across, in the greisen, and as larger clusters, up to 25 mmm. ac-
cross, in the vein quartz.

Galena appears to be contined to the vein quartz,

Microscopic description:

Under the microscope, the greisen is found to consist primarily
of topaz, sericite, and quartz with minor amounts of zinnwaldite, chlor-
ite, and fluorite filling interstices and fractures in quartz and topaz.
Topaz is the most abundant constituent of the greisen and occurs princi-
pally as anhedral grains. Veinlets of sericite cut both topaz and quartz,
but do not cross the slightly pleochroic zinnwaldite aggregates. Fluorite
occurs between the zinnwaldite cleavage planes. Chlorite is to be found

principally at the margins of the greisen masses where it invades
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zinnwaldite along the cleavage planes. On the basis of the nearly uni-
axial character, refringence (Ny=1,624), and colorless to light yellow
green pleochroism, the chloritic mineral is believed to be daphnitezs.

A small amount of chlorite occurs in the greisen as interstitial fillings
between quartz and topaz. A rim of chlorite around fluorite, quartz,

and sericite grains was observed outside the greisen field in the vein
quartz. A brownish, highly birefringent grain appears to embay zinnwal-
dite and is enclosed by chlorite. The tetragonal outline, high birefrin-
gence (.07-.09), and uniaxial positive character indicates that the grain
is cassiterite,.

Close to its contact with the quartz vein the greisen gives way to a
narrow band of sericite with minor quartz and topaz. The sericite band
is bounded on the veinward side by zinnwaldite ''fans' which are parti-
ally invaded by chlorite along cleavage planes.

The vein material consists primarily of highly fractured quartz,
fluorite, and sericite aggregates. The latter are probably the result of
the alteration of feldspar or topaz. The quartz appears to be strained
having a slight biaxial character and exhibiting undulatory extinction.
The fractures in the quartz are partially filled by chlorite, sericite,

fluorite, zinnwaldite, and pyrite.
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Vein Quartz, Einstein Mine (EMt-4)

Megascopic description:

The hand specimen consists of a sulphide phase of the Einstein
vein., It is composed of rounded to irregular aggregates of sulphide
minerals, principally pyrite, 1-10 mm. across, in fractured, white
quartz. In addition to pyrite and quartz the minerals present are: galena,
sphalerite, chalcopyrite, green fluorite, and limonite. Chalcopyrite and
galena vein and embay sphalerite and pyrite. Green fluorite and sphaler -
ite are in close association and appear to attack pyrite. Pyrite is gen-
erally associated with fractures in quartz while chalcopyrite appears to

replace quartz.

Microscopic description:

In thin section, under the petrographic microscope, the rock is
seen to be composed principally of subangular to rounded, pitted and
fractured pyrite grains which have an average diameter of 2.5 mm. and
a maximum diameter of 3.5 mm. These are surrounded by fine-grained
sericite. Sphalerite, fluorite, quartz, cassiterite, and galena occur in
the spaces between pyrite grains and in the cavities in the pyrite. Quartz
is not abundant, but occurs as anhedral and euhedral, fractured grains
up to 4 mm. across. Among the euhedral grains, there is a marked ten-
dency for one rhombohedral face to be better developed than the other

faces of the same form. Most of the quartz grains exhibit undulatory
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extinction and a small optic angle (2V = 15-20°). Sericite surrounds and
veins quartz along fractures. Pyrite and quartz appear to have mutual
embayment or straight-edged boundaries with one another,

Sphalerite, aé irregular masses up to 3 mm. across, surrounds
and replaces pyrite and fills fractures in quartz. The sphalerite re-
Places sericite and chlorite along cleavage directions and also veins
chlorite. Veinlets of chalcopyrite replace sphalerite,

Fluorite, up to 1 mm. across, appears to replace pyrite and fills
cavities 0.2-0.5 mm. in diameter in pyrite. It replaces sericite along
cleavage planes. A small amount of fluorite almost always occurs with
cassiterite and appears to cut and embay it.

Chlorite grains up to 0.5 mm, across are sparsely distributed in
the section. Chlorite exhibits faint green to colorless pleochroism and
a maximum birefringence of 0.010-0.012., The mineral is negative and
nearly uniaxial., Chlorite replaces sericite, to a small extent, along its
cleavage planes, and is, in turn, replaced along its cleavage directions
by sphalerite.

