Montana Tech Library
Digital Commons @ Montana Tech

Bachelors Theses and Reports, 1928 - 1970 Student Scholarship

5-1941

Relationships of Manganese Minerals in the Butte
District

Charles E Parent

Follow this and additional works at: http://digitalcommons.mtech.edu/bach theses

b Part of the Ceramic Materials Commons, Environmental Engineering Commons, Geology

Commons, Geophysics and Seismology Commons, Metallurey Commons, Other Engineering
Commons, and the Other Materials Science and Engineering Commons

Recommended Citation

Parent, Charles F,, "Relationships of Manganese Minerals in the Butte District" (1941). Bachelors Theses and Reports, 1928 - 1970. 133.
http://digitalcommons.mtech.edu/bach_theses/133

This Bachelors Thesis is brought to you for free and open access by the Student Scholarship at Digital Commons @ Montana Tech. It has been accepted
for inclusion in Bachelors Theses and Reports, 1928 - 1970 by an authorized administrator of Digital Commons @ Montana Tech. For more

information, please contact sjuskiewicz@mtech.edu.


http://digitalcommons.mtech.edu?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/bach_theses?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/stdt_schr?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/bach_theses?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/287?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/254?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/158?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/288?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/315?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/315?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/292?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/bach_theses/133?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F133&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:sjuskiewicz@mtech.edu

S renTy Pl

IN THE BUTTE DISTRICT

A Thesis
Submitted to the Department of Geology in
Partial Fulfillment of the Requirements
for the Degree of Bachelor of Science

in Geological Engineering

by

Charles F, Parent

Montana Schocl of Kines
Butte, Montana

May, 1941




RELATIONSHIPS OF MANGANESE MINERALS
I¥ THE BUTTE DISTRICT

A Thesls
Submitted to the Department of Geology in
Partial Fulfillment of the Requirements
for the Degree of Bachelor of Science
in Geological Engineering

461D

by

Charler ¥, Fureat

Montana School of Mines
Butte, Montana

May, 1941



w4 969510

TABLE OF CONTENTS

Page
INETOCUORLON, s nunivsssnsassssbaonsnseposonsnobessocnssd
Importance and economice of manganese........eeeees00e8
Resumg of manganese mineralB.....ccvcensccccscccsceceeb
Generaiwéeology B PSSR s condisnoonsesnssnsnesiénodld
Manganese minerals in Butte........ vssessnssasssseaseedd
Collection and investigation of samples....... cshvesands
Results of petrographic analyses.....;................21
TREOTY Ol EOREBLBcusssnonsesssapisnssnssnsssaadea tesisseld
Manganese at the Emma mine.....cceeuviccecccccccccocseedd
Manganese deposits at Philipsburg....ccccececccccccnceecab
Summary and conclusions...... .......;....;............29

Bibliography.I....‘llIl...l...'...‘.............‘.l‘..so

Tables

Table I, Resume of manganece minersls....c.ceee8

Plates
Plate I. Map shoming manganese zoning in Butte.31-23
Plate II. 011l immeresions of manganese minerals, .33
Plate III., Oil immersions and thin-sections.....35
Plate IV. Thin-sections of manganese minerals,..37
Plate V. 0il immersions of Emma rhodochrosite,..39
Plate VI. Hand specimens of rhodochrosite.......41

Plate VII. Specimene of Emma rhodochrosite......43



RELATIONSHIPS OF MANGANESE MINERALS

IN THE BUTTE DISTRICT

by
C. F. Parent

INTRODUCTION

The work for thie thesis entailed study of the
general occurrence of manganese in Butte and western Montana,
and especially the zonal distribution of the primary minerals
rhodonite and rhodochrosite in the Butte area and their al-
teration to the oxides, Petrographic investigations and
analyses were made, and theories on genesis postulated to
the best of the writer's ability, according to available
information.

I wish to thank the members of the faculty of the
geology department =t the Montsna School of W¥ines, whose
assistance made the compilation of necessary data much easier.
Dr. E. S. Perry was especially helpful in outlining the work
and suggesting methods of procedure, Dr. G. F. Seager was of
much help in laboratory work &nd Dr, L. L. Sloss's aid in the
photography of epecimens was invaluable.

My sincerc appreciatiou is tendered to the Anaconda
Copper ¥ining Company for their kind permiscion to visit
their properties and especlally to the employees at the Emma

mine who were most considerate, To the men who showed me a-



round the mine and granted me interviews, namely Messrs,
Sam Barker Jr., E, Hungerford, G, McCracken, J. Kolesar,
and E, P, Shea, I owe a great deal.

Miss Margie Anderson, who edited and typed the manu-

script, also rendered valuable assistance.

IMPORTANCE AND ECONOMICS OF MANGANESE

¢

The term '&trategio mineral" ies assuming new importance
every day due to the complex 2nd ever-shifting international
gsituation. The use of manganese in the steel industry as a
deoxidizing and desulfidizing agent makes it a necesesity in
modern industry, while the various alloy steels using man-
ganese for the quality of toughness are also indispensible.
Manganese ies also used in the manufacture of such various
articles zg battery cells, painte, glase and others.

In the Butte district are the largest commercial re-
gerves of mangsnese in the United States, and although ex-
ceeded by Philipsburg at present. in production, will probably
become the chief producer in the country within the next few
yeare, With foreign sources being shut off, the price of
manganese will undoubtedly rise, enabling the Anaconda Copper
Mining Company to step up production and mine veins not now
commercially minable.

