GOVERNMENT OF INDIA
DEPARTMENT OF ARCHAEOLOGY
CENTRAL ARCHAEOLOGICAL

LIBRARY
| Crass ‘I
Cars. No. 549 Era |
D.G.A TO. S b '

AFTHUR FROEITHIN
Oirbesdnd  Buslislies
B Mewesdi B

-
LOMDOMN, w.c |









GETTING ACQUAINTED
WITH MINERALS










L0 WO Mey

ACINIE ANINY 8 wmien g wmeny gl g0 SR puw epRsaTy g0 uopT )

|
1




GETTING ACQUAINT.
WITH MINERALS

BY

(GEORGE LETCHWORTH ENGLISH
Consulting Mineralogist

WITH 258 ILLUSTRATIONS

Fmstr Emmiox
SevesTeesTi [urHESS[ON

[.q1 o

McGRAW-HITLL BOOK COMPANY, Ixc
NEW YOEK AND LONDOXN




\ RIS T AL

Acn, No f-r‘-f?‘ ._;.........-.h.
Liater . ... .. "-" ..sz.-w.;-

Call No.......

Coprrighr, 1
Ly
GRORIE LETCHWORTH ENGLISH

All Bights Resyrvod

L |



T

PREFACE

TH.E. phin of this buok i= to introduce the clisrning scienee of min-
eralogy in the simplest and most interesting manner possible, with-
out sacrifiving scientific neeurney,

It ean be understood readily by a child of Tourteen, yet its appenl
iz otjually strong to the adult.

No previous knowledge of ehemistry, physies or geametry i assumed,
but every effort has been made to present, in an alluring manner, such
fncts and 'theories in these seiences ns are essentinl to the understanding
of the mineralogion) topies treated.

Long years of contaet with muny beginners have persusded the author
that a worth while and contimuing interest m minernls can be secured
only by a guided study of earefully selected speeimens.  The guidanee
needed will be found in this book.

The study of ervstals, usually reganded as too diffieuli for the be-
ginner, te treated briefly, svstematically, entertainiogly. and suffictent
knowledge to awaken interest will be serquired withoui striking nny
snags. The difficulties are mentioned as gonls to be reached, if desired.
by more ndvanced sty in later years.

While chemienl examination and optical methods are the only means
of positively identifying msny minerule, yeb the large majority who
hegin the study and colleeting of minerals toust Jesrn about them with-
out recourse to such aids. This hook, therefore, stresses their physical
properties, simple tests snd eareful observation.

As evervone is vitally interested in lis own country, special emphasis
i% lnid on the occurrence of minerals in the United States, whose min-
ornl woalth greutly execeds that of any other country.

Georce LErcuworTi ExcLisH

Rochester; New York,
December 1, 1854,

vii






INTRODUCTION

Fun nearly half a century the name George Letehworth English has
been almost & synonym for mineral, Mineralogists and crystallog-
raphers, professional and amateur, have relied largely on Mr. English
for their supply of the rare, the beautiful and the useful products of
the mineral world. And now that he has retired from his lifetime work
of distriboting minerals, he becomes n dispenser of information about
them,

This book, in clear diction and with a wealth of illustration, speaks
eloquently for itself, and its anthorship is proof of its scientific accurnoy.
Mr. English has made this book for the beginner in mineral study; yet
while simple, elear and nontechnieal in deseription, it covers the science
in-more than an elementary way. The inquiring mind, once interested
in the subject, will find here the guidance to expert knowledge, and as
far as the book leads to popular interest in nature and science, it will be
of great social value,

The boy, girl or adult, becoming interested in the book and the sub:
jeet, will wish to know about the author and his work and qualifications
Mr. English was born in 1864 in Philadelphia, where his father was o
publisher of theological books, and all of his earlier years were passe]
it that city of seientific eulture. From boyhood he was interested in
nature and especially in minerals, and was one of a trio of young nat-
uralists who explored the region, the others being Dr. George Howard
Parker, Professor of Zoology at Harvard University, and the late Dr.
Henry Skinner, Curator in Entomology in the Academy of Natural
Briences.

An enthusiastic collector of minerals from boyhood, young English
pursued the study and developed it as a life work and hes been a pro-
fessional mineralogist sines 1586, From 1886 to 1904 he was head of
the firm of George L. English & Co., dealers in scientific minerals in
Philadelphia and New York City. From 1904 to 1913 he was monazite
expert for the National Light and Therium Company, with headquarters
ut Shelby, North Carolina. From 1913 to 1921 ke was Manager of the
Department of Mineralogy and Petrography of Ward's Natural Science
Establishment, Rochester, New York, and from 1021 to 1934 was Con-
sulting Mineralogist for the same Establishment.

He was Associate Editor (for mineralogy) of the 1004 edition of the
Encyclopedia Americana, contributing the article on Mineralogy and
many others.

He is a life fellow of the Rochester Acudemy of Science and served
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thres terms as its President: a fellow and past Vice President of the
Mineralogical Society of America; member of the Philadelphia Academy
of Natural Sciences, the New York Mineralogical Club, the Mineralogical
Society of Great Britain, La Société Francaise de Mineralogie, and other
societies.

He has lectured on mineralogy in the New York City Board of Edu-
eation course and before various scientific societies.

He has traveled extensively, collesting minerals in Eorope, Afriea,
Australis, Brazil, Canads and the United States. He has probably eol-
lected and handled more seientific minerals than any other living min.
eralogist, and he is recognized as & world authority on their valnes.

He discovered the new minerals Penfieldite at Laurinm, Greece;
(Jraftonite near Grafton, New Hampshire; Pyroxmangite and Skem-
matite near Iva, Sonth Carolina. A rare ealeium-potassium-aluminom
phosphate was named Englishite in his honor by Professor E. 8. Larsen
of Harvard University.

As a long-time friend of Mr. English and an admirer of his seientific
work and attainments, it is to me s pleasure to commend this fine book
to students and eollectors of minerals, with the hope that it may have
wide distribution, incressing scientific interest in earth study.

Omiversily of Rochester,
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PART I
ABOUT MINERALS IN GENERAL






GETTING ACQUAINTED WITH MINERALS

PART I
Chapter 1

WHY STUDY MINERALS?

Those who study minerals are so enthusiastic over them, that there
must be some reasons. What are they?

The study of minerals opens g new world, It leads, by pleasurable
steps, into the great outdoors. It gives us the reasons for many striking
foutures in the landscape. Tt shows us why the waves wear away one
part of & rocky ledge more rapidly than another part. When we visit
the Garden of the Gods, we understand its curious formations. The
vivid colors of the Yellowstone, the Grand Canyon, and Zion Park,
bring new pleasures to us becsuse we attribute them to mimerals. We
understand, by a study of the properties of minerals, why the flints of
Dover have such sharp edges, why the elays of Flanders are sticky,
why graphite and soapstone feel so greasy, why diamond shows such
a wealth of mainbow colors, why ice floats on water. The study of
minerals, indeed, gives the answer to innumerable questions which are
constantly being asked.

We visit the sedshore, and, as the sands run through our fingers, we
observe that the particles are not all ecolorless or white, bnt some are
black, others yellow, green, or red, and our study of minerals enables
us to identify them and, perliaps, see in them eommercial values which
otherwise would be overlooked.

We look around to find the source of these particles. Ouor quest leads
us first to the adjoining eliffs, whose minerals faseinnte us, though we
fail to find in them all of the minerals which are in the sands, and,
eventually we may learn that our colored particles originated back in
the mountains hundreds of miles away.

We stop, as we motor past the roadside quarry, which we heretofore
regarded as only & hole in the ground, and find in its debris many min-
erals, new to us, whose study profitably cecupies our attention for many
a pleasant evening. Some of onr specimens are erystals. We want to
know maore about how they were formed and why they have assumed
such regular shapes.

We begin the study of erystals. All around us are their beautiful
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forms, even our table salt being revealed to us by & pocket lens as
composed of multitudes of tiny erystals. We visit a mineralogical mu-
seum #nd are amazed to see the great variety of crystal forms in such
a mineral as caleite; All through the muoseum we see different erystal
forms, but, though there are thousands of them, we learn that they are
nll elassified under only six systems, whose differences are easily nnder-
stood. With what new pleasure we can study geometry when we see
its forms illustrated wherever we turn in nature.

Recent discoveries in wuneralogy, and itz related science chemistry,
are making the world over. New uses are constantly being found for
minerals previonsly supposed to be worthless. Great deposits of min-
erals, heretofore unknown or regarded as rare, have been discovered
nnd brought to the attention of chemists who have utilized them in the
arts. Intensive study by advanced mineralogists in research laboratories
has made possible many of the great inventions of our day. The be-
ginner in mineral study need mot be deterred in taking up mineralogy
becanse ke knows nothing of chemistry, for in a few hours, with the aid
of this book, he will have learned &ll that is really essential to its ele-
mentary understanding. The further study of chemistry may be prof-
itably pursued, if desired, and will be vastly more interesting when
linked with s study of the compesition of minerals

The study of minerals acqumints us with one of the worid's greatest
sources of wealth, second only to agriculiure. The search throughout
the centuries for minerals of valoe, is full of romance. Even now there
may be developing in the reader that irresistible urge to have a part in
developing our country’s minernl resources. [t great mines of metals
and its quarries, or, it may be; its precious stones, will appeal to some
as investments, to others as opportunities of applying better methods
of recovery and separation. Familiarity with minerals is the founda-
tion stone. Fortunes have been lost by a lack of knowledge of minerals:
fortunes may be wou and certasinly & wealth of pleasure derived from
the study of minerala.

Some knowledge of minerals is essential to culiure. There are many
references to them in literature, art is dependent upon them for many of
its colors, science finds them one of its major bulwarks, Minerals are
ns necessary to life as food and enter in unnumbered ways into onr
every-day life, contributing immessurably to our comfort and happi-
ness and to the progress of the world. Many questions will arise in
studying minerals to which answers will not be found in any textbook;
thus you will be led to much delightful reading and research and many
stimulating conferences with othera who are already interested in
minarals.



WHY STUDY MINERALS?Y )

Begin the study of minerals with the eonvietion that you have chosen
the most interesting and worth-while of all the sciences and that every
specimen you aequire must contribute something to your knowledge of
mineralogy. Seek them wherever you go, for they are all around you;
learn to identify them by sight, to know their compaosition and erystal
forms, their physical characteristics, how and where they oceur. Learn
about the great mineralogists of the past and present, about the many
uses to which every inventor of mote has put minerals, shout the great
sollections both publie and private, visit as many ecollections as possible,
make the aequaintance of other mineral collectors, meet with them, hike
with them and see how well minerals repay the time yon spend on them.
You will soon realize that mineral ¢ollecting can be much more than a
delightful hobby and that the study of minerals affords you even greater
pleasure.



Chapter 2

HOW TO COLLECT MINERALS

Before you start out either to collect or to study minerals, make up
wour mind that you are not going to be a quitter. [t is foolish to begin
nnd in a short time drop it. You would better not begin at all. Mineral
ecollecting and mineral study are too delighiful to fall into the hands
of anyone who will not treat them right. Throw all of vour enthusiasm
into both colleeting and studying and they will spon justify any expen-
diture of time and money you may be ahle to make upon them.

A collection of minernls of your own is essential to anyone who wants
to enjoy them fully or who wishes to derive the greatest possible benefit
from their study. This personal dolleetion may be a very insxpensive
one, of it may cost many thousands of dollars, Many persons derive
greater pleasure from the minerals they find themselves and which cost
them nothing, than is obtained by others who have spent lavishly for
the purchase of superlatively fine specimens. This is largely beecanse
the wealthy buyer rarely takes time to study his specimens. It is not
so much what minerals we have, as what we do with them, that deter-
mines our enjoyment of them and their practical value to us

The author believes that before starting out on a collecting trip it is
better to pain some little knowledge of minerals in general throuph
study of their physical properties. This can be accomplished by the
aid of this book and the purchase of inexpensive miverals, from time
to time, as the study proceeds. Suggestions as to just what to buy will
be found in the next chapter., TF this preliminary study of minerals is
begun in the autumn or winter, there will be plenty of time to complete
it by the time good spring collecting days arrive.

Another most desirable preliminary to Seld collecting is a wisit, or,
still better, many visits to 8 good public minersl eollection, such ns that
of the Ameriean Museum of Natural History in New York City, figure 1,

Filgare |, Amrerieam Mascam of Yoiaral Hisiery, New York Clty
/]
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the Field Museum of Natural History in Chicago, the Harvard Univer-
gity Mineralogical Museum in Cambridge, or the T. S. National Museum
in Washington. There are many other excellent collections in San Fran-
ciseo, Denver, Pittsburgh, Philadelphia, Princeton, New Haven, and
numerous other eities.

You should begin by making a general survey of the collection, going
all through it and noticing the mast striking features of the specimens.
You will probably find on the labels not only the name of the mineral
(and the variety, if any), but also the chemieal formula. After you
have aequired the elementary lmowledge which thizs ook gives, this
formula will tell you of what constituents the mineral is made and later
you will often come back to the musenm and enjoy studying these
chemical formulas. Oune of the first things you should do is to sce the
curator of the collection, tell him of your desire to become not only a
eollector, but also a student of minerals, and ask him what nearhy
mineral localities there are and what yon would be likely to find there,
Make a list of the minerals, then look them up in the museum'’s collee-
tion and familiarize yourself with their appearance,

If you eannot visit a publie museum and do not know of any other
collection which you can visit, ask n teacher of general science to direct
vou to some exposures of minerals in your neighborhood, or else start
out and find one for yourself, There is an immense satisfaction about
personally finding specimens, secing how they ocour and taking pos-
seasion of them. You will be tempted to take home as many specimens
88 vou ean carry, It is better, however, to select your specimens eare-
fully and consider at the start where you are going to put them and
what you will do with them.

Let us assume that you visit a feldspar quarry. You will find there
an abundance of very attraetive specimens. If possible, trim up one
fine specimen to ahout 2x 8 inches, or if you have plenty of room, 3x4
inches. This will be for your permanent colleetion. Then collect From
six to twelve small specimens which elearly show all of the points of
interest you detect in the mineral and use these for study and testing.
If you want to collect a few first-class specimens to exchange with other
collectors, it may not be amiss to do so, but do not earry off a great
load of specimens if they are going to fill all of your available storage
space.

FIELD EQUIPMENT NEEDED

Whenever you go into the field collecting you will need & good steel
hammer. Consult other mineral collectors, or the curator of a miner-
alogical museum before you buy one. Experienced collectors generally
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agree that the best hammers are made of a tough steel, weigh about
twenty ounces, are japanned to prevent rusting and have a square head
with cutting edge at right angles to the handle, which should be of
straight second-growth hickory. In one excellent type, figure 2, the

Flgure 2. Sinerl Basener

head is securely fastened to the hundle by a sorew wedge. Such a ham-
mer is necessarily costly, $2.50, but if you buy cheap hammer, vou will
soon find that it is & poor investment,

A knapsack or some kind of a collecting bag to earry your specimens
home is also desirable, though slmest any kind of cheap sack ean lw
used if it is necessary o economize. The most durable type is a leather
bag about 12x12x4 inches, with a flap over the top and a strap and
buckle to fasten it. A strong eanvas bag, figure 3, is lighter and quite

Figurr 1L Csllrating g

serviceable. Tt should be shung over the shioulder with a carrving strap
preferably of strong leather about two inches wide, with a buckle snd
severs] hples so a8 to adjust it to the best length. Women often use
shopping bags, or lnrge handbags.
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A cold chisel, figure 4, is sometimes nesded, but searcely often enough
to make it worth while to carry it, unless you are going to collect fine
specimens.

L )

Figure 4, Cold Chieel

A small supply of wewspapers and some fissue paper for wrapping
specimens are essential if yon expect to keep them from rubbing one
another.

Always have a pocke! magnifier or lens, with you wherever you are.
You will have constamt need for it. In this instance the most costly
lenses (47.50) are not at all necessary. You ean get good enough mag
nifiers in folding, vuleanite mountings, fipnres 8, 6, 7, for $1.00 to $2.00,

Figures 3, 6. 7. Pockel Mbognllees

A knife often comes in handy, especially for testing hardness, 1f
you colleet from more than one locality in a day, it is & fine plan to
aumber your specimens in the field and record them in a small note
book, 5o that you can correctly label them when you reach home, for
every speeimen worth keeping should be labeled with its name and
locality. An excellent way to number in the field is to prepare in ad-
vanoe a set of numbers typewritien on adhesive fape fastened for con-
venient preparation and earrying on tracing linen. These should be eut
into strips about 5} inches in length, fignre 8, and earried in an envelope
You can cut them apart as you need them, with o pair of seissors which
you should have in your bag, pull them loose from the linen and you
will find that they will adhere tightly to almost any kind of & specimen
simply by pressing the adhesive surface to the specimen,
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Figure & Numbérs Typesriiten i Adliesive Taps

STORING YOUR SPECIMENS

It is very Important to have a good plaee to keep your specimens. It
is probable that more colleetors have stopped collecting because of laek
of room than for any other cause. A cabinet of drawers, figure 9, filled
with pasteboard trays, in which you ean carefully preserve and olassify
your specimens is the ideal way to keep thems. If you eannot afford
this at the start, you can buy the drawers separatsly, one ot 4 Hme, and
eventually secure the whole cabinet. [If this is not feasibie, try to find
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several shallow boxes of the same size, preferably about 15 to 18 inches
wide and a third longer. These will hold a good many specimens and
game cheap partitioning such as is used in ege erates, may be nused
temporarily to separate your specimens, Cigar boxes sometimes are

good temporary containers,
If you do not secure a cabinet of drawers, nor want to keep your

specimens, for the time being, in boxes, mayhe you ean find room for
them in & bureau, s spool case;, on bookshelves, or in a chinu closet.

Plan, sooner or later, to get & good ease of drawers.

WHERE TO FIND SFECIMENS

Where will you find specimens? That depends upon where you live.
If you live in a large city, very likely you will find excavations like that
shown in figure 10, where you will find specimens. 1In general, the best

Flgure 10, Exmvation ea Niverslds Drive, Now York Cliy) Courtesy of
4. (1. Masehesler

places are mines, quarries, milway euts, exeavations of any kind, ex-
posed rotk masses, boulders, and the buse of eliffs. There are many
Iocalities in which no work has been done that yield excellent resulfis
If there happens to be a monument works near you, it is probable that
you will be shle to secure chips of marble and granite there. If yon
live near n smelter, and can gain permission to collect there, you may
seeure some very interesting materisl. The dumps of mines, figure 11,
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Figure 11. Mine Dump, Bemerville, New Jersey; Conrteay of J. G. Manchester

and quarries are usually rich fields for eollectors. It may be; however,
thut you live near the seashore in o Hflad country where there are no
exposures of minerals or rocks. 1f =0, you ean probably find much of
iriterest in the sands, as many minerals oceurring in the back country
are washed down by the rivers and deposited along the seashore.

A Warning, Do not begin your study of minerals with a piece of
granite.  Many teachers have attempted to interest their pupils in min-
arals by trying to point out the various minerals in grinite. It is one
of the favorite mothods of beginming, but the suthor believes many
pupils Tose their interest in minerals beeause in commereial granites their
component minerals are usually present in very small particles and it
is simply impossible for a studont to distinetly see and test the prop-
erties of these minerals. If, however, vou first seenre thorourhly typical
specimens of quartz, feldspar, and miecs, and learn their characteristies,
vou will be able to recognize these minernls in the granite rock.

On the other hand, & very voarse granite; or pegmatite, in which the
several minerals are present in large, pure masses, mny be an ideal
speeimen with which to begin your studies. Pegmatite often eontains
other minerals about which you will find it worth while to learn and
vou may securs game fine specimens by visiting the wasfe piles of o
guarry, figure 12, where pegmatite is plentiful. Do not be discouraged
if you find but little on your first visit, for there ars many qunarries
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and mines which yield no good specimens for & time and then suddenly
produee a wealth of splendid material.

Figurs 12, Wasts Plls at Binkel Feldspar Quarry, Beadford, New York; Courtesy
af J, 0. Manchesier

MINERAL CLUES

(omparing notes with other collectors is a fine way to get information
and to give it, If there is 8 mineral club in your town, be sure to join
it; if there is not, try to form one. Mineralogical clubs and societies
are found all over the country and their number is rapidly increasing.
Many of them have large membership and enthusiastie meetings. One
mineral club in & western city, in a few months’ time, attained a mem.
bership of over one hundred, with about 2000 junior members, some two
hundred of whom formed eollections of minerale and submitted them
in 4 competitive exhibition. One of the best aids in learning abont min-
erals is preparing papers on them for your elub. To be truly sueeessful
sueh a olub must have an efficient and enthusiastic leader and a definite
program of nctivities. Cluoh excursions to mineral localities give oppor-
tunity of exchanging ideas and learning much about minerals and their
methods of oecurrence.

MINERAL MAGAZINES

Be sure to subseribie to at least one good magazine devoted to minerals.
You ean join the Rocks and Minerals Associntion and secure Rocks and
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Minerals for two dollars per year sent to the Association at Peekskill,
New York. It i= & live, wide-awsake, little monthly, full of suggestions
and with many informative articles, accounts of meetings of clubs and
societies and advertisernents of dealers.

The Mineralogist, published monthiy at 701 Couch Building, Portland,
Oregon, st $2.00 4 year, is an excellent magazine, It contains a list of
about three dozen mineral societies, reports of their doings and many
interesting articles, Maine Mineruls, published quarterly at 15 Thomp-
son St., Brunswick, Maine, is also interesting.

A more technieal journal is the American Mineralogist, published by
the George Banta Publishing Company, Menashs, Wiseonsin, at £3.00
per year. It is the organ of the Mineralogical Society of America.

Show your collection to a8 many of your friends as possible, tell them
of the pleasure collecting minerals gives you, of the wonderful heanties
of color and form you have seen for the first time in studying minerals,
of the interesting reading to which they have led you, of the delightful
trips you hiave had and are planning to take, of the high-class friend-
ships you have made, and you will grow mote and more enthusiastic
over mineral eollecting and stody.



Chapter 3

WHY BUY MINERALS AND WHICH ONES?

Mineral collecting is such s delightful hobby that thonsands and
thousands all over the country are riding it as never before, and are
enjoying it immensely. See! There is a big mass of roeck which has
just been blasted out of the quarry-side, What is there in it? Four
colleetors are trying to name the minerals they have found, but cannot
do s0, Another comes along and instantly declares: “That clear.
glassy mineral is quartz, that flesh-colored mineral with smooth sur-
faces at right angles to each other is feldspar, that shiny mineral in
plates which can be split off so easily into thin sheets is mica.” How
did he know? Why did he enjoy eollesting g0 much more than the
group who were perplexed over their finds? Simply because he had
prepared himself for the colleeting by preliminary study of thoroughly
¢harseteristic specimens which he had bonght

Material which elearly illustrates the properties of minerals can not
be picked up wherever you go, indeed in the large majority of mineral
localities there are apt to be many specimens which show few distinet
charagters and often the most abundant material consists of mixtures
of severa] minerals, or, it may be, their characteristics have been de-
stroyed by weathering. A dealer who specializes in eduestional min-
erals can supply, at small expense, just the minerals you need for that
study of minerals which should always precede field collecting.

It is wiser not to regard such minerals as a part of your permanent
show colleetion, for you will need to serateh them and pound them and
by other tests, whieh this book explains, find out all you ean about them,
Let them be your “working eolleetion,” It should be composed of small
specimens whose selection you should leave largely to the dealer who
knows what you need and whose stock ineludes material from the best
localities all over the world, secured expressly for study,

It is rarely wise at the start to buy a large collection, even though
vou can afford it. Tts very completeness tends to dampen enthusiasm
for collecting, beeause its owner thinks that it includes all of the min-
crals he needs, Furthermore, he does not want to mar its completeness
by removing a specimen and bresking it up to test it

WHAT MINERALS SHOULD EE BOUGHT FIEST?

Undoubtedly the first seven minerals in the scole of hardness, gure
13 (see page 31). These should cost not over seventy cents, plus post-

15
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WARIYS MATURAL SOENCE ESTADISHMENT
i SR LI LS A

Figwre 13, Scals of Hardness in Bax

sge. A box to hold them is a convenience, but if you need to economize,
you would better dispense with it and put the savings into other speci-
Inens,

Let yvour next purchase be of specimens illustrating fenacity. You
will know what to buy by reading Chapter 6. After you buy the speci-
mena, study the ehapter with their aid

A little series of naturel erystols will aid you to recoguize in the fiald
the forms about which you study in Chapters 7 to 12. You must not
expect them to be of such ideal perfection as the figures shown in those
chapters, for natural erystals never are perfect. Small erystals and the
simpler forms will be satisfactory.

A series of specimens illustrating clesvage and freciure, as explained
in Chapter 13, is & wise purchase, as you will then be able to recognize
thess important properties in any minerals you secure. If you belong
to & mineral club, it would be fine for the club to spend an evening
studying these two properties. 1f this is done, it would be better for
the club to order one pound each of halite, fluorite, sphalerite, ealcite,
common feldspar, muscovite, selenite, amphibole and pyroxene. Be sure
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to tell the dealer that these are wanted to break up to show cleavage
and that the material must all show the cleavage well. A pound of
ohsidian might be added to show its fracture.

Specimens well illustrating structure and form are often difficult to
secure and if every collector were to order them, the supplies of all
dealers would be quickly exhausted. This very fact, however, will add
to the incentive to secure them, for it is always a satisfaction to have
something which other collectors want, but cannot get. 1If you find that
you cannot buy just the specimens you want, do not abandon the effort
to secure them, but study Chapters 14 and 15, with their illustrations,
and look for the various types in your public musenm. Some day you
may find even better specimens of some of them than yon have seen
elsewhere,

It is very desirable for the student to familiarize himsalf thoroughly
with the different kinds of [fuster, as this is such an important aid in
determining minerals and it eannot be understood without actually see-
ing specimens. Look over the specimens you have already seeured and
you will find some of them which are excellent illustrations of certain
kinds of luster, then write to a dealer who has a large stock and order
specimens to illustrate the kinds of luster youn lack. Most of them are
inexponsive.

A series of speeimens accurately showing the various colors of min-
erals will be difficult to obtain and more costly, but it will give mueh
pleasure to any enthusisstic collector. Such a eollection might well be
bonght by your clnb and be available for reference by its members.

A streak plate, to show essential colors, should be owned by every
collector and iz not eostly, The little six-sided flooring tiles are an in-
expensive snhstitute and answer fairly well,

Fluorescence is a property of minerals which is arousing widespread
enthusizsm. Possibly no expenditure vou eonld make would give you
greater pleasure than the purchase of an “argon bulb™ to show the mar-
velously beautiful eolors which it produees in certain minerals. Youm
will probably need to buy some of the minerals too, though it is quite
probable that the fluorite in your seale of hordness will be most heauti-
ful under the argon bulb. Chapter 1T will tell you more about what
vou nead.

Buying Fine Specimens. This chapter has intentionally stressed the
purchase of minerals for the working eollection, for it is vastly more
important that the beginner get a right start than that he be guidea
after he is no longer a beginner. It i5 reasonable to sssume that if a
sollector follows the sugpestions of this book and carefully studies its
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chapters consecutively, he will reach definite conclusions as to the kind
of specimens he wants to have in his permanent eollection. Much de-
pends too on the amount of money he can spend for minerals Mani-
festly a superlatively fine ecollection, composed of the very best speci-
mens obtainable, must necessarily be eostly. Then, too, if & eollector
wants to have aa large a mumber of species as possible, e will soon find
that he will have to pay large prices for some species, while others will
be ahsolutely unobtainable at any price. Choice erystallized specimens
-are usnally considerably more expensive than massivé specimens, If a
eollector spends a large amount of money in building up a fine eollee-
tion, he shonld aim to secure specimens of larger average size than if
he does not spend much. Superfine collections nsually drift to the
praseums after the death of their owners or possibly during their old
age, And museums need large specimens beeause they are better adapted
to display in open show cases than small ones. 1f the eollector has it
in mind that the ultimate destination of his collection is a publie mu-
seum, he will do well to buy also a few superfing specimeny of extra
large sizes. It is highly important, however, that he bear in mind that
the standard size for museum specimens in this country is 3 x 4 inches
and if any specimens sra larger than that size, they must be of super-
fine gquality., A specimen 6x8 inches may be even less valuable than
one 3 x4 inches unless its quality is deeidedly superior, for small eol-
lsetors or those whose svailable space is limited, are not willing to buy
specimens of such large sizes:

What constitutes a fine specimen? In general, and briefly, it is ona
which is shapely, fresh, clean, well erystallized (if oceurring in erystals)
with erystals attrnetively seattered over the roek, free from bruises and
of considerable beauty, if the species is beantiful. TIn the case of rare
gpecies, or those not ocenrring in erystals, they should be fresh, shapely
masses either pure or attractively combined with the rock,

Where to buy. Inquire of the curator of any mineralogieal museum,
the professor of mineralogy in any college, ask other collestors, or read
tha advertisementa in the mineralogical magarines,

Prices. Prices of minerals vary as munoh as prices of other com-
modities, Experience will soon show you that it pay=s to buy minerals
of exeellent quality, even though you may have to payv more for them.
You will not, however, by any means always have to pay more for the
best, for in many instances a large denler, beeause of his ahility to sall
much more material, may pass on to the buyer the advantasge of the
lower prices he hns paid for large quantities, He knows, too, just whers
to buy to the beat ndvantage, Yon ghould never value your specimens
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on the basis of prices asked at the localities, At some mines and quarries
prices are ridiculously high, at others they are exceedingly low. You
will find that the minerals for which you are asked high prices at locali.
ties can usually be booght from experienced dealers of international
reputation at reasonable prices and that they do not overcharge you
for the cheaper minerals. If you make all of your purchases from a
reliable dealer, you will fnd that vou are better off in the long run
than if you try to save some money by purchasing from many different
parties,

Do mot delay starting your permanent collection until you have
learned everything you can from your working colleetion, but buy one,
two or three specimens at a time, seleeting them with greatest care as
the nuclens of & collection which you will be proud to own and show to
vour friends all of your life. If yvou adopt the plans suggested in this
chapter, your interest in minernls will steadily inerease.



Chapter 4 ,

OF WHAT IS A MINERAL MADE?

The story of the make-up of a mineral is one of the most thrilling
tales ever told. It concerns particles so minute that even the most
powerful microscope falls far short of making them visible, It leads
us into the fascinating fleld of chemical research, in which many of the
world’s greatest scientists have made revolutionary discoveries. This
chapter is planned to give an inspiring glimpse into that field, leaving
it to the earnest worker to pursue the subject as far 65 his time and
inclination permit.

What are those tiny particles? The chemist ealls them afoms. But
how ean particles so minute as to be absolutely invisible be of sufficient
importanee to make it worth while, in these busy days, to study abomt
them? This vou will soon understand.

One of the most startling claims ever advanced has recently Deen
largely accepted by scientists, It is that matler is nothing bud electric-
ify. Well, suppose that is true, how does it have any connection with
our question, “Of what is a mineral made?” Let us see!

The chemist has proved that everything in this world is eomposed of
one or more of ninety-two simple substances called elements. Not only
all minerals, but also all plants and animals are made of those slements.
They are not all strangers to us, even though we may not have studied
chemistry ; soon we will recognize many of them ns friends. Everyone
i familiar with some of them, such as silver, iron, aluminum. Others
are very rare and even many chemists have never seen them. Most of
them are solids, a few are gases, two are liquids at ordinary tempera.-
tured, The sstronomer and the physicist have eo-operated with the
chemist and proved that in all the great universe there are no other
simple substances than these ninety-two elements.

It has been known for many years that the elements unite with each
other to form compounds, but why some of them are very active in
forming compounds and others do not enter into any combinations what.
ever remained a mystery until very recently. Even so great & chemist
a8 Lord Kelvin, who passed away in 1907, after g long lifs devoted to
chemical research, admitted that be did not understand why some ele-
ments are active and others inert, Today we all may understand it and
find in the acquisition of the knowledge the keanest delight.

Chemists had long claimed that the atom is fhe smallest part of an
element which takes part in a chemical change. It was believed that
the atom was an absolutely unchangeable unit. But one day in 1898,

20
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the chemists, Dr. and Madam Curie, dissovered an element which they
called radium, that simply overturned the theories about the atom.
They showed that this element was constantly disintegrating, some of
its atoms exploding and shooting off into space atoms of the gaseous
element helium at the incredible mitial veloeity of about twelve thou-
sand miles in a second. In addition to the helium, they proved that
there were other “emanations” among which were negative particles of
electricity. Scientists all over the world were much puzzled hy these
discoveries and set to work to account for them. Finally, they came to
the conclusion that the electricsl particles eould come from no other
source than inside the atoms of radium. Soon they evolved the electron
theory.

The electron theory, which has revolutionized modern chemistry, can
searcely be more than touched upon here, but its study becomes more
und more interesting the further it is pursued. It assumes, among other
things, that atoms are made up solely of positive and negative particles
of eleetricity ; that in each atom there is a nueleus in which the positive
particles, ealled protons, exceed the negative, called electrons, Outside
the nucleus, there are exactly enough negative particles to balance the
unsatisfied positive particles in the nucleus.

On page 22 is a list of all the known elements with the symbols which
chemists and mineralogists use for brevity, instead of their names. They
are arranged according to the electron theory, the numbers showing
just how many electrons each element has outside of its nueleus; thus
hydrogen has one, oxygen has eight and uranium, ninety-two.

Does this look like an unattractive lisi of names? It will become ex-
ceedingly interesting, as we learn more and more about the wonderful
structure of the atoms, On page 23 there are disgrams, figures 14-21,
showing the structure of the atoms of eight of the elements. The little
dot in the eenter represents the nuclens. Around this nucleus the free
électrons revolve, like planets around the sun. What an inspiring
thought that all matter is made up of countless numbers of these tiny
universes of atoms! Some little idea of their sire may be gained by the
statement that if 100,000,000 carbon atoms were strung out in & straight
line they would measure less than five-eighths of an ineh, yet there are
many atoms even more minute!

Poasibly we shall understand the relation of the elements to each other
more quickly, if we make a single diagram, figure 22, embracing the
first eighteen elements, designating each by its symbol and showing the
number of its free electrons. We see that there are two electrons in
the first ring, eight in the second and eight in the third. We shall soon
anderstand the remarkable significance of the number and arrangemant



22

GETTING ACQUAINTED WITH MINERALS

of the electrons in the rings, for it gives us the elue to the question,
“Why do some elements easily combine with others, while some are
inaetive?” This is the secret, withheld from Lord Kelvin, and it ex-
plains chemical aetivity and the formation of minerals.

ELEMENTS ARRANGED ACQCORDING TO ELECTEON THEORY
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O, 0,

Figure I8, Hydrogen (I} Figure 15. HMellom | He)
Figore 16. Lithium (L4} Figure 17. Derylliom (M)

Figurs 15 dxygen (0}

.
Fignre 20. Magneslmm (Mg) Figars 21. Chlarine (Ci)

Hydrogen (H) has one electron in the first ring; helium (He) has
two; lithium (Li) has two in the first ring and one in the second ring;
beryllium (Be) has two in the first ring and two in the second ring.
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18 A
Y

Figore 22 Free BElestrons of Firsd Elghtesn Elsmends

Thus esch of these elements has all of the eléctrons of the one just be-
fore it and one more.

When pumber 10, neon [Ne), is reached the second cirele of eight is
completed. It has been discovered that every element whose outer ring
of electroms is complefe & alwoys dnert, or forms no compounds whal-
gver, Helinm (He}, in the first ring, neon (Ne) in the second and
argon (A} in the third, have complete rings of electrons. All three of
these elements are inert; all are gascous elements in the earth's at-
mosphere.

Turning from the inert gases, what do we find of interest when we
study the rings of electrons of some of the active elements? What
thrilling adventures we would have if it were possible for us to wateh
the outer electrons of these elements, for by so doing we would see just
how chemieal compounds ure formed. Let us look at the dingrams of
the atome of ehiorine (Cl) and sodium (Na). We see that the sodinm
atom has only one electron in its third ring, whereas ehlorine has ssven,
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instead of the complete number, eight. Chlorine holds tightly to its
‘geven, while sodium’s one electron in its outer ring is loosely held. The
result is that sodium lends its electron to the chlorine atom, thus com-
pleting its third ring. The transfer is not so easy as it might appear,
for the electrical balance of each atom is upset, Reecall that we learned
that the eleetrons, or negative particles, in the rings outside of the
nuelens were just balanced by an excess of protons, or positive particles,
ingide the nmucleus. When, therefore, the sodium atom gives up one
electron, the part that remains is no longer neutral, but becomes posi-
tively charged. The aequisition of an electron by the chlorine atom
eauses it to become negatively charged. Bodies with unlike electrieal
charges attract each other, henee the negative chlorine and the positive
sodium unite to form a “molecnle” of sodium chloride, NuCl. This is a
chemical compound, entirely different in its properties from its con-
stituent elements, for sodium is a soft, silvery metal and chlorine is &
green, poisonous gas, yet their compound is our ordinary table salt.
What a wonderful transformation|

We have just seen s pgood illustration of eertain very remarkable
facts, First, that it is a general rule that an element with only one or
two electrons in its outer ring, readily parts wilh such electrons, while
one whose ouler ring is nearly complete readily takes on enough electrons
to complete its ring. Second, that an élement which has enly o few
electrons sn its outer ring iz o matal, while ong whose outer ring is
nearly complete is o non-medal,

Let us look again at our diagram of the first eighteen elements and
notice number 9, fuorine (F). Like naomber 17, chlorine (C1), it lacks
one eleetron to complete its outer eirele; it is, therefore, an active ele-
ment, seeking to combine with another which can spare it a single elee-
tron. Number 3, lithiom (Li), has one to spare, and chemists know
that such a ¢compound, lithium fluoride (LiF'), ean be formed, though
mineralogists have not yet discovered it as & mineral. Maybe you will
be its discoversr! Fluorine, however, combines with other metsls to
form minerals, one of the most common of which is Auorite, ealeium
fluoride, whose acquaintance we shall soon make.

Haloids. Minerals which are simple compounds of chlorine, fluor-
ine, bromine, or jodine with & metal are called haloids, because they are
like halite or salt. We have now made the scquaintance of s small
but important class of minerals, whose most important members are
halite and fluorite.

Bulphides. In the third ring of elements, number 16 is sulphur,
symbol 8, Note that as eighteen electrons are required altogether.
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sulphur needs two more to complete the ring. Wonld you not conclude
that it is an active nop-metall If you were to look over a complete list
of all minerals, you would see that there are a great many compounds
of sulphur with other elements, mostly metals, which is just what we
would expect. These eompounds are called sulphides, and they consti-
tute one of the most important of all the elasses of chemical compounds
in the mineral world. When we come to study individual minerals, we
shall be continually meeting the sulphides, especially among the ores
of the metals, indeed in quite a number of instances they constitute the
most important ores of the metals. This is true of galena, the common-
est and most important lead ore; chaleopyrite, one of the most important
copper ores; sphalerite, by far the most important zine ore. Sulphur
also has & strong affinity for oxyzen, which has six electrons in the sec-
ond ring and requires two more to complete its ring. When you study
the electron theory further, you will better understand why one of the
sombinations of these two elements is itself wery active in combining
with the metals to form sulphates, abont which we shall study shortly.

We have seen that the elements whose atoms have a complete ring of
alectrons in their outer cirele, do not form chemical compounds with
other elements. Does this suggest to you a reason why Unels Sam uses
helium in his dirigibles? It is not only beesuse helium is so light a
gas, but also beeause it will not burn, which is enly anether way of say-
ing that it will not unite with oxygen.

But why is not hydrogen, which is only half as heavy as helinm, pre
forred! We do not need to go anywhere for the answer except to the
first ving of our diagram. There we see that it has but a single electron,
and that this eirele requires two to make it complete. Helium has the
two and is inert; hydrogen is reaching out for another alectron and is
n tremendously active element. If you want to prove it, mix it with
oxygen and put a lighted mateh to the mixture; but don’t get too near,
for there will eertainly be an explosion. The oxygen and hydrogen
rush together and nnite to form the compound which we know as water!

Oxides. We shall study more about water at another time, but just
at present let us fit it in one of the preat classes of compounds, the
orides, which are compounds of oxygen with any other single element,
We recall that the atom of oxygen has six electrons in its outar ring,
and needs two more to complete the ring. This makes it a very active
element, and it is constantly reaching out to others for the electrons it
lncks. The result is that there sre a great many oxides found in natore
and many more which have been formed in the laboratory, which are
not yet known in nature. Maybe you will discover one of them some
day when you are in the field. There is always & chance of making
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such a discovery, and such a possibility adds greatly to the zest of
mineral collecting.

Another very common and exceedingly important member of the class
of oxides is the oxide of silicon, which the chemist ealls silioa. Mineral-
ogists, however, prefer giving minerals distinetive names, rather than
adopt their chemical names, so they have called this componnd, as nsoal-
Iy found in nature, quartz, When we study this mineral, we shall see
{hat it greurs in o greater variety of forms than any other mineral.

Among other important oxides are the common iron ores, hematite,
magnetite, and limonite, all of which we ghall soon meet. Then there
are some beautiful gem minerals which are oxides, among them two of
the most valnable of all gems, the gorgeous red ruby and the rich blue
sapphire, both of which are varieties of the mineral ecorundum, the
oxide of aluminum. The many-colored precious opal is an oxide; in
this class also are cassiterite, the commonest of the tin ores, and hauxite,
the most abundant alominum ore. All of these, with the exception of
opal, quartz, and water, are compounds of oxygen with one of the metals.

Carbonates, Amnother great class of eompounds is the earbonates.
The name at once snggests the presence of earbon. The earbon atom
has four electrons in its outer ring, while eight are needed to complete
this ving. It, consequently, can cither give or take them on. We,
therefors, find it combining with both the matals and the nonmetals.
Its combination with oxygen is going on continually, day and night,
in our own bodies, and, with every breath, we pxhale this gaseous com-
pound, known as earbon dioxide. It is present in the atmosphere and
is the chief food of plants. In the mineral world it is found combined
with mmny of the metallic elements, but most commonly with ealeium
in the mineral caleite. In many ways the study of ealeite will afford
us great pleasure, for its erystals are more varied than those of any
other mineral, Its commonest accurrence is as the rock, limestone. A
few of the other important mineral earbonates are dolomite, the ealeium
and magnesium carbonste; the iron carbonate, siderite; the lead oar
bonate, cernssite: the copper earbonates, malachite and amrita, All of
the carbonates will fizz, if a fragment is heated in vinegar or any acid;
and some of them, such as caleite, will fizz by merely dropping cold
acid on them. This is beeanse their carbon dioxide is driven off by the
neid.

Silicates. There is a great class of minerals known ns silicates,
which eonsist of silicon and oxygen with one or more of the metallie
elements. The silicates are among the most complex of all minerals, for
they are the result of the interlocking of electrons of sometimes g8 many
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a5 & dozen or more different elements, as in the mineral tourmaline
Some day the analysis of such minerals in your own laboratory may
become a delight to yvou, as it has been to many mineralogieal chemists.
While there are in this great class many rare species, the class also
includes many of the rock-forming minerals, such as the feldspars,
pyroxenes, amphibioles and micas. We shall find the study of the sili.
cates most interesting.

Phosphates. One of the most active of the elements is phosphorus.
Why! Refer to the disgram, figure 22, and you will find that it has
five electrons in the third ring. and we have repeatedly seen that such
an stom is constantly reaching ont to the atoms of the metals to com-
plete its ring of eight. Tt is not surpriging, therefore, that we find
many metals combining with it and oxygen to form the class of phos-
phates. 'We certainly onght to be familiar with phosphates, for we
earry one of these around with us all of our lives, as our hones are
chiefly ealeium phosphate. Any farmer who uses fertilizers is familiar
with “phosphate,” of which the great chemical works prepare for him
millions of tons annually, TIts occurrence in nature is chiefly as the
rock phosphorite, by many regarded as a variety of the mineral apatite,
by others alassified with eollophanite,

Arsenates and Vanadates. Closely related to the phosphates are the
arsemates and vanadates, which are compounds in which arsenie or
vanadium takes the place of phosphorus. Thess compounds are usnally
grouped with the phosphates into one great elass. There 5 no other
group which ineludes so many minerals of beanty when viewed under
the microscope. The most attractive of these are the many rare cop-
per arsenates and the lead vanadates. A few years ago the latter wers
regarded almost as mineralogieal euriosities; todny they are important
sourees of vanadium used in antomobile manufacture.

Bulphates. Another important class of ecompounds of oxvgen is
worthy of attention here, the sulphafes. These are compounds of oxy-
gen and sulphur with one or more of the metals. There is one very
common sulphate ameng minerals, gypsum, which we are likely to
meet over and over again and in many different forms. We shall study
about it later. Another fairly abundant sulphste is barite or heavy
spar, distinguished from other similar minerals by its great weight.

There are several other classes of oxygen eompounds, but they are not
very abundant. How marvelously this gas loses its identity in the host
of compounds which it forms with other elements!

Formulas of Compounds. You have probably come to the concly-
vion already that some minerals are very complex chemieal compounds,
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and that if you liad to record their composition in your notehook, il
would tahd considerable spuce. Here again the chemist comes to the
vescue with his labor-saving chemiesl formulas. These are made up ol
the symbols of the elements of which the compound is vomposed, 1f the
elements ure not combined in the proportion of oneé to one, 4 small
figure is placed & little below the live, after the symbol of the element
to show the number of its atoms in the compound. For example, water
i# composed of two atoms of hydrogen (H) combined with one stom
of oxygen (0). Its formuls is written H,0. [n corundum there are
two atoms of aluminum (Al), combined with three of oxygen (0); its
formuls. therefore, is ALO,. The use of these formulns saves muoch
timie,

1t will not take long to learn the symbals of the elements which oeour
most eomnmonly in minerals, aml as so0n as you huve done =0, you will
find it very interesting to visit a large museum and examine the formulas
whicl, appear on the labels of the specimens, and iy this way you will
qulekly learn their chomical composition and be able to answer for each
minera] you see there the question at the head of this chiapter, “Of what
is & mineral mude?”

We have seen that minerals are made of chemical elements and their
compounds, but we huve yet to leam that they must be formed in na-
tare's Inhortory, The conelusion is that a mineral s any chemical
element or compound occurring as a part of the Earth's crust.

Now we have Jearned all of the chemistry we zhall need for thess
preliminary studies of minerals, and we are ready in our next chapter
to plunge into the study of their properties, whieh is one of the most
delightful parts of the study of mineralogy.



Chapter 5

HARDNESS, OR THE MEANING OF A SCRATCH

A futher and his son were driving through the Northern Adirondack
mouniaing one day when they eame to a ledge of rock showing great
grooves running aercss it in parallel pesition. The boy at once ex-
claimed: *“Oh father, look at those big soratehes!” Sure enough that’s
what they were and any of us who drive that way can see them to this
day. Such seratches may also be seen on ecountless other ledges and also
on looze pebbles and boulders all over the northland of America. What
are they!

Geologists tell us that the Northern portion of our country was once
ecompletely covered with great glaciers or sheets of jee, hundreds or
thousands of feet thick: In many instances; pieces of quartz, or other
hard substances, became frozen into the ice mass on the under side.
As the great mass moved across the rock ledges, the hard substances
soratched the ledge and thus left indelible evidence for all time, not
only of the glacier's presence in those particular loecalities, but also of
the tremendous power which it exerted as it ground its way seross the
ledges of rock.

But it is not necessary to go ontside of our own homes to find seratohes,
They are everywhere about us, on our silver-ware, our kitchen utensils,
our tables and floors, and they always have the same gignificance. What
is it? Simply this, that the substanee producing the seratch is harder
than the one scratched.

Seven specimens are before us for pleasurable study. They are the
first specimens we ever bought. What shall we do with them?

The most attractive one is sixsided, colorless and as clear as glass.
Liet us draw a sharp point or edge of this specimen across esch of the
others. We see that it has left a seratch on each of the others which
we cannot blow off or wipe off.

Seratching one mineral with another enables us to decide whioh is
the harder of the two, for the harder of any two substances will seratoh
the gofter. If the six-sided speeimen will serateh the other six, it must
be the hardest of them all and we will mark # number seven.

Next let us see whether we can serateh number seven with any of
the others. No, we cannot. If we think for u moment, we will coneluda
that hardress 15 resislance fo scratching,

Let us reason further with ourselves as to the meaning of a sorateh.
As we motored along the road yesterday we saw a farmer plowing.

30
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What was he doing] Simply scratching the surface of the earth with
his plow, but in doing so his plow pushed the soil aside, leaving a fur-
row. Are we not doing the same thing when we test the hardness of
a mineral! The harder mineral pushes aside the minute particles of
the softer mineral and léaves a furrow or seratch on its surface. We
might, therefore, say that harduess is the resistance which {he minute
particles of any substance offer fo another frying to push them into o
new position,

We noticed in scratehing our specimens that some of them were muih
more easily seratohed than others, and that deeper furrows were left
on them, We also noticed that the one which was most deeply seratehed
had a greasy feel. Such s feel is characteristio of very soft minerals.
Let us test this specimen and see whether it is really the softest of them
all. Yes each one of the others seratehes it, so we can safely eall it
number one,

Selecting next the specimen with four smooth surfaces, the adjoining
ones being at right angles to each other, let us try serafching the other
minernls with it. We find that it will scrateh ull of them exeept number
seven, so it must be number six. Using the same method with the other
specimens, we will soon have them all arvanged and know their relative
hardness,

The scale of hardness econsists of ten minerals, arranged sceording
to their hardness from the softést to the hardest. They are:

1. Tale; 2 Selenite; 3. Caleite; 4. Fluorite; 5. Apatite; 6. Feld-
spar; 7. Quartz; 8 Topaz; 9. Corundum ; 10. Dinmond.

We have glready made the acquaintance of the first seven and now
we Lave their names. They are all common minerals and we shall
doubtiess mest all of themnn many times in the future. The last three
are comparatively rare minerals and we are not very likely to meet
them in the field, but their grest hardness makes them important, a3
we shall soon see.

Do not get the idea that number three in the scale of harduness is
{hiree times as hard as number one, or that number seven is seven times
s hard, or that number seven is seven-tenth’s as hard as number ten.
The number merely indieates the relative hardness. Selenite is always
herder than tale; caleite is always harder than selenite: and so on. On
the other hand, some specimens of & mineral may be harder than other
specimens of the sume mineral, though this is not usually the case,
Hardness is generally quite a uniform chamecteristic and it is nsually
regarded by mineralogists as one of the safest guides in the determina-
tion of minerals. It is always mentioned in the scientific deseription
of a mineral
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It i= & good idea to have the minerals in the scale of hardness handy
for reference. Some collectors make it s rule always to carry a little
piece of quarts with them, for they know there are so few minerals
harder than cuartz, that if one ie found which cannot be seratehed by
quartz, it is worth while to investigate further to ascertain whether it may
not be something rare or of commercial value,

There i= another little seale which 1= useful in roughly testing hard-
nesz in the field. Here it is:

{a) Minerals scratched by the finger nail have hardoess of 2.5
or less,

il Minerals that will not serateh & cent, but are too hard to be
seratched by the finger nail, have a hardness between 2.5 and 3.5.

(e} Minerals that will serateh a eent, but are themselves seratched
by a good steel knife, have a hardness between 3.5 and 5:5.

{d) Minerals that are not scratched by a good steel knife, must.
therefare, be over 5.5.

You will find it & good idea to keep a record of the hardness of all
the minerals you test, arranging them in regniar order. You will soon
find that the number of soft minerals is mush greater than the nomber
of hard ones and that most of the eommon minerals are not very soft.

In testing the hardness of minerals great care should be taken to
make sure that one mineral really has seratehed the other and has not
left upon it merely a mark or a ridge of its own powder. When you
draw a piece of chalk across a blackboard, you are simply making a
white ¢halk mark on the harder surface of the board. When & trne
scratch has been made, you eannot rub it off with your finger as you
van a mark or streak of the powdersd mineral,

Remember too that minerals are sometimes altered by long exposure
to the atmosphere and rendered much softer than they wers at first.
The commonest illustration of this is the change of hard feldspar, hard-
ness B, into soft kaolinite or clay, lardness 2. Corundum, hardness 9,
is very frequently altered on the outside into mica, hardness 2.5, or to
some other mineral much softer than itsell. These changes are, how-
ever, usually apparent to the eye. If the mineral has a mealy or porous
look, it is probably not in its original condition and is likely to be much
softer than its typieal hardness.

Lot ns see how a test of hardness will aid in identifying minerals
When you are off on a hike, and come to a ledge of rock, if your knife.
blade will seratch it, you ean be sure that it is not any roek which is
largely compased of the hard mineral quartz, such as quartzite or sand-
stone. It is easy to distinguish between feldepar and caleite by testing
their hardness. These minerals often look muel alike and even decrive
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an expert, huti!mmuﬁnuﬁlrhmtnhnlpmwﬂhmr
kni!e-hlnﬁa,yunmbemathntitinnntfﬂldnpnruranrhlﬂumin-
eral, such as quartz.

Hardness iz also one of the most important chavacteristics of o gem.
Diamond wears so well because of its unequalled hardness. Ruby and
sapphire, two very valnable precious stones, are next to dinmond in
hardness, each being a variety of corundum, number nine in the seale,
Chrysoberyl], hardness 8.5, ranks next; then come topnz, spinel and the
diffsrent varieties of beryl, including emerald, morganite, aquamaring
and golden beryl, all of which are approximately 8. A knowledge of
the hardness of precions stones has grest practical value because it
aids in the selection of stomes which will wear well if they are to e
subjected to rough usage,

Abrasives. Hardness enfers even more practically into everyday
life through the use of hard minerals as abrasives. These are hard
substances used in grinding softer ones. You will find it most interest-
ing and profitable to read up on abrasives, a subject which ean searcely
be more than touched upon here.

Diamond, of course, is by far the most valuable of the sbrasives. i
is one of the few minerals whose hardness varies greatly in different
forms or different loealities. Thus the diamonds of Australin are muoch
harder than those of South Africa, and the black variety, known in the
trade as “earbon” is mmch harder than the gem diamonds, and is the
hardest substance known. For this reason, it is in large demand for
diamond drills and commands exceedingly high priess. “Bortz” or
“hart” is dismond which is not elear enough to be cut into gems. It is
used largely by lapidaries as an abrasive.

The next hardest notural abrasive is corundum. It was formerly in
much larger demand than at present owing to the fact that a substance
known as “earborundum,” manufactured in electrie furnaces at Ningara
Falls, is harder and ean be produced easily in unlimited quantities and
of uniform quality. It is interesting to note that a mineral of the same
composition as earborundum has been found in very minute quantities
in the Canvon Disblo meteorite in Arizona, and hns been given the
mineralogical name of moissanite. Corundum iz an excellent abrasive
for many purposes. It was formerly extensively mined in North Caro-
lina, Canada, India, and other parts of the world and more recently the
Transvaal in South Afriea has been shipping considerable quantities.

Corundum, naturally mixed with magnetite, is called emery, and prior
to the discovery of earbornndum, it was extensively used for grinding.
Emery is inferior in hardness to corundum, bat superior to all other
svailable natural abrasives exeept diamond.
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Garnet (hardness 7.5) snd quartz sand (hardness 7) are the most
used of the other natural abrasives. They are chiefly employed glued
to paper forming garnet paper and sand paper. There are mines of
garnet in the Adirondack Mountains in New York, also in New Hamp-
shire and North Caralina. They would be good goals for motor trips.
It might surprise you to learn of the many uses for garnet and sand
papers. They are excellent illustrations of the practieal applications
of minerals to commercial and household needs. Each tiny grain per-
forms its part, because of its hardness, in seratching away the irregular.
ities of the softer surfaces to which they are applied.

Another very common way of applying abrasives is by binding and
vementing together their powder into wheels, such as emery wheels and
certain types of grindstones. Many grindstones, however, are made of
sandstone, & rock which is chiefly eomposed of grains of sand.

In nature we see evidences of abrasion all around us. Any stream
bed or the beach of an ocean or lake, bears testimony to countless mil-
lions of seratehies which the harder masses of rock or minsral have made
on others softer than themselves, gradually wearing them away until
they becoms only grains of sand. All sround us, therefore, we find
answers to the question: “What is the meaning of a soratch?” The
study of minerals transforms the nasty serateh into an object of intense
interest,
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TENACITY, OR THE WAY A MINERAL HOLDS TOGETHER

It is natural to admire a man with tenacity of purpose. It is he who
reaches the top of the ladder of achievement, He does not know the
meaning of the word fail. Like the English bull-dog, he holds on. So
it is in the mineral world. Those minerals which exhibit the property
of tenacity most perfectly are those which stand up against any assaunit
whieh is made against them by forces tending to tear their particles
spart. The tenaeious minerals might be described as the shock troops
uf the mineral kingdom.

Hardness and tenacity nre closely related properties, yet there i5 &
marked difference between them, We have learned that hardness is
the resistance which the minute particles of any substance offer to an-
other body trying to push them into a new position. Tenacity iz the
resistance which the minute particles of any substance offer to another
body trying lo completely separale them, The Latin word, tenacitas,
from which tenacity is derived, means hold fost.

Tenacity manifests itself among minerals in several different ways,
the most notable of which are malleability, duetility, and flexibility.

Malleability, Take s eopper cent. It ean be resdily seratched so
that you know it is not hard. Try to break it by pounding it with a
hammer and you not only find that it is impossible to do so, but instead
of its breaking, it is flattened out more and mire until eventually you
can produce a thin sheet. There is # Latin word mallous, which means
hammer, or mallet. How natural it is, therefore, to eall sneh substanees
which ean be flattened ont with a hammer or mallet without bresking,
malleable, and to eall this property malleability.

You can learn something about the malleability of iron by watching
the country blacksmith making horseshoes. What do you think about
the great rolling mills which make sheet iron? Are they taking ad-
vantage of the malleability of iron? Can you not picture the rolling
process as subjecting the iron to an almost infinitely great number of
blows of a hammer?

There are not many minerals which show this property of malleabil-
ity, but it adds very greatly to the nsefulness of those which do possess
‘. Gold is the most malleable of all minerals, it being possible for the
skillful gold-beater to hammer it into sheets so exceedingly thin that it
takes 280,000 of them, piled one on top of ancther, to make a pils an
inch high. Gold in this form, is called “gold leaf.,” If you wateh a sign

painter using it, you notice that it s necessary to keep tissue paper
a5
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betwean the leaves of gold becanse they are too delicate to be touched.
but must be lifted up on the paper.

The only minerals which are truly malleable are the metals, and this
is-one of the most important distinguishing properties of the metals:

Ductility. Another property of the metals which is closely related
to malleability is duectility. Minerals are said to be duetile, or to pos-
sess the property of ductility, when they can be drawn ont into wire
There is a Latin word, duefilis, derived from the verb, ducere, which
means “to lead,” that is, easily led or drawn out, just like taffy is
drawn out.

Copper and steel are much more used for wire than any other motals,
but this is only because they are cheaper. Gold and silver are even
more doectile, and as aluminum is cheap, it also is used. Tt may not be
ecasy for you to demonstrate this property with your spevimens, but just
think of the tremendous importance of ductility in our every-day life.
1f it were not for this property of the metals, we would have no eleotric
lights, no trolleys, no radios, no suspension bridges, no elevators, for all
of these and muany other ioventions are dependent upon the use of wire.

In nature, manifestations of the property of ductility may be seen in
the beautiful specimens of wire gold, silver and copper.

How shall wo link up this property of duetility with tenacity? Is it
not true that eopper is more ductile than lead because itz particles offer
greater resistance to being completely separated while being drawn ont !
We might put it another way by saying that copper does not break so
casily as lead and that this resistance to breaking is proof that its parti-
eles hold together more tightly than those of lead, which is the same
thing as saying that copper has greater tenacity than lead.

There are several other manifestations of tenacity among minerals
which have not as great commercial value, but which it iz wall to under-
stand because they help us to determine minerals, We ean note these
but briefly.

Bectility. The word sectility is derived from the Latin, seciilis, cut,
If you take the specimen of selenite in your seale of hardness and try
to eut or whittle it with your knife, you find that you can ent off
shavings of selenite. Such a mineral is called sectile. Bevause it is
not & common property, it helps to identify the few minerals which
possess it. Among these are selenite, tale, wurtzitite. If we pound the
shavings of any one of these minerals, we will find that they quickly
fall to powder. This shows that the difference between sectility and
malleability consists in the manner in which the particles of the minaral
are held together.
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Flexibility, Sometimes the same mineral will show two quite strik-
ing properties. Selenite is such a mineral, for besides being sectile, it
is also flexible. or shows the property of flexibility. This means that it
can be bent without breaking and will stay bent. 1f you take a slender
little erystal of selenite, you ean not only bend it, but by holding it
firmly in one hand and pressing it with the thumb and forefinger, of
the other hand, you ean bend it at an angle and then by shifting to
another part of the erystal, you tan repeal the operation, producing the
effect shown in fizure 23. You can certninly make some odd looking
specimens when you hend the ervstals in two or more directions.

Figurs 23 Selenite Crystals Showing Artificial PRending

Elasticity. [f you take a sheet of mies and tey to bend It, you will
find that it ncts differently from selenite, for while you will suceeed
in bending it, as soon as you relesse the pressure, it will spring back
to its original position. A mineral which will bend and spring buack
is called elastic and this property is termed elashecily. All of the micas
are elastic, but as they weather they lose their elastieity

Brittleness. Many & collector has learned to his sorrow about an-
other property of minerals when he has found a fine specimen in the
rock and tried to break it out, only to have it go to pieces. This was
because the mineral was brittle, or showed the property of brittleness,
due to the fact that the particles of the mineral are not held firmiy
together, or offer but very glight resistance to being completely sepo
rated. OF course, there are degrees of brittleness for some minerals
break mo easily that they can sesrcely be touched, while others hreak
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with eonsiderable difficulty. Such familiar words as fragile, weak, and
tough are nsed to deseribe them and they are self-explanatory. When
you begin field collecting, you will soon meet minerals which illustrate
these and other properties. What a satisfaction it will be to know about
them in advance.



Chapter T

CRYSTALS THE FLOWERS OF THE MINERAL EINGDOM

I the month of June we are thrilled by the beauties of the flowers
in the garden, but soon they wither and die. We may experience similar
delight by visiting & good mineralogical mnseéum and there secing the
lovely flowers of the mineral kingdom which are permanent and never
die and are always ready to reward us for the time we devote to their
study.

What a wealth of captivating crystals there are! We see little dia-
mond erystals, charming groups of gold erystals, magnificent large erys-
tals of stibmite, sparkling erystals of quarlz, rich golden erystals of
ealoite, delicate blue topaz erystals, gorgeous red wulfenite erystals, and
hosts of others, each different from all the others. What a wonderfnl
garden it is! How entrancing it will be to learn about its flowers!

What are ervstalst We need not go outside our own homes to begin
our study of them. Right on our dining table there are multitudes
of them. Pick up the salt cellar and shake a little salt into your hand
and examine it with your pocket lens. If you have never done this be-
fore, you will be amazed to find that table salt consists of great numbers
of tiny cubes, figure 24. These cubes are true crystals of salt and each

Flgwre 24, Dabe Bhowing Thres Azss

one is like every other in certain partieulars, How many sides or
“faces” have they? Is the angle between any two adjoining faces the
same as the angle between every other pair of adjoining faces! We can
see almost at a glance that these cubes all have six fares and that the
angles are the same. Possibly, if we look closely, we shall see that some
of them are somewhat rounded, while an occasional one may be a little
elongsted, but these are imperfections which we must expect to find in
nataral crystals, for it is practically impossible to find them perfect.
39
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It is for this reason that it is best, when the etudy of erystals is first
taken up, to learn sbout their ideal forms.

An expert workman might make & perfect cube of glass or metal or
wood, so that its faces would be perfect squares and the angles between
the adjoining faces precisely alike, but such & cube would not be a
erystal. There is a most interesting difference between such s model
and a true erystal formed by nature or in the laboratory. Externally
their forms may be identical, but in a e¢rystal there is 8 definite internal
arrangement of the atoms of which it is built, while no such arrange-
ment exists in models of erystals. For a hundred years it had been
assumed that ervstals had this definite internal strueture, but it was not
until 1912 that the great ervstallographer, Loue, by aid of X-rays, made
the structure setually visible. A misrcseope may never be made power-
ful enough to enable us to see the tiny atoms of which all erystals are
built, but photographs made with X-rays do setually show regularly
-arranged dots which are produced by vust accumulations of these atoms
in definite layers or planes at fixed angles to other planes. It is thus
proved that thero exist certain great forces which act between the atoms
inside erystals and eompel them to assume the forms which we see, We
have entered a great and fascinating field for study, in which a wvast
amount of work is now being done hy research workers. While, as be-
ginners, we may not be able to proceed very far in the study of the
strocture of crystals, there are many things we may learn about them
which are well worth knowing.