Highly birefringent, light brown cassiterite grains and tetragonal
crystals up to 0.4 mm. across are embayed by fluorite and are surrounded
by sphalerite. There is also a tendency for sphalerite to embay cassiter -
ite. Cassiterite seldom occurs in the absence of fluorite. Some cassi-
terite is associated with fractures in quartz. A large subhedral grain of

cassiterite, 0.3 mm. across, is surrounded and embayed by pyrite.
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Galena veins, surrounds, and embays pyrite and sphalerite, and

surrounds chalcopyrite,

Vein Quartz, Einstein Mine (EMt-5)

Megascopic description:

The rock is a sample of vein quartz and sulphides from the Ein-
stein Mine and consists of fractured, white quartz, laths of wolframite
up to 1 mm. long, pyrite grains up to 0.8 mm. across, and pyrite cubes
up to 0.4 mm. on edge, irregular, fractured grains of arsenopyrite,
sphalerite, chalcopyrite, and galena,

Pyrite surrounds and embays portions of the wolframite laths and
is in turn attacked by sphalerite.

Fractures in arsenopyrite have been filled by a greenish mineral
forming veinlets up to 0.1 mm. in width. The mineral does not vein the
other metallic minerals, and is limited in occurrence to arsenopyrite
grains and margins. Arsenopyrite shows a slight tendency to embay
pyrite and surround wolframite. It is replaced by sphalerite.

Irregular masses of sphalerite, up to 0.4 mm. across, occur in
association with the other sulphides, Sphalerite embays or replaces
pyrite and arsenopyrite, and is often surrounded by chalcopyrite.

Chalcopyrite masses, up to 0.4 mm. across, are usually associ-
ated with sphalerite and appear to replace it.

A few small, cleavable masses of galena, 0.2 mm, across, occur

imbedded in quartz.
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Microscopic description:

A microscopic examination shows that the quartz varies widely in
grain size, from less than 0.1 mm. to 14 mm. Most of the grains are an-
hedral, but several exhibit a regular outline suggestive of crystal forms.
It is apparent from the wide range in grain size and the occurrence of
small quartz inclusions in larger quartz grains, that recrystallization
has taken place. A number of reddish brown, isotropic inclusions, less
than 0.1 mm. across, were noted in quartz. Their index of refraction is
greater than quartz. Numerous bubble inclusions, up to 0.1 mm., show-
ing Brownian movement were observed. There is a curvilinear align-
ment of inclusions within some of the quartz grains. The directions of
alignment bear no constant relation to a particular crystallographic direc-
tion in the quartz grains. In general, movement is more rapid in the
smaller than in the larger-.inclusions. In addition to the bubbles, a num-
ber of minute solid particles occur in some of the inclusions.

There is no preferred orientation of quartz grains within the field.
The majority of the grains and crystals exhibit strain fractures and undul-
atory extinction. The occurrence of irregular twin lamellae, which
appear to be parallel to the c axis of the quartz crystals, were noted in
several quartz grains and crystals. The irregular shape of the lamellae
and their orientation parallel to the c direction suggest that the quartz

26

crystals are twinned according to the Brazilian Law”®".

26 Dana, E. S., A System of Mineralogy, 6th Ed,, 1920, p. 185.
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Sericite and fluorite veinlets cut quartz. A single pyrite cube,
1.5 mm. on edge, and a rectangular grain, 2.5 mm. long, occur in the
quartz. Tiny veinlets of sphalerite cutting quartz occur in association
with pyrite.

A veinlet consisting of sericite, fluorite, chlorite, sphalerite,
and pyrite traverses the section. The sericite fills fractures in the
quartz and is, in turn, invaded along its cleavage planes by fluorite.
Fluorite fills fractures in quartz, The chlorite shows a colorless tolight
green pleochroism and an almost uniaxial, negative character. Chlorite
appears to embay sericite,

Several brownish wolframite grains, 0,3 mm., occur in fractures

in quartz or in the interstices between quartz crystals and grains.

Vein Quartz, Einstein Mine (EMt-6)

Megascopic description:

The rock is composed of fractured, white vein quartz and irregu-
lar masses of metallic sulphides and subhedral wolframite laths., It is
apparent that the ore minerals have partially replaced the quartz and also
one another. ZFracture filling of quartz by ore minerals is also apparent.
The fractures allowed ready access to the ore bearing solutions. The ore
minerals which can be identified are: pyrite, wolframite, arsenopyrite,
sphalerite, chalcopyrite, and galena.