Mr. W, H, Hoover, in an address on the evening of Jan-

uary 14, 1941 at a Butte Chamber of Commerce dinner, made the



following pertinent remarks, concerning the importance of the
manganese in the area:

"Montana is still the Treasure State. Its significance
in the defense program in the production of strategic and
other minerals is immense, Here our relation to our state
and nation in the matters of preparedness can be more easily
visualized,

During the last summer the defense commission at
Washington became concerned as to the supply in this country
of manganese which is so necessary in the making of certain
steels for defense equipment, Manganese in peace times has
been supplied largely from Russia, The imports have been
greatly curtailed due to lack of shipping facilities and pro-
duction abroad., For untold generations a deposit of low grade
manganese ore has lain dormant thousands of feet under the
Butte Hill., For many years in the operation of the Emma mine
for zinc this deposit has been known and in more recent years
blocked out, to some extent developed, and carefully estimated,
For many years no process had been evolved for the treatment
of these low grade ores to concentrate them sufficiently for
nodulizing, the process which prepares mangesnese ores for use
in steel, No market condition stimulated an investigation of
the possibilities of utilization, The defense commission, in
considering sources of manganese within our borders, concluded

that the Butte hill contains the only presently available



supply of manganese ore in the United States in substantial
quantities. A contract was negotiated for the sale to the
government of as much manganese as the mine can produce over
a2 three-year period of production, This contract involves
substantial work at the mine itself, the building of a2 con-
centrator and nodulizing plant at Anaconda, the resultant
employment of men, and a reasonable assurance of an added
production enterprise and industry over the period of the
next few years, While not large in comparison with the
copper and zinc operation in Montsna, its importance in the
defense program may not be minimized."

The world production of manganese ore in 1940 was
approximately five million long tone, of which over 356 is
manganese, The United States produced only 40,000 long tons
of 35% manganese in 1940, importing 1,254,588 long tons of
battery grade ore, showing the dangerous insufficiency of our
production, Foreign producers in order of their importance
are Russia, India, Union of South Africa, Gold Coast and Brazil,
From our neighboring Americas we import a2ilmost their entire
production, or 310,000 long tons, and this source is in little
danger of being shut off, We have no reserves of mined ore in
this country of any importance.*

The domestic production is principally 80 per cent
from Arkansas, Montsna and Tennessee, with Montzna leading

by a wide margin. The domestic production of metallurgical
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manganese ore is only 2.54% of our needs. The reserves at
Philipsburg are only 600,000 tons of manganese oxide ore,
and at Butte there are between 2 and 5 million tons of com=
mercial rhodochrosite ore at the Emma, Travona, and other
mines,

The Anaconda Copper Mining Company has received an
order from the United States government for 80,000 tons of
nodulized manganese oxide per year for three years, from
Butte ores.

The Butte camp is vital to the defense program in the
production of many metals, and the manganese occurrence here
accentuates this importance greatly. Ite history dates back
to the first placer gold mining of 1884, when almost $2,000,000
in gold was recovered in three years. 8ilver mining was in-
augerated in 1875, and was successful until the low price of
silver caused all mines to close down in 1892, 1In 1865, copper
deposits were'discovered in the region, and the mining of this
metal is by far the most important today at Butte,

- The literature on the Butte District is extremely
prolifie, 2nd in the bibliography may be seen some of the many
references which refer to manganese occurrence, Farly writers
on Butte included Mesers, Peters and Biake, while the classic
reports by Reno Sales, and W. H, Weed, made Butte perhaps
the most completely studied area in the world. The extreme

complexity of the structures and mineralogy fully justifies
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past research, nevertheless many problems remain unsolved,
J, T, Pardee made a general report on the mangaznese here,
and the research department of the Anaconda Copper Mining
Co. 1s continually adding to the information on the subject.
The physiography of the region is rather simple, the
Butte hill lies at the north end of a2n intermontane valley
in the rugged mountains characteristic of the Boulder Batho-
lith, The drainage is to the west down Silver Bow Creek,
which eventually reaoheé thel Pacific Ocean. The valley is
covered with several hundred feet of alluvium in places. The
east wall of the valley is formed by the significant Conti-
nental Fault, and to the west is the rhyolitic prominence

known ss Big Butte, whence the district received its name.

RESUME OF MANGANESE MINERALS

The following (table 1) lists significant information
concerning manganese minerals. The element manganese is
found in almost every rock in varying amounts, occuring as
primary silicates and carbonates and is found as the oxide due
to secondary alteration. The oxides are more common and higher
in manganese velue, and most of the metal is obtained from
them. When found occuring with rion oxides, they are smelted
together to form the ferro-manganese alloy for steel making.

A more complete description of the more common oxides
follows:

Mangenite-(Mng03.H30) COrystailization:orthorhombie,



with long prismatic arystale having deep vertieal striations,
It ocours in bn;dlqé of radiating corystals. It has perfect
cleavage in one direction., H-4; G-4,3 Metsllic luster,

Oolor is asteel gray to iron-black, Has dark 1o brown gtresk.

Under the reflecting mioroscope the color is gray.
H.-E , Strongly aniaoiioplo, with four extinctions per revoe
lution, golng from white to gray to violet to brown. HCl
fumes tarnish brown,

Pyrolusite~(¥n0z.nH30) Cryetallization is pseudomor=
phous after manganite. Structure ig commonly fibrous and
granular massive., H.»(2-2.5) (soile fingers); G.-4.75. It
has a dull metallice luster., Ironeblack in color and streak.