In view of what we have already learned, if we were asked, “what
is & erystal1”, we conld reply, u crystal of o mineral iz the regular form
which it assumes, as o result of the aflraction between the atoms of
which it is buill being exerted in fized directions when it is tn process
of formatien.

‘Wa are not, at present, able to see the crystallizing forces at work, but
we can see the erystals forming. Wateh a pool of water on the side-
walk or the moisture on the window pane, when the temperature is
falling below the freezing point, and you can sée jee orystals form.
Possibly vou have ssen the projection om the sereen of the formation
of various crystals of chemicals, H you make a strong solution of
alum ar blue vitriol in & tumbler and suspend a crystal of either by
a thread in the solution for a day or so, you ean produce fine erystals
of much beauty, though you may not be able actuslly to see them
grow.

A very large majority of all minerals are found in erystals and in some
of them the number of distinet forms which are combined in a single
crystal is large. The common mineral caleite lends all others in the
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great variety of its forms, indeed a collection of 800 or more specimens
might be gathered together if all the forms of caleite eonld be brought
to one place. It is most surprising that with many hundreds of minerals
forming erystals and some of them produeing an almost endless number
of forms, some of which are highly complex, erystallographers have
been able to classify them all into only six great systems. It will be
possibls for us to learn the fundameutal differences hetween these
systems, and if we do so, erystals will hold & far greater fascination
for us, whenever we see them.

The first thing for us to do is to use our imaginations, for strange as
it may seem, the ¢lassifieation of erystals depends npon eertain wholly
imaginary lines, called ares, which are assumed always to pass through
the centers of the crystals. The differences between the systema are
differences in the number, length, and position of these imaginary axes.
In five of the systems there are three axes, while the sixth system has
four axes. In one system they are all of the same length, in all of
the others the lengths are different. In three of the systems all of the
axes are at right angles to each other, while in the other three, one or
more of the axes are inclined to the others. As we study these six
systems, we will see what marvelous changes in the forms of the
erystals are brought about by these differences in their axes, and on the
other hand, we will be amazed to find if we examine many thousands of
erystals, that the angles between like faces of any mineral are always
Lhe same,

Our search for erystals will be pursued with new zeal as we under-
stand more and mors about their wonders. Let's gee what we ean learn

about these marvelous erystals.
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CEARMING ISOMETRIC CRYSTALS

Isometric Orystals. With keener interest than ever before, becauss
of onr preliminary studies of crystals, we make another visit to the
museum and look at the large erystals of halite, whose acquaintance we
have already made as table salt. Next we examine the galena crystals
and here again we find enbes among them, though most of the specimens
show other faces besides these of the cube. We find this is true also
of fluorite and pyrite, over whose glorious erystals we hecome more
enthuginstic. Some of their forms are really quite orysterious and per-
plexing. We shall learn more about these later.

Just now we are most ioterested in laying a broad foundation for
our study of erystals and this we can gain by a careful investigation
of the important forms found in the first of the six systems of erystals,
which the erystallographors call the dsomelric sysiem.

Isometriol What does this mean? It is derived from two UGreek
words, wos, meaning equal, and melron, measure: equal measure. Think
for a moment how this applics to the eube. You remember that the
length and breadth of each of its fuces are equal and that all of its
angles are equal, or are right angles,

How a potato aids crystal study. It seems like a far cry from a
potato to # erystal, but let us see how a potate can help us to under-
stand several of the forms in the isometrie system. We want to make
from it the crystal form shown in figure 25, called the oclahedron, so
named because of its eight bases, the Greek octa, meaning eight, und
¢dra, meaning base. Seleot a big round potato and eut from it with a
sharp paring kuife, o two inch cnbe. Measure the sides with a rols and
soe that all of the edges are the same length and try to make the angles
perfect right angles. Take the rule and with a sharp-pointed indelible
pencil, draw lines lightly across each face diagonally from comner to
corner. They will meet at the center of the frees. Tt is casy now for
us to imagine that there are lines drawn from the center of each face
to the center of the face opposite to it, and we know that they would
meet st the center of the eube and would all be at right angles to each
other and of the same length. Lot ns bear these facts m mind while wa
proceed with our work.

Now Iet us mark the eenter of each edge of the cube with our indalible
peneil and draw lines from each point to those adjoining it. If we do
this socurately, we shall have marked off a square on each fuce of the

2
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Flgures 25-30. PFormus of Isowmeirie Crystals

eube, as shown in figure 26. Now let us take our Imife and zreadually
shave off the eight ecorners of the cube until we have reached the lines.
We shall have produced a form like figure 27, which shows, still, parts
of the six faces of the original ¢cube marked @ and eight new faces
marked o, This form is very common in galena and we noticed it when
we were at the museam.

Let us continne to shave off the potato in the same direction, a little at
o time, first above and then below, parallel with the eight new faces.
At last we suéceed in cutting away all of the cube faces and there will
be only the faces of the octahedron, as shown in figure 25. Note that the
distance between the points of the octahedron is the same as that he-
tween the centers of the opposite faces of the eube, figure 24, therefore,
if it were a true crystal, it would belong to the same system of erystals
as the cube. When you go out collecting be on the lookout for little
black octahedrons of magnetite ; they are very common in some loealitiss
Chromite too almost always oceurs in octahedrons when it is crystallized
and this form s common also in enprite and dinmond.

All erystals which have three ares of the same length and af right
angles {o each other, belong fo the izometric sysiem,

If the octahedron prodoced from the potato enbe were not so small,
we could proceed to make another isometric form, the dodecahedron,
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ﬁgm‘t?ﬁ.irumthﬂoﬂahmlrmt,hylhﬁngd!hnedgm,unhnwuin
figures 29 and 30,

Crystals of cuprite and betafite often show such combinations of forms
a4 thess, We ean, however, produce the dodecahedron more essily
direct from the cube, so let us start with o fresh potato, make a two-inch
cube, then slice off its edges, a little at a time, all around. At first it
will appear like figare 31, which we sometimes see in fluorite. Counting
the number of new faces, we find there are twelve of them, and if we
continue to cut away all of the cube faces, a we produce the form shown
in figure 32. Finally, all of the a faces are removed, leaving only the
new faces d and the form is produced which is shown in figure 28, called
dodecohedron, from the Greek dodeca, twelve and edra, base. We shall
often meet the dodecshedron in the mineral gparnet. In certain localities
hundreds of erystals of this form ean be picked up losse in the soil,
while many thousands are imbedded in the near-by ledges of rock,

Figure 32

Figores 31=3% Forma of liamsiric Crysinls

Another very ecommon form in garnet is the frapezohedron, fizure 33.
If we look at it csrefully, we see twelve faces and we know there are
twelve more on the invisible half of the figure, making twenty-four in all.
Each is n “trapezium,” which is a foursided figure with none of its
odges parallel Trapezohedrons are the commonest forms of erystals
of analeite and loucite.

The pyritohedren is so named becanss it is one of the commonest
forms in the mineral pyrite. It is shown in figure 34, You may find it
diffienlt to secure a simple pyritohedron, for while it is so common, it
is usually combined with other forms, such as the cube and octahedron.
e such combination of unusual interest is deseribed on page 68. The
pyritohedron has twelve faces, the same as the dodecahadron, but look
at them and you will see one striking difference—the faces of the
pymitobedron, unlike the dodecahedron, have five edees instead of four, or



CHARMING ISOMETRIC CRYSTALS 45

Are pentagons. It is for this reason that the pyritohedron is sometimes
called the pentagonal dodecahedron.

It is customary where there are two or more forms ¢ombined in one
erystal to speak of the form with the gmaller faces as modifying the
one with the larger faces; thus in figure 31 we see the dodecahedron (d)
modifying the cube (ag); while in figure 32 the cube (a) modifies the
dodecahedron (d). If the eube and octahedron are equally developed,
as in figure 27, the form is called a cubo-octahedron, which, as we have
seen above, is very common in galena.

(o]
i

Figure 3 Figurs 33
Fignres M, 35, Forma of Isemetric Cryelals

If you become thronghly familiar with the five simple forms of
isometrie erystals above mentioned, and their eombinations; you 'will have
gone a long way toward identifying any isometric erystal you may see,
and you will meet many of them, for the number of isometric erystals
in nature is very great. Often two or more of the forms are combined
in the same erystal, as shown in figures 27, 29, 30-92 and in figure 35,
which shows the common form of the handsome garnet erystals from
Alaska which adorn many collections.

Most minerals have certsin characteristie forms in which they oceur
much more frequently than in any other forms. Thus in garnet the
forms we have already met in figures 28, 33 and 35, are much maore
sommon than any others, while the cube, which is so abundant in many
others minerals, is almost never seen and the octahedron, a very com:
mon form in numerous minerals, is very rare.

You will surely derive much pleasure from identifying the different
forms of isomstrie erystals. Many, which at first may seem very com-
plex, will, in s little while, be easily understood and you will be able
to name the faces as soon as you see them,
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FOUR GROUPS OF CRYSTALS

Tetragonal Crystals. If you compare figures 25 and 36, you will see
at a glance & marked difference, even though each of them has pight
triangular faces and their three axes are at right angles. Yon notice
that the vertical axis is mueh longer in figure 36 than in figure 25 and
much longer than the two horizontal sxes. In figure 37 the vertieal
pxis is shorter than the two horizontal axes, which are of the same
length. We have thus quickly learned mot only the difference be-
tween the first and second of the great systems of erystals, but also that
in this second system ecalled the fefragonal system, there are three axes
at right angles to each other, the vertical axis being either longer or
sharter than the two equal horizontal azes.

17, Tetragnual Pyramiis

Noties that the faces of figures 36 and 37 are marked “p." They are
called “pyramids” and surely if we were to cut number 37 in half
horizuntally, the upper half would be mueh like the great pyramid in
Egypt. These forms are really double pyramids. TLet us remember,
therefore, that in the tetragonal system, it is not the custom of erystallog-
graphers to speak of octahedrons, but of pyramids. The resson for this
is very simple; all of the edges of the faces of the octahedron are equal,
while in the pyramid of the tetragonal system the horizontal edges are
atways of different lengths from the other edgea.

Figure 38 represents the tetragonnl form which we would produce
by piling one potato cube on top of another. This form is called
square prism. It is natural to eall the face upon which the cubes are

46
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resting the base, This term is used for both the top and bottom faces,
which elose the open form of the prism, its sides, or vertical faces, being
called prismatic faces, or simply prisms.

In figure 38 we see a combination of 8 prism (m) with quite a flat
pyramid (p). This form is Irequently seen in the mineral zircon, &
mineral which was formerly regarded as rare, but which has hesn shown
to be present in all granite rocks, though usually in minaote erystale
Be on the lookout for it and you will recognize it by its form.

T
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Figuro 38 Figure 39 Figurs 40

Figures 3840, Forms of Terrngunal Crysials

Figure 40 has prismatic and pyramidal faces, just as figure 39 has,
but how different it looks. Can you see what the differences are? Note
first that the pyramids are much steeper than in number 39; then look
st the way they meet the prism faces. There is not a horizontal line
running around the erystal, as in number 39, but a zigzag. The vital
differemce is that in figure 40, there is 8 different kind of prism, which
is lettered a instead of m. Just imagine slicing off the vertical edges
of the prism faces in figure 39 and you will be able to locate this new
kind of prism, which forms equal angles with the faces of the prism m
on either side of it. You will see it in many specimens of the beautiful
mineral apophyllite from Andreasberg, Germany, from Berufiord, Iee-
land, and other localities. [f you were to cut off the points of the
erystals horizontally, replacing them by the two bases, you would de-
velop a form of apophyllite which was once fairly eomman in the trap
rocks of New Jersey, near to New York City.

Whﬂethmuuummmnrnmmalmimﬂll.mo{thm
are of great importance. Chaleopyrite is one of them. Its erystals may
puzzle you econsiderably, but if you remember that its common form,
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Uhaleopyrite Crystals (Sphenclds) sn Sphalerile; amr Joplia, Missouri

known s a sphenvid, s one in which only half of the pyramidal faces
are developed, you may thus see why there are but four faces instead of
cight. It oceurs in the Joplin, Missguri region in beautifal, brilliant
little erystals of this type on Very attractive erystallized dolomite, figure
198, and sphalerite, figure 41. Such specimens would be worthy addi-
tions to your permanent collection.

Cassiterite is another minersl which erystallizes in the tetragona)
system. Its crystaly are usually very complex. Rutile i5s 8 fairly
plentiful mineral whose erystals are almost exactly like those of cas-
siterite. When you visit the public museum look up these minerals and
also wernerite and vesuvianite, two rock-forming minerals, also beautifn]
wulfenite.  Even though tetragonal minerals are not plentiful, it pays
to know about them, for some of them are among the most spectasular of
all species,

Orthorhombic Orystals, Twe Greek words briefly deseribe the third
great system of erystals; they are orthos, straight or right, and rembos,

& rhomd. From these words the word orhorhombic hes been derived to
describe erysfals hoving three azes af right angles to sach other, all of
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different lengths. One of the simplest forms of the orthorhombie system
is shown in figure 42, How does it differ from the cube of the isometrie
system and the tetragonal prism? First note that, because the vertical
and horizontal axes are of different lengths, its vertical faces, lettered

Figurs 42  Sinpls Ortherhomblie Ferm

m, are rectangles, as in the tetragonal prism, instead of squares, us in
the cube. Second, look down on the form from above, figurs 43, and note
that its top and bottom faces, lettered ¢, are rhombs, which showa that
the angles between the prism faces are not right angles. The funda-

Figurs 43, View of No. 42 from Above

mental, or “unit,” prism occurs in all of the systems except the isometrie,
nnd i= slways lettered m, while the horizontal base, which combines
with and closes the prism at both ends, is lettered ¢,

Figure 44 shows a simple erystal of barite, with the same forms as
figure 42, but with the vertieal axis mmch shorter, thus preducing a

Flgure 43, Blmpls Form of Barlte Crysial

erystal which is tabular paralle]l to the base, . This is a common form
in barite, thnughtharamuﬁmulhtrfmnpmtwhﬂhmmhm
are so large as to make the prism and base ineonspicuous,
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There are double pyramids in the orthorhombie system, such as figures
45 and 46, which resemble those of the tetragonal system, and sometimes,
at first sight, a simple double pyramid might be thought to belong to
the tetragoual system, but it can be readily distinguished by looking
down on it from above the terminal point, and noticing that a horizontal
section of the erystal would be a rhomb and not a square. A erystal of
sulphur well illustrates this charasteristio.

There are about two hundred different minerals which erystallize in

Filgnrs 45 Fignrs 47
Figures 4547, Other Ortherbombic Forms

the great orthorhombie system. Among them are sueh outstanding
species as topaz, flgures 158-160, aragunite, chrysoberyl, figure 163,
staurdlite, figures 99-101, barite, figures, 44, 47, 165, 166, celestite.
anglesite, cerussite, stibnite and chalcoerte. Tt is well to know some.
thing about their crystals, even though the forms of many are so complex
a8 not 1o be easily understood. This very fact stimulates our ambition
to study them and we shall have the mastery of their forms as one of our
delightful goals,

Maonoclinic Crystals, 1f ¥ou look at figure 48, which shows one of
the simplest forms of pyroxene, you will see that the angles on jts
front face are all right angles, which indicutes that two of its axes are st
right angles to each other. On looking at the other faces, however, it is
evident that the third axis is inelined to the vertical, for this crystal
hns » distinetly bent-over Gppearance. If you were to hold such a
crystal with its face a vertical, the face b would also be vertical but the
face ¢ would be inelined so that the edge between ¢ and b would not be
horizontal. This iz one of the characteristics. of the fonrth great system
of erystals, known as the monaclinic system, in whieh there are thres
unequal exes, two of which are at right angles while the third is inclined
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to the vertical. The forms ecannot be studied in detuil without con-
siderable kuowledge of geometry, but even the beginner will readily
note the difference between them and the forms of the three systems
already studied and when he meets a typieal monoelinie erystal, with
its characteristic inclination, he ean be rewsonably sure that it belongs
in this system.

It will be worth your while to familiarize yourself with the appearance
of some of the monoelinie crystals. A common form of selenite, shown
in figure 49, will be frequently seen. Orthoclase is found in many dif-
ferent forms, some of which are most perplexing, but the simple shape

Figurs 48 Flgurse 49 Figura 50

Flgure 52 Figurs 53

Flgures 48-32 Forms of Maonsallule Crysisls
Fignre 33, Simple Form of Triciinle Crrsisd

shiown in figure 50 is common in crystals from Goodsprings, Nevada. and
other Western localities. Hornblende and augite are other common
rock-forming minerals which erystallize in the monoelinie system. Com-
mon forms of their erystals are shown in figures 51 and 52.

The monoclinic is one of the largest of the systems and ineludes be-

(D76



52 GETTING ACQUAINTED WITH MINERALS

sides the minerals above mentioned, such important species as borax,
muscovite, phlogopite, epidote, titamite, azurite, and malachite,

Triclinic Orystals. The fifth and last of the great systems of erystals
which have 3 axes is called the friclinic. As this word suggests, the thres
ures are all inclined to one another and they are of unegual lengths as

Figure 54, Axinite Crystals from Swileerisnd

shown in figure 53. Such & development leads to very complex forms
whose study 18 beyond the scope of this book. Fortunately there are
but few minerals which crystallize in this system nnd with the exception
of the plagioclase feldspars, about which we shall learn more |ater on,
none of them is of great importance. Rhodonite, kyanite and axinite,
figure 54, are the other leading  species.
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REMARKABLE SIX-SIDED CRYSTALS

Hexagonal COrystals. The most beautiful of all erystals are to be
found in the sixth of the great systems, the heragonal. This is the
only system in which there are four axes, Three of these are horizontal
and of equal length, forming equal angles with esch other, while the
fourth axiz iz vertical and either longer or shorter than the others and
at right angles to them. While some of their forms are very complex.
there runs through them all snch manifest evidences of symmetry that
we shall find it & real pleasure to study them and to nnravel their
forms,

The hezagonal prism, figure 55, is one of the simplest forms in this
system, It is found in apatite, beryl and many other minerals. You
carmot see its six-sided shape if you look at it horizontally from in front,
but looking down on it vertically its sides appear like figure 56.

I
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Flgure 53 Figure 56
Figures 35-57. Forms of Hessgoos] Orysiais

If yon have become at all expert in making erystal models from
potatoes, you will find it worth while to make a hexagonal prism, then
mark off with your indelible peneil the lines shown in figure 56, and also
horizontal lines around the prism faces, one of them quarter way down
from the top and another quarter way up from the bottom, Next shave
off the six horizontal edges nt the top and the six at the bottom, a little
at a time until you have reached the horizontal lines, holding your knife
at the angle shown in figure 57 and you will eventually produce the
form shown in figure 57. Notice that these new faces are like the
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pyramids of the tetragonal system, only there are six above and six
below, iustead of four; we shall, thérefore, call them pyramids, marking
them p. Part of the base, or end face, ¢, still remains. Now begin to
shave off the horizontal edges at a steeper angle. a little at a time, all
around, above and below, and you will eventnally remove all of the
base (¢) and produes the form shown in figure 58. Yon now have
u form showing a combination of the hexagonal prism and a double
hexagons! pyramid. Such a form is frequently seen in quartz.

Flgnres 58-60 Furms of Nevagonal Crystals

If instead of starting to shave off the edges above and below the middle
of the model, we started at the middle, the form shown in figure 59
would be developed. It is a double hexagonal pyramid.

Now let us use our imaginations a little, for it will probably be dif-
ficult for you to make models of the remaining forms with which we
want to become familifir. Imagine that you are looking directly down
on figure 59.and that you rut away half of its fuces above and half below,
chooging the fsces below which alternate with those shove instead of
those which are oppesite. Figure 60 shows the form whieh would be
produced, only, of conrse, it would be relatively smaller. You see there
are only half s many faces, and they are rhombs instead of triangles
and the line between the upper and lower faces rigzags around instead
of being horizontal. This form, all of whase faces are rhombs, is called
the rhombohedrem. There are many different rhombohedrons in the
hexagonal system, depending upon the relative length of the verties]
axis; if the vertical axis iz relatively long. the rhombohedron will be
steep, 88 In figure 61; if the vertical axis is relatively short, the rhombo.
bedron will be quite flat, as in figure 62 The mizera! ealcits shows a
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zreat variety of rhombohedrons, both steep, flat and intermediate. The
rhombohedron is especially characteristic of the group of carbonates.
It may seem strange that quartz, figure 58, which almost always ap-
pears to be in hexagonal prisms, terminated by hexagonal pyramids, is
classified among rhombohedral minerals. This is true of many other
rhombohedral minerals, all of which oeenr with their parts in threes
instead of in sixes, but in sueh instances the expert crystallographer
is able, by certain tests, to detect the fact that the apparent hexagonal
pyramids are really combinations of two rhombohedrons, while the ap-
parent hexagonal prisms are combinations of two three-sided prisms
The terminal faces are, therefore, cilled rhombohedrons and not
pyramids, and are quite different from simple hexagonal forms, Quartz
erystals are so widely distributed that it is more than likely that you
will have the opportunity of examining many of them, and if you do,
they will become more and more attractive to you. It iz quite probabla

Figure &1 Figurs B2
Figures &1, 2 Forms of Nhembohedral Crystals

that vou will see erystals with but three terminal faces, or, still more
commonly, erystals in which three of the faces are larger than the other
three. As you press on in your studies you will find other interesting
evidences of rhombohedral forms which at first you wounld be apt to
overlook.

One of the most remarkable of these forms, shown in figure 63, is
called the scalenohedron, from two Greek words: skalemos, unequal and
edra, base. Note that all of the triangles which form its boundaries are
eealene triangles, that is, all of their edges are of different lengths. At
first glance you may think this form is Jike o double hexagonal pyramid,
but snon you will ser that there are no horizontal edges, but that there
is the same zigzag around the center us in the rhombohedron, A eloser
examination will show you that thers are three pairs of faces above and
that the upper faces alternate with those below. Sometimes the sealeno-
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hedrons are very steep, as in figure 84, which means that the vertical
axis iz relatively long. Such a form in calcite is called "“dog-tooth spar."
Very frequently the points of the sealenohedron are cut off by the faces
of _ths' rhombohedron, as in figure 65, or, again, besides these faces, the
prism may be present, which is one of the well-kmown forms at the
Bigrigg Mine, England, ns in figure 66. These are some of the multi-
tudes of forms of ealeite erystals with which we. shall enjoy becoming
acquainted.

Figure G4 Figure 85

Figures 63£6. Forms wf Calélle Crpsials

Only a few of the simplest and most common forms of the hexagonal
system have been mentioned. You ean easily picture to yourself what
s host of different kinds of erystals can be produced by combining
rhombohedrons, scalenohedrons, pyramids, and prisms. You may easily
meet with sueh forms in caleite, towrmaline, hematite or others of the
many beautiful minerals of this great system which embraces a large
pnumber of important, common and attractive minerals. Doubtless the
most beantiful of all hexagonal ¢rystals are those of snow, a few of the
hundreds of different types of which are shown in figure 67. What a
glorions colleetion of erystals conld be made if it were possible to keep
the snow erystals|



Figure 67, Mlerepbetograpbs of Szow Crystals. (W, A Beatley)
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BUMMARY
We have learned that the all important distinctions between the six
great systems of erystals are in the pumber, relative length and in-
clination of the imaginary lines called axes. Let us set forth the dif-
ferences between the systems in tabular form.

Characteristics of the Sixr Systems of Crystals

No. of Inclinution of
System Axes Axes Langth of Axes
L Imometric Thres  All ot right angles All the same longth

2. Tetrngotal Three Al at right angles 2 equal, 3 longer er shorter
3. Orthorhomble  Three  All at right angles All of different lengths
4. Monoclinie Thres 2 at right angles, oma Al of different lengths

inelined

5, Triclinie Three  All fnclined All of differeni lengths

4, Hexagrns) Four 3 equally inclined, 4th 3 allke, 4th longer or shorter
at right angleda to
other 3

The search for erystals adds immensurably to the zest of minersl
eollecting. The best place quickly to get un idea of their beauty and
wuriety is a good public musenm, but remember that one erystal vou find
yourself, or for which you pay good money, is worth a seore which you
merely examine in another ecollection. Be constantly alert for “the
flowers of the mineral kingdom,”
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THE PRANKS OF CRYSTALS

Even crystals, which are supposed to be models of perfection in the
mineral kingdom, sometimes play pranks on the erystallographer and it
is for this reason that some collectors have a hobby of eollecting freak
crystals. There is much genuine pleasure to be derived from such a
hobhy, and much ean also be learned about the forees which operate to
produce differences in erystals

We have already learned (see page 39) that it is practically impossible
to find absolutely perfect erystals in nature, thongh we must bear in
mind that, theoretically, the angles between their faces are constant,
and, indeed, this constancy of angles is one of the csgential char
acteristis of erystals, Tt seems all the more remarkable, therefore, to
find freak crystals which, at least at first sight, seem to be so different
from the typical forms about which we have learned as to make them
more like forms in some other system of crystals. What sre some of
these freaks?

Btretched-out Crystals, If we pile up eubes, one on top of another,
as shown in fipure 63, we prodiuce a tall and relatively narrow form,
figure 69, If these cubes were very small and more of them were piled
one on top of another, we would produce a very slender, or acicular
form, fieure 70, Other elongated forms are found lesides thoss of
eubes, for in other syvstems of ¢rystals we have these so-ealled acicular
eryvstals, such s of rutile in the tetragonal system, of stibnita in the
orthorhombic svstem, of seoleeite and erocoits in the manoelinie system
and of toormaline in the hexagonal system.

Possibly the most wonderful of all the stretched-ont crystals are the
cubes of cuprite elongated into hair-like forms, or capillary erystals, so-
called from the Latin capillus, 8 hawr. Cuprite of this variety, ealled
chaleotrichite, is rare and highly prized. The finest specimens thus Far
found in the United States were discovered many years ago near
Morenei, Arizonn, It was possible at that time to securs specimens
ghowing gradations all the way from a reguisr cube to the finest hair,
bot when these delicate hairs are examined under the mieroseope, it
is distinetly seen that they are mot round like hairs; but have square
edges, proving that they are really elongated esubes. You may not be
able to seenre a specimen of this mineral, but if not, be sure to look it
up the next time you vizit a good musenm, or get a collector who has
microscope hox mounts of minerals to show you its marvelons besuty,

58
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As you view the sharp edges of the hair-like erystals, try to picture to
yourself the battle of the erystallizing forces, the one which pulled the
cubes out into hairs finally trinmphing over the forees trying to make
a perfect eube. Everywhere in the mineral kingdom we can see evi-
dences of such conflicts.  Maybe some day 2 microscope will be invented

-

——
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Figure 48 Flgurs §2 Figure 70

Figurss E5-T0, Developmeni of Acicular Crystals

powerful enongh to make them visible, but until then we ean find de.
light in mental pictures of them.

Flattened crystals. Some curious freaks are produeed by the flat.
tening of crystals. Figures 71, 72, 73 will make it clear how an
octahedron of pyrite (or of magnetite, or any other isometrio mineral)
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looks when flattened, The typical octahedron of figure 71 has its faces
numbered so that they can be identified as it passes through the slightly
flnttened form of fizure 72 to the very flat form of figure 73.

BENQ,

Figure 71, Delabedron Figures 72, 75, Flatiened fetabiedrons

Garnet erystals in the form of the dodecahedron, figure 74, are com-
mon, but freak crystals like figure 75 are also plentiful. If you ever
visit a locality, such as Bodd, Norway, where garnet dodecahedrons are
abundant, you will find it mest enjoyable to look for these distorted or
fAattened forms. You will find many gradations from the typical form
to those which are very much flattened, and to others which are
elongated.

Quartz erystals present many freak forms. It is wise to familiarize
ourselves with these for they sometimes look very unlike the typieal
form shown in fgure 76. Figures 77, 78, 79 show some of the results
of Hattening, while figure S0 shows the result of the equal enlargement
of the facea r and z at the expense of the prism face .

These and the many other distortions of crystals, which are constantly
being encountered, are sometimes very perplexing. If it is borne in
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mind, however, as already noted, that the angles of erystals do not vary,
no matter how much the erystals may be lengthened or flattened, the
very perplexities we encounter will stimulate our desire to properly
elassify the crystals we find.

Figurs 79 Flgurs 50

Figures T6=T8 Forms of Quarts Crysisls, Begular and Oistoried
Fignres TH 80, Forme of Distarted Quarts Crystals

Twisted and curved crystals. Every once in a while you will meet
erystals which show the effects of forees which tend to twist them out
of their normal shapes. Twisted erystals of quarts are common in the
Bt. Gothard region of Switzerland; twisted stibnite erystals are quite
common in certain loealities, notably near Hollister, California.

Curvature is even more frequently seen, indeed it seems to he the
prevailing habit with some minerals and this fact presents a prohlem
for which, it may be, one of the readers of this book may be able to find
a solution. Crystals of gypsum frequently show surved faces, or some-
times, 8s in figure 81, the whole erystal is bent slmost douhle. Crystals
of sphalerlite generally have some or ull of their Paves curved ; dolomita
is very often found in groups of curved rhombohedrons, figure 198,
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Figure Hl. Curved Crymiale of Selenile

Dismond erystals frequently have their faces curved, as shown in figure
A still more wonderful eurvature is shown in fisure 83, which

82,
It wvery commonly oceurs in these

represents the mineral prochlorite.
eurious “‘worms,” which sre usually small and are best ssen in micro.

Ecope monnts.
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Flyurre %2, 53 Corved Crywiale: BF, Diamaend. B3, Prochiorils
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Cavernous erystals. Anyone who thinks of erystals as uniform in-
side; even though irregular outside, will be amazed if he makes it s habit,
even for a short time, to hald up to the light and examine with his
pocket lens, all of the transparent crystals he meets. He will find that
many of them show multitudes of minute eavities. Not infrequently
these eavities are filled with & liguid, in which case they cannot be

—
Figure 34. Rublil= in Carlly of Quarts Crysial
readily seen. If they are only partially filled, a bubble will move
around in the cavity, Such bubbles may be air, carbon dioxide ot some
other gus, or simply a vacuum. At times eavities are &0 large as to
be essily seen with the paked eye, as shown in fi;ure 84, Sugh cavities
with movable bubbles are common in selenite and halite, figure 85,
A very remarkable caleite crvstal from northern New Yark, in the
collection of the Inte W. W, Jefferis. had nearly a pint of water enclosed
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in a large cavity, Another type of eavity is what is known popularly as
& “negative crystal.” 'THe quartz erystals of Herkimer County, New
York and the fluorite of Rosiclare, [liinois, frequently show these empty
cavities, which have the form of the typical erystal.

WU

Figurs 85
Hullis Crysial with Movabls Bublile Haopper-shaped Hallts Crysial

Crystals which have been formed rapidly are generally more ir
regular than those which have been formed slowly, the resalt being that
they often have cavities in them. Figure B6 shows a eurious, but fairly
common, form of salt erystal in which each face is hollowed out, produe-
ing a hoppershaped erystal. Something similar to this in quartz is
shown in figure 87,

Figurs B8 Figure 59
Flgures 57-89. E7. Caverpous Quaris Crywial. 23, Cavernons Prromorphite Crystal
Crraial

E9. Bivimted Prriis
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As your knowledge of minerals grows and your collection expands,
you will add rarer minerals to it and among these will likely be groups
of cavernous cryvstals of vanadinite, pyromorphite, figcure BB, crocoite,
and possibly wulfenite and other minerals, and doubtless you will have
some minerals of this type which no other ecollector has. Seenring such
specimens is one of the incentives to vollecting,

Striations. Whenever you go on a hike to a loeality in which pyrite
erystals oecur, be on the lookout for erystals which resemble fizure 89.
At first sight you would think sneh erystals were simply marked with
paralle] lines, but on examining more earefully, you would see that thess
lines, or striations, are really alternating furrows and ridges and that
the tops of the ridges are flat and are parts of the enbical faces of the
erystal. ‘The sides of the furrows are alternately parullel with one or

Figure 50, Sirlaled Teurmmline Crystal

the other of two faces of the pyritohedron shown in flgure 34 The
erystallographer accounts for these furrows and ridges by assuming
that when the erystal was forming, there was a conffict between the
forees which tended to produce the cube and those that would form the
pyritohedron. Each force many times triumphed over the other, only
to be defeated by it, and so victory swung from one side to the other,
Beesuse the Latin word for swing is oseillum, he ealls the resulting
combination of faces an “gseillatory combination.” We have the record
of the struggle preserved in this wonderful stristed erystal. Thousands
of these stristed crystals of pyrite and many more thousands of striated
erystals of other minerals, in which other faces are similarly developed,
bear testimony to conflicts silently waged during millions of ¥ears in
the mineral kingdom and preserved for our study all over the world.
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Tourmaline cryatals often furnish exeellent illustrations of striations.
The prismatic faces may be so deeply striated that it is impossible to
distingnich any faces at all; as shown in figure 90,

Horizontal striations on quartz erystals, fignre 91, are very eommon
and show most excellently the oscillation between the prism and the
terminal rhombohedron.

Figure ¥1. GSirinted Quartz Crysial

Without some knowledge of striations, the student might be puzzied
lo. aecount for the deeply ribbed tourmaline prisms and other trans-
formed faeces of ervstals, bot what a new interest he has in such forms
when he sees in them the recordz of battles fought millions of vears ago

The collectar who keeps his eye open for curiously shaped erystals
will eventually be able to find a preat variety of interesting freaks, but
do not expect to pick up many kinds quickly. Some of them will be
readily secured, but most of them will come ane by one and be prizes
to reward the keenness of the diligent eollector,



Chapter 12
HOW AND WHERE CRYSTALS OCOUR

We are starting out scouting for erystals! How shall we find them?
Crystals are nsually found in one of three ways: First, loose in a
eavity m the rock in which they were formed; second, attached to the
rock or to 4 mass of the same or to some other mineral ; third, embedded
in the rock.

The quartz ¢rystals of Herkimer County, New York are generally
loose in eavitios of silicecus limestone ; the selenite erystals of Ellswarth,
Ohin, occur embedded in clay, figure 92

Figure 52  Selenite Crystals Emboddsd in Clay, FHawerth, Ohis

Near Hot Springs, Arkansas, quarts occurs i elusters of beantiful
attached crystals, as shown in fgure 93. Groups of quartz erystals are
very common in many other loealities. Usually they branch out from
ench other very irregularly

In the vicinity of Joplin, Missouri, there are caves complitely lined
with great crystals of calcite, some of them weighing as much as one
bundred pounds, figure %4 Tt is an inspiring sight to stand in such a
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Flgure 53, Attached Crysialy of Quariz, near Hot Springs, Arhansns

eave and see these marvelous ereations of nature, the points of the
ervstals clear and perfect and glittering all around ns. Such a cave
fonnd about the beginning of the present century, vielded many hun-

Flgure 34, Groasp of Gelden Calosls Crysisls (rom Joplin, Missourl, in Amsriean
Museum «&f Nstural §llstary. Weight, Approzimaiely 100 ITba,
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dreds of the most gloriously beautiful golden caleite erystals ever found.
You can see them in many large museums. What a thrill it gives us to
eoilect miperals in & locality like this! Yet there are many places; all
over the world, in which wonderful groups of crystals may be had.

Parallel grouping. Figure 33 shows & group of ervstals of the
amethyst variety of quartz arranged in parallel position. Standing

Figare 533. Amethyst Crysials In Purallel Posltion, Jefferson County, Montans

with our backs to the light we eateh the reflection of the light from the
same face of every crystal in the group. You will very likely find
similar specimens if you visit the Little Pipestone Distriet in .'iia-:[1t:1||[|._
and they oceur also in 8 good muny other lacalities.

In Colorado, England, and elsewhere, octahedrons of fluorite are
found built up of small cubes all in parallel position, as shown in fizure
6. This 18 a very remarkable illustration of the combination af the
erystallimng forees, one of which produces little cubes

while another
arranges them in the form of an octahedron.

Arborescent or tree-like grouping. One of the most beauntiful group-
ings of erystals is that which may often be seen on the window piane
or the sidewnlk on a frosty day. These charming forms, with their
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delicate tracery and tree-like shapes, are arborescent groups of ice
erystals. Such natural beauties are sometimes seen in gold, silver, and
copper, especially in minute crystals snitable for box mounts for the
microseape.

Figure 36 Model of Fluoarite Gotabedion Puaili ap af Cabes

Reticulated grouping, The Latin word reficulotus means “made
like a net,” 8o the mineralogist valls such a grouping as that of cerussite,

shown in figure 97, 4 reticulated grouping. It is Irequently seen in

Figure 97. Reticalalied Grouplng of Cerasaite Crywials
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eerussite and it often aida in distinguishing this mineral from anglesite,
which it closely resembles. Rutile is also found in similar reticnlated
gronps of crystals.

Rosettes, The commonest of all the iron ores is hematite. Strange
as it may seem, this mineral sometimes Eroups s erystals around o
common center, producing & form somewhat like a rose, figure 98, thus

Figurs 58, HKoselte of Hematite ("Iron Ecse"), 5t. Golhard, Switsrriand

giving rise to the popular name of “ijron rose.” Rosettes of Larite,
gypsum (figure 190), and other minerals have heen called “Aesert
roses 4

Drusy grouping. Did yvou ever visit Globe, Arizona, or see In the
Colorado tourist stores specimens of so-called “blus nuartz"! What
charming color they have and how they sparkle as the light is reflacted
from the faces of multitudes of tiny erystals which eoat the surface of
robin's-egg blne chrysocolla! Such densely grouped erystals when small,
are called drusy, Drusy quartz is of comman oceurrence, and you will
see this method of grouping Mlustrated in other minernls oz well,

Twing. Surely thers are no twins among minerals! Yes indead
there are and many of them are Just as firmly joined tomether A5 Wers
the Tamous “Siamese twine” Twins are sure to be met by every col.
leetor who does much field collecting or who visits a eood musenm, In
the mineral staurolite, twins like firures 100, 101, are evanl commoner
than single crystals, figure 99, Twins of caleite, page 149, and of
feldspar, page 222, abound in some localities and are of many different
forma,

Lt us make & model of & twin of dismond. First make an nctahedron
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from a potato, as deseribed on page 43. Next look at figure 102 and then
mark with your knife the centers of the edges ab and ac on the upper
half of the model, the eenters of the edges de and ef on the lower half,
and the center of the edges de and bf on the middle of the model. Then
cut the model into two equal parts as indicated by the plane hglkjih in

Figurs 101

Figuses 99-101. Sinurclite:  Bingle Crysinl and Two Twins

the figure. When you have cut the model in haif in this way, hold the
ent surfaces of the two piecss firmly together and revalve one on the
other through half a eirele (150°). You have thos formed a model
of an octahedral twin, figure 103, which is the simplest illustration of
twinnming. This is # common form with the minerals diamond, spinel

Figuees 102, 103  Ihvelopovml of Ortabedral Twin

and magnetite and the form is known as a “spinel twin." After making
this model we can essily understand that the difference between the
octahedron and the twin is that in the twin one half of the ovtahedron
is in a position exactly reversed In relation to the other half. Notive
also that the cut surface is parallel to one of the faces of the octahedron,
This surface is known as the “twinning plane.”
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Sometimes we see erystals which appear to be compounded of two
whole erystals instead of two halves. Figure 104 is an illustration of one
of the so-called “penetration twins” of fluorite which are éommon in
England and many other localities. You see this is really two cubes
penetrating each other and not two halves of » gingle crystal,

= =

Figure 104. Fenstrntlon Twis of Fluorite Cabes, Englund

We hove now learned that saoa funn. one of the halves of o singla
erystal, or one of two whole crystals, appears in & position axactly re.
versed in reference to the wlher half or to the ather erystul, as though
it had been revolved exacily a half cirele or 150°.

Figure 105. Twinniog Siristlons of Higoclase Feldepar
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Some minerals very frequently ocour in twins, while others never
do. They are, perhaps, more abundant and more varied in the great
group of the feldspars than among any other common minerals.

Many twins are very complex and difficult to understand, but if we
keep the pieture in our mind of that half-eirele revolution of one part
on the other, it will be surprising how many twin crystals we will
recognize, even though we may not always be able to explain them.

Twinning shows itself in the plagioelase group of feldspars by stria-
tions. These are somstimes very coarse, as in alhite; while in oligoclase,
figure 105, they are fine, and in microcline they are practically micro-
seopie.

You will find this elementary knowledge of twinning a great help to
you in identifying minerals and, eventually, when you study the subjeet
more deeply and see twin crystals of many minerals, often of great
beauty and with hosts of sparkling faces, you will realize what a fas-
cinating field for study you have entered.



Chapter 13

HOW MINERALS BREAK- CLEAVAGE AND FRACTURE

1. CLEAVAGE

The best way to understand how minerals break is to break them,
but you will find it wise to secure by purchase some thoroughly typical
material, as advised in chapter 3. It is surprising how much ean be
learned if you have such material and a small hammer. If possible,
get a little group of collectors together and study this subject with them
and you will find it well worth while and most interesting,

Cleavage is the tendency of certain erystals to break in definite direc-
tions. The break is slways parallel with the faces of one of the simple
forms of the erystal system to which the crystal belongs: thus isometrio
vrystals eleave parallel with the cube, octahedron or dodeeahedron;
tetragonal crystals cleave parallel with the base, the prism or the
pyramid, and so on. After you have becoms aequninted with these
simple forms by the study of chapters cight, niné and ten, the prop-
erty of cleavage will be maost interesting.

It is natural to wander why the cleavage is parallel with & simple
face. X-ray studies have shown that the atoms of which the erystal is
built, are crowded densely in these simple planes and that between them
there is relatively more spuee, thus ereating planes of weakness. It has
also been shown that this erowding of the atoms is not the only factor
which decides the direction of the cleavage, for diamond eleavapes are
octabedral and sphalerite dodecahedral, notwithstanding the fact that
the internal structure of their orystals is identical. Tt is probable that
there is a difference in the electrical attractions between the layers of
atoms which has an influence in determining the direstion of cleavage,
However this may be, we know that the kind of cleavage which many
minerals vsually have is a very grest help in identifying them and
in distinguishing them from certain other minerals,

The property of cleavage is, fortunately, well illustrated among the
common minerals, though we must bear in mind that some of these
minerals also oceur in granular forms or those which shew hut little,
if any, cleavage. You can be sure, however, that if a mineral shows
cleavage at all, it will he developed by breaking a pure, analtersd
ervstal of it

Let us take a small hammer with a sharp edge and strike & piece of
halite from Stassfurt, Germany, a sharp, quick blow. See! It breaks
into many little cubes, but very frequently instead of being simple cubes,

16
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the eleavage extends in the enbical directions for a little distance. then
there is an offset at right angles to the first direction, or, maybe, many
offsets, then it finishes either in the original direction or at right angles
This is well shown in fignre 106. While this tendency to produce offsets
makes it diffieult to secure perfect cubes, it really aids us in under.
standing the property of cleavage, for it shows that the tendency of the
mineral to ¢leave is so strong that it will not bresk far in one direction
before the forces tending to produce the cube compel breakage in the
other two directions required to finish the cube.

Flgure 106, Cubles]l Claavsge of Halits, Showing Ofssls

With care, however, we may secure quite perfect cieavages from
good material ; indeed in some minefals it is really difficult for a be
ginner to distinguish such “cleavage erystals” from trus, natural erystais.
Bear in mind, however, that cleavages are apt to have rougher faces
than natural erystals and ean usually be distinguighed by that fact.

It is very interesting to cleave fluorite, and, with a little practice,
quite regunlar oetahedrons may be obtained from good material, A visit
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to the fluorspar mines of southern Tllinois will vield an abundance of
good material, or it may be bought by weight from a dealer. Ag Fou
break it up, you will be amazed to see what & variety of forms you will
secure.  Incidentally, they will serve as excellent illustrations of the
disguising of the crystal form by distortion. A series of the forms,
some of which you will be very sure to break out, is shown in figure 107,

= T
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Figure 107, Clearages of Floarlte, Westmoreland, Now HMampahles

Sphalerite has a dodecahedral cleavage, but it takes considerable gkill
and extra good material to seeure anything epproaching u perfoot
cleavage dodecahedron, figure 108. It is not diffieult. however, to de.
velop the eleavage sufficiently to show gt least three faces and conse-
quently the angles of the dodecahedron.

So far we have cleaved only isometric minerals but cleavage is
none the less strikingly developed in other systems.  Caloite furnishes
os rood an illustration as there is of the property of cleavage. We have
already made its sequaintance in studying about rhombohedral crystals,
page 54, and we learned that its erystals are often highly complex ex-
ternally. Notwithstanding this fact, thev always cleave into simple
rhombs, figure 109, This is one of the maost distingnishing properties of
calcite and we should, therefore, impress it on our memories. No matter
how small we hreak erystallized caleite, it continues to break into rhombs;
though, of course, we must not expect perfection, for we will have dis
tortion in the cleavages of caleite, as in other minerals. and also the
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same tendency to mmitiply its eleavage by offsets, figure 110. Bearing in
mind that quartz has practically no clesvage, it is easy to tell it from
caleite,

Figure 108, Dodecalinidral Uleavage of Sphalerlie, nrar Joplin, Missancd

Common feldspar generally shows two cleavages nearly st right angles
to each other, while ¢leavage In the third direction is only very erudely
developed, so that regular crystal forms cannot be obtained. It is pos-

Flgures 109, 110, Rismbiehsilral Ulearages of Calelis

sible, however, to split off quite thin plates, igure 111, The angles be-
tween their respective cleavages serve to distinguish ealeite and feldspar.

In mica the cleavage is so remarkably developed in one direction that
plates thinner than tissue paper ean readily be separated. This is the
most remarkahle characteristic of the great group of micas, which are
86 abundant in many rocks that you will have no diffieulty in securing
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pieces of mica with which to experiment. Such eleavage, in whataver
mineral it occurs, is spoken of as micaceous. This cleavage is always
parallel with the base of the crystal and is consequently also ealied
basal. Basal cleavage is frequently seen in minerals such 85 topaz and
npophyllite, which cannot be split into thin sheets, nt which do split
readily parallel with their basag,

Figure 111. Kighi-angle Cleavages of Commin Feldspar

Selenite, which we have seen (page 51) is & monoelinie mineral, hag
a very easy eleavage parallel with the side foces of the erveial and [t is
pussible to split off (quite thin sheets, the same as with mica, hot the
process. ¢unnot be earried nearly as far as with mies because the

cleavage is not nearly ns perfect,

A eamparison of amphibole and pyroxene furnishes one of the Lest
possible illustrations of the importance of cleavaee as in aid in i‘]!.mjf_..._
ing minerals which often closely resemble each other. Theze nre two of
the most important and abundant of the rock-forming minerals, Amphi-
bole has a prismatie cleavage, the angle betweon the two adjoining
cleavage faces being just about that of a regular hexagonal prism.
actually 124°. Pyroxene has only indistinet eleavige, tat it frequently
shows a “parting” which is easily mistaken for clesvage. The angle be-
tween the adjoining faces of its prism is very nearly a right angle,
actuslly 83% It is ofton possible, even in rock specimens to gee the
cleavage distinetly by the aid of a pocket lens, and thus distinguish he.
tween amphibole and pyroxene.

A lack of cleavage is sometimes a good guide in identifying minerals
thus black tourmaline is easily distinguished from cleavable amphibole
and prroxene, and quartz is dstingnished from cleavable ealoite. 1§ we
see o mineral with a good rhombohedral eleavage, we Enaus that it is not
quartz, without making any further tests, for quartz does not eleave
into thombs.

Keep your eyes open for cleavage and you may SUrprise some expert
mineralogist sometime when he is off his guard and is not observing as
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carefully as he should. Possibly he may call feldspar, ealeite and your
knowledge of cleavage will enable you to show him the error. Certainly
cleaving minerals should furnish some real entertainment and make the
study of minernlogy easier and more faseinating.

2. FRACTURE

The break of yanerals other than cleavage s called fracture.

Frocture is not cornfined to those minerals which do not have aleavame,
bt it is generally difficult to break a cleavalile mineral so as to show its
fracture. For this reason it may be safely doubted whether one min-
eralogist in ten has ever seen the fracture of caleite.

The most striking illustration of fracture is presented by those miner
als, and some rocks;, which have what 15 called conohoidal fructore, This
word is derived from the Greek konche, a shell, and eides, form. Con-
choidal fracture is. therefore, 8 kind of break resembling a shell. One
of its best illustrations is the voleanie gluss, obsidian, fioeure 112,

kL Y I

Figars 112 Cencheldal Fractore of Obdilas, Lipar] Islands, Italy

When the fracture approaches conchoidal, but is not very distinetly
developed it is ealled sud-conchoidal, Many of the varieties of guartz
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show this kind of fracture, but sometimes, in well erystallized specimens,
8 true conchoidal fracture 1= seen. Examine a piece of flint and see
which kind of fracture you think it has,

Some of the other varieties of quartz, such as jasper, do not show any
regularity in their break and are said to have an uneven fracture.

Did you ever draw your finger ncross a piece of the common copper
ore from the [amous Calumet anid Heela Mine in the Lake Superior
region of Michigan? If you do so, you will find that the surface is very
jagged. This same rough feel would be produced m a mass of copper
if you were to hack it with an axe, and for that reason this type of frac-
ture i ealled haekly

Importance of Cleavage and Fracture

‘While fracture is not & property of first importance, eleavage 15, and
it is well to remember, in identifying minerals, that the clear exhibition
of & property should influence us more than the failure to exhibit the
property. For example, the finding of a good rhombohedral eleavage
is & much stronger argument in favor of calling a mineral ealeite than
the failure to seenre & conchoidal fracture would be an argument against
its being caleite, for cleavage is a much more constant and important
property than fracture,
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THE WONDERFUL STRUCTURE OF MINERALS

In our study of ¢rystals we looked both at their external forms and
at the forces which held their particles together, and we saw that these
forces are exerted in definite directions. If we strike & crystal of
quartz & sharp blow with a hammer, we find that it has no distinet
cleavage, 1f we continue to break it up until we secure a fragment
whieh shows no trace of a crystal face, it could still be proved by the
expert minerslogist or by the physicist that this fragment was really
a part of a crystal and not simply a formless mass, He could even
determine the position of the axes of the former crystal. These results
wounld be attained by certain processes of etching with acids, by which
the intzrnal strueture of the erystal would be revealed. If he were to
cut & very thin slice of the mineral and examine it under a properly
equipped microscope, he c¢ould prove in this way also that the mass
was a part of & erystal and possessed an internal strueture.

This great fleld for research lies hefore snyone who is not eontent
with learning only a little about minerals, but who realizes that their
earnest study offers him a life work full of pleasure and profit,

In ehspter seven we took a brief look at ice crystals forming in a pool
of water. If we look long enough we will see thav the great sheet of
solid iee was formed by one erystal sfter another forming until there
were so many and they grew so large that they interfered one with an-
other, until at last the water had all erystallized and becowe o solid
muss of crystals. Professor Tymdall devised s very beautiful experi-
ment to prove that while the ervstals of ice cannot ordinarily be seen
in the mass, they are there just the same, Figure 113 is his picture of
what he =aw.

If we had Professor Tyndall's eyes and his ability and equipment, we
could picture the inside of other orystal masses and behold their beau-
tiful structure, yet the minernlogists of today have disvovered far greater
wonders in- erystals than Professor Tymnidall ever dreamed existed in
them. Such advanced studies, however, reguire expensive apparatus and
knowledge whiol it takes vears to sequire. Some of ug may, luter on,
be privileged to enter these Elysinn fields, but most of us must content
ourselves with looking at the external evidences of the structure of min-
erals and the varving wayvs in which they are aggrogated into solid
masses,

Visit a marble quarry, or if none i= near you, & marble cutter's yard.
Pick up a piece of marble and examine it with your pocket lens. You
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will see at once that it sparkles by the reflection of light from many
small, smooth surfaces, which look to us like faces of crystals or of
tleavages. These were produced by the effort of the mineral to erystal-
lize. The great pressure to which the mineral was subjected when it
was forming; and the Inck of room prevented its producing distinet
crystals, just as in the ease of the solid ice, but its tendency to crvstal-
lize was so strong that it could not be completely overcome. The result
is that the whole mass of the marble is full of minute crystal or eleavage
faces.

Figure 113, loe Crystals in Masws of loe; afier Professor Tyndall

A mineral yu which the lendency to erystallizs 1s evident, but in which
no distingl crystels are to be seen, is called erystalline. Marble is an
excellent illustration of a erystalline mineral and it shows that the
erystallizing forces opernte down to very minute particles,

While the great mnjority of minerals have a ervstalline structure.
there are many different types of these ervstal aggregates and it is
with these, even more lurgely than with the distinet crystals, that the
collector will most frequently come in contact, While they lack, in
most cases, the greal beauty of the erystals, they will well repay study.

A mineral which is composed of agzregates of grains is called gran-
ular, or is said to have a granular strwcture. The size of the individual
grains varies very much and marble is & good illustration of several of
the types; thus we have the coarse granular murbles of Georgia and the
fine granular marbles of Vermont and of Carrars, Ituly,

In lithograplie limestone and -nalk the prains are so exceedingly
small a8 to disguise the granular structurs almost completely., Such
varieties are called compact. At the other extreme we find some lime-
stones with grains =everal inches acros

If the grains are loosely held together, so that the mass erumbles
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readily, it = called frigble. Sandstone from Klondike, Missouri, is a
good example.

Some minerals are built up of plates, or “laminae,” and sueh min-
erals are said to be laminated, or to have a lamellar structure, as in the
variety of albite called eleavelandite. 1f these plates or leaves can be
separated from one another, the mineral is called foliated. Tale and
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Figure 114. Columnar Siroeture of Giant's Causesay, Trelumd
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graphite are good illustrations. When very thin sheets can be separated,
as we have seen on page 79 can be done with mica, the mineral is ealled
micaecous, or is said to possess micaceous structire.

Doubtless you have seen pietures of the Giant’s Causewsy in Ireland,
a small section of which is shown in figrure 114, What a wonderful

Figuee 115. Fllrous Stroctors of Crosldollis, Ssuth Afries

sight it Is with its huge six-sided eolumns. There are formations similar

to this n many parts of the world, Such a stroeture is called columnar,

We naturally think of a column as something large, so this name is
confined to structures of considerable size.

Figurss 118, 117. Radlated-Fibrous Strusturs and Glsbular Form af Pretolits,
Paterson, New Jersery
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A fiattened, columnar structure, such as is seen in the mineral kyanite,
is ealled Maded.

When the columns are small they are no longer spoken of as columns,
but fibers. A mineral made up of many little fibers is called fibrous.
An exeellent [lustration of this structure is asbestos. TFigure 115 shows
the South Afriean “blue ashestos,” or c¢rosidolite. The Canadian as-
bestos has such a fine-fibrous structure that it is possible to weave a
strong fabric out of its fibers, just as iz done with eotton or silk.

Uceasionally the fibers of a mineral radiate from a common center,
as in peetolite, figure 116, It is natural to call sich a mineral radiated.
The ideal radiated mineral is one which is completely spherical, with
the fibers all radisting from a common eenter, Pectolite is found in
such radiated balls, as shown in fioure 117. Such sn ocenrrence is
called globular,

Some radiated minerals are made up of entire erystals with termina-
tions on the outside. This is frequently the cmse with the beautiful
gronps of amethyst from Urnguay, also in stibnite from Roumania, fig-
are 118, and aragonite from England, fipure 183.

Figure 118 Rudliled Groopleg of Sgihnits Crystuls, Bsummnls

As we meet these and other vorieties of strueture in minerals, we can
not fail to be impressed with the fact that the more we study the min-
eral kingdom, the richer will be the rewards which we will receive.
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MINERAL MIMICS

We would not expeet to find mimdes in the mineral kingdom, but they
are actually very abundant. Does not figure 119 look very much like
a kidney, wet it is actually a photograph of a variety of hematite iron
ore from England, which very naturally has been given the name of

Flgure 112, “Klidnsy Ore"™ Cwmlierland, Enciand

“kidney ore.” It was formerly abundant in the English iron mines
and specimens of large size were even more plentiful than small anes.
It is sometimes seen in the Lake Superior iron mines. Malachite, one
of the copper ores, frequently is found in such specimens as figure 120

If we were to break such specimens of hematite and malachite, wi
wonld probably find quite a difference in their internal structure, The
hematits would most likely show a distinetly radiated-fibrons strncture
while the malachite would probatily be curved-lamellar. If we were to
polish seetions of the two minerals st right angles to any portion of the
surface, we wonld see this difference very distinetly. The fibers of the
hematite radiate from the eenter of the kidney, while the layers of mal.
achite often cirele around parallel with the surface, very mueh like the
beautiful Brazilian agates, figure 121, exhibiting what is known as con
ceniric structure

What a good mimic of a bunch of grapes we see in fignre 122, which
shows a specimen of hematite. Because the Greek word, bofry, means

88
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Figurs 121, Agute sbowing Cenemniria Stroctore, Hraasil
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Figurn 132, Delryoidal Memstlie, Michigan] Uollection of Michigan College of Mines

ciusler, nnd eidos, means form, mineralpgists coll a4 form which resem-
bles & eluster of grapes a bofryoidal form. 1f you happen to Live in a
region in which the chaleedony variety of quartz ia found, it is quite
Jl(l.‘-&‘.}l'.r' thnt N will Hind iF_rr_'ul]Iu'u-'. af this |_[:_'“_Fu'-.1ih:|_'~ rw!'I!j!. fivure 123

There are many other minernls which show it, thongh it is difficalt to

Figure 1ZX  (haléedony ia Grape-liks Form. Calorsde, Courteay of Werd's Natwral
Bolenee Esinbllahmeni, [ns
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find thoroughly typical specimens. Wateh ount for it when yon visit
iron mines in which limonite is found.

When you visit a region where dialuse or other basaltic rocks are
found, be alert for masses filled with holes. Mayvbe it will seem odd to
von to think of filling a solid mass with pothing! Before these rocks
were solidified, these lioles were formed by the expansion of steam.
Later on many of them were filled with many beautifnl minersls, chiefly
the group known as geolites, dbout which we shall learn more Iater,
oy

({page 246). While the holes Are often quite round, many large mnsses

of rock in many places are full of holes which are nlmond-shaped, and

Figurs 124. Comlinkisl Form of Arsgonite, Siyris

Coorteay of J. . Manchesise
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for this reason and because the Greek word amygdale means almond,
this structure is culled amygdaloidal,

In some iron mines and eaves the mineral aragonite produces am odd
form which mimies the branching eorals so well that it 1s called coral-
lpidal. A specimen is shown in figure 124, but there is an almost end-
less warigtion in the appearance of sueh specimens,

Yoo may believe it or not, but thers are places where minerals mimic
pens. If you visit the hot springs at Curlshad, Bohemia, you wiil find
there deposits of “pea-stone” or “pisolite,” figure 123, made up of great

Fligurs 123, Pos-likes Form of Pilsellia, Carlabad, Debemis

niumbers of quite perfeet spheres about the size of peas. These are
loosely cemented together by the same material, but if you break a
piece; 8 number of the “peas” will fall out and roll away, as peas do
when they are bemng shelled, The Latin word pisum means a pea, so
mineralogists call this kind of formation, “piselific.™ The common ore,
bauxite, very frequently occurs in pisolitic masses and occasionally
limonite, one of the common iron ores, is pisolitic. Figure 126 shows
some less perfeet “peas” forming “hird’s nest ealeite™

[f we were to eut one of the little “peas™ through the eentar, we
would find that it is made np of many layers of the mineral deposited
concentrically around the ecenter, Usually & grain of sand or some other
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Figure 126, “Hird's XNosi Cololie” Relibelsderf, Hewom, Gormany

object forms the sueleus. A formation produced by the deposit of
mineral matter around a center is ealled u concrefion, and the structure
is called concrelionary.

Have you ever examined any shad moe? How well it is mimicked by
the mineral oolite, so called from the Greek words oon, an egg and lithos,
slang, Do not get the idea, as some have, that this “egg-stone” or oolite
is really a petrified shad’s roe. COlite s simply a mass of small eon-
cretions, the same as pisolite except that they are smaller. Ask an
architeet to point out to you a light gray, or maybe a cream-color build-
ing made of Indiana limestone. You will see in it multitudes of these
little mineral eggs. If you happen to bhe in England, you will soon
find & building made of “Portland Stone” which is a still better illustra-
tion of oolite. As vast beds of oolitie limestone exist in many places,
the number of complete concretions in nature is inconceivably large.

Along the shores of the Great Balt Lake, Utah, there are beds of sand
vomposed of minute oolitic concretions. Figure 127 shows this sand
magnified, while figure 128 shows the eoneretions ground down and
magnified so as to show their internal structure and the nuoelei about
which they have formed. "e do not, however, have to travel to the
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Figurs 127. Oollile Sand, Great Sali Laks, Utah. Flgure 128, Same, Ground Down

ends of the earth to soe these marvels of the mineral kingdom, for even
the builders bring them Ffrom fiar awasy and moake our offies buildings
af them,

Figure 129 ghows & mineral mimie of raindrops. These tiny spheres,
which are greally magnified in our picture, are hyalite, a varicty of
opal, from Japan. The mineralogist would speak of such an oceurrence

Figure 12%. dlotmlar HMyalite, Jupon

g glolmlar, but these globules are different from the sphere of peetis
lite, shown in flgure 116, because hyalite ix an amorphous mineral, as
it has no internal ervstal strocture und onsequently shows no sueli rad;
ated structure as pectolite when broken

{fecdes are coneretions, very much lereer than Uie UpessT af l'i-‘-i:ili-'-l'.
nnd hollow, their interior often beine lined with erystals, Fienre 130

shows half of & geode lined with quartz ervstals In Towa and lllinois
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Figure 13, Gepde, Tined sith Guarts Ceypstals, Keohuk, Tows

and many other localities such geodes are plentiful and average from
two to six inohes in dismeter, but occasionally they wre muoch larger or
emaller. These mammoth “eggs” are (o the mineralogist what dinesaur
ey are to the zoolorist and paleontologist, In Urupnay, and else-
where, geodes arve found lined with rieh purple erystaly of amethyst
quartz, sometimes surrounded with banded agate, figure 131, making
exvesdingly handsome specimens.

Another most interesting type of geode found in Urugoey is called
hydrolite, or water stone. These hydrolites are chalcedony geodes partly
filled with water earrying silica in solution. As the water evaporates

the sillea is deposited on the walls of the peodes us quartz ervstals. Such

gpecimens are highly instroctive, as they show how crystals liniag a

great many cavities in vocks have been formed by the deposit of min

erals held in solution
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Flgure 131, Geods, Lioed with Amelbssi Crystals mnd Agute, Brasll, Courtesy
af J, G, Maachealer

Figure 132 (Caloite Stulastiiecs and Stalagmites, Marenge Care, Indisns
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Caves are found in numerous sections of the world, espesially in re-
gions in which limestone abounds. Water percolating through this rock
dissolves part of it and then, as it drips slowly from the roof of the
cave, the limestone is redeposited in forms which mimie lecicles and
which are ealled stalactifes, firure 132, Be sure to visit every cave you
ean, for searcely two of them are alike and nearly all of them are beauti-
ful. Internally, too, stalactites differ materially, some of them being
coarsely erystalline while others are coneentrically banded, as shown in
figure 133. Many other minerals are found in stalactites, or groups of
stalpctites, among them are limonite and marcasite.

-
Figure 133, Uress Sevtlon of Sialasiiis, Showilngy UConcenirimmlly-Daanded Stroriors

Stalagmites are the forms which are built up from the foor of the
caves by the dripping water carryving mineral matter. They usually
have much blunter points than the stalactites,

There is another type of mineral mimic which reminds us of the wolf
in sheep's elothing. Mineralogists dignify it by the name pseudomerph,
from the Greek words pseudes, false and morphe, form. It seems too
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Figanre 1M, Limonits Pemdemorph afier FPyrite, Wankornegn, Seath Austraiis

bad that the beautiful mineral kingdom should be degraded by the mas
nuerading of one mineral in the form of another, Imt that is what &
pseudomorph really is. You will have to watch ont that youn are not
deceived by these psendomorphs. Ome of them is very common in many
localities ; it is known as limowite pretidamorph after pyrite, When vou

-

Figurs 135. Petrified Tree-Trmak Forming Satural Bridge, wear Hulliroak, Arizova
Conrisay ol Alchlson, Toprks and Sauts Fe Ballway
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Figure 135, Sectlon of Opalised Limb, Olover Ureek, ldabo i, A. E Faola)

see forms, figure 134, exactly like the choice erystals of pyrite in the
musenms, except that they are brown in color, you can be quite sure that
they are these limonite psendomorphs after pyrite. There are some
loealities where they ean be picked up in large numbers, while in Utah
and the Island of Elba fine Iarge specimens occur,

One of the most marvelous of the mineral mimics is “petrified wood.”