Pyrite and arsenopyrite exhibit mutual embayment or straight
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boundaries with one another. OSphalerite appears to embay both pyrite
and arsenopyrite and is, in turn, embayed and veined by chalcopyrite.
Galena is not abundant, and appears to replace sphalerite. Wolframite
is not associated with the sulphides, and occurs as lathlike grains as much

as 10 mm. long embedded and filling fractures in quartz.

Microscopic description:

Under the microscope, the rock is seen to be made up of frac-
tured, angular sulphide masses up to 5 mm. across which replace and
fill fractures in quartz. The quartz grains, up to 10 mm. across, ex-
hibit undulatory extinction and show evidence of secondary growth.

Pyrite occurs principally as irregularly shaped, fractured and
pitted masses filling and replacing quartz along fractures. Cubes and
rectangular grains of pyrite as much as 0.5 mm. on edge are not abun-
dant in the rock. Fluorite often fills pits and cavities in pyrite.

Arsenopyrite is more abundant than pyrite in this particular sec-
tion. The mineral occurs as fractured, angular masses., A few grains
are suggestive of crystal forms. Arsenopyrite exhibits straight-edged
and mutual embayment boundaries with pyrite. Light green veinlets of
a chloritic mineral cut arsenopyrite and sphalerite. The mineral occurs
as scaly aggregates within veinlets. A small fragment of arsenopyrite
was crushed with the idea of determining the optical properties of the

green mineral by the use of oil immersion. The mineral has an index of
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1,65/ -1,66- in basal section, a birefringence varying from 0.004-0.012,
and a negative uniaxial or slightly biaxial character. Pleochroism is
colorless to light green., The mineral is probably daphnitic chlorite.

Sphalerite occurs as irregular reddish brown masses up to 4 mm.
across. It replaces and fills fractures in pyrite and arsenopyrite. The
greenish mineral mentioned above veins and cuts sphalerite. A few
grains of fluorite are surrounded by sphalerite, and minute grains of
fluorite and sphalerite partially fill cavities in pyrite.

Chalcopyrite occurs as small replacement masses, 1 to 2 mm.
across, in pyrite, arsenopyrite, and sphalerite.

Several small tetragonal grains of cassiterite occur in association
with pyrite and appear to corrode it.

Galena and wolframite were not seen in the section,

Ore, Gabriel Adit (GAp-1)

Brecciated and fractured pyrite is veined by galena and contains
galena inclusions. In some areas, where brecciation or fracturing has
reduced the grain size, down to 0.1 mm., interstitial galena appears to
act as a cementing material. Most of the pyrite occurs as irregular
grains, but small cubic and rectangular grains, less than 0.1 mm. on
an edge, are present,

Galena occurs in masses, up to 1 mm. across, and as open space

fillings between pyrite grains, Small inclusions of galena, less than
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0.075 mm. across, occur in pyrite and do not appear to be dependent
upon visible fractures in pyrite. Galena surrounds, but does not embay,
euhedral quartz. Large masses and tiny veinlets of galena cut sphalerite
and chalcopyrite.

Sphalerite, including irregularly shaped bodies and exsolution
blebs of chalcopyrite, is quite abundant. The chalcopyrite inclusions may
be broadly classified into three groups, (1) the large irregular bodies,
up to 0.075 mm., exhibiting no lineation, (2) tubular lineated bodies,
and (3) extremely minute blebs, less than 0.006 mm., across, which may
or may not show lineation characteristics. Two, and occasionally three,
prominent directions of lineation are seen.

A number of measurements of the angles formed by the intersection
of lineations of chalcopyrite blebs in sphalerite is close to 60°, Other
measurements on lineation directions in the same section show inter -
section angles up to 90°. It is probable that the lineation directions are

parallel to dodecahedral planes.

Ore, Gabriel Adit (GAp-2)

Sphalerite, containing chalcopyrite inclusions which show three
directions of alignment which intersect at approximately 60°, is the most
abundant mineral in the section. The intersecting lines of inclusions
form numerous equilateral triangles in the sphalerite field, Irregular
and minute bleb inclusions are present also. Sphalerite appears to be

embayed by galena, but also contains galena inclusions which are not
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related to visible fracture systems. A number of sphalerite inclusions,
without chalcopyrite blebs, occur in pyrite. Sphalerite surrounds anhedral
grains and crystals of quartz. Veinlets of sphalerite masses embay pyrite.
Fractured pyrite grains of irregular and subcubic outline are
veined by galena and embayed by sphalerite. Inclusions of galena, con-
taining inclusions of chalcopyrite, and sphalérite, up to 0.1 mm. across,
occur in pyrite.
Galena up to 1.5 mm. across, occurs in association with sphaler -
ite -chalcopyrite aggregates, up to 1.2 mm. across, and with pyrite up
to 0.3 mm. across. There is a tendency for chalcopyrite to concentrate
at the boundaries between sphalerite and galena. Galena embays some of
the chalcopyrite, but there is also an embayment of a portion of the galena

by chalcopyrite.