Splintery fracture.

-l



TABLE I
MANGANESE MINERALS

OPAQUE
Names Formula %¥n Comb, Sp. Cr. Hardness
Oxygen

Oxides
Manganosite NnO 77.46 22,54 5.18 5=8
Manganite Mng03.H20 62.5 27.37 4.2-4.4 4
Heusmanite ¥nz04 72.08 27,95 wmemane S55,8
Braunite 3¥n03.MnS103
Psilomelene  4Mn0 (Mn,Ba,K

Oo,N)O 867.35 32.685 3.7=4,7 5B
Wad Mn Oxides 34 1-5
Bixbyite FeQ,MnO3 4,95 6~8.5
Pyrophanite MnO,.Ti02 4,54 5=6
Senaite (Fe Pb)Oa(Ti,

e - —————— 4 - 7-5 - 3 6

Dysluite Zn Fe ¥n) 0.
Franklenite Fe Zn,¥n)0.

Fe, ¥n} 203 . 5.0-5.3 5.5-8.5
Jacobeite Mn ¥g)0

Fe. in) 202 4.75 6
Chalcophanite Mn Zn) 0. 4.0 2.5

9Mn03.3H20
Sulfideg
Alabandite MnS 4.0 3.5=4
Hauerite MnS2 3.46 4
Iungstates
Wolframite (Fe,Mn) W04 wewe wew= 7.3-7.6 5.5
Hubnerite MnWO4 ——— — 7.3-7.56 6.5
Tantalates, etec,
Tantalite Nb, Ta 2%¢

NON-QPAQUE

Rhodonite Mn(Ca,Fe)810z 43,1 —-- 3.8 8
Rhodochrosite MnCO3 47.8 ww= 2.85 3.5
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Microscopically it is a very light gray, almost white,
similar to hematite., H.-D to E. Strongly anistotropic with
4 extinctions per revolution, showing polarization color from
white to black. HC1l stains surface brcwn. Prismatic. Apparent
amorphism resolves into interlocking needle crystals.

Psilomelene~-(4n03, ¥nO, H30) Amorphous., Massive, ba=-
tryoidal, stalsctitic. H.,-5 to 6, G.«3.7 to 4,7 Submetallic
luster, Black color. Brownish-black streak,

Under the reflecting microscope the color is gray.
H.«D-, OCome areas appear to be isotropic and others anisotro-
plec, especially where there are radiating fibers. Polarization
colors white to black, Four extinctions per revolution. Nitrie
acit stain is light-brown, fumes tarnish, HCl-brown to black,
strong reaction. Concentric banding common,

Brounite-(34ng03.Mn8i03) Rare., Tetragonal., Under the
reflecting microscope, the mineral is gray, Weakly anisotro-
pic. Cccurs commonly in pseudo-octahedrone giving nearly equi-
dimensional cross-sections.

Rhodenite and rhoéochrosite sre described in detail
on pages and .

The geneses of all these manganese oxides are very
ne=rly the same; they are all secondary minerals, the result
of the oxidation of primary manganese minerals in crystalline

igneous rocks or mineral veins, the transportation of the

manganese by shallow ground water, and its redeposition as



as dendritee and nodules. These minerals are also derived
from supergene concentration from manganiferous sedimentary
rocke., They are thought to be transported in a colloidal
gtate, as they do not always orystallize upon deposition, due
no doubt to some delicate balance in phyesical-chemical con-

ditions. 2

GENERAL GEOLOGY OF BUTTE

The Butte ore deposits are in a host rock of quartz
monzonite, a part of the Boulder Batholith, a great intrusive
body. The ore deposits are concentrated, almost all the rich
depoeits being in an area two miles square on Anaconda hill.
The minerals ocodfrin wide veins whi@p continue to great depths.
The veins structure and fault systems are very complex and
require constant geologic work to render the mining effective
and economical,

The geology of the region has been determined to be
the result of a series of geologic events in a definite chro-
noiogioal order, which are given below:*

1. Intrusion of Boulder Batholith.

2. Intrusion of quartz porphyry dikes.

3. Intrusion of aplite and pegmatite dikes.
4, Formation of Anaconda veins.

6. Formation of Blue or Northwest veins.

6. Formation of Steward veins.

7. Development of Mogntain View breccia faults.

8. Development of Rarus.

-10-



9. Development of Middle fault,
10. Development of Continental fault.

The Anaconda and Blue veins contain the rich producing
ore bodies of the district, and the other veins and faults
only complicate the mining of these deposits.

The zonal arr=angement of Butte has been cited as the
perfect example of this'phenomenon of mineralization., The
mineral areas at Butte have been divided into three zones,
each approximately one-half mile wide at the surface, as
follows:*

1. A main eentral copper zone, containing chalcocite,
bornite, enargite, etc.

2. An intermediate zone containing copper minersls
with sphalerite, rhodonite, and rhodochrosite abpearing near
the outer edge of this zone,

3. An outer peripheral zone extending indefinately
out and containing galena, eilver, sphalerite, rhodonite and
rhodochroeite.

The order of deposition or paragenesis of the Butte
minerals is to my mind best determined by Mr., Waldemar Lind-
gren, who lists them as follows:**

1. Quartz. Continued more or less throughout ore
deposition.

3. Pyrite.

3. ©Sphalerite. Where conditions can be determined

it is always later than pyrite.
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4, Enargite.