Figurs 157, "Pendrites”] Tree-like Depowits af Mangagess talde on Limssious,
Bolsnhefem, Havaris
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In the “petrified foresis” of Arizona, now & nsational reservation, thers
are trees three or four fest in diameter and over one hundred fest long,
eompletely changed to gquartz, or petrified. Petrified trunks and frag

= E— e e e

Figure 13 “Tree-Agate,” India

ments of limbs and twigs are senttered over many square miles. In many
pleces lurge trees may be seen, broken np into sections almost as though
they had been sawn by a lumberman. At one place n petrified tree
trunk spans a ravine about fifty feet wide forming a natural bridge,

Figare 199, Nelllke Magnetile in Mise, Chandler's Hollow, Dslawars
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as shown in figure 135, The trees seem to have originally Gourished on
the shores of an inland lake, into which they fell and became water.
logged. Then they were buried beneath voleanie material of a highly
giliceous character which underwent alteration through the aetion of
water, more siliea being set free than the water could hiold in sclution.
As the wood decayed, this silies (quartz) was deposited in its cells,
until finally the woody fiber completely disappeared and what was once
wood beecame stone, Beeause the change took place particle by particle,
the minutest cells of the wood are preserved and may be seen under
the microscope. Such silicified wood is by far the commonest pseudo-
morph, being found in large quantities in many localities.

Figure 136 shows a section of a silicified tree found in Oregon, in
which the structure of the wood is remarkably well preserved. Here
the mineral is opal instead of quartz. Such opalized wood, or wood:
opal, abounds in northwestern Nevada and elsewhere.

Such huge trees as those of the petrified forest are not nearly as at-
tractive as the charming little “trees” deposited on limestone at Solen-
hofen, Bavaris, and in other localities, known s dendriles, from the
Greek dendron, 4 tree. Figure 137 shows one of these. Of great beanty
also are similar formations in chaleedony, popularly known as “tree-
agates,” figure 138, or less correctly, moss-agafe. The mineralogist ap-
propriately names such forms arborescent, the Latin arbor meaning &
free. These differ from the arborescent forms mentioned on page 70 in
that they are not groups of erystals.

The beautiful chaleotrichite, mentioned on page 5%, mimies hairs.
This is a common mimic in & number of other minerals,

Figure 139 shows 4 curions mimie of u net, sometimes seen in sheets
of mica. Tt is really a crystallization of magnetite, similar in gome re.
speets to the reticulated eerussite shown in figure 97.

If you keep your eves open, you will see many other mimics and if
you use your imagination freely as you journey through life, you will
see in minerals pivtures, beautiful and interesting, which others will
pnas by,



Chapter 16
MARVELOUS CONTACTS OF LIGHET WITH MINERALS

It was early one summer morning when 4 party of entliusiastic min-
cral ecollectors, ecamping in the high sierras of California, reached the
summit of a mountain to see the sunrise. A light shower was falling,
Suddenly & shout went up ns the sun slowly rose above the horizon in
but slightly veiled splendor. Then gnother shout, and finally a chorus
of exultant exclamations as their attention was called to the glorious
rainbow in the South West. Their leader was not slow to seize the
upportunity to impress on them that they were witnessing one of the
contacts of light with the ¢ommon mineral water in the form of rain
drops. “What a glorious mineral water is,” he said, then he promised
that their morning’s conference would he on the marvelous contacts of
light with minerals

l. TEANSFARENOY

After returning to camp, they breakfasted and, the morning chores
being comploted, assembled around the table, npan which their leader
had placed o number of mineral specimens. Among them were Four
specamens of gquartz, but they did not look at &ll alike, The first wus
a choiee erystal of eolorless quartz, clear us glas. The rays of the sun
passel through it without interruption, even fine print could be read
through it more readily than we can read “halite” through the speeimen
shown in figure 140, They were told that a mineral through which
an object can be distinetly seen, is called fransparent, from the Tiatin

Figure 130, Trausspareot Maliie Stassburt, Giermasy
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waords, trans, through and parere, appear, and that this is but another
way of saying that light passes through the mineral uninterruptediy.
The second specimen of quarts, jasper, transmitted no light at all;
it was opague, so called from the Latin epacus, darkened. The other
two varieties of quartz were chaleedony and flint, which they found
were intermediate between these extremes. Chaleedony transmitted
Light throughout its mass, but not with sufficient ¢ase to permit the out-
lines of & candle flame to be distinetly seen. Such a mineral, they were
told, is termed fransiucent, [rom the Latin frans, fhrough, and lucere,
shine. Some rose quartz, they were told, is translucent, see fioure 141,

Flgure 15l. Transiveeni Rose Quarts. Blewe. Malne

while other material is searly opague, The flint transmitted mueh less
light, indeed it was only when they held it up towards the sun that
they could see a little light through the thinnest edges. Such a mineral
i5 said to be semi-translucent.

Their leader expinined further that the many varieties of quarts gshow
preat differences in the readiness with which they trapsmit lisht and
he promised further study of this mineral after they returned home.
He also told them that many minerals which are clussed ns opaque be-
come transparent or translucent when very thin, Hematite, for exam-
ple, though ordinarily perfectly opagque in large masses, transmits a
deep red light in very minnte and thin erystals or seales, or in vary
thin films between folds of miea. Fven gold transmits a green lighi
when in very thin leaves.

It was their Iast day in eamp, but their delightful contacts with min.
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ersls in the field aroused their enthusiasm for continuing their study of
minerals
2. COLOR

Two boys, Bob and Diek, were looking at the same erystal of tour-
maline. Bob was standing with his back to the window, holding the
ervstal in front of him. Dick was facing him on the other side of the
erystal. Bob said: “Tsn’t this a fine, black erystall” Dieck replied,
“Black! 1 beg your pardon. Tt's green!" Both of these hoys were
right, yet each was sure the other was wrong. How econld that be?
An older collector eame to their reseue and explained that some min-
erals show one color when looked throngh, by tramemitted light and an-
other color when looked at, by roflected light. He invited them to see
liis ¢ollection mud thore they saw tourmaline erystals from Pierrepont,
New York, which were black by reflected light, and, being opague, they
did not transmit any leht; while his tourmaline from Macomb, New
Yaork, not far away, was black by reflected light, but brown by trans
mitted light. He also showad them tourmalines from Brazil which were
almost black by reflocted light, but a henntiful rese-pink by transmitted
light. Ome of his Maine tourmalines was black by veflected light and
deep blue by transmitted light, while some erystals from South West
Afrien which werp Wlack by reflected light, were green by transmitted
light. What a wonderful variety of colors this mineral exhibits!

Some mineruls not: only transmit & different color from that which
they refleet, but alse transmit two different colors when the light passes
through them in different directions. Becanse the Greek word dichroes
means fwo-colored, this property of transmitting two colors is called
dichroism. 1f the boys hnd revolved the crystal they were examining,
they would very likely have found that it showed this property of
dichroism, bot they overlooked it, us s0o many others do, becanse they
did not realize how much there is to be seen in minerals.

The hright surface colors of many minerals are one of their most eap-
tivating Tentures. Evervone thrills at the sight of the lovely rainbow,
50 why not have s “rainbow collection of minerals" embracing minerals
carefully selected to show the rainbow colors? Some of the eolors are
ensily ssenred, others are searce, but the forming of such a colleetion
will be an inspiring rosd to & knowledge of the very fascinating subjeet
of color.

(ireat differences of coler sre to be fonnd even in & single mineral,
as we have just seen in the tonrmaline. Azurite may be so dark a blue
that it ks practically black, or it may pass by many gradations into a
charming sky-blue or “amure blue.” Corundum shows a truly marvelous
variation in eolor, the varisty ruby being deep, rich ruby-red; sapphire
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18 pink, purple, blue, yellow, green to white, while the coarser kinds
of corundum are usually gray or brown and the variety emery is black.

The ecolleetor who is alert for specimens of attractive colors, will
surely have a spectacular collection and, ineidentally, he will find new
pleasure in observing the colors in paintings and fabrics, in butterflies
and flowers, indeed wherever he goes eolor will assume a new and de-
lightfully inspiring influence in his life.

Many minerals have sueh characteristic colors that they are well-
known to buyers of ribbons, silks, and other fabries; thius there are
emerald-green, malachite-green, sulphur-yvellow, ocher-yellow, amber-
yellow, sapphire-blne, and 50 on. The mineral collector will soon find
that very few minerals are always, or even usually, of uniform colors,
though at times, color 15 & valuable aid in identification.

Care must be exercised not to be led astray by placing too much re-
lianca in it, Biotite miea is generally black, phlogopite mica is usually
dark brown, and muscovite mica white, light brown, or gréen; but it is
not safe to depend on these colors ns an invarinhiy safe means of deter-
mining these minerals. There is a pale green biotite at Vesuvius and
& white phlogopite in northern New York. While in probably nine
cases out of ten the color of the mica will enable us to identify it, the
tenth case will come sometime, so it is alwavs better to let onr detar.
minations rest on more than one of the physical properties,

The color of & metallie mineral is far more uniform than that of a
non-metallie mineral ; therefore, color is a far safer guide in determining
metallic than non-metallic minernls. Owing to the eonstaney of eolor
of the metals, there is a8 wide use of such terms as golden.yellow, eopper-
red, lead-gray, silver-white. We must observe, however, that while there
is great uniformity in the fundamentul eolor of these and other metals,
there are many shudes due to impurities, especially in gold; thus the
gold from Verespatak, Transylvania, which frequently contains thirty
per cent or more of silver, is much lighter than pure gold.

Among non-metallic minerals the terms used to deseribe their colors
are largely based on the well-known colors, with substances whose colors
are familiar to everyone used as prefives; thus a pure white marble is
called “snow-white,” the eomunon English flint is “smokepray,” black
tourmaline from Pierrepont and elsewhere is “velvet hlack” amethyst
i “viglet-blue.” A mineralogist woull never use such & term as “garnet-
red” because he knows that few minerals vary in color as much as garnet,
even though some shade of red may be more commen than any other
ealor,

It may seem so surprising as to be almost ineredible to learn that the
external colors, as well ag those shown by transparent minerals by trans-
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mitted light, are not really their true colors after all. What then, are
their essential eolors!

3. BTREAE

The external, or superficial, colors of minerals, which first appeal to
the eye, are not nearly as important a guide in the determination of
minerals as the color of the minera]l when powdered, which is known as
its essential color, or streak. This streak iz often very different from
{he surface color. Whils different specimens of a mineral often show
different superficial colors, its streak varies but little.

There are several common methods of testing the streak of a mineral;
first by crushing it to.a powder with & hammer, second by seratehing it
with & knife blade or a file, third by rubbing it on what is known as a
streak plate. This is usually a piece of unglazed porcelain, with a
rather rongh surface. Streak plates may be purchased at small cost,
or the little six-sided tiles used for flooring will answer well. Rubbing
on a streak plate is the most satisfactory method of testing the streak
of the softer minerals, for in this way the eolor is preserved on the
streak plate and cin be compared conveniently with that of other min-
erals whose streaks ean be made elose to each other.

Minerals whose hardness exceeds that of the streak plate, however,
cannot be tested on it, for instend of leaving their own powder on the
plate, they will scrateh it and produce the streak of the plate rather
than their own, The simplest ways of testing the streak of hard min-
erals are with a fila or by powdering them with & hammer.

Some interesting surprises await us when we test streak. Here are
some of the results we may expect 10 seoure;

Mineral External Color Streak
Apatite Rlye. grean White
Caleite, blus Sky-blue White
Chaleopyrite Brass-yellow Greenish-blaek
Cinnnbar Grayish-red Bearlet
Cuprite Cochineal-red Brownish-red
Fluorite Green, purple, or blue White
Galens [ead-gray Lead-gray
Hematits, thicacecus [ron-black Brownigh-red
Hematite, compoaet Steel-gray Brownish-red
Limonite Park hrown Ocher-yellow Lo rust hrown
Malachite Bright green Pale gresn
Manganit= Tron-hleck Reddish-brown
Pymargsrite Bluck Parplishred
Siderite Brown White
Tale Oray or gresen Whits
Zincite Deop red Orange-yollow

Tt is eapecially interesting to note that all of the above minerals which
have & metallic sppearance, with the single exeception of galena, have
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8 streak very different from the external color and that most of the
others have a streak which is white, or nearly white. It is quite sur-
prising to see that fluorite, whose external color varies greatly, some
specimens being green, others purple or blue, always gives a white streak.
It is the same with calcite which gives a white streak even though its
external color is blue, salmon, yellow, or gray.

4 LUSTER

If we compare galena with transparent quartz we shall see that, ir-
respective of colos, it reflects light differently. Probably this property
is best deseribed as its shine, but mineralogists call it lusfer.

It is very important to understand this property, for most works on
determinative mineralogy muke the decision as to whether a mineral
has & metallie luster the first step towards its identification,

Let us begin our study by earefully examining the surface appear
ance of all of the metals we can find—gold, silver; copper, aluminum,
tin, lead—there are many others. We note that there is a peculiar,
brilliant shine to every one of them, and thongh some may be super-
ficialty tarnished, a fresh surface always shows the typical metallio
luster. We find also that there are many other minerals with this same
metallie appearance, most of them being compounds of sulphur or, more
rarely, arsenie or antimony, with metals, or else they are oxides of the
metals. If you look threugh s musenm whose minerals are arranged
according to Dana's “System of Mineralogy," you will find that there
are no minerals with metallic Tuster after passing the oxides; with the
single exception of the very rare species lingbanite, If you remember
this fact you will be sure, when you see o mineral with metallic luster,
that it is not a earbonate, silicats, phosphate or sulphate. Remember
too that all minerals with metallic luster are opaque.

The faces of a elear quartz crystal refleet light very differently from
the metals, though their luster is often equally brilliant. It may be
impossible to describe the differcnce, but the eye instantly recognizes
it and we feel sure that minerals of this character have a non-metallio
Iuster. Actunl specimens sre more essential in the study of luster than
in any other property of minerals,

The terms used to deseribe the various kinds of non-metallic luster
are all derived from the luster exhibited by well-known objects, such as
glass, resin, was, grease, pearls, satin, silk.

Adamantine luster is that peenliar, bright, somewhat oily flash so
characteristic of diamond. 1t is natural to associate it with hard min.
erals and it is possessed to a marked degree by the two hardest of all
minerals, diamond and corundum, which is sometimes ealled “adaman-
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tine spar.,” Cassiterite and zircon, also hard minerals, show adamantine
luster, but it is not confined to hard minerals for cerussits and anglesite,
two quite soft lead minerals have adamantine luster. All six of the
minerals named have a high index of refraction (page 110) and it has
been suggested that there is some connection between these two prop-
erties.

Vitreous luster is that surface reflection shown ideally by broken glass.
The name is derived from the Latin word for glass, vitrum. A trans.
parent quartz crystal is one of the best illustrations, but some of the
massive varieties of quartz, like flint and jasper, are not vitrecos. Tt
is probably the commonest of all kinds of non-metallic lnsters.

Resinous, or wary luster is that kind of surfaee reflection exhibited
by the fossil resins, copalite and amber. [t is also often well shown by
sphalerite and by sulphur, Tt grades off into greasy lusier, which is
well shown by some vuarvieties of serpentine, some massive quartz, and
especially well by elaealite.

Pearly luster derives its name from the beautiful sheen (not the play
of colors) of mother of pearl. This Inster is especially common among
minerals which have a foliated structure and those which have an ex-
cellent basal eleavage such as the mieas, also heulandite, apophyllite and
fulinted tale. Bronzite has a mefallic-pearly fuster.

One of the most beautiful lusters is satiny, or silky. [tz best illus
tration is satin spar, a fihrous variety of gypsum, which is extensively
cit into cheap jewelry and =old at Niagarn Falls and other tourist re-
garts. Satiny luster is charseteristic of fibrous minerals and is beauti.
fully shown by the fibrons serpentine, chrysotile or “ashestos,” snd also
by the South African erocidolite, “hlue asbestos,” and by its alteration
into quartz, called “tiger-eye.”

When & mineral shows no Inster it is said to he dull ; if soft and easily
eritshed it Is earthy,

Examine all of your specimens and those you see elsewhere and record
what you think ix the luster of each one; then cheek up your determina-
tions with a reliable textbook.

DIFFERENCES BETWEEN TRANSPARENCY, COLOR AND LUSTER

We have been studying about three of the ¢ontacts of light with min.
erals. Before passing on to other even more wonderful contacts, let us
get elearly in our minds the differences hetween these three properties.

Tramsparency is the gquaniity of light fransmitied,

Color is the kind of light transmitted or reflected.

Luster is the manner in which light is reflected.
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5, REFRACTION OF LIGHT

Refraction. Two sportsmen were fishing from s boat in perfectly
clear water. Suddenly a water snake swam leisurely across their bow.
The one who saw it first fired at it with his revolver, aiming directly
at its head. He was a good shot and was amazed that he missed it. As
it eame to the other side of the boat, the second sportsman fired at it,
aiming & considerable distance below its head and he hit it. Why!? It
was beeause he had remembered a well-known fact that when a beam
of light passes into a denser medium, 85 from air into water, it is bent,
its direction becoming more nearly perpendienlar. This phenomenan
is called refraction. Look at figure 142. Suppose a ray of light arig-
inating at D strikes the surface of the water at A, passes through it and
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Fignre 142 Helfruetion of Light by Water and Dlamand
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emerges at R.  When it strikes the water it is bent, or refracted, towards
the perpendicular line BAC; when it emerges into the air it is again
bent, this time away from the perpendicular, and resumes its original
direction.

Index of refraction. Rays of light entering a given mineral, say
diamond, are always bent to exactly the same extent every time, but one
mineral differs from another in the extent to which it bends the rays,
These facts often enable the mineralogist to pesitively determine the
identity of an unknown mineral by aseertaining the exact extent of this
bending, which is called its index of rofroction. SBuch exact determing.
tions involve the use of expensive instruments, which usually are be-
yond the reach of the beginner, but it is easy to understand the genera!
principles of refraction of light by referring again to fipure 142, As
suming that the distance from N to M is 92, the distance from S to R
would be 68.9, and dividing 92 by 68.9 gives us 1.335 which is the index
of refraction of water. 1f diamond were substituted for water, the ray
entering at A would be bent much more towards the perpendienlar
BAC, that is in the direction AP, and it would be found that the line
PQ would measure 88, Dividing 92 by 35 would give 2.42 as the index
of refraction of diamond. The index of refraction of most minerals is
in the neighborhood of 155 and very fow exceed diamond,

Dispersion of light. Another interesting fact in reference to refrae-
tion of light is that rays of light of different volors are bent differently,
Red rays are bent less than blue. When, therefore, n beam of white
light passes into dinmond it is split up into the rainbow or prismatic
colors of which it is composed. Beeause diamond hns high dispersive
power the colors are separated widely and we see a broader band of
rainhow colors than in any other of the well-known gems.

Double refraction. It has been found that all transparent minerals
except those which crystallize in the isometric system or those which
are amorphons, break up a ray of light passing through them into two
rays, so that an ohject seen through them appears double. Tn most
minerals, however, the divergence of these two rays is so slipht as not
to be pereeptible to the unaided eye. In transparent ealeite, often ealled
“Ieeland spar,” the rays are so widely separated as to make this prop-
erty, known as double refraction, very striking, as shown in figure 143,
Do not fail to get & specimen of Teeland spar and prove for yourself that
you ean see two images of any objeet through it where only one object
exists, One of the notable specimens in the British Museam in London
is & huge crystal of transparent caleite, Teeland spar, about 27 by 24 by
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Fignre 143, Double Refraction of Light by Ieeland Spar. Museum of Brogklym Instlinte

18 inches. A cross has been placed behind the erystal and o surface has
been cleaved in frunt, enabling the visitor to look through twenty-four
inches of the mineral. What does he see? Not a single cross, but two
crosses, apparently about three inches apart!

This subject of the refraction of light becomes more and more fascin-
ating as it i= studied more deeply and it leads on to a luter stody of
polarization of light with the glorious displays of color visible in thin
geetions of rocks when viewsd under the petrographic microscope. Noth-
ing more beautiful exists in nature.

6. ABTERISM

Another curious eomtact of light with minerals owes ifs name to a
Greek word, asferismos, from aster, a star. An inexpensive specimen
which will afford much plessure to any collector is & thin sheet of
philogopite from South Burgess, (intario, which shows esterism. Hold
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o sheet of this mies closa to the eve and leck at a light through it and
you will sée n bright six-rayed star, like fipure 144, or possibly two or
even three stars, though the extra ones will be less distinet. These
stars are due to the reflection of light from wery minute erystals of
rutile (or possibly tourmaling), symmetrically arranged between the
layers of mica.

Another less common, mt much more highly prized, instance of
asteriem ig the star-sapphire. This & pictured in fipure 145. TUnlike
philogopite, the stor sapphire sliows riz beauty only by reflected light,

The asterism is doe to struetural conditions rather than inelosions,

Vigures 144, 143, Asterism of PFhlegopile and Stsy Sspphire
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“BLACK LIGHT" AND OTHER COLOR PHENOMENA

1. FLUORESCENCE

Fluorescence is one of the most remarkable phenomena in the mineral
kingdom. Tt has recently been winning thousands to the love of min-
erals, beesuse of the introduction of an inexpensive argon-filled bulb,
figure 146, which ean be serewed into any standard eleetrie light socket.
Many minerals show fluoreseence under this hulb, What is this strange

property

T,

Figure 126 Argom-Filled Bally e Showing Flusressenes

While minerals exhibit it probably more beautifully than any other
objects, an understanding of it requires a journey into the realm of
optics,

When a beam of sunlight passes through a triangular prism of glass,
its white light is split up into rays of light of all the colors of the rain.
bow. This band of eolors is known as the solar spectrum. Beyand
these visible rays, at both ends of the spectrum, there nre other rays
of light, not visible to the human eye, far outnumbering the visible rays.
Thesa are grouped respectively under two headings, the nltra-violet Tays
and the infra-red rays. It is the ultra.vialet rays, popularly ecalled
“black light,” which produce fluorescence in minerals and other sub
stances,

ns



114 GETTING ACQUAINTED WITH MINERALS

When invisible ultra-violet rays fall on certain minerals, the length
of the waves of light is changed to that of visible rays and these are
emitted as colored rays of eold light, as long as the mineral is exposed
to the ultra-violet rays. Fluorescence, then, 4s the emission of colored
light rays by a substance during exposure to ulire-violet rays.

Many colors, ranging through the entire spectrum, are produced, but
these colors vary with the sources of the ultra-violet rays and the char-
acter of the material exposed to them. Let us see what results we can
seonre with an argon bulb in a perfestly dark room. We serew the
little 2-watt bulb into a 110 volt A. C. cirenit and turn the button. We
see a violet glow, but this is not what produces fluorescence; it is the
invisible rays. Hold close to the light a piece of fluarite from Weardale,
England, which by natural light is green or purple. Seel it glows with
an indeseribably beautiful blue light! Next we expose a brown Auorite
from Clay Center, Ohio; it becomes a yellowish-green. Willemite from
Franklin, N, J. of pale green or yellow eolor, glows with a bright green
light. Gray sphalerite from Tsumeb, South West Africa becomes bright,
golden: yellow. Cream-yellow semi-opal from Virgin Valley, Nevada,
becomes a charming vellowish-green. Other minerals respond to the
ultra-violet rays differently. You will find great plessure in testing all
of the minerals in your eolleotion. Some of them will show fluorescence:
many of them will not

It is a safe prediction to make that what you see of fluorescence nnder
an argon bulb will cause you to visit a musenm in which one of the
more expensive lamps is installed. There are several well-known types,
siich as the earbon are, the iron spark-gap and the merenry-vapar are.
By actual tests it has been found that the new “Nico" lamp, figurs 147,
is the most efficient. This is & mercury-vapor lamp with the oltra-vinlet

o sl

Figure 147, “Nim™ Merrary-Voper Lamp for Shewlng Flasresermes
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rays given off from a long tube of nickel-cobalt glass. The fluores-
ecence produced by the aid of this lamp has been well called “the acme
of beauty."

It may occur to you to wonder whether fluorescence has any practical
applications in every-day life, Like most discoveries in science, its use-
fulness was not apprecisted for a long time, but now it is becoming one
of the best servants in many sotivities. Just to mention a few: By its
aid counterfeits are detected; changes on checks and legal dosuments
are revealed ; finger-prints which are invisible by daylight may be seen;
wool can be distinguished from cotton and mineral oils from vegetable
oila; the presence of even one one-hundredth of one per cent of contam-
ination in medicinal oil is elearly revealed ; cider vinegar is distinguished
from acetic acid ; many adulterations of foods and drugs can be detected ;
beautiful or startling effects are produced on the theatrical stage,

2 PHOSPHORESCENCE

Phosphorescence differs from Ruorescence in that the emission of light
santinues after the exciting rays have been shut off. For this reason
if phosphorescent bodies are exposed to sunlight, which is rich in ultra-
violet rays, and then nuickly removed to a dark room, they continue to
glow. Many minerals and other substances phosphoresee for a long time,
but as o rule the light quickly fades from sight, though it muy be de-
tested by a photographic plate long afterwards. Willemite, of eertain
kinds, is brilliantly phosphoreseent after exposure to ultra-violet rays;
50 are certain kinds of caleite and sphalerite. A great many minerals
ere phosphorescent, but the property is not noticed beeause the phos-
phorescence does not last until the eyes become adjusted to the darkness
which is essential in order to see it. If the eyes are ¢losed while the
current is turned on and opened simultaneously with its turning off,
phosphoreséence will be seen mueh more frequently.

3. IRIDESCENCE

Did you ever hear of “rainbows in stones”] Look over your trans
parent specimens and see if you ean find one. They are often beauti-
fully shown on the flaws inside of elear quartz and ealeite. Mineralo-
gists ¢all such rainbows rridescence, from the Latin ridis, the rainbow.
Iridescence is not, however, always inside the mineral, but may appear
on its surface, as sometimes on anthraeite, hematite, pyrite, chaloopyrite,
bornite. [t is due to the breaking up of the white light falling on the
specimens into the rainbow colors of whith it is composad.
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4. TARNISH

Tarnish differs from irideseence only in the faet that it is produced
by the permanent alteration of the surface to a different single color,
Silver, for example, is often tarnished black, and the copper-red of eop-
per is changed to black. If, however, several colors are produced om
the surface by the process of tarnishing, the result is called iridescence
and not tarnish. 1f you break a piece of bornite, you will be surprised
to see that the blue and green surface iridescence, produced by tarnish-
ing, is very different from the pecaliar reddish-brown color of a fresh
surface. As many minerals show such superficial alteration, it is im-
portant, when describing the colors of minerals always to examine a
fresh smrface.

5. PLAY OF COLOES

Some minerals, notably precious opal, show a play of colors inside
when the minersl is turned. This is usually due to reflection of light
from very minute eracks. In the ease of diamond and some other cut
gems, which are noted for their gleaming play of colors, the eoffect is
produced by the splitting up of the light and the reflection of the sepa.
rate colors from the inside surfaces of the facets of the gem.

6. CHANGE OF OOLORS

Change of volors, also called chatoyancy, from the Freneh, chatoyer,
to change color, is a remarkahle property of a few semi-precious stones
such as labradorite, tiger-eye, and cat's-eye. Tuke a piece of labrador-
ite from Labrador and turn it unotil at & eertain angle you see most
vivid colors flash forth in great sheets. Turn it still further and they
disappear and the lifeless gray of the mineral takes possession of the
surfaces which a moment before showed such a gorgeous blue, vellow,
ar red change of colors. The cat's-eve effect is often produced by fibers
of ashestua or is caused by eavities arranged in parallel position. These
reflect the light more brightly as it falls on the crystals within.

" 7. BOHILLER

Continue revolving the labradorite until you reach a plaes at which
you see beantiful iridescent refleetions from the surfaces of exceedingly
minute erystals enclosed in the mass. The erystals are so very small
that you ean searcely see them, but with a good lens or under the miero
scope they are dazzlingly beantiful. Figure 148 shows & specimen of
sunstone, & variety of feldspar, in which the little enclosed erystals have
been msgnified ten diameters. The dark parts are the erystals which
oroduce the gorgeous schiller or iridescent reflections.
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Figure 148, Soustome, Neorway, Magnified (o Show Enpclosed Crystnls
Which Produce Sclilller

B. OPALESCENCE

Opaleseence is o milky reflection from within & mineral. The nume
calls attention at once to the existence of this property in the opal, but
it seems unfortunate thut the name is used to deseribe a milkiness which
detrnets from the beauty of the nohle opal gem instead of being used
for the play of colors which makes the opal one of the most beautiful
of all gems. Opalescence is also shown by & variety of feldspar eallad
moonstons, Here sgain we must be careful not to confusa the milky
or pearly reflection which constitutes its opaleseénce with the chanpe of
oolors which s the far more prominent and lheautiful feature of the
moonstone. In this insiance, however, the two properties are generally
combined in a single specimen, while in fine gem opals the opaleseence
is generally lacking.

We have searcely more than glanced at the marvelous contacts of light
with minerals.. A great literature has sccvmmlated on this subject as
the result of the patient investigations of many research workers. There
iz moeh more still to learn and many applieations in every-day life will
doubtless result from further work in this alluring fleld.
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ELECTRICAL AND MAGNETIC PHENOMENA

L ELECTRICITY

Electrical phenomeng among minerals are rarely visible to the be-
guner, though of great interest, Much progress has been made by ad-
vanced workers in chemistry, physies; and mineralogy in coming to an
understanding of the manifestations of electrical energy. The most 1m-
portant of these are connected with the eleetrons and protons about
which we studied in chapter 4, and the revelations as to the structure
of the atoms and molecules, when eorystals are examined with X-rays,
The beginner may look forward with anticipation of keen pleasure to
the day when he will be sufficiently trained in the physical sciences to
tackle for himself the problems which are now arousing enthusiastic
study in research Inboratories,

The ability to conduct an electric current is possessed to & marked
degree by the metals. It has enormously important applications in
every-day life in such inventions as the telephone, telegraph, radio aund
trolley, Most of the non-metallic minerals are non-conductors of elee-
tricity, The use of miea as & non-conductor n telephones and other
electrical instruments is well konown,

You can eazily perform a simple and striking experiment, to show
the presence of eleetricity, by rubbing o piece of copalite with & silk
handkerchiel on o elear, dry day., In o Jew moments it becomes elee-
trfied and will pick up tiny bits ol tissue paper, as shown in figure 149,
All minerals beeome charged with eleetricity by friction of this kind,
but few show it as distinetly as copalite and the elosely reluted fossil
resin, amber. 1t is an interesting fact that the word electricity is derived
from the Greek name for smber, elefiiron,

2. MAGNETISM

The property of maoguedissm has been shrouded with mystery  and
superstition by the ignorant from ancient times. Even today many
people earry with them s piece of lodestone as a “rheumatism cure”|
The explanation of magnetism belongs in the realm of physics rather
than puineralogy, but the manifestations of the force among minerals are
worthy of attention.

The mineral magnetite ia the only one which strikingly illustrates the
property, though platinum and pyrrhotite are siightly magnetic and
{Imenite, chromite, franklinite, hematite and lmorite sometimes show
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a little response to the magnet. It is possible that this is due, at least
in some instances, to the presence of magnetite 8s an impurity. Pyr
chotite, however, is attracted by the magnet to such an extent that it
has been given the popular name of “magnetic pyrites.”

Figure 149, Demonsirsilon of Frictional Elvetricity tn Copaiite, Zansthar

Magnetite is invariably strongly attracted by a magnet, and if you
are in doubt as to the identity of a black mineral aod find that a small
piece of it will jump to 8 mugnet, ¥ou ean be sure that it is magnetite

An electro-magnet, which consists of an iron magnet thronrh which
i eurrent of electricity is passing, will attract many minerals not visi-
Lly affected by the ordinary “horse-shos” or the “bar” magnet, indeed
all minerals are affected, though in greatly varying degrees, by the force
when placed between the poles of an electro-magnet. This fact hus been
utilized commercially in the separation of the different ingredients of
sands and concentrates at many mines. Tron compounds are most strong
Iy affected.

The most interesting exhibition of magnetism among minerals is in
the variety of magnetite kmown as [odesfons. This remarksble mineral
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Figure 150, Demanalirsileon of Peolarity of Lodestone

will not only pick up small objects of iron or steel, but, when suspended
by a string so that it can swing freely, will always come to rest i the
same position, n certain place being towards the North and another to
wards the South, as shown in fipure 150. Note also that the nails are
picked up chiefly st these places, which ecorrespond to the North and

Flgurs 151, Wenk Ladestons Plaks up [rom Filings



ELECTRICAL AND MAGNETIC PHENOMENA 121
South poles of a compass, The mineral is, therefore, said to have polar-
ity. If we bring a compass pear to the suspended lodestone, we will
find that the North pole of its needle will be attracted by the South
pole of the lodestone, and that the Sonth pole of the needls will be
drawn to the North pole of the lodestone.
Lodestone varies greatly ln strength. Sonies of it will pick up fine
iron filings, figure 151, while other piecss will not only pick up nails

———

Flgurs 153 EStrong Ludesioos Ficks up Ten-Teonny Nalls
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as heavy as ten-penny, but others of these heavy nails can be suspended
from the nearest mails, figure 152,

While ordinary magnetite is an exeesdingly common and widely dis-
tributed mineral, the wvariety lodestone is found in comparatively few
loealities, and usually in small quantities. One of the most famous lo-
calities is Magnet Cove, Arkansas,



Chapter 19

WHY MINERALS VARY IN WEIGHT

If we pick up pieces of galens and quartz of exactly the same size,
we know instantly that the galena weighs more than the quartz. But
why?

Two conditions determine the relative weights, First the nature of
the atoms of which the minerals are compesed, and second, whether
these atoms are close together. The atoms of the very beavy metals,
such as uraniom and lead, nre very heavy. Other things being equal,
the compounds of these metals wonld be heavy. If, however, the atoms
are widely separated in the compound, it may be light even though
composed of heavy atoms. On the other hand, if the atoms are light,
but they are densely crowded, the resnlfing mineral will be heavy.
Cornndum is a remarkable illustration of this, for while it is composed of
aluminum and oxygen, both light elements, it is a comparatively heavy
mineral.

If we take an empty box in the form of a cube and fasten s single
shot in each of its eight corners, ns shown in figure 153, even a child
wonld know that it would not be pearly as heavy as if we fill it with
shot, &s shown in figure 154. These figures roughly illustrate one rea-
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Flgures 153, 134, Differsnces of Denslty

son for the differences in weight of minerals. A minernl in which the
atoms are crowded, is spoken of sy having a high density, while if the
atoms are far apart, it would be said to have & low density.

Oravity is that atiraetion of the earth which tends to draw all bodies
towards its center. If a body has a high density, this pull of the earth
towards its center is much stronger than it is if the body has a low
density, In other words, it is more diffienlt to lift it, or it is heavier.
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It will be still heavier if the atoms of one of the elements of which
it is composed are heavy.

1t has been found that if a mineral is perfectly pure, the weight of
two pieces of it of exactly the same size, say eubes of one inch square,
is exsetly the same. By comparing all minerals with water and ascer-
taining bow many times as beavy as water the different minerals are,
the mineralogist is able to record their relative weights, and beeause this
is only another way of expressing the relative or specific pull of the
earth for these different minerals, he ealls the property specific gravity.

Various scientific methods of determining spesifie gravity have been
devised. Mineralogists find it of immense service to know just what the
specifle gravity of different minerals is, as they are thus preatly mided
in distinguishing between them, and no secientifie deseription of a min
eral is resarded as complete which does not give its specifle gravity.
While it is not possible to determine it accurately in the field, familiar-
ity with their relntive weights will help us much to distingnish between
some of the common mincrals.  For exsmple, if you find a white mineral
with a good eleavage, it is more apt to be caleite than anything else, but
if it #s very heavy, it would be much more likely to he barite or corun-
dum. If its hardness is tested with a piece of eorundum and it is deeply
seratched by it, it could not be eornndum and probably would be barite.

1 we were to examine 4!l known minerals, we would find that more
than half of them are from two to four times as heavy as water, or
have a speeific gravity between £ and 4. Many of the metals and
metallic minernis and many of those minerals which are compounds of
the heavier metals, have a high specific gravity. On the other hand,
the number of minerals whose specifie gravity is less than water is very
small. Tee is the ouly one that is common among solids, and it is be-
eause ‘it iz lighter than water that it will float on water,

The specifie gravity of petrolenm is less than that of water, so it
floats an the surface of water, figure 1556, In this instance all of the
petroleum is above the surface of the water simply beenuse petrolenm
is o lignid and its particles move freely upward, while in the ecase of
the snlid iee, the particies nt the lower end are lield down by the upper
particles of the mnse,

At least four fifths of all of the common minerals have a specific grav.
ity of not over 4, while one tkird of the total number have a specific
gravity of 3 or less. As our idezs of comparative weight are uncon-
srigusly based on those minerals whizh we handle most frequently, it
is interesting to note that the three minernls we are most likely to meet
in the field are of very nearly the same suecific gravity. They are:
common feldspar 257, quartz 265 and caleite 271, I we come across
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a mineral which seems heavy, it will be because we unconsciously com.
pare it with these common minerals. It is really surprising how slight
g difference we can detect. Thus fluorite, whose specifie gravity is 3.13,
seems noticenbly heavy if we compare pieces of the same size of fluorite
and caleite. Our judgment is very apt to be at fault if the pieces we

Figurs 155 Petrilewm Floallog on Wiler Besasse Its Speeifle Graviiy is Less

compare are of different sizes, We shall likely think that ealeite s
heavier than fluorite if the piece of ealeite is two or three times as large
as the fluorite. When the specific gravity rises above 4, we are not so
easily deceived by differences in size and when it is 5 or more, we can
icardely make s mistake,
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WHAT TO DO NEXT

If you have patiently studied the foregoing pages, it ls believed that
you have acquired & love for minerals and a desire to know much more
about them. Thus far you have learned about minerals in general.
What should you do next! The following suggestions should be helpful.

1st. Familiarize yourself with the minerals described in Part 11, tak-
ing up one element at a time and seeking additional information wher-
gver obtainable.

9d. Build up a permanent colleetion of your own by visits to mineral
loealities, by exchanges aud by the purchase of specimens carefully
selected to acquaint you with those about which you are studying,

8d. Make frequent visits to other collections, especially to those which
ure scientifically classified, and note particularly the characteristies of
the minerals you are studying.

4th. Keep in constant touch with other earnest students and collec-
tors and do all you ean to make the meetings of your local mineral club
interesting and worth while.

Sth. Identifv each of your spasimens by their physical properties,
with the aid of Appendix L

6th. As soon as possible take up the study of chemistry and learn
how to identify minerals by the aid of the blowpipe. Professor Dana's
“Minerals, and How to Study Them" is an excellent guide. It will aid
you too in further study of erystals,

1f you adopt these suggestions you will derive inereasing pleasure and
profit from getting acquainted with ninerals,



PART I
DESCRIPTIONS OF MINERALS






PART 11

DESCRIPTIONS OF MINERALS

"lie minerals deseribed in the following pages have been selected with
great care as being those with which it is most important for the begin-
ning student to become acquainted. It is not expected that any attempt
will be made to commit to memory all of the data here given, nor would
such a procedure be recommended even to the most industrious student.
It is hoped, however, that the descriptions will aid in the identification
of many minerals which may be met in the field and elsewhere and that
their properties may become more and more familinr and be carefully
noted on specimens in the student’s own collection. If this he done,
steady progress will be made in getting acquainted with minerals.

Some comparatively rare minerals bave been briefly described, others
being searcely more than mentioned, in order that attention may be
called to those of commereial importance. It i3 believed that this in-
formation will be of value to the prospector, mining man and visitors
to mining regions.

1t is very unlikely thut many readers of this book will be so fortunate
a5 to find diamonds in the field, vot the trunscendent importance of this
mineral justifies devoting more space to it than is accorded to many
mueh commoner minerals which have no elaim to our attention, exveplt
their abundance,

It is not usnally possible to give brief deseriptions of minerals, in-
cluding the salient facts, and make them interesting. It is often true
that much of interest can be found by searching for it. 1t is hoped,
therefore, that beginmers will use the following deseriptions as the
foundations upon which to base quests for the wealth of interesting in-
formation about many minerals and bring this to the meetings of clubs;
where the enthusissm of members over minerals will win new converts
to study this most interesting of all the sciences,

CLASSIFICATION

The most scientifie elassifieation of minerals is one in which they are
arranged aecording to their chemieil composition and erystal form.
This is the plan which has been adopted in practically all public mu-
seums and in many important private collections. This classification
is set forth in Dana's “Sysfem of Mineralogy,” which is the standard
work of reference in the United States and is largely used all over the
world, 'This monumental volume is the work of Professor Edward
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Salisbury Dana of Yale University, the Dean of Ameriean mineralogists.
An excellent college textbook in which this plan of ¢lassifieation ls
used is Dana’s “Textbook of Mineralogy.”

The beginner in minersl study will find the Dana classification too
difficult to understand until he acquires a fair knowledge of chemistry,
erystallography, physics and higher mathematies. 1t has been thooght
best, therefore, to adopt for this book a classification of minerals based
on the most important element in their makeup, with thess elements
arranged alphabetically, Those minerals which are of major importance
a5 rock-formers are separately grouped at the end. This elassifieation,
by bringing together the ores of the metals, familinrizes the beginner
with many sources of wealth about which he should be informed, and
with the important ingredients of the rocks.

A, MINERALS GROUPED UNDER ELEMENT OF GREATEST
IMPORTANCE

ALUMINUM MINERALS

Aluminnm is the most abundant of nll the metals in the erust of the
earth, vet it does not oceur in nature uncombined. Until 1886, its sepa
ration from its ores wns attended with so much diffirnlty that the price
of the metal was exceedingly high. In that year a young college student
discovered that aluminum could be produced much more cheaply than
ever before by passing a strong electrical current through a solution of
its oxide in fused eryolite. If ke had not been enongh of a mineralogist
to know of the comparatively rare mineral eryolite, and of its easy
fusibility, his great discovery would probably never have heen made.

Aluminum is the lightest and one of the most important of the com.
monly oecurring metals, being only a little more than & third as heavy
gs iron. It is heing freely predieted in scientific circles that the day
is near at hand when it will largely replace steel in muny industrial
uses, such #3 automobiles, trucks and Pullmon cars.  Already it has
largely superseded tin for homschold ntensils, and many small useful
and ornamental artivles are made of it. It I8 exténsively used in air-
planes and structural work of various kinds. 1t will, however, have
formidalle competitors.

It is a gilver-white metal, eapable of a high polish, It oxidizes super-
ficially, like copper, and the outer coating then protects the immer metal
from further corrosion. Its alloys with copper and with magnesiom
are assuming mujor importance. Aluminum bronzes have mush to eom-
mend them; they are nearly as hard as steel, can be cast, are beautiful
and take a high polish.
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Aluminum Ores. At present bauzife is the only mineral used as an
ore of aluminum, but it occurs abundantly in a great many other min-
crals from which it is not so easily separated; of these the most im-
portant are corundum, fopaz; kaolinite. Many rock-forming minerals,
deseribed in that section, are composed in part, of aluminum.

Bauxite is a hydrous oxide of aluminum, Ala05.2H.0, and contains,
when pure, about 499 of aluminum. It oecurs chiefly in two forms,
first as a soft, earthy mass, second pisolitic (see page 92). Hardness:
up to 3. Specific gravity: about 25, Ordinarily it eontains much iron,
replacing part of the aluminum, und then it has a red or reddish eolor,
while, when pure, it is gray to eream-color, or sometimes brown, Great
deposits of bauxite oecur in the Southern states, and in many foreign
conntries, Its strange name i derived from Baux (Beaux), France,
one of its well-known localities:

Corundum, though not used as an ore of aluminum, is an oxide,
Al 05, containing about 53% of this metal. It is a mineral with which
the beginner should early become acguainted, not only because it is
number & in the scale of hardness, page 31, and harder than any other
mineral exeept diamond, but also because two of the most expensive
precious stones, ruby and sapphire, are varieties of corundum. Ruby
has a rich red color, the best goms being of “pigeon’s blood” color.
Paler tints of red or pink are not called ruby, but “pink sapphire.”
Sapphire includes all of the translucent to transparent kinds of all ecolors
exeept deep red. Typical sapphire, however, is blue. Ewmery is a gran-
olar variety rendersd black by the admixture of a large quantity of
magnetite. Ordinary corundum, “ademanting spar,” is usually brown
or gray.

Crystaly are hexagonal, figure 156, sometimes tabular, more commonly
in long prisms or barrelsheped, figure 157, Often shows parfing ar

Flgures 156 157, Commen Farms of Corundzm Crrstals
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psendo-cleavage into nearly eubical rhombs. When compact it is ex-
cesdingly fough. Luster: usually adamantine. Sometimes shows asfer-
ism, then ealled star sapphire (page 112). Ruby often shows magnifi-
cent erimson fluorescence under ultra-violet rays. Speoific grovity:
gbout 4., remuarkably high for a compound of two light elements (see
page 123).

[lses: valuable az an abrasive, but largely supplanted by earborun-
dum, an artifivinl compound of carban and silicon. When richly colored,
highly prized as & gem.

Occurrenee: The Orient, chiefly Burma, Ceyion and Siam, yields
most of the best gems. Montana has produced some fine gapphires and
many licht-colored stones.  Ordinary corondum abounds in North
Caralina, Georgin, Canada and the Transvaal. Emery comes chiefly from
Giresoe and Turkey ; it wia formerly mined at Chester, Massachusatts.

Topas belongs to the great group of silicates, but in addition to
gilicon, oxygen und alominum, a considerable quantity of fluorine is
present, so that it is regarded as a “fluo-silicate of aluminum,” its form-
ula being (AIF).Si0,.

It i3 not 4 common mineral, but in places where it does ocenr it is
Fuirly abundant, nsually in good erthorhombic erysiels of prismatie de-
velopment, figures 158-160, terminated by steep or flat faces, sometimes
beautifully etched, figure 160,

/ﬂ- 'ﬂ.\.
l'ﬂﬁ- -
Hal = [2
Figure 158 Figure 159 Figure 160

Flgnres 1385-160. Cammon Forms of Tapas Crywials

Its perfect basal cloovage, and its laek of cleavage in other directions,
serve to distinguish it from feldspar and other minerals which it some-
times resembles. Thin plates can be eleavgl from crystals,

It is further distinguished by its great hardness, it being number 8 in
the scale of hardness, page 31, so that it will serateh all common minerals
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except corundum. Massive topaz, such as is found at Trumbull, Con-
necticnt, is apt to be softer.

Its commuonest color is white, or colorless, but often it is faintly tinted
blue. Rich blue erystals of large size are found in Siberia, also mag-
nificent transparent, brown crystals, this locality yielding specimens
which rank among the finest of all mineral specimens, The "precions
topaz” of Brazil, figure 1580, is wine-vellow. It is sometimes altered to a
delicate pink by heating. Some of the lnrgest erystals known ecome
from Brazil, but these are colorless or slightly tinted blue. Other local-
ities yielding fine crystals of smaller sizes are Madagasecar, Japan, Ni-
geria, Mexico, Maine, Colorado and Utah.

Its lusder is vitreous and in rolled pebbles it iz diffienlt to distinguish
it from quartz without testing its bardness or cleavage. It is con.
siderably heavier than quarts, its specific gravily being abouat 3.5,

Uses: If it were available in commereial quantities it would be a
valunhle abrasive. When travsparent, it yields fine pems.

Kaalinite, china.clay, is a hydrous aluminum silieate, HyAl.Sialy,

Hardness: 2. to 25. Specific gravify: about 2.6,

Form: Crystals of knolinite are rarely seen and are slmest micro-
seopie, six-sided plates belonging to the monoelinie system, Ordinarily
this mineral is found as a white, earthy mass, easily erushed and soiling
the fingars.

Occurvence: Kaolinite is always the resnlt of the alteration or
weathering of feldspar. When water and the carbon dioxide of the air
act on common feldspar it loses its luster, its cleavage disappears, it
becomes soft and menly. What has happened? The potassinm unites
with the carbon dioxide to form potassium carbonate, which, being
soluble in water, is readily carried wwoy by rains.  The water com-
bines with the aluminuwm and part of the silica to form kaclinite, while
the remeinder of the silicn becomes quartz. This quartz often remains
mixed with the kuolinite so that before it can be used it must be washed.
The kaolinite thus formed may remain where it originally was or be
transported by running water to the beds of strenms, lnkes or the oeean
and there, mixed with various impurities, it is deposited in the quiet
waters, finally becoming consolidated into olay.

Uges: Clay is plastio, when wet, and thus it is easily molded iuto
bricks, roofing tiles, drain pipes; erockery, stonewares, and other objects
These are then baked in kilns to dry and harden them, The better
grades of chinn and porcelain are made from pure kaolinite, feldspar
and quartz. The chief use of elay is for fire bricks; much is also used
us & paper filler.
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Kyanite, an sluminum silicate, Alo810;, has the same composition
as two other minerals, andalusite and sillimanite, It oceurs in thin,
bladed erystals, usually in mica-schist, It is a remarkable illustration
of the variation of hardness on different faces of the ervstal, for on the
broad sides the hardness is 5, while on the narrow faces it is over T,
harder than quartz. Specific gravify is about 3.6.

The name is from the Greek, kyanos, blue, alluding to its nsual sky-
blue color, which is often vonfined to the center of the blades, while the
edges are colorless or white; green eyanite is also not uncommon, Lusfer
is vitreous on the edges, often pearly on the flat sides.

Cleavage is casy parallel to the flat sides and somewhat more difficult
parallel to the edges, while the blades are often apparently chopped off
ot the ends, producing a form which reveals the friclinic form of the
erystals,

KEyanite sometimes iz fransparent and If it is at the same time of deep,
rich-blue eolor, gems resembling blue sapphire may be eut from it.

Oceurrence: It occurs plentifully in many localities, especially fine
specimens being found in Switzerland and North Carolina,

Use: Kyanite has been used in the produetion of refractory materials.

Andalusite, unother aluminum silicate, Al.Si0;, ia remarkable for
the regular srrangement of carbonaceous impurities inside the rough,
rounded erystals of the variety chiostolile. This is shown in Sgure 161

Figure 151. Chinstellits Crystal, Showing Csrhenoresus Inclusions

Ax the mineral collector usually thinks of andnlusite as & rough, ugly
mineral, it i4 interesting to know that it oceasionally ocenrs perfectly
transparent and is eut into handsome, brown gems, with hardness: T.5:
specific gravity: 3.2, The massive mineral from California has recently
been need in making spark plugs,

Billimanite, a third aluminum silieate, Als8i0;, has alse been used
in making spark plugs. It is usually in fibrous to columnar-massive
forms, of dull brown or gray eolor and sometimes forms the major part
of schistose rocks. Its hardness is 6 to 7; specific gravity: abont 3.24.

Dumartierite is & boro-silicate of aluminum, whose exact formula is
in doubt. It may be EM,G..B:G..ESiG:.H;G.

Its hardness is T; specific gravity: about 3.30; juster: vitreous,

It is usually in masses made up of fibers, or in columnar forma, some-
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times developing into distinet, elongated, orthorhombie orystels, having
u bright blue color, while in the fibrous form, & lavender to gray color
is more common,

When first found, in France, in 1881, it was regarded as an rare
mineral. Later it was discovered at the Harlem Speedway, New York
City, then in Arizona, Californin and other loecalities, until now it is
considered a fairly common mineral. Finally large deposits were found
in Nevada and it was mined by the carload for the manufacture of spark

plugs.

Bpinel is an oxide of aluminum and magnesium, MgAl.0,. Hard
ness: B, exceeded by but few minerals; specific grovity : about 4.0.

Crystals: isometrie, usually in octahedrons, sometimes twinned, figure
103, and often modified by the dodecahedron, figure 162, and occasionally
the trapezohedron. Very rare in any other forms.

Flgure 162 A Commen Form of Spinel Cryetals

While a careless observer might see spinel but rarely, a trained eye
will find it frequently in many roeks in minute black erystals, dis
tinguished from magnetite by not being magnetic. It ia especially
plentiful in the limestone region of Orange County, New York and Sus-
sex County, New Jersey. Fine erystals occur in Canada, and very bright
little octahedrons may frequently be found in the masses ejected from
Vesuvius. The most important localities, however, are in Ceylon, India,
and Siam, for here oceur the beautiful ruby spinel, the deep blue,
purple, lilac, green, yellow, and other attractive colors, and as they are
often transparent, truly magnificent gems are obtained, sometimes rival-
ing the true ruby.

Chrysoberyl is a rare compound of sluminum and berylliom oxides,
BeAl,O,, It is one of the very hardest of minerals: 8.5, being inferior
only to corundum and diamond. Beeanse it is also found fransparent
and is rare, it is prized as a gem stone. The best gems are of a goldea
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vellow color, whence its name, from the Greek words chrysos, golden and
berylios, beryl. The variety, alszandrite, figure 163, from Siberia or
Ceylon, which has a grayish-emerald green color by natural light, has
the remarkable property of appearing & peculiar “columbine red” by
artificial light. It is one of the most expensive of all gems.

Figure 163 Chrysolieryl, variesy Alsxamirite

Ordinary chrysoberyl, such as is found in Maine, ot Haddam, Con-
nectient, and elsewhere, is usually of a yellow color, but rather dull
Specific gravity: about 3.7,

Chryseberyl erystals nre orthorhombie and tabular and are frequently
twinned and striated,

Pyrophyllite is a hydrous aluminum silieate, HsAl, (8i03),.

It is soft, its hardness ranging from 1 to 2. Specific gravity: 2.85.

It is distinguished by its radisted-lamellar structure and the ease
with which small fragments will exfoliate or spread out into fan-shaped
forms, several times as large as the original, when heated in a flame,
There is, however, a massive variety which does not have these char
acteristics and ean only be distinguished from massive tale by chemical
tests, This has the same wses as tale

The most common color is vellowish-white to brownish-white, bot at
Zermatt, Switzerland, there is a charming green variety. Badin, North
Carolina yields beautiful material, as dlso Graves Mountain, Georgia and
Mariposa County, California

Turquois is & hydrous phosphate of aluminnm and copper, possibly
CuD3A1:0,4.2P;0,.9H,0,

It is almost always in thin seams and irregulsr maesses; opaque, with
color bright robin's-egg blue, or bright green to greenish-gray. Tis
hardness is 5 to 6; specific gravity: about 2.7,

It was known and used by the anclents gs a semi-precious stons, their
material largely coming from Persia. The Mexicans and Indians de-
rived their supply from the old mines near Santn Fe, Noew Mexico, Fine
material also oceurs elsewhere in New Mexico and Arizona.

The name is derived from the French name of Turkey, through which
vountry the merchants brought their supplies.
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ANTIMONY MINEEALS

Antimony is classified, chemically, as & semi-metfal, because of certain
compounds it forms and also because it is a poor conductor of heat and
elegtricity. It has, however, a brilliant metallic luster and is opague.
It is not much lighter than iran, its specific gravity being 6.7. Tts most
important wses are for antomobile bearings and in making the alloy
known as type-metal, for which it is invaluable owing to its peculiar
property of expanding on cooling.

Native Antimony is a rare mineral, found in this country in nodules
in Kern County, California, and at but few foreign localities.

Stibnite is a sulphide of antimony, 8bySy. Its hardness is only 2, so
that it may be scratohed with the finger nail and it will soil paper.
Specifie gravity: about 4.6.

Tts luster is metallie, and on fresh surfaces unusually brilliant; color:
bluish-gray, but it becomes dull by tarnishing.

1ts usual sccurrence is in bladed masses, though elongated orthorhom-
bie erystals are not uncommon, These are often elustered irregularly,
ar in radiating groups, figure 118, Crystals are commonly half an inch
to an inch in length, but magnificent erystals and groups were found
many years ago in Japan with individual erystals 18 inches or more
in length, and it is not unusual to see Japanese stitmite erystals of three
to eight inches in length. Very fine specimens of mueh smaller sizes
have also come from nenr Hollister, California, figure 164, and splendid

Figure 164, Stitnite, near Mollisier, Callforale

groups from Ronmanis. The commercial supply, however, comes largely
from Chinn.

The cleavage of stibnite is very perfeet parallel to one of the vertical
faces of the erystals, It is thus distinguished from galena.

Another distinguishing property, which would be overlooked by a enl-
leetor who only looks at his specimens, is the ease with which wtibnite
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fuses, its fusibilify being taken ss number 1 in the scale of fusibility.
Try holding a small fragment in any flame and see how quickly it melts.
Stibnite is mueh the commonest and most important ore of antimony,

Other Antimony Minerals. Considerable deposits of oxidized an-
timony ores oceur in Algeria, chiefly the minerals valentinife, senarmon-
tite, and cervantite. These are found elsewhers in limited quantities,

Antimony is also an essential part of at least fifty other minerals,
including such valuable or important species as bournonite, pyrargyrite,
telrahedrite, slephanite, polybasite and bindheimite,

ARSBENIC MINERALS

Arsenic is closely related to antimony in its chemical reactions and
is classed as a semi-metal. lis Inster is not nearly so hrilliant as that of
antimony, and it is considerably iighter, specific gravity being 5.7. Tts
most important use is in hardening eertain alloys. [ts oxide, popularly
called “arsenie,” is o white powder, and is used in enormous quantities as
an insecticide, weed killer, preservative of bird skins and furs and in
making enamels and opaque glass. Caleium arsenate is extensively
used in combating the boll weevil, and Paris green in fighting potato

bugs.

Native arsenic is quite rare and there are no important occurrences
in the United States. [ts luster is metallic ; color: fin-white, but it quick-
Iy tarnishes to & dall gray. It is usnally granular with & mammillary
or botryoidal form.

Ores of arsenic are realgar, orpiment, and arsenopyrile,

Realgar is one of the arsenic sulphides, AsS. Tts hardness is only
15 to 2; specific gravity: 3.56. It is said to be sectile (see page 36),
but you will certainly find erystals britfle. Its gorgeous red color makes
it conspicuous in any collestion, but beware of leaving it expesed to the
light, for it will soon change to a vellow powder. TIts luster is resinons.
Its erystals are monoclinie. The best come from Roumania, but most
beautiful specimens occur in Nevada and elsewhere in the Western
states.

Orpiment is another arsenie sulphide, As:8;. Tts hardness is 1.5 to
2; wpecifie gravily: 345, Tt is quite sectile (see page 36) in thin
cleavages. Crystals are monoclinie, but rare. It is generally found in
erystalline masees, often, as st Manhattan, Nevads, associated with
realgar, the combination of the red realgar with the bright lemon-

yellow to orange orpiment being most pleasing,
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1t has an easy cleavage parallel to one of the side faoces of the erystal
and ean often be split into thin leaves which may be bent at will. The
luster on the cleavage face is pearly, but elsewhere it is resinous.

Arsenopyrite, aiso called mispickel, or arsenical pyrites, is a com-
pound of iron with sulphur and arsenic, technically known as irom
sulpharsenide, FeAsS.

1t has a hardness of nearly 6, and a specific gravity of about 6.

Luster is metallic. Color: grayish, silver-white. Streak: dark grayish-
black. Opaque.

It forms orthorhombie erystals of very characteristie wedge-shuped
forms, as at Freiberg in Saxony, and Sulitjelma in Norway; but it is
usually massive,

It is the chief ore of arsenic and occurs in & great many localities
One of the most important otenrrences is at Deloro, Ontario, where it
is gold-bearing.

It may be distingnished from pyrite by its whiter color and the faet
that when rubbed vigorously or heated it gives off n garlic odor
( poisonons) .

Other arsenmic minerals. There are many other minerals in which
arsenic is an essential constitutent. It is often combined with sulphur
and a metal, as in prousfite, or with oxvgen and a metal in the im-
portant group of arsenates, of which mimetite, olivenite and other copper
arsenates and erythrite are illustrations.,

BARTUM MINERALE

There are but two important barium minerals, barite and witherite.

Barite, or “heavy spar,” is barium sulphate, BaSO,. Its most promi-
nent characteristic is its specific gravity, 4.5, which is much above the
average of nonmetallic minerals and serves to distinguish it at once from
marble or dolomite which its granular form sometimes snggests.

It forms orthorhombie erystals of many different types, fignres 44, 47,
165, 166, but they are usually tabular.

Figurea 165, 1566. Comman Forms wf Barite Crystals

1t has perfect cleavage parallel to the hase and the prism, thus form
ing cleavage rhombs not unlike those of caleite, but different in angle.
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Fraclure: uneven, Tenacity: brittle.
Hardness: 2.5 to 3.5, Luster: vitreous,
Color: eolorless to white, yellow, blue, green. Streak: white.
Transparent to trunslucent in erystals; masses, opaque.

Qecwrrence: It 18 & common and widely distributed mineral, often
found in veins in limestone and also as a ganpgoe mineral in metallic
veins. Commercial deposits are numerous, Famous specimen localitios
are in the Frizington region, North of England, figures 167, 168, also in

Viguts 157, Barlie on Dolamite, Frivington, (umberiand, England

Houmania and other Burapesn localities, st Cheshire, Cimnectiout and
in South Carolina. Beautiful brown, stalactitic barite comes from
Derliyshire, England, figure 160,

Figure 168, Barits oa Dolomits, Phanioss Crrstal, l':ﬂ‘l;h:. Emgland
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Uses: 1Its chief use is as a pigment, but it has many applications in
chemistry, and is of great importance in the refining of supar.

Figurs 159, Barlte, Cross Secilon of Staloctile, Newhaven, Derbipsliire, Pnglan:d

Witherite is barinm carbonate, BaCO;. It is & comparatively rare
minernl, with lardness: 3.5; spevific grovity: 4.3; color: white. Usually
in erysials of psendo—hexagonal form, with pyramids piling up one on
top of ancther, flizure 170. Iis biest locality is at Hexham in the North

of Fngland.

Figurs 170, Witbherite, & Form Comuson in England
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BERYLLIUM MINERALS

Beryllium (also ealled Glueinum) is a silver-white metal with a
specific. gravity of only 1.9, considerably lighter than aluminum, whose
specific pravity is 2.6. With the exception of lithium, it is the lightest of
all the metuls, and Tor this resson much experimentation has been made
to utilize it in mirplanes;

Beryl, the anly ¢ommon berylium mineral, is a beryllinm-sluminum
silicate, Bes AL Sip0,4. Its hardness is 7.5 to 8, exceeded by only three
other minerals. Specifie gravity: 2.70.

Form: Almost always it is found in simple hexagonal prisms, firures
171, 173, bot magnifieent specimens are to be seen in lurge collections
with one or more pyramidal faces, figure 172, replacing the usual Hat

Figura 171, 172 Commaen Varms of Beryl Crystals

Its cleavage is not distinet.  Frocture: usually conchoidal or nnmeven,

Tenacify: brittle,

Streak: white, but owing to its great hardness not obtainable with a
streak plate, but enly by powdering. Transparent to nearly opaque.
Luster: vitreous to greasy. Color varies greatly and leads to the separa-
tion of important varieties. Common beryl is usually pale green, but
may be colorless or white, Aguamarine, as its name implies, is the color
of sean-water, which varies from bluish-green to greenish blue. It is
customary, however, to inclnde all shades of blue under aquamarins and
nlso all greens except the deep, rich green of the variety called emerald,
whose color is due to the presence of a small peércentage of chromium,
There is also the beautiful golden beryl, of varions shades of yellow, and
pink beryl, which has been ealled morganite,

Oceurrence: The characteristic mothor-rock of beryl is pegmatite,
figure 173, or less commonly mica-schist. Common beryl is found in
erystals of enormons size; one in the museum of the Bostan Society of
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Notural History measnures 40 inches in diameter and is 42 mches high,
and even this is only a piece of a erysial originally nine feet long. An
cmerald found in North Caroling was nine inches long and even larger
erystals have been found in the Russian mines, In Brazil aquamarines
have heen found of mammaoth sizes.

Figares 173 DBaryl Crysials o Pegmadlie, Tapsham, Malos

{Taes: Emerild is the most valuable of gll gems and 5 one of the
[our precious stones, The beautiful morganite iz much rarer, though
not so highly prized, Colden Beryl gems are gquoite popular, but are
not abundant,

Beryl is distinguished from aspatite, which it often much resembles,
by its great hardness,

Other beryllinm minerals, While there are no common beryllinm
mineralg exeept beryl, several species are worthy of mention

Chrysoberyl, which contains about 20% of beryllium oxide, is de-
scribed on page 135.
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Phenagite is a beryllium silicate, Be,SiOy, containing 45.55% of
beryllium oxide. It has a hardness of 7.5 to 8, equal to that of beryl;
specific gravity: 3. It is colorless and often fransparent, in which ease
it yields gems of considerable beauty, the finest coming from the Urals.
The erystals belong to the rhombohedral division of the hexagonsl
system and are often lenticular in shape. The most prolific American
localities are in Colorado, figure 174, but the erystals are small eom-
pared with those of the Urals and Norway.

o
Figure 174, Phenoclie, s Commen Form al Mous) Aslers, Colorsdo

Bertrandite, a hyidrons beryllium silicate, is sometimes associated
with phenacite.