Ore, Einstein Mine (EMp-1)

The section shows pyrite in irregular patches, up to 2 mm. across,
and in cubes as much as 0.2 mm, on edge. The pyrite grains are pitted
and fractured, and contain numerous inclusions of quartz, sphalerite,
galena, and limonite. Limonite also occurs as veinlets as much as 0.1
mm. wide in pyrite and quartz. The metallic sulphides have filled quartz
grain interstices, and fractures, and have also replaced quartz.

Galena inclusions, 0-0.2 mm,. across, occur in pyrite. These

inclusions have irregular shapes and are associated with fractures in
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pyrite. A certain amount of embayment and possibly replacement of
pyrite by galena is evident. Galena grains also occur in fractures in
quartz associated with sphalerite. It is apparent that galena embays
sphalerite,

Inclusions of sphalerite, 0-0.2 mm. across, occur in pyrite.
Only minute bleb type inclusions of chalcopyrite are present in this in-
cluded sphalerite. Larger irregular grains of sphalerite, 0-0.5 mm.
across, occur as fracture fillings in quartz. These grains contain only
the minute chalcopyrite blebs even when the sphalerite is not associated

with pyrite or galena. Sphalerite embays pyrite.

Ore, Einstein Mine (EMp-2)

Veined and fractured wolframite laths, up to 2 mm. across, are
embedded in quartz and also fill fractures in quartz. Small veinlets of
quartz cut wolframite. Arsenopyrite and galena inclusions occur in the
wolframite laths and are always associated with the quartz veins which
traverse the laths,

Large masses of fractured arsenopyrite are veined by quartz and
a greenish non-opaque mineral. Sphalerite and galena vein and embay
arsenopyrite. A grain of arsenopyrite, 0.25 mm. across, was seen to
contain galena inclusions and to be surrounded by galena, chalcopyrite,
and sphalerite in order.

Sphalerite, containing irregular and aligned inclusions of chalco-

pyrite, occurs as irregular granular aggregates and veinlets in quartz.
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Minute galena, 0.15 mm., inclusions and veinlets in sphalerite were
observed. Numerous chalcopyrite veinlets were seen in sphalerite. These
do not appear to be continuous veinlets, but probably represent elongate
inclusions aligned parallel to a sphalerite cleavage direction.

Galena grains, up to 0.3 mm. across, occur associated with
fractures in quartz.

Several minute, bright red non-opaque grains, 0.12-0.25 mm.

across, were seen in the section., These may be spessartite garnet.

Ore, Einstein Mine (EMp-3)

Several fractured wolframite laths, up to 1.2 cm. long, are em-
bedded in quartz. Occasionally the wolframite laths are intergrown with
their long axes making large angles with each other (60-759), Veinlets
of quartz traverse the laths perpendicular to their long dimension form-
ing a "healed' texture. Small galena inclusions, less than 0.1 mm.
across, occur in wolframite, generally near the margins of the laths,
and are probably associated with fractures in the lath, Tiny veinlets
containing galena, chalcopyrite, and sphalerite are occasionally seen
which cut a wolframite crystal perpendicular to its long dimension.
These veins, no doubt, repfesent fillings of the prominent system of
fractures which trend across all the laths in a direction perpendicular
to the length of the lath. Sphalerite embays wolframite. Chalcopyrite
fills interstices between wolframite grains and also fills fractures in

the same mineral.
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Large masses of fractured arsenopyrite, up to 10 mm. across,
are embayed and surrounded by sphalerite and chalcopyrite, and veined
by galena. The fractures are almost always filled by a greenish non-
opaque gangue mineral. Arsenopyrite shows a tendency to embay pyrite.