5. Tennantite. Frequently replaces the enargite
intricate vein patterns.

6. Bornite. Replacing any of the preceding minerals,

7. Chalcopyrite. Muore difficult to place than any
of the other minerals. COccurs as blebs and rods in esphalerite
and as irregular masses in bornite, but aleo as veinlets .
cutting across these minerals; aleo in druses, psuedomorphous
after enargite,

8. Galena. Always later than pyrite and sphalerite,
bornite and tennantite, Relations to enargite unéertain as
they are rarely found together, Relstions to chalcopyrite
also difficult to establish; probably almost comtemporaneous.

9. Rhodochrosite-Rhodonite-Quartz. After the copper
minerals and the galena were deposited there follored a time
of brecceation, mostly in what now is the zinec area (in which
the full development of the copper minerals is lacking) end
then a cementation of the breccias by these two manganese
minerals (often very intimately intergrown)., This was followed
by a renewed deposition of quartz, as is well seen in the
Alice, Rainbow, and Magna Charta region, but also in numerous
esmaller veins and the upper levels of the Stzte vein.

10. A late generation of pyrite occurs in smaller
amounts with the mangsnese minerals, a distinctly later phase

than the early pyrite.
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11, Chalecopyrite, and perhaps other sulphides in-
cluding argentite (7), also small amounts in the mangenese
minerals,

I3, 1Iron, Nangenese, Oalcium, ¥sgnesium carbonates of
the ankerite type, occur moetly in druses of the copper
mineralization, Little or no rhodochrosite is found in the
copper areas,

13, Dolomite., Clusters of rhombohedrons surmounting
the lafeat sulnhides in copper and zine areas,

14, COzaleite, Latest phase of carbonate in druses,
occuring in places as large sealenohedrons.

15, Barite, Rare but observed as one of the latest
gangue minerals in Colorsado No., 2 and in the State vein, at
both places in e¢opner aresas,

16, Chalcocite. I have placed the hypogene chalco-
cite as the latest of the esulphide minerals, replacing all

of earlier copner minerals,

MANGANESE, MINERALS IN BUTTE

The gquartze-monzonite country rock of Butte cont=2ins a
emall amcunt of mangernese throughout, but thies is of no
value whatesoever., Manganese occurs otherwise only as either
the original constituent of vein fillings or =28 the oxidized
alteration product of supergene action.

The rough-and-ready classification used by the Butte
miners of the manganese ores, which is sufficient for practi-

cal purposes, is simply "black mag" for the oxidized minerals,
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and "pink mag" for the unoxidized minerals, The black man-
ganege gtain is very apparent on the surface aé the vein out-
cropping, 2nd the zone of oxidation for the mangenese minerals
extends downward to a depth which varies from a few feet to
several hundred, averaging close to seventy-five,

The order of freguency of the'manganese oxides seems
to be:

1. Pyrolusite.

2. Peilomelane,

3. Manganite. -

4, Braunite.

5, Wad-(a mixture of oxides).

Moet of the manganese oxide has been tentatively
classed as pyrolusite because little water was found in it,
and the usual hardness was less than psilomelane and greater
than wad, Ite composition is doubtlese unhomogeneous, and no
gtrict classification is possible. The mineral is commonly
in prismatic forms or acicular clusters, and occurs as crusts
with radial structure, often with enough water to be called
manganite, Peilomelzne occurs as mammillated crusts and con-
cretions, and its compact aspect and hardness renders it
easily identifiable., All soft brown manganese oxides which
readily stein the hands are grouped together as "wad",

Hubnerite, or manganese tungstate, is found rarely in

the central zone and is of no economic importance.
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Rheodonite and rhodochrosite are the primary vein cone
stituent manganese minerals, and the field and lsboratory work
for the present work was done to determine the occurrence and
associations of these two minerals, In view of their importance
the following two pages are devoted to a listing of all availe

able pertinent facts regarding their characteristics and prop-

fies:

RHODONITE
Composition; M¥n(Ca,Fe)8i03; Silica-45.9%; Mangenese
protoxide-54.1%,

Crystallization: Trielinie, tabular, rounded edges,

a: b: ec= 1.073: 1: 0.721., = 103°018',B=108044', = 81°39'.

Physical Properties: Cleavage 110, 110, perfect; 001,
fair. Brittle. Hackly fracture. H.-6.G.-3.6. Color, flesh-
pink. Streak, white. Lustre, vitreous. Translucent when un-
altered.

Optical Properties: QOptically negative. 2Va76°. p v,
weak., Marked cross dispersion. Weak birefringence. Acute
bisetrix inclined at angles of 51°940' and 51047' from normals,
N =1.730%t0l1.744, Np=1.726 to 1.740, Na = 1.721 to 1.733.

N - N, 0.009 to 0.01l.

Occurrence: In the northern part of the Butte district
thie mineral is next to guartz in importance as gesngue mineral
in silver veins, occuring as crusts and microrhombs alternating
with guartz, being eame age as quartz and younger than eulfides.

Rhodonite is not found to represent in the southern portion

=]15=



of the Butte district.
At Franklin Furnace, New Jersey, the result of re-
crystallization uder dynamic metamorphiem,
Alteration; Sometimes alters to rhodochrosite, or to
manganese oxides in the following order:
1. Rhodonite.
2. Formation of intimate mixtures of oxides of
manganese and iron,
3. Replacement of psilomelane by pyrolusite.