Cadolinite is 8 beryllinm-iron-yttriom silicate,
Some fifteen other rare beryllium minerals are known.

BORON MINERALS

Boron: The element Boron is not found free in nature and has no
practical applications. Tt is, however, present in the common mineral,
tourmaline, and a copsiderable numler of other less abundant minerals
and some of its compounds are of greatl economic importance.

Sassolite is the name given to the naturally occurring borie acid,
HaBO,, extensively used as an eve wash. It is a rare mineral, found
in tiny white scales in the lugoons of Tuseany, Italy.

The Borates include a group of about thirty minerals, mostly quite
rare, in which boron snil oxygen are combined with one or more metals,
and sometimes with considerable water. Several of them are abundant
in certain localities, especially in Californin snd Nevada and are worthy
of the beginner's attention owing to the great importance of borax in
everyday life. '

Borax, hydrous sodium borate, Na, B,0;.10H;0, is better known in
the laundry and to the chemist than to mineral ecollestors. It oceurs,
bowever, in considerable abundance dissolved in the waters of certain
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alkaline lakes, whose gradual evaporation causes it to separate out as
white, monoclinic erystals, fiure 175, having forms similar to those of
prrozene. It is soloble in water.

Figure 175, Doras Cristal

Colemanite, hydrous ecaleium borate, CasBg044.5H;0, for many
yenrs was the most important source of borax. Hardness: 4 to 4.5.
Specific gravity: 242, Cleavage: distinet in two directions. Tenaciby:
brittle. Color: yellowish or milk-white to colorless, FLuster: vitreous in
eryetals, almost dull in massive form. Streek: white. Trunsparent to
nearly opaque. Form: monoelinic. Usnally in groups of beautiful pris-
matie erystals, 4 to { inch. sometimes much larger, often lining geodes
in the massive mineral. Qocurrence: known only in the borax deposits
of Californin and Nevada, Y

Ulexite, hydrous caleium-sodium borate, CaNaB;0y.8H:0, i a fair-
lv common associate of other borax minerals, not only in the Pacific
(loast borax region, hut also in Chile, Argentina, Nova Scotia and else-
where Tt is nsmally in masses of fine, soft, white, silky fibers.

Kernite, hydrous sodium borate, Na;B,0,;4H.0, was entirely un-
known until 1926, when it was accidentully discovered in drilling a well
in Kern County, California. A vast deposit of the minersl has been
found and it is now the prineipal source of borax. The mineral is
soluble in water and by simply evaporating the solution berax erystallizes
out. Referring to the formnlas of these two minerals above, it will be
noted that the only chemical difference between them is that borax has
ten molecules of woter and kernite has four, The weight of the borax
seeured is thirty-nine per eent greater than the kernite dissolved.

Hardness: 8. Specific grovity: 1.95. Tenacity: brittle.

Form: monoclinie, but usually in fibrous masses showing excellent
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cleavoge. Luster: vitreous to pearly. Transparent to translucent.
Caolor: white to colorless,

The white coating which is frequently seen on kernite and which forma
the decomposition product of borax is the mineral tincalconite, another
godinm borate, with five molecules of water.

Every coliector should visit the Culifornia borax region, If possible.

CALCIUM MINERALS
Metallic calcium has no important nses in the arts and is rarely seen
except as a& chemiecal curiesity, but its compounds are of transcendent
importance, including three of the minerals in the scale of hardness,
calcite, fluorite, and apatite ; and also aragonits, gypsum, enhydrite, and
other important minerals, while dolomifs containg both ealeium and

magnesinm. It i5 also & common ingredient in many rock-forming
minerals,

Calcite is caleium carbonate, CaCOy, It is by far the most important
caleium mineral. When pure it is colorless and transparent. Clear
ealvite, ealled Teeland spar, exhibits remarkable dowlile refruction, as
shown in figure 143, and explained on page 110,

Another striking property of caleite is very perfect rhombohedral
cleavage, figures 109, 110, notod on page 78, While it has a conchoidal
fracture, it is rarely seem owing to the ease with which the mineral
oleaves.

It is number 3 in tha scale of hardness, page 31, and has a specific
grovity of about 2.72,

Calvite ¢rystols are classifisd in the rhombohedral division of the
hexagonnl system (see page G64). They ocenr in an almost endless
variety of forms and combinations, more faces having been deseribed
on oaleite erystals than on any other mineral, literally hundreds of
them. Simple rhombohedrons, figure 176, such as are yielded by cleav-
ing any type of erystal (see page T8), are rare in natural erystals. The

Tigure 176 Figure 177 Figurs 178
Figures 176-1T8. Trpioeal Yerms of Calelts Crysials
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flat rhombohedron e, fignre 62, with prism m, is shown in figures 177,
178. One of the commonest forms of caleite erystals, the scalenohedron,
was deseribed on page 55. The sealenchedron, combined with the prism,
and rhombohedron e, is shown in figures 66 and 179. Is it not wonder-

Figure 179, Caleile. Group of Crywsials; Bigrige Mine, Cumberland, FEanglamd

ful that no matier how complex a ealelte crystal miy be there are never
any other fundamental forms present except rhombohedrons, scalen-
ohedrons, pyramids, prisms and the base, Twins (see page 72) ol
caleite are often of great beauty and are not uncommon. Figure 152
shows one from Egremont, England.

While caleite is abundant in erystals, it is much more plentiful in
other forms and there are many of them. By far the most important
variety is limesione of which there are several strikingly different types.
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Coguina, found so abundantly near Saint Augustine, Florida, that it is
available &s & boilding stoue, is one of the most instructive of the
varieties It is little more than a mass of fossilized shells, The pearly
shell limestone of the eanyon at Rochester, New York is a harder, more

—dl

Figure 180, Calcite, Gelden Crysial, psar Joplin, Missouri

compact lmestone, Most limestones are made up of the more eompletely
altered remains of mollusks, corals, crincids, and other lme-seereting.
maring life, These sccumulate in layers or “strata®™ on the oesan botton
and are slowly eemented into & solid roek. Laver by layer, they are built
op through millions of years into great beds huondreds of feet ihick
Buch rocks, composed largely of caleium earbonate, but often with
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impurities of silica or clay, form grest mountain ranges in many parts
of the world.

When subjected to heat and pressure, common limestones are changed
or “metamorphosed” into erystalline limestone, called marble. Or, it

—

Figure 121 Calolis, Tabuolar-Hessgunal Crystals, Andreasberg, Tlary, Germany
Figure 182, Caleite Twin, Egremonl, Cumbrriand, England

may be, they are slowly dissolved by water earrying carbon dioxide and
redeposited in eaves, figure 132, in icielelike forms, called sfalactifes
und stalagmites. When redeposited by streams or springs in large

quantities fraveriine results, or, if in smaller quantities coating lesves,
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twigs or moss, cale fufa is produced. The study of these formations is
wonderfully interesting,

Another curious type of caleite, oolite, figures 127, 128, is described
on page 93. It occurs in great beds in England, Indiana, and other see.
tions, and is one of the most important building stones.

Chalk is a soft, white, compact limestone composed largely of the
shells of minute, marine organisms. Do not confuse true chalk with the
so-called chalk of the elass room which is made of gypsum.

There are many other varities of caleite, some of which you are quite
likely to meet on your hikes and there is much to be learned about them.
You eould have » large collection of nothing but ealeite specimens, for the
variety and beauty of the erystals and of other types, as well as the
showy polished marbles, are almost beyond belief. Caleite is certainly
8 charming mineral.

Chemieally, ealeite is caldum earbonate CaCOg, A drop of acid will
cause any variety to fizz, due to the liberation of the earbon dioxide.
You can distinguish caleite from feldspar instantly by this simple test
and then confirm it by testing the hardness, ealeite being 3, while feld-
spar is 6,

Aragonite has the same chemical composition as caleite, ealeium
carbonate, CaCOy, bat erystallizes in the orthorhombic system instend of
the rhombohedral.

Its hardness is 3.5 to 4, while caleite is 3, and its specific grovily is
somewhat higher, 2.9 instend of 27.

It'is usually quite different in form, though at times it is difficalt to
distinguish between them at sight. [f the specimen under consideration
shows rhombohedral cleavage it is eertainly not araponite, for it has
fo eleavage. It frequently forms in fransparent, spireshuaped ervstals
und these sometimes are found on the outside of caleite stalactites, At
Frizington, England hesutiful groups of spire-shaped erystals oceur,
figure 183 ; twin erystals much resembling hexagonal prisms are found
in the Pyrenees Monntains, while magnificent groups of large, colorless
erystals oceur in Sicily and Crechoslovakia.

Flos-Ferri, “fower of iron,” picturesquely so named because of its
oecurrence in some iron mines, is shown in figure 124, Tt often is in
masses made up of interlacing stems of snow-white color, which are
typieal illustrations of the so-called coralloidal form, (see page 92).
The best material is from Austria.

Aragonite is frequently found in more or less radiated, coarse-fibrous
to columnar masses, sometimes colored blue by aurichalcite, as near
Tueson, Arizona
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Fluorite is caleium fluoride, CaFs. It is a very interesting mineral
from several standpoints. We have already made its acquaintance as
number £ tn the scale of hardness (page 31), and we have seen that it
has very well developed oclehiedral eleavage (page 78).

Figure 183, Aragonits, Radisting Crysials, Frizingten, Comberland, England

Chemically, finorite is of interest because it shows us a point in refer-
ence to the electron theory {page 21) which we have pot wyet noticed.
Fluorite is a compound of caleium and flnorine; ealeium has two free
electrons in the fourth ring; fluorine has seven in the second ring. We
kave: seen (page 25) that the atoms of such slements respectively part
with their free electrons and borrow or take on eléctrons from other
atoms, In this case the caleinm atom has two to give, but fluorine wants
but one ; therefore, it is necessary for there to be two fluorine stoms in
order to use the two free electrons of a single calelim atom. The
formuls of fluorite thus becomes CaF.. and the atoms of the metal
caleivm unite with those of the gas fluorine to form the beautiful pon-
metallie mineral, fluorite, which adorns so many eollestions.

Another property of (uorite, which i so notable that the mineral has
given its name to the property, is fluorescence. This is explained on page
113. Bome fluorite also shows phosphorescence (ses page 115). The
exhibition of these properties by fluorite is often very striking.
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Its specific gravity is 3.18,

The name, Auorite, is derived from the Latin fluere, flow or flux, be-
cause it aids other minerals to become liquid. Because of this fact the
mineral is extensively employed as a flux in open hearth fornaces. It
is also of great importanece in making hydrofluorie acid, used for etching
glass, and it has other important nses.

Fluorite is a widely distributed and fairly common mineral. It oe-
curs in isometric erystals, usually in eubes which are very often twinned
as shown in fieures 104, 184, Other forms are mmch rarer. 1t is abun-
dant in veins ns a coarse-granular material.

Flgure 184, Flustlie, iraup ol Uulileal Twins, Wearilale, Doarliam, Erglond

Most beantifnl spevimens have been found in great abundanee in the
iront mines of Northern England in groups of green, purple and wine-
yellow orystals. Pink octabedrons come from Switzerland and are
highly prized for their beanty and rarity. The chief commercial sop-
ply in the Tnited States is in Southern Ihinois and northern Kentucky.
It peours abundantly in Colorado nand New Mexico. Cubes of mammath
gize formerly came from Macomb, New Yark. Many other localities all
over the world yield fine specimens or are of commereial importance,

Apatite is u phosphote of enlemm, bot with the nddition of either
culoium fuoride or ealeium chloride. the former hoing much the most
abundant. Miners always eall it *phosphate.”

Hordness: No. 5 in the scale of hardness, Specific gravity: 3.2,

Liister: vitreous to sub-resinous.
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Color: usually green or brown, but sometimes yellow, violet, blue,
white or colorless. Streak: white. T'ranspareni to opague.

Cleavage: basal, but not prominent, Tenacity: brittle.

Forms: erystals, hexagonal, ususlly in rather long prisms terminated
by pyramids, figure 185, and often the base, figure 186; more rarely
in tabular erystals and then more coniplex,

= x x
= = m
L 4 r

Figures 185, 186, Covwomon Ferma of Apsille Crystals

Oceurrence: It is abundant in rocks of all classes, seattered in small
erystals. As these weather, the ingredients are washed down, part re-
maining to enrich the soil, while other portions eventually reach the
sea and are built up into parts of living organisms. The mineral was
formerly mined in Canada, but it has been replaced by the phosphorite
found in Southern and Western States and elsewhere, Fine, large
erystals, of the ecoarser types, are found abundantly in varions Canndian
localities, while the delicate and beantiful specimens of smaller sizes are
chiefly from central Europe, Maine and Mexico.

Identification: distinguished from beryl, which the larger crystals
often closely resemble, by its inferior hardness and solubility in either
hydrochlorie or nitric acid.

[sés: as a fertilizer. .

Collophanite is & hydrous ealeinm phosphate, Cag(P0y): H:0. It
ineludes the many forms of “phosphate” rocks embruced nunder the gen-
eral term “phosphorite.’ This materinl is more properly regurded as o
rock than 8 mineral. The nodular phosphates of the Southern States,
the “pebble phosphates” of Florida and other types found in the
Southern States as well as the vast deposits of ocolitic “phosphate” in
Wyoming and other Western States belong under collophanite, They
are of enormous value as fertilizers,

Gypsum, hydrous ealeium sulphate, CaS04.2H.0, is found in sev.
eral very different forms



154 GETTING ACQUAINTED WITH MINERALS

Selenite, number 2 in the scale of hardness, page 31, with specific
grovidy: 2.32, is the variety oceurring in monoclinic crysials, most com.
monly of the types shown in figures 49, 187, 188. Its cleavage is de
veloped in three directions, yielding rhombie plates. The largast eleavage
face has & pearly luster, while the other faces are sub-vitreous and show

Figurea 167, 188, Commen Ferms of Gypsum Crysuals

respectively canchoidal and fibrous fracture. Its fenacity is rémarkable,
it being both fexible and sectile (page 36). Selenite is transparent and
nsually colprless, Streak is white. Mammoth erystals, some five feet
or more, have been found. Among its most celebrated localities are Utah,
Mexico; Sicily and Franee. Figure 190 shows a rosette from Texas

Satin spar is a fibrous variety having a charming silky or satingy
luster, Its color is usually white or pale yellow., It is popular at
Niagara Falls and other tourist resorts for cheap jewelry and ornaments.
The best material comes from England, Siberia and Nevada.

Alabaster Is a fine-grained, sub-translucent variety, extensively used
in Italy for statuary and other carvings.

Eock-gypsum, “'plaster-stone,” is 8 medium-coarse to fine-grained
variety which occurs in beds of great thickness and is regarded as a
rock.

Oceurrence: Gypsum forms great beds in many rocks and is often
usspciated with halite. Used: The most important use is in the build.
ing trades and as “Plaster of Paris.”

Anhydrite is caleium sulphate, CaS0,. It ususlly oeeurs in fine
granular masses of sugar-like texture; white, gray or pale blue. Hard-
nees: 3 to 3.5 and thus distinguished from similarly sppearing varieties
of gypsum, whose hardness is 2. Specific grovity: about 29. Crystals:
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Figure 189, Gypsmm, variety Becleniie, Crystals, Fllswocik, Ohle

rare, readily vielding cleavages of cubie appearnnce Often assosiated

with gypsum in extensive beds.

Dalomite is deseribed under Magnesium minerals on page 187,

CARBON MINERALS

Carbon, the Most Important of the Elements
It is safe to say that carbon is the most important of the elements
[f it were judged merely by the two forms in which it ocours as distinet
minerals in nature it would not be mecorded the highest rank among the
clements. even thoueh one of them is the matchless pem, diamond.
Carben, however, forms fully 200,000 compounds, a far greater number

than are formed by any other element except Hydrogen. They make our
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fuels—vcoal, oil and gas; much of our foods and clothing, many drugs,
dyes, explosives. Carbon is used in pencils, printer’s ink, lubricants
erucibles and almost countless other produets upon which we are de:
pendent for the necessities and comforts of life. How sonld we pet along
without steel? Yet it conld not be produced unless earbon wore added

Figure 150, Orpsum Hoesslle, “lesert Rose,” Teani

to iron.  Clarbon is essential, also, in the smelting of the ores of iron and
uf many other metals: The longer we live the more we shall be impressed
with the great importance of earbon and its compounds,

Its oeourrence in the mineral kinegdom introduces ns to dismend sl
graphile, to the large group of the carbonafes (page 27), and to the
kydrocarbons (page 163), including coal and pefrolewm, which are by
far the most valuable mineral products of our country.

Diamond is pure carbon, symbol O, As o ¢nt gem, it is probably
the best-known of all minerals, but very few people, comparatively
speaking, are familinr with its appearance in the rough. It is with thix
that the mineral collector is especially interested. Who ean tell whether
the sbility to recognize it in its nutural state muy not lead some student
of this book to diseover an important new source of supply. This did
happen in the case of Bir Thomas Cullinan, at the time a day laborer,
who learned the appearance of rough diamonds and of the minerals as.
sociated with them and then devoted his spare time to searching for
them in South Africa. He was rewarded by discovering what eventually
became the Premier Mine, which has produced $150.000,000's worth of
diamonds, including the mammoth Cullinan diamond. The poor laborer
became a multimillionaire and a member of the English nobility, while
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the company organized to operate the mine paid to its stockholders every
vear nearly four times their originnl investment.

Forme: Diamond usually occurs in distinet isometric erystals, whose
forms vary greatly, though the octahedron and the dodecahedron are
the most common. Very often the erystals are rounded (figare §2).

Vignre 191, Dinmend Crystal, 432 Corsis, foumd 1517, Beporiad e be lhe Mol
Valunhils Stons Found In the Mines nt Elmberley, Sooil Afries.
CUourfesy uf Delleers Consolidaied Mines, Limii=d

froqiently concealing the form and making it appear more complex than
it really js. Little triangular depressions or elevations (figure 192)
are of tem seen on the octahedral faces. Twins (fgure 103) are abundant.
Figure 191 is a photograph of a fine octahedron, weighing 442 carals
found in 1917 in one of the Kimberley mines. Besides the usnal erys-
tallized forms, a hlack, massive varisly, known as earbon®™ or “car-
bonado,” oceurs in Brazil, harder and tougher than the erystals,

Cleavage is octahedral and easily ohtained, leaving very brilliant

surfaces which it is easy to mistake for erystal faoes.

Hardness is the distinguishing property of diamond, for it is much
harder than auy other substance. While if is number 10 in the scals of
hardwuess, page 81, it is actually many times as hard as cornndum,
number 9,

Luster: Adamantine luster takes ita namie from the Greek name of
diamond, adamas, ademani. Diasmond shows this type of luster more
perfectly than any other mineral (see page 107),
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Color: The typical dinmond is absolutely colorless, but light vellow
1 commion, also brown. The percentage of stones of other eolors is ex

ceadingly small and uwsually the faney-colored diamends—blue, green,
orange, pink or red—are quite small,

Other propérties of diamond are summarized below in eomparison with
graphite

Figure 1¥2  [Humond, Nsiursl, Trisogulur Grewth Projectiosis on Feee ol
Ocinbedron. Kimberley, Ssulh Afries

Diamend Gems: Diamond iz much the most popular pnd important
of all perns, This s d i

uneéqualled hardness, britlinney and play

of eolors Itz wonderfal B colers, when eut into a gem, 1§ ex-
I 1141, if from the

imner surfaces of the lower facets is secured by prinding these facets ot

te angles, thus greatly inereasing the brillis

LIAReY

Color] and
water-clear gems are said to be of “first water,” the highest grads being
called “bine-white” by the jewelers. Contrary to the poner

i

, =
al belief,

these are not the most expensive of pems, this honor beinge aseorded to
the faney-colored stones noted shove. These are. however. so r

be practically unknown to most people.
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Historic Diamonds: While small stones constitute a very large per-
centage of the diamonds found, extra large stones are occasionally
found. These are valued at much more than proportional prices, some
of them having bean sold for many hundreds of thousands of dollars.
The “Kohinoor” his been known gince 1304 and remained in the Orient
until 1850 when it was sent to England. It is probably the most famous
of the historic diamonds. The “Orleff” diamond is said to have formed
one-of the eyes of a Hindoo idol. It was stolen and was liter sold to
Prince Orloff of Russia for $450000 and eventually was mounted in
the fmperial scepter. These two stones, also the “Greal Mogul,” which
iz said to have weighed in the rongh nearly 800 carats, and the mag-
nificent, deep-blue “Hope” as well as many other famous diamonds,
came from India.

The South African fields have produced many huge disnmonds inelud-
ing the “Culltnon,” the lprpeest in the world, which weighed in the
roueh 3,106 carats, or over one and & thind pounds. It was presented
to King Edward VII and was then eut into over a hundred stones, two
of which are larger than any others known, These may now be seen
among the crown jewels in the Tower of London. Among many other
South Afriean diamonds of note are the “Jubilee,” the “Vicforia™ and
the “Tifany” The last named is an excoptionally beautifal, yellow
gtone. which has been displaved at many international expositions, in-

Figure 153 D[Dlamend Cryeial in Cenglomerais; Namagualaad, Souihk Alries
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cluding Chieago, 1933. Thirty diamonds weighing over 400 carats were
recorded from South Afrien up to 1932,

Occurrence: The earliest, authentic finds of diamonds were in India,
whieh for many centuries was practically the only source of supply.
The diamonds were recovered by washing loose gravels, or from con.
glomerats or sandstone rocks, As many a5 60,000 men are said to
have been employed at the famous diamond mines near Goleonda, India
in 1665. These have now been abandoned, but there is still considerable
mining near Allshabad, India.

About 1729 diamonds were discovered in the gravels and conglomer.
ates of Brazil and that country has been an important producer ever
sinee,

The great diamond mines of the world are those in South Africs
which are working in the rock, kimberlite (page 257), or, as it is known
loeally, “bloe ground.” Great “pipes” oceur, filled with this eurious
mixture of minerals which has been forced up from thousands of fect
below the surface by the pressure of confined gasses, The diamonds
are seattered through this rock very sparingly and irregularly. How
they got there hns long provoked controversy among geologista.® Some
idea of the very small quantity of diamond in the kimberlite may be
secured by noting thut in 1926 the production of one of the largest
and richest mines averaged but one earat from 5378 pounds; or, to put
it unother way, there would be about ene chance in 3585 of finding
a earat of dimmmond in a specimen of kimberlita 3x4 inches in size, weigh-
ing & pound and a half,

It was in 1867 that some children playing in the river gravel found
the first South African diamond, Some thres years Inter dinmond was
fonml in Kimberlite at Jogersfontein and within another year four other
great mines were discovered, all in the vicinity of Kimberley. Others
were found in other parts of South Afriea during the next few years,
but for twenty-one years after their discovery the “big five” were the
only profitable mines. Then another great mine was found and, finally,
in 1902, the greatest of all, the “Premier (Transvaal)" mine, figure 194,
was discovered. Sinee that time no Jarge diamond mine has been dis-
eovered anywhere. The mineral is, however, widely distribnted all over
the world, and were it not for the tremendous production of the South
Afriean mines und the eontrol exercised over their prodoction, some
of the oveurrences might be regarded as important.

The richest oceurrence in the United States is in Arkansas where
rock gimilar to the South Afriean is found. At least ten thousand

* Sos "“Tha Geoesis of the Diamond,” by A. F. Willians, 1632, & marvelously
interesting book, in twa sumptoous velumes, magnificently [Mustrated.
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Premies THamond Mine, Transveal, South Afrien, en April 1%, 1528
iG, L. Engllsh Fhatab

Flgurs 154

dinmonds have been recovered there, the largest weighing twenty-one

carats, Some of the best may be seen in the United States National

Museum.

Uzes:
industrin]l uses are of far greater practical importance.
hard, black variety, “earbon,” mounted in “diamond drills” has made
it possible to drill throngh solid rock to a depth of over ten thonsand
feet, and preserve the core. The much more common “bort,” which
is diamond too inferior to be cut into gems, has large uses for suwing,

While the chisf use of diamond is as a gem, as noted above, its
The extra-
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grinding and polishing. Minute diamonds are mounted for glaziers' use
and perforated diamonds are used es dies through which fine tungsten
wire is drawn for electric light fillaments.

Graphite, “black lead," is pure carbon, symbol . It is a mineral
we use every day, for, mixed with a little clay as a binder and then
compressed, it forms the “lead” of our lead pencils, Other uses are
mentioned below. Tts applications in the arts are due chiefly to its soft.
ness, the flaky structure of the erystalline variety, its infusibility and
its resistance to avids. Tts properties are noted below,

Graphite and molybdenite much resemble each other. Both are so
soft as to mark paper, but can be readily distinguished by their re-
spective. colors, black and bluish lead-gray. Graphite is a mineral
with which every beginner should become familiar, yet it is quite pos-
sible that e may not meet it in the field, Specimens should, therefore,
be purchased. There are comparatively few loealities which yield it
in commercial quantities, but it is widely distributed in little scales in
many rocks, a3 in mica-schist, and the marble of Ticonderoga, New York.
[t forms the odd “crow's feet” in the Tennessee “marble.”

Diamond and graphite are both pure earbon, yet no other two minerals

of the same composition differ so greatly from each other. Let us com-
pare them.

Diamond and Graphite Compared

Properties DIAMOND GRAPHITE
Crystal form Isomptrie Hezagona]
Other types Spherical; massive Graing, scales, massive, foli-
ated, columnar
Cleavage Octabiedral, perfect Basal, perfect
Tenacity Brittle Flexible
Hardness 10 1to2
Specifie gravity 152 2.20
Luster Adamantine, greasy Metallie; dull when massive
Calor Colorless, yellow, brown; rare-  lron-black to sieel-gray
Iy green, pink, arange, red,
blue; blick when massive
Trangparency Transparent or translucent: Opague
opaque when massive
Condustivity A non-condurtor of slectrieity A eonductor of eleetricity
Combmustibility Combustible Non-combustible
Compos] tion Pure earbon Pure carhon
Usually ocenrs in Kimberlite, conglomerate, de- (ranits, gneiss, mies achist,
: pouits of gravel erystalline limestons
Chinf Tooalities South Africs, Brasil Todia Madagasesr, Rohemis, Ceylon
Chief uwes As a preclous wtone; an  In lobricants, paints, stove

abrasive; in wire drawing

polish, ermeibles, lead pen-
cils, foundry facings and
ather refractory produsts
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The Hydrocarbons

Tt is beyond the scope of this book to treat in detail of such highly
complex substances as the natural compounds of carbon with hydrogen,
or with both hydrogen and oxygen. In most cases they are not true
minerals, beeanse they lack a uniform chemical composition. Neverthe-
less, the supreme economie importance of some of the members of this
group justifies their mention and the earnest student, secking a liveli-
hood from the mineral kingdom, may find it highly desirable to become
thoroughly familiar with some of them, while everyone should know a
little about them,

Ozocerite, “mineral wax,” is the simplest of the natural hydrocar-
bons worthy of our attention. It is rather sticky and slightly lighter
than water, Its color is commonly brown to black and it often has a
foliated structure. It is mived in considerable guantities in Galicia
and formerly in Southern Utah. It is used in making the best grade of
candles and electrotype wax, while a derivative, “ceresine,” is used for
bottles for holding hydrofluoric acid.

Amber is the most atiractive of the natural hydrocarbons. When
pure it is transparent and of a beautiful, deep honey-yellow color, or
occasionally brownish-red. It is often cloudy and nearly or quite
opaque and white. Iis hardness is 2 to 2.5 and it is slightly heavier
than water, Its luster is resinous and it has a conchoidal fracture. One
interesting characteristic, possessed also by copalite, is that it is nega-
tively electrified by friction, preferably with u silk handkerchief, so
that tiny bits of paper will be picked up, This fact was known to
the aneients, who called amber “electrum” and our word electricity
traces its origin to this source. By far the most important loeality is
the Southern coast of the Baltic Sea. Tere it is extensively collected
and manufactured into various commercisl objeets, such as beads, and
cigar holders. A large, government-owned factory is located at Kouigs-
berg in East Prussia. Amber is a fossil resin and during its forma-
tion it frequently entrapped insects which have been preserved to this
day.

Copalite is a fossil resin, very similar in appearance to amber. It
is imported into the United States in considerable quantities from New
Zealand, where it is known as “Kauri Gum,” also from Afries, Manila
and other farawsy places. It is chiefly used in the manufacture of
linolenm and also fine varnishes and cellulose laequers.

Petroleum is a mineral product of which the United States in 1929
produced over a billion barrels. Tt is known everywhere as “oil” and



164 GETTING ACQUAINTED WITH MINERALS

the romance of oil is as fascinating reading as any novel. Petroleum
is far from being a simple mineral, being composed chiefly of three
snbstunces, paraffin, benzeme and naphthalene, thongh in California
asphaltum is an important eonstituent. The commercial use of petrole
onm is a development dating back scareely more than a hundred years,
but it was not until about the beginning of the twentieth century that
the invention of the internnl combustion engine, burning gasoline, which
is & petraleum product, created & demand for petrolenm far exceeding
any previously existing. The number and variety of petroleum de
rivatives are almost nnbelievable, ineluding gasoline, nsphtha, benzine,
kerosene, paraffin, lubricating and fuel oils. The appearance of ernde
petroletn varies greatly in different localities, but most commonly it i
a dark brown, or greenish, sticky oil, light enough to float on water. The
chief producing wells at present are in Texas, California, fignre 195, and

Figure 155, Ol Wells and Stornge Taunks, Baldwin 000k, Las Angeles, Cullfarmis.
16, L. Eunglish FPhoto)

Okiahoma. Many foreign countries contribute large quantities to the
output.

. Asphaltum was probably formed from petroleum. It varies grestly
in appearance, sometimes being & brown or black solid, oceasionally with
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a high loster as in that from Venezuela, or aguin dull as in that from
Californin. From such solid forms it grades off to semi-liquid and liquid
states, thus passing Into petroleum. It always has & characteristic bi-
tuminons odor, which is familiar to everyone who has passed a group of
workmen laying an asphalt strect pavement, which is its most Jmportant
use. The famous Trinidad Lake is a pool of asphaltum, liquid and hot
in tho center and passing through intermediate stages to a cold, solid
rosk on the border.

Wuartzilite is a brilliant, black solid, whiel breaks with a conchoidal
fracture. It much resembles winfahite (gilsonile) figure 198, which is

Figare 195, Ulutahlie (Olsonite), Uisl, Showing lis € vnchoiial Fraoure

found near by in Utsh, but is readily distinguished from it by its
sectility, (page 36).. It may be shavid with a knife, into thin, curled
shavings, but the process ends when, all of & sudden, they susp and
break off. Wurtzlite is used for roofing under the name of “elaterite -

Mineral coal shares with petroleum the honor of being the most
valuable of #ll the mineral products of the United States. In the year
1431 it added over #1.000,000,000 to the nation’s wealth. Conl was
formed by the change, during the geologieal ages, of vegutuble matter,
the transition being from peat, through lignite to anthfeite. There
are many varieties, differing markedly from esch other in appearance
and usefulness.

Those who live near to the great mines of anfhracile in Pennsylvania
doubtless think of this variety as the most important of fuels, but its
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value js less than half that of hitmminous coal. 1t is comparatively hard,
highly lustrous and ignites less readily than other kinds of coal.

Bituminous coal, which also oecurs plentifully in Pennsylvania, is
abundant in many other states. It is commonly known as “soft coal”
It erumbles éasily and is much dirtier and burns with a much greater
amount of smoke than anthracite.

Cannel coal is » compaet variety of bituminous coal having a con.
choidal fracture and little, if any. luster. It is in favor for burning in
fireplaees:

Lignite is another, more variable, variety of bituminous coal, some-
times retaining the form of the wood from which it is derived. Ordi-
narily it has a brown color and is, therefore, called drown coal.

J6t, strange as it may seem, is a “jet black™ variety of brown eoall
It is very compaet and takes a high polish. It was formerly used for
monrning jewelry.

The economic importance of coal ean scarcely be estimated. The
United States produces nearly half of the world's output. An average
of nearly 2,000,000 tons per day is mined and it constitutes nearly a
third of all the freight carried by the railways. Notwithstanding the
enormous quantity mined, it is estimated that there is enough coal in
this eountry to last for a thousand years! The romance of coal is éven
greater than that of petrolenm. It has been said that two pounds of
coal, properly utilized, will do the work of a man for a day, which is
equivalent to hiring a man for one cent a day! What marvellous trans
formutions have resulted from the conversion of coal into electricity,
and into eoke, with ifs enormously valusble by-products, chiefly gas,
ammonia, light oils, tar and its many derivatives. Greater discoveries
yet await those who serionsly study coal and other hydroearbans and
their chemistry. A fortune may be waiting for you right here,

CHEOMIUM MINERALS
Metallic Ohromium does not cecur in nature, but it is well known
through its use in stainless steel, an alloy of chromium and iron. It is
a brilliant, silvery-white metal, of exceptional hardness; and its uses are
rapidly inereasing. Its only plentiful ore is the mineral chromite.

Chromite, an oxide of iron and ehromium, Fe0.Cro0,, is 8 mineral
of great comfnercial importance, though the beginner will not find it
especially attractive, as it ordinarnly oconrs in iron.black masses with
submetallic lusfer, The resemblance to massive magnetite is often quite
strong, but it can usnally be readily distinguished by the fact that it is
but very slightly magnetic and has a brown streak, while magnetite has
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a black streak. Care must be exercised, however, not to confuse it with
franklinite, which also has & brown streak. The difference in their
luster will be an aid, while chromite almost always oconrs in serpentine
or chrysolite. If either of these is noticed adhering to the mineral, it
is reasonable to assuyme that it is not franklinite and if the streak ie
brown, that it is not magnetite, which is sometimes associated with
serpentine. Such sight tests will sometimes lead the beginner astray,
88 he will find that they are not absolutely reliable in all eases, and an
he advanees in his study of mineralogy he will appreciate the importance
of supplementary chemical tests which will settle the identity of his
specimens beyond a doubt.

Hardness: 5.5. Specifie gravity: abont 4.5. Tenaoity: brittle.

Form : isometric; though it oconrs but rarely in erystals, these being
small octahedrons: usually in fine-granular masses.

Ocurrence: 'The world’s grestest deposits, in Southern Rhodesia,
are now the chief commercial source of supply. Much ehromite is algo
mined in India, New Caledonia, and other countries. The United States
produces very little. “Black Sands” which abound in many regions,
often contain ehromite, sometimes in minute octahedrons,

Uses: Beeause it is fused with great diffienlty, chromite iz used in
the manufacture of refractory bricks for lining open-hearth furnaces,
It is the material from which “ferrochrome™ is made, This is an alloy
of chrominum and iron. When added to special steels it gives them
great strength, thus adapting them for use in making safes, armor
plates, projectiles, and high-speed tools. A large majority of the
“alloy steels” contain chromium. Chromite is also the source of the
many chrominm salts of beautiful red, vellow and green colors, which
are nsed as pigments, in coloring pottery, painting, printing wall papers
and also in dyeing and calico printing. Chrominm eompounds have
many other uses

Other Chromium Minerals. Crocoite, lead ehromate, PbCrQy, ocours
in monoclinie, elongated-prismatic crystals of a gorgeous red ecolor
in Tasmania, and less plentifully in the Ural Mountains and Brazil. It
i too rare to be of commereial importance, it vields some of the most
magnificent of all mineral specimens and adds greatly to the sttractive-
ness of any colleetion of which it is a part,

The presence of small percentages of chrominm in several minerals
eaunses remarknble color changes, thus emerald, uvarovite, and fuchsite,
are chromiom.-bearing varieties respectively of beryl, garnet and mus-
covite and all of them have a rich emerald-green color.
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COBALT MINERALS

The metal Cobalt is closely associated with Nickel in its nature aud
properties. It is found chiefly in the minerals smaltite and cobaltife.
Study of cobalt minerals iz beyond the scope of this book.

COPFER MINERALS

Copper, the metal of the poor. Everyone knows that copper iz a
red metal, for who has not admired the “bright penny” of England or
the “bright cent” of the United States? Our cent contains 95% of
copper, with 4% of tin added to give it greater hardness and 1% of
lead.
Next to iron, more copper is used than any other metal. There must
be reasons. Can you tell what they are? Its chief use is as wire in the
electrical industries. That points to its ducfility, mentioned on page 36
and to its exeellence as o eonductor of eleelricity, The statement has
been made that there are probably 100,000,000 miles of eopper wire in
us¢ in the United States Tts nse as sheet copper in roofing demon-
strates its malleability. Copper enters into everyday life in n great
many ways. You will find it worth while to list those with which you
are familiar and you will then better understand why the production of
copper has increased s0 marvellously. Our own country in 1551 pro-
dueed only about 1,000 tons, while in 1926 the yield of our mines was
£69.811 tons.

Native Copper, the only metal found abundantly in nature, oceurs
ilong the South shore of Lake Superior in some of the preatest mines
* in the whole world, over 6,000 feet deep. They have been worked for
over four hundred vears Copper hns been known and used from the
earlieat times, Indeed the “copper age” followed the “stone age! Tle
Romnns ealled the metal enprum, and from this aame the chemiedl
symbol of the element, Cu, is derived. A mass weighing about 420 tons
was found in 1857, but the chief ore of the Lake Superior regian is low
grade, the copper forming the cementing material of pebbles which
make up a conglomerate. This region is famous for the wonderful
groups of copper erystals, figure 197, which it produces and for the
marvellously beautiful specimens of limpid ealoite crystals with en.
closures of hright red copper, The finest of thesa are among the most
spectacular mineral specimens in the world, It erystallizes in the
sometric system, the erystals often being highly complex. Its hardness
is 2.5 to 8.; specific gravity: about B.55.

The Copper Minerals, The ¢hief ores of copper, besides the native
metal, are chaleopyrite and chaleocite, but there are others which are
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abundant in ecertain regions, among which are bornite, cuprite, mal-
achite, azurite, chrysocolla. Besides these there are many rarer copper
minerals, inclnding tetrahedrite and also some of the most beautifnl
of minerals; for the copper minerals, almost withont exeception, are
brightly colored, many of them being of rich blue or green colors, of
shades not known in any other minerals. Minute ervstals of these are
w grent delight to the microscopist.

Flgare= 197, Uepper Crystuls, Hosghtos Connly, Lake =uperlor, Michilgsu

Chalcopyrite, popularly known as copper pyrites, is a sulphide of
copper and iron, CuFeS., containing 345% of copper. It is a very
widely distributed mineral in many rocks, It has a beautiful bross.
yellow volor, sometimes pale beeause of the admixture of pyrite, and
often tarnished much darker and showing charming rainbow colors.

It is decidedly softer than pyrite, which it frequently resembles, and
from which it ean be easily distinguished by testing its hardness, which
is 3.5 to 4., so that it can be readily seratched with & knife.

It much resembles gold, and, like pyrite is called *fool's gold,"” but
it is distinguished readily if & bit of it is pounded, when its greenish-
black streak is seen and slso its Briffleness, while gold is always mal-
leahble,

Its specifie gravity is about 4.2, while gold is 19.33, nearly five times
a8 heavy | That does not, however, aid the beginoer mueh In distinguish
ing between the two minerala in the field, for he is not likely to find o
piece of pure gold large encugh to emable him to compare it with the
chaleopyrite, Tt would be a fair sssumption to mske, however, that if
he did find & large piece it almost certainly was not gold, and was
chaleopyrite; then the hardness test would settle the question as to its
being pyrite or chaleopyrite.
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Its erystals, figures 41 and 198, which belong to the tetragonal system,
are eomparatively rare and often complex. Read about them again on
page 47. Very fine groups of crystals come from Japan, but while
there are but few outstanding localities for erystallized specimens, a
grest many copper mines produce the massive mineral in large guan-
tities,

Figure 198, Chaleopyrite Crystale (Sphenalds) om Dolomlie, near Joplin, Missouri

Bornite, is another sulphide of copper and iron, CugFeS,;, It con-
tains 53.5% copper, much more than chaleopyrite. It is very much
rarer, though in some mines it is swbundant enough to constitute an
important ore, Secure a specimen of it and break it. You will be
amnzed to find that on a fresh fracture it has the pecaliar reddish-brown
coler of pinchbeck metal. This quickly farnishes to a beautiful blue
No other mineral is like bornite in this respect. It may be further
distinguished by its grayish-black streok, and its harduess of 3. Specific
gravity is 4.9 to 54 Massive specimens are very heautifnl, but the
exceadingly rare isemetric erystals are dull and lack the characteristic
blue farnish. Very fing, pure musses, come from Messina in the Trans
vaal; Bisbee, Arizona and a few other localities.

Chalcocite, often called eopper glunce, is 4 pure copper sulphide,
Cn:8, containing T9.8% ecopper. It has a dark lead-gray color. Tt
usually occurs massire and when pure it is apt to be fisegrasuler ana
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show an imperfect conchoidal fracture. Ifs hordness is 2.5 to 3 and
specific gravity: about 5.7. Tt is the most important of the copper ores
and oceurs in vast quantities in the mines at Butte, Montana, and
also in Arizona and many other regions. Crystals are very rare and are
of complex orthorhombic forms.

Cuprite, sometimes called “ruby copper,” or red copper ore, is an
oxide of copper, Cus0. It is the only one of the copper minerals, except
native eopper, which has a red color. It sometimes much resembles
cinnabar, from which it may be quickly distinguished by its brownish-
red sfreak, while einnabar (and proustite) have a scarlet streak. Tts
superficial color varies considerably, from erimson to cochineal-red, but
it grows darker on exposure to light and becomes almost black. Tis
hardness is 3.5 to 4, and specific gravity: about 6.

Its erystals are nsually small eubes, octahedrons, and dodecahedrons
and combinations of these forms, hut its most wonderful occurrence, the
variety chaleotrichite, iz in cubes so greatly elongated in one direction
that they form ecapillary crystals (see page 59). These are gloriously
beautiful under the microscope. Tt is fairly abundant in the upper
levels of copper mines. At Chessy, France, crystals of cuprite occur
superficially changed to malachite.

Tetrahedrite, often called “gray copper” especially by miners, is a
compound of eopper, antimony and sulphur, Cug8b2S;. It is a rich
ore containing 52% of copper. It often contains silver as an impurity,
sometimes as much as 30%, and is then far more valuable as a silver
ore. Its color is quite charaeteristic, being “between flint-gray and
iron-black.” Tts streak is like its color, and its lisfer iz metallie, a little
dull in masses, but often exceedingly brilliant in erystals, These, as in-
dieated by its name, are of tetrahedral form, often highly eomplex.
Tetrahedrons are half forms of octahedrons, that is they have octahedral
faces but only half as meny ss the octahedron. Hardness varies be-
tween 3, and 4.5, and specific grovify ranges from 4.4 to 51. Bolivia
produces the finest specimens of tetrahedrite, and excellent groups of
erystals also come from England, Transylvania and a good many other
localities, The massive ore is fairly abundant in copper and silver
mines.

Azurite and Malachite. Thess two minerals both erystallize in the
monoclinic system and have o hardness of 3.5 to 4. They are both im-
portant ores of copper and each is s copper carbonate combined with
water, but here their similarity ends and it is interesting to note how
8 slight change in the percentage of the water, from 52 per ecent in
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szurite to 8.2 per cent in malachite, produces another mineral with
radically different characteristies. Both of these minerals resnlt from the
aotion of carbon dioxide, dissolved in water or present in the air, upon
native copper, cuprite, or some other copper mineral, near the surface
of the ground, Azurite is first formed and then it is gradually changed
to malachite, Specimens which show only a partial change are fre-
quently seen, sspecially at Tsumeb, South West Africa, where large
erystals of amurite show its characteristic blue color outside, while
within is the green color of the malachite. When the change is com:
plete such a specimen is called malachite psendomorph after azurite.
Bisher, Arizona and Tsumeb both produee very fine specimens of this in-
structive ocgurrence, Masses composed of the two miverals are some:
times found which take s high polish and, beeause of the pleasing con-
trasts of color, muke most beauntiful specimens,

Azurite is sometimes ealled Blue earbonate of copper, but, as we
have jist seen, water is chemically comhined, yielding the formmia,
2CuC05.Cu(OH) .

Hardness: 3.5 to 4; speeific gramiy: 3.77 to 3.89.

1ts hine color is very charmcteristic, the only other mineral which
¢losely resembles it being the rare sulphate of lend and copper, linarite.
The color varies much, however, from a light bine to slmost black.

Orystals nbonnd in certain localities, notably at Tswmeb, at Chessy w
France, and Bishee, Arizona, and the best of them are among the most
magnificent of all mineral specimens, The forms are nsually exceeding:
Iy eomples. Earthy forms and masses of drusy erystals are common.
The luster of the erystals is vitreous, changing to dull in the earthy
form.

Malachite, often called green carbenafe of copper, though, ns noted
above, water i shemienlly combined, has the formula. CuCO5.Ca(OH) .
Ttz most ¢haracteristio eolor is a riel green,

Hardness: 3.5 to 4. ; specific gravity: 3.9 to 4.03.

Distinetly formed erystals are rarely seen, thongh radinting tufts are
pot uncommon. The nsoal form is mammillary, figurs 120, the masses
ghowing a banded snd eompact-fibrous structure. Such materinl is sus-
oeptitile of a high polish. Saperb specimens have heen found at Bisbee,
Arizona, with velvety surfaces, one of which, in the American Museum
of' Naturn] History, i shown in fgure 190,

Russizn malachite is highly prized and hus been manufactured into
vases, table tops mnd other art objects, and even used for pillars in
some Furopean churches. Belgian Congo, and Northern Rhodesia are
now the largest producers.
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Flgare 199. Velveli Malachite, Blabeo, Arizonn, in Amerioan Musenm wf Natural INstary

Chrysocolla is a silicate of copper, with water, CuSi(;.2H-0. Tt
usually has a beautiful sky-blue or bluish-green color. It is massive,
or sometimes botryoidal and very brittle. Its hardness varies from
2 to 4. Tts specific grovity is only a little over 2. Tt is fairly abundant
in the npper levels of copper mines as in Arizona and other Western

Siates.

Dioptase is another copper silicate, CuSi0Oy Hy 0, formerly regarded
A5 a very rare mineral, but recently found in Afriea in sufficient
quantities to be mined as a copper ore. It is one of the most beantiful
of all minerals, its rich, emerald-green eolor lighting up any eollection.
(roups of its erystals from Russia were formerly so rare as to be
distingnishing marks of the highest grade of mineral collections ; now
they are seen in many collections of lesser rank. It has a hardness of 5.
and specific gravity of about 3.3.

Other Copper Minerals. There are scores of other eopper minerals,
nearly all of which are very rare, including arsenates, phosphates,
vanadates, nitrates, sulphates, These present one of the most delightinl
fields for study after the rudiments of mineralogy are learned.

GOLD MINERALS
Gold, the King of the Metals, From earliest days gold has been the
most songht of all the metals. Tts nse for coins, watches, jewelry and
in many ways in the arts, is so well known s to need no emphasis, Ontil
1932 the value of gold in the United States, was fixed by law at £20.67
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per ounce Troy. A much higher value has since been placed npon it,
and its use has been limited,

Native Gold, symbol Au (from its Latin name, aurum), is highly
prized by callectors, especially when erystallized.

Its crystals belong to the isometrie system. Octahedrons and do-
deeahedrons are the most ¢ommon forms, and they are often much
distorted and skeletonized, and the faces frequently show little triangn
lar elevations.

Gold oceurs in igneous, sedimentary and metamorphie rocks all over
the world. A list of even its important ocenrrences would be a very
long ane. Probably it is most frequently fonund in quartz veins, thougl
the greatest deposit of gold in the world, that of the Witwatersrand
{often called “The Rand™), in the Transvaal, South Africa, is in quAartz-
eonglomerate. In the eorly davs, gold miniog was eliiefly in the gravels
and sands of stream beds and the adjoining hillsides, known as “placer
deposits.” These were at first washed in a primitive manner to remove
the lighter ingredients, leaving the gold behind; in later years great
dredges, operated by steam or electricity, have largely replaced the
small miner: or powerful streams of wiater hove been direeted on the
gravels washing them down into sluicss where the gold is separated.
This method is called bydraulic mining. Gold occurs in the rocks
chiefly ss stringers, thin leaves or plates, fipure 200, and seattersd
masses.  As the rocls dizintegrate these are released and washed down

Figore 200, Gold, Redridge Mine, Nevsds County, Califernisn. The Arm, af Womrly
Fore Gald, ls 14} Incheos Long nnd in Alisched 1o u Mass of Quariz, The
Bpecimen Is Estimasied (o Comimin 36 to 40 Ousess of Grolid
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into the streams and valleys where by rubbing sgainst harder particles
they become broken and rounded into grains, fine dust or flat scales, If
thtnriginalmmmhrg&,thuplauergolﬂmyheinhrg&i rounded
masses called “muggets.” The largest nugget ever found was the
famous “Welcome Nugget” found in 1858, in Australia, which weighed
over 150 pounds and was valued at $41,883. It measured 20 by % inches.

The hardness of gold is only 2.5 to 3, which readily distinguishes it
from pyrite, whose hardness is over 6.

Its specific gravity, when pure, is over 18, but nnless a large mass of
it is available for comparison with other minerals its great weight is not
& convenient test.

1ts color is typical golden-yellow, but, because silver is almost aiways
alloyed with it, sometimes as much as & third of the “gold” being silver,
43 in the variey known as electrum, the color is ordinarily wuch lighter,
Chaleopyrite often greatly resembles gold in eolor, and as its hardness
is not very much greater than that of gold, it is sometimes difficult to
tell them apart. One test, however, will quickly settle the question.
Gold is highly malleable (see page 35) and chaleopyrite is brittle;
therefore, if a small fragment of the mineral breaks readily it cannot
be gold, for gold simply fattens out. The test will also show the streak
of chaleopyrite to be greenish-yellow, while if gold is drawn across 8
streak plate it will be seen to have @ sfreak the same 45 its external
color. II it is borne in mind that gold is the only yellow mineral which
is malleable, there will be no difficulty in identifying it whenever a
piece can be tested large encugh to show the malleability.

Other sources of gold: Considerable gold is recovered from pyrite,
in which it occurs as an impurity; also, in much smaller quantities
from arsenopyrite and pyrrhotite. The ouly known compounds of gold
found in nature are with the rare element, tellurium, the best known of
these being the tellurides, sylvanits and calaverife, found chiefly in
Colorado and Western Australia.

The romance of gold is a fascinating subject about which to read,
while & eollection of the many kinds of gold will afford much pleasure

HYDROGEN MINERALS
Hydrogen constitutes about one per cent of the earth’s erust. It is an
essential part of a grest many minerals, and iz alap present in the

great group of hydrocarbons |see page 163), and in various nataral
gases. Onme of its eompounds, water, is universally distributed.

Water, hydrogen oxide, H;0, is & liquid between zero and 100"
centigrade; below zero, it is a solid, gither ice or smow ; above 100° it is
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‘& vapor, steam; but at all ordinary temperatures water vapor is present
in the air.

Pure water, either liquid or as ice, is colorless and fransparent except
in large quantities, when it shows a beautiful “sea-green” color.

Its specific gravily is 1, it being the standard of comparison for all
minerals. Iee has & specific gravity of 0.91, and consequently floats on
water.

Form: lce crystals result from the freezing (solidifying) of water
(see page B3); snow crystals result from the freezing of water vapor.
Both of these forms are hexagonal in erystallization. Snow crystals
occur in a greater variety of forms than any other mineral. They have
been photographed with wonderful skill by the late Walter A. Bentley,
& few of whose thousands of illustrations are reproduced on page 57.

Uses: More water is used than any other mineral, its contribution to
life being too well known to need comment, It may not be realized,
however, that water is the most important agency in the weathering and
destruction of the rocks, because it dissolves so many minerals and also
becnuse of the enormous pressure which it exerts in freezing, due to its
expansion. This amounts to about 276,000 pounds per square foot. If
water fills an open erack in a rock and then freszes, it i very apt to
tear the rock apart. This action is strikingly shown along ocean-side
eliffs in the spring, when great masses of rock, detached by the power
exerted by freezing water, fall to the lower ground. It would be most
interesting to list every use of water in its several forms. Such a list
would be far too long to include in this little book.

Water is a good illustration of how the average person takes common
things for granted, never noticing their beauty. How marvelously
beautiful are the snowflakes, the great fields of snow, the glasiers, the
Inebergs, the snow-covered mountains, the great open stretches of ocean,
lnkes and rivers, the magnificent water falls! Surely water is a
thrilling mineral !

IBRON MINERALS

The chief reason for the small supply of native iron iz the fact that
iron “rusts” very easily, which is only the popular way of saying that
it readily combines with oxygen. The result is that the ores of the
great iron mines of the world are largely oxides of iron, the particular
minerals being hematite, limonite, magnetite.

Evidences of the presence of iron are to be seen all over the world,
The “red elay™ of the great Piedmont plstean in the Eastern United
States owes its color to iron oxide. The marvellously beautiful eclors of
the rocks in the Grand Canyon, Zion Park, and Yellowstone Park are
Inrgely due to oxides of iron. Iron too adds the showy colors to building
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bricks, to the chlorophyll which gives the trees and plants their lovely
green colors; and in countless other ways it contributes to the beauty
of the world. Metallic iron enters into our daily lives in ways too
numerous to mention, but many of which are known to us all, while
ather uses in laboratories and factories contribute, though unseen to
the peaple, to our essentisl needs as well as to our comforts,

Iron has heen known from antiquity, but only during the last two
hundred years, since coal has heen employed to reduce its ores, hias it
been manufactured on a large seale. Steel production has also grown
enormously, while phenomenal progress is being made today in adapt-
ing it to manifold uses by alloying it with small quantities of other
elements, such as manganese, chromium, nickel, vanadinm, tungsten,
molybdénum, The romance of steel is one of the most thrilling pages
in history and every enltured person needs to know something about
this great outcome of the mineral indusiry.

Over 250 mineral speeies contain iron as an essential part of their
eontposition, but only very few of these minerals are at all common and
(hese slone are worthv of the beginner's sttention. Those which will
be treated here are: native iron, pyrrhofite, pyrite, marcasite, hematite,
magnetite, goethite, limonite, nderite,

Native iron. It is remarkable that, while iron is the most used of
all metals, native iron is 8 very rare mineral. It is found in very few
places, the most notable being in Greenland. Many meteorites, figure
201, have fallen to the earth, but the aggregate amount of iron they
have added to its stores is negligible,

] : .-.:.’r i .I 3 - F _'L. 1'! ';| L

Flgure 201 Sectlon af lrun Metesrits, Mungindl, New Seath Wales. Tallshed
mnd Etched to Show Crystallization
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Pyrite, “iron pyrites,” “fool's gold,” is an iron sulphide, FeS,.

Hardness: 6. to 6.5, Specific gravity: about 5.0. Tenacity: brittle.
Fracture: conchoidal to uneven,

Color: pale brass-yellow. Tarnish: brown, but sometimes beautifully
iridescent, Sireak: greenish-black. Luster: metallic, brilliant. Opaque.

Form: Isometric erystals oconr in many forms mnd combinations,
such as cubes, often striated (see figure 89), octahedrons, pyritohedrons
(fignres 34, 202, 203). Many rare crystal faces are found on pyrite
crystals. It is frequently massive or granular, oceasionally fibrous.

Flgures 200, 203. Comman Vorme of Pyrlie Cepsials

Distinguizhed from both chaleoprrite and gold by its greater hardness,

Occurrence: Pyrite is the eommonest and most widely distributed
of all the many sulphides, It occurs in vast beds, as at Rio Tinto, Spain,
or 8s one of the constituents of ore veins, often associated with ehal-
copyrite, galena, sphalerite, hematite, siderite. quartz and many other
minerals. 1t would require much spaee to mention even the most notable
occurrences. Among the best American specimen localities are Leadville
and Gilpin County, Colorado; Bingham Canyon, Utal; French Creek
Mines, Pennsylvania. Brosso and Traversella, Italy, and the iron mines
of the Island of Elba have produced many superb specimens,

Alteration: Pyrite is often found more or less eompletely altered to
limonite, not infrequently hundreds of the altered erystals oceurring
loose in the soil. The form of the pyrite erystals, figure 134, is usually
well preserved,

Uses: Pyrite has been mined in large quantities, not as an iron ore,
but for the mamfacture of sulphurie acid, but its use is declining. In

the early days of the radio, it was largely used for radio deteetors. Tt is
sometimes a valuable ore of gold.

Marcasite, “white iron pyrites." “mundie,” has the same composition
as pyrite, FeSq, but its crystals are orthorhombie.

Hardness: 6. to 65. Specific gravity: about 4.87. Tenacity: hritile.
Luster: metallie.
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Color: pale brass-yellow, whiter than pyrite, but often with a darker
tarnish.

Sireak: gravish, or brownish-black. Opague,

Form: common in tabular, orthorhombic crystals, often twinned, fre-
quently assuming spear shapes, whence the name “spear pyrites,” or
resembling a cockscomb and then called “ecockscomb pyrites” Also
common in nodules, radiated dises, stalactites, and other forms.

Distinguished with diffenlty from pyrite when massive; pood crystals
are very different. I is somewhat whiter and much more lable to
decompose., Powdered pyrite is completely dissolved in an egual guanti-
ty of strong nitrie acid, while s residue of sulphur iy left when mar
casite is similarly treated.

Qcourrence: It abounds in the chalk beds of Dover, England, in
nodules; in fine, twinned erystallizations in Bohemia; in cockscomb and
other forms in the Joplin region of Missouri-Oklahoma.

Pyrrhotite, “magnetic pyrites,” iron sulphide, possibly Fe;:8;2. It
is of no value as an ore of iron, but is a common mineral.

Huardness: 3.5 to 4.5. Specific gravity: about 4.6, Tenacity: brittle.

Color: a very characteristic reddish bronze-yellow, fartishing readily,
usnally to a dark brown. ZLauster: metallie. Streak: grayish-hlsck.
Opague.

Porm: Crystals are rare, usually in tabular hexagonal plates, but
sometimes elongated, with a series of pyramids, appearing us deep
striations. Commonly massive.

Distinguished from pyrite, bornite and niccolite, by its being ultracted
by a magnet and by its color.

Occurrence: Vast deposits ocour st Sudbury, Onturio, where it con-
stitutes un important nickel ore, probably through the presence of
admixed pentlandite. Other extensive deposits occur at Ducktown, Ten.
nessee, in Laneaster County, Pennsylvania, and Strafford, Vermont
Magnificent, huge crystals come from Roumania.

Uses: Pure pyrrhotite is valueless; but it often earries gold, platinum
and especinlly nickel and thus becomes of mmeh importance.

Hemstite, “specular iron,” “red iron ore” is an iron oxide, FegOy.
It is one of the most important and most varied of minerals. Tt is best
studied by considering its prominent varieties separately.

(a) Speeular Iron: in rhombohedral erystals with many forms, but
always iron-black in eolor, with brilliant metallie Juster, the maximum
hordness for the species of 6.5, specific grovity: 5.2, opaque, nnless in
very thin plates, when it is blood-red by transmitted light; streak:
cherry.red. Micaceows hemalite is & variety of specular iron in whieh
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thin, micaceons flakes are aggregated into masses. Republie, Michigan,
furpishes an excellent illostration of this variety.

(b) Compact-fibrous, or columnar, kiduney ore or pencil ore. Cleator
Moor in Cumberland, England supplies the best material of these two
types. Both of them are very hard, have a closely-knit, fibrous structure,
more or less radiating, grayish-red color, brownish-red streak. Kidney-
ore, figure 119, oeccurs in masses, often of large size, smooth-mammillary
or kidney-shape. The miners usually treat the surface with stove polish
and thus produce very bright and attractive specimens. Peneil-ore s
in masges of exveptionally long-fiber,

{e) Earthy, red ocher or “rouge,” is soff, without luster, and of
Lright, red color,

(d) Argillaceous: impure through admixture of clsy, sand or other
impurities. Under this general heading are included the very abundant
kard, reddish-brown and gray, massive ores, as well as the much softer
“aolitie hematite” whisll abonnds in New York, also other fossiliferous
hematite in which the masses are unmpuﬁid of multitudes of gmnll, more

— =

Figure 204, Hemstite, “lram Mose,” B Golherd, Switserlund, Group of Crystals
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or less flattened concretions, largely the remains of corals. Thess are
dull or submetallie in lyster, have brownish-red streak and are opague

Distinguished from other iron ores and from massive cuprite by its
streak.

Occurrence: Magnificent crystallized specimens are found in Switzer.
land, figures 98 and 204, and in the iron mines of the Island of Elba
England, Hossia and Bravil, The world's greatest iron mines are
in Minnesota and Michigan, while Alabama is also & large producer,
Great steam or electrically-operated shovels seoop the ore out of the
hillsides. Ower 45,000,000 tons were mined i 1929 in the State of
Minnesota alone.

Uses: Ower 90 per cent of the iron produeced in the United States was
derived from hematite ore. The softer varieties are used as a red paint
and as rouge.

Limonite, brown hematite, hydrated iron oxide, 2Fe.0y.8HL0.
Hardness: 5. to 5.5, Speeific gravily: averages 3.8

Luster: submetallic to dull; surfaces sometimes brilliant, as though
polighed.

Color: brown or yellow, sometimes with superficial, many-colored
farnizh,

Streak: wvellowish-brown. OUpague.
Form: never erystallized; ususlly amorphous, but not infrequently
botryoidal or stalactitic, flgure 205, concretionary (either oolitio or

Figure 205, Limonils Stalsctiils
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pisolitic), earthy. Common in psendomorphs after pyrite, figure 134,
magnetite and caleite.

Distinguished from goethite by its amorphous struoture® and from
other common iron ores by its streak.

Occurrence: It is a common mineral, formed by the alterstion of
ather iron minerals and often found in marshes, whence the name “bog
iron gre.” In Alabama it forms beds of grest size, which are extensively
mined.

Uses: It is an important, though minor, ore of iron. The earthy
variety is the pigment, yellow ocher.

Goethite, like limonite, is a hydrated iron oxide, its formula being
Fﬂgog.ﬂgﬂ.

Hardness: 5. to 5.5. Specific grovity: about 4.2

Ordinarily in fibrous masses of same color and streak as limonite and
elassified with it commercially as an iron ore of minor importance.

The schiller (page 116) of some feldspars is due to enclosure of mi-
nute ervstals of goethite in parallel position.

Oceurrence: Beautiful compset-fibrous, banded masses come from
Negaunee, Michigan, fine groups of erystals from Cornwall, England.
Numerous localities yield a considerable variety of forms which the
more advanced student will enjoy.

Magnetite, magnetic iron ore, s compound of two iron oxides,
FEO.FG:O;.

Hardness: 55 to 6.5. Specific gravity: 5.18. Tenacity: brittle,
breaking parallel to octahedral faces, but not trae octahedral cleavage.

Color: iron-black. Streak: black.

Luster: brilliant metallic to dull. Opaque, except in very thin den.
drites in miea, Bgure 139, when it is translueent and brown to black

Magnetism: always strongly attracted by a magnet. Rarely it is it-
self & magnei, baving polarity, and then called lodesfone, see page 119
and figores 150-152.

Forms: Crystals are tsomelric, usually in octahedrons, less frequently
in dodeenliedrons often with striated faces, figure 206, rarely in highly
modified crystals and “spinel twins," figure 103, cubes exceedingly rare.
Also occurs, more plentifully, massive and coarse or fine-granuiar.
“Black Sand” often consists largely of magnetite grains and minute
crystals.

Distinguished from all other common minerals by its strong mag-
netism.

* ¢ has been established recently that the fibrous types beretofore clussified a»
limonite are really goethite
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Occurrence: The enormous Seandinavian deposits are world-famous.
Mineville, New York i3 an importunt producer. Among the best
specimen localities are the Bimnmenthal, in Switzerland; North Issetsk,
Urals; Traversella in Italy ; French Creek Mines in Pennsylvania ; Mine-
ville, New York

Flgore 208, Magxneilie, Striated Dodeenbodron

Siderite, “spathic iron”™ “brown spar,” is iron carbonate, FeCOg.

Hardness: 3.5 to & Spocific gravity: about 3.85.

Tenacity: brittle. legvage: rhombohedral,

Luster: vitreous to pearly. Color: brown to grayish-yellow.

Tarnish: reddish-brown to brownish-black. Sireak: white.

Opadgue to translucent.

Forms: Crystals are rhombohedral, usually in simple rhombohedrans,
often curved. Generally in massés either showing good cleavage, or
granular, sometimes compact, also botrvoidal or globular (the variety
spherosidarite),

Oecurrence: Tmpure siderite forms great beds in England and i
common in the Appalachion coal measures. It is aften present in con-
nection with ores of other metals, and at Roxbury, Conneetiont and else-
where, forms large beds of iron ore.