Sphalerite, containing chalcopyrite inclusions, is veined by galena.
The chalcopyrite inclusions are again of three types, (1) irregularly
shaped masses, up to 0.2 mm. across, (2) aligned tubular bodies, and
(3) minute blebs which show a tendency to cluster. ILarger chalcopyrite
grains, 0.5 mm. across, occur at the margins of sphalerite grains and
appear to embay it. A narrow fringe of galena often occurs at the con-
tacts between sphalerite and arsenopyrite.

Irregularly shaped masses of chalcopyrite, up to 0.3 mm. across,
are often surrounded by galena.

All the metallic minerals, except wolframite, appear to be associ-
ated with fractures in quartz, or to have filled interstices between quartz
grains or crystals. Wolframite is embedded in quartz. It is quite inter-
esting to note that fractures in quartz do not end at quartz-wolframite
contacts but rather continue across the wolframite lath. Where quartz
fractures meet pyrite or the other sulphides, the fractures are terminated.
It is quite apparent, therefore, that fracturing took place subsequent to

the deposition of wolframite, but prior to sulphide deposition.
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Ore, Einstein Mine (EMp-4)

The section shows arsenopyrite, sphalerite, pyrite, chalcopyrite,
and galena in order of decreasing abundance.,

Cubes, up to 1.5 mm. on an edge, and irregular masses of pyrite,
are embayed and corroded by arsenopyrite and sphalerite. Mutual em-
bayment relations between pyrite and arsenopyrite are also to be seen.

A few small inclusions_ of sphalerite and galena, up to 0.2 mm. across,
occur in pyrite, and arsenopyrite. Most of the galena occurs at the grain
margins of pyrite, arsenopyrite, and sphalerite.

Sphalerite containing numerous, widely distributed chalcopyrite
inclusions clearly embays pyrite and arsenopyrite. The chalcopyrite
inclusions are either irregular, non-lineated bodies, up to 0,07 mm.,
across, or aligned minute blebs. Wherever sphalerite contacts pyrite
or arsenopyrite the number and size of the chalcopyrite inclusions decreases
markedly. Sphalerite inclusions in pyrite and arsenopyrite do not contain

chalcopyrite bodies.

Ore, Einstein Mine (EMp-5, same material as EMt-6)

Granular aggregates of cubes of pyrite up to 0.4 mm. on edge,
and irregular, fractured pyrite grains contain numerous minute inclu-
sions of sphalerite, chalcopyrite, and galena, 0.012-0,1 mm., across.
In one area of the section, the pyrite appears to be brecciated and cemen-

ted by sphalerite, chalcopyrite, and galena. Sphalerite embays pyrite.
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Sphalerite contains numerous irregular and aligned tubular chalco-
pyrite blebs, as much as 0.1 mm. long. The small sphalerite inclusions
in pyrite contain no chalcopyrite. Irregular discontinuous veinlets of
chalcopyrite occur in sphalerite.

Chalcopyrite masses, up to 10 mm. across, surround pyrite cubes
up to 0,1 mm. on edge. Chalcopyrite embays sphalerite. The sphalerite
which contacts the chalcopyrite contains no chalcopyrite inclusions. A
few small grains of covellite, less than 0.1 mm., occur in cavities in
chalcopyrite.

A few grains of arsenopyrite, up to 0,3 mm. in diameter, are
present in the section. There is a slight tendency for arsenopyrite t.o
embay pyrite. Chalcopyrite inclusions, less than 0.1 mm. across, occur

in arsenopyrite. Sphalerite embays arsenopyrite.

Ore, Einstein Mine (EMp-6)

The sulphide minerals in this section occur as open space fracture
fillings in quartz. There is no positive evidence for replacement of quartz
by sulphides,

Irregular fractured pyrite masses,up to 0.5 mm. across, and
fractured pyrite cubes, up to 0.5 mm. on edge, containing sphalerite and
galena inclusions are embayed and veined by sphalerite, galena and chal-
copyrite. The inclusions, 0,012-0.074 mm., are often associated with

fractures in pyrite, but numerous inclusions in which such a relation is
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not visible are distributed in pyrite. The orientation of these inclusions,
when not associated with fractures, appears to be entirely random.

Arsenopyrite occurs in the section as angular to irregular masses
up to 1 mm. across. Arsenopyrite shows a tendency to embay pyrite, but
straight-edged boundaries are more common. Tiny veinlets of chalco-
pyrite are occasionally seen traversing arsenopyrite, Embayment of
arsenopyrite by galena, sphalerite, and chalcopyrite is common in the
section.