4,. Formation of braunite and wad,

RHODOCHROSITE
Composition: MnCOz, CO2-38%, MnO-61.7%. (Fe, or

sometimes Ca, Mg. Zn, etc. often replaces in part the Mn.)

Crystallization: Hexagonal-rhombohedral.
Physical Properties: Perfect rhombohedral cleavage.

H.=3.5 to 4.5. G.=3.70. Vitreous luster., Color, flesh
pink to white to brown. F.= 7, decrepitates and turns black.

Optical Properties: Uniaxial. Optically negative

with extreme birefringence, which increases with iron con-

tent. Colorless,
No=1.818, Ne=1.595, Ny=Ng=0.323.

Occurrence: Found as vein filling in silver zone in

Butte, pure deposits in Emma and Travona mines. Rhodochro-
gite is sparce or absent in the northern part of the Butte

district, whereas in the southern part it is the only primary

manganese mineral,
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Alteration: It alters readily to pyrolusite, and ie
the hypogene alteration product of the decomposition of

rhodonite in some cases.

COLLECTION AND INVESTIGATION OF SAMPLES
The field work in connection with this report was

necessarily extensive, as representive somples of the entire
Butte district were needed to work out the zones of occurrence
of the minersle, The prinecipal problem under investigation was
the distribution of the primary mangenese ores, rhodonite and
rhodochrosite; and as most of the mines in the peripheral zone
are shut down sampling was limited to the waste dumps except

at the Emma, The Orphan CGirl, Lexington and Anselmo mines have
manganese minerals, but underground studiee were not made at
these places.

The fallacy in dump ssmpling for eritical work is ob-
bious, for neither the vertical nor lateral position of the
mineral collected is known, 2nd some of the mines have stopes
over a mile from the haulage shaft, However, for the purpose
of loecating the general areas of occurence of each of the
minerals, this type of sampling was adequate.

As previously stated rhodonite occurs exclusively
in the northern part of the Butte district, and rhodochrosite
occurs exclusively in the southern part. Extensive gsampling

at the junction of the two zones would of course be desirable,
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but on the west side it is covered with a rhyolite flow, and
on the east side, by a deep alluvial mantle., A few dumps occur
in the western part of the district with both minerals being
about equal in occureence, as for example around the Walker-
ville reservoir. In the Meaderville region there are numerous
dumps with small amounts of both minerals. A cursory examina-
_tions was made of the dumps across the valley near the foot of
East Ridge, and in these dumps both minerals were seen in an
oxidized state. The veins containing rhodochrosite extend to
the west past Rocker, where they gradu2lly pinch out.

In sampling the dumps, the name of the mine which
yielded the material was sometimes not known, and thus a :
gystem of coordinates has been used. Thus every dump has
been given a coordinate designation for east-west and from
north-south, which indicates the source of each sample in the
following tabulation. :

To study these samples with the petrogrephic micro-
scope there was the choice of oil immersions or thin-sections.
Due to the very large number of samples to be studied, the
making of thin-sections of each one would be impracticeble,
and as quantitative analyses were desired, nothing would have
been achieved from thin-section that could not be done with
0il immersion which are cuickly and easily made and involve
slight expense.

The samples were powdered in a small iron crushing

=18«



device and were sized with screens,

As the size -~ 80 100 is the one which most closely
conforms to the thickness of the thin-section, this was the
gieve size used in almoat‘all of the examinations. Care was
t2ken to thourghly cleanse the iron cup after each grinding
to avoid contamination of the sample,

In choosing oils, it was found that 1.544 oil (Canada
balsam) gave'excellent relief differencee so as to facilitate
the study and this was adopted as standard practice. After
a few analyses were made, the minerals were easily identified
and the percentage estimated.

Four thin-sections of rhodonite and rhodochrosite occur-
ing alone and together were studied for paragenetic and alter-
ation relations. A great number of oil immersions were studied
and are tabulated below,

Some question has seemed to exist ss to whether the
rhodonites tu the north were not actuslly a microscopic inter-
growth of rhodochrosite and gquartz. However, chemical analy-
ses and petrographic studies show that this is not the case,
and such a theory seems implausible to the present writer.

In petrographic examinations of the rhodonite, the good
cleavage in both directions, weak birefringence, high 2V, and
negative sign all checked with the recorded data on rhodonite
The angle of extinction varied widely, between 45° and 55°,
probzably due to the presence of iron and calcium in the rhodon-

ite molecules. Its high relief in bslsam and opacity, come
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bined with ite massive structure serve to easily distinguish
it from quartz and rhodochrosite, as is shown by the various
photographs in the back of the repbrt.

In several cases, the rhodonite seemed to have altered
to rhodochrosite along cleavage faces and fractures, and per-
haps this gave rise to the microscopic intergrowth theory.
The powdered rhodochrosite is indeed characteristic and easily
identified.

Chemical analyses of the Butte rhodonite show it to be
~over 90% MnSi0z with varying amounts of alumina, iron, sulfur
and calecite.

An interesting mineral found both with rhodonite and
rhodochrosite is fluorite, which was determined by using
successive oil immersions and observing Becke line to calculate
index of refraction.

Franklin Furnace rhodonite was also studied, =and is
shown in photomicrographs accompanying this report for pure
poses of comparison.