[fseg: Biderite is a minor ore of iron and at times is nsed as a paint.

LEAD MINERALS

Lead has been Inown from ancieot times, the Romans having used
it for water pipes. It is soft, and when freshly ent, it has a brilliant
metallie Juster, but this soon tarnishes. As the lend compounds are
poisanous, the use of lead pipe has been largely discontinmed. The ehief
use of lead today is in storage batteries for automohiles. Tt is slso used
for lining tanks holding sulphurie acid becanse it is mot attacked by
that acid. Shot, bullets, type-metal and solder are made in part of lead,
while it is essential in the mamufacture of all lead paints. Next to
tron, it is the cheapest of the metals
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The lead minerals with which the beginner should become familiar
are galena, cerussite, and anglesite. There is o host of lead compounds
found in nature, many of them of exeeptional beasuty, of which the eol-
lector will become enamoured later on,

Galens, lead sulphide, PbS, 15 by far the commonest of the lead min-
erals. 1t iz one of the most attractive of minerals beeause of its very
striking properties. It has a brilliant metallic luster, the granolar and
cleavable types glittering with an exceptionaily beautiful sparkle. It
may well be one of the sarly minerals which any collector purchases, for
it is not very likely he will find it in his rambles, unless thay he to the
dumps of lead mines, Crystals, when broken, show a remarkahle
cleavage in the planes of the cube snd will teach much about this im-
portant property of minerals. The easy cleavage makes it seem even
more brittle than it really is. Galena is also strikingly heavy, its
specific gravity being about 7.5. Tts hardness Is about 2.5,

Crystal form: isometric. Cubes are much the most ¢ommon form,
often more or less modified by the octahedron, Spures 27 and 207, The
octahedron -alone is much rarer, though octahedrons modified by the
enbe are not uncommon. Other ¢rystal forms are mueh rarer. The pre-
vailing type of galena is granular, either coarse or fine. Oceasionally
the structure is so very fine-granular as to bé almost compact, while the
other extreme grades off into coarsely cleavable masses.

Color: typical “lend-gray.” Sitreak: same as color and easily ob-
tained on a streak plate because of its softness.

Oceurrence: Galena is found in many different kinds of rocks all
over the world, being one of the most widely distributed and plentiful
of the metallic sulphides. It is extensively mined in the Missouri-
Kansas-Oklahoma distriet, ulso in Idabo, Utah and Colorado. Mueh of

—— — =

Figare 207. Galess, Crystals sa Dolomite, sear Joplle, Misswuri
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the granular ore carries silver, making it more valuabla for the silver
than for the lead.

Cerussite, “white lead ore,” is lead carbonate, PbCOjg.

Havdness: 3 to 3.5. Specific gravily: about 6.5; heavy!

Fracture: conchoidal. Penacity: very brittle when erystallized, fair-
l¥ tough in masses.

Luster: guite wvariable; usually adamantine, sometimes resinons,
vitreous, or pearly.

Color: ususlly white or gray. Slreak: uncolored,

Transpurent to nearly opague.

Crystal form: orthorhombie. Crystals usually complex and often
twinned. Reticolated crystallization, fgures 97, 208, common. Usually
MASSIVE,

Figure Z08 Ceronsiis, Hellodlated Uryelals, Broken HIiIl, New Sooih Wales

Deourrence:  Cervssite s formed by the netion of a solntion of cal-
cinm bicarbonate on galena. It is, therefore, often found with an un-
altered core of galena. It is a common ore in lead mines and often
carries much silver., The largest and finest crystals come from the
Orran Mountuins, New Mexico. Beaotiful agrregates of snow-white,
slender prismatic cryvstals are found in Arizona, Colorado, Idaho and
elsewhere, Broken Hill, New Sonth Wales yields magnificent reticunlated
groups, There are many other oceurrences worthy of mention.

Distinguished from anglesite by effervescing in acids. The massive
mineral often resembles o quartzite rock, but a drop of secid will estab-
lish its true charactar,

Anglesite, lead sulphate, PbS0,, is a fairly abundant ore of lead.
Hardness: sbout 3, Specifie gravily: about 6.3, nearly the same as
cerussite, mueh heavier than most non-metallic minerals;
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Tenacity: very brittle, Fraclure: conchoeidal.

Color: eolorless, white or gray. Luster: adamantina,

Streak: uneolored.

Transparenoy: transparent to opaque.

Crystal form: orthorhombie, usually simple double-pyramids or elss
prismatic and highly complex. Often massive.

Oceurrence: formed by the alteration of galena with which it is usual-
Iy mssociated ; often in nodules, with conecentric banding, surrounding
a core of unaltered galena, as in the Castle Dome District, Arizons, at
Dividend, Utah and in Queensland, Magnificent erystals come from
Sardinia ; Broken Hill in New South Wales; Phoenixville, Pennsylvania
and many other loealities.

Usas: an important ore or lead.

LITHIUM MINEEALS

Lithium does not oceur free in nature. It is the lightest of all
metals, though too rare to have any large commercial nses. Its com-
pounds are used in medicine. They are recogmized by the purplish-red
color they impart to a flame.

Lepidolite—see page 230,

Amblygonite, is & comparatively rare aluminum and lithinm phos-
phate, eontsining also lithinm fuoride (see page 25). Its most com-
mon occurrence is in white, cleavable masses, resembling feldspar from
which it is readily distinguished by the ease with which it melts in a
hot flame, or by its cleavage angle, which is guite different from the
right angle cleavage to which all the feldspars approximate.

Its hardneszs is 6. which distinguishes it from ealeite.

Specifie gravity: about 3.0. Ib is the mineral commonly used for ex-
traction of lithium =alts. Found In pegmatite in Maine, California and
Franece.

Spodumene is an aluminum and lithinm silicate, LiAlSi.04. Hord-
ness: 6.5 to T; specifie provify: 3.20. It is notable nmong all minerals
for the enormous size of some of the erystals, which have been found up
to forty-seven feet in length, with weight ecstimated st ninety tons!
In form they arec monoclinic, not unlike some pyroxene, flat and pris-
matie, Clesvage is easy parallel to the prism. Common celor is white.
It has been used as a lithium ore. Found in pegmatite in Connecticut,
South Dakota and elsewhere.

Hiddenite is a very rarve variety of spodumene having a rich yallowish
to emerald-green color. Magnificent gems have been enot from small
erystals found at Hiddenite, North Carolina.
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Kunsite is a lilac-colored variety fonnd in California and Madsgasear,
Superb, transparent crystals oceur, worth thonsands of dollars and

yielding magnificent gems.

MAGNESIUM MINERALS

Magnesium is not found native. Tt Is a brilliant metal, slightly
lighter than aluminum and is rapidly sssuming major importance in
many light alloys, especially with aluminum. It is also used in fire-
works and for flashlights in photography. The metal is manufactured
in the United States exclusively from mapnesium chloride, recovered
from treatment of salt-well brines, as at Midland, Michigan. Mag-
nesium is a eonstituent of many important rock-Forming minerals,

Magnesium Minerals. The commonest magnesium minerals are mag-
nesite and dolomite. Spinel is deseribed under aluminum. Serpentine,
tale, amphibale, pyroxene, and chrysolite, which are rich in magnesium,
are of greater importance s rock-forming mineralz and are deseribed
in that section.

Magnesite is magnesium carbonate, MgCO,.

Hardness: 3.5 to 4.5, Specific gravity: about 3.08,

Form: ususally in very compact masses; rarely erystalline, resembling
coarse dolomite; sometimes in distinet cleavages. Tts rhombohedral
erystals are almost never seen.

Cleavage: rhombohedral, distinet. Fracture: conchoidal, flat.

Tenacity: tough in amorphous form: bhecoming brittle when in
erystals.

Luster: dull when massive, vitréous in erystals. Nearly opague to
transluecent,

Streak: white. Color: white, oceasionally gray or yellow; rarely
brown.

Oceurrence: The Greeian deposits have been the chief source of the
imported, erude commercial mineral, though the ameorphons mineral is
mined in California and the erystalline in Washington.

Uses: Magmesite has many uses as a refractory and in insulation, also
in medicines, in paper making and in the mamufacture of carbon
dioxide,

Dolomite, like caleits, is a carbonate of ealeium, but half of its
ealeium is replaced by magnesium; formula iz (CaMg)CO;.

Test its hardness and you will find that it scratches caleite, but not
fluorite, 50 it is 3.5. Specific grovity : about 2.8 to 2.9,

The fundamental form of its erysfals is the rhombohedron and, un-
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like ealeite, it is usually found in simple rhombohedrons and rarely in
prisms or scalenchedrons. The rhombohedrons are often curved and
quite commonly small erystals group themselves regularly at a slight
angle to each other in such a manner as to form “saddleshaped"
crystals, as shown in figure 209. Twins, figure 210, are common,

Figura 209, Dolomiie, Snddleshnped Oroup of Crraials

It= eolor is nusually white, but often tinted pink sz in the Joplin, Mis
souri region,

Figure 210, Dolomite, Twinned Rhombohedrons

Dolomite has excellent rhomhbohedral cleavage like ealeite, and greatly
resembles it, but it can be distingnished by the differences noted above,

It is not so easily acted on by acids as esleite, for it does not fimx
briskly until heated in dilute aeid.

Ocourrence. It is very abundant in nature as dolomitic limestone,
many great rock masses being compased entirely of this mineral, as in
the "“Dolomite Alps” of the Tyrol. Mueh marble is also dolomite,

Brucite is magnesium hydrate, or hydrated oxide of magnisium,
Mg(OH}a4.

Hardness: 25. Specifie gravity: 24, Cleavage: basal, perfect.
Sectile. Color: white, sometimes pale blue or green. The most notable
American locality for specimens was in Laneaster County, Pennsylvanin,
which produced beautiful, pearly, hexagonal, tabular erystals and
rosettes. It has always been regarded as a rare mineral, but immense
deposits in Nevada now furnish it by the carload. A fibrous variety,
nemalite, oceurs at Hoboken, New Jersey,
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MANGANESE MINERALS

Metallic Manganese does not oceur in nature and is not used as such
in the arts, but when alloved with iron it is of transesndent importamnee.
“Spiegeleisen” is such an alloy carrying léss than 20 per cent of man-
eanese.  Alloys earrying over 20 per cent and an up to 90 per eent
manganese are called “ferro-manguness.” These alloys when added to
steel impart to it greatly increased strength and hardness, making ex-
cellent material for armor plate and burglar-proof safes.

Manganese Minerals: Manganese is present as an essential con-
stituent in about one hundred and fifty different minerals. Very few
aof these are common or of commercial importance and many of them
are exeeedingly rare, but some of them are found in mineral specimens
of great magnificence. Those minerals only which it is most important
for the beginner to know are treated here, These are: pyrolusite,
psilomelane, rhodochrosite, rhodonite. Franklinite is deseribed under
zine mineryly,

Pyrolusite, manganese dioxide, MnOs, in its commonest form, is au
opaque, black, massive mineral, so erccedingly soft that it soils the
fingers. In this form it is one of the most abundant of the manganese
ores, Oceasionnlly #t oceurs in groups of orthorhombic crystals, with
brilliant metallic luster and blackish-steel-gray color, with black or
bluish-black streak, of greater hardness, but not in excess of 2.5, and
wpecific gravity of 4.82. Dendrites, figures 137, 198, seo page 101, are
often pyrolusite,

Oceurrence: Pyrolusite is usually closely associated or mixed with
psilomelane in localities ton numerous to mentiom Nova Secotis has
produced exeellent radiated masses and good groups of ervstals. Prob
ally the finest specimens come from Germany.

Psilomelane consists of manganese oxide with the addition of water
and usually either barium oxide or potassium oxide. Tts composition s
quite indefinite owing to Impurities which are almost always present,

Hardness: 5 to 6, much greater than pyrolusite.

Specific gravity: about 4.2. Tenacity: brittle. Fracture: smooth.
tonehoidal.

Color: black to dark gray. Streak: brownish-black, lustrous.
Opague.

Form: massive, botryoidal, mammillary, stalactitic ; often banded with
pyrolusite,

Distinguished from pyrolusite by its streak and superior hardness:
from limonite by its streak.
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Occurrencs: a widely distributed and very plentiful ore of manganese.
Many (German localities yield choice specimens, Great deposits oceur in
Russia, India, Brazil and elsewhere.

Rhodochrosite, “manganese spar,” is manganess ecarbonate, MnCO,.
It is distinguished from all other manganese minerals ly its crystals of
rhombohedral forms and its beautiful pink color. The beginner must,
however, be constantly alert for different forms and colors than thoss
with which he has already become Familiar, In this mineral it is pos-
sible, though not likely, that he may meet it in scalenchedrons (see
page 55) and that they may be of a deep red ecolor; or he might find
the mineral white or gray or even brown and in globules, Quite fre-
quently it is granular-massive. In general, however, it iy safe to speak
of it as a pink mineral occurring in rhombohedrons, not infrequently
eurved, or in masses with rhombohedral eleavaga.

Hardness: 3.5 to 4.5. Specific gravity: about 3.55. Tenacity: brittle.
Luster: vitreous to pearly. Sireak: white, Transparent to opague.

Dissolves with effervescence (fizz) in warm aeid, like all carbonates.

Oceurrence: It iz frequently found in veins with other ores of
manganese, also with silver, lead and copper ores. Oceurs at Butte,
Montana in sufficient quantity to be utilized as an ore of manganese,
The finest specimens in the world come from Alma, Colorade, where it
oceurs In groups of large rhombohedrons of richest, rose-red color:
also in groups of small rhombohedrons of much besuty at Alicante,
Colorado and in groups of opuque, eurved rhombohedrons of pale pink
color near Lake City, Colorado and at Kapnik, Roumania ; also in groups
of sealenchedrons in Westphalia.

-

Rhodonite is manganese silicate, MnSiQ,,

It often resemhles rhodochrosite in its pink eolor, but is distinguished
from it hy its greater hardness, 5.5 to 6.5, its nearly enbieal cleavage,
while rhodochrosite is rhombohedral; also by its markedly different
forms of crystals, which are triclinic. The hardness test is usually
sufficient.

SBpecific gravify: about 3.6,

Tenaeity: Crystals are britile; masses are very tough,

Transparency: Small erystals are often transparent; large orystals
and masses are translucent to opaque.

Color: usually some shade of pink or brownish-red, changing on ex-
posure to black.

Luster: vitreous. Streak: white.

Occurrence: The most notable locality is the Ural Mountaing. Here
it is found in granular-massive form, resembling a pink marble. Tt oc-
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curs similarly in Cummington, Massachusetts, in Washington and else-
where. By far the most magnificent specimens are the erystals of the
zine-bearing variety called fowlerite at Franklin, New Jersev. Thess
sometimes attain a size of six inches or more;

Uses: The vompact-granular varieties from Russia are highly prizeil
as ornamental stones and are cut into tuble-tops, vases, paper-weights,
jewel boxes and decorative objects of many kinds. The mineral from
Washington is pals pink and is associated with a hlackish-green amphi-
bole, It would make a fine decorative stone,

MERCUEY MINERALS

Mercury, or Quicksilver, is the only metallic element found in
nature as a liguid at ordinary temperatures. It becomes solid (freezes)
at -39° Fahrenheit. It is exccedingly heavy, having a specific gravity of
13.6.

Uses: As it is the “metal of a thousand uses,” many of which are
highly techmieal, it is not surprising that its well-known household wse
in thermometers consumes but a fraction of one per cent of the output.
Formerly it was extensively used in the amalgamation process for re-
eovery of gold. Some of its principal uses are in preparing drugs and
chemicals, in scientifie apparatus and for fulminate in blasting eaps and
ammunition,

Native Mercury, symbol Hg, is found in many quicksilver mines, oe-
casionally in sufficient quantities to be an important source of the metal.

Cinnabar, mereury sulphide, HgS, is the most abundant ore of
mercury. Its most distinguishing property ia the searlet-red color of its
streak. Tts surface color varies from scarlet to ¢ochineal-red, brownish-
red, fading into dull gray. The earthy forms usually have a searlet
eolor and are opague and dull; while the erystallized types often have
a deep, rich, almost ruby-red color and at times are transparent, with
adamantine luster.

Hardness: 2 to 2.5. Specific gravity: about 8.1, one of the heaviest
of minerals, Crystals: rhomhohedral, often complex, or in six-sided
prisms.

Occurrence: Almaden, Spain, is the richest and most celebrated lo-
cality. Idria and Monte Amiata in Italy are large producers, the latter
yielding a peenliar cryvstalline-fibrous type. In the United States, thers
are many mines in California, Washington, Texas and elsewhere. The
most wonderful specimens are the large twin crvstals from Hunan
Province, China.

Uses: 1t is the most important ore of Mercury.
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MOLYEDENUM MINERALS
Molybdenum does not oceur in nature. It is a silvery-white metal,
of about the same weight as copper, possessing great tensile strength.
It is of considerable importance in the manufacture of special steels
which are psed extensively in aircraft and antomobiles. Molybdenum
wire and sheets are used in the radio industry. Molybdenum compounds
are used in the manufacture of chemicals and dyes.

The chief ores of molybdenum are molybdenite and wulfenite,

Molybdenite, molybdenom sulphide, MoSe, is muoeh the commonest
of the molybdenum minerals.

Harduess: 1 to L5; very soft, soiling the fingers. Specific gravily:
4.5,

Tenacity: flexible, but not elastic; seefile.

Cleavage: basal. Structure: foliated or fine-granalar,

Luster: metallie, brilliant. Ceolor: lead-gray.

Streak: greenish, but makes a bluish-gray mark on paper.

Feol: preasy.

Form: crystals are hexagonal. Usually in scales, seattered through
the rock, like graphite.

Distinguisghed from graphite, which it much resembles, by its color
and greater weight,

Oceurrence: It is o widely distributed mineral, usually in small
quantities. The mine at Climax, Colorado iz the chief souree of supply.
It is also produced in New South Wales (fine specimens!), Canada and
many other countries,

Whulfenite, [ead molybdate, PbMoOy, is a mineral whose specimens
often possess great beauty of color and form. Tt is usually in thin,
tnbular erystals of tetragonal form, though stout, double pyramids, often
rounded and modified, sre not uncommon. The prevailing color is light
yellow, which grades off to orange and rich searlet or aurora-red, or to
greenish, white or gray,

Hardness: 8. Bpecific gravity: B.7.

Tenavity: exceedingly brittle. Luster: resinous to adamantine,

Streak: white. Transpurent to nearly opaque.

Oceurrence: Magnificent specimens come from several localities in
Arizona, New Mexico, Mexico, Jugoslavis and elsewhere. It rarely oc-

eurs in sufficient quuntity to be an ore, though small quantities have
bean mined for their molybdenum.
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NICEEL MINERALS

Nickel is not found in nature. Tt is a white metal, hard, malleable,
taking a high polish and not readily tarnishing. Its most important use
is in alloys with other metals, as in nickel-chromium steel, “monel metal,"
"German silver,” and nickel steel. Our five-cent piece, popularly called
“a nickel," is three-fourths copper and one-fourth nickel, Nickel-plated
objects are familiar to evervone.

Nickel Minerals. It may surprise a beginner to know that nickel
forms an essential part of some two-score of minerals, for it Is not at all
unlikely that he may colle¢t in a large number of localities, for many
years, without ever meeting one of the nickel minerals. Not one of them
Is & common mineral. It is worthy of note that the largest nickel mines
in the world, those at Sudbury, Ontario, derive their chief supply of
nickel from pyrrhotite, in which nickel oecurs s an impnrity and is not
essential. This mineral is deseribed on page 179, The nickel-bearing
pyrrhotite does not differ in general appearance from pure pyrrhotite,

Niccolite, a compound of nickel and arsenie, NiAs, is an important
nickel ore at Cobalt, Ontario, It ocours as a pale copper-red, metallio
mineral, with a brownish-black streak and dark farnish. Hardness: 5
to 5.5, Specifio gravity: about 75. It is usually massive and often is
associnted with smaltite,

Pentlandite, a sulphide of iron snd nickel, (Fe.ND)S, greatly re-
sembles pyrrhotite, in which it iz nsually imbedded at Sudbury. Tt
may be distinguished by its brillant eleavage Paces. Its presence in
pyrrhotite renders this otherwise barren mineral a rich nickel ore.

Garnierite is a hydrated nickel-magnesium silicate. Tt is & soff, ex-
eeedingly brittle, pale to dark green, massive mineral, Tt is found in
New Caledonia in such larpe quantities as to make this island the second
largest producer of nickel.

PLATINUM MINERALS

Platinum, symbol Pt, is one of the few motals which is found native,
though it never geenrs in Inrge quantities. It has a hardness of 4. to 4.5
and, when pure, a specific gravity of 21,5, but owing to impurities, it
is usnally 8s low as 14. to 17.. chiefly because of the presence of iron,
which renders it magnetic.

Color and streak: pale steel gray. Temacity: wmalleable and duetile.
Infusible, and not dissolved by any one acid; therefore of great value

in lsborstory apparatus.
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Oecurrence: It is generally found in grains or scales, in alluvial de-
posits, associated with iridesmine, gold and chromite, Oeeasionally in
nuggets, up to 294 ounces, The Ural Mountains have long been the
world's chief sonrce of supply, with minor quantities coming from Calom-
bia, Brazil and elsawhere. Recently large deposits of platinum-bearing
rocks have been discovered in South Afriea.

Uses: Its chief uses are for laboratory apparatus, jewelry, in den-
tistry, and for the tips of fountain pens, for which it is alloyed with
iridinm and csminm.

Identification: 1t is inferior in hardness to iridosmine, not so Hght in
color and not britile. If in erwstals, they are cubieal, while those of
iridosmine are hexagonal plates.

Value: It has varied greatly in value. During the great war its
price rose to over $200 per punce; probably its average price will be
about the same as gold.

Platinum is not likely to be found in the field by the beginner, but
its great value and importance make it desirable that he be able to
recognize it if he should come across it, and no prospector should be
ignorant of its appearance. Look it up in a public musenm.

Bperrylite is a rare platinum arsenide, PtAs,, which has been found
in minute, isometrie crystals, with tin-white color and brilliant metallic
luster, near Sudbury, Ontario, and in the Transvaal, South Afries, in
larger and very fine erystals. It is a valuable platinum ore.

POTASSIUM MINERALS

Potassium does not oceur native, but its compounds are so essential
to the fertility of soils that some knowledge of them is important. Com-
mon feldspar and museovite mica contain in the aggregate far more
potassium than other minerals, but unfortunately the diffienities of ex-
tracting it are so great that the commereial supplies are obtained from
other sourees.

For a half a century, up to the time of the world war, the “potash
fertilizers” from the grest deposits at Stassfurt, Germany supplied the
world. Many millions of tons of sylvite and carnallite, both soluble
salts, have been removed. Similar deposits oceur in Alsace:Lorraine
and recent discoveries in Texas and New Mexico indicate that large de-
posits of these minerals are present there, The vnst deposits of leucite
in Wyoming and the alunite in Utah give our country reserves of potas-
sium minerals which ¢an be drawn upon when needed.

The potassium compounds have many other important nses, such as
in making liquid and soft sosps, in photography and medicine, in fire-
works and explosives, and in glass making.
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Bylvite is potassium chloride, KCl, the potassium mineral eor-
responding to halite, Like it, sylvite is soluble in water and has &
saline taste, though bitter. Hardness: 2. Specific grovity: 1.95.
Colorless, when pure. C(leavage: ecubic and perfect. Crystals are
isometrie, but searce. It is wsually in granular-erystalline masses.

Carnallite is a hydrous chloride of potassium and magnesium,
KMg(l; 6H, 0.

Hardness: 2.5. Specific provity: 1.60. Color: white or brick-red.
Luster: greasy. Taste: bitter. Deliguescent, slowly absorbing water
from the air. Crystals: orthorhombie, usually complex, rare; commonly
in granular masses,

Leucite: see page 225,

Alunite iz a comparatively rare hydrous sulphate of aluminum and
potassium, KA1;8:0, {.3H;0.

Hardness: 3.5 to 4. Specific growiy: 2.6. Color: white, gray or
pale pink.  Usunally fine-granular.

Ocourrence: There is a large deposit in Southern Utah of commereial
importance., Also is found abundantly in Italy and New South Wales,

Other Potassinm Minerals: There are scores of other potassium-
bearing minerals, many of them of considerable importance.

SILVER MINERALS

Bilver is the precious metal of the masses, heing used as the standard
coin in many sections of the world. It is also extensively employed in the
household for silverware of many kinds, and in the cheaper jewelry. Tt
is the best conductor of electricity. Silver compounds are of inestimable
value in photography and medicine.

Native Bilver, symbol Ag, does not often greatly resemble silver-
ware, for it is apt to have a rongh surface and a farnish, which varies
from a reddish-bronze, almost like copper, to an almost golden-vellow,
or sometimes to a dull blaek. If not tarnished, native gilver is white,
and has a brilliant metallie luster.

Hardness: 25 to 3. Specific gravity: 105. Tenacity: malleable to
8 remarkable degree and highly duetile. FPracture: hackly,

Form: Distinet, isometric erystals are comparatively rare, usually
they are poorly developed and arborescent or reticulated. Irregular
masses, flakes, leaves or scales are common. Wire silver is frequently
found, in either very slender or stout thresds, figure 211

Ocourrence: Though widely distributed, it is not the most important
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ore of silver. The mines at Kongsberg, Norway, have been produeing
it for hundreds of years, yirlding the world’s most magnificent specimens,
both of ervstals and wire silver, the latter sometimes reaching the size
of n man’s arm, Cobalt, Outarjo hus been a prolifie producer of masses,
Beautiful specimens dften sttractively associated with copper, eome from
the Lake Superior region. Aspen, Colorado was formerly a great pro-
ducer; one mass of pure silver weighed 1342 pounds, Mexico; Chile,
Garmany and many other countries have been large producers.

Figure 211, Wire Silver on Calelle, Paterson, New Jersey. Caurtesy of J. A, Gremig

Bilver Ores, as a rule, do not show the individual silver minerals o
which they owe their value, with sufficient distinctuess to enable the
beginner to recognize them. TIf a visit i3 made to a silver mine, it is
likely that several different minerals will be found, the most important
of whieh are;

Argentite, “silver glance,” silver sulphide, Ag.S, is a blackish-gray
mineral, =0 soft that it is readily cut with a knife thus revealing its
shining streak of the same color. Tt is probably the most abundant
gilver ore.

Polybasite, & compound of silver with sulphur and antimony,
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Ap,BSbSg, an iron-black mineral with black streak and metallie luster,
distinguished by its cherry-red color in thin slivers. Usnally massive,
but when in erystals they are always six-gsided and tabular,

Stephanite, “brittle silver,” is also a compound of silver with sul-
phur and antimony, AgzShSy, and much resembles polybasite, but is
absolutely opague even in thin slivera. Usually massive and disseminat-
ed through the rouk,

Proustite, “light ruby silver,” is & compound of silver with arsenie
and sulphur, $Ag.8.As.58,. It is characterized by its rich, cochineal-
red to scarlet color and searlet streak. Superh e¢rystels from Chile are
transparent and of large size, and rank among the very finest of all
mineral specimens. When massive, sometimes much resembles cuprite,
realgar or einnalar,

Pyrargyrite, “dark ruby silver,” is a compound of silver with
antimony and sulphur, 3Ag.8.8b.S;. It is not so0 transparenf as
proustite, of darker eolor, often grayish-black, and has a purplish-red
streak, much darker than that of proustite, It is Iairly common in
good six-sided, prismatie crystals, but is usually massive, often in thin
flakes on the rock.

Cerargyrite, “horn silver,” is a chloride of silver, AgCl

It is very soft, harduess 1. to 1.5, and therefore, readily ent with a
knife; but its most remarkable characteristic is that it is highly sectile,
being easily cut into shavings. When exposed to light it darkens to a
peculiar violet-brown color and becomes opaque; but if not exposed to
light it may be perfectly colorless, white or gray, and quite fransparent.
Its luster iz resinous to adamantine. If in crystals they are usually
ctbes,

Embolite is & compound of silver with ehlorine and bromine,
Ag(ClLBr), It hos the same general appearance as ecerargyrite and
muny of ité properties are the same, but its color is ordinarily greenish
or ¥ellowish, darkening on exposure to light., Its erysfals are more com-
mon than those of cerargyrite and are usnally cubo-octahedrons (see
page 45), Tt is plentifal enough to be an important silver ore.

Iodyrite is silver jodide, Agl. It is distingunished from the two
minerals last mentioned by its bright yellow coler and the heragonal
form of its erystals. 1t is much rarer.

Other sources of Silver. Only about one-third of the world’s silver
ontput is derived from ores having silver as a highly predominant fastor.
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Much of it is recovered from the mining of silver-bearing galena, chal-
cocite, tetrahedrite and other minerals which are essentially ores of lead
Or eOpPAr.

SODIUM MINERALS

Sodium does not oceur native for the good reason that it has a very
strong affinity For oxygen. It is, however, of great intersst to the
chemist. It is & silver-white metal, lighter than water and, while floating
on its surface, reacts violently, decomposing the water with release of
hydrogen and production of sodinm hydroxide.

Bodium compounds are essential to life and civilization, vet it is
guite possible that the beginner will meet but one of them, halite, in
field collecting, and the others are of small mineralogieal importance,

Halite, “rock salt,” is sodinm ehloride, Na(l,

Hardness: 2.5, Specific gravity: 2.16. Cleavage: cubie and very
perfect, figure 106, (see page 77). Color: when pure, eolorless to white.
Transparent to translucent. Taste: saline; soluble in water.

Crystals: isometrie, nearly always in cubes, figure 85, but frequently
skeletonized or hopper shaped, figure 86, page 65.

Occurrence: Halits is present in sea water evervwliere, averaging
about 2.5%, and also in larger percentage in salt lakes. Vast deposits
of rock salt oceur in many parts of the world, notably in New York State,
Michigan, Austria, and Germany. These are the result of the drying
up of eonfined bodies of salt water. 25,000,000 tons is the approximate
annual world production of salt, of whieh about 8,000,000 tons were pro-
dueed in the United States. 1t is usually associsted with gypsum, and
in the Western states the “salt domes” frequently lead to the discovery
of petrolenm.

Uses: Salt is vital to the life of man and of many animals. [t is used
as an essential article of diet, as & preservative of food and is the chief
source of sodium compounds used in dyeing, bleaching, oil refining, and
in the manufacture of glass, soap, and many other products.

Cryclite, “ice-stone,” is a fluoride of sodium and aluminum,
Naz AlF,.

Hardness: 2.5, Specifie gravity: 3.00.

Crystals: rare; monoclinie, elosely resembling cubes, often in parallel
position. Usually massive, sometimes with well-developed cleavage, ap-
pearing eubig,

Color: msuslly snow-white to colorless snd tronslucen!, somewhat re
sembling alabaster. Occasionally smoky.

Ensily fumble, even in eandle flame,
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Occurrence: The only commercial source of supply is near Ivigtut,
Greenland.

Uses: TIts easy fusibility suggested its use as & flux in the electrolytic
manufacture of aluminum from baunxite. It is also used in the making
of sodium salts, and some kinds of glass and porcelain.

Other Sodium Minerals: Sodium is an essential part of about one
hundred and fifty minerals, the large majority of which are rock-form.
ing minerals. Some of these are described in that seetion, inecluding
several of the feldspars, nephelile, canorinife, sodalite, lazurite. wer-
nierite and some of the zeolites, All of these minerals are silicates.

Trong is the most commonly ocenrring sodium carbonate,
Soda niter, “Chile saltpeter,” is an important sodinm nitrate.
Borax, see page 144, is a sodium borate.

Kernite, see page 145, is also 8 sodium borate.

Thenardite, glauberite and mirabilite are sodium sulphates,

STRONTIUM MINEEALS

Celestite is strontium sulphate, 8r80,. It often resembles barite
in the form of its erystals and in its cleavage. Its specific gravity is less,
3.96.

Hardness: 8. to 8.5. Luster: vitreous to pearly.

Colarless, white, pale blue, or red. Transparent to translucent.

Oceurrence: Tt is usually found in limestone or sandstone, associated
with ealeite, gypsum, or sulphur. The finest specimens are from Lake
Erie, California, England, and Sicily. Fibrous celesfite is not uncom-
mon,

Distinguished from barite most readily by heating a fragment in.
tensely in n flame to which it then imparts o erimson eolor, while barite
gives a yellow-green.

Uses: for fireworks and in refining sugar.

Btrontianite is strontinm carbonate, Br(05. 1t is usually in radiat-
ed erystalline masses of yellowish-white color.

Hardness: 35 to 4. Specific gravity: 3.7.

Uses: similar to celestite.

Decurrence: The best specimens come from the commereial deposits
at Hamm, Westphalia.
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SULPHUR MINEBALS

Sulphur, symbol 8, is by far the most abundant of the non-metallie
native elements

Hardness: 1.5 to 2.5. Specific grovity: abont 2.0,

Its prevailing color is so characteristic that it is known as “sulpliur
yellow,” yet sulphur is often vellowish-gray, greenish-gray or brownish-
red. Crystals usually have the typieal color, but masses are apt to be
impure and of duller tints. Sfreak: white or pale yellow,

Luster: adamantine on crystal faces, resinous elsewhere. Crystals
often fransparent or translucent, while masses are nearly opague.

Cleavage: not distinet. Fracfure: conchoidal to uneven.

Tenacitys erystals are exceedingly brittle; masses may be somewhat
seotile.

Conductivity: A cold crystal placed in the hand cracks, because it
is a non-conductor of hest, the warmth of the hand being unequally
distributed, 1f held to the ear this cracking is easily heard. Tt is also a
non-conductor of electricity. When rubbed it becomes negatively
charged,

Distinguished from all other minerals by melting a little above the
boiling point of water and, when further heated, igniting, burning with
a blue flame and yielding suffocating fumes of sulphur dicxide.

Form: Crystals are orthorhombi¢, commonly in double pyramids,
but often modificd by other faces. Tt iz also found fibrous. earthy, or
in masses of varions shapes.

Oecurrence: Sulphur is widely distributed. It is chiefly found as
socisted with gypsum, 8s a result of voleanie activity. Sicily was form-
erly the major source of supply and still furnishes by far the most
beautiful specimens, but commereially it has lost its importance beeause
of the discovery of enormous deposits in Texas nnd Louisiana, These
states now supply some 2,000,000 tons annmally, worth nearly $25,000,-
000. 1t is found here at a depth of 600 to 1100 feet and averages 125
feet in thickness. It has been estimated that these great deposits eon-
tain six times as much sulphur as is known in all the rest of the world,
It is brought to the surface by foreing steam down through pipes,
melting the mineral and then pumping it to the surface, where it is dis-
charged into huge vats and solidifies. It is froquently found around
fumarales and hot springs, as in the Yellowstone Park.

Uises: By far the most important nse of sulphur i5 in the manu
fucture of sulphuric aeid. the mest important of all chemieals, It is also
employed in making paper, matohes, gunpawder, fireworks, insecticides,
fertilizers and in vuleanizing. Sinee the discovery of the Texas deposits
it has largely supplanted pyrite in the manufacture of sulphurie acid.
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Other Sulphnr Minerals: Sulphur oceurs in vast quantities com-
bined with many of the metaliic elements, forming the very important
class of sulphides, page 25, which includes many of the most important
ores of the metals, such as galena, chalcoeite, chaleopyrite and sphalerite,
also pyrite and pyrrhotite.

Angther large class of sulphur compounds is the sulphates, page 25,
in which sulphuric acid has ymited with the metallic oxides. Among
the most important of these are barite, celestite, gypsum, anhydrite and
anglesiia.

TIN MINERALS
Everyons is familiar with the appearance of artificial metallie tin,
but the native metal is practically unknown. Thin sheets of iron or
steel are plated with tin by merely dipping into the melted metal.
They are then made into tin eups, pails, plates and many other inex-
pensive articles. Tin cans are manufactured by the million and much
tin is used in making bronze and soft solder.

Cassiterite, tin oxide, Sn0;, is the only abundant ore of tin and un-
fortunately very little of it is known to exist in the United States.

Hardness: 6 to T, hard. Specific gravity: about 7, notably heavy.

Luster: in erystals, adamantine ; masses, often dull.

Color: usually brown or black, but oceasionally yellow, ruby-red, gray
or white.

Streak: obtainable by pulverizing, usually pale brown to nearly
white.

Transparency: commonly nearly opague, but occasionally perfeetly
transparent. Such material shows its Ligh index of refruction by vield-
ing gems with a wonderful play of colors.

Crystal form: tetragonal, +with twing very common and their eom-
plexity disguising the form. Well developed foursided prisms, term-
mated by four-sided pyramids, are sometimes found.

Structurs and form: Most of the tin of commerce is obtained from
“stregm-tin,” which usually consists of more or less rounded, small grains
or pebhles, with little struesture. “Wood-tin" is in nodules, or of hot-
ryoidal forms, figure 212, having fibrous-radiated structure.

Occurrence: Cassiterite is widely distributed. The famous mines of
Cornwall, England have been worked for hundreds of years and form.
erly were the chief souree of supply., Now the Malay Peninsuln has
taken the lead, the ore being nlmost exclusively “stream-tin." Magnifi-
cent twin erystals come from Bohemia and a sumber of German local-
ities, while the finest in the world are found in Bolivia., Beginners who
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a =on :

Flgure 212 Casslterite,. Weod Tin, Durangoe, Mexlcs

dedire to have the mineval from the United States will find its occur-
rence in the Black Hills of South Dakota fairly sttractive.

Other Tin Minerals: While tin oceurs as sfannifs, and in a number
of other minerals, they are unimportant as sources of supply.

TITANIUM MINERALS

Metallic titaninm does not occur native, but jts oxide is fairly abun-
dant as the mineral rutide, and occurs still more plentifully eombined
further with iron, as the mineral imenite.

Titanium when added to steel removes the oxygen at the time of
easting. It is of ineressing importance as a pigment.

Ratile is titaninm dioxide, Ti0,.

Hardness: 6. to 6.5, hard. Specific grovity: about 4.2.

Cleavage: prismatic, well developed. Fructure: subconchoidal, to
aneven. Tenaeity: moderately brittle,

Luster: o peculiar metallie-adamantine.

Coler: usually reddish-brown to black. Streak: light brown.

Transparent to opaque.

Form: Crystals sre tetragonal, commonly prismatic and generally
complex throngh twinning, which is often repeated as shown in figure
213.

Ocourrence: Rutile is widely distributed in small masses or erystals,
One of its most important commercial localities is in Nelson County,
Virginia. It is often found in slender needles or hairlike erystals,
sometimes enclosed in clear quartz, forming rutilated guarte, as in Brazil
snd Madagascar, The best erystals come from Graves Mountain,
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Georgia. Excellent specimens are also found in North Carolina, Arkan-
sas, Pennsylvania and many other localities.

['sez; Rutile is the best ore of titanium. It is chiefly used in the
cerami¢ industry to add color and strength.

Figure 213, Rutlle, Prismotle Cryalals Showing Repeated Twianing, Alezander
Cooniy, North Carcling

Ilmenite, or menneeanite, iron-titaninm oxide, FeTi0; is the most
alundant titaninm mineral.

Hardness: 5 to 6. Specific gravity: 4.5 to 5. Fracturs: conchoidal.
Tenavily: brittle, Luster: submetallie. Color: iron-black.

Streak: black to reddish-hrown. Opogue. Slightly muagnetie,

Form: crystals comparatively rare, rhombohedral. Usually massive,
aften as a black sand.

flcourrence: Vast beds oceur in the Provinee of Quebee, i Vir-
ginia, and in Florida, but the chief commercial production is in India
and Norway, Huge crystals are found at Kragerd, Norway.

Uses: Owing to itz infusibility it is employed for lining puddling
furnaces; also used in making ferrotitanium. It is not used as an iron
ore gwing to the difficulty of extracting the iron.

Other Titanium Minerals: Tilaniferous magnetile abounds in many
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localities. notably in the Adirondack Monntains, New York. It is not yet
nsed.

Titanite is a caleium szilicate econtaining titanium, CaTiSi0;. It is
rather widely distributed in many rocks in small monoclinio erysials,
usually of brown eolor, though many other colors are found. The most
notable occurrences from a mineralogical standpoint were the large
brown erystals of Canada, figure 214, and the beantiful yvellow, gem
crystals of Tilly Foster Mine, New York and of the Alps.

N

. Figure I14, Titanlie, Cansnda, Cammen Form

Brockite and Octahedrite, both have the same composition as rutile,
TiO4, but differ from it greatly in form,

Brookite occurs at Magnet Cove, Arksnsas in stout orthorhombic
crystals of black color and brilliant metallic fuster, very different from
the brown tabular erystals of the Alps. The Arkansas erystals are fre-
quently more or less completely chanped to rutile, which, while retain-
ing the external form of brookite, shows itself as minute erystals with
its own characteristics.

Octabedrite is usually in small, fetragonal, elongated double pyra-
mids, though sometimes tabular, Several Swiss localities yield excellent
specimens, but, like brookite, it is & rare mineral.

There are at least forty other minerals in which titanium ocours as
an essential constituent, but all of them are rave,

TUNGSTEN MINERALS

Metallie tungsten is not found native and is a comparatively rare
element. Nevertheless, its commervial uses are of such transeendent im-
portanee that every mineral eollector should learn to recognize its ehief
ores, wolframiie, huebnerite and scheelite, and know something about the
metal and its unique properties.

Tungsten has the kighest melting point of all the mefals, 3350° canti-
grade, or to put it another way, it is the most difficultly fusible of all
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metals. 1t is also exceedingly heavy, its density being 18.64, and very
hard. In many respects tungsten is superior to steel. It never rusts
and it is not attacked by aecids. Tt is possible, though with very great
difficulty, to draw it into very fine wire, and this is utilized for electrie
light filaments, hundreds of millions of which are used every yeir. As
these filaments consume but 1.25 watis per candle power, while the old
carbon filaments, which they have replaced, consumed 3.25 watts for
the same degree of illumination, the savings amount to hundreds of mil-
lions of dollars every vear.

High speed entting tools contain 14 to 25 per cent of tungsten and
hava effected enormous savings in machine work. They retain their
temper even when red hot and are said to save some 25 per cent of the
power. Tungsten steel is used for armor plate and projectiles and the
metal is alloyed also with other metals, adding greatly to their strength,

There are three closely related tungstates of iron and manganese:
Wolframite, tungstate of iron and manganess (Fe Mn)W0, ; huebnar
ile, tungstate of manganese, Ma WO, ; and ferberile, tungstiate of iren,
FeWD,. It will thus be seen that wolframite is a mixture, or “solid
solution.” of the other two.

Wolframite is the most abundant of these three minerals. It is
characterized by its very high specifio gravity, nearly 7.5, its easy eleav-
age in one direction, its black color and streak. sub-metallie fusfer, und

by being opague.

Huebnerite is distmguished from wolframite by never being perfeet-
ly black in color, but showing reddish-brown pglimmerings when ils
masses are moatly hlack, while at times the whole mass is reddish-brown.
It-alzo has a brown or gray sireak, never black. Tn its other properties
it is quite similar to wolframite.

These two minerals differ in erystallization, though both are mono-
elinie. Wolframite has & very characteristic prismatie-tabular form,
with chisel-edges on ench side. The ervstals nre nusually of larpge size.
Huehnerite crystals, on the other hand, are generally bladed, small,
striated snd rarely well developed.

Ferberite is a much rarer mineral than the other tungstates and
usually oecurs in much smaller, black erystals.

Scheelite, caleium tungstate, CaWO,, bears no resemblance to the
three minerals just mentioned. It forms in tetragonal erystals, nsually
in double pyramids, either simple or modified slightly or sometimes
much, Its hordness iz 5, or slightly less; specific gravity, about 6.:
Inster, greasy-adamantine; color, usually pale vellow, but not infre.
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quently white, greenish or deep orange; streak, white; commonly sub-
translucent, thongh at times transparent. It usnally shows pale blue
fluorescence under ultra-violet rays.

Ocourrence: All of thesa tungstates are commonly found associated
with cassiterite, topaz, fluorite, apatite and quartz. Famous specimen
localities are in Saxony and Bohemia, Portugal, New South Wales, Colo-
rado. Commercia!l supplies are largely from China, Burms, Bolivia
and the western United States

TURANIUM MINERALS

Uranium is one of the heaviest metals known, its specific gravify be-
ing 18.68, Tt has been used as a steel alloy, but owing to its high cost
it eannot compete with other metals. Some of the uranium compounds
have a limited use in medieine, in pottery and in making of yellow and
also of iridescent gless. The importance of uranium ores, however, is
due to the fact that they always confain radium, and are really of far
greater value for the minute quantity of that excessively rare element
which they eontain, than for their uraninm.

Uraninite is a mineral of very uncertain and variable composition.
It always contains oxides of uranium and lead, and sometimes thorinm,
and small percentages of other elements.

Hardness: 55. Specific gravity: of pure erystals, 9 or over, of mas-
sive forms much less. Color: black. Streak: nsually brownish-black.
Opague.

Form: Crystals are isometrie, nsually in eabes or octshedrons, or
combinations of these forms. Usually massive, and then called “piteh-
blende ;" sometimes with a botryoidal surfaece,

Oceurrence: Iis most important localities are Belgian Congo, Canada,
Crechoslovikis, American localities of importance are Mitchell County,
North Carolina ; Black Hawk, Colorado and Portland, Connecticut,

Alterations: As a result of the alteration of nraninite, many minerals
have been formed, at least a dozen new species having been discovered
in Belginn Congo. These usually have beautiful bright green, yellow
or orange ¢olors. 'When in good erystals they are charming under the
microseope. Orange colored gummite, eanary-yellow wranophane, and
other minerals result from its alteration in North Carolina and else
where,

Uses: 1t is an ore of both uranium and radium.

Carnotite, a canary-yellow powder disseminated through sandstone

or less frequently in compact masses, is an important ore of both
uranium and vanadium, found most abundantly in Colorado and Utah.
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Other Uranium Minerals oeeur in considerable numbers, but are
fquite rare,
VANADIUM MINERALS
Vanadium presents a striking illustration of the value of chemieal
research eunpled with efficient prospecting. In 1906 the consumption of
vanadium in the United States was about 750 pounds, in 1930 it was
abont 1,800,000 pounds, with an additional 800,000 pounds used in for-
eign countries. This tremendous inerease is due to the beneficial effect
of adding i# to steel. The automobile and railway industries are the
chief consumers. Vanadium is also used in pharmacy, photography,
dyeing, rubber, glass and many other industries.
The ehief ores of vanadium are patronite, descloizite, vanadinite and
roscoslite,

Patronite is a black, amorphous vanadium sulphide, VS,, extensive-
Iy mined in Peru, but not known elsewhere.

Descloizite is a vanadate of lead and gine, 4(Pb,Zn) 0.V40, H.0.

Hardness: 3.5, Specific gravity: about 6.0. Tenacity: brittle. Col-
or: usnally dark brown to black, but sometimes red, yellow, gray.
Luster: greasy. Streak: orange to gray. Transpareni to opayue.

Form: wusually crystallized in orthorhombie double pyramids, or
drusy through close grouping of multitudes of tabular erystals.

Occyrrence: Until a few years ago it was regarded as a rare min-
eral; now there are important mines in South West Africa, and else-
where, in which it is the principal ore. Magnificent specimens are
found. Tt is also mined in Northern Rhodesia. American localities are
thiefly in New Mexico and Arizona.

Vanadinite is a cumpuund of lead ehloride and lead vanadmte,
(PhCL)Pb,V30yz. This is one of the most spectacularly beautiful of
minerals, especially when in minute erystals viewed under the miero-
scope.

Hardness: 3. Specific gravity: about 8.8, Tenacity: brittle. Tas-
ter: vitreous to resinous.

Color gorgeous aurora to orange-red grading into yellow and brown,
Stregk: yellowish-white.

Transparent to opaque.

Form: hexagonal; usuaily in hexagonal prisms, often modified hy
p¥ramids.

Occurrence: Many localities in Arizona and New Mexico produce
magnificent specimens, Crystals up to five inches long come from South
West Africa
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Ruscoelite is u vanadium-bearing mica, mined in considerable quan-
tities in Colorado, where it occurs in soft, greenish or brown scales in
gandstone.

ZINC MINERALS

Zine is a metal of much economie importance, whose average an-
nual production in the United States amounts to some 500,000 tous, It
is & bluish-white metal with a specific gravity in the neighborhood of 7.
Cast zine is hard and brittle, but when heated it becomes malleable and
ean be rolled into thin sheets, which have many uses, as for roofing-
gutters, boiler plates and battery cells. When alloyed with eopper it
forms brass, one of the mest useful of all alloys. Iron sheets or wire
are protected from rusting by dipping them in melted zine which “gal-
vanizes” them. Zine oxide, known to artists as “Chinese white” is in
large demand not only as a paint, but it 15 alse more largely used as
& filler, especially for rubber goods, about 55 per cent of the weight of
automobile tires being due to zine oxide.

There ara sonie fifty minerals of which zine is an essential part, but
only & few of them are important ores. These are sphalerite, smithson-
ite, calamane, franklinile and willemite, ]

Sphalerite, or “zinc blende,” zine sulphide, ZnS, is the most abun-
dant zine ore and quite a common mineral.

Hardness: 3.5 to 4, Specific gravity: sbout 4.0. Tenacity: brittle.
Fraclure: conchoidal.

Cleavage: dodeenhedral and remarkably perfect, see figure 108.

Luster: wusually resinous, sometimes adamantine. Transparent to
translucent.

Streak: pale brown or yellowish, to nearly white.

Color: very variable. The purest varieties, free from iron, are nearly
colorless; those eontaining much iron are black. Between these extremes
may be found brown, yellow, green and red. Brown is the commonest
color.

Phosphorescence: some varieties show ¢riboluminescence, or the rare
property of emitting light when seratehed or rubbed ; others are fluores-
cend and emit lipht during exposure to ultra-violet rays. These are
usually also phosphorescent, the light continning after the exposure
CeARES,

Form: Isomeirio eryetals are common. ‘They are usually very com-
plex, often being rounded or deeply stristed (by twinning). Granular
forms aliound, #lso eleaville masses

Oceurrence: 1t is a very common constituent of metalliferons veins,
often associnted with galena, chaleopyrite, barite, siderite, fluorite and
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quartz. It is often the host of many rare elements such as gallium,
indium and eadmium, as well as the commoner metals, iron, tin, mer-
rury,

Among its most important occurrences arve the many mines in the
Missonri-Oklahoma district. Magnificent cleavable specimens come from
Santander, Spain and from Cuananes, Mexios.

Use: the most important zine ore. '

Name: its name means “treacheérous.” There is no other minersl
whose appearance varies so much and which is at times so diffionlt to
recognize at sight. The German miners called it blende, which means
deceptive, beeause it resembled galens, but vielded no lead.

Distinguished by its dodecahedral eleavage, the angle betwoen adjoin
ing faces being 120°. Perfect cleavage dodecahedrons are rare.  Also
distingnished by its very charncteristic resinous luster.

Sphalerite 1= & minernl with which every beginner should endeavor
to familiarize himself, as it abounds in a great many localities all over
the world and is a mineral of such varied aspects that a suite of speci-
mens is of unusual interest,

Smithsonite, zine carbouate, ZnCOj, usually occurs in large mammal-
lery masses, white, or not infrequently of bright, showy colers, such as
blue, green or vellow; alsa brown or gray. Sireak is white, sven of the
colored varieties, Tis harduess is 5; specifie gravity: about 4.4,

It is usually found in the upper levels of mines where it has been
formed by the action of earbonated waters on sphalerite. Laurinm in
(ireece, and Kelly, New Mexico, have produced besutiful material, some
of it fit to cut into gems. Tsumeb, South West Africa and Broken
Iill, New Sonth Wales are notable for their crystallized specimens, pro-
dusing attractive groups of small gealenchedrons, To what system do
they belong? See page 55.

The name smithsonite was given to honor the philanthropist, James
Smithson, the founder of the great Smithsonian Institution in Washing.
ton, in which are the great mineral collections of the United States
National Muoseum.

M, also called hemimorphife, i & zine silivate with water,
chemisally combined, HyZn, Si0;.

Hardness: 4.5 to'5. Specific gravily: about 345,

The mineral varies greatly in appearance. The common ore s apt to
be nearly massive, perhaps more or less eellular, or, it may be drosy, and
of brown eolor, but when exsmined earefnlly the glussy luster of the
coloriess mineral will be seen, It is often maore or less radinted in
*ructure, nnd when crystalliced the individual, tabular crystals fre.
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quently occur in densely-grouped, crested or gockscomb-like formes, very
characteristio of the mineral. The most notable specimens of this kind
were found many vears ago at Ogdensburg, New Jersey. The erystals
belong to the orthorhombic system and are peculiar in having different
shapes at the two ends.

Use: It is an important and abundant zine ore.

Franklinite is an exide of iron, zing and manganese, (FeZnMn).
0.(FeMn)20y. This complex formula introduces the heginner to one
of the interesting ways by which minerals are formed, Notice that zine
(Zn) oecurs only in the first part of the formula, while iron (Fe) and
manganese (Mn) oecur in both parts. This is because oxygen forms
only one compound with zine, namely ZnO, while it forms two with
both iron and manganese, namely FeO and FeyOy, and MnO and
Mn,0;. These two compounds of iron and manganese with oxygen are
united with the one compound of zine with oxygen to form the mineral
franklinite. Magnetite is a union of nothing but the two iron oxides.
The commas in the formula of franklinite show that the amount of zine
and manganese present varies, but these elements are essential parts of
its make-up, If Zn and Mn were entirely absent the mineral would be
magnetite. It is proper, therefore, to think of franklinite as magnetite
with parts of its two iron oxides replaced by manganese oxides and part
of its FeO replaced by ZnO.

Crystal form: The close relation between franklinite and magnetite
would lead us to expect a similarity in crystal form, and that is what
we actually find. Each of the minerals belongs in the isometrie system,
the octahedron being the common form, with the dodecahedron often
present as shown in figure 215. The eube, which is so vommon & form in
many other minerals is very rare in franklinite, as it is in magnetite,

Hardness: 5.5 to 6.5, the snme as magnetite. Specific gravity: about
5.2

Cleavage: It has no frue eleavage, but an octahedral “parting” which
resembles cleavage. Fracture: conchoidal to uneven. Tenacity: brittle.

Tasgter: usnally metallic, sometimes dull. Streak: ususlly brown thus
distinguishing it from magnetite, but it may bhe black, the same ns
magnetite.

Color: always iron-black, the same as magnetite. Opagque.

Slightly magnetic, while magnetite is always strongly magnetis,

Oceurrence: With the exeception of two insignificant occurrences in
Germany, the only region in which franklinite is found is in Sussex
County, New Jersey. Here are located the greatest zinc mines in the
[nited States, those of the New Jersey Zine Company at Franklin and
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Ogdensburg, about fifty miles Northwest of New York City. The com-
monest type of “franklin ore” is a coarse-pranular mixture of franklinite
and willemite. Many other minerals are, at times, found in these mines,
which are among the most prolific in mineral species of any in the world.
Franklinite is often embedded in or scattered through white ealeite in
small, usually more or less rounded ervstals or grains.

e — = —= |

Figure 215 Franklinile Crystal, Fraoklin, New Jorssy

Uses: Franklinite, after erushing and sizing, is separated from the
other Franklin ores by the maguetie séparator, and, in & finely crushed
state, is mixed with fine anthracite coal and jgnited, Metallic zine s
thus produeed which is vaporized, reoxidized and cooled, thus producing
the pigment, “zine white.” By smelting the slag, a product known as
“spiegeleisen,” an iron-manganese alloy, is produced, which is of great
importanee in stee]l manufacture.

Willemite, zine silicate, Zn,8i0,, one of the richest of zine ores, is
found in enormous quantities at Franklin, New Jersey, assoeiated with
franklinite, but, unlike it, oceurs plentifully in many other sections.

Hardness: § to 6. Specific gravily: about 4.1. Tenaeity: brittle.
Cleavage: basal.

Fracture: uneven, Lusfer: greasy to vitreous, Transparent fo
epagque. Streak: nearly white.

Color: very variable. Small erystals are usually colorless or pale
green ; large, coarse crystals, rich in manganese, are called trosstite, and
are brownish-red to gray ; the more massive, granular, or radiated types
are white, black, brown, yellow, red, grean.
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Crystal form: hexagonsl, sometimes in elongated prisms, also in short,
stout prisma.

Form: usually course-granular, or massive; less commonly, in cleav.
able musses, or radisted.

Occurrence: Franklin and Ogdensburg are by far the most im.
portant loealities, but it is plentiful in Northern Rhodesia, Belgium,
Germany and elsewhere.

Fluorescence: By far the most interesting property of willemite is
its beautiful fluorescence under ultra-violet rays see page 113, The
golor of the fluorescence is green regardless of the original color of the
mineral, though the shade and the intensity vary. The black and dark-
brown types ure not responsive. A few of the lighter varieties of wille-
mite not only fluoresce, but also phesphoresce, the light lingering after
the rays which produce it have been shut off.

Zincite, “red oxide of zine,” is Zn0. Its most distinguishing char-
acter is its deep, rieh-red to orange color and orange-yellow streak. It
is usually granular-massive, or lamellar and subtranslucent.

Hardness: 4 to4.5. Specific grovify: about 5.5.

Though it has been recorded from several loealities, none but Frank-
lin-Ogdensburg, New Jersey produees it in quantity. During the world
war it was in large demand for radio detectors.

ZTROONIUM MINERALS

Metallic girconinm is not found native, It is ranked as & rave metsl
and has but few uses, most importamt of which is in alloys. The oxide,
70y, however, has such a very high melting point (3000°C) that its use
for refrastory bricks has become well established.

The chief ores of zirconium are the so-called *Zircon favas,” or badde-
fiypite of Brazil and the mineral zircon,

Zircom, zirconium silieate, Zr8i0,, occurs in tetragonal crystals, nsual-
Iy eombinations of prisms and pyramids; as shown in figures 216-218.

Hardness: 7.5, nrd.  Specific gravity: averaging about 4.7,

Lugter: adamantine, brilliant. Streok: uneolored.

Color: commonly u reddish-brown or gray, but also, not infrequently,
vellow, red or colorless, rarely blue or green.

Tronsparent to opaque.

Occurrence: It is very widely distributed, though in small quantities,
#s & nonessentizl part of rocks of many kinds. In a few places it is
quite abundant, notably in North Carolina, while in Florida, India and
elsewhere it ia found as a beach sand, often in minnte crystals of much
besuty and perfection. In Ceylon and France it oceurs in red crystals
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(“hyacinth”) yielding choice gems; it is also found in the gold-bearing
sands of Australis and elsewhere. Gems of great beauty and many
colors have been cut from zireons found in Ceylon, India, Biam and
other ecountries. The artificially colored, sky-blue gems (“starlite”) of
Siam are exceptionally attractive. Zircon gems have a beautiful play
of colors, due to their high index of refraction, smd when colorless munh
resemble the diamond.

Figures 2i6=218, Caommoan Forms of Ercon Crystals

B. ROCK-FORMING MINERALS

It is remarkable that two of the chemical elements, oxygen and silicon,
constitute more than half of the outer crust of the earth and that nearly
99 per cent is made up of only twelve elements,  Of these twelve but two,
carbon and sulphur, are found as elements in nature. The compounds
of the twelve clements are numerous, but after all, the number of really
common minerals which form the rock types is comparatively small.
The variations from these types are innumerable and embrace all min-
erals, but the beginner is concerned with those only which he is likely
to meet or which are of importance. Quite a number of these have
already been treated because of their metallic content. It remains, there-
fore, to congider a few minerals of mejor importance chiefly as rock-
formiers, and a few others which have no metallie importance, but with
which, for oue reason or another, the bégirner should become aequainted.

AMPHIBOLE AND PYROXENE GROUPS
The amphiboles and pyroxenses are closely related and very abundaunt
rock-forming silicates. If they are judged by ordinary rock occurrences
they are apt to be regarded as about the least attractive and the mo
puzzling of all minerals. Typieal specimens, however, add quite a little
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to & mineral colleetion and there are interesting points to be learned
about them.

Differences: 1t is often very difficult, or even impossible, for the be-
ginner to distinguish between amphibole and pyroxene in rocks of the
more massive types, If erystals of both are compared, they are easily
distinguished, and when once the differences between them are clearly
recognized, the eye will quickly detect these differences even in quite
inferior material, especially if aided by a pocket magnifier.

Both are monoclinie and oceur in prismatic erystals, but the angles
between the prism faces are very different. In amphibole thizs angle is
about 1241°, or nearly that of the regular hexagonal prism (120%),
while in prroxene it is about 93°, or nearly that of a right angle or
square prism. Lf, therefore, a erystal shows & square development, it is
safe to conclude that it is not amphibole. There may be other faces, a
and b, between the prisms, m, of the pyroxene, which give it an eight-
gided, instead of o foursided, appearance and amphibole erystals may
have other fuces, but they never appear square, The differences are
made plain in figures 210 and 220, which show how the ervstals, if held

Flgnres 219, 20. Differcnces between Amphilisle and Pyroxsne

with their prisms vertical, appesr when looked down upon from sbove,
In esch case m is the prism.

Cleavage: Both minerals have cleavage parallel fo the priem faces
just mentioned. It is casy and very common in amphibole and rarer in
pyroxene, Pyroxene also frequently shows a “parting,” or pseudo-
cleavage, parallel with the base; which may be noted not only in actual
breaks, but also in lines on the prism parallel with the base, as shown
in figure 228, Yon will, of course, much more frequently meet these
minerals in erystalline masses than in distinet erystals, If, therefore,
you remember that the eleavage is parallel with the prism faeces and
eonsequently that its angles will be the same as in crystals, you will
often be able to recognize these minerals in the field when collectors who
have not stodied these differences will not know which mineral they
have found.

Fibrous Forms: Amphibole frequently occurs in fikivous forms; while
pyroxene almost never is fibrous,
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Occurrence: Both minerals ocenr in voleanie and eruptive rocks; but
pyroxene is commoner than amphibole in basalt and diabase, while
amphibole is commoner in granite. Amphibole is the commoner mineral
of the two in gneiss and especially in the schists. Both oeeur in lime-
slones,

AMPHIBOLES

AMPHIBOLE is one of the commaonest of the rock-forming minerals
and oceurs in many forms, which the heginner will often meet in the
field, and with which it is, therefors, important for him to become
familiar. As many of the varisties grade from one into another, it is
wiser to learn of them from thoroughly typical specimens bought from
reliable dealers. The most important of these varisties are tremolite,
actinalite, asbestus, nephrite, and hornblende, the last named ‘being much
the most eommon.

Composition: & complex silicate, always eontaining magnesium, usual-
ly ealeium and frequently iron, while many analyses show manganese
and amaller quantities of many other metals. The composition is very
similar to that of pyroxene.

Hardness: b to 6. Specific gravity: 2.9 to 8.4,

Form: monoclinie, figures 51, 221-224 Cleavage: prismatic, angle
1244°; see page 80.

Flgures 221223, Common Forms of Amphibals Cryatals

Luster: vitreous, pearly or silky, according to the varicty,
Color: usually black, gresn or gray,

Streak: usually uncolored, or paler than the color.
Opague, subtranslucent or sometimes tranaparent.

Tremolite is a silicate of caleinm and magnesium, CaMgg(8i0g),.
It is usnally nladed, of white or gray color, though the beautiful variety,
hezagonite, from Edwards, New York, is lavender. Tt breaks readily in-
to splinters, often with sharp points, which stick in the fingers. For
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its other properties see amphibole above. Well-known localities are
Gouverneur, New York and Les, Massachusetts,

Actinolite is & silicate of caleinm, magnesium and iron, Ca(Mg,Fe)s
(8i04)4. Itis usnally eolumnar or bladed, the blades either lying singly
in masses of tale-sehist, or some other schist, or aggregated into confused
pusgses, Color is communly bright green or grayish-green, It grades
from nearly opague to nearly transparent,

Flgare 224, Amphllisle, varlety Hormlilensde, Urpstals in Quartz,
Cumborland, Rhads Laland

Asbhestos is a fine-fibrous variety of amphibole, but commercial “as-
bestos” is largely serpentine. The fibers are sometimes eightesn inches
or more in length.

Nephrite is 8 compact and exceedingly tough variety, often called
jade, though this term inéludes other minerals, chiefly jadeite. Its best
kmown oceurrence is in New Zealand, whers it is ealled “green stone,”

Hornblende is a complex silicate of ealeium and magnesium with
aluminum and iron, very similar to augite. It is very common as'a part
of many granites, basalts and schists. It is usually opaque and black.
In voleanie rocks its erystals are ordinarily short and stout prisms, but in
schists it is often bladed or fibrous, Its properties are given above under
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amphibole. Black tourmaline often resembles hornblende, but it ean
be distingnished by its lack of cleavage, which is well-marked in horn
blende,

MONOCOLINIC FYROXENES

PYROXENE is one of the commonest of the rock-forming minerals,
aod as its identification is often diffieult, it is well for the beginner to
secure by purchase thoroughly typical specimens of its two commonest
varieties, diopside and augite. By so doing he will be able to recognize
it in the field, where he will be almost sure to meet it in rather obscure
form.