Sphalerite is present as irregularly shaped masses up to 0.7 mm.
across. The irregular, tubular and bleb inclusions characteristic of
chalcopyrite are numerous, Two directions of alignment are visible for
the tubular inclusions in some sphalerite grains, making an angle of
86° #{ with each other. Sphalerite embays arsenopyrite and pyrite, and
also forms veinlets in t};e latter mineral. Veinlike extensions of larger
masses of chalcopyrite, up to 0.4 mm, across, appear to embay sphal-
erite. Sphalerite also occurs as fracture fillings in quartz and surrounds
quartz grains and crystals,

Galena is the least abundant of the sulphides in this particular
section. It occurs as irregularly shaped masses, up to 0.1 mm.
across, filling fractures in quartz in association with sphalerite and
chalcopyrite. Meager evidence indicates an embayment of sphalerite
by galena. Galena often forms an incomplete rim around chalcopyrite

and appears to embay the chalcopyrite.
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Ore, Einstein Mine (EMp-7)

Fractured wolframite laths, up to 0.8 mm. long, embedded in
quartz, are veined by chalcopyrite and quartz. The quartz veins traverse
the wolframite laths perpendicular to their long dimension and probably
represent ""healed fractures'" in the laths. The laths are remarkably
free of inclusions other than quartz, There is a slight tendency for
sphalerite to embay the wolframite., A V-shaped open space between two
intergrown laths is filled by sphalerite. Wolframite and pyrite boundaries
are generally mutual, but there appears to be some embayment of the
former by pyrite.

Pyrite, less than 0.1 mm. to 1.5 mm., invades wolframite and
is, in turn, embayed by sphalerite. A few, extremely minute brecciated
pyrite grains, 0.012-0.74 mm. across, are cemented by sphalerite.

Sphalerite is the most abundant sulphide in the section. It
occurs as large granular aggregates associated with qiuartz and is alsoc
veined by quartz. It contains inclusions of chalcopyrite which occur as:
(1) irregular masses and as much as 0,75 mm. in diameter, (2) tubular
aligned bodies, or (3) extremely minute blebs., Discontinuous veinlets
of chalcopyrite in sphalerite are formed by the irregularly shaped
inclusions., The paths of the chalcopyrite veins may mark the position of
sphalerite grain boundaries. Alignment of the minute particles and tubu-

lar bodies in one or occasionally two directions is often apparent. When
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two directions of alignment exist, these make approximately 60° angles
with each other., Sphalerite often rounds cube edges of pyrite and also
embays pyrite. Inclusions of sphalerite in pyrite are small and not abun-
dant. Sphalerite veins and embays arsenopyrite. It is significant to note
that wherever sphalerite is in contact with pyrite or arsenopyrite, the
chalcopyrite inclusions in the former mineral are extremely small or
completely absent,

Chalcopyrite in masses, up to 0.3 mm. across, and in veinlets
occur in quartz in association with sphalerite and galena. Again, wher-
ever large independent chalcopyrite grains céntact sphalerite, the chal-
copyrite inclusions in the sphalerite tend to be few and small or absent.
Veinlets of quartz and chalcopyrite are rarely seen to traverse the
wolframite laths,.

Galena grains, up to 0.5 mm. across, occur in fractures in
quartz. Minute inclusions of galena are rare in sphalerite. Occasionally

galena can be seen surrounding and embaying chalcopyrite.

Ore, Einstein Mine (EMp-38)

Lath-shaped crystals of wolframite, up to 0.7 mm, across, occur
embedded in quartz and are associated with sphalerite. The character -
istic '""healed fractures' are evidenced by minute quartz veinlets in
wolframite. The wolframite laths are slightly embayed by pyrite and
sphalerite and are abutted by chalcopyrite and galena. A tiny veinlet of

galena crosses a wolframite lath.



41

Pyrite occurs as fractured masses, up to 0.6 mm. across, and
as cubes, up to 0.1 mm., on edge. The pyrite is veined, surrounded, and
embayed by galena, and also contains minute inclusions of galena. Some
recementing of brecciated pyrite by quartz has occurred,

Chalcopyrite is present as masses, up to 0.075 mm. across,
which embay pyrite. A narrow fringe of galena often occurs at the boun-
daries between chalcopyrite and other minerals, Chalcopyrite occurs as
fracture fillings and veinlets in quartz.