The following table shows in tabular form the results =
of analyses made, and is arranged to show that in the north
zone there is no rhodochrosite ond in the south no rhodo-
nite, while in the intermediate zone hoth minerals grade in-
to each other, Nosiy dumps were examined in the central zone,
but as the resuiis were az2gative for prirayry manganese mine
erals, they are not tabulateé. Nuny dumpe in the peripheral
zone were sampled, but not one exception to the zonel ar-

rangement was observed.
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Results of Petrographic Analyses
0f Samples Collected in the Butte District

No. No. of lMine Name Coords. Rhod- Rhodo- Quartz Remarks
Samp, N, B, onite - chrosite
1 8 Alice A 8 Sk —— 44
N2 Bb* Lexington B 8 P - yy
03 3 Elm Orlu B 9 Fi4 —— ##
R4 5 Black Rock A 10 44 -—— 4
=87V 4 Badger B 9 ## ——— i
HE 3 Magna B 9 <L ——— #4
E Charta Ly i
R7 4 Amy A o
N8 O+ Moulton Sk | FA4 —— #4
9 6 Valdemere A 9 Aot —— 4
10 © Corra B 9 A4 —— A4
11 7 12T? D 6 Aok FH4 #4 Both
c13 6 7717 D 6 #4 # # minerals.
E13 4 1711 D © < F44 £ "
N1l4 5 7717 8= (~7 e #4 4 "
T15 4 1717 C 7 # "
R16 § 11770 017 . 4 # "
Al7 7 Main 06 13 # #4 i "
L Range y )y p x
18 7+ 777 ¢C 6 :
15 & 777? ¢ 6 - 4 - .
230 5* Reservoir C 6 44 #4 4 "
21 17 Emma  SABEY ——— fhL #
a3 11°¢ Orphan E 6 ———— AL 4
< Girl
033 o+ Travona By ———  fi #
U2¢ 5 Minnie E 6  weem 444 4
: erni . 4
36 . 7 Hibernia D 4 ——
E28 6 AR E 9 ——— Ji y
R 37 8 Nettie E 3 ——— i £
K28 7 1111 F5. B weee 4 #
39 8 TRt O — #
30 8 17171 E B eeme {44 #

*Many more hand specimens examined.
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THEQRY ON GENES

The source at Butte of the primary manganese minerals,
rhodonite and rhodochrosite, was undoubtedly some phase of
batholithic intrusion. Magmatic emanations in the form of
H;Qted gases and waters Qontaining metale in solution per-
colated upward through the fractured and brecciated rocks too
form the vein systems, where the ore minerals were deposited.
The zoning was the result of higher temperatures in the cen-
tral zone, which decreased toward the peripheral areas.

As both rhodonite and rhodochrosite, may be seen inter-
grown together in specimens, the solutions which deposited
each one must have been essentially contemporsneous. The
difference in composition is best explained by the theory
that in the north the waters were acidic and of only moderate-
ly low temperature, while to the south the waters were alkae
line and definitely of lower temperature., The manganese
solutions are definitely later than those which deposited the
copper minersls, and as rhodochrosite occurs in druses on
sphalerite and galena in the Emma mine, it is of course also
later than these minerals, The manganese solutions appear to
be very close to the last if not the last of the mineralizing
waters.

The occurrence of both rhodonite and rhocochrosite
together is only to be expected where the two solutions merged,
and the contemporaniety of the solutions is unquestioned.

Later alteration and oxidation crused the formation

of the oxide minerals toward the surface, and the rhodonite
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in the northern portion of the area altered to rhodochroesite.
in small amounts, due to action of carbonic waters,

‘The oceurrence of rhodochrosite in vuge and druses
with beautifully formed crystals below the 2800 levels of the
Anselmo snd Steward mines, in the high tempersture copper
zone, is a phenoﬁenon vhich 1s& apparently contradictory to the
commonly accepted zonal arrengement of ores at Butte. This
hss been explained by the theory that the source of these
waters may not be the original batholiths,

The occurrence of crystals of the mangsnese minerals
in vuges and brecciae indicates a very late period of depoesition
bome obgervers believe that a late surge of minerslizing
water carrying mangsnese way h&ve accompanied the rhyolitic
extrusione, and that thése waters may be responsible for this
late manganese mineralization. It is the writer's belief
that the extrusion of the rhyolite, which is poste-minerale
zation, caused fracturing snd faulting, which formed voids
in the copper veins., Hot mineral-bearing solutions from the
rhyolite magma percolated through theee voide and deposited

the mangenese from alkaline solutions of lower temperszture.

MANGANTSE AT IHE EMMA MINE

Two trips underground were made at the Erma mine in
addition to several trips to the large waste dump of the mine.
Here the mangenese veins were observed firest-hand, and many

gamples taken, Photographs of hand specimens and microscopiec
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grains sccompany this report. No rhodonite is to be observed
anywhere in the Emma mine, although in place§ the silica con-
tent in the form of quartz of the veins is very high.

The principasl mangsnese-bearing veins sre in the Emma
eystem and are members of the Anaconda or east-wect vein
system., They alwaye dip to thesouth, the angles ranging be-
tween wide limits but averaging about €60°. Intersecting these
veins are northwest or "Blue" veins, which have a similar dip
to the Anaconda system. The "northwesters" are harder and
more silicious, and the manganese ore within them is of a
lower grade. Two post-mineral faulis are encountered, the
Rarus and the Middle, and they displace all manganese veins.
The rhodochrosite occurs throughout the vein, and no appreci-
able pinching out of the veins has yet been observed within the
limits of this mine,

In depth, however, all good commercial veins are above
the 1400 level, although pockets of good mineable manganese
are found dowﬁ to the 2100 level. The manganese grades into
sphalerite, galena and silver ores with depth,

Sphalerite is almost always found associated with the
rhodochroeite in veins. It occurs in parallel bands, usually
on the hanging wall., In the mihing of manganese, the sphaler-
ite is regarded as waste, and great care is taken to avoid
"contamination", because it is bothersome in flotation and
nodulization.