Composition: 8 complex silicate, always containing magnesium and
caleium, frequently iron and sometimes manganese and smaller
quantities of other metals, The compesition is very similar to amphi-
bole.

Hardness: 5to 6. Specific gravify: 3.2 10 3.8.

Form: monoclinie; see figures 52, 225-227,

Cleavage: prismatic, angle 93°, see page B0

Parting : parallel to base, ¢, often prominent, figure 228, see page 214

Figores 225227, Common Forms of FPyroxens Crystan

Luster: vitreous, resinous or dull.

Color: usnally black, dark green to grayish-green, sometimes brown
or white.

Streak: white to grayish-green.

Opague: usually ; sometimes transparent.

Oceurrence and means of distinguishing it from amphibole are given
on pages 214, 215,

Diopside is a silicate of caleium and magunesium, CaMg(8i0)s. It
is far less common than augite, being usually found in the crystalline
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limestones and but rarely in granites and related rocks and almost
never in volcanic rocks. It is usually light-colored, white, grayish or
light green, rarely dark green. One of its commonest forms is shown
in flgure 227, but it is oftem in slender prisms, Its propertics are
given above. Transparent crystals, vielding fine gems, occur at DeKalb,
New York, also in the Ala Valley, Italy.

Flgure 228, Tyrowens Crysinl, Showing Tariing

Augite is a complex silicate of caleium, magnesium, aluminum and
iron, CaMgSisOy with (Mg, Fe)(AlFe}28i0,. It ia one of the com-
monest of the minerals which make up the eruptive rocks. It is usually
opague; black or very dork green. One of the eommonest forms of iis
erystals, found in Bohemia, is shown in figure 52. It is usunally short-
prismatic or lamellar. Its properties are given above. See also page 214,

ORTHORHOMEIC PYROXENES

Enstatite, o silicate of mugnesium, MgSi0;. When pure, the color
of this mineral is white or pale gray or greenish, but usually it contains
iron and then its color is darker, passing from olive-green to brown. Its
luster ig pearly, but only markedly so in the dark, iron.bearing variety,
called bronzile, becanss of its bronze-like sheen.

It is rarely found in orthorhombic erystals; usually it is in coarsely
crystalline, lamellar masses, Tis hardness, 5.5, and speoific gravidy, 3.2,
are approximately the same as pyroxene. It is fused with very great
difficulty and is, therefore, used a3 number 6 in the “seals of fusibility.”

Enstatite is often a constituent of some of the igneons rocks, such as
prroxenite, peridotite, gabbro, und it is frequently fonnd in serpentine,
also in meteorites. Very pure, cleavable enstatite oceurs in Norway,
while fine bronzite comes from near Webster, North Carolina.

Hypersthene, a zilieate of iron and magnesium, (FeMg)8i0;. As
the percentage of iron in enstatite increases it passes into hypersthene,
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Its luster is somewhat pearly and in the mineral from the labradorite
locality in Labrador it has a beautiful metallic sheen, dus to multitudes
of minute erystals, in parallel position, enclosed in it. It is slightly
harder, 5 to 6, and heavier, specific gravity 3.4 to 3.5, than enstatite,
and has a good prismatic cleavege. It is usually in foliated masses, but
ooeasionally is found in bread cleavage plates.

It is an ingredient of the igneous rocks, norite and gabdre and is also
found in trachyte and andesite.

Epidote is a silicate of aluminum, iron and ealeinm, with water,
Hcﬂ: [.ﬁ.LFEj ;Ei:,ﬂ, "

Hardness: 6 to 7. Specific gravily: 3.2 to 3.5. MNonoelinic; figure
229 shows a cominon form.

e W "
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Tignre 22%, Eplidote, a Commoen Form of Crystal

Specimens from different localities often show wide differences in
form and color, but as a general rule the massive mineral has a peculiar
and charaeteristic vellowish-gréen (pistachio) color, not commem in
other minerals, which makes the beginner's guess as to its identity come
trne. The finest crystals were found many years ago in Aunstria and
are groups of slender, prismatic erystals, bluck and highly lustrons by
reflected light, but green or brown by transmitted light. Magnificent
specimens are also found near Sulzer; Alaska, in stout, prismatic erystals,
nearly black. While it is not at all likely that the beginner will find
such superb erystals, it is well for him to familiarize himself with them
when he visits the great musenms, as someone did discover them some
time snd it may be that he will come across something even hetter.
Massive epidote of the pistachio-green color is 8 common mineral in
granites, goeiss and other crystalline rocks. Unakite is the name given
to an attractive rock consisting of epidote, red feldspar and gquarte,
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Found abundantly in Virginia and North Carolina. It has been eut into
showy eabochon stones.

FELDSPARS

FELDSPAR is not the name of any one mineral, but of the com-
monest group of the rock-forming minerals. Geologieally, the feldspars
are also the most important of all minerals, being found as a necessary
part of a great many of the commonest of rocks. Tt is very desirable,
therefore, that the beginner become acquainted with them. Their chief
characteristies are:

Crystals: monoelinic or trielinie. The angles between adjoining
prism faces vary but slightly from 60° and 120°.

Cleavage: easy in two directions st right angles to each other, or
nearly so.

Hardness: usually 6, or near to 6.

Speécifie gravity: usnally between 2.5 and 2,75,

Color: white or some pale shade of pink, red, vellow or gray, less
commonly green or brown or some dark color.

Fuster: vitreous to pearly.

Streak: always white or uncolored.

Distinguished from quartz by their inferior hardness and distinet
cleavage; from ecaleite by their greater hardness, the very different
angle of elenvage and by not efferveseing (bubbling) in aeids. Tt is
always well to check up on more than one characteristic, for feldspars
are frequently altered or in process of alteration to elay (kaolinite), and
they mre then soft, but the acid test will settls the question of whether
the mineral is ealoite or not

Composifion: All of the common feldspars are silicates of aluminum
and one or more other metals, either potassium, sodium or ealeium.
There are three types:

Potassium feldspar, including orthoclase and microcline, whose for-
mula is KAlBiy0g.

Sodium feldspar, albite, whose formula is NaAif8i;0., conveniently
sbbrevinted to Ab.

Calcium feldspar, anorthite, whose formula is CaAlsSi,04, abbrevi-
ated to An,

All of the other feldspars (except a few rare species) are made up of
two or more of these fundamental types. Thelir separation from one an-
other is & problem to which advanced mineralogists have given much .
study, but does not coneern the beginner, for to be absolutely sure of
the identity of a particular piece of feldspar it is necessary to know its
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chemical composition exactly and its optical properties;, as determined
by the petrographic microscope. It is customary, however, in field work,
to disregard the fine distinctions between the various feldspars and to
trust to sight determinations.

Orthoclase and Microcline, common feldspar.

Orthoclase has long been the name assigned to the common feldspar
of granite, pegmatite, goeiss and many other similar rocks. From a
technical standpoint this is not usually correct, for the feldspar which
orotrs in large masses in pegmatite i3 usnally microcline. The error is
80 deep-rooted, even among teschers of mineralogy, and in all text-
books, that the beginner will constantly hear the name orthoelase used
instead of microcline. The present generaticn can do mineralogy a
real service by refusing to perpetuate this error. Orthoclase, however,
is n common feldspar, for it is abundant, as the variety sanidine, in the
eruptive rocks, rhyolite (page 258), trachyte (prge 258) and others
while the feldspar ervstals of many porphyries (page 258) are ortho-
clase,

Orthocluse and microeline have the same composition heing silicates of
aluminum and potassium, KAISi;0,.

Form: Orthoelase is monoctinie ; mieroeline is trielinic; but they are
so nearly slike that the beginner may regard them as identical. Crystals
are common, both simple, figures H0 and 230, and twins, figures 231,
232.

Flgure 230, Orthoclass, & Comman Forme of Crystal

Hardness: 6. to 6.5. Specific gravity: 2,54 to 258,

Cleavage: easy in two directions, figure 111, in orthoclase, at 90°, in
microcling so near 90° that the variation is not perceptible to the eve.

Fracture: uneven in the remaining direction of cleavage masses. In
glassy crystals it may be conchoidal.

Tenacity: brittle, but not excessivaly so.

Luster: vitreous or pearly,
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Color; usually white, flesh-color to brick-red, yellow or gray. Amo-
zanstone is & green or greenish-blue variety of mierocline.

Streak: uncolored. Transparent to translucent.

Oceurrence: Common feldspar often occurs in large, cleavable masses
in pegmatite veins or dikes. The glassy variety of orthoclase, sunidine,
is common in the eruptive roeks; as in the trachyte of the Drachenfels,
Germany. Splendid crystals of orthoclase occur at Baveno, Italy, also

Fignres 231, 232 “Carlslind™ and “Bavens” Twins of Ortlncluse

in the Eastern Alps (the varisty ndularia); at many localities in the
Rocky Mountains and scores of other localities. The most notable oe
currence of crystals of microeline is the Pike's Peak region in Colorado,
where fine flesh-color erystals are found as well as magnificent crystals
nnd groups of amazonstone. Fine, large cleavages of amazonstone oecur
asbundantly at Amelia Court House, Virginia and in Madagasear.
Cleavable mierocline is very abundant st Bedford, New York, in Dela-
ware Codnty, Pennsylvania, Maine, Canada, North Carolina, South
Dakota and many other localities.

Uses: Both orthoelase and microcline are used extensively in the pot-
tery and glass industries and also have many other applications in the
arts. Amazonstone and the clear yellow orthoclase of Madagascar are
uged as gems.

THE PLAGIOCLASE FELDSPARS include albite and anorthite,
and four other feldspars which ure intermediate between them, name-
ly oligoclase, andesine, labradarite und bytownite. The only plagi-
oclase feldspars whieh the beginner is likely to mest in the feld are
albits, oligoclaze and labradorite.

Plagioclase is from two Greek words plagios, meaning oblique, and
klasis, fracture. This at once suggests that in this gronp of feldspars
the two cleavages are not at right angles as in orthoelase, but inclined to
each other, This is actually true, but the variation from the right angle
is slight. The advanced mineralogist is shle, by the aid of expensive
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instruments, to distinguish between the feldspars by measuring these
slight variations, but the beginner eannot positively identify them,
though he ean usually make good guesses.

A prominent, though not universal, characteristic of the plagioclase
feldspars is the sfriations which may be seen on the most prominent
cleavage. These were mentioned on page 75 as due to twinning. If
vou find a feldspar with these stristions you can be sure that it is not
orthoclase and that it is a plagioclase,

Albite (from the Latin albus, white), soda feldspar, is, typically a
snow-white plagioclase feldspar; sometimes it is grayish, greenish or
reddish.

Composition: silicate of aluminum and sodinm, NaAlSizOs.

In most of its other praperties it conforms to the feldspar group as
described on page 220.

Twinning is so prominent & characteristio that the name “albite twin-
ning” has been given to its commonest type, which muanifests itself
usually in the striations noted sbove, These generally show as fine
parallel lines, but sometimes, as in the alhite from Amelia Court Haonse,
Virginia, the twinning is coarse, a mass being made up of many tabular
¢rystals and thus appearing coarsely laminated.

Commnion varieties of albite include masses not distinetly twinned but
made up of layers (cleavelandite), often eurved; also granular forms.
Moonstone (see page 117) is often albite.

Occurrence: Albite is & very ecommon mineral, being found as a con-
stituent of many granites, pegmatites, gneiss and other rocks. Crystals
of mueh beauty abound in the Alps, in Norway, snd bundreds of
localities all over the world. At Amelia Court House, Virginia groups
of tabular erystals up to ten or twelve inches occur, as also a cleavable,
delicate-blue moonstone. Gorgeous cleavages of moonstone peristerile
oceur at Hyhls, Ontario.

Uses: Potters prefer albite to other plagicelases and to orthoclase in
making their wares, owing to its fusing more easily. Moonstone, if of
gem quality, is eut into semi-precious stones, but most moonstone, in-
cluding that of Ceylon, iz another rarer feldspar (anorthoclase).

Anorthite, caleium feldspar, silicate of aluminum and ealeinm,
CaAl,8i.04, is & comparatively rare plagioalase feldspar, oecurring most
sommonly in the voleanie rocks such as basalt, diorite, and norite.
(lassy erystals are found at Vesuvius and similarly in Japan where
thev are thinly conted with the black lava.

Labradorite, “labrador spar,” a silicate of aluminum with both cal-
cium and sodium, is usually a dark groy plagiocisse feldspar. Its most
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typical ocourrence is on & small island off the coast of Labrador. Here
it is found plentifully in pure eleavable masses which exhibit a marvel.
lously yorgesus change of colors, deep blue usually predominating, with
green, yellow and coppery-red less frequently seen. Great mountains
largely composed of labradorite ocour as the rock anorthosite inm the
Adirondack Mountains, New York, The dolerite porphyries of Cape
Ann and Marshiield, Massachusetts (figure 255, page 259), show mul-
titudes of labradorite ¢rystals scattered through the dark groundmass of
the rock. Labradorite is used to some extent as n gem and has been
mannfactured into table tops, paper weights and many ornamental ob-
jects.

Oligoclase is another plagioclase foldspar, a silicate of alumimum
with sodium and caleium, but nearer to albite than is labradorite and
nsually of lighter colors. It often very strikingly shows the striations,
due to repeated twinning, which characterize the plagioclase group. Its
most attractive oceurrence js at Tvedestrand, Norway where the va-
riety sunstone is found in red, cleavable masses exhibiting 8 charming
golden sparkle, “schiller,” due to the reflection of light from minute
tabular erystals of bematite or goethite, in parallel position, enclosed in
the feldspar, Examined with a lens or under the microscope, sunstone
is a gloriously beautiful mineral. Moonstone-oligoclase oceurs in Dela-
ware County, Pennsylvania, while in Mitehell County, North Carolina
there is a colorless, glassy variety. Ordinarily cligoclase is in excellent
tlenvages resembling albite or microcline,

FELDSPAR-LIKE MINERALS

This group emhraces 4 few minerals more or less closely related to the
feldspar group, being silicates of aluminum with potassium, sodium and
ealeinm,

Nephelite, typically, is a silicate of sodium and aluminum, NaAlSiO,.
Its most prominent characteristie is its oily or greasy luster. Tts eolor
it usually gray, but brick-red, grayish-green and brown are not un-
common. It iz usnally massive, thongh sometimes found in hexagonal
erystals, either large and coarse, as in Renfrew County, Ontario, or
small, sharp and brilliant, as at Vesuvius.

Occurrence: Nephelite is important as a rock- furmmg mineral, I.hm
being very consideralle deposits of nephelite-syenite in Nnrwu;r
Maine, Arkansis ind elsewhere.

Bodalite, often assoeiated with nephelite, is similar to it in com-
position except that chlorine is present. Its typical formula is: 3NaAl-
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Si0, NaCl. It has a vitreous luster, and is often of a deep, rich blue
volor, though many other colors are noted. Banocroft, Ontario has pro-
doeed much beautiful sodalite rock which has been sold, especially ir
England, as “Princess Marble."

Cancrinite is similar to nephelite in composition with the addition
of caleinm ecarbonate and water. It is commonly associnted with soda-
lite in nephelite-syenites and most commonly has a rich yellow fo orange
coler. Litchfield, Maine, is a well known locality.

Lazurite is u rih-Bluye mineral related io nephelite but containing
soditm sulphide. It is familiar to lovers of decorative and semi-precious
stones in lapislazyli, which is a mixture of lazurite with various other
minerals. Lapis-lazuli is highly prized by the Russians. It cccurs in
Persia and Chile.

Leucite is u postassium-alomimom silicate, KAI{SiOg)2.  Typieal
crystals are frapezohedrons, figure 233, of white or gray ecolor, vitreous
luster, hardness: 5.5 to 6. They oceur in Inves especially at Vesuvins
and near Rome, Italy., At some places great rock masses are formed of
leucite, as in the Leneite Hills of Wyoniing, The Romans nsed leueite-
lava for millstanes. Potash was first discovered among minerals in
leneite in 1796,

Figure 235 Leuelie, Common Foem

GARNET GROUP

Moat people who have not studied minerals, think of garnet as a
deep, rich red gem; indeed, the term “garnet-red” is Frequently used
to deseribe such s ecolor. It is amazing to sueh people to learn that
garnets of many and widely different colors ovcor and that garnet is
not the name of one definite chemical compound but of a series of com-
pounds which unite with each other to produce a great many varieties
to which distinguishing names have been given,
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Al garnets are hard, hardness being 7, to 7.5. Their luster is vitreous

All garnets erystallize in the same class of isomelric crystals, and
cubical and octahedral erystals are notably rare, while dodeenhedrons,
figure 234, and trapezohedrons, figare 233, and combinations of these
with other forms, figure 236, which are rare in most other species; are
comparatively common in garnet. The beginner in the study of erystals
will find garnet his greatest help in understanding eertain forms and
will be charmed by the many faces of gemmy little ervstals of garnet
which he may find or see in museums.

Figures I32%E Commen Porms of (arnst Orystals

The ehemist, too, finds mueh delight in studying the composition of
the parnet group. He finds that all of the varieties are similar sili-
entes, but that the metallic elements vary greatly, This is elearly shown
Ly writing the typical formulas of the chief varieties.

Grossularite ... ... .. . ... .. ... ... i, GI;M: (8i04)s
w ......................... Bk htgzﬂ:{ﬁiﬂ*}s
Almandite ... ... ... .o s Fﬂg Als (Siﬂq. }3.
Andradite ........cciciciiaiiisiessisaeieiziies OngReg(Bi0g)s
Hmvtta......, C&a&z[siﬂ.i}u

Lt us see how these varieties differ from each other in other ways
than chemieally.

Grossularite varies greatly i color; it is commonly eolorless or white,
as in Quebee; but it is occasionally green as in the so-called *South
Africon Jode," or pale yellow, as in the Biberian wviluite. It is never a
deep blood-red or ruby red. One quite distinet variety rosolife from
Mexieo, is rose-pink and éswonife or cinnamon-stone has a brownish-red
color. Essonite has been cut into handsome gems and the “South African
Jade” has been made into many ornamental objects, Specific gravity
is 3.42 to 3.7T2.
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Pyrope, or “precions garnet” is the deep blood-red wvariety, most
tamiliar in the garnet jewelry from Bohemia, where it occurs in serpen-
tina, Little pebbles of pyrope are found in the ant hills of the Navajo
Reservation, Arizons, and are collected by the Indians and sold for ocut-
ting into gems. Associated with them are pebbles of peridot, a variety
of chrysolite or olivine, which suggests that the pyrope is derived from
a rock called peridotite. This rock is the matrix of the dismonds of
South Africa and pyrope is found there and is called “Cape ruby.”
Speeific grovity ia 3.7,

Almandite, or almandine, is probably the commonest variety of
garnet, and the one most apt to be met in the field. It is nsually of a
red color nearly as deep as pyrope, but it also often has a purplish cast,
especially in the almandine gems of the jewelry trade. Omne of the most
notable cecurrences is near Fort Wrangel, Alaska, where fine deep red
erystals are found embedded in micaschist, Crystals up to 141 pounds
in weight are found near Salida, Colorado, altered on the surface to a
chlorite called sphrosiderite. Granite, gneiss and mies-schist, figure
947, are usually the mother-rocks of almandite. Specific gravity s
about 425,

Figure 237, Garuet Crysials ln Mies-Schist. Reddiog, Uenneeticut, Courtesy
of J. (. Maschesier
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Bpessartite is a rare variety of garnet. It always has brown mized
twith ifs red. Some of the fine garnets of Delaware County, Pennsyl-
vania are spessartite. At Amelia Court House, Virginia gem material
of unrivaled beauty is found. FExcellent spessartite for cutting also
eomes from Madagasear. Specific growvily is 418,

Andradite i# one of the commonest kinds of garnet. Several dis-
tinet varieties are included nnder andradite so that there is a gradation
from the nearly opaque, dark brown, common garnet through the yal-
lowish-broun polyadelphite, of Franklin, New Jersey, and the brilliant
little yallow crystals of topezolite of the Ala Valley, Italy, to the yel-
Iowish-green and deep emeorald-green demantoid of the Ural Montains,
which is highly prized a8 a gem and is sold as “Uralian emerald.”
Andradite also includes many other named varieties, the commonest of
which is the coal-black melanite, of Franklin, New Jersey and Fraseati,
Italy. Specific gravity is about 3.85.

Uvarovite is very similar in color to the richest smerald-gresn deman-
toid- Tt is, however, very different in chemical somposition, its color
heing attributed to the ehromium which it contains. Uvarovite is very
rare and is highly prized. The finest specimens come from the Ural
Mountains. Orford, Quebee, is the best known locality in North Ameriea.
It is nlmost always associated with ehromite in serpenting, but occurs
also in erystalline limestone. Specific gravity is about 3.5.

It will be seen from the above that there are so many and such varied
kinds of garnet that quite an estensive eollection could be gathered of
nothing but this mineral. It is one of the many charms of mineral col-
leeting to find specimens differing widely from each other in some re-
spects, but all bound together by some fundamental characteristics into
ane great group.

MICA GREOUP

The most important micas are muscovite, biotite, phlogopite and lapid-
alite,

How many of the hosts of people who have enjoyed the dazzling
sparkle of mica on the Christmas tree, or in mica-bearing rocks, or who
have split it into very thin leaves, know that mica is nof the name of a
mineral, but of a group of minerals? What have the different kinds of
mica in common and how do they differt

They all occur in siz-sided erystals with sngles practically the same
as that of a regular hexagonal erystal, 120°, but really they belong to
the menoclinic system.

The most prominent and best-known characteristic is their wonderful
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basal eleavage. This is so highly develaped that it is possible to split
off sheets less than one five-hundredth of an inch in thickness. Mieca is
the best illustration of this cleavage, and therefore, it has been called
micaceous cleavage. 1t is a great aid to their identification in roeks.

Another property which all the micas possess is the elasticity of the
sheets, Notice how readily they can be bent and that when the pressure
on them is released they spring back to their originél position. Con-
trast this with flexibility deseribed on page 37.

The micas are usually soft, hardness being 2. to 3 and, therefore, they
are easily scratched with the finger nail, though lepidelite is harder.

Specific gravity: 2.7 to 3.1,

Luster: pearly on the base, vitreous on the side faces.

Percussion-fignres: 1f & thin cleavage plate of any miea is struck
a blow by a dull point, & six-rayed star is produced, whose lines ure
parallel to the sides of the erystal. This is called a “pervussion-fignre”
Try it.

Muscovite, “isinglass” is a silicate of aluminum and potassium, with
water entering into the compound. Formula iz HoKAlL(Si0,);.

Hardness: 2. to 2.5. Specific gravity: about 2.8,

Form: monoelinie, but erystals usually in six-sided plates, figure 238,
wometimes several feet in diameter. Very common in scales seattered
throngh rocks ar pathered together into sealy, compnaet masses.

15 i —*

Figure 338 Suoscovite Crystal, Henry, Lineolo Ceunty, Nerth Carciine

Color: nsually colorless, gray, light brown or green.

Streak : uneolored. Transparent to translucent,

Tenacity: tough, flexible, elastic.

Ocourrence: Muscovite is the light-colored mica of granite, peg-
mstite, gueizs and micaschist, but is rarely seen in wvolcanic rocks.
Plates large enough to be of commercial value are found only in peg-
matite. The best-known mines in the United States are in North
Carolina, Virginia and South Dakota, The commercial supply comes
chiefly from India.

[Tses: Muscovite is used in almost countless ways. In sheets it is
employed in the electrical industry, for glazing in stoves, for lamp
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chimneys and in many other ways. For these purposes it must be
clear, free from eracks and impurities and split easily into flat sheets.
The great bulk of the production of Ameriean mines is not of good
enough quality for these uses and is called “serap miea.” This is ground
and used in the manufacture of roofing, rubber tires, wall paper, fancy
paint, and as & lubricant. Large quantities are consumed as “snow” by
the moving picture industry.

Biotite, “black mica,” magnesinm mica, is & complex silicate of
aluminum, magnesium, iron and potassium, with a little water chemical-
ly combined. Its formuls is quite impressive: HoK(MgFe)3Al(Si04)s.

Hardness: 2.5 to 3. Specific gravity: about 2.9,

Form: same as muscovite.

Color: usnally black, less eommonly brown or dark green.

Streak: uncolored.

Transparen! to opague.

Tenacity: tough, flexible, elastic, somewhat sectile. Weathering de-
stroys all of these properties and makes it brittle.

Oecurrence: Biolite is the dark-eolored mica of granite, gneiss, mica-
schist and the voleanic rocks. It is very eommon, but fine specimens are
not often found. Probably the best erystals come from Vesuvius, the
colors there often being much paler than in the large sheets found in
Cenada and elsewhere,

I'ses: Biotite has no commereinl nses;

Phlogopite, “amber mien,” is s complex silicate of aluminum, mag-
nesium and potassium with water. It differs from biotite chiefly in that
it containg but little iron. Formula: HiEMes Al(Si04),.

Color: vellowish-hrown to brownish-red; rarely light green to almest
white,

Asterism: Phlogopite often shows a star when viewed by transmitted
light, figure 144, (see page 111},

Other properties are practically identical with biotite and the mica
group in general,

Ocourrence: 1t is commonly found in the erystalline limestones and
in serpentine. Large plates and erystals of excellent quality are found
abundantly in Cansds. Franklin, N. J. vields attractive specimens.

Uses: “Amber mica™ is the most highly prized of the micas for elee-
trieal uses.

Lepidolite, lithia mics, is a silieate of aluminum, potassium and
jithium, but that is only part of its ehemical make up, for it also con-
tains chemically combined water and fluorine and sometimes the rare
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metals rubidium and caesium. Even omitting these its formula is quite
formidable: KLi[Al(OH F).]AI(SiO4)s.

Calor: nsually lavender, but also “peach-hlossom red,” gray or yellow.

Form and Oceurrence: Unlike the other micas, lepidolite rarely oe-
eurs in distinet plates showing cleavage, but is wsually in masses, made
tup of multitudes of scales. Its name, indeed, is derived from the Greek,
lepis, a seale. These seales are sometimes so minute as to give a piece,
at first sight, the appearance of being without crystallization, but when
examined with a lens the bright, pearly luster of the base of many
erystals may be noted, Such is the material found ahundantly with
pink tourmaline in California, In Maine, lepidolite occurs in aggregates
of much coarser crystalline grains and also in distinet six-sided crystals.
Curved crystals are common. It is usually found in pegmatita often
associated with the lighter-colorsd tourmalines, also with spodumene
or other lithia.-bearing minerals.

Hardness, at times as high as 4, thus exceeding that of all other micas,
but it also runs as low as 2.5, Specific gravity: 2.8 to 3.3.

Uses: 1t is of no value as & mica, and its lithia content is not suf-
ficient to give it valune. Tts easy fusibility to a clear glass has suggested
its nse in glass-making. Try melting it on the kitchen range,

CHRYSOLITE, OR OLIVINE

Chrysolite, or olivine, is a silicate of magnesium and iron, (Mg,Fe)a
8i0,.

Form: orthorhombie, but crystals are rare and usually small, It is
commonly in grains seattered through rocks, or aggregated into pure,
granular masses,

Hardness: 6.5 to T, hard! 8pecific gravity: about 3.30.

Cleavage, not distinet, which aids in distinguishing it from pyroxene.
Fracture: conchoidal. Tenacify: brittle

Luster: vitreous. Color: usually some shade of green, either yellow-
ish or olive-green.

Streak: usually colorless; must be obtained by powdering,

Transparent to translueent.

Oceurrence: Tt is an important constitnent of some voleanic rocks.
such as basalt, diabase, gabbro and peridotite. Kimberlits, the matrix
of the diamond, is an olivine-bearing rock. Platinum, chromite and
garnierite are frequently found in olivine-bearing rocks. Tt is common
in meteorites, especially in the stony.irons. One of the best known
American localities is in Jackson County, North Carolins, where it oo
rurs in showy granular masses of yellowish-green color.
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Uses: When transparent it is eut into gems. Dark emerald-green
olivine is highly prized. The olive-green stones are known as peridat.

CHLORITE GROUP

The chlorites owe their names to the characteristic dull, greenish
color which they often have. They resemble mieas in their foliated
structure, but, while the thin plates may be bent, they are not elastic,
but readily break.

Crystallized specimens are rarely seen except in museums, but the
more massive forms are frequently found on hikes.

They are silicates of aluminum, magnesium and iron with water.

Clinochlore is the most attractive of the chlorites, oceurring in lus-
trous, dark bluish-black to blackish-green, six-sided, monoelinie erystals
at the Tilly Foster Mine, New York, also near West Chester, Pennsyl.
vania, figure 239,

Figurs 2%, Clisochlare Crystal, Weat Ubester, Prunsylvanis
Penninite is very similar,

Diabantite iz a dull green, granular-massive mineral often seen in
the trap quarries.

Aphrosiderite ia the grayish-green chlorite which forms from the
alteration of garnet jt Balida, Colorado and elsewhere.

Prochlorite is frequently seen enclosed in quartz erystals as a dull
green, mossy formation or, less commonly, forming chloritie phantoms.
It sometimes ocours in considerable deposits of grannlar-massive type,
often forming the rock, chlorite-schist, as at Chester, Vermont. An odd,
and not uncomman, ocenrrence is-shown in figure 83. Here the erystals
are strung out at & slight angle to each other into a worm like formation.
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Be on the lockout for such curious freaks of usture. Their finding adds
much to the zest of mineral collecting,

QUARTZ

Quartz, the commonest mineral, is silicon dioxide, 8i0.,

In many respects quartz is the most interesting of all minerals. It
ligs & larger number of distinet varieties and there are wider differences
between them than in the varieties of any other mineral. It is almost
ubiguitous, for there are comparatively few places in the whole world
where it would be possible to walk a mile and not ses some quartz. A
large mineral coliection of great beauty and of mueh seientific and
educational value and full of interest, can be formed exclusively from
quartz,

Nearly all of the mauy varieties may be included in one or the other
of two groups, those which are erystalline and those which are massive.
Even the massive varieties, when examined under a high-power micro-

seope, show a crystalline strocture.

Varieties of Quarts

Oryetalline Varisties Maesive Varicties

Faorm Hexagonal-rhombohedsil orys- Never in erystala visibles to the
tals, or crystalllne mossss onked eye, but a high pawer
siicroseops shows that the
muss is composnd of exceed-
ingly minute niedle eryatals
Cleavags Rare Unknawn
Fracture Subeonehollal Uneven te subconehnidal
Tenavity Brittle Brittls lo tough
Hardneas 5 T
Specifio gravity 244 200 o 270
Luster Vitreous or greasy Subvitreous to dull
Coler Colorless, winlet, pluk, yellow, White, bloe, grean, red, brown,
brown; white, hlue, gresn gray, black, yellow
Elreak White Bame ms mineral, but paler
T“WIFIHHI:J' Transparent to sub-tramlorent  Trapsparent to opsiue
Dses Getms, devorative nhjects,  Martars, plastor, woed- fillers,
dishgon, wvases, chomienl ap- pottery, soaps, sewi-precious

puratus, opticnl instruments,
glasa, sandpaper, cement, as
a flux, for refractories.

ALOTES

{a) Orystalline Varieties of Quartz
Rock Crystal is colorless, glassy quarts, either in eryatals or musses,

The best occurrence in the United States is the doubly-terminated
erystals found in limestone in Herkimer County, New York, figures 76—
79, 240-242, Other notable vecurrences of rock erystal are in Arkansas,
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figures 91, 93, North Carolina, California, France and Switzerland
Brazil produces more than any other country and largely supplies the
commercial demand for the many optical uses to which it is applied, and
for the material cut into beads and ornaments. Massive rock erystal
abounds as part of many granites and similar rocks and can be dis-
tingnished by its glassy luster and hardness of 7.

Flgurs 240-247 (uarie, Soms Common Forms of Crysials

Amethyst is similar to rock orystal exeept that it has a beautiful pur-
ple to violet eolor. Tt has been prized as a gem since ancient times,
Magnificent specimens come from Brazil, figure 131, Urngusy, the Ural
Mountains, and many other localities. When heated, amethyst becomes
a rich golden-brown and is sold at higher prices as “topaz.”

Rose Quartz, figure 141, differs from rock erystal and amethyst in its
rose-pink color and in practieally never being in distinet crystals, but
usually massive, sometimes forming larpe veins, as at Bedford, New
York. It is eut into spheres and earved into many ornaments.

Citrine, also known by jewelers as “Spanish topaz" or “false topaz,”
is pale yellow in color and glassy. Brazil and Madagasear yield choice
material for cutting into gems.

Smoky Quartz, often ealled “smoky topaz” mud sometimes “cairngorm
stone” (from the locality in Scotland), is a smoky-yellow to smoky-brown
or nearly black wvariety. Magnificent erystals of large size have been
found in Switzerland, figure 243, in Auburn, Maine and other loculities.
Smaller erystals, highly modified, occur in the Pike's Peak region,
Colorado, in North Carolina and elsewhere, Massive smoky quariz
often cccurs in veins and is very common as part of many granites and
similar rocks. It may be identified by its smoky color, vitreous luster
and hardness of 7.

Milky Quartz is milk-white to snow white, sometimes in fine erystals,
figure 244, but usually massive. It often forms large veins in other rocks
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and is frequently gold-hearing. 1t is one of the commonest mineral in-
gredients of many rocks.

Sugenitic Quartz. Both crystals and masses sometimes enelose erystals
of other minerals. 1If these are in needies the combination is known as

sugemitic quartz, The commonest sagenitic quartz is that in which the

E — £

Figure 243, Smoely Quuarts Crretal, S Gothard, Switzerland

needles are rutile, and it is then known as rutilated guarts., When the
enclosure is tourmaline, it is called fourmalinated quarts, figure 245.

Other Impure Quortz. Sometimes the whole mass of the quartz is
densely filled with red or yellow iron oxides, as in ferruginous guarts,—
or with green chlorite or actinolite or with sand or mica
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Aventurine Quarts consists of quartz enclosing minute scales of mica
ar hematite in parallel position, producing a spangled appearance.

(b} Massive Varieties of Quartz

Chaleedony iz a very interesting variety of a waxy luster, usually

transtncent, but sometimes trausparent, or again nearly opaque. 1t often
. 3 2 3 . . 3| o z
GCCUTS 1N euriousiy ~]l:15|r‘1l coneretions, or it eopats or nlls reodes, cracks

Vigure 244. Milky Quoeris, Oroep ol Crysials, Ouwray Coeonty, Colarsds.
Coartesy of 4. . Mancheaier

nnd eavities in decomposed rocks.  Sometimes it is stalaetitic, botryoidal,

firure 124, or mammillary. 1t is vsoally white, gray, brown or biuish.
[t abounds in the Western United States, and at Tampa Bay, Florida,

whers it odours in peodiés, ma

uy of which are pseudomorphs after coral;
ulso nbundant in Bruzil and many other localities,

Carnelian 1

grades from deep blood-red to pale

 ealled sard. The ancients used

is & red chaleedony. 1t

red and brown, the list nao

these stones for carving intaglios and cameos, the intense red colors be-

ing the most highly prized
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Chrysoprase is an apple green chaleedony of much beauty when cut in
cabochons. It was highly esteemed by Queen Vietoris. Oermany and
California are the chief localities.

Agate is & variegated chaleedony. There are many types, but banded
agats, fizure 121, is best known, In some specimens the hands are
poarse, as much as n quarter inch or even more; on the other hand, Sir

Figurs 245 Quaris Encloalng Needles of Toormallos, Cross-Seetion of Crysial,
Jellppsnn County, Montans

David Brewster, using a microscope, counted 17,050 in a single inch.
The layers differ not only in color and translucency, but also in compact-
ness. This variation in their texture makes it possible to artifieally
color agates, thus producing rich reds, yellows, blues, greens and browns
in place of the ariginal dull gray, white or brown. Most agates as of-
fered in the world's markets are artificially eolored. There Is much of
interest to be learned about agates and the beginner will find it well
worth his while to read up about these beautiful objects.

Not all agates are banded ; some are irregulurly mottled and clouded;
others have enclosures of black or green resembling moss and are called
moss agales; in some, manganese oxide filters in between the layers
and is deposited in tree-like or fantastic shapes forming landscape agnfrs
or tree agates, fignre 138,
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Onyz is a variety of agate in which the bands are straight, and as
the layers are even, it is well adapted to wse in cameos. “Mexican
onyx" is mot a variety of quartz, but of caleite and is described on page
261,

Sardonyr is a red and white onyx.

Bloodstone, nlso sometimes called hel iofrope, is too nearly opaque to
be properly regarded as & wvariety of chaleedony. Tt has a peculiar
grayish-green color and through this there are sprinkled bright red
spots from whose resemblance to blood the name of the mineral is de
mived. It is prized in ring stones.

Flint, fizure 246, is familiar to every Loy seout, for with its aid he
ean light a fire. Tt is mueh less translucent than chaleedony and is &
typical illustration of & semi-trauslucent mineral (see page 108) or one

Figure 246 Quariz, varlety Fllat, Nedule, Dover Cliffs, Englund

which transmits light only on very thin edges. Tts luster has very
little resemblance to the vitreous lustér of rock erystal, yet if it is ex-
amined carefolly it will be notived that there is o little glisten to it, and
it i3 eustomary, therefore, to call its luster subvitreous. Flint usnally
hing & dull gray color ; sometimes it is more proper to call it smoky-brown
or brownish-black. If you try to break a picee of it you will quickly
conelude that its tenacity is great, or, to put it another way, it is tongh.
You will also mote that when it does break it leaves a deep-conchoidnl
fracture and an unusually sharp eutting edge. The American Indians
were quick to recopmize its advantages in their making of arrow headls
and other implements,

Chert, or hornstone, is similar to flint, bhut more brittle and splintery
and less pure. It is abundant in Missouri and Arkansas.
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Jasper is opaque, massive quartz, ususlly red, brown, yellow or dark
grayish-green. It is sometimes attractively banded with rock crystal,
or two or more colors of jasper may be in parallel stripes, forming
ribbon jasper. Some of the showy types of jasper are cut into ring
stones or are used for larger decorative objects or for wainscoting or
table tops. It is widely distributed, notable oeourrences being in South
Africa and Siberia,

{e) FPragmental Varieties of Quartz

Quartz sand results from the weathering of rocks containing quarts,
and the subsequent grinding of the relessed quartz masses, one upon
another until they are greatly reduced in size and often rounded into
grains more or less spherical in form. Any of the varieties of quartz
may be thus reduced to sand, but as roek crystal, smoky and milky
quartz are much the most common varieties, grains of them are more
plentiful in sands than grains of any other varieties, A ecllection of
sands from all over the world, however, will show quartz of s great
variety of colors and degrees of transparency. Sands found close to
their source of supply are often quite sharp and angular, but those
which have been transported by streams for hundreds of miles and es-
pecially those which have been subjected to the action of ocean waves
are always much rounded.

The study of rovks will show how sands are consolidated into gran-
ulor sandstone, how it, in turn, is changed by heat and pressure into
quartzite; how sharp fragments of quartz are consolidated into guarfz
brecciz; how rounded qnartz pebbles are consolidated into guariz-con-
glomerate. Whils all of these rocks usunally have impurities included
in them and cannot be regarded as minerals, nevertheless the beginner
should aim to recognize them as being largely composed of the mineral
quarts,

{d) Pssudomorphous Quartz

Lastly, there are occurrences of quartz in the form of other minerals
or objects of any kind. Among the most abundant types are quartz
psendomorphs nfter shells, after wood, after corals, after flnorite, barite,
ealeite, siderits,

Petrified wood, or silicified wood is the commonest illustration of a
quartz pscudomorph. The wood is slowly replaced, cell by cell, by
silica, until not & trace of the original material remains, (see page 101).
One of the most striking instances of such formations is the Petrified
Forest of Arizona, a scene in which is pictured in figure 135, The gorge-
ous red and yellow colors of this msterial are due to oxides of iron.
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OPAL

Opal ia silicon dioxide, plus an indefinite amount of water, The
formula is written Si0..aH>0,n usually signifying from 3 to 9 per eent
water, but it varies from 2 to 13 per eent, or even maore,

While opal seems very near to quartz in its chemical composition it
is very different from it in several respects. It is never erysfallized,
indeed it has absolutely no erystalline structure and is, therefore, ealled
amorphous, It is far more britile than quartz, and its hordness is less,
varying from 5.5 to 6.5, while its specific gravity averages only about
2.15.

Luster: vitreous, resinous or dull. Streak: white,

Colors: numerous, as noted below.

Transparent to opague.

Opal is o eommon mineral and occurs in many varieties, some of
which are not at all attractive, while others are among the most mag-
pificent and costly of mineral specimens. The magazine “Rocks and
Minerals" devoted ity entire March 1933 issue to opals, publishing many
interesting articles.

FPrecious opal owes ils superlative beauty and its popularity as a
gem to its gorgeous play of colors (see pages 116, 117), or, as Farring-
ton playfully put it, to “colors at play.”" Nineteen hundred years ago
Pliny wrote of it that it “presensts various refulgent tints in succession,
reflecting now one hue and now another. It is made up of the glories
of the most precious gems. There is in it the gentler fire of the Ruby,
the brilliant purple of the Amethyst, and the sea-green of the Emerald,
all shining together in an indescribable union.” The precious opal was
the “lucky-stone” of the sncients. The Roman Senator Nonius, who
owned the greatest opal then known valued at the equivalent of about
$800,000, U, 8. monvy, went into exile rather than surrender his “good
Inck gem” to Mark Anthony.

Many numes have been given to different types of precious opal, or
s it is often called, “noble opal,” and descriptive names have been ap-
plied to individual gems and to the mines, such as “the flaming Fforest,”
“the voleano,” “the royal peacock,” “rninbow ridge.™

Until the latter part of the nineteenth eentury the finest gem opals
came from Czernowitza, Hungary, now in Czechoslovakia. They always
commanded high prices. In 18868 precious opals of deep, rich peacock-
blue were found in an iron-jusper in Queensland, Australia and were
placed on the market at but a small fraction of the prices previously
charged for Hungarian stones. They immediately aroused unparalleled
enthusiasm. During the next thirty or forty years very important finds
ware made in New South Whales and South Australis, with the result
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that practically all opal gems used in the jewelry trade now come from
Australia. Only a few isolated specimens of precious opal had come
from the Western United States until sbout 1908 when magnificent
specimens were found in abundance over u considerable ares in Hum-
boldt County, Nevada. No other region kas ever produced so great a
variety of superlatively beautiful specimens of precious opal. Smsll
specimens are now within the reach of every eollector

Fire opal is bright brownish-red to yellowisli red, either with or with-
out the play of colors. The finest gems come fram Querstaro, Mexioo.

Milk-opal is milk-white to snow-white, without any play of colors;
if it shows play of colors it is classified as precious opal.

Common or semi-opal ineludes varieties of resinous or waxy luster:
vellow, brown, brick-red, dull green or black eolor.

Opal-agate is common opal of any color, with handed structurs,

Wood-opal, fizare 136, is wood changed to opal, or opal psendomarph
after wood, see page 101. Tt is plemtiful in the western United States,
especially in Humboldt County, Nevada, in which section opalized wood
oceurs magnificently spangled with gorgeous precions epal.

Hyalite is a eolorles aptl, ¢lear as glass, often forming orusts on rocks,
and having & botryoidal surface, or oceurring as small spherieal concre-
tions, fignre 129,

Geyserite, or silicious sinter, forms around the geysers of the Yellow-
stone Park, New Zealand and Teeland, in coneretionary deposits often
of much beauty and resemhling mushrooms, canliflowers, and other ob.
jects, Tt is opaque; white or gray; soft, porons, and at times, in fila-
ments,

Diatomacsous earth, diatomite, or infusorial enrth, is formed from the
silicions shells of diatoms and other minnte forms of life. It is either
rompact-massive, or loose as a very fine-grained white or gray earth,
resembling chalk or clay, but with a gritty feel and hard enough to
serateh glass. Tt oceurs in beds of grent size (up to 4700 feet thick) in
("alifornia, and is also found in Nevada, Virginia and elsewhere in the
United States and in many foreign loealities. Tt is used as an abrasive
in polishing and seouring powders, as a filter-stone, in making watsr-
glass, various pigments and for many other purposes.

BERPENTINE AND TALD GROUP

This group includes a few common minerals which are similar, in
some respects, to the chlorites. They are silicates of magnesium with
water, and do not erystallize. They have been formed by the alteration
of other minerals, such as chrysolite ami enstatite,
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Berpentine, hydrous magnesium silieate, H Mg;Si.0,, though it
never erystallizes, is found in an unusual variety of forms, some of which
are very attractive. It is quite remarkable how it varies in Rardness,
all the way from 2.5 to 5.5, but as a rule the range is between 2.5 and
3. so that it is easily scratched. Its speecific gravily is around 2.50.

Varigties: Precious serpentine includes those quite pure, massive
types, with hardness of 2.5 to 3, which are franslucent and of rich
colors, either bright yellow or green. These grade off, through addition
of impurities, into commaon serpenting, whose hardness may run up to
4 or gven higher, and which is semi-translucent to nearly opague, and
lacks the beauty of precions serpentine, its eolors being usnally dull,

Serpentine marble is the name given to any kind of serpentine when
it is polished and used as & decorative stone. Some of these so-called
marbles are very popular, the most widely used being verd-antigue, in
which the dark green or bright red serpentine, is veined or mottied with
a white mineral, usually dolomite. By far the most important variety,
from a commercinl standpoint, is chrysotile, kmown in the trade as “as-
bestos,” though true asbestus is a variety of amphibole. Chrysotile is
fibrous and ean readily be separated into very fine, flexible fibers having
a gilky luster. Pierolite is a variety in long, conrse fibers, not easily
separated nor flexible. There are many other varieties.

Fracture: subeonchoidal or splintery. Tenacily: Massive varieties
are usnally tough ; fibrous varieties, more or less flexible.

Luster: Massive varieties have little luster, but are commonly oily,
or reginous; fibrous varieties have a bright, gilky luster. Streak: white.

Non-inflammable and a won-conductor of heal.

Occurrence: Serpentine often forms large rock masses and is quarried
as a building stone near Philadelphia and Baltimore, Serpentine mar-
bles of much beauty oceur abundantly in Vermont, England, Treland,
Italy, France, Greece, and many other countries. A bluff of cotnmon
serpentine may be seen from the North River boats passing Hoboken,
New Jersey. Chrysotile of superfine quality is extensively mined in
Quebes, Arizona, the Transvaal and Sonthern Rhodesin.

Usez: extensively used as a building or decorative stone. The preci-
ous variety is employed to some extent in small decorative objects. The
great importance of serpentine is due to the ease with which the fibrous
chryactile ean be spun ints yarn or thread and woven into fire-proof
fabries or felted into sheets or packing, used for shingles, pipe cover-
ings, lining stoves, eafes and many other uses

Tale is a silicate of magnesium, with water, HoMg,3i,0, -
Hardness: number 1 in the scale of hardness,
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Speeific gravity: about 2.8,

Form: monoclinic, but orystals are almost unknown. It is sbundant,
either compact as steatite or soapstone, or in the rock “tale-schist. The
purer kinds have 2 foliated structure, separating readily into thin plates
which are flezible, but not elastic. Fibrous varieties are not uncommon,
often doe to admixture of tremolite, as at Edwards, New York.

Cleavage: busal,

Tenacity: sectile. Feel: soapy.

Luster: pearly to greasy.

Color: Scapstone is generally gray; foliated tale is usually white or
sea-green,

Streak: white. Transparent to nearly opaque.

Not attacked by acids; also heat resisting.

Occurrence and Uses: It is a very common mineral and widely dis
tributed. An impure sospstone st Alberene, Virginia is used for lab-
oratory tables and tanks, washtubs, switchboards, ete. The compact
tale of western North Carolina is made Into crayons and is eut into
“lava tips" for gas burners which, when heated to a high temperature
become very hard. Ground fibrous tale from Northern New York is
extensively used as a flller for paper, in paints and for many other pur-
poses. The finest quality of foliated tale comes from Providence, Rhode
[sland.

STAUVROLITE

Staurclite is a silicate of iron and aluminum, with water, HF eAl;

flardness: T to 7.5, very hard, Speoific gravity: about 3.7,

Color: ususlly dark brown. Luster: vitreous to dull,

Opaque: or rarely trunsparent.

Form: orthorhombie. Simple erystals rather rare, It is most re-
markable becanse of the abundance of its fiving of several types as shown
in figures 100 and 101. These abound in many localities and ean some-
times be collected by the hundred pounds. Superstition naturally at-
taches to the right angle crosses which are worked up into amulets and
sold as “cross stones” or “fairy stones” The name staurolite, indeed,
is derived from the Greek, slauros, a cross and lithes, stone.

Ocourrence: usually found in miea schist, often associated with kyan.
ite. Plentiful throunghout the New England States, Virginia, North
Caroline. and Georgis. Faido, Switzerland and Brittany, France, yield
choice specimens.
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TOUEMALINE

Tourmaline is a very complex silicate, always containing borom,
sliminum and water, and sometimes iron, magnesium, sodium, lithium
or even chrominm,

Hardness: Tto 7.5, a little harder than quartz.

Specifie gravity: 3.0 to 320, Lusfer; vitreous inclining to resinous.

Color: usually black, sometimes brown, but not uncommon of bright,
showy colors, especially green and red or pink, less frequently yellow,
bloe or colorless. The red or pink variety is called rubeliite; the blue is
indicolite. Very fine gems are not uncommon. Siogle erystals often
show different colors at the respective ends, or may have a core of a
diffevent color Irom the exterior, or there may be & most atiractive band-
ing of eolors. The dichroism has been mentioned on page 104

Streak: uncolored. Transparent to opagua.

Elcctrical properties: A erystal is easily charged with electricity ei-
ther by friction or by heating it, and shows positive at one end and nega-
tive at the other.

Form: Crystals are rkombohedral, the terminal faces at one end often
being rather flat rhombohedrons or scalenchedrons, Erequently combined
with the base. A prismatic development is customary, the prisms usual-
I¥ being long, figure 247, and sometimes extended into eapillary forms,
which may be enclosed in rock crystal, thus producing teurmalinated
quartz, figure 245, the color being black or bluish-gray, as in Montana,
Utah and Brazil. Prismatie crystals are often deeply striated, see figure
aD, page B6. Tf the foeez are well developed they are in threes, gixes
or tines. Columnor tourmaling is not uneomwmon, and, if black, would
be diffienlt to distinguish from black hornblende were it not for the fact
thut the mineral hos practically no cleavage.

Tenacify: brittle, though the gem varieties are less go.

Occurrence: Tourmaline is & very common mineral in many kinds of
rocks, Dut especially in granite, gneisa and the coarser phase of granite,
pegmatita, It is rare in limestone, and then usually brown as at Gouv-
ernenr, New York, or grayish-green as at Franklin, New Jersey. If
aasociated with lepidolite, it is usually light-colored and gemmy, while
if associnted with eassiterite it is apt to be black. At times the black
variety is so plentiful in granite as to lead to the name “tourmaline-
granite.” The finest black crystals come from Pierrepont, New York.
The loealities in Maine, Californis, Madagascar and Brazil are world-
famous for their benutiful green, pink, deep red, blue and vari-zolored
crystals and gems, Many other loealities, too nmnmerous to mention,
vield tourmaline crystals so attractive as to make this one of the most
delightful of all minerals
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Flgure 247, Tourmnline, Groap of 22 Hisck Crysials, Largest 15 Iiches Long, Welghi
42 Iha. in Amerlcon Museam of Samaral History, Coortesy of J. 6, Manchester
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THE ZEOLITES AND ASS0CIATED MINERALS
(a) The Zeolites
The zeolites are an interesting group of about three dozen hydrous
silieates in which aluminum is always present in larger quantity than
any other metal. Caleium is nearly always present, but sometimes it is
replaced by sodium, or move rarely, potassium, while cceasionally barium
is present and in one species, strontium. The following table shows the
composition of the more important zeolites and also of four minerals
whieh are frequently mssociated with them:

Composition of Zeolites and Assoclated Minerals

Zeolites: H: 0 810« Al ﬂu Cal Na.0O
Heulandite ....... 148 59.2 16.8 92
Stithite ...ooveees 17.2 B7.4 16.3 77
Chabazite ........ 23 474 0.2 111
Amaleite ...o...... 82 4.5 282 Ly 141
Natrolite ......... 9.5 474 26.8 T 16.3
Seolegite ......... 13.8 45.9 26.0 14.3 caw
Mesolite ......... 124 464 26,3 9.6 5.3
Associated Minerals:
Pectolite .....0ena 29 544 — 338 9.3
Apoplivllita ....... 16.1 5.7 e 25.0 52 K,0
Datolite «:....ausn 5.6 37.6 bo 330 218 B.04
Prehnite ......... 44 437 248 271

All of the zeolites are sccondary minerals, that is they have been
formed by the alteration of primary or previously existing minerals.
Usually the origingl minernl was o felidspar or aoe of the felispar-like
minerals, which gives rise to another name for this group, “hydrous
feldzpurs.”

They usually ocour in eracks in basalt, or diabase, but oceasionally in
granite or gneiss. The zeolites abound in the trup rocks of The Pali-
sudes of the Hudson River and nearby localities, such as Paterson, New
Jersev; ulso m Connecticut and Nova Scotin, Many other important
localities might be mentioned, including sspecially Teeland, the Faroe
Islands and India.

Their hardness is not great, ranging from about 3.5 to §.5. Specific
grawity is under the average, about 2.0 to 2:4.

Heulandite has a hardness of 3.6 to 4 and occurs in somewhat coffin-
shaped. monoclinic crystals, often of considerable beauty, because of
their pearly luster. This, however, only appears on the “side” face,
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which is always designated in monoelinic erystals by the letter b. The
other faces have a bright vitreous lusfer, Somehow this b face has a
hahit of turning itself up en the rock, giving the impression of its being
the base and as there is a distinet cleavage parallel to it, a beginner may
easily err by calling it a basal cleavage, which it is not. Large erystals
are often made up of smaller ones in nearly parallel position. The eolor
is usually white, sometimes tinted yellow or brown, while a loeality in
the Tyrol vields brick-red crystals, Paterson, New Jersey, has produced
the finest specimens found in this eountry, but éven more magnifieent
specimens come from Ieeland.

Btilbite hLas the same Aardness as beunlandite, 35 to 4, the same
pearly and vitreous luster, the same cleavage, and sometimes mueh re-
sembles it. 1t is very different, however, in its most characteristie form,
a double sheaf, as shown in fizure 248. Though often of white color,
it is frequently grayish-brown. Its occurrences are identieal with he-
landite.

i e i

Flgure 248, Stllbite, Sheaf.like Group of Crrsials, Upper Mantelslr, New Jersay

Chabazite is somewhat harder than lheulandite and stilbite, 4. to b.
It is easily distinguished from all other common zeolites by the rhombo-
hedral forms of its crystals and its rhombohedral cleavage. Its luster is
vitroeous, never pearly., White is the eommon eolor, but Nova Scobuu
abundantly produces groups of very charming flesh-red erystals to which
the name acadialite has been given. White chabarite from eertain loeal.
ities hes been used in purifving helinm gas.
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Analgite is decidedly harder than most other zeolites, being 5. to 5.5
and its crystals are easily identified because they are usually isometrie
trapezchedrons, figure 249, The cleavage is cubic but not very distinet.
Its luster is vitreous, but in New Jersew, the nearly opagque crystals are
not nsoally as brilliant as are the transparent crystals from Lake Su-
perior, Sieily and other localities

Figure 243, Analelte Crystal on Hoch, Wesi Paiorson, New Jersey. Courieay
of J. G. Manchesier

Natrolite, “needle zeolite,” figure 250, differs strikingly from all the
zeglites previously mentioned, as it usnally occurs in slender needles. or
radiated-fibrous masses, [ts erystals are orthorhombic, often nearly
square prisms, terminated by quite fat pyramids, which help to dis
tinguish it from seolecite, which often looks mueh like it. IE erystals
large enough to cleave are avamilable, prismatie eleavage will be found
well developed. Its [usfer is vitreous, or somewhat pearly in the fibrous
forms Color: almost always white, rarely yellow or red. Magnificent
specimens have been found in New Jersey, Bohemia and elsewhere,

Beolecite often very much resembles nmatrolite. Tt has the same
hardness, cleavage, luster and method of oceurrence in slender erystals



DESCRIPTIONS OF MINERALS 249

and radinted masses. Its erysfols also, thongh monoelinie, have almost
the same angle between the prism and the terminal faces. Both min-
erals form & jelly when treated with acids. When heated, however, a
marked difference is noticed, for natrolite fuses quietly to a clear glass,
while sealecite fuses to & white enamel, full of bubbles, and sometimes
in doing so it will swell up and corl like a worm. [Its crystals often
show feather.like markings on the side faces. Very fine specimens come
from Teeland and India.

Figurs 250, Naoirolile, Group of Radiating Crystals, Wesi Paterson, New Jerser.
Coortesy of J4. . Manchesier

Mesolite is similur to patrolite and seolecite, but the ncedles are
asaally much finer and often matted into a felt, figure 251, though some-
times it oceurs in compact masses with a radiated structure. Golden,
Colorado, yields excellent specimens, associated with another zeolite,
thomsonite, and with analeite.

(b) Minerals Associsted with the Zeolites

Pectolite, a caleiium-sodium silicate, is ususlly found in compait-
fibrous masses with & radisted structure. Rarely terminations of dis-
tinet monoclinie erystals are found on the edge of more or less com-
pletely spherical mases, ss at Paterson, New Jersey, whicl is its best-
known American locality. Its hardness is 5; specific pravify: about 2.68
to 2.78, only slightly heavier than quartz. Color: white or grayish.
Usually opague. Luster: silky to subvitreous. The more highly erys-
talline varieties break into thin, sharply-pointed slivers, which are very
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apt to stick in the fingers and ecause considerable irritation. A massive
variety, of very tough texture, oceurs in California and Alasks and has
been used by Indians as a substitute for jade.

Flgure 251 Mesallls, Matted Crysials, Gelden, Colorado

Apophyllite is o hyvdroos silicate of ealeinm and potessiom, so much
like the zeolités in many ways that some writérs inclode it in that group.
Its chief difference, from a chemical standpeint, is that it containg no
alominum, which is one of the essential ingredients of all trus zealites
Its hiardness is 4.5 to 5; specific gravity: about 2.35. Iis erysials are
tetragonal and vary muech in habit, though specimens from any ome
locality usually have the same form. Those from Mexico, the Harz
Mountains and some other prominent localities are like figure 40. Look-
ing at the Lake Superior erystals, however, we see that while showing
the same faces, they also have the base, ¢, present and highly developed,
thus producing tabular ervstals. Crystals from Paterson, New Jersay,
however, have the prism and the base about equally developed, thus
giving the appearance of almost cubjeal erystals, fipure 252, The basa
always shows a beautiful pearly luster, while the other faces are vitreous.
The crystals are often colorless and transparent, sometimes white, rarely
& delicate pink

Datolite is & silicate of ealeinm and boran; a composifion very dif-
ferent from nny of the zeolites. It oeccurs in highly complex, monoelinie
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Flgure 252, Apophyllite, West Falersan, New Jersey

erystals, figure 253, eighty-six forms being listed in Dana's “System of
Mineralogy,” and doubtless many more are now known. It usually oe-
ours in groups of fransparent or translucent erystals, varying in size up
to two or three inehes, and eolorless or pale yellowish or greenish eolor
and vitreous luster. Hardness is 5. to 5.5; specific gravity: ahont 3.0,
It was formerly nbundant in the New Jersey zeolite localities and at

Westfield, Massachusetts.
/J‘I \I
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Flgure 253, Dalolile, & Common form of Cryaial

Prehmite is a silicate of ealeium and aluminum yielding a little
water when heated ; formula is HyCasAlaSig0Oy ..

Its hardness is 6. to 6.5, guite hard ; specific gravity: aboat 2.9,
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Its color is ordinarily pale apple-green, but sometimes pale yellow
or grayish-white. Luster: vitreous, but not bright.

It usually oceurs in erystalline masses, more or less globular or mam-
millary, and often coating the rock. lts ¢rysfals are orthorhombie, but
rarely oecur except in rounded, or somewhat barrel-shaped, groups with
repeated sharp edges. Paterson, New Jersey, is noted for its fine
speeimens, ane of which is pietured in figure 254.

F’HE'-INTTE
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Figurs 254, rebaolte; Puaterson. New Jersey
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PART III

ROCKS: THE CRUST OF THE EARTH

When we think of the Earth it is natural to imagine it as made up of
land and opcean. These together constitute, however, only the eom-
paratively thin crust of the Earth. We know almost nothing, as to
what is deeper down than 11,000 feet, though many scientists believe
that the interior of the Earth is largely iron. Careful estimates of the
relative gquantities of the materials making up the crust of the Earth
have besn made and it has been established that the Teldspar group of
minerals is much more abundant than any other, followed by quartz,
thest two together eonstituting over half of the crust,

The student s likely to be much more interestad in the besutiful
forms and colors of minerals thin in the usually formless masses of
rocks which seem to him, in many instances, to have so little definite
character as to make their identification impossible. [t is, nevertheless,
well worth while to know something about the rocks and a little stundy
of them will prove more interesting than might, at first, seem probable.
Some of the rocks sre certainly attractive and there is one charm which
they possess to a marked degree, namely variety. A series of typical
rocks can be purchased at small cost and will prove very helpful in
their study.

THE THEEE GROUPS OF ROCES
Rocks are nsually divided, according to their origin, into three great
groups:
I. Igneous
II. Sedimentary
III. Metamorphie

1 IGNEOUS ROCES

All igneous rocks were once in a liguid state, their present solid con-
dition being due to a cooling or “freezing” of the material. We learned,
in chapter 4, something about the chemical elements and their com-
pounds. In nature’s vast laboratory, far beneath the surface of the earth,
these elements combine with each other to form minerals; then the
erystalline particles of different minerals interlock with each other to
form the igneous rocks.

265
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{a) Coarse-grained Igneous Bocks

CGranite is u coarse to medinm-fine grained, light colored rock, hav-
ing an even texture, composed of quartz and feldspar, with either mica
or hornblende gr both. The feldspar is easily recognized by the sparkle
of its cleavage surfaces, It may be white, creamy, flesh color, pink or
red of various shades, or, more rarely, yellow. The guartz is clear, milky
or smoky and has a glassy luster and no cleavage, The mica is either
silvery-white or colorless museovite, or black biotite, or both may be
present. If the flakes are large encugh they may be scaled off with the
point of & knife. If hornblende is present, it has a greenish-black eolor
and prismatic instead of micaceous cleavage. Granite is one of the most
abundant and important of rocks. It is hard, takes a high polish and is
durable, thus fitting it for its wide use as a building and monumental
stone.

Pegmatite is a very coarsely crystalline granite, oceurring in veins
or dikes cutting ordinary granite. It is the chief source of the feldspar
and miea of commeree and frequently contains other minerals of eco-
nomic importance, such as gem varieties of tourmaline, beryl and topaz,
nleo many minerals eontaining the rarer elements.

Syenite resembles granite exeept that it contains little, if any, quartz.
[t is used as granite in buildings and is equally durable. An jmportant
variety contains nephelite and is called nephelite-syenite. Another
variety, called anorfhosite, is composed almost entirely of Isbradorite.
Tt abounds in the Adirondack Mountaing in New York and in Canada
and Labrador.

Diorite is a greenish-black or dark grey igneous roek, with medium
or coarse grains and even texture. It usunlly consists chiefly of horn-
blende or pyroxene, which gives it its color, and a smaller quantity of
feldspar. Biotite-mica may he present, sometimes in considerable quanti-
ties, and pyroxene msy replace some of the hornblende. Quartz is
notably nhsent. If present, the rock is called guartz-diorite. Diorite is
a common rock type in many localities, for example at Bergen Hill,
Jersey City, New Jersey.

Diabase, iz a related rock usually of fine texture, yet often showing
to the nuked eye, lath-shaped feldspars embedded in augite, Olivine is
often present while magnetite is almost invariably present

Gabbro is another common voek, so similar in appearance to diorite
that it is difflenlt to distinguish between them. The chief difference is
that pyroxens or hornblende is the preponderating mineral with feld-
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gpar in smaller quantity, no quartz being present. The eolor is abont
the same as diorite, greenish-black, or dark gray, and the texture is even.
How to distinguish between pyroxens and hornblende iz explained om

page 214,

Dolerite is a rock name which has been used with varying mean-
ings, but the best American practice is to define dolerite as a fine-grained
variety of either gabbro or diorite in which the dark-colored minerals
may be either hornblende or pyroxene, but whose psrticles are too
small to be distinguished with the naked eye.