Sphalerite, as irregular masses, up to 0.4 mm. across, is not
abundant in the section. Generally it is associated with wolframite and
it usually is not possible to determine which mineral invades the other,
but at a few contacts the sphalerite seems to invade the wolframite. Chal-
copyrite blebs, up to 0.05 mm. across, occur in sphalerite. Sphalerite
grains in contact with larger chalcopyrite grains show straight-edged or
mutual embayment boundaries.

Irregular grains, 0.5 mm. across, and veinlets of galena occur

in association with wolframite and as fracture fillings in quartz.

Cre, Einstein Mine (EMp-9)

Wolframite laths up to 5 mm. long are cut and offset by pyrite
and arsenopyrite. One of these laths has been offset at least 0.15 mm.
in the plane of the section, The two offset portions of the lath have the

same optical orientation. It is also quite evident that the pyrite embays
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the wolframite. Many of the wolframite laths show the characteristic
quartz-filled healed fractures. Occasionally tiny veinlets and grains

of galena and chalcopytiet occur in wolframite., Sphalerite shows a slight
tendency to embay the laths, but straight-edged boundaries between sphal-
erite and wolframite are more common,

Pyrite masses, up to 3 mm. across, occur in the section. Numer-
ous tiny inclusions of galena and sphhalerite, less than 0.1 mm. in
diameter, are common in pyrite, Sphalerite and galena vein and embay
pyrite.

Fractured arsenopyrite grains, up to 5 mm. across, are veined
by sphalerite. Arsenopyrite and pyrite show mutual boundaries when
they are in contact,

Large masses of sphalerite, as much as 10 mm. across, contain
abundant inclusions and discontinuous veinlets of chalcopyrite. Wherever
sphalerite contacts one of the other sulphide minerals, the chalcopyrite
blebs are smaller in size and fewer in number. Minute inclusions and

veinlets of galena are present in sphalerite,
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APR * 58

Figure 1. Chalcopyrite, rimmed by galena, filling interstices between
quartz crystals, 100X

Figure 2. Wolframite lath traversed by a fracture. Sphalerite fills the
same fracture (lower left). 100X
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Figure 3. Pyrite invading wolframite lath (left middle) and pyrite grains
aligned along the margin of wolframite. 100X

APR . 58

Figure 4. Galena and sphalerite veinlets cutting pyrite. 100X
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APR . 58

Figure 5. Lineated and irregular bodies of chalcopyrite in sphalerite.
Note equilateral triangles formed by three prominent linea-
tion directions. Galena at upper right. 100X

.
P

Figure 6., Arsenopyrite veined by chalcopyrite and invaded by sphaler-
ite (right). Pyrite (left) with galena and sphalerite inclusions
and galena veinlets filling fractures. 100X



Figure 7. Wolframite lath with quartz-healed fractures imbedded in
quartz. 100X,

APR . 58

Figure 8. Arsenopyrite embays wolframite. Note quartz-healed frac-
ture traversing wolframite lath (upper left). 100X,



Figure 9.

Arsenopyrite veined by galena and sphalerite. 100X,

Figure 10.

Daphnitic chlorite rosettes replacing topaz (to the right of
center). Fluorite (areas showing high relief) replaces
topaz and invades chlorite. Ordinary light. 35X,

47
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APR + 58

Figure 11, Fluorite (center, pitted) attacking pyrite (opaque) which, in
turn, invades quartz-topaz-sericite greisen. Ordinary
light. 35X,

APR . 58

Figure 12. Sericitized plagioclase (albite -oligoclase) attacked by
epidote (upper right), magnetite (opaque), and chlorite
(middle left). Crossed nicols. 150X,
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APR . 58

Figure 13. Cassiterite crystal in quartz. Pyrite (opaque) in sericite
field. Crossed nichols, 200X,

APR . 58

Figure 14, Brazilian twin lamellae and undulatory extinction in vein
quartz. Crossed nicols. 35X,
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APR . 58

Figure 15. Outline of feldspar (orthoclase?) lath completely altered to
sericite and kaolinite (opaque), and invaded by quartz. The
relict lies in a greisen fieldq{gray). Vein quartz stringer

(light gray) appears to the left of the relict. Ordinary light.
35X,
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PRECISION UNIT CELL (ao) DETERMINATION OF THE

ISOMETRIC SULPHIDES IN THE EINSTEIN VEIN

As part of a broader program concerning the possible relationships
between the crystal constants and the origin of the minerals in the various
types of ore deposits in Missouri, Dr, Grawe asked the writer to deter -
mine the unit cell dimensions or agy values for the isometric sulphides
present in the Einstein vein: galena, pyrite and sphalerite; and to com-
pare these values with those for the same minerals from other deposits
(Table III). Originally it was intended to present spectroscopic analyses
of these minerals and ascertain the influence of minor constituents on the
unit cell, but these analyses will not be available in time for inclusion in
this thesis.