All manganese veins on the 1400 level and below are
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flatlying "northwesters", and yield low grade manganese ore,

The manganese ore at the mine is divided into (1) low
grade and (23) high grade, on the basis of treatment after
mining. Manganese ore higher than 37% manganese is high grade,
and is sent directly to the nodulizing kiln, whereas the low
grade ore at present is stock-piled to be put through a flota-
tion process for concentration of the manganese at some future
time,

The projected development work at the Emma mine come
prises approximately five miles of drifte, crosscuts, and
raises, The.fnaconda plant now under construction will be
prepared to put through by flotation process 1000 tons of ore
per day,Aand the mine's output is expected to meet this tonnage.

A favorable naspect of the situation here is that all
development so far has turned out much better than anticipated.
Three vears fullfillment of the government orders recuires
240,000 tons of manganese concentrates, and this means that
approximately one million tons of crude ore must be mined to
fill the order.

On the 1800 level a vein 1s being mined where neither
the foot-wall nor the hanginge-wall has yet been reached with-
in a width of approximately 75 feet, and as the veins extend
indefinitely longitudinally, the reserves of mangsnese ore at

the Emma should be ample to meet any production for many years

to come.
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'MANGANESE DEPOSITS AT PHILIPSBURG

The Philipsburg occurrence has been the chief mangeanese
producer of the United States in recent years, and as such
merite a brief deseription in the present report, The pro-
duction is entirely from the oxide minerals, although rhodo-
chrosite found at depth may be utilized at a later date.

The “hilipsburg district is an irregular area compris-
ing seven or eight square miles on the west slope of Flint
Creek range, 45 miles northwest of Butte; the producing ares,
however, is a tract of two square miles just east of the town
of Philipsburg.

¥ining in thies region began in 1864 with the discovery
of very rich silver veine, and flourished until the decline of
silver in 1893. Production was resumed on a small scale in
1916, when World War I caused » shortage of meng2nese in this
country. In 1918 a high in production was reached with 137,415
tons of high-grade mang-nese oxide ore being shipped. After
the war it was found unprofitable to compete with the foreign
metallurgical manganese, but being peculiarly desirable for
batteries, an annual production of between 5,000 and 28,000
tons was ghipped for this prupose. The total production up to
Oct. 31, 1929 was 477,040 long tons of high grade ore and con-
centrates, 116,363 long tons of 20% manganese tailings, and
2,376 long tons of 20% low grade manganese ore,

The geology of the district is rather simple in ite
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broader aspects, The Philipsburg arch of Paleozoic limestones
has been cut and deformed on the eaegt and scuth sides by a
small granodiorite batholith, the magmatic emznstions of
which were no doubt the source of the mineralization.

The manganese ore deposite occur in and adjzcent to
east and northwest trending vein fiesures., They are largely
irregular tabular replacement bodies in the limestone., The
quantity of ore in the actual vein ie smwall, and it is in the
replaced country rock that the mineable deposites occur.

The ore minerals of the eilver and zinc-lead deposits
are sphalerite, galens, tennantite, enargite, pyrite, chalco-
pyrite, and the ruby silvers. Ouartz is the chief gangue
mineral, along with rhodochrosite, ancherite, barite, and cal-
cite.

The mangasnege oxides are the result of the alteration
of the primary rhodochrosite, and the minerals found in the
order of their sbundance are pyrolusite, psilomelane, brau-
nite, manganite and wad. The gangue consists of quartz end
silicified limestone. The primary rhodochrosite seems to be
definitely the result of the action of hydrothermal magmatic
solutions emanating from the granodiorite batholith. The depth
of oxidation varies from 100 to 700 feet with the average be-
tween 500 and 600 feet. '

The size of the individual ore bodies is almost always
below 10,000 tons, and they range from 50 to 200 feet in length,
from 30 to 150 feet in breadth, and from 10 to 60 feet in thicke



ness, The grade ranges from 30 to 38 percent matallic man-
ganese,

Ore reserves are of the order of 700,000 tons of oxide
ore and unknown reserves of carbonate ore, due to lack of ex-
ploratory work.

It is evident that at present rate of production the
oxide ores will be worked out, and unless the carbonate de-
posits prove to be better than present indications show, the

disetrict will be dorm=nt before many more years,



SUMMARY AND CONCLUSIONS

As a result of studies made the following conclusions
were made:

1. That on the north side of the Butte district there
ie a peripheral zone containing large amounts of rhodonite and
little or no rhodochrosite.

2. That on the south side of the Butte district
there is a peripheral zone contzining large bodies of rhodo-
chroeite and very little or no rhodonite.

2., Where these zones come together, both rhodo-
chrosite and rhodonite are found in the same specimen in
nearly equal amounts.

4., This north and south zoning was due to the fact
that in the north the magmatic waters were modefately hot and
acidie, while to the south the waters were definitely alkaline
and of lower temperature,

5. That the mineral rhodonite does occur, and that
any microscopic intergrowth of rhodochrosite and guartz in
the northern sres is indeed rare and the result of alteration
of rhodonite to rhodochrosite along fractures due to supergene
carbonic acid waters in a reducing environment.