Peridotite is a name given to green to blaek, coarse grained or
medinm-voarse-grained rocks, consisting almost entirely of iron-magnesi-
mm minerals. In peridotite proper the minerals are lurgely olivine
with less pyroxene or hornblende. Dunite is a nearly pure olivine
variety and is familiar to American colleetors as the mineral ehrysolite
of Jackson County, North Carolina. Corflandtile is a variety consisting
of olivine and hornblende. Tt is found at Syracuse, New York and else-
where. Kimberlsle is a variety of peridotite, interesting ohiofly beeause
dinmonds are found in it in South Africs, Arvkiansas snd elsewhere. It
is ordinarily a great jumbla of mineraly, indeed, it has been playfully
described as & mineral collection in itself, but, typically, it is & por-
phyritic rock, consisting largely of olivine nnd some mica, with inclusions-
of other minerals. Pyroxenile is a nearly pure pyroxene variety of
peridotite, while horablendite is @ nearly pure hornblende variety.

(b) Fine-Grained Igneous Rocks
Lave is a broad term which ineludes the material which fows ont
of voleanoes.
The fine-grained rocks, of igneous or voleanie origin, may be roughly
elaszified under two headings, felsite and hasalt.

Felsite and Basalt, Felsite ineludes all denss, fine-grained roeks, of
a stony texture, which are not very dark in eolor. The dark eolored
are called basalt, The colors of {elsite vary greatly and include gray,
light pink to dark red, purple, light green and wellow to brown, and,
less commonly, white. Basall, almost always iz black or very dark
ETERIL

To the naked eye it is impossible to distinguish the individual minerals
in felsite and basalt, and even though a lens may reveal fine grains,
they are tpo minute to determine their characteristics, while nat in.
frequently the grains may be too fine to be seen even with a lens, in
which egse felsite has a flinty sppearancs snd conchoidal fracture while
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basalt has a velvety luster and does not break with a conchoidal fracture.

The advanced student of rocks, by the aid of the microscope, is able
to identify the minerals even though their particles be exceedingly
small, but without the microscope this is impossible, so that the hest the
beginner can do is to divide the fine-grained voleanie rocks into the two
major classes of felsites and basalts. It is worth learning, however, that
by mieroseopic study the lighter-colored felsites are found to comsist
chiefly of feldspars and the darker-colored basalts of pyroxenes or horn-
blendes, If a thin edge of a felsite iz held to the light, it will appear
translucent while & thin edge of a basalt will be opaque because the feld-
spars are translucent while the rock-forming pyroxenes and horn-
blendes are opague.

Dependent upon the minerals they contain many rock names have
been introdneed for varieties of felsite and basalt. The beginner can
do little more than learn their names and look forward to the day when
he will be able to enjoy their study with the microscope. The most im-
portant varieties of felsite are rhyolite and trachyfe; dacite, andesile
and phonolite are other less common varieties. The compacl basalls,
often called “trap,” vary but little in general appearance, though under
the microscope wide variations in mineral composition may be noted.
Frequently, however, A porous structure is seen and many minerals are
found in the cavities. Such rocks ara ealled amygdaloidal basali.

Porphyry. If one or more of the component minerals of the rouk
erystallizes out, more or less perfectly. thus giving the rock an attrae-
tive spotted mppearance, it is called o porphyry. Porphyries oceur in
granite, diorite and many other rocks besides the falsites and basalts.
One of the most spectacular of the basall porphyries is the so-called
labrodorite porphyry pictured in figure 255, in which the coarse, light-
colored erystals are labradorite. Such erystals are called phenocrysts.
Felsite porphyries are much commoner, espeeially in the variety rhyo-
lite.

Glassy Rocks. If the output of a voleano eools very rapidly, the
elements do not combiine to form definite minerals, but merely a voleanic
giass. If the entire rock is mude np of this glass end it has & vitreous
luster, it is ealled obsidian; if its Inster ir greasy it is pitchstona; if it is
distinetly cellular it is pumice. Obsidian is notable for its conchoidal
fracture, see figure 112, page 81, and the very sharp edges produced,
which cut like glass. Indisns formerly used obsidian for knives. The
color of obsidian is commonly pure blaek; less frequently brown or red.
Pitchstane is oftener brown, though at times gray or black. Pumiee is
usually gray and so light beeause of its cellular structure, that it will
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float on water. Itis produeed by the penctration of the voleanic gases
into obsidian. 1t is used &8 an abrasive and may be bought at any drg
store
II. SEDIMENTARY ROCES
The materials of which sedimentary rocks are composed have come
from other previously existing rocks, but they have been formed by two

Figure 255, Labraderiie-Forphyry, Marshileld, Massachuseiia

very different methods. Based on their origin, the sedimentary rocks
are grouped under (a) those of mechanical origin and (b) those which
have been chemically precipitated.

When we leok at o towering mountain it seems as though no forees
could be powerful enough to cause its destruetion. There are, however,
enemies at work all around it. 'We can scarcely overestimate the de.
structive power of the atmosphers, silently working throughount the
centuries to tear it down. Then, too, water seeps Into any eracks in the
rocks and, by freezing, forces them apart and gives the rains the op-
portunity to wash them down. Each piece rubs the one next to it and
thus they reduce each other to small fragments which, in turn, grind
each other to still smaller pieces which the rains earry down into the
streams, Here the fragments wear each other still more until eventually,
when they reach the oceans, they are but tiny grains of sand. This
process of destruction results in the aceumnlation in the oveans of vast



260 GETTING ACQUAINTED WITH MINERALS

qnantities of small particles of rock, which settle down in the quiet
witers into horizontal layers and beds, which are gradually consolidated
and cemented together into rocks,

Bandstone, s its name implies, is a rock composed of grains of sand.
The grains are usually quartz and may be large or small. If they are
very small, it is proof that they have been transported by streams for
long distances, or have in other ways worn each other down. If they
bave not been transported far, there may be fragments of considerible
size in the rock. If such rock is composed of angular fragments, it is
called breccia; if it is made up of rounded pebhles, it is ecalled con-
glomerafe. In most sandstones the particles are small and sometimes so
minute that the individual grains are scarcely visible and the rock then
resembles felsite. A good hand lens, however, will reveal the grains.

The cement which binds the grains into a rock varies. It may be
deposited silica, or ealeite, or an iron oxide; or, at times, a clay.

The eolor of the rock depends chisfly on the character of the cement.
If it is hematite the rock is red; if limonite, it is yellow. In the great
expostires of sandstones in the Grand Canyon and elsewhere, these colors
predominate. Many sandstones, whose cement is not an iron oxide, are
gray or nearly white.

Bhale. Rains wash down into the streams multitudes of tiny par-
ticles of weathered rock. These are not only the sand grains, but alse
mica and feldspar, the litter more or less altered to kaolin, As these
descend to the oeean they arve ground finer and finer until on reaching
still water they sink to the bottom and form beds of mud, or gilt, or
elay. These materials are slowly consolidated and cemented in layers
into the rock, ealled shale. So fine are the particles that they are rarely
visible even with the aid of a lens. If gquartz is present it is detected
by the greater hardness of the rock, which nsnally is very soft. As the
percentage of quarts increases the shales grade into sandstones.

Shales vary much in color, but usually they are gray. The presence
of iran oxides impurts & red or a yellow color, the same as in sandstone,
while other impurities may make the rock green or black.

Shales are very plentiful rocks in many sections, and there are great
exposures of them in both the Eastern and Western states,

Limestone has s very different origin from sandstone. [nstead of
being made up of fragments of the older rocks, carbonate of lime or
caleite has been separnted from the sen water by minute living organisms
and has been deposited on the ocean bed where it has been consolidated
into & fine-grained rock, Many limestones contain the fossil remains
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of these organisms and their many forms introduce the study of
paleontology in o most fascinating way. Some of the most plentiful of
the foesiliferous limestones are those made np of the shells of mollusks
and gastropods, or of erinoids or corals.

Limestone is most eommonly of a dull gray eolor, thus contrasting
with the bright reds and yellows of many sandstones. Many brighter
colors are, however, occasionally seen. It is soft enmough to be readily
seratolied with a kmifs and, when pure, is soluble with bubbling in any
cold acid such us vinegar or leman juice, or the acids of the laboratory.
Impnrities such as sand or clay will remain as a residue.

Dolomitie limestone is a common variety. It is composed largely or
completely of the mineral dolomite, instead of ealeite, and is dis-
tinguished by the fact that the acid must e heated before the rock
will completely dissolve. It is a carbonate of both ealoium and mag-
nesiim,

Limestone oceurs in beds often of great thickness, the horizoutal or
tilted layers being striking features in the landseape, or the rock may be
composed of many thin layers thus producing an attractive, banded
structure.

Oolite or aolitic limestone, is n variety composed of countless mul-
titudes of spherionl concretions of caleite. Oclite is deseribed further
on page 93.

Chalk is a very fine-grained and soft limestone, composed of shells of
very minnte animals known as foraminifern. See further an page 150,

Travertine is the name given to the limestone deposited in large
quantities by springs or rivers, as at Tivoli, Italy. The slower deposit
by cold waters in caves produces the stalactites and stalagmites de-
scribed on page 97. The more compact stalnrmitie formations are
called Mezican-onyz and are often beantifully banded or mottled by the
staining of iron oxides.

Caleareous tufa is a less compact limestone redeposited on leaves,
twigs, moss and other vegetation.

Impure limestones are named from the foreign material they eon.
tain, thus ergillaceous limestone contains much clay, arenaceous-lime-
stone is full of sand, cherty limestone contains sharp fragments of chert.

The economic importance of limestone is very great. It is used in
vast quantities as n building stone; it is the source of lime; is used in
sement-making and as a flox in smelting iron ores.

Marl i a loose, earthy deposit of limestone and clay. Sandy marl con-
tains also sand : shell marl contains shells; greensand mar! contains much

glauconite.
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Conglomerate is 4 rock composed of round fragments of any kind of
rock cemented into a solid mass. The commonest types of eanglomerate
are those in which quartz pebbles are cemented by sand, elay or eal-
careous material. The pebbles may be from a fraction of an inch up
to a foot or more in diameter. The conglomerates are named for the
material which is most sbundant in them; the commenest types are
quartz conglomerate and limestone conglomerate.

Breceia is the same as conglomerate except that instead of roundad
pebhles it is composed of angular fragments.

Rocks occur in which both roumd pebbles and angnlar fragments
oceur. These are ealled conglomerate breccia, fizure 256.

Figure 256 Couglomerate-Breccla, *Calice Martile,” Puint of Hocks, Marylund

III. METAMORPHIC ROCES

Metamorphic rocks are the results of heat, pressure and chemical fe-
tion on igneous and sedimentary rocks. Most of those which were form.
erly igneous rocks differ most strikingly in showing a banded strue ture.
Many of those formed From sedimentary rocks. which nsually show a
banded strueture, differ chiefly in exhibiting a erystalline strueture,

The following table shows clearly the usnal origin of the leading
metamorphie roeks: -
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(n) Original Rock, Igneous: Resulting Metamorphic Rock:
Granite Gneiss
Faelsite or toff Slste or schist
Basalt or dolerite Hornblende-schist, tale-sehist, ser-

penting
(b) Original Bock, S8edimentary  Resulting Metamorphic Rock:

Limestone Marble
Sandstone Quartzite
Shale Slate

Gneiss [z commonly a4 metamorphoged granite and is composed of
the samie minerals, quartz and feldspar, with either mica or hornhlende
or both. There are, however, gneisses formed from conglomerates or
other sedimentary rocks. A distinet banded structure is usually a prom-
inent feature of gueiss, but this is sometimes on 80 large & seale that
hand-size specimens do not show it; or at times no banding is visible even
in larpe masses: A hornblende-granite will yield a hornblende-gneiss, n
biotite-granite produces a biofile-gneiss, fipure 257, Qneiss is the com-
monest of the metamorphic rocks and is usually of a light color.

Figure 257. Blotlie-Unslss, Showing Bamnded Roracturs, Usbslidgs, Massachussils
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Mica-schist differs from gneiss chiefly in the absence of feldspar: it
is, therefore, usually composed of quartz and mica. The mica is either
museovite or biotite and it is the most abundant ingredient, its plates
being arranged in parallel planes which produce what is called a
“sohistose strueture.” Its color is usually gray, if museovite is its chiel
mineral, or black if hiotite predominates. Next to gneiss, mica-sehist is
the commonest of the metamorphie rocks.

Other Schists. There are various other sclists which are chiefly
produced by the change of those igneous rocks rich in iron and mag-
nesinm, such as peridotite, pyroxenite, gabbro or dolerite,

Hornblende-schist is probably the commonest of these rocks. In it
amphibole of one variety or another, is the most abundant mineral. The
eolor is usually dark green to black snd the grain of the rock is either
fine or coarse. In the coarser varieties the hornblende may be seen with
the naked eve ss blades or long needles with distinet clesvage.

In the finer-grained varieties of hornblende-schist the blades or
needles can be seen only by the aid of a lens and usually the rock is less
sehistoge in structure, grading into a compact mass, to which the name
amphibolits is often given, though this name is not infrequently spplied
to any hornblende-sehist.

Hornhlendeschist is heavy and hard enough so that it is seratehed
with diffieulty by a knife.

Oblarite-schist, is a rock composed chiefly of closely compacted,
mimte seales of ehlorite, usnally of a dull, grayish-green color and soft
enotigh to be ensily seratehed with a knifa, Tt Ia a widely distributed
rock.

Greenstone is a compact variety of chlorite-schist.

Palc-schist is n schistose rock of o pearly luster and greasy feel due
to its abundance of tale. This may be in coarse foliated aggregates, or
in fine seales and because of its softness the rock may be seratehed with
the finger mafl. As the rock becomes less pure and more compact it
passes into steafite or soapsione.

Quartzite is motamorphosed sandstone. It is an exeeptionally hard,
firm and eompact rock, breaking with s conchoidal or splintery fracture.
Thiz method of bireaking is due to the fact that in the alteration of the
original rock its grains have been firmly cemented; so that while sand-
stone breaks through the cement and not throngh the individual grains,
in quartzite the fracture is straight through grains and cement alike
This fact makes it easy to distingnish between these two rocks.
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Typical quartzite is a pure quartz rock whose color wonld naturally be
white, but there are, of ¢course, many impurities, nsually minerals of
microscopic sizes, which impart various colors, such as red, pink, gray
or brown. Mica may be present in considerable quantity and if so the
rock grades into & mica-schist,

Quartzite is a very common rock and, because of its great hardness,
and insolubility in water, it resists weathering and is, therefore, often a
prominent feature in the landseape, appearing in castellated or cathedral-
like spires, or bold ecliffs, or ledges.

Slate is a soft, dense rock which elenves readily into thin plates.
[ts mineral grains, like those of the parent rock, shale, are so fine that
they cannot be distingunished even with a lens

The parting of shale is parallel with the natural stratification, but the
sleavage so characteristic of slate has no relation to the original strati-
fiention, but i due to the great pressure which altered the ghale as well
as the eleavage of the minerals making up the slate. As these are all
microseopic the beginner need not bother with them. The eolor of slate
is eommonly gray or black, but may be red, green, brown, vellow.

Slate is nsed as roofing tiles, in Iaboratory tables and many minor
structural uses.

Marble is limestone metamorphosed by heat and pressure into &
erystalline rock., It may be either fine-grained, as in the Carrara and
Vermont marbles, or codrse-grained, as in those of Georgia. Typical
caleite marble is pure white, but in many localities & little graphite
shows itself as black veins, or the presence of iron oxide gives red and
vellow colors, while n green mottling is due to chlorite. Pure marble,
of eonrse, has the composition and properties of caleite, see page 149.

Dolomite marble cannot be distingnished at sight from caleite mar-
ble. Lee, Massachussetts produees a typical fine-grained variety and
Tuckahoe, New York a coarse-grained.

In the marble trade many rocks are sold ss “marble” which, from 2
gealogical standpoint, are not true marbles, Thus the very widely used
“Pennessee Marbles” are really not metamorphic rocks, but limestones.
Any rock which is not classed as a “oranite” is termed “marhle” by the
trade if it takes a good polish and can be produced in large blocks.
Many liméstones containing fossil corals, erinoid stems and shells of
many kinds are sold as “marble” Italy, France, Greece and many
other countries besides the United States are large producers.

Serpentine is described on page 242
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APPENDIX I

IDENTIFICATION OF MINERALS

Steps in Determining Minerals

1st. Observe the lugter and decide whether the specimen is metallic
or non-metallic.

94, Determine the hardness, as explained in Chapter L

3d. Ohserve the color and, if the luster is metallie, test the streak.
With the sid of the table on page 270 you should then be able to decide
whether your specimen is ane of the minerals included in this list.

4th, If your specimen does not have metallic luster, your next step,
after determining its hardness, will be to decide in which ane of the

coler groups it belongs:

5th. Next observe its color more minutely and decide which one of
the colors under the genernl heading you selected, most aeenrately fits

¥our specimen.

6th. Compare its properties with those mentioned under “other char-
acteristics” and you will probably find that your specimen tallies with
ane of the minerals there deseribed. If you are still in doubt, turn to
the further description of the mineral you think it is and yon will come
to a definite conclusion, which will almost certainly be eorrect.

Points to be Noted

in) Hardness. 1t 1= quite possible that the beginner may not be able
to determine the hardness accurately unless there ure sharp points and
smooth surfaces on the specimen. Do not be discouraged, Test it, as
suggestid on page 32, with your finger nail. a cent, your knife blade
anil & quartz erystal, and you will get o good rough idea of its hardness.
Then use such minerals in the regular scale of hardness as you find
necessary.

(b) Color. Even if you do not succeed in accurately determining the
hardness, it will not be 8 hopeless task to check up your specimen with
all of the minerals in several of the groupe of the smme color. For ex-
smple: if you decide that its general color is blue and you sre in doubt
as to whether its hardness is 3 or 4, run through the deseriptions of
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ALL of the minerals under “Color Green or Biue” in the sections head-
ed “Hardness 3. to 3.75" and “Hardness 4. to 4.75."

(e) Speeific Gravity (“G") is noted for a few minerals, not with the
idea that you will determine it with accuraey, but to eall your attention
to minerals which are notably heavy,

(d) Other Characteristics noted, such as erystal form, eleavage, strue-
ture and other distinetive peculiarities, will greatly aid youn. You will
be familiar with all of these if you have studied Chapters 1 to 19. Bear
in mind that minerals vary greatly and that your specimen may have
a different color or form or in a number of ways be unlike the desorip.
tions given in the table and still be the mineral to which the table leads
you. This table is by no means complete, but it does contain the large
majority of the minerals you are most likely to meet, and in their most
important variations.



EEY TO DETERMINATION OF MINERALS

DIVISION I. MINERALS WITH METALLIC OR SUB-METALLIC

LUSTER
PucE
(a) Hardness L to 1.756 270
(b) Hardness 2, to 2.756 R T LR = T I
(€) Bapdnas 3 00 30 e i s B TH
(d) Hierdness 4. 0 T8 ettt 2T
(¢) Hardness 5. to 6.50 e 271
DIVISION 1L MINERALS WITHOUT METALLIC LUSTER
Pace Pace
(a) Hardness 1. to L75: (d) Hardnezz 4, to 4.75:
Color Yellow . __ 1272 Coler Black or Gray ... 281
Color Red —oe.. SPTEESIT v Color White, or Colorless 251
Color Brown: oo 278 Color Green or Blue . ... 282
Color Black or Gray ... o272
Color White . 278 (e) Hardness 5 to 6.75;
Oolor Greent ... ... 278 Color Yellow .. . . . 283
Color Rad oo 283
th) Hardness 2. to 2.75: Color Brown ... ... 284
Color Yellow . ... 273 Coler Black or Gray .—..... 284
Color Red . . . 273 Caolor White, or Colorless 285
Color Brown coeeee— 274 Color Green or Blue ., 288
Color Black or Gray ... 274 _
olor White, or Caolorless 274 i) Herdness 6, to 6.75:
Coler Green or Blue ... 275 Coler Yellow oo 287
Color Bed = 288
{c) Hardness 3. to 3.756: Color Brown ... ., 288
Color Yellow oviiiniinn 276 Color Black or Gray 289
Color Red ... 276 Color White, or Colorless 200
Colar Brown ..ccoeeeree— 2m Color Green or Blue .. 201
Color Black or Gray .. 277
Color White, or Colorless 278 (g) Hardness 7. to 10:
Color Green or Blos . 279 Color Yellow cviimeo—icn (292
Color Red .. ... 203
fd) Hardnesz 4, to 4.75: Color Brown ... 284
Colar Yellow _.iiiim = T Color Black or Gray ... 295
Color Red o .. 280 Color White, or Colorless 296
Color Brown ... P80 Color Green or Blue .. . 207
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Harlness Calar Bireak Minerul Fagw
fa) Hardness: 1. to 193
1. to 1.5 Pure lead-gray Bluish-grey on paper; Molybde- 102
greenlsh-gray on por-  nite
celain
lito & Iron-black to dark Black, shining Giraphite 182
steel-gray
{b) Hardnesa: 2. 10 295
& Lend-gray Lead-gray Stibmite 137
2 to 25 lron-black or derk black Pyrolusite 189
gray
2 to 25 Bluckish lead-gray Blackish lead-gray Argentite 108
shining
2.5 to 2.76 Pure lead-gray Pure lead-gray Galena 182
85 to 3. PBlackish lead-gray Blaekish lead-groy Chaleocite 170
28 ko 3. Golden-yellow Golden-yellow Gold 174
25 to 5. Silver-white Silver-whito Silver 195
25 to 3. Copper-red Copper-red, shining Copper 168
(¢) Hardness: 3. to 3.55
25 to & Bisckinh lead-gray, Blueckish lead-gray Chaleocite 170
85 to 5 Golden-yellow Golden-yellow Gold 174
25 to 3, Silver-white Silver-white Silver 1956
25 to 3. Copper-red Copper-red, shining Capper 168
3. Reddish pinchbeck- Pale grayizh-black Bornite 170
brown
3. to 4. Flint-gray to iron- Same asz color Tetrahe- 171
Black o drite
35 Tin-white Tin-whita Antimony 137
3. to 85 Tin-white Tin-white Arseme 138
35 to 4, Brass-yellow Greeniah-hiack G‘l'll:]mp:- 168
©
3.5 to 4, Light brorze-yellow Light bronze-brown !’_u:tlhn.lln 193
ife
35 to 45 Reddish bronze-yellow Dark grayish-black Pyrrhotite 179
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Hurdnrss Colar Sireak Sineral Page
(d) Hardness: 4. to 4.75
3 to 4 Flint-gray to firen- Same as color Tetrahe- 171
hlack drite
35 to 4.  Brass-yellow Greenizh-black Chaleopy- 169
rite
85 to 4. Light bronze-yellow Light bronze-brown Pentland- 193
ile
45 to 4.5 Reddish bronze-yellow Dark grayish-blaek Pyrrhotite 179
4 Dark steel-gray to Reddish-brown to near- Manganite 106
iron-black Iy black
(e} Hardness: 5. to 635
5. to 55 Pale copper-rel Pale brownizh-black Niccolite 193
G to 6.5 Black Binek Wallram- 2056
ite
F. to B Brownish-red to brown- Yellowish-brown, green- Huebner- 206
ish-black izh gray ile
6.6 Tran-black Brown Chromite 188
B to & Tron-hlack Biack to reddish-brown  [meniie 203
5.5 to 8.5 Dark steel-gray to Cherry=red or reddish- Hematite 179
iron-hlnck brown
5.6 to 6.6 Iran-black Black Magnetite 182
6.5 to 6.6 Iron-black Reddish-brown or bLlack Frankline 210
e
B5 to 85 Siver-white to steel- Dark grayish-black Arsenopy- 139
ETRY rite
8. to 6.5 Pale brass-yellow Greenizh-black or I"yrite 178
brownizh-black
6. to 65 Pale bronze-yellow G':-uyi:h or brownlsh- Marcusite 178
sk
6. to 85 Brown or reddish. I'ate brown Rutile o002

black




IL MINERALS WITHOUT METALLIC LUSTER

Tardness Color Oiher Charscleristics Mineral Tage

(a) Hardness 1. to 1.75:

Caolor Yellow:

L Ocher-yellow Dull, earthy, soils fin- Yellow 182
Fere ocher

L to 2 Cream-yellow Massive or follated Pyrophyl- 136

lite
1. te 3. Yellow of wvarious Earthy or piaolitic Banxite 181
shades

15 to 2. Lemon-yellow Masses dull, cleavagez Orpiment 133
bright, pearly luster

15 w 2. Pala vellow Massive or fibrous Gy psum 153

1.5 to 25 Sulphur-yellow Crystals have typical Solphur 200
sulphur wellow eolor;
masses may be green-
ish-gray, brown, red

Color Red:

1. 6.2 Brownish-red Massive or pisalitie, Bauxite 131
dull

15 to 2. Flesh-red Massive, fin¢ granular Gypsom, 153

Browniah-red Dull, earthy, solls fin- Red ocher 180
EE=TE

1.5 to 2. Aurcra-red Gorgeous eolor, brittle Realgar 131

Color Brown:

1. to 8. Brown of various Massive or pisolitie, Bauxite i

shudes dull

1.5 to 2. Reddizsh-hrown Massive, fine granmular Gypsum 153

Color Black or Gray:

1. to 8, Gray Massive or pisclitie, Bauxite 191
dull

15 to 2. Black or gray Massive, fine granular Grpsum 153

1. ta 1.5 Gray Massive or foliated Tale 242

L.to2 Gmy Masaive or folinted Fyrophyl- 136

lite

272
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Hmrdess Colar Other Charncteristies Mineral Page

Color White:

1. te 8, White of many tints Massive or pisolitic Bauxite 131

1.5 to 2. Snow-white, bluish Maszive, fine granular Gypeam 163

1. to 2 White, various tints Massive or foliated Pyrophyl- 128
lite

1. to 1.5 White, various tints Massive or foliated Tale o=

i, Snow-white Fibrous, fluffy Ulexite 145

Caolor Green:

1. ta 1.6 Green, various tints Fuoliated, sectile Tale 242

1. to 2, Brownish-green Massive or folinted Pyrophyl- 138
lite

1. to 2,  Blackish-green or Flaky-granular masses Prochlorite 232

olive-green

(b) Hardness 2. to 2.95:

Color Yellow:

1. to 2 Cream-yellow Mpssive or folinted I?frnph;rl- 138
it

L5 to 2. Lemon-yellow Masses dull, cleavages Orpiment 138

‘bright, luster pearly

1.5 to 2.5 Sulphur-yellow Crackies in hand Sulphur 200

25 to 3. Brownigh-yellow Micaceous cleavage Phlogopite 230

276 to 3. Yellow, various Cryatals six-sided Vanadinite 207

276 to 3. Lémon to orange Crystals four-sided Wulfenite 102

25 to 4. Grayish-yellow Granular-micaceous Lepidaliie 230

25 to 55 Greemish-yellow Massive, ofly luster Serpentine 242

Caolor Red:

1.5 to 2, Anrora-red Gorgeous color, brittle Realgar 138

2. to 25 Cochineal-rod Btreak scariet; G. 8.0 Cinnabar 191

2 o 25 Scarlet-red Streak scarlet; G. 5.8 Proustite 187

25 to 3.  Hyacinithred Streak orange; G, 6.0 Crocolte 167

256 to 36 Dark brownish-red Vitreous [uster: G. 4.5; Barite 139

sitreak whits
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Tardness Calar (Mher Choracterintics Miperal Fugs
2475t03.0 Bright red, many Crystals  six-sided; Vanadinite 207
shades streak nearly white
276to3.0 Bright orange-red Crystals four-sided; Wulfenite 192
streak nearly white
25 to 5.6 Dull brownish-red Mazgive, oily luster Berpentine 249
Color Brown:
2, to 2.5 Hair-brown Mica, found with quartz Muscovite 220
and feldspar
25 to 3. Yelowish-brown, often Miea, found in lime- Phlogopite 230
with ecoppery weflee- stone or gerpentine
tions
296 to 3. Grayish-brown Crystals six-sided, briti- Vanadinite 207
tle; no cleavage
Color Black or (iray:
Lite £ Light gray Massive or foliated Pyrophyl- 136
lite
2 to 25 Dark gray to hlack Massive or oolitic Colloph- 158
anite
2 %0 25 Dull gray Mupssive, elay-like Raolinite 133
2. to 256 Grayish-whiie Miencéons cleavags Muoscovile 220
25 10 3. Black or dark brown Micnecous clesvage Biotite 230
25 to 4. Pale gray Granular-micaceons Lepidolite 230
5 Black or grayish-blaek Streak purplish-red; Pyrargy- 107
luster metallic-adam- rite
antine
256 to 3. Yollowish-gray or Crystals four-sided; Wulfenite 107
grayinh-white G, 7.0
Color While, or Colorless:
1. to Z Grayish-white Maszive or folinted Pyrophyl- 138
Iite
L 3 Colorless Sectile, clenvape plates; Selenite 153
or erystals, figures 187,
188
2 to 26 Snow-white or gray- Massive, clay-like Kanlinite 123
ish-white
2. to 25 Colorless, altering to Dissolves in water Boras 144
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Tlardness Calar Other Charnctoristios Mineral Tage
2 ta 25 Dull white or yellow- Mnssive; pebbles or Collophan- 153
igh- or grayish-white oolitio ile
25 Colorless to smow- Massive or showing Cryolite 198

white nearly cubieal ecleav-
age
25 Grayish- or bluish- Eazy basal ¢leavage; Brocite 188
white sectile; luster pearly
25 to 3.5 Colorless, snow-white Granular-massive or Barite 139
or yellowlsh-white cleavable; G. 4.5
878 o 8. Colorless or white of Luster sdamantine or Anglesite 185
various tints vitreous or ETeasy;
very heavy; G. 83
Color Green or Blue:
1. to 2, Blackish-green o Granular-massive or in  Prochlorite 232
ErAss-ETEEN worm-like crystals
2 tg 25 Dark bluish-green or  Six-gided plates or Clinoehlore 232
pale grayish-green sealy-granulnr
2. to 26 Emerald-green when Micaceous cleavage Muscovite 229
viewed laterally
25 Pale grayish-blue Essy basal cleavage; Brucite 183
goctile: pearly luster
25 Prussinn-blue in color- Saline taste; cubic Halite 198
less ninzd cleavage
2. tn 3. Apple-grean Amorphous; very fri- Garnierite 193
nhle
2, o 4 Bluish- or grayish- Amorphous or botry- Chryso- 174
greem, turmuois-hlue oidal: frinble eonlla
25 to 3.5 White or colorless, tint- Tabular crystals Barite 139
ed pale blue
25 to 4. Tavender. lilae or vi- Granular-micaceous Lepidolite 230
alet
25 to 65 Leek- or binckish- Mnasive; ofly luster Serpentine 242
ETRED
{c) Hardness 3. to 3.76:
Color Yellow:
28 to 3. Brownlah-yellow Micaceous clenvage Phlogopite 230
25 to 4. Grayish-yellow Granular-misaceous Lepidalite 230
25 to 5.5 Greenlsh-yellow Massive; oily luster Serpentine 242
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Hardnes Calar Other Charactaristles Mineral Page
276 to 3. Yellow, varions Crystals six-sided Vanadinite 207
296 v 3. Lemon to orange Crystala four-zided Wulfenite 152
Light yollow Cry=talline or with Calcite 146
clesvage into rhombs
35 Brownish-vellow Drusy or stout erystals Deseloiz- 207
ite
8.5 to 4. Cream- to wine-yellow Coarse-fibrous, or in Arngonite 150
six-sided ecrystals; no
cleavage
25 to 4. ‘Pale wins-vellow to Radiated-erystalline Strontian- 199
nearly whits masses, or erystals ite
35 to 4. Brownish-vellow Radisted or sheaf-like Stilhite 247
3.5 to 4. Brownizh-yellow Granular, or showing Sphalerite 208
distinet  dodecahedml
eleavage
Color Red:
25 to 3. Hyacinth-red Btreak orange; G. 6.0 Crocoite 167
276 to 3. Bright red, many Crystals six-sided;: Yanadinite 207
shades streak nearly while
295 to 3, Bright orange-red Crystals four-sided; Wolfenite 192
streak nearly white
2.6 to 55 Dark reddish-brown Vitreous luster; G. 4.5: Barite 130
strénk white
25 to 5:F Dull brownlsh-red Massive: oily luster Serpentine 242
3 Various shades of red  Crystalline, or with Caleite 148
cleavage into rhombs
8. to 85 Brownish- to yellowish- Usmally in tabolar crys-  Celestite 199
red talzs or cleavages
a6 Brownish-red ta sear- Stout erystals or drusy Descloiz- 207
let ite
3.6 to 4. Brick-red Coffin-shaped crystals; Henlandite 24&
luster vitreous @nd
pearly
85 to 4. Brick-red Rudinted or sheaf-like - Stilbite 247
3.5 to 4. White, tinted pink Yery fine-granular Alunite 196
3.6 to A Streak brownish-red, Cuprite 171

Ruby-red to cochineai-
red

shining; G. 8.0
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Hurdness Colar Other Characteristics Mineral  Page
25 to 45 Rose-pink to brownish- Crystalline or in Rhodoe- 190
red: rhomhs or scaleno- chrosite
hedrons
Color Brown:
1. to 3. Brown, various shades Massive or pisolitic; Bauxite 131
dull
25 tn 4. Yellowish-brown, often DMics, found in lime- Phlogopite 200
with coppery reflec- stone or serpentine
tions
25 to 4.5 Brown, various shadez Granular masses; G. Barite 139
45
276 to h. Grayish-brown Crystals sixz-sided; brit- Vanadinite 207
tle; no cleavage
a. Brown, varions shades Crystalline or with Calcite 146
cleavage into rhombs
35 Light to hlackish- Stout eryztals or drusy Descloizite 207
brown
S5tod. Pale todark Brown Crysialline, or with Siderite 183
clegvage into rhomhbs
S5tod. Light to bleckish- Grantlar, or showing Sphalerite 208
lirown dodecahedral cleavage
35t 4. Yellowiah-brown Eadinted or sheaf-like  Stilbite o247
Color Blaek or Gray:
2540 3.5 Lipht to dark gray Granular masses; G. 4.0 Barite 1349
265 to 4. Pals gty Granular-micaceous Lepidolite 230
290 to 3. Yellowish-gray or Crystals four-sided; G. Waolfenite 152
grayish-whits 70
276t 3. Dull gray Fine-granular mnsses; Anglesite 185
G. 6.3
8. Various shades of gray Granular maszes; fizz  Caleite, 146
with aeid Limestone
3.t 35  Light gray Granular musses Anhydrite 154
3, te 8.5  Light to dark gray Fine-granular masses Cerussite 185
greasy-adamantine lus-
ter; or reticulated or
alender erystals
a6 Grayizh-hlack Stout erystals or drusy Desecloizite 207
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or rhombic cleavages
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Harilnnes Culue Oiber Charseleristies Mineral Pags
f5to 4. Varions shades of gray Gronular masses; dis- 187
solves only in hot acid
35t 4. Light gray Very fine-granolar 186
35¢s 4.  Gray grading to white Fine to conrse-granular 208
and black
Color White, or Coloriess:
25to 35 Coloriess, snow-white (ranular-messive or 139
or yellowish-white cleavahle; G, 4.5
2T to 8. Colorless or white of  Luster adamantine or 185
various tinfs vitreons or greazy;
very heavy, G. 8.3
3. Various shades Crystalline or with 148
cleavage into rhombs,
or in crystals
T Colorlens Cleaves into plates re- 145
sembling =elenite; sol-
nble in water
3.t0 85 Snow-, grayish- of Fine-granular masses 154
bluish-white
B.t0 25 Crystale colorless. Best distinguished from 164
mnEses smow-white; barite by Hame test
grayish-, bluish-
white
3. to 3.6 Snow-white to grayish Acicular or reticulsted 135
cryatals, or masses
with greasy-adaman-
tine luster
8 t0 3,75 Yellowish- vr grayish- Columnar or in six-zid- 141
whita ed double pyramids
85tod. Yellowish- or grayish- OGmoular masses; res- 208
whita inous-adnmantine  Iu=-
ter
35t d. Soow-white or varioos Coarse- or fine-grant- 187
other ahades Inr, or rhombohedral
eryntals or cleavages
365tod. White of many shades, Graoular-fibrons mass- 150
or colorless crystals es, or ateep, pyramidal
crysiala
25 to 4. White of many shades Compact-massive, fine- 187
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Hardness Calor Other Chatattoristios Mineral  Tage
d6to 4.  Yellowish-, grayish- or Columnar-fibrous mass- Strontian- 199
greenizh-white &5, or steep-pyramidal  fte
eryatals
S5tod, Crystals colorless to Coffin-shaped or round- Heuolandite 248
slightly reddizh- ed erystals; brilliant
white luster
35to 4. Snow-white, grayish- Hadiated or sheoaf.like Stilbite T
or brownish-white
356 to 4. Fine-granular masgzes Alunite 195

Grayish- or pinkish-
whita

Color Green or Blue:

2 to 8. Apple-green Amorphous; very fri- Garnierite 193
ahle
2.to 4. Blaigh-green Amorphous or Botry- Chrysecolla 178
eidnl: frinble
Z5t0 85 Colorless tinted green  ‘Tabular erystals Barite 139
or bloe
251t0 6.5 Leek or biackish-gresn Mussive: oily luster Serpentine 242
& Green or blue of vari- Cleavable masses, also  Caleite 148
ous shades many other types
3. t0 356 White tinted fight hlue Fine-granular Anhydrite 154
8.t0 85  Pale grayizh-blue Fibrous or granular Celestite 109
35 tod.  Whiie tinted by blue or Fibrous or massive Aragonite 150
ETEEN
35 to 4, Blue of many shades Crystals and masses Azurite 172
#5to 4.  Light or dark green Tufted, or in masses Malachite 172
with econcentric band-
ing
id) Hardness 4. to 4.75:
Color Yellow:
265tod, Grayish-yellow Granular-micsesons Lepidolite  2%0
2510 b5 Greenish-yellow Massive; oily luater Berpentine 242
35tod  Grayish-vellow Crysials, or granular Sphalerite 208
masses; resinous-ad-
amantine luster *
d5tad Pale wine-yellow to Radiated-crystalline Strontinn- 198
nearly white masses, or crystals ite
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Hardosss Color Oiher Charastoristios Mineral Fage
85tod Cresm- or wine-yellow Coarse-fibrous, or six- Aragenite 150
sided erystals; no
clesvage
35to 4. Brownish-yellow Radiated or shesf-fike Siilbite 247
4, Wine-yellow Isometric erystals, ootn- Fluoriie 151
hedral cleswages, or
granular maszes
45t 5 Wine-yvellow Transparent crystals Apatite 182
45t 5  Pale to deep yellow Double four-sided pyr- Scheelite 200
amidnal or
masses
Color Red:
25 te 55 Dull brownish-red Massive; oily Toster Serpentine, 242
35tod  Brownish-red Small, rounded erystals Sphalerite 208
“ruby blende™
36t04.  Ruby- to cochineal-red  Streak brownish-red, Cuprite 171
shining; G. 8.0
f5tad. Brick-red Coffin-shaped crystals; Heulandite 246
luster witreous and
pearly
495 tod.  Whits, tinted pink Very fine-granular Alunite 185
8.5 to 4.6 THose-pink to brownish- Crystalline, or Rhodochro- 190
red rhombe or scaleno- site
hedrons
4. ta B Flesh-red Crystals nre rhombs Chabazite, 247
“Acadialite™
4, to 4.5  Rich blood-red Streak orange-yvellow Zincite 212
4.5 to B, Brownlsh-red In Inrge six-zided Apntite 1562
prisms
4.5 to b Colorless with rose- In tetragonanl erystals  Apephyllite 250
pink tint {figure= 40 and 258)
Color Brown:
85tod. [Light to blackish- Gramular or showing Sphalerite 208
brown dodecnhedrnl cleavage
ifm 4.  Pale to'dark brown Crystalline, or with Siderite 183
clenvage into rhombs
35 to 4. Yellowish-brown Radiated or sheaf-like Stilbite 247




shades of white

hedral cleavages, or

granular-erystalline
masses
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Tlaridness Caler Other Charncteristios Mineral Fage
4, Light to dark brown Cubical erystals; oeta- Fluorite 1561
kedral cleavage
45 to 5. Reddish-brown In large six-sided Apatite 16z
prisms
Color Black or Gray:
25to 4.  Pals gray Granalar-micaceous Lepidolite 230
35 to 4. (Gray, grading to white Fine to eoarse-grunu- Sphalerite 208
and bilack lar
26 to 4.  Various shades of gray Granolar masses; dis- Dolomite- 187
solves only in hot acid Limesione
d5w4d  Purplish-gray Twins resembling =ix-  Aragonmite 150
sided prisms
3b5tod. Pale gray Very fine-granuinr Alumite 195
4.5 to 5. Light gray In tetregonal crystals  Apophyllite 250
(figures 40 and 252)
4.5 to 5. Light to dark gray In large six-sided Apatite 162
prisms
Color White, or Caolorless:
35 tod. Snow-white or tinted Coarse to fine-cryetal- Dolomite 187
gray or yellow ling, or in rhombohe-
dral crystals
25to 4. Snow-white, or various Crystals twinned, ap- Aragomite 150
tintz pearing hexagonal, ra-
diated, fibrons, erystal-
line
35 to 4. Yeollowish-white or Radiated or sheaf-like Stilbite 247
brownish-white
B5ted  Snow-white, yellowish Coffin-shaped erystals; Heolandite 246
and other tints loster wvitreous and
pearly
3.5 to 4. Grayish- or pinkish- Very finc-granular Alunite 185
wihite
35t0 45 Snow-white or timted Compnct, crystalling or Magnesite 187
gray ar yellow in cleavage rhombs
4 Colorless, ar various Cubieal erystals, octa- Floorite 151
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Hardness Colar Oihar Cliarscterlsiles Minersl Page
4. to 45  Colorless, or yellowish- Complex erystals, or Colemanite 145
to milk-white cleavage mnsses
4. to B Colorless, snow-white  Crystals are rhombs Chabazite 247
or reddish-white
4. to 725 Yellowlsh- to snow-  Coarsely-bladed Kyanite 134
white
4510 b Colorless, or white of Crystals usually in odd Calamine 200
various tints eockscomb groups, oft-
en ddrusy in cavities
4.5 to 5. Colorless, or tinted In tetragonal crystals Apophyllite 250
pink, green or blus (figures 40 and 252)
4.5 to 5. (Colorless, or white of Colorless, transparent, Apatite 152
various shades cerystals, usually tabu-
lar, with many faces;
when In masses, near-
Iy opague
4.5to 6.  White either milky or Double four-sided pyr- Scheelite 2006

of various shides

amidal erystals, or
TiasSEeEs

Color Green or Blue:

2. tod. Bluish-green to tur- Amorphous or botrs- Chryzocolla 172
guols-blos oidal: friable
25tnd. Lavenmder, violet, Iilac Granular-micsceous Lepidolite 230
95 tn 55 Leek- or blackish- Massive: oily luster Serpeniine 242
green
3510 4. Pule greenish or blue Fibrous or mnssive Aragonite 150
3.5:t0 4. Pale asparagus-grosn Radiated, crystalline Strontian- 189
mas=es, or crystals ite
8.5 to4. Light or dark green Tufted, or in marses Malachite 172
with concentric hand-
ing
35104 Blue of many shades Crystnls and masses Azurite 172
4 Many ghades of green  Cubical erystals, octa- Fluorite 151
and blue hedral cleavages, gran-
ular-crystalline masses
§ to 725 Sapphire-blue to green Coarsely-bladed Kyanite 134
of many shades
d6to 6. Paleblue or green tints  Crystals usually in odd Calamine 200

in white

cockscomb groups, oft-
en droay in cavities
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Asrdness Color Oiber Chararderistles Minernl FPage
46t0 5.  Pale blue or groen tintz  In tetragonal crystals  Apophyllite 250
in whita . (figurea 40 and 252)
45te 5.  Various shades of blus In hexagonal prisma, Apatite 152
and green often lavge, or in
showy mmsses
45t0 5,  Dull shades mostly Double foursided, py- Scheelite 20
greenish-white ramidal erystals, or
MASREY
{¢) Hardness 5. to 5.75:
Color Yellow:
26 to 5.5 Greenish-vellow Massive; aily luster Serpentine 242
45 to B Pale to desp yellow Double four-sided py- Scheelite 205
ramidal crystals, or
masses
b. Turkey-fat vellow Mammillary mpeses Smithsonite 209
b.to 6.5 Pala yellowish Usually In groups of Datolit= 250
crystals
S.to 5.8 Pale yellow to orange- Radiated masses show- Natrolite 248
vellow ing coneentric banding
B.to 5.5  Greenish-vellow Twin erystals, often Titanite 204
Eemmy
5. to 6. I ream-yellow Separsble into flexible  Amphibole- 216
fibera Ashestus
5 to 0. Lemmm-yvellow to Associated with blue Cancrinite 225
oTAnge sodalite in nephelite-
syenite
&b Greenish  eor lemon- Fluorescence green un- Willemite 211
yvellow, many shades ier ultra-violet rays
6.6 to 6.5 Many shades Amorphous, brittie Orpal 240
Color Red:
25t0 55 Brownish-red, dul] Massive, oily loster to  Serpentine 242

dull

Chabazite, 247

4.t0 5. Flesh-red Crystals ore thombs
“Aeadialite™
4.6 to B. Rose-pink In tetragonal crystmls  Apophyilite 250
i figures 40 and 252)
Eb5to 85 Brownish-red and oth- Amorphous, hrittle Opal 240

er shades
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Tiardnsss Coalar Other Chisracteriatio Minesal Fage
5.5t0 85 Hose-pink Triclinie erystals, or Rhodonite 100
granuiar massivey
tough
Color Brown:
45 t05  Rusty-hrown Massive ore, often with Calamine 200
druses of ecolorles=s.
erystals
5. Rusty-hrown Massive or mammillary Smithsonite 203
5, to B8 Dark to blackish- Streak yellowish-brown; Limonite 181
brown never crystallized
5.to 5.5 Dark to blackish- Fibrous masses: same Goethite 152
brown gireak w8 limonite
B. ta 5.5 Blackish- and other Often in flat, monoelmic  Titanite 204
ghades of brown crystals; good eleav-
age
L% Reddish-brown Large eoarse erystals, Willemite 211
also massive;
franklinite
5.0 B, Reddish-brown Bladed masses and Pyroxene 217
erystals
b to B. Reddizh-hrown Bladed masses and Amphibole 215
erystals
5.5 10 65 Various shules Amorphous; brittie Opal 240
Color Black or Gray:
L5 to B Light gray Groups of crystals (ses Apophyllite 250
figures 40 and 252)
5. Light to dark gray Mammillary mazses Smithsonile 200
5. Light gray Compact, or radiated Pectolite 249
5.to 55  Blnck (Cleaves in one diree- Wolframite 206
tion; G. 75; black
streak; luster sub-
metallic
B.to 55  Dark brown to black Often in Ant monoelinie Titanite 204
crystals; good eleaw-
age
65 Black or gray Maszes of greasy lus- Willemite 211

ter; G. 4.1
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HAardusss Calor Other Characteristios Mineral Fags
55 Black Maszsive or botryoldal, Uraninite 208
rarely in isometric
erystals; sub-metallic
luster; very heavy,
G. 8.
5. to 6, Graylsh- or brownish- Streak brownish-black, Psllomelane189
black Jusirous: massive or
mammillary
5. to 6. Dull gray Cleavable msazses, often Lahradorite 222
showing gorgeous
change of eolors
B.tad, Black or greenish-black Cleavage-angle 1243° Amphibole 214
or ETAY i{page 214); prismatic
crystals, or bladed
5. to 6, Black or greenish-black Cleavage-angle 93° Pyroxene 218
OT ETRY {page 214); frequent-
Iy shows basal part-
ing (figure 228)
55 to 6. Gray Trapexohedral crystals, Leucite 225
figure 233, In lavas
65 to B Gray Greasy luster; usually Nephelite 224
massive; erystals hax-
agonal
5.6 to 6.5 Gray or black Amorphous: brittle Opal 240
Color White, or Colorless:
4 to B Colorless or white Crystals are rhombs Chabazite 247
46 toB.  Colorless or white Groups of crystals {see Apophylite 250
figures 40 and 252)
4.5 to B. Colorless or white of Crystals wsually in odd Calamine 209
varions tints cockscomb groups, oft-
en drosy in cavities
45t D White, either milky or  Double four-sided pyr- Scheelite 295
of various shades amidal ervstals or
mnsses
4 to 7.25 TYellowish- to snow- Coarsely-bladed K¥anite 134
whits
B, White of wariouns Mammillary masses or Smithsonite 200
shades crystals
5. Grayish- or yellowish- Compact or radiated Pectolite 249
whits to snow-white
5. to 6.5 Usually in groups of Datolite 250

Greenish- or yellowish-
whits

erystala




of many shades

elongated erystals
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Harduness Color Hber Clmracieristics Mineral Fage
B. to 55 .Colorless or white Usually in trapezohe- Analeite 248
drons (figure 23},
harder than most ze-
olites
5.to 6.6 Colorless or white Often in slender radiat- Natrolite 248
ing erystals or radint-
Ing masses
B, to 5.5 Colorless or white Mueh resembles natro. BSeolecite 248
lite, hut acts different-
ly when heated (see
page 249)
BA Colorless, or various Flooresces {(and some- Willemite 211
shades of white times phosphoresces)
under ultra-violet
rays
5. to 6.  Snow-white, grayish-, Bladed crystals or Amphibole, 215
yellowish-whita MARSES Tremolile
B to B Colorless Cleavable masses Labradorite 228
{Utah)
55 to . Colorless or white Trapezohedral erystals, Leocite 225
figure 288, In lavas
5.6 to 6. Colorless or grayish- Hexagonal erystals Nephelite 224
whits with vitreons luster
when transparent, but
greasy if not clear
6.6 to 6. Colorless TUsually in dodecahe- Sodalite 224
drons, figure 28; vitre.
ous luster
5.5 to 0.5 Colorless Transparent, often en- Opal, 20
crusting, or in spher-  Hryalite
ical forms, fizore 129
556 to 6.5 Milk-white Semi-tranzlucent to Opal, 241
opaque, amorphous, Milk-opal
brittls
Color (Gireen or Bloe:
2510 6.6 [Lesk-, or blackish- Massive, oily luster Serpentine 242
green
45to 6.  Pale bloe or green tints Crystals osually in odd Calamine 209
in whita cockseomb groups, oft-
en drusy in cavities
4. to 7.26. Sapphire-blue to green Coarsely-bladed, or in  Kyanite 134
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Hnrdness Calor Diher Characterisiles Mineral FPage
5. Variouzs shades of Mammillary messes Smithsonite 209
) green or blue
E Biluish- cmerald-gresn  Crystals or masses have [Dioplase 173
characteristic gorgeous
color
5. to b.6 Whitish-green Usunlly in groopa of Natolite 250
erystals, with zeolites
B.t0 5.5  Deep bloe of azure and Masses, usually ealled Lazurite 225
other shades lapis lazull, have many
other minerals associ-
ated
6. to 6.6  Yellowish-green Twin erystals, often Titanite o204
gemmy
B.5 &pple-grem and many Fluoresces under ulira- Willemite 211
other sha violet rays
&, 0B, Yellowish-, grayish- Cleavage angle 93° Pyroxense 217
and blackizh-green (page 214);: frequent-
ly shows basal parting
(figure 228)
5. to 6. Yellowish-, grayish-  Cleavage angle 1245°  Amphibole 215
and blackish-green {page 214); often
bladed
5. to 6. Lilac or lavender Bladed appregutes Amphibole, 215
Hexagonite
55 to 0. Dark azure-blus Frequently oceurs in Sodalite 224
nephelite-syenite,
sometimes with ean-
erinite
6.6 to 8.5 Apple-green Like chrysoprase in col- Opal, 240
or, but amorphous, Prasopal
with smooth fracture
(f) Hardness 6. to 8.75:
Color Yellow:
E. to 6. Lemon-yellow to Asspeinted with blue Cancrinite 225
orAnge sodallte in nephelite-
syenite
55t B85 Many shades Amorphons; brittle Opal 240
8. to 6.5 Cream-vellow and ath- Cleavage easy in two Common 2
er shades directione (figure 111)  feldspar,
practically at right- Orthoclase,
angles Microcline
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FAardness Catar fher Cuarncterinties Mineral FPage
8 to . Brownleh-yellow Very heawy, G. 7; lus- Cassiterite 201
ter adsmantine in
erystals {often repeat-
ed twins), dull in
messes
65to 7. Pale honey-yellow Transparent crystals; Spodumene 180
or fragments due to
parting
6.5 to 7.6 Honey-yellow  and Common in dodecahs- Garnaet, L
many other shades drans Topazolite
Color Red:
6.5 to 6.5 Brownish-red and oth- Amorphous; britile Opal 240
er shades
5.6 to 6.6 Rose-pink Triclinie erystals, or Rhodonite 190
granular-massive:
toogh
6. to B.6 Fleah- to brick-red Cleavage emzy in two Common 221
direetions (figure 111)  feldspar,
practically at right Orthoclase,
angles Microcline
8. ta 7. Brick-red Often ehows striations Oligoclnse, 224
ond gorgeous achiller  Sunstone
(page 116)
6.to 8.5  Pinkish-brick-red Lamellar masses Anorthite 223
& to 7. Brownizh- to ruby-red Very heavy, G. 7; lus- Cassiterite 201
ter pdamnntine in
crystals (often repeat-
ed twins), dull in
masses
B.ta 8.5  Brownisk- to blackish- Streak light brown;: lus Rutile ane
T ter metallic-adaman-
tine; crystals tetrag-
onal-prismatic, some.
times eapillary
660 756 Raby-, hyocinth-red, Izometric erystals (fg- Garnet 295
pink ures 35, 204-236), also
pebhles
Color Brown:
B to b Reddiah-rown Bluded masses and Amphibole 215

cryetals: clenvage an-

ghe 1243*
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Minernl Fage

5. to 6. Reddish-brown

Bladed masses and
crystals; cleavage an-
gle 937

Prroxene 217

5.5 to 6,6 Various shades

Amorphous: brittla

Opal

g. to 6.5 Halr-brown, reddish-

browm

Streak light brown; fus-
ter metallic-adaman-
tine; erystals tetrag-
onal-prismatic, some-
times capillary

Rutile 202

Bt T Various dark shades

Very heavy, G. 7; lo=-
ter adamantine in
erystals (often repeat-
ed twinz), dull in
magses

Cassiterite 201

6. to 7. Dl brown

Fibreus or eolumnar
MmASSes

Slllimanite 135

65te 7. Reddish-brown

Granulor masses, or
small crystals. In
voleanic. rocks

Chrysolite 251

65 to 7.5 Various shades

Isomotric erystals (fig-
ures 25, 284-234)

Garnet 225

Color Black or Gray:

5. to B, Grayish- or hrownish-  Streak brownish-black, Psilomelane 188
black lustrous; massive or
mammillary
§. to 6. Black or gresnish- COleavage angle 937 Pyroxens 218
black or gray (page 214); frequent-
1y shows baeal parting
ifigore 228)
5. to 8. Black or greenish- Cleavage angle 1243° Amphibole 218
black or gray (page 214); prismatic
erystals, or bladed
G.6to 6. Gray Greasy luster; usunlly Nephelite 224
massive: erystals hex-
agonal
5.6 to 6.5 Gray or blnck Amorphous; brittle Opal 240
B. to 6. Dull gray Cleavable masses; oft- Labradorite 223
en showing porgeous
change of colors
G.to 6.5 (ray Uleavage easy in two Common 221
direetiona (figure 111}  [leldspar,
practioally ot right Orthoclase,
angles Microcline
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Hardaess Calor Other Charscteristies Minernl  Fags
6. to T, Black, preenish- to Lustrous ecrystala: Epidote 219
brownlsh-black green or brown
tranamitted light
6.1 7. Various shades of gray Very heavy, G. T: lus- Cassiterite 201
or black ter adamantine in
erystals (often re-
peated twins), dull
in masses
B5to 7.5 Coal-hluck Isometrie erystals (fig- Gamel, 298
ures 35, 234-236) Melanite
Color Whits, ar Colorless:
4. to 725 Yellowizsh- to snow- Coarsely-bladed K ranite 134
white
B. to 6, Grayish-, greenish-, or Bladed crystals, or Amphibole,
wvellowish-white muoazes Tremaolite, 215
Actinolite 216
5. to . Giraylah-, greenich-, or Prismatic erystals, or Pyroxens, 217
yellowish-white fmasses Diopside
BAto 8. Colorlese or white Trapexochedral eryutals, Leucite 226
fipure 233. In lavas
fito 8. Colorless or grayish- Hexagonal crystals with Nephelite 224
white vitreous luster whan
transparent, but
greasy if not elear
55 to 8. Colorless Usually in dodecahe- Sodalite a4
drons, figure 28; vitre-
oug Inster
6.5 to 6.5 Colorless Transparent; often en- Opal, 241
crusting, or in spher- Hyalite
feal forma, figure 120
b5 to 65 Milk-white Semi-translucent to ! 241
opague; smorphous: Milk-opal
hrittle
8, White of warious Readily cleavable; fuses Amblygo- 188
shades euslly (feéldspar does nite
not)
5. to 6 Colorless Cleavable masses Labrador- 223
ite (Utah)
8. to 6.5 Coloriess or white of Usually In tabular Albite 203

various

crystals or cleavages,
aften deeply striated:
alza lamellar
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Hardness Color iber Charscieriaties Mineral Page
8 to 65  Colorless or white of Usually in stout erys- Common 221
various shades tals (tabular in san- feldspar,
idine), not striated, or  Orthoclase,
musses with easy cleav-  Microckine
age at right angles
6 to 8.5  Colorless, glassy In stout erystals (coat- Anorthite 223
ed in Jupan with
lava)
6. to' 7, Colorless or white of Rarely in erystals, usn- Oligoclase 224
various shades ally in striated cleav-
ages
B.to 6.5  Colorless, greenish- or Barrel-shaped or glob- Prehmite 251
yellowish-white ular groups of ecrys-
tals, or in erystailine
coatings
6 to 7. Grayish-, brownish-, or  Fibrous or eolumnar Sillimanite 135
yellowish-white masses
86tp7  White of wvarious In large, Tough erystals, Spodumene 185
shades, rarely or fragments dus to
colorless parting; alse  small,
colarless, gem ecrystals
651075 White, usually yellow- Isometric crystals (fig- Garnet, 226
ish ures 35, 234-236) Grossularite
Color Green or Blue:
d.t0 725 Sapphire-blue to green Coarsely-bladed, or in K yanite 134
of many shades elongated crystals
b. to 6. Yellowish-, grayish- Cleavage angle 12437 Amphibole 215
and blackish-green (E;ge 214); often blad-
b. to 6. Lilae or lavender Hiaded aggregates Amphibole, 215
Hexagonite
B: to 6. Yellowish-, grayish- Clenvage sngle §93° Pyroxene 217
and blackish-green {page 214); frequent-
Iy shows basal part-
ing (figure 228)
55t 6. Dark azure-blue Frequently oceurs in Sodalite 224
nephelite-syenite, some-
times with cancrinite
55w 85 Applegresn Like chrysoprase in Opal, 230
color, but amorphous, Prasopal
with smooth fracture
8. Robin's-sgg-bloe to Massive, in thin seams Turguois 136

grayish-green

or scatbered through
rock
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Hardneaa Caoler Othar Charnetoristles Mineral Fage
8. to 8.5 Pale apple-green Barvel-shaped or glob- Prehnite 251
ular groups of crys.
tals, or in erystalline
coatings
6. to 6.5  Light green or bluish- In right-angle eleav- Microcline, 222
green ages or stotf crystals:  Amazonstone
i, to T, Yellowish-green (pis- Usually in masses, with Epidote 218
tachio) to browmnish- feldspar and quartz
green (unakite)
65 to 7. Yellowish- or olive- Granular masses, or Chrysolite 231
green small erystala. In vol-
eanfe rocks
85te 7. Lilae or amethystine Gem erystals, often Spodumene, 187
showing etching Runzite
6.5 o 7.5  Emerald-presn or yel- Isometrie erystals (fig- Garnet,
lowish-green ures 35, 234-236) or Urarovite, 228
pem pehbles Demuantoid 228
(g) Hardness 7. to 10:
Color Yellow:
& to 7. Brownish-yellow Very heavy, (i, T; luster Cassiterite 201
adamantine 2 crystals
(often repeated twins)
dull in messes
B5thT. Gresnish-yellow Granular masses- or Chrr=olite 231

small erystals. In

voleanie rocks

6b6 to T. Pale honey-yellow Transparent crystals, Spodumene 186
or fragments dus to
parting
6.6 te 7.0 Honey-yellow In dodecahedrons (fig- Garnet, 208
ure 234) Topnzalite
vl Honey-vellow Transparent. No Quarts, 834
cleavage Citrine
r i Oeher-yallow Semi-translpeent; rath- Quarts, 235
er granular masses ferruginous
7. Ocher-yellow Opaque; rather com- Quariz, 39
pact masses Jasper
T toT6 Wine-yellow to brown- Transparent crystals, Tourmaline 244
ish- and greenish-yel- usually 3-, &, or 9.
low sided prisms
T65t08  Pale, goldem- and In six-sided prisme, or  Beryl, 142
orange-yellow masseE; transparent Golden Beryl

to translucent
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Hardness Calor Other Churacteristios Miosral Fage
8 Wine-vellow Transparent, prismatic Topasz 132
crystals
&5 Gremish-vellow Transparent, prismatic Chryso- 135
crystals, or pebbles, beryl
Rare
a, Honey-yellow Transparent, often bar- Cornndum 131
rel-shaped crystals, or Sapphire
pebbles
10, Conary-yellow Transparent, isomstric Diamond 158
erystals
Color Red:
B to 7. Brownigh- to ruby-red Very heavy, G. 7; luster Cassiterite 201
adamantine in erystals
(often repeated twins),
dnll m mnsses
B.to 7. Brick-red Often shows stristions Oligocisse, ‘224
and gorgeous schiller = Sunstone
{page 116)
6.6 to 7.5 BRuby-, hyacinth-red. {sometric crystals (fg- Garnet ZZh
pink ures 85, 234-236): also
pebbles
T Rose-pink Transparent or trans-  Quarts, 234
Incent masses Rose (Juartz
T Brick-red Translucent {(marely Quartz, 284
transparent) masses; Chalcedony
eften hotryoidal; com-
pret texture
1 Brownish-red Tranzlnceni to semi- Quarts, 256
transiocent; compact Carnelian
texture
& Brownish-red Semi-transiucent; rath- Quarls, 235
er granular masses ferruginous
T Many shades, mostly Opaque: rather compact Quartz, 230
brownish-red MASHES Jasper
7.t0 76  Rose-pink, ruby, vie- Transparent or semi-  Tourma- 244
let-pink and other transfucent crystals, line, Rubellite
shades wsoally 8-, 8-, or 9
sided prisms
75 Brownish-red, hya- Transparent, tetragonal Zircon e

cinth-red

crystals, or pebbles,
yielding fine pems; lus-
ter mdamantine; G, 4.7
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Hardnase Color Hber Charncteristics Mineral Page
.5 Grayish- to rose-red Bough, pearly square-  Andalusite 134
prisms
7.5 to B. Pale rose-pink Hexagonnl-prismatic Beryl, 148
eryetals; transparent Morganite
to semi-translucent
B Brownish-rose-pink Transparent; prismatic Topaz 152
crystals
9, Deep, rich pigeon’s- Transparent or transiu- Corundom, 131
blood-red cent; siz-sided, often Ruby
barrel-shaped crystals,
alzo pebhles
. Rose-pink and other Often in large eleavable Corundum, 131
shades than plgeon's-  masses, us in smamg- pink sapphire
blood-red dite
Color Brown:
& ta 7. Dark or light brown Very heavy, G. 7; luster Cnssiterite 201
ndamanting in crystals
{often repeated twins) ;
dull in pebbles or
masses
6 1o T Dull brown Fibrous or columnar Sillimanite 1356
masses
6.6to 7. Reddish-brown Granular mosses or Chrysolite 231
small erystals In
voleanie rocks
65w 7.5 Various shades Isometric crystals (fig- Garnet 225
ures 35, 234-238)
[ Yellowigh- to smoke- Trensparent to sub- (Juariz, Z34
brown translucent; erystals Smoky guarts
or masses; no cleavage
T Light to dark brown Translucent (carely Quurtz, 236
transparent) masses; Chaleedony
often botryoidal; com-
pact texture
1. Yarious shades Opague; rather compacrt Quartz, 250
messes Jasper
T.ta 7.5  Dark brown Often In cross twins, Staurolite 243
Figures 80-101
T.t0 TF  Mostly dark brown Transparent to semi-  Tourmaline 244

tranalocent crystals,
ususlly 3-, 8-, or 8-
gided prisms
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Hardness Coler Other Characteristics Mineral Page
7.5 Reddish- or smoke- Tramsparent; tetragonal Zircon 212
brown erystals, or pebbles:
gemmy; luster ada-
mantine; G. 4.7
Thte8  Yellowish-brown In six-sided prisms or Beryl 142
muaEzes; transparent
to translueont
8. Light to dark brown Often in large masses Corundum 131
showing parting into
rhombs
1 Light to dark brown Isometric crystals; Iamond 156
transparent to semi-
translocent. A com-
mon type
Color Black o Gray:
6.t 7. Black or gray Very heavy, G, 7; Juster Cassiterite 201
adnmantine in erystals
{often repeated twins);
dull in pebbles and
MmuEses
6.toT. Black, greenish- to Lostrous crystals; Epidote 8
bhrownish-black green or brownm by
transmitted light
8.6 to 7.5 Coal-black Isometric erystals (fig- Garnet, oy
urez 856, 284-238) Melanite
7. Light gray Fibrous-granular Dumortier- 135
mAasses ite
T Brownish- to conl-black Transparent to nearly Quartz, 234
opaque crystals or Smoky quartz
maeses; no cleavage
7. Black or gray Translucent (rarely Quartz, 438
transparent) masses; Chaleedony
often botryoldal:
eompact texture
7. Drull-black, smoky- Semi-translucent, (juartz, 235
black slightly glistening; Flint
wvery tough, breaking
with sharp edges
T Dull black Like fint, but more Quartz, 238
brittle and splintery Chert
T-t0 75  Velvet-black Opaque: prismatic erys- Tourmaline 244

tals or columnar mass-
e2; no cleavage [unlike
black hornblende)
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Hardness Calor

Other Choracteristies

Minernl Fuge

7.5 Light gray

Rough, prismatic erys-
tals (often with car-
bonaceous inelusions,

figure 161)

Andalusite 184

7.5 Gray or brownizh-gray

Tetragonal erystals, fig-
ures 216-218; adamnn-
tine luster

T.to 5. Black or grayisk-bhlack

Heavy; gramular
TifiEes

Corondum, 131
Emery

8. Various shades of gray
to black

Often in large masses,
granular, or showing
parting; sometimes In
hexagons] crystals;
opague or nearly so

Corondum 131

10. Giray

Inferior crystsls and
muesses full of fows
nnd femthers or im-
purities

Diamend, 181

113 Black

Apparentiy amorphous;
hardest substancs
kmown

Diamond, 157
Carban

Color White, or Colorless;

4. to 725 Yellowish- to znow-
white

Coarsely-bladed

Kyanite 154

G to 7. Grayizh- or bhrownizsh-

Fibrogs or columnnr

Sillimanite 136

white mAsses
8 taf. Colorless, snow-white Trunzparent masses, Higoclase 224
or grayizh-white rarely in crystals;
usually in white,
elesvable masses;
more or less striated
B5to7. White of wvarioms In lerge rough erystals, Spodumene 186

shades, rarely

or fragmentz due to
parting, alsa =mall,
colorless gem crystals

lsometric crystals, fig-
ures 35, 234-236

Gamnet, 26
Groasularite

Transparent, prismatic
eryetals of many types
or elear masses: no
cleavage

Quartz, 233
Rock crystal

calorless

06 to T6 White, usually yellow-
ish

‘.T, Colorless

T Milk- to snow-white

Usually in large veins,
sometimes [n erystals,
figure 244

Quartz, o |
Milky guartz
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Flardoses Calar Hher Clisracterlsties Minrrnl  Fage
7. Bnow-white to grayish Semi-transiocent, break- Quarte, 238
ing like flint, but more Chert
splintery
75to B Show-white and other Rough munsses of grest Beryl 142
shades hardness distinguished
from topaz by lack of
distinet ecleavage
75to 8  Colorless or white of In six-sided prisms; Beryl 142
various tints transparent to semi-
translucent
8. Calorless or white of In orthorhombie prisms, Topaz 132
various tints figure= 158-160; trans-
parent: alse reugh
maszes  chowing the
refiection of light from
inmumerable cleavage
fnees
B. Colorless or white of Tranaparent, often bar- Corundum 131
various tints rel-shaped crystals, or
pebblea; orlarge, near-
ly opaque masses, ei-
ther granular or show-
ing parting
10. Colorless or slightly Tzometrie erystals, Mamond 166
tinted transparent or trams-
Taeent
Color Green or Blue:
4.t07.25 Sapphire-blue to green Coarsely-bladed, or in  Kyanite 134
of many shades elongated erystals
B.t0 T. Yellowish-green (pis- Tlsually in maszses, with Epidote 210
tachio) to brownish- feldspar nnd quartz
green (anakite)
65 to 7. TYeallowish or olive- Granular masses, or Chrysolite 231
ETeen small erystals. In
valeanie rocka
65t 7. Lilae or amethystine Gem erystals, often Spodamens,
showing etching Kunzite 187
BS5to7. TYellowish- toemerald- Small, deeply-stched Spodumens,
green erystals, yislding suo- Hiddenite 186
perh gems
I Sapphire-blue or laven- Fibrous-granular Dl_mnr-
der mAsses tierite 135
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Hardness Color Uther Charncterintles Minsrnl Fugs
T FPurple Transparent crystals Quartz, 234
or semi-transparent Amethryst
masses: no cleavage
v A Pals blue Translocent (rarely Quartz, 236
transparent) masses; Chaleedony
often botryoidal; com-
pact texture
7. Apple-green Translucent to semi- Quartz, 237
translucent masses; Chrysoprase
compact
L Grayish-green Nearly opaque, with Quariz, 238
red spots Bloodstone
T Various shades of Opaque, massive; rath- Quartz, 239
green ér compact Jusper
6.5 to 7.6 Emerald-green or yel-  [sometrie crystals (fige Gammet,
lowish-green ures 35, 234-236), or Uvarovile, 228
gem pebbles Demantoid 228
7.0 76 Varlous shades of Transparent to eemi- Tourmp- 244
grect translucent crystals, line
osnally &, 8-, or 8-
sided prisms
7.0 75 Dark, blackish-blua Transparent to semi- Tourmn- 244
translucent crystals, line,
usually 8-, 8- or 9- Indicalite
gided prigamas
] Green or blue of vari- Transparent, gem crys- Zircon 812
pizs shades tals or pebbles; ada-
mantine luster; heavy,
G 4.7
TS5t 8.  Emerald-green Transparent to semi-  Beryl, 142
translucent, six-sided Emerald
prisms or masses
75t0B.  Sea-green or blo= Tramparent to semi- Beryl, 142
translucent, six-sided Aguamarine
prisms or masses
8. Colorless erystals tint-  In orthorhombic prisms, Topaz 132
#d pale green or blue  figares I16B-180; guod
basal cleavage
L# 7 Deep grayish- to nearly Crystals are repeated  Chryso- 138
emersld-gresn twins, figure 1638: eol-  beryl,
umbine-red by srii- Alexandrite
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Mineral  Fage

Various shades
green and blue

of

Transparent, hexagonal

prism¢ or barrel-
shaped ervstals; also
rolled pebbles; wield-
ing fine gems

Corundum, 131

Sapphire

Various shades
green and blus

of

Translocent to nearly
opaque masses, show-
ing parting

Corundum, 131

Sapphire

10,

Varions shades
green anid hloe

of

Trensparent, Isometric
erystals, yielding fine
gems, Very rare

Diamond

156







APPENDIX II
GUIDE TO PRONUNCIATION OF MINERAL

AND ROCK NAMES

Mueh difference of opinion exists as to how certain mineral names
shonld be pronounced. In preparing the following list of names used
in this book, the pronunciations given almost invariably are taken
from the Century Dictionary, the mineralogieal portion of which was
written by Professor E. S, Dana. If some of the items are at variance
with vour ideas, as they have been with the author’s, if the reasons for
the choiee are weighed, it is probable that nearly all of them will

prove acocptable:

= 3= RO RN R R N @
FRERREEEEERSR

O]
-
a

-
O

i as in pine
o a in not
i af in nols
4 58 in move
4 g8 in off
u as in tob
#t as in mute
i as in pull
i German
oi as in oil

o as In pound

A single dot under & vewel in an
unnecented syliable indicates ita ab-

am

KEY TO PRONUNCIATION

breviation and lightening, without
abzolute loss of its distinetive quality.

i zs In eaptain
& n2 In épiscopal
{ 8z in democrat

{i a5 in singular

A double dot under a vowel In an
unaccented syllable indicates that,
sven In the mouths of the best speak-
ors, its sound iz variable to, and in
ordinary utterance actually becomes,
the ahort w-sound (of but, pun, ete.).

i as in errant

e as in prodent

g as in valor

i as in Perala

i as In feature

£ as in adventure

¢ denngtu primary, * a secondary ac-
ce

(A secondary accent is not marked if

at its regular interval of two sylls-

bles from the primary, or from an-

other secondary.)