Selection giMaterial £9_}' Analzsis

As clean a mineral specimen as possible was picked from hand
specimens of the Einstein vein material and, at the same time, clean
minerals were selected from other deposits: galena from the Federal
Mine, Flat River, Missouri; pyrite from Moselle No. 10 Mine, a sink
structure deposit, Phelps County, Missouri; and a yellowish sphalerite
from Mascot, Tennessee,

Sample Freparation

Approximately 0,2-0.5 gram samples of each mineral, containing

less than 0. 1% impurities were ground to minus 300 mesh in an agate
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mortar. Samples 1, 2, 3, 4, and 6 were annealed in a small electric

furnace at various temperatures ranging between 250-425° C., to improve
the sharpness of the diffraction lines, as suggested by Wasserstein??,

The conditions and effects of the annealing process are given in Table II,

Apparatus and Method

A Picker X-Ray unit was used with unfiltered cobalt radiation

(Kc; = 1.78891 &). The X-ray tube was operated at 40 KV and 7 MA and
1 1/2 hour exposures were made. Temperature variations from 25° C.
were slight., The Straumanis technique was employed. Film measure-
ments, with a precision of 0,001 mm., were made with the dividing engine.
At least three measurements on each of three pairs of front reflection
lines, and four measurements on a single pair of K&; lines in the back
reflection region were made on each film. The back reflection angle ¢
was calculated for the K"cl line measured, and the unit cell dimension

was calculated according to the equation:

o
N (Z) - AnA) _Jh%+ K4 14
o 2 cos @
ag = Unit cell dimension

o
A= 1,78891 A (Ket] for Co radiation)

Miller Indices of back reflection line

=
~
—

1

@ = back reflection angle

27Wasser8tein, B., "Precision Lattice Determination of Galena'', Amer,
Mineralogist, vol. 36, p, 105, 1951.
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Each film was measured twice and the two values of a, were aver-
aged. The largest deviation (0.0009 A) occurred in the measurement of

film for the Einstein Mine galena where the back reflection line measured

was somewhat fuzzy.

Conclusions Drawn from Unit Cell Dimensions

The following conclusions may be inferred from the unit cell
dimensions for the Einstein Mine material, (1) minor element constitu-
ents, particularly bismuth, would be expected in the galena, (2) the
high unit cell dimension of the sphalerite is due to the substitution of iron
for zinc in the structure to a marked degree, and (3) the minor element

constituents in pyrite cause no great change in cell dimension.
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EFFECTS OF SAMPLE ANNEALING ON X-RAY DIFFRACTION

POWDER PHOTOGRAPHS

Sample
No. Mineral
1 Galena

w

Einstein Mine
Madison Co,.,, Mo.

Galena

Annealing
Temperature

5 min. @ 250° C

10 min. @ 350° C

Federal Mine, FlatRiver

St. Francois Co.,

Sphalerite
Einstein Mine
Madison Co., Mo.

Sphalerite
Mascot, Tenn.

Pyrite
Einstein Mine
Madison Co., Mo.

Pyrite
Moselle Mine
Phelps Co., Mo.

Mo.

10 min, @ 350° C

5 min. @ 425° C

not annealed

5 min. @ 250° C

TABLE II

Effects
Several lines in back
reflection region fuzzy.
Other lines sharp.
Sharpness improved in
back reflection region.

Other lines sharp.

All lines sharp.

No change from 3.

Almost all lines sharp.

Only slight improve-
ment from 5.



Mineral

Sphalerite
Sphalerite

Sphalerite

Sphalerite

Galena
Galena
Galena
Galena
Galena
Galena
Pyrite
Pyrite
Pyrite

Pyrite

Pyrite

Source

COMPARISON OF
UNIT CELL DIMENSION VALUES OF EINSTEIN SPHALERITE, GALENA
AND PYRITE WITH REPORTED VALUES

Swanson & Fuyatz8

This paper
Wyckoff29
This paper
Wasserstein
This paper
Wasserstein

Wasserstein

Swanson & Fuya

This paper
This paper

This paper

30

31
32

£33

Swanson, et.al. 34

Donnay & Nowacki3

Donnay & Nowacki

5
36
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