6. That the reserves of the carbonate ore of man-
ganese in Butte are immense, and though the rhodonite is not

now commercial, there are large reserves of this ore,
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EXPLANATION OF PLATE IL
Shows an oil immersion in 1.544 oil of rhodo-
nite from FranklincFurnace, K. J. Mesh size -
80 100 . Note the typicsl triclinic cleavage
and rounded edges of the grains., #30 objective
Magnification 35 diameters.

Shows an oil immersions in 1.544 oil of rhodo-
chrosite from the Emma Mine in Butte. Mesh size
-80 100. Note perfect rhombohedral cleavage.
#3 objective. Nagnification 25 diameters.

Shows an oil immersion in 1.544 oil of rhodonite
from the Alice Mine in Walkerville. Mesh size
-80 100; Note the very dark color, due to some
alteration and preeence of other elements in the
rhodonite crystal. To the eye these crystals
have a definite reddish tinge. #3 objective.
Magnification 35 diameters,

Shows an oil immersion in 1.544 o0il of a mixture

of rhodochrosite from the Emma and rhodonite from
the Alice. iesh size for both -80 100. It is
readily seen that they are very easily dietinguish-
able, and render petrographic analyses quite sim-

ple. #3 objective., Magnification 25 diameters.
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PLATE 11




A.

B.

EXPLANATION OF PLATE III
This ie the same view as in figure D of plate II

under crossed nicole., Notice the high order whites

of the rhodochrosite and the low tints for the
rhodonite, which photographe black. As determine-
ations are easier without crossed nicols, the
upper nicol was left out where examining the num-

erous samples,

Shows an 0il immereion of mixed rhodonite from
Franklin Furnace and rhodonite from the Alice.
The two are strikingly different here, the But;e
specimen being discolored by impurities. Mesh
gize 80 100. #3 objective, Magnification 25

diameters.

Shows an oll immersion in 1.544 oil of rhodo-
cbrbsite from the Emma mine, with several grains
of qﬁartz. To the eye the gusrtz ie much more
easily distinguishable. Mesh gize 80 100. #3
objeetive, Magnification 25 diameters.

Showe a thin section of rhodochroesite with rho-
donite. The two occur in a2lmost equal proportions

and seem to be essentially contemporaneous.
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PLATE 1III
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.A.

EXPLANATION OF PLATE IV

Shows a thin section of rhodochrosite under
crossed nicols, A perfect example of a
euhedral rhombic crystal of rhodochrosite in
a groundmass of guartz, #5 objective. Nagni-
fication 70 diameters.

Showe a2 thin section of rhodonite with quartz
filling the interstices between the euhedral
triclinic crystals. The nicols were crossed.

#50 objective, Magnification 70 dism2ters,

Here ies shown a euhedral sulfide mineral with
zones of ocuartz and rhodochrosite around it,

#5 objective., Magnification 70 dismeters.
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A.

" EXPLANATION OF PLATE ¥

Shows an oil immersion of rhodochroesite from
the Emma mine in 1.544 0il., This sample was
collected on the 500 level. Mesh size minus
80 100. Due to the high silicate content,
mrhodonite was expected, but did not occur,
Most grains are quartz with a little rhodo-
chrosite, #3 objective. Magnification 24

diameters.

Shows an oil immersion from the same level as

above, and they are almost identical.

This immersion in 1.544 o0il shows 2 sample
from the 400 level and graine of rhodochrosite
are easily seen, with the typiecal rhombiec
cleavage. Mesh size minus 80 100. #3 ob=-

jective. Megnification 34 diameters.

Showe an immersion in 1.544 oil of a sample
of rhodochrosite from the 300 level, and well=-
defined crystals of rhodochrosite are readily

apparent,
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PLATE V
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B.

D.

EXPLANATION OF PLATE VI

Showes a2 hand specimen of rhodochrosite
with excellently formed rhombic crystals;
the slender acicular crystals are also
rhodochrosite which crystallized different-
ly. Magnification 1/6.

Shows a hand epecimen of fragmentary wall-
rock covered with a druse of cystals of
rhodochrosite in which the rhombic cleavage

is not apparent., Magnification 1/8.

Shows an unusually fine example of banding
of rhodochroesite., This shows the way the
mineral occurs in the veins, and is the re-
sult of changes in the character of the
mineralizing solutions. The colors of the
bands ranges from a definite pink to a dirty
white. Magnification 1/5. .

This hand specimen shows rhodochrosite and
bull quartz intergrown, with sulphides dis-
geminated throughout. Magnification 1/7.
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PLATE VI
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D.

EXPLANATION OF PLATE VII

This hand specimen was collected on
the 300 level of the Emma mine., The
vein contained little quartz, and the
specimen‘was almost pure rhodochrosite.

Magnification 1/5.

This hand specimen was collected on the
500 level of the Emma mine and due to
its high silica content was at firet
believed to be rhodonite, but micro-
scopic examination proved it to be
quartz plus rhodochrosite. The com=
mercial value of these veins was much
lower than those of the upper levels.

Magnification 1/5.

These three specimens show: rhodochrosite
from the 400 level.' With inclusions of
sphalerite and pyrite present throughout
the epecimen, it can readily be seen‘that
the sulphides were later than the rhodo-
chrosite. Magnification 1/5,

Thie specimen shows blebs of guartz in

rhodochrosite from the 400 level. X 1/5.
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PLATE VII
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