PRONOUNCING VOCABULARY

A
Acadinlite—a-ka'dl-al-it Anorihoclnse—an-ir'thd-kliz
Actinolite—ak-tn -1t Anorthosite—an-Gr'thi-=it
Alshaster—al'f-bits-tér Anthracite—an'thri-sit
Albite—sal'bit Antimeny—an'ti-mf-ni
Alexandrite—al-eg-zan"drit Apatite—ap’p-tit
Almandine—al'man-din Aphrosiderite—af-ri-sid’e-rit
Almandite—al'man-dit Apopliylite—g-pafi-lit
Alunite—al'G-nit Aragonite—ar’s-go-ait

Amblygonite—am-bligG-nit

Amethyst—am'e-thist Argentite—ar"jen-tit

3 Arsenice—iir'se-nik
Amphibole—am'fi-bal g
Amphibolite—am-fb3-1it Areemopyrite—Reihe-ni-g it
Analcite—a-nal'sit Asbestos—as-bes'tos
Andalusite—an-dg-li'sit Asbestus—as-bes'tus
Andesine—an’dé-zin Asphaltum—as-fal"tum
Andesite—an'di-zit Augite—a‘jit
Andradite—an’drgdlt Aurichaleite—&-ri-kal'sit
Anglesite—ang'glesit Avenlurine—g-ven'tii-rin
Anhydrite—an-hi'drit Axinite—ak'si-nit
Anorthile—an-5r'thit Axurite—azh j-rit

B
Baddeleyite—bad 1i-1t Borax—bi-raks
Barite—b&"rit Bormite—bir'nit
Basalt—bg-silt" ar has"ilt Bort—hart
Bauxite b3 21t Bortz—birtz
Bertrandite—bér trpnd-it Bournonite—bor'no-nit
Beryl—ber'il Breceta—hrech'ii
Betafite—hE-thi"it Bronzite—bron'zit
Bindheimite—bind hi-mit Brookite—britk it
Biotite—bI"j-tit Brucite—bro'sit
Blende—blend Bytownite—bi toun-it

C
Cairngorm—oiirn‘gérm Cancrinite—kangkrl-nit
Calamine—kal'n-min Camallite—kiir'nal-it
Calaverite—kal-a-v@'rit Carnelian—kiir-n#lypn
Caleareous tufs—kal-ka'rf-ue t5'(H Carnotite—kiir'ni-fit
valeite—kal'sit Cassiterite—kn-sit'e-rit
Cale-tuis—Xkall-t5'fh Colestite—as] es-tit

302



PRONOUNCING VOCABULARY

Cerargyrite—se-rir' jl-rit
Cerussite—ser'G-sit
Cervantite—sér-vantit
Chabazite—kab'p-zit
Chaleedony—knl-gedd-ni
Chaleocite—kalko-sit

Chaleopyrite—%kal-ko-pl'rit  or kal-

kopi-rit
Chaleotrichite—kal-kot'ri-kit
Chert—<chért
Chiastolite—ki-aa"tq-lit
Chlorite—Xk156'rit
Chromite—krd'mit
Chrysoberyl—kris'§-ber-il
Chrysocolla—Xkris-{-kol R
Chrysalite—kris"j-1it
Chrysoprase—kriz'j-priiz

Dacite—di sl
Datolite—dat §-1ic
Demantold—de-man‘toid
Dendrite—den'drit
Descloizite—di-cloi'zit
Disbantite—dl-p-ban’tit
Disbase—dla-bis

Distomaceous earth—di™g-to-mi'shins

érth

Elaeolite—e-1879-lit
Eleetrum—§-lek trum
Embolite—em bi-1it
Emernld—em's-rald

Feldspar—feld'epir

Felaite—{el’sit

Ferberite—{érbér-It

Ferruginous quartz—{fer-ri’ji-nos
kwiirts

Gabhro—gab'rs
Gadolinite—gad’o-lin-it

Chrysotile—kris"j-til
Cinnabar—sin'-biir
Citrine—sit'rin
Clinochlore—kli"nG-klér
Cobaltite—k5'bal-tit
Colemanite—Lkdl'man-it
Collophanite—kol-lof"a-nit
Conglomerate—kon-glom'e-rit
Copalite—kd pal-it
Coquina—kj-k&ni
Cortlandite—kirt land-it
Corundum—kd&-run'dum
Crocidolite—krj-sid'§-1it
Crocoite—kri'kp-Tt
Cryolite—kri§-lit
Cuoprite—kil'prit
Cranile—kI"g-nit

Matomite—dl-atj-mit
DMopside—il-op’sid
Dioptase—di-opids
Diorite—dij-rit
Dolerite—dol'a-rit
Dolomite—dol'§-mit

Drusy quartz—dro'zi kwirts
Dumortierite—d{-mbr"toe-1E
Dunite—dun'it

Enstatite—eon'sti-tit
Epidote—ep'l-dit
Erythrite—e-rith'rit
Essonite—es"§-nit

Fiva-lerri—flos-ferT
Fluorite—#5"j-rit
Fowlerite—foulér-1t
Franklinite—frangklin-it
Fuchsite—{ik sit

Galena—g3-18'nj
Gamierite—girniér-it
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Geade—ja'6d
Geyserite—gli'sér-it
Gilsonite—gil'son-it
Glanberite—gli'bér-it
Glaveonite—g!8 ki-nit
Gneiss—niz

Halite—halTt or ha'lit
Heliotrope—h=1i-5-trip
Hematite—hem'g-tit
Hemimorphite—hem-i-mdr it
Heulandile—hii'ljn-dit
Hexagonite—hek-sagJ-nit
Hiddenite—hid"'n-Tt

llmenite—il"men-it
Indicolite—in-dik §-1it
Fodyrite—i-odfi-rit

Kln[hl—k:l"ﬁ-lin
Kaolinite—k&g-Tin-it
Kauri gum—kou'rdl gum
Eernite—kérnTt

Labradorite—lab'ry-dir-Tt
Lingbanite—ling han-1t

Lapls lazuli—18"pls (or lap'is) laz'-Ti
Lazurite—laz'{i-rit
Lepidolite—lep1-dj-11t

Magnesite—mag né-alt
Magnetite—mug'ne-tit
Malachite—mal'g-kit
Manganlte—mang'ga-nit
Marcasite—mirTky-alt
Melanile—mel'g-nit

GETTING ACQUAINTED WITH MINERALS

Goethite—gé'tit
Graphite—grafTit
Grossularite—gros'§-lir-it
Gummite—gum'it
Gy psum—jip'sum

Hornblende—harn blend
Haornblendite—hornhlend-it
Huebnerite—hib ndr-it
Hyacinth—hi'g-ainth
Hyalite—hi"g-1it
Hydrolite—hi'drj-lit
Hypersthene—hi'pér-sthin

Iridosmine—ir-i-dos'min
Iron pyrites—3%rn pi-ri'tér
Isinglass—Tzing-glas

Kimberlite—kimTir-Tit
Runzite—kdnts"it
Kyanite—ki's-nit

Leucite—Ili'siL
Lignite—lig'nit
Limonite—Il"m&-nit
Lodestane—134"stin

Menaceanite—m-nnk na-Ft

Mesolite—mes§-11t

Meteorite—m&ti-gr-1t

Mica—mi'ks

Micaceous hematite—mi'ki-ahiis ham'
p-tit



PRONOUNCING VOCABULARY 305

Mica-schist—mi-ki shist
Mierocline—mi'krij-klin
Mimetite—mim §-tit
Mirahilite—mi-rab’i-1it
Mispickel—mis'pik-gl

Naphtha—naf'thfi or nap'thia

Natrolite—nat'rd-Tit
Nemalite—nem'p-lit

Ohsidian—ob-sid‘i-an
Ocher—a'kér
Octahedrite—ok-ty-ha'drit
Oligoclase—ol'l-g)-klas
Olivenite—ol"i-ve-nit
Olivine—al'i-vin
Onyx—on'iks

Paraffin—par's-fin
Patronite—pa-tri'nit
Pectolite—pek t5-1Tt
Pegmatite—peg ma-tit
Penninite—pen'i-nit
Pentlandite—pent land-Tt
Peridot—peri-dot
Peridotite—peri-dj-tit
Peristerite—pe-riste-¢It
Petroleum—p-tri‘lé-um
Phenacite—fen’'n-sit
Phlogopite—flog§-pit
Phonolite—{5'nj-lit
Phosphate—fosfat
Phesphorite—fos'f§-r1t
Picrolite—pik ri-lit
Pisolite—pi'sg-lit
PMitehblende—pichblend
Pitchstone—pich’stin
Magioclase—pld'ji-5-kide

Quarts—Lkwiris

Molybdenite—ma-lib‘d&-nit or mol-ib-
de'nit

Mundic—mun'dik

Muscovite—mus'kj-vit

Nephelite—nef"e-1it
Niccolite—nik'o-lit

Oolite—3"5-1it

Oalitic hematite—3-J-1itTk hem’g-til
Opal—ii'pal

Orpimenl—Sr'pi-ment
Orthoelase—ar'thij-kias
Ozocerite—5-27-28"rlt or S-2f-Li'rit

Platinum—plati-num
Palyadelphite—pol®i-a-del'fT¢
Palvhasite—pd-lib"n-sit
Parphyry—por'fi-rl
Prehnite—pren'it
PMrochlorite—prf-kIrit
"rovsiite—pristit
Paflomelane—si-lom’e-lin
lMumice—pum’is
Pyrargyrite—pi-rir'ji-rit
Pyrite—pi‘rit
Pyrites—pi-ri'té:
Pyrolusite—pl-rj-1i‘sit
Pyromorphite—pi-rif-maor'fit
Pyrope—pi'tip
Pyrophrliite—pi-ri-fil'T%
Pyroxene—pl rok-sén
Prroxenite—pi-rok’sen-it
Pyrrhotite—pir§-tit

CQuartzite—kwirt'slt
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Realgar—zé-al'ghr
Rbodochrosite—ri-di-krd'sit
Rhodonite—rd di-nit
Rhyolite—ri"j-1it
Hoscoelite—roski-lit

Rosolite—rdz3-1it
Rouge—rizh
Rubellite—rihel-1t

Rutilated gquartz—ri‘ti-lit-ed kwirts

Rutile—rii'til

Sagenitic guartz—saj-e-nitik kwarts Sphalerite—aial'g-rit

Sapphire—saf’lr
Sassolite—sas G-It
Scheelite—sh&lit
Seolecite—skol'8-sit
Selenite—sel E-nit
Senarmontite—se-nir'mont-it
Serpentine—sér'pen-tin
Biderite—sid'e-rit

Siliceous sinter—si-Heh'ne sin'tér

Sillimanite—=il'i-man-it
Smallite—smal"tit
Smithsonite—smith'=on-1t
Sodalite—sd"di-Tit

Boda niter—si'dil ni'tér
Spathic fron—zpath’ik Térn
Sperrylite—sper'i-1t
Spessartite—apes'§r-£it

Tale—talk
Tetrahodrite—tot-ra-he'drit
Thenardite—thi-nEe"dit
Thomsonite—tom son-it
Tinealeonite—ting-kal-ki'nit
Titanite—t1"tan-1t
Topaz—i5puz
Topazolite—t§-paz§-11t

Uintahite—a-in"ty-hit
Ulexite—0'Tok-sit
Unakite—8-nikit

Valentinite—val'en-tin-it
Vanadinite—vin-4din-14

Spherosiderite—afé-rj-aid'e-rit
Spinel—spi-nel”
Spodumene—spod §-mén
Stalpctito—eti-lak tit
Stalagmite—sti-lag'mit
Stannite—satan'it
Stl:ltrﬂil!—stl.'rﬁ—ﬂt
Steatite—s=il"s-tit
Stephanite—steffn-it
Stibnite—=tib'nlt
Stilhite—atilbit
Strontianite—stron’=hi-gn-1t
Sulphur—sul'fér
Syenite—zl"e-nlt
Sylvanite—ail"van-it
Bylvite—zail'vit

Tourmaline—tir'ms-lin
Trachyte—trakTt
Travertine—trav'er-tin
Tremolite—trem §-it
Troos—tri‘ng
Troostite—triatit
Tuorgonis—térkolz or tér-koiz

Uraninite—G-ran‘i-nit
Uranophane—@-ran‘o-in
Uvarovite—i-var'j-vit

Verd-antigue—vénd-an-18k"
Viluite—vil'5-1t



PRONOUNCING VOCABULARY

w
Wernerite —wér'nar-it Wolframite—wil'fram-1t
Willemite—wil'em-it Wulfenite—oril fon-1t
Witherite—with"ar-it Wartzilite—wort zil-it

Zz
Zeolite—zE"5-111 Zircon—zérkon

Zincite—zing kit
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Abrasives, 33, 34, 132,

Acadialite, 247.

Acicular erystals, 59.

Actinolite, 216, 236,

Adamantine luster, 107, 157.

Adamantine spar, 131, 107,

Adularin, 222,

Agate, 237, B9, 08.
iandscape, 237.
moss, 237, 100, 101,
irea, 237, 100,

Alabester, 164.

Albite, 223, T5, 5.
Cleavelandite, 223.
Moonstone, 223.
twinning, 223.

Alexandrite, 136.

Almandine, Almandite, 227, 226,

Almond-shaped structure, 92
Alteration of minerals, 32
Aluminum, 130, 107.
Alpminum Minerals, 130-134,
Andalusite, 134,
Bauxite, 131.
Chrysobery], 135 138,
Corundum, 131, 132,
Dumortierite, 134, 135,
Kaolinite, 133,
Eyanite, 134.
Pyrophyllite, 136.
Sillimanite, 134.
Spinel, 135.
Topax, 132, 133,
Turquois, 136.
Alomite, 185, 184,
Amaronstome, 3%
Amber, 163, 108, 118
“Amber mica™ 230
Amblygonite, 186,

American Mineralogist, 14,
Amethyst, 234, T0, BT, b6,
Amphibole, 2158-217, B0, 284.
Actinolite, 216,
Asbestus, 216.
Hornblende, 216, 217.
Nephrite, 216,
Tremolite, 215, 216,

Amphibale-Pyroxene Group, 213-219.

Amphibolite, 284,
Amygdaloidnl basalt, 255,
strocture, 92, 258,
Annlcite, 248, 44, 248, 245,
Andalusite, 134.
Chiastolite, 184;
Andesine, 222
Andesite, ‘258,
Andradite, 228; 22§,
Demantoid, 228.
Melanite, 228,
Polyandelphite, 228,
Topazolite, 228,
Angles between crystal faces, 41.
Anglesite, 185, 186, 50, 72, 201.
Anhydrite, 154, 201,
Anorthite, 223,
Anorthoclaze (Moonstons), 224,
Anorthosite, 256,
Anthracite, 165, 115,
Antimony, 137, 138,
Minsrals, 137, 138,
Apatite, 152, 28 53, 106, 206,
Aphrosiderite, 232 297,
Apophyllite, 250, 47, 80, 108, 245,
Aquamarine, 142, 143, 33,
Armgonite, 150, 30, 91, 2.
Arborescent grouping, 70, 101
Arenacecus limestone, 261
Argentite, 198,
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Arglllaceons hematite, 180, Atoms, 20-22. 40, 76, 128, 151,
limestone, 261. disintegration of, 21.

Argon bdlb, 17, 113, 114. nucleous of, 21.

Arsenntes, 28, 139 gize of, 21.

Arsenic, 138, 139, structure of, 21.

Arsenopyrite, 139, 176 Atmosphere, gaseous elements in, 24

HAshestos,” 242, 108, 218, Augite, Z18, 51, 258.
blue, 87, 108, Aurichaleite, 160.
chrysotile, 242 108, 216 Aventurine quartz, 236.

Asbestus, 216, 87, 118, 242 Axes of crystals, 41.

Asphaltum, 164, Axinite, 52,

Asterism, 111, 112 Arzurite, 171, 172, 52, 104,

B

Baddelayite, 212, “Black light,” 113-117.

Bag, Collecting, 5. “Black mica,” 230,

Barite, 138, 28, 49, B0, T2, 124, 199, “Black sands,” 187, 182

201, 208, Bladed strocture, 7.

Barium Minerals, 139. Blende, 208.

Barite, 139, 140, Bloodstons, 238,
Witherite, 141. “Blue asbestos,” 87, 108,

Basal clesvage, 80, 108, 132, 220, “Blue ground,” 160,

Basalt, 257, 258, 91, 283, “Blus quartz,” T2
amygdaloidal, 258, Blue vitriol, erystals of, 40,
porphyry, 258, Bog iron ore, 182,

Base of erystals, 42, 47. Bookshelves, 11,

Bauxite, 131, 92, 159, Barates, 144-146

Benxene, 1684, Barax, 144, 52, 189,

Bertrandite, 144 Bornite, 170.

Beryl, 142, 143, 33, 53, 153, 187. Boron Minerals, 144, 145,

Beryllium Minerals, 142-144. Sassollte, 144,
Bertrandite, 144, The Borates, 144,

Beryl, 142, 143, 23, B3 Borax, 144, 145.
Chrysoberyl, 135, 136. Colemanits;, 145.
Gadolinite, 144. Kernite, 145, 146
Phenacite, 144. Ulexite, 145.

Betafite, crystal form af, 44, Bort, bortz, 33, 151,

Bigrigg mine caloite, B6. Boston Socciety of Maturnl History,

Bindheimite, 138. 142

Diotite, 280, 106, 256, 263, 244. Botryoidal form, 84.
gnaiss, 263, Bournonite, 138,
grenite, 258, 263, Break, how minerals, 76-82.

"Bird's-nest caleite,” 92, 93. Breecia, 260, 262,

Bituminous coal, 166, British Muoseum, 110,

“Black lead” 152 Brittleness, 87.
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“Brittls silver,” 197.
Bronzite, 218.
Brookite, 204

“Brown coal,” 168.
“Brown hematite,” 181
“Brown spar,” 183,

Cabinet of drawers, 10.
“Cpirngorm stone," 234.
Calamine, 209, 210.
Calaverite, 175.
Calcareous tufa, 150, 261.
Calecite, 146-150, 27, 40, 54, 64, 68-
70, T2, T8 7O, 110, 124, 188,
280, 265,
Cale-tufs, 150, 261.
m. l“-
Coquina, 148,
Icelnnid spar, 146, 110, 111.
Limestone, 147-150.
Marhls, 148.
Oolite, 150.
Stalactite, 149, 98,
Stalagmite, 149, B6.
Travertine, 149,
Calcium feldapar, 220,
Caleium Minerals, 146-155.
Anhydrite, 154, 155,
Apatite, 152, 153,
Aragonite, 150.
Caleite, 146-150.
Collophanits, 153,
Dolomite, 155,
Fluorite, 151, 152
Gypsum, 153154,
Cale-tufa, 150, 261.
Canerinite, ‘225, 199,
Cannel coal, 166.
Capillary crystals, 59, 60,
Carbon ave, 114
Carbonates, 27, 158.
Carbon atoms, I, 2i.
dioxide, 27.
Carbon, slement, 155-182

Brueite, 1588,

Bubbles in erystals, 64.
Balb, argon, 17, 118, 114,
Buoving minerals, 15-18,
Bytownite, 222,

Carbon Minerals, 155-16%

Diamond, 156-162,

Graphite, 162,

Hydroearbons, 163, 164.
“"‘Carbon," variety of diamond, 157
Carborundum, 23, 132,
Carnallite, 185,
Carnelian, 236,
Carnotite, 206,
Casziterite, 201, 202, 48, 108, 204,
Cat's-cve, 116,
Cavernons erystals; 64-66.
Caves, 68, 52. 97.
Cavities in cryatals, 64.
Celestite, 199, 60, 201,
Cerargyrite, 197.
“Ceresine,” 163.
Cerussite, 185, B0, 71, 72, 108,
Cervantite, 138.
Chabazxite, 247, 246.
Chaleedony, 236, 80, 05, 101, 108,
Chaleocite, 170, 171, B0, 198, 201.
Chaleoprrite, 160, 170, 47, 201, 208,
Chaleotrichite, 171, 53, 60, 101,
Chalk, 150, 84 173, 251,
Change of colors, 116, 117.
Chatoyancy, 116, 117.
Chemical change, 20.

compound, 25,

formulas, 28, 29.
Chemistry, 20-29, 4.
Chert, 238, 251.
Cherty limestone, 261.
Chiastolite, 134.
“Chile saltpeter,” 100.
China closet, 11.
Chisel, cold, 8.
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Chlorine and sodium, union of, 24, 25. Common feldspar, 221, 222,

Chlorite, 232, 235, 241, 284, 245, opal, 241.

Chlorite Group, 232, serpentine, 242,
Aphrosiderite, 232, Compact structure, 84.
Clinochlore, 232, Composition of minerals, 20-29,
Diabantite, 232, Compounds, 20.

Penninite, 232, Concentric atrueture, B8,
Prochlorite, 232, 233, Concholdal fracture, 81, 82,
Chlorite-achist, 264. Concretion, 93, 281,
Chromite, 168, 167, 43, 118, 194, 228, Concretionary structure, 53,
£81. Conductors of electricity, 118, 182

Chromium Minerals, 166, 167. 168, 185.

Chromite, 166. 167. Conglomerate, 260, 282, 288.
Crocoite, 167, brecein, 262,

Chrysoberyl, 135. 136. 33. 60, 143, Copalite, 163, 108, 118.

Chrysocolla, 173, 72. Copper, 168, 173, T1, 82, 107, 114, 196,

Chrysolite, olivine, 231, 167, 187, 227, arsenates, 28, 189, 173,

241, 2566, 257. glance, 170,

Chrysoprase, 237, nitrates, 173.

Chryzeotile, “ashestos,” 242, 108 phosphates, 173.

Cinnabar, 191, 106, 171, 187, pyrites, 169, 170,

Cinnamon-stone (essonite), 226, sulphates, 173.

Citrine, 234. vanadntes, 173.

Clay, 133, 3, 162, 220, 260, 261. Copper Minerals, 168-172.

Clenvage, 76-80, 16, 214, 220, Azurite, 171, 172

Bornite, 170.
Chaleacits, 170, 171.
Chaleopyrite, 1689, 170,

and fracture, 16.
“Cleavage erystals™ 77.
Clinoehlore, 232

Clubs, Mineral, 18 E:;’::;“;; 1S
Cobalt Minersls, 168. Cuprits, 171
Cobaltite, 168. Dioptase, 173.
Smaltite, 188, Malachite, 171, 172
Colemanite, 145. Tetrahedrite, 171.
Collecting bag, 8. Coquina, 148.
minerals, 6-14. Coralloidal form, 92, 91,
Callection, show, 15, 19, Cortlandite, 257.
working, 15, 10. Corandum, 131, 33, 104, 107, 123, 124
Collections of minerals, 7. Emery, 131, 33, 105
Collaphanite, 153, 28. Ruby, 131, 104.
Color, 104, 105, 108. Sapphire, 131, 104,
Colors, 17, 115. Star, 112, 132,
change of, 115. Crocidolite, 87, 108,
essential, 106, 17. Croenite, 167, 68, 85,
rlay of, 116, 117, 135, 340, 241. *Cross stone,” 243.

Columnar strocture, 85, 86, 244 Crust of the Exrth, 255.
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Cryolite, 198, 130,

Crystal, definition of, 40.

Crystalline minernls, B4.
structurs, 84.

Crystals, 39-75, 8.
models of, 40, 42, 48, 53, 54,
strocture of, 40,
gystems, 41-58,
opecurrence of, 65-T6,

Dacite, 258,
Diatolite, 250, 251, 246,
Dealers in minerals, 19,
Demantoid, 228,
Dendrites, 99, 101, 189.
Density of minerals, 123,
Descloizite, 207.
“Desart roses,” 72.
Driabantite, 232,
Diabase, 256, 01,
Diamond, 166-162, 3, 38, 48, 63, 72,
T8, 107, 110, 129, 185, 227, 231,
267.
bort, bortz, 83, 161.
earbon, carbonado, 157, i3, 161,
cleavage of, 76, 167,
crystals, 157, 39, 43, 63, 72
gems, 158, 159, 166,
historic gems, 159,
play of colors, 158, 116,
uses of, 1681
Distomaoreous earth, 241
Diatomite, Z241.
Dichrolsm, 104, 244.

Earthy minerals, 108,

Elnsolite, 108,

Fiasticity, 37, 228,

Electric furnace, 435,

Electrical phenomena, 118-122, 165,
244

Elsctricity 20, 21, 118, 183, 244.
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Cube, 4245, 89,
Cubieal cleavage, 77,
Cabo-octahedron, 45,
Cullinan dinmond, 159, 156

8ir Thomas, 156,
Cuprite, 171, 43, 44, 59, 108, 197.
Carfe, Dr. and Madam, 21
Curved erystals, 82, 63, 183, 281,
Cyanite—see Kyanite, 134, 52. &7

Diopside, 217, 218.
Dioptase, 173.
Diorite, 256.

porphyry, 258.
Dispersion of light; 110.
Distorted erystals, 59-83.
Dodecahedral cleavage, T6-TH.
Dodeeahedron, 43456, Th.
Dog-tooth spar, 56,
Dolerite, 257, 284,
Dolemite, 187, 188, 48, 62 140, 146,

155, 242, 261,

marble, 265,
Dolomitie limestone, 261,
Double refraction, 110, 111, 148,
Drawers, enbinet of, 10.
Dirusy grouping, 72.

quartz, 7.
Duetility, 36.
Dall minerals, 108,
Trumortierite, 134, 135,
TDumps, 11.
Drunite, 257.

Electro-magnet, 118,

Electro-magnetic separator, 110
Electrons, 21-28, 118, 151,
in metals and non-motals, 25,
tings of, 21.
Elestron theory, 21-26.

Eleetrum, variety of gold, 175.



INDEX

"Electrum” (amber), 163.

Elements, 22-28, 255,
list of, 29,

Elongated crystals, 58:

Emanations from radium, 21.

Embolite, 197,

Emerald, 142, 33,

“Emerald, Uralian"™ 228.

Emery, 131, 33, 105

Enstatite, 218.

Epidots, 219, 220, 52.
Unakite, 219.

Fuces of erystals, 30.
“Fairy stones” 243
“False topaz,” 234.
Feel, gressy, 31.
Feldapar, 220224, 12, 72, 75, 70, B0,
182, 185, 184, 199, 246, 256, 2508,
260, 264.
Feldapar Group, 220224, 255,
in) Common feldspar, 220,
Mierocline, 220, 221, 222,
Orthoclase, 220, 221, 222,
(b) Plagioclnse  foldepar, 221-224.
Albite, 223, 220, 222,
Andesine; 222,
Anorthite, 223, 222,
Bytownite, 222.
Labradorite, 223 224,
Oligoclnze, 224,
Faldspar-like minerals, or feldspath-
oids, 224, 225, 2468,
Canerinite, 225,
Lazurite (Lepis-Lazull), 225.
Lencite, 225,
Nephelite, 224.
Sodalite, 234, 225.
Felsite, 257, 258, 260, 263.
porphyry, 258.
Ferberite, 205.
Ferruginous quartz, 235,
Fibrous structure, 86, 87, 108.
Field Equipment, 7.
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Equipment, Field, T,

Erythrite, 139,

Essential eolors, 106,

Eseonite (Cinnamon-stone), 236;
Etching, 83.

Excavations, 11.

Exchanging minerals, 7,
Excursions, collecting, 13,
Exhibition of minerals, 18,
External ealors, 104, 106,

Fiie, 108

Fine specimens, buying, 1B5.

Fire opal, 241

Flattened crystals, 60-62

Flexibility, B7.

Flint, 238, 8§, 42, 108, 108.

Flooring . tiles, 17T,

Floe-forr, 150.

“FPlowers of minersl kingdom," 29,

Finoreseence, 113-115, 132, 151, 208,

i -

Fluorescent lamps, 17, 114, 115
Argem bulb, 17, 118, 114,
Carbon are, 114,

Iron spark-gap, 114
Mercury-vapor, 114,
“Nieo™ lamp, 114,
Fluorides, 256, 151.
Fluorine, compoumis of, 25, 151.
Fluorite, 151, 25, 42, 44, B85, 70, T4,
T7, 78, 206, 208.

Foliated structure, §5, 108.

“Fool's gold"—see chalcopyrite and
pyrite, 1809,

Form, Structure and, 78-59, 17,

Formulas, Chemical, 25, 29, 7.

Fossiliferous hematite, 150,

Fossiliferous limestone, 281.

Fossil resins, 108, 163

Fowlerite, 191,

Fracture, B1, B2, 16,
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Franklinite, 210, 211, 118
“Franklin ore,” 211.
Freak crystals, 59-67.
Friable structure, 84, 85.

Gabbro, 256, 210, 264.
Gadolinite, 144,
Galens, 184, 185, 42, 45, 106, 123, 13T,
178, 185, 198, 201, 208.
Garnet, 225, 225, 167.
Forms of, 44, 45.
Mines of, 34,
Paper, 84,
Uses of, 34,
Garnet Group, 225-228,
Almandite, 227,
Andradita, 228,
Grossularite, 226.
Pyrope, 227,
Spessartite, 228,
Uvarovite, 225,
Gurnierite, 193,
Gaseous elements in atmosphers, 24,
Gases, 20,
Gem minerals, 27.
Gems, hurdness important in, 33.
Geodes, 84, 95, 96.
Geyserite, 1.
Giant's Causeway, Ireland, B5.
Gilsonite, 165,
Glaclers, 80,
Glassy rocks, 258, 259,
Glauberite, 150,
Glaneonite, 261.
Globular form, 94,
structore, &7,
Gneiss, 263,
Goethite, 182
Goleondn diamoend mines, 160,

Hackly fracture, 82
Halite, 198, 25, &2, 64, 70, 77. 102, 195,
188,

GETTING ACQUAINTED WITH MINERALS

Frictional electricity, 118, 163. 200,
244,

Fuchsite, 167.

Fusibility, 136.

Gold, 173-175, 30, T1, 108, 169, 178,
184, 235.
leaf, 35, 108.
mining, 174, 175.
ares, 139, 176, 178, 179, 235.
Golden baryl, 142, 143, 33,
Granite, 236, 11, 12, 263,
porphyTy, 258,
Granular structure, 76, 84.
Grape-like form, 90,
Graphite, 162, &, 26, 192, 255,
Gravity, 123,
Specifie, 124.
“Gray copper,” 171,
Greasy foml, 31.
luster, 108,
Great Mogul diamond, 159,
Greensand marl, 261.
Gresnstone, 264.
“Green stone, 218,
Grindstones, 34,
Grossularite, 226,
Ezsonite (cinmamon-stone), 2286.
Rosolits, 226.
“South African Jade" 235,
Viluite, 226,
Grouping of erystals, 68-75.
Gummite, 208.
Gypsum, 153, 28, 51, 42, €2, 146, 198
180, 201
Alabaster, 154.
Rock-gypaum, 154
Satin-spar, 164,
Selenite, 154, 31, 38, 51, 63, 88, B0

Halojds, 25,
Hammer, 7, 106
Handbags, B.
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Hardness, 30-35.
Seale of, 81, 16.
“Heavy spar,” 139,
H'Hﬂm- 238.
Heliom, 21, 26
Hematite, 179, 180, 181, 58, 72, 88,
103, 106, 115, 118, 178, 224, 260,
brown; 181.
Hemimorphite, 209,
Heulandite, 246, 247, 108.
Hexagonal erysiale, 53-38,
Hexagonite, 215,
Hiddenite, 186.
Historle diamond gems, 159.
Hope dinmond, 159,
Hopper-<haped erystul, 85.
Hormblende, 216, 217, 51, 258-255,
204,
-pneiss, 268,
~gramite, £68, 263,
-schist, 264,

Iee, 176, 3, 40, 83, 84.
Iceland spar, 146, 110, 111
“Tee-stone,” 188, 180,
Igneons Rocks, 255-258.
llimenite, 203, 118.

Index of refraction, 109, 110.
Indinna limestone, 93.
Indicolite, 244

Infra-red rays, 113.
Infusorial earth, 241.
lodyrite, 197,

Iridescence, 115.
Iridosmine, 194,

Erom; 176,

Iron Minerals, 176-183.

Jade, 218, 250

“Jade, South African,” 226,

Jasper, 239, B2, 103, 108
ribbon, 219,

1

J
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Hornblendite, 257.
“Horn-zilver," 197.
Hornstone, 238,
Huebnerite, 205, 204.
Hyacinth, 213,
Hyalite, 241, 94,
Hydrocarbons, 163-168,
Amber, 183,
Asphaltum, 164, 165,
Capalite, 163.
Mineral coal, 165, 166,
Ozocerite, 163,
Petroleum, 163, 164.
Uintahite (gilsomite), 165,
Wurtzilite, 165,
Hydrogen, 175, 26, 163-168.
Hydrolite, 85.
“Hydrona foldspars”™
245,
Hypersthens, 218, 219,

gee  Loolites,

Iron Minerals—cont'd.
Goethite, 183
Hematite, 179-181.
Limonite, 151, 182,
Magnetite, 182, 183.
Marcasite, 178, 179,
Native, 177.
Pyrite, 178,
Pyrrhotite, 179.
Siderite, 183
Iron pyrites—see Pyrite, 178.
“Iron rose,” 72, 180.
Iron spark-gap lamp, 114,
“lainglass” 220,
Isometrie crystals, 42-15, 78,

Jefferis, W. W., collection, 84.
Jet, 166,
Jubilee diamend, 158,
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Kaolinite, 133, 220, 260,
“Hauri gum,” 183.
Rermite, 145, 180,
“Kidoey ore," 180, E&.
Kimberlite, 257, 160,

Labeling, B.
Labradorite, 223, 224, 118, 256, 258,
255,
porphyry, 258, 259
“Labrador spar,” 223,
Lamellar structore, 85.
Laminated strueture, &5
Landscape agate, 237.
Lingbanite 107,
Lave, revelation of crystal structure,
40,
Lava, 257,
Lasurite (Lapis Laxuli), 225, 199,
Lead, 183, 107, 123,
Lead Minerals, 163-186.
Anglesite, 185, 186,
Cerusaite, 185,
Galema, 184, 185,
Lead vanadates, 28,
Leéns, pocket, 9
Lepidolite, 230, 231, 244.
Leneite, 225, 44, 104,
"Light, Black™ 113-115.

Magazines, Minsral, 13, 14

Magnesite, 187,

Magnesium Minerals, 187, 188
Amphibale, 213-217.
Brucite, 188,

Chrysolite, 231.
Dolomite, 187, 188,
Magnesite, 187,
P:rrnxat_ule. 217, 218,
Serpentine, 242,
Tale, 242, 243,
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Enapzack, 8
Kohinocor diamond, 159,

Kunrite, 157.
Kynnite 134, 52, B7.

Light, contacts with minerals, 102-
112
dispersion of, 110.
double. refraction of, 110, 111.
polarization of, 111,
refraction of, 109, 110.
Lignite, 166,
Limestone, 147-150, 280-262, 27, 92—
94, BT, 188, 263, 265,
conglomerate, 262,
Limonite, 181, 182, 91, 07, 08, 98, 108,
118, 178, 182, 260,
pscudomorpha, 98, 99, 178, 182
Liruids, 20, 124, 191,
in erystals, 64.
“Lithia mica,”™ 230, 231, 244,
Lithinm Minerals, 186, 187.
Amblygonite, 156,
Lepidolite, 230, 231, 244.
Spodamene, 186,
Lithographic limestone, 84,
Lodestone, 182, 119, 120, 121,
Luster, 107, 108, 17.

Magnetic phenomena, 118-122,
iron ore, 182, 183

“Magnetic pyrites,” 119,

Magnetism, 118-122,

Magnetite, 182, 183, 43, 73, 100, 101,

118-128, 191, 258,

Lodestone, 118-122, 182
Titaniferous, 203, 204,

Magnets, 118,

Magnifier, pocket, 9.

Malachite, 171, 172, 52, 85, 80, 106.
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Malleability, 35. 36.

Manganite, 106,

Manganese Minerals, 189, 190,
Franklinite, 210, 211.
Psilomelane, 189, 190,
Pyrolusite, 189,
Rhodochrosite, 190,
Rhodonite, 190, 191.

“Manganess spar,” 190,

Marble, 149, 11, 83, 84, 138, 263, 265,
Serpentine, 242, 285,

Mareasite, 178, 179, 97,

Marl; 261.

Matter, 20, 21.

Melanite, 225,

Menaccanite, 203,

Mercury, 191,

Mereury Minerals, 191,
Oinnabar, 191,

Mercury, 191,
Mercury-vapor lamp, 114, 115,
Mesolite, 249, 246,

Metallic luster, 107,
minerals, 105, 106, 107, 124.
~pearly luster, 108,

Metals, 25, 26, 45, 36, 118, 123, 124,

Metamorphie rocks, 262-265.

Meteorite, Canyon Diablo, 23.

Meteorites, 177, 83, 231

"Mexican onyx,” 248, 261

Mica, 228-231, 100, 118, 182, 235, 258,

257, 260, 264, 285,

clesvage of, 70, 80, 86, 229,

component of granite, 12,

clasticity of, 37, 220,

Mica Group, 228-231.

Biotile, 230.

Lepidalite, 230, 231.

Muscovite, 229,

Phlogopite, 230, 208,
Micaceous cleavage, 79, 80, 226,

hematite, 179.

micaceous structure, §6.
Mica-schist, 254, 265,
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Micracline, 221, 222, 75, 265,
Amazonstone, 222
Microscope, minerals for, 28,
Miik-opal, 241.
Milky qusrtz, 234, 238, 258,
Mimetite, 159,
Mimics, mineral, 88-10L
Mineral Coal, 185.
Anthracite, 165, 166.
Bituminous, 166.
Cannel, 166.
Jat, 166.
Lignite, 166.
Mineral collecting, T-14.
collectors, 4, 6.
¢lubs, 13,
definition of, 29.
magaxines, 13.
mimics, 86101,
Mineralogical societies, 13,
Minerals, buying, 15-14.
collections of, 6, 7.
composition of, 20-29,
cultural valoe of, 4.
dealers in, 19.
exchomging, 7.
exhibition of, 13.
of valoe, 4.
papers on, 13.
physical properties of, 6.
prices of, 18, 19.
study of, 3.
where to find, 11, 12
why buy and which ones, 15.
Mines, 4, 11.
Mirabilite, 199,
Misplekel, 139.
Models of erysials, 40, 42, 43, 53, 54.
Moissanite, 33,
Molecule, 25,
Molybdenite, 192.
Molybdenum Minerals, 192,
Maolybdenite, 192, 1682,
Whulfenits, 192, 30, 48, 66,
Monoclinie erystals, 50-52.
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Moonstone, 224.
Morganita, 142, 143, 83,
Moss-agate, 237, 101.
“Mundiec,” 178, 179

Naphthg, 164,
Naphthalene, 164.
“Negative erystals,™ 65.
Natrolite, 248, 246
Nemnlite, 188,
“Needle zeolite,” 248,
Nephelite, 224, 199, 256,
-syenite, 256.
Nephrite, 216.
Niceolite, 193, 179.
Nickel Minerals, 193,
Garnlerite, 193,
Niceolite, 193, 175

Obaidian, 258, 259, Bl
Ocher, red, 150,
yellow, 182,
Octahedral cleavage, 77-
twin, 7i.
Detahedrite, 204.
Octahedron, 42, 43, T6.
“0il” (Petroleum), 163.
Oligoclase; T24, T4.
Moonstone, 224,
Sunstone, 234,
Olivenite, 139,

Olivine, 231, 227, 256, 257.

Omyx, 238,
“Mexican,"” 261, 238,
sard-, 236.

Oalite, 150, 93, 261,

Dolitlc hematite, 180,
limestone, 150, 93, 281,
Hmonite, 181, 182
phosphate, 152
axnd, .

Muscovite, 229, 52, 106, 167, 184, 266,
264.
-granite, 256
Museums, 8, 7, 110, 209.

Nickel Minerals—cont'd.
Pentlandite, 193, 179,
Pyrrhotite; 179, 193.
“Nigo™ lamp, 114.
Noble opal, 240,
Non-conductors of electricity, 118,
162, 200,
Non-metallie minerals, 105, 107, 115
Non-metals, electrons in, 24, 26,
Norite, 219,
Note book, 9.
Numbering specimens, 9,
Nueleos of ptom, 21-25.

Opal, 240, 241, 117.
common, 241,
distomnacenus earlth, diatomite, 241
fire, 241.
geyserite, 241,
hyalite, 241, 84.
infusorial earth, 241,
milk-opal, 241,
opal-agate, 24L
precious, 240.
semi-, 241.
siliceous sinter, 241,
wood-apal, 241, 088, 101,

Opalescence, 117,

Opalized wood, 99, 101,

Opague minerals, 103,

Orloff dinmond, 159,

Orpiment, 138,

Orthotlase, 221, 222 51
Adularia, 222
Banidine, 221.

Orthorhombie erystals, 48-58,
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"Oscillatory combinstion," 686, 67. Oxygen, 26,
Oxcides, 28, 27. Ozocarite, 163.

Paleontalogy, 261
Papers on minerals, 18.
Pamffin, 184.
Parallel grouping, 70.
Parting, 131, 214,
Pasteboard trays, 10,
Patronite, 207,
Pearly luster, 105.

metallie-, Tuster, 107.
“Pea-stone,” 92,
Pest, 163.
“Pebble phosphate,” 153.
Pectolite; 249, 250, B7.
Pegmatite, 256, 12.
Pencil ore, 180,
Penstration twin, 74.
Penninite, 292,
Pentagonal dodecahedron, 45.
Pentlandite, 193, 179.
Percuszion figures, 229,
Peridot, 231, 227,
Peridotite, 257, 284,
Peristerite, 223.
“Patrified foresi=" 88, 98, 100,
Petrified wood, 95, 89,
Petrographic microscope, 111,
Petroleum, 163, 164, 124, 198,
Phantom quarts, 232
Phenncite, 144,
Phenncrysts, 258,
Phlogopite, 230, 52, 105, 111, 112,
Phonolite, 258,
“Phosphate,” 153, 28.
Phosphates, 28, 153
Phosphorescence, 115, 151, ZOE, 21T
Phosphorite, rock, 153, 28.
Physical properties of minerals, 6
Picrolite, 242.
Pisolitic formation, 82, 131, 1582
Piaolite, 82,
Pitchblende, 206.

Pitchstone, 258,
Plagioclase, 222-224, 52, 75
Albite, 223,
Andesine, 222,
Anorthite, 223
Bytownite, 222,
Labradorite, 223, 224,
Oligoclase, 221, 232,
“Plaster of Paris,” 154.
“Plaster-stone,” 154.
Platinum, 193, 184, 118, 179.
Play of colors, 116, 117, 240,
Pocket magnifier, 8.
Polarity, 121
Polarization of light, 111
Polyadelphite, 228,
Polybasite, 196, 197, 138,
Porphyritic rock, 258.
Parphyry, 258, 259.
“Portiand stome,” 93.
Potash fertilizer, 194.
Potassium feldspar, 220.
Potassiom Minerals, 194, 195.
Alunite, 185,
Carnallite, 195,
Lencite, 225,
Sylvite, 195,
Pranks of erysials, 59-67.
Precious—
garmnet, 227,
opal, 240, 241, 117.
serpenting, 242
stonea, 33, 4.
topaz; 182.
Prehnite, 251, 252.
Premier dismond mine, 156, 160.
Prices of minernls, 18.
Prismatic cleavage, 80,
colorz, 116,
Prisms, 48, 47, 48,
Prochlorite, 282, &3,
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Program for club, 13, Pyrites, arsenical—eont'd.
Protons, 21, 22, 118, “spear.” 179.
Proustite, 197, 139, 171. white iron, 178.
hﬂdﬂmwb’- 07, 98, 234, P]'fim]ﬂdm’ﬂ, "‘1 15,
Pailomelane, 189, Pyrolusite, 159.
Pumice, 258. Pyromorphite, 66.
Pyramids, 46, 50, Pyrope, 227,228,
Pyrargyrite, 197, 138, Pyrophyllite, 136.
Pyrite, 177, 178, 42, 44, 80, 68, 08, 115, Pyroxens, 217, 218, 50, B0, 187, 258,
138, 175, 178, 182, 20l 25T,
fimonite psendomorphs after, 98. Augite, 218, £17.
Pyrites, arsenieal, 138, Diopside, 217, 218.
“oockscomb,” 179, Pyroxene-Amphibole Group, 213-219.
eopper, 166, Pyroxenite, 257, 264.
iron, 178, Pyrrhotite, 179, 118, 175, 193, 201
magnetic, 178,
Q
Quartz, 233-239, 27, 51, 80, §5, 61, 65— Massive Varieties—ocont'd,
70, T2, 79, 94, 06, 102, 103, 107, Chrysoprase, 237,
108, 115, 123, 124, 135, 206, 200, Flint, 238,
219, 255, 256, 260, 284. Hornstone, 238,
Quartz, Varieties of: Jusper, 239,
in) Crystalling Varleties: Moss agate, 237.
Amethyst, 234. Onyx, 238,
Aventuring quarte, 236 Sard, 236,
Citrine, 234. Sardonyx, 238,

Ferruginous dquarie, 235,

Milky quartz, 23,

Rock erystal, 233,

Rose quartz, 234,

Sagenitic quartz, 233,
Rutilated quarte, 235, 202

{¢) Fragmental Varieties:
Quartz-breccin, 239,
Quoartz-conglomerate. 239,
Qunrixite, 238,

Quarte sand, 239,

Tourmalinated guartz, 235, Sandstone, 239.
Smoky quartz, 234. {d) Paeudomorphous quarts, 238,
(b) Massive Varieties: Petrified woad, 239,
Agate, 237. Quartz-breccin, 239,
Bloodstone (Heliotrope}, 235 -conglomerate, 230, 262,
Carnelinn, 236. -diortite, 256,
Chaleadeny, 236, Quurtzite, 239, 264, 263,
Chert, 238, Quicksilver—eee Mercory, 181,
B
Radiated structure, 86, §7, BH. Rainbow, 102, 104, 115.

Radium, 21, 206. Rays of light, 102-112,



Bays of Hghl—eont'd,
iln'i_!iblt, 113113,
Renlgar, 138, 197,
Hend ocher, 180,
oxile of zine, 210

Refraction. double, 108, 110, 111,

milex of, 110, 301, 218,
of light, 108-112,
Redinois lnster, 108,
Hesins, lo==il 163, 108,
Retiouhited grouping, 71.
Rhodaochrosite, 190
Rhodomite. 190, 191, 52.
Rbombobiedrnl oleavag:. 78, 79.
cryetals, 54-36.
Rhembohodrons,-54-36.
Rhombs, 449, 50, T8, _
Rhyolite, 258,
Ribbon jasper, 239,
Rings nf eloctrons, 21-25,
Rack rovstal, 233,
Roek-forming minernls, 213-252,

Sagenitic quarts, 285,

Hall domes, 198.

'Halt, ek, 198,
Lahle, 4, 28,

“Saltpeter, Chile” 199,

‘Hind paper, 34,

Sanid, quarts, 239,

Snnda. 9, 12, 335,299, 259, 260.

Sandetons, 239,260, 261, 65

Sanile marl, 261.

Sanifmo, 2210

Sapphome, 151, 132, 33, 104 ({2
wtar, | 13, 133,

S, 236.

~ omyx, 258,

Sumsalite, 144,

Butin spar, 154

Sntiny luster, 108,

Soalenohedrons, 55, 56.

Sedle of Hanlness %1, 15,
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Rock gypsmm, 154,
“Roek =l 198,
Rocks, 235-265.
L Tgneous Ttocks, 255-259,
I1. Selimentary Rocks, 239-262,
11, Metaumorphie Rocks, 262-265.
“Rosks omd Miversls”' mpgoeineg, 13,
240,
Ruok sotions, 111,
Rodeoalite 208,
Ruse quartz, 254,
Roseties, T2
Rosoiite, 2326,
Rouges, 180,
Rubeilive, 244,
Ruby, 131, 3%, 104, 240,
“Ruby copper,” 171,
“Ruby stiver, dark.” 197,
"Ruby silver, light " 197.
Ruby spined, 153,
Rutilles] minrte, 202, 235,
Rutile, 20, 46, 59, 72, 112, 20%, 235,

Sehiller, 116, 182, 224,

Selilst, 263,

Suhistoee struciure, 264,

Sealeeite, 248, 249, 59.

Serateh, Meouning of s, 30-34.

Seetility, 36.

Sadimentary Rocks, 259, 260,

Bolenie, 154, 37, 51, 64, 68, B0,

Somi-metals, 137,

semm-opal, 241-

Semi=-transtucent miperals. 103

Senurmontiie, 138

Sorpentmn, 242, 108, 167, 187, 228,
2645,

(';hrrm_him [ Ashieston"), 242,
Eerpentine anil Thale Croup, 241-243.
Serpentine, markle, 242,

procions, 242,

Bhnle, 260, 263,
Shell mar], 261,
Shinsg—eee luster, 107, 108:
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Siderite, 183, 208,

Sillen, 27, 238-241.

Silieates, 27, 28,

Siliceous sinter, 241.

Silicified wood, 83, 101, 238,

Silky luster, 108:

Sillimanite, 134.

Silt, 260,

Silver, 195-198, TL, 107, 116, 171, 175

185,

“Silver glance," 196,

Silver Minernls, 196-188,
Argentite, 196,
Cerargyrite, 197.
Embolite, 197.

Iodyrite, 187.
Polybasite, 196, 197,
Proustite, 197.
Pyrargyrits, 197.
Stephanite, 197.

Silver ores, 198,

Slate, 265, 263,

Emnltite, 168, 193,

Smithsonite, 208,

Smoky quartz, 23, I58.

“Emoky topa:” I34.

Bnow, 176. 56, 57.

Soapstone, 243, 3, 264,

Societien, Mineralogical, 13,

Sodalite, 224, 225, 180,

Soda niter, 198,

Sodium and chlorine, union of, 24, 25.

Sodium feld=par, 220,

Sodimn Minerals, 198, 199,
Cryolite, 198, 199,
Halite, 198,

Mirabilite, 109,
Other sodium minerals, 199,

Solids, 20.

“South. African Jade," 226,

“Spanish topaz,” 234,

“Spathic bron,™ 183.

Specifie gravity, 123-125.

Spectrum, 114.

Speacular iron, 179, 180,

Sperrylite, 194.

GETTING ACQUAINTED WITH MINERALS

Spessartite, 228, 226
Sphalerite, 208, 209, 62, 108, 115, 201
cleavage of, 7.
Sphenoid, 48.
Spherosiderite, 183.
Spinel, 135, 33, TH.
“Spinel twin,® 78, 182
Spodumene, 186,
Spool case, 11
Stalactites, 96, 87, 148, 261.
Stalagmites, 96, 0T, 140, 261.
Stannite, 202,
“Starlite," 213,
Star sapphire, 112, 132,
Staurolite, 243, 50, T2, T3,
Steatite, 243, 264
Stephanite, 197, 138,
Stibnite, 137, 138, 39, 50, 59, 62, 8T,
Stilbite, 247, 246,
Storing specimens, 10, 11.
Streak, 106, 107,
plate, 17.
Stream-tin, 201.
Stretched-out erystals, 59, 80.
Striations, 88, 67, 75, 203.
Strontianite, 189.
Strontium Minerals, 199,
Celestite, 199.
Strontianite, 199.
Stroctore and Form, §3-101, 17, TR
of atoms, 21, 118
of crystals, 40, &3,
of minerals, B3-87.
Stody of minerals, 3-5.
Sub-conchoidal fracture, 81,
Snlphates, Z8.
Sulphides, 25, 26.
Salphur, 200, 201, 26, 50
Sunstone, 117, 118, 224,
Superficial eolors, 104, 105
Syenite, I56.
Nephslite, 256.
Sylvanite, 175.
Bylvite, 185, 194.
Symbols of slements, 22
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T
‘Ianble salt, formation of, 25, Topazolite, 228.
Tale, 242, 243, 85, 187, 264, Tough minerals, 33.
Tale-schist, 264, 243, 263, Tourmalinated quartz, 235, 244.
Tarnizh, 116, Tourm=aline, 244, 245, 56, B9, 66, 67,
Tenaclty, 35-38, 16, 80, 104, 105, 112, 144, 237, 231,
Tennessee “marble,” 265, 235, 266,
Tetragonal crystals, 4648, 76, elaments in, 244
Tetrahedrons, 171, Trach
Thenardite, 198 yts, 254
Thomsonite, 249, Translucent minerals, 103.

Tiffany dismond, 159, Transparency, 102, 103, 108,

“Tiger-eye,” 108, 118, Trap, 258,

Tiles, flooring, 108, Trapezohedron, 44.
Tin, 201, Travertine, 149, 261.
Tin Minerals, 201, 202. Trays, pasteboard, 10,

Casaitarite; 201, 202. “Tree-agates,” 237, 100.

Stannite, 202. Tree-like grouping, 70, TL
Tin, stream, 201. Tremolite, 215, 216.

wood, 201. Triboluminescence, 208.
Tincaleonite, 146 Trictinic erystals, §2. §8.
Titaniferous magnetite, 203. Trona, 199,

Eitunite; 264, 5%, Troostite, 211.
Titanium Minerals, 202-204. Tuff, 263.

Brookite, 204, Tungsten Minerals, 204-206,

Omenite {Meanccanite), 203, Ferberite, 205,

Heiaiadcite, 200, Huehnerite, 205.

Rutle. 292, 6. Scheelite, 205, 206.

Titaniferous magnetite, 208, Wolf “mi't 205

TH:IIIRE, 204, (=] .E, R
Topaz, 132, 133, 33, 89, 50, 80, o0g, LunEsten wire, 162,

o956, Turguois, 136.

Precisus, 132, Twinning plane, 73.
“Topaz” of jewelers, 234, striations, 223, T4.
"Topax," false, 234. Twins, 73, T4,

smoky, 2M. Twisted crystals, 62, 53.

Spanish, 234. Tyndall, Professor, 83.

U
Ulntahits, 188, Uneven fracture, B2
Ulexite, 145. “Uralian emerald,” 228,
Ultra-violet rays, 113-115. Uraninite, 206.

Unakite, 219. Uranium, 206, 123
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Dounbrrn Minemls, 206
Carnatite, 206.
Gimmite, 208,
Pitchblenidy, 206,
Urnninite, 206.

Valentinite, 158
Vinulites, 28
Voanndimie, 207, 66,
Nimadiun Mmernls. 207,
Descloizite, 7.
Patranile, 207,
Rosvoctite, 207.

Water, 175, 176, 102,
vrystallizing, B3, B4,
formution of, 6.
in 'valvite, 64,

“Whter slane,” 95

Wy Tuster. 108,

Wesk minernls, 38,

Wealth, mineris one of groatest soires

of; 4.

Wenthering of miperals, 32, 133, 174,

259/
of rocks, 259,

Xorayw, W), 76,

Yellow ooher, 182,

Zeolites, 246-249, 91, |B0,

mimernls sesicinte] with, 249-252,

Line blends, 208.

Hincite, 212

Zine Minerals, 208-212,
Calamims, 209, 210,
Franklinite, 210, 211

+ Bmitheoniie, 200,
Sphalerite, 208, 209,

Urnnjute Minersb—ani'd
Uiunophane, 206,

Urnnophane, 206,

e for minnrals; 4

Usnrovite, 228, 167,

v

Vianuitium Minersls—ont'd.
Vonmbinite, 207,

Verd-antique, 242,

Victovia dinmond, 159,

Vitreouws liester, 108,

Volennic glass, 257-259,
rocks, 257-254,

Weights, relative, 123-125.
"Welcome" gold nugeet, 173,
Wernesite, 199,
Whike lesl ore” 185,
Willvante, 211, 212,
Withierite, 141.
Wollremits, 205, 204
Wood-opal. 241,

=tim; 201, '
Workmg: collertion, 15
Wullemite, 192, %9, 44, 5.
Wurtzsilito, 163, 36

X
Y

z

fine. Minernle—opni'd
Willemive. 201, 212
Fineite, 212,

droon, 212, 213, 47, 108

“irvon fnvas ™ 212

freonitm Minerals, 212
Baduelavite, 212,
Zireom, 212
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